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035d/2, and previous correspondence concern-ing the application of the ecrctary for Agriculture for thewe ‘E " -£3 .2- Union of tooth Africa for three COpi6c of the report of theCommission which inquired into measures for
the eradicationof Prickly Pear, I desire to inform you that the Director- of the Institute of ocience and Industry communicated withthe Department of Agriculture, Pretorig, on the 27thKovember last ano forwarded the Bulletins
in question.‘T-EJ".~;§\ cn*<n ice 9 -}vw"‘”)g;V 0%; V6. lA|- 'The Secretary,Prime iniater's Department,V‘,1:. or,.Q .The Director, ' _ i 5Institute of Science & Industry;(i§ Forwarded, for information as to action taken§§§§ and
for favor of return of file.99 ~Secretary . f" ' 621Department of Markets ii: Migration. its ° £~°e-Ltd -9‘--3.-1*/6------ --- _ /5; 1. 26.Noted and returned with thanks.Director Institute of Science and Industry. 25> _' 18717261Q
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Address:5 GL/BED INSTITUTE OF SCIENCE AND ||\| kw 314 ALBERT STREET, ._,‘ A U 3 T R A \_\ P‘ ,1;mscmousr, MELBOURNE. »——~- - A -~-"oOfficial correspondence should be addressed to EAST MELBOU RNE'
- ------------------------------------------------ ~- 192" The Director," 'and not to individual officers. Add the word“ Personal ” if for the Director alone.In reply refer to  .............. ..MEMORANDUM TO :- yThe Minister for Markets and
Migration,M E L B O U R N E.?RICKLY PEAR - Re LETTER FROM SOUTH AFRICAN DEPARTMETT OF AGRI- /4@a.czk (I) Adverting to the accompanying paper on the above.-~"”'* matter, I have to inform you that since
the copy of the letterdated the 22nd October, 1925 was marked "referred" by the Secretaryof your Department, it has been dealt with direct by this Institute.(2) I wrote to the Secretary, Department of Agri-culture, Pretoria,
on the 27th November last, and sent him copiesof the Bulletins in question.Z  c. H. muses , _ré E ~ - ' >sR C T O R./?6ocAi _ ~ ‘ Q£4{QL¢~<¢27j§o1l-» £§%:§:é;§§;e<,4>¢2r~\,/5 '/- >65\/% . yoL "' ,......-_.--~;_.s chi. 'irit,1
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Mmnsre ‘1&3F7\4\ENT or MA "*I?§Zg;i\A\ DEPARTMENT or EXTERNAL Arr-‘mas.Melbourne,5  u’.'?\Z“*§  'X BK1\4?é/gCOMMONWEALTH OF AUSTRALIA. JAN luau1%: ' ‘ 3"?»J9'€4‘LM.,.-'_‘|'-.¢Zry.MEMORANDUM
FOR - -r¢~ 'The Secretary, ‘ o~#Department of Eerkets and Migration.. ., - \(Sclence and industry).11JAl9!6 1I desire to invite attention to myminute of the ?3rd November, forwarding copy of letter fromU-I , ,,—-iiithe
Secretary, Department of Agriculture, Pretoria, in regardV h _to the eradication of Prickly Peer, and shall be glad if you1will kindly expedite a reply in the matterS’_9°?<$%2 vé@%§%_»J~ Q. _;:e %\/ _ f‘ ‘ ‘ "‘ A  ‘““¢._‘ s<27/;
pg%gLES/FGC)/’t %s»w~@Secret%ry, .‘ II: P‘r26/44. Qkr 6'' The Director, - ‘ {J lInstitute of science and Industry. 4' QForwarded in connection with previous papersreferred on 24th Egvomber lagt.»
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T‘ -"7~—' _- -—--.-  - ~ 7-~:~v_§_>q,1;s~r;_--<w~~_,1,_-.--"2 5_‘‘ ‘Y' xvv 1G.‘ uCOMMONWEALTH OF AUSTRALIA. -M. , 25/.35.88e......M...-..f DEPARTMENT OF MARKETS AND MIGRAT 0 '."?*-~~_\\ 4__ _ ___ . 7 E" E
~_4RQ;>5/00 _ Q) V _ Y ‘A //0h4HqLFrEIlAd=EIR. Qk 2;? ‘lit ;:_8G¥“' 1 0 E5‘$SUBJECT.-— A ‘NThe DiInstitute of Science & Industry\ ‘4_.,» »H ‘ 4: :__ ~_“ W251 "* 4‘ trector,e314 Albert Street,EAST
MELBOURNE.Referred/,'!' Si25NOVl9?5~ * 2an0v19?§ 'n~/“%é;j£;ZZn4§¢»¢' ASecretar < AJé2§24 11 1925.YL



/.,  . .4 rL‘ .1' , (A I.‘ "1" V ‘I  ' 0.384/2/4. .+ " ._ ‘R‘o,‘\\‘\§’@T OF MA,oK£-_7_.+l; T1l Q .cirI:3.k'db 4 1 ,, T 1 3 ‘com TC/ML.  <3 5 7NOV 24' I925 , 1+ fP8TRAL\A *UNIQN OF SOUTH AFRICAéPRETORIA, 22nd
Oct.l925.R.l688., The Secretary,Prime Minister's Department,Melbourne.Sir,Eradication of Prickly Pear.I have the honour to inform you that it is desiredto obtain the latest information in regard to measuresadopted for the
eradication of Prickly Pear in the ’Commonwealth of Australia and the various scientific andother remedies for dealing with this pest. I shall beglad, therefore, if you would kindly be good enough tofurnish this Department
with three copies of the Reportof the Commission which was appointed to go into thismatter so far as the Commonwealth is concerned.As the information is required in connection witha Resolution adopted by the Senate of
the Union, I shallbe obliged if the desired reports could be furnished atas early a date as possible. Any expenditure in connectionwith the supply thereof will be gladly defrayed by thisDepartment.cl have, etc. '(sga.)
G.Williams,g,/“ for Secretary for Agriculture.The Secretary,Dept. of Markets & Migration.(Science & Industry)Referred-for.favour of early advice.raw/</-~*<Secretary, '’ Prime Minis ter' s Departmye/nt ,k;.:~ ‘ s"vT~\--... . ' ' _ _'
'7 1 I j



