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The Spacing Interval f o r  Supplemental 
Shelterbelts' 

SHELTERBELTS, walls, snow fences, 
s tr ips of crops, and  other ob- 
stacles placed in  thc pa th  of 
wind are lrnown pcnerally as  sur-  
face barriers. The basic definition 
usually givcn for this  tern1 states 
tha t  a surfaec barrier  is any  ob- 
stacle placed in the pa th  of the 
wind in such a rnanrier tha t  i t  
causes a n  upward diversion of the 
air  current. This diversion is ac- 
companied by a drag  011 the wind 
a t  approxitnatrly the SiLt1Ir height 
as  the  obstacle. These cornbilled 
effects lessen the drag  on the origi- 
nal ground surface, lowor the prc- 
veiling surface vclocitp, and  rrcale 
a pool of relatively calm a i r  within 
the zone of inflnrnce of the ob- 
~Cacle. This zone of influence is 
linritrd, of course, antl nsnally does 
not extrnd to dist:tnccs greater 

pbCh-,m th;lt, 20 or :?O times the height of a 
given barrirr.  Since the require- 
mrnts for protection usually f a r  
exceed this limited influence, i t  be- 
comes necessary to  extend the  in- 
flnencr. In the case of shrltc~rhelts 
this can be accon~plislicd by ereat- 
ing a continuity of propcrly ori- 
ented supporting or  supplen~ental  
belts. This s tudy is concrrncd 
primarily with obtaining informa- 

,! tion relative to  the spacing of the  
so-called properly or i rn t rd  eon- 
t i n ~ ~ i t y  of belts. 

Thrrc  a re  several aspects to the 
probkm of drtermining t h r  hmt  
spacing intcrval for a systrm of 
shelterbclts. The principal reason 
for planting any sheltcrhelt is to 
r rdnrc  wind velocities. The amount 
and tppr of r c r l t~d io t~  nrctlctl, how- 
PVCP, dcpcncl upon the object or  
objects to be protected a n d  the 
----- 
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purpose of the protection, LC., is 
thc. rctluc.lion in wind desired for  
tllc cwn~f'ort of pcoplc or livcstovlr, 
reduvtion in  home heating loads, 
control of dr i f t ing  snow, or for  
n~in in~ix ing  soil movcn~ent by  wind. 

L in~ i t i ng  the investigations to  
only one of these pnrposes, how- 
e w r ,  does no t  con~plctcly solve the 
dilcnilna. F o r  example, determina- 
tion of thc best spacing to control 
crosion of soil must be conrrrnrd 
also with thc snsrcptihility to ero- 
sion of the soil tha t  is to be pro- 
trctcvl. This varics cnmidrrahly 
ant1 i t  is difficnlt to prrwrihc a g ~ n -  
era1 for111111a for velocity rctlnvtion 
rrquirrtl lo .;top crosion hccaan.;r of 
favtors afle14 inp the viilnrrahility 
of thc soils. T h y ~ e s s ,  t rx tur r ,  
r n ~ i g l ~ ~ ~ r s s ,  a~ l t l  many other factorq 
a r r  i n v o l ~  ctl. The eronomic asprc't 
is anothr r  factor tha t  mnst bv con- 
sidcrrcl, i.e., what  proportion of the  
croplitnd (.an be cronomieally de- 
~ o t c d  t o  t r r r s  to  afford protection 
for  the remaining land. 13atrs ( I )  
has intlicatcd that  in thc corn belt, 
5 prrcwlt of the ilrcw conltl hr  tic- 
votcd to belts brcausc of the  clirrct 
benefits to crops antl animals. The 
pcrrentagr, of area, of conrw, vnrirs 
wit11 diffrrent crops, vlirnat ir contli- 
t io~is .  a n d  Ihe intensity of ag r iml -  
tnrc  practic~rcl in a part icul:~r rc- 
gion. F o r  e s a ~ n p l e  Cl~cpil  ( 2 )  has 
rrported that  i n  the sandy lands of 
China, sin:rlc rows of willo~v hrl ts  
a ~ ~ c r i i g i n g  12 fcrt  i n  heiaht a rc  
plantrd evrrg 50 or  60 frct. I Ic r r ,  
wlirrr :In intrnsivc type of ~g l ' i~111-  
t n r r  is pr:wtirrd thic; r l o s ~  sparing 
is n o r r s ~ a r y  ant1 rsonomic~:~l. It 
might not apply,  h o w r ~ c r ,  on l a r g ~  
arcas such as western Kansas where 
clinint ic rontlitions ant1 rconornic 
ratios \roiiltl not he favorablr. 

