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lilt h deep biled to produce many 
~n:d lings in satu rated o r near-saturated 
.• Ill. I>oor aeration is perhaps the most 
, )1)\ iOliS explanation, but undefined 
,ud phvsica l factors a lso may be in­
\(,j\ocd . In a previolls experiment. geT­
TO tll att:d seeds and fairly weU-deveJoped 
~l, t:d lings were found curled and com­
pn:".,.;;ed beneath a layer of soil at the 
_,nne depth the seeds had been planted. 
I he seeds had germinated. but the 
\o llng seedlings did not have enough 
thrusting Clpacity to push through the 
:.ni l. Investigations have nOl progressed 
10 lhe point where combi nations o f soil 
.lIul moisture that mOst restrict the 
upw<lrd growth of winterfat seedlings 
Gi n be sped£ied. The results do sug­
gC!lt. however, that day was less of a 
barrie r to an emergi ng seedling than 
eit he r the sandy loam or loamy sand. 
Ollly in the day so il did a reasonable 
number of seedlings emerge from the 
l~ - inch depth. and only in the clay was 
there fa ir emergence from seeds p lanted 
I .. inch deep in wet so il. Of course. so il 
d13T<ICtenstics other than texture may 
h:l\C affected the results. 

Ev idence from corollary invcstiga. 
lions indicates that density of the ger­
mi nat ion medium. as well as aeration. 
probably innuences the emergence o f 
willlerf3t seedl ings. Seeds were planted 
III mm deep in sand. perlite. and vcr· 
mil.. ul ite held at 1~. ~. a lld full satura· 
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tion . Practically no seedlings emer,:;ed 
in the ~and. regardless of moisture con­
tem. Perct:m emergence in the less 
dense media was: 

Sat uration level Perlite Venniculite 

'" 50 100 

1\ 30 95 
Full 10 80 

Conclusions 

Shal10w planting of winterfat seeds 
is important. regardless o f soil moisture 
content or kind of soil. Fewer seedlings 
emerged in wet soil than in moderately 
dry soil, even w hen seeds were planted 
shallow. Soil texture. and possibly 
other soil characteristics. may affect 
emergence. Moreover. although the 
explanations are not cJearrut. there 
were indications that (1) wimerfat is 
somewhat sensitive to defi cient aera· 
tion. and (2) dense soil. especially when 
it is wet. impedes emergence of winter­
fat seedlings. 

Future investigations should be 
aimed at increasing knowledge about: 

I. the inherent capacity of lhe seedling 
LO break through the soi l su rface; 

2. Lhe effects of aeration on germina­
tion and seedl ing deve lopment: and 

j. the physical characteristics of var-
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iOlls soils. wet and dry, in relaLiol.~. 

to seedl ing emergence. 
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Changes on a Sagebrush·Grass Range 
in Nevada Ungrazed for 30 Yearst 

J. H. ROBERTSON 
RllIIge Ecologist. Division of Rentrr.uable Yatural Resources, 

University Of SI'·11ne/a. R eno. 

Highlight 

Thiny years rest enabled a 20-acre tract of eroded 
sagebrush.grass range in northern Nevada to increase its 
\'egeta l cover in aU life forms. The cover of permnial {orbs 
increased the mOM, 85% . Thurber needlegrass increased 7 
fold. Only annual (orbs and locoweed decliofti. Bluebunch 
wheal.gr.u8 wa5 reestablishing naturally in favored spo(s. 
Xewly dca.red and seeded range outside the exclosure pro· 
duced three times as much grass forage as produced aher 
long rest without dearing. 

