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THE IMPORTANCE OF BLACK GRAMA ON SEMIARID
SOUTHWESTERN RANGES

‘The excellent stand and growth of palatable perennials that once
covered much of the semiarid range lands of the Southwest afforded
abundant feed for a thriving livestock industry. Where such con-
ditions still prevail, and management is adjusted .to sustain produc-
tion of feed within the limits of climatic conditions, livestock %mduc-
tion is effective. On wmost of the range, however, continued over-
stocking and the consequent accumulation of ill effects of overgraz-
ing, combined with recurring drought, have brought about cunditions
involving not only heavy Josses to the livestock producer but even

! The writer sratefolly nckpowledoes his Indebledness o the membors of the Joruada

Brporimentet Ronpe stafl for ficld data eollected from 1015 fo IBUT. and to these and
otber members of the FPorest Bervice for constructive critictsm of this report,

Blunse. 34, 1 1
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a complete failure of profitable production. How to restore the pro-
ductivity of these lands is an urgent guestion, but one with many
ramifications. One very important consideration is the preservation
of the best of the remaining forage and the extension of ifs present
growth. In this connection, one species of perennial grass growing
on a considerable part of the semidesert range deserves prunary
attention. ‘This is both beczuse of its high palatability and its
ability to extend its growth abundantly under moderately favorable
circminstances, in which particulars black grama (Bowfeloun erio-
poda) is without a peet. ) ' )

Oniginally, black grama was the mainstuy of the range,® oceurring
rather abundantly and in almost a pure type over extensive areas of
sontheastern Arizona, southern New Mexieo, western Texas, and south
inte Mexico. As such stands deteriorated black grama died out fo
a considerable degree, but the plant still oceurs as important range
forage on extensive avens, either in almost pure stands or mixed with
other perennial grass species. DBlack grama is characteristically
dronghi-resistant, a quahty indispensable to the maintenance of any
range forage plant under the climatic conditions prevailing in the
Scuthwest. It is highly palatable and nutritious Doth in summer
and winter, making it a valuable year-long forage plant, especially
for cattle. During some winters the stems remain green up to
about the second node from the top, and clusters of leaves may come
out at the nodes the following spring. Black grama ordinarily cures
well on the stulk and retains its nutritive value through the dry
spring period when other range forage is parched and harsh,

Although the plant can withstand recurrent grazing by livestock,
too heavy utilization impairs its vigor. During drought periods
plants so weakened suceumb, theveby greatly & pleting the stand.
1t is of the greatest importance, therefore, to linow just what degree
of grazing use can be applied without injury to black grama ranges.

This bulletin presents the results of study, during the 13 yeurs from
1915 to 1927, inclusive, of the influence of the variable precipitation
and several intensities of grazing on the black grama range type
on the Jornada Experimental Range {formerly Jornada Range
Reserve) and adjacent public-demain range in southern New Mex-
ico. The adoption on southwestern ranges of such principles as
this study has brought to light should muke the range cattle busi-
ness of the region much more stable and profitable.

METHODS OF STUDY

The Jornada Experimental Range of the Southwestern Forest and
Range Experiment Station,’ located in southern New Mexico, contains
approximately 190,000 acres of grazing land typical of the south-
western semiarid region. It 1s mainly a flat to shightly volling plain
varying in elevation from approximately 4,100 to 4700 feet sheve
sea level. The east portion consists of the western slope of the San
Andres Mountains, which rise to an clevation of 8000 feet. Prior
to 1004 the land now in the range was poorly watered for livestock
grazing. There were a few springs in the mountains and inter-

WX, 1B O and Sradpury, [N TIHE GEARNER AND GRANSLIKE ULANTS ol NEW

MENICH. NuMex, Agr, Bxph. Sen. Bel). 81175 ppe, Hins, 1012
FMoinlained In cooperation with the niversily of Arvizoan,
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mittent lakes on the flats. Subsequent development of watering
places, consisting of deep wells and reservoirs to cateh flood waters,
made the area a well-watered range unit,

The vegetation of the range consists of approximately 80 percent
of perennial grasses and is grouped more or less distinetly into
range vegetative types. The perenninl grasses of these vegetative
types are palatable to cattle either in the summer and fall ar year
Jong. Black grama is the dominant species on the year-long grass
range.

The aim on the experimental range has, in the main, been so to
stock the various pastures as to provide sufficient range feed for the
cattle grazing on the range in practically every year. In the original
plans all pastures were to be grazed to their capacity, cerain ones
vear long, and others unusually lightly during the summer and fall
with stocking heavier throughout the ‘winter and spring in order to
utilize the year’s feed supply by the close of the Spring grazing sea-
son.  Short feed resulting from drought caused heavier utilization
of feed than was originally planned, especially near the watering
places. On the open public-domain range there was no control or
regulation and the owner of the livestock grazing there utilized the
range as he desired, which, in combination with the drought which
prevailed in most years, resulted in overstocking in nearly every
year up to 1926, Careful record was maintained through the period
of the study as to the character and degree of use on each of the
main parts of the black grama range. In order to have accurate and
specific measurements of changes in the vegetation, plots or guadrats
were established on areas representative of each of the main grazing
conditions.

In Figure 1 is shown the location of the different series of quad-
rats used in the study, Each quadyat was 1 meter squure, and 38
in all were included, Six of these, located in small fenced areas near
headquarters and South Well,! were continuously protected from
grazing by livestock,

For the most part the grazed quadrats were situated at I4-mile
or I-mile intervals aleng Hnes radiating out from the permanent
watering places. Grazing was heaviest near these watering places
but gradually diminished at greater distances. The combination of
the grazing practice for each range area on the Jornada range and
the unfenced public domain, as well as the location of the quadrats,
made it possible to segregate and compare with the protected areas
the following intensities of grazing: (1) Conservative grazing year
after year (10 quadrais); g?,) heavy overgrazing year after year
(10 quadrats) ; (3) full use in {he better years and slight overgrazing
in dvy years (9 quadrats) ; and () overgrazing during the summer
growing season year after year (8 quadrats). Observations wore
begun in 1915 and 1916, except on 2 of the protected quadrats, 2
of those conservatively grazed, and the 3 summer-overgrazed; on
these 7 plots observations were begun in 1919.

Conservative grazing wus considered to be that wherein only 75 to
80 percent of the annual growth of black grama, on the average, wag
utilized at the end of the grazing season of cach year. Lighter oray-

Pour of these weve frst fenced from fivestuck in 1514, 1 in the spring of 1916, and
1 in 1019,
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ing use oceusred in the better years and heavier use during the driest
years. Since all of the forage was not utilized until the end of the
grazing year it will be evident that there was light use during the
summer growing season each year and the more palatable plants,
especially black grams, were given the maximum opportunity per-
mitted under grazing use to make a vigorous growth and reproduce.

Under heavy overgrazing year affer year the annual growth of
black grama was completely utilized and the range was considerably
trampled by the end of the grazing season both in average years and
i drought years., Beecunse of the high palatability of the black
grama, 1t was fairly heavily grazed each year from the time that
growth started. This degree of use occurred, except at remote dis-
tances from permanent water, on the open public-domain range
adjacent to the Jornada Experimental Range.

On the areas where full use prevailed in the better years and slight
overgrazing in dry years, approximately $5 percent of the annual
growth of black grama was utilized at the end of grazing years of
more favorable rainfall. There was less trampling and lighter use
of the less palatable species than on the areas heavily overgrazed year
after year. In dry years the black grama was completely utilized. In
most years grazing was moderate during the sumunier growing seasan,

The fourth degree of grazing use was comnarable to the second,
except that the grazing took place during the smumer and fall sea-
soi orly. The quadrats used to show this degree of grazing were
locaced in small arveas of black grama found on interspersed sandy
ridges in summer range. Tobosa grass (Hilaria mutica) was the im-
portant summer range forage and was most palatable during the
summer and fall,

Adfter 1925 all cf the range areas under study were lightly grazed
or ungrazecd.

The guadrats were charted each year to determine the changes in
area of the vegetation. In the earlier years of the study this was
done hoth in the late spring and near the end of the normal growing
season in the fall; later it was done only in the fall. The boundary
of each perennial-grass tuft at a peint 1 inch above the soil surface
was accurately mapped, recorded on a quadrat sheet, and its area
computed in square centimeters as the basis of comparison between
years, Other perennial herbaceous plants were located on the sheet
and the number totaled for each quadrat by species. The annual
grasses and weeds were counted by decimeter strips or squares and
recorded on the quadrat sheet.

Observations and measurements of black grama and associated
grasses were made annually on eacli quadrat and on the nearby sur-
rounding area, the data recorded imecluding the following: (1)
Period of growth; (2) dates of flowering, seed ripening, seed matu-
rity, and seed dissemination; (3} maximum and average height
growth of flower stallss and length of leaves; and (4) the general
condition of the vegetation and soil. Observations were also made
over each range area of the annual forage crop as compared to the
average at the close of the summer grewing season, and of the ex-
tent of utilization of the forage crop at the close of the grazing
year.
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An accurate record of the forage volune produced in cach year
on the parts of the range grazed to different Lttensities would have
heen desirable. However, no method has heen developed to obtain
such data accurately and practically on southwestern semiarid
ranges under grazing use. While the clipping of black grama on
small plots to owtain forage volume has shown distinct values, tho
results have not proved entirely satisfactory for comparison with
forage production on the areas actually grazed. Clipping treatment
so far applied to black grama differs from actual grazing and gives
Qifferent results® For these ressons, the principal comparisons in
this bulletin are on the basis of plant area and height growth, defi-
nitely measurable quantities indicative of forage produetion and
demonstrably useful in developing practical range management.

Sced germination tests of several of the grasses were mace in the
laboratory by the United States Bureau of Plant Industry in 1917,
1919, 1920. and 1921; by the New Mexico College of Agricalture
and Mechanic Arts from 1922 to 1925, inclusive, and by Carola ¥,
Juckson, University of Chicago, in 1926.

