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PROBLEM PRESENTED BY NORTH DAKOTA PLANTATIONS 

The ,planting of shelter belts in eastern North Dakota dates from 
about 1870. Since the early "ttlemJ nt uf the prairies, settlers have 
striven for trees to protect their homes from the blistering winds of 
sumlner and the cold bla<.:L of winter, and to lllodify th monotony 
of the landscape. Th original Timber Culture Act of 1873 was 
an effort to encourage ueh planting, bllt, according to present evi­
dence, it was llot l' marknbl,v succC'-ssfnl. .Nlost of the ::;helter-b01t 
planting ,yas apparently (1 no around 1 '91, just before the later 
and le~s exacting Timber Culture A·t 'YH . rep(>a101 that. year, and 
was [Jl'obabl, ' stimulated by the desire to 'olllplete the requirements 
of the aet and '''prove up" at the last winute. Thus, in 19:31, a. 
great man r grov ~ just abvut 40 years of age were found. only 
one in the 45-year c.la s~ , and a gradually decreasing number down 
to about 25 years of age. 

1 Yaluable tL.;sistance in collecting th e field da ta for this study was rendered by Victor 
Freeman. Much credit is al s l) due 1'. ,Hudol! and S. R. Gevorkiantz fl)!' aiding in the 
analysis of th e field work. 'pedal aclmowledgment is made to Raphael Zon, C. G. Bates, 
and -'barl s E. Kellogg fl)l' their many helpful suggestions during the course o f this 
study. 
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In mol' year ,'. both the Federal and State 
have revi 'eel th H'(rt t' ) ncourage tree planting in North -LJC· 'n..~.I ___ 

and with consi 1 rable , l1C l'eSS~ hy fUl'nishing free suitable 
from thei r l'esllecti v · nul' des at lVIanclan ancl Bottinean. 
resultin phlll ta t ions are, however, too young t be ·on. i 1 re 1 
the pre~ent stndy. 

"\Yithin re' nt years, accordino' to the g neral ob 'el'vation, the 
tre ' of the. olLl ;1' V€ have been dying uut much 1110re noticeably, 
or rapi<11y than ha ' occurred previously. This fact has a discour­
'aging effect on liew ,planting. In the SUlllmer of 19~ 1, therefore, 
the Lake States F Ole:t. E:\11erimcnt Station undertook a study to 
determine the extent and canS(> ' f decadence in these grove~'. It 
was hoped that once the causes of failure were. thorollO'hly under­
,t d 'hang s might b "' 199 ~tecl a, to the kinds of treeL' and sites 
which should' be plant d, and the treatment which would a ~ nre 
the per111ancn e an(l eifectiv -ne, of th plantation '. 

METHOD OF STUDY 

The'urve was carried 0 11 with two distinct obje tives in vie"Y: 
(1) To xamine in a general way as many 0Tove ' as possible within 
a ~ingle field ~ea:'Oll, and (2) t -tudy inten~ ively a few groves with 
relation to survival s il, species, and all related fa 'tors. 

It should be. dearly stated that, while in most grove,' un effort 
was made, to determine the original spacing, the total nnmber of 
tree ­' in the initial plallting wa: not llS t.l either in the intellsiye 01' 

extensive survey as a ba.:is for estimating mortality. Too much 
of the III l'tulity ," H'E planting ma . have been tlne tu faciol' ;:; not 
now ap1 < rent. Ther fore, count 'ere in all case made only of 
living tr and tIlE'- remains of thos whose place in the stand was 
perfectly apparent. In general, faTmers are reluctant to remove a 
(lead tree until it ': vel' .. evidently denying, which may mean a 
delay of sev l'al y a ". Therefore, it 'eems probable that the mor­
tality report ,u i. that which ha occurred in most ,ase ~ in the last 
7 t 10 r a I " , 

T1 xt n -ive survey compri d 447 grov in Pierc , Benson, 
Ramsey, "\~ ells, F t r, Ed r and Stutsman Counties (fig. 1). Since 
both rail fall < nd the number of shelter belts de Teas from east t) 
west, it was deemed desirable to obtain an average of ' onc1itions, if 
p ssible, by locatin o the survey in the east-central part of the State. 
The Red River Valley ,vas deliberately omitted, upon the belief that 
the ~omewhat greater rainfall in the extreme eastern part of the 
State has fostered the growth of better groves than is the rule for 
the Stat a a. whole. 

It was hoped that from this extensive survey a broad picture f 
the c nditi n f the, planted helter belts in the ar a miJht be b­
taine -something in the nature of a statistical sampling of the 
~ituation. Thi part of the study "as carried out through a. road­
side surv y. -4­ 11 roves or windbreaks within 10 chains (660 feet) 
of either id of the roa w r in luded. The following information 
was taken for each grove: (1) E stimated percentage of living tree~ 
among tho '::l pI' sent, without, distinction as t ::.pecies; (2) number 
of rows planted, xtent; (3) orientation of the long axis of the grove 
in l' gard to ardinal directions ; (4) specie; (5) e timated age; (6) 
estimatecl height; (7) spacing between trees; ( ) classification of 



3 CATiSE _ F E DE CE IN T D ·R VE • N T H DAKOTA 

the soil according t t xtur -light or heavy' (9) present policy in 
regard to grazing-grazed r not grazed; and (10) area of each 
windbreak. From 2.4 to 5.2 percent of the total area. of ea.ch county 
was covered by this part of the windbreak f:tudy (tabl 1). 

TABLE I.-Percentage Of tlt e total area of se'ten North Dakota 'f) 'unties covered 
l)!/ th 'Windbreak stu dy 

County Total area Area covered b 
the surve County ITotal area Area covered by

t.he survey 

Benson _____ _____ __ _ 
Eddy _________ ____ • 
Foster_____ ___ ___ ___ 
Pierce____ __ __ __ --.Ramsey________ __ e. 

Acres 
872,960 
416,640 
412, HiO 
675,200 
771,200 

. eres 
21,232 
10,832 
21,440 
20,240 
27,008 

P ercent 
2.4 
2.6 
5.2 
3,0 
3.5 

Stut all__ ___ _____ 
Wells . _____ __ ______ 

Total or a Yer­
age __ ____ __ 

A cres 
I, 60,480 

27,520 

5, 4:3G, HiO 

A cres 
43,792 
2t},864 

171,408 

Percent 
3.0 
3.2 

3.15 

By the intensive study of a few typical groves it was sought to 
establish specific relationships between mortality of the trees and the 
factors responsible for it. These groves were also used for accurate 

FWL"RB 1.-Portion of North Dakota, enclosed b)' a heavy line, covered by ~helter-belt 
study. 

measurement of the sizes of trees. The e sample areas were pieked 
purely upon the basis of personal judO'ment as being somewhat typi­
cal of those of the respective cOlmties. There may b some criticism 
of the study upon this ground. 

A rather det.aile 1 analysis was made of these sample areas. The 
number of acres in the grove was determined, and a sketch made 
showing nea.rby buildings, fences, etc. All trees were tallied by 
species and 1-inch-diameter classes into three groups-dead, dying, 
and living. In those cases where th individual who had planted it 
could be located, the history and age of the grove were as 'ertained. 
The latter was always checked by determining the age of the trees 
themselves-the annual rings were counted on cores of wood taken 
from the base of the tree. The physicochemical character of the 
soil was investigated carefully in all cases. As the final step, heights 
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were taken I a w tr' f ach spe 'i in order to obtain a 'ompara­
tive measure of the PI' luctive 'fi1 a ity f the soil (. ite). 

PHYSICAL AND CLIMATIC CHARACTERISTICS OF THE AREA 

TOPOGRAPHY 

All seven of th counties included in th ' . study are located in that 
portion of North Dakota lying ea.' of the. :Mi ':::;ouri Rive '. Geologi­
eallr, mo t of the art-a is ' la~~ifkd as the llrift-pn i rie region (15).2 
A small portion of the :Missollri Plateau rcgi n is al 0 represented. 
In :::;ome In 'alities, a for ex-ampl , in the northeastern purt of Pierce 

ounty and the eastern portion f Eddy ann Foster COllnties~ the 
gentle sw ep of the dri ft prairie is broken by somewhat rolling 
llloraini hills. In the .~ outh Vi" tern part f"\Vells ncl the western 
part of ~tut Il'lan Counties the ':\Ii 'solui Plateau juts out and replace 
the drift prairie. Here, t 0 , the top graphy is v ry rolling. The 
elevation of c .ntral North Dakota rano'es f1'o111 l. ~ OO to :",000 feet. 
The James and Cheyenne RiY'r'! flowing soutlieastwarllly, drain 
mo t of the area, 

LIMATE 

Unquestiollably , the lll{)~t de l~ lV 'linw ti' f a 'lor iu North Dakota. 
is precipitatioll.:1 IIois tllr) 01' the luck of it , is u. limiting factor in 
the gro",th f agl'i'ultuJ'al cr()p ,' a nd tl' ('L alike. 

'Vithjn th > , _' . ,~ n 'ollnties illdlld l~l in th is ,·tully: the gTcatest part 
of the total area l'<:'cC'iyC's an av(' l'UU', HlJunal 1 1't' 'ipitatioll of 16 to 
18 inches (fig. 2). I..: OllP mall lon tliti ill the astern part of 
Foster Eddy and Stutslllan oll 11ti c> ' tr ·t " 1 aY('rao'e rearlv total of 
slightly mol' than 1- illCh ; yhi le ' en more festl'ictc~l locality 
in the western part of Pier 'e an'ns n .nullties receives H little 
les~ than an average of 16 inches annnally. Drought years are com­
mon throughout. the entire. area. Fron 75 to 80 percent of the 
aIlllual precipitation falls during the. g ruwing season, April to Sep­
tember, inclu ive. The av rage i:lnllUal snm fall is approximately 
30 inches for the ntire State. 

Of even greater intere.t tlia the lon; -terlll precipitat.ion averages, 
for purpo es of the present study is th deO'ree of 'hortage which 
may occur, and has curl' cl t markedl ! in recent years. This 
is illustrated in the re ords of year-by-year p recipitation quantities 
of 12 stations through the -ntral ",ection since 1920,4 as given in 
table 2. F or pm'po . of mpari n , the average f or a ,11 station 
since it was established i · ",jven and also the averages since 1920 
and 1925. These last two ts of a v 'ages bring out the fact that 
with the excepti n of Dun eith , St el A shley, and Fullerton, a 
general short.age i indicated f l' th pa, t. 14 years, and, for eight 
station, an even 111 re marked sh r taO'e £ r the pa t 9 years, only 
partly compensated by the very good lowing in 1927-28. Exclud­
ing 1932 and 1933 (the latter being the v ry worst of the ent.ire. 
series), the averages for these 12 :::;tations how the year 1926 to have 

3 Italic numb l' in pa.rentheses r cJe r to Literutur ited, p. ;~2. 
:I All climatica l data prCS nted bere a re compiled f rom . ecHon 34 (we~tern North 

Dalwta) and section 35 (ea ~ tern orth Dakota) of the ~ummary of Climatological
Data for the United States. no\ in proce s of publication Ly the . S. Wea ther Bureau,
'.rbe sections cited are prepared as of 1930. 

~. This period is cbol:ien for tbe beginning of the re ord becaus tbe upper Mississippi
River and otber streams of the north, s t have shOWn a decided. 110rt ge of flo w, almost 
without interruption, since 1920, 
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1 2 whi e in p oint of number of stations show­
ing some deficien " I to' d incln ling 1931, h Y 1'S 1925, 1926, 
1929, and 19:30 shoYfed about equally complete occurrence of lronght 
throughout this ction of th State. 

~-- -- -----­ ------­

,-----­ - _ .E::=___________ _ 

1 :--:.1Less than 14 inches ~ 18 to 20 inches 

1 114 to 16 Inches 2.0 to 22 Inches 

11 11 111 11 111116 to 18 inches -fHl More than 22 inches 

"'wnn~ 2.­ TIf'gionul tli iit l'ibution of tIl!' :I v(' ril g-f' :mnual pJ· ..·cipitati ..n ill North nakota. 

TABLE 2.-Deta·ilell r ecord] of m ean (iJ/ n lwl jJl'ccipitation t or 1.? statio'll."! in 
Central North Dakota 'With 7oll}('st 1"(~ cord:'J , ~ 1.9.~O-3.3 

~ 

I 
... ~~ 

. ~ ,~ p "" 

~ :~Year ~ ~§e o ~ 

8 "'" :!lQ ~ H 

1920 _____________ __ 
1921- . ________ ___ _ . 
1922 ____ ___ ________ 
192:L _______ _______ 
1924 ____ __ _______ __ _ 
1925______ ____ __ ._ 
1926___ ___ . ___ ____ __ 
1927 ______ _____ ___ _ 
1928__ _____ ­ ____ ___ 
1929 _______ ________ 
1930____ _______ ____ _ 
193L ____ ____ ___.___ ._ 
1932 _____ ____ _______ _ 
1933 ____ ___ __ ____ __ 
A verae:e to 1\J33 sin ('.<> 

esta blishment of 

~ 

... 
~ ,~ 
~ 

171 . 
J1.1 ,j 
14.05 
17.W 
1.5. 81 
Hl, fl7 
IS, 64 
US7 

I=l 
0 

-~ 
;::.~ 
O'l 

20. 8 1 20,01 
16. 0-J 19, 10 
14· .JsJ18, 24 
I ti . i G 1.5. 49 
15. s.o! 20,25 
14.4119. 75 
10, 86 1r.. ~9 

v. 
C> 

-= ~&; 
!:ir.:. 

'2 

i;7 
:2 
~ - -

c:: Q,I

" ~~ ~ 
:::: ....... 
::;1 ;.;... 
-­-­

In, In . 
n , 78 15,49 
28. 57 20. uS 
2 ', 2~ 19.34 
25. 501 18. 58 
19. 16 16.69 
27. '1<1 16.86 

1.5. i!7 
23. \J\J 
Hi. 41 
15.88 
15,77 
16. ,~ 
17. 74 
u' ''!2 

station__ ____ ____ __ 16.:H 17.51l 113. 65 I8, 9(i 22. \19 17.71 
Averagel\J2D--33______ IS. 15.89 14.51 HU;5 16. 05 10. 54 18.84 H.W 17.35 ltj,] :~ 20. 03 23.ya li.47 
Average 1925--33____ _ 14. 85 Hi. 01 14.4. 9 10.02 16. 51 17. 0° 

1 

18. 03 15, 0 1. Ii. 70 15. Y2.. I ll. 02 23, 31 17. 10... 

Years below normal 
__ (number)_ 7 oJ 10 \:I L1 \) 7 lUI 7 !i ti i ti 

1 Data obtuineu through t he courtt1.'Y oCami netessary in terpolation Illa u b (' . 'V. Itoberts . U . ~ , 
Weather Bmeau, Bismarck, N. D ak. Yeurl. totals shown in ita lics ur e below the m ean predpitation 
to date. 

~ Number of years ofrecoru irldicat erl h figur in par theses with name rstation. 
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In describino- th situation by means of the e, annllal totals of 
precipitation the fact is not overlooked tha distrilmtion of the 
precipitation, in a r o-ion of high summer temperature and evapo­
ration, may cause t·wo appal'lmtly similar year:- to have radically 
different results in terms of vC<.retation- both tree, and crops. This 
is espe ially important in a region which normally receives a larO' 
part of its preL:ipitation during the growing season. There is, 
however, nothing in the way of more precise correlation which 
could be accomplished by going into the d tails of the recorus in 
this respect. 

The really important thing, of course, is that with barely enough 
precipitation, even in the averaO'e year, to forestall scmidcsert con­
ditions. an average deficiency of 0.61 inch, and an extreme de­
ficiency of 2.26 inches per year at Jamestown, over a period of 
even 9 years threatens very great llepletion of the reserves of 
moisture, the recession of lakes which tend in some degree to modify 
the dryness of the atmosphere, and other similar cumulative effects. 