 7Y LES/CH2i\/=~ $125 59$. -/i\3069\\\  gglgept exzihe r, 19 915' ., )+Ll  oigmnmM02 5»\\3 ¢>Y1,7’i<\i;‘_;LQ\\\\\ *l>\._n43,$§§?Q., .»,»q\ MA‘The Seeretery.PRIEd EINI$*ER'S DEPART“‘ .KL\ Prickly Pear Investigations.
‘~(Hwith reference to his memorandum of September14th, 1925, Ho.C.384/2/, relative to this question,attention is invited to the memorandum dated 26th‘.nareh, 1925, addressed to the Lecretary by theBirector of the
Institute of Science end lnduetryintimating that Cabinet approval was given on the22nd January, 192§, for continuation of the Common-wealth contribution of £4,000 per ennum for a periodof two years.as advised in my
memorandum of 20th June, 1925,o.h25/1307, the nnole question regarding these in-vestigetiona will receive consideration in connectionwith the proposed scheme of reorganisation of theInstitute of Science and
Industry:1¢Secretary.mmNTf /. /' 7/C/-.Md/- {O.;"‘}IF .»'1./'vi‘1- \N. I
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Secretary,Department of Markets and migration.IiliifjiiiiiiI desire to refer to your memorandum of tne20th June, N0.M,2b/i§U7, and previous.corresp0ndence, inregard to the continuance of Prickly Pear investigations,and
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s Y N o P s I s. ,mark p 1Prickly pears are plants belonging to the cactus family, indigenous tothe American continent. A number of species have become acclimatised inQueensland and New South Wales, and several are
serious pests. Much theworst is that called the Pest Pear (Opumiia inermis), which has occupied over22 million acres of land in Australia, and is estimated to be spreading at therate of a million acres a year. _Owing to its
tenacity of life, its armature of prickles and spines, and itssucculent nature, the prickly pear plant is extremely difcult to eradicate.The cost of eradicating pear by manual labour from land thickly infested isprohibitive, except
where the land is exceptionally valuable, and in consequencemany methods have been suggested whereby the cost might be reduced. Thesesuggested methods fall into two groups-—i1. Those in which it is proposed to nd
commercial uses for the pearand thereby pay the whole or part of the cost of clearing the1 pear-infested land. g Ai 2. Those in which it is proposed to utilize special machinery, poisons,or natural enemies to destroy the
pear.A.considerable amount of research has been carried out in the past inQueensland and New South Wales on almost all the proposed remedies forprickly pear. \Of the great number of ways suggested for utilizing the
pear, the onlyone which has proved satisfactory is that of feeding it to stock. By theaddition of various additional feeding stuffs satisfactory rations for cattleand “ dry” sheep, consisting chiey of prickly pear, can be
provided.Breeding ewes and lambs, however, do not do well on pear. If all the cattlein Australia were fed entirely on prickly pear it is doubtful whether theywould be able to keep pace with its annual increase alone, hence as
a meansof eradicating the pest from Australia its utilization for stock is not veryhelpful.The manufacture from prickly pear of alcohol, paper or cardboard, potash,and various other materials has been suggested, but in all
these cases the factthat prickly pear consists very largely of water makes its protable commercialutilization very unlikely.No satisfactory machine for destroying prickly pear has yet been invented,and the problem, owing to
the bulk of the material, is a very diicult one.Greater success has bpen achieved in the search for poisons, and as a resultof a very large number of tests it has been established that compounds ofarsenic are the most useful
poisons, being specially toxic to prickly pears.Arsenic acid is the most deadly compound for use in solution as a spray or byinjection, but, unfortunately, it is practically unobtainable in Australia.Arsenious chloride is at
present the chemical chiey in use, and is appliedeither as a spray or in the form of gas where the pear is impenetrable.Arsenate of soda, being cheaper and less dangerous to handle, is still used tosome extent, but
necessitates the use of large quantities of water in makingsolutions, and at least two sprayings are required to kill the pear.



6No method has yet been discovered -by which prickly pear can be clearedfor less than from £2 10s. to £4 an acre. Even if all land of this value werecleared,-great quantities of poorer land covered with pearwould remain
toserve as a constant menace to the cleared land, on to which the pest wouldconstantly tend to spread. Chemical or mechanical means for destroyingthe prickly pear are at best only temporary measures, except in cases
ofland under cultivation. Thousands of acres in Queensland which have beencleared have subsequently been re-infested. In all cases mechanical orchemical clearing necessitates continuous work of some kind for keeping
theland clear. It is therefore obvious that mechanical or chemical treatmentis of little real value in dealing with the pest from a nationalstand-point. 'The only method which has been suggested whereby the plant
mightultimately be destroyed is by the employment of natural enemies, and it isonly by the introduction of such enemies that even the land which isnow clear can be considered safe from further serious infestation. A
largenumber of kinds of insects are known which feed exclusively on oneor more kinds of prickly pear, and in the absence of pear cannot survive.In their native countries these insects are kept in check by their enemies
andparasites, but it is not impossible that if introduced into Australia where theirnatural enemies do not exist they might cause havoc amongst the pricklypear plants. The only insects of this type yet introduced to Australia
arecertain wild cochineal insects which feed on the so-called tree pear (Opuniiamonacantha). In a few years this kind of pear has been practically exter-minated in every area to which the insects have been introduced.
Unfor-tunately, however, this insect cannot be induced to attack the Pest Pear.Amongst the other insects referred to, it is quite possible that some wouldbe found as destructive to this species as the wild cochineal has
proved to beto the Tree Pear.Further inquiries in this direction are urgently required, and it is hopedthat with the aid of funds provided by the Commonwealth and the States ofQueensland and New South Wales the Institute
of Science and Industry willbe able to take up this work, which, if successful, would be the means ofridding Australia from the most formidable enemy of the agricultural andpastoral industries.€_i___.€_j———-i—- gA



The Prickly Pear in Australia.BY W. B. ALEXANDER, M.A.A.--THE PRICKLY PEAR.l. Prickly Pears.To the dweller in many parts of Queensland and New South Wales it mayseem quite unnecessary to start a paper on
Prickly Pears by describing whatis meant by this term. Fortunately, however, there are still parts of Australiawhere prickly pears are unknown, and, in case any dweller in those regionslooks into this bulletin, it seems
desirable at the outset to explain the mainfeatures of the plants with which it deals. IPrickly pears then are plants of American origin, belonging to the cactusfamily (Oactacew of botanists). They are practically leaess shrubs,
theplace of the leaves in the economy of the plant being lled by green attenedbranches. These are often incorrectly called “leaves ” in ordinary parlance,being usually attened and more or less oval in form, but the term “
joint ”or “ slab” is preferable. The true leaves of the plant are represented bycertain eshy scale s found on the young branches or joints which are presentin some numbers in some species and varieties, but are scarce in
others, andin any case are usually shed when the joint is full-grown. Scattered regularlyover the joints andfruits of the plant are spots or areas often depressed,known botanically as areoles, from which spring spines and
bristles, and atthe base of each of which is a growing point from which a new joint or a owermay develop. "The spines are needle-shaped and often very powerful. They may occursingly or there may be a group of several
springing from each areole. In afew species spines are almost absent. These so-called spineless pears arereferred to again in a later section (p. 19).Though the spines are formidable and in some species are strong
enoughto penetrate a stout boot-sole, they can be seen and usually avoided, and arenot feared nearly so much by those who have to deal with prickly pear asare the bristles. These latter, technically called glochidia, occur
in tuftsin the a-reoles, and in some species also cover the whole plant, including thefruit, more or less completely. They are often so ne that they are noteasily seen, but, being./barbed, when once they enter the skin or the
clothingthey are not easily removed and cause serious irritation to man and beast.If the blood be in an unhealthy condition, very serious irritation, and evenillness, may result from these aggravating bristles.The owers of
prickly pears (Fig. 1) are fairly large and are usually yellow.In different species the yellow may be of various tints, sometimes almost white,in other cases deep orange. Occasionally they are scarlet, pink, or Carmine.