Records of duily maximum and minimum air temperatures and
of precipitation were obtained at the Jornada beadquarters in co-
operation with the United States Weather Bureau for the 12 vears
from July 1, 1915, to June 80, 1927. inclusive, and precipitation
records at South Well and West Well for the 9 years from July 1.
1918, to Jnne 30, 1927, inclusive. Records maintained since (861 at
State College, N.Mex., about %3 miles south of the Jornada head-
quarters, were also available as a valuable cheek on the duta gatherved
locally. Records of precipitation at several other Weather Burcau
atations in southern New Mexico were also studied to determine the
relation of the period of this study to the available long-time record.

BLACK GRAMA ON THE RANGE

Black grama. also referred to as  woolly-foot grama.” is a tufted,
branching, strong-rooted, iong-lived perennial grass easily identified
by the characteristically open, flag-like seed heads. The stems are
woolly, especially the lower parts, and vary from 3 to 36 inches in
height. The longer stems are the result of favorable growing condi-
tions in one or more years. since the stems do not die entirely back
to the crown of the plant each year. Furthermore the stems may
branch from axillary buds which form at the nodes or joints. The
lenves are smooth and narrow and from 1 to 5 ifches in length.
Variation in stem height and foliage growth is related mainly to
climate. soil, and vigor of the plants, which rarely grow dense enough
te form a sod. If ungrazed for a number of years. black grama
tends to form a rather uneven stand of large tufts. During droaght
these die out in the center and break up into many smaller fufts.
With a return of favorable climatic conditions these smaller fufts
enlarge again und may grow together. Where grazed, the tufts
are on the average smaller and generally more evenly distributed over
the soil surface, Even under grazing use, plants have remained

5 OCLLEY, M. J.. CaMPBELL, R, 8., and C:}:_}'FIELD, R. TI. VALUES AND LIMITATIONS OF

CLIPPED QUaDRATS. Ecology 14: 30—39. 193




BLACK CGRAMA GRASS RANGE 7

alive for the 13 yeurs that the black grama range has been under
intensive study.

The range of black grama extends from western Texas, through
New Mexico and Arizong, south into Mexico, where the grass cecurs
in the seminrid grassland, yucca-grass, or grass-shrub formations
of valley and tubleland. The muain altitudinal range of the species
is from 8,500 to 5500 feet, although it is occasionally found below
3.000 or above 7,000 feet. Tt oceurs mainly in open grassland areas,
commonly on the well-drained sangy or gravelly soils of dry mesas
50 characteristic of southern New Mexico. Here, in what is doubt-
less its maximum development, it becomes the dominant plant of
the climax plant formations. It occurs less commonly in the foot-
hills, only rarely on clay loams and adobe flats, and seldom anywhere
under the shade of dense brush,

Black gramu is found af its best on the compacted sandy soils of
the dry mesus. Here it occurs in almost pure stands (pl. 1, :1), cover-
ing 30 to 40, and crcasionally up to G0, percent of the soil surface.

GROWTH HABITS

The period of growth of black grama in southern New Mexico is
determined primarily by precipifation and temperature. Occasion-
aily, when precipitation duaring the fall, winter, and spring is suffi-
cient and temperatures are not teo low, some growth of leaves takes
place in March and April; with continued favorable moisture,
growth continues into the main summer growing period. Continued
growth from spring to summer is, however, very unusual; if any

growth occurs in the spring it usually ceases in May or June becanse
of the very light precipitation and the severe drying winds common
diring that period. The main growing season starts with the
begiming of the summer rainy period, ordinarily early in July,
though it may begin during May ov June or as lute as Angust 1 fo
15, If rainfall iy adequate and evenly distributed growth continues
until late September or even through October.

The time of flowering and fruiting varies with the beginning of
the sammer growing season. With average amount and distribu-
tion of rainfall during this period flower stalls are produced in 5
to 7 weeks after growth starts. Hence, ordinarily, the flowering
period may be expected the early part of August and the fruiting
period the latter part of September. Seed dissemination begins in
October and extends into November. Infrequently two flowering pe-
riods oecur in the same year, as in 1926 on the Jornada Experimental
Range. In that year abundant rainfall during May brought on an
ecarly flowering period. and excellent rnins during July produced a
second. However, dry periods in June and again in August pre-
vented the maturing of seed in both growing periods.

The chief methods of revegetation of black grama are by lateral
spread and by stolons. In the process of lateral spread, the area
ot the individual plant is increased by new stems arising from the
outer edge of the root crown, a process which is comnionly termed
“tillering.,”

In revegetation by stolons (pl. 1, B), the flower stalks or stems
bend over to the ground or, less frequently, grow horizontally just
above the surface of the ground from the base of the parent plant.
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On these stolons, small elusters of Teaves form {rom axillary bhuds at
the nodes or joints: these, under favorable climatic conditions. take
rout and grow inte new plants, known as sets. The stems which
connect thc new 1)lmts with the parent plaut, if not broken by
trampling, persist for 2 years, or until the sets have become estab-
lished and are no longer dependent on the parent plant for susten-
tation. At Ieast 60 ])cment of the sets are formed beyond the second
node of the stolon. Ovdinarily, the sets of one vear arve formed on
stems produced during the previous year. Formation of stolons and
new sets In the same year ocenrs if there is good rainfall and a long
growing season. (ood precipitation during May and June may re-
sult in stolons being produced before the main sunner growing se:
son. The cmltmuous process of revegetation by stolons nay bo
veferred to as * progressive T_(‘V{‘U‘Etd.tlﬂn, since plants established
by stolons will eventually send out fresh stolons during subsequent
favorable growing seasons, and these in turn will establish new
plants.
ASSOCIATED SPECIES

Soapweed (I wucea elate), in scattered stands, is characteristic of
the black grama type, especially on the compacted sandy soils of
dry mesas. Numerous other plant species; including both perennial
and annual grasses and weeds (nongrasslike herbaceous plants}, also
occur in the black grama type. Most of these ure normully senttered
and of little importance, but many of them invade the type in pro-
fusion in years of abnormal growing conditions or in favorable sea-
sons following the depletion of the black gramu stand by drought
or overgrazing. All are inferior to black grama in forage mlue,
'1lt]10u<rh many of them furnish some variety in the feed and aid in
bolstert g up the grazing capacity of the ranges. However, the in-
vasion of the more persistent and aggressive species, owing to con-
petition for the available soil muisture, may delay the reestablish-
ment of black grama. The habits of growth and revegetation of
these species, w hich are largely limited by ])IECI]‘)lt-ItI()]l and other
growing cenditions, influence their invasion and stability in the bluck
gramin tvpe

The ussociated species may be classified roughly as long-lived
perennials, short-lived perennials, and annuals. The chief perennial
Lrasses associated with black grama in the Jornada region are the
three-awn grasses (dwistida ?onqmc’m robusta, . Pan.sfz, and .,
purpureny, ‘and the sand dropseed grasses (Sporobolus flewuosus and
S, eryptandrus). These species are more common on the looser sandy
soils of the grama type.

The seed habits of these grasses afford them an advantage in the
revegetation of range arcas that have been depleted by dlontrht
overgrazing, or other cause. In years when good 1neisture conditions
prev ail in the spring, especially in April, substantial foliage growth
results. When gr mvlng conditions continue favorable, which rarely
happens, the three-awn arasses mature their sced by June 15, Under
snch conditions a second seed erop of these .L.])eues ts produced dur-
ing the summer growing season of the same year. 'These grasses ave
good sceders, and seedlings become established in the same year the
seed is scattered or in the year following, if favorable conditions
prevail.
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The growth and seed habits of the sand dropseed prasses are simi-
lar to the three-awn grasses except that they do not produce their
better crops of seedlings until the first favorable Zrowing seaxon
following a period of drought. This ability of the dropseed grasses
to spring up from seed after drought is especially important because
it enables them to establish themselves on sandy soils which have
become loosened following the depletion of biack grama through
dronght or overgrazing. "The more abundant stands of seedlings
come in on these depleted areas: in fact there ig usially scant sced-
ling establishment where the stand of black grama is dense.

"The chief long-lived perennial weed ussociates are baileya {Baileya
multiradiata), leatherweed (Croton corymbulosus), evolvulus (£ rof-
v dus pillosus), Hoff manseggia spp., woolly paperflower {Psilostrophe
tugretinge), and silvery nightshade (Solanim elacagnifolium). These
spectes ordinarily occur” sparsely scattered throughout the black
grama type. They are all deep rooted and survive severe drought
well, although they develop only seant folinge during such periods.

Snakeweed (Guticrrezia sarothrae) 2 half <hrab with growth
characteristics similar to those of weeds, 18 a fairly long-lived plant
which almost invariably invades areas that have been depleted of
black grama by the persistence of overgrazing for several years, A
vigorous stand of the species is one of the best indications of past or
present overgrazing in the black grama type. Under favorable cli-
matic conditions it produces abundant seed. resulting in many seed-
lings which become firmly established wihers the Dlack grama stand
is depleted.  Black grama suecesstully competes with snalkeweed if
the range is conservatively grazed,

The short-lived perennial weeds most conmon in the black grama
type are spectaclepod (Dithyracea wiskizendy, il stickleaf, or * white-
steme * (Henfzelia multifiora). These weeds oo not live niore than
2 or 3 years. The plants usually o not make nuch growth until
shortly after the beginning of the summer rainy season.  Thev occur
i more or less abundande in the more nearly average years, are
scareely noticeable during protracted droughts, and spring forth in
great abundance in the first favorable season. They compete some-
what with black grama for soil moisture during these periads.

The more prominent annuval plants in the biack grama type are
several weeds including Boerhaavia torveyana, mouse-ear {(Tidestre-
utie lanuginosa ), eriogonum (£ riogenum, spp.). and six-weeks grasses
(Lristida adscensionis, Boutcloua aristidoides, and B. barbate).

