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CEPTER X

THIRODUCTIOH

mm*ziﬁ plantings of trees in “Yent'ne ere slrost es old as the
“tate's ndmiseion to the Union in 1889, '8 errly es 1895 there were troe
rlentings on ranches in the valleve of the “un, 'ilk, Tonpue, Yellowstone
erd other rivers, lesrly ell cf these plentings were fermstead wirdbreaks
-nde to protect the ranoh hesdquarters from the bitter northwest winds of
the winter and the hot sesring west and southwest winds of the suver.
‘e is still true todsy, few were shelterbelts to proteet field orope.l/
“nst of the plenting stoek for these ecrly windbrecks wes oltsined from
the cottonwoed flete on the river bottoms. eter, ss riosns of tre-eporte
rtion wore improved, the fermers snd renchers purchased consideratle
plantin; stook fron private nurseries chiefly in Yorth Dekote, “outh
Imkota, incescota snd ‘ontana.

N.
&

o~

TP RLELR

Since 1916, when the iield Htation of the Buresu of Flant Industry
st finnden, Yorth Jekote first set out some experimental plantirpss in this
stete, the bulk of the trees heve been planted in oonneotion with the
‘odoral ooopérﬁtivo azenoies=={lorke=~ oliery, Surenu of Flaut Industry

0 m shelterbelt s used in this repcrt is aprlied both
t0 the comparstively few row pl:ntings made o vrotect field orcps, nrd

to protective winddbreek pl- nting;m arotnd t‘w ferm bulldings, pmrden,
ferdlots, corrals, etoe.
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“he parpose of this report is 1o leing together in e syeianilic
and uscnulo Jorm the informatlon on linlara shelterbelts as obbalinad
from (e {lold study and {rom other acuwnlilnble scurces. In this pejor
the folisrns will be consideredy

le late and smount of prowth of the important dryland and ire

rirnfed species as determined Ly tho otudy.

Ce Tho foctors affeoting prowth and survivel in esastorn loniow

shollovioltae

Je mJurious fmetore in oporatlic: In Nontana plantings,

4o J7aolng to be employed and the fnotors invelved in tho jwoie

lom of oper spacings

£
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TADLED 1

CCEER OF TRLZS FLARTED IF LIIRUIR 2
COVERIMENT ACETCIES ST

e~ il A - 19 A0 g P [ e M oAl - 40 ok 94

U 15 e 0 2
,
i3

g

Dureen of Tlant Industry Cyl06,760 1/
Soil Congserwiion Servioe 1,131,341 2/
Clarkew!clkuy 939,114 3/

Tobtal p Lo fcici -3 1 0

e e e e o e ok S g . Y 3

1/ Sinoe 1010; from personal correspondence -:ith lire Ernest J. Ceorge,
Superintondont of the Mandan Fleld Statlion of the Dureau of Mlant

Indugtry at lhndan, Yorth Dakota.

Sinpe 1030; Jram perscpal correspondence with !re loss "1lliems,

Reglomnl ‘orestor of the Soll Conserwiion Service at Linocoln,

Hebraskn.

3/ Simse 1027; rom records of the muwrsery ol !lssculs, Nontana.
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VALUE OF SHELT

III

Redustion of Wind

FRTLITS

Velocity

58t of the benefits of

reduce wind veloclity. ‘leosurements

shown reductions of

un to 33

Y

the planting {(Cheyney, 1931;

Marsery Station at Indien

5 feet hirh reduced

Ly o
ree

ner cent on the leeward

Scholz,

the

their ghility to

windbreasls sten from

“r

in “innesote and Yorth Deokote have

gide et 200 feet from

[b]

e delker (194€) et the Forest

10: G)

Head, Saskatchewan, reports that a single row of

velocity of wind by 80 ner cent

=t 50 feet snd by 85 per cent at 250 feet from the belt,
Area Protected
The distenze protected by the tress is dependent upon the height
of the belt, This distence is expressed in "heishts" rather them in feet,

For exemple, to ssy thet
10 heights from the belt mesns tho
times the average heipght of the

meesureble decrscses in wind veloci

elso found that the
wind,

The protected rres

trees in the

velus of the telt inoreceses as the

elso waries with the length

= reduction in velocity of the wind is noticed

t the effect extenses & distence of 10

belts BEetes (1938) observed

ty tc o distence of 20 heights,

the

belte As the
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longth incrooscs, the area of protectlen is ingreased Uty the squere ol Lhe
increage in lincthe To illuatrate, « leli U rods hizh and € rods lag
%111 decrenase wind wveloclty over arn ares of J gquare rodsg if the lencth
of tho elt is Joubled the aren is incroesed by ¢ times, (that is the

square of 2) bo 3¢ square rods. This relationship is shown in Table Z.

Sednetion of UVoisture logs Dup w Lwaporation

teduetlion In wind veloolty ¢ nermw the rate of ewaporation [ra:
the soll wd froe Ulw oropse In lamada, vorkers have observed a 40 por
cent reduction in swaporation 2 heights fram & planting ard a 10 poy oot
reduction 10 heirhts away (“alker, 15(C)s The protection afforded v a
windbreak by mears of reduction in wind woloeity and resultant ewnporcti
are mogt Liyortant when rains are falrly {roquent yet not ec abundernt ilui
crops heve onoush moisture for thelr optimin developmente I drcuril cone
citionms =wrowil Tor a lopg time the entirs supply of surfece =olisture vill
be logt rom:less of the protection piven Uy a windireak (lebtes, 103C),
In other -weds, windbresls will produce tho mest striking results wnder

modorate comlitions but will not necessorily irsure rood cropSe
i .\ £

Tifoots on 308l and Lir Cmperaturos

S3thoucd: extensive naturally furesiol aross will cool the alr 71l

*

in them e thic coel alr sometimos ep illz out into the swrrowding COlie

Ly, whidirenls rarely huve this offects "hey are nol extonsive vuourh
to cause cn wobunl redustion of tempovetwre outside the Lelt, In fmel,

they may hove the opposite effect. ‘hsor-ciion made when a hot, Jry =ind
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TABLE 2

ARTA DOTIOTTD OF A SIELTIRDTID TIRED 0000 (4046 ) IICE
(From Datos, 19%C)

Length of Joit (rods) Ares ivobooted (3q. rods)

¢ 9
12 3
72 1,296 (81 L)
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wag blowirg owe o belt of ash showed <li:l oth at § feet and 40 fect
sbove the rround the eir was wmrmer by 1% o the leeward side than oo thw
windmrd ollo, & clear days and at & o U helghts from the delt thoe lon-
poratures 11 1o approximately 2° hirher ‘lon elsevhore (Dates, 103C),

Sell tamooratures are also slichtly inoreased Ly o windUrenk. Thw
semperature ot 1 and 2 foet below the surince may be slightly over 29,
higher in {ho opem than withi: the belt (Choymey, 1931)s At 2 heifltte
from the 1oLt the temperature 20 inches Lolow the surface is about 190,
higher ther tho lemporature in areas cutalds of the sane of the shelior
belt influcice {Dates, 1911)e

The oifoot of the inoressed air and soll temperatures oo ororgs Lo
dependeni uion tho molsture supply awilable, In linnesota, for emuple,
corn yields hewo been imoreased by an swarnro of DeZ2 bushels per scro wp
to 10 hoirltis ouay from the belt, Ihuims nlns of 18 dughels per oy
over tho 1ol outaide the some of influencoe of the belt were recordcd ol
the poinls dwre lhe temperatwre Inoresge ma the most and the ewporail n
the leanst. ~“lwse lnoroases were asorilbed Lo the higher temperaturcs ! Tnlon,
1911)e In o ey yoar, however, quite il cpposlte effect might bo notind,

Moderation of Semsille Somperatures

“Lile gholtorbelts do mot soderuic 'l actuel temperatwre Lo on
appreciolle mwouet, they do moderste ile “scaslble temporatures”, Lot 1o
the temprrature that 1s felt rather than Ulw actuel temperature of the wlre
The Qiffcrovon olween these two temperciizos wmay be preat and is ircrensod

by winde “wm o wind blows on & 00l¢ Jday, & p erson {cels much coller
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than e doog ©f the sume temperature ¢ o aalm days “inds incroesc 70 5w
tion and omduwetlon of heat fyrom the Tody gurlace so that any decrucse in
wieolty ~411 bring about 2 sensation of -nrmthe JSensible temperniur-os
are quitc LDuortant to both farmers ard tholr llvestock,

Teduetlon of wind velooity and nmoloration of sensible temporniimos
cause o subotontial saving in the fuel All of the owaer, Studics core
dusted in the shelterbelt zome of the Irnirle States by the Un'ted Tinlos
Parost Scriiocs have showp 40 por oent sovings on fuel bills which amcumted
to 16 to 20 Jdollars a year (Dates, 1946},

IRCIEASED RYAL ¥O7°70 ALUES

szl roal estate velues of & fuums or ranch are Lnoressed U7 o
wolleplarno end vigorous windbreaks i obert Davidson, a farmer
near Farmircto, has placed & walue of 5,300 on his belt, plotured In
Fipare 3. “tlwr furmors throughout sastorn lontenn have estlmated Ini
their rm‘al osate values have inoreescd {rwma 2 to § thousand dollsrs
because o thelr protectiwe plantingz. "mo larmer in the Judith Tacin
ws so cnihusiastio about his planting tnt he threatened a "incheglor
p arty" i mypose tried to take his trecn,

ERTINTIC DEITTTS

T mopotary value of the inoreacod orop yield or inorease in
real ssinto value 18 not the oly benelit Jerived frox the ‘roess [iow
yond sny douldr, lim conditions are Lmrowd on the bleak plains,
Irse e U "dichell, & farm wifeo near ullon bas stated that priec to
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CTHOD oF COIpueTias 7 STULY
S——_——

CIICos OoF LUIDC

{irons ctudled were chosen on the lLusis of extent of settlemont,
numbor of plaatings in the area, diversity of soll types present wid
avellability of -abter for irrigation purnoses. large arens with fo e
hebitents ! Do plantings were studied sboichily or vot at elly o
thoge arocy wlwre there wore meny plactii s, pood, bad or indiffera ’,
the stuly ‘wio o intensives Jenerally, Lelts studied were u milc lo
10 miles coerle roquently, however, cel fiborlng belts were atudiel 17
thoy deplelel conbradioting situatione, such as good cultiwatimm conprar:d
to laek ¢l octiree

indurocks studied in detall wore clivsen to represent the rooro of
canditions el may be encountered Wy LUl clelterbelt planters They oru
chosen Lo yovrosont a cortain feotor or ommibination of factors. Ilome
thet entora’ 1nlo the seleotion of the plunting were soll type, ure,
eondition -0 iroes, condition of the Loll i reneral, speclss mekeeur,
site, rrosine, Tire, lack of care and the lites For example, windirecl
A" ey oo Deon chosen beoause 1t woz [vorlar on a sandy soll end shooed
ovidenco o singe T imdbresk "D, o iho other hand, may heve Leon o
a ¢lay soll w1 a rolling site and we cooposed of & specles about =iiich

nore inforn ion wme deslireds In this mov.or ¢ comsiderable amount oF

date concor Ly many {actors were gatlrode
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‘e Tiglory of the delt
te lanting date and source I stook
Ve Turation of cultisatio: crl oguimment used
ce Sttitude of farmer toward (ho plapting
de ‘ny other pertinent datc
e OCooolos datn
e Opacings inerow and botuoon the rows
be Orowth and mortality
1) age of ecach row
2) avorage height grovth und oross width of each rov
) swwiwl per cont and couse of mortality
4) ocause of damage
cs “ipor and epecles rating
211 of the informmtion regardin: cach belt wes recorded on &
speolally rwevtrod fleld forme Flowres < wad § reproduce the field
sheot ax! “he oy used in conjumotion with it
Oolls analyees wore made in tho [1cld with the Purdue So0il ool
ing ite  1th bLigh pl conditions this 4L 411 glve elightly erroicous
rogults 1f Hw eolls are snalyzed dirccllze Therefore, plant tissuo
tests woro rrwlo with this kit o detormailio lthe relative abhundance of
nitroger w’ “hosphoruse The DI was Jotamiined directly from soil
sanplog, 11 analyses were made in cooorinuce with the instrusticio
fgoucd 45h Sl goil testing Kite (Joo ondix for detalled ingliioe
tions for 501 nnalysise) rom time to (1o, soil samples wore sert

to the woils laboratory at the Agricultural Sxperiment Station at
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FIXTD SHEET TUSED IN THE SHEELT¥RBEIT STUDY

TOTTANA SHELTERBELT EXAITIATICH RECORD  Sheet

Date

Cooperator

Address

—

Type Le

Surfece soil depth

Subsoil texturse

s e e e

”r

Tatertable

———— s —

Tonography

Sheiterbeslt succ

nguh

oo ce e m B 8 Ee——— e i s —— -

idth

Recorder

[P, 1
Lernans

20

S T i

- ————

Yoo, loWs

—

Texture

Herdpan

n8s

Irrigated

Ixposure

Depth

Salts PH ‘ ]

-4
(o
o

Dryland

Situscion

L NP

s
ct
C#
e

t

p

1de of Coonr

s e

Lracor

1,

Species by rows

Sheltarbelt hist

~ 3 da o
orv rFlanted 1%

Replanted 19 3o

=)
Ground surface Cultivation eaquin, Ge
G

Grazing

o - s s b e vt e ol ot e o o a0 8 o ot

e
ing in row 7 - o
ing betreen rows ¢ ' e T
e . e e — e e

t T e S e e T e R "'”":
TCrown width Tt 5 ’ Tttt T
pourvival 7 . ‘ e o
"Cause of mortolity _ . ‘ |
TCoise of denage T ‘ T T
TGeéneral vicor cTTT T--m_wm‘ ) o :
; : - - foe m s m——
| Species rating R ) - I S

]
L

(SAMFLE)



1.

2.