North Dakota lies between 46° and 49° N. latitude and is charac­
terized by hot summers ancl cold winters. ~fany years the tem­
perature changes very abruptly in the. springtime from a very low 
point to a high point. The yearly range in t 'l illperature for several 
stations located in and adjacent to the area of stuuy is given in 
table 3. Devils Lake is in Ram 'ey Count.. , Carrington is in Foster 
County, Fessenden is in "Tells County. and Jamestown is in Stuts­
man County. ~faximulll and minim 1m temperaturc>s of 110 0 and 
-50° F., respectivel:y, have been recorded officially over almost all f 
North Dakota, and the extreme northecLterll portion of the State, 
together with adjacent northwestern :Minnesota. htL the coldest mid­
winter (January) climate f any part of the l ·nitecl States. 

'l'ABLE ;~.-A. 'I;era!1e teJllperotllre8 for North l>al.:otn 

Sta lion 1 ! Jan. ,b. iMa, IApe [a June IJ 

Within area of wind· 
break study: OF. OF. OF. OF. °P. OF. F . ° OF. OF. OF. °P. °P. oF. 

Carrington (31) .• 6. 7 8.7 2:3. 4 39.6 52.5 63.0 is. 7(l 6G. 8 56.6 43.8 27.8 11. 7 ::19.1 
Devils Lake (29). 2.2 7.5 22. 3 39.8 51. 3 61.8 7. 3 tJ 65. 1 .55,8 42.2 25.7 0.9 37.6 
Fessenden (10) ... 4.5 lO. l 23.4 40.7 52.0 61. 7 . 0 115. ~~ .55. 7 43.0 27.1 lO.6 38.6 
Jamestown (3S) . . 7.0 g. 6 24.0 42.1 53.5 6:3. 2 tiS. 613.4 511.5 44.5 27. ::I 1::1.4 ::19.7 

Outside area of 
study: 

Beach (24) ...... . 11.1 16.2 27.2 42.0 .51. 4 61. 7 (l\8.5 66.4 56. ·1 43. ) 31. 0 17.0 41.0 
Bismarck (56) .•. 7.8 10. :; 24.2 42.1 54.5 63.7 69.8 67. a 5 .1 44.9 28.5 14.7 40.5 
Dickinson (38) ... 10. 5 .1 25. 3 42.1 52. 2 61. 7 68.2 66.3 56.0 43.6 2.3 16.4 40.3 
Garrison (33) ... • 7.6 10.9 23.8 42. 3 52.7 62.2 68.2 (ill. 1 54. !J 42.7 26.3 13.7 39.3 
Grand Forks (40) 3.5 7. /) 22.4 41. 7 53.7 133. 0 (j7.5 6.5.4 56.4 43.6 26. 0 10.6 38.4 
Minot (32) •....•• 
Wahpeton (36) __ 

6.2 
8.4 

9.7 
12.0 

22.8 
27.5 

40.8 
44.4 

52. 2 
55. ti 

1)2. :~ 
65. 1 

-.961 
6\1.8 

65.0 
67.9 

55. 9 
59.2 

'13.3 
46. 6 

27. 5 
28.8 

11. 9 
15.3 

38.8 
41. 7 

Washburn (14) •• i.4 9.5 24.4 '13.8 53.8 64.1 69.5 67.4 58. 5 4-1.5 30,3 14.0 40.6 
Williston (51) •• _. 
Willow City (3i). 

6.8 
.9 

9.6 
4. 9 

23.7 
]9.7 

42. 7 
au. 6 

53.3 
51.5 

G3.2
vI. 0 

68.7 
ticii 

66.7 
ea.6 

56.0 
.';4.2 

43.7 
41. 4 

27.1 
22.6 

]3.7 
8.7 

39.6 
36. '2 

1 Figures in parentheses indicate length of record in year . 

The average relative humidity in summer varies fr III 70 to 76 
percent in the morning to as low a~ 20 to 2£) percent during the hottest 
part of the afternoon. The total evaporuti 11 from a free water 
uurface lluring the growing season (.A'-l)l·il to September, inclusive), 
sometime~ amounts to as much as 3:3.0 inche (tubl 4). 
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'J'ABLl<: 4.-j·;cafJorution frum. (l f r e 'le(t/ PI' 8// 1'1''' ' fit fll' O '}... 'Jl'tl, /)ak% .'!/atiol/S 


:\ronth 
Dick· 
inson 
(24)1 

M an· 
da 
(17)1 

[ontl! 
1 iek -
inson 
(24) 1 

lan-
Ian 

(li)1 

ApriL ____ _____ ____ _____ _.__ ___ __ _ 
lVIay ____ __ ____ __________ _________ _ 
June____ __ • ____ ________ __.__ ___ __ _ 
July. ___. . _.•• _. _____ _________ _ _ 

Illches 
3.711 

5. 
127 

5.964 1 

7.320 
I 

Inch es 
3.568 
5.447 
6.077 
7.415 

uguSL _____ __ _._ ••••• 
Septembe __ 

TotaL 

In ches 
6. 5:i.S 
4.329 

32. 986 

Inrllfs 
6. ;>77 
.4G2 

33. 646 

1 Figures in parentheses indicate number of yea rs r record. 

)10re than half of the day. f til .> y ar ar , '1 ar. Dnrinb the 
period :May 15 to July 31, 15 hours of unshine may UC'L:Ul' daily, 

The average fro~-t-fre I el'iod i,' from late :May t ) th milldlc f 
Septenlber. . . 

Except. where 10 'al C'ollllitions JXt'rt all illfiu 'n 'e, t.h wind i:; 
prevailingly frolll the northwest. The average year-round Willd 
velocity for North Dakota is about 9.5 miles per hour. 

SOILS 

Next to climate, anel more or less in conjun tion 'Fith it, the 
physil'oehemical clu.lraeteristics of the soil cOllstitute olle of the most 
important factors in the natural treeless condition of til prairies 
and the success and failure of artifkial afYorestation in this area. 
The prairie soils, therefore, receive cOllsjdenlble attention in this 
:-;tucly. 

Geographically, eastel"ll Korth Dakota lie in the rcgion uf cher­
nozemlike soils (10). The ess(,lltial features f the,'e . '0' s are : (1) 
A dark-l'ulorel.l surface layer of varying thidolPss, ieh in IUlluie 
('ompoulllls, and usnally neutral or slightly alkalille ill reaction, anll 
(2) unclerlying layers of lighter color, orllinarily rid} ill carbonates 
and strongly ba sic in reaction. The thickJ1(~ ';':s and color of the several 
horizons or layers vary cOllsiderably with t 'xture , the humns layer 
being somewhat thickl'l' ill sa ndy tlum in Chl}'P)T soil<;. 

'Vith the poss ible exception (,· f texture, I rnl ably tlw IllO~ t il lPOl'­
tant physical feature of the so ils of east- 'entral North D a kota is their 
c;;tructllre during p riods of extn'lllc. drought. In < gc'nC'l'ulway tw 
f eatures characterize these C'herllozPlHlikc 'oils ill a dry statc"": (1) 
The surface 01' humus layer dries anu bake.', .so t.hat r oks form, 
pal'til'ularly in those soils having: a high da)' content., all ll (2) the 
upper part of the zone of carbonate a(~ umu]ation b om ·tr ngly 
compacted, forming' a hardpanlike layer. ..A. numb l' of years ago, 
'Yeaver (21) observed these" pans " in ICansas and )lorado where 
they are found usually at a depth of 1.4 to 8.0 feet. He attributed 
their formation to the cementing effect of colloidal lay and ar­
bonates and noted that the compactness disappearccl when the s il 
became thorou!!:hly moistened. 

Generally speal~ing-, the soils of east-central Nol'th Dakota are of 
a heavy clayey rath .1' than a light .~ andy t cxtm·e. Both the drying 
and cracking of the humns layer and the seasonal cOlllpactness of 
the ::,oil appear to ex rt a cOll,idel'uble inftuen' npon the }"!)ot sy tem~ 
of planted trees. In the surface layer some damag " to f eder roots 
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is suggested by the physical stresses set up during urou o-ht periods, 
and it is quite possible that many tiny rootlet:· are broken or fra e.­
ture,d by th racking of the dry soil. Tht' hanlpan like layer act 
chiefly as a zone of <lelimitation, i. e. , the roots can penetrate the COll1­

pa ted soil only with considerable difficulty. This is not. to imply 
that roots cannot penetrate such layers, bnt rather that in dry pel'iods 
there is little or no moisture to be found beneath them. 'Further­
more, a too heavy concentration of calcium may be repellent, if not 
absolutely toxic to the roots. 

The occurrence. of alkali salts i. probably the most important con­
sideration from the t andpoint of plantillg anu )Jl'Opll(ratin o trees. 
Hopper and ''Valster (11) have shown by chemical analysis of typical 
soils that they are generally high in carbonates, especially of calcium 
and magnesimn. The silicon content varies considerably with tex­
ture and organic carbon content of the soil. Nitrogen, phosphorus, 
potassium, and sulphur ordinarily occur in quantitie that nre ade­
quate for well-balanced plant growth. The alkali salt content of 
the soil varies with texture and drainage, considerable <liiferences 
being shown with sn1all changes of topography. 

One of the interesting things brought out. in the study of the soils 
of east-central North Dakota is their relatively high moisture con­
tent 5 even when the texture is quite sandy anJ drought conllitions 
prevai1.6 Glinka. 1 speaks of the high water-holding capacity al1l1 
the poor capillarity of virgin loamy ehernozem soil in the prairies 
of Russia, and I{eller (13 ) concludes that the pOOl' absorption, an<l 
high retention of water once absorbed, of the fine-texhlred soib 
characterizing the Russian steppes is one of the important fndors 
contributing to the nonaclvance of forests into the plains. lIe lists, 
as t.he other important. checks, (1) injurious effects of 'oluble salts 
(2) steppe fires, (3) soel competition, and (4) conditions unfavorable 
to the development of mycorrhiza, on tree roots. How the clulrae­
teristics of the chernozem soils of east-central North Dakota. affect 
the survival and growth of forest prairie plantillgs is discussed 
throughout thi.;; report. 

PRESENT CONDITION OF SHELTER BELTS 

EARLY HISTORY 

With the repeal of the Timber Culture Act in 1891, large-scale 
tree-planting activities came to an end in North Dakota. The final 
entry for the, State under this act amounted to 1,226,606 acres; an 
additional 120,525 acres were commuted (lJ). UncleI' the stipulations 
of the riginal act passed by Congress in 1873, a hOLHt'st "ad l' could 
acquire patent to 160 acres of land by planting one-fourth of it with 
trees, these to be spaced not more than 12 feet apart. A,n amPlldmcnt, 
in 1878, reduced the size of the planted area frolll 40 to 10 acres, 
and specified that 2,700 tre€s per acre had t b planted, 675 of which 
must be living and thrifty at the time the patent was granted. 

~.\. detailed dps cI'iption of a number o f t ypical prairie soils of ('ast-l'Putrai North 
Dakota may be fOllnd in tbe appendix. Som e of the more impol'tallt phy~icocl1('lllical 
peculiarities of these soil s are also d iscussed, 

6AIl soil studies we re made dUl'illg tbe montbs of .July , August, a nd Se[)temuel' in the 
extremely dry summer of l!):n , 

1 GLIXKA, K. D, 'I'HE GRE-\ T S OIr, GRo t PS (I I>' 'J' HE W OIlL .\. 'n '1'f[ I': m nEnJLOP~[J~ :-I'l'. 
'rml1sl. from the (jPI'man iJy . T.', Marbut , 2:::15 ]1]). .\nn .\rlJo l', M il- h . 1!) :?7, [ ~[ime(l ­
grapbed,l 
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Lack of elli'orcenwnt sprUed the doom of tho Timber 1ulture A·t. 
in North Dakota, H,' ebewh r. All kinds of abuse and evasion of 
the regulations of the act took place. Old settlers tell of one practi 'C 

of the time: a planting ar 'a wa~ fall-plowed and sown with trec 
seed. The" planting " was witnessed and duly recorded. During 
the next pring the same area was till c1 and planted with wheat. 

Fortunately thes(.) breaches of faith on the part of the homest ad r 
were not the rule. ~'Iany groves were planted well, tended properly, 
and nursed to maturity. They remain today illS a proof of siucerity. 
~foreo,er, thousands of grove were planter1 by settlers bound by 
no legal obligation. These people plantNl trees b, ause they had an 
appreciation of the value of shelter belt};. NIaJ1Y of these groves 
also remain today as a living proof of pioneer initiative and for ­
sight. 

NUMBER OF GROVES PLANTED 

Th roa(1sidt' survey through the seven North Dakota connties 
rovealed more fal'lll~teads with planted groves than with ut (table 
5 ), since the 447 groves recorded comprised 65 pereent of the 690 
fal'lllsteads includl1d in this area. Of these farmsteads, 1'7.7 percent 
had a few scat-tN'cd trees which were nllllwricallv too few to consti ­
tute groves, and another 17.5 percent had no fon~~t plantation. 

The 1030 cenSLlS figures (18) indicate that at about. the time of this 
study the average size of the farms in these seven ountie was 496 
acres. Assuming, as is believed to be essentially corred, that each 
farmsteal1 encountered on the narrow strip survey l'eprrsents such 
an area and with the averaO'e area of each O'rove 1.2 acres. it is readily 
seen that there nmst he, 011 the average, only 1 acre in every 
6: S 	 a 'I'es which bears more than a few scatterec1 trees, or in 

-1:-1:7 X 1.2} 0 1~>- t f tl t·sI101',t {690 X 49G or . D' percen · 0 le en Ire area. 

TARLE S.-Stllllbcr of 	!/NJ'/:es anll ratio olf trce-cor /..l'c ([ to tre(' TCf~8 lrl1lrl on 690 
tormg in c(l8t-(~c lltral North Dakota· 

I 	 Treeless Ratio of Farms 
FarmsI T otal farm treeless wit h a Farmsarea cov- TotalCounty wit.h acres to 	 area to few trees withoutered by farms groves eaeh 	 grove but no trees survey grove 1 area groves 

----··--- ----1-- -- ­

.•-'leTtS Number Number _leTts 	 Percent N umber Number 
Pieree ______ ______ ____ ________ . 20,240 95 56 361 	 0.:33 18 21 
RaIhsey _. ____ ___ __• ____ ._ ____ 27,OOR 110 84 322 	 .37 12 14 
Eddy_____ __ ____ _______ __ ___ 10,832 33 21 516 	 .23 5 i 
Benson __ _________ ____ _________ 21 , 232 61 
WelJs _________ __________ _____ _ 26,864 114 
Foster__ . __ ________ _______ __ __. 21,440 90 
Stutsman ___ _________ ___________ ~~:... _ _ 1_87 _ 

Totaloraverage________ __ 1 	 171,408 690 

31 
74 
66 

685 .18 14 16 
363 .:3:3 21 19 
325 .:n 13 II __ ~1~_~___39 _ ___ _ ~~ 

4·17 	 383 , 2.31 I 122 121 

1 This includes only the acreaf(e covered by a strip extending ~'8 mile on each side of the road tnw ­
ersed, and henee is not an adequate measure of the extent of eaeh farm bu t is probably fair enough for 
comparing the relative conditions in different counties. 'l' he extensive survey showed that out of the total 
of 447 groves, 180 were less than 0.5 acre in area , and 267 were more than 0.5 acre in area. The average area 
of the last 142 groves examined, which was assumed for all, was 1.2 aeres. 

2 Aceording to figures found in the agrieultural section of the Fifteen t h Census of the u nited States. the 
wooded area in these 7 counties averages 0.71 percen t of the total area . This apparent discrepaney can be 
accounted for in part upon the ground that these figures inelude natural as well as planted forest areas . 