This part icular  s tudy does not  
m i l  co~t ld  not tlcnl wilh all t h r  
ahow ~ncnt innrd  aspwts  of the  
prohl r~n.  Thr  ol)ject of t h r  s tndp 
is to  ol~tnin qnnlitntivc infnrmn- 
tion n n  t h r  mrchnn i~a l  rrdnction 
of wind velocity. Previous studies 
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(!7, 4, 5 )  have shown tha t  one of 
t l ~ e  best ways to  obtain da ta  on 
rcllative r t w l t s  is with a wind tun- 
nel wherrin ~ o a n y  of the variables 
call hc c w  trolled for  sufficient time 
to I I I ; I I~ ( ;  tlrtailrtl s t ~ ~ d i e s .  The re- 
liability of r ~ s u l t s  obtained with 
t l ~ c  tunnel hi~!i brcn trstcd in  previ- 
ous stuily ( 6 )  w11ii~h showed rather 
good aprcement bctwcen model 
a n d  prototype, proviclcd the niodels 
:LIT placrtl in a innncl  having a 
turhnl(1nt houndary layer of suffi- 
ricnt depth to 11e similar to atmos- 
phrr i r  con (lit ions. 

Methods of S t u d y  a n d  Procedures 

p lvnrnt  a1 41rl trrt)olt\ wrrc t rstcd : 
7 rcnr prinrilnl Iwlt vith 3-row sup- 

plrmcntnls 
7 rnw pr inr ipnl  Iwlt with "-rnw sap 

plwnrntnls 
7 row \.jrinrip:~l liclt w i t h  1 row st~p. 

plrn~cntnlq 
3 row p r i n r i l d  Iwl t  w t l ~  I row s u p  

plrrnrntals 
I ron princiy:~l hclt with 1 row BUD 

plemrntals 
Tllr n~otlvl :~Iit~ltc~rl)rlts n w l  in 

the  r ~ p ~ r i m c n l s  I\ r r r  f :hr ic~~tc t l  
frmn cedar I)on:hs a11d y w n  
lic*licn placwl in 4 o r t  l(311:t 114: of  
a111n1i11un1 t i~hing .  011e 7-row prin- 
cipal belt, th r rc  3-row wpplcnltw- 
ti115, t ~ )  2-row ~ I ~ ~ > ~ ) ~ ~ I I ~ ( ~ I I I : I I ~ .  : I I I ( ~  

th r rc  I-row supplrrnr~ntal\ w r r  
cvmstrnrtcd hy orirntirif th(1 
( ' ~ P C P S "  and  "+r~ll)s" in ii \rrirs 
of holes drillril in p1yn.ood I)ascs. 
l'hc scnlc nsrtl for thc n~otlrls \\;IS 

1 il~c+h q r ~ n l . ;  .'i frct. 'l'1111s. it1 t c r n ~ s  
of tho p r o t o t y y  contlition, t l ~ r  low- 
r ~ t  or wirid\mr(I shr~l l t  i n  a 7-11ow 
hrlt wo~ild l)c 7.5 fcrt  and  the tall- 
rs t  t r r c  plared ns the fifth row 
w i n t l w  r(l wonlrl 1)o 30 fcvt. f l l h ~  
srronrl, th i rd ,  I'onrth, and  sixth 
trce rows \rould b r  15, 20, 25,  and 
17.5 f w t ,  rrsprct ivtbl,v, i n  prototy~)('  
eonditior~s. T h r  seventh row was a 
shrnh row corrc~~pontl ing to 10 fcrt 
h i rh .  TIIP grc8rn lic~llrn uns ~ ~ s c t l  
fnr t h r  shrubs. Th r  3-row supple- 
menials consistrtl of onr  shrub row 



