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• 	 .cultural Practices for 

GROWINGSHELTERBELT 
TREES on the Northern 
Great Plains! 
By ERNEST J. GEORGE, Sill)iculturist,~ Horticultural Crops 
Research Branch, Agricultural Research Service 

INTRODUCnON 

nnming U'pp:, thnt will gin' prot'Notioll to j'ann buildillgs, lin'stoek, 
and f('('d lots a!-!ainst cold willt('l' winds alld drifting SUO\\-, and also 
agn inst hot. d ITiJlg wi nds (lia t danlage field, ol'l'harcl, Hnd garden crops 
is ncC'PptNl as It ))Pt"l'ssity by lIHllly o:f thp :f'a 1'I11(,I'S aJltl raJlchers of the 
llortJl('1']} (;rl'uJ Plains, TI'P(, IlTowin!-! in that al'PH is frequl'lltl,r ditli­
Clilt owing to thE' low !l,'pragt' rainfall, periodic sevel'e droughts, ex­
tremes o:f telllpt'l'aturein both ,yintl'1' and Slimmer, the high rate of 
pnrporat ion cluri 11,!:! the g'J'owi Ilg seasou, and the -fa irly ('onstu nt, 
strong. drying' winc/s. SlI('('~'s,,: (ll'pt'llds Oil thl' planter's kl1o\\-IN.lgE' of 
sui1"ahll' spt'('il's lmd lllethocb.,. 

Sincl' ]flU tlw l-nit'p(l Statps XortheJ·.Il Gn~at PlaiJls Fi01d StatiOJ1 
at Mandan, X. DaLe, has eOlldllet"ed ill\'cstip:aiioJls 011 t-il(' gr()\\'jJlg of 
h'ces Hlid ochl'l' :ftu'm (TOpS. J n Hili) testg \\'('1'1' Bhll-tE't\ 'with ,yjndbl'cnk 
t!'cl's and shl'llbs {'O oiJtai]) infm'lllation OIl spacing clistanees, nlriolls 
types o:i' pruning, and methods oj: culti,'ntioJl. This publicat'joll SlIl11­
,marizes what waS learned from theSl' .innstigations. 

The (-est's aJ Mandan W('l'e dupli(·atec.l at tbe (-ni{ed States Dry 
J.Jund Fi(,lc1 Station, AI'dIllon" S. Dak., and at the .flldith Hasiu 
Brnnt'h Station. Moc(:asin. Mont. :Mltthews and Chu'k (0) reported, 
in part, tht' results obtailwd <lUJ'jug the first J.J .rears at tJle .A.l-tlmore 
station. and .Tl'lISt'1l anclHalTing!on (5) reported the results of the 
firs!: 11 'yl'UL'S ttt: the MO('cfu;in "tat'ioll. 

CUNlADe DATA 

The monthly, gro\\'inp:-semiOll (.Apl'.il-Hep{Plllbl.'l'), and an.nual pre­
cipitation at the ,Mandall station :fOl,the yenrs HJlH-f>,\ are gi,-en in 
bibJe I, Pl'ecipita(iolldll.l'ing the gl'owing season rallged from :L96 
1:0 Hl.8Ci inches, with it mean of l~.()S il1c.llP~ for the i::lG-yeal' perjocl. 
This me:1l1 is ~lb(iut 77 pel'l.'t'llt of the t1Yel'nge ilnlHutl precipitat.ion of 

1 Suhlllittec1 for publiC-lit ion ;r\ll~' (J. In;;;;. 

,u. ~. Northern GrC':Lt Platus Fit'ltl Statioll, MflU(l:111, N. Dak. 
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15.77 inclH'R, ,,,hid1 rauged hom (j.-±:~ inches to :t1.7G .inehes during the 
36-year period. The years H)3-±, 103(;, und, to a less extent:, 10ihl ,,"ere 
seyel.·e drought years. l)recipitation in 1952, while exceedillg tlult of • 
19:)4 tl11c110~~(j. ,\"ltR the thh'd lowest anl1lml. ~1I)(1 fourth lowest seasonal 
precipitation for the yenrs 1914-1053,) the'time during wh.ich records 
have been kl'pt- at Ille :Mandan statioJJ. 

The mean monthly, and the maximum and rninimlllll daily tempera­
hires; the nH'an, high, and low monthly enlponttion from a 1'ree Wltter 
sudace clul"iug' the f!.To\\"in{.( season; and the mea II mOllt h loY wind 1'e10c­
ity for the years 1018-1$1:;;1 at the Mn nda.n shit ion are giwn in table 2. 
Yearly teIll1wl'atUl"C's s]l()\\" H. 1'1\1lge of l(jl° from -4GO F. to 115 0 F. 
The aYeJ"ag-e eyuporation during the p.To\\-.ing seaROll was neal']Y three 
times the Hyerug"l' prC'('ipihttioJl I"hal :l:e11 during the same period. 

TAlll.l~ 1. JfOIlIIt7!I. [fl·()will!"'~I'(/.~OIl. !III!/. ",1/11/(/7- '/Jrl'lji)lilal iO/l III Ifll' ?{I)/"tllel·/I. 

(I/"{"I/ f'/11 i/l.~ f·'idcl statio/l, .11 Itllri(lIl. X. .J)lIf... , .If1IR-5,] 


~--I--

An-
Yrar ;run. Fl·l•. ~lllr.: Apr. ~Iny JlIn~ .lnly ~\n~. Sppt. Oct. ,,"0\'. 1),·c. Apr•• 

'~'.\pLI nUIl\ 
~ ~.~--..,_ ....- ---'-- .---- --""""-'-- ­ "~-'----"-~-

!rIel"., 11lche., Indlc.• "'che" JlldlC., rllC/leS Inc/lCs Inches IlIcllts IlId,e; rllches Incllcs rile/itS rllches 

Hng, •.••. (J 20 (I, II 0.·1;' 2.m 2.4.i (I. (\~ 2. ·'7 2.(ja O.Ii:J o·.,-., O,·lii t.U2 10.87 13. ;I, 

HI19._ .... , .os .RO .xa 1.,2 :\, !Hi 1.12 .Sii l. 22 .411 • !IS I.m .25 

: 
n.a5 1:l.4X 


1!120_._•••• .. ;;2 .~o 1. 21 .58 1.-I),- I.S;. 2.1i8 \.l'1 l. 211 .25 .:ii .21 9.113 12.liIl 

11121 ______ • .I~ ,00 .70 2.5\1 :1.0:; .H2 a.ag .2[) I. 58 1. ao .Ri .2,1 ILli, !fI.2;! 

lfJ22~ .. ____ . .2g 1.0:1 .52 • fir. 2. Of, a.·I:I a.17 .a~ 2.al li4 l.fiO .H2 11.!1-I i.7. ail 

1I12:f. •• ~ __ .. , .:\Ii .:18 .W I IH;; LIN 1.11,1 ·1.12 1.15 2.;1I .i}·t .~R .1·1 12.M> H.41 


192·1 .na .25 .2R l.IiS . ·11 5,51i 2.07 2.:15 1. a,1 1.\),1 .nn .28 la.·11 1f),25 


10211_ ~ 2<'; .oa ••1-1 .Il.! I. I~ ,.:\·1 .a:.1 t.:11 .1111 .1111 .15 .:lS 12.011 I·I.OS 

lU21i .71 22 .0,1 .1:1 2.·\1 1. 211 2.111 1. :11 2.~i~ · [~ ,:m .4.\ 0.('\2 11.51 

1112, .IS .H 1. 1'. 1.:1, ().Gfi 2. on 2.:ii a.Hi ••1\1 .4,1 1. fin • i7 IIi. [1,\ 20. :10 

JH2S .211 ' nu.0, • !?a .5;) 1).;12 ·Lll,1 2,24 .S!) • HI .1l1\ ~ 17 I:'. n:! I Iii. S5-.' 

.RO .iU 1..\7 1.7;) ~.IiS .110 1. 20 .Rl L5n I.S1 .14 · ,0 8,1\0 l·t2211l~~1 
19:10 .111 1, liS Coh 1.71 2.2:t 1.50 2.40 2.0U 2. fiH I. x;; I.L:l .1:1 L2.·IO t7. as •
1\J:ll .05 .4·1 1.ti2 .·1:1 2.1.1 I.(U. 4.:l2 1.01 a.1l l.·1Ii .47 ~ 7·. t!?fW 17.-1-1 

IU:l2 .·1·1 ,\!l 1.\1(1 tOil :1.48 a.a:! 1\10 •,11 .. 2·1 2.12 .10 .IS 1l.t.4 15. in 

lOa:\ I 2:1 .:H 
 1.112 . nil I.H:l 2. IS I.S\I .·11 .27 .. 5;, .Illl .52 7. :1.; 11.UI 

l\l:I·L 
 . or. .05 .m.;: .n:\ .17 a. is L HI " 2;} .47 ~ 7;{ ,,1i .14 Ii. 'Ill S.I:I 

Ill:!;' .Ia . ali I.la :l.!l!l 2.na 2.S5 '1.71 1.:\.\ .. 2!! (" .Illi .1lS 1·l.X·1 IS.an 


HJ:lIi • Ii[ .72 1.12 .'IS .0,1 .·1:1 0 • £Iii 1.·Hi .l7 .lil .2·t 2.00 6.~a 


111:1, .Rn ,·11) .·IX 1.:lS I. 20 iUlfi I.S:I 1.:H L.:l7 .,1:1 , .:1.\ .n;i 12.S0 m.ll!l 

1!!:\S ~&I LlII, .(i·1 ~ \17 :!.42 a.11 2.UO · i2 1. 25 .21 1.0-1 .IR 11. a, 15.tH 

1!!:1!1 .. U7 .112 ,+1 , i4 l. \la .1. n,; Llill 2, III .17 · "~I (" · :ll II. a, la. !15 

mill .O:l .·It) .\1:1 .1. 2·1 I. 20 1. g;; 2.7a ,,2.; 1. 2S 1.611 • US .-11 11. Ii" IIi. I·' 

l!/,!/ .:11 .22 1. Oil 1. ;17 1. O!i .1.72 I.W 2.:m ~l. hi .Iln .27 .16 lIl.sn In.72 

1!1,12 ('1 .'Ii .7U ~. 15 2.:In 2.·\·1 a.10 1.:10 ~ :~3 .lill .0,\ ,·Hi 1·1.112 17.0, 

1I)·la 1.1, • 55 1.(\, .s• I.llo i.ni 1. ;lU a,20 . lI~ 1.51\ .1i0 .l!) 1541 21. 15 

1!j·I·1 .2t1 .,[0 .27 1.:1,2 :I. La :i,M .n, :1.19 1. f, , .0, 3.4·1 .(1\ 1·I.!J2 1tI.4H 


.25 LIt! 1.78 1. g,1 :1, ,IS l.S5 .0.) ,5:l .m 11. til HIl5
1\1·15 .IlO 1.01 I.M 

\!lifo .04 .6;\ 1. 2S
l.;m I.S1 :l. ].I 1. !!;1 J,~S 2,,;~n 2. fiG ~ 2·1 .S2 11. 12 Hi. 77 


111·17 . .:12 .15 .:1'2 1. !Ill .7a 7.72 a,2L 1.17 l.ii 2. t5 1. OS .:m 111.50 21. 11 


l!J.lS .,17 .0;1 ,.1\ 3.21 .liO 2.a2 2.~"'i 1. US .0\ 1.:1,1 .sa .:n Il. ,0 : 13.71 

LII,I\I . 'in .·f: .:I:J 2.[,·' 1.0;\ LIi:! 1.22 .1i0
,1.5:\ 2.0,1 .f.! .IS 12.·1-1 In.2H 

limo, .75 •• \0 2.H2 2.oa :I,l;l ~.n7 1.'12 2.a5 1.1)5 • fk' .:m 1.1'1 la.25 Ul. :10 

!!l51 ,,}\i J,~fl .J.! .iil }.,2- :l.~S ·1.12 Ii. Iii .lIO .51l .13 .-;7 iii. liS 20.:11 

IU5~ .. .. . • Ill! 1. II .:IU ('I .·10 ·1. as I.S,1 .tili • IS .011 .17 .l:l i>W 10. :!5 


~ ~ 

,-Ii .:n 2.m 2.:iS a.21 n.5S \.os :Lila .ali l.lil! .au .:10 \G, fJlj 21. inlU5:1 .. .. -- ..~ " ~ ----_.- .~ .,.... .._.- - ..-~ - ..~-- ~ ~---- .",~-. ...--- .......... - ~ - -~ -..-~---
A \'l·n\gc .... ~ .4·1 

I 
.41l .81 l.53 3.31 2.31 1.G.J 1.28 U .(iO .40 12.08 l 15.77:!.OO q 

\ I 

I OI'OWtnJ,t Sl\USon. 

-: "l'rtlc(I. 


The 11 \"('r:tge frost-fl'('(> lH'\'iod for i bp yt'H I'S Hl1R-:;:3 was 138 days. 
The ]ougeiii pP\'io(t \\'ll::; 1T~ days, and nil' :lhol"(t'st, 115 clays. nates 
()~f the hu.;t killing :fl"ost: in the speing rallgpd fl'ol1l ~\prjJ 19 to May 2!). 
Dates of (lip first killing frost:. in the :fall ranged from September 9. 
to October 8. 
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GROWING SEELTERBELT TREES 

TABLE 2.-Jl{C(/'II 'montlllll, and 'I/I.U.7';,'I/1'111I1 u'lld 'm;lIi'lllI/'/II (/.lIillltclllpC'rut'lIrc8,· 'IIWU11, 
M!!" ,u'IId, lolt) '/11011 flll II ('V(lliO/'uHo'il trO/l1 (( tre(' '/rof,cr .~/lrfac(' 1111 r;II'[1 the {lrOW­
'ill!1 8('(18011,: (II/(/ '11/('(/'11 '/llOlIthly 'Idlld 'rclocilu at the Nor/1Ic/"1I (/re(l./, Plains 
P-iclcl Statioll, Munelll'/!, N. ]Jale., .1!U8-ii3 

TElll'EllATUltE 

[Degrees Jo'uhrclIhcit] 

I I I I I I I- ­! I I I I I ',AnlluulIClassification .TIIIl. I Feb. ';,llIr. Apr.: 'i\IIlY June July I Aug. Sept. Oct. Nov. Dec. or 
t ! 'sellsonnl 

------~,-, ~-- --------
MeUll I 0 1:1 21i 4:1 5:> (i4 71 un ,,g 45 28 15 41 
Mn~ltuuii;~~==:~= .it 05 '. SI OJ 102 J(}S 115 JOIl 104 91 71 lHi 115 

. -,Hi i -2(i t 17 , :12 i 38 I 32 i 16 -H -II) -:i6 -46~.~:~:~--.----j -37 
I 01 

.. I 1 I 
--~--~-~-~---

EVAPORATION 

[hlChl<S] 

'(,'(') !-=--3I "('. 5 f 
-1;~I~l;-:~·-·---l--"I.--- I--··! 3.U I 5,8: ). I.,). ~ , 4.~ !.... r.- ,..... 1 --;;~ 

IJ,lgh ~""' ____• -"'----1--.... ., _. ___ ... ____ .1 4.11' 8. ,I U.2 12.11 8.5: ~,S :.... i·--- '...... 1 ,m.4
2. (J, 8.1 j

Loll'-- -------···l··· -1-"'1""--1 4.l 5.4 I 5.1 3.1 r--.. i-···..I-· :1 
. .J ." j 

22.8 

lWles 1ll'1' hour] 

METHODS OF TESTING 

}\.. series of 12 ident.ical Iy aJ'nlnged, 1(}-row blocks of trees Hud shrubs 
were planted in ID18 (Jig. 1). ~eed] ing or rooted JlUl'sery stock 1 or 
::!yeal'H of age, grown in Ihe station nursery, was plantec1 01.1 laud that 
had been summer-fallowed the preyiolls year. The llrrangementof 
species in each block, from east to west, ,,-as as follows: 

How I-Silver bu(l'alobe1'l'Y (Sheplienlia w'genfea Kutt.) 
Row 2-Brittle willow (Salix j-ragilis L.) 
Row 3-Boxelcler (AceI' 'lle-glindo L.) 
Ro,," 4-Grpen ash (Fl'ClxinW$ penl181jlllanica val'. Zanceolata 

(Bol'kh.) Sal'g.) . 
l{ow 5-Boxp,lcler . 
Row6-N'01'thwest poplar (Populus sp.) 
}{ow 7-Greell ash 
R.o\\' 8-Hoxe.Idel' 
Row !)-Dapl1ne ",mow ( .....'ali.l· dap//lwide8 ,rill.) 
now lO-A1Dur maple (Acel< ghlnala Maxim) 

The tests were desi/!ned to compare growth and sUJ'v.ival of trees 
and slu'ubs (1) that ,\'ere grown under identical COl1clitjOllS except for 
spacing distance; (2) tll11t were unpruned, moderately prllned, and 
severely pruned; and (3) that were grown u11cler a system of clean 
cuJtjvu.tion, 1uW 01' strll \\" mulch jn ]jeu of cultivation, tUld neglect, 
where llO attempt was made to control weed growth. 

Data OJ] l]eight, sm:vivnl, and wjnter injury 'were taken ill the fall 
·0£ each year. Crown-spread data. were taken perjodicaJly for all 
species. J.)jnmeter-ilt-breast-he.ight data were taken periodically for 
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•: ,"...••..· . 

