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Cultural Practices for

GROWING SHELTERBELT .
TREES on the Northern

Great Plains

By ERNEST J. GEORGE, Silviculturist,® Horticultural Crops
Research Branch, Agricultural Research Service

INTRODUCTION

(irowme trees that will give protection to farm buildings, livestocl,
and feed lots against cold winfer winds and drifting snow, aud also
against hot. drying winds that damage field, orchard, and garden crops
s aveepted ns a necessity by many of the farmers and vanchers of the
northern Great Plains. Tree growing in that avea is frequently didi-
eult owing to the low avernge rainfall, periodic severe drouglts, ex-
tremes of temperafure in both winter and smmmer, the hiph rate of
evaporation during the growing season, and the fairly constant,
strong, drying winds. Success depends on the planter's kinowledge of
suitable species and methods. '

Since 1914 the United States Northern Great Plaing Iield Station
af Mandan, N, Dak., has conducred fnvestigations on the wrawing of
trees and other farvin crops. In 1018 tests were started with windbreak
trees and shrubs to obtain information on spucing distances, various
types of pruning, and methods of cultivation. This publication sum-
nuarizes what wag learned from these investiontions,

The tests at Mandan were duplicated at the United States Dry
Land Field Station, Avdmore, 8. Dale. and at the Judith Basin
Branch Station. Moceasing Mont.  Mathews and lavk (6) reported,
e part, the results obtained during the first 13 yvears at the Ardmore
station. und .Jensen and Harvington (5) reported the resuits of the
fivst 11 years at the Moceagin station,

CLIMATIC DATA

The monthly, growing-season (April-September), and annual pre-
cipitation at the Mandan station for the years 1918-53 ure given in
tzJJ.f.e 1. DPrecipitation during the growing season ranged from 2.96
to 16.86 mnches, with w meun of 12,08 inches for the St-year period.
This mean is about 77 percent of the average annual precipitation of

T Submitted For publication July G, 1955,
*U. B Northern Great Plaing Field Scotion, Miandun, N, Dok,
450068 °—56 o
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15.%7 inches, which ranged from 6.43 inches to 21.76 inches during the
86-year period. The years 1934, 1936, und, to a Tess extent, 17452 were
severe drought years. Precipitation in 1952, while exceeding that of .
1984 and 1936, was the third lowest annual; and fourth lowest seasonal
precipitation for the years 19141953, the time during which records
have been kept at the Mandan station.

The mean monthly, and the maximum and minhuwum daily tempera-
tures; the mean, high, and low monthiy evaporation from a free water
sirface durving the growing season ; and the mean monthly wind veloc-
ity for the veurs 1018-1953 at the Mandan station ave given in table 2.
Yearly temperatures show a range of 161° from —46° F. o 115° I
The average evaporation during the growing scasou wus nearly three
times the averuge precipitation that fell during the same period.

Tansie 1. Manihliy, growing-seuson, did oanual precipitalion ol (ke Novihern
{iread Plains Field Rtafion, Yaudan, X, Tk, 1018-353
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The avernge frost-free period for the years 1918-53 was 138 days.
The longest period wis 172 days, and the shortest, 115 days.  Dates
of the last killing frost in the spring ranged from April 19 to May 29,
Dates of the first killing frost in the fall ranged from September ¢ L ¥
to October 8.
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TABLE 2—0 ean monthly, and wivrinim and minfonnn daily lem perafires ; mean,

Migh, and tow wonthiy couporation frem o free wealer surfuce during the grows-

;\\.9 dng season; and wmeen anonthiy weind velocity ot the Northern Creet Plains
Pield Station, Mandun, N. Dok, 1015-53
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EVAPORATION
[Lenclies]
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WIND VELOCITY
[&18es per b

Mean 7.11 6.7 ﬁ.ﬁi 4.8 <l.!5‘ 5-0| 5‘3‘ 5,6[ .’n.ll bh

METHODS OF TESTING

A series of 12 identically arranged, 10-row Blocks of trees and shrubs
were plavted in 1918 (fig. 1). Seedling or rooled nursery stock 1 or
2 years of age, grown in the station nursery, was planted on land that
lad been summer-fallowed the previous year. The arrangement of
species in each blocl, from east to west, was as follows:

Row 1—Silver buftaloberry (Shepherdia argenteq Nutt.)

Row 2—RBurittie willow (Nelin fragilis L.)

Row 3—Boxelder (drer negundo L.)

Row 4—Gireen ash  (Frawinus petnsyleanice vav. lanceoluts
(Bakli) Sarg.}

Row 5-—Boxelder

Row 6—Northwest poplar (Populus sp.)

Row T—Green ash

Row 8—DRBoxelder

Row 8—Duaphne willow (Salir duphnoides Vill))

Row 10—Amur maple (Aeer ginnale Maxim)

The tests were designed to compare growth and survival of trees
and shrubs (1} that were grown under identical conditions except for
spacing distance; (2) that were unpruned, moderately pruned, and
severely pruned; and (3) that were grown under a system of clean
cultivafion, hay or straw muleh in lieu of cultivation, and neglect,
where no uttempt was made to control weed growth.

Data on height, survival, and winter injury were taken in the fall
of each year. Crown-spread data were taken periodically for all
species. Dinneter-at-breast-height data were taken periodically for
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NEGLECTED BLOCKS NOT PRUNED

SPACED SPACED
4 BY 4 FEET 4 BY 8§ FEET

MULGHED BLOCKS NOT PRUNED CLEAN GULTIVATED BLOCK NOT

SPACED SPACED PRUNED SPAGED

4 BY 4 FEET 4 BY 8§ FEET 8 BY 8 FEET

GCLEAN CULTIVATED BLOGCKS SEVERELY GLEAN CULTIVATED BLOCK NOT PRUNED

SPACED FRUNED SFAGED SPAGED

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

CLEAN CULTIVATED BLOCKS MODERATELY

spacen T RUNED spiceD

4 8Y 4 FEXT 4 BY B FEET

CLEAN CULTIVATED BLOGKS NOT PRUNED

SPAGED SPAGED
4 BY 4 FEET 4 BY B FEET

Freuxe 1. Plun of the pruning, spacing, and cultivation experiwents with decid-
uous ghelterbolt trees and shrubs af the Northern Great Tlaiuns 1ieid Station,
Mandan, N. Dak,
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green ash only. Certain other data dealing with crown position and
form have been taken annually since 1943,

Average height and suevival data are presented for trees und shrubs
+. 10, 16, 20, 25, 30, und 36 years of age; average dimmeter-at-breast-
height data for green ash only at 15, 25, and 36 years of age; data on
crown posit’ i and growth form at 36 yeurs of age; and crown spread
data for trees and shrubs in the spacing and pruning studies at 36
veurs of age.