Fra. 1.-One row, 2-row, a n d  3-row supple~ncntal I~rltn, and $-row principal belt 
followed by two 1-row supplcmcntnl belts as they n-rrc orie~ttcd in tunnel (~rpper 
left, upper right, lower left, a n d  lower right, rcspcctivcly). 

and  two rows of tall trees. Tlic 
2-row supplementals consisted of 
two rows of tall trccs with a row 
of shrnbs placrtl lh the leeward 
row of trccs. The single-row sup- 
plcnirntals consisted of a combina- 
tion of one row of tall trees and 
shrubs. Spacing hctwrrn the rows 
of shriibs and trcrs  was 2 inchrs on 
thc n:oclcl, corresponding to 10 
fcrt for  field conditions. Spacing 
within the rows of trccs was also 
2 inchrs or 10 frct .  Spacing bc- 
twren s h r ~ l b s  in slirith rows was 1 
invh or 5 I'rrt. Wllcrc ro~nhinations 
of s l i rn l~s  and t r r r s  wrrc i ~ s c d  in 
onr row, t h r  sparing for  thc. trccs 
was 2 i11v11os will1 two s h r l ~ h s  I)(.- 
tween each txer giving n spacing of 
npproximntrly 0.67 incb11 or  3.5 fcrt 

in prototype condition. Ii'ignre 1 
sho\vs views of the var io i~s  niodels 
as  t h r y  M T ~ C  oriented in  the wind 
tnnnel. 

Thc studies of the effect of hif- 
f c r m t  spacing intcrrals  on vclority 
reductions for  the various brl ts  
wcrr carriccl out  in  a laboratory 
wintl tnnncl dcsc~ri1)crl prwionsly 
( 7 ) .  The worltinp ~cv t ion  for  thrse 
partic.iilar cspcrinicnts consisted 
of a 16-foot liorizont:~l l c n ~ t l i  he- 
gii11tiiic44 f ( ~ t  (lo\\ llwind froln the 
t)lo\vcr. Thc top of thc tnnncl for  
1 hi.; srvt ion w:ts vo11\lrl1(4cd to rfl- 

ri1it:itr horizont:~l niowmcnt of a 
staff of Pitot tl11)r.; through thc 
p l i t  i w  16-foot 1~ngt11. 'i'l~c floor 
c.onsisted of sicvrtl gravrl  2.0-6.4 
~iinl .  thiis nssnring clrvclopment of 

r = elcvation above surface a t  
mhirh vcloritp is measured. 

I1 = hciyht of t ~ l l c s t  tree in belt 
( G  inches in  the modrl or  30 
f w t  in actual belt).  

7',, = vrlocbitg aft  of belt. 
ITl, = .icloc.ity it1 oprn  or  clear tun-  

nel. 
P r r w n t n ~ c  rcd~ic.tionq in velocity 

T: ,, 
a r r  e q n d  to 100 (1 ---) . Verti- 

U" 

esults 





HORIZONTAL DISTANCE IN TREE WElOHls 

The spacing bc~twren the principal 
arid first suj~plcmcuti~l bclt is 1.74 
ti1uc.s gr(b:lttbr th;itl the s p i ~ ~ i n g  br- 
t~vccn the first and second supple- - 
rncntd for' a 50 percent reduction, 
and 2.2 titnrs grcatrr for a 75 per- 
cent rrili~cl ion. 

Tt also shonld he noted that this 
combinatioli of brlts maintains a t  
least a 25 prrccnt rciluction in 
velocity for the longrst, or 24 H ,  
spacing tec3ed. 

