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SUMMARY OF INVESTIG ATIONS DEALING WITH
Bunnom (APLOPAPFUS FRUTICOSUS) AND
© ITS ECOLOGICAL ASPECTS
| 'INTRODUCTION

| ‘Burroweed, Anlogapgus frutioésus'(ﬂosﬁ andrStanﬁley)
Blake, is one of the most undesirable plants that has
spread over certain argas<oh‘rangesfin the SOuthWEsteﬁn
. part of the United States. Various in#astigétions;_ :
dealing with its oontrol and eradioation; pdiabnous
properties, commeroial uses and relation to grasses
" have been made. Together with studies on ‘other
undesirable plants these investigations hava bsen instig-
'ated by 1ndividual and group entorprisss in an erfort to
“increase the carrying cagacity of ranzes. Many of the
studiea on' the burroweed problem.have overlappad and.
much of the data has never been summarizad or correlated.

Conruaion of identity has also orten resulted because

other similar planta have been mistaﬁen for A« frutiocosus.
This present study is desianed to br*ng togethar as a
summary all of ths material available on the burroweed
problam, tagather with some original«inveatigations. ‘Much
of this information is found as isolated references, and a

'aonaiderable portion appears as unpublished data, and



. probably would never be assembled in eny other form,

ROMEHCLATURE

Romﬂnolatuxa'gg»the Genus

Aplopappus frutisosus (Rose and Standley) Blake
| beiohgs to the Aster tribe of tﬁe‘compnaitgé, a family of
- widé'distribntion;‘mambora of vhich are found in practically
all parts of the globe. The nomenelature of the genus has
in timbavpast received some d;sauasicn,'gué to disagreements
that have existed. According to’Halll(1§26'§;83); the first
desoribtiﬁh of the genus was made by H{Mcﬂsaini‘in 1828 in |
DiotionnaifaVdes'SOienoes Naturelles 56:168»169;.mh0_3pelled |

1t Aplopappus rather than Haplopappus. Then follows his

deacripﬁion ér'a single 996qies L. glutinosus which thus -
becomes the type for the genus. De candolié;_and perhaps
‘the majoritylof-kmerioan‘Sotaniats, including Gray, follow
this spaiiing. On. the dther hand, auoh'bétaniaté as Remy,
Bentham andiHbokér, Hoffman, Ruche, Hall and others have
adopted Haplo 8 a§ the corrected spelling, and as
Hall (1923'9.;g61 says: »

Sinoce the dropping of the initial H gives to
the word a meaning entirely different from that
obviously intended by Cassini it would seem that
Hh%lnggggua should be the preferred spelling by
a.l, except those who follow the original orthography
of botanical names regardless of errors. _

Hall (p. 25) in spelling the genus with the initial H, is
following the International Rules of the Berlin Céngreas



)

which includes Haplopappus in the list of nominarconservandé.

-1 , : . ,
Dayton, commenting on the spelling of the genus says:

: Being a little something of a Greek scholar
nyself I naturally am sympathetlec to the viewpoint
~ that Haplopappus 1is a bit better in accord wizh the
Greek Eﬁﬁﬁ K &o appugs. However, Haplopappus 1s not
required as % understand it, undé?"%ﬁe International
Code. - Aglogaggua is the original spelling; it cannot
be consldered incorrect because "h" does not occur in
Greek except as an aspiration; it has been accepted
_ by the great botanical figures of the past (De Candolle,
~ Jussien, Robert Brown, Asa Gray and others), and it is
- generally admitted that reasonabvle latitude must be
- given authors as regards the forms of their botanical
names. Horeover, if we change Aplopappus to
Haﬁlogggpus we shall be obliged, for comnsistency's
' seke, to make hundreds and probably thousands of. ~
changes in. other nancs, especially in numerous generie ‘
nanes beginning with vowela.

vThe only other ganerio name that has been proposad as

a aubstitute aocording to Hall (19~8 p, 24), is Hoorebekia

cornelissen. He points out, howaver, (p 25) that the

description”accompanying Cornelissen’ s plate, showing hablt

in sone detailvxréfersitoksﬁme dhilean speoieé of Gfindelia~
. Since Hoorebekia now appears to be & synonyn for

Grindelia, Haplopappus remains as the proper name for
the genua.typgfiﬁﬁ by H. glutinosus Cassini.

Vith regpect to sectlion names used for géneric ﬁamsa

when referring to A. frutiuosus Hall (p. 9) mentions that

nearly all of them have at various tires been accepted as

distinct genera, this being tne result of working over

1. Dayton, V. h.: 1In & memorandum o T, Chapline, dated Junse
4, 1935. 1In the files of M. J. Culley, .
Southwestern Forest and Range Experiment
Station, Tucson, Arizona.



iimiped’qreﬁs or under conditions when not all of the fénmaj
ﬁee&é& ééfbé oonsidered. The vencfio:name Bigelovia Gray,
as has. som&times been used with this speciles as well as with
others, he (p. 29) points out, has been the result of an
early.artificia; groupingvbased on,thg gbsence_or Qresence
of,réy-rlbﬁers. Humphrey (193§ p. 2) referb,to Eiﬁg;gz;ﬁ

as being "synonym 1n part" and mentions Chrjsoma, Erico-

meria, Isocama, Rﬂcronema, gzrroooma, Sideranthus, Stanotua,

and Tonetus as synonyms fo:_thq genus Aplopappus. All of

these, except the first a?e,éect;oﬁ names'yithin the genus,
so that such ranking is’not surprising.

: !pntién gshould here be made of the division of thé genusk
1htoiséotibns as proposed by Hall (1928). He divides the
genus into two unequal groups, ona ‘with 10 and the other with -

6 seotions.A The relationship among species of the seotiun

Isoooma,:go which.ba;ongs,g,“fruticcsns, is\diagrémMQd by

Hall (p. 222) as given in figureil.
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hartwegi

;;;;1.'braota ‘ ' Invcl. brac :

not
with dark tips; dark-tipped; lvs.

~lvs. lobed . nearly entire

Cor. eleft;
invol. short (4-5.5 mm. )3
.- no. resinppookats' '
fasciclad lvs. present

- 48" .
-acradenus

ol. bracts - ' 'rascicléd lvs.

In )
with resin- wanting; cor.
pocket; invol.. ‘ _ lobed; invol.
long (S-Gmm ); cor.| long (6-8 mm.),
short-lobed; fas- , no resin- 3

¢icled lvs. present .pocket,s

47

- venetus
rascicled lvs. present;

cor. short-lobed;
invol. 5-8 mnm. high;
no resin-pocket’

Fig. 1: Phylogenetic ‘chart o§a§§¥;ggggggg‘section Isoocoma’
(aAfter ' '
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Hall (p. 222) is of the opinion'thatr_ﬂlézggggg‘zggotﬁs

(H. B. K ) Blakn, 1: the most primitive apecies of this

seetion, and ngyn, _ _

' ~ 8ince the typical form of tanntna comes from
southern Mexzico, this fits in with the generally ac-
cepted theory that the North American sections had’

their origin somewhere to the south. . .H.- hartwegi
and H._pluriflorus are very closely related to each

other an oth are remarkable in the depth to which

the corollas are cleft. These apparently are direct‘

northern derivatives of venetus.-;;,

The fact that églogangus rtwegi (Gray) Blake, is
derived rrom A, venetua would acoonnt ror the opinion of
Blake (1926, in Standley's "Trocs and Shrubs of chioo' .
P. 1492) that A. Hartwegi is similar to A. vgggggg “and
doubtfully distinct from. 1t... ._.' .

Nomenclature o _g,the speocies l

' Oonsidcrable diaagrsamnnt axists as to the species
name of the plant under consideration. Blake (1926 in
Btandley' s "Trees and Shrubs of H@xioo",ﬁpﬁ; 1492-i493)
recognizes two species, A.. wagg and A, fruticosus,
restrioting the former to Mexico. Ball (1988 PP 235-836),
on the otharrhand, r’ecognized A. Hartwegi, listing A.
truticoﬂuslaaﬂa;synonym. He appareﬁtly,does this on the
: gronnd that Blako's'entiti trutiooSuﬁ is vased on Is&cdma

;rruticosa Rosa and Standley, (Rose and Standley 1912,
Pe 18 and plate 13) which he oonsidors to be the same as
A. Hartwegi e;cept tor’the faot tha@_thg 1nvolucraq1_
bracts seem §§P$é obtﬁsg; fqrthér,,thgt itlis based‘on

Lynosyris coronogirolia'Gray, which he:cbnaidera'as
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- A form of H. hartwegi in which the leaf-lobes

. are slender, sometiImes as much as 10 mm. long.
All the gradations in this respect are common in -
southern Arizona and even the tendenocy toward
elongation of the.lobes is not & geographic
feature, since some plants from Arizone (Lemmon

. 3055) have lobes even shorter than in the type of
hartwegi from southern Mexico. ' ~ .

The following is a list of minor variations and |
synonyms as given by Hall (p. 236)
“l. Aster coronopifolius O. Knhtzé;'ﬁev. 317, 1991_. .

V2. A.hartwegi O. Kuntze, Rev. 318, 1891. . .

v D Bi§310via cornapifoiia'ardy, Proc. Am. Acad. 8:0638,

‘hartwegl Gray in Hemaley,:Biol.'Centr. Am.'Bot.

l/”40 Bo
2:115, 188 (anomen nudum) and syn. Fl. 12:143,1884.

5. Haplopappus fruticosus Bleke, contr. U. S. Nat. Herb
. 9 ; 926. o o o Sl .
3 » 49& ;

Y8 Isuoomu*ooronbpirolia Greéne, Erythea 2:111,‘189%. o o

7; 1. fruticosa Rdse,af Standl._,'OontrQ'U. S. Nat. Herd.
T6:18, plate 13, 1918, . . - - . L

»8. 1. hartwegl Greene Erythee 2:111, 1894. . .
9. I. tenuisocta Greene, Leaflets 1:169, 1906. . .

~10. Linosyris coronocpifolia Gray, Pl. VWright 1:96, 1852. . .

In this paper Blake's treatment is followed, but if
further study should prove the,antity fruticosus to be |
identical with Hartwegi, then the latter name would have to

be retained;



A number of common names have also been used for A.

frutiooaua.- In literature often only these comson names

are mentioned, so that it is at timas aifrieult to aaoartain
with accurauy to what apeeies reterance is made, ‘Fron
association and deduction, however, often rcasonable assurance
 can be-had_conoerning ‘the plant and in this paper such &
prodedure is foildwed. Vhen, hawever, any doubt exists
rcferenoe to that effect will be made.

Humphray (1937 p. 2) mantiona such nemes ag "burro-
weed," "rabbit brush,” "goldenbruah " "goldanweeﬁ," and
"rayleaa goldenrod" as )eing applieﬁ to A. frutioﬂsns.

This latter name, esp@@i&wa- laaua teo oonfusion sinue

it is uaed promisouously for a numbar or spaoies. in

particular A. heterophyllus Blahe or. A gluriflorug Gray,
which usually goes by the common nama "Jimmyweod.

Cribbs (1938 p. 4) aiao mentions "broomweed" as inacocurately -
used for this specles. The name "burroweed" is at present
‘most génerally aocaptedAas-a apedific'oommnh name for A.
trutigosua,_although it likewise has baan used for othar ‘
plants. - Acoording to Dayton. (1931 p. 38), this name has

been applied to Allenrolrea aoo;ﬂanhnlis (Wata;) Kuntze,
more oommnnly known as "piokleweed" or "picklebush "a .

lant prevalant in tha Great daain, Fr&naaria “g@gsa

- Gray, (p. 154), and Bacoharis ramalosa (D. C. ) Gray,
(p. 158). "
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A completa botanigal ﬁenawiption of burrowued 13 o
givan by Eall (1928 pp. 8&8-—%6). Ma 1nclu31w :
deaoriptions are alao givan by Blaka (1936 in Standlay'a
'”Troes and uhrubs of beioo“ p. 1492), Rose and Standlay
(1912 P. 18' see aleo plate 15), and Gray (1884 Pe 143).“_
A general de:oription of tha plant is given by MaGinnies1

who aaya: ,
‘ Burrawead or rayless goldenrod is a amall ‘ghrub-

like plant, one to two feet tall; with a woody base .
and ‘rather -small gray-green leaves., “The aharaotariatlo
yellow flower heads apvyoar in late summer or early fall
and the dry," blaaahad haade remnin on the planta uoat of
the winter. : . , .

Thia det@ription nowever, ia very gsneral and no
botanical name 1a‘uned.-~Buahrer'(1928)~in his chemical
unalysis of th@ plant aaya that

T Bnrrowaod. '« - 08N readily be’ recognizod by the
characterisite clumpy shape of bush, the stems of which
radiate out and upward from a common root, attaining in
damp seasons an average height of 1 to 2 feet. The stems
are partially covered with very small alternate leaves
which have a surface resembling that of a glistening
skin drawn taut, ‘and whioch, when preased between the
fingers, are stioky, rasinnus, and give off a very -
characteristic odor. The flowers are bright yellow.

X, HoGInnles, V. G.: In % Totter to Arlz. Cattle Grower's
Asaooiation Phoenix, Arig. , dated March 28, 1929 In

the files of the Rangs Ecolosy Dept., U. of A. , Tnoson, Ariz.
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Thornhnr and Brown (laao p. 458),. Gaaoribing burroweed
(E. ,gggggitalia) apeak of it as follows:.

It belongs to the goldenrod group of the sun-~.
flower family and is a woody shrub one to three feet tall.
‘The leaves are skeleton-like, and pinnately parted nearly
to the mid-rib. The rluwarﬂ .are golden yellow, and
borne moatly in terminal clusters in the sumner and fall.
e whole plant is strongly rasiuous, ‘with a pronnounced -

- bitter odor. . . . . ,

Darrow (1935 p. 71) refers to burroweed as ". . . an
erect ahruh, 30 - 60 om. high,.uith numarous woody branches
arising froom ﬁear the Lase." Hnmghrey.(1937 p. Bf says: -

. Burroweeds are low shrubs, danaly branchﬂd from
near the base. . . The 1oaves are about an inch in
length, oblong or spatulate-oblong in. shape, and :
lobed or pinnately parted. The numerous yellow rluwera
are borne in small, dense almost sessile hcada., Mature
plants on the open range are usually about a foot in
height, although in better-waterad habitats, as along

'1rrigation ditches or rcadaidan they sometimes reaoh a
height of 3 or 4 feet.. .

Grihba (1938 PP 4-5) describes burruweed as

_ A perennial shrub with numerous ereot leary'stama

growing fron a thick, coarse, woody base. The plant is

. oommonly about 16 inohes high but -under favorable . -
"conditions may reach a height of four feet. The narrow
straplike leaves, about an ineh long end less than 1/16 _
inch wide, have small projections along the margins.
Burrowaed leaves are grayish green and when orushed
_pro@uce a strong pungent odor. The yellow many-flowered
heads, ahout § inch across, are borne on the tips of the
stems and bloon from early summer to late fall.