The fourth year wus selectod as the starting point for comparative
measirement data because it represented the last year in which losses
in stand were replaesd. The percenfages of survival at 10 and later
vearsare based on the stand which heeame exialilished the fourtl year,
which in some eases numbered fewer (rees than were actually planted.
The sixteenth yeur was selected because it provided data for the year
133, which innmediately preceded the severe drought in 1934, and a
more severe one in 1936, The twenfieth-yvear data wre for the vear
10537, which was the lirst approximately normal-rainfall vear after
the Lwn severe draight years. The data for trees and shrubs at 36
yewrs of age were colleeted in the fall of 19732

TOPOGRAPHY AND SOIL TYPE

The experimental Dlocks were located on land that had a very
gentle slope to the north.  Clean-cultivated blocks that were unpruned
and moderately proned had wore ronoll than the other Dlocks.  The
sorl type was classed ax Cheyenne line sundy loam. Fine gravel
encountered in the fourth to fifth foot graded into fine sand In the
seventh to beyond the tenth foot.  Water penctrated the soil readily,
but the holding capaeity was low from the fourth through at least
the tenth Toot. .\ high percentage of the water held was available to
the trees and shiubs.

EXPERIMENTAL DATA
Spacing Distances
The spacing study consisted of 4 blocks of trees and shrubs, one of
which was spaced 4 hy 4, one 4 by 8. one 4 by 12, and one 8 by 8 feet.
Clean eultivation and hand hoelng to control weed growth were prac-
ticed when necessary in all blocks. No pruning was done except to
remove dend or Injured trees and hranches,

HEIGHT ANI} SURYIVAL

The average height of all species at 4, 10, 16, 25, 20, and 36 years of
age. and the average diameter at hreast height of green ash at 13, 25,
wnd 36 years of wygre are shown in table 3. The percentages of survival
of the stands that hecame established the fourth season. at ages simjlar
to those of the height dati, wre shown in table 4, and the percentuges
of the trees and shrubs which fell in various erown positions and
densities, and had various growth forms, ure shown in table 3.

The first Bgave gives (e distaoce bhetween Lrees in the row, and the second
figmire the distance belween rows.
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TABLE 3.—EBffect of spucing distunce on greicth of deciduany (rees und shrabs gef
out i 1918 in I-row mized planiings
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Silver BufTalubercy

Growth and survival of stlver buitaloberry were affected morve by
the wind breaking or uprooting the shrubs than by the factor of
spacing distance. The wind-brenkaye resulted from the brittleness
of the wood and from heart rot ciused by Fomes fravinophilus {Pk.)
Sace. forma eflisicnus (F. W, Anders.) Baxter. 1t was severe duor-
ing the Jast several years, and was rvesponsible in ll spacings, except
that of 8 by 8 feet, for the reduction in average height at 36 yeurs of
age. The majority of these shirubs in all spacings, except that of 4
by 12 feet, were either overtopped or pushed outward by the brittle
willow inrow 2 or the boxelder in row 3 (table 5 and fig. 2). A certain
amount of suppression within the row took place in the block spaced
4 by 12 feet. Thisspacing, however, resulted in much higher survivals
and considerably greater growth throughout the period, except for the
Jast 6 years when wind breakage of tops lowered the aversge height to
slightly less thun that of shrubs spuced 8 by 8 feet. Silver buflulo-
berry definitely should not be planted closer than 12 feet to faster
growing species with spreading growth hubits, such as brittle willow
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TaoLE 4—Fffect of spucing distance on survival of deciduons trees and shrubs
Sct ont in 1018 In L0-row mized pluntings

Burvival at age (veurs)—
Spacing
dlstanca

Bpecies and row No. -
41 LU { il 25 -3 %

el
a2
25
80

Gireen osh, 4.

Boxeller, 5

Northwest poplar, 6., o

Daphoewillow, §.._.____.

8
i
4
L]
B
1
i
|
5

Amurmaple, W_.___.__.__. l 100

100, g

TN losses were replaced after (he foerth Year. Survival al 10 vears and Iater nre based on the stand
which boeame cstallished the foue b yBur,

and boxelder, The shrubs in the block spuced 4 by 12 feet were 24
Teet away from the next row of trees for the last 18 years owing to
the complete Joss of brittle willow in row 2,

Brittle Willow

Brittle willow had suflered a very heavy loss in the block of trees
spaced 4 by 4 feet, and a more moderate Ioss in the block spaced 4 by
12 feet, by the sixteenth year. All brittle willow trees spuced 4 by 4
feet were dead following the drought of 1934, and those spaced 4 by 12
feet following the drought of 1936. Heavy losses had taken place
in the other two spacings at 20 years of age. Most of those losses
followed the drought of 1936. Luck of hurdiness to drought condi-
tions prevented the species from vielding reliable information on
spacing distances. The availuble data indicate that the distance of
§ by 8 feet gave greater height and survival, and more vigorous trees
than the other spacings.
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TapLe G—Effect of spacing digtance on clussification in 1933 of deciduouy trocys
and shrubs scf oul du 1918 Fu J10-row anired glantings

Crown positipn ! Crown deosity Form

L ar Spacing |, .

Specles and row No. | qigianes | Ahove - In gon-- o
Vpeoeral  cru! .
canony  cluss

—_— Well- . Btraleht, Pushed
!r(":.Isr:tl devel- Medlwin Poor : upright outward
- PICS opud growth or leuniog

Feet Ptrccu.": Pereent Pereent Pereent Percenf Percent Percent Prreeent
a; i pRut] ] 1y q bl

-: :J_\' 4. 5 0 bn 106
. . 1 hy B 0 i 40 100 - 0 )
Silver hafialoberry, 1.1y, by 17 0 e Bt . a0 10 a3
By B, . n & [Lry i { 4 1)

1:13’4,. [ e e ccmammmn. e -

- , 4 b B 0 [y 331 iy iy 16 &0
Tirittle willow, 2 ... R I T
y 8. 0 100 0 ] 25 u 3 b1y

P 0} v 2 58 2 ] 5 - 46

) ; ! o ; 12 W 4
Boexelder, d_._...,.....i il 1 3 54
] T ' 21

Q H 'l:l-‘i : AL

; J 3 { v iB @2
Greon .\sh._-i R StIRCIER T 5 0 4 7o %
6 4 92, L

b i - 4G 5

X = 0 19 2 a5
Boselder, f.... ..., g - 8 H it

Naorthwest poplar, G..

Gireen ash, Fooaaaa..

Boxelder, 5oy

Aanur maple, 10._... iy

Boxelder

Boxelder was planted in rows 4. 5. and 8. The species was killed
hacl severely in all rows during the drought yewrs 1934 and 1936.
Injury was much more severe in plantings spaced 4 by 12 and 8 by §
feet than in those spaced 4 by 4 and 4 by 8 feet. Recovery in height
growth to equal or exceed that at 16 years—the year prior to the frst
drought—was not accomplished until the trees were 30 years of nge.
Further killing back took place in the 4- by 4- und 4- by 8-foot plant-
ings when the trees weie between 30 and 36 years of age. Average
heights at 36 years were 22.6, 21.7, 21.0, and 17.0 feet in the spacing
distances 8 by 8. 4 by 12, 4 by 8, and 4 by + feet, respectively.

Boxelder survivals remained high throughout the period in all
spacings except in row 5. This row suffered a heavy loss in all blocks,
except the one spuced 4 by 12 feet, during the severe droughts of 1934
and 1936. No reason can be advanced for the heaviest loss taking
place in that row. Green ash, having very similar survivals, was the
adjacent species on one side of all Loxelder rows. The adjacent
species on the other side differed. Survivals of trees adjucent to rows
5 and 8§ were much lower at 16 years of age than those adjacent to
row 3. Survivals in all rows af 36 years of age averaged 86 percent
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c

Froeue 2

Siver buffaloberry in row 1 {right) bLas either

heen overtopped or prshed owtward in o aml 2 by both
Lrittle willow in row 2 nngd boyelder in row 3, which were §
and 106 feet away, respectively. No overtopping or pushing
outward has token place in ¢ beeause the hrittie willow
in row 2 bas heen dead for {he {112l 18 vears, and the box-
elder in row 3 was 24 feet awary.