B
4o

e

Ce

7o
8e
%

10,

11.
12,

PICIRT B el
B OUSUD TN CONIDTION GITH TIE FIELD BIIOC I T SIMLIUGDULT 8T
TEET 12& SHOLTERBILT TXALURATICL U 00D CODE
e (of planting) 15, ‘oasonse-success or fuilure
1) Parmstend Consider locatlion, specios
2) Tield crop gelection, number of rows, cure,
3) ldlife snow oatching abllity, oloe
4; “woodlct
55 Other (specify) e Oround surface
1) Clean
Widtheein foot {raz outside row 2) light weeds
to inside row 3) Icavy weeds
4) Soddy
Surface soll dertheeinches
10s igar (Ceneral thrift snd virow
Swriace soil toxture of specles)
1) Sdndy 1) Cood
2) Sandy loam 2) rFair
3) looawy 3) Toor
¢4) Clay loem '
§) Clay 16, Ipecies Mating (Effectivencos in
belt)
Subsoil Texture 1) Goed
1) GCrawlly 2) Palr
2) Sendy 8) Toor
3) Loawmy
4) Clay 17. Causes of mortality
5) very heawy 1) Insects
2) Nmgh
Tardpaneedepth to in fost 3, lechanioal
13 Clay 4} Drouth
2) lime §) TPlanting methods
g ‘m’mﬂ.w cﬁﬁiﬁm
vatertable-wdopth to in feet 7) Other {specify
Topography 10. Cause of Dammge
1) lowel i) ‘“inter
2) Sloping 2) Cultiwation
3) Reldilwg 8) Snow damage
’ 4) Rodents
Dxposurew=ii, 5, , ", 0to. G} Chlorosis
¢} Other ebtnormal provih ¢
3ituation toristiocs
1) Upland 7} Other {speocify)
2) Lowland
3) Dase of slope 1%s Traszing
4) Slope 2% Dea vy
Site=r1, F2, UG, 1, 12 2y Youe

3helterbelt succoss (in reletionship

to purpose)
1) Cood
2) fair
%) lToor
¢) Mailure
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Dozeren [¢ & check upon the results olicined in the fleld,

The history of the Yelt in as much .‘stall as possidle ws oliuirnd

fraa the Ouwyws Iaoh of this informuiion s quite intangible and could

anly Lo oldnined Ly disoreet questionin,e

- . [ o
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shovel
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100=-foct steel tape

lotal rule
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511 of the ocownties inoluded 1 Uw gbudy lie east of the Conllin tie
tel Uivide which s o natural dividing 1ine of Mntens, cividing {he
gtate 1+4o o partes of wequal site, T westorn part is charsctorica’
by rourh moaniaing and narrow valleye, fille the eastorn secticn it 1000w
1y the Troot laine type of counbry, clnructorized by open {Iat or vole
Unp »icing rolen occasionally by vwide rivor walloys and by ssell rroug
of mountolinoe .o map showing the gencrnl Lopopraphical features of t3le
ern locntard la shown in Pipure G

Cooloriceally, glacial drift deposited Ly the Teewabtin ico cliol
during Lo lsconsin glaciation cowors Llw northern one third of costorm:
Vontera, o conerelly pentle swoep of the drift is broken in places 17
stooply rollly morainie hills. " ith {lw oxoeption of the small rouriciie
ous arcns, Yo rest of eastern lontars iz underlain by thiok beds of
sodinerini Jopoaite, minly sandstones wd shaloss Here, too, Ux
topopra;lyy mries from undulating pwlric o rough, rollicg hillge The
nowntairogy areas arc oomposed of Loth solimentary and igneous roCiBe

Tadiands, That b, ereas of wory rouch topograply eand penorclily
with 24027 smpotation, characterize :oot of the Llulffe bordering Liv

river w.ilora,



Nol o LiliiK

N

<l

U

1

Mt ML K e

HELM TN, oo NI 0N

MONTANA

ao

HRrMMT TOIOOIIM"

r

T Al

Im adl

OF TOITTAFA

co



Altitule

iogt of the plains area is of roladively low altitude - loua
than 4,000 Joote The lowest polnt is ol % Thion on the Montarmelosth

Dekobe 1ine ~hore the altitude is 1,100 fuet abow mean sea lowl,
Iraine o

111 »f eagbern lNontana bas been classified as belng in tho uwipew
Hasouri .lvor lasin and, exoept for looal areas of impeded dreime,
is woll draliede Prinelpel rivers are the M1k River draining the "orthe
ern portlic: of the plains, the Elssowl draining the cemtral and thoe
Yellowslono Mlowing northeasteard and draining the south portion,

CLIMATIC »iCU00

Precipitetics

Cithout doubt, the most decisive climmtio factor in esatery
Uontans 1o ascipitations Critleal molsture supplies aflfeod the ¢rowth
of sholitortclt troos as well as egricultisal cropse

4 olimtic swmery of seleotod ginlions in ecastern Momtens los
bean projuced in Table 3. Prom this it con be seen that the anmuel
preciplintion varies from 10,68 inoches at Chester in Liberty Cmﬁ;{*fm
15,71 :’mm at ibauxe At anly throo slodlions listed in the tablo,
Creat "ulils, "1da and “ihaux is the conml precipitetion more thor

15 Mmp
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Ssraeed procipitation fn lNontore Lo chovacterised by ite cyclie
mature, o yocs ofben oocur in serlics oo in the years 1013, 1720 o
19205 or 1000, 10493, 1930 and 1931e o _mars often ocour in gerico
likeediso az 1o the years 1912, 1015, i"s?;&, 19210 end 1916 at iles "y
or 1983, 1004, and 1925 at Dawre [loiiz, 1007)e Since the anmunl oo
eipitatio: lu normally barely sulffieiuwt %o sustaln tree pgrowth sc thnt
the eotoctive plantings are slways proving wndor submarginal coxiitions,
these o elic lov precipitation periocds wo quite serlous and grectlr
retard lw srovth of the trees even Lo tho point of fallure,

Jrranl and seasonal precipitaiion zones are shown in Fipwros 7
and 84 “ublo § slso shows the scascnel “weclpltation for selectol roiris
in the sialne lormally, CO.8 per oent Lo 3240 por ocent of the crraxml
precipitetion ocours during the growling scason, April through Joptaris s we
a typlesl Treat lalins type of latrlutlons This distribution is roe
sentod ur Jour typloal pointe in ensbers mtana in graphic form v
Tigure Oy Tho fact that moet of tho jweoipltation ccours during tho
growing soason e probably the reasor: (il sheltorbelts are able bo oo
wnder suel: sumsrpinal caditions es oo resent in eagtern lontora,

Tapera Lo

~voruge lepgth of prowing seasa:, wworage date of last Lilllng
frost in o aprlng, suwmer and winler looporatures and the extraws wro
the most Livortant phases of temporaturo wllooling the growth of iroca,

The rroving sonson is the murier of Jays Letwean the aversge (oto
of the lsot 1illing froet in spring and Thw first killing frost in autirn,
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Frost dota hns Doen swmmrized in Figurce 10y which shows the avaregoe
langth of tho “rostelree period for all jurts of tho state., The rmja
povtion of Lhe oagtern seootion of the stelc has a frostefree perlol of
fram 120140 days with & few isolated rwunlain areas having less ticn
100 deyo,

Into »illing froets are important Uo tree growth as well as Go
orop grovih and ospecially to thoss trecs (hat characteristically leo?
out early i the springs Hilling {rost usually refers to tempereburos
8207, o lowwwre At times temporatures slishtly below 3297, may be rocorie
ed without {rost damege while at other {iws temporstures slightly chowo
may bo lormful Yo certain plants.s Thorciore, the use of this tempociwo
has only iimited speoific use but it dous indloate the relative earliivoos
or lateness of the growing season. 4 sy lms been prepared showiny tiw
sones with qa;?pmhnmly the ssms avevare date of tho last killins “rogd
(Figure 11].

Teble 3 shows the avorage temporaiurss for Jammry and Julye w
highest uvarage July temperature is at “lundive with 75,27, and e
lomest avorare January temperature i8 7,197 at foplare Over the eastern
scotion of o sbate, however, the lowr Tellowstone and the lower [io-
sowrd Tivee crong average & fow dogrees !dcher than the rest of the
section, :he average January and July tongceature lines lave been
plotled o & map of Monbtana as shown in Jirure 12,
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FIGURE 13a
LEGERD TO MAP
MAJOR SOIL GROUPS IN MONTANA
Chestnut (Williams=lorton-Bainville)

Brown (Joplin)

I.ithosols (2ough broken land)

Lithosol (Undifferentiated, rough stony land
and shallew podzols--forested)

/4

[ITTO  r11uviel soils
BN rtithosols (“nderwooc-Baab)

fravelrown Fodzolic Soils (I'elmer-Santa-Benewah)
Chestnut (I'yrum=Pirgham-Avon)

I.ithosols (l'cCarmon-leschutes)

Grav-Crovm Podzolic Soils (Everctt-Alderwood)

Lithosols (Pierre)

Sierozem (Tavajo-Chipeta)
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Hative wrotntlon on those solls is rlinerily composeld of the showrt
gragges 1UL oo arees of Lunch grass il shrubse The Joplin type
soils lovwe Jowloped {rom stnles and ssidotomes in the south and fron
glaclal drif% in the north part of the 2lalas Surfece solls are frax
7 to 10 irnches deep, prayish brown of oy and often loose or mmlchliin,
Jubsoil is hi~hly calearcous and is prayish brown or brown,

“ithir both the Chestmat and Drow goils are associsted solls
of lessor Lmpocbance that vary in depth, strusture and eolor, Theso aro
gonorally in “ho badlands or along the foothills of the mowmntaine,

LUxli Spots and Inrdpane, IZoonlly within both the Chestrul
and IDrow 201l croups are found "allmli spobts™ and "hard pens®, linli
spots are uwroas of hich soluble salt cawestration that dewelop wher
drainege 18 impoded and vigorouws leachin” is not a feature of the wweilore
ing provessoss “uch areas are olarecierized by bare spots kmown ag Thlove
out spots” or “slick spote™s nly verstation able to withstend hirh
conoentrations of salt are able to rrov in those arcas.

4 hard jen is & dense, relativelr Lrpervious layer present in Ulw
3" horison of the soll profile. It myy Do of elay or lime-cementod
croavels

vobsabive rlantings have been mnde in loocalities underleln «ith
hardpan but rarely on "sllck spot” sitos,

Iithosolse The lithosols are & ;roup of various intrezomal an?
azonal solls tlat wary preatly in charsctor, depth of top soll, soil
mterial ol relliofs In goneral, they are shallow solls an mountaln
foothills or rough hilly terrsine Iarge wroas of badlands along the
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middle 1lsnari and Tellomstone Nivers o covored by these sollse nilwe
vogotation ls vostly segebrush, juniper cnyd Dunchgrasse Iarent rntorial
is hipghl w»led ranging from igpecus Lo sodimentary rooks and the oule
wagh fron thome  The topsoils are mostlyr elmllow and im places is Inciinpy
entirely wonume of rapid naturel ercslans Thore present, their colur
varios [ra: ~ruyish browm to dark rusl Urome The gsubsoils of these

1ithosole oo o

perally light cray, licy and oftem cemented,

Liluvizie Coverlng the bobtomlands of the Yellowstone and Llw
ssouwri are oxbonsive alluvial soils of which the Uawre, Dillinge, and
Inurel soils series are typloals Those aro mostly lliphtecolored, rich
in lime, 1 in organio content and exironoly wariable as to depthe
TRtural vorotation 1s scattered brush @l ~rasses in the drier situwmiliono
and cottorwnls, willows, sedges and [rassos in the more molst areas,
Consentreticrs of ealts are hich especinlly in the poorly dralmed trous
where they Com the "allmld fhm“.y

Seturge Toxture of the solls is Mghly variable, Of 228 soil
sapples nimn Irom winddreaks plantol ir ihe eastern seotion of the
state Led por cont were sands, 2446 por oot sendy loams, 2040 per cent
locwms, CCe3 i aonb clay loams and 15,0 nor cent olayss (Table 4)

Tw 1 of the topsoll varles fram bolow G0 to owver 7.2, Camples
taken fran mative sodded areas and tostmi /Aéh the lass elootrode method
et the solls Ldoratory in Dozeman heve lolded pll values as low oo Celle

A Dotl Lesoriptione wore taken | wa the 1938 Yearbook of . [vi Lo 29
ture "Jolls i Ihn” published Ly the (:ivod States Depertment of ie
cultures
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Cf the soils testod 42 per cent were nouiral, 7.0, or below, Table
4 swwerizos Lho pI relationships of tho 1w0ils in windbreaks in tho

eagtern Tortlo: ol Yontenae



CHAPTIR VI

GIONTH IN BOMTALL Oi T ADELIS

L R et ) b alai st ey
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Drylend Dlexbinecs

Toesslyy glx specles of troes end slywubs wore recorded in the 170
dryland wintireals and 156 in the 44 lrrignted bolbs studied, Thesc mowe
boon rocordol in Tables 5 and 6 in tho order of freguency of coouie
rence iz “ix Lolis studied,

Thwwo coro 7 species present {corurmowm, preen esh, box elder,
Russien olivo, Chinese olm, cobtmmwool and ‘mericen elm) in more tims
one CLfLh »f the Jdryland beltse Of theove, three, caragans, lussicn
olive anl “hisose eln, are not mative Lo this slates Carngena wes the
firgt ool roon ash the second most freduently found tree in the Jriend
boltss o ellor and Russian olive were uwountered in almost the sy
nuwmber of olts, Cottonwood was planied ir almost one fourth of tiw
drylend plontings and Americen elnm in ore {ifthel/ The evergreens, Black
Mlls and Colarado dlue spruces, Jumipor und ponderoge pine, have ol Loor
planted cxietisively in the older plm?m;sg they were found in only 10,
£ and £ per oont of the Lelts studied, roopestiwly, Towever, the pvoocrh

: Twouch oottonwood was fownd in wlmost one fourth of the (e
land belits, it 1z not considered an importunt dryland specios in this
paper M%@ of its poor swviwl eftor chout 10 years after plantiry.
This =11l e Jurdher referred Yo in enotlies part of this paper,
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SUOCINS TY YIS MOVLAYD T OGRS IWOLASTIAN ol

| . RSPy "Iadbroals W hieh - oEd
Coomaomn Home Golontilio Tame Tumber o ook
Caragana Joiopne arborescons  IAme 148 G243
Green ‘sh roinug pennsylwonioa larceclnta )
‘Mt:.')i.‘&hn) J&rﬁq 131 Tl
Box Elder Loor nopundo Le 96 5oeQ
Tussian Olive loarmus angultifolk Le 90 Dlel
Chinose Ukws pusila L., Ue pervifolia dog. €9 5062
Cottanwood -o;&zim deltoldes arsh i oy rontil
Tl é2 2348
American Mlm “hma americana Le } 36 ek
I}m*thm-t ioplar “o7rilus 8De Le o ' 32 .1:.2
Spruce,(Colorade Dluc :iam pungens ngelm, 27 103
T and Biﬁ k 141ls ‘ ~lavea ulbertim (Selre’ are
\Chohoc:ImWy g ' z'mnm melanocarps (Ae Tolse) e 22 104G
‘Hlaw{(:oldon, Iawredk- “0liz alba vitellina (Lc) Jtolxiag e 16 Sel
loaf and hite) ponlandre Le and S, albe i,
Inokborry Celvis ocoidentalis L 12 CeB
Ponderosa pino ~Amue ponderosa laus, 9 Gel
Juniper Jerlporus scopulorum Zarg, 9 Sel
Ilum Jmnus americans Marshe € R
_Current and Coomeberm™rs ’ibog aurcum "urghe and Hiloe 0hele 5] Ted
lilec Soeinga vulgaris L, 5 243
‘nple 08 8Ds Le é Ced
Jack ine Jirus banksians Ismb S 1e7
5ootoh Pine ~imis gylvestris L. 2 EP §
Buffalo Jerry Thopherdia argente Iutt, 2 11
Honeysuckle cmicora tatarica L 2 lel
HLoney Loocust “loditsia  triacanthos L. 1 «C
Aspen Jopulus tremuloides ifchx,. 1 «0
Douglas Fir ~soudotouge taxifolia (loire) wltte 1 «0




TARLE €

CoCU T e RRRIOES S "CI,.,.» IR 44 TZ0ATED CITDIOARS
Ig ”,«.13'3 'n'sa. zi'mtu«\
AR OtLD T
Compmon ame Solontific Tame “hich 'vund
inmaber 0P ourh
41low (Colden, Salix alba vitallina (L.} Stolcede
Iaurelleaf and " Ty pentandra Le and S albe D
'ﬂﬁﬁ‘) 31 rjg\)
Creen /Ash Proainas permgylvanica lancoolota
{orkhe) sarge 18 404D
Caragana Corapana arboroscens lam, 17 el
Cottonwooad “ooaus deltoddes Ihrshesis
sarpgentii Dode. 16 e
Torthwest oplar “nilus 8De Le 14 1.0
Jox 7Tlder gor nepundo Le 12 ST
Nuesgien Olive Tlearnue angustifolia e 12 8%
Spruce (Dlack Mille toos plauvce albertians (3, ) :
and Coloredo Dluo’ Jarge e pungens Ingelm, 6 1748
Chinese “Im Thaw pumile Le, Us parvifollia Jaoge 6 154C
3ilver Toplar Topalus alba L, 2 2ol
aple OO $De Le 1 a3
Chokeoherry s mhnmrpa (Ao Telse) arze 1 2o
American Tln s americans Le b Dol
“ondeross Mno Jlme penderosa laus, 1l a3
Douglas Fir sowloteuge taxifolia (loir,’ _ritt, 1 T3
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trend 1s to imclude at least one row of ¢uwwrgreecs in the windbreul,