He (p. 5) also speaks of the plant as ”whitiah to grayiah
grean in color.? and having seads with ”long coarae huira.
~ From thesa deaoriptions it will be seen that tha size of
the plant varies oonsiﬁsrably, depending on 5911 and noist-urej

conditions. These descriptions, although inecluding thwera
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 and flower heads, fail to m&ntion the aﬁnencbhér ray flﬂﬁﬁra;
& characterisite which the plant has 1n ‘eonmon with the other
lpooieq of the aoction Isooemn. Diuuusaing ray rlnwers in
the rcnus Agloggm Hall (1928 P. 19) seys: "_I_m is
the only North Amarioan cootion 1n whion tha raybrlowers are
,conatantly suppreased in all tha upeoies._ '

- ORIGIN AND DISTRIBUTION ,

The problam of origin and diatribution has in timss past
roooived oonsidernbls attantion, and possibly the final word
haa not yat been said, partly due to our aynaric universe
with 1ts many interaotive eoological faotors. Eall (1988)

- however, offers some interesting explahations on this point,
Vbased in part on relationships within the gehus, and in part
on genorio oharacteriatios in general. | | )

'center of Diatribution

According to Hall (1938 P 88), this genus 'is "one or
‘the most highly developed genera or the homoohromoua Aatereao,
-.». . and that there was rormsrly a oonneotion with some aster-
like members of the Heterochromeae.” Thus we find that those
‘l'otions whioh oocasionally hava purple ligulealbelong to the
lnwer nembars or the genns; As to the original center of

diatribution of the genus, Enll(p.ev) is of the opinion that

1. Yor exanﬁié theo seoﬁlon E% gharodon of the North Amerlcan
group, and Euhaplonappns of the south. (aea Hall 1928, p. 88)
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it was "in Mexico or some similarly warm teﬁper@té_disttict
and that from this center migrations carried the genus both
towaid the north and to the west ﬁoast of South Amégioq.“
Thus; he points out (p. 28) that, in‘pqatvgnalagia ﬁimﬁa,
the genus was separated into tw0 g£onps, or sub—ganara;'ao
that today the trobioa form an impassible barrier bhetween
them. That the genus is fairly old is turther-suEStanﬁiabed
by the fact that it is at present quite aistinct.

There alsb seems to he evidenoe supporting & deiean;'
origin of the section Isocoma as well as Hagardia (Hall p. 40),
and that there‘haé veen a general migration northward "ohanging
and adapting their characters in the process.” It may be
possible that this explanaﬁion accounts (in pert at least)
for the differencee of opinion held by bétaniste'ﬁoncsrﬁing
the entities, Hartwegi end fruticosus, of the particular

apeciéé under consideration in this paper. At least it has

ulmeaﬁyfﬁeénApointed out in the discussion on nomenclature

that occasionally leaf dhgraotéristics of A. fruticosus as
found in Arizona are strikingly similar to some of A. Hart-
wegl of southern Maxiao. - o |
Pmsent linits

Gaographioallv burroweed (A. ggg&ggaua) 13 at present
eonfined to the southwestern part of tha Unibad %tatea and :
northern beiuo. Hall(p. 256), diaaussing‘A gg£_~gg_

'rutern to it as found in "Southarn Texas and Arimana to
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aouthern Huxico' Hnrtucg's plant. rcrarrod to as tho type
eame fzom.Lagos, Jalisco in ﬂnxioo. A,nunbor or apocimona,
”inaluding ninor variations. are listnd by'nall {p. 236).
 Thess are lncatod Su herdaria of tha unitac States and Europs,
'Joollootod rrom variaus yarts of 1ts rangps e. 5., the lower .
”;kio Grande and laglc Pass in Taxns' rncuon, mesas nsar —
11Tncson, Santu cutalinn Eountainl, nnﬁ Dixio Ganyon, Rnlo
Ibnntains 1n Arizona"and !bnou;ul Psas, Pinaaato Mountains

"~ in sonora. Disouuing A., m:mn. nn (p.zsv) rorers to
A-it as 'Q . .ono or the oonmon halt shrubs or dosort plaint

in southwnstcrn Unitcd Statos and northcrn beico, vhoro

.1t bolongs exolnsively to tha Lounr Sonoran ZOnc, ﬁnro

1t sometimes is doninant or. aubdeninant. ospociallj in the
open dosert'nornb of tho-;ggggg:!;gg;ggggs_n:scaiacioa. .

~," According to cln-.nts (1080 p.. 300) ]ggggagg_Jgaygg-
:zigplin and. 1ts vnrictiec are yrnvtlcnt 1n northern In:ioo
_and Arizona 'from ‘the 1awtrnost Proucpis vulleys upward luto
vtho Bouteloua-Ariltida grassland' Darrav(lﬂaa p. ?1)
that

© - Burro-weed ranges from western Texas to southern
‘Arizona and southward into Sonora, Mexico. It is some-~
- times dominant or sub-dominant, . especially in the open
desert shrudb association characterized by creosote bush.
On the Santa Rite Experimental Range burro-weed is com-

T 8 s spsceiition on the.
'rurther information concorntng its altitudin:l rnlst is
~ indicated by Humphrey (1937 p. 5) who cpukl of A- W
as “typically doaort or auaidostrt plants and are not known



to occur above the lower limits of the oek-juniper type of

wegetation." He mentions the occurrence of another species,

Aplopappus laricifelius Gray, above 4,500Vf93t,€a1thpugh in

less abundance than 4. frutivgéairxs ‘below. Upson, Cribbs, and

Stanley (1937 p. 21).remark that "Excépt at the upper extreme .
(aver 5000 reet);.altitude is &éﬁarently not qnlim@arﬁant
- factor in deternining its diatribution. | .
' Hnmphrey (1937 p. 3) says nhat burrOWGed 18 Mo oo
eommon on desert or semidesert areas throughout mich of sauth-
~ western United States and northern ﬁbxico. ~ Blake (1926 in
.Standlay's.?Treea and Shrubs-qf Eaxieg y; 1493) 1sa‘;1ttis -
more definite and glves its'ranga aa.Sonoré, Texas, andrv
Arizona. Likewise Dayton (195;rp. 157) refers to burroweed
~as ranging from western Texas to southern Arizona,and Sonora.
| cribbs~(1938 bp; 4-5) apéaké df burrouaadraa 6cauring
. « « . most commonly on dry outwash plains as well
as on the lower foothills of mountains and along streams
and washes from wouthwestern Texas to and including
Lrizona, and in northern Sonora, Mexioa. Although fonnd
in New Hexico, it is not common. , '
With respect to its distribution in New Mexico, Johnson
and Archer (1928 p. 24) state that "Rayless goldenrod (;gggggg
“22 ) occurs quite generally over the southern halr of the state
‘ar New Mexico in the lower and madium 1atitudes," but one cannot

b
be aure what specles are referred to. V. G. lMoGinnies referes to

1. Unpubliqhed report, without date: Burro hWecd & lienace to -
Arlzona Ranges. In the files of . Rnage ﬁcology Dept. , U. of A,
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a rather wide range:

Burroweed, or rayless goldenrod as it is :
sometimes called, is found from southern Colorado
~to the Texas Phanhandle and gouth to Chihuehua and
- Sonora. In Arizona the largest area 'infested with
- this weed lies mostly in Pima and Pinal Counties.
It is found in more or less abundance in practic-

ally every county of the state. S

- No botanical name is used in thie paper and ‘therefore one

‘‘‘‘‘

cannot ote absolutely sure whether he is speaking of A

fruticosus only, or a number of specles.

Early references to . the distribution and abundance

of A._fruticosus in Arizona are foun& bnly ineidental&y, amdlv

it is noteworthy to ovserve that nene are found prior to
the 20thucentury.‘ GriffithsZ(lQOQQj.Tybrnber (1907),}
Griffiths (1910), Thormber (1910) end Wooton (1916)
speak of eninereeeing‘abundanee”ef burreweed{iﬁ the
etate._ B Lo ii -
j Upson Cribbs, and Stanley (1937) have prepered a-
report on shrubs, based on a survey covering th& southwff“
eastern part of the etate. Figure, 2, and table l, as .

given by Upson Cribbs, and ’tanley, show the prevalence and

distrlbution of burroweed in this area.
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(After Upson, Cribbs, and Stanley)
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TAZLL 13 Distribution and- abuudace of aurrowaeas
' (After Upson, Cribbs, and Stanley)

T tHumber or : _ :
Abundanee' :plants per:. - Area RULTO~ 3.8 ] :
1 S sacre .3 : weed 'Grasaaa :Plants:
: : Number : ACras “?ct..*?ct sPerocent_ : DPcbt. :
Heavy ~  :Over 1,500: - 705,000 : 5.9: 59.2 : 9.2 : B51.5:
Hedium §500-1,5oo : 761,000 : 6.4: 32.0 : 24.4 : 43.6:
Light  :Under 500 :4,030,000 :33.4: 3.4 : 36.4 : 60.8:
Subtotal  : __:5,494 000 :45.7:%14.5 : *31,3  : *54.3:
None 16,540,000 :54.3: 0. : 48.5 : 51.5:
Total | iz,os4.ooo s s : : :

Teighted kverages
It will be seen: from these Tigures that .on this surveyed areav
or.slightly over 12,000,000 acres, burroweed is rcunq on
5,484,000 rores, or 45.7% of the area. This survey, hov-
.ever; evidently does not ineclude the entipe distribution

o: burroweed in ggizana,'for ﬁ;:G. HcGinnieslmentions that
"at least 10 million acres in Arizona are now more or less

infested with this weed. . «" He also stateé that "on

badly inrested rangas more than 25,000 indlviaual plants

1. Unpublished Neport without date: Burro”Féed a llenace to

Arizona Ranges. In the files of the Range bcology ﬁ pt.,
University of Arizona. v
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per acre have been found by actual count. The average
infested range nay show as,many as 500 meture plants and

perhaps 5,000 seedling plants per aore."

The occurrence and density of A. rrutiaoﬁualpn”tke
‘Santa Rita Experimentel Range, south of Tueson, is shown
in figure 3 as given by Humphrey (1936). It is of int-
erest to notice ‘that according to Bnmphrey (1936 p.a)
| burroweed oecurs abundantly on 84 out of the 94 aquara
~miles included within the‘Range boundaries.

Soue inrormation rag&raing soil conditions on areas

occupied by A. frﬁtiaoaus,ia’also evallable. For example,
Hall (1928 p, 237) refers to burroweed as "moderately
alkall tolerant." This species also seems to tolerate or
even thriva on. deplataa soila. Humphrey (1937 p.3)
mentions that . | |
Inasruch as they appear to thrive about as well
on the fine alluvial soils of river wvalleys as on the
coarser soils of outwesh slopes, soll aeration or
texture seem to affect their distribution little or
not at all, .
Ecomoaic IIPORTANCE OF BURROWEED

Poisonous properties

Burroweed is often considered to be a poiaonoﬁs plant,
although evidences tc support sﬁch contentions arse for the
most part indirect. ‘For example, Thornber (1919 p. 428)
1nclnaes rayless gnldanrod or hnzraweud (B‘.ggvonbéifg;;gf

aray, and B. Bartwegi Gray?) in a list of plants that are
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Light to none

of burrowee

Santa Rita

the

d on
- Experimental Range February 1935 (After Humphrey)

-Fig 3: Distribution



20.

bqlieved to be pdigonoué ai sertain séééona of the year.
Williame,(lgzo)‘reports a number of stoqk losses, with |
aymptoms or the poiaoning, in southern Arizena between the
years 1904 - 1920, supposedly due to rayless goldenrod or
- burroweed. Thornber and Brcwn’(1920(9p.(45?-458), in an
aitiele baaéc'in pért at least on Villiems' work, sub-

stantiate stock losses due to burroweed, B. coronopifolia,

end describe the symptoms thus:

.~ The first indiocation of this disease in animals is
lack of thrift. They become ‘gaunt, listless, separate
from the herd, and lie down. The horaoa appear fagged
as if overridden and exhausted. The disease seemed to
exist in two forms. In the acute form the enimals
have soms fever and dle within a day or so, while in the
8lower form they linger three to five days, lesing flesh
and begoming weaker. A few hours before dying they -
‘tremble violently, often fell down with the legs
spread out, drop the head and neck, and froth at the
mouth. qome animals break down over the loins and fall
down with their hind legs sprawled out. The disease
- attacks both sexes and &ll sizes, ages, and conditions
of animals and very few of the- afteoted ones recover.

_ In'viaw‘of the raot that the botanical‘nume which appears

es a synonym for A. frutioosué with a rather detailed |

description or the plant is given hera one is raaaonably
certain about the 1dent1ty of the plant. It is worthwhile
to notice that according to the reperta as given by w1lliana
.(1980) and Thornber and Brown (1920 pp. 457-458), these
lnaaes ocourred invariably under extrema conditions or over-
‘.grazing-or during ‘the wintar when 1ittle othar tead was
,arailablé. Tnornber and Brcwn (1980 Pe 458) remnrk that

" .‘. stook rarely eat it sxoopt when driven by stress of
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hﬁngar. Sheep and goats, however, eat the blossoms and -
_ seed heads und appear to relish them." | »

" To study the pdisonoua effects of ‘burroweed, two
experiments were carried out by the Bétany and Animal
Husbandry Depertments of the University of Arizona in 1920,
>Ih the first case,'as reported by Williams (1920) a'strnng
horse in medium condition, together with a sheep were put
in a lot coﬁt&iﬁing large quantities of burroweed plénts}
in va:iods'stages'of,growth, but from which all other wéedg
were renOved. No other feed was given these animals,
althovgh they had anaosa to water at all times.

The horse died on the twelfth day of the experimant
losing 34 puundsvin weight during that tine, ehile,the
experimﬁnt waa in progress the horse vias seldom actually
seen eating burroweed* however, ~the recas vwas hard anﬁ
8howed considerable amounts of dry, hard stens of tha plent.
Heference 18 made to the fact Lhat the horse ate lesa of the
plant than the sheep, but no eatimated amoants are inéieated.
As the'gxperiment continued, the horse ahewed signs of lack
of aufficient food,’and, shortly before death,.staggering
vas al’sé'*noticéd. ‘Ori the morning he:uas 'found dead' it vas
observed that the ground at- his feet Lad been plowied up by
his feet passing hack and forth. A post mortem examinution
indicated that digéstive disorders were prasent, and a large
socretion of serum end urine was noticed. - Although the -

horse's death nay have been due to burreweaa poison*ng,
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. R -1
a note Lfound with thiq report throws doubt on such conclusions.