Table 5 while valuable for comparative purposes is somewhat mis­
leading as to the a reage ratio, because the farmsteads and groves 
are generally located close to roads, and the width of strip was not 

lOT::D7°-35---2 
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,'lIili ient t in '1 1lU. a l' P " 1' proportion of the farm la n(l on which 
no tree plantillt-- i dol '. Th "1'e j " then. l(' .~ .· than O,IO percent of 
the tctal a n.>a of P iet'c . Ramsey, Eddy, B enson, \V "lb, Foster, and 
'tutsman (ounti c. Ie ote 1 to the culture of tn'e ('('ops. \Vith sneh 

n small part of tIl(' total land area plantt' d t o trc ~, it is little "onder 
that no h iking din at.i or physical benefits can be clajmell. If the 
area could be increased to 5 or enm 10 p E' r ent, pUl'ticulnrly if the 
grO\'e' wer in tll n atUl' . of 10nO', r elatively narrow strips, it is 
'~-hol1y possible that some yery concrete C' imatic, amI pby il:al bene­
fits could lw d n n, trate(l, antI any future plantIllg' program should 
emphasize this point. 

KIND OF TREES PLANTED 

Excepting the rare occurrence of l'yergre 'ns. the tree species 
fOllnd in the b l'fl V s of eastern North Dakota are 12 in nllml)('l' (tablr 
6). Of this t )tal. fiyp specj s (a spen~ American 1m. boxel(lc.'r. cot­
tonwood , and gre n a -h) are nati,'e to the area. The thl're wiUcl\YS 
rln<I Rw:;siaJ1-o}iyp are ('xotics, Silver maple is not. natin' to North 
Dakota (J ?), bnt i ~ fmUld in ,,,­estern ~{inncs()ta. Carolina poplal' 
and northwcst poplar are horticultural varieties of poplars native 
to th Ccl U nited Stah's (aspen and cottonwood also belong to the 
poplar family). 

T .n:L,-, G.­ O(!(·W'f' II(~ of I'W' ;OU8 t r ee. 8]) r-i in -H7' fJru1' (,8 ol (' lTst-centmf North 
nakfJfn 

Com rnonnam Scieuti ft e name 
found 

ciE'ntific nam Ii~l~\?~'i~Sh 
---­-­-­-­-­·I--­-­-­-------!­-­-­---!/--­----------;--­-------­--- ---­-­

13o. e JeL _______ . l eer 'Il f (/nndo viola -
C 1I.1n K ir (; hn. 

('ot ton';'; nd ____ Popu lus sa r(lf'll l ii 

Willow. : 

uropea n 
~· hit.e __ 

Bay _ 
Oreen ash _ 

Dode. 

f 
''''aIiJ' (LIlJa L _.. • 
Sill ;)' alIJn eitel/inll 

1 (L. ) Willkomm I 
an d Lnn[!:e. 

Sflli.r 1Jwta ndra L. 
Fra ri nlf .~ p f1i 1l-, yl ­

t'll /l icn III nceolala 
(Dorkh .) 8ar!( . 

P ercf ni 
o11n pophr. X P OPU IO f! (, 1I (lm i 17. 7 

IIort . ex D ade. 
64, 4 .\merieanelm ___ C'lmvs america71aL __ 1.0 

L'pen (popple) 1_ . Popnlu8 t remnloides 1. 0 
Mich. 

35. 4 ~orthwestpoplar P OPUI'18SP P. ______ ,2 
lG.l Russian-olive ... Elaca !I 'f1 V,~ un(lllsti· .2 

6. 5 
25. i 

{olill L. 
Sil ver maple __ _.. >f ccr ,~ a c('har; 711J,m L_ ,2 

I There may be some !Ill ; t ion n. to whether the aspen has been planterl in f,hese groves, or, its seed being 
wind-blown, it h seeded in from nntive trees of the ar a . ] n any event, aspen is not readily propagated b~r 
clltt in!!,s, as are nearly aU othrr mem bers of the poplar ~ nd willow families, anti this ,'hould be borne in mind 
in connect i< n with it s later men t. ion. 

As might ]H,:' ('xp(j(.' ted, the native trpes have been plnnt('(l in groves 
more commOldv than trees intr cIneca into the HI' 'a. The willows 
(Enropean\\hlte and bay) are an exceptioll. About 74 pcrcC'nt of 
all groves examined contained boxrlder; 64 jJercent cottonwood; ;38 
lwrcent willows ; nn(I :26 ]Wl'l't>llt gTeen ash. All other specie, were 
fOllnd in IE's::; than 25 percent of the total llumber of groves inyesti­
gated during the COlu's e of this study. 

MIXED PLANTINGS 

In spite of the fa ct that only a f ew trep speclPS were planted in 
the older groves of east-central North Dakota, tIl Dumber of combi­
nations­ f Ol'lll etI by mixing these trees i quite large (table. 7). Box­
elder, cottonwood. willow, and green a~; h have been ll~e tl 1110:4 often 
in mixed plantings (flO's. 3 ancf 4). Carolina poplar abo has been 
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used cxtensi v('ly. There is ~ome question ns to. ,,,hether the e mixe 
stands are better than those in which only a single tree species has 
been planted. There seems to be at least one major advantage of 
hardwoOll mixtures-their several-layered character makes them 
more efficient as windbreaks than would be the case otherwi~e. The 
chief disadvantaO"e of these mixtures in east-central North Dakota 
is that. some of the species invariably die sooner than others. It was 
fonnd, for example~ that with rare exceptions green ash is less apt 

F 25949J 

FIGUnE 3,-G['\'('11 a sh lind uoxeldc[' mixed by a lt e rn : l' rows, The average diamd0r 
of the ash i::; about 6 incli('s ; the averll :::"C he ight, :W fpel: tIL l' a " , 40 years , Note the 
dense cover of western snowberry (f:1Jjlllpll ol'it'(/ TlJUS (lcci t! n iali Hoole) U1H11' f this 
stand. The boxpld pf al'e dying hadly ill tile tops. Thi::; gro ve i::; locatNl 3 miles Wl'tit 
of I-lamberg, Wells County, N. Dal;:, 

to succumb to the. rigors of the semiarid prairie region than willow. 
Consequently, a mixture of gTeen ash and willow results in the 
earlier decadelll'e of one species than the other. Such mixed groves 
have a ragged, nnkempt appearan once the shorter lived sp:>cies 
start to die. It must be aclmitted in all fairness, however, that a 
mixture of green ash and willow is more desirabl than a pure 
plantation of the short-lived willow, since it is possible to cut ont the 
dead willow and still have the green ash left. On the othe,!' hand, 
a plantation of pure green ash (fig. 5) would have lasted longer 
and looked better than the mixed grove of ,villow and green ash. 
Tillotson (16), a number of years ago, reached the conclusion that 
pure stands are generally preferable to mixed stand ~ for far111 
plantations. 
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FIGlatH 4,--.\u ol.II' n, g l 'il. ' :;r vlalltation e()lllVO~ptl of a 
eottonwood, 1)0,'1'111(;'1', and \vhlt!' \\ilInw , This Is 
uppearanee fur ':';'1'0"" '; th a t han~ h ((:'11 ,' u bjpett'Cl tu a 
One Illile north or Ham berg, " 'ells 'OUllt,'· ,~, Dal, . 

TABLE 7.-. pel irs I) /' cl)m()iuatio'/L s of speci -8 
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·!4 1-'y"ar-old mixtlln' ()[ gr I'll ash. 
a dwractPI'h<tk 1l1l.lpL'-th('-stand 

number of p, l'l:;' con~tmlt ' l'azillg. 

foulld in tlle !lrorC's of fast­
('e)tim7 Nortli D akota 

Boxeldcr, ('ottonwoud, and \',hi te ~ iII<JII· ___ ___•••••• _. ___----- . _. 
Doxelder and cottonwood __ __ _______ __ _ ____~ ••• _._ ___ .•____ • ______ _••• 
Boxelder. . •••••••• • • . ... ... 

Boxelder ~lnd laurel-leaf willow _________ _____ _______ __ _____ .. __ ____ ._.__ ___ • __ __ .. __ 

Green ash and cottonwood ____________ _• __ _____ _____ __ ___ _____ ______________ .. __ .. 

Green ash, boxelder, and golden \I' ill w__________ ____ ____ ___ ______ .. _ 

Boxeldcr and Carolina. poplal". __ __ ________ ____ ___ ____ ___ _____ _____ ___ _ • _. - _ 

Boxelder,Cnroli pophr,andl:lurel-Ieafwillow ___ _______.____ _ _ ______ __ 

Green ash and b xelder __ _•• _____________ ______ __ ____________ ____ _ 

Green ash, Carolina poplar, cot. tonwood. boxehll' r , ndgolden willo _.... __ ._. __ • 

Green ash, Carolina poplar, cottonwood. b xeld r, ami white willow _._ ......... __

Green ash, boxelder,whi te will )W, llnd C, rolilla poplar__ ____ ____ _____ ••______ .. _ 

Greenash,boxelder, g ldenwillo v, ndCarolinapoplar________ . _____ .•_______ 

Green ash, laurel-leaf willow, and C rolina popla r______ __ _. ____........___ 

Green ash and Carolina poplar__ __ _______ .. ___ __ .... _ ___ ____ _____ • __ ._.____ • _ 

Cottonwood, green ash, golden willo\\> , a nd I· urel-lea f wiUO\ _____•••• __________•__

Carolina poplar____________ .... _______________ ________ _______ _____ ___ _ ••_._._ • 

Carolina poplar and laurel-leaf' illow______ ___ ________ __ . ____ ______ . __ • __ • ___ . _____ • 

Green ash, boxelder, and Carolina poplaL _____ _ ___ ____ _ __ _ •___________•.. ___ • 

Cottonwood, Carolina poplar, and whit willow _._•• _. __________ ____ ____ ......_

Green ash___ __ __ ____ ___ ______ _____ ____ ______ .. -. ____ ._._____ _____ __ . _-- __ ___ _ 

Golden willow _____ ____ ___ ___ ____ _____ .. __ ________ ._00 _._•.-----_. _._.._.. _.00 

Laurel-leaf willow ________ __ " ________ ___ ______ _ •• ________ __ .... ____ •_ _ --....--­
American elm, boxeldcr, and cottonwootl . _ ._. __ • _____ __ ____ __ ••••• ____ __ •__ • 

ottonwood, Carolina poplar, and boxoldcL ______ .. _... ____ , ..._.•_ .. . __ • _
merican elIn___________ •__________ ___ •__ ___• _•• _______ ••_. _. ____ •• __ •• ___ _____ _ 

'Vhite willow _____ ______ __ ___________._ _____ __ _ __ ______ ........ ________ •• _•• __ 
Amerieanelm, green ash, and boxelder.__ __ __ __• _ .. ________ ...._. __ _._.... 
Green ash, boxelder, Carolina poplar, and sill [" TLln p io ..._ • ____• __ - __ __ .. __.. _••• 
Green ash and golden willow ______ ____ __ __ ___ __ _••• _. __ .. _.... __ _ __••.• _. __ ___ __ 
Northwest poplar __ _________ __ ______ __ __ __ ______ _____ __ .._.. __________ •__ ---- ____ _ • 
Cottonwood aud Russiau-oii"e_________ __ ___ _____ ___ _______ _. _..•• ______ __ . __ ._ . ___• 

TotaL ________________ __ ______ •• ___ __._.____ __ • ____ ••___ ___ - - -- __ - -- -- -- - - -- -­

Gro\'es 

J. ru m bcr I Percent 

CoU-onwood ___ ____ __.__ _____ ________ _ ___ __ ______ .. _____ _ - _.__ - __ 00' . _ 3fi 
Cottonwood and while willow __ ____ __ __ _. __ .. . _••_ ••• ___. ____ ••. ,___ :~2 
Green a~h, boxclder, while will W, and col t Oll 10 d .. __________ _... _••• ___ •___ • 32 
Boxclder ami g-olden willuw ______________ ___ ________ _.00 .._. _____ __ ...... --­ 25 
Green ash, boxelder, and cottonwootl___ ____ _. __ . _ ______ ____ • . _ ••___•___ •• 19 
Carolina popl:1r, bo_'elder, and golden willow ____ • ______ __ ••• .._ __ oo ____ • ___ • __ _ II 
Carolina poplar and golden willow ..... • .. .. 

80 
_ 58 

31i 
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SPACI NG COMBINATIONS 

rvec1 in th 0Toves of 
t commonly used. 

r ves eSHlllint'(l, was 

F 2599S2 

FIGn:r. 5,- .\ Yi ,!;,o l'ons p In !urion of 20-Yl'a r -o I(I fU'('l' tJ n ' lt II p,,r nev il ~ L:ll"~ , N, Dnk, 
Till' trees weI' \Jl'Ull d sl .ol'tly befo rl' thi::; picture was ia\{l'u w tell a cc'ounts for the 
dpbris till tIll' g'l'onnrt, 

a spaclllg of 4 by 6 feet (trees 4 fcet apart in 1'0,,'8 spacell at 6-foot 
intervals). The second m -:t, (nunon ,:pu 'ing, G hy 8 f rt, 'I a,s used 
in approximately 24 percent of the grove. The. remaining 3 per­
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cent are istributeu an <.Hlg 1G spacing 'omLillati n:::;. For the pur­
pose of future er mparisons, he:::;e 18 spacin o• 'Olnbinatiuns are arbi­
trarily subdivided into two groups-those in ,,·hieh each tree has 
more than 40 square feet of initial growing space. (wiele spacing), 
and tho~ in ,yhich each tree has 40 square feet or less of initial 
growing space (n arrow spacing). 

TABI.E 8.- Spa('jug ('rJUlbillati01l8 ob ,fle/T ed il/. fh e gr01' ,',,; of east-eel/fral North 
fla7,otn 

IOrowill~ Growing I 
1'0' .Spacing (feel) spa('c per Spacing (fecI.) space per Groves 

tree tree 

- --------1--- -1----;----11-------­

Square s(}~(~rc iN u'mbcr Pacentjeet IVumlJer Percent• Tarrow spac:ings: \Vide spacings- Con. 
6 by 12. __ ___2 by 4__ _ ____ __ l O. '2 7'2 15 3.48

4 by 4 __ ___ _____ _ 8 by 10_ _ __ _16 80 20 4.59 2.0 6byI5 . ________ _4 by 6______ _____ ___ 24 171 38.3 90 2 .4
8 by 12... . ______ _ 4 by ____ ___ _ _. . _ 32 27 6.0

6 by 6 _ __ __ ____ -­ 6 by 20 ._ ____ __ ••36 11 2.5 l~g ~ I 1: ~ ]2 by 12 __ ___ • __4 by 10__ _ ____ _ 144 1 . :.240 7 LG 
8 by 20 ... __ ___ _ 160 1 .)Wide spac:inrrs:6 by 8 __ _________ . 30 G.71rreg-uiar I ..48 105 23. 64 by 12 __ ___ ______ . 48 1 .2 - -1-·6 by 10__ _ . _____ ___ / TotaL _ .24 5.4 u _ • 447 1 1{J().1l8 by 8 . __________ _ 2.7f,~ I 121 

1 1rre~ubr spacing h ldil:ntes t.hat lIlore than one srJaC'in~ combinatiun h .:s been uSl'd in t:le gro\'e. 

OBSERVED EFFECT OF WINDBREAKS 

The value of groves n.::· H farm asset. has been emphasized by sev­
eral workers. Bates ( , 3) has shown that in the central prairie 
States (Iowa, I(ansas, and Nebraska) windbreaks materially re­
duced wind yelocities and evaporation tlTlIl increaseLl (TOp yields 
within the zones of their influence. 'Valc1ron (120 ) emphasizes the 
aesthetic vulue of groves. 