Many of the annual weeds make some growth during the late
winter and early spring nionths, except in the extremely dry vears.
They malke excellent growth during the very occasional unusually
wet summer or moist. warm, late swinter and spring, Ordinarily,
however. their growth is dependent on late SPring or simmer roin-
inll. In most years when sufficient moisture iy available the growth
to maturity of annnal weeds is more rapid than that of the peren-
nials.  The weed seeds, Iving very ¢lose to the surface in the upper
soil layer. are wrnmed by rising spring temperatures earlier than

G oattratirac is eonsidered in (liy report o inctude €4 funceu, &, owerifolia, and
G fentie i gecordance with ihe treatment of e, 8 I Dlake, compostie cppwrt af the
Purean of tant Inonstey,

21053 0t =
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are perennial plant roots spread out some distance below the sur-
face. As a result, germination and early growth are in advance of
the appearance of the perennials. Ample precipitation during the
f£all and winter does not always bring weed growth, however, since
low temperatures during the late winter and early spring may pre-
vent growth entirely.

These annuals may make some growth even during drought. The
scattered light showers that occur at such times are usually sufficient
to germinate the seed and allow for some growth, often to maturity.
When a favorable year follows a prolonged drought o luxuriant
growth of annuals is generally produced, because of the lack of
severe competition from the depleted stand of perennial grasses.
These annuals produce some range Jeed in their early stages of
erowth and serve as protection against wind crosion until perennials
take hold.

INFLUENCE OF PRECIPITATION

The natural habitat of black grama is normally one of low rain-
fall, high temperatures, high evaporation, and relatively severe
winds, It is further subjected to marked variation in these factors
from year to year and season to season, especinlly with respect to
rainfall. Although the growth, maintenance, and revegetation of
black grama vary to some degree with all of these climatic varia-
tons. the correlation between variations in rainfall and the vesponse
of black grama is noticeably high.

PRECIPITATION REGORDS

From long-time records taken prior to 1920, Jardine and Fors-
ling * concluded that in southern New Mexico, in cycles of 8 to 10
vears, there may occur 3 or 4 consecutive years during which pre-
cipitation is enough below its mean to cause conditions considered by
stockmen as drought.

The monthly, seasonal, and annnal rainfall for the Jornada head-
quarters for the period July 1, 1913, to June 30, 1927, and for
South Well and West Well from July 1, 1918, to June 30, 1927,
are eiven in table 1. The 12-month period from July 1 to June 30
of the following year is considered the rainfull year becanse of the
influence of precipitation during this period on the maintenance,
decline, and spread of the black grama staud from year to year and
ecause the summer growing period which produces the natn feed
for the year ordinarily begins in July.

T panptxg, J. T, and Fogstixe, U 1. HANGE AND CATTLE MANMEMENT DURING
prOUGUT. U5 Dol Agr. Bull. 1081, 8 po., illus, 1922,
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TaBLE 1—Precipilation during the grezin yedr and. the swmmer growing
o
season, Jornede Epperimonial Rengo

HEADQUARTERS
Sum-
Gruzing year { July | Aug. | Sept.| Oct, [ Nov. | Dec. | Jun. | Feb. | Mer. | Apr. | May | June il b
som !
1HE-16 LB 1 L55 000} 0.00 PO25) D25 i 0471 0.70) 0,05} 1.45 000|458 ) 812
19617 Lo orrlaga) 4r| L] oLerg oA 2] .30 .05 2.58) 6.80
Lag)] .2 .0l sy enj .78 LG T T A5 092,34 B.82
2,88 o0 g6l LT a7 .00 W00y LEG T L8B3 L2871 L1 ) 441 10,47
25212557 64| .v2| .a0| .eal Je2| Las| o WOF 11537820 ] 1405
3280 .gglzie! 20| o0 .17} J15) o8 L2 W00 L3O ABT | BT2
12 73| ¢ .iv| .2 Ao ] s L3 0] L1l g49! 480
LEG LIF| R J43) .20 (BB L6 .7R) (200 .00 G5 3.18) 0.18
L83 L7d! .2 AT | L4B 6 .11 .51 iDL e 1] 11383 7.45
.32 .2 e oLs] 42| L03 L2805 .02 .87 L1 387 6.1
LL L&) 1.a0 0 SR .49 05 4B L4 243 CE5 ) 376 1048
Wiaw| 263! (64| we2] .oz e g T . 08| 8.53 | 13.04
IL83) .16} 12 38 .40 3Ly .25 .51l Lip G641 321 4.571 B0
.68 L6 | L 1% 34 0t} A o.ery o on) les| L) oLaz|sm ) oo
SOUTH WELL
88 G001 L1500 0.3 020 0.0 1.06 0,00 10.02 [ 0.42 1 239 .45
LG 1.29) 427 .60 .34 L4208 .15 @3 L6 | 5G4 | 4.67 | &90
66 .57 1.83) .15 o0 o0l (12 G 08 00 L40 | A28 RO
BT oLl B B B O T - S 912335 4.82
2200 .08 103 L ] AR L3 W97 L4 000 00 ] 268 780
I.7d 381 .50 Srinu| el o7 | .82 . 07 .00 288 580
197 .28 .33 .43| .45{ L] T L3 28|46 .23
1M LAY ) JA: .53 SO0 ) L&Y Bl 264 416 | 1642
25| 348 2.61 0L L84 .03y 847 .51 o0l 0| |7 3318
149 7| .98 35 S24 .22 .21 . &5 17 | .44 L5 | 435 B.1T
WEST WELL
g LG i8] 017 |robass o |omfoiz LI |00 |ew{ca|sm] 672
1651020, - 286 .40 ] 170218 7 . A3 L8] oe) (szlaaalagnl g e
193601 1 262 1 4.19 I Lp W Lea| Lol Lee| oo LoD 744 7 1061
odi-ga 1 BET LG .56 ] Le7 | LiE] lem L2 .a0q L6 367 .00 03653 7.18
J902-38_ ______| 150 |1o7| .49 Lo oas| 13| cu|ned ]S A5 . Lo01322] 895
-4 L 2 laas] et ] L5 L Li1 .15 43 .20 24| .00 13.53¢ 8.86
152425, __ ... 49 )] 12| .30 281 13| (22| .04 .07 Gy .15012,30)] .00 1.827 4. 10
192526, _.__.1 1,50 | 1.47 ] 1.04 L Ri) 26 55 O | 1.6 | .70 | LGB T | 4.6F| 1031
1926-27..____.. Z4B [ LGB | 4.80 | 253 .12 243 a2 231 . LB 00 0f 18,953 14,17
Mfenn.._.. LG5 163 | L1520 .34 54 18 39 561 .21 46 3§ 4.72| 887
! Joly, August, Sentember, ? Interpolated. P ="Trace.

A study of the data in table 1 shows that precipitation in the
Jornada area is highly variable. The headquarters, South Well, and
West Well are all less than 8 miles apart (fig. 1}. Analyses made
from this table show that the amount of precipitation varies signif-
icantly between (1} years, (2) the four seasons of summer, fall,
winter, and spring, (3) the three stations, {4) years for the same
seasont, and (3} years for the same station.  While there is doubtless
an_influence on black grama in some degree of each of these sig-
nificant variations in precipitation, the study has not been carried
far enough to show conclusively the influence of each. In range
management the stand and vigor of black grama in ANy one year are
mainly influenced by the precipitation of the 12 months preceding,
beginning July 1. "The influence of the other variations on plant
growth shows up only locally or in oceasional years or seasons.
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The average annual precipitation at the Ji ornada headquarters for
the 19-year period of 8.70 inches, and the average for July, August,
and September (the usual summer rainy season and the main grow-
ing period) of 4.57 inches, compare well with the long-time average
annual precipitation of 857 inches and the summer-season average
of 476 inches recorded at State College. The annual precipitation
at State College ranged from as low as 8.94 in 187475 to as high as
16.13 inches in 1902-3, as compared to the low year on the Jornada
of 8.62 inches in 191718 at headquarters and the high of 14.17 inches
in 1926-27 at West Well.

During the 12-year period July 1, 1915, to June 30 1927, accord-
ing to the data recorded at the Jornada headquarters, the second,
third, seventh, and tenth years were materially below the average
annual precipitation for the 12-year period. Of the others, the fifth
(1919-20) and the twelith (1926—2?}1 were materially above average
in annual precipitation.

1t is, of course, important to understand to what degrec the gen-
eral averages of precipitation during the 12-year period recorded at
Jornada headquarters are representative of the long-term averages
for this region. The records at State Coltege and at other points in
the Southwest indicate a general deficiency in precipitation for the
period 1913-97. The average annual prec) pitation for the period July
1, 1915, to June 30, 1927, inclusive, al State Coliege was 7.82 inches, or
8.8 percent below the long-time mean. The deficiency in average
annual precipitation at EI Paso, Tex., Hlephant Butte Dam, and
Deming, N.Mex., for the period 1915 to 1927 as compared to the long-
time means for these stations, varied from 146 to 15.6 percent. The
average deficiency for the four stations amounted to 13.2 percent for
the period. It seems reasonable, therefore, to assume that the defi-
ciency at Jornada headquarters from 1915 to 1927 was approximately
10 percent, or that the long-term mean precipitation at this station
wonld be ghout 9.63 inches. On this basis, annual precipitation for
5 of the 12 years during which this study was conducted was above
the computed mean—for 2 of them approximately 4 inches above;
whereas for 7 years it was below the computed mean—ior 5 of them
9 inches and more below,

Tor the 9-year period {July 1, 1918, to June 30, 1827} Jornada
headquarters received an average annual rainfall of 9.54 inches;
West Well, 8.87; and South Well, 817 inches. 1t is possible that the
differences in rainfall between the several stations, as in the indi-
vidual years, are more the resalf of uneven distribution of showers
than a difference in the long-time mean annual precipitation.  Oudi-
narily the sumumer rains in the seiarid region in which the Jornada
range is located oeccur as showers covering a comparatively small
ares, In an oceasional year, as in 1923-26, mdividual rains are more
general and cover more extensive areas.