8The fruits are usually about the size of a plum and are either spheroidal,barrel-shaped or pear-shaped, hence the name prickly pear. Theptoughouter skin is usually carmine when the fruit is ripe, but it may be
purple,orange, or cream-coloured. The eshy interior in which the seeds are em-bedded is usually carmine, but it may be almost White or orange. Thispulp is palatable in some species, and in certain countries prickly
pears,particularly the so-called Indian Fig (Opuntia cus-indica), are cultivatedfor their fruit.- * Ill. Ph0to., Dept. Agr-icultm-e, Brisbane-Fig. l.—Flowers and developing fruit of the Spiny Pest Pear, from Gracemere, Queens-
land. (From the Q’lnd. Prickly Pear Travelling Commission’s Report-Fig. 6.)The Whole prickly pear plant is eminently drought-resistant, the reduc-tion of the leaves, and the tough cuticle of the leaf-like oints, being adapta-
tions to prevent the loss of moisture from the plant. In addition manyspecies have a swollen subterranean continuation of the stem, commonlycalled a “ bulb,” and even if the whole plant above ground is killed or perishesin a
severe drought, the “ bulb ” will usually survive and give rise to newbranches. ‘2. Species of Prickly Pear Naturalized in Australia. 'Over a dozen distinct kinds of prickly pear have escaped from cultivation in-Australia and
become naturalized in smaller or larger areas. Of these We needonly consider three at the present time, since, thoughsome of the others arermly established in particular localities, they are not as yet serious pests over



,9any considerable area. Descriptions of all the species known to have becomenaturalized in Australia, with excellent coloured illustrations, and detailsof the localities in which they have been reported, are given by Mr. J.
H.Maiden, F .R.S., in a series of papers published in The Agricultural Gazette ofNew South Wales, 1911 to 1917, entitled “ The Prickly Pears of Interest toAustralians.”*The species which has spread over millions of acres of
land in Queenslandand New South Wales and is on this account known in Australia as the “ PestPear,” or simply as “ Pear,” has been identied by Mr. Maiden as a form ofOpuntia thewmfs. The differences from the true O.
tnermts which it exhibitsare probably due to changes, perhaps in the nature of adaptations to localconditions, which have come about since its introduction into Australia.- _ ~ . W .4Photo. by A. T. Clerk, Lands Dept,
Brisbane.Fig. 2.—The Pest Pear (Opuntia inermis), showing dense pear in Brigalow Scrub.The Pest Pear forms a dense comparatively low growth, though in certainsituations it may attain a considerable height. Spines are
usually few, andthere is only one springing from eachareole. The owers are lemon-yellow,* The Prickly Pears of Interest to Australians, J. H. Maiden-No. 1—0puntia aurantuwa, Gillies, Aqricultural Gazette of New South
Wales XXII.. 1911, p. 321.No. 2—Opuntia tmbricata, Haw. XXII., 1911, p. 696. N0. 3-Opuntta nigricalns, Haw.XXIII., 1912, p. 208. No. 4—The Pest Pear of New South Wales and Queensland (Opuntiainermis, P.DG., var.)
XXIIL, 1912, p. 713. No. 5——The Velvety Prickly Pear (Opuntiatomentosa, Salm.-Dyck.) XXIII., 1912, p. 1027. N0. 6—'.l‘he so-called “ Indian Fig ” or“ Barbary Fig ” (Opuntia Ficus-indica, Mill.) XXIV., 1913, p. 49. N0. 7-
—The _Pear-fruited PricklyPear (Opunt-ta monacani-ha, Haw.) XXIV., 1913, p. 863. No. 8—-Opuntia dejecta, Salm.-Dyck., syn.N opalea dejecta, Salm.-Dyck. XXIV., 1913, p. 973. No. 9-Dillenius’ Prickly Pear (Opuntia
Dillenu,Haw.) XXIV., 1913, p. 1073. N0. 10—The Golden-bristled Prickly Pear (Opuntia microdasys, Lehm.)XXV., 1914, p. 137. No. 11-—Queensland Prickly Pear A(Opunt1'a sp.) XXV., 1914, p. 519. N0.
12—ThevCochineal Cactus (Opuntta cochtnillifera, Mill. or Nopalea cochimllifera, Salm.- Dyck.) XXV.,1914, p. 883. No. 13—A Scone Prickly Pear (Opuntia sp.) XXVI., 1915, p. 489. No. 14—0puntiabra-siliensis, Haw.
XXVIIL, 1917, p. 486. N0. 15—Opuntia vulgaris, Mil]. XXVIII., 1917, p. 650.C.83l.—2



 i10sometimes tinted orange; the fruits are pear-shaped, often curved, about-2 inches long, purple or crimson externally, with crimson esh.A second species of prickly pear which covers considerable areas of countryin
several parts of Queensland may be called the Spiny Pest Pear or GayndahPear, Gayndah being the locality in which it is worst. (See Fig. 1, p. 8).This has been identied as Opuntia Dillemll by Mr. Maiden, but Prof. T.
H.Johnston and Mr. H. Tryon state that the Australian f__orm is dierent fromthe O. Dillenil of other countries. It is possible, as in the Pest-pear, thatthese differences are modications produced by Australian conditions. This’
Photo by A. T. Clerk, Lands Dept, Brisbane.- Fig. 3.——Spiny Pest Pear or Gayndah Pear.is a rather dwarf species, of scrambling habit, withfrom three to ve largeyellow spines springing from each areole and contrasting
strikingly with thetufts of black bristles at their bases. The owers are yellow and the fruitsred~purple, and they are generally produced from the edges of the joints.The third species which seems worthy of special mention is
that knownas Suttor River Pear or Tree Pear in Queensland, where it sometimes attainsa height of 18 feet. The botanical name of this species is Opuntia mona-cantha, and it has become naturalized in all the Australian
States, thoughup to the present it is nowhere a very serious pest. This species grows into alarge plant with a distinct stem and, especially when young, the joints aremore or less» pendulous. The spines are long and very
strong, white withbrown tips, often single but sometimes in groups of two or more. Bristlesare rare on the joints but numerous on the fruits The owers are yellowl!>ll-11Y\



A 11with reddish suffusion on the outside of the petals, the fruits are pear-shaped,green with a crimson blush or suusion externally and greenish-yellowwithin.I / Photo. by A. T. (vzpm, Lands Dept. Brzlsbane.Fig. 4.-Tree
Pear (Op-untia monacantha), 18 feet high.3. Introduction of Prickly Pears into Australia.At the period when Australia was rst colonized the British Govern-ment was anxious to establish the cochineal industry in British
doniinions,cochineal being at that time a Vmonopoly of the Spanish and Portuguese.Cochineal is a red dye derived from the cochineal insect, or Grana na (Coccfascacti), which insect lives exclusively on certain species of
prickly pear t