Actual observations carril'Ll on during the perioLl from October 
31, 1931, to November 30, 1D:32, at TowneT, ~lcHenry COlluty, N. 
Dak., bear out the cone1usion that even small shelter belts materially 
reduce wind velocities. Both instruments llsed for meaSUriJlg the 
velocity of the wind ,yere placed at n. level 15 feet above, the 
ground. The average wind velocity in a garden area protected on 
aU four sides by a. 2-rod-wide strip of 40-year-old cottunwood was 
6.4 miles per honr for the €Jltire period of ubsernltion. The second 
instrument, 500 feet north of the grove in an area receiving the 
fnll sweep of the wind at all times, registered 9.4 Iniles per hour for 
the same period of observation. This means that. the wind velocity 
inside the grove was about two-thirds of that outside the grove. 
Naturally, these old cottonwoods "'ith yery few limbs near the 
ground are not nearly as effectiyc in breaking the wind as youn<rer 
trees or trees supported by outside rows of ,llrubtwry. 

The protection afforded to buildings by shelter belt. depends also 
upon the location of the planted strips. Tlus stULty shows that the 
groves have not always been locathl properly to afford the greatest 
prote tion from the prevailing winJ from tIl(> northwest. Ont of 
the total of 447 groves examined, 101 (22.6 pereent) had been 
planted w ~t of the farmstead; lV, (25.7 perc nt) north ot the 
farm buildings' and 231 (51.7 per ent) both north aIlll west. This 
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latter arrangeJllent natnrull . ~. to lJe ' in " it afford pro­
tect.i n from all, stern and northern quarter '. Then, t( ( ,th tr _ ~ 
should not be too dose to the builli 6~ ) be. prot~cted if th 
great st benefit j ~ to be had and j-f troublesom . nm -(lriftino d , e 
to the trees is to be avoide(l. 

There is me difference in the efficiency of (riolls tre , pe ~i .L 

for windbreak purposes. Bntes (52 ) hn: ~bown thn white pIne] ' 
Illore than twice as efficient a, C'ottonwoocl in l't'(lncill !2,' tll...· velo ity 
o~ a 15-mile wind at a distance of five tree hei6ht~ from the lee sicl~ 
of a gr v(>. Unfortlmately, there have been praeticully n evt·rgreen 
groves planted in east-central North Dakota. ]\;In h more tuuy of 
the value of different 'pe ies from. eY I'~r stnn<1point. i -'ertninly 
de irable. The entire subject of position, .jz', Ul'rang ,ment l and 
kind of tr , in win(lLreak. is ne which (le:::erves a 0'0 Hi deal of 
careful planning' to fit the indi idual case, 'l ·ially ,_illce, once 
the tr --'s are planted. it is not easy to corred any mistakes made. 

GRAZING 

A ~ a general rule, the planted (Trove; of past- >entral North Dakota 
are. extpllsively un(l intensi vely ~nlz (1, H pl'acti e which lWl'e in­
clnde:-; the. use of the grove for stock corrals. Unqnestionably, such 
grazing use is the wor:::;t abuse tu \\ hi ·h the avenure grove is sub­
jected. Not only are most groves very convenient on>rnight C 11'­

l'als, but they are also naturally attra -tiy , a_ a place of shelter both 
from heat and violeJlt storms. \.bout 45 pel'l'ent (20~3) of th, 447 
groves examined (llll'in cr this study are 1 nw being 11..eLl a ~ enelosllres 
for to·k Cattle, horses, and sheep). Probably the majority of the 
244 not bel11g O'!'az;ed at }lres~nt actually Ita ve been so treatell in 
the past. 

Because of the obscure hist Jry of 11 ~,t f these groves, it is next to 
impo,'sible t lletel'lllint' the exnd relationship of grazing' to dl'it'rio­
l'ation. ,,_. (Jlue recent "'ork has, llOwever, b '>n ...Inll '. Day and Den 

yl (6) have concluded that 1tlHler Indiana COIltiitiollS the first sh~p 
necessary for improvement of farm woods i. the restoratioll of natu­
ral balun'e by the removal of livestock frolll sneh ar('a:-;. Auten (1) 
found that there was a IOSH of porosity f the s()il following the 
grazing of natural farm woodlots in the Central States regi n. He 
~howeJ that-

CIHnpnction accompanies gruzing. and compaetion n , .HiS Rtnnll('r wutel'-hnlding 
capacity. PUOI'('1' lH'l'atioll, alld ge.nel'nl (kcl'("a::; \ in tilth and ]ll'oductiYity. Tre .. 
}jecome stag-lH':tded wl1l'l'f' grazing i~ continued. litter largely dh;apllear>;, sod 
forms, and the wood~ grow thin ::111c1 finally (li~a]ll1l:,ar, 

If this is true and important to the h >alth of tr('es whel'f' the rain­
fall i ~ 30 to 35 inches per annum, how much more importn Ilt it lllUst 
be when, at best, the tre....s can obtain ~carcely enough \yater to sur­
vive I C nsidering that North Dakota soils ar naturally vcry com­
pact, grazing mnst have a bad effect on groves a::,ide from preventing 
the accumulation of a natural lllulch. 

SIZE OF TREES IN OLD SHELTER BELTS 

In the intensive stmly of 12 of the groves ;·n to 44 years of age, the 
average )f the tallest cottonwood tr E' wa~ fOlUHl tt b (30 feet in 
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height and 11.7 inch s 1. b. h.S (tabl 9). N xt to ott nwood, ,~ il­
low makes the most rapid growth of any of the trees cOllllllonl'y found 
in the older groves f ea 'i-central North Dakota. The larg€' ot ,yil­
lows were found to average about 44 feet in heiaht alld 9.1 inch .s in 
diameter. The talle~t boxelders in tlH'S(,. same ~roves average about 
28 feet in heiaht and 6.1 inches d. h. h. Similarly, the Inrge ~t green 
n~hes ayerage about 32 feet in height and f>.3 inches d. b. h. 

TABLE n.-A.ceroge tiill'lncter, lll'east kiUh, al/(l h ight 1 (1/1' tll Tlll'fwr (dmn inrtllt) 
trees Of 1 ~2 /17111It(';ri [lrOn'l:; itl ('flst-N'ntraT XI/rill f)1Il."fifll 

Cottonwood J reel! ash Boxellier Willow ! 

<1J 
;. ..2 ~.. .. .. ~Plot 
tJ! .s ~ __ .QJ ~ ~ Q.i t: ~ ~ 

''0 S 
0;) § f m ~ ~ J ~ ~ a ~ ~c::
bn q-<: ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~1 

------ - 1- - - 1- ­

Plot no.: Yrs. In. Pt . No. In. Ft. No. In . Fl. iVo. In. Fl. r.,To.
12__ .. ______ ___ ___ 40 \).5 47 14 ______ ___ __ ______ 4. 7 24 7 __ __ _ __ _ 
12b _______ ___ ___ _ 40 10. 1 5~ 16 ______ ___ _ • _. ___ 6. ti 30 4 47 
10 ____ _____ _. •___ 42 11.1 55 7 ________ . ___ • ________ _______ _ ____ __ .. _. __ . _••• ____ _. 
11. _____ _____ ___ . 137 11.2 54 16 ______ __ _ __ . _____ 4.8 22 7 ____• _ ____ 
3 _.. 43 11. 2 56 5 2. 5 15 5 __ _ • _ ___.. __ ______ ___ ___ ______ •• __ 

~~a~ = . ~== = = = = = :~- :!~ g: ~ ~~ 2; : :: __ _ : : _:: ==: . . _~~ ~____ ~~__ ___ :_::=.== ::::_=_: __ :~ 
20 ____ ____ _____ __ 40 13.0 64 25 5.7 30 ~8 7 -1 au 16 ___ •••• ___ ••___ __ 
22 _____ __ ____ .•• 44 1:3.4 65 ~ 3.7 25 ~ 5 1 24 JO 104 43 15 
5a ______ ____ ___ __ 4U 14.:; 61 6 ___ . _ __ ___ ___ __ __ ___ • ____________ .. _ ____ 
22a __ ____ __ ____ .. 39 . ___ __ __ __ __ ___ __ -1 6 a7 2a __ __ • __ __ . _ __ __ 7.5 4:3 t! 

Z3,~:i~~-t~~ ~;~;--~ -- --- - ,-- -- - - - ----- ~-~ 11 ..== =-:= -==_--__-·_1--= 
age______ __ ___ 40. 3 11 71 60 - __ ___ 5 3 32 ______ 6.1 2 __ ._ [I 1 44 __ _ 

1 This is total height as measured with an Abney Jeve.1. 

2 Includes both Salix alba and S. alba vitellina . 


Since boxelller, cottonwood, green ash, and willow are found ill 
a high percentage of the shelter belts of east-centrul North Dakota. 
these species give character to the planted grove of the urea, part.icu­
larly when they are viewed from a cli!:itance. Upon closer examina­
tion of the groves themselYes, the trees show a ~reut vHriatic n in 
height and diameter. A::; a general rule, only a. slllull percentage 
of the trees of anyone species have a diameter and height which 
correspond with the average size of the largest t.rees. This is dearly 
brought out in tables 10 and II. 

On the basis of an a tua} tally of 7,277 healthy boxelder, cotton­
wood, green a8h, "'illow, and aspen in these 12 grove~ (table 10), it 
is evident that out of every 100 boxelder trees only ID have a llialllcter 
which corresponds to that of the average (6.1 inches) lor the largest 
tree, and the average size of all boxelders is 4.5 ill "hes d. b. h. 
Cottonwood shows the same trend-only 11 trees out of 100 are 12 
inches d. h. h., while the average for all the groves is H.8 i11('he8. In 
the case of green ash, the range of (liam 'tel' is . ('urcely 1 ss than that 
for boxelc1er, but considerably more than half tbe tret's are grouped 
in the 4- to 6-inch d. b. h. classes, and the average for the largest 
trees hardly differs from the 5-inch average for all the trees. vVil­
low resembles boxelder in its lliumcter spread fro111 ~ to 17 inches, 
and in the fact that its average of 7.6 inches d. b. h. for all tree;" is 

S D. U. h. = ui.lmf' t ' r at br<>ast height, i. e., 4.5 t'ept from ground. 
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appreciably lower than the aT'erage for large--t tr e. ~ T'en( p r ­
eent of the aspen trees a\' erage 1.8 inches d. b. h., and 90 percent are 
:in the 1- to G-inch d a:s :.·, with an average for all tree.~ of 3.1 
:in 'hes d. b. h. 

TABLE lO.-Pel'c ntage di.stribution of healthy trees by diamet er c7a.s·\(C8 for II 
planted gi'ores in e08t-(:(, lItI'((1 North Dakota· 1 

Diameter . t 4.5 Dox­ Cot- IGreen Wil­
feet bove the elder "t,ooD­ ash low Aspen 
ground (inches) od 

-----� �---------------~----I----- I----

P a ­ P er- 1 er- P er- P rr- P(IT­P u ­ P er­P a ­ P u ­
ctfd Cf nl, centCfnt cent fe 'll t cent cellt cent Cil Tl t13___ __ ___ __ ___ ___ _L ______ ____ ______ 10.9 ti. 8 30.5 0. 15. 9 2. 3 0. 02____ ____________ _ 14___ __. __ ___ _____ 0.124.05. 0 4.3 0. 1 4.2 0.0 2.6 . 23__ __ __ _____ ---- __ 15_.13. 0. 2 !I.~ 6. 4 16.0 2.1 .1 1. 0 . 14_____ __________ _.. 17. 3 1. 2 15.8 11. 0 9.9 Hi 1. . 15_____ ____ _______ 23.4 2. 2 :n. 5 14.4 3. 5 17 .1 .76___ ______ __ ____ __ IS_ _ ______ ____ __ ___ _l S. 6 7. I 21. 4 12.4 G.1 . :~7__ ____ . ____ _____ 5. G i . Ii 8. 6 S.3 2.98_____ ______ __ __ __ 6. _14. j 11.03. 6 2.6 ~~_ - -=~ = ==== = : === ~ .=_===. -.i" . =~-~ ==__ ~= I::= ~ _9___ __ _______ ___ _ 21.. _ ________ _____ __ • .1 . _____ __ _ ___ _15.4 2. 3 8.6 2. 1i

10___ __________ ____ j -.--­--'--­16.0 . S 7. 3 1.2
11. __ 10. 4 . 3 7.5. 1 .4 T ot tlL __ __ ___(lO.O 100.0 100. 0 100. 0 100. 0 

r.1 10. - a. /1 5. 911.. _. ~ ~= ==== == ~~ == 

1 P er<:ent age \"fl lues nre based upon 1,4U7 boxelder, 2,032 cottonwood, 1,300 green ash . 1142 willow , and 
1,896 aspen . Sometimes na tural reprodu lion of boxelder and green ash comes ill under the 'hade oft. h .older 
tre • It i t.hi reproduction whieh ccollnts for the relatively great number of t.rees in the I-incl! class. 
Aspen (popple) 1 seldom plant.ed ill the groves of east-central North Dakota. Howe\'er, it doe~ !ten come 
in naturfilly. Once started, aspen r produces itself by root suckers which corne up alma t e\' ery year. 
As u r esul t of th i habit of reproduction, t.rees of all sizes and ages are found in these aspen clumps. 

'l'_\BLI!j 1] .-.l l;(~rau ' t otal. h ' ioh t in f eet 01' st'·veral. tre IljJec icll COII/III (1il l y fund 
i/l 17 (lrOV . of ewst-oc lltra/ North Da.kota. 1 

Flrt 
4:! 
4·1 
!,j 
4:1 

Fut 
·HI 
50 
50 
iiI 
52 
52 

I Va lues in italic a re in lerpolated ir m cun'ed k nown values. Measurement s are laken fr HI the 2 
~rove cited in tabl \) and 10 plu ' 5 lJIor windhre k ,eO, 20, 31, 33.. and 4.3 years old, r , pe ·t. ivel ·. B c use 
of t hi ' grea ter amount.of basic da ta , a verage height and diameter value here given vary sJi 'btly Cr III tl1 e 
i n tnbl !J a lld a r om what mor e ' ct. 

Curve va lues based on 69 t.rees; a 'erage diameter, G.l in 'hes; . \'erage heigh, 27± 0.84 feet; s t ndard 
d ~viation in he igh t , ±B.9 fee t; standard arror of e 't.jmate, ±3.9 feet ; lienation ind ·,O.51l. 

3 un' y allles baseo 0 137 tTe ; u vera j!e diameter, 11.5 inch ; avera hei O'h t , 59± 1.0 feet ; s c odlU'd 
d t ion in hei hI , ± 11. fe t.; landurct error of estimate, ± 7.9 feet; alienation index U. tii . 
t u rve v~)lue based on 9, tree; aver e diameter, 4.6 inehe; \'erage height, 29±J.1 feet.; standard devi­

ation in eight , ± !O.4 fe t: t n ard error of stirna te, ±6.1 feet; aliena tion index, 0.5 . 
~ Curv val Ie ba ed on 3' t ree ' ; a verage diame ter, \1 .0 inche ' ; ayerag beigh t , 42± I .!J f t; standru'd de \' j­

atiem in heidl t., ±lU. 5 fe I: 5l ndal'd error of timate, ±7.S feet ; alienation iw.lex, 0.75. 

The trees of the 01(1er 'heltC'r belts yary e(m: dernhly, not. only ill 
liaIlleter, but al -.: ) in heigh t. As a n atter of fact, ther is a definit 
r lation ·J ip be.t,,~e e.n the dianwt l:' r of the tree and it h i ht. ThiB 
l' l atioli <;.;hip i brought 0 it v<:'1'y clearly :in table 11. F rom tIli;: 
table :it may be seen that in the. older groves boxelder~ vary f1' m 9 

1 7;> 7 C
_ . 5--:1 
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to 46 n aT' raO' 11 ight ( 1'1 ' . oll J Ln~ 
averaae diamet I' in t~ hIe 1 of appr :\'imat '1.': :l:.- .f t-. Cot 
r nng('s II' TIl 18 t '76 f t in ight" ith an approxilllu av" ge 
hei (Yht of' I"' f . l' e a, 11 raJ I f • froll 9 t 3 feet in h ight and 
it.' Uv rag lian tel' inl. i at s an a 1~ r' (~ ltl'igllt ( f 33 ie . \ Till 
heights are fr( m 21 to ;). f t, and th' n 1j 'ate<l an'rage i.. 41 f et. 