Irrigated Zlm%l%

Joven: gpooles, willow, green ash, coragans, cottamwood, norile
wost poplor, ok elder and Qussien olive tere found to be planted in
nore thar ono Ji0th of the irrigated planiings. Of these, only throe,
green ash, coblonvood and box elder oro noliw to MHmbanm, The willr o
are by {or The most popular species [lunteld in the irrigated arees, olip
found in 70,0 por cent of the belt stulled, The willows most ocerwey
enoountero) “ore rolden and lauwrellesd i the older plantings and 1.iLe
villow ir ¢l uowere This latter spotics 18 boing recommended Uy Llw
tendar ield Statlon in 1te experimeninl plantings on irrigated sitoes,
Surprisiny iy, cottonwood and porthwest ~gplar, -~ Couwrth end £ifth in
the order of ocourrence were found in o minorlity of the plantinge, C
and 32 por oot of the belts, respectiwelys Iractically all of the more
recently inded Yelts an irrigated siloc Imwe inoluded oither of thwao
two spocles o3 o important comstituent of the planting. Dox eller and
Tugsian olivs vere found in an equal numior of belbe ww 2743 por ool of
the irrirnbed Holts etudied contained thooo two spociess Though & ionlls
8 dryland zoesios, ocaragana vas fownd in alnost I9 per cent of the Livie
;;ﬁ%ti Wi hwedliB e

Cemonrnlly, in the past, the ewryrcons bave nobt Leen planted o
tensively in those areasy but the more rooont plantings in those sete
tione of Ulw stato vhere irrigation lue Leon brought to tho benches ol

uplands vov hove at least one row of Celornddo blue or Dlack I11ls o wm00e
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Deeldes the specles listed in {lw ‘chles, many others were {izul,
such a¢ vlucl nduut, apple, vhite cak, linlen, horee chestnut end cilum
mepoplyiic g vmoinae Ilovever, these wre not a regular camponent of noy

belts, il rore nore or less ornamenicl spocles planted at the vhim ol

the owmors 9 such, they were not clossilmod as sheltorbelt species,

oty oF T OT

Ty & “nrmor plants a belt he wots Yo know how muoh and Lo~
fagt the Lroosg A1l srove Do wants Lo lnioo how far the pone of rolove
tlom will oriond and how soon his homo il his etock will e proteciod
from the dnice Crowth of the trees «n® Thw factors affecting groth
are of rwine Lmortance to hime Therelfovrs, much of the study dealt 245
the cortrolllsyr fosctors affecting the rote and amount of growth of Ulw

various spocisge

Crovth in Dryland Jelbe

S ——

Juoowerell ploture of prowth is showm in Flgures 14 through Zle
These show the average helght growih wnd cerage erown spread of the
pix moel irporiond dryland specles ercouloroed in the study, The (rovdh
curves rovosent the average prowth of clwlterbelt trees in oanstorn
Yontane wrioe 1ll condléions,

“noh oowind o the scatierrraph rocasents the average heipht of
& rov of ‘oo ln a partioular belt of Ul apocles ooncernede 1L vame
found Llal tros growth varied widely 1iiiin a belt as wll as betwwon

helts, ‘Tooo wnrlations were found acoorling to change in soil condliin

'&l.;‘



Eeizht in Feot

.25

20

15

10

FIGUIRE 14

AVERACE NRIGHT GRO#TH OF CARAGANA
IN DRYILANY BELTS IN EASTERYN MONTANA
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FIGURE 15

AVERAGE IINIGHT CROWTH OF RUSSIAN OLIVE
IN DRYIAND BELTS IN FASTERN MONTANA
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FIGURE 16

AVERAGF IEIGHT GROWTH OF B
IN TRYJAYD BELTS IN EASTERN MONTAYA
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Height in Feet

FIGURE 17

AVERAGE HEIGHT GROWTH OF GREEN ASH
IN IRYLAND BELTS IN EASTEIN MONTANA
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FIGURE 18

AVERAGE HEIGHT GROWTH OF CHIY
IN DRYIAND BELTS IN EAST™RY 2.
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FIGIRE 1¢
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AVERAGE HUIGHT GRTWTE OF AMERICAN ELM Excellent_
IN IRYIAMND BEETS IN EASTERN MONTAYA - -
-
-
-
-~
”~ .
P Average
-’
7 v
7
s
s
. - 7 . . .
Ve
rd
s .
7’
Ve
Ve . R -
., , - - Poor
V2 . - .
s P
Vs P
. ; s
/ P
7, - . -7 . I
/ . 4 t
rd
. 7
Ve
t s
7 .
/ .
/ .
/
V4
5 10 15 20 26 30
Age in Years



Crown Spread in Feet
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FIGIRE 20

AVERACE CROWN SFREAD OF CARACAYA
1Y IRYLAND BELTS IN EASTFRN MONTAMA
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FIGIRE 21

AVERAGE CROWN SFREAD OF RUSSIAN OIIVE
IN IRYIAYD BELTS IN EASTERN MONTANA
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Cromn Spread in Feet

FIGURE 22

AVIRAGE CROWN SIREAD OF BOX ELDFR
IN IRYIAND BELTS IN EASTERN MONTANA
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Crown Spread in Feet
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FIGURE 23

AVTRAGCT CROWN SFREAD OF GREEN ASH
IN DRYIAND BELTS IN EASTIRN MONTANA
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Crown Spread in Feet
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FIGURE 24

AVIRAGE CROWN SFRFAD OF CHINESE ELM
IN RYTAND BELTS IN EASTFRN MONTANA

collant
— —’_— -
—’—
”
-
- .
-
-
- .
”~
e
”~
7 . .
P Jerase
P .
7
’
.7, .
K
/ . g
7/ R o o . e m e ———
B e —--- cor
’ . ¢ ==
-
. _ - .
o . t’ . . . .
- ..
-
. - - .
’/
/ > *
/ -
/ Ve
! .
v/
5 10 15 20 25 30

Age in Years

iy
-3



Crown Spread in Years

25

FIGURE 25

AVERAGE CROWN SIREAD OF AMERICAN ELM
I DRYIAYD BELTS IN EASTFRYN MCNTAYA

10 15 20 25

Age in Years

30



U MG JBG0 YOS WL 3007 © g ssey Jurduwi Jerlwie oafni 909 8Aylo

TULNER PUY JO0DPTe MOG JO BSOS YMOJID  *gee) 6% JO 0%ud yOa] penume

olwicAs uw o7 Teaual Qp 17 2087 o7 JO YmoS? UITel eluaoad wWe swg

¢ o vpauerd puepdap Anwm Jo oumanong oyl fgsw weod;  fawal Jo0 3003 QY

50 o0na oFudeaw us 98 Jumacs 007 ¢ JOAD OTIIT W YHowos 1T vmudnamd

X7y auee oy uy  *avof Jod 2007 T J8A0 OTFLIT ¥ JO oL Gludoaw U

a0 2Toed 02 Uy 98eF [T of dn seonyw Juwosd Yzesoxld gpogeny o) 81 w(e

ogauyyy  sAyeserduoo Jyo sroasy jeosye wuwduteo yo eswo oty LT UM UMOD

BOT8 YaR0ad Uy JeYJV  *Bauad 0F 0% g 9841 ey uY unecd Jtous Jo

soc onvt satoeds oy Jo 9 TIR o oumdts woaY uees oq Uwo & SL2 pUe D2

socrsiT. oy oy Adwrme uy pegquosos’ 57 soyoceds § ofy JO MEIBAlJ047BO8 ey
%7 DOUTIMJIe30p 8v pwosds meoso e qlyoq up yymosd oluasew e

saadud oy wl Jogut ANy

.83 POSENOBTD 9 TITa Beuir vooty Jo esodand puw ATrIan e Ywuwjuog

Wi048B0 UL 80918 puvydap 1 posuerd sees) woay pojooize o0 nwo Wy

gl J0 edume oy S3UeRJCOs TUIY SOSWTJBA O JO SO O[O 0% TMuJD
Sppanagyqae eges  aood, puv Auolleoxe, pereqw] seuyi Deysuvp

*ouTL Offy AoTeq PUU eaoqe A[Twnle pEYIAID oden

pofUTIUA 8% JWG 08 pegenfpe tuo enTl BT Jo uwotjyscd eyl *spoiveds @iy
5 100s3 eJuterw oy seous myluslIeizuos eqy WY QU PITOS O

0508 TERPIATPUT WY o Ducsde teoJao

somanne pus Judyeny elduasaw oun ofympsesdes sudesd yamosd wmoso Dun PIteqy

A uy gayod yowe CAYSuypacows  *pepsooed swr qITeN w04 GluAOAR ¥

Srap a9 v ew pepaules s 1XIN00JTr eTduis w uy mos o]luin v ‘Apngs

g Oy ueygvguesead Jo esolond] oty Jor Ysaojegnty, *gouczu im *odots

an
oa



Height in Feet

25

10

T

/O/
o
O/
O/
/ _/_/
(o] /
Y =

~——— — Russian Olive
Box Elder

— -~-— Caragana

-~
-
-~ o .
- /
Chinese Elm

— 0 — American Elm
—— - — Green Ash
15 20 25

Ape in Years

30



FIGIRE 27

AVERAGE CROWN SIREAD OF SIX IMPCRTANT DRYIAND TREES
OF DRYLAND SHELTERBELTS IN EASTERN MONTANA
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out their lifetimcs. American elm is jullioc comparable to Chinese ol
in both raie exd anount of heirht rro-the

ALt the same comparisons are frue as rerards crown sproad,
The fastest srread ocours in the first 10 to 156 years with & definite
reduction im rate of spread cocurring thorenfter. (Fipure 27), Chinege
eln ig arain the fastest grower and widesl spreader, with a crowm srreal
of over 1% feet in 25 years. 0Oreen ash hes a relatively small erowmn,
De5 l'eet, an compared to the other trees at 20 years, 3Iussian olive and
box elder oroe alnost ildentloml in crown eoresd except for the wariction

at 10 snd 10 vears of age.

Crowth in Irrigated Celts

frowth and orown spread curves {I'irwfes 28 and 29) hawve been
nremared for the irrigated species, "he ploture here is juite dilfvroante.
L8 might be expooted, growth of moet spocica is faater and better Lwm
iz the dryland belts, Fowever, caragans seooms to be adversely alleciod
by the alxmdence of wabters. For the first 10 years the growth rate is
guite similar to thet on dryland sites (weo Figure 26 pape 60 ) bul thim
e Jecidel loveline off takes place so thet the average helcht in 20 vears
is only 7 feets The fustest prowinp species is northwest poplar growing:
to en avernars heirht of 55 feet in 20 wours or 24,76 feet per year, Jois
tonwood 1o ot far behind with a little cver 45 feet in 20 yearss Lhile
the willesww and box elder have & fashor initial growth than greer ush,
the three ~rov to about the seme helghlt in 20 years, 23 to 25 feet.

Thersalter, ox elder falle considerably "olow rreen ash and the =illows,
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FIGURE 28

AVERAGE HEIGHT GROWTH OF; SEVEN IMPORTANT TREES
OF IRRIGATED SHELTERBEL_LPS IN EASTERN MONTANA
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Crowm Spraad in Feet
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‘ FIGURE 29
AVERAGE CROWN SPREAD OF SEVEN IMP(RTANT TREES
OF IRRIGATED SHELTERBELTS IN EASTERN MONTANA
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Lo oo Lo seen from the charts shiosdng the growth of the other
speclies, thore is also wide wriatlon in Leight growth and erom sisowd
in the othrr Lnportant dryland specivs. Tables 2 and 10 summarize the
range of ! most lrequently encounterc! lwisht growth end crown sprood
for the »ir Lwpoortant dryland speciess

Wristlon in Ororth

tory Joctors alfeot growth and couge the wide variation showr ‘n
the hei /ht prowth and orown spread curwose This variation ig due to ilw
difficuit rroving conditions in the plaizs and to interactions of ruuyr’
factorg -Hiich tip the surviwl balance cxe my or the othere Tables 7
and 8 sursrlzo the range and wariation in rrowth of the importent slelicre
belt trows stulled in this survey. Olhor vorkers have encountered ihwy zine
situation in thoir work with plaing sheliorhelts and have reportel wirlioe
tiong of ao mach as 100 per cent or rwre in 4eyeor old demonstretion
plantinge in ‘intanse (ilson and Colb, 1023)e

S oohoem in the tables, each of (v O species has & wide roxye

in both lwl ht rrowth and oromm spreac, 7 the majority of the cnses
the ranpe of crovth was greater than U0 por gent of the averafe. I

7 inplarons Do holght growth and € lor crom epread, the variation os
greater Ulon 120 por cent of the averc{e, Uaragana seems to be the rwst
congiptord iz hwight growthe The preclost wariation foumd for this siccolon
=ag T4 por ot of the averapge helght crodh at 20 yoarse. Tox eldcr o
dfugsiarn »llve aro both highly varleble, coch bhaving variations over 170G

ser oot o0 Lho avorape prowbthe The 1T warlation in helght grovih of



TaBLE 7

TANCE OF Ono U UL WARIATION IN PR CRIm T LU IAGE IICHT GRGTH PR
UINOILLOITAIR ??Lwa Ir mmw "f IITABTLTS

Yoars alter ' Uaragons  Lusslan -a’s’ "»‘?am Thinese  /moricai
NManting Olive  Dlde Tlm por -
§ Years
Range of C "rwkh_g e & G- 8 Gw 7 3=90 3-16 =il
in foot
arietion in por 3@%
of avorago grf:m%.:,%ta 2, 40 49 A5 g2 131 £1
10 Years ‘
lange of growth In 510 4=16 Cwil  4wl8 1i-18 Cadd
foot
Variation in por oo
of average rovwils €8 111 30 109 39 &}
16 Yeers .
nange of Orowlh in 6-12 5=15 (wll Gwl? D=21 -
{eet
Tariation in por ot
of average growth 71 106 L34 Ny 70 —
20 Years v
Range of Crowtlh in fel2 10-20 Cmild  Ge20 1023 16.20
fect
Wriation in per oot
of average groth 74 68 11 99 co a2
25 Years
Reange of Growth in Gwl2 6-17 Owll S=20 - - /
foot
riation in por cent
of average grovih 70 83 K1 67 —-— —

Topresents L Lt (uK DAXLmR BOIgHG Growlh oUW 6C UHAt Speclllo AL6s

Ootained by Jdividine the differonse bebtween nialzm and maximam height rodh
by the averaro hnichd growth of the rows rocordad of that speocific apes

e iy

nly one row of tyees of that age was recordoly ihwrelore, there is no rovyv
or variation in lwirli growth,

I@;




kel 4 %
&‘tﬁ“& 8 68

JANCE 7 C1OW MDD L ARTATION IR PR OCUUT 0 AN  CROTE SERBAD L
.f'f.i.“;l “;mi"‘g'ﬁ" T TRELDS I LoD SIDIOVADNLDS

Yoaras after Carag;am Tueslen oo Lreenm  CHibese Awﬂw;z
Planting Olive ILlor Ish Llm ¥ a)
G Yours
Jange of Crown Droad }j’
ariation in por cod of
average Z/orown siread 53 86 - 103 101 -
10 Years
Tonge of Cromm “wend
in feot 4w 9 4=l0 Dl 4= 0 6=15 be O
Tariation in per oot of
average orovm sproed gt 76 o7 74 87 &6
16 Years
fange of @Orown Jporond
in foot Swl2 T=l2 Cedd 3-10 Cw1B — gf
‘ariation in por cent of _
average orown pyroad 89 64 147 97 a7 -
20 Yeurs
lange of Crown Crwend
in feet _ 515 1216 Cel0  4wl6 6=17 Dl
tariation in por cal of
average orown &proad 114 22 100 146 94 78
25 Years
Range of Crown Siwend
in foet b«16 1516 Ow10 10-12 - - 7
tariation in per oot of
average orown srrend 96 14 8 18 —-— —

I/ Veprosents minliis: (o (MXionEs Orown epread o, 6% That epecilio 6gos

2/ Chtained by dividin tho difference botween miniram and meximm orown spronis 777
the average crom sroad of the rows recorded of tlmt specific age.