1 ~12_ ‘Accordingly, the East India Company prepared a garden of pricklypears at Madras, growing them from plants obtained from the Royal Gardensat Kew through Sir Joseph Banks. The species grown was Opuntza
mona-cantha. -In 1788 the company gave sealed orders to the captains of some ofits ships proceeding to Brazil to procure the cochineal insect if possible andcarry it to India. It appears probable that Sir Joseph Banks must
havesuggested the possibility of establishing the cochineal industry in the newsettlement at Botany Bay ; at all events when Captain Phillip, on his Way outto establish the settlement, called at Brazil he obtained some
cochineal insectsand prickly pear plants on which to feed them. The next port of call was theCape, and Captain John Cox, who had previously visited the prickly pear(O. monacantha) garden at Madras, wrote to Dr. J.
Anderson, who had formedthe garden : “ The insect was xed on the plant under a very white down,and Commodore Phillip, who brought both from South America with him,did not W1Sl1 that either should be in the least
disturbed. Having had anopportunity of inspecting both the cochineal, as well as the prickly pear onwhich it is cultivated, I nd that they resemble both as nearly as possiblethat I have seen in your garden, except that the
prickly pear appeared torne to have many more thorns and to be not nearly so luxuriant.”We have no information as to what was done with the prickly pear andcochineal insects when the expedition landed at Sydney in
1788. Mr. Maidenthinks that the prickly pears naturalized about Sydney are descended fromGovernor Phillip’s plants. The two species which he mentions as beingfound near Sydney are Opuntia monacomtha and O.
inermis (the Pest Pear),but Captain Cox’s evidence would suggest that Governor Pl1illip’s plant wasmore spiny than either of these. It is possible, therefore, that GovernorPhillip’s plants died, and that our present Australian
prickly pears haveall been introduced subsequently. This seems all the more probable sincemore than forty years later Mr. James Busby, in his work on the Culture ofthe Vine in New South Wales, published in 1832,
advocates the introductionof prickly pear hedges similar to those of Spain into New South Wales, sothat it is evident that prickly pears were not common near Sydney at thatdate. Mr. Maiden states that many years ago
people used to claim thehonour of having introduced species of prickly pear into Australia as usefulplants, but he adds that their descendants are now silent on this point.4. The Spread of Prickly Pears in Australia.Though it
is known that a number of species of prickly pears were culti-vated in gardens and even used in the formation of hedges in Australiamany years ago, yet it was not till about 1870 that they appear rst to havegot beyond
control. The centre from which the Pest Pear spread in NewSouth Wales was Scone, about 200 miles north of Sydney. The plant issaid to have been brought there by Dr. Carlisle soon after 1839 as a rare plantin a pot.
Itwas grown in a station garden, whence the manager carriedit about and established it in various paddocks, with the idea that it wouldbe a good stand-by for stock in a drought year. Prickly pear rst came toQueensland (or,
as it then was, New South Wales) in 1848 or 1849, in theWarwick district, the plant being among others obtained lrom Sydney forfv»‘Q-'1
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13garden purposes, a strong recommendation accompanying it as a fruitingand hedge plant. Later prickly pear plants were sent up by a Sydney rmto another station in the same district with a similar recommendation.From
these centres the Pest Pear seems to have spread far and wide.There appears to be no evidence as to the mode of origin of the otherpears, but there is little doubt that they began as garden escapes, and thatthe “rst few
plants being overlooked or neglected, they established them-selves so rmly as to defy eradication.5. The Area Infested with Prickly Pear in Australia.Though, as already mentioned, the Tree Pear has become naturalized
inall the Australian States it is at present only in Queensland and New SouthWales that prickly pears have become a pest.The Lands Departments of these two States have kindly supplied infor~mation as to the districts
infested with prickly pear at the present time, fromwhich the accompanying map (Plate I.) has been prepared. The black dotsindicate the districts infested, and their relative abundance or scarcity indifferent areas indicates
the relative thickness of the infestation in differentlocalities.* .The areas actually infested are estimated as follows :—Queensland . . . . over 20,000,000 acresNew South Wales . . about 2,208,000 acresThe total area of
pear-infested land in Australia is thus over 22,208,000acres, or 34,700 square miles. This is considerably larger than the State ofTasmania, 26,215 square miles. It is actually over 1 per cent. of the totalarea of the
Commonwealth. Nearly 5 per cent. of the area of Queenslandand over 1 per cent. of New South Wales are pear-infested.The area under prickly pear contrasts with the areas under the principalcrops in Australia in
1916—17 as follows 1-Crop. Area in Acres.Prickly Pear . . . 22,208,000\Vheat 11,532,828Hay .. 2,671,862Oats . . . . . . 844,130Green Forage . . . . 390,876Maize. . . . . . 360,072Orchards and Fruit Gardens 257,687Total
under Qrops . . 16,806,380The degree of infestation varies, but when once the pear becomes rmlyestablished it often forms an almost continuous covering over many acresof land. The photographs of thickly-infested pear
land in Southern* I am indebted to Mr. W. J. B. Percival for his careful preparation of this interesting map from thedata supplied by the Departments.



14Queensland, reproduced in Figs. 2 (p. 9) and 5, give a good idea oi suchareas, and incidentally indicate the extreme difficulty of clearing the land.There is a prevalent impression that prickly pear grows chiey on poor
land,‘but this is by no means the case, as the pear does not ourish in very poorsoil, and much of the infested area is good land—for instance, land in theHunter Valley, New South Wales, and on the Darling Downs in
Queensland.I‘Photo. by A. T. Cleric, Lands Depl., Brisbaw.Fig. 5.—The Pest Pear (Opuntia rinermvi-s), showing dense pear in open forest country.6. Rate and Methods of Spreading. 'The rapidity at which the prickly pear
spreads, and is still spreading,can perhaps be sufciently gauged by the fact that it has overspread some23.000,000 acres in less than-50 years. »Particulars of an actual instance where the rate of spread was
officiallyobserved have kindly been supplied by the Lands Department of New SouthWales. The Mungle Scrub in the Warialda district of that State containsabout 42,000 acres. A traverse of the area was made in 1908, and
certainsurveys were carried out in the same locality in 1910. It was discoveredthat in the intervening two years the pear had advanced about half a milein a solid mass on a frontage of about four miles.The methods by which
the pear spreads are two : by the growth of newplants from joints or unripe fruits which have become detached from theparent plant, and by the germination of seed. l