NEGLECTED BLOCKS NOT PRUNED 

SPACED SPACED 

4BY4FEET 4BYBFEET 


• 	
II
I1 

MULCHED BLOCKS NOT PRUNED 	 CLEAN CULTIVATED BLOCK NOT 

PRUNED


SPACED SPACED SPACED 

4.BY 4 FEET 4 BY B FEET BBY B FEET 


I II III 
CLEAN CULTIVATED BLOCKS SEVERELY CLEAN CULTIVATED BLOCK NOT PRUNED 

SPACED PRUNED SPACED SPACED 

4 BY 4 FEET 4BY B FEET 4 BY 12 FEET 


} 

CLEAN CULTIVAT.ED BLOCKS MODERATELY• 	
N 

SPACEn PRUNED SPACED 

4BY4 FEiT 4BY B FEET 


CLEAN CULTIVATED BLOCKS NOT PRUNED•
SPACED SPACED 

4 BY 4 FEET 4 JBYS FEET 

FIGURE 1. Plan of the pl'tlllillg, spacing, and cUltivatiou eXllerirncuts with decid­
noW'; s!l{'lterbelt trl'es and sllrulls !It the 1\orthe.ru Great l'hlius l!~ield ~tation, 
1\iandull, N. DIlk. 

'I 

http:1\orthe.ru
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GROWING SHELTERBELT TREES 

green ash only.Certaill other data dealing with crown position and 
form have been taken allnually sinc'e 194-3. 

AYerf(geheight and sV~Tiyal data are preqentecl for trees and shrubs 
:1, 10, 16, .20, 2:3, 30, and iJ6 years of age; tl\'erage dilllllei'er-at-breast­
height data for gr('(']1 ash only at }ii, ~3, and !Hi .n'ars '0:1' agl'; dahL on 
cro\\"n poSit:'Jl and growl h :l'orm at :jG years o:f' ag('; and crown spread 
data for trees and sln'lIbs jn the spacing and pl'uning studies at 36 
years 0:1' age. 

The i'ourth Y('[\1' was seled('(l as th(' starting point for cornpnrati\"(' 
ll1rtlSlll'pnlPnt data lwcaus(' it rppr('sPlltpcl thE' la"t YP!ll' ill ,,'1rich losses 
in stand ,\"('I'E' l'Pplaep(L The [len'pniagps of SlllTiqtI ttt 10 and later 
years are baspd on thp stanl1 which )(,(,:1J])(.' pstnh1i:-;hed the :l'01l1'th year, 
,Yhieh in HOIIH' east's lllllllbpl'P(I :f't'Wl'!" [rpps thull wpn' aetllally planted. 
The sixtpcllth YPHl' was s('I(,('[p(] bpeallse it pl'o"ided data :l'or the year 
HJ!3!3. whieh illlll1pdiatl:'ly pl'l'("ecll'd the sewl'p drought- in ID84-, lllHl a 
mort' HPYl'l'P OIlC in ID:Hi. 'I'll(> iwelltieth-\"ptu' data al"e :1'01' the Yeal" 
l!JiW, wh.ieh was (hp IiI'S! approxilllnt(']y 'no1'mal-rainfall year ttHel" 
tl!p (,,'f) seypre tIl'Olight \'(>,lrs. TIw linin '1'01" tl"pes and shrubs at 36 
yea!'s of age ,,'en' ['oi ]Pded ill tlw fn II of .I n3;~. 

TOPOGRAPHY AND SOIL TYPE 

The experimental blocks wen' lo('utl'd 011 land t.hat had it very 
gpntlp 1';]0]>(- to th(· 1101'ill. C'1('nJl-<'lIltinltel[ blocks that were ulljll'uned 
and moderately pI'lIlIed hacllllol'P rUllofl' thull thp other blocks. The 
soil lypp "'as clusspd a;; CI](;'yellnp liue salJdy loam. Fine gnn-el 
cJll'ountpretl in thp 1'01ll'th to lifth foot gradpcl into line sand 111 the 
seventh 10 iJeyond the tpntlt Joot. ,\-atel; penptnltpd the soil l'eadi]~-, 
but till' holding capacity was 10'" :/'rolll tile :fOllJ'tl\ tlll'ough at least 
the [enth :foot. ,\ lligh pl'I'l'l'ntagl' 0:1' the water helel was anlilable to 
t11(' tl"pe;; and :-;llI'lIbs, 

EXPERIMENTAL DATA 

Spacing Distances 

The spacing stUlly consistecl of ± b10('k5 of trees nnd shrubs, one of 
wh.ieh was spaeed -:I, h.Y 4-, one 4 by 8, one 4 by 12, and one Hby 8 feet,3 
Clean cultivation and hallc1 hoping to eoniToJ wepd growth wel"e prac­
[ieeclwhen lleeess:u'y in all b.lo('1\:s. Xo pnllling was c10De except to 
]"Plllo';e dead or illjUl'ed trees lUlel iJranehes. 

HEIGHT AND SURVIVAL 

The llyerage lwigllt oJ a.ll species at 4,10, Hi, 25, 30, am136 },ears of 
:lge. and the aYel'agE' diameter al breast heigllt of I!Teell ash at 15,25, 
lind :~G veal'S of age :U'P showJI ill table 3. The peJ"l"entages of survival 
n-/' 1he it-clJltlS thnt became psiab]isltecl the Jourth season. lit ages similar 
[(I those of the hejght dnta, are shoiY.n in table ±, and the percentages 
of the tr('es amI sbrubs ",hidl :I'd] in \"t1rious ('l'own positions and 
(knsitipfi, and ltadn\l·jous growth forllls, are shown jn table 5, 

3 Thefil'I'<l figure gin;'f; t lip ml'<[un('e between trees ill the row, anel the seconel 
fi,l,'11I"e the lIh;(:unc(' lJehY(,PIl I'O\\'S, 
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TA1lLE S.-Effect ot .~pa('rl/g distance on groleth ot d('cic71101i.~ /rees (l11Cl .~lIrllbs set 
out 'in.}fIJ8 hI, J040W mixecl plf1'l1tin!J8 

,'~----I';;nmeter breast 
Height lit uge (yeurs)- high lit IIge

Spacing (yellrs),-Species and row No. dlstllDce 

! 4 I 10 Hi 20 25 SO 36 15 ,25 36 

---"'~"---' 

Peet : Feci Fed Feet Feel Feel Feel Feci JI1c/lC~ 11lclle81l1clle8 

f~ l~~t:::: ~:~; lU ~:~; ~:~ ~:~ Ib:~ U 
SU"cr butTuloberry, L"" l4" '( 0 110 0" - 0 III 100 '10u~·12••• , •. !' ._ 1.0: t._ ,.1 _. ",_ 

: S by 8__ • __ ( 4.5 i.2 i.1, 5. -I, i.7 S.4 9.0 
'{" hy·!.. __ .! G.O 13.11 20.U! 0 '0 0 0 

BrltLIewlll()II', 2 •. ".____ ,41]YS;;.••• i 7.5' I~.~ ~I).~ 14.2 IUU•1 2°.2: 25.9
-( 1lY 1-.... , i.O I ... u _~._ (1 0 0 
81»·8____ .1 i.5 - IIl.S 25.1 16.2 22.2 2i.O 29.2 

:{4hY 'I.. .•. 8.0 1.1.11 Ii.!! 12.8 17.7 2().O 2!l.2 
B 'Id 3 4h~'S ,-" 7.5 !lUI Ill. 7 12.1 [!til 22.4 23.4 
Q~e cr, ",,--------.... ~ l:~k::::: ~:g IU ~~:~ I~:g :~:8 ;~:~ ~~:~ 

" bYL•._••to 11.3 12.1l 12.0 B.4 Hi. 0 10.8, 1..1 :1.3.) 0 
('. t 4 '>IllY8._. __ 3.5 12,(; 14.7 15.0 17.7 20.5 21.2 1.5 2:8 :l.5 
"rCeUllS], ..---.....-.... {,I h~·12__ •• 4.0 11.8,17.1 17.'1 111.2 22.1 2,1.:1 2.0 3.3 4.3 

Hb~·8. __ --i ?5 12.3 17.2 17.1 .18.5 23.2 25.7 2.0 3.ti 4.7I" b~:·!""·11 7.0 14.7 15.4 8.1 J2.!l 15.0 ]4,;] 
JJo~elder,5," ,),11»8•• --. 8.0; Iii. 2 .11).011.8'13.9 IS.5 17•• 5 

,------ ..... 	 4 hy 12_ ••• ' n.1l 15.5 17.5 8.0 .I:1.5 17.n 2(l.6 
8b~·lL ... 7.5! 15.0 18.0 7.0. 1:l.9 19.5 22,6 
4hl'L.... n.o J8.3 111.7 21.4,0 0 [' (} 

~orthwellt poplnr. 0.. .. , :1 ::~: k::: llU :~: ~ ~U 8 i ~ 8 ~ { 

I~ l:~:t::: I~:~ l~:~ ~i:~ I~. 71 &s [g.5. V.a i.o 1.7 ':;:0 
t.7 a.3 	 4.3

Greeu !Ish, L __......... lJ g~k:::' ~: ~ g:r t~: ~ l~: 5':g ~~: r tb: ~ ry ry a. (i 4.3

2:0 3,g 	 5.0n:~: t::: ~: 3 l~: ~ t§:? t~:f. t~J ~~: ~ iU 

Bo~elcJcr.8._ .•__ ....... {j::n2:::: U t~:~IU lU lU T!(~ T~:~ 
~::~~.:::: u:u :~:~ .l 6·9! Ig.8! 28. 8 ~,3 

1) hne ",tJ\OI\" 9 4 b~' 8 "... Ii. 5 , 11.2 () ,oj 0 0{	 I0 
I 0 

np , • -- •••.. 4 bl' .12._.. 4,5' 13,3 0 i (1 0 0 .... ~ ~ i" ~ --,.­
8 by 8. __ .. 2.5 0 0 I 0 0 0 0 
~ br "-.... 4.0, D." 8. Sin. J 4.3, 8.3 5.2 

\ urmnple [0 4 hy8..___ 4.0 I 9.7 13.1, ~.8" I? 5 Ill~.2 15.5 .....__ _ 
"111 '--'·--'···.4bY I2•••• 5.0!1O.7, 1:1.11 O.u.I3.0,]O.t 15.1 , .... ," ... _ 

__________8·_b~_._S-_-_--..:-:..._5_.0_~~~.12:9 4.1110.0113.4; 11.1 i.~,~.~:i~,~=
{ 

Silver Bu tTaloberry 

Gl'0'\'th and sUl'vinlJ of silver buJralobel'l'Y ,,-ere uJfected more by 
the wind breaking 01' Upl'ootiJig the shrubs than by the fndor of 
spacing distullce. The \\'incl-brcnknp:e resulted from the brittleness 
of the wood tmd frolJl heart rot eausec1 by POJnes /mxinOl)Mhl,8 (PIc.) 
Sacco forma eln~iaml8 (F. "wr..Anders.) Baxter. It waS sen'l'e clUJ'­
jug the last se\-eral years, and \\,as .respollsible :in al] spacjngs, except 
tlutt·of 8 by 8 feet, fo], tIle l'edlletion jll a\'era~e hejght at 3G years of 
age. The majority of these shrubs in al] spaeings, exeept that ·of 4: 
by 12 feet, were ejther o\'ertoppecl or pushed outward by the brjttle 
",j]10\\' j]l l'o\\' 20rthe hoxelc1er in row a (tabIe [) and Jig. 2). A certain 
amount ·of supP1'essjoJl "'ithin the l'OW took plaee in the block spaced 
4: by 12 feet. This spacing, ])o\\'('\'er, resulted in 111 ueh hi~!"hel' survjyals 
and considerably greater gro\\'th throughout the period, except for the 
JastG years when winc1 breaka,!!:e of tops I o \\'en'c1 'the awrage heigl1t to 
sljghtly Jess than that of shrubs spaeecl M by H i'eet. Sil \'er buii'alo­
belT)' definitely should :not be planted dosl>r than 12 feet to faster 
growing specjes with spread ing .gro\\'th hn b.it:s, such as brittle ",j]]ow 

• 


• 


• 
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• 
TABLE 4.~Effeet of spacing dis(.a.nee on 81lrGiV(I,l of (1.echlllollS trees and sh.rubs 

set, out 'in 1918 in 10-r01O mi:ceal)lanlings 

Sun·h·,,1 at age (years)-
Spacing 
distance

Species and .row· No. 

41 )0 10 20 25 30 36--------1·--------.----______ 
Pe"el Perrent' Percent: I'ercent Percent Percent Perce1lt' I'ercent 

<I by 4_ ... __ ._. 731 90 i 84 I' 681 081 681 32
SI],·crbufT.jlol,errv 1 ,4 by8........ 77 100' 95 65 50 50 25J>------__ {~ b,; 12 .. """ i 96! 100 I lOp i ?~ ~~, ,~~, ~y 

8 b,. 8_.. ...... 8? IQ~ , S3 33 j 33 33 i _a.{4 b>, 4_ ....... , HI, /~ I I~! .0 O. ,.~ i .~ 
B It /} 'UI .? ·1 In 8. --.,... .IOn 0_ I 8~ aO 42 i 3a ' _/r . e \\ 0\\, -.- .•--.-.- •.• ,I b~'12. ...... fJ2 871 7J! 0 0' 0 I 0 

8 by 8. ....... 100 100 i 86 I 64 I 57 57 i 57 
(4 by4..... 90 JOU, WQ 96 UU, \l0: 116"bl'S. ....... lUll 00: 06 96: 96 j 011, 06Boxelder, 3__ •___• ____ ••• _. "b,'I2....... 101) 100: 100 100 I 100 i 02 ' 92
1I; b,' 8. ....... 1'10 100' 100 100: 100 I 100 100 
,.I by4.. 92 100, 100 JOO ~ 90' 88, 71 

(' -I b,' 1\.. 1011 100 Il(i 88 88 : 88 85Heen ash, 4.•_••___• ___.... ,I by 12. llii IOU: 100 .100; 100 100 , JOO{ 
8 by 8_... 93 JOU' 1110 .100' 100 1(l0 ' 100 

'{,I by·1.. .. 1011 90 ! S9 5·1 50 50 ' 50 
.j hYo.__ UJO 100' 100, (iO n5 02 : 62.l3oxelder,5. ______..________ <I hl' 12 100 100 100 . 92 85 81 81 

:{~ I~~: t I~:l Jg~! 19~ l;~ o~ 1 0rl.' 6~ 
X h " hy iL HIO 31 8 0 0 1 0 ! 0' ort west Jloplar, G .. __._ .1 II)" 12 . 101) [,8 I 12 0 0 1 0 ' 0 

8 hy R. \I;j ,I' 31 0 0 0 0 
'I hy". !l2 lOti' 96 O(j 92' 83 40 

( ,I by 8. ifill 1U0 100 JOO 100 96 92
.lrcen ush, 7 ... --------... {.1 b~' 12. Illi 1011 lila lOll lao IOU : Ill!) 


Blws.. 93 100, 92 92 02 112 92 

" h~' '1. . 100 JIIO i JOn 100, 100 1II0 02 


13 Id 0 " b,' 8.. IO() 100 I !J2 81 81 81 7,
oxe cr,o.. _. ____________ .. "Ill' 12 . .100 100; 100 116 92 85 : 8.1 

8brS. I (I!) 100' 100 lOU I 100 93: 93 
'I by·1. . Iii 56 , fili 0 I 0 0 

D I '11 9 J~ hr R. G5 ' 5 0 0 . 0 
0
0 0 

. up HIe 11"1 Oil', ---'..--.. j't by 1.2 O(i 8 : 0 0 I 0 0 0 
8 by lL .... 1011 0 0 0 , 0 0 0• 

{ 

.1 hy 4. __ .... _. 02 100 87 21. i 21 8 8 
/<I hyS........ Ion .100 96 Hi i 8 ,~ 8AlIlur muple, 10__ •______... \411\' 12 OIl 100 lOO 83 Hi (II Oi 

,~ b~' S. 113 100: lUG 4(i 31 31 ' 31 

11\0 losses were replncctl after the Jdurlh yenr. SUfI'lntl al..I0 yeurs and .Iater are based on the sland 
lI'hlch became eSlllhhsh,'d t he fourth yenr. 

Hnd boxeJder, The shruus :in the block spaced 4 by 12 feet were 24 
feet away from the next row of trees for the last 18 years owing to 
the complete Joss of brHtJe "'illo\\, in row ~. 