3/ mly ane row of troes of thot age was recordedy ilwrefore, there 18 no rengo or
variation in erown soroode
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these Lo zoocles 1 due in large ool Lo Apber kill occourring Cuwing
the dormuit soosane This 18 especielly Yo of box elder, Iloreelly,

groen oasl: 15 ulto copslstont with regpoet Lo srowth, but the relaii-oly
hich amoa o warlation in growth shor L0 the table ig due to Lle Jloe
ok resulll

- oJrom o sovers late frogl lost springe The date on Jryvle
oan olm arc lusuifleient to draw any wlll conclusions.

tunaiy olive bad the least warinoloa in orown spread while Lo
elder bal o 08T - 147 por cent of svorago oromn spread st U0
vosrss 14 of lhe other species had relniively large ranges of crow
aproads iin tould seem to indicale el Do lectors ocausing arisiion

in provth noe o greater effect upon Ll soerage orown spread then Uless

do upar soereo helpht growth.
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Jato of growth varies with ages ..o con be seen in Flguree IC ool
28 o pago 63 the fastest rate of growth Jor important trees in boll: 1w
land and irrirsted belts is in the first 10 to 20 years, Thereaficr, v
rate of [»owth glows domn to a4 polnt wioro thore may be no further hwol
growths oo may be, In fast, & negaliw lLsight growth as the tops of
the trees hwoomw slagehorned and the heipid of live trunk decreasec,
This will coriinue until the tree dios of 0ld age or is blowm doun,e

Toewr, fow belts examined hal rooched this condition, In the
Yollovston: iver valley some cobtonwood ond silver poplar plentings
over 50 rours 0ld had reached this apes o itrees were ragged in ovviire
ance, with muuyy large, dead branches in iy crowms, Some windiell Imd
alroady noourrods This is typleal of old colttonwood trees, whother
found rolwally or in shelterbelt plantincz,

o e rvland belts no plantings cmre observed thal had reschod
the slape o0 guilily desoribed aboves, o 9wer, the date oblalned from
dryland rlotince do show a definlte sloving dom in rate of gromth oltor

20 yesrse Corncang slows down in provth about 5 years sooner than the

o
b3
L

other 8=0liG,
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Importance of abor

Zailablo noisture s the most Lmioriant limiting factor allvce
ting prodh, vigor and survival of trecs it lontans windbroaks. In
tholr bock ™ cology™, Teaver and Clements [1538), have summrized <he
imporimase of »wntor to &ll plants in roowal as followss

"whor lo importamt to plants in oty vayse (Y is a compone
et of roboplasm and with carbon Jicitide ls essontiel in
bulldin- rlant foodse It usually cimgiitutos 70 to 20 per
cork of the woight of horbaoeous 1lunise A1l substances
that oter plant cells must do so in solutions “ater i
the rron® 2olvents IV sorves ac & zexiium of transport of
nutricnts and foods from place to »lace since thelr trang-
port oon iale ylace for the most part only in solution, It
keeps “he oells turglid or :tnbclwd'g G ocondition essential
for tholr normal fwnotioninges It cliso sorves to preovent oz
oosgive hoatling of the plant, acting: es a buffer in adsorbing
the hoat ~enorated by the multitudincus chemical reactions
taliry »luoe in the plant, 4 shortoniyo of water early in
tho 110w of the plant resulds in relosdnd growth, vhile
later in {ts dewlopment it may induce rematurs ripening
and ool of 10w wiability. The ;restopt dangers whioch the
plant las to meet are insufficient chsorption and oxcessiwe
trangnirablon, -

Preclaim‘clm

fweilable woleture in the eaetain goollon of the state 1s Jovwis
dent elvwsl ondirely upon the aanmaal rrocipltations The ground waior
table i uaunlly Lelow the gone of rool ouotratlon and has been rovole
od as Jdeo as LD to 120 fects Therefors, w depondance of trees uxm
precipits »lom for molsture is absolute,

Moo Loan estimated that, undor ratural conditions, at lewst
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15 inchezs is tho ainlmem annual preciplisctlion required to maintain loroul
oonditions in Tontans (Toumey and orsliurn, ;‘;37;3 As can be seen o
the proci liniion map end table on peres 28 and 26 the total annuel
precipitutlon throughout most of the pluing soction is loss than this
amounte el of the region has from 1I o 14 inches and only io « for
areas Cocs Uhw annual precipitation excond 18 inchese This means tini
the tree: 1o Lthe plaine windbreaks arc sro-ing under contlimial sulsnre
ginel molsture conditions and emphasizes the fact that molsture co.seirw
vation morgwon are necessary for ithe succoasful establishment of Lo
plantingse

Lo oa rosult of the typieal Creat -lulsns pattern of distribution,
70 to 60 oor cont of the total anmual precipitation falls dwring Lhe
crowing sonoon, thet ls through the monilie of April to September. Twovs
the modature Lolance 16 s oritical s 1o the plaimm, it is this suxyy
rainfall tiat Iavores growth sufficlently to allow trees and agriculiusal
grops to x: srom without irrigations Chortage during this time of ~wn
1 inch 18 ot to depleto the supply of subenil molsture to & point lore
wator is o lou-er avallable to the troos. (“cholz, 1535).

Sosroelics that is adapted to drough{y conditions, such as ocure v,
will redueo 1is demand for molsture ly losing ibs leaves unseasons ' ly,
but for lho woet part, the trees will suller more or less severly Lipyouh
the logs o7 1ls molsture supply durine v ~rowing season. Continued
roducticn of this summor molsture es lLecurib about by the cyslic nalwre
of Tontoro olbmbte will most surely couse Lho death of 8 high perce-ioye

of the troos in the plantingse 1t ilg Jox Llls reason that the drou bl
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during the Lhlrtiog cauged the Jdeatlh o' v many trees in the belis In
eagborn Iontara and partioularly in tlioge Lolts where gpeolies wsulind

Por ardid cooulilioms sere planted,
N,
Snoy
o i

“hile miov ordimarily Juenishes o dnor part of the annusl jrow

eipitation ower the area as o whole, 1t conlribules much Lo the ooil

molsture o7 2 sholterbeolts The extenl Llul .ater gsonditions within o
belt will v lyoressed by drifted snov wtw demonstratod by a plantins
neer Antolora, “ontonas During the wintor of 10401947 snow had pilc”
in the ell 2o o depth of 12 to 16 focls .3 & result of the larpe corozh
of molstwre obiained wpen thawing, =uloe Uriokled from the Lelt ae [vom
& epring witil the middle of June and ilw round was Yoo molst for cule
tivetion onulmont to enter until after il 4th of Julye The increngsd
water conionlt o the solls resultling from the meliing snow oaused Viite
ous grovil of nil specles with ussien olivo making as wuch as four footl
of new crodh last sumor,

Teaguwrononts have shown that the -~afer content of snow drilted o
volte 16 o5 rmoh a8 24 to 4429 inchios por foot of snows (Ceorge, 17
Sraves, 1770y Tho extent to which gsriow 1wlt replenighos the soll rmvise
ture ir chnlsoeholts was debermined Ly “oorog (1043) who fownd thut in
& belt of “he Lecinning of the growiy oo son there was le10 inches
more stored slor in the upper € feot «f coll than thoreo was oulsido

the planbinge
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2ffect Upon Lrodl

Ouliivatlon 18 the anly practicel rmans awailable to tho forme
or renchor {or conserving molsture in rrolective plantings, The abtul’
showed it 1% »ne the most lmportant uecior aflfecting the trees an Uind
heipht rwodh i3 from 4 to 40 per cert Lollor in woll cultiwated winde
breake {l:xnn in uncultivated ones.

Cempyenblve growth tables have loeon Drepared for the six rjor
dryland epecios and are shomm in Plguwrce 20 through 36

telororeo to the charts shows 1l “ussiar olive s the mogl
regponglve o rood ocultivetion and ‘mericos elm the lengte, Ieight
cromth o uoisn olive after 20 years in 10,5 feet in cultivated Lolis
as camero! o 1060 feel In unoultiwnie! ~lantings - 8 47,6 per cont
Letter rrorilie At the same time, srowtl ~F Amerioan elm 1s enly o0 Jocot
more with wulilwvation as compared with o sultiweilon, This e nr ine
crense oI .27 18 por cente The sctunl L:oreased rowth, in feet, o
carapanc 11 oll tilled belts is quite Lo, Lut whem put on o coryoraliw
basis ol weoanb of Increase In growth Ul Jifference is juite suloiiiie
tiels oz ¢licr and Chinese elm show &ulolantially better growth 1o
the dryios U lle where thorough cultliwiion is practiced than whore
the {Tog ol (o belt is allowed to becow overrun with woeds.

Tl epr cont of inorease in provil in well tilled plantings lic

beon carputlexl Jo the verious speclcs i) iz resgorded in iable 11,
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FIGURE 30

AVERAGE HEIGHT GROWTH OF CARAGANA IN CULTIVATED AND
UNCULTIVATED DRYLAKD BELTS OF EASTERN MONTANA
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FIGIRE 31

AVERAGE HEIGHT GROWTH OF BOX ELDER IN CULTIVATED AND
UNCULTIVATED DRYIAND BELTS OF EASTERN MONTANA
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FIGIRE 32

AVERAGE HEIGHT GROWTH OF RUSSIAN OLIVE IN CULTIVATED AND
UNCULTIVATED DRYIAND BELTS OF EASTERN MONTANMA °
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' FIGIRE 33
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Height in Fept

AVERAGE OHY GROWTH OF GREEN ASH IN CULTIWA!
UNCULTEVATED IRYIAND BELTS OF msmm MONTARA
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AVERAGE HEIGHT GROWTH OF CHINESE ELM IN CULTIVATED AXD
UNCULTIVATED DRYIAKD BELTS OF EASTERN MONTANA
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FIGURE 35

AVERAGE HEIGHT GROWTH OF AMERICAN ELM IN CULTIVATED AXND
UNCULTIVATED IRYLAND BELTS OF EASTFRN MONTANA
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TADIZ 11
TPET 0 TULPIVATION UPOL IEICID 400 T OF TIR
ST% 1 17 DRYLAND SFRECIES IN T/.07 I MONTAIRA
(Expresged in Per Cont of Increase in iverage Crowkh)
Toars alter TEGE =
Speotes OIS RSO DS B
Caragana 534 2040 Oed 1165 1643
Dox Clder 2244 2647 3240 5760 4243
freen :gh OeB 1eé 11,8 1042 20
Chinese Elm 66ed 40e8 2647 10e8 1745
Russian Clive Gle8 48e1 4845 4746 51s1
Americen “lm 1.6 Te3  Gud 548 =166 1/
1/ Deight growih vms alightly better in uncultlwated belts. Difference
wag too emll to Lo sipnificant,
e —— — ———
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2ffoot Upon Duprvival

3

Culviwation inoreases the sur. il ol trecs n shelterbelic oo
wll ag rrothe Tuble 12 showe the swrlwnl of six dryland specios

wnder fowr oaditions of cultiwation, cloan”, "light woeds", "heevy ~wmols”
and "sod’e hiler "olesn” cultivatlic: o oods were present hetweo lo
rows bul sove wgeds ray heve beon presc:t in the rows  oand between (Do
troes wlkre Uho oulilvator could not recch thems Classed as "lirkk -oels”
were 1irht glrnde of amunl weeds and rosses ag & result of no cultiline
tion for 4ip ouwrrent year up to the Lis o] inapection of the Lelte wvue
stands of annunl and perenniel prasses d weeds as & result of no culiie
wtion Jor oovroximately five years vore clossed as "heavy weedls”, il
of cultiwilo: for approximately 10 ours ur gtands of native or irlroe

1 prasses and weeds werc clunsed as "sod". Delts in chich

duced pe
the onmor Iad planted orested wheat [usa or sweet clover were also iiw
cluded in this categorys

Culbivution had the least effoct wian the swrviwel of carepein ol
the most won ‘oerican elm and Tusgian «lives In the case of ‘merlorn
elm thiz iz quibte opposite the effect «f culbiwation upon helpght rovdlie
“herens, :litle increcse in growth 'ns olloed by oultiwtion, survi.cl
of this cowvles 1z Jefinlitely Increamsed o o result of iillages Tho grrlld
increase in survisal in the ceese of car o can probably be atteiiylo’
to the voted Jroucht resietent charsclorictios of thils speclese “Twvi'e 10

I 3

an appor:s s lacrepency in the case of ;oo ash wder the caption I1-1%

WOelse ~yr aouge of the low surviwel in thils caso 18 not underghond ol

the procenl Linoe



STUCT OF CULTIVATICON UPOUD Ton SU-

TMCRTAYTY 7LD SITCINS IR VASTRRL 17

1 “,\.-‘:;

L

Fepid eas Do B Sm:};?t;?. BT;L?‘E

3pocies

Caragsna Gl el 864 COel 8048
Russisn Clive Clel 8640 Cle3 53e3
Box Zlder TheT 7644 Uhe? 573
Creen ish SUe6 8Ce6 7Cub 704
Chinese Llm Ood 77 €73 6348
imerican Ilm 0063 9241 079 40,44

1/ Licht growth of snymal weeds present as & result of no cultiwtion
during the swnor of 104Y,.

2/ Dense stend of anmual and pererrdal weeds as o result of no cultive-
tion for npmworirately b years,

3/ Wmtive or iniroiuced perennial grasses cnd voeds as a result of no
ocultivation v 10 yoarse DJelts in which crosted wheat grass and
sweetolover vore planted were inoluded in ¢i:is category,




Cerlors in othor parts of the nalion haw elso shown that cullle
wbion &s vitcl o tho prowth and surviwl ol shelterbelt plantincs,.
Incressos im rowth of 10 Yo 5O per eant lnvve been reported in Mimescc
(Gecorda, 1017, Thoyney, 1931)s These [1 lwnps are juite comparsble to
those of our studye Imta published Ly “oorre (1943) shows that proe:
ash is ruile rosponsive to cultiveticr = tpro so than has been indlcalnd
by this gbulye Do showed that height ~roth, surviwl, orown sproc’ ol

freedam “ran rAnter injury are all incrocsoed by clean cultiwtion,

Competition fra: ceds

Crooth and survival are better L cultiwated plantings beomuvoe of
the more invoeable meisbure oconditlions Looucht about by the remowl of
campetins »meds and prasses, The corpeiilon for moisture betweer rooic
of treos ond -wels is quite intense, . roximately 97 per cemt of Ui
roots 0 the camon ghelterbelt trees cro 1n the upper fow feel of ilw
soll while Tho roots of grasscs and weods lave Loen shown to po dom
Te% to Do i00%e {Ten Eyoh, 19003 Tinnell 1520; Teager, 1335)s Th.iz
means tlot the dulk of the tree and wool rpobas are in the same soil
gone ard wre cxpeting directly with cach other for the aweilable ' fine
ture yromonte  Tood oultivation will remwvo this competition and so 111
save up Lo &0 oep cent of tho preoipltation lor use Ly the trees.
(rinnells 1770 Tysell, 1038)e  iroiee’is of molsture from utiliselicon
by weeds Mo boon cstimated to allow Ui "vilgture to esist in the cule

goll for wrioda of T Lo § monthe witheud *miorial lose (Fimell, 100070
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end ig wollallo sJor use Ly the trees Juriny: the dry monthe vwhen preci le

Cesinic cresgses tnd weods apporentily compete more intensely ik
the trecs thon Jdo others. Jeveral {urers had sowm cresbtod vheat rpope
or swect clower in their plantingss In &1l such cases, the trees wyo in
poor vipor, had shown poor growth and wre drying outse “hen present in
light steds tho annusl species ‘sush ag foxtall barley, cheat prose
and the wwhosls apparently have less olfcot upon the treess ISubt ower
these, 1O osond in dense stands, will cause a matorial decroage in
height rroustl and survival a2 was broushd out Uy table 12, page 85

where the «'Uecta of cultivation upon guri-al were shown,

Contimious Culbiwabtion }g‘ Msarz

“he costinued growth, vigor and surviwl of trees in eastern
Nontena is depondent upon olean cultiwiicy: throughout the entire 11ilo
of the shnltorbolte This is true Lecauso with the eritleel shortepe of
awilable ~wisture, there is little 1ikelilwod thet the tree crowns will
interlace rnd shade the ground sufficlently o exolude native and irtroe
dueed prasces and woeda, theoreby creatiny & forost condition and elinlie
ting the ool for further cultiwmtior, ~von in well cstablished uwnd
vigorous 0liz, trees are not able to cixelule other vegetatlion from the
floor of the Hlbe Jeveral sbandoned Lolits that had boen well guliiwvatol
at one tine oore examipzed in the course ol the fleld survey., ifhout
excoption, liv trees were dylug out fron luock of suffleclent molgturcs

A belt voril of lolmaan in Dleine Cowily Jumongtrutes the dependence of
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troes ujor. cootlingous cultiwetion quilo wolle The owmer had thorowhily

oultivatio. Lis Lrees or some years i !md oven hauled barrels of ol
by horse ol cmpon for more than § yonrs -0 that the trees were well coe
tabliehel w rowing viporously. Dub cltor his wife dled, the old fole
low left ol cultisation was etoppeds oo all the trees are drying out

and the rnte of mortality is lncreaslig.