300008 — i3
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in the Blocks spaced 4 by 12 and 8 by 8 feet, T percent in the block
spaced 4 by 4 feet, and 78 percent in the block spaced 4 by 8 feet.

Suppression of boxelder within the row, as well as between rows.
took place in all blocks having 4 feet between trees in the row. Rows
spaced 4 by 12 and 8 by 8 feet hud the lowest percentage of suppressed
trees. Rows spared 8 by 8 feet had the highest percentage of well-
developed trees of upright growth (table 5.

Green Ash

Ghreen nsh was planted in rows 4 and T. Survivals of freesin rows
adjacent to row 4 were good.  The Northwest poplar, ndjzcent on one
side of vow T, became w complete loss at 17 years of nge in ol spacings
except that of } by 4 feet. where some survival was maintained
through the 24th year, Nurvivals were good on the other side of
row T, which consistently made a poorer showing in helght growth
ihan row 4. The avernge heights of trees in all rows at 306 years of
wge were 252, 22.6. 19.6, and 120 feet in the spacings 8 by 8, 4 by 12,
4 by S, and 4 by 3 Teel. respectively.

Winterkilling during the dronght years of 1934 and 1936 was not
severe, The average height af 20 years was approximately the sume
as that at 16 years.

Dinmeter growth showed 2 trend very similar to that of height
arowth, the greatest taking place in trees spaced 8 by 8 feet, il the
leust in trees spaced 4 by 4 feet.  The avernge diumeter growth at 36
yeays varied froni 18 to 3.1 mehes,

Survivals remained at 2 high level until the thirtv-sixth vear. when
heavy losses took place 1n the rows spaced 4 by £ feet.  Survivals for
a1 green ash were 160, 96, 89, and 58 percent for the trees spaced 4 by
12. 8 by & 4 by 8, and 4 by 4 feet, respectively. The percentage of
suppressed (rees and those having poorly developed crowns decreased
as the spacing distance increased. Suppression occurred within the
row in all spacing distances of 4 feef.

The datx indicate that the best all-round growth of green ash will
e obtained when it is spuced al least N by 8 feet. Treesspaced 4 by 12
feet weve superior to those spaced 4 by 8 and 4 by 4 feet,

Northwest Poplar

Northwest poplar planted in row 6 suflered o compiete Joss at 17
years of rge 1 all spacings except that of 4+ by 4 feet, where some
survival was naiintained throngh the 23rd year. The results were
due more to a lack of hardiness of the species to drought conditions
than to the factor of spucing. Northwest poplar is not snitable for
dryland planting.

Daphne Willow

Daphne willow planted inn row 9 beeame a complete loss at § yeurs
of age in the hlock spaced 8 by 8 feet; at 11 vears of age in the block
spaced £ by 8 feet; at 12 years o [ nge in the block spaced 4 by 12 feet:
and at 17 years of age in the block spaced 4 by 4 feet.  Like Northwest
poplar, Daphne willow losses were the result of a luek of hardiness to
drought conditions rather than the factor of spacing. The species is
not switable for dryland planting.
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Amuor Maple

Amur maple was killed back severely during the drought years, the
average height at 20 years in all spacings. except that of 4 by 4 feet
where damage was nof so severe, being less than half that at 16
vears. Many of the shrubs were suppressed by boxelder in row 8
until such time that either the boxelders or the Amur muples died out.
The greatest avernge hejght growth was made in the block spaced 4
by & feet, and the least in the bloek spaced 4 by 4 feet. The Daphne
willow planted iu the adjacent row had been dead in all spacings for
mny vears,

Survivals of Amuar maple remained high through 16 yews, bat
dropped rapidly at 20 vears as a result of the vevere dronghts of 1954
and 1936, Swrvivals were much higher at 34 yeurs of age i the hlock
spiced 4 Dy 12 feet becanse the shrubs were not suppressed by udja-
cent species. the nearest having been located 24 feet nway for the
previous 24 vemrs.

Amur maple can be classed as only semihardy when planted under
dryland conditions. It should not be planted on drey upland sites
unless supplemenial water is available, The data indicate that it
should be planted at least 16 feet away from species of spreading
growth habit such as boxelder,

CROWN SPREAD

The average evown sprend of the various species in each of the
spacing distanees is shown in figure 3.

Silver buffaloberry, row 1. was overtopped by boxelder, row 3, in the
block having 4 feet between rows: and hy brittle willow, row 2, in the
blocks having 8 feet between rows  (reen ash, row 7. and Amur
maple, row I were suppressed and pushed outward by boxelder,
row 8, in the block having 4 feet between rows. Interlocking of
Crowns aerogs rows fook place in all blocks except the one having 12
feet between rows, That distance wag the most destrable for prevent-
ing overtopping or suppression by species in adjacent rows,

The difference in growth of boxekder in row 5 and greon ash in row
T in the blocks spaced 4 by a3 by 12, and 8 by 8 feet, is shown in
figrure 4.

CONCLUSIONS ON SPACING DISTANCES

This series of shelterbell studies at the end of 36 vears indicated
that 45 squave feet per tree or shrub is the minhmum necessary for
suecesstul growth and swvival of those species that are sufliciently
dronght-hardy for planting on the northern (freat Pluing. The data
show that 64 square feet per (ree or shrub will usually give better
resulis than 48 square feet. There are indications, however, that u
rectangular system of planting, having the grealer distance between
rows, will give better results than a square system. ‘The rectungular
system prevents a high degree of suppression of shrubs and trees by
faster or taller growing species in an adjucent row.

Jenszen and Harrington (5} drew similar conclusions from a similar
spacing study at the Moccasin station. They reported. #* * * the 8 by
8 and + by 12 plantings are superior to the close plantings in genera]
thrift and vigor, and this difference is Lecoming more marked every
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Frouns 3.—Comparison of the average crown spread of each free and shrub spe-
vies nsod in the series of ests spaeed 4 by 4, 4 Dy 8, 8 by §, and 4 by 12 feet to
study the effect of spncing distance on growth and survival, Circled figores
indicute the pevcentage of survivils iz each row. All data are for trees and
shrubs 26 years of age.

year.” These investigators recommended a distance of 10 or 12 feet
between rows, and thought a distance of 4 to 8 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 stution. They did report,
however, that spacing of other plantings had little effect on survival.
The qualities inhereat in the species, rather than planting distance,
determined their ability to survive adverse conditions,




GROWING SHELTERBELT TREES

Freues 4 —Comparison of the growth of boxelder, row 5
{right}, and green ash, row T (left), in the blocks spaced
(A4} 4 by 8 feet, (1) 4 by 12 feet, und (C) & by & fest. An
area of 64 squnre fuet per tree or shrub usually gave hetter
resuits than o somller one, The open ares in the center was
formerly oeccupied by Northwest poplar, row 6.
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The author, in previously summuarizing observations on spacing
distances {George 1, ), reported that green ash, in a series of tests
spaced 4 by 4, 4 by 8, 4 by 12, and 8 by 8 feet, made the greatest
overall growth when spuced 8 by 8 feet. In a sevies 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 in the row gave very satisfactory results.