Brittle W.illow 

• 

Brittle ",mow had sUl!'ered a "ery heavy loss jn the block of trees 
f:'pnced4 by 4 feet, and a more moderate .loss in Ole block spaced 4 by 
12 feet, by the sixteenth year, All brittle w]]]ow trees spaced 4 by 4 
feet \\"el'eclead foJlow:ing the drought of 1034, and those spaced 4 by 12 
feet following the drought of 1036, Ileavy losses had taken place 
in the other two spacings at 20 years of age. Most of those losses 
Jollowed the drought of 1036. Lack of hardiness todroughtcondi­
tiOllS pre\'ented the species from yielding relia:ble information .on 
spacing distances. The available data indicate that the distance of 
8 by 8 feet gave greater height alld sUl'dvaJ, and more vigorous trees 
HUUl the other spacings. 
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TABLE G.-Brrcct of 8/H/ciIlU distallce 071 c7t188i{ic·(/tioll ill }[)53 of (/ecidllOl/s trecs 
(/1/(1 811rl/b8 set 0111••in 1[)}8 in lO-roH' 'IIIi.r('c/ J!lrl/llin[I.~ 

._-----..,------..,------ .-- ----_.I Crown position Crown density :Form •Spacing;Species and row No. distance· 	Above' In gen· ~ Wei!- '!'lrahdll. J'llslwd 
generai eral I>~~~~(I dc\'c], i\ledillm :Poor, upril!ht ollt\\'nrti 
cunop)' 	 class ,,',' opOd growth or Icnnill!! 

------·i---I--------------- .. 
Feel Percellt PerC(lli 	 Percent Peru1l' Perunt Percent Percell I Pl'rrrnl 

4 by L () i () . 100 0 100 0 0 100 
.\ by 8.. (l I no .\0 100 0 0 00 40

Stl\'cr bu ITa10I)erry, 1 . .1 by 12.. 0 I 70 30 no . 30 : 10 7.1 2~{
8 hy 8... 0 ; 3:1 li7 100 0 0 0 100 

~ :n· ······[/--··i·:· ""'3'j' .. ··i·~· ""--i:' ""'iC' "."5ij' .. "-50 
Brittlc' willow. 2 ---- {'IIJ~: 12 .._.__.•. ' ..... ::. __ •. _.~ ......:' .. __ ....:.•__ ._.:................ .. 


S hy 8... 0 )00 : 0 75 25 O· n:1 :17 
!{'I by L . 0 75 25 58 24 S 54 40 

. ' : 4 hy 8. 0 uli 4·1 ·IS ·10 12 M 44
Boxcldcr, 3.••_ •• --.--. j .\ by 12 . 0 91 !l 7\1 .17 .\ 4n 54 

I8 hy 8. . . 0 80 14 . 57 :it; , 7 711 21 
"' h)' L. 0 511 o.\l I 47 2;1 ' 30 65 i a5 

Gxeen tlsh. L ••••- •. :{~:~n2: 8 ~~ . ~6 ~~ . ~~ · .~ . ~~ ~~ 
I 8 b)' 8. . 0 100 ' 0 !l2 S I 0 02 II 
.{4 h)' 4... 0 31· lill 23 , 77 • 0 40 54 

4 hl'S... 0 62 28 4·1 37' IO li2 28 
Boxelder, 5..._•.-.... 	"hr 12 . 0 00 10 62 :18 ' 0 81 j l!J 

81>r8... 0 lOO 0 78 22 0 89 11 
oJ br 4•. .!........ '........................., .....-- ......................... . 

{Northwest poplnr, 6... ilH: ~~.t:::::: :::::::: :::::::: :::::::: ::::::::: :::::::: ::::::::: ::::::::: 
4 h)' 4•.1 0 IS 52 9 18 7:J . 82 , lR 


I • .\ hr 8... 0 5·1 40 f,O 21 29 ' 75 ! 25

Green us I, 7 ...-..... 4 br 12 , 0 7t; 24 no 28 12 I 80 I 20
{

8br8•.• 0 75 25 75 25 0, 831 .17 
" b!' 4... 0 ,'i·1 .\!i 42 37 21 ~ 75: 25 

Boxl'lder, L •••• _..... 
{
g~: ~2:: g ~~ ~~ ~~ ~~ . ~~ . ~Z ~f 
8by8.__ O. 1/ 23 GIl 31 0 GIl 31 

Daphne wlllow, 0..... {l ~~~ i~·:i~~~~~~~~'~~:~~~~: ~~~:~::: ::::~~~~ ~~~~~~~:: :~~~~~~~ ~~~~~~~~~~~~~~~~:~ • 
4 hv 4. . 0 50 50 0 50 50 100 . 0 
" h'· 8. 0 100 [) lOU 0 0 lOU 0 

.-I...tnur maple, 10..... . 	 .1 h~' 12 • 0 S:l 17 75 25 0 75 21i{8b;-8.•• 0 100 0 100 0 0 100 0 

Boxcldcr 

Boxelc1er was planted in rows ::1. 5. and 8. The species was killed 
back severe]y 1]1 ttl] 1'o\\'s during the drought years It);)4: and 1\);)(>' 
Inj llry was much more se\'ere in plantings spn.eed 4: by 1~ and 8 by 8 
feet than in those spa.eed 4: by 4- alld.:!: by 8 feet. Reeovel'Y in height 
gl'.owth to equal or exceed that at 10 years-the .rear prior to the !-irst 
drought-\\'as JJOt aceomplis]Jed until the trees were ;~O years of age. 
Further ki1Jing back took plaee in the 4:- by -i-and 4:. by 8·foot phmt· 
jngs when the treeswe)'e between H() aJld (}O years of a.ge. Average 
heights at 30 yearswel'e 22.6,21.7, 21.0, andlT.O feet in the spacing 
distances 8 by 8. 4- by ]~, 4: by H, and .;I. by 4- :feet, respecti\'(~I~·. 

Boxelder slll·\-jya]s remained high throughout the perlod hlaH 

spadngs except in row 5. ThiR row suiTerI'd a heavy loss ina]] blades, 

except the one spaced 4 by 12 feet, during the seyel'e droughts of 1H34 

and 11;)36. No reason ean be llchnneecl fo)' the heayiest loss takill~ 

place. in that row. Green ash, JutTing yery similar surviva.ls, ,,,as Ole 

adjacent species on one Ride ·01' all boxelc1er rows. The adjacent • 

species on the other .side difl'ered. Survj \'[1]S of trees adjaeent to rO\\'s 

5 and 8 were mllch lower at Hi years of age than those adjacent to 

row 3.. SUlTinl.ls in all rows at 86 yeal's or ageaveragecl 86 percent 


http:SUlTinl.ls
http:surviva.ls
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• 


• 

• 
FJ(ll'W, :!.-Hih·('1' l)UjralobeIT~' ill row 1 (right) has either 

b(,l'll O\,(·rtO]II)('ll or ]JII~hpd ontwtlrd ill A, am] B by both 
iJrittlp willow jll row :!alld l,lOxe.lller iu row :3. whieh \\'el'e 8 
ant! ] (j [('('t :UY:IY, r('sJ)('(·ti n'ly. Xo O\-(,l'toJlpiug 01' pushillj!' 
outwllrd has tal\:pu ]ll:l('(' ill (. bpcau:<e th(' brittle willow 
<in ro,,- :! bas bepu d('n(! for ilJ(> past 1.'; yenrs, nud tbe bo:>­
elder ill row 3 wns24 feet nwuy. 

a59068 ·-5U--:~ 
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in the blocks spaced·l by 12 and 8 by 8 feet, 7!J percent in the blod~ 
spaeed 4: by ·1 feet, nnd 78 percent in the block spaced -1 by 8 feet. 

Suppression of boxeldeL' within the 1"O\Y, as wen as bet\Yeell rowS. 
took place ln all blocks having 4: feet between trees in the ro\\"o Hows 
spaced 4- by 1:2 lllld8 by 8 feefhad the lo\yest percentnge of suppressed 
trees. Hows spar'('d H by 8 feet had the highest percentage of well ­
developed trees of upright growth (table 5). 

Green Ash 

Green ash \\":1'; planh.>d ill ro"-S 4: am1 7. SlIL"YiYals of trees in rows 
adjneent to row.1· were good. The XOI{Il\n~st poplar, adjacent on olle 
side of row 7, became lL eomplete loss at 17 years of age in all spaeillgs 
except that of I by 4 j'eeJ-. where SOIM SlIl'\'lnll waS maintained 
through the ~-J.th year. Suni \':ds ,,'('r(' gOOll on the other side of 
row 7, ·whieh consistent-ly mad(' a poorel' showing in height growth 
tban row -1. The a\'erage heights of trees in all rowS at :~(j years of 
nge were ~5.~, ~~.(j, 1!J.(i, and 1:2.0 feet in the spacings 8 by ti, 4: by 12, 
-1 by 8. and 4: by 4- feet. l'espeeti \·el),. 

,YinterkiDing during the drought years of H):)4 and l!);jO ,,-as not 
:-;e\'(c're. The awr:lgp heil!hi" at ;20 y('a1'5 \yas appl'oximately the S:.llllP 

as that at Hi ypal·:-;.
Diameter growth sllOWNl a trend "el'Y similar to that of height 

growth, th(' greatest takillg place in trees spaeed 8 by H feet, :tI1(l the 
Jeast ill trees spared .1. by cl· feel. The u"erage diameter growth at 30 
y('ars \'al"ie<1 from ,LR to :3.1 ille]H's . 
• 811lTiYals remained at a hi:rh It'\'el IIntil the thirty-sixth yeaI'. \yhell 
heavy losses took pl:tee in the 1'0\\'5 spaeed ,J. by + fe(·{. SUITiy:t1s i'ol' 

nllgreen ash wen' lOO. nn, H!l, aml ;iH percent for tlll' tTees spated 4: by 
1:2. H by 8, 4- by 8, and 4: by ,~feet,respectin>ly. The pCl'eentag(' of 
sIIPJn'('ss('d tr('es :1l1c1 tlI05(> haying poorly (\('\'eloped (Town:.; deeretlSed 
as the spacing distance i nereased. Suppression oecurred within the 
row in nn spating distaneps of 4: feet. 

The, datH indicate that: the best all-round :rro\\'th of green ash wjl] 
be obtained ,,·hen it is spaeed at least- r: by H feet. Trees spaced 4 by 12 
feet were superior to those spaec(l 4, by Hand4 by 4 feet. 

Northwest J>oplar 

Kort]n\,est poplar pla111('d ill l"()\\' (j sufl'ered a complete loss at 17 
years of tlgt' ill all spacing,; px<'('pt: that: oJ -± by 4: feet, where some 
sLlrvi"al \\'as lIJainhlilled throu!!h the ~;)nl year. The resl1Jts\\'ere 
d ttl' lIlO1"(, to n lade of lw r<li np,;s of the species to drou:rht: conditions 
than to the faeto1" or spacing, Sorth\yest poplar is not suit:1.ble for 
(l1"),hll)(l planting. 


Daphne Willow 


Daphne \yi].Iow plantpd in row !l becul1w a completE' Joss at S years 
of age ill the block spaced H b.\' H 1'E'(>t; at 11 ,Yt'ars of fl:re ill tIl(' block 
spneed -1 by l) feet; nt 12 years of age in the bloek spaced -± by 12 feet; 
and at 17 years of age ill the block spaeed -± by 4: feet. Like Xorthwest 
popl:n', Daphne \\'jllow losses \\,pre the result of n lade of hardi]]ess to 
drought eo])diUolls rather than the factor of spaeing, The species is 
not suitable for dl'yland planting. 

• 

• 

• 



• 

• 


• 
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AmurMaple 

Amul' maple was kilJecl back Re\-erely dmin[! the clrol1,!!ht years, the 
n\"el'age hei,!!ht at ~o years in all spaein,!!s. exeept that of 4 by 4 feet 
where uama,!!e wns not so se\"ere, being less than half tll.llt at 10 
years. )Iany of the shrubs ,yere suppressed by boxelc1er lJl row 8 
until such time that eithel' the boxelders 01' the Al1l1l1' maples died out. 
The ,!!l'ea test ave.l'a,!!e hei,!!ht ,!!)'owth was made ill the bloek spaced 4 
by li feet, and the least in till' bloek spat'ecl +by +feet. The Daphne 
willow pla11t('<1 ill the adjac(,lIl' )'ow had been deaa in all spacings :1'or 
man \' Veal's. 

~lj'r\'inlls of .\Ill11r maple I'Plllailled high throll,!!h Hi ,Ypars, but 
drOp(lNlrapidly at ~() yeal's as a reslllt of tilp SHPI'P dl'OII!!'hts of U):}.J, 
andl!);Hi. ~ulTinds 1\"l'I'l' Illul'h hi!!ltt'r at !)(i re:lrs of H!!e ill tlll' bloek 
spaced +by 1~ fpe! l)('('allse til(' shi'ubs wen' ilOt suppressed by adja­
ceut spec'ies. the nearest ha \Till,!! bN'1l located ~t feet nway for the 
previolls ;24, years. 

~\.llllll' maple nUl be classed as 0111~' semillardy w1len planted under 
dl'y1and ('onc1itions, It should not be planted on dry llpl:UHl sHes 
lllllp:;:; snpplementa1 wuter is :lynilahle. The data indi('ate thtlt it 
~hou1d 1)(' planted at least l!i feet away frolll spe('ips of spreading 
gl'owtb habit such !.\S boxehh'r, 

CROWN SPREAD 

'fll(' [lYPl':1,!!P ('1'0'1'11 :;preacl of til(' nu'ious specie;; in ('acll 01' the 
:::paeill!! di:;r:l1l(,(,s is sho\\"J) in figlll'e :i, 

~ih-('l' uuffulobel'l'Y, row L \\"a's o,-ertopped by uoxe1del'. row 3, in the 
block haYill,!! .J,1'e('t bet\yeen 1'0\\'8: and b.\- brittle willo\\', row ~, in the 
b10eks having 8 feet bet\\'een )'ows. Gl'eell ash, ro\\' 7, and AmUl' 
maple, ro\\' 10. \\'PI'e sllppre~s('d and pushed olltward by boxeldel', 
ro\\~ 8, in the b10ek haloing t feet behYeen ro\\'s, Illtel'1ockill,!! of 
cro\\'n8a('l'OSS ),o\\'s took place in all b10('];:s eXl'ept thr one havin~ 1:2 
feet !whyeen ro\\'s, That distanee "as the most (lesirable for p)'en~nt­
in,!! on>ltopping 01' SUppl't's::<ion by species ill adjaeent 1'0\\'8, 

The <1if1'('I'('lll'e in !!.To\\'th of boxeldpr in ro\\' ij and !:!.Teen ash in ro\\' 
7. in the bloeks spa('ed 4 by,,, . .J, h,l- l~, :111<1 R 1>," 8 1'('(,1'. is SIIO\Yll in 
li,!!lH'e 	4, 

CONCLt.:SIONS ON SPACING DISTANCES 

This series of slll'lt(lJ'hl'lt sf lid ies at the elld of ;30 years indicated 
that 411 square feet P('1' tl'PP or shrub is the millill11lli'l necessary fot' 
sllceessfnl ~I'owth and SlIJ'yj,"al of those spN'ies that iu'e suflicielltiy 
drought-hardy fol' planting 011 the IlOl'tl}(,l'.Il Great Plains, The. data 
show tlwt: ().J. square feet pel' tn'e 01' shrub wjJl usually giye bettpr 
results than 4H sqllare feet. There are indie:ltions, l!o,,"PYel', that a 
rectan,!!u Jar system of planting, ha \'in,!! the grea tel' d iRtanee between 
rows, will gi\'('" bt'tieJ' results than a sqnare system. The I'Pchln,!!ulal' 
system prevents a high de,!!ree of suppl'ession of shrubs and fret's by 
faster or taller ,!!l'owing speeies in an adjacent row. 

,Ten",ell and Harrin~t()n (5) drew similar l'ollclusions from a similar 
spaeing study at the )[o('('asill shltioll, They reported, "* * * the H by 
8 and 4 by 12 plantings are slIpel'iol' t'o the close plantings in ~enel'al 
thl'.ift and. \'igOl', and this eli li'eren('e is becoming more marked e.very 

http:IlOl'tl}(,l'.Il
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10 
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FIGUJm. :3.-Colllparisoll of the u\'erage erOWll spread of each h'ee nnd shrub spe­
ties usecl in the sel'ies of tests SIl:l('ed 4 by 4, 4 by 8, H by 8, allli ,1 by ] 2 feet to 
study the ('lIed of SJllldl1~ distnnce on growth and suryinll. ('ir<:leu figures 
indicate the percentage of snryiYais in each row, All data are for trees and 
Hhrubs 3G years of age, 

year." These investigators recommended a distance of 10 or 12 feet 
bet",.een rows, and thought R distance of 4: to 6 feet in the row 'would 
be satisfactory . 

.Mathews and Clark (6) did not mention specifically the results of 
n. similar spacing study at the Ardmore station. They did report, 
however, that spacing of other plantings had little effect on survival. • 
The qualities inhereI1t in the species, mther than planting distance, 
determined their ability to slI)'vive adverse conditions. 
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l!'IGUItE 4.~Colllparison of the growth of boxelder, row 5 
(right), and gTeen nsh, row 7 (left), in the blocks spaced 
(.ll) :! by 8 feet, (B) 4by 1.2 feet, and (0) 8 h~' 8 feet. An 
area of G4 square feet per tree or shrub usually gave better 
results than a smuller one. The open area .in the center wus 
formerly occupied by Northwest poplar, row 6. 



14 TECBNICAL BULLETIN 1138, U. S. DEPT. 01" AGHICULTURE 

The author, in predously summarizing observations 011 spacing 
dishtllces (George 1, 3), reported that :.rreen ash, in a series of testse ' 
spaced 4: by 4, 4 by 8, 4 by H, and 8 by 8 feet, made the greatest 
oyerall ~rrowth ",hell spaced 8 by 8 feet. In a series of farm shelter­
belt tests it was found that a spacing of 13 to 15 feet between rows 
and 6 to 8 feet between trees ill the row gave very satisfactory results. 