In o Yew omooptionally favorable cilles in the dryland areas, o
forest condition 1n the sholterbelt muy o jossibles These sitee ure
generally thoao with sandy loam soils orcl are lceated in the bottonm of
a draw, ol ho bage of & slope so tlal oliltlopal wmolsturo 1s obiained
throurh =#olf, or where the water tauble ls sulliclently close to the
surface of (w srounds Cuch sites are relatlively few in eagtern lonlonn,
and ever wiier these conditions e forect comdition is not assured, w

continuous onliivwation ie the salest rogclures
-

Cultivwation in Irricctod Selts

T frriated plantings the conditlions are entirely different o
thoge I Jrylond beltse Jince the olject 1s to conserve moisture i
the elimiyetion of competing weeds sxul [uges there is no point to
practicln ooidinucus ocultiwation where ihore ls sulficient water conlle
able Lo LLn ‘rrees even in the face of sowre compotitions Cultiwiion
should o woolloed for the firet 4 o © moars wntil the trees how e
come woll ¢vlublisheds Thoreafter, wwels mnd prosees carmot oompeltc

succesplullr sith the troocs.
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TABLE 13

77, TUITURE UPON ITIGHD G
T TREES IR FASTIRE MONDA!

Spocles

T Yo O Trees

Caragana
dussien Oliwe
Box Tlder
Chinese “Im

lmoriean Tin

T tgm
B+ ™ ji

CeB 70 76 GO 840 849

o6 948 940 143 14,8 12,7
02 Ted 78 12,5 12,6 1248
Ce6 948 115 185 14,8 17

g1s 4 13 2140 19,6 19

12 12,2 124 257 181 19,4
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3

The Jifloronces in growth as shion In the table sre nelther

»

capsistond cvouch nor sufficiently larye o Jraw any walid conclusiong
regardin: tha offect of soll texture uxn ~rowth of trees in drylard
windirecls 1 castern lontana.

These cosults are catrary to thic statomonts made by other —wriv:s
in the {iclt 410 haw shown that the wliling coefficlent (percerterc of
molgture in n 80il when plants permane:tly 7ilt) te a property of iho
soil and deoreases with inorease in porliliclo sizees Analyses hawe ghom
that tho Alling cocefficlent of £ine sund is ¢4 por cent, of silt loun,
1045 por cont ond olay 19 per eent (Iatz end Chandler, 1048)s “thess
bove sbow Uhat sandy solls are bettor glios for planting trees in arvos
where nolsture 18 doficient {"ilson axl “worze, 19293 Stoekeler end

Sates, 1070 an) lute and Chandler, 1%Cle

Lo Ya 't ata s R A kg
& 05‘ AR

SHA T e

I &llition to the smount and iypo of precipitation, alope wid
nature of ihe ooil surface influence ¢l wnter content of the soll ol
throuch 14 the growth of shelterbelt izrcuse In poneral, rainfall luct
by runoll tiorengocs with the angle of slojw and the water abaorbel core
regpondin b Jocronseds Uven on the relallively flabl plaing over ruch
of ontenin, %hw water lost by runoff worles fram 15 per cent In Iifld
showors 1o [ nor cout in heavy "clouilurst” reins (“eaver and Clersm:ts,
1038)e S2oowg oo 1ittle a8 § to 6 per oot are sufficient to cause o

notioccclle Ji0Tevonoe in growth betwoer: 208 on tho knolls and those

in “he swlog Ywre runofll has soowruainimle
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Tho ciloot a:r‘." topography upon i rowdth of trees in o Lowyo v
0ld »laniin coor Vige 18 shom in Mimsro 8. Tote the deoreased holrlt
prowth nyel oooral sparscness of the trcos srowing on top of the lnclle
The everssoe ieicht of the throe apecicz 1 the belt are tabulated in
table 14 Lo ahow the difference betweer orth on tho knoll end im Lho
sweles I Uhlo oase, the glope was oply U er cent but wms eulffieic’
to cauge ol into the gmle resulliny In nore favorable growing cone
ditions Jor Lhe trees,

Tio helchd prowth of groen ash «mo 7 feet hirher in the erln
than o %00 o the knolles Trowth of Lo oldor was 26 feet higher.
laurel =417 -ng unable to survive &t =11 o2 the knoll it had o

in the swale.
heirht ool of 12 feet with e survi-ul o0 10 per osntyd  indbresls
planted ol Ve lese of u slope also Leunlll from the accumulation of
wator ranile

D4t lne oxemplos were found Wy “ololz (1936) in Yorth lakobe
who fowd oobtomood growlng as much e£ U8 fed higheor in the sveles Liro
on the loiolls,

T8 ~ogaible, plantings should Lo so Dlanned ea to take adweris o
of all tonormhiloal features that cuuso coouwmlation of molsture ol
g0 teller "l rowing oconditions.e

The ooil surface may often show lrropularities whiloh retard
runolf €11 wore time for the rein™ll %o sonk into the soil,

The Lncioogo 1n soll molsture throurlh th:ic <wwons is not great but ip
alwys Lo oflolale Towever, no obserailos conoerning soll surfuce

ware modo L Ul study so no conclusiont rormrding the eoffeots cof eoll
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TADLE 16

IMICTD uTE OF TABES IN FERT IV A OLLINC DELT

laurel “illow Creem .gh Zox Blder

In the erln 12 34 34
n the 1:oll 01/ 7 8

1/ laurel ville: was unable to surviwe on top of the lmoll,
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Hrbrionts are important to trec osth and vigor but in this
study tho ol{eols of any possidle dellciencies were not noticeable 'we
cause of Ul ovorshadowing importauce of mwlegturee

The rolative ebundance of awilable nitrogen and phosphorus us
determined Ly making tlesue tests willi Uiv urdue Soll Testiag it
legultes o the onalysos are sunmrarizel Lo table 1B

S ahwrer in tho tabdle, 3848 por cen® of the samples tested il Tour
to wvery low ovwalladle nitrogen and 7043 or cent bad high to very Li7!
emounts of nwiilable phosphoruse This g contrery to what was expeclod
at the Leploming of the study.

Lmever, within the renge of rulricnt condltlons obtained, no omne
sistent rolntisughip between troe grovih and the abundance of ewilu'l
nitroger ol phosphorus wag detormino’, olte placted on solls whore
the smalyels chowed o lack of either nilrorma or phosphorus or botll nd
a8 pood rrorth as those belts on soils ir hiich these elements wero niif.e
davt,

Stalicg carried out at the Certrsl “iates Forest “xperiment
tim bmve olso shom no definite correlollion between minoral nutrie i
end the rroth of trees because molsturc ~o2s such an imporiant fnetor,

(futem, 10960},
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Relative ound

trogen — 100 Jamples
Yory 1i:h 9 do7

Low Lo vory low 148 770

Phosphorus -- 181 Samples
Yory 1ich 93 48,7
Heh 47 2446
Hedium 43 2B
Low to wvory low 8 4ol
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Tnoolor bo Jdebermline the orbtenl of mortality of the trees Dluie
tod in ¢he l:las of eastern Uontane, (o oversge surviwl of esch ro-
of trees oo rocordeds Table 16 summrizes the surviwel data an ninc
gpacios »lootold in the drylend windlroesize The age of the trees weirlino]
from § 40 T onree

‘g vwy 0o seen from the table, 70 ~or gant of 81l the treecs of
these nine ancles were 8till living whon “he study was medes Colloim
wood shomd Ul poorest adaptability Yo lw -iryland sites with 78 Lrnep
Qring ot of ovory 100 planted, [oor purviwml wos likowise shoem 57
the #»i1lors and northwost poplar with Lo out of every three Jyiuni.
farapeve showd tho highest surviwl, & or oent, demcmetrating ilc
abilily Lo Llhatesd the olimmtlo extraws of the area studieds, Jowrloon
elm an’ oo ash ere slmoet equal i curdlwl but the Informetion v
the lormyw o Dased upon conelderadly ovwr Lrees than in the ousc of
rroer &8l  usian ollve and Chinege ol cro also quito comparable U
thelr alll % %o withstand the rigorcus [ Towing conditions with 70 woxl
74 per ool survital respectively. Lot ellor has a relatiwely high
mortalllys Jlowees wlth 4 oubl of 10 trees ~lnnted dyinge

~opy Uila etudy of 1202 rowe of ‘oons, 1t le evident that collic =
mod, i1l aud aorthwest poplar ere jooely sulted to dhe grovirg oo le



TABLE 16

TOWCSIIVICY e TTOURA MY
RIS R T T A - L A

Specios “owe ,
Examined Surviwl
“Yamher Ter oent

Cara 264 D444

loprionn Im 39 T2
Groon sh 338 78el
Chiress Im 148 735
fugsian Tlive 124 716
Dox *lew 198 6243
Tortlreat Joplar 50 3440
“ 1134w 1/ 27 3242
Cotbtarood 79 27e3

Tl l2g2 7040

I/ Tohilos Turelleal, golden i hiso willowhe

o



sgooas oy Of el Hued Jod
ST 90 ot 9w pasmuo UITGL DOUUAJOUY oY) DUW JENJOm0Ct (A OF Nonge
fooyoundg ogy yJo Juipire 7o Dronsuy Yrruwieous pwuolalnT. MUl eMIy
~OUTA W UL sOyOUTJIq O3 [ROTOUS WG 0T JO 838NM0 04U L0us Deglen
Lrrotiand oy ezoay seanguandiieg Jutzessy *Arjuendescn;  *soyoUwa
w3 wo sous oyy egrom L1viaand preds wmaen v frrngecns Jawoi] v 4093V
*oluaep 20U JO JUNOWE [ENGN ) WY OJICW POBNYO WAL [GASTINO #I0¥3
~FoU00 dvyInoad Lp-0BaY JO Jonua ouy Jutdng  *edwwean cucieg uy Juy
~arnses Yaweq 0 sstowesq 6. o) J0F Lawey 003 WRIO 0.8 SIS Jeed
*2uyeseyq pexymun wWe 8q j0U LU S3[6qJ03[eUs UY AOUE DOGITE]

1048

sasnapyon

soAlegm00 SN puu ueisuiedoa Jupjedmoo oy SOAOLE. OTH UOT3VA

=150 4q {wiaans uy peptu o4 [T seyoeds eafjum esousg ‘oo Taamgen

CET} UWK(3 OTQUIOANT 8BOT SO5Te uy pejwmurd wety. *ededecs [ [oulwiqoe 8y

QOETOR TYIOTRTPDY Vot fusIitseadep uy 40 smOY0Q ethnnws) oty Juoyre

SoiTo 87 eejoede e8ey; JOF ENTCR] Tuangux syl  *pequerd ose £3[0ALO5TOUS

puoTdap ey Jo 3som Hoyy I 00318 Y3 03 eATqUR jou eav Loy ‘egwnge
8715 0% SATIVU 4w JePle XO¢ (Wit Usu uweesd *uye qvopJey WONOULLYy

*gojoads 0130%8 OJu tER JO BOMYY

fIviaane queo Jdod oL W3 JO5000 T3Ta seyosds GATJ eyl Jo 4T} 030U 0%

AT[Q00I00UT 81 I *ESWOJIXe OFRWITTO OUY PURISUITa 09 PoRine TTOw egynd

o049 BATIO UBTSMM puw WIS 0TSy ‘mye esoutys *yew wvoe.n) Tumluau)

sueguo] Jo seaw suyerd eyn ui eduysuwd puwrdap eus vl juoecal SO

66



o BoTYertdetnag JO ofng 1107 ATBATIRIOJ B 80nDUT BeUTCIATHIEeT J19
TP SMOWASTD PUD TTTNSOLIY4 70 esniwo sumenJgodmy uw oo ol HOTyesnp
Qe 30 spoysoed PLIN GO0 SUOSUTI0 G0 @BSUTYH) JO OFuD LU
*5ON00TY JINYY UG COInmaIsed PLoc JOTOAeD ©% SN UTi0u ;) oAwm|
pus ejueid Apaey  proo oot soteede  oseyy JO 1u U LOCTGD JUWMLIOD
&y oTanp gedangyvasdun) w0l WY JOYIO 8J0308F L pOINC LU TOUolp
P TTIUesus TATTURIN D YRUOXO 208807 B OF 4hC [0SO RS osYw
TOaTI03400 Dt SATTO uwison *guv usesy cLprygs oyl JuLanD DOLIUNOOUD

o JOPLO XOQ DUV U0 eS0TI 70 NOWeTD JOjuls OTGUELTTERO)
AOVUTT OOV TIDRLGKIY

*aoug O43 JO 04 e Jmetl [0 TONOL D] SOoung OJMRp SiliTod esdys
1% JUTVIGUOOTOD B.2840¢ C 00 3T Yaouwes 81y3 ur Arau peJsoyine
fropnoteged uy fyee uses: *OMAY 008U 07 BFUTKT U007 50 PeAJes
oluneedq o Aq posnes spomG. &3 *JoAouc]  PPROJOJUNODLO Suwr 20U OYY
o A13084ID DONATILIW L{TWNI0W 8q DINOO Gugy LTTu.aci: 0 "Deueta
-UY BaeRasy oy Jo Aun: A pogacded som edwmiep A0Up LnOU
spuour sonope Aq pedwmrop Aryawey uoc: SUTR PWY 3%
BA0R(30 WY NG “Xweaquuis €T} uY juesesd sws wweduwawo o *00T w 89
Jeppuerd ey Jo eATALTE o1 407 odoy owos 8] oJoyy un faxmmns evg
Juwpanp 3003 ¢ 0% % 8 Yol o Wewad atx epnoxds 4000 mioanlta gnho
Javand ogow eoegy oYy Jo TTT Todutmexe metn YJeaoworr *oliiu) OJA0S
Gu JEOWTS DOJOIING YSW UGS DU WO SBOUTYD  *Bqnie 00T o O uelodq
oJ0u RISGE WYWE OYY puv Soncimag [Te Jo peddiase sn. fTTvy 3007 qT

fontro wegsen: ‘Lymnos werrJoyr uy edopesuy geeu Jupnowyd w ol

00T



101
the treo is wnble to sustain because ol Uiw slow rate of water elsorim
tlon from “he Urogen soll, The resull of this undalanced condition is
e pradusl Jdosicoation of the branches crd! ¢lps whioh may Le severe
ouough to caugse the doath of some of the "ranches or ewen of the enilve
troo,

Cangllorable dammge may ocowr i {li trees enter the winter in
8 dry conditlion, and if the soils ere relaliwly dry at the time 1
freegeon, oz oldor, in partioular, ig diregoed by these conditiong,
lowever, in roneral, the broadleaves aro loss apt o suffer dumape LI
they should rocoive little or no water vllor the middle of August unfil
after thoy howe dropped their leaves, parently a dry perlod al the
ond of the gsuxmr acts ag & hardenins arot rendering the trees lecc
susceptable to winder injury., After 4t time and before the ground
is fromor, o [ood goeking raln or lrrigstion is benofiolal end will o
much towerco Jdooreasing winter dieback,

s oldor and Chinese olm haw (nllon into some disreputo bLow
cause of their susceptibility to winterlill end dieback, lany plonte
inge condnining those two species sro nelhing more than e drushy wmusc
of half doad and half live treese, "Llle cuch plantings are quite ol
foctive ng Aillroaks, they are very wilrify and untidy looking and

are looksd v with disfavor by meny Ioriaon farmors,
LATE SRIINC 0328

Thoals “reesing temporatures cydilinisily do no harm durdng the

winter monils, labte epring froste oan v ortloulerly demaging to
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ahal‘ceﬁmn lroag 1€ growth is slready vll adwnoed, On the nigit
of by 20, 147, a partioularly sevore oot in vhich temperatures
dropped to 10°% cocurred throughout scet o the eastern counties of

Jpeclos Cammged by the frost wero caragena, cottonwood, norile
veat poplar, crean ash and spruce. ISpruce as the only evergroen
dagaged Uy the Orogts All of the currenl soason's needles were killic
end in meyy oosos the older ones alsc, iy those buds which had net
yobt openoed 4t tho iime of the frost rorc unbarmeds Iater in the totw
eon, 611 nocllos oxcept those develope! culwequent to the lrost dropood
off, loaviiy o rolatively small ares of photosynthetic tissue o the
troege 0o 1g some quoation as to lollyy sulilolent Tood could "o
mmfaciure’ %y these new leaves to periil the trees to survive the
wintors i Lo Uroadleaf species, pgroer w3l was the hardest hit, 1ih
ag much ag 100 per cent damage to the louwna, [ipure 37 shovs & [ larie
ing of rwoext ash 23 deye aftor the frosle. “otice the extent to which
the trecs bad loufed out and that all Uie loaves on ench grsen agh Lrop
wore killod By the (rost.