Personne l of the Grazing Service and Forest Ser­
\'ice selected a site for range improvement stud ies 

: Contribution from the Agrirultural Experiment Station. 
l '1I ivcrs ity of Nevada, Journal Series No. 178. This study 
was supported in part by Hatch Project 602. 

in a big sagebrush·Sandberg bluegrass (if rtemisia 
lridelllllla-Poa secu nda) type in Paradise Valley. 
Humboldt County. Nevada, in 1939. _\ ~O-acre 

tract was fenced on federal land at 4,700 feet eleva­
tion below the boundary of the Humboldt National 
Forest. It lies in Section 34, T 42 N.R 39 E near 
the Singas Creek Road twO miles west of its junc­
tion with Highway SB. The enclosure was assigned 
to the Intermountain Forest and Range Experi­
ment Station as a responsibi lity of the Santa Rosa 
su bstation. 

Seeding trials in 1940-44 showed the possibility 
of establishing desert wheatgrass (Agropyroll deser­
lomm) and beardless bluebunch wheatgrass (A. 
in erm e). These species yielded 1"33 lb. ' acre and 
625lb. / acre, res pectively. in their sixth year. Eleven 
others failed to establish and survive, thereby re­
flecting the harshness of the environment. Only 
one· fourth acre in a corner was disturbed by these 
plots. 

The woven-wire fen ce remains sound but was not 
designed to exclude rabbits. 
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Lyin~ Ill'ar Singas Crec:k. a pennanent stream, 
[his r~lIlgl' has been grazed by ca ttle. sheep. and 
horses si ll ce ranching beg-an in the 1860's. The 
Santa Rosa ~rO lintains. lOwering immediately on 
the west. have provided the summer fo rage. while 
the ranch es below have grown hay for abou t three 
munths o f winter feedi ng. Consequently, the foot­
hill and valley ran~es have supported the stock for 
5- 6 months in spring and autumn. 

Two I oe.:a I range managers looked at the allo t· 
ment that includes this exclosure in 1951 and wrote 
of it as follows: 

··There are man y acres of sick land throughout 
the western states-lands in critical condition. 
The history of use of these.. ranges is similar to 
many o ther comparable regions throughout the 
West: early settlement, rapid development of 
livestock industry and influx of many nomad 
grazing herds. These nomad herds, lacking a 
base of operations stayed on the ranges as long 
as weather permitted. This use coupled with the 
graz ing herds of the bona fide rancher and settler, 
together with game herds increas ing under pro­
tect ion by law, rapidly damaged or denuded 
much of the grasslands area of Paradise Valley. 
The Parad ise C & H a llotment On the fo rest and 
the adjacent Paradise Unit on the Bureau of 
Land yfanagement lands is one of those areas 
which had not responded to ordinary good man­
agement practices. Flash floods, soil and vegeta­
tion losses. decrease in perennial grasses and the 
spread of halogeton . sagebrush and other un­
desirable plants were still progressing. The range 
trend was sti ll downward. These lands had been 
early denuded of palatable forage over the years 
and the grazi ng capacity was estimated to be 20 
acres or more per .-\ L' '.1. Sagebrush and ha loge­
ton had invaded this area in considerable q uan­
t ities.·' (Cloward and Fulwider, (955). 

.·\n area lower on the slope than the Singas Creek 
exclosure but clothed by similar vegetation was 
classified as loa m and placed in the Brown Creat 
Soil Croup. The hardpan was at I \t, to 2 feet. 
Rocks were [e,,·er than ,,·ithin the exclosure. Other 
character ist ics at I - :~" depth \,'ere: as to textllre­
gTavel 6%. sand :~ 8.3cno. silt 4'i.2 ~. clay 1 4.5~ : as 
to reaction-pH 7.2; as to electrica l conductivity 
0.46 X 10' . Organ ic maller ,,·as 0.96":, and tOtal 
ni trogen 0. 11 % in th e surface 6 inches (Eckert et 
al.. 196 1). The soi l o f the exclosures is obviously 
well wit hin the chemica l and physical parameters 
known to be suita ble for halogelon (Halogeton 
glomeratlls) (Robocker, 1958) which was not ob­
served in the Valley in 1939. 

:\feasure m enlS :\'fade 

Forty circular temporary plots were located along 
5 tra nsects. Plot area was 100 sq. ft . They were 

T a ble 1. Cha nge bt.'twc~n co\-'cr (D'{, ) estimates at Singaa 
Creek Exdosurc. P3radlSC Valky. ~c\-·ada 1940 and 1970. 