The average summer precipitation during the 12-year period from
1915-16 to 1026-27 at the headgnarters ranch was 4.57 inches. Froum
July 1, 1915, to June 30, 1927, there was an averuge deficiency in the
summer precipitation at the State College station as compared to
the fong-time mean of 134 percent. - At Tl Puaso, Elephant Butte
Dam, and Deming the summer deficiency based on years of com-
plete vecords varied from 8.2 percent at El Paso, to as much as 17.7
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percent at Hiephant Butte Dam. The average deficiency for the
four stations amounted to 13.1 percent, In view of the high defi-
ciency at State College and Elephant Butte Dam, it appears rea-
sonable to assume that the Jornada headquarters had 2 summer
deficiency in these 12 years of at least 13 percent. Assuming that
there was 13 percent deficiency, the long-term mean summer rainfail
at the headguarters is 5.25 inches.

Thus in the 12-year period on the Jornads Experimental Range,
only two growing seasons, 1919 and 1996, had 3 inches more rain
than the computed long-time mean, and one other, 1920, had about
one half inch more; the other years were below the computed mean.
Of these, two groups of years are particularly significant—one of
5 years (1921-25) all approximately 114 to 2 inches below; and one
0f 2 years (1916-17) more than 914 inches below the computed mean.
These two groups of years represent low summer precipitation and
uncertain plant growth. The summers of 1916 and 1917 were each
more deficient in rainfall than any of the summers from 1921 to
1925, but the longer succession of dry summers in the latter period
bred conditions more severe for plant growth.

To summarize, the relatively fair to good rainfall for several
years prior to 1915 * was followed by deficient rainfall during ihe
sumimer growing season or throughout the year on large areas of
the experimental range annually from 1915 to 1918, inclusive, This
dry period was followed by 2 years of favorable rains over most
of the range. From the summer of 1921 until the spring of 1926,
rainfall was again deficient, either during the summer season or year
long, or both, over practically ail parts of the range. This period
of deficiency was followed by favorable rains, starting in the spring
of 1926 and extending through the summer growing season of 1927,
Rainfall at South Well and West Well was lower in most years than
at the headquarters. It was much drier at these outlying stations
in 1918-19; at West Well there was more rainfall in 1991-29 but
less in 192425 than at the headquarters,

»
PRECIPITATION AND PLANT GROWTH

Because of the fact that on the aversge approximately 90 percent
of the range forage production in southern New Mexico is concen-
trafed in the summer growing season and only 10 percent occurs
in the spring, it is very important to study the influence on growth
and reproduction not only of the quantity of rainfall but alsg of its
seasonal distribution. This influence is apparent in the period and
volume of growth of the important grasses each year, the density of
the stand, the numoer and size of the tufts, the methods of repro-
duction, including the formation and the germination of seed and
the establishment of seedlings, the lateral spread of the tufts, and
the formation of stolons and establishment of sets. In these con-
nections it is important to observe not only the precipitation during
the particular season in guestion, but also the possible effect of
excessive drought or rainfall during the preceding years.

As already indicated, rainfall of sufficient quantity to start appre-
ciable growth of black grama does not occur in most years uatil

ALINNEY, . B., and Garcia, T, CLIMATR IN RELATION TO CROP ADAPTATION IN XNEw
upxito, N.Mex. Agr. Expt. Std. Bull 11%, 133 pp. 1918,
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July, when the normaily heavy and frequent stotms of July, August,
and September are sufficient to make growth continuous during those
months, Summer growth nuty start, however, in the normally dry
period of May and June if sufficient rainfall occurs at that time, as
in 1920 and 1926. In 1920, because of copious rains the latter part of
May, forage started to grow the first week of June and continned
growing throughout June, July, and August. In 1926 the exceed-
Ingly heavy rainfall in May brought early growth, which the deli-
ciency in June retarded. Growth started up again with heavy
rainfalls in July but was once more arrested by a deficiency n
August. Such uneven seasonal rainfall, if abundlant, as it was iu
1998, produces a substantial forage crop.

The summer of 1924 is an example of the influence of unsatisfac-
tory distribution of moisture during the summer. The rainfull of
that sminmer cecurred as heavy showers during July. This started
oood growth but was followed by a protracted dry spell darimg
which there was not sufficient precipitation to muintain growth.
When adequate suminer rains do not start until the first of Aungust or
luter, as in the summers of 1917, 1922, and 1923, the growing season
is materially shortened, resulting in a greatly reduced forage crop.
This is especially true when a late season is accompanicd by deficient
rainfall,

Plunt growth is also affected by uneven geographical distribu-
tion of rainfall. For example, in the summer of 1919, in contrast
with the even distribution of rainfall and the good growth which
oecurred over most of the range, the West Well area suffered a consid-
erable setback. An excellent rain the first week of July and good
moisture conditions during that month started forage growth at
Jeast one week earlier than on the other parts of the range. but by the
end of August forage growth had practically ceased in that part of
the range because of the scant precipitation locally in that month.
Rainfall in September improved conditions only slightly. The un-
even distribution of rainfall in a season when rainfall was not
abnndant seriously reduged the volume of growth and maturity of
the vegetation near West Well.

During the 12-year period for which precipifation and growth
records were taken on the Jornada range only 3 years hud sotio-iont
winter and spring moisture to encourage early spring growil: al-
though in these years such growth was appreciable. 1t is obvious,
therefore, that winter-spring precipitation cannot be depended upon
to produce a substantial forage crop in southern New Mexico. On
the other hand the unusually dry winter and spring of 102122,
which were accompanied by high winds, serious wind erosion and
sand deposition, had a disastrous influence on the stand of blaclk
grama,

HEIGHT GROWTH

Height growth was found to be a useful index to relative vigor
and volume production of range grasses in different years. Black
grama flower stalks on the ungrazed plots on the Jornada averaged
352 em. {13.9 inches) in height from 1017 to 1927, inclusive. As
shown in tuble 2 there was a rather direct relation between snmmer
rainfall and height growth. It was found that a summer growing
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season with precipitation much above the average resulted in a
greater than average height growth, while a deficiency in precipita-
tion during this period resulted in a stunted height growth for that
season regurdless of the conditions which prevaﬁed during the pre-
vious year. An added inch of summer precipitation results in an
average increase of height growth of 8.6 cin.

TaBre 2—Relation of rainfall during Gurrent summer*® season af headquartora
and Souwth Well to wverage height growti of black gramae flower sialls on
wreits contintowsly prefceted from leestock graxing, 1917 ta 1927

Aver- | Aver- Aver- | Aver- Aver- | Aver-
. age g . age agw v age ufe
Year raly- | stem Year min- | stem Year tain- | siem
fall height fall height fall Lelght
Cendi- Centi- Centi-
Inches | meters elers Inches | tielerg
12,34 130 303 5. 128 3. 3
346 730 8.3 10,42 50,40
G J4 437 28.0 [1:-:) 38.0
7.82 50.3 L7
Average . 5.25 36,2

t Covers nefund corrent prowing season, Including reinfoll in May sod June when (his wis efeetive.
? AVEGIRge oD obe nrep only.

PLANT AREA

The marked variation in precipitation characteristic of southern
New Mexico has a very definite effect upon the stand of black
grama. The tendency of a deficiency to reduce plant vigor and
tuft aren is no less evident than that of an above-average supply to
build up plant vigor and area. The more pronounced changes in
plant area ordinarily followed when one or other of the conditions
prevailed from the beginuving of one to the end of the subsequent
summer growing scason or longer, although intervening seasonal
differences also have their effect in a smaller degree. This is shown
in table 3 in plant area on the representaiive quadrats protected
from grazing on the Jornada Experimental Range, in relation to the
important suminer and annual precipitation in their vicinity during
the period 1915-27.

'FABLE 3—Changfes in ares of black grama per square weler, at I inch abcee
the ground, on mngrazed guedrets, in reletion to precipitation o)  ~rront
sumamer d previous genr al headguarters gnd Sonth Well

A;«elmgc . Average
precipitation Average preacipitation Average
Year plaot Yenr plagt
. ures : NTES
P;:;l lrolus Summer? P ;‘:;';’PB Sumer?
Inchea Inelier Cmt Tuches | Tncher Cru
31037 1480 H8.2 | 1923 i 8, 48 4. 42 B30.0
3R.12 32 58 O O 1 T, G.fi2 4.0 1357
36,80 1234 4617 § 1925 .16 3.4 100, 7
3302 340 davoanae. o .. 10.45 2 4 28,4
5.40 444 b S £ I H G. 28 mea
1L 48 548 433, 4
9.33 3.32 5.3 B30 4. 44 no. §
. 4.81 .44 107.8

! Precipiiation for previous year eovers July 1 to June 30,
* Summer raipfall covers July, Aogust, and Septumihber of current growing sevson,
¥ Ruinfali record for headgunrters only.
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The stand of black grama was unusually good in 1915, It luad
recovered from the severe drought of 1907 to 1912, partly becanse ol
the favorable ciimatic conditions of 1918, 1914, and 1915, and partly
owing to the practice of conservative grazing during some of that
time. A decline in area as a result of continued drought during
1916, 1917, and 1918 was followed by a partial recovery under the
more Tavorable growing conditions of 1919 and 1920, and another,
even more severe decline of longer duration as a result of deficient
rvainfall in 1921 and sueceeding years. With the aid of the unusuaily
favorable moisture supplies of 1926 and 1927. some aveas recovered
slightly and others more completely.

Since the main growth of black grama is produced during the
summer months, the rainfall during that period might be expected
to have the greatest effect on the change in arves of plant cover in
that year as compared to the arca of the previous year, Actually,
however, the current summer rainfall in itself has no significant effect
on such change. The lack of influence of current summer rainfall is
indicated by the practically nogligible average decrease in plant aveu
between 1915 and 1916, even though the summer precipitation of
1916, including that of June. was much below normal. Also, sita-
mer rainfall niuch above normal in 1919 failed to oftset the loss of
vigor from previous drought.