Tow ~ponth 6 the injured treos ¢i™or the frost origimated [ran
dorperd ade in the trunk, branches uul rool erowm, and wms tod
watoriny soo oitor the frosts In those xlte where rain ocourred op

freipetion e applied immediately aftcr “iw froet, recovery wae {usgic

and belior Ulmn vhore additlonal moislure ad pob Deen supplieds coouory

+

wag poornnlt and slowest ln dryland bolic Ulat ad not besm ocultiuciad,

Mowe 0 shioes o ldeyoar old planting o0 croon ash in an uwnoultiveie!

®



103

PIGWE ST

GREBM ASa 2S DATS AFTER Tffi FROST OF m i 2G* 1947



104

rwmt M

oasM A IV kw mevitmTm mut « iw» &W

mm or ttjr M, imv



sTsme Ydeotus 0038 IO BOBEVTO OURI TTY *Apmys et Ao woovm o
Toors

Samags ewl U goaoad ety
IANGTISUOD BONWD 3BOW U Uo7y Jupewdd JO eeldwmmup pOlHU (AT JNOUG T
Wnowe JINOTIITP 8sw BUOTL LU0 JUTA0L;  *XTU 3,U0D 38N, O4YONJ03{oys

T NOO480ATT  *378q oy UT 07nsd 0g Joogseaty Miworv Jr mmy eluy

= rard 003 STY J07 JuUndiEl 1GNP Jeams ou ulys uwo Jotwn Wt
Q0ITVED

*3804] OUL JONJE JOVENS JBITJ OYY POULLISGOD J035304
8q 111+ pus mowmm 360 ovv Yseonads oyy pue Yew GHOLL JRTNOTL.IW
U7 PUY $06423 JO TUATAJINE U1 T 38047 STYL JO #jo0eJJ0 fimuwmizoed oy
*(op6T ‘uelymr)  *E3scar MUl JO JInsos oy sw Amlul cuoros yons
Wwaoys poy qew uecdsd swpn eound OF Ul oW H8J1) oYy 8uo £1U esnwong
BomrITudte sur jeyy eunjesoding HOT oY) Ueeq eawy Jenk o7 flunsnun jou
83 03up oy ecuyg sy o oM 38Rl O¥y UY eq 0% ecs] JHITLIN JO
305up 3e9] odeaoaw pegsedos GAM] SUOTLUIe [UJeASs JOJ ogul Afunenun
30 wem 38047 ey {oz 0ol s ofqes) spactes Jeujees Oun L oS 8y
SDoUTWI0ReD 6G 0% 4§04 87 38047 05VT BIWY JO GOUMSLITULLE UL
PO TR DUV TMOJG SBA YOTUR = snln7 TUTAmE0
oy Juyroato Aq peulinJONST Swa SQWIT M3 JO URWO( SNoun DOTTTR
N0t Jo sauel 904 ¢ 4mnT 48 ysrs good Saea ey Lmnoow *gswad
Jordeq TTUGX0] pUU DSUGSIII 0 DUNRS @9U8) B UITa DUJoaos 91 punoad
oYL 438047 OU3 JORJU LT 07 DOMOOYT 3T 8T AW Jueit 4oq pELAID

80T



106

and horges oo ouwlly destructive, It twgt ocases where shoe) verc
involved tlwry -wmre present In the Leolt =:ly during the winter seacc:
whon tho lantlng was used as a proteciol foedlots Unfortunately, tlw
sheep do rol confine their feeding to lhe luyl Curegane appears 4o
be the roal pelatedble spooles presont in Lhe shelterbelis and accorw
dlogly sulf{ore the most damage from sctunl browsing.

Timere 30 shows a 10year old planting of earegana and Chineso
elmn which Tas been used as winter feeclol far sheep for the past lowr
vears, .obico the browse line and the Lroken branchese. 48 & regull
of the rowing of the suwooulent slde Lranohes, the cromg have not cloued
inand an dur as stopping the wind le cono rmed,the belt ie 1ittle
more of fective {han would Le & row of cgtue OSurviwal in this 10w :wnrold
belt wae U0 ov cent for the caragens aud C5 per oent for the Chincce
oln, or 3¢ por cent below the average for caragona and 7 por oont

below the wworage for Chinese elm. (oo tadle 18, page 98 )e
Cattle

By Imtana furmers permit caktile in thelr belts both swmer
and winters Juch o practice is sure dosth Lo dryland plantings.
Piguros 40 and 41 show renge livestock I & Owerow planting of groen
ash, and ilussion olive that is 23 yeurs oll looated south of imett,
In the fireh {ipure notiocs the dleback of Lhe ends of the Lranchus
of the worinn olives This bas beom cuusod by the already oritical
nolgture gurly being deploted by scll jachking and {hus preventing

roplenichivnd »f tho soil molsture cup lye The seoond figuro shows
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the resull of the soll packing, Lreossiny wul mubbing, There is 1itile
evidence Linl ol ono tize nine rows ¢ Trocs existed in the plantiss.
A11 that 18 lof% of the Russian olive iz Tho anag in the foresrowd ond
one bush »ith Jolisge voxt to 4~ desd clupg in the backrsround, 'l
green esh tvoes are the sole survivors of this part of the belt, and
these cro clursoterised by dead branchss, spares follage, no lowe rore
ing branchon and poor vigor in genercl.

foser 1 opecies are readily browsol Ly satile, chief among
them arc carncona, Chinese elm, box slder, precn ash, cottonwood ond
willowe ‘o 13 {rojquently true with otlhicr mombers of the legume fuxily”
to vhich 1L Dolonge, caregena is very rocdily browsed by oattles Toore
long presece of cattle in a belt containing this species will resul? =
the extinctlon of this specles in short crdere Yow growth of Chinese
elm is also ~uite palatable to cattles The sucoulent shoots of bom
eldor aud proen ash are readily tekeny ul the ohief damape to theso
trees, at loost -hen they are 10 feet or mare high, is through troife
ling end rubbinge Low branches mre brolon off and the oromns are o
vantod fron closing in at the bottam, clloving the wind to sweep {livaul
practically winpedad,

irrirntod belts are also damaged vy cattles Pigure 42 shovs
cattle in o 10wrour old planting of noelhioat poplar near Ttloa in
Judith Teslc Tountye Tho bottam of the olb 18 very open as the regull
of tromsivy of the reproduction, lormlly, poplar ill produce enourh
root sprouls o £111 the bottom and ruintnin a tight windbreaks, /4 one

time a rov o caragans was also prosoni cour Uhe old fencej now thoro
H
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is nothin 1200 ol the row oxcept somo [0ll rotlen stubs six to 10 L iciasw

highe
Lorses

lUorgas cwro encowntered occcasionklly in the windbreaks, In st
ingtances oly one or two malmals were Dregent, usually the children's
porsonsl olooke These did not do mueh Coompo by browsing except o rcos
producticiie o chlef Torm of demage Ly horses 18 through packin: of the

soil and »ulblng of the treese

Importance of & ol ,:‘:mki.zg_

.21 glasses of stock seriously Lmair the vigor and reduce tiw
surviwl of Lroes Uy packing the eoils “hils Inhibits penetration of
=ateor inio “ho subsoll and decromses soralione This is importart in
irrigated 1% ns woll a8 dryland platinrae no belt observed omsi
of Comrad Iwl Leen packed by ocattle to sush an exteat that desplite Iriow

quent irriraticons, vater was unable o junetrate to any dopth resullinc
in hirh rotality of groen ash and laurelloal willow ee 40 and 30 oo
cent rosioollvolys The vigor of the reruining trees was low and the
bolt e ol cartially effective as o windbreal,

The ceotrimental effect of livesiook oan bo briefly swewrized 1o
e fo- s nterynise They cause damapge Ly (1) browsing of the branchos
and of iho ~o rodustiony (2) rubbing anl Lreaking the lowecrowlng lims
and harge woventing the croms to ologc al the bottom; and (3) peekiny

the soll Lx1:ibiting moisture pemetration w:d decreasing eseration,
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Severily of tlw domape done deponds upcn Ui numbor of stook, tho Jurte
tion e stock are prosent and ths gecsa the stook are present in

the plantinge
TYEI O ey
Amwg&w’

looeclly, inacet depredations mmy o severe enough to cause o
reduction in the vigor and growth and own the death of shelterbell
treeas T doatructive inseots can Lo Jlvided into 3 olagsos: ls
the defoliators or loafl caters, insccis Uit defoliate the troeesg
2o the suclmes or plorcers, insects iat Hisrce the epidermis of Lo
loaves ool muelr Yhe plent julees, and 3. 1l borers, those thet Lore
into the itrude or Lranches of the trecss regshoppors and Llister

bootles <o cinmplos of the first olsse, ~lant lice or aphids of llo
second @l tho rreon ash borer of the thisd olsszs, All three clasgoe

wore cucomiared during the survey.
Defoliators

The lassoat smount of inseot dmwyo scountered vas caused iy
members ol 4w defolliator olasge loavwy lnlostations of prasshoppers
and blistor Lootlog wore encountered in 1.cal areas scattered throulw
out esgborn Tuntanas The grasshoppers vore the most cmnivorous of oll
the imsects obuorved, attacking all trocs in the windbreaks, Thourh
pagt derno ng reported Uy larmers, o aliaoks by grasshoppors on
overgrows oro actuelly observed durirn, Lho studye Other defoliaiurg,

the bLligi~» hoetle and the secropla worv showed a little more profleconoe
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in thelr ctlucikse This beetle seomed Lo Lo partial to oaragana, lineye
suckle oxi tho Jenvog on the lower Lranches of green ssh, Seoropis
attacked bom older end preen ash primeril; ut whon present in epidmic

proportiorg g observed to atbteck all Lroadleal specles except corurrici,
Juckerg

0 vhe gucker type insecsts, the wogley elm aphid attacking
Americey ol caused the mort dameges ThLlz ingeol causes leaf ourlin:
and rosotlos on the elms The poplar stom all ephid and the poplur
twlp e2ll ap il vore also i‘mqmn;chr {owd on the oottonwood and leoo
eo on nortlemat poplares Though ocausing some damapge, these two aphidn

aphid,
rarely Lill woy trees, Another plant louse, the spruce gally attecl s

the terrirnl Tuds of the spruce treess couning the formation of
rrominent ~nllae  Olaock Iills gprute s attacked more severly than =mo

Coloredo Hlue gpruces
Dorers

The waaly borer insccts obeserwed during the survey were the rroon
agh and 1w Chlnese elm borerse In eluoet all cases, infection wng
socomplisiod where branoches bad been Lrolon by wind or snow or hed Loon
pruneds T80 inseots tunnel into the tmuk and branches weakeniny Ll
a0 thet hirh +inls will cause excessivo wroakages In one 'elt obsarund
eagt of srwihy, Chinese olm with trunl Jlsmetors of 6 to 8 inghes [
foot from rond had Leen 8o weakened Uy Loror activity that a strony

wind had oo oped many of the trees ¢ or § feet {rom the ground,
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Ingocl ‘nmage mey be loocally sowre in occasiomal yoers, aa..w ig
soldon soriows anough Lo cause mortelityy Uy itselfs Dubt 1S troes cio
already in a -wak condltion, imsect doprodotlons mey result in move
serious congojuances than usuale Thus sy lnseot atiack last summor
upon croon beh or gpruce has prodably resulted in more permonent (oo
age thar it wwuld have if the trecs had ot been weakened Ly the lote

{rosts

‘eoasiomlly a planting is daweyel Uy firos that have escaped
from burniy otubble fleldse “ome hawve Loen demared by the owners
burnine “uselsn thistle, tumbling mustard and other weeds that have
piled up o Lho fence surrounding the plantings A1l species are
fatelly L-Jussd by Cires in tho windbrenlns, ortunately, however,
fires arc sollion allowed in a shelterlolte

FURCI

“he Impartance of fungi as & deterinomtal factor in eastorn
lontana sholbarbolts iw unknown as no dhoerwations were made in
this stuly %o determine tho damago omused Ly theme However, it is
very probable that damage by fimgl may prove to be anothor importart
factor in winlbreak plantings,
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Speelsy bhaa been the subject of rwich controversy. The main
point of oanlottion is the desirebilily of narcow spacing over wide
spacing ory vicn versas The questlon 1 not purely  academic ome fov
1t has lmpvelant preotical epplicaticiice e spacling employed affecio
the rrosly, wiroee and surviwl of the troecs and, in o large measure,
the duraftlon il amount of cultiwtion Lhe planting will receiwe. &
addition ¢he amount of planting stock rodulred to es‘é:&blish 8 bell Lo

directly Jopondont upon the spacing usol.
Definltion

The pwpose of this seotion of tho aper is to state the finde
ings of {ho stuly rerarding spacing and to Jdiscuss the factors per{iie
ent Lo Lthe woblome

Lo dofinitilon of wide and narros couolng las not been apgreed
upone  oriees in Uorth Dekota snd Mirrmaoln oconslider wide spaoing to
be that callmabtlon of betweenerow and Liecow gpaoing that allows novo
than 40 sooee Teet por tree (Johiolz, 1000; Tapsen and Sclhmitz, 1000,

s

OLher v 3 bclieve that less than 72« Jlect per iree is parrov

spacing [terington and Yorgan, 103653 Thorgpeon, 1832)e or the selo of
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consistongy iu this paper, less than 7. siuare feet per tree will o oo

siderel Lo norrow spaclinge

Review of Litesolure

‘evior of the literature showe il there ls lttle agreawnd
betweon woyliors ag to recommended specliys and the results oblaingd
from the Jifforent spacings. farlier uorlors almost alweys advocalod
marrow scaine of 4 x 4, 4 x 3, 6 x 6, tnd O x 8 feet {“ocorde, 1010
smith, 1017)s uring the 1920% the recorrwnded specings were scmow
hat wider ub 8811l varled from 6 x ¢ Lo © = 12 feet {Siecke and
yen, 17003 ilsom and Cebdb, 13283 :1:422ina, 1028, and “ilsem, 1007,

Tode (1004 3 en early sdvecate of wile specing end recommended (nwsor
spaoines of 170 0 12 feet aend 14 to 10 {'egt Lotween the rows, hililis
{1928) nlso rocognized the deslrability of wider asjacinc on the dricw
sitos Ly rocamonding & 10 x 10 feet swcinge In the thirtles nmoro
workoers clvocated wider spacing, especiclily those in the far westy "t
there o gLill widespread disagreemciile rominent among these tiiow
cating rareor zpaoing were (lsen end “tocknler (19356), feorge (1030,
“ilson (1079) and lansen and Sohmite [1000). Supporters of wider
spacing “=ro Jougen and Thrrington (1700), Theyney (1931), Thompsoe
(1922) o) otiineg and Iexwell (1030},