It 111n' not be a mll thil t. t Il \ aln :-: f taLl 11 ,yiil ' incide 
exactly with the ITl asnI' 1 h ights f tr in all as ·S. ..L tlLall. 
the. height of tr " )f a gi n diamet.er nel ' }J 'ie~ will not a , ays 
be the same. However, these av rages are fairly go 1 appr xima­
ti ns. The statisti al undn , of the~ , approximati ns lIlay be de­
termined from the footnotes of ta Ie 11. Of the ::;;tntisti al vaIn . 
found in the tnotes, the alienation index , which in this cas sho 
t.rue effect of c1iameter upon height, shou1d b mention u. F or 
example, the alienation index is given as 0,07 for cottonwood. This 
means that 55 percent of the variance of I eight of cottonwo d i. 
a ciated with diameter, 3JH1 that the remaining 45 percent is inde­
penuent of dimneter but may be dependent HI n th I' fartors, BU ·h 
as the influence of spacing, soil, moisture, etc. 

From this survey of the growth of different sp ·i ,~ in the ld l' 

shelter belts, it is evident that ottonwood attains a larger ize in 
both height and diameter than any other pecies. Tilt' llext pe­
cies in rapidity of growth is willow~ with boxelder an<1 green :l, ll 
following. 

If growth al ne were the measnre of success in shelter-Lelt plunt­
ina, then groves composed entirely of cottonw 0 1.1 h uld be the JUl t 
d esirabl. H wever, there are other factors that affect the penllu­
nence of a shelter belt. One of the 111 st important of these factors 
is the adaptability of a given tree species to the climatic conditi ns 
of the, area. This adaptability find , expre..sion in the numb .r of 
healthy trees in the older groves as compared to the number of 
dead or dying tree ', Thll, the ff , tiven 'of the shelter belts i ' 
measured not only by the. rapid growth of a few trees that may ... ur­
viYe the, rigor of the climate, but al ~o by the better survival of other 
pecies even though they lUay grow at a much slower rat. Thi 

is brought out more clearly later in a di -, ·U. sion of the decadenc ~ 
in the uleler groves. 

THE RELATION OF TREE SIZE TO SOIL MOISTURE IN COTTONWOOD 
AND GREEN ASH GROVES 

Soil moisture has been found to be one of the important f actors 
affecting survival and tree growth in eastern North Dakota. During 
the course of the extensive survey, it was ob 'crved many times that 
cottonwood, boxelder, and willow showed their u{-'\st sHl'vival and 
O'rowth in natural depressions characterized by moit ~oil. It was 

bserved that green ash, on the other hantl, apparentlJ" did best on 
the less ,moist, better drained sites. 

In order to obtain more definite pr of of the (,fred of ,'oil moisture 
upon tree growth, two groves 'were studied intensively. An analysis 
was malle of the effect of soil moisture upon the growth of cotton­
wood in a sheIter belt near Harnberg. Wells County. A. imilal' in­
vestigation wa made of the effect of soil moisture npon the growth 
of green ash in a plantation on the out 'kirts f Deyil . I~ake~ Ralll~ey 
County. 
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OMP \ RI . ' OF' S If.. PROI IL II TI~EE lWWTH IS TilE 

D ry k n 11 

in '11 " of m '(lium got' • i ~h-hlack 
loa m ' dl'Y' 10"'; l 'uIlul'lr truttur . 
'om;i ~l I'll'bl ,. l' '~ t' '1evelol~ment ill tbi' 

zan . gin~s negative react ion with 
H Cl. • 

II(Jri~ It 
, 

1 

:!O t , ~2 inC'll( , of (lark 0'1' yi. 1 -hh 'k 
i' aye~' loam; llloL·t; friable, 1m W Jak­
Iy mpactcd; pri~mati' ~tr ('ture ; 
pie e ' bl'e~lk easily into 'm ull crumbs 
when eru hed in the hand; many roots 
nre present; gives negatiye r eaction 
with Bel. Soil moisture, a 1;1 iIlche~ , 
20.!J 11~rcent of oyen-dry wei;,.ll t . 

9 t tl 10 ill 11-'­' of ligh t y n w· b­
1..11' Wll l OHlII ; d roY; loo~ , b'" nula r 
~ tructlll' p: many root~ oe ur in thi' 
luy r; biYe negative 1'eaetion with 
H( '1. Soil mOistul'e, at 5 inch ,8. 
p 'c nt of oven-dry weight. 

Horizon n 

6 to 10 in('h(' ~ of dark yellowis11-gl'a~' 
:,andy ('lay; mnbt; prismatic Htruc­
turc; larger fraglllE'Ilts break easily 
into smull pie 'es; splotched with ac­
l'ul1lula tinns f dark yello\vish-orange 
sand alld gTuvel: rea<"t~ weakly with 
HC'1. Soil moisture, at 40 iIH.'hes, lO.n 
percl:'nt. 

11 to 12 incllPs of chnlky whit grfiV­
dly loam; YPl'y dry; vcry 'oll1pact; 
granula r struC'ture; ons idernbl l' ot 
development in tbis hOl'iz n ; rea'ts 
strongly with Bel. Soil moisture, at 
15 inches, 7.1 percent. 

Iloriz O'Ii B, 

.Absent. l, S inc-he' of y llowj~h-gra 
tT l'tLYelly luamy sand; dr.' ; Aructure­
I I:'~.:·; sIi'yhtly cemented; reads strong­
ly witl II '1. Soil moisture, t 3 
' Hcile ' , 7.2 p'r ' 'llt. 

H fl ri::,o ll (' 

in ·Il ~ of light y Howi h -br Wll 
~ru ly day ; moist ; Vi l'Y 'om t ; 
1) 'is lllatie structure (larg hunks can 
I broken out with a 11 <Hle ); .1 a ll 

ea l' 011 te tu \)('!S ' 1' < h lau t ; little 
root tl yPlopm'n iu l ilL... h orizo ; r -
:lr'b'l · t 'lm ;.d.\· i t h H J , ~oil moi tu re. 
at () inclle , ](J.:! lJCl' ·eut. 
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(i )'O lCtll o f ot t 1I 1/"00tl 

Of 21 d Ol tuant cottonwuods mea,-'­ Of 14 110m iuallt tr('~. · III ' ur ed. aver­
Ired, ayerage dia meter at brea st a~ cliam t l' a t bl'l'a ~t l ight " rv 0.5 
lwi g-h t '"as 11 ,8 inehe ' : a "erage inc-hes; 11"~I'H O- l:' 11 ) l~ lt , -47 ± .c') Ie t . 
" igh t, 72 ( ± :!.-! fe,t. 

o 	 . ..uu, ·OX OF SOL P UETI.ES, ,~OI .\l i T HE. ~::\ J) l.R)O,Jo-: (.now-rTf X THE 

OREEN ~ SIT liROn: 

'11 c1rn itll' -il (north end) 1'01 1'1.'" Ilrulnt U . it IIlIlh wI) 

H orizon _Ll 

H'JrizlJ II '~ 

i n a c.: cortlallel~ wi t h Fisher's t·tl·sr lli l' [ bud I ~ ). 
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Horizon a 
A least 6() inch e " of buff- 'u lQr cd 

clay' w et· ,'th'ky; ~tl'U 'turel 't:;' Cull­

taiil~ innl.llllel'uble yellow-orange allll 
whitish-gray Hakes or agglutination' 
(glei fOl'mations); al:"1o 'h ::ll':tctcriz "d 
lJ~' llUnWl'(lU [\ '('UlllUlatiolls f ~m ;lll , 
Ir\ il ky whi te, t rtl uslul"ent (' o · s als (pre­
,'umabJy magnes ite 01' ('a ldte) ; l it) 

l' )oL: ill thL ' 11 \ l' iz oJl : .troll;':"!Y l'l'ae in' 
\ i th FIt '1 in the UPll r va l't of the 110 'i­

~ 11. 1',. , 0 ~ i tll im'I't'Hsl'!l depth. ~oil 
JIIoi.'t U!'(', 24., ' ll'r" nt a t 50 illche~'; 

j.G I' >l'leut U t 'inches . 

GrOll; t11 of green a 'h 

Of 10 domina nt tr ('8 m af..'lll'ccl, u 1'­ Of It domil1(J n t t1' snit a. m d, .V l' ­

ng-e llialU(' t ' 1' at Ill' a t 11 \ gIlt W<t. 2.7 a~ lliumet r ,tt Ul'~, h >j"'JI1 wa~ 1.6 
1 nt'll ; u\ 'age t t al heigh t, 2') ( ± 1.7) ill 'l1 f'.; :1 ' 'uge t lU ~ jght, 12 
fc t, ( ± 1.0) tIt 

CAUSES O F DYING OUT O F OLD P LANT ATI O NS 


U E OF T REES NOT ADAPTE D TO TH E CL MAT E 


10. \ fic ld b l' I'C ot. t be La e ' t U.tf'6 For' ·t E . pcriUl(, lI l • tlliiull, H I 'Il I ' Towutll', :\lclll' lI l'.'· 
'ounty. maintaill cJ cooperativ' ly w ith tlle . ' (trlll Dakota ::;c.houl uf F(l1'I·,' try. 
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ing n 

'I Aur, ' 12,-1> ,'c(m taq ot 7it'ii/tf. 71Ga 7thy tr ,(\ in, 17 !/ro r l'.'< ?IJ I f) ,H l/cor.9 of £IV 

~ p des 

A IJ~IL __ ____ _ - 'VWo 1 __ _ _ _ __ 
Greell ~h _ , ______ __ 

ottOD W(lOd.__ ___ __ _ 
Cal'olin' poplar ____ _ . _ 

Bo:-.cldcL . __ _ ____ _ 'l'otal __ ____ __ .u 

A " lllay be e from table 12 70 percent. of all th t rees inclul e 1 
in the intcnsive tu(}y were living and he lthy. By . 1 > i , Car 
lina, poplar shows th po rest climatic adaptabili.ty­ < t rees out £ 
'very 100 were fonnd to be dead r dying. Thirty- light P -'f 'Ht 
the cottonwood and of the boxehler were likewi~l' (1 1 or lvinO'. 

l' Il ash proved i1.. ability to with-tancl the .lillluti extr me f 
the area as is evidenced by the fact that only 15 tl'e~~ Ollt of e 
100 tallied were found to be dead or dying. Aspen mad an 
bptter showing with 88 tre s out of 100 living and healthy. 

l~ rom this tally of 14.6G4 trees,ll it. is clear!) evident that C.n 1iJ a 
poplar is poorly' suited 'to the clhnatic conditions of the area, whil 
a 'pen a.nd green a 11, which are both native specie., nre well fitted t< 
snrvive under these conditions. Cottonwood and Loxelder, al ' ) ('­
cntTing naturally in the area along stre:ullS and Ink s, arE' faiI'l~ 
,,'ell adapted for artificial plant.ino·s when sites similar t thei r 
natural conditions of growth are chosen. 

The figures in table 12 indicate that the. wrong selection f specie, 
Hnd particularly the u...·e of species not adapted to the ext.rem . 
North Dakota climate, Illay be an important cause of the dying ont 
of the older shelter belt~. 

SPECIAL SIGNIFICANCE OF THE RECENT DRY YEARS 

The natural woody vegetation of a r ",ion represents that ren1l1an 
of all of the species uf neighboring regions which has been able t 
survive the ups anti downs of climate (particularly the variation ' in 
rainfall) oyer a sufficiently long period of year' to inel l Ie all ex­
trenw conditiolls. It is almost an axiom that. whrll a new tl' L P ·i ,­
is tri d in any l'(·gion. it way thrive, , pe-ially if .'ollle 'lilt In 1 (,, 1'(-1 

i · given, for a long period before some climatic extr m hi h i. 
p 'uliar to the ne r sitnation OCCllrs. For examplc it i n ··i a 1 
that such xtremes of heat as occurred O'cnel'allv in h N rthw st in 
1931 may n .t have Le 1 felt f r 20 years or \nore pr~Y.i u.Jy. I 

• 



CAU E F DE _U)E~ 'E IN THE D IH TE , ' OF 

could b I> ',ibl 
ruth l ' . l1sitj v t h a a. 111U '} a 19 e' l' of o' 

. • . ~ w(·ll 11 0 i hn tim . ut ('oulJ not "'11 ea 111' TI l 
t. be 'au. 110 aIH· ·\~t r f tIt , ~ , 
t ( apt II 't..: If to ) that xtl' m . 

RTH ] T A 23 

I n an ar . Sl1 -h as this '~' hich r('c lv . only 16 to ' in ·hes 0 r a in­
full llol'lua ll~' , any year which i::, apprecl~lbly below the av n 
n ' y C l 'illered a llrouo·ht. year . The balunce is s crit.i nl re 
U at unl ' ~s tl c> lit:;tributiun i 'uch a to fa VOl' vcg tation urino' 
tl e growing season a shortaO'c in precipitation of eTen 1 i1Luh in a 
y -ar may h e I1Hll'kefl t'ffect on t1' es, and in any event is likely to 
'al S , some 1elletion of the sma II supply of moisture in stor age in th 

gTOlllld. TIl he 'ase of a what crop, the first y .ar of horta0'6 
mi6'ht se riousl r relluce the yield; if the, drought ,"vere to persist, 
the wheat, crop might be abandoned for a year and the llloistur 
' mIit.ion more or less" caught. up " by fallowing. No sHeh thing 
'~ possi )le with the individual tre ~ or orove. of trees. A species that 
i very adaptable to drought cOJ1Llitions, such as ~reen ash, can amI 
loes curtail to some extent its Llemancl for moi tnre by losing its 

1 'aves uIl 'ea::;onably, but in the main, the tree is likely to be more 
)1' less s ,riously injured by the 16~s of its mo' t.nre supply, particu­

larly during the growing season, and not to reeover full~ frum s eh 
injHry. "hert' the inju[,y is rcpeated, th , indivillual tree, or a 

rtuin p ' rcentage of the trees in a gTovP is then permanently 1 t. 
It is thus hanlly to be questione 1 that the esp 'ially hilrh los s 

wI ieh have eausell alarm in recent years are due prilllaril., to the 
11 ost severe drought period silH,:e th nineti s. Sincc drought is not 

reventable, and i likely to be sen're enough in almost any singl 
year for a gTOV of trees to llel'lete the Illoi sture within its r each , 
t he cho') of .e'ies known to be adapted to these extreme ndi­
tions is, in North Dakota, an ab lutely essential cOll 'ideration. 
Furthermore, trees ,\·hich in natu[' have proved long-lived under 
these climatic conditions have been founll for the most part either 
along the stream bottoms and lake shores and in depres~ions .,. here 
they receive extra. nloisture by seepage, or on the bluffs along the 
valleys where good drainage, leaching, and erosion tend to create 
m re open soils than on the flat uplands. 'Vh n planted somewhat 
away from these most favorable sites, native species should be aided 
in survival by cultivation, so that they Inay early benefit. by the 
c nservation of moisture obtained in closed, COlnpact forest stands. 

PLANTING ON THE LESS FAVORABLE SITES AND SOILS 

Another factor which appears to be directly r elated to the deca­
denee of the older shelter belts is the character of the soil in which 
they are planted. As a general rule, regardless of composition by 
pecies, shelter belts on light sandy soils tend to be lower in mortality 

than tho.::: on hea.vy clayey soils. This is probably due to the fact 
that moisture penetrates more deeply, and the trees are rooted more 
deeply in light porous soils. Heavy soil.~ moreover, may lose a 
portion of the precipitation by surface run-.o~. . 