In the second case &3 reportad by Thornber and Brown
(1920 pp. 458—459), a mare was fed on a meal obtal nad by i  N
grinding the leaves, woody stems and herbasooua growth af
burroweed, together with a mere subsistence ration of altalra,
bran, and barley, foria period of overfa month.. Although the
mare had consumed ebout 150 pbuﬁds'br Burroﬁeaﬁ_duringxthat
tima; she showed no signs of ?oiSoning: The'authoré (pL&ﬁg)
indicate that the alfalfa, bran, and barley may have helped
to orfaat the erfects of any poiaon present.>. a ‘. ,

Johnson and Archer (1922 p. ?1) report rayless goldenrod
(Ieocoma _EE ) as being poisonous, bamed cn azparim»ntn narr»
ied out at«Roswell, an Maxigo,jin the spring of 198@.‘Ma:sh
andiﬁoe (1921) likewise report'faylass goldénrod;_éf heter-

oghxllué as poisonoua, also. based‘oh eipéfimentu edndueta@
| at Roswell, New Mexico, in 1920. Marsh Roe, and Glawuon
..(1926)A;Efer to these same expcrimente, continued at the

Salina. Utah ezperiment station from 1920—23 also basad

on A. heteropgyllus. In theso 1attar two cases at least, a

ditferent syecies than A. rruticosus has been under eon=

gideration;as aubstantiated'by their descpiption._ In view
ot.the fact'that'Johnsoh and Arcﬁgr's refefence iz based
onvthege samavexperimenté, one would e reasonably cert- -

aln that‘they,Alikewisé,,refer to another plant,

loJﬁhis note, signed Js R: R e
date of the horse's death” reads as fbllows' “The~old horSe

is” down,. . starved to death., He has never eaten any of the
goldenrod "



23.
l : N
Mbﬂinnies, in a letter rerera to the poisonoua

properties of burroweed as follows,_

The plant is poisonous to all olaasea of livestook
causing trembles which in many oases ends in death.
The trembling or even violent shaking of the body after
exercise is the most noticeable symptom. The animel -
is usually dull and inastive and sometimes unable to
- rise after falling. There is no medicinal cure known
at the present time. Prevention seems to be the best
cure or else the removal of the animals to good pasture
after the symptoms are noticed. - Losses occur mostly
in winter and it is considered to be aate to graze
.hurroweed ranges in aummur.»

He describes the plant thus:

- Burrcwaed or rayleas goldanrod is a small shrubu
like plant one or two feet tall with a woody base and
“rather asmall gray-green leaves, It is- very common in
the valleys of the Gila and Santa Cruz, and a few "
scattering plants may be found nearly everywhere in
Arlzona at lower elevations. The characoteristic yellow
flower heads appear late In summer or early fall, and
the dry, bleached heads remain on the planta nost of
the winter.

The author fails to use any botanical name. anﬁ since his
deacription or the plant is very ganergl,_ita identity 19.'
. not apparent.. k | -
Dayton (1931 p. 156) mﬂntions the poisonous prcpartias |
hegeroggxllus, adding the poasibility of human poison~-
ing through tho oonsumption of milk from poiscnad animals. .

Mmrsh (1929 PP 68»69) alao mentionséa heterophylius as
_poisonoua, and refera to A.- fruticoﬂus as producing the

same etfects..

T. ueainnies, ‘t"f“‘é e letter dated E&:mh m 1§‘??§ to
Arizona Gattle Growers' Association at’ Phoeniz. -
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He eaye {p. 69)

" Another rayless golﬂen rod A. fruticosus,
found in southern Arizona, produees fhe same harmrul
erffect as A, heterophzllus. _ '
‘ That same year Marsh (1929 A p.8) in another article

confirms thennoieonous properties of bnrroweed~

. Reeently it has been shown that another sgecies of
rayless goldenrod A. fruticosus {Rose and Standley)
Blake, growing in- aome abundance in Arizona has poisonous
properties idenctical with those of A. hetgzgghxllus.

In the 45th Annual Report of the University of Arizona
Agricultural Experiment Station (1934 p. 45) rayless golden-

rod or burroweed ‘including both A. Hartwezi and_A, 2;__33
' florue is listed as a poison plant._ Darrow (1935 p. 71)
also reeognizes the poisonous properties of burroweed. ,
Humphrey (1936 P 1), Judd (1937 P 333), and Cribbs'
(1938 p. 4) make paesing remarks about A. frutieosue ~caus-
ing deeth lossee or liveetook. Upson, Gribbe, and stenley
(1937 p. 22) voice their ppinion as follows:

There is also considerable opinion among stockmen
that burroweed, if eaten by cattle at certain times of
" the year, or under certain other conditions cuases
- death. Instances of cattle losses have been reported
which point definitely to burroweed as the vause. On
the other hand, chemlcal analysis by the Arizona Agri-
cultural E:oeriment Station of the foliage and branches
of the plant have not revealed the presenoe of toxic
elements or. compounds.
)
Recently Pistor confirmed the reporte of A. fruticost

ae'being poisonous; citing in particular that on Roble's Ranch
v24 miles west of Tuoeon Arizona, 32 animals were poisoned

rrom this piant.

1. Pistor, W. Je.: Associate Professor of Veterinary Medicine.
These data are obtained through a personal interview,
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Hel also réporta that soéa animals have been affected on
Rigg's Rench near COOhise, Arizona.

: The,toxic}ooﬁstituents_of bﬁrrawaad'havg reeeivéd some
attention. Marsh and Roe (1926 D- 21) consider the poisoncus

properties of A. hetorophyllua to be due to a cumulative. pois-

on. They atate that "thare ia some olimination, but it is
not aurficient to prevent poisoning aven when the plant is
red in very small quantitisn. Couch (1926) also rererring
to ‘this specias, speaka of suéh poiaoning as aeidosis, since
acetone 13 excreted in the urine of animala suffering rrom

this poison, and later {1930 pp. 649-658) showed that tna
toxic property of A

3 ia due to tromatol

01532303 rirst isolated rrom riehwead Eupatorium qz_1naa£g;;gg
Reichard. He says (p. 658): | ’

" Tremetol C16H2203 is the toxio constituent of
rayless goldenrod. This compound was first isolated
from richweed, and is a substance in richwwad that causes
tremblea 1n animala and mnilk-sickness in man.

Dried ‘rayless goldenrod appears ‘to lose ita toxicity .

~slowly. The process is much less ‘rapid than in the case
“of- richweed.

Animals poisoned on rayloss gcldcnrod devulop a
ketosis, excrete acetone, become hyperglucemic, and in
all respects resemble thomo poisoned on richweed.
Buehrer (1928) found that A. fruticosus ocontains -

alkaloids and also pyridine, and suggests that the toxicity

of the plant to animels may be due largély to the pyridine in it

1. Pistor, W. 3..‘Associaﬁe*Pro?basor of~7%ter1nary Hadioine.
These: data are obtained through a parsonal interview,



~ His tests for inorganic toxic constituents such as eopper,
zinc, boron, and arsenic provad to be negative.

Gommercial4potent;g;1t;gg

The fbregbingwchemigal analyses deal directly with the
toiic constituents found in these plants. We find however,
that Buehrer's analysis was instigated in an effort to find
‘some commercial uses ro:dg_ fruticosus. Since this plant 1is
80 abundant in the Souﬁhweat it was thought that it burrawe&d
could be utilized comm&rcially, it night be kept from spreading

1nto good grasslands. It 1is or interest to notice that
Gildemeister and Hoffmann (1922 p. 183) tound th&t‘ggsg;“_;z

veneta Gray, ( glopappus diacoidens D. C. ), a spacies not

'distantly related to A fruticosus, upon distillation yiel&a

a volatile oil traded as "Damiana leat oil."

Buehrer ueed burroweed plants gathered a fow miles north
of Tucson from ngnuirrigated sandy soil, separ&teé them into
leaves, stems, and roots and ground these portions into a
| powder which rea&ily passed through a 100 mesh screen, Then,
by a procesg'cf;sﬁcceasivo’extraetions'wi%h different solvents
“the 1mpoftant donstitﬁéntg.wcre sg?afﬁ;ed and chsmiealiy |
analyzed. The}resuita-éf ghese extrgcticns as given by Buehrer

(1928) are shown in table 2; - |

Buehrer‘was su¢cessfu} 1n-liherating essential oils from
the mass of Tesins and fibers by steem distillation from a
5%»Ha0ﬁ solution. Analysis showed 1.24% essential oils ﬁ |
content, and they distilled over "in clear yellowish droplets.
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Buehrer purified this oil by an additional distilletion,
-washed repeatedly with acild solutions and water, separating
it in dropping funnels. This oil was then dried with stick
oalcium chloride, distilled in vacuo from the calcium
ohloriﬁe, and then several fractions used for ldentification.
'He found its ohemical composition to be 010318 which dirrers
from turpentine by two hydrogen atoms." Buehrer says further: ’
| The bromine number was determined on the oil and
it was found to be high, namely 1723 or 1. 723 gms.
Br. pr. mol; wt..of 611, . This indidates:'also that it
is a characteristic essential oil of high degrae of
unsaturation. ,
Table 2: Suooesaive extractions of 25 gu. portioné of

burroweed stems, leaves, and roots. {All percent=
ages on dry tasis) (After Buehrir) -

%% o

Percent extracted from

: . H
i Solvent -5 - T
- & | Teaves { Stems | Roots

: Benzene : 80.30 i 487 3 3.6
'} 85% aloc. i 16.40 i 6.40 ! 3.48
! Water i 8.90 i o9.32 P 7.60
{ Dilate NeOH | 12.04 i 24.95 j 19-98 i
] Ba?idug RS S {
! Cru e ! H : ’ ' s 5
i‘-fiber % ash)i 19.82 i a9.74 .} 58.45 i
| Totals f101.06 1100, 00 i 100.07 !

The rubber cbnten#'df Eurrpweod was alsq determined by
Buehrer. His method consisted of extraction £irst with
acetone to‘remove the'resiha, fats, essential oils, and color-
ing matter, then with benzol in which the rubber is aoluble.
Buehrer tested the separate parts of the plant with the

rollowing Tesults:
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16878 ecsece.s 2.45%
StemS8.ceeeve.. 1o
ROOtB~eessees 0.,10%
Entire plant..l.5&$
These results are similar to those of Hall and Long
{1921) who rqundA:rom 14 to 3% rubber in desert plants
of thislﬁy?e, It is of interest tofngticb, however, that
Hall aﬁd Lbng (p.,46) found negative‘fesults in two speoiés
of this genus, A. parryi Gray, and A. spinulosus lPursh)
D. C.; both of which were oollected in 0010rado, the former
at Pike's Peak and the latter at Colorado Springs. " In the
genua Aplopappus Buehrer (1928) points out the rubber
when preqent 15 round 1n amall globules in tha cells thronsh-
ut the tissue, rather than in a: apecial strnntura called a
vlatex syatem. ﬂe also mentions that the rubber contanx will
dapend on the season of the year and the soil on which tho
plant grows. | ' |
Another 1mportant constitnent round by Bnehror to be
present in burroweed is resin. He says (p. 11): "The resina
are readily extraoted with the ordinary solvants, and when-
the solvents aro evaporated off, they leave a smooth, tough
aurrace, aimilar 1n oharacter and waterproor like thc best
vgrnishas. _ Bughrer found these rssins to vary from 24.91
in leaves and)4.?7$ 1nls§emsito 1. 85$V1n rooﬁs"or,.the'
antire'plant containing 7.935 Other constituenta vart also
tested for, and table 3 is a summary of the chemical analyais

of bnrroweed as given by Buehrer.. In hisneonclusions Bhahrcr

liata the rollowing possible uses of the produots of barroweed'
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1. The plant extracts—-of alkaloidal nature
Pharmaceuticals -
Ansesthetics
2. Resins -
Varnishes, elactrical insalation, waterproofing
Filler in writing paper
- Phonograph recorda
3. Essential olls
Cosmetics
Antiseptics
Perfumery ‘
Pharmaoeutiocals or meﬂicinals
. Inseotioides :
4. Rubber -
S. Crude fiber .
~ Virapping paper
Briquetting for fuel - '
' Fiber for- twinea or cords, because of toughnass.

Table 3: Summary of analytical data on the chemical | .
: analysis of burroweed (dry basis). (after Buehrer)

constituent o Laéveé Stems Roots

Rubber - - 2.48  1.88  0.10
Totalrniﬁragen ' ' 1.??v'- 1.00 0.87 - ——
| Total Proteln  10.75  6.85  5.44 6.94
Pentosans . 7.98 14.56 15.51 13.48
Essenéialvoils L et - ———— 1.2¢
Reducing sugars - i;QS . 0.4  0.29  o.52
{as glueose) ' .
Alkaloids (calculated as cinchonine) ———— 0.78 -
Total Plant oils ) | -
éaponifi&ble (as olein) 16.51  3.80 1.86 6.86
Resins -  24.90 4.77  1.25  7.92
staren 5.62 3.88  2.04 3.23
Pyridine (oxalate) ——— ----FM' ——-~ 4.53
Crude fiber  ° . 6.76 42.30 52.50 37.74
Ash o 15.08 7.4  5.95  8.19

Bhdetermined (by Dirr. ) o ‘ 7.00
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ECOLOGY OF BURROWEED
g;ggg_ habits | -

The eeologio factors influeneing the lite history of
burrowsod have not been eamplately atudied although some -
1ﬁrormation is availabloa The age ‘of burrowaad its root
systom, seed production, and mnrtality raten bear a diract
relationship to the pl&nta‘ successful struggle for existence,

. éﬁg.—-The lite span of this plant 1s not definitely
known although Humphrey (1937 p. 8) calls attention to the
fact that | |

It might seem that, inasmuch as the plants have
hard, woody stems, their age could be determined by
counting the annual rings. However, although the rings

. are present, they do not seem to be "annual®" in all
instences and are in addition often indefinite and
sometimes impossible to distinguish; consequently, it

. is felt that they are an unreliable criterion of age..
On the other hand, the general appearance of the weeds

~and the amount-of soil retained by them under conditions
of accelerated erosion, indicate that they often live

. for many years, possibly from 15 to 20.

The causes responsible.ror the mortality of mature.bﬁrrowtbd
'plants Humphrey (p. 8) attributes largely to fira, drought,
and physical injuries due to trampling or othar 1ntluoncoa.
‘Wooton (1915 p.»l?) infers that competition given burroweed
by.grdségs‘ig évpossibleAc&uae,_and Griffiths (1910 p. 18)
-peaks‘of *maximum density" as popsiblyséauaing the death

of individual plants. |

Saed production.—-ﬂumphroy (1937 P. 8) pointa out that

burroweed plants are usually 18 to 24 months old barore their
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initial flowering eeason, and that flowering in general is
oonditioned by drcught as well as moiature supply:

: In spite of tne raot that moisture conditions are
usually good during the spring months, and that vegetative
growth is aotive at this time, flawaring does not osour
until after the early summer drought has been broken by
the summer rains. It wes observed in the summer of 1934
that the weeds were flowering rather generally by :
August 1, while the following year they did not reach the
‘same stage of flowering until about 5 weeks later, Yet
the summer rains in 1934 were definitely subnormal,
while those of 1935 were consideradly above average
-and began a week earlier than in 1934. It has been

- suggested that this apparent anomaly is normal and to
‘be expected inasmuch as drought conditions are often
required to initiate flower formation, although the embry-
onic flowers complete their development only as a result
. of subsequent rainfall,

Fleld observations have also shown that in some cases at
least branohes or the current yuar'a groutn do not bear tlavers.
In such instanoes the terminal bud continues growth the
next season.. o .
Flowering, as Humphrey (1939 Pe 8) ahows, “besina late
in summer ra;ny.period and»continues_until well into the fall.
As aeed‘maturation'oeeurs from two to three weeks after the
) rlowera open it is evident that they are being produood
during most of the rlowering seacon” Large quentitiea of
seeds are thus produead and, being wind diassminatoﬁ they
are carried ror conaiderable distances, although Humphrey
(1937 p. 9) says that the seeds a:e rath'r heavy for the
amonnt'Of pappus,'ann'thns_aie not eniried tar;fbut rathe:
have a tendeney'to acoumulate around burroweed plants.and

other vegetation.