- g o - Yoy oy we g e
STACING CoImIINTe : CEiVD

prx B e ¥ L s ¥

fo oo orogsuld of the many reconmory’cilong offered there 18 no

wmiforn soecing polloy followed by the wrlous sroncles prominent in
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TADLE 19

SEACING COLITTIIOTONS FOR DEDGE ROS3 I I0TIAND IHDORRAKS
IN FASTERN FOUTLIL
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SETrsToTImESIT T = e e
Spacing '@m&“ ¥ind
Bquars rect “Thedber Tor oot

larrow Spacing:

3x3 9 2 1.8

2z8 12 1 gQ

2xd 12 4 LN

4dx4 16 b 4 oG

Exe 18 3 247

2x 10 20 2 1.8

2 xl2 24 4 3e8

3x8 24 7 €e3

5x9 27 6 Bed

2x 16 30 1 «9

gx10 30 15 136

3 x 12 6 20 18.1

¢ x 10 0 4 B3¢0

3x )4 42 & 247

3x 16 40 7 303

4x 12 48 1 2

3x 18 84 2 1.8

3 x 20 60 b 4o6

2x 32 6é 1 9
vide Jpacing:

tx 12 A 2 1,8

4 x 20 80 1l 9

Totnl i1l 10040
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foet peor troo (narrow specing) end thoge ‘fdch allow more then 72
square Jcet sor tree (wide speoiny)s

resent Tromd

Thero hog been a pereral trend Lowmrds wider spacing in the
plantingce qmnde in eastern Vontame, 7ooieal of thie trend are the
plantings sodo oo the Otto Jolmke pluco nonr Tlatwillowes The early
plantirg i=n 1000 «ma establishod with [ = & feet sppolng +hile the lotr
one in 1740 Wd & 10 x 16 foet combinntion, Tlther farmers throughot
the stute "o achieved wider spacing i “halr belts by romoving tlicre
rate rown hwiro the spacing weas too rorror to accommodate thelr equlnw
ment, I this mamner original specipp cubhimstions allowing 6, § o
10 feet otmen rows have been modified so that the rows are now 1D, 17
or 20 feol nute “hen queried as Lo thelr preference in spacing, most
farmeryg wivooatlod not less then 10 feel Lotwoan the rows so that thels
£i01d culil wilon egquipmont could be usnd in the care of the plantir-,
4 fow consldesad 12 feet as sufflelent +hills oome believed that 20 1o
2¢ foot ohim:ld Lo the minimum.

aslished data are contradictory 2o to tho relative merite of
wide and mareor apaoins, In North “eiolo old groves that had been
olosely crond {4 % 4, 4 x 6, 4 x 10 ! § = & foet) were found Lo o

%

in betior oo ition than were those thal 'ii | bheen more widely specod

{6 x8, 20y and & x 12 foet) (Selwls, 1038). Ceorge {103¢) fowd
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that close epaclng ws pore favorable Lo Lroe growbth with wide spaciyg
(¢ = 12 fpet) bolng Jetrimental to box ¢llore Iknsen and Schnite
(1033 fowsl nwo slpgnificesnt differencs iu survival in Minnesole bow
twoon troes lanted closely and those plaled with wide speolnge
the otler Tan’, “hoynoy (1951) found ilv cloge spaoing resulted in o
Jugle o slupted (roes vhen the belts mro 20 years olde Thompson
(1932) in oming reported thet plantiirs Jid bettor with 10 x 10
foot apuciiy Thon by 6 x 10 feets I ‘ontom, informetion publishod
by Jeuser il Thrrington (1930) show el gurvivel apd trunk dienctor
crovth g Lotler with wider spaoingce

I Jooldiag upon whether to use nureow or wide speoing, tho
angwors Lo omw clear out queostions must Lo taken inbto accounte T2

»

there enon-h molsture avelilable wnder coolom Montana conditions 4o
maintalin olrecly spnoed trees? s the cslcbhlishment of loreost conlle
tiong nooellle in areas of defleient mwicture? “hat effect does roci
competitio: Por molsture and nubrients lxtwo uron growth vigor and cive
vival of Urena?  lre wldely spaced Leolis oz offective &s narrowly
spaced Lwitn’ Dot lo the relationshiy Lobwoen width of belt and
oy driftins?  lat is the effect upan onsgo of oultiwtion? “hat

s the «f

foal of bamediate situation of "I bHelt, and whmt does the
walue of The 2and have $o do with epuclrg® Those are some mpermm.
questions Uini ghould be engwered upen: dociding which system is the
bosts Thin sootion of the paper is a wllopt Lo pive at loast &

vartial o0 o Lo these quostiong,.
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11 Critiecal “olsture Condili«ss in Tastern !ontana

Support Cleogely Srvced Troes?

Thiz quostion cannot bLe amsvercd <ol'inlftely with just “yes® o
hoe Tho anwwr Jepends upon the site uwion vhich the belt has beon
planteds lwn mter is awallable for Livirmilon or vhere wolsture
conditions oo omoceptiooally faverabls, such ag those sites located In
the boltanr »f lraws, at the bose of 8lojos vhwre runoff water is ccle
lected, oo i areas of high water tallo, (lwre ls probably enmourh »clor
to s@wzi& o donge onnopy of vegotalione

‘s the reader prodably kuows, heso pood sites are not normell
encowtersd o the plains and moisturc conditions are genorally nol so
favorable, ~alor usually is not awilclle Qor irrigation nor ere nost
belte plno-tod at the buse of slopes o i the bLottomlands. Polslwre
supply fe c~omunlly e oritical factore “Tio drler the situation, the
sparser 1o the vegotetlon so that in desert oonditionsg spaocing is wowy
wide wid the llstance between plants 75 volatively greats DUryland
farmers lowe rugogniped this prineiple inm slanting row crops an dry
landse oy, 0linlfs, whoat and ever croglod wheat grass are all
olanbed loos Jowely on dryland flelds s In lrripeted flolds to
partially Lhouro sulflolent moisture {or €l oropse

n lwind, with the exception of ilrrlsnted and oxcepilomlly
favoreble clios, thore is probably not wnough molsture to support

«

denge ginra o vogetations Should thw alvlterbelt planter fail 1o

recopnize ©hlg nolsture relationghip, L it almost certaln to sulfor



125
substentiul losces durling drought yeris. “ho angswer to this questlon
congoque Ll lulloates that in the majorily of eastern Yontama siluie

tions, Lthe llor spacings are ncoossnsy.

‘oggililities of Ueweloplng & lorcol Mloor in Arecs

of Critical Yolglure M

Corost condltions are those coxliliung within e shelterbeld
where ns o rosult of extreme competillon [or molsture, nutrlents el
light, veegos and weeds are unable (o [louwrish within the plantinge
These cor’i'ing are popularly thought te o Lrought about by the
moeting of tho troes' crowns and the cossjuent shading of the grouy,
“ith 20 lneres or more of preoipitatioci, slhinllerbelt trecs planted ¢ =
€ oré =3 Jool will interlace approximioely § years sooner than tlioo
with over ¢ ¥ 7 Joet spacing ond o ogloblliah forest conditions in
15 to 27 wonrs {Jansen and Solmitz, 1007,

Thig ocowrs, however, wnder emnditime much more favorable
than in ‘orlwn from the standpoint of molsture relations. Txaminetlon
of tho procinitution records (tadle &, ;uro 26 ) shows that the hlrhe
est avercro crnual preciplitation 18 legs tlan 16 1nohos ew approxinyice
1y equel {0 ‘hw Iriest oonditions encou loved by Ianeen and SGohmite.

£ Uho 170 Jryland belts encownlorad in the study only € or
3ot por cont 'md developed forest oonliit onge Iowever, 11 out of 4<
or 26 por oot of the irripated bolie lud Jovelopod o forest floor,

P

Tho € Gl bolts were oa excoptiony1ly lavorable sites and el
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TADLE 20

SIWODeTUOT I OFORIUST FLOQT CONDITIO T I JASTTER VOWNRATA
(rasec on 176 Iryland snd 4¢ Irrisciod indbreaks) 127

Yoars atber . TuRTC Tmber of [61Go Tor ot of totel
%landz 7

1 57

21 1 67

22 b 67

23 1 «57

24 1 57

30 1 o57
Total L 3eé
Irgiga‘bed: 1 243
6 2 4e8
18 1 243
19 1 2,8
21 1 243
% 2 445
5 1 28
50 2 445

Total n 25
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‘at Tflect Coos Intensified oot Uampotition Resulting From

Tvom hwrow Spacing Tave Upan tho Crowth, Vigor and

Surviwl of Irees?

48 brought out mbove, shading is {hought to be the important
footor in il cateblishment of forest condiitions, DHowever, perhaps it
hes boen cvwepregtressed, and root coampetiticn undereemphasizeds Invose
tigations in tho white pine type haw shom that there wms no carwory
sufficiently dense to inhibit the prowth of subordinate layers of
vegetation as long a8 root competitior hetween trees and shrmubs for
moisturo and nutrients was elimimated {Toumoy and Feinhols, 1981 s
in Toumey and Forstain, 1987)e Thus it nprears that root cempetiticsn:
and not shxding is the important fasior in the establishment of forest
conditions,

Teloolorionlly spesking, the roots of sholterbelt treecs "ro &
long waye” to socure molsture and rutriemts, loots of common Lrotde
leaf shelierlold species growing on dryluwd sites have been found 4o
extend {ras the tree [or distancos varying fraa 1 o 241 times the
height of the trees loots of the couifvrs d1d not spread 80 far e
only o4 o o8 times the holght of the 4ree (Yaeger, 1925)s This
means Lhet a beoadleal tree, rreen ssh lor ememple, 15 feet hirgh woull
have m?ri;a i“z*mlls to 3lef leet from ilio Lasos The narrower tho
spacing, tho scenor w11l the roots meot ol the nore severe will e
the campetition for molsture and nutrionts,

The sewerity of root competition in narrow spacing reduces tle



grovih cud <isoe of the treos,

This, 1n turn, results in hicher wwwlallty flguress Studlos of
1leyear ol reus at the Judith Jasiz morlment “tation in Montons
hnve ghovr 2ixt bDelts planted with wide g moling had es much ss 30 1<
mt/ﬁtif =1 than those belts plantod 1%L narrow spacing (Jenson ol
rarrincbor, 1000)e flesults of the stuwly ciro tabulated briefly in
table Cl.

In mnst oages inoreased mortelll; ls due to the suppression
vrought about by root compotition for n:igture and by shadinge The
suppregse’ Urces are spindly, of poor ;,gr and are in many cases
focal nelnts ~7 lnseot attack and conli-ilnto littleo to the walue of
the sheliorholly In faot, the suppressol recs are of regatlive wilur
for ag 1loor nua thoy are alive, they aro campeting with the more donlim
ant {roop o the oritical soil moisturoe In this respect, they coc
nothing riveo Ulan weeds, It would be Lotior Yo haw used & wide §700w
ing in e “erlming piving each trec Lhw Lonefit of more soll molige
ture regultine in more vigorous trees lron The start.

a ol loot of root ocampetiticn Lelrmon individual apooiaa ig
ag yet wimo ns lowever, cortain speclos, comonly oanlled “"sappers”,
are o Lo Lo more vigerous competliors for moisture and nutrients
than are otlvrse Cottonwood 18 the mowot {tilllar oxemple; “hinese
oln is onothore Troos planted ln rows close to these specles cre o
to suller o8 o regult of the inmbensio Cop-iitiong thorelore, wide
epacing s dellnlitely necessary when (liogo Lwo spocles are used in

the sholbortalie,
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TAnLE 231

SWVIVT T AlWTEAR OLD TRIDDS AT TIN JTOITI DASIE TxymmIlmaw
Pt . Lo 33
STATION

{rom Jepsen and larringhton, 1030)

o ' " SpECLL. iN 6ot
Species T X4 Ex - S X B T x 12
Ter sent | (eF Gent  .hr oent Tor oent
Dex Tlder 8044 T8l 346 751
Croen “sh 01,7 07«8 261 100
Foplar 0 Sa3 77 64
duffalo Derry 969 9649 100 87
“41lo% O‘ 228 TG S0l
Average Gled 603 3543 TSel
— e e 2t
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owover, eaotloel considerations must Lo daken into acgoumt, ften
the feeracy 111 oultivate his windbresi: ct hwe 1s coming in to supper
from the f40llse I he cen draw his Cisk o barrow through the belf
without whischlng his regulsr fleld equimwmnt, the cultivwation of
the windoronl: 1o more apt to be assured,

Thao ~witer does not moan to infor {hat the spacing recommendod
ghould b oo ~4ide that all types of o ulnont oan be accommodated,
These {wrovrs 2nd ranchers who have orarlor Uype trectors which Ly
meang of on o00set hookup oan pull 2, 3, =~ 4 cultiwtors and so cule
tiwato fvo 00 Lo 40 feot in cme round o In tho {lmancial positics
to elthor wrehnse speciel or to modiilly tholr rresent equipmnt so
that rove 10 oot apart car be oultivtiods

Tyoe o cultivation equipment neodol and emse of cultiwmtion
are doponic:l upom the spacing betwoer (Lo rows In the shoelterbelt.
If the spxcing 1s sush that standard ©i0ll equipment can be used,
cultiwtios 1o mado easier, thus teuCins o assure contimious cultie.

wtion tlmyhout the life of the belt,

letionohip Detween Snow leiltln- and “idth of Delt

Uiptanco snow will Jrift throuch ¢ Lolt may bave some effect
upon the mporiram width of rowss Ceorpe [1043) has shown that snow
will Gl aorroximately 100 feet inlc Ll Dolt, with mexiwmmm drifte
ing necr 00 foote 48 omphasized in Lo lsoussiom on snowfell, lhe
additiorcd oigture derived from molilyy onow drifts playe an impore

tant part 1+ {ho swogess of the windbrouls In order that all of tle
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plantiny /11 Lenefit {rom the snow driffls, ihe width of the elt gl.ould
not be muh over 100 foste This mouns that with & ferow planting e
spaoing Lol men rows should not be owr D0 foety & Terow planting shicald

havo & maxiam of 18 feet,

2o Joarrow and ‘1de Speced Thioltorbelts Cive the

same Degree of .roloction?

his L8 a very preotical questiocn, Cor Af 100 trees will give
the same unomt of protection as 200 (lwere 18 no reason to incwur the
additionnl armonse by planting the estrs troese Assuming that ell
oonditions ofher than the specing botwoon Lhe rowe are equal, and
particularis “hat withinerow spacings wre Sairly olose, there is no
reagon Lo heliove that narrowly spaced tres:; will pive more protestilon

than will idely spaced trees,

et is the Iffect of the ‘wluo of land Upon Specing?