It was als found that the present conchbon of O'roves In wInch 
the trees had been closely spaced (4 by 4, 4 by 6, 4 by , 4 by 10, and 
6 by 6 feet) was better than that of groves ill which wide spaeing 
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(6 by 8, 6 by 10, 8 by 12 fet, tc.) he d b .n f 11 wed. ApI ar ntly 
this is due to the fact. that dose spacing discourages grass and other 
YeO'etation from coming in und competing with the t.ree for l1lois­
tLlre-a particularly important. factor during the early life of the 
plantation. '~Tide spacing, on the other hand, eneourage:s gra 's and 
other vegetation to spring up, and permits the leaf litter to be blown 
away ~nd the wind and sun to have much greater p ten y in drying 
the sOIL 

An attempt. hus been made, following a method .. ugg \~tf'd y Li.p­
pett (17), to correlate statistically the observations ma Ie during the 
extensive survey which bear out these conclusions (table 13). - Be­
side species , Roil , and spacing there are other factors which , un­
doubtedly, contribute to the present decadence of the older OToves, 
such as lack of proper care and grazing. 'Vhile these factors are 
believed to play un ilnportunt part. in causinO" the death of the trees 
in 01t1er plantings, no clireet. ~'tati stical correlat.ion could be obtained 
because no information was available in nlOst cases as t.o th earlier 
treatment of the shelter belts. 

TARLE 13.-l1ffect of 80il 	and 'pacing 1lpon tlle d cO-(lence of the trees 'i n ~9.(j 
grot;cs, aged 26 to .10 y ear8 

Percent­ Index ofage of Com­Spacing I~oi1 textureGroves sij!1l i ti­hell lth puted t ' Cane 3t rees 

---- - --1-------------1------­ ----. - -­

lVu mbu 
93.117__ ____ ­ }r ' ht ( d) fNarrow __ _ .-­ 1.151L__ _______ _ , Ig san y -------------- - ------ iWide ___ ___ __ 70. '.) 
75.11~1=== : = =_~ --=== }Heavy (clayey) ___ ____ ____ ____ ____ {'~ye~~~= ===:_ tiO. 7 

1L__ __ ___ _ ___ ___ Light (sandy) _____ __________ __ __ N arrow _ _._ 93. l l. iI14L __ ___ ___ ___ ._ _ Ileav_ (clayey) _____ __ __ __________ __ do __ _____ ._ 75.1
11. ___ _ .___ ____ __ Ligh ( ' 3nd y) ___ _______ _ _ _._ _ Wide_ __ ______ 70. 9 
124__ ___ __ _ • Ilea \". (c1a ye~·)- - --- --- - .-.-- - _. d _ 09. 7

A\,erage __ _ . ___ _____________ ___ __ __ .. __ - ____._.__ __ ___ __ . __ __ .._ 73.7 

t= .'111-"' 12 

. " fJ-+l. " lVl 1\ 2 

where j\!l nnd ]. [2 are the t \Y O III ns, lVl and .N~, t he corre pOTlliing num ber or b'er ;at i ns, nd 8, the 
squar root of the variance, compute from th following expre ion ~ 

i:imall 171'8 denote individual observa tions. 'l' he denominat.or represents j,he num b 

Table 13 makt' it clear that. there are 2 gr ve b tween tll'" 
ages of 26 and 40 years whi h occurr ed OJ ligl ' sand. r • oils.. Of 
this number, the tre '" in 17 shelter belt , W ' 1" closely sl [toed, and 
how .1 an an~rage e..timatecl ",urvi val 93 percent, i. e., 93 out of 

every 100 tl't'es in the 0Tove were liying and ll(-l~ ltlly. On th oth r 
hand, the average estimated 'urvival f r the t.r ' in th remaining 

http:denominat.or


11 groves which are 1aract rized by wid spacino- was only 71 
percent. Thus it is en that on light soil narrow spacing has 
resulted in a healthirr on(lition of oldet' gl'(W€ S than wid , pacing. 

The next eetion of the table cOll1pare~ WllTOW and wide ,'pacIng 
for grove~ on heayy clayey soils. I-I l'e, agaill, it i." 8l'en that the}'(~ 
is less decadence in narrow-spucN1 than in wide-spacer1 grov (75 
a~ compared to 70 p rcent). 

The inflnence of soil upon tlw present. condition of th stand is 
orought out in the last t,,~ 'petions. " TIH'n groY ehara'terizec1 by 
l1arrmv spacing are compared on light Hnd heuY~T. iI ', lig'ht soils 
show a marked sll}wriorit T (0:) to 75 PCI'(,Pl1t). similar <.:oI11}ml'isOll 
of gron'~ in which tIlt' trees wen' spacpd wjI1(>ly shows t.hat there is 
little differen e in th , p.r entu ~ of It althy tre s on ligh an(le 
hea vy soils (71 as. com pared to 70 percent). 

TI c better slllTival in groves with tret'. 10.. ly :"pac ~cl ~lncl in 
groves on light soil probably can be attl'ibnte<l to thp thinner sod, 
and the qni k "1' ab:::;orption and l'<:',ldier givin r up of moi::;tnre charac­
teristic of sanlly soil. 

The water tablc~ is ordinarily fairly Ius , to th ~nl'fa in light. 
soils. III dug we.lls, the water table is QnCOlUlt :>red at a (lepth of 
abont 7 feet in th , sand-hill area (If the Del bigh Dmlt's ~tnti 11. OIl 
the loaIns south of "Tebster, Ramsey County, the water bble, is 
reported by farm rs to be fr Ill. 10 to 25 f et below th ground 
~ur£ace, and, at n. depth of 12 to It) feet in the. alldy loam soils 
JIlst . uth Jf E~mund, Benson COllI ty. In ar as chal'( d rizecl by 
heuyy dayey soils, wells are ordjnarily 50 fef't clefp at least., and 
llsually llllleh deeper. 

The differences in the decadence of aroves on lio-ht and heavy 
soils were als() sul)j('ctt~l1 t a :"tatistical aJJalysis b., tl e t-t . t formula. 
Bv this forl1lula the significalH"l~ of the llifference b('tweE~n two 
means may bt:, deterllline~l. The c1 grec of str 1 g I of this signifi­
cance is expressed here in the form of u ratio. If the ratio is 1.0 
()r more (see last column il1 tubll' 13). tIll>, lliffer en ,'\ bet\ n th I two 
rneuns has real significance; if the ratio is less than 1.0, the relation­
ship is not as strong. 

For example, as can be seen from the fourth column of table. 13, 
the differellce in decadence betw >en the 11enser gr)v ,. on light and 
heavy soils is 18.0 percent (93.1-7~.1 p rcent). " TIH'1l this lifferellce 
is t{'stecl stnti "tic, lly the index of . ignifiC'flll ' is foun ll to 1.71. 
This means that under conditions of close spaeing, soil is a renl 
factor in the present condition f the shelter b It ::-. 011 the other 
hanel, it. was fOUlld that thjs relatlonship did not holl1 fur groy(>:, 
in whid1 the trees were widf'ly :::;pacl:'cl. 

POSSIBLE IMPROVEMENTS IN SHELTER-BELT PLANTINGS 

In the light of past experi :>nces ill shelter-belt plalltings in (\Hstt:'l'n 
North Dakota and el ~ewhere, some definite .'l1ggl-'StjOI1 S enn be made 
for the improyement of future planting practice. 

A sei·ions dying out of the tn'(:s in the 0111 slu.lltl'r Lults is a fact 
well confirmed. This decadence, while probably speelled by the 
uncontrollable drought eOll(1ition the past few yt"~H'S~ is llot, however, 
something that is inherent in forest planting, but is due in part to 
ontrollable CUll 'es. Had the ~e call -, been thoroughly understood 
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and elilninat J at th time of planting, mu h (If th{-, 1 ' ,,,hi h 
now u ·t Urrill b in 'h l(ler ~belter belts wcn let haye beC'II prevented. 
They are: (1) TIH' LS of spe('i(~.. poorly adapt ~J t u tll:l climatic. C ll ­

dition~ f th til' il, (~) \vide ..pacing betwc n plauted tl'et-'. · which 
resulted in llIore eomp ,ti tiun frolll gra~~ tlJHl other e(Y tation than 
"\H uld othenyi::; > have 1 ("n the case, (3) poor chojc 1 of plantillg sites, 
and (4) QrHzin o' and aLmse of the· planting". All of th ~c fa·t l' can 
be regnlutell 01' '(jnt ·oIled. 

Althcugh thpl'e i ~ little question that the groyes on ligllt .' il ' nrc 
bettpr on the average than those on heavy soiL:. it i not alway::; p s­
sible to Hwk t H~ lesirecl ac1justment. for thi ' itnatioll. Thi isk 

part icularly tnt in vi .,y of the fact that the prey[li lillg soils ()f the 
area ure cla~yey rather than sandy in texture. 

CHOICE OF SPECIES 

Of the roaJ-leaf tnws, grf'PI1 a~h. (' tton el, northwest poplar, 
and b Xl'] J~r a re the ('hief sp ~c ies tu b :. fayored in shelter -belt. plant­
ings. Greell ash should l)e plnnte<l only on wdl-Lirailll'd soils, while 
~ottOIn 1(Iod, boxelde,l', anel northwest pOlJl:ll~ should be plaut-ell in 
moist depr ~sions, an<1 n('ver III d rought r slopps aud hillto} ,'. The 
treeS ~h()1I11 be. spaced 4 by 4. 4 by G: 4 by 8. -1 by 10, or · by G fc (~t. 

Although hackberry, white ash (F'I'{/ ,l;/tllr,' (IJIi./ ' ) ·; ' (llirt L.). a n<.1 
Chine elm (Ul'/J 'b'U 8 p'1.tmi; t L.) wen, not found in ~ n~T of tlw oldpr 
groycs, it i -- 1elieved that the!'-i('. species ll1E'l'it m ore llf n trial tha!l has 
been rdYen ttl '111 ! O far in ea s t e 1'll North Dakota. Hackbel'l'v is a. 
llatiV{~ tree anel has been obs(' I'YE'el growing as fa l' wc':-t a.' the santI 
hills of :McH ') 1')' C()Llllt. : there is evC'ry n '> 'l.'on for beli 'viug that 
this sp<.'eil's is dilllaticallJTH(lnpted to ea:-;t'rll NCl'th Dakota. 'Yhite 
a ·h nlreacly (>xtclld ' wf'll into western ~1ill!lesnta and tliE'refol'e gi vC's 
promise uf doillg as \yell : ()mc,\ybat farth "1' ,y:-;t. hincse dill is 
growing w ,ll at Ow (-,xp(~ l'imental station of the Blll'ean of Plant 
I ndu~tl'y at ~Iamla ll , N. Dak, aIld ha s a:-.; :roo 1 a l'e '01'<1 ill a lllllllber 
(If other pla('es in the easterll part. of the St.ate. 

V ery few evergreen shelter belts we re obs )I'Y (1 dtll·jng the course 
of t.hi study. The idea that it is next to impossible to p,TOW them 
in the prairie is pretty genera1. 'Yhil it cannot 1>e .'n1(1 that cYer­
greens are propagated as easily in east-centrul North Dakota as 
broncl-ieavell hardwoods, it ap <ll'N that the diffi(,lllti(·)~ of gn)"wino' 

them there haye bern ()yel'empha~ized (figs. G amI 7). Ina~ nLlch a~ 
t.1U'v are more dfectin~ as windbl'paks than brond-ll'ayc(1 tree.' aml 
a(hi consi(lerably to th ~ genprnl appearance of a farmsh'ad, it i, 
hoped that more of an effort ,yill he lllade to plant the folhm'ing 
s pe~i("s : (1) On well-drained soils-the Rocky ~Iollntain forlll of 
ponderosa pine (Pin-u.'! ponderos((. .':i ' P1.1Z01' 1ll11 Engelm.) , ~cotch pine 
(P. sy!ne,·tri.<:; L.)~ alld Hoeky ~Iuulltain reel cecla r (Jlln/pej·lts 8C()PU­

70l'1.{.m arg.); (~) on more moist s ites-west.erll wI it.e spru , (Pi , a 
{/lrf1.lca. n7bu'fiallCl (S. Brown) R hd.) and blue. pruce (P. p UiJ .lens 
Engellll.). It js also believ('d that n llumber of tJ'inl plantings 
should b mad ·>of northern European nncl Asiatic forms of In]'('h. 
especially Korean larch (Lm·hi.: daJlu'I ica forma " 'O'f' ( ' M I8j8 Tl1l~~.z.), 
European larch from the western Alps (L. (-FI.lJ·opaeft DC.), and ~lhe­
rian larch (L. s/bh·ica Lecleb.). Larch has b .>en f01IlI11 tu be H very 
good specie' fur the northern prairie regions of Russia (19). 

I 
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P L ANTING IN STRI P S 

It is believed that in the future all planfng sl1on11 h in tl 
fornl of relatively long strips nbont Ion f('('t ,,~i ( e. ratlwl' than smaJl 
compact biocks as in the past. '1'h(,8(, ship;:; hrenk np the ('untinnit 

F~59951 

FIGUHE 6.-A 20-Yl',H-old jack pine (P i lll/ll bUllk»iil'l i(L Lam\wrt) plallta tio n "rowIllg- on 11 
salld dune .ill ~IdI. lll'y County, N. Dale Three 0 tl le larges t tn'l'S mea ll r('(l 4.1 . (J .O. 
alld 6.7 inchcs, rr"pectivf ly. in Ilia mp t\'r at u h e ig h t of 4 .::i fl' ct lib ve t il gfc nt H!. 
Their average totnl heigh t was about ;;!;) f l'pt. 

of the prairie and by doing so exert a. maXlllllll infhtence npon snch 
climatic factors as wind velocity, air temp l'atures ~ air hnmi(lity, 
evaporation, etc. Figure 8 shows fonr methods of brenkin o' IIp 640 
acres of land with planted strips. 
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FIG ' ItE 7,-Wind-blown though it ha::; bepn, this very small plantation oC !!5-YPUl'-0Id 
Rcotch pine in W!'lis County, N. Duk.. has made fair g1'oWtl1. The average dianH't('r
4.5 f(Oet ahove the gl'ound ,\'as 6.8 = 0-'i incl!I's fur eig ht of the lal'gest tl'pes; the 
average totul ht'ight for the R:1IHe t rees was :2::±1,:! feet. 
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(i'IGCREl 8,- Follr methods of bl'f'nking up the con tinui ty of the prairie with planted forest 

stl'ips, Each of the foul' blocks has an tll'f'a of G-IO :leres. and strips are in every cusc 
D!) ff'et wide. Smull cir('](':;; sllperilllpOSl'd 0\' I' "forty" linf's show the location of 
plunt('d strips: 11, 41,(1 miles of l:ltrip covering ,,1 acres 01' 8 pel'cent of totul al'('u; 
B. G mill'S of Ktrip C<l\·f'l'in.~ 7:2 :lCl'PS or II.:.! pel'cellt; C, 7lh mil(>::;, tlO aCI'ps 01' 1-1.1 
IWI'Cf'nt of urea: n .. 10 mill'S, 1:20 acres, 18.S pl'rcent. 
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PREPARATION O F GROUND 

Ordinarily 2 years will be required to put sod areas in good 
planting condition. Accordin o' to 'Vibon (,,,,,,",), areas to be planted 
with trees shoulu be plowed in the spring the year before planting 
is to be done, to a depth of 6 to 8 inches, kept free from weed dur­
ing the ensuing summer months, and cultivated and leveled off 
smoothly in the late tall. The soil should not be tilled the following 
spring prior to planting. 

CULTIVATION 

Of fully a~ g-reat irnportance as the preliminary prppn ratioll of 
the soil is the subsequent cnltivation of the yOUllg plantnti()ll~. Chey­
ney (4) reaehes the conclusion that about the only sound basis for 
classifying the groves in the ~Iinncsota IH'nirie region is upon the 
history of cultivation in them; i. e., whether they have been well 
cultivated or poorly cultivated. He also fOllnd that goo(l cnltiva­
tion increased the growth of most tree species in younger plantations 
by 10 to 50 percent. 