Much depends upon the vigor of the vegetation as a vesult of grow-
ing conditions during the preceding year, particulatly the preceding
summnier and spring.

The influence of the preceding year’s precipitation is very evident
in the records of change of plant area. An added inch of precipita-
tion during the previous year results in an average increase of plant
area of about 37 cm?® per square meter, and if this added inch be
concentrated in the previous summer, with a constant precipitation
during the rost of the year, the result is an average change of 56 e,
These findings are of the utmost significance to range management
on semidesert ranges where black grama is or should be dominant.

Yllustrations of the influence of previous yeurs’ precipitation on
chunge in plant area are as follows:

Following a deficiency in 1ainfall of about 1.9 inches at headquar-
ters in 1916-17, an average decline of about 14 percent in plant cover
occurred between the fall of 1916 and that of 1917. This was fol-
lowed by a further decline in 1918 of nearly 27 percent following the
unusnal drought of 1917-18. A still further decline of 33 percent
after slightly below normal rainfill in 1918-19 reflected a cumula-
tive loss of vigor as the result of drought. Again with only 4.81
inches on the average for the year 1921-22, and unusually scant rain-
fall after September 1921, an extremely severe decling in plant cover
oceurred, part of which, however, was due to loss of cover through
erosion by wind of the sandy soil from roots and, more particularly.
to deposition of wind-blown sand in plant tufts during the spring of
1999, Contrasted to these declines are increases in 14920, 1921, and
1926 following years of above-average precipitation.

There is doubtless a combined effect of inadequate current summer
and preceding year’s rainfall, especially as indicated by the declines
in stand in the years 1917, 1918, 1922, and 1923. In addition to the
effect of the extremely high winds and shifting sand in the spring,
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the vigor of the plants was so low and the competition for the inade-
quate sojl moisture vf 1992 so great from the heavy stand of black
grama attained in 1921 that whole tufts died out. Although the
year 1922-28 was only slightly below average in annual rainfall,
the dry summer growing season and the extremely low vigor of
black grama caused a further decline in 1993

The favorable influence of high rainfall both in the preceding
year and during the current summer is especially shown by the large
increase in 1920 and in 1926 as compared to the years immediately
preceding. TIn 1920 the vigor of the vegetation was built up by the
good moisture supply of the previous summer, and the copious rain-
fall which started in May and continued throughout August bronght
about an excellent gain in plant arca.

NUMBER AKD SIZE QF TUFTS

The ainount of vegetation on the ground and the number and
size of tufts of black grama in relation to available moisture appears
to be of importance in maintaining or improving the stand or even
in causing a decline in vegetative cover. The material decline in
stand between 1921 and 1992, accompanied by the dying out of
whole or large parts of tufts, as a result of inadequate moistare to
sustain the stand, has alveady been referred to. In general, favorable
rainfall tends to build up larger tufts on ungrazed range, which
ordinarily grow fogether to form a smaller number of tuffs on any
given area. Upon the gradual depletion of the availzble soil mois-
ture during a drought, there is first a4 drying out in the center of the
farge tufty, which leaves a ring of small tufts on the outside of the
dead center. If the drought period continues, the smaller tnfts are
further depleted and some of them die.

Table 4, presenting the variation in number and size of black
grama. tufts on several representasive arens ungrazed by livestock,
shows that there was a breaking up of the large tufts into smaller
tufts in the dry year of 1918 and g still further contraction, with
general depletion of stand, into 1919. Similarly in 1922 and in
1925, dry years, tufts were smaller than in the years preceding. In
years of good rainfall, tufts grew together agein, but, as shown by
intensive study of plant areas on the ground, the greatest increase
took place out from the edge of the original tufts in a direction
where there was very little interference from dead crown and root
material and less competition by other tufts for available soil
mestare, With continued favorable growing conditions, the tuft arca
mcreased rapidly. Such coalescing of tufts occurred especially in
1920, 19321, 1924, 1926, and 19927. %‘igure 2 shows the variation in
size and number of tufts as the resalt of breaking up of tufts and of
subsequent expansion of tufts on a representative quadrat. There
was a breaking up and inerease in number on this quadrat during the
dry period from 1916 to 1919, an expansion in size and reduction in
number during the favorable conditions from 1919 to 1921, and =«
severe dying out from extreme drought conditions from 1921 to
1023, followed apmain by another expansion in size and reduction in
number during the peried from 1924 to 1926,
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ABLE f—Veriation i nunther aud sizc of bluek groma Hufis, cxefegive of Jcw
gtolon ureas, on represcitative ungreged yuadraty :

Tatal Total

. Avernge | Average Avernge | Avernge

un}g:atg)? number | size of i‘;:;ﬂgg numbgr size uf}
tnfis of tulis tuft ol tufts [131¢4

Oome Number Number Cm?
40.0 9.2 .

35.5
44.0
80.8
6.5
£80.2

14, . Average____.

1 Datn averaged Teom 2 quadrats Tor 1916, 1917, and 1918, und uversged from 4 goadrats lor all olher y2ars.

1916 {Good Stand) 1918 {After 1916 ta 1918 Drought)
Gu L T

-

G é: 2 &

L]

ler 2 Gond Years) 1923 (After 92| 101923 Droug
—

s R

) S N B
o
7 —

a
Oeo

| 4
AL
Gt =

o
D 4

LEGEND

77 TUFT AREA T SET ESTABLISHED
e SET NOT ESTABLISHED

faurk 2—Varinflon in size and number of black grama tufts on an ungrazed quadrat
over oo 2-yenr perled.
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PRECIPITATION AND REVEGETATION

Where unfaverable climatic conditions or overgrazing or a com-
bination of the two have destruyed almost completely the stand ot
native grasses, further usefulness of the range is dependent upon
the ability of the remnants of the stand to revegetate. This, in turn,
will largely depend upon the influence of rainfall upon the several
processes or methods of revegetation of black grama and its asso-
ciated species,

Table 5 gives the germination percentage of the seeds of black
grama and its associates during severul years, by laboratory test, to-
gether with the growing conditions in the summers the seed was pro-
duced. In spite of the extremely low viability of black grama seed
as a general rule,.n fair amount of viable seed is produced occa-
sionally, as in 1917 and 1923. Observations during the dry years
following these seed crops failed to show any hlack grama seedlings,
owing doubtless to the effect of drought at the time of germination.
-In 1919 when conditions were most favorable for a forage erop
little viable seed was produced. Turther studies at the Jornada
have shown that in some very favorable growing years, when viable
black grama seed was produced, seedlings were found the following
year.® As a general rule, however, a Jarge percentage of the florets
fail to develop well-matured seed.

Taswy b—Germination percentuges of seed of bluck grama and associrted range
g:'r;gses wnder different sumoner growing conditions, 117261

Germitntion

Summer growing eonditions
Black [Redihree] Sand
HTRIIA awn dropseed

Pereent | Percer Pereent
Poor {dronghty) . oo . . 7.5 40.0 o
Excellent .. e e _

L.
cooODaoSoCo

g
M

Py

T A —

! Tests for 1#17-21 were made by the Burgau of Plant Toduatry; thoss for 1922-25 by the New Mexico
gu’i}l_legu of Agricullare and Mechanie Arts; and that for 1928 by Carola V. Inckson, of the University of
hicoge. .

2 Two erops were produced in 1920, The har scad coats of the sand dropseed wera pricked to approxi-
maude the nhraslve aclion of Lhe wind-blown surface of the sandy soll in which the seed Ties dormant during
drought, 'This trealment neeounts for the grent increasa in germination percentuge.

Uneven distribution of precipitation during the smnmer growing
season may prevent the maturity of what appears to be the making
of a good seed crop. In 1920, for example, favorable growing condi-
tions existed during June, July, and August, and during these months
black grama made excellent foliage nnd flower-stalk growth, but in
September the rather scattered light showers that fell allowed the
plants to dry up and only a poor seed crop matured., The uneven

PCAMPIELL, R, 8., amnd CaNPIELD, R. H. ANNDAL REPORT, TORNADA RAKGE RESERYE,
I92T. (Mlmeographed,) ?
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distribution of rainfall in 1926, which resulted in very rapid growtl
of black grama in May, retavdation during June, revival of growth
during July, and drying up of the grass during August, greatly
interfered with the production of flowers and their fertilization and
but little seed was produced that year,

NATURAL REZEEDN'KG

The production of black grama flower stalks and flowers varies
from a luxuir int crop during extremely favoruble growing seasons to
practically none during drought. However, only a few black grama
seedlings in oceasional years were observed during the period 1915
to 1927 on the Jurnada Experimental Range. This scarcity is doubt-
tess due to the failure of the species to mature its seed satisfactorily
and to the poor viability of that seed. Several grass and weed specics
associnted with blaek grama have considerable advantage over it in
the production and viability of seed and establishment of seedlings.
Of these species, red three-awn anid the sand dropseed grasses are
typical. Good seedling stands of the three-awn grasses, the sand
dropseed grasses, and numerous weeds became established In the
more favorable years, especially in years of above-average precipita-
tion following drought. Red three-awn produces and matures its
seed crop earlier in the season and more rapidly than black grama.
Tt matures some viable seed every year regardless of rainfull, and in
favorable vears yields a large crop generally with a high degree of
viability (table 5). In the erratic growing season of 192Githe plants
under observation produced two seed crops.  An especially good
stand of seedlings became established in 1920, following the excellent
oo erop of 1919 ; these inereased rapidly in area. Red three-awn is
not so long-lived & plant as black grama. It usually lives only +or 3
vears, and in droughty years, such as 1922, it may be practically
killed out. Therefore, only its ability to produce viable seed in
abindance and to Lecome reestablished through seedlings enables it
to hold its place as an important forage plant.