Crdineeily, the value of land +All have little effeot upon Ll
specing used in dryland belts. The bLemefits, flvepcial and othervise,
agerulny Do a protestive planting will cubwelgh the income that
oould be Jderiwed from the land if it had Loon croppeds Iowover,
in irriroted sections the value of the lond is sufficiently high oo to
linit the oreapd of land available Lo ehelterbelt purposes. Jevernl
such sltw icng were encountered in (he irrlgated lands along the

Tellowstone and Tonpue Rivers,
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Suemry

Teielly samerlieing the cnewors Lo Lhe questions posed at ilw
bepiming of Uids seotion, the followin:; ,oints can be stated:

1. Thove L8 generslly insulficimt moleture awilable in the
majority 7 3w planting sites in castern “mtana to maintain a
closely @ nicod planting except in cortoln favorable sites se théaa in
the botto: of drave, at the base of slore o» whore tho water tadble o
near the cwrizoe of the grounds

Ze “wblishment of forest ooniitlong within winddreaks planled
or drylend egiton 18 quite doubtfule 02y Jed per cent of the dryland
beltes omarxined 1o the study had dewelopsnd guoh a candition. Dowevor,
the oharces oro quite favorable in irricbed belts as one~fourth of
the lrrimted bolte studied had dewslojel o forest (loor. illows
are the nost 1ikely epecles to dewelop Imrost conditioms im lrripatad
belts, *hille carugana and Lox elder ure tho ones most likely to in
dryland beltoe

Je 1o more sovere root ocompetiiticn for soil molasture and
nutriemts rooulilng from marrow spaolrne cougos e deoreage in vigor
and a condeunt incresse in the mortallily of the trees, Cottanwood
and Chinose olm are noted for thelr abilily %o “sap" the soll and
should e lubed with & wider spaoin;e

e 1do spacing fmoilitates cultliwition with ordimary fleld
equipmant, “u ceneral, Montana farpers oo been wnwllling to ioveot
in specinl rpoliinory or to modify thelr woegent equipment to cultiuute



135
belts ~ith pwrrow epacing,

e Ihaiowm width of spacing ray Lo dependert upon the distonse
of anow Orilt irdo the belts Studlet Imve shown that the maximum (io-
tance. of <17 la approximetely 100 loot ~hich may limit the widih of
tho belt de o distance near that fligurce

e 1% nll other conditioms beiny oqual, parrow and wide
spaoed Lolts ~lve the same emount of protoctlons

Te ™ dryland ferms the value ¢f Cho land ordlmarily les nco
effoct win: the maximem width of the olaxling, Dowever, this 1s rot
true iu imirated sootions where land wilacs are wmuch highers lero
the widlh touda to be reduced by the hirh -wlues,

Tho not elfect of these ooneideratiang ie thad the wider siecl
and contimed ocultivation are adviesils wilor most castern lontars

drvland omditlong,
Conclusicng

m vier of the considerations (lscunged ln this olapter, the
folladny sruolngs are recamoended [or glwlterbelt plantings in
eastorn | Imians

Jmelond Zolts

le [EinOrove

1T eno hedgerow is used, plant I feet within the row anl
15 feet {ran the geoond row
Dt rows of carsgana arce ugol, plast 3 feet within tho

“ 5 .

row and 20 Toot hebwoen the £ rowe with 10 Jeot botween tho second
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the spacin: Lotween the rows can be culoly reduced to & feet excert
in the otgo o an everproen row adjecert %o a broadleafl fow,
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the conditions as they mow exist in ecstern lontans shelterbelts.

This paper is & report on the srowth conditions affesting the
important drylend end irrigeted species as deterazined by the study.
It eleo treats of tho spacing in Esstern lbntens end the feotors that
must be taken into consideretion in the determination of proper spacing,

£11 of the oounties inocluded in the study lie eest of the (on=
tinental Divide, The topography of this area is the Yypicel Grest
Pleins type of country, charecteriszed by open flat or rolling plaine
broken ooossiocnelly by wide river valleys and smell groups of mountnins,
The altitude is relatively low == less than 4,000 feet, with the low=
ost point being at Fte Union on the liontamme=lorth Vakote line where the
sltitude is 1,100 feet nbove see level, i ll of the ares is in the
upper Hi:-souri River Besin with the important rivers being the 'dssouwri,
#1k, Tongue and Tellowstone Rivers,

The climate of eastorn !ontenma is cheracterised by e fairly long
stsmer semson of sosnty preoipitetion end low hmidity, with mery deye
of hot, sunny weather, and by ocold hard winters with 1ittle snowfell end
low temperatures, Hean anmml preoipitetion ranges from 10,58 o 16,71
inchos with 66 to 8% per cent fel ling during the growing season, April
through September, This fortumate presipitation pattern is probably the
resson that trees ard agrioculturel cropes ocsn be grown in the pleine
sres without irrigetion.

The avorsye growing sesson varies from 120 to 140 days through=
ocut most of the eres with the averspe dates of the last killin: frosts
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rencing from April 30 to Jume 2, Averapge July temperatures are fron
64° Fo to T2° Fo, axd averago Jemury temperstures from 7,1° ¥, to
24° ¥y Yeerly maximm temperstures aversjge well over 100° Fe and yearly
minime to well below =40° F,

The soils have been classified ns belonging chiefly to the
Chestrnut end Brown zonel soil roups, end o the ssonel clluviun and
lithosolse The zomel soils end the lithosols heve developed chiefly
from sedimentery rooks and glscial till, and the =lluvium from the
outwmsh from these und ignecus rooks, 'The texture of these soils is
varisble, ranzing from sendy to oleyey. . cidity resotion veries from
PH 5415 to over 7.2

Two hundred end twenty plentings wore studled in detail, ©Of
these, 176 were on drylend and 44 on irrimted sites, Twenty six
species were found in the drylend plantings and 15 in the irrigeted
ones, Cerspnnoa wes found in 82 per cent of the ‘ryland end willow in
71 por cent of the irrignted beltss OCf the 6 important dryland species,
three, caragens, “ussion olive and Chinese eln ere mot native to this
gtete nnd of the 7 important irrigated species, four heve been introe
duced, willow (;plden, white and laurelleal), northwest roplar, cere=
cane end Hussinn ollvee

The fgstest rate of growth for the importent trees in the dryw
lend and in the irrigeted windbresks is during the {irst 10 to 20 yeers.
Chincee »lm is the fastest prowing drylend species with an avernpe
ennuel hoight orowth of s little over 1 foot per yeery green ash wag
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amount of varistion in orown spreed then in height srowth whioch seens
%o indicste that the feotore effecting growth have e rrester effeot
upon average crown spread than upcn aversge height growth,

Yolsture le the roet imwriant limiting fector effecting growth,
vior and survival of troes in enstern jontane windbroaks, It ia dow
vendent entirsly upon the annuel precipitetion, Viorkers have estimeted
that, under neturel conditions, 15 inches iz the ninimm srnusl reine
foll required to msintain forest growth in lontenes Hince moat of the
esgtern portion of the state hes an exmuml precipitation of only 12 to
14 inches, the shelterbelt treeos are growing under contimual submare
il moisture oconditions, iolsture conservation meesures sro, thores
fore, meoessury for the succesefull establishment of the plantincs,

The soanty anmual precinitation is supgrented in the windhreeks
by smow drifting into the planting, The moisture supply in the uppor
6 feot of the soil may be inoressed cs much se 116 inoches by the melte
ing driftse, Topogrephy may eleo influenve the amount of soil moisture
pregent by contrelling the amount of runoffe Slopes s little es 6 end
6 per cent ere sufficient to onuse a large differemve in ;rowth, Oreen
esh wes found growing as much es 27 feet higher in the swmles then on
the knolles

Cultivation is the only practiosl meens avellsble to the farmer
or renchey to oconserve soil moisture for his plantingase It removes
the sresses and weeds which competo eeriously with the treoes for both
moisture and mirientss In doing this, cultivetion will save up to
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L late spring frost during the night of Hey 28, 1947, wes pere
tioularly damaging to reon ssh end spruce, In the case of green ash,
thie tree suffered diebnck of at lenst 5 or 6 years' growth in the une
cultiveted plantings, Hecovery wss facilliteted by oultivetion end rein
or irrigetion immedistely after the frost. /s yet, however, the permen=
ent effects of this frost sre unimown,

Livestook ceause demege snd rortality by browsing and rubbing the
trees snd Ly peocking the soils, Sorw 'ontane fermers are using their
vlantings as winter feedlots for sheep and es yeerlong holding pens
for oattle amd horses, Such prectices heve resul ted in the virtual
extinotion of their beltse

Insect depredations may be severe enough to cnuse s reduction
in gzrowth end vigor of trees in locel mrosse Crasshoppers, tlister
beetles and secrople worms have osused the moat demrpe, atincking rrece
tically all speoles in the protective plantings. iphids or plant liove,
attack fmeriosn elm, Colorado blue spruce and Lleok lillls spruce prie
marily, snd have cesused some darwmpes Oreon «sh snd Chinese eln nre
the specles favored by the wood borers which ususlly min entrence
through wounds resulting fron wind and emow breakapge snd pruning,

The permsanent o’fects of inseot attack ere largely dependent upon the
oonditicn of the trees at the time of the depredations.

Lecause of their infrequent cecurremwe, {ires are £ minor faotor
in the survivel of esstern ibntene windbroskse, lowuver, where fires
have ososped from burning stubble fislds in edjecent plantings, the
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ihe ease of cultivation and the emount received by s plenting
is dependent upon tho speoing bvetween the rowse The study has showm
that, in reneral, sinoe the ibntana farmer is mot prone tw purchase
epecial or to modify his present equipment for the oultivetion of his
plangings, narrowly spaced troees will not be cultivated efter the first
few years becauss regular field equipment osmmot be used in the plantinge
The spaoing used, therefore, must be suffioiontly wide, at leest 15
feet, to eccommodste the averapge cultivetion equipment used == senorelly
10 to 12 foete

Georpe has shown that smow will drift approximetely 100 feet
into & belt and that the maximum drifting ccours at about 8 feet,
bacordingly, the maximum specing in a planting mey be limited to 20
feet between rows in s Serow plenting end 16 feet in & Terow pnlanting
#0 thet all the rows will benefit from the sdditionsl moisture derived
fron the melting enowa,

There is no reason o believe that narrow spnoed belts will proe
vide wore protection than wide spmoed plentinge 1f the specingss within
the rows are the seme, Ihis mesns, that to obtain the seme emount of
protection, less trees sre needed with wide specing then with nerrow
speeing, and the origima] cost of the belt is correspomdingly reduced,

In the plains ares of !bntene the low velus of the lend ordine
srily has no restrictive effect upon the spacing usedy but in the
irpipated sections, the hizh 1nnd values temd to reduce the width te-
twoen rowse
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The factors discussed oll indiented thet vide speoing between
rows, that is, et lenst 15 feet, is nooessary in the protcotive plante

inrs over most of esatern lontanne

COCLIBION

le Growth rete veries by speeies, Chineso elm is the festest
growor in drylend belts end rnorthmest popler the fastest in irrigated
roltse In oll speoies studied, §a festest growth ovours during the
first 10 to 20 years.

2¢ Height prowth and crowmn spreed of sll spesies studied, with
the oxception of caragens,wre irmcrecsed by irrigetion.

3¢ 4£11 the speoles very considersbly in both height ;rowth and
erown spread, lox elder end Pussian olive ere the most verieble with
over 100 per ecent veriation from the averspge growthe The factors
oceusing verlation heve a grester effoct upon erown spreed then upen
height growth,

4 lodsture is the rost Lmportant limiting feotor effecting
srowth, vigor and survivel of troes in esstern 'bntans windbreeks.
Cultivation is the only practical mesns sveilable to the fermer or
rancher 1o conserve soil molsture for his shelterbelts Thorough
+1llage will insresse mowth and swrvivel of trees planted in the
pleins srea of lontanse

B¢ Intertillage throughout thoe life of the planting is necese
sery in most drylend lontena situetions,
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8 Sorthwest poplar, willow and cottomwod ere not sultsble
species for planting in dryland windbreaks.

7¢ Detrimentsl feotors important in the plaing windbresks are
drifting smows, late spring frosts, prasing; bty domestle livestook,
ingsect depredations smd fires

8¢ At losst 15 feet Letwsen rovs are necessary in protective
plantings in mat dryland sites of eustern ontam.,
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30IL TESTING PO _:_./

Ac1dity Teat

1l Zoas off & strip of waxed pupor, ofease it lenghhwise to maim
8 trouche
Le loce a smmll pinch of sol® in e fold and add, froam Lollity
Tomt Solutic: Yoe 1, enouch of the indicalee solutlon to & 1little novo
than saturnto the colle
3s ork Lhe golution back end {orils through the soll to insuro
the complotion of the reastion,
4e I 4l e0ll piwes & yellow color without a trece of green,
toar off cnolhor gtrip of the waxed papor wd test in the same manner
using the ‘cidliy Test Solution Voe 8¢ “ho 3pecial Indicator ig use!
in & like =muore
By Iulorpret in accordance with i “0ldity Tost Color Charts
acoompanyli Ul gsoll testing kit.

FTURE instructions eccampanyin: the Murdue Soil Testing Tit,
These are aylified in Furdue University ‘orioulture Uxperiment Ctation
Ciroular 0035,
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trete Toat

le¢ ith larpe stemmed plante splil ooon & main stem or a leal
petioles ith smaller plants cut a fe (hin dleks from the mein ston
or leaf potlole and place ina viale

Ze 79Iy a few drops of Itrate copont and obserwe the color
produceds ' Dhlue color indicates an abundont nitrogen supply. Absonco
of color counlod with 4 pale groen color of the follage indioates o (ow
ficient ritrora supplye

Tiobes hils test is not sulted lor ugse with legumes and woody
planta,



Thosphate Tool

Soils

1. i1l the vial to the mark (10 coe) with hosphate leagert 10s le

2¢ 40 7 teaspoan level full of goll (] tesspoon for soils clove
Pl 7 and 1l ~roenhouse soils)e

% Cinle vigorously for 1 mimulc,

4 ilber into a fmnel,collectin; the emtire filtrate and thom
add 1 or £ ove morz of the Fhosphate ieupent los 1 to the filtrete.

e A0¢ an anmount of Ihosphate carent los 2 squal in size to o
pin head {no cwre)e

Ce ix and at onoe obszerw tho color produced.

Te Copare with the Thosphate Color Uhart sccompanying the soll
tosbing Lite

B /400 another portion of hosybabto eagent los 2 and mix ag Low
fores 1If color darkens, use the hirhor resdinge

liotor uis test is not adapted fur use with soils that are olinie

-

ine (above =il 740) and may pive too hich resulte on subsoils,
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Thogplate oot

Flant Tigoue Tosks
ls ‘dnoo 1 teaspoonful of finely cut plant materinl {n o vial,

Ze¢ 111 to the mark (10 co.) with ‘hospbate “oagent To. le

3¢ Clnlm vigorously for 1 minutes

¢e ‘00 on nmount of Fhosphate cagent oe 2 equal in size do o
mugtard sool,

Ge i and at cice obserwe the color prodused.

Ce Copare with the Fhosphate Col.r Jhart,

7« 400 another amount of hosphate Toagent To. 2 and mix og
befores I tho color darkens use the Lirhor reading.

Joter Tosts should be made on rmin stems or leaf petioles {ron
actively rrowing portions of the plants and should not be uwsed aftor the

plant is raiure,
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TEITOTIATY A Y SYEY MUY emgen  pmriuat 0 s
SUTEARATION OF TiE YUY LLOTE

Soil soidity

Indicator Tioe 1

1. dssolve 0404 prams of bromeilymil Llue pomder in § oce
of SC per vont oyl aleohols

2¢ 1 0B ocoe of dlatilled water riyl adjust to DE Cef (yole
lovisheyreon oolor) by adding, drop by drop, & 0.2 rormal solution of
sodiwm hnloovides

3s "ho OF range 1s 548 to 7¢5e

Indicator loe o
le .ropare a solution of bromeerocsol green as for Indicator

3:0. 1.
2e d3uat to PU 448 (yellowisherroen colcr)e

Je The DI repge is 348 to Leb

Special Indicctor

le vepure & solution of chlorophonol red as for Indicator Tos 1.
Re “lust to pI e (reddishworcrye color)se

Se T U7 range 18 448 10 Gele
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Htrate Tont

Zeagont; Tos 1
1. dsuolve 1 gram of diphenyloxino in 100 ose of cansentrated
sulphuric ccile

I e
Ll i 3

Uiy This solution is very corrosive,

Yhosphate Tesl

deagent Ioe 1
1+ lsoolve ¢ grams of ammoeniun moly date in 5§00 oce of disw
$illed mmtar, »
Ee N3, olowly and with constent slirring, e mixture of CZ cce
of cmcentrotod lgpdrochloric ncid and 427 coe of distllled water,
Doter '3 this solution may becoms wrsulted for use after
standing Jor & Jow months, 1t le desirublo Lo prepare a solution of §
times this connontration and to dilute cs rneded.
Reagent o,

Iy podloroed stannous chloride o slannous oxalate,
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