There is little doubt that cultivation is extremely important and 
that it should be continued at least :3 or 4 years, or long enough to 
insure the establishment of the. young trees and the elimination of 
competing sod. 

GRAZING 

All livestock should be excluded tpom windbreaks, since grazmg 
and trampling destroy the natural forest conditions. .A. nnmber of 
large, ungrazecl shelter belts were observed in east-central North 
Dakot.a. Although there were often many dead or dying trees in 
these planted groves, they were, in general, healthier than seyerely 
grazed plantations in the same general locality. Oftelltimcs~ too, 
an abundance of natural reproduction of green ash and boxelder had 
come in on blank spaces left by the death of ohler trees. This sug­
gests that to SOllle degree, at least, these ungrazed plantations may 
be self perpetuating. Gates (8) observed that there was even some 
natural seeding-in of pine in the I(ansas prairie sections. Usually 
" the seedlings came in on the north sille of the shelter belts where the 
shade cast throughout the year has thinned the prairie somewhat." 

Grazing also results in a reduction of the soil porosity and water 
absorption capacity. Considerable damaO'e to young plantations may 
be done, too, by the barking of liInbs and boles of the trees. In light 
of these known facts, there seems to be little doubt that the graZIng 
of shelter belts is a very unwise practice, and that all forest planta­
tions should be fenced permanently against livestocl{, 

THINNINGS 

'Vhen spacing in plantations is as close as 4 by 4 feet or 6 by 6 
feet, the stand will ordinarily become crowded in It) to 20 ye,u's and 
should be thinned. The only rule necessary for these thinnino's is 
to take out enough trees to prevent overcl'O"'.vding but in no cnse to 
open up the windbreak so much that grass and other veg tation is 
encouraged to come in. It is self-evident that deformed, eli easecI, 
badly stunted, or dead trees should be cut first. Fal:it-growing, liO'ht­
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demallcling sp ·i _, rIce cott nw()od~ should b thinned more heavily 
than slnw . g r ving-, more shut1e-(lnrluring specles like green ash. 

PESTS 

.Jack rabbits commonly do con: ic1erahle damage to young planta­
tions in the lreat Plains area. Sael experience has proven that the 
control of these pests is not particUlarly easy. Oft.entimes they are 
too wary to be kill ~(1 with P i. oned bait. ~Iroreover, there is the 
dunger of poisonincr creatures other than rabbits. Fencing with 
s -called" rabbit-ITO f ' wire netting is not popnlflr because -of the 
cost. Then too, ra bbits often dig under these fences. or go over the 
tops of them on snowJl'ifts dUl'in o' the winter Jllonths. 

'~Then all things are considered, there probably is no better method 
of getting rid of an exee~.s ~'ahbit pOPlllation than by organize(l neigh­
borhood hunts rind drive.~. Late winter and early spring is the best 
time to COJ1l1uct these 111111ts 1 sinc(.> at this tinw there is usually a mar­
ket. for both the carcas,,' and pelts. 

CONCLUSIONS 

The planted gTOyeS in ea. t-central North Dakota, from Hj to 40 
years of age, contai n d in HtH about 30 percent of dead and dying 
trees. This figurE' lu . not, of COllrse 'ncllHle tree~' which may have 
(lieel much al:li.e1', 111:>1'(> in SO]11(> 'ases a much larger percentage may 
have been r acb d. This 30 percent probably represent::; the los~ 
over a period )f 7 tu <-' Y "Hi'S. 

The rather hea V' recent 10:-:;' ha probably been the immediate 
resul f tIl , ric~ of druugh y a1':' starting in 192:) anel continuing, 
with only slight abatement in 1927 and 1928~ through 1933. 

Practically all soils of east-celltral ~orth Dakota are made more 
difficult f( r trees by a sUlw1'almndnllce of lim. This act. in many 
cases by for mulg a partial har(lpan at a relativc->ly shallow ckpth 
and preventlnf!," fn'e, c1ct'p penetn tiOll of tree root::;. In lighter 
soils this layer is It'achec1 c1o'wn to a greater depth. 

The greatest Cllrr('nt lo. ·s alllong tree:-; ('oIl11llcll1ly plantc(l ill the 
early clays as recorded in 17 test groyes, is 95 percent for Carolina 
poplar ( X POj)U'/!{.'I c tt(! llei I-IOl't. ex Dode), 49 percpnt for willow:-:. 
38 percent for boxehler (Ace'r n C[jundo violaceum Kirchn.) and for 
cottonwood (P. sargenh:/ Dode), 15 percent for green ash (Fl'ami'l1u.'I 
pennsyru(wic{(, lane ohtf({. (Borkh.) Sarg.), anel 12 percen for aspen 
(P. t'J' llI1dohl s :1fich.). 

Since the. greatest mortality OCClll'red in fast-growing species not 
native to the region, it is eyi lent tbat I alf f th pI'ublC'm has been 
created by the choice of species not suited to the extremes of the 
North Dakota climate. 

Sinc€' the sp€'cie. that ha \' most C0l11111only be€,11 planted in these 
gl'OY€'~ are variously adapted to unfayoral1e nditions of soil mois­
ture, those which require greater moisture may succeed for a few 
years but, nnhll'al1y'. will die on c1r~! ~ites or in extremely dry years. 
This explains the failure where they have 1w('n pl'll1ted on dry 
hilltops, of cottonwo d, b seIder, willows, and Carolina poplar, all 
of which are suited only to stream banks and bottoms. 

Rimilarly all of th spf'cies commonly plantpel surviy better on 
the liO'hter soils where moisture and physical cowIitions are generally 
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more fa O1'abl ,th an on t h 11 avy 'lay )ils. H "' '''1 1', S me· speCIC 
are more adal t~ 1 t th . oil ditferanl:es th" Il other:-;, ancl green 
a~h, for example, d es well uncleI' a great yariety of conditions. 

",Vide spacjng. by encoura 'ing the growth f gra '~' : the l' m val 
of humus by tIl win 1, and mol' direct. drying of th' "ojl has appar­
ently brought about a higher current rate of mortality in th r e ent 
dronght y aI'S than OCCUlT d in groves in which the space per tre 
wa~ 40 sqllar~ feet or Ie. ' (6 by 6 feet, 4 by 10 feet, .,t .). . 

Groves Will ·11 h ve been grazed, burne(l over, or othenYl, e abused, 
generally shm,· a. som what po Ter urvival than gr v ,~ prop rly 
eared for. in which a sem.blance of natnral forest coner t ions has 
develol ed'. This ::;tutement i made do::;pit tll fact that n quanti~ 
tativc l11(:'fl"lU' of the differe.nces behYeen ,,·ell and poorly cared fot' 
plantations can be presented in pI' of. 

~IaJ1y of the sp'ecies cOIluHonly planted in J:Tortll Dakota groves 
are natuI'ull" shor t-lived. All of the poplar~ (the cottonw otl last 
of all), after reaching a certain aO'e, become sllsceptible to the canker 
disf1ase. 'Un(lrr favorable eon lib n8 even cottonwoo(l' Hul hoxcldel' 
may 8m'yin' lUuch longer than 40 year.... , but under unfuyorable condi­
ticHls only temporary b nefit can be expect d from tll plantin~ of 
these" fbmsy " short-Ii ved species. 

Alth . ll'~h 'Ii , ",:l" , in ects, €tc" mny oe a fa ·tor In OC "'" iOllal in­
stance's, death lllll.-· t be ascribed laTgely and primarily to tl > adverse 
clillHlti· and ~oil C >Il ' ·tions against which th t re ba 0 struggled. 
Of all the natural enemjes of trees, jack ra bi ts UTe probably the 
most s 'riolls, oft ~n makin it practicully illl o"sible to get young 
trees started. 

Of the broa<.l-l '~lfed trees, green a ,:h on ",-'ll-draine 1 soils, and 
aspen (popple), b( .~elder, and nativ0 cottOIl\\' od on lowlands. or 
jn llloi t (Iepr .. ~i()n,:, are th hief c:pecies to be favore 1 in planting. 
The hardiness of green ash uncleI' the most extrPllle condition '" of 
the Plains ha ' been demonstrated in many places and perio 1:-;. 

There are other hardwood species, such as the native hackberr 
(Celtis occid('ntalis L.), white a:::;h (FJ 'a,vinu8 am. n "ana L.), A mer­
ican elm (UZ,nnl-8 mn I'i an a L.) ~ Chin '5e elm (lJ. pWJI ;7(1. ), bur 
oak (Qu J'{)US 1l7 ({ crocarpa ~fich.), and Ru ', ian-olive (gla('(I[f111l'S 
ailgust;!ol-ia,), whi h hold out promise of success in N rth Dakota. 
planting. As a. gen ral rule, the slow(:'1' growillg spe(,je Hre mcnt 
likely to endure, and a species with a. strong tendency towar ' . ta.p­
rooting ha every advantage on the drier sites. 

Of coniferous or eyer<Treen species, whidl are en('Ulll1t.(')'{'d practi­
call T not at all in the older plantations, there are a few of considerable 
promise. Of all )f the~e, Rocky ~f()untain red "e lar (J'I1Jlip I' ll,', np­
uloJ'U1n arg.) is probably best adapted to limey and hea.vy soils. 
For dry, well-drained site (prefrrably n t too h . a 7y r t 0 lint: y 
.;:oils) the Roeky ~r{ountain forlll of ponderosa pine (P;WIl. l')o Jlde)'osa 

opulm'U1n EngelJn.) and some varieties of Scotch pine (P. sy7n .­
t'l'l:'f L.) may succeed. In moi8t depression ' blue Spl'llC'~ (Pic ' (t 
pu'nq '718 Engebn.) and western 'white Sl l'uce (P. g14u a. Onn ! I'f/(u/[[. 
(S. Brown) Rphd.) and probably some species of Korean or Siberian 
larch (La1'ia; da]nl,r~ica and L. sib'i'/'l'ca) are the most hop fuI. TIl 
1arches have succeeded well on the northern prairies of Russia. The 
Lake. States Fore~t E. periment Station, in co p rati n with the 
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State for :-iter £ pr()pose ' to conduct .:y temati' 
trials of all pos. ,ible pe ies. 

n1o~t of th condi i n. ' ,d j ·It 31' important in cansing the death 
of older gl'oYes in North Dakota, except. d rongbt, an be controllecl 
by man. TIw llJ'ought of t1lE' last 7 Yf'ars, if it in<licated a permanent 
chancre in the climate, mio'ht make future planting very difficult. 
If, howEwer, this has been mcrely a low phase of a clinwtic eycle, 
and if mistak<.'s of the past arC' a voided, the planting of windbreaks 
may PI' v a SlH'CC, ' fnl as in other prairie rC'gions. 

Future planting. in onler that it lHay be of great::>~t benefit to 
the din ate awl li,-rjng conditions of the region as a whole, should 
take the form of belts of tre(~s rather than of solicl blo kK. Thi. <loes 
not 111 £In '. inglc row., or even strips a. few rows wi<lC', but rather 
'windbreaks a least 5 ro(ls wide. Narrower belts can harcHv insure 
ither prot tio)l or g 0(1 growing conditions. The dfE'ct inust be 

to establish a sufficiently ma 'siye forlllatioll to insure the most 
favoralle conditions for the 'urvival of the trees. Both protection 
and good growth will ahyay ' be morc certain wh'l'e }uw, bushy 
speci are u~ed in tb ontsi<.le rowf'i, to break the wind near the 
grouncl as the. timber trees become taller an<.1 more open. This is an 
excellent plae for red cedar, although its tolerance of shade makes 
it feasible also for use in llnderplanting groves that are too thin. 
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APPENDIX 

TYPICAL SOIL PROFILES l~ 

From the standpoint of treE' gl'owtll. hoth topogl'npllY antl c limate fin(l th ir 
final eXl1ression in the charadel' of tbe soil. BpC'itm;e of tlli~ fad, soil lliays 
an extJ'{'l1wl~' important role in the propagation Hud ;.?:l'owth of Winllbl'l'ak:-; in 
the nortllel'n Plains area. Inasmuch as tlli::; in\'l'sti g-ntiou probahly marks 
1'l1e first atteml)t to study thorou;.?:III~' tlw s() il~ of tht' Anw l'it-un PIa ills are: in 
l'f'latioll 10 the l1lortality and growth of tllp oleiN fO]'t':-:t plllnt:l t illn~, the follow· 
ing t1 tailed de. criptions of tIles cbel'lwz ml ike . Us arc full~' justifi d. 

LIGHT-T\';XTI ' HE)) S 01LS 

P1'o{ik 8.-Ten miles due ast of New Hockfol'll, Eddy County, N. Dnk. 
Ulll..li~tl1rued l)[;ail'ie 'olldititm::;. I.e\' I topo;":Tnplly; !) i) 11 indIeS of dark 
graYish-blt-l('k loumy salltl; mOist: 100:-: , gralllll:.!r :-;trlletuJ'(? ; 1111H.:h )l('netratecl 
with grass roots; no r ea ction with Bel until a llellth of 10 indIes i' l'enched; 
1G to 18 inclIes. of light grayish·blnck sHlHly 10:1111; tl'ansition horizon as shown 
hy the presellce of \'ertiL'al tongues of l.HJ t h cln I'k g rayil'h-ulaek hUl1\US Ht('Ufull ­

lations and gr:l~' i sh·\Yltit(' e:1l'iJonnl(' stl'~akil1g:-{ : muisf ; ~li;!tlll~' IJI' i~matil' 
structure; material fronl humus tongues ~iv('s a posith' (l hut not "trong r < l tion 
with Hel; mate rial from eur\)f)nate tougues n'al'ts ,' I rong1." witll H('I: 10 to 
11 inches of dark yellowish-gl':l:r In:lm~' sHnd: moi~t; stru<turcless: some ,~T:lSS 
roots penetrate to tIle hoH-OIlI of thi~ horizon: :[ ZOllf' of ulrilollatE' :i('('urnlllntillll; 
material from tltis horizun reacts str()n .~l.\· with J1('I: 10 to If) illclu':-; of .\'(? \I()W­

1~ '''hell a \,pl'ti (,:11 cut if; m~l.ll(' Il own thl'oll .!:;,h lIlt' !'oil laye l's. 0 1' horizons :IS 111PY are 
ctllled bert' thf' slIrfa('(> Holl and th .. !; lIu:';o il call ue dt'wPu in tlwil' lwtlll'a1 kt:ltl'. This 
verti ca l fae'e is call1:'d th t' IIl'u tilt' of th e suil. 
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ish-orange Bund :.11 (1 ; n all-, i2e(l gl':lV 1; moi s t. ; :,;t r ud ul' 'It'8," I' ' ads 1'ai ll t ly 
with R ·~l; n(1 O'ra~~ I"oot · 0 'CUI" a l· t llis depth. 

P'l'oti le l1.-'1'hn·o mil .' south of E:';monLl, B n!';()l1 'mInty, N. D k.; 25 
feet frum tit bonier of fI 3 -year-old cott llwood grove. Lev:e1 topography ; 
10 illches of nlediulIl grayish-bluek sundy loam; moist, loose, grHllllla r strn~­
ture; thorollb h ly illvaded by grtls~ and tr e root ; (Y iv('~ Ill) rl'llctiollS with 
RCI; 17 to 1 incite::; f ligh 'ell(Jwi~ll-hruwll IOlllll; lIloi t; pril'lllutic (large 
lIut) strnchlrt,; friabl ; m ueh penetral d with roots' ri cs lIll re,tdion w ith 
Hel; 10 to 11 in 'lIes of gra~~ish-w l it ,'awl find gl'Un~l; dl' ~' , strudnrele..;;.·, but 
with some (legree of compactnes. ' ; 'm tIl white growths of cal 'iUlll ~arbonate 
are extrenwly aiJullllant; reacts vioit:'ntly with Hel; 31 tu 30 inch , of 
yellowish-gray sand; moist; 8tru turele~ " ; ' om(' tree roots g> down into thi ' 
horiz II; mat rial f rom this layer re<lCt"i strongly wirIJ Bel. 