3L .

Germination 1n the field.--& great majority of the

burroweed seeds evidently never germinate, or die shortly
arter germination. ﬁe&inniesl remarks that "certain years
geem to be rore favorable than others for the growth of new
plantn, but conditions ‘which favor or hinder its growth have
not been thoroughly workedront.# Humphrey (1937 p. 3) states
that,"séed} 'gerr;ninaition ocours during the ccol rainy winter

or early Sp:ing months during.a'peridd,ofjlow temperaturea.ané
raﬁhér;abundant soil moisture.® He says further (p. 4):

Since germination tests made during the summer
- rainy season have not been successful,’ and .since very
young seedlings have never been observed on the range
during this period it would seem that conditions for
germination are ravorable only during the winter;

‘ ‘It has been noted that maximum germination generally ‘
occurs on soils where a fairly heavy cover of annuals o
- or a light stand of perennial grasses results in the
accumulation of a fair amount of litter. On the other
hand, germination is poor on areas under protection from
livestock where much dead material from ungrazed grasses
'i1s allowed to accumulate. There is little or no germin-

ation on areas where erosion is so rapid as to prevent
the astabliahment of a grass cover.

| Germination tests.-—It would seem from the tcregoing

diecuseion that low temperatures are essential tor germination.

1. Eb@innis,vw; G. s Inea letter dated Maroh 29, 1929 to
Arizona Cattle Growers' Association at Phoenix.
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“E. L. Littla'(1937)l, testing some seeds tor-tha.Sauthwuaﬁarn
Forest and Range Exporimcntal Station, included A. ;;gg;ggggg
aoeda gathered on the Santa Rit& Experimental Range in 1934
 and 1936. This test was made at Parker Crook Branch Btation

 during the month of June, 1937. Germination chambers, set
at'qpproximaﬁely 80°_3'wnre used and the,achonéq put on moist
ﬁlntters‘in petri diﬁhos‘. Dai1y axnminations were mad§ for
the tirst 10 daya and thereafter at five day 1ntarvalu.
Seedlinga when about % inch long, were removed periodically.
Table 4 gives his rasulta.

Table 4: Qermination of A. frutioosua seeds. (Juno 2, to
. July 2, 1937.) (Modified from Little.)

Year ;Wo of{ Germination in number. of aaada. emarke
- : M“’ anma
coll»-seeds 4 by periods »«gztion Rnd of =
ectediused ‘: . 7 19 :z(ﬁ} gﬁ“n .
#1200 35.: 3§ 2 {1 o0 ! 21 iNo hard achenes
i SO R 1eft.
1936 : i0; o 0o Y o ft o i 0 iNo hard achenes

This table shows that whereas Little obtained a 21% gérmination
of the 1934 Beeds;-nd genmination oecﬁrred with the 1936 seeds.
‘To dctermine more accurataly ‘the viability of  burroweed
seeds, the writer made & germination. test at the vnivawaiﬁy
of Arizona.during the winter of 1937-1938. The -achenes used
ror:the”teat were haﬁd”pickéd~from seeds collected on the
3antafﬂita‘siperimontal Rgngc during the fgll of 1937 aa 
follows: Seeds in lot A were collected néar ﬁaaoxt Grassland
8tation in October; lot B waa collected at Gravelly Ridge 1n
Kovember° lots c, D, E and E were eolleate& near Desert

T The data of'this Test are In the filas of tha oouthwesiern
Eorest and Experimantal Range, Tueson, Arizona.
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Grassland Station in November with the latter three treated
before the test as follows: 1ot D was frozem for four houﬁn‘
-betore'the test and then dried for 16 hours at 21°C; lots

E and F were frozen ror 6 and 24 hours respectively. xo
crtort was made to get only "plump“ seede but rather a lot .
that was representative of” the eolleetion, an& free rrom oherr.
Tho aeeda were placed between moiet filter pepers in petri
diehes but these were net sterilized. As-a ‘result molés begen
‘to appear erter 10 days iz those lote kept at the two higher

' temgoraturee. The seeds were kept moist throughout the teet.

' Drying ovene placed in a rerrigerator were uned rox

the two higher temperaturea. Thie errangement wul ‘used to
1neure a ccnstant temperature. Those at 159 G were plagad in
the head houee of the nureery, thone at 10° C in a eempert~
ment of the refnigerator where the drying ovens were located,
-while thoee at 5 C were pleeed in & rerrigerator with’ speeial
’eooling devices. The temperature of the lot kept at 15°c

varied 6°C but in all other cases this varietion was not more
” gthan s°c throughout the test. .The petri dishos were examined
daily, and aeedlings vith eotfledona ahowing were renovea.
Heny of tnoae kept at 59 ¢ eeemingly did not heve enongh
enorgy to "push out” their eotyledons,‘and thua were removed
when the roots were well oxpoeed, although the eotyledanl
were not entirely out,

At the end or the experiment the aehenea whieh were
left were exemieed te determine whe;her_or not egbryea were

present. The results of this test are given in table 5.



~Table 5: Germination test of A. rrutieosun seeds (based on 100 aeeds par lot)

1‘ . E ¢ H . :
§ =3 ‘-Germination in days :Germi-iagﬁ?é;*Embryos in remaining seeds :
:Temp.; Lot-. : gnation;by og § : i
20 : i 8] -8 : . -
4V i1 6 7—12 13-18_ 19~30: (%) ¢ (%) irres. -Doubt. Abs. :
: A 429 .4 > 37" ooes- 7 28 T
E B - 24 8 i 36 -t 5 28 3
i5 ¢ o= 373 = 6 22,67 49 10 35 :
toosl D, 4 24 1 2 30 S22 13 35 :
i B - 7 5.1 13 . 38 9 40 ;
: F__ - 6. 8 14 33 9 44 :
: A 42 5 - - A7 9 12 32 —t
: . B 8585 1 - = 56 | 5 3 36 :
10 ¢ 37 5 = - 42 10 7 42 '
i ., D 8. 3 - = '35 41,00 4 9 52 i
3 ‘E 24 5 . 4 - 33 - 9. 11 47 :
: F_ 30 3 - - 33 4 . 5 56 3
. A 87 & & = 62 7 & 8 3
i B 59 = - - 59 5 8 31 :
: 15 ¢ 50 4. - = 54 46,17 9 7 30 't
{ .. D 38 1 1 - 40 9 9 42 4
i st ® 25 1 2 - 28 11 3 58 :
; F___34 - ~ - 34 7 8 51 "
i poa 3 - = m K 8 41 :
: s 6 - - - 65 1 11 23 :
' 2 Y. 855 3 - - 58 46,17 4 11 27 :
i .8 2 30 2 - - 32 10 18 40 :
L E 4 2 - & 45 13 12 30 i
2 LA — —ie 33 422 31 3t
i A 3 8B 2 - . 38 8 9 45 s
i B 60 - ‘- - 80 3 10 27 :
i 25 ¢ 8 1 1 - 30 6 10 45 :
i 41D 30 1 - - .31 42,33 2 8 59 :
: "' a8 1 - - 49 11 5 35 :
: F__ 37 - - - 37 4 15 44 i

1%
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As a check, a lot of 100 seeds, similar'tb those used
for the test wé; éxamined to determine the number of
aeeds with embryos, with .the rcllowing results- 
Seeds with embryos present, 62' doubtful 8; absent 30.-

It will be seen fronm table 5 that with the excaptien
of those seeds kept at 5° c, germination was practioally
complete¢ by the:end of the-ﬁp@ day. At 5 G, germination
,waé delayed fqr‘several days\and the total:percentagé of
germiﬁatipn was approximatgly-halrvthgt obtained at higher
temperatu:es; The5total germination of this entire lot of
3000 seeds was 39.97%. 'ﬁndéi;field‘coqditians‘this‘pércent-
age would undoubtedly be lower, sinee a eontinuous moisture

supply is usually not: available. Ro indlcation of a=10n8 :
'dqrmant periqd necessary prior to germinatléﬁ 1s'apparent
-fr§m’tpis'tést, since the segdé were of the oufrent year's
crop.  The quéstion of variation in the viﬁbility of seeds
from yéar to year;'howevef,,is not ansﬁered'yet, although .
Lifflé’S‘test’may’indicate such a possibility. The upper
1imit where temperature significantly retards germination
has not been reached in thiu test for there is relativexy
‘little differenoe in germination at 10°. 15°, 20°, and

25° C. " |

Seedling mg§té1ity

~ The" mortality of burrowead seedlﬁngs in the field is
oxceptionally bigh possibly being atfected to a larse ex~
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'~tant by climatic conditions et this oritical period.

Thus Humphrey (1937 De 4) has shown by actual count that

- the greatest seedling mnrtnlity occurs during the dry spring
‘months, -preceding the aum@ar rains. .Table-a,‘asigivén'by
Bumphrey (f. 4)‘sh6ws this fact. The eounts wers made afv
1ntervals.andr5qsed on the average of 10 one-meter qnadfnta.
The number of seedlings found on April 4, 1934 was 309.8,
whereas by Januafy 30, 1935 it had decreased t0‘2.4

Table 8: Burroweed seedling mortality as ralatad to o
prociuitation. (After Humpnray)

Date -

—T¥&. of seedlings  Hainfall, 1na50 "
April 4, 13534 - 308.8
April 17 L £65.0 ' . 0.00
ﬁpril 30 S 198.9 0.0¢4
June 1 49,9 ‘ 0.25
EUae 16 . 20.6 o 0.00
- August 2 - 8.l : 1.69
August 16 = 6.9 T 3.53
September 16 . 5.0 . ‘ 3.31
Ootober 24 . : 3.9 ‘ - 0.98 .
December 4 : 37 - . 0.89
January 3C, 1935 = 2.4 - 4.03
-xay 27 : - 3 5.14

ﬁa;nfall ainee the praviaun date Toteds | |

Thers wes & slow deoroasu of seodlinga during the. month or
April, then a rapid decreasa as the dry period advance& with .
& decroasaa aeeth rate during the aﬁﬁaer rains, Some or the:
romainina saadlinga suoouabed during the dry fall months.
Thus, as Humphrey poigts out,(p.4), "Comparatively few seed-
lings snrvife-rfom one year to the next®. This high -
mortality rate Humphrey att:ibuﬂesuin’part to the close
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competition which exists-between the burroweed seedlings ;
and grasses with respect to moisture supply, for during this
time "burroweed roets and grass roots occupy approximately
the.same}seil zones." Gibbs'(1937, pp. 15-18) reemphas-
1ses:this'e§inien."

. Ia comparing the number of burroweed seedlings.which
occurred onlproteeted areas having a good stand of 5fass
witﬁfoeaditioﬁs on grazed ranges, Humphrey (1937 p. 5) -
found that whereas the grass'density was 20% on the protect-
ed areas with only 5.3 seedlings per square meter, the grass
dehsity_wassonly,Q% on the grazed range with 23.2 seedlings'
per square neter. .These figures are the means, based'on‘g
study areas, the average of‘rrOm S5 to 35 eeunts recorded
for each area. These data, Humphrey'(p.'s)rpeints out,
shoﬁ a relatively»higher seealing countron open'ranges and
suggest "that the relatively few seedlings pfesent on - |
protected. plots may be the result, directly or indirectly,
of heavier stand of grass there than on the- grazed ranges."

In another paper Humphrey (1936 p. 6) discusses the
reIatien of burroweed seedlings to mature élanfs _and shows
: e o that under grazing there was an average of .
3.4 seedlings beneath the bushes as comparsd with 0.2
. on the adjacent areas, while under protection from gr-
azing there was an average of 1.2 seedlings beneath
the bushes.and 0.2 on the areas between._
- Humphrey (1937 P.- 6) shows further the reletion be-

tween the number of burroweed seedlings and altitude on the :

-Santa Rita Experlmental Range in table 7. He' summarizes
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the significanoe of the study as fcllaws*'

It will be noted that the greatest number of
seedlings occurred between altitudes of 3,400 and :
3,500 feet. This portion of the range is for the most

: art an area where annual grasses and mesguites:
? Prosopis velutina)are abundant and perennial grasses
ocour rather sparsely. This poor perennial grass
cover and the fair amount of litter from annuals and

 mesquite leaves seem to provide rather ideal conditions
for seedling establishment, The smaller number of
seedlings above and below .these elevations may be due,
above, to greater. competition from the better grass
cover, and below, to so slight an acoumulation of
litter as largely to prevent saedling establishmsnt'

Table 7: Relation betwaen number of burroweed aeedlinga
and altituda. (After Kumphrsy) -

Altitude In feet seedlinga'
3900.4000 . 1 a & o & e o 03
3800"3900 e ® : 0 « * & ; - -4
.. 370’0"5800 o " 4 & @& » e o 1 1&
3600‘3700 *. & & ¢ o Q * & e .'7
3800-3800. « « « o o o « « 26
MO“SSOO e ® o a e o o o o 51 -
. 83300-3400. ¢ ¢ « o o o » o 28
329‘0“3500 * & o e 1 ¢ o o = ll
\ 310()"3200 s e 5 % o e o t L] Q 2 ‘
3000"3100 o ‘e e e o o e o » .0 m
2900"3000@ ‘e 8 8 6 & & . e & '.0 053
. ¥Counts made June 1I, 1935