-n1.1ile the trees and shrubs ill this sel·ies of tests were plantecl 
primarily to study the effeet of spacin:.r disbUlce on growth and sur­
vival, they ltlso yielded infol'nmtiol1 on hardiness arld suitability of 
species Ioruortherll Great Pla.ins eonclitions. Silver b~tfraloberry, 
boxeldel', and green ash were the only spe('ies found t'o be sullie-ielltly 
hardy to wal'1'ant their use ill dryland sheltl'rbelts. The silver buf­
fn.loberry waS very Sl.l bjec{ 1'0 hea 1'1: l'Ot a Ild to bl'pakage a Ild u prooti n:.r 
by wind. Brittle lLnd Daphne willows. Northwest popllu', and Amur 
maple were found unsatisfactory for dl'yland planting. These con­
clusions are 'Very similar to those of .TensPIl and Harrington (.5) 
who reported, "",Villows [lnd Tabu'inn maple ha"e in no way indicated 
any value for continued use in dl'ylalld shE'lterbplts." 

A Jist of tree and shrub species worthy of trial on the northern 
Great Pla;ins was prepared (George ~) on the basis of results of the 
3S-year program of species testin:.r, and can be used as II guide for 
future phtntings. 

Pruning Methods 

The pruning study consisted of (j bloeks of trees and shrubs, 2 each 
of which recei "ed one of the following treatments: '.' 

1. 	 No pruning. '1'he trees and shrubs were allowecl to grow 
lUlturally. 

2. :Moclel'ate pl'lU1ing. 	 All trees were pruned to oue central stem 
fl'ol11 wlt icll a 11 bl'llnches "'ere removed to a height of about 
2.5 to 3 feet. Silver hutraloberl'Y and Amur maple shrubs 
were allowed to remain wi~h multiple stems :6'0111 whieh the 
lower sicle branches were removed to a. height of tlbout 2 
feet. 

3. 	Severe pruning. All trees were prunecl to one central stem 
from which all bran('hes were removed to lL height of 5 to 6 
feet. Silver butTnlobel'l''y llend Amur maple were al1O\yecl to 
remain with multiple stems, as in mOdCl'ltte pL'tlning, but 
side branehes 'were removed to a height of a,bout ;) feet. 

One block of each tJ'eatment was spaced 4- by 4 feet, and the other 

4 by 8 feet. Clelul cultivation and haud llOein:.r were practiced in 

all blocks when it was necessary to cOlltro1 weed growth. 


HEiGnT AND SURVIVAL 

The average l1eight of all species at 4, 10, 16, 20, .25, 30, and 36 

yettrs of age lmd the average diameter at breast height of gt'een ash 

at 15, 25, and 36 years of age arc shown in btble 6. Percentages of • 

survival of the stand thttt becnrne pstab1ishe(l the fourth seasolJ, at . 

ages simj}al' to those for which height data tire gi "ell, llre shown in 

htble 7. 




15 GRO'~G SHELTERBELT TREES 

TAIlLE 6.-Effect ofp'·lI.ni'llU mefho(l on {/rou;/1/. of fle('i(r/lo/l.S trees and .shr/lbs .~et 
011£ ·in 1918 In 10'/,01(; mimed p/(lII/iIlU8 

I I JIoight nt nges- I";;;~~1~;~~1·::'1.~;-
hIgh lit IIgcs-

Species lind Pnllling IS Im.cIIIg 

I 
treutmellt I eils· --------------,.- •.--~----

tllllee. 4 ; 10 16 20 I 25 :10 36 15 1 25 I :11; 
nO\\'~o. 

I years YCllrs ye:lr~ 	 Yl'nrs Y('nrs ycnrs yeurs. yeaN y.~ur~ ~·eHl'S 

:----, Feet i-Feel ~-;;:;-;:;; -;;:; ~-;;.~ Feel I-;;~I-;::;;: ;,,:,: ;',:he.t 
NOlie.••••• 4 by4-i 3.5 6.2 8.3 8.7 9.3 7.8 7.8 

· Moderntc.' ... do .. \4.0 7.2 9.4 6.6 9A S.5 7.6' 
f\ih'('r hUrruIo·. So'·erc••.• : •• do ..• 4.5 7.3 9.8 5.2 7.5 10.n 9.G 

IJc·rrr.L ....... 1'0110 __ .4b~·8. 3.0 6.4,6.G 7.218.610.5 .1.4
[ IIlodcrnte ·I,..do ... 4.5 7.1 8.1 0.3 i S.1i I1t.~. S.8 
I S~vcrtl._.....do···1 4.5 T- 8 10.0 4'6110'0 10.8 
, !'one ... ,4 br4.i 6.0 1.1.9 20.6 0 0 0 I 0i 

i lII?:ICl'IItc,-j.' .do. i 6.5 1;;.7. S.l 0 0 O. 0 
Brittlc' \1'111011'. 2•. S~\erc"'T·d~ ; ~.5 1;1.5 .,0_ O~ 0 0 0

1\0110. ___ • 4 b~ S.' (.5 1.1.3 _1./ 14._ 16.1 20.2 25.9 
: lIlodernte··I···dO"'1 S.5 2~.1 2:1.~ .. 1:l.3 : 20.7 25.S I 27.7 
I 	So'·cre.......do.,. 5.0 la.S 1I.n. 0 0 0; 0 

,,"OIlC .... 4 by 4. S.O 1·1.1l 17.9, 12.8 17.7 20.9 20.2 
lIlodel'llto....do"' 7.5 15.7 19.8 6.4 16. 1 21.3 21.1

lBoxcldcr 3 .' S'·'·crc. __ •· .. do . S.O 14.:1 17.7 :1.5 12.U. IG.8 111..2 
. • ....... KOlle..... 4 hr 8. 7 . .'i Hi. 9 19.7 12.1 18.9 22. -I ' 2:1.-1 


[• Moderate...do.. 8.0 Hi. 2 18.5 8.3 10.6 21.7' !!:I.S 
I Sc"erc.... ..do. O. () I-I. 5 18.·' 8.2 15." 21. I 2:1. a 
! l'aile .. ; 1 br 4. .1. 0 II. :I 12.9 12.0 14. -I Ifi.O IG. S 1.1 2.0 :1.:1 

Mpdcratc ...do.. a.5 9.8 9.6 9.7 14.8 18.5 15. .'; .7 2.2 2.9 
Grccnnsh•.I.____ • 	 Se\'crc.... :.. do ... 3.5 9.0 0.8 10.f> H.t! 17.8 18.4 .8 2.-' :1.7 

1'0110 '.. <I by S. a.5 12. G 14.7 15.6 17.7 20.5 21.2 1.5 2.R :1.5 
Model'llte .. , .. do. 4.0 12.-\ 15.4 14.4 li.:I 21..' 2:1.4 J.-I 2.9 3.7 
Scvcrc._ ... , ..do 4..1 IO.!) 15.0 14.4 16.4 20.0 21.,\ 1.4 2.11 4. I 

'. 
'~ollc ..... ·4bY4. 7.0 H.7 15.4 8.112.9 15.014.:1 

lIioderntc .. :.. do 8.0 15.:1 W.O 5.0 1I.1 1.,.9: JC,.4 
I3oxcldcr.5.. ___ Scvere..__ i .•. do S.5 14.0 1f>.7· :1.0 to. Ii 1:1.6: 15.4 

1'Plle ", -I hyS. S.O· 16.2 16.0, 0.8 1:1.9 IS.5 i 17.5 
,lIlodcrnte.. I· __ do 7.0 H.1l W.O; 5.S .1:1.1' IS.O 20.5 

Sevcru....l...do 8.5 1·1.:1 17.1 2.8. 0 0 0 
NOII0 ....:4bY 4.; 9.0.18.3 l!!.i .21.410 0 0 
Modcmte..••.do 10. r. L7.7 2:1.7, 0 0 0 0 

~orthwcst pOPlnr•.. S!lvcre..__ ••.d~ • 8. ~ , 1£. I 0 . 0 '. 0 0 0 

6 •• ----.----.'[ ~~a~mie.: .~.~t 8. 18:5 17J ~U g : g g g 
Sc,·cru.......do 0.0 18. 'I 2:J. I 0 o. 0 0 


1,0 J. ; --'io 
i r;~~l~rntc~:i~.~~4. t8 [8:g l:l:~ :U 19::U I~:i 1.1 2.4 :1.2 

GreClIlIsh.7....__ 	 S~vcro __ •• l.. d~ . ~.Ii S.~ 11.9 12.~. 14.9 18.:1' IS.8 1.1 2:8 i 3.8' · );ono ... _ -I IJ~ S. n.O 11.. 15.11 Ill.. !G. 8 18.8 17.9. 1.7 3.3 4.:1 
1Modcmtc..: .. do 4.5 L1.9 IIfi(!,:~ 11.3 17.r.' 21.5 ~_)2\.. ~ I.S a.:I 4.4 
· So'·cre.... ' .. do 5.0 Il.{i ." 1(j.4 Ill. a !!:1. 7 " 2.0 ;i,7 4.11 

Ir;~a~nli;;t~~4. ~:~ lt~ m:l I~:g U:g: l~J lH 

I 
Boxcldcr.S........ ~~~~c"~::I'li I:~s. u: :~:: :~:~ I~:g I~:~ ~tg 22.0 

1 lIlo~lcrn{(l.+ ..d'o 7. ~ 15.1 18.1l 8.5 H. ~ I~. ~ , 2!.3 
sc\Cre____ I.• _.dO . s..a 1-1.5 18.1 ·1.5 11. v · 11.0 ,],.0
None ..... j 4 by 4. 6.5 16.2 17.9 0 0 0 0 
"Iodom!e.. , ...do 7.5 \) (J 0 0 0 0 

I 
Dtlphnewlllow.9.1 S~\'ere.... :••.d~... i ~.Q 0 ~ i!l 0 0 0 0 

· ~one""'j -I b~ 8. b.v 11._ 00 I, 0 0 0 0[ ;lfodernte.. , ...do.. 7,5 15.2 0 0 0 0 
so\,crc. __ ., ...dO. 5.0 0 80 S I 0 0 0 0 
None .... 4 hy 4.4.0, G.4 , 5.1 4.3 8.3 .5.2 
Modernle.....do, , 4.0' 8.2 11.6 rOO 0 0 

,\lIl11rmnlllc.lO•• 	 S~vcre.......d~. a.5' 7.2' 12:i 5.0 ~.~ 1;..1 10.7 
Non~. "--14b~ 8. 4.0 n.7 I~••'I 5.8 1_.~, 1n.O 15.5[ Modemto ....do ... 5.0 10.3" 8.8 10.b 11.·1 11;.9 __ .•.•." •• " •._.•• 
Sevcre._ ../,..do•••! 4.0 S.7 10.4 3.7 0.8 1I.l 12.8 --.....---••C..... 

Silver ButTaloberry 

'. 
Silver buffalobel'J'Y planted jn 1'OW 1 of blocks recelvmg the 

moderate- and severe·pruning treatments wuslcilIecl back severely 
following the IH34 and 1!)36 droughts. The average heights of shrubs 
Itt 20 yea.rs of age 'wel'e ('(lnsidel'llbl,\" below those at Hi year$, particu­
larly ill the 	severely pruned blocks. Axel'uge growth of unpnmed 
shrubs at 20 years WitS only slightly greate.r than at Hi years. ",Vind 

http:lIl11rmnlllc.lO
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'TABLE 7,-Etrcct of pr,mi'll.!1 mctholl, on 8l1rvival. oj /l('ciI1110118 trccs (md sh,'n/is 
/let Ollt in 1918 in .10-rowmi;/:('(l ,pilli/lillfls 

I I 	 Sun'lml at nges­ •
S d - Pruning SpaCing


pecies nn row 1\ 0, trclltment dlstunce \ 4 I ! 10 '16 20 25 30 36 


1 YCllrs I yenrs I yenrs years years ye~rs yenrsI 
- .. -----I--~--- ~----- --- --.---

I Feet Percent Percellt: Percellt Percellt Perct!nt ]>erccllt' Percent 
Xone...... -I by -1-.. 7:! 00 ! 84 ' ns ns r>8 . 32 

Silver bulfulobcrr~',J 	 I ~~::!~~ate_. i ..-::~... ¥!: Igg' Im~ • ~~ i~ ~7 · ~i 
! xOlle:::::I.,Thy8~·:' .7 l(X) 9n (i?' [>0 50 ' 2.1 
, ~Iodcrnte.. !,.dll.. , " i7 100 0.1 2.1 20 11) 1 10 
! So\·ere..,_•.•do... 6i1 94 is 50 ' 44 44 . 28 

x one.. .. .[ hy .1.. lOO n III 0 0 . 0 : () 
~I"dcrnle.....do 100 7:1 HI () 0 ' 0 . ()

Brittle wJliow, 2.. ___ • S!1vere.... .do lOt) 8 0 () II 0 I () 
:sone........ 4 hy 8.. lOll !l2 88 fill 42 : 35 27 
~Ioderntc... .do. 1110 06 58 ' 411 46 42 38 

! Sc\'ere _do lIlO 85 65 0 0 0 ' 0 
' "one.. ... 4 b~' oJ. 1)(1 lOll 100 ' Oli 96 II!i : 06 

: ;\(odem(p .do 88 Igg 1Il0 .lilll 91 ?il I III 
Doxeldcr, 3._______• __, .sm·cre..... .do 0 Oe. II.',', '('lOt!, ~Ol" Iii I . 16 


. Xone. ". 4 hyo. lUll u 116 110 i 96 

1 Moderate. _do 100 100 HIO RI 81 81 . 81 

j\ S!1ycrc.... .do (IIi 00 96 88 88 88 ! 88 


I ~~~l~r'lic .J.~I~;-L ::~ I~m I~ I~ ~(llkl~' : ~ : ~~ 
Areen nsh, 4.____ • __ •• : Severe.......do . on lOO 100 116 on ' 1If> 


I
,,"onc .•.. '.1 hy S. IIlO l(~1 00 88 8S 88 t 85 

~Iodernle ... , .•do 1111 100 1Il0 IOn 1l~1 110 g~ 


, Seyere .......do JllrK1111 UK) lIX) )2~ ll.~~}) : 110 f 50

' ""olle .... , . <\ by 4. 110 89 v. ~ I 50 
~Ioderntc. . . _do, (Hi 100 84 :12 28 , 2·1 j' 24 

Boxeldcr,5 •• __._______ 	 Se\'orc...... _do... UU ' 90 112 ' .lG 10 Hi Hi 

: ~~:3~r;,te:: ..I_~I~ 8: . 1m: l&~ )m! : 2~ g~ ; ~~ I g~
I 8.0\·ere..... I...do,.. llii 100 112 , 0\ 0 0 0 
I!:sone...... j 4 by 4... U(i (i() 244 : 12 0 i 0 0 
, ~lodernle"I' ..(10. UK) 42 I 0 : 0 ! 0 0 

~orthwe$t poplnr, 0 S!1\'e!·C....... _dO.. UIO :!8 • 0 0 0 () () 
:sonc......, 4 h~' 8 (OU a) h 0 0 , 0 0 
~loderntc··I·..do. Ur.~! :t5 ; 0\ (0) I 0 I 0 ()

: Sovere ..... I•••do "' 16 i 4 I 0 , 0 0 
""one...... ,) hy·) 92, 1110 i UO 90: 92. 83 46 

, ~Iodern(e•• '. _do WI) )10Il()(, I 1110 I~~_)! IOU 96 77 
Oreen osh, 7••_____._.1 Se\'erc........do . .. l!}() " JOO " 02 88 88I Xone, ..... 4 lW Ii lOll lOll lOO 100 '.100 06 92 

, ,\Indcrntc .••• .du., LOO 100 JOO Illl}g 1,1 Of> 96 96 
, Severc .•___ • __do... lllO i UW 1Il0 ~ 92 92 ti2 

n I 	 1!~~3~n;ie.: _~.~I~·1.. l&~ : :~l Im~ l~g f l~V 1?~7 ~~ 
oxe <ler, S____._._._... So\'ere.••.••.•do... 100 no I 112 20 ' 211 - 29 


""one ...... '1 by ii. lOll IOU U2 Sl f 81 81 77 

j ~lodernte•. ___do",. l~g IlX} Jl'!(')' ~~I ~~ ~~ 58 

! Sc\·ere....... _do.. u_ IOU o _"""" 19 


, ~~:l~r;lic:~ .·~.~1~4. ~t : "g ":: 8 g g 8 
Dophne \\:1110\\', ti_. __.' Sevcre •• _.... _do. S,5 I () 0 0 0 () 0 

,,"ono..... 4byS, n5. " 0 0 0 0 0 
Moderato.....do .. 9(1 i 20 0 () 0 0 ()
Severe._... ,...do... 011 ; 0 U 0 0 () () 
"one.. __.. 4 IW·I 112, 1IKI 87 21 21 8 8 
~l(1dcrute••.• _dn 'i !l9~ : ~! I 80 Ig I Ig 0 IgAmur mil pic, 10..___._ 	Sevorc_____ •"do..... _ .,. I 75 _ _ 12 _ 
None...___ 41WS .. f [(10 lOll i 90 l61 8 8 8 
Modernte •• ___ do, .... ' It)O IOU; [(XI 8 , 8 8 4 
Severe....... _do ..... ; 116 f 110 i s·) 2~ i 24 24 2() 

-.~.-.-. -----=--.­
, No losses were roplnced nflcr the fourth yenr, Sun'l.vllls at 10 ycnrs nnd Illtcr nre bnsed on the stnnd 

whlcb bet11ltle e~tnhllshed the fourth yenr. 

bl'eltkage was responsible for further reductions in average height ill 
al! e:xp~rimellts,' Suppression of the sih'er bulfaloberry by brittle 
wIllow Ul row 2 and boxeldel.' .in row 3, was eommon in all experi­
mental blocJ{s w.ith ~pa('i 11/:,'13 of 4: by 4: :feet, ll.nd to a Jess extent in the. 
wider spacings (Jig, 5). 