During favorsble summer growing seasons the sand dropsced
grasses yield very large crops of seed, and ordinarily some seed js
produced every year. Judging by laboratory germination tests made
in the years up to 1926 (table 5). it might have been supposed that
very little of this seed was viable. In that year, however, Jackson
employed a new method in testing this seed. The unusually hard
seed coat was pricked or abraded, to approximate the effect of the
constunt rubbing given dormant seed by wind-blown sand during
drought. The results amply confirmed the theory that it is this
abrasive action of the sand which enables the seed to germinate
when the first favorable growing conditions oceur. TFurther sub-
stantiation is found in the Tact that in years following drought good
stands of sand dropsced seedlings invariably appear, especially in
rather loose, exposed sandy areas. Fwven thouglh there was only a
seant stand of plants on the range from 1918 to [922. inclusive, sufhi-
cient seed was available after 2 years of drought to start u stand
of seedlings during the short intervals of good precipitation in 1923,

M JArKE0s, (4 V., SEED RERMINATION [N CERTAIN NEW MLXICC RANGE GrAsses. Dot
Gz, 86 270254, illus, 1928
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The climatic conditions of 1926 brought un exceedingly good seed-
Iing crop as well as a good seed crop on older plants. These grasses
are of importance both as forage and because of their ability to ve-
establish themselves quickly after a drought. Their exceedingl
rapid increase in density aids also in holding the loose, drifting sund,
and thus prepares the way for the reestablishment of the slower
black prama,

LATERAL SPREAD EY TILLERING OF BLACK GRAMA TUFTS

Since black grama is so uncertain in its habits of seeding and ger-
mination, revegetation by lateral spread and by stolons wmust be
depended on for its maintenance and improvement. The increase
in area by lateral spread duving a given growing season depends
chiefty upon the vigor built up in the preceding year from favor-
able climatic conditions. It is also dependent upon the inteusity of
grazing and the density of the vegetation. In favorable growing
Years the increase in erea by this method may be nearly 200 percent
if the stand is thin at the start.

In 4 different yeurs from 1915 to 1927, as shown in table 4, the
black grama range was improved through lateral spread of the tufts.
Marked increases resulted in 1920 and 1926 as compared to the pre-
ceding year from the increased plant vigor built up by the favorable
precipitation of the preceding growth year and favorable growing
condifions in the current summer. A small increase was shown in
1921 even with subnormal summer rainfall that year, doubtless ax
result of the accumulated vigor from the favorable conditions of
the 2 preceding growth years. From the very low plant arveas of
1023 there was a fairly high percentage increase in 1924, possibly
owing to the ability of the scant stand of vegetation to make cffective
use of available rainfall during this period, even though this was
nverage or below. In general, the rainfall in other years was insufli-
cient to bring about any noticeable spread of tufts.

A study of the records of individual quadrats indicates that the
percentage of increase by lateral spread was influenced by the stand
of black grama at the beginnin% of each period of increase. The
greatest increases occurred on the quadrats of least area. Prob-
ably there was a greater supply of sgil moisture available for cach
individual plant tuft. Thus, on two guadrats, the arven of black
grama varied from 192 to 194 ¢mi® in 1919 and showed an average
mcrease by tillering of 129 percent in 1921, Two others, which In
1919 had the greatest area of black grama (266 and 321 em?), in-
creased only 64 percent in the same period. Again, in 1925, the
area of black grama declined to an average of &k cm® on two fow-
density quadrats. By the close of the 1920 season these two showedl
an average increase of 267 percent. The other two quadrats. with
82 and 141 em?® in 1925, had increased only 168 percent by the fall
of 1926. In none of these cases did a high-density quadrat have
as great an increase as a low-density quadrat.

REVEGETATION BY STOLONS FROM OLD TUFTS

The other important method ot natural veproduction ar rvevegeta-
tion of black grama is by stolons. The record of average produc-
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tion of stolons and the establishment and maintenance of sets for
representative areas from 1915 to 1927 is shown in table 6.

TAgiE §.—Revegelation by stolons of black grama on ungrazed areas

Avernge on ungrazed quadrats Average on cogrnzed quadrals
Yoar Year
Now R::’E:d Arceof | Areain- New Rg::';’d Aren of |Aren in-
stolons nr::sent sets | crapsed stolons prasent sets |creased
Number\lNambey| COm? Cmi MNuwmber|Mumber) Omt? Cm?
11} &0 WOl - 0.4 2 0.8 1))
2.9 .0 2.5 {1 .8 1.0 3.6 2.2
3.5 8.5 32.05 10.5 9.0 £.2 i.2 5.2
1.0 55 155 i'g 0.2 2o 8.5 67.3
a0 3.5 L ! 1.8 i7.8 9.8 .3
218 2.2 42,9 435
8.8 .2 52,9 10.0 Avornge...| IRT 4.3 207 fueoeeno
2.8 l L5 28] (O

I Derrease i alen.

The production of flower stalks or culms that eventually become
stolons is largely limited to years of average or better than average
rainfail, although a small number may be produced in seasons of
below-average precipitation. Ordinarily, the year ot favorable grow-
ing conditions required for new sets to be produced must be followed
by another favorable year for the sets to become rooted. For ex-
ample, In 1919 an excellent crop of flower stalks was produced,
some of which bent over sufficiently to become stolons, and a large
ntmber of unrooted sets developedy at the nodes. Of these a rela-
tively small number, mostly near the ends of the stolons, became
rooted that season. During 1920, which also was a favorable year,
the formation of stelons continued and, owing to the increased weight
of new foliage growth at each unrooted set, many of both years’
sets took root and became established. An occcasional 1920 Hower
stallc also becaine n stolon.  Some of the 1920 sete succumbed in 1921
because of poor root systems or competition from plants, but other
sets became better established and increased slightly in area. Another
excellent crop of stolons was produced in 1826 in spite of a very
small number of old tufts; and 1927 was also favorable for the pro-
duction and establishment of new sets. The greater incrense in area
of established sets in 1926 and 1927 as compared to 1920 and 1921
was probably the result of less interference from a greatly depleted
stand of old tufts.

Apparently rainfall did not influence the manner in which the
stolens either extended out radially from the base of the tuft along
the surface of the ground or bent over from different parts of the
tuft as shown in figure 3. However, the variation in the length of
the stolons—from 10 to 50 cm~—depends largely upon rainfall.

The number of stolons per tuft varies from 1 to 8, and there ap-
pears to be no relationship between the size of a black grama tuft
and the numbey of stolons produced. It is further apparent that a
ligh density of black grama is not necessary for the formation of
2 large number of stolons and establishment of sets; for example, a
good number of stolons were produced and sets established with a
relatively low density in 1926 and 1927,
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Measurements made on one lurge tuft in 1920 indicate that up to 2
certain point the number of established sets increases with the dis-
tance from the parent tuft. Six percent of the established sets wera
within a distance of 7 cm of the tuft, 28 percent were 7 to 10 cm
from the tuft, 58 percent 10 to 20 cm, and 8 percent beyond 20 cm.
Further checks of other tufis indicated that similar percentages
would generally hold true.

Old %lack grama tufts competed somewbat with the new sets, but
the competition was not serious enough, with the stand present dur-
ing the period of the study, to retard the increase of the established
new sets by lateral spread, except in the drier years. In a large
number of instances the old tuft and the mew plants from stolons
grew together and formed a large irregular tuff. As shown in fig-
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Preure 3.—Method of revegetation of black gramn by stolons.

tre 4 some established new plants eventually have a greater area
than the original parent tuft. Generally such sets are established a
sufficient distance from the old tufis to enable them to spread rapidly
without much competition from the older plants.

The manner in which the disastrous effect of drought on the main-
tenance of new piants established from stolons is aggravated when
tufts are many and density is high is clearly indicated by the heavy
mortality during the winter, spring, and summer of 1929, Only a
few sets survived the drought which began in 1921 and ended in
1925, Some of the survivors, however, produced stolons in 1926 zud
1927 from which new plants originated.

This method of revegetation is chiefly of value in that it males it
possible for black grama o establish new plants at some distance
1rom old established tufts, with the result thai the increase in ares

is greater than wourld be ‘possible from lateral spread of old tufts
alone.
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INFLUENCE OF GRAZING INTENSITY ON BLACK GRAMA

In order to determine the degree of utilization of black grama
range that will give the best economic use and at the same time per-
petnate ithe range, it is important te consider the gpecific influence
of different degrees of use upon black grama and its important asso-
ciated species. This i1s evenn more necessary in years of drought
when area of black grama may fall aslow as 10 or 11 percent of the
muxnnum stand, and 20 percent of the average over a 13-year period,
and when volume of growth may also be seriously reduced.

In earlier investigations on the Jornmada, Jardine and Hurtt
compared conditions on the experimental range conservatively
grazed for several years with those on unfenced public range, origl-
nally similar in rharacter, and found on the uncontrolled runge that
servious overurovimg had extended fo a distance of 4 miles from

[ECL I — AL S
[ 1029 1321 132 1927

Fnirns -L—Progress of revegetation by stlons: A, original black gramy tult; B, binek
grama pinng from stolon.

permanent watering places. The study showed that the combined
aren of blacle grama, three-awn, and sand dropseed grasses at one
half mile from watering places on the experimental range was equal
to that approximately 414 miles out from water on the unfenced
range. Beyond these respective distances there were no differences
in plant area. On the outside range black grama aslone failed per-
ceptibly within 334 miles of water and was gone completely within
one half mile. At 1 to 2 miles on the open range the plant area was
net over one third of the normal area on the experimental range,
Jardine and Forsling ¥ found that black grama, where it was
Leing seriously overgrazed, declined in area in time of drought to 18
percent of the area on similar ungrazed range, implying an extreme
shortage in the forage crop. They found the grazing capacity of
the overgrazed range prior to dronght to be approxinmately 82 percent
of that of similar fenced range that had been lightly grazed during
the sumuer and slightly undergruzed for the year as o whole during
waanmye, J. 1. awd Jowrt, LA, INCREASED CATTLE TRODOCTION ON SOUTHWERESTERN

RANGES, 1L, Depl. Apr. Dull, G858, 32 pp. ilJus. 1017,
W RARDtNE, J. L, and Fopsuixg, O L See fpotnote T, po 10,
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a period of 8 years. During drought the overgrazed range declined
in grazing capucity to 51 percent of the similar fenced range. In
adelition fo the reduction in grazing capaéity on the overgrazed
range, the shortage of forage resuited in excessive losses of livestock
from starvation, in the stunting of young animals, and in greatly
reduced calf crops.