15Slabs and fruits are readily detached from the plants, and may be carriedfor considerable distances down streams in time of ood or by cattle travellingalong the stock routes.The ripe fruits are eaten by cattle and by
various species of birds. Theseeds pass through the intestines without injury and subsequently germinatein theidroppings of the animals or birds. The birds which are the principalagents in distribution of the seeds appear to
be the emu, crow, and blackmagpie (Strepera graculina). Mr. H. L. White, of Scone, N.S.W., has in hispossession several emu droppings containing prickly pear seeds from whichyoung plants are growing, and similar
specimens have been gured by Mr.G. P. Darnell-Smith.* In several localities the birds mentioned above aredestroyed owing to the fact that they are regarded as agents in distributingprickly~pear seed. No proper inquiry
seems to have been made, however,as to whether the harm they may do in this way is compensated by theirvalue in other directions, and there is little doubt that cattle and horses aremore important agents in spreading the
pear than birds. The Brush Turkey(Cathetura lathami) has also been credited with spreading the plant, but aftercareful experimental investigation Mr. G. B. Brookes has ascertained thatthough the birds feed freely on prickly
pear fruits, their powerful gizzardscrush the whole of the fruit so thoroughly that practically no seeds capableof germination reach the bird’s intestinesfy7. Prickly Pears in Other Countries.Australia is by no means the only
country where prickly pears havebecome a pest. They have been introduced into most countries in the warmerparts of the world, and almost everywhere soon tend to take possession ofvacant land. In India and the
countries bordering on the Mediterraneanwith their dense populations the pear is comparatively easily checked fromencroaching on good land and conned to waste land; but in the southernUnited States and South Africa,
which, like Australia, are countries with acomparatively sparse population, the pear has become a formidable menacein some districts. In South Africa two species, Opuntia clecumana andO. cluromtiaca, have become
serious pests. One of these, the Jointed Cactus(O. aurcmtiaca) (Fig. 6) is established in the neighbourhood of Roma, and inother parts of Queensland and New South Wales, and in view of South Africanexperience it is
most desirable that this species should be extirpated beforeit becomes a pest in Australia.A great deal of valluable information as to the prickly pears found indifferent countries, their enemies, the possibilities of their
utilization and themethods used for destroying them,is contained in the report of the QueenslandGovernment’s Prickly Pear T-ravelling (_lommissi0n.i This Commission,* Darnell-Smith, G. P. Animal Aids to the Spread of
Prickly Pear. Agricultural Gazette 0/ New SouthWales, XXX., p. 125, Feb. 1919.T Brookes, G. B. Report on Investigations in Regard to the Spread of Prickly Pear by the ScrubTurkey. Queensland Agricultural Journal, XI., p.
26, Jan. 1919.1 Queensland Par]. Paper C..\. 91-1914. Government Printer, Brisbane.O



Iwhich consisted of Prof. (then Dr.) T. Harvey Johnston, of the Biology16Department of the University of Queensland, and Mr. H. Tryon, GovernmentEntomologist and Vegetable Pathologist, travelled all round the World in
theyears 1912 to 1914 studying these questions. Much of the informationcollected by them is referred to in later parts of this bulletin.i1. _‘x‘\,\.\.\"1! ,>-\\§\‘\ \_\ \_3 v§\-W, W.\\__\ W\ H‘, ~-K.~""‘ 1*~.. __\ -\>\‘ -xv\‘~ -Rs}‘*'“~=
>~:\_<~ V “'-~»~<.¢ M.gxl- £1 Y,/“' ‘ \if‘ ? e rats  1‘-§~=“=-§ e t E2} § §"1z!lf£z’1§*-51     itK.-A\\11<iPh0t0., Dept. Agriculture, Brz'.>-bane.Fig. 6.—-Jointed Cactus (Opuntia aurantiaca), from Roma, Queensland. Segments
andfruits. (From Q’lnd. Travelling Comn1ission’s Report. Fig. 24.)O *1‘V



'17B. UTILIZATION OF PRICKLY PEAR.1. As Food for Man.The fruits of species of prickly pear are used by the inhabitants of manycountries. In the Mediterranean region the Indian Fig or Barbary Fig(Opuntia _cus-inddca)
is largely cultivated for its fruits. In different partsof Italy: and on the islands of Sicily and Sardinia, the Indian Fig is grown onrocky hillsides which cannot be utilized for other crops, and the fruit ndsa ready sale in the markets
of Naplesland other cities. The plants are plantedat the rate of 2,178 plants to the hectare (about 2% acres), and the yield perhectare is calculated as averaging 220,000 fruits per year. The plants con-tinue to bear for from
30 to 50 years.In Tunis a hectare is stated to yield 20,000 kilos (about 20 tons) of fruit(figs) annually. The fruit is very nutritious, and during four months of theyear the Arabs live almost exclusively upon it and grow fat. This
speciesis also cultivated for its fruit in the Canary Islands.In South Africa the fresh ripe fruit of Opuntia decumana forms an impor-tant part of the food supply of the natives and the “ poor whites.” Some-times the fruit is dried
or converted into preserves, jams or jellies.In Mexico, also, the fruits of prickly pears are largely used for food, especi-ally those of the “ cardona ” (‘Opuntia st/reptacantha). These are chieyeaten in the fresh condition, whilst
those of other species are dried in thesame manner as figs or apricots, and may be eaten dry or after boiling in water.The fruits of a number of North American species of cactus have beenanalyzed, and it has been shown
that they contain from 3 to 10 per cent. ofsugar in the juice, though it is stated that by selection and cultivation fruitscontaining as much as 24 per cent. of sugar can be produced.Various food products are manufactured from
the fruits by the Mexicans,including a syrup or “honey” called miel, a “ cheese” (queso), and a fer-mented drink called colonche.Fermented drinks are prepared from the juice of prickly-pear fruitsin many other countries.2. As
Fodder for Cattle.The Pest Pear (Opuntia inermvjs) was originally spread at Scone, andsubsequently at Warwick, to form a reserve of fodder in case of drought.There is no question that it has consid.erable value for this
purpose, remain-ing green and succulent in the driest season, and being readily eaten bystock. Experience has shown, however, that prickly pear by itself doesnot contain suicient nutriment to keep up the condition of
animals fed uponit. The fruits are much more nutritious than the joints.In order to form a balanced ration some more concentrated fodder, suchas lucerne, bran, cotton-seed meal or oil-cake should be added. The com-
position of several such rations has been published in India, Italy, the UnitedStates and elsewhere. For a 1,000 lb. milch cow it has been suggested inAmerica that the ration might consist of 50 lbs. of prickly pear, 10 lbs.
ofwheat bran, and 10 lbs. of lucerne; or of 40 lbs. of pridkly pear, 10 lbs. ofwheat bran, and 12 lbs. of corn stover, the nutritive ratio being 1 : 5'4, whichis the standard European ratio for dairy cattle. In India it has been
foundC.831.—3