'l'here was a I'apid (lI'opin sUl'vinlls between the sixteenth lmd 
tweJltieth years as a. result of the (lI'oughts .in. lU34: aud 1936. Losses 
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'. ji'.wUltE5.-Sil,·er bll'ITul~,ht'.I'1'.\· ill roll' 1 (right) lUIs been over­
topped or IIl1:,;hed outward h~'briWt' will!.!w, row 2, or 
1I0xelder, row :{, ill (A) tIl(' IIll)Jrulled hillek aUlI (B) the 
moderately Ilruued block. It WIlS on'rtop)Jed by boxeldel', 
1'011' 3, in (0) the ~eyerely Itrulled block. -,UI blocks were 
s[lllced ;I by R fe!:'t. ' 
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since that hllle call be aHriLuted Jllore to 1I1H'ooting lly wind thun to 
pruning methods, SUl'vinlls were low at :W .real's of age in an pnlJ1­
ing experirnents, 

Lower -brnllehps tihould 1I0t he 1'l'1I10\'('<1 frail I :-:hl"ubs .ill HIl ouh-:idp 
l'OW bl'eallSl' wind lind SilO\\" cnll then pass to the illtedor, 01' tlu'ough 
the be.lt of trees. 

Brittle Willow 

HriU]p \\"iLlow plallfl'<l ill J'O\\" ~ \\"as a ('olll(>lpf'e loss af" 12 "'PHI'S of 
age !n tll(' Hl'\'('J ply Pl'llIlPlI bloek spa('p<.\ ,I· by ,~'fep!, and at IT ,\'pal'" (l·r 
ageu,l OIl' UllprUIIl'tl ant1ll1odel'at('ly Jll'UlIl'd blo('ks spa('pd,J.IJy'~ 1\'('[: 
also 111 the se\'(,I'('ly Jll'l.Il1ed block spae('d .:J. by R feet. COl1si<1el'alllp 
dyillg-lmt'k I'ook pltH'p :following the drought·s (rt' 1!)!\;( and 19!\G, It­
was .1I0t affeet-eel sPvPl'ply after tbaJ tilllP. but slIl,\,i\'als eont'illllPd 
slowly t·o d('('li.lH', The l'(:suHs shim that IHl'k of JIlll'dilleSS to drought 
eonditiollS was a more illlPortant i'al'tol' thall IIlpthod of (>I'ullin!!', . 

Boxclder 

Box(''.ldpr \\"as planted ill I'!)\\,,, :1, ,I. and K :';P\'('I'P dyillg-IJal'k wa:-; 
appuJ'Pllt ill tlIP t,\\'Plllit'tll ,\'('al' as a l'l'sllIt oi' the (1!'OlIghts of I!J!:,(, alld 
.1!):"G, TIIP hl'HYll'st d~lllIag'p ()cclIl'I'ed ill ihe sl'\'('I'el." prulled blocks, 
allcI tile least' ill the UIIIH'IIIl('<1 blocks, At !}G year;; of agl~, height 
p:l'o\\'(h l\\'(,I'Ht!(ld .21.0, :tI.O, alld~tl,l :i'pet· ill nIP JlIo,Jpr:tf'p1y pl'UIlE'c1. 
ullprulwd, allrl 8('\'(,.I'e1,\' pl'lllled blot'ks. I.'esped'i\'el,', Rpaeed +. hy S 
j'Pl't. HrH!l ill t'he OI'c.ll'I'Oi' lIlo((el'af'!,'ly IlI'lllle<'1. s('\'l'rply (lrIlIlPd. ;llld 
1I1lpI'UHed, LI'l~es iI~ thl' blo('ks i-'pat'pd .:J. hy .j fppl'. 

Losses III SUl'v.lval \\,pre hea\',)' ollly ill 1hp SP\'PI'ply i'l'ulIed blocks 
during the dl'Ollght yenl'S, ;\t :Hi yeal's of a~'p IOHSl'S 1\\'prag-edTl, 6:". 
and 20 lwreellt for thl' IIIlPl'UIIPd. IllOdpral'pl.v PI'UlIl'd, alld sP\'ere]y 
]>rlllled bloeks, I'('f;ppdh'ply, spa('ed 4 by 4 :feet: alld TH, :in, alld :}6 per­
('enl' for the sallll' 01'([("1' of tTeatllll'llts spa('eel 4: by H 'fl'I't. 

,'-hill' 1l1O<'\('I'(lte (lrullill!!' of tTI.·Pi-' g'~ln' a slI1all iIH'I'l':LSP ill :n'pl':t~!,e 
lll'ig'iJt O\'l'l' 1.111(>1'1111('(1 11'('('::, thp praeti('(' l'HIlIIO! Lw 1'('('OUIJIWlldpd, 
{-n(ll'llnl'd tl'PI'S Illaillt'ailll'd highpl' I'll I'\'i ntis and. \H'n' !lllldl nlO.l'l' sat ­
i:-d'acf'ol',Y :for holdillg wind alld dl'i:l'tillg RII 0 \\" PJ'llllin~' sll(lilid Lll' 
lilllitpd to dl'\'plopil1!!' sillglHl'ullk tl'PPS ill tIlosP eases \\'ill'l'p lI1ultiple 
,,(PillS aI'(' Pl'l'spnt, ~id(' IWallehl's shollid Ilot hI' I'l'II 10 \'PII 'frolll the 
ITunk that· is:\ lI()\Yp(l to I'PlIlain, 

Thp he:\\'il'1' loss('s (rr bot IIlIlol1(,I':II'('I,\' alld SP\'Pl'ply PI'IIIH'II tl'(,(,S (':til 
be nt (Tibu(pd i'(l a I'l'dlldion ill \JI'alll'h Hlld le:lf ('O\'('I'agp that left 
both till' Stl'1l1 alld. thpsoil ('xpoHPd to HP\'l'I'P (it'yillg' dUl'ing 11I'ought 
lWl'iocls, 

Green Ash 

Gt'pen ash \\':lS plalli('(l in l'ows.;I: andi, Thp trl'es \\'('I'e not killed 
baek s('\'('l'el,)' durillg 1'11(' dl'ought 'ypal'S oJ IVa.;l: aml J!):Hi. but .elfeds 
of the drought pxtl'll«pcl Ihl'oup:h the Ilext ;\ years. A\'el'age heights 
at ~:2 .reat's of age \\'(,.I'P ll(lPI'OXilll:ti('ly the Hame as those at: 20 years, 
Oood )'('('o\'el',)' had b('('n Illude in all prunillg eXpl'l'inH>nt:s by fhe 
~:)th yell I', 

;\ "prage ]Il'ig'hl's of gT('l'1l ash at au real's of ag'l' \\'PJ'(' IH.(i, Hi,n. 
and J:2,O :feet in til(' s('\'('rpl,r (>I'Ulll'd, Illo(](;'I'ntl'ly (lI'IIIIt'd, and llllprull('d 
blocks, l'espeC'ti \:ely, S1Hl(,pd 4 by 4 Tepl'; a lid 2:\.1, 22,8, and l!l,G :feet 
in the moderately pI'Illle(/, s(,\'(·l.'ply (ll'lInt'd. and Unpl'l.llll·d blocks. 
)'Pspectively, sp:l(ipd ~,. 1>,\' H·r(·('(, 11' is (loHsiIJll' tllat (hp h!'av,\' JOSS(':'; 

• 


'. 
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of boxelder :ill rows 5 and 8 at. 20 yeal'so:f: age jn the J11oc1e1'nteJ,)' and 
se\-el'el,\' pruned blocks hilcl more to do ,yin) Jwight g1'O"wth of grpC'l1 
ash than' the pruning systems. TJ1e awrage lH."ig·ht of green ll~}1 ill 
l'OW i of the unpl'uned hloek was li.n fC'l't: and ~:u\ and 24.:3 :l'eet in'. 
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the moderutpl.v and SPYC'J'p]Y pl'unpd blo('b: ..I'l'spC'efi\-ply. The in­
creasing order of growth :follo\\'pd thC' dp<'I'P:tsing ol'der of SUlTi\·:t1 of 
species in cOIU]H,titiyp :ldjacl'nt ro\\'s. 

8-rppn ash sl\I'yiva]s in blo('l\:s spHced -:/. by I:i feet wel'p high in aJl 
prlln iI1g pxppri Illents, The)' a \'PI'agC'd !lG. ():2. and 88 percent for the 
J1Iodpl'tltl'ly ]>I'unpd. "p\'pl'ply PI'UIH'(1. and un]>I'IIlI(>(} blocks, respec­
ti\'ply, SUITintls ill blo('ks spar'pcl 'I by -I- :fp('t :1\'PI'agpd n~. H:2, and 
;}S 1)(,I'('pIII' ill thp SP\'(,I'('ly pl'lllled, I1lOd\'l'atply ]lrllnp(J. alld 1I11pl'uI1pd 
i.C'8ts.l'esppdin'ly. 

])illl1lPt PI' gl'o\\"I"h a ( ;Hi ypa I'S of U~!."l' wus ·1.:1. ·1.0. a1)(1 :3.!l iII e-h ps j'01' 
ilH' sPYel'ply ]>I'1IIwd. Illn(h'I'lltel,\' pl·lIlled. Hnd Illlpl'lInecl tl'PpS. res])('c­
tin'ly. sp:I('pd .J. hy k :rept·: :l1}(1 :Ul. :L:2. and ;~.() illd\(\s 1'01' nIP seYel'pJy 
pl"lll\t'Cl. 1I111)J'U1Wd. alld nlOcipr:ltply j11'1I1l('(1 11'(\(';;, !'t\spPloj"i\'ely, s]l:t.C'ecl 
4, hy '.l- :/'ppt. It \\,:.1;' appnl't'nt ni :.!ij .\'p:lrs of :lgP that niP gn?at'('Ht 
clitlllH'i'C'1' gro\\·tlr wus lJ1ade by tT(,~'S (hat \\"PI'P s('\'('I'('ly pl'lInPlL 

• 

SP\'p/'ply ]ll'lIlll'd gl'ppn ash freps han' \11) ntlllP :1'01' ;;llPJtPI'hplt PUI'­

post's. alld Illo(lpl'a(ply pl'lllH'd {TN':" tlrt' not as fmtis:l'adm',\' as 1I11­

])l'unptl tr'pes :for bl·p:tking the fol'('l' of i"hp \\"111<1 and stopping drifting 
snO\L Thr an'.l'ag"l' slllTintls and lH'ight;; of trees lllldpl' flw diffel'P\1t 
pl'uning s.n;(etns at tilP ('11(1 of 3G ,\'pal';; ryF gJ"()\\,th wPl'e not sullieiently 
cliJi'el'('llt to wnn't1nt· the uSP of :.1 pl'lIllinp: sysiprn Olaf" gi\'es ;;ol1lPwlrat 
gl'patt'.l' J)(>ig-ht gl'o\\-{h alld slIn·inll. hilt which is dpcidpdly lpss satis­
faet'o/T for st\I'\·.ing the jll'otN,ti\'p PIII'POSt' 'POI' whi('h ('1)(> tl'PPS WPl'e 
planted. 

Northwest.l'oplur 

Thp Northwest poplal' illl"Ow () llipcl Ollt· at Hi al1(lli .\'PHI'S of a~e in 
all blo('ks px('ppt tlrp clean-l'llltinIl'p(l blo('" splIc('cl ,~ by:l: j'eet. TJ1e1'e 
\\"e1'P sOl1le sl!l'vintl;; in I1ll' lnttPI' titl'()II!!il nIP tWPllty-sl'('onc1 'leal', 
Ul'owth nnd SlllTi\'al \\'pn' :dl'p('/p(1 IllOi,p bv la('k 01' hUl'(lille;;s to 
dl'ought ('oIHlit'jons (hall hy pl'lllling. 'Ill(' sj)eei(>s ('allllot be l'ecoJU­
IllpIHled TOI' c1l'ylnll<l plnllting. 

Daphne Willow 

The Dnphnp willow in row 9 di('c1 ouj' at R yeal'S of age in the two 
sc\'el'ely pl'llllcd blot'].:s. alld in the modemtl'ly lH'UIll'cl bloC'k spacecl 
4 by 4 fept; at 11 :real's 0:1' alIe ill the l\llpl'llnt~rll>lo('k spaccd 4 by 8 
:f'ept; ttl" 15 years of age' i II til(' Jl1otlel'a tely pl'U IIp(] block spaeed ;I: by 8 
j'eet; and at IT .vPHI'S of' agp ill thp IlllPI'III1P(] blo('k spa('{'d 4- by 4 feet. 
Growth and SIIITiy:tl \\"('I'P al1\'l'I('li InOl'p by he!\: of hard i ness to 
drought ('ondit'ions Chan b,\' prllning, Thp ,.j)('C'ies l'll.nnot bp 1,('l'Olll­
mended j'Ol' dryJnlHl plallt inf{. . 

Amur Maille 

• The Amul'maple plaJ1ted ill row 10 lmd 110 species adjacent to it 
jll allY of the J)J'1Il1ing eXperilllPlIts :1'01' HHLn,V .real'S. Thp shrubs ,\'ere 
kiJJed back se,'el'ely fo]]oKing the droughts of 1D:1'j· and 193(\, and 
perj'.)(lically ail('!' t1mt tinw. Thp aypJ'agl' JIPighj's at :20 ),Ptlrs wpre 
eOllslderably Il'ss than t1H'Y \\"('I'C' at 16 ,Vpa/'s, .'\1 a6nal';': of age the 
best a\'el'tlge growth had tak('1l plHeci.n the IllodE'I'a(,ply jll'l1l1Pc1 blo('1\:, 
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and the. next best in the ullprllnec1 block. Surdva1s. hO'\'\'\"el" had 
been so low SillCe. the shrllbswel't' 20 yearso!d, it \\"Hsupparent that 
othe]' :factors, such aR illto.\('l'anee. to droufrbt alld pmisibly increase(l 
spac.i.ngc1ist.Hnet' .. hnd [\11'1'("/:1;'(1 g"ro\\"th 1ll0l'P than pl'uninfr treat'm<'.nts. 
The species is ,Dote hardy UIH.!\,l' dry.lu;lH[ ,:vnditiolls, :tJld ClUlllot be 
l'ecommelldec1 tOl' c1ryJand she.]t!:'I'!Je]t: pJulItlJ1g". 

CONCLl'SIONS ONI'RUNIKG 

TrN's and shruhs plantpd ill slw]tprbp]ts for the pro!<.'dion of bui]d­
i nfrs . .1 i\'(~sto('k, 1I nd ('rops afru iIlSt Rt I'ong" w.i nels a nel d ri Jt iIIfr SilO\\" III tlRt 
be clellsl' :f'rolll thp frl'oIJlld lip iJ tht'.\' Hrt' to SPI'\"P that pllI'pose l'fl'ec­
ti\'(:ly. TJ'N'S and shrubs that ure prlllll'tl to hl'ig-hts of ;) to () feet do 
Jlot: have this dl'llsity HIld tll'(' use]('ss for protPdion Hg-t1inst .low wind 
aud Rno\\". ~tlch pruning" also pPl'l1lits wind :lnd stln to dl'y O\lt, the 
soil, alld eJ1('Olll'Ug"PR w('l'd g"rowth as a rl'suH of tIl(' additional lig-hL 
:Modl'r:,tI'l'ly PI'UlIP(i tTN'S 1Il'l'nlu('h llIorp pf\,p(,tin' for protl'cLioll pur­
poses than (TPPS thn t 11a \'P 1)('(111 SP\'l'rp Iy pJ'IlIH'd. 1I 0\\'('\"('1'. modpr­
ately pruned tTPl'RI)('rmit nl1leh IllOrp wind and Rnow to pass through 
thllllilOnpl'UIIP<'I tTl'PS thai hH\,(' side> llralll'l\('s and sOllll'l:illles multiple 
stel11R from Ill(' g"l'olllHl up. 

,"hill' bl'(!('l' g-J'owth Hnd sUITi\'al \\'PI'P S(JIIH?tilues :found in prullNI 
treeR UII<l slll'lllls. tltl'\' ,,"pl'P 1101' suf1ic'ielltl\' IwtiPJ' to wHrranf' 1'(,('0111­
J~tendat iOIl o'f' prllllillg pr:tC'til'Ps, JtiR \'(:\'.\' ]JosRibll' t-lHlt the better 
growth \\'as ellll' to fadoJ'f; su('h as iIlCI'paR('cl spuc'.illg- disf:\IH'p ratlwr 
t hall tIll' S,rSt.Plll oJ prullillg-. ;\ (,OIllPJ'OllliRP Illig-ht b(' workp(] out 
\\"hereby nil slwei!:'R ol'dillnri 1.\' ha \'illg a h'('p f'01'1l1 of frro",th \\'(Hlld 
be prune(l to ()Ill' ('l'lIfl'lll sfl'l1l :fronl which 110 bnllH'hl's \\'oldcl, bp 
1'('nio\'('(1. This S),st('111 should gin' frood I'(lsllltf; 'frolll tIl(' standpoint 
of g-l'ow(il and sUI'\'ind, and also jJl'otp('(iol1 aJ\'ord(>(1 {Iifrs. (j alld 7). 