INFLUENCE OF CONSERVATIVE GRAZING

The results obtained over the i8-year period from 1915 to 1097
indicate clearly that forage productlon on black grama range may
be maintained under conservative grazing as well as or better than
under complete protection from grazing (pl. 2, ). In dry years the
range feed on many of the conservatively grazed aress was ntilized to
the point of slight overgrazing but ju years with average or better
growing conditions utilization by the end of the grazing year seldom
exceeded 80 to 85 percent of the black grama foliage produced each
year. Under these conditions the grass stand held up as well as or
better than on the ungrazed check areas where weather alone was
the chief influencing factor.

HENHET GROWTH

The height growth of black grama under conservative grazing
averaged 34.7 em (13.7 inches) from 1919 to 1927, inclusive—only
slightly less than the average of 37 cm {146 inches) on ungrazed
areas for the same period, As shown in table 7, this average rela-
tionship is generally typical. The considerably lower heights in
the dry years of 1992 and 1924 are probably due to the fact that
the use of the range in these years amounted fo 2 slight overgrazing.
There was, however, no sustained effect of the heavy grazing in
these had years.

TasLm T~—Averege height of higck grama stems under conservalive grazing and
o dhgrazed range

z Conserv- Cobsery- Conservs
No H No : - Ny ;
Yere Wk ative Year otiva Year il aliva
grozing grozing grazing grazing i LS 4 et e
it cm Cit Cm Chit Cm
1919, 2.7 4.1 5.0 ST W, ... 8.0 0.4
100G, 50.3 q47. 8 d.7 219
uz2l, 30.38 285 W3 48,14 Averapge. . 3.0 3.7
J it S 8.3 [LEN) ML O 4.9

TLANT AREA

In most years, as shown in table 8, there was little difference
between the yearly fluctuations in plant aren vn conservati vely grazed
range and on ungrazed range—the years 1918, 1992, 1993, and 1994
being the notable exceptions. The stand of black grama on the con-
servatively grazed range never reached as great ap average area in
the maximum years as on the ungrazed range nor dropped so low
when the effects of dronght were most severe.” For the 13 years as a
whole the average density of black grama was practically the same
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on conservatively grazed range as on the ungrazed range. The
extreme dry weather in the winter, spring, und swmmer of 1922 that
caused a severe decline on the ungrazed range had less effect on the
orazed range except for several localities that had unnsuaity heavy
stands of black grama. In the fall of that year the grazed exceeded
the ungrazed range in area of black grama by 38 percent. From then
antil 1927 the black grama on the conservatively grazed range wus
more vigorous and the stand was maintained at a higher point.
Rapid improvement was evident during 1926 and 1927 under very
light grazing.

wanLe S—Averege plunt erea of block grema on censcrrarively grazed and
wngrized arews, 1915-27

On conservatively On conservatively
grazed Tonve grazet] tange
On un- . Onun- |—
Year g;:’::g&d Compari- Yeor rrazed Compari-
ce son with mnge san with
Aren Azen
ungrazed ungrized
rRoge renge

et Cmi? Percent Cml Qm? Pereent
8.2 5070 | 2 S —— 60.G 156.0 a
5371 484 ht- 0 N | 1 D 125.7 198. 8 158.2
4617 7.5 83,9 | 1925 __. 106, ¥ T 4 1410
33r.4 213.0 55,1 || 1026 . 283. 4 230, 5 18 ¥
20704 184 6 FiGIT VRN | R il 475. 2 7.8
433. 4 365 § 8.4 -
343 435.0 81.6 AvRTage ... 310.B 3G 1K) 4

07,6 148.2 1357

REVEGETATION BY NATURAL RESEEDING, LATERAL SPREAD AN BTOLONS

"The failure of black grama to reseed naturally nnder conservative
orazing could hardly be attributed to this use of the runge, SINCe i
favorable growing seasons the preduction of flower stallts was not
materially hindered thereby. Failure was due rather to the inability
of black grama, even on ungrazed range, to mature seed, as well us
to the poor viability of the seed.

Natural revegetation by lateral spread was the most effective means
of increasing the area of black grama on the conservatively orazed
range. There were three 2-year periods of increase in arven by lateral
spread. culminating, respectively, in 1921, 1924, and 1927, and these
vorresponded essentinlly to similar increases on ungrazed range
except that the black grama stand on the ungrazed range decreased
slightly in 1923 and 1927, This indicates that as rapid recovery
from drought may be expected under conservative grazing as uneler
no grazing.

In general, revegetation by stolons was not as cffective on grazed
as upon ungrazed land, either in good years or poor years, bul,
nevertheless, it remains an important means of restoring, in favor-
able growing years, the stands that have become depleted by drought,
and thereby of increasing the black grama on conservatively grazed
ranges, a5 18 shown in figare 3.

Under conservative grazing some flower stalks remained to become
stolons. Likewise the new sets that developed on the stolons eventu-
ally became firmly established and in favorable years made sufli-
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cient folizge growth lo develop the vigor of the new plants and
tater to increase materially in area.  As has been previously shown,
dronght seriously affects the newly estublished sets on all areas, but
it is very evident that conservative grazing, although it somewhat
hinders revegetuation by stolons, will, nevertheless, periit the build-
ing up of a deplete-l stund in favorable growing years.

HEAVY OVERGRAZING YEAR AFTER YEAR

The effect of heavy overgrazing year after vear npon the stand of
black grama was fivefold: (1) The existing stand of black grama
rapidly broke down and eventually died; (2) natural revegetation
was sertously handicapped and reduced because of the low density
and poor vigor of the old plants and excessive trampling of new
plants; {3) drought losses were intensified; (4) competition from
mferior perennial grasses and weeds increased: and (3) a marked
reduction appeared in the annual forage crop. The cHects of such
a graziug practice on livestock production are evidenced in a ve-
duced grazing capacity of the range and the poor condition of the
livestoek, which in turn seriously reduce the calf crop, increase
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losses from starvation, and allow no provision for reserve feed in

critical drought periods.

The average height growth of black grama was very much reduced
by continued heavy overgrazing. In dry years it did not exceed
20 percent ot the height growth on the ungrazed range, and in more
favorable years it was barely 75 percent. “Furthermore, in drought
years, the forage crop is often completely utilized shortly after the
close of the summer growing season.

The effect of heavy overgrazing year after year on the stand of
black grama is shown in plate 2, 4 and B, In 1915, following
several years of favorable growing conditions, black grama on con-
tinuously overgrazed range occupied an average of but 134 em?® per
square mefer, only 28 percent of that on ungrazed range and 30
percent of that on conservatively grazed range in that vear. At
the end of the severe drought in 1918 the area of black grama had
declined to 30 em?® per square meter, 9 percent of that on ungrazed
range. As a conseqience of the second drought, the greatest in-
fluence of which was felt, on the overgrazed range, in 1922, the area
again declined to 25 em? 23 percent of that on the ungrazed range
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in (hat year. In (he drought period up to 18924 hiack grama was
completely killed ont on a large number of range areas mnd wius
brought to an extremely low density on others, In favorable cli-
matic years there was not much opportunity for improvement in
starul on ranges that were constantly being overgrazed. The small
namber of tufis that remained after a drought were usually im-
patred m vigor.

When the range is heavily overgrazed, the improvement of hiack
grama stands by natural revegetation is greatly hindered. The
total plant cover becomes so depleted that the loose sandy surlace
soil 15 readily exposed and therefore is subjecled to wind erosion.
It becomes inereasingly difficult for black grama fo reestablish itself
in the presence of this unstable soil condition.

The vigor of the old black grami plants becomes 1mipaired =0
that inerease by lateral spread of the tufts by tillering is hindered
even in the more favorable years. The production of stolons is
rather limited because of the poor preduction of flower stalks and
their constant grazing by livestock. The establishment of new
plants by stolens s slow and uncertain even in the more favorable
years hecawse of excessive trampling of the rvange. In most in-
stances plants newly established in one year are trampled out by live-
stock Iater in the wame year or in the following year. Once the
stund ix destroyed, poor seeding habits of black grama malke 16 prac-
tically impossible for the species to become reestablished.

The loss in stamd from drought is intensified by continued heavy
avergrazing. Under conservative grazing the average stand of
black granm was reduced by drought to 29 percent of its average
maximun.  On the overgrazed range, however, the stand was reduced
to i pereent of the average maximum on conservatively grazed
ranye,

The extreme depletion of black grama under overgrazing en-
couraged the development of a stand of the less palatable perennial
sand dropseed grasses because of their more aggressive seeding
habits and their ability to increase rapidly in density when wmore
moderately grazed in favorable years affer the establishment of
the new plants. When heavily grazed in dry years they produce
poor s(‘o(} crops, but in the more favorable growing yeavs vield
fair crops of secd which. under favorable conditions, later germinate
and become established seedlings, In drought periods the area
of these grasses mnay be severely affected, as in 1918 when it dropped
to an average of 18 ¢m® per square meter, 18 percent of the 1915 den-
sitv. Later, following two favorable growing seasons of 1919 and
1920, it inereased to 63 ¢m® but again dropped to 16 cn® in 1992,
Dropseed grasses are gradually replacing the black granma grass on
many overgrazed ranges in sovthern New Mexico, chiefly because of
their reseeding ability. '

FULL USE OF FORAGE IN GOOD YEARS AND SLIGHT OVERGRAZING IN DRY YEARS

The combination of full use of forage in good years and slight
overgrazing in years of poor forage growth did not perwit the full
recovery of black grama from the losses suffered in drought years.
The average area of black grama under such grazing during the
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13-veur period was approximately 71 pereent of that under both
conservative grazing and no grazing. Starting in with an average
area of 885 cm® per square meter there was o decline to 152 em?®
by 1919, a recovery to 822 cm® in 1921, and a new decline to 112 and
103 cin®, respectively, in 1992 and 1923, Then after a recovery to
132 em?® in 1994 it declined again to 115 em?® in 1925, Thus the
slight overgrazing in each drought period caused an inportant de-
cline, giving an avea of 50 to 75 percent of that under conservative
prazing in the same years, although greater than that which pre-
vailed without grazing in the general drought period from 1922 to
1925. The stand on the average remained fairly vigorous and in
a condition to respond quickly to lighter grazing n the move favor-
able years, This is especially noticeable in the recovery under light
gruzing betwean 1923 and 1927 when the quadrats used to represent
tull use of forage in good years and slight overgrazing in drvy years
up to 1924 reached an avernge area of 391 em® The lateral spread
of the tufts by tillering in the favorable growing years, however,
was not as eftective ns on the ungrazed or comservatively grazed
ranges.