18.that when cotton-seed has been incorporated with prickly pear to the extentof constituting 6 per cent. of the weight of the mixture, not only will thecattle subsist on the ration, but they will regain condition should they
havebecome poor from semi-starvation, the average daily consumption being72 lbs. of prickly pear per 1,000 lbs. live weight. In Sardinia and elsewheredry grass or foliage and small branches of certain edible trees are
added tothe prickly pear.It has been proved experimentally that succulence, owing to its inuenceon lactation, is an important factor in fodder for cattle, especially milch cows.The presence in the ration of the succulent under
consideration, viz., prickly-pear, not only had no detrimental effect on the composition of the milk, but,on the other hand, led to an increase in quantity, without any depreciationin quality, so that there was a very distinct gain
in regard to the total yieldof dairy products.The amount of pear used per animal daily, along with other food, variesin the United States from 40 to 70 lbs. If more than this be employed thereis a likelihood of scouring. Some
preparation of the pear is generally neces-sary, the amount varying in the case of the different species. As a rule thestems and joints are singed and chopped up, various forms of torches havingbeen devised for singeing
the spines. In some cases, however, cattle areturned into the paddocks to feed on the plants after they have beensinged. -Since the Pest Pear of Australia is comparatively spineless, cattle willfeed on it without previous
singeing, though this usually results in the lipsbecoming swollen, sometimes to such an extent that the animals cannoteat for some days till the swelling subsides. On this account a preliminarytreatment of the pear is
desirable, and another grave objection to allowingcattle to feed directly on the growing plants is that in the process they breakand trample them down and thus tend to spread the pear over thepaddocks.Prickly pears of
different species vary to some extent -in their composi-tion and the Queensland Government’s Travelling Commission thereforerecommended that experiments, similar to those carried out in other coun-tries, should be
made in Queensland to determine the exact feeding valuesof the commoner forms of prickly pear in Australia. This recommendationwas adopted by the Government, and a Prickly Pear Stock-feeding Experi-ment Station
established at Wallumbilla in 1915~under the control of Mr. F.Smith, B.Sc., F.I.C. .A summary of the results of the experiments carried out at this stationwas published by the Queensland Department of Agriculture and
Stock in1918.*Four main series of experiments were carried out, namely, the feeding ofprickly pear to steers, dairy cattle, calves, and sheep ; the prickly pear usedbeing the common pest pear (Opuntia inc)’-1n.1'.<-). The
following were thechief conclusions arrived at.* The Feeding of Prickly Pear to Stock. A Bulletin for Stock-owners compiled by the Prickly PearBoard from the_result of experiments conducted and reports submitted by Frank
Smith, B.Sc., F.I.G.(Assistant Chemist). Queensland Dept. of Agric. and Stock. 1918.



19Prickly pear requires treatment prior to feeding to stock. ' It may beharvested, sliced by hand or machine, and fed in troughs; or it may besinged, roasted, or boiled. In practice the method of boiling was found tobe the
least satisfactory. Sliced prickly pear is not injurious to the healthof stock generally. IPrickly pear is not highly palatable to either steers, dairy cows, calves,or sheep. Its chief utility is as an emergency feed in time of drought.
Slicedby a suitable machine it can be supplied at about 6s. per ton for cattle feed,or 8s. per ton in the form recommended for sheep.For the full maintenance of stock, prickly pear requires to be supplementedby protein-
supplying feeds such as linseed meal, cocoa-nut oil cake, maizeoil meal, lucerne or cowpea (hay or chaff). With the requisite supplementaryfeeds at normal market prices, the cost of prickly pear maintenance rationsis not
excessive. 'The inclusion of appreciable quantities of prickly pear in rations formilch cows lowers the percentage of butter fat and reduces the total fatyield, but it may slightly increase the ow of milk. The butter fat yieldedby
pear-fed cows is comparatively pale in colour, but the quality of the pro-duct is not otherwise affected. The milk is suitable for cheese-making pur-poses. For milch cows it is moreadvantageous to utilize pear in part asthe
roughage ration than to make it the sole roughage and to feed in highamounts.Prickly pear is a suitable feed for cows in calf, provided the deciency ofprotein is added. Weaned calves can be maintained during sustained
dryspells on a ration of prickly pear and suitable meals or legume hays.Prickly pear is serviceable as part of the maintenance ration for “ dry i’sheep, but the ration fed must include some kind of rough chaff. It is un-suitable
for ewes rearing lambs, or for lambs. The trials with sheep indicatethat blood-meal can be used instead of linseed or other meals to providethe necessary protein. 'Stock at large naturally prefer pear plants showing the
greatest freedomfrom prickles and spines. Pear-eating cattle running at large must haveaccess also to edible scrub or herbage supplying protein.During the trials it was found that in hot weather all stock fed withprickly pear
required water.3. Spineless Prickly Pears.It seems desirable to refer briey to the so-called “ spineless “ cactus,a variety said to have been produced by Luther Burbank, the famous Cali-fornian plant-breeder, asthis plant has
been widely advertised throughoutthe world as a plant suitable for growing as a fodder for stock in arid regions.The “ spineless cactus” is merely a practically spineless form of thewell-known Indian g, Opuntia fcus-indica,
referred to earlier in this Bul-letin. Mr. J. H. Maiden* states that specimens obtained fron1 Mr. Burbankare in no way different from plants which have been in the Sydney BotanicGardens for very many years. ' p* Maiden, J.
H., in Agricultural Gazette of New South Wales, 2nd January, 1913, p. 5-1.



20It is claimed for Mr. Burbank’s forms that they are not brous, and hencecan be used as a vegetable. The young “joints” of many species andvarieties contain but little bre, but as they grow older they develop theusual
network of strong bre. Mr. Maiden states decidedly that many plantsin the Sydney collection are just as non-brous as any of Luther Bur-bank’s that he has seen, and points out that if the plant were non-brous itwould be
more valuable as a food for stock than as a vegetable.Analyses of Burbank’s “ spineless cactus,” Opuntvla ‘cus-mdica oar.mermis, grown in the Argentine, are as follows* :—- pPERCENTAGE OoMPos1T1oN or THE
JOINTS or “ SP1NELEss CAoTus."1 | A I _" "'1 Y’ ii-I Is“bSta“°eS- ! In tsiiiitigieen i 1(l?)1:i1e0%‘?t(§ Blomture .‘ .. .. S3'0OO 2'899 ‘ ..Ash . . 4 -09s I .23 -432 24 -12Proteins . . 2 -266 I 12 -950 13 -34Fats . . 0 -32s 1 -876 1-
93Carbohydrates 8'071 46'125 48'01Cellulose 2 -227 12 -130 13 -1.099'99O lOO'012 100'50The nutritive ratio varies from 1 : 4 to 1 : 4'5.On the 16th October, 1912, twenty varieties of spineless prickly pears(Opuntia) were
planted at Nyngan Demonstration Farm, N.S.W., for thepurpose of ascertaining-—(1) Their suitability to local conditions.(2) Their liability to revert to a more spiny form./-\C23) Their economic value.Nyngan is in a dry
country area, 382 miles west of Sydney, with a 17-inch rainfall, and the plants were obtained from the Sydney Botanic Gardens,and planted in well-prepared ground. .In May, 1917, Mr. J. H. Kelly, the manager of the farm,
reported 011 theexperiment as followsi“ :-—“ From time of planting until July, 1913, the weather conditions werefavorable to plant growth, owing to good rainfall during that period. Allthe plants struck and made fair headway.
"From July, 1913, to April, 1916, very dry conditions were prevalent,only occasional showers fell, yet it is worthy of note that every plantsurvived, and practically all continued to make fair growth. At times,however, when the
conditions were exceedingly dry, they would display awithered appearance, but immediately rain fell, or even if the atmosphericconditions became moist, they would revive and again look fresh andhealthv." D.-Girola, C.
Tunas sin espinas consideradas como plantas forrajeras. Publicn. del Museo Agricola,Buenos Aires, N0. 7, 1917.1' Maiden. J. H. The Cultivation of “ Spineless ” Prickly Pear. Agricultural Gazette of New South Wales,2nd
0ct., 1917, p. 740.194.\1|