7-row principcrl belt  with ?-row 
s1~pplemen1nl.--T"ip~~rr 3 shows 
data obtained on the 7-row princi- 
pal and 2-row snpplcinental conl- 
binations of hclts. The general 
shape of the reduction  contour^ is 
nearly the same as the 7-row plus 
1-row combinat ion desrrihed a b o v ~ .  

The approximate eqnation, de- 
rivative, ant1 rritical mnximnm for 
th r  sP;lving-~~ffort i~cncsc  cnrvrs 
11awtl oft 11 7. 17  7 .  at111 24.3 IT 
s p a ( * i t ~ ~  WRS . 

50 pcrccnl rcd?rctio?? ClirvP 
1 -- 1 95 4- 0.41 R - 0.0012 enjLq 

y' (1.41 -- 0 0004 f 0 "  

critical in~sinitlnl = 21.7 
75 pcrcmf rrdurtiorz cwve  

Not determinctl 
Thr lin:11 c l i r ~ e  (upper right 

corner) shows tltc l m t  sparing for 
a 50 p ~ t ~ v 1 1 1  rrtlnc~t ion to  h~ at  22 
TT with at1 intlcu of 9.5, mhivh i s  

highrr 1l1:in the '7- plns 1-row com- 
1)in;it ion. T l c 4  75 pcwellt rrduc- 
t ioll oc2c8~ir'.: 11 it11 a spacing of 14 IZ 
; ~ n d  n n  i ~ ~ t l r \ -  of X i .  The spavinx 
r'cqnire~l t o  ninintain a 50 percent 
rrtlndion hetwcvn thrx first two 
hclts i.; npprnsimntrly 1 57 times 
p r ~ a t e r  Ilia~l that recp~irrcl f o r  a 
7.5 pcrcrnt rrdnrtion. Thr  spacing 
hrtucvn the principal nncl first NIP- 

plrl\lcnl:\l 11cllt is approxin~;ltrly 1.6 
t i t t~w t ~ r r : i i ~ r  tlia11 f l i ~  q m i a i ~ i ~  he- 
t n c ~ i l  f l l ( >  fil.\f :ind wc~ot~tl silpplc- 
n~r~trf ;tl< for n 50 prrwnt retlnc.tion 
ant1 2.0 tilnrs zrcatcr for' n '75 pPr- 
c r l~ t  rrvl~irt ion 

This comhinni ion of hel t~ .  
shove ;lt Icn\f :I 25 r r r w n t  rri11ii~- 



tion in velocity for the lonjicst, or 

p.""* 
24.3 N, spacing tcstcd. 

7-row prii~ciptrl bcll ?oil11 ,?-row 
st(pp/( ~t tc i~/n/ ,  - l~ l ig i~r t~  4 s11ows 
tlt~fa obti~it~rtl on thc 7-row prilrvi- 
pal and h o w  s~~pplclncntiil com- 
binations of belts. The general 
shape of velocity contours and of 
the spacing cffcctiveness curves is 
very nearly the same as the 7- plus 
1-row combination. 

l'hc approxim:ltc rqnation, cle- 
rivat ivc, i ~ n d  crit ir i~l  I I I ~ I X ~ I I I U I I I  for 
the spilril~g-cfft~ctiv(~llcss cllrrcs 
based on 12, 18. and 24 I1 sparing 
was : 

50 pcrcev f reducf ion cltrvc 
I = 2.80 + 0.38 S 

- 0.00001 28c0 " 8 
y' = 0.38 - 0.00000(23 co 63 8 

critival maximum = 20.6 
75 pcrccnl wtlwclion c w m  

I = 4.03 - 0.056 R - 220 c -0.5"T 
y' = 130 e-O f l  - O0.05(i 
critical ~ n a x i m l n ~  = 13.1 

Thc final curve (nppcr ripht 
corner) indicates the 11cst spacing 
for a 50 pcrclmt, rcthic*tion in vc- 
locity is 20 IT with an intles nl' 9.4. 