" Root System

Oomgaratively'littla work has been dén@ on the stﬁdf; |
of the foot system of A. fruticosus. Judd (1937 p. 334)
mentions that the plant has & tap root whiah may oxtand 7
feet or.more in depth. Humphrey (1937 py.-&—e),
'atudying the root aystams or seeﬂlings, faund that reot
growth is rapid and in most ceses vartical, rather than
horizental. He cites cases ot see&lingn & months old wizh
tap roots 53 1nches in &angbh;nlaymontnaﬁold plants with
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tops only 5 inches in height whose roots extended 48§ -
inches downward, and two year old plants with 7 inch tops .
and teb roots 7'reo£ 6 inoches long. Discussing the root
- system of mature. bnrrawaad plants he says: . ‘
... . Root aystoms of mature bnxrawoods» e « are well -
adapted for obtalning moisture in regions of low rain-
fall., Seven plants were excavated on the Santa Rita
Range each of which had a long taproot from which a o
. few lateral roots branched off near the soil surface, .
The length of these branch roots was not determiLed.
The taproots, however, extended vertically for from
5 to 18 feet. ZExcept for the branches near the soil
- surface there were almost no other side roots. - From
observations made on these and other excavated indiy-
. -14uals it seems probable that most mature burroweeds -
growing on upland solls with a deep water tahlo dovolop
~ taproots 12 or more feet in:length., = ° \
Cribbs (1937 p. 16), in'diaauaqiaaqtha relation of burroweed
_vs@uélings_wipp,ygranni&l grasses also points out the faoct
that at leaat,during~tﬁe»firmt 5,mnnﬁhs.of their ‘life,
burroweed seedling roots occupy the same soll zone as -
grasses, and extend vertically to a depth of 18 %o 30 inches.
~ Root studies were also made on the Sante Rita Experi-
mental Rﬁnge_by;tﬁe:wiiﬁaiaihilavdafving as fleld nssiaaant
in the Range anldgy-ﬁaﬁaitﬁaétl-dr ‘the Univoruity'at'ﬁn&aana
during the summur of 1937.A The roo% systems of 4 umtaze
burrawaed plants, 3rowing 1n roeky aoil, wmro traaed out.
Theae studies show tnat burrowaod plants have a very
axtcnaive;root syatem.~ Altnopgh most of the lataral roots
branch from the tap root in the first 2 feet of soil these
: 1ateralsubdmetimaa“ex@an&‘out 5‘:éet from thegmgin root and
then have é'tehﬁénoy to grow downward. Not only are

there often preéent’aa many as ld'goodééixed laterdls, but

Y. The data of this work are 1in the fales o of the ﬁange
Ecology Department, Univermity ot arizona :
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with their aublaterals, and alzo namoraus ‘short latarall
ariaing rrom the tap root they rorm a vcry adoqnaeo ayatqn*
,cxtanding over consiaerablo aruaa aroand tha plant. Bnlaw
the 3 foot level the lataral roats are 1»:: nam‘roua ana |
at leaat 1n this recky neil twine around the .nzn root ~and
grow dcwnwarﬂ with 1%, although at 1ntervals sone spread
’eut,«terminatingval_lmall-rootlcts posaibly»la 1nehoswnway.
This tendency to twine around the main root may be due
largely to the rooky soil, following the line of least
rciiltahcel“'The*gréataatfdépthfreachedlby roota?brutha plants
‘excavated in this rocky soil wus 11 rsat 2 inenes, although
it seens probable that: some mny grow down ortn.!ix%khra

Iaetorsfinflueneing'tgg-ug read of burroweed
| ' " The’ settlement of the Southwest, which is:basically
range “gountry, ;zaturally‘ :ékt;i'gha' in the establishment - -
qr»the5c§ttlb"industr§;f Stockinsfthbno'rahgqé has upset’
the original ecoiogibal«a;gths, and has brought 1n§ofp1ay'
1nteract1ié”ractors’af gxdnt*importanea.f“nue?to a'limited .
aupply of moisture, combined’ with heavy" grnxing, the prnduct-
ivity of" extensive aroan has bcan reduced . can:ié.rably,- -
and in many-easea-the»grasscs_hgvn given way:t0~anda¢ir~
aﬁlb?wneas; These weeds are otten native Spéciec of such
areas, rorming an- 1ntegra1 part of the vegztation, as long
as the grassea, thoir natural plant dcminanta, cra givun ;
a fair ohance, these unﬂeairable apecics are 1argoly'hcld ”
An. check.L Speakins of the rslation betws&n uacas ana

grasses Wooton (1915 p. 23) sq;a:'
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In the main, these native plants which have
become commonest and apparently most important range
weeds are not very aggressive and would not occupy the
large areas they do but for the effective assistance
in their struggle for existence which they receive
from animals., Yet so important has this factor of
animal interferencé with the ad justment of plants in
different associations become that large areas are

- often occupied by almost pure stands of plants that

" would normally form dbut an insigniricant part of the
vegetable covering.

Grifriths (1901 pp. 10-14), in discussing range conditions
of Arizona during the 0pening years of the 20th oentury,
1ncludes”sqme letters rrom Fold-timers"f the result of a
questionﬁgiré;»which indicate:. olearly the depletion of
r#ngas aé a reéult of over-stooking. This over-stocking
wes encouraged by the land tanure ayatem in oparation at
‘ the time.  Haturally, sueh principlas led to shortags of
feed during years of drought. CQntinuea grazing, whan
natural 1nf1uences already limited tha grcwth of grasses,
.'damaged the ranges still 0iOTS o. orten ranchers lost 3tock
because of reed shortage but rather than let nswcomars'
oompete with them,<they grazed‘the land to its utmogt '
capacity during the better yeafs and took the losses which
1név1tably followed during lean years. Wooton (1915 p. 28)
‘re:ers}to 3uch an étiitude as expressed by an experience@
eattleman: | |

. - I oan better afford to take the $2,500 loss of

" stock which I know I will have when the dry years come
than to take my stock off my ranges and try to save
the grass which I know I will need in those dry years.
I hold my range now only by having my stock on it. If
I take my stock off, someone else will take my range,

and I can afford to lose the stock - better than lose
the range.
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Such conditions then, are in part responsible for the
spread of bnrroweed eand as Clements {1920 p. 300) pointa
out this plant is an indicator ot ovargrazins.

. As has already been noted in the diseussicn on the
distribution of burroweed, 1ts's§read on the ranges has
taken place rather recently. AGritfitha {1910 p. 18), in .
speaking of tﬁe encroachment of burrgwégd (Isocoma

aéronopirolié) on the enclosure {(what is now the Santa

Rita Eiperimantal'Range south! of Tucson, Arizona), says
that ' |

Here this plant has spread upwards from the
river bottom and now occupies the rocky ridges and
‘mesas between the grassy section and the more level
desert lands below, It has thickened and increased
perceptibly during the last five years. The rainfall
in the region where it is most aburidant was very light

- in 1908, and it consequently made but 1little growth.
No one. can tell what the future of this plant may '
be; it 'is quite probable that the grasses, unmolested,
would hold their own egainst its ensroachment, but -
with the grassy vegetation weakened by grazing it may
increase to such an extent as to crowd out nearly '
all of the valuable plants... .

He then mentions the raot *hat this spread had begun
years before the aresa was brought under protaotion frnﬁ;
grezing, but that ﬁlready in‘190§ 1tAhad“pomsibly ionqhad
1t£ maximdm‘dénsity bacaﬁse ﬁaﬁy of the ﬁlanta'ware dying
off, even though tha season waa exceptionally tavorabla.
' Upson Cribba, an& Stanley {1937 p. 45) are ot the

'opinion that burrowaod oomes in after and not bcrore the
_graasas have been weakenea or killed and as a result of

“the unpalatability of this weea it is given a botter ehanee

than the grasses.
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" The rapid spread of burroweed. . « into the-
present and original grassland type 1s apparently due
50 loss of soil and soil fertilily, to the thinning
out' or killing of pre-existing vegetation and to the
subsequent changes in growth conditlons and vegetation
relationships-that thus take place. The weight of
available information is not to the effect that these
shrubs are aeti?ely killing out more desirable raraga
‘plents. - . :
Oribbs 11937) has. shown that in some c&ses at least,
orosion appears to be even more. impartant in ‘the spread of -
.burrcwaad than grazino for "sheet aroaion is 1nvariab1y
essociated with,;ncreaaed~nnmbera of burrawegd where the
plant has acceasftoitha area."” The w?iter'tbf the South-
western Forest énd'Range Experimenthtation {1938 p. 14)
roitérates-thésa-onnolusipné by}ealiing attantish:to-tha
fact that,on proteetsd‘ﬁiots.where'goil erosion ﬁas absent
and the 3oil~in’good cbnditién; burroweed plants were'loas =
numerous than on the adjoining grazed areas; hawaver, on -
protectad plots where sheet erosion was evident and the
8oil depleted, possibly fram the .effedts of troo-range days,
- this weed was more numerous-than on<adjoiniagAgrazed aréas.
Wi G. HGGinnieal, likewise, 1a“qf*the'091nion'that
grazing may haveﬂ:avaroé the épread'or b@:rewihd-byfkiil-
ing out the more palatable plants, but mentiong‘that o
: protbotion of the ranges trom'fireiin reéent'times*may7élso
be responaible for this rapid 1nereasc, and in a lcttcrz in-

c¢ludes low temperature as a limiting factor. Eumphrey )

1. Unpublished reporﬁ'without date' EurroAWeed a ﬁenaca to
. Arizona Ranges. In the files of the §ange Tcology Depart-
ment, uUniversity of Arizona.

2. MoGinnies W.G.. In a letter to Hub. Ruasoll dated Auguat,
T2z, 1932 :
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(1937 p. 2) puts an even groater emphasis on fire as an
| 1mportant raotor in- 1ts spread, for as he puts it: _
' Although it is possible that this spread was
due to a deteriorated condition of the ranges prior
to protection, various studies indicate that prevention
of fires probably played a greater part in this spread
than heavy grazing. |
He, . however, also indicates {p. 9). that proteotion arrests
'the growth ‘of burroweed since- "Recent atudias have shown that
‘on areas where protection rrcm grasing rasultea in a | ' |
-'gnod stand of graas thern were rawer mature burroweeds than
on areas not 80 protectod. He acoounta ror this oondition
as being brought about by the faot that relatively few
burrowaod aeedlings beoome eatabliahed ‘on areaa wharc good
~grass oover is prosant. ‘
Wooton (1916 PP. 15—16) mantions an exporimant whcrc all
. plants on an area were killed out and the return of vegétation
'observud, 31antreo11qo§iqns ugre made berqre_oxgdica;ion
by plowing was done, aﬁ@Jool}éqtions ﬁére also made on
oheckgﬁlota;-'ené ot_t@gsé*a:qas‘ﬁas heétiiy 1nt§nteﬂ with
bur:awqed,.qﬁd'eveﬁ‘after §1c#ing‘some of these plants
remained. For the tirht"twé_yna:s.at least, no burroweed
seedlings were found on the plowed area, although seeding
plants.wére‘abnndéntﬂin ﬁhe ti@;nity, andfa'ttw-were also
prosénc on the plowed afaakitaﬁlr; Wooton expresaés the
opinion thak grassea will take possossion of this plowad

area sooner than of the overograzad areaa, since the soil’s ,

'nbility to retain water is inoreased and plenty or aeed tor ‘
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ravasetation will be uvailablo._
| Recontly Shreva ‘and Kinekley {1937 pp. 472-473) have.
roportad an increase .of burrcwttd in their v.getutioaal atuﬁy
oonducted on areas at tho Dnsort Labaratory 1@3:%04 noar
Tuoson, Arizona. Thia area haa bcaa proteated Iram grazing
since 1907. In 1928 aight contisuouu aroas or 10 mctors
- ‘square were astabliahod on " a sliahtly rolling aurthcc with
a light loam soil o e e The location waa selected beeau&a
it differs graatly trom all of the othern in’ tho textura and
structure of 1ts soils and in the openness nnd poverty ot 1ts
vegetation. Bpeaking of ‘the 1norease of vagatation in
these areas, the authorl say: S »lv. | .
o A larga part of the inbréasc'round in 1936 is due
~ to the appearance of 197 young individuals of A.
hartwegi. Of this number 152 are grouped under the
ght shade of a Prosopis tree which covers 40 square
meters. The remaining 45 plants are more or less
evenly dlstributed over the other parts of area B.
This species of Aplopappus is extremely abundant in the
Tucson. region an§ T8 xnown to have multiplied greatly
in the last 25 years, presumably as an indireot effect
of overgrazing. It is not common on the Laboratory
grounds and there will be considerable interest in
learning from future study of this area whether 1t
'mnltipliea under natural conditions.
B Bmowm CONTROL
‘ Possibilities or raggo 1§gxgggggg_

The need ror burroweod control has 1ong been relt, nnd

various methoda have been tried. Before taking up thic phase |
of the probdlen, attention should ba oalled to the pos.ibili-
ties of improvement of tagage cover on southwtstern ranges.

»The gqngral distribution ot burroweedrand 1ts pravalenoa 4in the
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SOuthwest has been disouased'earlier. In this connection
Upson, Cribbs, and Stanley (1937) divide the area covarod

in their survey into 9 types as given in table 8. Thay° -

" then arranged tha 8 types (exclusive of the woodland-timber
type)‘into the rollowing Qrder of relative 1mportanuu (ﬁpagn,
Cribbs, and Stanley, 1§37 P. 9, condensed report):

- Present Forage value " Possibilities of Imp-
SRR ‘ ' rovement in Forage

Yalue -

l. Grassland ‘ l. Grassland

2. Mesquite , 2. Burroweed

3. Saltbush - Jd. Snakeweed

4. Snakeweed : 4. Mesgulte

5. Cactus ’ - 5. Cactus

8. Burroweed 6. Saltbush :

7. Blackbrush’ , ' 7. Blackbrush

8. Creosotebush 8. Creosotebush

As the autﬁore;point out {pp. 16~17), those areas with ﬁaavy
stands of burroweed do not offer much ;hance.ror’impr01i~
mant- but to some extent within the aréaé of medium sténdi,
and especially where light stands ooour, the soils are still
1n relatively good condition, and there is sufficient quantity

of grasses left to warrant adequate contrnl‘maasnxaa.

Ratural control

The problem of burroweed céntxol_has éeﬁtkrad ohiefly
around'naturél énd'aftifibial methods.. To & large eztant the
progran of natural control deals with restrictsd grazlna. I6
other words, the idea has been proposed that ifr grasacs are
given a rair chance, they will arrest tne invasion of bnxrowned

and poasibly evantually-“crowd—outﬂ these intrudera.



T TABLE 8: Area, density, and composition of the prineipal plant cover on renges in
S aouthoaator Arizona {(After Upson, cribbs, and Stanley)

, tAve. : . Frinclpal specles making. up the
Prineipal:, - : tdensifys -lant .gover cr each type shown .in eolumn 1l -
plant : = Area  :total :Creo-:Bls Snake-:M Peren-:0ther
cover : Y :vegete« aoten'brush .Oactus.bush 'weedﬂ :weed tquite :nial :plants
__mgr 1 | *tion sbush ¢ S ses:
:t Aores iPet.:  :Pob, : ret, ‘: Fat. z?ot. ,éct. t Pot, : Pet. : Pot. : Pot.
Grooaote-: , K R T T H R 1 s
- 02, 1249 .30 : 668 ;- O : -3 : -0:~ 0: ‘5 : 5 ¢ O '3 a_J..____
R T B X : ] T8 s . 8 o
brush — : 509,000: 4.2 .36 : 19 : 29 : O 3 O : 3 : 'S 15 : 4 : 25
T PR T PR e N T R D s
Qagtue  :1.116,000: &% .36 3 1 : O0.: 37 ; O : 3.: O : 3 1 5 : 51
ot N [ R T A TR .8 NI t
wzﬁéj S3 ¢ 2 ¢ 0: O : 97 ¢ O O ¢ 1 : O : O
: t R s : B R
WWS 0 0 9 : 03 BB: 4 : 20 : 5 : 10
N R R R Ty i
Qﬂg&g,_gﬂ: QQ”,OOO: &8: 323 O3 2: O : O0: 10 : 32 : 18 : 11 : 27
, : : R R B T s
Bt 73 3 01 Q: ©0 3 0 : 10 7 '3 59 : 9 3 15
3 : t 3 : 3 : 8 :
3 O -~ O0: O : O: B3 3 ': 9 :-76 : 10
M

Note P In thc last nine oolumns Opcrmt means the plant in quosuon wag absent" or mado up

lesa than 1/2 of 1 percent of the vegetation.