While the trees and shrubs in this series of tests were planted
prinmerily to study the eflect of spacing distance on growth and sur-
vival, they also yielded information on hardiness and suitability of
species for forthern Great Plains conditions.  Silver bufluioberry,
boxelder, and green ash were the only species found to be sufliciently
hardy to warrant their use in dryland shelterbelts. The silver buf-
faloberry was very subject to heart rot and to breakage and uprooting
by wind. Brittle and Daphne willows. Northwest poplar, and Amut
muple were found unsatisfactory for dryland planting.  These con-
clusions are very similar to those of Jensen and Harrington {4)
who reported, “Willows and Tatarian maple have in no way indicated
any vilue for continued use in dryland shelterbelts.”

A list of tree and shrub species worthy of frial on the northern
Great Plains was prepared (George 2) on the basis of results of the
38-year program of species testing, und cun be used as a guide for
future plantings.

Pruning Methods

The pruning study consisted of 6 blocks of frees und shrubs, 2 each
of which received one of the following treatments:

1. No pruning. The trees and shrubs were ullowed to grow
naturally.

2. Moderate pruning. Al trees were pruned to one central stem
from which all branches were removed to a height of about
2.5 to 3 feet. Silver huffalaberry and Amur maple shrubs
were allowed to remain with multiple stens from which the
lower side branches were removed fo a height of about 2
feet.

8. Severe pruning. All trees were pruned to one central stem
from which afl branches were removed to a height of 5 to 6
feet. Silver buffaloberry und Amur maple were allowed to
remain with multiple stems, as in moderate pruning, but
side branches were removed to a height of wbout 3 Teet.

One block of each treatient was spuced 4 by 4 feet, and the other
4 by 8 feet. Clean cultivation and lund hoeing were practiced in
all blocks when it was necessary to control weed growth.

HEIGHT AND SURVIVAL

The average height of all species nt 4, 10, 16, 20, 25, 30, and 36
years of age und the average diameter at breast height of green ash
at 15, 25, und 36 years of age are shown in table 6. Percentages of
survival of the stand that becanie established the fourth season, at
ages similar to those for which height data ae given, are shown in
table 7.
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"ABLE 6.—FEffecet of pruning method on growth of deciduons trecs and shrubs set
ows 4 1018 i 10-rowc miwed plantings

| .
} ITulelit ot tges— Diameter brenst
Smclng ’ | “hoigh alages—

Specles nnd Pruning
How No. trestinenl

N : | L 1
|‘“N_ T} W ooom o <oas @0 oA o 1a oes | oun
1 FOATS YOAPS VOUrs  Years Erirs }'L’Ilt’S LRt L T R TH F i

..,1
Y

! Feet  Feet -‘ fuchex Tncfex friches
wone. ... .
‘I Moderate.
filver buffale- |Spvere....' . do.
bereya oo oo | None L4 |J)'8
Maoderute .. .do._
bwuru.uﬂ o
None | "! by .
; \Imlu.mtu...{...nlo
Spvere. do
Noug....
[ Motlernie ...du_._
HBovera. .1 . 4o _,
None . -, dbyd
Moderte. . _do..
Boselder, $oeea o ‘L’.\i'gl'f:""" i {llf_‘s'
JdModernte.  _.do..
ASevere____ o .
ffawone L. d by,
Mutlernle | do__
Jhevereo._. L do .
None ... 4 by§.
AMuodernte . do
SU\'IH'L'.-..._ )
(None ... dbydl
Moderate ..
Doxclder. 5 _ :F;I:EG

’ ;\Imlumtc :

X

R R E e

15
.
7.
[N

COEN ST EN DN = e B RE

f=R—— TN

:'«‘-“I-:h::"-l

el e b=t b |

i
—
oo DRrMNDE

Brittle willow, 2.,

—

2
-1

TEmD

!
P

Green oash, ...,

3

CICI DD Jaty 1
—— e

EA Lo 2R F R R =)

=

=

AP E—

Focrcooc@®mEED

L5

FoooselfpuspannEEnEnknm

\maerhte 3 (}o

None,.__..| 4 by ..
-|Alederate
Severa

Northiwest pnplnr,
G

?ﬂppﬂp?mﬂghﬂ&k?pﬁgmaapﬂmmmﬂh:

4 e e mE i

SRS OSOOOoER T —am
e JT-N

1=
-1

LU SISO T e G 1T e T =]

oM SOt DL DS S

Green ash, 7

bk et bt e b
=}

)
RN O OOSCDE m N

Smurc N ]
Nene .. _bd by 8.
Moderate_ | do. -
Severe. ... da
None . oo 4 by 4l
Mogderate ! .o
Sgeere._____do .
| Knoue. 4 iy 8.
Modernte, .
Spvers...
None ...
Muoderute. .
Saevera... ..
Noun.
Modernie

Doxelder, §.. ...

e b

MEMODC OO =)

Dapline willow, B

mSgnmoohraois

e ke 20 ]
=R

ES

Aanur amage, 1000

wiElivorasooano

o ke h
SCooOMOC DG MO I D
LA LR -

=X

Silver Bufisloberry

Silver buffaloberry planted in row 1 of blocks receiving the
moderate- und severe-pruning treatments was killed baclk severely
following the 1934 and 1936 drouwhts The nverage heights of shrubs
at 20 years of age were con‘;ndur‘lbf\' below those at 16 yeurs, particu-
lurly n the se\'elely pruned blocks. Average growth of unpruned
shrubs at 20 years was only slightly greater thay at 16 yewrs. Wind
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‘TanLe T—Effect of pruning method on gurvicel of deciduows trecs end shribs
sct ont in OIS in I0-row mived pluntings
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which beeaie establlsheg the fourth yenr.

breakage was responsible for further reductions in average height in
all experiments. Suppression of the silver buffaloberry by brittle
willow in row 2 and boxelder in row 3, was conninon in all experi-
mental blocks with spacings of 4 by 4 feet, and to a less extent in the
wider spacings (fig. 5).

There was an rapid drop in survivals between the sixteenth and
twentieth years us a result of the droughts in 1934 and 1936. Losses
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Freuge 3.—8iver buffaluberty 1o row 1 {right) has heen gver-
topped or pushed outward by brittie witlw, row 2, or
boxetder, row 3, in (4} fhe anprused block aud (B the
moderately pruned block, It was overtapped by boxelder,
row 3, in (") the severely pruned Dock, Al Bloeks were
spuiced 4 by 8 feet,

17
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since thar time can be attributed more to uprooting by wind than to
pruning methods.  Survivals were low at 36 yeawrs of sge in all pron-
ing experiments.

Lower branches should not be removed from =hrubs in an outside
row hecause wind and snow can then pass to the interior, or throuph
the belt of trees.

Brittle Willow

Brittle willow planted in row 2 was a eomplete Tose al 12 yenrs of
age in the severely prnned block spaced + by 4 feet. and af 17 veses of
agre i the nopruned and moderately proned blocks spaced 4 by 4 feet :
alse in the severely pruned block spaced 4 by 8 feet,  Considerable
dying-back took place Jollowing the droughts of 1934 und 1936, It
wus not affected severely after thut time. but sievivals continued
slowly to decline, The resulis show that Inck of hardiness to drought
condilions was & more important factor than wethod of praning.