JensPll alld IJarrillg-ion (:j) ('ollC'ludt'd that prullillg- to a single 
tJ'unk "'itll llO rl'nlo\'a1 of bl'alH'lws frOll1 that ('I'll 11k fran> thl' I)('s{ type 
0:1: trep. MlItJ\p\\'s alll\ ('lurk (U) :found that thp tTe('S in the Ull­

pruned blocks \\'l'rp mol't' \'ifr0rolls IhaJJ thORP in t.he PI'lIIlPc] blockl-> alld 
sUI'\'i\"nl was b('1I('r. TIIl'Y Ilotpd thnt' till' p\'ill'fl't'cts of prullillg" \\'('rc 
upp:u'pnt as SOOIl nl-> (lIP frl't'S bad 1'(':,dlPd a heig-ht of 7 01' H feet, 
aild that till' ]lrullt'd tTl'P~ \\'PI'P t'lltirply lIul->atis:i'lI('i'rJry JOt' l'ateliillg­
snow 01' (Jl'o\'idinf!; PJ'o[l'('i iOIl 1'.1'0111 the wind. ' 

Culliv.atioll Methods 

TIH' (,lIltintiioll sillel\' ('ollsistwl of (j blockR oJ t n'pl->, ~ p:leh of \\'hi('h 
j'p('l'in'cl one of tlw folio\\'illg lr(':tllllPlltS: 

1. 	 ('.lea II ('ul! i nt!' iOll, fland hoei Ilfr \\"as dOl\(' ",hpn Jll'('eRStlry i 0 

(,OlltJ'O] wel'ch.; ntisse(] by l'lIHivatioJI pqlliplIIPIlt. 
2. 	 Mulch.ing-, ('Ie-nn ('ltlti\'ntioll waS pm.t'i.ieed the first Sl'aSOIl 

:1.1\(1 a ll10dprate all\()llJlt oJ ('ultinltio.lI thp sP('ollci RPuson, 
1'0110\\,(1(1 by thp applieutio.ll oJ a heavy Htrnw or hay lnu1ch 
!lIP thinl Hnd sll('('epdi.l1/!' seaSOIlS t'hrollgh the -,"Ptll' 1!);~~. No 
Illulch waf; aPJl Iit,d lifter tha t Iilll('. .A heav), hel'baceous 
('OWl' beeflllle t'f;htbI.islll'd in the b1o{'k spaced 4: by H :I'eet. 
This ('O\'PI.', prilll'ipally /!THSS, waS .l)1O":P<'I OI1l'P (':teh year 
and a]Jow('c\ to relllllill ",lle1'<'. it fell. It amounted to lL .li~ht 
J1l uklt j 11 Jll osl: years. 

3. Neglect. Clean cultivation was practiced the fil'st seaSOH, llBd 
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• 


• 

• ]1',iGUIt" ,Go-Colupllrison of the growth of boxj:!lder in ):OW G 
(right) and grecn IIsh ill I"OW i (left) in (A) the uu­
1l1°1.lIll'd bloek, anti (B) thc moder:t telr prulled blocok; a ud 
of grct'n .ash in ):ow84. nnc! i iu (C) the sererely Ilnmecl 
hlue!;:. All tret:!s wen' spulocd 4: by 8 fect. ~eycrc pruning 
lIIukcs trees lose their ability to .hold Wind Ilnd SIlOWo 
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.a moder.at.eamount the Hecond season, followed byeomplete 
absellceofuny method tocOllt:rol weed growth .ufterwurd::. • 
Grass and ·weecls were dipped ol1ceeach year, as\yas done 
jll the IlHlkhecl blocks. The herbaceous ground ('.O\·er djd not 
become hea "yat allY tjme 1n the neglected blocks. 
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Fw nm 7.-('()JI1I111 ri::;oll of Ihe n hil ity of 1111(11'1111('(\, Ilwll"r:I tply ()I·ulll'd. a.1I(1 
severel.\' IlI'ulIl'd trl'efl lind shrnu;; t() bold wiml an(] :mllW, lJlljlrulled trees and • 
·I;hrubfi gil'/;, ill(' IWllt Pl'ot"('tjllll owill~ to tIlt' d\'IIR.itr (,f \.JI':IIwh...,: 1'.1'(1111 the 
gl'lllll)(l lill. Kl'Yerpl,Y )lI'lIIll'd t !'l'PS :111\1 "hl'uhl' HIII1'PI' 11101'1' IOHI"'H th:1I1 t hORe 
that ore 1I11)lI'lIIl('(1 01' 11101.11'1':111'1), PI'UIIP(1, allli han' .110 IO\\'PI' iJl':II\('hl'X to hula 
wiml and R.1I0W. ('il'l'll'li tll:-I11'(';; iJI(!it'atl' 1·lw 1I1')'('I'lIla;;e of surrh'ul .ill each 
I'OW, All da ta ul'e flll' IT!,'''!; Hmi Rlll'tJll:; ;!o(i ~'~';\ 1'8 of a~e, 
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• 
No pruning was done in allY block eX('ept to remOTe de~ld or broke]) 

stems or brune-hes. Olle block of each treabnent was spaced 4 by 4 
feet and tJle other 4 by 8 feet. 

HEIGHT AND SURVlVAL 

The average height of .all species al' 4.10, 1fi, 20,25.30, and 36 years 
of age, and the average diameter at breast height ofl!reen ash at: Hi. 
25, t1nd :16 years of ttl!e are shown in tn ole 8. SUl'Yi va1 pereelltages of 

~'AIILE 8.-Effect of C/lUirll/ion /rca/m('lIt 01/ yrolr/h of ilcf'i(1/1o/ls trees ana81trll/l.~ 
/!(,t Ollt ill 1!)J8 in lO-row llliJ'('r7 JllfllltillUs 

, J)ltun~t"r hrea~l 
, high at. ngcs­Cultivu­ ~pa('illJ!

r-:Jl('clt'~ and row tIon ,ll,- ~----;--~ 

trt'utlUl'rll1\". 
l'lIIct' 10 ; Hi 2(l 25 :10 ali 15 2.5 I 36 

ypun~ y(lurs' y(~nr!"' y(;ar~ ·p'Hr..:: )"('urS ) (:.lrS ~ ('ars yenrs ;n~ur.s 

, Fccl Feel PIlei Peel Feet Frtl Ft·'1 F<I'I IJlche;[lIches I11Ch..
JCII',m __ " ,I hy 4 ~t5 (t2 8.3' So, U.~i I.k 7.S 
~Iulrh . dtl a.!i 5."'- 7.<,1 .1.11 n.!l S.3 fi.7 

:;Iln'r hurrlllo· '(·~I(·(·t (10, ·to ll.lI, 8•• ' 5.3 x,a ]~U l~:~ .--.,--... !..-.­hrTry. L 	 Clt'an ___ . -llJr R 3.0 Ii. 4, ti. () 7. 2 x. Ii 
~Iulrh do 4, (J Ii. fi' 7.4 lO,li \J.n :::=::::::iR 5 !!. 7I~Nrll'!'l do: 4.1l' 7..~ 0.\1 5.5 U.l 1~.7 11.6 1- •• --' ._••1 
CIl,:t1l •.. ·1 hy 4 , r,,0 1:1.11 2'J,1l () 0 
~Iuldl do! ii.5 I? 2 0 0 II II g \::::: ---

Britllt, willo\\·. 2 X"~k('1 (10 0.0 HI. x 25.7 0 II n ?~ I ____ ., 
('J(>:l1I . " br 8 , 'i~fi lU.a 2L7 1~1.2 .1ftl 2::,2 

• 
[ 1lul('h do: lUI 17.5 17.0 0 II '0' u 1--·-- , 
X('~\('rt do' 7.5 lU.~ 2CJ.2 l;i.a IS. II 22. II 2\I.:l' 
('1(''111 "". ,I hl' ,I ~.O 1>1.9 1',.0 I2.H 17,7 20. \I ~Il. 2 
~Illich "do 1;.0 111.9 17.9' ~.4 J.J.·I 211.2 21.8 

lluxeldeT, 3... ~(~J.!lp(·t _i do \ 7.n J:'.5 17.0 7.5 15.H 21.5 2:tO 
(,I('un • __ .' 4 by 8 ' '.5,1I)'0119.712.1IKU 22•.' 2:i.·' I ~ ... " M

[ ~Illirh do S.O: 15.-1 ' IR." 11.0 14.2 IS, Ii W.O :..... . 
: 1\('~I('rl dQ KO 15.'1 17.4 X,(1 1r..1 20.·1 ?I;; I 

4.0,11.3 12.9,12.0 .1-1.4 litO Ill:;' (-i:1' 1 io ':l:3'[CI",m. 4In' 4: ~1(lll'Il' : do :1. 5 II. g i 9.3 I fl. I II. 2 
Grcen ush, 4. __ •. : X('I:JN·t .\. do :UI lltR, IL4 lIl.3 12.7 ji\:~ l;:~· diU; ~:~ 

: (,I"IlII _... 4 hy S a.5 12.H l·t. 7 '15.li lj'~ 7 20. f' 21:? ~ 1. 5 f 	 2.8 I ~: ~ 
I ~Iul('h . j do ,1.0 12,,1 16.• I-I.n H.Ii ;-\,'!'II'et, I do '1.0,12.1 'lG.a 1:1.,5 I:;,J :~:~. :¥:~ i U i ~.Q I 3.0 
, 	('Iran . _ ·1 h)' 4 7.0 14.7 15.4 8 •. 1 12,11 15.0 IU 1..___ .\ :~~.! ___ _ 
~Iul('h do KO 10.2 10.3 5.4 II.n Hi. 7 Hi,8'. ____ .1_ ---.. L ---- ­

Boxt'ldrr, 5 •.• _. _. 	 X,'~I"('t do 7.5 14.11 i H.:! ".R 12.!i IS.] 21.1 _. __ .,. __• ___• __ .. 
['I,'an .... ,I by 8 R.O l!i.2 litO 9.8 1:1.9 IR.5 17.5 _______ ••• _ ....__ 
~11I1C'l1 do 
;:-':"2h1{1t do 9:~ In: J.\:~ ~:':. ~:ll :J,: ~ :~: bI:::::: :::::= :::::: 

.[(,1,>0111 .. . ·1 hr 4 9.n 18.3 HI. 7 21.4: 0 
Mull'll do lI.n 0 ,0 O· 0 g 8 It::::::'II::::::I::~:

(I II __ • __ ....... i ___ . 
lar, U, __ ...... ' ('It''lI! •. '1 hr S 10':> 17.4' 27.1 0 IJ 

XOrthwPSI 'pop· 	 X('~IN'I (10 R. (( 22.0' ao. n 0 0 
o 0 	 _---... --._.1-.--­

~Iul"'l d(l 	 o () .__' __ 1 .-"- -...•. 
X('~I(>l'l dl) t:S I~.(j !2g.5 ~ g
<'I{'111l ... 4 hY',1 ·1.0 W.O' II.Il 11., 12.8 Ig.5. b l-i:6'; i:n'3:0 
~Iukh do :1.5 U.';, \1.5 9.2 11.3 1,1..'; 15.1 .S, 2.0' 2.R 

(J rcpu ash,,,. __ ••.. X('I(1('(.'I. d(l s.n 11. \I 115.9 13.1 1·1. (j IR.; 21.0 1.5 i 2.6 3.8 
('1(>:111 " by S 5.\1 11.7' .11\.11 111.2 1(1, R .I~.R 17.\J 1.7 i 3.a 4.3 

i[ ,\lull'lI do <I.1l 12.5 111.0 14.2 13.:! 10.1 17.4 1.9 I 2.8 :3.8 
Xr!(I,'('t do ;1.(1 10.3 15.8 15.7 15.,~ :~::: l~j I 1.5' 	 3.0 4.17.0 15.0' lR.1 15.6 17.8 

i ~Iulch do 7.0 15.1) 15.7 8.5 14.4 
lloxclder,8 	 !'\1'!!iP('L do 11.0 15.5 la. r. .1. II , 1I.1 :~:~ T~·g i 

(,1('Illl ·1 b __ 8 0.5 15.1· HI.4 15.0,11\.5 21.1\ 2£0" ::::1 
~luJr.h do' 

: CII':\II ·1 by 4'j 

15.1 17.6 ___ _ 
, X,'glr,cL do ~:~ l~j· g:~ ~:~. &1. IS. i IS. 41..... ·· 
i!('Ie~1l 41»'4 (1.5 . HI. 2 '17,11 0 0 () 0 _.... .. 
~IUJ(,h do 0.5 '. 10.0 I0 0 0DU(Jhn~ wlllow, 	 X,''!lrct. do 7.5 0 0 ~II 0 8 j.::::::, ......:::: 

• 
9._......_.. _•.. ('II'ulI _.. , 4 hr 8 It5 11.2 0 0 (J o 0 ...._.._•. _1_ ...._ 

Mulch do 0.5! 0 0 0 0 o II __ •• '. ____ ._ .. __ , 
8,5 ; J5.0' (I () 0 II 0 __ .... .... _•• _ 

,[('If'\T1 •..• 4 h)' 4 4. 0' O. " S.8 5. I .1,3 R.3 5.2 : 
;\Iulrh do 3.5 0.5' 11.1 0 I) 

.~ mUT llIople, 10 • :-;('l(lrc'l d() 3.0 8.8 11.2 0 () 

1 :-':c!!li'CI do 

g ~ i 
CI"11l .... , 4 lJr 8 4.0 0.7 .13. I 5. S 12.5 15.n 15.5 
~1\l1('h 1 do 3.5 8.,1 8.0 0 0 o 0 

i X('~lcrt -I do ,to j ItO 12.2 3.2' l\.~ 10. i 10.8 
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the stand that beeuup eRtab]isherJ till' foul'll! senSOll, at ages similar 
to those: for the height data, al'e shown in tahle n, 

Sih'cr Buffalobcrty • 
Sih'er bufl'nJobelTY planted ,ill I'O\\' 1 wns killed b:H'k Ren~l'(']y fn]­


]o\ying the droughts of 19:3+ al1cl]!):~(). Flll'l'lH.'I' red llctio)):; in ]j(.'ight 

were caused by wind-bl'ealmge of tops. ,\fnlly of tllP shrubs in tIll' 


TABLE V.-EITcCf of ('Ill/iralion 1/'('0/1,/('111 Oil 811/"I'ir,,1 Of 11(',,;'1110118 trces and 
8ItrlllJ.~ .~('t 01(( hI .I!}].') hI .lO-/,OIt' /ui:lwd J!{(/ntfuu.~ 

SpN.'it'S and 
roll' "0. 

Pfrrellt Pm~e/ll I'crrelll Parrnim; !is (is 32 

30 213 22 13 

.52 44 !j, :JO 

Ii;; ::.0 50 ?'; 

77 G9 on 04 

lHI (jJf 44 :lO 

0' 0, () () 

o o o o 
o o o o 

3< ?­{tfJ 42 .) ., 
o o () o 

2-1 21 21 H 

9G Uli 01) :16 

87 , 83 ,9 ,U 


Doxrldt'r,3 76 72 1\9 tin 

90 , gr. 96 ~u 
92 ' s.~ M 84 
un ~6 ~ un 


IO() ~~ ; 88 : 71 

77 liS 55
" " !lti , Ha n:j r n:l 8V 


\It; RS s.~ . 8~ 85 

1111 no M 1\5 77 
 • 

100 100 lIJO 100 Uli 

RIJ 5·1 50 '::'0 50

\l2 fl5 50 .1\, 46 


J3ox~ld~r, 5 92 ·12 :15 35 35
i 


JOO flU n5 f.~2 62 

!lll ' 2:1 15 15 15 


100 ' -18: ·15 , 41 ' 41 

2·1 ' 12 0, o! o 

(J, o 0' 0 , o
5' o 11 0: o
R o o OJ o o o o 01 o 
3 o () oJ o 

U(i IJo !)2 Sa ; 46 

91 91 91 , S3 ' ,4 


HlO \)1) Sil ' 96 ' 9:! 

HlO 100 1()I) \16 ! n2 

100 \12 );8 1\8 : 
 liS 
100 I!lQ 100 : 100 100 

11)0 100 100 ' 100 ' 92 

92 S5 ,3 119 ' 65 


lOa all 211 25 ' 25 

92 FI 81 81 77 


100 92 77 1i5 ; 65 

100 86 02 (\21 62 


fiG o o o o o o o o o o o o ogI 
 o o o o 
0' o o o o o o o o8~ ! 21 21 8 s 
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AlIIllr lIWp!(', ]0 55 . o o o oun 10 8 
 8 8 


C9 !) o o 
100 ' 4 ~ ! 4 ' 'J •

J "Q IOSS('5 \\!'r~ rl'plac<,d l,f(,'r tlw four!h n'nr. :-:ur\'l\';lls ilL 10 rt';lrS lind later am based on tho stnnd 
whIch hccIIII\!' rs!"bll~hl'd th~ rourth YCltr, 
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GROW1NG FiHELTERBELT TREES 

b1ock~ spaced 4- by -:I: feet were badly suppressed by adjacent willow 
jJl row 2 01' by boxeldel' jn row :3. "'ind-breakage and suppression 
a fretted the 3G-year results more than the factor of clllti vation (Jig. 8) . 
Height results at that tillle were best in blocks where no cultivating 
had been done. 