21In March, 1916, just prior to the break-up of one of the most severe periodsof drought on record, some sheep were turned into the paddock where theOpuntias were growing. After eating, all other available vegetation,
includingthe foliage of several salt bushes of the Old Man variety, they commencedto nibble at the Opuntias. In a few instances the plants were eaten down ;the majority were eaten but slightly. 'From April, 1916, to
February, 1917, the rainfall was abundant. Thewhole of the plants made growth, and some attained a height of '6 feet, witha breadth of almost the same measurement.In February, 1917, the conditions again becoming dry
and continuingso, sheep were again placed in the paddock in April, and, after eating allother green vegetation, took to the Opuntias again, practically eating thelot down. The lower a11d harshest parts of the plants were all
left uneaten.Although these plants would probably thrive better in warm, moistclimates, their suitability to local conditions has been amply proved by theirhaving lived and made satisfactory growth through a most severe
drought-that of 1914-15-16. That trial has proved, undoubtedly, their qualities ofdrought resistance. AAt the commencement of growth, most plants developed small spinuleson the joints, but not in a very marked degree,
and not sufficient to be harm-ful to stock. No ill effects have been noticed on the sheep which recentlyate down the plants. Later growths are not perceptibly more spiny thanwere the earlier. The fruit, however, has always
been very spiny (covered.with spinules).As a fodder plant, its cultivation cannot be recommended for this district.Even the fruit, as an article of diet, has little or no value ; and neither plantnor fruit is ever likely to be worthy of
cultivation from this point of view.The only quality in its favour that may be spoken of is its power to withstandprolonged periods of drought, but when compared with such plants as OldMan saltbush, its virtues are reduced to
a negligible quantity.When grass and herbage are too scarce or too dry to alone sustain stock,any plant that will withstand prolonged droughts and provide nourishmentis worthy of recognition as a reserve fodder, but
Opuntias fail to give thesame satisfaction as saltbush, which is a quicker grower and supplies a betterbalanced and much more highly nutritious food. Other uses may ultimatelybe found which would justify further trials, but
at present there are no indi-,cations of the Opuntias having any special virtues that cannot be derivedfrom other sources from which no danger exists of their ever becoming apest.” .' Every reasonable person must agree
with Mr. Kelly’s conclusions. It isone thing to endeavou/r to utilize the prickly pear, itself not very spiny,which is already in possession of the land, but quite another thing to intro-duce another similar species, rather less
spiny, for the identical purpose forwhich the pest pear was introduced. _ _If only those who introduced prickly pears to Australia had devoted theirattention to the preservation and propagation of the salt-bushes and
otherfodder plants already growing on their estates, instead of trying to bring ina foreign 1’ odder-plant, their stock would probably have done better, andAustralia would have escaped the worst of all its introduced plagues.



224. Prickly Pear as a Green Manure.Prickly pear has been used to considerable advantage in Ceylon, India,South Africa, and Mediterranean countries, and occasionally in Australia,as a green manure. A method found
to'be very satisfactory in India con-sists in digging series of wide trenches, almost lling them with broken plants,and then covering the latter with a layer of earth some 18 inches or 2 feet inthickness. Any new growth which
makes its appearance above ground is,of course, removed and buried. In many localities the joints are distributedover the eld and then turned under in the same fashion as other leafmanures.After several months the pear
becomes converted into humus, whilstpotash is also added to the soil by this means. Lands so treated have givenmuch better crops than untreated areas, but in Australia the pear has beenlittle used for this purpose. In the
western districts of Queensland where,owing to the climate, the soils are generally decient in humus, this mode ofutilization is well worthy of extension.5. As a Source of Alcohol.It has already been mentioned, in discussing
the utilization of pricklypear for food, that various fermented drinks are prepared from the fruitsin different countries. This has led on several occasions to the proposalbeing made that the fruits of prickly pears should be
used for the manufac-ture of industrial alcohol.The manufacture of alcohol from the fruit was tried in Granada, Spain,some years ago, but it was not a commercial success owing to the heavyexcise imposed on alcohol by
the Spanish Government. Attempts have alsobeen made to utilize the fruit for this purpose in Sicily, but they were notcommercially successful owing“ to the heavy excise and the fact that thefruits have a considerable
market value in that country.The question has been investigated in the United States, and it was ascer-tained that if fruits have an average of 10 per cent. of sugar, then 140 lbs.of fruit are needed to produce one gallon of
alcohol. In order to render thisa protable undertaking, it is necessary (1) that there should be a large pro-duction of fruit per acre, about 10 tons per acre being needed ; and (2) thatthere should be some rapid and cheap
means of collecting the fruit, as gather-ing by hand, even in Texas and New Mexico where cheap native (Mexican)labour is available, is far too expensive.Under these circumstances it seems very improbable that the
industrycould be a commercial success in Australia. .Proposals have been made from time to time in Australia, South Africa,and other countries, to manufacture alcohol from the green parts of pricklypear plants. Alcohol
can, of course, be manufactured from any materialscontaining sugar or starch, 1§.e., from any vegetable substance, but anymaterial which can serve as a protable source for the production of industrialalcohol must contain
a sufficient percentage of sugar or its equivalent topay for the handling and treatment of the material. Analyses of the pestpear, Opuntiai ineirlrmls, carried out in Queensland by Mr. J. C. Brunnich,Chemist to the Department
of Agriculture, showed that the total sugar con-tent calculated as dextrose was 0'64 per cent. Experimental work in the m