Buxeliler

]

Boxelder was planted in vows 3, 50 mud 8, Severe davinge-back was
apparent in the fwentieth yvear as a result of the droughts of 1954 wud
19536, The heaviest damage oecirred in ihe severely pruned blocks,
and the feast i the unpraned blocks. At 36 vears of age, height
growth averaged 209, 210, and 2001 feet in the moderately pruned,
unpruned, and severely proned blocks, vespectivels, spaced 4 by 8
feet. 1t ran in the order of moderately pruned. severely pruned. and
unpruned trees in the bloeks spaced 4 by 4 feet,

Losses in survival were heavy only in the severely pruned blocks
during the dronght yenrs. At 36 yvears of age Josses averaged 71, 63,
unel 20 percent Tor the wnpruned. moderately proved, wind severely
praned blocs, respectively, spaced 4 by 4 feel 1 and 78, 59, and 36 per-
cent for the same order of Breatments spaeed 4 by S feet,

While moderute pruning of (reey gave x small increase in averave
height over unproned trees, the practice cannot be recommended,
Unipruned trees naintained higher survivals and were meh more sat-
isfactory for holding wind and dvifting snow,  Pruning should be
tnnited to developing single-trunk trees in those eases where multiple
stems are present. Side hranehes shonld not e removed from the
tronk that s allowed (o remain,

The henvier losses of both moderately and severely pruned trees can
be aitributed to a reduction in braneh and leaf coverage that left
both the stem and the soil expored to severe diying dwring dronght
periods.

Green Ash

Crreen ash wasg planted i rows 4 and 7. The (rees were not killed
back severely during the drought years of 1934 and 1936, but eflects
of the drought extended throngh the next 3 yeurs, Average heights
al 22 vemrs of age were approximately the simie as those at 20 yeurs.
Glood recovery had been made in all pruning experiments by the
25th year.

Average heights of green ash at 36 yvears of age were 18.6, 15.8.
and 12,0 feet n the severely proned, moderafely prosed. and unpruned
blocks, respeetively, spaced 4 by 4 feet; and 231, 22.8, and 10.6 feet
in the moderately primed, severely proned. and unpruned blocks,
respeetively, spaced 4 by 8 teet. It is possible that the heavy losses
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of boxelder in rows 5 and 8 at 20 years of age in the moderately and
severely pruned blocks had maore to do with height growth of green
ash than the pruning systems. The average height of green ash in
row 7 of the unpruned hlock was 17.9 feet: nnd 22.8 and 24.3 feet in
the moderately and severely pruned blocks. respectively. The in-
ereasing ovder of growth followed the decrensing order of survival of
species in competitive adjacent rows.

Green ash survivals in blocks spaced 4 by & feet were high in all
pruning experiments.  They averaged 96, 92, and 88 percent for the
moderately praned. severely pruned. and unpruned blocks, respec-
tively.  Survivals in blocks spaced 4 by 4 feel averaged 92, 82, and
58 pereent in the severely pruned, moderately praned. and unprimed
tests, vespectively,

Diameter growth at 36 years of nge was 4.5, 4.0, and 2.9 inches for
the severely pruncd. moderately pruved. and unpraned trees, respee-
tively, spaced 4 by 8 foet s and 3.9, 0.2, and 5.0 inches for the severely
prumed. unpruned, and moderately pruned frees, respectively, spueed
4 by 4 feet. I was apparent af 25 vears of age that the greatest
diameter growth was made by trees that were severely proned,

Severely pruned green ash frees have no valne for shelterbelt pur-
poses. nnd moderately proned trees are not as satisfactory as un-
praned trees for breaking the Torce of the wind and stopping drifting
snow.  The average suevivals and beights of trees under the different
praning systemis at the end of 36 years of growth were not sufliciently
different fo warrant the use of & pruning system that gives somewhat
greater height growth and swrvival, but which is decidedly less satjs-
factory for serving the protective purpose for whiech the irees were
planted.

Northwest Poplar

The Northwest poplar in row 6 died ont at 16 and 17 years of age in
all blocks except the clean-cultivated block spaced 4 hy 4 feet.  There
were somie swevivals in the latter throngh the twentv-second vear.
Growth and suevival were aflected more by Jack of hardiness to
drought condittons than by pruning.  The species cannot he recom-
mended for dryiand planting.

Daphoe Willew

The Daphne willow in row 9 died out at § years of age in the two
severely pruned Llocks. and in the moderately pruned block spaced
4 by 4 Teet: at 11 years of age in the wapruned lock spaced 4 by 8
feet; at 15 yeurs of age in the moderately pruned hlock spaced 4 by 8
Teet: and at 17 years of age in the unpraned biock spieed 4 by 4 feet.
Growth and survival were aifectod more by lack of hardiness to
drought conditions than by pruning, The species cannot be recom-
mended for dryland planting. '

Amur Maple

The Amur maple planted in row 10 had no species adjacent to it
in any of the pruning experiments for many years. The shrubs were
Ieilled back severely following the drvoughts of 1934 and 1938, and
periodically after that time. The average heights at 20 Yeurs were
considerably less than they were af 16 vears. At 36 vearsof age the
best average growth had taken place in the moderately pruned bloclk,
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and the next best in the unpraned block, Survivals. however, had
been so Jow since the shrabs were 20 years old, it wus apparent thal
other factors, such as tntolerance o drought snd possibly inereased
spacing distance, had aflectpd growth more than pruning treatments,
The species is not hardy under dryland -onditions, and cannot be
recommended for dryland shelterbelt planting.

CONCLUSIONS ON FPRUNING

Trees and sluubs planted in shelterbelis for the protection of build-
ings. livestock, and crops against strong winds and detfting snow nust
be dense from the gronnd up iF they are to serve that purpose effec-
tively, Frees and shrubs that are pruned fo heighisof 5 to 6 feet do
not have this density and are uscless for protection apuinst low wind
and snow.  Such pruning also perniits wind and sun fo dry out the
soil, and encourages weed growth as a result of the wdditional light.
Moderately pruned trees are mueh more effective for protection pur-
poses than frees that hive Leen severely pruned.  llowever. moler-
alely pruned trees permit nueh more wind and snow te pass through
than nonproned trees thai have side hranebes and sometimes multiple
stems from (he ground u)p.

While better growth and survival were sometimes found in pruned
trees and shrobs, they were not sufliciently betfer to warrant recon-
mendation of prioning praciices. It is very possible that the better
rrowth was die to factors such as inereased spacing distance rather
ihan the svstem of pruning. A compromise might be worked out
whereby il species ordinarily having a tree forne of grawth would
be pruned to one central stem from whiclt no branches would be
removed. This system should give good resulis from the standpoint
of erowth and survival, and also protection afforded {figs, 6 and 7).

Jensen and Harrington (3) concluded that pruning to w single
(ke with no vemoval of hranches from that trunk gave the hest type
of tree.  Muthews anmd Olark () found that the trees in the un-
pruned blocks were more vigorous than those in the praned hlocks and
gurvival was better. ‘Fhey noied that the evil efleets of pruoning were
apparent ax soon as {he frees had reached o height of 7 or 8 feet,
and that the pruned trees were enlirely unsatisfactory for eatelinge
snow or providing protection from the wind.