SluTinll was best under H system of mulching for shrubs spaced 
.J. by 8 l'eet, and cleaJl cIIltivatjon when they were spaced 4 by 4 feet. 
IJosses ,\"('1'e fairly heayy lIncler a]] ::ystems oi' cultivation l'oLlowing 
the 1!)34 and H);~G drollghts. SineI.' that tillle~ uprooting by wind has 
U(TOIlJlINl :1'01' most of till' losses. 

For thr last srn'l'lll )"(>al's th(>I'r was a IH?a\'y growth of gl'ass jll thp 
"i 1\'e1' bIlJl'aloIJPl'r.r I'OW of (hp III II Ichrd blo('1\: sp:l('ed·J by H fret. Vpry 
little gmss :Ind fe'\\' w('elb grew ill the blo('1\: spaeed 4 by cl· feet. or ill 
(,Ill' negledl'd blo('ks sp:\('('d -:I. by 4· nlld ,~ by H j'ept, SIII'\'i\'a1s \\'PI'I' 

11 ighest ill nlP .11111 khpd blll('k spac'p(1 -I· by Ht\'pt, owillg pl'.illl:\I'j Iy to 
till' fad (hat littlp uproot ing by wind O('(,III'S whprp tlH'rp is a IIPary 
sod eo\'ering. The Hod app:tJ'l'lItly aets as a bil1der -for tIll' roots. l!­
has bl'('ll JlOtpd that \'('I'Y littlp uproot il1g takes place in the native 
",tands gTo\\'iJlg 0.11 the prai rie. 

Urittlc Willow 

Thl' bl'ittll' ,\'j]]ow plal1ted .in I'OW 2 ]wcall1e a eomplp(e loss in the 
fouJ'tel'nth ),par ill the !'l(':ul-('1I1ti\'a!l'd blo('k spn('('d 4 by 4 fppt. .:111(1 

bpt\\'l'en thl.' sixtppntJI and (\\"pnliptii Y('UI'R in all othpl' blocks px('('pt 
the l'lPHn-C'u](jYatpd and IH'/!ll'C'ipd blo(,k::; spa(,pd 4: by H feet. Tl]pl'e 
\\'pJ'p S01l1P sw'\"i\'als in (iIost' blo('ks at 3G .\'pal'S of a/!e, Xonh:ll'(lillPss 
of the speeips (0 drought ('ol1ditioIlS had mOre to do with the l'esults 
t ha 11 cui tin tion tl'PH hllel1(·s. 

The al'l'a tOI'IlH'I'ly O('('upil'e1 by nIP \\'illow .in the mu](,hp(l blo('k 
spac'('d 4 by 8 feet had \)e'l'll ill hea\',r sod j'ol' llIany ypal's..\. fpw weeds 
had growll jn the neglectpel blocks alld .ill the mulched block spaced 
4 b'y4: feet. 

Boxcldcr 

Boxe1der wns planted in )'ows :~. ii, and 8. Thel'ewel'e no sUlTiYals 
allloll/! adjac'l'llt spec'ic's l'XC'ppt ill row .2 of the e1eall-cultinl(wl and 
JH'gledc'd hloe,k;-; spa;:ed 4 by Hfeet, where SOIlll' bl'ittle willow s\ll'\'i\'ed 
Ih I'ollghollt· (-]1(> ;-3G ),PIII'::;' . 

.All boxeldel' treps, l'xcept tllOse tlwt were cll'lIn-cultJ\'ated, \\'ere 
kilh'd bH('k sPwJ'('I,r following til(> dl'olll!hts of 19:14 and J!);IG. Trees 
\\'He kiJled bade .inlatl'J' ,)'P:tI'S, but' only rarely \\'as the damap:e of sufli.­
eient sevPl'ity to c:tllse a reduction in pel'iodk hpight· measurements. 

The appJi(,ation of a Jln,)' 01' strawHllIleh \\'a~ discontinued after the 
]!)3~ SpHSon. Jll tIlt' fa]] of that ,Yl'nr HYemge heights were J7.;J~ 17.1, 
and 16.5 teet in the l11ukhpd, dean-cultivated, lind neglected blocks, 
I'espp('tiye},r, spa('ed -:I. b? 4- fept; and ]8.8. 1H.O, and IG.:! feet in the 
('Jean-C'ultlvated. ml.t1e1IPcI, and neglected bJoeks, l'espeetJ\'ely, spaced 
4 by 8 fept. At ;·36 yetll's of agp they u,\'el'a/!pd 20.8, ~O.4, alld 17.0 
feet ill the lIPl!lp('tpd, llIuJell(~d, and c]eall-('ultintted blo('ks, respec­
tiYel". spaced 4 b" 4- /,p(·I: :lnd21.0. lH.6, and H.9 feet for the elean­
C'ulti','atecl, nep:ll'(,ierl. and IllllhJ.t'd block::;, I'espedin>ly, spaced -:I. by R 
feet. Trpes ill tIl(> 1l1uldwd blo('1e spa('pd 4 by Hfeet H\'('raged :1.1 feet 
shoder at 3G years of age than in lD:12 at 15 years of a/!e. During 



26 TECHNICAL BULLETIN 1138, U. S. DEPT. OF AGRICULTURE 

• 


• 


I!~IGUlm 8.-Sily.er butl'alobel'l'Y in row 1 (right) has been suppressed by adj'\Cellt 
brittle willow ill row:!, allel boxeldel' in row 1:1, in the clean-cultivated block (A) 
IlllIl tIl{' lleglectt'd blocl;; (0), lu the lllulc1u;>d blo<.'k (B) the adjacent willow • 
has been dead for lIJallY ~'ears, HOUle pushing outward of tops was cuused by . 
boxelder in row 3. All trees were spaced 4 by 8 feet. 
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the same period trees under other types of eultinttion showed average 
increases in growth up to 4.3 feet, "'ith the exception of those in the 
dean-cultivated block spaced 4 by 4 feet, which showed a O.l-foot 
decrease ill height. 

The heavy herbaceous growth that developed in the mulched block 
followinfr diseontinllanee of lllulr'hing applir'ation::; had a Yel'y Ull­
fayorable efrect on the gl'o,,'nl of ho~a·lllel'. 

In 1932, when 111 ulching was diseoni'in ued, sUl'\'i ntl::; of boxelclel' 
ayemged n(j percent- 01' above under all s,Yst-ellls of l'ult-i":ltion execpt 
mulching in the blc)('k spaced iJ by 4 feel:. Hcre. slllTivab aYeI'afred 
H1 pen'pnl". SUl'viyals at- iW years of age wel'e iU, G:1, and 43 percent 
in thE' {'lpun-cultiva.i:pcl, lllulched, and neglected blocks, l'espectively, 
spaced.J, by -J, feet:; and 'H, (iO, and 5:') percent in the clean-r'.ultivated, 
nefrleetl'<l, and rnule-heel bloeks, respectively, spacec14 by 8 feet. Heavy 
lo~ses in SOIlIC rows of i'l1l' lllulched and neglectl'cl bloeks followed the 
seyerl\ dI'Oll!!:hi-S o·f 1n:1-~ a ll<l 1!l;W. ' 

Cleau (,llit:inttion ga.Yp the best' all-roUlld ],l'slllts, followed by the 
system oJ 11efrlect. .i\fukh i ng, as 11 substitute fu], l'ultivatioll, togethel' 
",it'll its a:ftel'-l'lh,('tfi. apIH'al'pd to be vel'y hnl'lld'ul to tTces ill thE' 
blocks spaced 4 by 8 fpel'. :Mulehed trees were l1l:lrkedly inferior to 

• 

dean-cultivated tl'res in both vigor tLllcl appearance dUl'in)!: the drought: 
years. 'rile dill'el'(~nces \\'PI'P not so apparent when precipitatjon \n1S 
more favorable. A heny.', sod cOVCl'i Ilg de\"cJoped under the boxelder 
trees in the block spaced ,~ by 8 feet following discontinuance of 
mulching applications. In most years grass and weeds grew rank 
in that block, and l'eclIlirecl mowing to prevent the spread of seeds. 
Very little grass and Jew weeds grew in the mulched block spaced 
4 by 4 feet, and in the llC'glected blocks of both Sp:tCillgS. 

Green Ash 

Green ash was planted in rows -I: and 7. ThE' trees were killed 
back in all blocks, except thp cleau-('uHivuJed block spaced 4 by 8 
Jeet, between the sixI'eenth and twentieth ye:u's as it l'eslllt of the 1934 
and 1986 droughts. Trees in the cJean-cultivated block showed all 
increase in avcl'ng'e height at 20 years over that at 16 years, while 
trees in the mulched auel neglected !Jloc1;:s showed a decrease. The 
effects of the drought on height growth continued to be apparent 
through the next 5 years on tTPPS in tllP mulched aud neglected blocks 
spacecl ,~ by 8 feet. Ayer:lg£, heights in those two blocks were less 
at 25 .real's of ag(' than I'hpy were at 16 years, and in some cases less 
t-han they "'el'l' at- ;20 years of age. 

:M:lliching was discontillued after the 19;)2 season. In the fall of 
that year the average heights of green ash ,,-ere 13.0, 11.7, and 9.0 
feet: in the neglected, clean-cultivated, and mulched blocks, I'espec­
tively, spaced 4 by 4 feet; aud1.5.H, 15.0, and 15.0 feei: in the mulched, 
cJean, and neglected blocks, I'espectively, spaced 4 by 8 feet. At 86 
years of age Ole average heights ,yere 18.3, IG.7, fwd 1:2.0 feet in the 
jleglectcd, mulched, and clean-culLivated bloeks, respectively, spaced 
4 by 4 feet: and 19.(i, IH.'~' and IG.8 feet in the clean-cultivated, 
neglected, and mulched blocks, respectiycly, spaced 4 by 8 feet. It 
will be noted that avemge lIeip:hts in I'he mulched and neglected 
blocks were appl'Oxirnately I'he sarne in bOUl spacing distances while 
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the ayerage height in the elean-cultintted bloC'k spneed -J. b.,- 8 feet 
was 7.6 feet f!Teatel' than in the sill1ilal'l." treated IJloel\: spaced 4 by 4 ,. 
feet. The hea,'y herbaceous gl·O\\·tll that cleY('lopec1 follo\\',;ng the 
diseontin Ullllee of mulchi ng had it ,'cry unfa "Ol'able efreet on the 
gr0'Yth of /!l'een ash, as e,-idencecl by the 1ll1l1ehed trees in the block 
spaced 'J by 8 feet, which shO\\'l'd an inC'l'ense of only o.!) feet between 
15 years of ll/!e ill 1DiEl and :{(i years of age in Hlfj:t Clcan-cultindNl 
and neglected tTPes avemgrd "1:.6 and :3.4 feet in gl'owthincrease. 
respeet-i,-ely, durin/! H1C sallie IH'l'iod. 

Sl\l·,·iyal~. whplI Illukhillil' \\-a~ clis('ollt'illlll,d in H):~~. a"PI'Hgecl !l8 

lWl'cent or above ,ill all culti,nt,tiol1 expl'l'illwnt" PXC'cI,)t in,tl\(' nlldehecl, 
Jlock spaced 4 by 4 feet, \\'hpl'P nw,)' a\'t:'l'llged H-I: pPI·cent. :--luITival" 
l'i:,mainecl high through, the HOth year, after whic'h tillll' fairly hea,,)' 
1(J~sPS occ'ulTcd in blo('k::; spa('('d cl: by -I· Jeet. ..:\t:l(j 'yP:tI'::; of a/!{' 
survivals aycragec1 !11, 64, and 58 pel'cent in the l1r/!kctec1, 1111J1ch('c1, 
amI clean-cultivated blocks, l'esp('cti"ely, spaced 4: by 4 feet; and 98, 
89, and 8::! ])(,I'(,l'nt' ill the negleett'cl, elean-cnlti YatNl, and I11l1ldH'cl 
blocks, respectively, spaced 4 by 8 i'eet. The onlel' of sUI'\'i val in the 
blocks spaced 4- uy 4: feet was the sanw n::; that oJ lll'ight- ~ro\\'th. 

Dilundl'l' growth of gl'ct'll a::;h at· :\0 years of agt' a '"l'I'agNI :l.~. :1.2, 
und2.7 inehes in the clean-cultivated, nep:lected, and mukhec1 blo('\;:s. 
respeeti ve IYl SPll('('<l 4 by ,I- ~fect; lInd :1.9. :1.8, alld :1.6 i nclles ,i II the 
clelUl-cllltivated, lH'glt'ctecl, and lI1ulched blo('1\:8, I'esl)('dively, spaC'P(\ 
4 by 8 feet. The applicatioll of a 11l111<'h and its aftpl'-pll'pcts had lUI 
unfavorable pffpct 011 diametet' /!l'owth, as shown by cOlllparison 'with 
trees grown 1I nc1PI' ell'a n Clllti nIt ion, and unC\N' :1 systl'1Il when' no 
cultivation 01' IIlulehing hltd bC'l'11 pl'aetiep(l. ,.','

A heavy soc! bpc:unl' pstabl i::;lll'd in the gn'en ash rOws of the 1I1l11ehecl . 
blo('k spaeed 4: by 8 1'epl:, but· only a few light weeds and a scnttel'ecl 
light ::;ocl gl'P\\- in the Illulehl'd blot'k spaced 4 by 4 feet, and the neg­
lected blocks oJ both spneing::;. 

Northwest Poplar 

The Korth\\'('st popliu' in row 6 lHtd su I\'PI'C'CI wry hen"y losses by tbe 
ninth yetlt'. The stand was l'nt-in'ly gOlH' from the mlllclwd blo('\;:8 at 
10 years of ap:e, and 1'1'0111 all the other blocks at 17 years of H/!e except 
the clean-culti,-ated bloC'k spaced 4: uy 4 feet. ~onw sur\'intls 1'(,­

I1mined in that bloek at n years, but the trees died before reaching 
2;3 years of age. 

J:"osses in this species f.ook pInel' as a result of lack of drot1/!ht l'esist­
lll1tel'athel' than the' '/'ad:ol' of ('ultinltion. It is 1I0t suitab.1e for plant­
ing under drylttlld eOllditiollS. 

Duphne Willow 

The Un,pbne willow plantl'd in 1'0\\- fJ diE'd out llt 9, 12, 1o, anc117 
years of a/!c in the \'lu'ious ('uHinttioll l'xpet'iments. It lived lonp:est 
in the clean-cuHivat-c,cl bloek spaeed 4 by 4: fe'et llllc1nl'xt longest ill the 
lI.wlehed block of si.lIlilar spacin/!. Survivnl in the latter block had 
been very low icHer the shrubs were 7 years of age. In the formeL' • 
ulock 50 pel'cent were sUL'vivinp: llt 16 year::; oJ age. 