The woodland-timbar type ooours mostly within the Goronado and Mok Netional Fores

These areas, having already been covered . by Porest Service range surveys, were
zg:rad. ta%? th:hshr?b :urvoy. whtlz details as to composition are not givon in
' e e plan eover eontains most rasses and other plants an
soattoring shrubs, e r 4 only

not
the

8y
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Burroweed-~zrass relationship.-= In connection with this

problem theh, the relationship of burroweed to perennial
grasses is af great 1mpo:ténée; \Wo&ton_(lle p. 17), in
speaking of this relation comﬁareé parts of the enclosure
(now the S&pt&'«ﬁita Experimehtal Kange) as described by
Griffiths (1904) and as it existed in 1914. ¥Wooton

mentions that éhereés_in 1903 the arees showed a scattering.
growth of burroweed (Igocoma Eartwogii), in 1914 it was
cofared thickly with'mgtpre plants of this species, but
large numbefsfwere dying, "probably as the result of the
encroachment ar the grasses which are gradually taking poss-

ession of the area. He aays further~

The rayless goldznrod 1is of no valuo as a forage
plant aud it is customary t. think and speak of it
~as a range weed and a nuisance. But it certainly
protects the soil from erosion, retards run-off, and
furnishes the conditions favorable to germination of

the grass seeds. The i resses will probably eventually
crowd it out. = ‘

‘ﬁumphrey (1936 fp. 3-8), in studying the relation of
burroweed to pereﬁniai grdsses, gathered data; based on a
.seriec of 400 or more pairs of typical quadrats. Table ¢
‘gives,the-result or his study. Discussing these rindings,
Bumphrey (p. 5) aays- '

« + . on both grnsad and ungrazea areas there was
a lower total density of short grasuas beneath the burro-
- weedsithan-on’the -dreas betweens” A study of the:.grasses
composing the short grass total shows that on the graz-
ed series, black grama, Rothrock gama, and Santa Rita
three-awn ‘all had a lower density-directly beneath the
.weeds than on the adjacent weedleas areas. With the
exoebtion of black grama the same tendency (was)
obtained ‘on the. proteoted plots.



Table 9: Efreet of burroweeds on grass deneity under grazed and ungrazed conditions.
(After Humphrey) .

Grass : i N - Demnsity
: T e Grazed N Ungrazed
Type f' Kind ¢ Beneath - :Area Between : Beneath :Area Between
; K . Burroweeds:Burroweed ' : Burroweeds:Burroweeds
: S : om* i Cm® : omf i cm®
'~ :Black grama K 43.6 59.8 : 66.7 52.8
Short :R8throck grama - : 85.7 H 122.3 1 - 38.9 s 78.3
:Santa Rita three-awn : 43.1 : 56.3 : . 49.2 3 126.4
.t Total : 152.4 ¢ 238 .4 : 154.8 ° 257.5
iBush muhly : 3.1 ¢ 0.0  : 0.0  : 0.0
sCotton grass - - s 17 .4 H 2.0 H 6.7 H 2.3
. Tall :Poverty three-awn 3 37.1 $ 6.8 : 90.2 : 20.0
sTanglehpad? . 3 8.8 8. ¢ 10 : 0.0
: : 65.8 ° 9.6 P 97.9 ¢ 22.3

*0S

Total.
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Allvtall'grassesf—bﬁsh muhly, cotton grass,

poverty three-awn and tanglehead--both when grazed

and when protected, had a higher density beneath than

between tha bushes. :
From those results Humphrey oaneluéoa that passibly aa&a
~ other factor than the protection from grazing furnished by
the weed operates in bringing about this inereased grass growth
of the tall. grasses. _ ‘

Cribbs (1937), in discussing the relation of burroweed
seedlings to grasses, points out that few or no seedlings
survived on enelosures that had moderate to good stands of
perennial grasses, but seedliugs wers . abundant on the grazed
renge and on enclosures ‘where there was little grass. He |
" also shows that the. roots of burroweed seedlongs ogcupy a
- soil zone similar to that of Rothrock grama and’ the tnraeaaun

grassea, and thus on areas with greater grass density,

burroweed seedling mortality would{ba graatar.

_Restricted gragigg.-~0ribba (léﬁ?)vh§é~roported‘one of
the most 1nq1usive‘stﬁdies on-protadtiéﬁ'fraﬁ grazing as a
method of burroweed control. ‘This study was made on the .
Santa Rita Experimental Range, and he sammazizas the reaalﬁs'
as given in Ta&le 10 af this payer.

In this table Gribba has diviaed the 90 cnelesures with
check plots, established aﬁjoining these areaa, 1nto 5 grnnpﬁ_
as follows' |

In group A tha enelosura feneea have bean eontinau-_
ously cattle prcéf since the establishment of the englos~
_ ure. Almost all are protected only against grazing by -
~ pattlé and only a very. small number againsat rodents, 33
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Table 10. Amount of burroweed under various conditions of

crazing and erosion. (After Cribbs)

Eroups 58%T  Grazed Areas s _Un azed Areas

:TTotal : Average number:Tota. t Average number
tacres of:of individual :acres ot' of individual

s SN o¢ o

:sample :plants per acre’sample :planta per acre

A fr.es "1559 : 15,59 : 34
B 51.73- 2797 : 1.06 . 2609
€ :izel ;3010 : 1.82 : 4005
D Zs 0 . 81 P 1.a9. s 17
B - 9,30 laﬁl__.___:__.ﬁ_..ﬁ& 762

*See text for explan&tion of groups.

are located in areas where burroweed occurs in moderate
to heavy stends. In. some of these enclosures there is
a mild degree of. sheet erosion but in no case is it

‘excessive. o o &

@roup B includes & small number of enclosures which
have at one time or another sinoe their establishment been
subjected to a limited amount of grazing. For the most

- part they are rather old enclosures, the fences around

which have fallen into disrepair and have since been ,
replaced. No accurate data are available as to the amount
of grazing that oocurred before replacement of the fences,

but it probably did not. exceed an average of one to two
year's UBe. o o o

Group C includes all enclosures which are subjeot o
to heavy sheet erosion. During the period of unregulated

grazing prior to the establishment of the Santa Rita

Experimental Range in 1903  the damage to the grass cover
was so great that erosion started over an extensive area.
Over some of this area subsequent protection end re-
gulation of grazing has been ineffective in stopping

this erosion. The soils are in poor condition and either
are not improving-or are improving at such a slow rate
that 33 years protection against grazing has made no
appreciable difference. The plota in this group are often
influenced by flowing water originating both in and out~
side the enclosure. Not infrequently wind erosion is an -
important factor. Without doubt the assembled forces of
erosion are of far greater importance than the grazing use
on the open_portions of the range or the influences of the
enclosure fences., For this reason these enclosures are

placed in a separate groupe . .« .
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. Group D 1ncludeé"encloaﬁres that are 1dcated in
the foothills of the Santa Rita Mountains ncar the edge
- of the burroweed advance. In such locations grass
" densities are. usually higher than the average for the
ggzéfc>:ange ‘and tha anount of bnrrounta is r:laﬁivoly
In group E Cribbs placed all enclosures that were less thnn
5 years old. , ,
cribbs points out that in group A there are approximately .
‘5 times as many burroweed plants od the grazad ohook areas as
" on the ungrazed enclosuras~-that group B ahawl only a slight
: dirference in ravor ot the nngrazed aroas- in group e the
burroweed averages one third more inside the enclosuroa _
'thgp.on'the grazed ragge; in graup D the rgtio is similar to
group.ﬁ;valthoégh the‘nnmbers are eohbiéer&bly less; and
‘that groﬂp E 8hows1soiawhﬁt 1ésé‘burrow§e§ piants within the
“enclosurs thanAon‘tﬁe grazed rango; although'tha‘ditferenoo
is not éq gréat'as‘in groups A énd‘b. 'This~he_cxp1g1n;'by'
. inferring that short-time pfotection‘ia‘natﬁadequate. In
' géner&l then; this stuéf shows that on protected plotg where
aéil,érosion was absent and the soil infgood‘conditiaﬁ;
burrowégd}planta w§fa 1gss,numzroua than on the adjoining
-grézéd'areaa; ﬁut'on plots where éhoet erosion‘waa evident
and the soil depleted the reversa is trnc. '
) Table. 11 is teken from Cribbs‘ (1937) report and
" represents the arrangemont of.groupsbk and E of table 10 into
4 grénﬁé'édcording‘to”the léﬁgtha of timn the‘¢nc1osﬂras have
‘existed. In auémarizing.the significance of these results
Crivbs (1937 p. 15) says: -
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Table 11: Continued protection as a I&at@r 1n bnrrawwaﬁ
ocontrol. (After Cribdbas} :

: Grazed Areas . ﬂﬁ ATeas
Age of :Zrea - :Ave. number of :Area :I#a. number of

Plots: :in individual burro—: 1n *1uﬂividua1 buwruw
in years:icores ' per aore iAcres:weeds p ae
3-4 3.74 2335 . 3.36 1246
5-9 2.68 1346 3,8%‘,"; 253
1b-1§ 1.93,' 2204 7.23 174
15-33 6w'4%m . B.29. ___ agm

It is- notoworthy that the ratio of numbers of
burroweed within enclosures to the number of grazed
range shows the maximum difference in the group of
enclosures that range from 10 to 14 years of age, and
-that after this time there is an inorease in the
-amount of burrowsed within the enoloanras.

These oonolusions are reitaratad by the’ writer tor tun South=
wastern Forest and Range Exparimant Station (1938) in an
articla based on this report. .
Sempson and Malmsten (1926) have shown that on mountain
range arcas, continued haavy grazing roduaes the size of
roots and tops of prennial grasses, thus wenkening their
growth and ability to obtain soil water. Oribbs (1937 p.
17) points out that burroweed plantanghich are generally
not eaten by stock, have a decided advantage over grasses
1ﬁ this reépect' and mbre of these weeds'will-théreforé
‘ survive on heavily grazed areas than where the grasses are
protected.
' There 13 another phase of this problem that needs at-

tention, and that_is the burroweed-range relationanip that
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exists:qnlareaa not typically aecupiad.by perennial gresses.
Cribbs. (1937 pp. 19-20) mentions that extensive areas in the
8muthwést;-wheré burroweed is sbumdsnt, support but a light
stand of frennial grasses. The larger part of these areas
are- composed of annual gragses amﬂ annual weeds during short
pariods of the year. Gribbs saya thnt
‘Thepe 1S no indication that the density of these
annuala shows the inverse relation to the stand of
burroweed as. is shown by the perennial grasses. ..
 ~Anothai'ractor of. importanﬁe in this burroweed-grass
relationship is the relative amount of water used by these
- plants. Arnold (1939) has presented data from experiments
condudted by the Range Feology and Botany Departments of
the University or Arizana on the Bunta Rita Eaparimmntal
Range which ahaw tho watar requiramnnts or nativa grasﬁaal"
and shrubs.\ These atudiea show that. burrowwad ranks rulatm::
ively high amang ahrubs, r@quiring 1984 gramn ot wuter to o
| produee one grar of dry weight. 'In native gralsoa thia .
amount_is conside:ably less, ranging fromlaﬁs grams in
slender grama to 710 grams in Johnson grass., Darrow (1935)
P. 76) shows that burroﬁacd,r@acnea its maximna,trnnsﬁirhtion
rate‘dréund noon,;w&bh a decided decrease as n15h€7approachoa
although aome,wéger is lost comstantly, even at night. _He .
fufther shows (ané?) that alr temperature anﬂ‘aolarJra&iaxion
have the highest acrrelation coefficients of the factors : .-

inrluencing tranapiration.
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Netural snemies.--Various attempts have been made in the

pasiﬂto diacdvér some natural enemies of burroweed whiah_might
be utiiized in an'errbrt to oontrol or even eradicate this
w&ad. Altnough a few organiama have - been found to infest ,
the plants, it is doubtful whather they are of much signif-
-1eancg, especially siqce they seem to be an integral part of
the bioﬁic strgotﬁre éf this regioh;v Sinae'thia is the case
it is queat;dnabie whether such enemies will at any ﬁimc be~
come sufficiently large in numbers td_produce apeotacﬁlnr
results;. The best that oaﬁ-ba'hcped for ia’that they mﬁy do
their gmail part tovhalp.

Humphrey (1937 p; 8) réﬁbrta ﬁhat

Burroweeds are parasitized by the sruba of two

species of round-headed borers, Craasidium.;ggg;?ggkgg“
- and C. longipenis, ‘which live on the h ood of the

lower atems and roots. About 80 per cent of the mature
plants have been found thus parasitized, and except for
the fact that they may be somevhat more easily broken
off than uneffected plants they are apparently unharmed
by the grubs. The hollow stems and roots left by the
borers are usually occupied by ants and termites whioh,

in their turn seem to do the plants little if any
damage. _

Humphrav (p. 8) also )ints two species of graanhopyera,‘

Taeniapoda-oquea and Hesperotittix viridis.zi;id;g, feeding

on burrowoedfleaves duriﬁg the summer, but seemingly with no
harﬁrul'erfecta*zc thé'planta. The writar,‘whilé serving as
field assistant in the Range Ecology Dapartment of the ﬂniv-
ersity of Arizona during’ ths summer of 1957 Giscovered ano-

ther natureal eneny of burroweed. This is the larva of a mpth;

Thiodia stramineana Wlsm., of_tha family Qlethreutidae,
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and has thus far not been Teported as infesting burroweed:
" Phis larva feeds on the branch tips of bdrrgwood plants. v‘
Counts, based on 50 1ist quadrats were made to determine the
aogreé"orﬁinrast&tion}~‘Suah counts were made at Gravelly Ridge
and Desert Grnaglnﬁd~8§atiaﬁa'on thb’Santa1Rit§ Experimental
Range. 29.73% of the plants or 5.71% of the flower tips of
~ the plants at Dasert"Grasslaﬁd“and &6;59‘ of the plants or
- 4.5% of the flowor ‘tips of the’ planta at Gravelly kiégo were
| found to be inrostod."» | _—

The ecologiaal ralationship or these larvae to- burraweed
has not been thoroughly vorkea out, and not muoh ‘6an .be laid
ooncerning 1ts life history. ‘It was observed in 193? that by
Juns 14 larva were already piasent in- the br&nchos as’ sviﬂcn-
ced by the blackenud tipa. and wero atill nresent Oetober 10,
1937. The reaoticn of the. plant to the invasion or thesa
~1arvao is varied'~1n aomo cases the tip forms a coil and thsn
continues to grow upwards, while in other 1nstgnces the thwar .
tip‘dies;”but;nbw fldwering'branches'deiéloﬁ'bélﬁw the tip.
In either case .the - larvae soan to ﬁc littia ir any éamlgo to
the rlowering oapacity or the plant.