Spt."'Cics I !HO 1 ~7U Chall&t= , 
Gr.J.~~(,~ .' 

Crested WheJtgr3ss [) 0.002 

SJ llllht:r~ bluegrass II .H· I ~ 0 .9<13 + 7.7 
Squirreltail n. I!)·1 0.5·18 + ·ISU 
Thu rber needlegrass 11.0511 1).413 + 726.0 
.-\11 pere nnia l grasses 1.1187 1.866 + 71.7 
Chealgr.lSS brome n.~15 0.297 + Sal 

Forbs 

Loco weed 0.155 0.038 - 7~;5 

Woolly phlox 0.:H2 O.i78 +1", 
Other perennial forbs 0. 189 0.507 +14I.! 
O ther annual forbs 0.3:16 0.006 

Shrubs 
Big sagebrush 4.425 7.781 

Smoolh horsebrush 0.G78 0. 128 + 6U 
All shrubs UO~ i .909 + '1S.6 , 

Total vegeta l cover 6.857 11.401 + 66.3 
Height s::tgebrush ~5.0" ~ 1.9" - 12.4 
~o. sagebrush / IOO ft:! 9.1 

Surface 

% rock 1.55 1.08 - !G.3 

spaced at 100-ft intervals. One transect was exactly 
on the long axis, the other four paralleled the sides 
and ends at a d is tance of 100 ft. 

Cover characteristics of these plots were recorded 
by the writer, using the square-foot density method 
of Stewart and Hutchings, 1936. The work was 
done on Jul y 20-23, 1940. 

PIOIS were relocated by measurement from orig­
inal markers on the fence and cover was re­
estimated by the same technician and method on 
July 23-2-1, 1970. 

Range bordering lhe exdosure had been seeded 
to crested wheatgrass in 1968 by the Bureau of 
Land '.fanagemen t. It was nearly mature but as 
yet ungrazed. .-\s a sidel ight, a transect of fifteen 
9.G sq. ft. plots was cli pped in the crested wheat· 
grass for comparison wilh J. para llel set within the 
exclosll reo 

Changes Observed 

There had been a general increase:: o E over 60% 
in ,·egetal cover. On ly locoweed (.-lstragalus ar­
rect lls) and miscellaneo us annual forbs decreased 
(Table I). 

Only three perennial grasses were present both 
years and they increased in basal cover by 72%. 
The annual cheatgrass brome (B romus tectorum ) 
i ncreased 38~. 

Thurber need legTass (Stil)(! tizurberialla) multi· 
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T ;ilJlc::? Comparison of produclion by forage gr:lsses on 
proteCted. brush.grass r;inge and c1carl-d. seeded ra nge in 
lb. 'acre u( air dry maner. 

~ali\c ra nge" 
:10 yc..':lni pro tt.."Ct lon R l,. .. 't.'t.'( !I.:d 

J'crc llnial J;ra:..~c~ 1,9 858 
\lIllu:.l gTa~ ~U Ii 

l o wl I !)t] 926 

u o f seeded :!2 100 

"11 of prorected 100 465 

plied its basal area over seven times during the 30 
,'cars while squirrel tail (Sitanion hystrix ) nearly 
tre bled. Sandberg bluegrass made liule change. 

Increase in perenn ial forbs as a group was also 
spectacular, 85%. Woolly phlox (Phlox hoodii) 
more than doubl ed its ground cover. 