--. slightly hi:hc~ than 7- plu\ 2- ;i11(1 

7- plus 1-row combinations. Best 
sparing for 75 pcrccnt reduction 
is 13.5 I1 with an intlcx of 3.2. The 
spacinr rrqnirctl to maintnin a 50 
percent rednt~tion between the 
principal and first snpplemrntal 
belts is npprosimatcly 1.48 times 
greater than that rcqnircd for a 75 
percent rednction. The spacing be- 
twcrn the principal and first snp- 
plrn~cnttrl bclt is appr0si~na1t~1,v 1.7 
times grcatcr than the sparing hc- 
tween the first and second snpple- 
mcntals for a 50 percent rrclnction 
and 2.2 times greater for a 75 prr-  
cent rcdnrtion. 

I t  will br notrtl in connct.tion 
with this combination illat i t  waq 
not possible to maintain a 75 per- 
cent rccluction thronghont the cn- 
tire distnilrc bctwcrn the first and 
serond supplemental belt. Appar- 
ently, the location and porosity of 
the 3-row si~pplc~ncntal  wa? suph 
that lcalrage of air  through the 
first supplemental permitted only 

y' 50 t o  70 percent rednetion immedi- 
4 atclg nft of the lwlt. 

- 1  3 - ~ 0 ~  principnl utifk I-row swp- 
I plemenia1.-'Figlire 5 shows (Inla 

obtained on the 3-row principal 

' [ 12H a 12H SPACING 

HORIZONTAL DISTANCE IN TREE HEIGHTS 

and 1-ro\r snpplrnicntnl voml)ina- 
tion of hells. Thc 3-row principal 
belt was not so effectire as the 7- 
 ow b ~ l t .  This bclt did not pro- 
ritlc a uniform 50 pcrccnt rctlnc- 
tion bdnccli  itself and the. first 
s ~ l ~ p l e m c n l i ~ l  l ~ l t .  I t  Wily also 
impossihlc to obtain a continnous 
75 pcrcciit rccluc+nn in vrlocity 
with this conibination. A 40 per- 
c.cnt vdoc4y rcdnt.tion was used, 
thcrcforr, as the criterion of spae- 
inp. 

The approsinlate equation, dc- 
rimtire,  and critical masimun~ for 
the spacing-effectiveness e u r v c  
based on I I ,  17.6, and 24 ll spacing 
waq : 

vrit i td rnasiml~ni = 33.0  

The final spacing efft~ctivencss 
canrvcs ( ~ ~ p p e r  riph t vorncv) indi- 
ci~tc t h l t  t h c  bcst spiwing to milin- 
tain :I 40 porc~cnt rclduction is 
a l ) o ~ ~ t  12 I [ .  Thc cfft~c~tivencss in- 
tlcs nc;sociatcd with this spacing is 
5.2. 130th this intlcx and the spac- 
ing interval are considerably be- 
low the valiics; obtained with the 
7-row principal Ivlt. 

'il'hilc this .'$-row principal did 
not produce a contin~ious 50 pcr- 
tmt rriluction lwtwern the first 
two belts, it did reduce the wind 
sufficiently to mnintain a 50 per- 
cent rednrtion between the first 
anti srconcl w n p l t ~ n ~ c ~ l ~ t a l  nt a 12 H 
spacaing. 

Si~qlc-row priiropnl wifh I-row 
mpplementnl. - Fig i re  6 shows 



HORIZONTAL DISTANCE IN TREE HEIGHTS 

data ob ta i~~c t l  or1 1 1 1 ~  " n a r ~ v n  " 
single-row ~ ~ l i i t ~ t  i n p .  I'elocity pat- 
terns irnn~ctli;~tcl,v to the l ec~wr t l  of 
the principal belt a rc  similar to 
those ob ta i~ i td  with t l ~ c  3-row prin- 
vipa1. 'l'lw jcht t ing of air  tliro11g11 
tllc narrow. porons belts caused 
ra lhr r  low velocity rcdnctions im- 
n~rt l intr ly to t l ~ o  I r r ~ r n r d .  This 
mnbinat ion  of bclts vas ,  howevrr, 
nmrc effrctive than thc %row prin-  
c!ipal hcca~isc~ i t   as possible to 
maintain a ( ~ o n t i n n o ~ ~ s  50 pewent 
rctlnc+ion hctwccn the hclt s. 