Losses were caused entirely by inability of thl' sppeies to withstttlld 
drought conditiolls associated witll c1t'yl:tn(] planting. 
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Amur Maple 

The Amur maple planteel in I'OW 10 I)('('nnw it ('omp1ete loss in the 
mulched and negle('t('cl 151(1('l\s spa('('d :J: bv 4: f('et in the se\'enteenth 
and. t'i~hteenth 'yetu's,respt,('tin'ly. Slu'~'i\':ds in th(' otbe!' blocks 
were yery low aJ'tpr t11e ei~hf('('nth year. A\'erage h('i~ht.s at 36 years 
of a~e were bas('d upon a small pel.'C'('niag(' of th(' ol'ig.ina1 shrubs, and 
may ha\'e been influpn('ecl by faetors otlwr than culti,"atioll. Thl'y 
are not, the1'(':I'ol'e, ('onsidpl'('(l I'('li:tbl(' fOl' eOl11p:l.1'ing ('uli'inttioll 
treatments. L:I('I\- of haJ'(lilll'ss to (h'vland conditions was OIlP im­
pOl'tant fa('(:or inflllPn('inp: tit£' I'PSlIItS: (,Il'all l'lIlti\"atiol1 had ROllle 
clred ill prolongingthl' life of Iht' Hill'lIb;.:, 

CONCLllSIONS ON Cl'LTIVATION METHODS 

• 

It has bl'en ('ol1('ll1(le(\ :f'I'onl this sprit's of ('ultil"lltion pxpl'I'in1Pnis 
that ('lean ('ultinltioll is tilt' \.Jpst nH'lhod 1'01' g/'()winp: sheltl'l'b('lt 01' 

windbreak tl'('('5 :md shrubs on tll(' nol'lhpl'n On'at Plains (lig. !J). If 
till' tn'ps ~'tUl b(' ('ultinlted :1'01' onl\' thl' first ~ ,'Pal's. tlte dahl sho\\" that 
it is bett(,L' to leaw' th(' \\"('('(1 ~I:owth un('olitl'Olled thall to tLpply a 
:-:tl':l\\" 0/' a hay I1lllkh.. _\ppli(':ttiol1 01' a 1I11llt-h l'l'slIlte<l in :t \"el'." 
hea\'~' w('pel gl'o\\"t-h eadl spa.'ioll thaI: ,\"as ('olltl'ollt'd by the application 
of 1l10l'l' lIluldl tIll' :followin~ sC'asoll JI'Olllt!tP till\{' 001' .illl'C'ption throllg-h 
Ihe fifteenth YC:tI', \\"hE'n lllulching- \\'as dis('ontinued. ~\ Itea,"}, sod 
('on'!' be(':uIIP established in tl1{' Illulehpd \)Io('k spacl'd "I- b~' H -I'(,pl­
fo]]o\\-illg dis('ont-illllHnce of Hlukhing-. The l'esuHant grass was 
1l1O\\'pcI Ol)(,{' eu('1i season :for 1:1IP last ~() yew's :Lnd was ('([lli,':dent to 
a light mulch. \\~()I'k in tilp ll1ulelH'c1 blod, spaced "J. l)y ,I: feet, llnd 
in tilt' t\\'o Ill'gh,tp{] blo('l\s, was ('011 fined 1:0 till' elippinp: oJ tL yery thin 
:-tal\(1 of sped .I11'ads to jll.'P'"Plll: ::lpl'ead of grass and \\"(~('<1 seed to othel' 
t'liltinlt('cl :t.l'P (Is. Thos(' parts of nil' j)(>glp<'lt'll blo(,\(5 that- had good 
t 1'1'(, and shrllb sun"intl rPIll:lillPd '1'1'('(' of allY :t]lpl'p('iatin' alllollnt of 
t'OlllPl't iii\"(, II"l'ed 01' gl'ass ~I'()wth, 

.TE'llS('n and Harl'ington (;j). I'l'portinp: on a simil:u' Sl't of studies 
ai' tilt' ,J\ldith H:tRin Hr:tlH'lt Station. rated ('It'all ('ul(i'"alion firs!:. 
lIlukhing s('('on(l, and lIl'p:lt'd third. Their obs('t'\'utions eO\'l'recl only 
II Yl':tI'S of p:ro\\'t-i.1 as ('0 III p:t I'E'I! ",ith :~(j ,\'(~aI'R for Ihp J\:[anclan stuely. 
:MaJh('ws and ('lark (0) repolted on a similaL' set of studies at 15 years 
of age IJwc\(' at: till' Fnited States Dr)' Land Fipld Statign. Ardmore, 
S. J>ak. TIll'.\' :foulld tlmt the e Ip:tIH'ltlti nded trees ga I"t' Ow best 
growth nncl sUITint! I'('sponsl'. ']'1'(,(,:4 ill the neg'letted blot'k:; had a 
Hlo\\'el' growth mtl' than those ill til(' JlIukhed blo('ks. ..'H 11 and Hi 
ye:u's of age, growth results at Ma ncl:1ll \\'(,I'l' si 111 iln I' t:o !-hose 1'('I)Ort:ed 
by.l pnsen itnd H:Ll't'ington, and by :Mat-Iwws and Clark. 

'. 
George (3) re('ollll1lended. on the basis of a study of spn~\'al thou­

sand farm sheltel'belts, that elt'lUl ('ulti"al-ioll 1)(' pl,:tC'ticpd :tslonp: as 
it is possible to work betwepll the trl'es1 01' ulltil 11Il' h'Pl' ('1'0\\"11:; shade 
out- ('ol1lpetiti\'c unclerp:I'owth. 

No studies were ma.dl' of' the adunl soil moistlll'e pl'es(,llt- undl'l' the 
ditl't'rent ('ultintfion IllPHlOds. or tllPir ell'N't on soil nutrients. Such 
studies ban' been nmcle by othl'rs. 

Painler ('7) studied the efred on soil 11ioistUl'e of tt straw mulch 
applied around apple, IW:t('ll, and SOUl' dwl'l'y tr'ees af n1(' Gooc]\\,plI, 
Okla., stat iOIl. Soi I sam pIes \\'el'e takell in ,1 une anel Deeeru bel' to 
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FIGUlIE 9.-COIII\l:trisoli of the growth or hvxl'ldel', row :) 
(rig-ht), and ;:reen ash, l'OW 7 (left), IIn(ll'l" (!.I) dean 
t'ulth-ativn, (/I) llIulehiug- with har ur si'ruw :f:l'UIll the ::\(1 
through the l:it:h ~'l'llr, .followed hr ('olllJllete negle(·t. ancl 
(0) t'olllplctl' lll'gll)('t, with no elTort Illude io ('outrol weed •
gruwth afll'r the set'uud :;easoll. Cleuu clllth'atiou proved 
to be the uest system, and llIukhing the llOOrp.st. 
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'. depths of 6 feet in the mukhed and cheek plots, .Tune slunpJin~s 
~howed considerable ~ajn in moisture jl) the fourth~ fifth, and sixth 
foot of the mukhed bloek oyer that of the u.llnHtlehed block. De("em­
ber sal11p]i~lgs showed simiJar gains in the Jil"st +feet of the l11uJcltec1 
bloek. He concluded that the .muleh per.mitted a ~renter pereentage 
of water to entel' the soil c1tu'in~ the wintel' months. ancl redueed the 
Joss thJ"ou~h surf~lee evaporation, He listed as clislHh'anta~es of 
nlllkllps thl' dittkulty of ("olltrollill~ ·weeds on((: they had be('oll1e estab­
lish('d. and tllP Iwzanl oJ fin' \\'I)('n l1lulc,jlPS \\"('1'(' applied to trees neal' 
flll'lll btl i1 dings, 

Gou I'ley (4) I'eported the I'esulb;crf' a study at t llP 011 io • \gTi('u IturH I 
Expel'ill](~nt- Statioll, 'Yooster. wlwre l)1ulehes \\'el'e applied to supply 
llutrients to the soil as an aid in I!rowiul! Ol'chard crops, He :found 
that the Illulehed iTel'S ahl"ll.rs looked greener Hill] Ill{)]'l' Yi~orolls than 
t·hp ('llltinlted h'pes, Hnd Olat th(' lIutriellts u\'pntgecl hi~hel', All ele­
Ulpnts iuYestil!atecl. ex{'('ptilll! Illalll!allese and lead. \"l're found to han' 
been increased in the soiJ bplwutb a Jtetn'y nltlkb \Yhen ('ornpat'ecl witII 
adjncent land that Illid bepll hpt under C'lIltintt:ioJ1, Till'se increusps 
aPPNll'ecl to be ('onfinp<l to thp first U .inehps of sndacp soil. 'I'hi:.; 
author also nportl'<l an pXlwril1lent .in Mass:lehusett-s \\'here from '.I: 
to (\ ti.ml's as n1:lIlY nitrates Wpl'P found undpl' nlllkh as under C'ulti­
"tltioll ill SOllIE' SPllSOIlS, 

• 
;:-\tPpl!PIl:-iOIl and Sl'1t \1:-;(('1' (8) eOlllpal'ed Illoist ul'e eonSPITa tion, nlltri ­

ent supply. and soil l-iil'lletlll'l' on 5 tl'l'('I('ss plots undpl' the foJlowillg 
il'plltlllplIls: Sod ItI1eultinlt('(1. land S('I.'al)P(l Hnd kept bare of growth. 
ti lIagp III U leh. slnl WIllU I('h, ami a tl"lll-ih muleil \\" ith lUI adjuel·nt ol'eha nl 
area ill fj(j(L They i'ound that the stl'llW 1Il1lkh su\'ecl moisture equinl­
l('nl: fo ~ to!~ .ineltps of I'llill"!'all ill cll',\' wpaf-llPr. tltp sll\'ing being prin­
('jpnlly in tllP uPI>PI':2 fppt (rt'l-ioil. Kill':tt"ps WPl'p as hil!h undpr SITH\\" 
mulch aftpr it hnd bp('n psf:ablishecl i'OI' :3 years as ulHIpl' elpan cuHi­
Yltti()Il, The St!':l\\" Illllidl (,tlllst'd a mal'kpd inerpase in solubJe potas­
sium and an illC'I'PllSe in tht' o.l'I!anic ('ontl'llt 01' the top soil. 

Tnl'k and PartTidgp (9) uspd lysimeters to study the effect of 
Illulehps of hay, stra\\". and straw plus nitrogen on three orc-hard soils, 
}"dclitional m 1I kh('~ of peaL sh rcddl'll ('ol'n sto"el' wi thout nitrog-en, 
Htl\l"(]ust. wood :;hH\-in~s, ami ~I'llwl Wll'e tlspd on onp of the threp soil 
typel-i, St.'aw and alfalfa 1ll1.Ii('itcs \\'(tre (,qually effeeti\"(' on all soil 
types .i n dpC'rea:;i ng- P\'a I)()I'U lion 108:::e:;, J>E'llt and sn \\'dust- \\"('1'(' thp 
Ipasl' el1'!?cti\'e in ((P('I.'pllsing moisture JOS8('S fl'0111 1"11(' one soil I·.rpe to 
which all 11111khes had been appJied, 

ObSplTUtiollS Il;a(\(' 0\'('1' II period of years on the northern Grpai 
Plains jndicatpd tltut t1LP use of a hav 01' straw mulch in sheltel'be.lts 
had s(,\'pl'a I disatl \"ll ntagpR lind f('\\" luh-a ntag!?:;. The 11101'(' i mport:tllt 
di:;ncl \"tlllta~es wp1'e: 

1. 	Light rains were held ill the Jl1uleh and dic1l1ot ellter the soil. 
A high pereentuge of the pl'e(~ipibttion in the Ilol'thel'n Great 
PJains 1'alls in showers of sma]1 amollllts. 

2, Exc-lmtlion of tlte roots of dead tJ'e('sinelicated that tbose in 
the mukhed bloc'ks \\'('I'e more shallow-rooted than those in 
tlte eulti nttecl and neg-I!?eted blocks, 

a, 	The llIu1eh harbol'pcl I'odpnts that sometimes partially gil'dJed 
tlll' iTpp:; at tilt' gl'ound line under the l1lukh, 

4, The Illuleh beeume a seriolls fire huzll.rcl at cel'tain seasons of 
the year, 
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5. 	Each new application of Ulllkh brought in a freslt (TOP of s('eels 
of grass and we(,d;:; ,,,It ielt, after gl'I'm i Ill! t ion. eould he COll- _ 

trolled oll]Y by hand methods or by tllt' :tpplieatioll of more . . 
mulch. 

The ma ill :1(1 nllltagl' in dl'Y ar!.'a>; of a ll11ddl is t lIP P J"(,\T(>n I ion of soi I 
el'osion by wi Ild a n<l wa tt'I'. wld('ll is SOJlwti Ill(,S of ('onsidel'ahl(, illl­
[lorta.llce. .MlIlehing Illay lUl\-e othH beIlPfi('ial inftul'nC'('s in uJ"l'aS 
\\"11l're rain fallS ill greatpl" nrnollnts at any (lIlP jl('riotl. 

The trees and sit nIbs in the nep:leeted blo('k" \\"('I'P ablt' to sha(]e out 
serious C"onq)etitin'\\"eed growth. TI](>,Y \\"('I'P not able to ;.:hadp out 
tlte hetn'Y grass nnd \\"ppd stand>; establislwd in thp lllulcl](>d blo('ks as 
a rpsult oJ bJ"ingillg iu gmss and \\"Pf'cl st'pds. Spa('ing rows 1110rp 
than f) fpet apart: would I){'.l"luil Px('pssi\'e gro\rth of weeds \\"hi('h. 
Illllpss ('ontrollc(l. Illight- spriousl,\' ('ol)]])pte with tIl(' trees and shrubs 
'for moisture, 

CONCLl'SJONS AND RECOMMENDATIONS 

Sh('liPI'bplts and \\"ill(UlI'pak,.; al'p 11 1H'('ps:-:i(\- Oil t he' nOltl)(,1'11 Ol'pat 
Plaills fOl' k(\epiug :fal'llI ytlJ'(ls ami huilclilli..: :f1'E'1;' oJ dl'ifting SilO\\,: 
for l)l'o\-idi ng wi nd n nd SIH)\\" pr'oled ion to Ii \'pslock It nd :fE'ed ing tll'pas : 
alld for Ow Jll'otpel ion 0:1' field. orchard, and gnJ'(\PIl ('I'OPS against dalll­
aging strollg :t nd hoi' \\'i nels, 

If tlH' tn'(' pluntinf.-'" 11l'C' to be ('I1't'din' in 1'('c1u('ing wind \'("o('ity and 
holding dl'i:l'iing :-;IlOW. Illethods (rf spa('illg and ('ul'ing 1'01' illl:' tl'('l~S 
IllUSt bp followpdthat will assul'e IllaxinlullI gl'o\\'th and the Ilt:lintE'­
IlU.Ill'P oj' high slllTintls on'I' a long pPl'iod of I'in)l'. Hal'dy spe('ic's ' 
Illllst be uSNL and. the,.;{' :-:llOlIl<I Ill' ('apablp of making tltp gl'o\\·th c1en- ­
sit.\" llE'eeSSHI'Y to I'pdll(,(, win(l \'('Im'ity alld to tl'ap blowing sno\\', 

TJw I'Pslllts of this study wal'l'ant Ill(' followill!.!: I'PCOIllUlE'lldatiolls 
Oil methods of gl'owing shl'ltl'l'lH'1i 01' windbl'eak i I'Pt'S: 

1. 	nn\\,:-; sJlOllld bp spa.('l'<1 :l (~Iillillllllll of l~ f(,E'1 apart. tllld the' 
tn'('s (j to HJ('pt apart illllw I'O\\', 

~, ;';pl'('ip>; hllying ";PI'Nldillg ('I'o,,"ns, such :\.>; wi 110\\" alld. \)ox('ld('I', 
shollld Ilot b(' plalli(>d Iwxt to u shl'ulJ spp('ips ullless till' dis­
t :llll'P IJ('hn't'n I'O\\'S is SUdl t 11:1 t tlH'I'(' wi II he 110 da 1lg<'1' of 
tJIP I'hl'llb "('illg O\-(\l'toppl'(l. 

;3. 	 Shl'uh spl'eies ill outsidl' row,.; should. II0t be pruned, TI'('e~ ill 
illtpl'iol' I'Ow~ should h(, pl'ul1pd to (lnt' S(('II1. but no sidt, 
IJl'lIllt'lH'sshould lll' l'PlllO\'(>(1 fl'onl (hl' S(,111 that· is ]p:f't. Mod­
l'I'att'ly pl'ulll'd tn't's \\'itll lowel' brHllchl'SI'('lllO\'pc\ are Jess 
sa I isfu('/ol',Y fol' holding willd and Silo\\' t hall tret's aJJo\\,l'ci to 
gl'ow unpnllll\(L ;';p\'('I'(' pl'ullil1g' 0:1' ITN'S and >;hl'llbs makps 
Ilwlll llsel('ss 'fol' :-:\lpl(PI'belt 01.' \\'indhr'pnk PUI'I}()St's, alld al!:io 
I'psld('s ill hii?'lwl' l!lol'lalit\" oJ tltE' tl'PPS und. slll'ub::; titan \\'hen 
(ltp,\' al'p Ie'Ti UIlPI'UIIN!. . . 

4. 	 COJllPP( iI' in' \\"PlId :\ lid gl'at's gl'owl h should Ill' ('ontl'O1h'c1 bv 
('ultinltiol1, ..\luldlillg oJ thl' (TN'''; l'Hch ,YPHI' fl'Olll tl1(' fhil'll 
Sl'H;;On till'ough ill(' liflpPlllh \'pHI'\\,!!S not a sntisfuetol'Y 
Illethod oj' contl'olling wppels', Each nlllleh applieutioil 
brought in II Ill'\\' el'op oJ \\"('pds and gl'<\:-:-, \rhidl ('ould be­
('onll'ol1(>(1 onl;' by the applicutiou oJ another .Illulch 01' by 
handeu tti ng, 
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• 
5. lIfulchjng l)l'eVelltecl light minfan from reaching the soil; it 

harborecl roclents thllt sometimes ])urtially girdJecl the trees; 
it constituted Rnl'e ,hazlll'd tlmt would lUl\'e been serious llt 
times if tbe trees had been close to :6u'm blljldiJl~s; it tended 
to induce sha1low-l'ooting of the trees and shrubs; and tlle 
metbod pro\'ed IWl'mful to ~J'owtb and sUlTintl. 

6. 	 Complete abse.nee of any method of weed eontl'ol aftel' the sec­
ond season ~a\'e bettel' results than the application of a hay 
oj' straw l11uJcll. but noncultinltion waS leSH satisfactory than 
clean cultin:fion. The weed problem ne\'el' beralne serious 
uncler the system of Iwg-Ied bee-Huse the trees and slu'ubs 
cle\'elopecl suflicient ('l'O\\,11 shade to shut out most of fhe com­
petitive gJ'owth, ",Vieler spae.in~ bpl\n'pn I"OWS Illight ]ul\'e 
l'esulted III a Ill(ll'e sPl'ious \\'pec1 problem. "'it-h l'ollseguellt 
ullia \'orable eJ1'eets Oll ~J'()\\'th it nd sl1.ITivnL 
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