The two shrubs increased in canopy cover in 
, bout the same degree as the perennial grasses, 
i6~. At the same time the average height o f sage­
brush declined three inches. 

everal species were present only as traces in the 
plots and are omiued from specific comparison in 
rable I. They are wild onion (A Ilium sp.), sego 
li ly (Caloehortus nuttallii), thistle (Cirsium sp.), 
wild leuuce (Laetuea sp.) and foothill death camas 
(Zygadenus pa71iculatus ). "Other perennial forbs" 
in Table I a lso include severa l natives so scarce 
in 1940 that they were not estimated by species. 
T hough more abundant in 1970 they were a""in 
consolidated. This group includes false yarrow 
rChaenaetis douglasii), tapertip hawksbeard (C repis 
(/ ("I llninata), fleabane (Erigeron eoneillrlUs), desert 
parsley (Lomatium sp.), stOny-ground lupine (L u­
/Ji l1uS saxosus), and aster (Maeheratlthera lwean­
tlu mifolia ). Density of sagebrush in 1970 was 9.4 
plants per 100 sq. f[. Counts were not made in 
I !HO. 

Crested wheatgrass in one plot represented the 
volunteers fro m plots seeded in 1940. HalogetOn, 
now abundant in the Valley, appeared in three 
plots much suppressed. Or""nic liuer. incl uding 
moss. no t estimaled in 1940. was estimated as 10.2'-0 
in 1970. 

Exposed rock surface was diminished nearl y o ne­
third by the increase in organic cove r. The exposed 
surface soi l, inside but not oll tside of the cxc!osure, 
consisted of a vescicu lar crllst which readil y com­
pressed u nderfool. 

Production by the new crested wh eargrass \\'35 

conspicuously morc than across the fence in the 
long- protected vegetation. Di fferences in drv mat­
tcr yield as the average o f 15 plots are presented 
III Table 2. The newly seeded range is prod ucing 
Q\'cr three times as much forage as that protected 
for a lono- period. The forage is also more acces­
sible. 

flc. 1. Th~ Ag-ropyron spica tum p1an~ :appear to be in the 
vanguard of a returning PlpuJation. 

Discwsion 

Data obtained by the square-foot density method 
are supposedly more consistent when repeated by 
the same technician. However, in this instance, 
safeguards are Jacking against changes in jud21Tlcnt 
tha t could occur ove r the 30-year interval. Care 
was used to follow the same technique. 

I t is probable _ that forbs and ephemera Is were 
under-esl1mated 111 1940 and 1970 because of their 
adva nced phenology. July of both years was air 
normally dry. However, May- June precipitation 
111 1970 was 4.24" compared with 0.82" in 1940. 
Probably the difference in vegetal cover was in­
fluenced thereby. 

Concomitant increase in cheatgrass brome and 
decrease in exposed rocks may have resulted from 
much 11I(l"her spring precipitation in 1970. Peren­
flIal specIes aswell doubtless responded by increas­
mg cover dunng the wet May and June of 1970. 

The appearance of vigorous bunches of bearded 
bluebunch whea tgrass (AgTopyr07l spicatum) in 
swa les 111 1970. though not shown in the plot data 
of Table I. tS belteved to be a si!!Tlificant indicatOr 

. " of upwa rd trend (Ftg. I). It su~ests also that this 
excellent forage species was originally prominent 
on the site. 

The increase in perennia l forbs and decrease in 
annllal Forbs may reflect a -concinuin:," process of 
secondary succession in which the former balance 
amon" li fe forms is being res tored since cessa tion 
o f shee p graz ing. Doubling in area o f (he mat­
forming phlox is ecological salve fo r a sore soil. 

Panial disappearance o f rocks indica tes a trend 
toward better surface protection. 

Thurber needlegrass, and to a lesser deQTee 
squ irrcllail . behaved as decreasers by incre;sing 
under protection. The concept of Sandberg blue­
grass as an Increaser was not shaken by its behav­
iour here. 
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Height reduction of 3 inches in saCTehrush may 
.~ 
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Relevance of the Population 
Explosion to Management of 

Sparsely-Populated Lands 
The human population problem has 

been the subject of considerable in­
vestigation. Apparently the optimum 
carryi ng capacity for mankind o n earth 
has been exceeded. Problems are oc­
curring thal seem to be the result or 
people making tOO many demands on 
the resources o r a finite managemem 
uni t-lhe earth. 