Tlle sp:lcing-cffrctive~icss C I I ~ V ~ S ,  
as dctcr~nined by trial and  error  
methods, show the best spacing to  
he about 17 I1 with an index value 
of 4.6. A 75 pcwcnt  rcdndion  
cu r r c  is also sllown, bnt zoncn hily- 

ing this much r r d ~ ~ c t i o n  in velocity 
were relatively slnall pools irnincdi- 
a t d y  aft  of t l ~ c  first brl t  811d did 
not rc~nch t,hr ground le r r l  a t  any  
location hrtween the hrlts. The best 
spacing h c t w ~ c n  th r  first and  sec- 
ond snpplemcntal is I 3  a, or  ahout 
25 pcwcnt 1 ~ s  than  tlic spatling be- 
tween tlir principal and first sup- 
plernental. 

Discussion a n d  Conclusions 
Bvnlnaticm and rompnric;on of 

the effrrtiveness of the ditrcrcnt 
sys tc~ns  of helts tested in the cx- 
perinlent cm hcst he made in terms 
that  cwnsi(lrr l)o111 i h r  l ewl  of ye- 
locity rctlnrtion a n d  the type of 
protccation nfl'ordcd by a given sys- 
tcrn of belts. The spacing-cffectiw- 
ncss curves shown on t l ~ c  figures 
~ w r c  of consitlrrsblc v i~ ln r  in dc- 
t e r n ~ i n i n ~  the spacing interval ; 
howcvcv-, thry  (lo 11ot provide snfi-  
cicnt inf'orn~:~tion to give a t r u r  
cva ln i t t io~~ of tlir merits of a givrn 
belt yt,stcu~. h hettc.r method is one 
tha t  c~onsiclcrs tlia drs i r rd  Irvcl of 
vcloc-ity rctlnc+ion, the loration and  
tllc 11rt sjmh R I I ~  rxfrnt of the pro- 
twted  area. The level of velocity 
rrduvtio~l  previously has been 
c~hoscn as  50 or '75 11c r1~n t  in this 
study. The size of the protectrd 
areas (*an he evalnatetl, tlirreforc. 
ill rcltrtivc t c r n ~ s  by t lc te rn~i t~ ing  
the ar ras  on thc profile maps br- 
tween belts and  under the 50 or  75 
percent rrtlliction curves. The ex- 
tent of protrction can he deter- 

111i11ed in terms of the net  dis- 
tances"f n l o ~ ~ g  the ground between 
1)c~lls haring a t  least 50 or 75 per- . 

W e t  diqt:ulre is defined as tlrc length 
of protected area after dcdiirtions for  
tllr lrngth of ground 1 1 ~ 1  by the belt8 
and for  those arras immediately to the 
leeward of the belt where velocities do 
not reach the deaired level of rcdwtion 
11ernllse of  the nir jets. 



length, would h a w  a t  least a 50 
percent redurtion. Similarly, the 
system would use 24 heights with 

The best 75 porcent spacing and 
18.4 11, or 7G.G percent of this 
length, would have a 75 percent re- 
duction. I n  terms of net distance 
with a 50 percent reduction, this 
belt provides protection to a length 
approximately 6 Ii longer than the 
7-plus I-row, 5 TI longer than the 
7- plus $row combination, and 12 
and 25 H longer than the 1- plus 1- 
row and the 3- plus 1-row combina- 
tions. It also has a slight advan- 
tage over the other belts in terms 
of length having a 75 percent re- 
duction. On a basis of information 
given by these data, then, the 7-row 
principal with 2-row supplementals 
wonlcl be the best combination, fol- 
lowed by the 7- plus 1-row, the 7- 
plns 3-row, the 1- plus 1-row, and 
the 3- plus I-row. 