Artiticial Qogt_n; » o ‘
A larga part of the program 1n Bonneetion with the conta‘

rol and eradication of hurrounoé has boen basod upen nrtiticial
methods. The mathoda which have bean t*iod are (l) grubbina

Tﬁﬁhe larvac were 'reare&“”by<§r. L.?T“W'hrle of The xntan
‘mology Depty, Univorlity of Arizona, who then sent the adult
spcoimens to the Bureau of Plant Entomology U.S.D A. whero

"they were 1dentifiod by Carl Eainrioh.
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and outting, (2) spraying, and (3) broadcast and toreh
burning. C
~ @rubbing and oggtigg.--?hornbor (1907 P. 228; 1910 p.
289) refers to grubbing and ocutting msthods on cxpcxinwn&ml
plots, estimating the. porecn&tgpaot kill to be approxinatoly
50% wien cut tuo innhaa above ane gronnd and 100% snceoasrul
when out belaw the grouné surfaeo* He mﬂg&igg; however,
_ that this method of eradiaaiian 15 moTe exﬁﬁhsiva and less
:atinfaotsry than burning.’ Marsh, Ron and Qlauaen (192& p.za)
'also report digging as a maana of eontrol and - reeord that |
‘only a few plants had ‘reappeared in pastursa oloarnd scvcn
years betore. They beliave ‘digging to be praatisﬁhic in
, fenced pastures. Althongh their rotertnoe 13 to another '
apeoies, A hetoroghzllus, the plants arsa very similar in
growth habits to those of A.frutiooana.

' Humphray (1937 Ps 9), on the other hanﬁ thinks grubbing
tofbe 1mpractxcable,on-rangss where burroweed oocurs, because
of the low valda'othhﬁ ranges. In anothor'papar Humphrey
(1938 pp. 12-14) discusses this prcblan in graatar 1angwu
showing that :

although more’ burrowood soedlinga germinated on un-

- grubbed areas, the rate of growth, gemeral vigor, and
‘number of seedlings that survived to maturity were all
greater on areas from which the mature weeds hed been

" grubbed. In view of this rapid reoscupation of grubbed

. areas by the weeds, their eraaiw&%ion ¥y grubdbing does

-.not seem praoticabla- : o
The_data,upon which Humphray bases his‘oqnolusiona erg_@bt- o

ained bj Ac.ounti'ng seedlings on'a'.‘mm}of meta:»s_i;wa‘quad-_

rats at 50 pace intervals a year after grubbing was done.
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This grubdbing was done "on two transects, each about seven
miles long and 100 feet wide, one on each side of the Florida-
Gontinantal road. The transects were eatablished approximately_

at right anglea to the contour lines and ‘each axtaﬂﬂad fwam

‘an altitude of 3,200 feet to 4000 feet. Table 12 shawu tho

result of these counts as given by Enm@hray (1936 p. 15.}

Table 12: Survival of burroweed aeodlinga am grubbeﬁl
ungrubbed- ranges. (After Eumphrey)

¥levation érubbed : - V ubboﬁ'

Seedlings Seedlings eedlings §oo&lings

present . present present present

June 11 Auge B -~ June 11 Aug. S
3200-3800 15 9  m 4
3300-3400 17 18 s 8
3400-3500 44 26 51 - 16
3500-3600 38 27 26 9
3600-3700 " 19 - T f.a'

3700-3800 20 10 | 14 6

3800-3900 & 1 . 4 1
3900-4000 51.% 1 1
AVQrége 20.8 .18.6 - 17.2 6.1

1. Mature burroweeds grubbed winter of 1934 , 7
Judd (1937 Pe 354) says that "Grubbing is to be recom-
mended only‘wnerela ralatively,few plants gre found on an
area. These should be cut 2 or,3 1nahos;bo1oﬁ the surface
of the soil."'rupson,Cr}bbé, and Stanioy (1937 pp. 42-43)
doubt the-advisabilif}’or grubbing, and furthermore state

that such methods tend to inorease reproduction. later,
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Cribbs (1938ip.f5);_1n~eanupntin¢fen theawerk're@ortea.by s
'knmphrey’(aee;tabie 12),,auye,thet the year following this .
grubbing | ' | L
: '.:1..; mofe yeﬁngvlive bairuweea~eeadlihge ep@i&;ﬂir
on the grubbed strips than outside these sirips where
‘no grubbing was done. This seems to show that the loos-
ening of the earth in'grubbing favored the establishment
of burroweed seedlimgs. And from this, one may oconclude

that burroweed eradication dy grudbbing--at least when

done during the fall and winter sea-on:-¢oes not ssem to be
praotieable.v

The weight of evidence thue eppeara to be that gruﬁbing oannot
be recommended as a method of eradieatiou, exeept 1n cases
. of 1nolated plants. - | , | 'f o
Sgrazing.-oIn view or the raot thet lpr&y-‘ot varioue kinds
have been utll zed to combat obnoxiocus weeds in sar&en, tidid
”andvaiong rOédsides, a nuaher or attempts hare been made to |
use similar methcds to oradieate bnrrewea&« 821turio eoi&
seems to be the material ueed meet extensively, althoaah
such chemicals as aodium aredﬁata have also been ﬁuggeeted.

: McGinnies (1928) reports the effectivaneaa ct %@30‘

spray on burroweoé a8 followa-

 Stremgth Result
. 10% s ' ' Defoliation -
. o . Defoliation o
3% .. . -Defoliation .. - - - -
2% - 4 Partial deroliation
1% e .~ Partial defaliltien

He adds, however that some . of the plants defqliated with

such treatment may produce euffinient ‘leaves’ to surrivo. e
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Latar, in a 1atterl MiGinnies comments on the use of chemiocal
w@ud aradieation as fallaus

"Sulfuric acid appears t0o be the most satisfactory
because of its cheapness and also because weak solutions
will ki1l burroweed. . ., and at the same time do little
or no injury to grasses. The disadvantage of this
method is that it takes a great deal of water whiech is
usually scarce and under range conditions power aprays
would have to be used. .

~Brown and Street (19287p.v307) experimantoa~witn sulfur-
ic acid sbrays to control ébnoxious weeds and list burroweed
arong the. plants so treated. VTable 13 is taken from that part
of their report which deals with burroweed. |

‘Table 13: Sulfuriec acid spray for burroweed. (Moairied
: ~ from Brown and Streets)

Stage of: : % ‘Temp.: ADpPToX.i «
Weed  :igrowth .: Dateigeiq: g ’ : 4o | lemarks
K N . . . kill-
. - . : ; ings ¢
Rayless~ :Large and May : t H :Small leaves &
goldenrod: small : = - :tender tips
ot . 1028 : 1 298 : 15 :killed
or e : : : : : ,
Burroweed- 6-24" : : : :Most of the
e«tall, May T : tleaves and
sgreen - :28 : : : . ttender tips
snot flowe H :$ -3 : tkilled
- sering t 2 ;99 : %0
: : 3 s : tAll leaves
: ‘May - ¢ 3 3 tand tips
: 128 8% : 99 : 100 tkilled
: ‘May : s . - - iCortex prob-
: : 5 92,6 : 100 :ably killed
tMay ¢ : ¢+ - :Cortex killed
: : 85 :10 3 92 : 100 :to ground
: May . : T “sCortex prob-
s : 19 : 5 : 92 : 100 -ably killed
s tkay ¢ ¢ : — iCortex
: 19 :10 : 92 : 100 1killed

From this table 1t will ve seen that they obtained a-ysry"

high peroentaga of kill (90%-100%) with all exoep% the 1%

1. McGinnies, "W. G.: In a letter to Hub. Russell, dated Aug, -
22, 1952 In the files of the Range Ecology Dept., U. of A.
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atrength. Thair recommanded strength’ ror mns% cases is 5%,

Eumphrey (1936 p. 12 and 1937 P 9) refers to aei& spray
s not practioable on lcw~va1ua taageu where burrowsed occurs.
'Likewise, Upson, Cribbs, an& Staalcy (195? p. 26 euaéonaad '
report) and later Cribha (1958 p. 5) snbstantiata this view
by rarerring to the tact that after 2 yaara there was only a |
islight decrease of mature plants, and th& &zpenae involved |
was too great ‘when compared uith reaa&zco . ;

Fire.~-Rererenoe has already bcen made to fire as é
;limiting factor 1n the distribution of burrowead and this
mathod of eradication haa reoeived considerable attention in
the past. Burning as a method of eontrol was alraady 1n use
1n the early'years of ‘the 20th century. Thua Thornber (1907
D. 228) refers to such an experiment conduoted on, Juﬁe 28,
1906 on what was then the "small range reaerve tract", and
.speak;ng of-the.effegt of bnrniqg on}burroweeé‘in particn~
lar he saya° | IS o |

All the ‘plants 1n .the area- burned over, even those.

7, only partly charred, were killed outright: including such -

other shrubs as the catjclaw, oreosote bush, Brighem's
tea, mesquite;, and Zizyphus. This mag'yr@va an easy

means of destroying well-defined patches of such worth-
1ess range weeds as the abava, when growing in the open.

The same author (1910 pp._ﬁ@&nﬁ&?) mga%ions the fact that
burroweed can be killed at a: very small axpense by broadocast
burning during the dry :oreeaummﬁr~paricd (e. g+ ¥ay to June),
although toroh'burning for the more- scattered bushés is
suggested. In this seme bulletin (1910 PP 288»889) as well
as in another article (1905 p. 18) Thornber refere to
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& fire which lasted two days dnd spread over an area of _
approxiﬁnteiy 12 square miles. With reapaci to the‘éfrect of
- this fire on the vngoﬁation,'@hornbdr (1910 pp. 288-289) says:
’ | Two years after the large fire. . .the arees in |
question was covered with a remarkadbly good growth of
the summer grasses and Mexican poppy, and practically
free from large plants of the raylesn goldenrod.
The name "rayleaa goldenrod® as here uaed, refers to
A;.trutiooaus |
Such riros are generally considered as having occnrred
at intervals in early daya%_ It ahnuld.be_borne in mind,
.howover,'tha, in geﬁeral, tﬁe rénges had muoh better grass
‘oover duriné theae‘early ﬁimos, and fires which oééutrud;
either accidentally or were atarted willfully, had relativaly
greater ease of spreading., P
' Grifriths'(1910 P. 18) alao mnnﬁioné the bonsibilitiea
'of burning as a method of burrowead control, emphalizing that
the dry summer montha be used for this purpose. nn&lnnies
(1928) reports that on a large area which ﬁaa burned, this
treatment of 85§ suocessful as far as eradioétian of burro-
weed was concerned, but idda 'thatkdma»mlmble bx‘Mo spece
ies were algo killed. He further a@ata- that burning the
- plants at the base with a tmneh was ?ﬁﬁ suncea-rnl unile
burning the leaves and stema resulted in Qﬁﬁ of the plants

being killed. The same anthor? rarerrins to burrawnod

T. See for examplegfhornber (Iﬁﬁﬁ 18; 2BB-289
1911 p. 474); Wooton (1916 p. 18), Grirfitha 1@01 p. 18)

2. McGinnies, in a létter to Hub. Russell, dated Aug. 22,
1932. 1In the filoa of the Ranae Kaology Dept., U. of A, .
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and broomweed aays:~"~; ,
. It was found that these weeds could be killed by
broadeast burning, but only during the dry season and
when there was an abuildance of dry grass. The cost of
such burning runs from 25 cents to .00 per acre,
depending on oonditions. . |
| Betergnoé'iﬁf@hié‘iatt&r is also made tﬁ'dn éstinatq& cost
of $1.00 to $5.éofper acre when using toreh. burners, elthough
this cost is based on burning broomwsed. |
Juad (193? P 5&5~534) ratora to the atfaets of burnia;
" on burroweed and-grasaas. In his txporimhnts two 100 x 50
meter lots were established one of whieh was fenced to eX=
‘elude eattle. One-half of each of these two leta was burned,
it being necessary first te>spray thwigxsnts~uﬁthﬂaruéc oil
to racilitate burning. The burroweed planté werprcoantdﬁ , 
bétore»burning; énd egainvone jear‘lntor to determine per-
~eentage of survival. In the cattio exelu&ed area 400 or
5.35% of the 7,477 plants present betore burning survivod.
while on the grazed area 723 or 7.13% of the 10,139 plnnta
-gurvived.’,Judd alao found that the height growth of grasses
wes only slightly greater on the unburned lot of the protected
area wheﬁ compéred witﬁ ﬁhe burned lot of the same area,
while the increase in number of stems was siightly greater in
the latter.A> .
Humphrey (1937p. 9) alao mcntions the posaibilitiel of
aradicating burrowoed by broadcast burning on those areas

oovered by perennial gralaqs when not overvrazod. His views

"are more fully set forth in another report (Humph:ey 1936) °
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In this paper Humyhréf (pp. 15-20) shows rather deriaitely'
the advantages of burning.araaa’aa a control measure, based
on two difrerent‘stu&y iots as shown in tables 14 and 1S5.

In comﬁenting on the significance of these results,
Eumphrey statée"that~éuch methods of control are effective
and economicalv(p;_lﬁ and p. 20). He points out, as table
14 shows, that Ra;hrcékgrama; the principle grass of the
‘region, was mcfe:abuadant on the burned than on the unburned
portion, al;hough}"there'was a tendeﬁey for the total number
of Rothrock;grama plants on the burned range to decroase as
the season advanced." He attributes this decrease to heav-
der grazing b§ stock and Jaekrabbits. Humphrey (p. 17) aiso
shows that two yeers later the annual grasses were approxime
ately twice as hegvy,on the burned as on the unburned arees.
His obsérvat;o@s in 1935 aiso brought out the fact "that all
burroweed and epproximately 50% of the Cholas (Qpuntia,spp.),

mesquitesA(Prosopia,_velutina), and bisnagas (Echinocactus

wislizeﬁi) were killed by the fire."® He further says that

The small number of burroweed seeélinysz on the
burned area two years after the fire is of particular
importance since it indicates that revegstation to
burroweeds may be slow, even on smell areas surrounded
by a lerge rumber of mature seed-producing plants.

Bu:phrey shows further (pp. 17-18) that the removal of
burroweed by burning definitely'decreas@s soll loss from
water erosion. This decrease in erosion he explains thus:

Or the unburned range the soils directly veneath
the crown spread of the plants are, to a considerabdle
extant protected from water erosion. As a result of

this protection little soil is lost from beneath the
plants although erosion mey continue unhampered on the



TABLE l14: A oompariaon or vegotation on burned and L
unburned range.l (Arter Hnmphrey)

Kumber of 1ndividua;a‘pervaq. neters

Species '; Counts made : ' Counts made ¢ Counts made : Counts made
S i - Maroch 7 :  April 4 May 31 g June 4

. ‘ :Unburned : Bupnd ;Unburned : Burned jUnburned : Burned :Unburned : Burned
RQthroek : grama i 16.00 327,00 5,40 i 22.307 6.25 T 14.67. 6. i8 ' 13.74
Three-awn grasses RS RS 1L S 32 F .8l 89l 03
' Total grasses : 18,18 ;27.16, 5.40 ; 28.30:  6.57 i 14.823  6.77 : 15.77

- , 2 o’ - 3 :

; . 4 . . — . . e ; ] A )

Burroweed seedlings : 10.00 : 2.30: 00 ¢ 1.40° 4.04 ¢ 1.00%f 15,086 3 .51
Chollas ~ s .15 .08t r : w i .18 ! 07} 21 .06
Total shrubs 'y 10.15 ; 2.38; 3.00 : 1.,40; 4.22 : 1.07; 15.27 ; .57

1. Beach ranch area: burned June 1933
2.0ounts made in 1935 ﬁ .

"99
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TABLE: 15 A eomparis on of vegetation on burned and
_ 'unburned Tange . (After Humphrey)

»

Humber of 1ndividuals per 5q. m@tarz-
ﬁ%fna& T Unburned ,
, 51 —

Black grama

. v 066 . e 2
Bush muhly : 00 - - 08 -
Cotton grass : .00 s .02
Feather Grass 3 .00 : .04
Rothrock grama : .20 : w02
Tanglehead : .05 : .09
. Three-avwn grasses : 1.59 : .90
Total grasses : 84 : 1.47
. Burroweed (mature) H .01 : «71
Burroweed (ssedling) : 25 : 5.16
Chollas : 0Ol : .02
- Snakeweed : 13 : .66
Baccharis wrightii : .05 : .00 -
. Euphorbia ' : .65 . : <03
Total weeds : .68 : 03

l.sierrita area: -burned April or Mny, 1933
2'Counts made July 5 and 6, 1935
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unprotected areas between. As burroweed crowns

intercept little water, most of the preeipitation fall-
ing on the plants reaches the ground and, flowing from
the mounds beneath the weeds is concentrated in the
‘lower, eroded areas. The resultant accelersted erosion
is often sufficiently heavy to largely prevent establish-

ment of grasses except in the. immadiate vicinity -of the
bushes.