Cultivation Methods

The eultivation study consisied of G blocks of trees, 2 each of which
received one of the following trealments:

1. Clean cultivation. Iland heoeing was done when necessary to
control weeds nissed by cultivalion equipment.

2 Mulehing., Clean cultivation was practiced the first season
w1 modernie mount of cultivation the seeond season,
follewed by ihe application of a heavy straw or hay mulch
fhe third and sneceeding seasons through the year 1952, No
muleh was applied after that fime, A heavy herbaceous
cover became established in the block spaced 4 by 8 feet.
This cover, principally grass, was mowed once cach year
and allowed to remain where it fell. 1t amounted to a light
mulch in most yeurs.

3. Neglect. Clean cultivation was practived the first season, and
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Ficune 6.—Comparison of the growth of boxelder in row 5

{right} and green ash in row 7 {left) in (A) the un-
pruwed block, and (B) the muoderately proved blovk: and
of green ash in rows 4 and T in () the severely pruned
biock. AN trees were spaced 4 by 8 feet.  Severe pruning
minkes trees lose their ability to hold wing and suow.
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& moderate amount the second season, followed by complete
absence of any method to control weed growth afterwards.
Grass and weeds were clipped once each year, as was done
in the mulched blocks.  The herbaceous ground cover did not
become heavy at any tine in the neglected blocks.
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No pruning was done in any block except to remove dead or broken
stems or branches. One block of each treatment wus spaced 4 by 4
feet und the othier 4 by § feet.

HEIGHT ANTY SURVIVAL

The average height of all species at £. 10, 16, 20, 25, 30, and 36 years
of age, and the average diameter at breast height of yreen ash af 15,
25, and 36 yeurs of nge ure shown in table 8. Survival percentages of

Tasnry B—Rffect of enltivation frevhient on growth of deciduons {rees and shraby
sed onl in F0IN in 20-rose mibred phintings
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the stand that Leciune established the fourth season, at ages shnilar
to those for the height data, ave shown in fuble 4.

Silver BuRaluberry

Silver buifaloberry planted in row 1 was killed back severely fol-
lowing the droughts of 1934 and 1936.  Further reductions in hezﬂ'ht
were caused by wind-breakage of tops. Many of the shrubs in the
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blocks spuced 4 by 4 feet were badly suppressed by adjacent willow
in row 2 or by boxelder in row 3. Wind-breakage and suppression
affected the 36-year results more than the factor of cultivation {fig. 8},
Height results ut that time were best in blocks where no cultivating
had been done.

survival was best under a system of mulching for shrubs spaced
4 by 8 feet, and clean cultivation when they were spaced 4 by 4 feet.
Logses were fairly heavy ander all systems of cultivation following
the 1934 and 1936 droughts.  Nince that thme, uprooting by wind has
aceounted for most of the Tosses,

For the last several yenrs there was a heavy growth of grass in the
silver buffaloberry row of the muléhed block spaced 4 by & feet.  Very
ittle grass and few weeds grew in the block spaced 4 by 4 feet. or in
the neglected blocks =paced 4 by 4 anel 4 by § feet.  Snrvivals were
highest in the mudched block spaced 4 by 8 feet. owing primaily to
the fact that Tiftle nprooting hy wind occurs where there is a heavy
sod covering. The sod appavently aels as a binder for the roors, 1t
has heen soted that very little uprooting takes place in the native
stands growing on the praivie.

Brittle Willow

The brittle willow planted in row 2 became 8 complete logs in the
fourteenth yewr in the clean-cultivated block spaced 4 by 4 feet, and
between the sixteenth and (wentieth vears in all other Dlocks except
the clean-cultivated and neglected blocks spaced 4 by 8 feet. There
were some survivals in those blocks al 36 vears of age. Nonhardiness
of the species Lo drought conditions had more to do with the resulis
than cultivation treatments,

The area formerly oceupied by the willow in the mulched block
spaced 4 by 8 feet had been i heavy sod for many years, A few weeds
had grown in the neglected biocks and in the mulclied block spaced
4 by 4 feel.

Boxelder

Boxelder was planted in rows 3. 5, and 8. There were no survivals
among adjacent species exeept in row 2 of the clean-cultivated and
negiected blocks spaved 4 by 8 feel, where some brittle willow survived
throughont the 36 years.

-\l boxelder trees, except those that were clean-cultivated, were
killed back severely following the droughts of 1934 and 1936, T'rees
were killed back in later years, hut only rarely was the dange of sufli-
cient severity to cause a reduction in periodic height measurements.

The application of n hay or straw mulel was discontinued after the
1932 season.  In the fall of that year avernge heights were 17.3, 17.1,
and 16.5 feet in the mulched, clean-cultivated, and neglected blocks,
respectively, spaced 4 by 4 feet; and 188, 184, and 16.4 feet in the
clean-cultivated. mulelied, and neglected blocks, respectively, spaced
4 by 8 feet. At 36 vears of nge they avernged 20.8, 204, and 17.0
feet in the neglected, mulched, and clean—cultivated blocks, respec-
tively. spaced 4 by ¢ feei: and 210, 16.6, and 119 feet for the clean-
cultivated, neglected, nud mulided Blocks, respectively, spaced 4 by 8
tfeet. Trees in the muleched biock spaced 4 by 8 feet avernged 5.1 feet
shorter at 36 years of age than in 1932 at 15 years of age. During
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Freume 8, —8ilver buffaloberry in row 1 (right) has been suppressed by adjilceut
hrittle willow in row 32, and boxelder in row 3, in the cleun-culéivated bioclk (4}
and the neglecled block (€}, 1o the mulehed block (B) the adjacent willow
bas been dead for many years, Some pushing cutward of tops was caused by
boxelder in row 3. All frees were spuced 4 by 8 feet.
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the same period trees under other types of cultivation showed average
increases in growth up to 4.3 feet, with the exception of those in the
clean-cultivated block spaced 4 by 4 feet, which showed a 0.1-foot
decrease in height.

The heavy herbaceous growth that developed in the mulched bloclk
following discontinuance of mulehing applications had « very ui-
favorable effect on the growth of boxelder,

In 1932, when mulehing was discontinued, survivals of baxelder
averaged Y6 percent or above under all systems of culfivation except
mulching in the block spaced 4 by 4 feef. Ilere, survivals uveraged
8L percent. Survivals at 36 years of age were 79, 63, und 43 percent
m the clean-cultivated, mulched, and neglected blocks, respectively,
spuced 4 by -k feet s and 78, 66, and 55 percent in the clean-rultivated,
neglected, and mulehed blocks, respectively, spaced 4 by 8 feet, Heuvy
losses in some rows of the mulelied and neglected blocks followed the
severe droughts of 1934 and 1956,

Clean cultivation gave the best all-round results. followed by the
system of neglect, Mulehing, s a substitute for cultivation, together
with its atter-effects. appeared fo be very harmdul to trees in Fhe
blocks spaced 4 by 8 feet, Mulched trees were markedly inferior to
clean-cultivated trees in both vigor and appearance during the drought
yewrs. The differences were not so appurent when precipitation was
more favorable. A heavy sod covering developed under the hoxelder
trees in the block spaced 4 by 8 feet following discontinuance of
mulching applications. In most yems gragss and weeds grew rank
in that bleck, and requived mowing to prevent the spread of seeds.
Very little grass and few weeds grew in the mulched block spaced
4 by 4 feet, and in the neglected blocks of both spacings.