The so-called "narrow " plant- 
in:s tested in this experiment were 
not so effcctiw as the wider prin- 
cipal belts followed by supplemrn- 
tals. The 3-row principal in par- 
ticular did not show up well and 

/probably should not bc eonsidered 
for most problems. I t  is apparent 
that the rather abrupt top design 
obtained when placing a shrub row 
and then two rows of much taller 
trees is not a good design for main- 
taining substantial rrdnctions to 

the lee of the belts. I t  is possible, 
howcver, that if  a better arrange- 
mrnt of trees was madr within the 
belts, some better protection could 
be obtained. The other narrow 
plantirigs tested, the single-row 
belts, were considerably better than 
the 3-row bclts. I n  terms of the 
ratio of protected length to total 
length utilized. the single-row sys- 
tem ranked very well. The spacing 
intervals for a 50 percent reduc- 
tion, particularly af t  of the first 
supplemcnt~al compared favorably 
with that obtained with the wider 
prinvipal belts. A 75 percent re- 
duction could not be maintained 
with this system. This combination 
could be used where field arrange- 
ments would permit growing of 
crops nceiling less protection be- 
tween the principal and first sup- 
plcmtmtal. Tn these cases this s , ~ -  
tern wonld also hare considerable 
appcal because of the smaller num- 
ber of trccs needed and the con- 
srqiirnt reduction in cost and labor 
rcqnirrrl for establishing and main- 
taininp the belt. 

Tn mwlusion, it appears that 
t l ~ e  7-Y~IV p r i n ~ i p a l  follo~~-ctl by a 
syqtrnl of 1-row snpplrmentals 
pro1)ahl.v would give the greatest 
proportion of prokction i ~ t  grcater 
distnncw ahow the gronnd Ievcl. 
Possiblr application of this system 
~ ~ o n l t l  be protection for tall grow- 

ing crops, orchards, homes, and 
livestock. On the other hand, the 
$-row principal followed by a sys- 
tem of 2-row supplenientals would 
give the best ground protection. 
TTse of this system would bc indi- 
cated for problems concerned with 
minimizing soil blowing. The 7- 
row principal Collowed by a system 
of h o w  supplmentals would rank 
third in the group tested. The 
single-row spstrm would be recom- 
mended for special problems with 
the reservatioris desrribed in the 
previous paragraph. The 3-row 
principal plus 1-row supplementals 
would not be recommended. 

The above concl~~sions are based 
on the data obtained in this par- 
ticular experiment. The study was 
concerned only with the mechani- 
ral reduction of wind velocity and, 
therefore, ignores the silvicultural 
problems associatecl with shelter- 
lwl t~ .  Suffice to sap that final se- 
lection of a shelterb~lt  system for a 
particixlar problem can only be 
made after earcful consideration of 
hot11 aspects of the problem. 

Summary 
Wind tnnnrl studics were con- 

ducted to obtain information on 
the mcchani~al reilnrtion of wind 
vclocify and a systcm of shelter- 
belts consisting of a principal belt 
followed hy snpplemrntal belts. 

TABLE 1.-SUMMARY 01 INFOICMATION AND COMPARISON OF B ~ T  C O M ~ I N A T I O N ~ ~  TESTED. INDICATFD 50 AND 75 P E R ~ N T  R ~ D  
TION8 ARE Tnofim O I I T A I N I ~  WITTI "!~FXT" 50 A N D  "BEST" 73 P ~ ~ N T  S I ~ A ~ I N O ~ ,  RESPF:CTIVI~,Y 

I 
- #' "Best " spacing 

interval between Net-distance protected 
Belt Prin. and 1st and Area between belts Total distance Distance uapd 2nd percentago of total 

rombinntion 1st supp. 2nd supp. with reduction of in system2 by tree rows' with reduction of 
50% 75% 50% 75% 50% 75% 50% 75% 50% 75% 

11 n 11 11 ZP 70 7z2 % n H n n % n %  
7-row arin. 

plusiwo 19 13 11 6 25.0 77.4 10.0 46.9 32.3 21.3 3.0 88.3 87.6 16.3 76.5 
1-row supp. 
7-row prin. 

plustwo 22 14 14 7 27.2 69.8 10.6 44.2 39.0 24.0 3.7 34.6 88.7 15.4 76.6 
!!-row supp. 
7-row urin. 