Profil 1U.-T\\'o m il ~ (~ast of Chul'eh~ Ferry. Rall.l::iey County, r , Dak. 
Taken in a 40-year-old 'ottoll\\'uod grove, Level tOlJography; 2, inches of an 
admixture of lIartiall.y decompo:sed hardwood litter and ..andy loum; dark 
grayisll-black eoloi'; moist; mud) penetrated witb root ; 15 to 1Li i.nches of 
mecliulll grayish-black gra lIy loamy arl(l; moil't; friable, gnlllula r sh'lwturo ; 
('o1l1pl(>tel~' i llYadl:'d lJy t1' e roots; gi E'S no r CL diou with Bel; 17 to l ' inche::; 

li'IG llB E !I .­ T .v pi<onl dIN' oZl" lllliI,p l ight-h'. t u n '!1 ~oil" ur 

of medium 'Ia 'kish-bro\\,Il • n lly loam; streak'd with 1ill " hi L: l'l'tkul 
calcium (,tubonl.lt: "thre<d !:; " or growths; dry; COlllptl t; soil 1H1l~S break~' iillo 
small doll or large 11UtS (prismatic tl'ucture) when shaken rom a spade; 
faintly rcaetiYe with H '1; considerable root llevelopment in tIlL' h .. rizon; 1~~ 
to 15 in 'l1es of yrllo\\' i h-white gl'uYelly sanll coutaini ng SIlIHIl lJl)ckcts of 
orallgr-l'ol!ll"ed f;untl < ntl larrre vertical tungues f whit calc'ium ('<trllonate 
ac ·ulllulatiolls. Dry; compae: t ; 8tru . urel s:-; . Few root~ invade thi:-; borizoll. 
The horizon as a whole is ll1uderatel . reactiye witlt H 'I; the lime tOllgues 
give a violpnt reaction; 11 il1l:hes of ornllge-~'('Ilow ('oar~C 83 mI, 1Iolst; 
stl'lH'tllreles,s; nW<Ierate reactiOn with Hel. 

Profile l,'J.-T\\·o miles south of Harvey, Wells CCnll1t~, N. Dak.; Ulldh;turbeLl 
prairie soil. Sligh tly undulating tupugraphy; 7 tu 8 incb'i:l uf darl\. 1':lyi8h­
black loam: dry; loose, gnlilulal' strul'tur - ; eompletcly im'alled with g ·a:-<.' 
roots; gives negnti,"e reaction with Hel; 4 to ii inches of medium yellow-brown 
loam~r 8:.lml; dry; rompact, cloddy (prismatk) structure; lar O'('I' fragm nts 
hreak with IHtle diffi 'ulty il~ t) mellium-slz'Ll granules; g'rus ' roots 'In- llQllleI'­
ous; giv ~ negati\"(~ r eaction 'with Hel: 11 tu 12 in 11 S1 of ('halk,' .'l'Uowisll· 
white CL leal'eou8 1 a m; dry; fine cloddy (prismatic) !:;trucl re ; li1l'g r fmg. 
lllellts, when 'rush II in the hand, break easily into tine granule ' ; g l'l\ . roots 
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ar COllllUon in tId. llorlzou : ,t l'Un 'ly l' -_ tlc tiv 

lila tic) structure; In rgel' fraglll!! 11 ts ea 1l he 
into fine gl'UllUles; , 1lIall vertic:al p r a r" 
p08itiye, though 1lot :-;tl'ong, reactioll \ 'ith II 
coarse sand; dry' -tru<:tnrele;,-, ::-; ; react 1'ain tly 

H E..\.VY-TEX ED 0 

Profi·le 9.-Seven miles north of N \Y Roddol'l1. Edlly County, X D:tk, 
'rakell in a 35-year-old green ash grove. Lev 1 topograllhy; 1 inch of unde­
('omposed hardwood twig,· and leaves; 8 t 9 illclH'~ of dark grayiRh-olack 
luam; moist; grallular ~ l ructnr ; CODlpl"tE'ly inVlUIE'd by t rep roots; gi\'es no 
reaction with Hel; lil to Hi inch ~s of li.:.,dll gTa~' islt-ln own gl'tlyPlly luam ; moi ~t; 
prismatic stmcture (1arg-e nuts r small d ods); dOt~~ not I'pad with lIel; 
8 to 9 inches of yellowish-white graYell,1 ' ('lay; (lry; ompu't ed to a "panlike" 
consistency; exhibits horizontal cleavag (lul1Iellar ul' plateli ke stl'ol'ture); 
reacts ~troug-l~' with Hn: a ii'''' rout" ill\-;tde th i hOl'iwll; F i to 1~ iucite. ' 

F~ !l9-F 59492-FJ.5S-IS7-F25919 ) 

FIGC-HE lO.-Typical ·he l'IlOZt'mlike hp;l vy-fi'X( li l'f' d t!oil >l of .'n .'t- l'( Il lral J. Tol'tlt l)!t ~ ota, 

dark grayish-white gravelly clay; moist; strongly eompL' d; exhibit hori­
zontal cleavage (lamellar 01' platelike f.:truetnre) ; r E:Hcts . tr(lll ly witll H '1. 

Profile J.'l,-Ei.~ht miles Horth of HUl'(l~1it'ld, Wells C01\111-: . ,Dak. U Illlis­J. 

turbell prairie soil. Rolling mora inie topugraphy. Profile loca t<'u on the crest 
of a bill; 5 to 6 inche~ of uark grayh,: h-illack loam; dry; 1(10' , gr:lllular 
structure; thoroughly invaded \vHb gra~:-: roots ; gh' .. 110 reucticHI with HOI; 
7 to 8 inches of dark yelluwil"h-bl'o"' l1 ~ilt~· lO:Jlll; soil mas, filh·d with minute 
yerticaI tu s; compact; or aks with ditti('tll(y into r:1nnks and .'mull, 
medium, anll large dOl1s (prisl11ntic structure) ; comlll~~t d~' iuYaut;(l h~ ''ITLl:;; : 
roots; gives negative reaction with HOI: 14 to 15 incl1es of yello\ 'islHyltit 
gravelly silt loam; moist; loose; large fragments crus11 easily into large and 
small grallule.~ ; reacts stl'ongly with HCI; ~O tu 23 illdH'S 01' dark ~'('llo\Vi '11­
gray slightly gl'a\'ell~' clay; deep on1l1ge and blue- ' ray flak ~ sugg-e:t gl l'i 
processes; compaet; falls from the sllaLie illto fl'agll l litH OIJP-lt, 1 to ~ indlE':'! 
as measured on the longest axis (llri::;ll1<ltie s tructur ) ; fra gments ('rush with 
no great difficulty into moist, clinging granules ; giw':,; a I ,/.'ii"c thongl not 
strong reaction with BCI. 

Profile 15,-El<~\'en lllil H we:-; t of McClu:-:;k~', Sit rillall '(lUllty, N, Dak,; 
undistm'bed prairie soil: rolling mOl'aiuit: upogr., phy; Il l'ofill' hwa tl'd UII tlt ~ 
crest of a hill; 7 to 10 illCilE' of lIar\\: grayi:::;h-bla k 10 n ; til' r i U II '1' 3 in 'he ' 
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exhibits n loose, hrunula r f':t r u ture; low r 4 to 7 inches iN not so friable and 
has u pris mati tructur' larger fruglll entlS cru:-;h ea:-;i1y into granules; a 
zone of root concentration; g iYCS negative reaction with BCI; 23 to 24 inches 
of grayish-yellow calcareous clay; mois t; soil maSs falls from the spade into 
prismatic fragm ents Olle-half to 4 incht' F! long; fragments ('an be crushed with 
difficulty in tb' hand, breaking into smull Butl ts and various sized granules; 
yerr compaet; little ro t devcloVlU E'nt in thi~ horizun; stron g-Iy reactive with 
RCI; 10 inche~ of dark brownbh-"Tay clay; moist; prismati C; so compact 
that excavatioll with a mattoc-k is d ifficult; soil lllass ralls from the spaue 
in fragments measuring 5 to 6 inches along the major axii;; fragments ean be 
crushed with diflkulty ill the hand into nll'iOU8 s ized nutlet:-; anti gl"Unulef;; no 
l' ots invade this llOrizon ; gi w 's a pO:-;itin:> rt'nl'tion with BCl. 

Profile 5.-Two miles south of W eL, t r, Rall1~(~. County, N. Duk. In a 
somewhat unslla<.led portion of a 40-year-old cottonwoud gruve; Ie\' 1 topog­
raphy; 10 to 14 lIlche:') of dur'k grayi~h-blat"k loam; dry; Hlightly prismatic. 
friabh'; fra~'1nents Tnsh easily iuto small gml1ules; a zune of root concen­
tration; gi" es a. pu~itive, though not ~t rong, reaction with HCl; :W to 24 
jnches of chalky white calcareou. clay loam; dry; somewhat compact; the 
um)er part of thi s horizon hns a. granular s tructure; til lower part exhibits 
horizontal eleayugt' and lamellar structure ; ~man vertiC'al pores or tubes are 
numerous; some tree roots invade this layer; reacts strongly with BCI; 2~ 
inChes of dark yellowish-gray gravelly clay; sparingly banded with rust­
colored gravel accumulations; mOist ; compactt'd to a panlike conSistency; 
lamellar or platelike structure (horizontal cleavage): small vl:'rtical tubes 
ahundant; a few tree rnot~ gpt jnto this horizon: rpud ' st rongly with RCI. 

PHYSICOCHEMICAL PECULIARITIES 

SnnJ"e of the more illlPOl'tUlIt· phys ie(l ('ht~Jlli('al I'hal'<lcteristics of these pro­
files are pre:-;elltpd in tablt-' 14. 

TABLE 14.-SoJllc }Jh!/iJi("odwlnical chal'acteri8tit'8 of tlte .'I(jil8 ()f east-central 
N orth. Dakota 

--------------.-------r-----~------._--------------- -------.---

Soil YolurneProfile no. I Dept h Tex!urt'moisture J weight 

lnc li e.~ Parent 

H___ ___ ____ ____ _____ ( 

11 ____ ______ __ ___ _. __ ( 

1L.. ... j 

13····_ ··· ··1 

L . . .. .. . . . .. . . .. 
( 

14 __ __.. _____ _____ --­ I 
15_ - - - - - - - - - --- - -- - - ­ -l 

r. I,,- --------------- -- -­ 1 

16. 6 Loamy sllnd ______ __________ ._______ 
12. 1 Sandy 10 n __.________ ______.________ _ 
12. 3 Loamy sand __ _____ ____________ ____ 
4. 4 __ ._.___ Sand ___ __ ____ _.. ____ _____ __ __ ____ __ _ 

1.'i.8 --- - - - _ ISandy Ioam__.. __ .. _______ ______ ___ _ 

1~: ~ __ ::==-=- _ ~~~~no-~~~~=~~= = =~= = = =::::==~=::::~:~=8. 1 Loamy sand ___ ________________ _ 
7.8 i3anuy 10auL _______ ____ _________ _ 

~: r ~~~~se -sa~d=======~::::::_:=::=::: _ = 5.7 I. l!) Loaro _______ __________ ________ _____ _ 
4.0 L 44 Loamy stlnd ____ ______ _____ ______ .. __ 

:~~ Coarse sanda_m--::==== = =====_ ======== == 2.6~: ~ 1L 28 t~~~~fyl(i _____ ___ __ _ _____ __ ____ _ 
Hi. 2 Loam _______ .__ ____ ____ _____• ___ _ 
8. 2 Gravelly 10HllL _______ ______ _______ _ 

10. 0 __ ______ Gravelly clay __ __ ______ __..__ ______ _ 
17. 0 ____ ___ __ __ ___ _do____ ___ ___ __________ _ ______ _ 
10. 4 .95 Loaro __ _ _ ___ _____ ___ _____ ____ _ 
9. 2 L 17 ~ ilty 10aUl _____ ___ ____ ___ __ _____ ___ 

16. 9 L 32 Gravelly silt 10aI1L _____ ______ _ ____ __ 
17. '2 1. 6-1 Gra velly c1ay __ _________ _________ ___ 
12. 0 .99 Loam _____ __ ____ _____ _____ ________ _ 
15. 3 1. 27 Clay ___ __ ___ ____ __ ___ _______ __ ___ ___ 
19. 6 L 14 ___ __ uo__________.__ __ ___ ____ ____ __ . _ 
18. 5 LoauL ______ ____ _____ _________ ____ . 
Hi. 0 Clay }OtlUL _ ___ __ __ _ ___ __ _ __ _ _ __ __ _ 
12. 0 1- - ------ veJ\y clay _____ _________ ______ _
1.5.1 __________ do _____ ____ ___________________ _ 

--.-------

Reaetion with 
dilute HCI 

None. 
Moderate. 
Strong. 
'Veak. 
None. 

Do. 
Violent. 
Strong. 
N one. 
Weak. 
Moderate. 

Do. 
None. 

Do. 
Strong. 
Moderate. 
Weak. 
None. 

Do. 
Strong. 

Do. 
K one. 

Do. 
Strong. 
M oderate. 
None. 
Strong. 
Moderate. 
Weak. 
Strong. 

D o. 
Not tested . 

1 Calcula ted on the ba is of o \'en-c!ry weigh t. 



-l AUSE::; OF DE E IN T E OLD 'R VE N H D KOT 37 

Two important fact, ar broug It out hy this ta )Ie : (1) 'l'he ~O!L of cast­
eentrnl North Dakota lune a l'datively high moisture content, and (:2) they are 
characteristicallv ctlrbonatc-fr e in the ~ul"face or humous lay 1', and C'ar­
bonnte-rich in the horizon immediately below. In these respects they are 
similar to the chernozem ~oil:; of l{ussia. 

Other field tests include the determination of the v lume weight or nppar­
ent JSpecific gnl\"ity of some l.9 of the profiles stntiiell. Th yolum£.! weight or 
apparent specific graYity of soils is described hy Curry (5) as "the ratio 
between the weight of a giYen volume of undisturhed wutpr-free snil nnd the 
weight of an ellual volume uf water." All volume-weight det('rminations were 
wade with a hollow-tulle sampler fashioned from galnmized pipe. This sam­
pling tulJe had an inside diumet(-'r of 3.!J6 ('m and an inside length f 4.78 cm. 
Its volume calculated mathelllati '~ll1y was 58.0 mI. 

The volume-weight anillyses for profiles 13, 14, and 15 show that the densit~· 
of the ul1per 4 to 5 illCll('s of these undisturlJetl soil.' is less than that of deeper 
horizons. A~ide from this, there seems to be no <"ommon trCIHl. Profile' 13 
and 15 exhibit compactness in horizons intel"mediate between the :,;hallowest 
and deepest layers, whereas profile 14 hows all increa::;e in densitr with depUl. 
Just what effect these natural uifferen ' s ill density bave on tree growth in 
east-central North Dakota is not known. 

As ...,hown by the cletailed profile description, oile of the mm5t dwracterh;tie 
physicochemical phenomena of tbe soils of central North Dakota is th 
occurrence of minute tubelike fOl"lnatiolH; in til subsoil. Makbov (1 -1) .1e~;("ribe · 
these carbonate tubes, allll ohsen r1 them a t a depth of 35 to 5"0 inches in 
the chernozem of central Ukraine (the t\\-erage allnual pret.:ipitntion of Ukraine 
varies from ]6.5 to 21.5 inche~). He also observerl that these ('arhollate tubes 
were often actompanie<l by band, ' of ::;Illull, scattered lime growths which I1t' 
called "bieloglazka" (white eyl's). These lillle growths are ("ommonly found 
in the soils of ceutral North Dakota (~ee fig. 10) lwd Jorm :tdditi IlHI eYidenc.p 
of the physieochemical similarity of these soil s to the ehernozem~ of Rus iu. 

CX~:~~:;!'~~tullllteIY nu sampling tulle waH available whell the tir;.; t I:.! prutlll's were 
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