It has been noted that following ramov&l of
burroweeds, the formerly protected, relatively uneroded
801l was washed into the gullies until the entire surface
became essentially plane. As a result, excess water

- during rains was .more. evenly distributed over the soil
“surface and erosion was markedly reduced. In eddition,
the better grass stand that devclops after fire soon
plays a definite part in further reducing soil loss.-

He caut1dns,_however,‘that the végaﬁational'and.eroaional
observations need further corroboration.

Upson, Cribbs, and Stanley (1937 p. 26 condensad~raport}‘
mention blowtoreh burning as resulting in a high percentage:
of kill of burroweed with but little 1njury to 5rass, but
being very limited in use because of the expense connected with
this method.‘ They exp“ass their viaWpoint on broadeast

burning as followa'

Some preliminary work has been done upon the removal
of burroweed by broadcast burning and so far fairly
good results have been obtained from the standpoint of
the removal ani prevention of reproduction of the plants.
Nothing is yet known conderning the effect of the durn-
‘ing on the range grasses or upon the Tertility of the
s0il, its rate of water,absorptibn, or surface run-off,
These are factors just as important &s the removal of
shrubs themselves and further experimentation should
consider them fully before any such rethod can be recom~
mended,

Cribbs (1938 p. 5) 1n a'later.articie points out that bfoaaeast'
burning 1is ﬁrobabiy the least:expeﬁsiva of artificial methods.
of_oontrol,"but td Be-eff@ctive—should be dnn&;ih spring and

_ probably,ét 5-ysar intervals to destrcy the largsr plants.
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- He eautions'ag;ainét this intermittent ing, hmvev@r,
as possibly not ﬁeing_therbaat préaaéare. Another point
brought'out-by Cribbs is the faot that the fresh growth
of grasépwhich’followa'burning attracts 3ackrébﬁits and
also reauits in a conopntra;ion of livestock on such
areas. Thus, by too close g:azﬁng'and trampling,
copsidefabia loss ofvgraaa‘rasults.'

| SUMMARY

1, A-fruticosus is commonly called burroweed and belongs

to theanter"tfibe'of Qomgésitae. -Hﬁch confusion has

occurred concerning tha 1dantity of this plant and ef rel-
ated species. A _

2. The genus Aplopappus had its origin in Mexico or some
similarly warn temgerﬁte district. Migrations to the north
and to the west coast of South America have ocourred in
Past geolbgic’tiﬁes, so that'ﬁéday the two sub-genera. are
separated by the tropicse. | |

3. The North American memberl of the genns Aglcnggg

may be divided into two uneqnal groups, one with ten and the
other with six sections. A. truticosus belangs to. tha seotion
Isocoma. ,

4. Isocoma is the only Horth American sectlion in which the
'rayéfloﬁers aré'constantly sﬁppraésed in all épeoies.'

5. A. fruticosus ranges from southern Texas and Arizona to

Sonora in northern Mexico. 1In southern Arizona it is very

116993
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abundant over extensive areas, found typically in the
desert shrub association ocharacterized by the oreosote

bush. On the Santa Rita Experinental Range‘iﬁ*oocurs

'quite generally*in‘the Bouteloua-Aristida éssébiation'&t‘
an elevation between 3000 and 4000 feet. |

6. Burroweed is slightly alkali tolerant, and grows well
on depléted s0ils. Since 1t alao thrives on alluvial aoils,/
s0il aeration or texture does not seen to affect its o
éiatribution. -

7. Bur:bweedliévgéﬁerally ccnsideréd'as4a poisonous plant,
and evidences’gre dvailable to suppbrt this contention,
althoﬁgh stoek losses‘frdm thevplént are rarely heavy;

Its paisonous properties are similar tc those of A.

.'hatsr“phzllus .and have been reported to be due to alkal- '
olds, pyridine, or similar constituents. |

8  A. fruticosus offers some commercial possibilities,

'eontaining essential oils, rubber, and resins as vell as
‘other constituents that might he utilize&.

9. The flowering seagson of A. fruticosus begins in lata

summer and lasts well into fall. Individuel flowers mature
seeds in aboﬁtltwo to thrce weeks.

10 ' Germinstion ﬁéually ocours during the cool, rainy

winter or early spring months. GCermination tests seem to

indioate fhat rioisture is prolably a greater limiting factor

than tamperaturﬂ altheugh germination apparantly does not

occur during the summer rainy season.
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Such tests do not indicate a long dormant period nedessary
~ prior to gernination. | | | |
n Seedling mortality is very high, and is conditioned
large;y by compatition and lack of:moiature combined with
high. temperatures. | .
13 Bnrroweod rbéta ortan rea¢h a depth of twelve feet or
mOYe ;a number of latsral roots branch from the nain'tnp
root in the first two or thrao Teet of soil and together with
nnmarous sublateral roota torm.a very extensive roat eyutam.
The roota of burrewead seedlings and grasaes oocupy 8
aimilar soil zone. i

13 -Bnrrqweed rgguires more than twice the &nount'or‘
water used by grasses to produce a given emount of dry -
'mttar. I | o | o

14‘ Burroueed is most abnndant on overgrazed ranges.

It is seldon grazed by livestodk, thus giving it a decidad
advantage over grassea in the competition for existancs.

5 Natural and artifio&al msthcds of control ‘have been
attempted with only a alight degree of Success.
16 Eradication. does not seem agvisablq when such
proceduré inoreases thévohanéqs'for,erosion . |

17 ° A few insect enemies have heen found to infest
burroweed, with little apﬁarent damqgé to the plants,

18 Studies have shown ﬁhat protaetion.from graiing
offers some poaaibilities of control on areas where there

is & minimum amount of erosion. Proteotion from graaing
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over a ﬁeriod of ten to fourteen years seems to produce
‘the maximum benefit.
19. " Grubbing and outting, although practiaable with in-
4 diviéual plnnts -do not offer aatiatactary methods of |
control. '
80; Spraying likewise 10 not graetioabls bcoausa the
}:'a:pense is too high whnn comparod with results. 4
,81. COntrol by burging otfera aaan poasibilitiea,,but
voften aenirable apeoies are nlaa xelled. Thz etfaqt on.
'aoil furtility ané rate or wato: ababrptlon or aurtace~.n
runoff has not begn mplatcly determined, -



73,

| BI::LIOGRAPHY

Arizonse ﬁgricultural Experiment Station, 45th Annual Raport.
1934 Range livestock losses from poisonogg lants.
Universitv of Arizona, Tucson, Arizona, pp. 4&~ .

Arnold, J. F. Water relation work. 1958. Unpublished Arizona

Agricultural Experiment Station, University of Arizona,
Tucson Arizona.

Brown, J. G. ,and R. B. Streets. 1928. Sulfurio &cid spra§
: a practiczl means for the control of weeds. Univers
- of Arizona Azricultural Experiment Station Bulletin
No. 128, np.'?@g—zlﬁ. -

Buehrer T, F. 1928. An analytical investigation ol AplApappus
. fruticosus or. rayless goldenrod. Unpublished paper,
in the files of the Range ﬁcology Department, University

of Arizonav

Clements, F. E.' 1920. Plant mzeamrs. camgie Instita%ion
of Washington Publieation 290, 563 PPe, illus.~

Gouch. J. F. 1926. Acidosis, brembles. and milksicknsss.
Science IXIV: No. IEéa, pp. 25’.« e

/1930. The toxiercoastituent of rayless gplﬁenrod.
Fournal of Agriealtufal Reaearch “XL: No. 7, PP- 649-658.

Cribbs, V. J. 1937. Protection from grazing 'ss a method of
burrowead ccntrol on southwestern ranges. Unpublished
paper, in the filss of the Southwestern Forest and
Range Experimant Ststion, Tucson, Arizona.

. 1938. Burrowsed- control cn southwestern rangea.
Arizona Stockman T1: No. 11, Fp..ééﬁ; {I1us,

Darrow ‘Re A 1935. studx of transpiration rates of several
desert grasses anu shrubs es relsted L0 SnVLIrONLENtAL
conditions and stomatal rio&ieL§z_ .Unpublisted thesis,
ﬁn{versIEy ? Arizone. 114 pp., ‘usg ~

Gildemeister, E. and Fr. Hoffmann (trans. by Edward Kremers).
- 1922, The volatile oils. Vol. III (Sec. Edition), :
777 op. . New Yorx' . ley and Sons, Inc.

Gray, Ase. 1884. Szgegt;eal flora of North Americs, vOl. I,
part 2. 474 pp. New York: Ivison, Blakaman, Taylor,and CO.




74.

Griffiths, D. 1901. Range improvement in Arizona. U. S. D. A.
- Bureau of Plant Industry §Hiiefin.ﬁb.'z' 30 pp., illus.

«1904. Ran a investigations in Arizona. U. Se Do Ae
ureau of" Plan Industry Bu 'étin Hos: 67. 822 “PP-, illus.

. 1910. A protected stock ranze in Arizona. U. 8. Do
_ A Eureau of PE E Tndustry Bulletin No. i??. zepp., illus. .

- Hall, H. M. 1928. The genus Haplopappus. carnegie Imstitution
of Washington ?‘B Tcation NWo. 555. 391 pp., illus.

—_, and F. L. Long. 1921. Rubber content or North Americean
glants. Carnegie Institution of Washﬁgton Pubiicatlon
No. 313. 65 PP, illus.

Humphrey, R. R. 1936, §g¥rawaed control on- aouthwestern ranges.
‘Unpublished paper, in the files of the Southwestern
Fore&; and Range Experimsn; Station, Tucson, Arizona.

. 1937, Ecolo ngburrowéede Eéology XVIII: No. 1
PP. 1-9, 11Ius. . ’ o _ ’

Johnson, E. P., and ¥. A. Arsher. 1922. The pricipal stock-
poisoing plants of New ¥exico. New Mexico Angcuitural
Station Extengion Circular No. 71. 40 pp., 1llus.

Judd, B. I '1937. Aplopappus fruticosus or burro weed.

Journal of the A=mserienn §OGISUY of Agronomy XX1X: No. 4 4,
pp. 332-334, illus.

Marsh, C. D. 1929 Stoek-poisoning lants of the ra nge .
: U. 8. D. A, Department Bulletin Eo. 1245, 74 DPp., illus,
(1924 Tev. 1929). '

- .1929 A. Trémbles. U. S. D. A. Farmer's Bulletin
No. 1593, 1C PPes illus.

_____,and G. C. Row, 1921. The“alkal; disease" 1n the

Pecos Valley. U. S. D. A. Department Oircular No. 180.
8 pp., iilus. 7 N

' ‘@nd A, B. Clawson. 1925. Rayless goldenrod

(éylopa pus heteroghzllus) as & poiscnous plant. U. 3.
- De A %ePartment ul etin No. 13%1. 24 PP-, illus.

McGinnles, W. G. 1928. A progress report on rayless goldenrod,

Department of Animal Husbandry, University of Arizona
June 30. In the files of the Qauge Ecology Department
Univeraity of Arizona.

Rose, J. ¥., and P. C. Stendley. 1912. Regort on 8 collecticn
of plants from the Pinacate region of Sonora. contribu~ -
Tions from the United States ﬂational Herbarium XVI:

' P&rt l, pp. 5"'20 111“50




75.

Sampson, A. Wc M and H. E. mmtaﬂ: 1'9%«1'&1

riods and
forage production on tha %ahiog%l Pa k8. Ue Se Do Ae
Dapar en etin Wo. . llus. o
Shreve, F., and H. E. Hinokloy‘ 1937, years “; hange
1n deéert vegetation. Ecology %YI «. 4, DP. 4 98.

' Southwestern Forest and Range Exp«rimant Station. 1938.
: Burroweed in relation to grass cover and ﬁgagigg_
ArIzona gtockman TIi: No. I, pp. 12y14.

* Standley, P. C 1926, Treas end Shrubs of M@xieo. Contri~
butions of the United States ﬁation&l ﬂerﬁarium XXIII:.
Part 5, pp. 1313-1721.

Thornber, J. J. 1905. Range improvement. 16th Annual Report

of the University of Arizona Agrioultural Experiment Station
,Tuaﬁan;wArizona, PPe. 1?—21 : :

. 1907. Destrvotion of weeds.,lath Annual Raport of

the University of Arizona Agricultural Exparimant Station,
Tuoson Arizona P. 228,

g . 1910. The azing ranges of Arizona. University of
—Arizona Agricul%uraI ﬁxper%ﬁbnt Station ﬁullotin No. 65
Pp. 245-360, illus.
. 1911. Native oacti as emergency forage plants.
ﬁnIversity of Arizona Agricultural Lxperiment Station
Bulletin No. 67, pp. 457-508, 1llua.

. 1919. Work on poison lants. 30th Annual Roport of
e Universily of Arlzona Agzr eultural Experimant Station
Tucson Arizona, pp. 428-431.

_, and.J. G. Brown. 1920, losses of stock from an
unknown cause. 318t Annual Report of the university of
Arizona Agricultural Experiment, Station, Tuoson, Arizona,

" pp. 457~ 59. .

Upson, Asy We J. Cribbs, and E. B. Stanley. -1937. Qgourrence

: of shrubs on range areas in southeastern Arizona. _
Unpublished paper, 5o uthwestern forest and Range Exper~
iment Station. Tucson, Arizona, ilius.

' Note:A.condensed report has been issued in mimeograph '
form by the Arizona Agricultural Exporimmnt Station,
Tuason, Arizona, March, 1937 :



© Willians, R. H. 1920. Rayless goldenrod kills horses.
- ‘Unpublished paper, tcga%ger with miscellanecous notes,
. in the files: of the Ranse Eeology Departmsnt Univorsity
of Arizena. ,

o Wooton E. 0. 1915. &m nt in
, Jew ew Y¥exico. U. B. B. As Departm% ) n o. 211.
PP., ulusy

. 1916, Ca: ca acif. of zing s 1n
mioutharn E"’Eze U 8. E gaparée Tletin No.

PPey 1



mam&zrlsJSsism T .t e

vil h
edh* 1~ "n e

7542