1.row prin. 
plus two 1 7  ' 13 - 17.0 56.1 - - 30.3 . .... 1.0 20.1 73.0 

1-row s u p ~ .  
3-row nrin. 

plus'two 12 ' 12 - 8.4 33.6 - - 25.0 ... . 1.7 9.3 37.2 ...... -- 
1-row s u m .  - * --- - - -- 

P--.* 
4 'Single and 3-row principals did not produce n continuous 75 percc,nt rrductiorl: thcreforc, no "best" spacing intcrrnl te3ts 

were run. 
'Total distnncc includes upacing between and within belts plus one-lrnlf of n row width ndded to the outside of I~otll tile first 

and hut I)olf, in n fly~tcm. One ?ow widtlr i8  the didnnrn lwtcvec~n rows nnrl in  cc111nl to 0,33311. 
" S I ~  of distnncc betwecn rows in I d t s  plus onc.1mlf of a row width to cithcr sidn of n given belt. A 1 rom, 2.rom. 3.row and 

7-row belt would, therefore, be 0.33311, O.GGGH, 1.OF1, and 2.33711 n i ~ l c  respcctirely. 



Models of 7-, 3-, and 1-row princi- 
pal belts, and I-, 2-, and %row sup- 
plemental belts were used to obtain 
the information. Rrsnltg :Ire cx- 
pressed in terms of percentage re- 
ductions of the oprn wind velocity. 
Information was obtained with sev- 
eral different spacings of the sup- 
plemental belts when used with a 
principal belt. Somc resnlts of 
tests on the so-callcd "narrow" 
plantings, i.e., single rows n s ~ d  
without the benefit nf  a widc priil- 
cipal belt, are also given. 

The degrce of effic+wcy of a 
given system of hclts drprndrcl 
somewhat upon the type of pro- 
tection desired. Of the belts trstrtl, 
a ?-row principal followed by a 
system of 1-row snpplrmcntiils 
would give thc gr~.;itrst t1cgrc.c of 
protection extending to the great- 
est height above ground between 
belts. This system wooltl be n~ost 
applicable to problems of protec- 
tion for tall crops, orchards, farm- 

strnds, and livestock. On the other 
hanil, a $-row principal belt fol- 
lowed by a systc~n of 2-row supple- 
1n(~n1;11s wonld pcrl~lit the greatest 
spacing intervals between belts and 
would provide protection lo the 
grcatest length of ground. TJse of 
this system would hc intlicilted for 
problems concerned wit11 minimiz- 
ing soil blowing. A 7-row principal 
belt followed by a system of 3-row 
siipplcn~eutal belts would rank 
third in thr group trstrd. Single 
rows of trers used without benefit 
of a. widc principal hrlt wonld not 
rrclnce wind veloc4tp aq much as 
t l ~ c  witlrr hclts. ITowrvrr, at lowcr 
1111 rls of vcloeity rccli~~tion, thry 
wonld permit fairly long spwing 
int v r~n l s  ant1 won1 tl provirlc a r1.1:~- 
1 i~ oly high ri~tio of protcctrtl 
Icncrtli to total length U S C ~  hy the 
systr~n. 'L'hry ~rou ld  he recom- 
n~cntlctl for special problen~s where 
Icss protwtion from wind is re- 
quired and where the area used by 

the belt would bc an in~portant 
factor. The 3-row prinripal fol- 
lonrtl by I-row snpplcmcntals did 
no1 show 111) wcll in the ks t s  ant* 
wonltl not 11.e roron~rncnded i 

Aerodynamics of wind erosion. Agric. 
Eng. 31 :279-282, 284. 