Green Ash

Green ash was planted in rows 4 and 7. The trees were Iilled
bueke in all blacks, except the clean-cultivated black spaced 4 by 8
Teel, between the sixteenth and twentieth yenrs as a result of the 1934
and 1936 dreoughts. Trees in the clenn-cultivated block showed an
Inerease in avernge height at 20 yewrs over that at 16 years, while
trees in the mulched and neglected blocks shiowed 2 decrense. The
eifects of the drought on height prowth continued to be apparent
through the next 5 years on trees iy the mulched and neglected blaclks
spaced 4 by 8 feet,  Average heights in those two blocks were less
at 23 vears of age than they were nt 16 yeurs, and in some cases less
than they were at 20 years of age.

Mulching was discontinued after the 1992 season, In the fall of
that year the average heights of green ash were 13.0, 117, and 9.0
feet in the neplected, cleav-cultivated, and mulched blocks, respec-
tively, spuced 4 by 4 Teet; nnd 15.9, 15.0, and 15.0 feet in the m ulehed,
clean, and neglected blacks, respectively, spaced 4 by 8 feet. At 3¢
years of agre the average heights were 18.4, 16,7, and 12.0 feet in the
neglected, mulehed, and elean-cultivated blocks, respectively, spaced
4 by 4 feet: and 19.6, 18.4, and 16.8 feet in the clean-cultivated,
neglected, and mulehed blocks, respectively, spaced 4 by 8 feet. It
will be noted that average heights in the mulched wnd neglected
blocks were approximately the same in both spacing distances while
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the avernge height in the ¢lean-cultivated block spaced & by 8 feet
was 7.6 feet preater than in the similarly treated biock spaced 4 by 4
feet. The heavy herbaccous growth that developed followmng the
discontinuance of mulching had & very unfavorable cifect on the
growth of green ash, as evidenced by the mulched trees in the block
spaced 4 by 8 feet, which showed an increase of only 0.9 feet between
15 years of age in 1933 and 36 years of age in 1953, Clean-cultivated
and neglected frees averaged 6 and 3.4 feet in growth increase.
respectively, during the same period.

Survivais, when mulching was discontinped in 1932, averaged 98
sercent or abave in all cnltivalion experiments except in the mulched
};Iock spaced 4 by 4 feet, whore they averaged 84 percent. Survivals
vemained high through the 80th year, after which time fairly heavy
lowses ocerrred in blocks spuced 4 by b feet, At 36 years of age
survivals avernged 91, 64, and 58 percent in the neglected, mulehed.
and clean-enltivated blocks, respectively, spaced 4 by 4 feet; and 98,
89, and 82 percent in the ueglected, elean-cultivated, and mnlehed
blocks, respectively, spuced 4 by 8 feel.  The order of survival in the
blocks sprced 4 by & feet was the same as that of height growth.

Dineter growth of preen ash at 36 years of uge avernged 3.2, 3.2,
and 277 inches in the clean-cultivated, neglected, and nulched blocks.
respectively, spaced 4 by + feet; and 3.9. 3.8, and 3.6 inches i the
clean-cultivated, neglected, and mulched blocks, respectively, spaeed
4 by 8 feet. The application of & muleh and its atter-etleets Bad an
unfavorable effect on dimmieter growth, us shown by comparison with
trees grown under clean cultivation, and under a system where no
enltivation or wmulehing had been practiced.

A heavy sod became established in the green ash rows of the inuiched
block spaced 4 by 8 feet, but ouly u few light weeds and a seattered
Tight sod grew in the mulched block spaced 4 by 4 feet, and the neg-
iected blocks of both spacings.

Northwest Paplar

The Northwest poplar in row 6 had suffered very heavy losses by tie
ninth year, The stand was entively gone from the mulched blorks at
10 years of age, and from ail the other blocks at 17 years of age except
the clean-cultivated blocl spuced 4 by 4 feet. Nome survivids re-
nutined in that block at 22 vears, but the trees died before reaching
23 years of age.

Tosses in this species took place as » resulf of Tack of drought vesist-
ance rather than the factor of cultivation. It is not suitable for plant-
ing under deyland couditions. :

Daphne Willow

The Dapline willow planted in row 9 died out at 9, 12, 15, and 17
yenrs of age in the various cultivation experiments. 1t hved longest
in the clean-cultivated block spaced 4 by 4 feet. and next longest in the
mulehed block of similar spacing,  Survival in the latter block had
been very low after the shrubs were 7 years of age. In the former
block 50 percent were surviving al 16 years of age.

Losses were caused entirely by inability of the species to withstand
drought conditions associnted with dryland pluting,
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Amur Maple

The Amur maple planted in row 10 beesme a complete loss in the
mlched and neglected blocks spuced 4 by 4 feet in the seventeenth
and eighteenth years, respectively. Survivals in the other blocks
were very low after the eighteenth year. Average heights at 36 years
of age weve based upon a small percentage of the original shrubs, and
may have been influenced by factors other thun cultivation. They
are not. therefore. considered relinble for compaving cultivation
treatments. Lack of hardiness to deviand conditions was one im-
portant factor influencing the results.  Clean cultivation had some
effect in prolonging the life of the shrubs.

CONCLUSIONS ON CULTIVATION METHODS

M has been concluded Trom this series of cultivalion experiments
that clean cultivation is the best methad for growing shelterbelt or
windbroak trees and shivubs on the northern Great Plaing (lig. 9y It
the trees can be caltivated for only the first 2 vemrs. the data show that
1t ix better to leave the weed growth uncontrolied than to apply a
straw or o hay muleh, Application of 2 muleh resulted in a very
heavy weed growth cach season thai was controlled by the application
oF more muleh the folowing seuson from the time of inception through
the fitfeenth year, when malehing was discontinued. .\ heavy sod
cover beeame established in the mulehed block spaced 4 by § feet
Tollowing discontinuance of mulching.  The resultant grass was
mowed once cacl season for the Jast 20 vears and was equivalent to
a light muleli. Worle in the mulehed block spaced 4 by + feet, and
n the two neglected blacks. was confined to the clipping of a very thin
stand of seed heads to prevent spread of grass and weed seed to othier
cultivated areas. Those parts of the ueglected blocks that had good
tree and shrob survival vepained free of any appreciative amount of
competitive weed or grase growth,

Jensen and Tharvington {3). veporting on a similar set of studies
at the Judith Basin Braneh Station, vaded olean cultivation first,
muiching second, and neglect third. 'Their observations covered only
L vears of growth as compared with 36 yvears for the Mandan study.
Mathews and Clark {6) reported on 2 similar set of studies at 15 years
of age made at the United States Dry Land Field Station. Ardiore,
S Bk They found that the clean-enitivated frees gave the best
growth and survival response. Trees in the neglected blocks had a
stower. growth rate than those in the mulched blocks. At 11 and 15
vears of age, prowth results at Mandan were similar to those reported
by Jensen and Tlarvington, nnd by Mathews and Oluk.

(zeorge {J) recommended. on the basis of u study of several thou-
sand farm shelterbelts, that ¢lean cultivation be practiced as long ag
it is possible to work between the trees, or until the tree crowns shade
ouf competitive undergrowtl.