If it were possible to support our 
p resent human population ..... ith a sa tis­
factory standard of living, the re would 
be little need fo r concern. But in fac t 
more than I bi llion people on (he 
C3rth a re either undernourished or mal­
no urished .1 In our own country food is 
nor yet the major problem. but open 
space is dwindling and parks a re 
crowded: noise, pollutio n . ugliness. and 
g-e neral unrest a re o n the increase: and 
resources :uc becomi ng more difficult 
(0 acquire witho ut unfo rtunate conse­
quences. By the ye3 r 2000 the U_ S. 
could ha \'e anothe r 100.000.000 people 
if current trends co ntinue_: The de· 
ma nds o r these additional people would 
be magnified by slili greater a£flucnce 
:l nd resource consumption per Glpit3. 

\ Vhat do these trends in o ur country 
and the world mea n to the manager 

I Eh rlich. P. R. a nd .-\ . H. Ehrlich_ 
1970. Populatio n . Resources, Envi­
ro nmem: Issues in Human Ecology. 
\ V. H . Freeman and Co .. San Fran· 
cisco. j8j p_ 

: Colorado Insti tutio n on Popu latio n 
Problems. 1969. \Vorld population 
growth: the explos ion a head. 555 
Petroleum Club Building, Den ver, 
Colorado. (Pamphle,) 
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F IG. I. Four basic comm unities or envi­
ronments in the landSClpc: the arrows 
suggest interaction. Population pressure 
will rcsult in the conversion of more of 
the landscape 10 productive and urban· 
industrial comlllunities. Modified after 
Odum (1969).3 

of our sparsely popuhHed lands? This 
question can be co nsidered bv fOCliSilw 

. 0 

0 11 the co ncept of landscape divers ity . 

Di\'crsity in the Landscape 

Landscape diversity is the number o f 
differclll communities in the landscape. 
To evaluate landscape di versity, it is 
firs t necessary to classify communities: 
severa l classificat io n systems are pos­
sible, but I will use a scheme suggested 
by Odum3 (Fig. I). T he community 
types that Odum lists arc I) pro tectivc 
communities. e.g. wilderness. smaller 
natural areas. parks, wild ri vers; 2) 
compromise or multiple.use communi-

3 0dum. Eugene P. 
egy o f ecosystem 
t:lIce 1 &t:~62-270. 

1969. The strat· 
development. Sci-

" ti es, e.g. much of our forest aDd 1IIIIIf' 
land: 3) productive communitiq, e.g. 
a~iculLUral land and. perhaps atrip 
mllles: and 4) urban-Industrial c0m­

munities. Odum suggests that our 
civi lization here in Amcrica. and in 
t ~e world, depends on a certain propor­
lion of a ll four community types_ 
Obviously the categories are very gen­
eral and would apply to a large land. 
scape unit, usually not JUSt a single 
watershed. 

Though initially fig. I may appear 
"cry general and simplistic, I believe 
tha t it desen 'es serious consideration 
and it does suggest some praaical im­
plications when considered in the COD· 

text of the population problem. For 
example. as population pressure in· 
creases in the country as a wbole. "'we 
can expect that urban·industrial rom· 
munities will increase in the west, on 
the one hand reducing the amount o[ 

productive land, but also demanding 
more production. To meet this pro­
ductio n demand. rangeland will be 
lIsed mudl more intensh'eiy, converted 
to agricu ltural land with irrigation. 
o r consumed by mining activities to 
provide mineral resources. 'With more 
demands fo r specific resources. com­
promise multiple-use communities such 
as rangeland probably will have a lower 
priority and will give way to productive 
communi ties; and pro tective communi­
ties will be e ither reduced in am. or 
even more crowded to the ex tent that 
lhey ca n hardly be classified any longer 
as prOlcct i,·c. It seems clear that the 
trend with more population pressure 
will be toward urban-industrial and 
productive commu nities, with a decline 
in the compromise and protective com­
muni ties tha t are a lso in demand. but 
which probably will not have priority_ 