Average height growth of black grama in faverable growing
years was only slightly under that of the ungrazed range, but in dry
years it was much less than that on ungrazed range, as for example
m 1322 when it was only &3 pereent,

The stands of the sand dropseed and threc-awn grasses on the
average under full use in good years and slight overgrazing in dry
years were generally very low in density. only in a few mstances
exceeding black grama and ot no time attaining a suflicient density
to hinder the growth of black grama. The stunds of these grasves
decreaseid greatly in drought periods and in faet on some areas went
out completely.  They came buaclt in a very small degree in 1919
to 1921, but in many instances only to succumb again in the following
drought period. They were given u good opportunity. however,
following the depletion of the black grama stand in that drought
period, to incrense in density by natural reseeding. IFor example,
on range near the headguarters and West Well, the sand dropseed
grasses had declined to their low average of 16 cm? per square meter
by 1922. The black grama stand was at its low of 105 c¢m® in 1923,
By 1927 the sand dropseed grasses occurred in some abundance, an
averige of 152 ¢m® per square meter. This did not, however, prevent
a material increase in black grama by lateral spread and stelons,
under lght grazing from 1025 to 1927, and therefore black gramm
with an uverage of 391 ¢mn® still remained the dominant grass in
1927 on ull of the quadrats except one. Where a stand of blaclk
grama was maintzined at o madernte density i drought periods it
inercased in favorable years to sueh an extent that the sand dropseed
garasses were not able fo develop muterially. This was especiully evi-
dent on the South Well area where the stand of black grama, even
though greatly depleted by the dronght that stagted in 1922, hailt up
so rapidly by lateral spread and stolons when rainfsll improved
that the stand of sand dropseed grasses in this area, not producing
cood crops of seed, became estublished much slower and o lfess
density than on any of the other range areas,
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Slight overgrazing in years of short feed production is detrimental
to stands of black grama because it hinders this species from attain-
my its optimum condition. The nncertain rainfall in southern New
Mexico further complicates the sifuation under such utilization,

OVERGRAZING DURING THE SUMMER GROWING SEASON

The study of the effects of overgrazing in summer only was made
(1919-25) on range consisting principalily of summer forage grasses
on which there were small isolated black grama areas. Beenuse of
the high palatability and low density of the blacle gruma, the abun-
dance of summer grasses did not prevent the overgrazing amd rapid
breaking down of ‘the stand of blaek grana.

Summer overgrazing reduced the height growth of black grama
even in favorable growing seasons, but not 50 severely as did hedvy
year-long overgrazing. The maximam height growth attained in
sneh a favorable growing season as that of 1920 was 66 pereent of
that on conser\"ltlwhf grazed range. In the drought year of 1922,
local showers in the summer growing season were 1(.“':[]0]'["\1‘0]{, far a
better average height rrmwth on the sunimer-ov ergrazed quadrats
than on the other gr razed arens.

The average area of black grama in 1918 on the quadrats subse-
quently overgrazed esxclt summer was 225 em?, practically the same
as that of the ungrazed range and 16 percent hetter than that on
the quadrats repr rvesentative of the range conservatively grazed
throughout the entive period of the study. The total increase in
denhity in 1920 and 1921 was 28 percent ag compared to 124 percent
on conservatively grazed range and 135 percent on ungrazed range.
In the drought £h: it follm\ed the stand of blxlC]x crama on the sum-
mer-grazed range dropped in 1923 to 4t cm® or 15.4 pereent of its
1421 density. A slight improvement occcurred in 1924 and 1923 when
the overgrazing in summer was not quite so severe.

The oppertunities for natural revegetation of the stand of black
orama in the favorable growing seasons were greatly impaired by
the constant close cx opping which the species .&uffuwd which largely
preventerl both the lateral spread of the tufts by tll!eluw .md the
establishment of new plants by stolons, Furthermore, the vigor of
the individual plants was seriously depleted by the severe grazing,
especially during drought.

l1"110 stand of sand dmp%eed orasses which occurred with the black
erama on the isolated sandy Areas was extremely low throughout
the period nnder study and consequently was not considered a sevi-

us factor in cmnpetltmn with the black grama,

Summer overgrazing was chiefly responsible for the brealdown
in he stand of bluck grama during drought periods and interfered
materially with its improvement hy natural re vegetation in favor-
able growing seasons. While such overgrazing cannot entirely be
avoided on the isolated black grama uareas in the summer when the
bull of the feed can best be utilized. it is well to discour age use of
the black grama as much as possible by judicious qaltmtr of those
Inrge areas supporting the other vegetation best suited for summnet
nse,
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SUMMARY

Black grama. the subject of this 13-year study on the Jornada
IExperimental Range in southern New Mexico, owes its great value in
this region of low, uneven rainfail, high temperatures, Eigh evapora-
tion, and relatively severe winds, to its characteristically drought-
resistant quality and its high palatability and forage value both in
summer and winter. The main growth of black grama is made dur-
ing the summer rainy season, ordinarily July, August, and Septem-
ber. Only under the most favorable precipitation is growth made
in the spring. Black grama seldom reproduces from seed but, after
drought or overgrazing, revegetates rapidly from residual plants
by tillering and by stolons.

The period of study inctuded two droughts, one of which con-
tinued through 1916, 1917, und 1918, and a second which began in
the late summer of 1921 and continuved almost 3 years until the
spring of 1926. In addition to observation of the effects of varia-
11ems in seasonal and anpual precipitation, the areas studied were
submitted to several intensities of grazing use.

The area of black grama on ungrazed range, both in pure stands
and in association with other perennial grasses, gradually declined
during the first drought, following u marked and consistent lag.
to a point 41.5 percent of the original stand at the beginning of the
study : practicaily recovered to the original area aguain as the result
of 2 favorable growing years; then dropped very suddenly in the
following 2 years of drought to the extremely low point of 10.9
percent of the original area and 19.3 perecent of the 13-year average;
vemained low for the rest of the drought period; and fnally in-
crensed markedly during the succeeding favorable years. The in-
crease or decrease in the aren of black grama from one fall to the
next is influenced mainly by the vigor of the plants at the start of
the current growing seusorn, as reflected by the previous year’s gr
even by the previous summers precipitation. Current sumumer-
seasonal vainfall has no significant ctfeet on the curvent chapge in
plant density. Ordinarily one favorable growing season appeared
to be necessary to restore the vigor of weakened plants before marked
improvement in the stand began.  On the other hand, it is the rain-
fall during the current summer season which largely determines the
height growth during that season on the existing black grama stands.

The average density of black grama over the 13-yeur period was
practically the same under conservative grazing as under no gras-
ing. The decline during drought was rather similar under both
conditions, but the return of favorable rainfall brought more rapid
recovery under conservative grazing. Conservative grazing appears
to break up the large, separated tufts formed under freedom from
use into smaller tufts better adapted to maire efficient use of the
availuble soil moisture. Under conservative grazing. other things
being equal, natursl revegetation of black grama tufts by tillering 1s
far superior to that by stolons, since mary of the stolons are removed
by grazing; but the latter method is an important means of rees-
tablishing a stand after drought on conservatively prazed range.
By means of these methods of revegetation. black grama remains
dominant after drought in spite of the rapid inroads of associated
grass and weed species.




A2 TECHNICAL BULLEPTLN 4880, U8 DEPT. OF AGRLOULTURE

A grazing practice which involves the full uvse of black grama
range in good years and slight overgrazing in years of short feed
gives results considerably below those of consistently conservative
grazing. It prevents the maximum development of the black grama
stand and permits the inferior associated grasses and other species
to secure a foothold on the more depleted black grama areas,

The system: of overgrazing in the summer growing scason only,
year after year, decreases the density of black grama rapidly in dry
years and greatly handicaps recovery througu natural revegetation
m favorable growing periods.

Under heavy overgrazing year after year the density of black
grama Js apt to decline in drought years to almost a negligible
quantity. Such grazing results in unstable soil conditions, greatly
weakens individuatl black grama plants, hampers the recovery of
black grama by natural revegetation in favorable years, permits
inferior plants to encroach and establish themselves, intensilies the
influence of drought, greatly reduces the grazing capacity, and,
finally., adds greatly to the instability of production of livestocl on
the range.

The results of all tests made bring out especially whe amazing abil-
ity of bluck grama to survive drought, to recover after a drought
period, to compete suceessfully with associated species, and to Te-
main us the dominant plant on conservatively grazed range in spite
of encroachment of sand dropseed and threc-awn grasses and other
species Tollowing depletion of stand by drought.  The ability of
plack grama to withstand conservative utilization by livestocl,
without a reduction in stand except the varations due to vieissi-
tudes of climate snggests conservative grazing as the most stabie
and productive system of gvazing. Heavier grazing use, in the
degree of its intensity, results in gradual or extreme deterioration,
a subordinate stand of black grama, reduced grazing capaeity, and
unsatisfactory conditions for permunent livestock production.
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