No studies were inade of the actual soil moisture present under the
different cultivation methods, or their eflect on soil nutrients. Such
stwdies have been mude by others.

Pamter {7} studied the effect on soil moisture of a straw mulch
applied around apple, peach, and sour cherry trees at the Goodwell,
Ofda,, station,  Soil sumples were taken in June and December to
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Fioure $.—Cowmpirison of the growth of boxelder, row 3
{right), and green ash, row 7 (lefr), under () clean
cultivittion, (8) wuolebing with hay or straw frow the Sl
thrrough the 150h year, followed by cowplete negleer, aud
(C) complete veglect with oo effort mide 1o contrul weed
growth after the secomd seuson,  Clean cultivation proved
to he the best systen), nnd muleling the poorest.
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depths of 6 feet in the mulched and check plots. June samplings
showed considerable gain in moisture in the fourth, fifth, and sixth
foot of the mulched block over that of the unmulched block. Decem-
ber samplings showed shmilar gains in the first 4 feet of the mulched
bioek, He concluded that the muleh permitted a greater percentage
of wuter to enter the soil during the winter months. and reduced the
loss through surface evaporation. Ile listed as disadvantages of
niulches the difliculty of controling weeds once they had berome estab-
Tished. and the hazurd of five when mulehes were applied to trees near
farm buildings,

CGrourley 4) reported the results of w study at the Ohio Aericnltursl
Cxperiment Station. Wooster. where mulches were applied to supply
nutrients to the soil as un aid in growing orchard erops.  ITe Tound
that the mulched trees always looked greener amd more vigorous than
the rultivated trees, und that the nutrients averaged higher. All ele-
ments investigated, excepting manganese and lead. were found to have
Lieen ineveased in the soil beneath » henvy muleh when compared with
adjacent land that had been kept under culvivation. These increases
appeared to be confined to the fivst 9 inches of surface soil.  This
author also reporled an experiment in Massachusetts where from 4
to 6 times a8 many nitrates were found under nuleh ux under culii-
VRtian i 20me Sersons,

Stephenson and Sehnster (83 compared moisture eonseryvation, nutri-
ent supply. and soll structure on § treeless plots under the following
ireatments: Sod mncnitivated. Innd seraped and kept bare of growth,
tillaee mulehostraw muleh, and a trash mulels with an adjacent orchard
area i sod. They found that the straw muleh saved moisture equiva-
tent to 2 to % inches of raintall tn dey weather, the saving being prin-
cipally in the upper 2 feel of soil. Nitrafes were as high under straw
mudeh after it had been established for 3 yearsy as under clean culfi-
vation. The straw muleh crused a marked increase in soluble potas-
sium and an increase in the organic content of the top soil.

Turk and Puartridge (9) used lvsimeters {o study the effect of
mulches of hay. straw. and straw plus vitrogen on three orchard seils.
Additional mulches of peat, shredded corn stover without nitrogen,
sawdust, wood shavings, and gravel were used on one of the three soil
types.  Straw sond alfalfa mulches were equally effective on all soil
types 1 decreasing evaporation losses. Pent and sawdust were the
feast effective in decreasing moisture losses from e one soil type to
which all mulches had been applied.

Obhgervations made vver a period of years on the northern Great
Plains indicated that the use of a hay or straw mulel in shelterbelts
had several disadvantages and few advantages.  The more importunt
disadvantages were:

1. Light rains were held in the muleh and did not enter the soil.
A high percentage of the precipitation in the northern Great
Pinins fails in showers of small amouuts.

Y, Excavation of the rools of dead trees indicated that those in
the mulched blocks were more shuilow-rooted than those in
the cultivaied and neglected blocks.

3. The mulch harbored rodents that sometimes partially girdled
the frees nf the ground line under the mulch,

. The mulch became u serious fire hazard at certain seasons of
the vear.
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5. Kach new application of mnlel brought in o fresh crop of seeds
of grags and wewds which, after germination. could be con-
trolled only by hand niethods or by (he application of more
mulch,

The main advantage in dry arens of a mniel i= the prevention of soil
crosion by wind and water. which is sometimes of considerable im-
portance.  Mulching may have other beneficial influences in areas
where rain fulls in greater amounts at any one period.

The trees and shrubs in the neglected blocks were able to shade out
serions competitive weed gr owth, They were nat able to =hade out
the heavy grass and weed stands established in the mulehed blocks s
2 result of bringing in grass and weed seeds. Spaecing rows more
than 8 feet apart would peruit excessive growth of weeds which,
wnless controlied. might seviously compete with the trees aud shrubs
for moeisture,

CONCLUSIONS AND RECOMMENDATIONS

Shelterbelts waut windbreaks are o neceszity on the northern Coreal
Plaing for keeping Tarm yards and buildings free of deifliing snow;
For providing wind and snow protection to livestoels and feeding wreas:
and for the ])lotvtimn of field. orchard. and garden cropg against dam-
aring strong and hot winds.

"1 the tree plantings are to be effective in reductng wind veloeity and
holding drifting snow, methods of spacing and caring for the trees
must be followed thal will assure maximum growlh and the mainte-
nance of hieh survivals aver o long period of time. I rdy species
must be used. and these should be capable of making the growth den-
sity necessary fo reduce wind veloeily and to trap Dlowing snow,

The resultx of this stwdy warrant the following recommendations
on methods of prowing shelterbell or windbreak trees:

1. Iows should be spaced o winbmnm of 12 feel aparct. and the
frees G to 8 feet apart in the row.

2, Species having spreading erowns, sueh as willow and boxelder.
should not be planied next o a shrb species unless the dis-
fance between rows i sweh that there will be no danger of
the shrub heing overtopped.

3. Shrub species in outside rows should not be pruned. Frees in
interior rows should be pruncd to one stem, but no side
branehes should be removed fram the stem that is lefe, Mad-
cralely pruned trees with lower branches removed are Jess
satistuctory Tor holding wimd amd snow (han (rees allowed to
grow unpruned.  Severe pruning of frees and shrubs makes
them useless Torr shelterbelt or windbreal purposes, and also
resulis in higher movlality of the trees and shirabs than when
fhev are lefl unpruned.

4. (()mp(lllt\t woeed il grass growth shoukd be controlled by
cultivation, Muleling of the (rees each vear from the third
season throwgh the fifteent vear was nof a satisfactory
methed  of umlmlhn;_r weeds.  Each muleh application
hronght in a new crap of weeds and gras~, which could be
controlled only by the application of another mulch or by
handeutting.
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5. Mulching prevented light rainfull from reaching the soil; it
harbored rodents that sometimes partially girdled the trees;
it constituted a fire hazard that would have heen serious at
times if the trees had been close to farm buildings; it tended
to induce shallow-rooting of the trees and shrubsg; and the
method proved harmful to growth and survival,

8. Complete absence of any methad of weed control after the sec-
onc{ season gave hetter results than the application of a hay
or struw mulch, but noncultivation was less satisfactory than
clean cultivafion. The weed problem never became serious
under the system of neglect because the trees und shrubs
developed sullicient erown shade to shut out most of the com-
petitive growth. Wider spacing hetween rows might have
resulted 1 a more serions weed problem. with consequent
unfavorable effects on growth and survival,
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