23production of alcohol from prickly pear under as perfect conditions as pos-sible for the fermentation and distillation gave a yield of alcohol equal to0'5 per cent. of the weight of the plant used.*When the cost of labour for
cutting and collecting pear, the cost of crush-ing and fermenting, and nally the cost of concentrating alcohol from sucha dilute solution as 0'5 per cent. of spirit, are all taken into consideration,the problem does not appear to
be capable of economic successful solution.6. Utilization of the Fibre.The possibility of using the bre contained in prickly pear for the manu-facture of paper or board has often been mooted, and a number of expertshave
tested it for the purpose and in every case reported adversely. Asregards the utilization of green prickly pear, the remarks of the Director ofthe Imperial Institute, London, in a report to the Queensland Government,sum up
the position concisely.Professor Dunstan says that experiments at the Imperial Institute haveshown that a pulp can be prepared by the process of heating the bres ofthe plant with caustic alkali under pressure, but that the
product so obtainedconsists of very short bres (about 1/80th to 1/30th inches long), and would,therefore, be of comparatively low value. It is probable that the collectionof the raw materials would be a costly operation.
Moreover, a little con-sideration will show that an immense quantity of the plant would have tobe dealt with in order to produce a comparatively small amount of paperpulp. Analyses of various parts of the prickly pear at
different ages in theIlnslted States of Americaf have shown that, on the average, the fresh plantcontains 84'3 per cent. of water and 2'4 per cent. of crude bre. Experi-ments at the Imperial Institute have proved that 100 parts
of dry pricklypear bre yield about 42 parts of dry paper pulp. Hence from 2'4 partsof the crude bre about one part of pulp could be obtained. It is evident,therefore,that for the manufacture of 1 ton of paper pulp it would be
necessaryto collect about 100 tons of the fresh plant. When to the cost of collectingand handling this mass of material is added that of the chemicals and labourrequired for the extraction of the bre and its conversion into
paper pulp,it seems evident that the project could not possibly be remunerative, especi-ally as the product is of low quality and would not in any case be worth morethan a few pounds per tonAny treatment for the
destruction of prickly pear which will rob the plantof its high water content will obviously increase the percentage of bre inthe remainder. The value of this bre, if it were suitable for pulpmanufacture, would then lower the cost
of destruction of the plants. Inview of these considerations the Queensland Government submitted a sampleof the residuum of the killing of the prickly pear by poison to Messrs. Sindalland Bacon, of London, the well-known
paper experts. This rm reportedas a result of its experiments that the only possible method of treatmentwould be to boil the prickly pear residuum without any previous mechanical-separation of the non-brous portions. This
treatment could be effected in“ See Power-Alcohol, Commonwealth Advisory Council of Science and Industry, Bulletin N 0. 6, 1918,3p. 34, for a fuller discussion of this subject. vT U.S. Dept. of Agriculture, Bureau of Plant
Industry, Bulletin 102, Pt. 1, 1907.



24open pans, using weak caustic soda solution as the re-agent, so that the chemicalprocess would be easily and cheaply carried out. It would then be necessaryto add chemical wood pulp to the extent of 25—3O per cent.
to produce apaper pulp which would have any value at all. Such boards as would beobtained in this way can be easily manufactured, and should prove service-able for packing fruit and similar goods for shipment. This
appears to bethe only outlet for the material, as it is quite out of the question to attemptto manufacture it into ordinary papers. The question of cost of treatmentand the ultimate cost of the nished board would have to be very
carefullyinvestigated. The very low yield of 20 per cent. from the original residuumrenders the whole process a questionable one.Mr. A. E. Clarke, Chemist to the Australian Paper Mills CompanyLimited, Melbourne,
investigated similar material in 1918, and reportedthat the amounts of chemicals required in preparing pulp from it Were veryhigh and that the paper made from the pulp was greatly decient in strengthowing to the shortness
of the ultimate bres, the inferior felting qualities ofthe bres, and the large proportion of non-brous cells. He remarks that theprospects of using vegetable growths containing excessive qualities of moisturefor pulping are in
general very poor.The question as to whether prickly pear can be protably converted intopaper pulp or board must therefore be answered in the negative.7. As a Source of Potash.In most processes for the destruction of
prickly pear, the ultimate methodis to burn the plants. This can only be done some months after they havebeen killed owing to the large amount of water contained in the joints, andit is generallynecessary to mix dry
branches and scrub with the dead pearfor the purpose. The ash left after burning is over 10 per cent of the weightof the dry material, and nearly half of the ash consists of potash salts.It has been suggested that it would pay
to collect the ash from land onwhich dense prickly pear has been killed and burned and extract the potashfrom it. This has been attempted on a considerable scale by Mr. C. C-Roberts on behalf of Cactus Estates Limited at
Dulacca, but it is understoodthat it was not a nancial success. It seems doubtful whether the amountof potash available would pay for the cost of collection and extraction,especially as it is diicult to collect the ash without
obtaining considerableamounts of soil at the same time. Probably the best method of utilizingthe potash is to leave it on the soil, where its presence must be benecial toplant-growth on the cleared land whether crop or
pasture. I4 8. Other Possible Uses.The mucilage from prickly pears is used in India as an addition to white--wash and in the preparation of a plaster for the interior of buildings. Inves-tigations in America indicate that a 10
per cent. solution is very viscous buthas poor adhesive qualities, and is unsatisfactory as a glaze for paper. Evenif a use were found for this substance for some special purpose, it seems im-probable that more would be
required annually than could be obtained fromthe plants on a few acres.



25The magenta colouring matter contained in the fruits of some pricklypearsis used in various countries for minor purposes, e.g., in Sicily as a dyefor basketware, and in Mexico to colour various beverages and foodstuffs.It
is very improbable that its utilization in Australia will ever prove to beof any economic importance.Prickly pear hedges are frequent in certain parts of the World, but in Viewof past "experience they should be strongly
discouraged in Australia. In afew parts of the world where trees are very scarce prickly pears serve asfuel, but the difficulty of burning them has already been mentioned as oneof the difficulties in the way of eradicating them
from Australia.Oxalate of lime is specially plentiful in prickly pears, crystals of this saltbeing found in all parts of the plant. It has been suggested that this mightbe extracted and used for the manufacture of oxalic acid, but it
is doubtfulwhether this process could compete with the present process of the manu-facture of oxalic acid from sawdust, since in the latter case the raw materialis a waste product obtainable in large quantities.The products
obtained from prickly pear by the process of destructivedistillation have been investigated by Dr. F. H. Campbell.* The gas pro-duced differed in composition according to the conditions of distillation, buthad a caloric value of
about 13 B.T.U. per cubic foot. The liquid distillate,crude tar, and charcoal were constituted as follows :—Pnooucrs OBTAINED BY DISTILLATION OF PRICKLY PEAR (O i-nermis).Product. Per cent. Lbs. per Ton.Water .. ..
.. .. 884 .. 1,980'1Acid (as acetic) o. . . . . . (1154 . . 3'45Ammonia, primary and secondary amines(as ammonia) . . . . . . O'OO5 . . O ' 11Tertiary amines (as pyridine) . . . . O'O71 . ' 1'59Crude tar . . . . ~ . . 1 . 224Charcoal . .
. . . . . . 4 . . 89'6The liquid distillate was a dilute solution of acetic acid contaminatedwith tarry substances. The crude tar had very ‘little tenacity, and whenfractionally distilled yielded only traces of substances other than
water attemperatures below 150° C. The charcoal remaining in the retort was cleanand extremely porous, retaining the shape of the original material.Taking the price of calcium acetate (crude) at 8d. a lb., that of
pyridine(rened) at 4s. 6d. a lb. and that of charcoal at 20s. per ton, it is found that thevalue of the products pér ton of green plant is approximately 8s. 1t is con-sidered extremely doubtful that this would cover the cost of
clearing theground. The value of the gas produced has not been taken into considerationincalculating the value of the products, asit would be most protably usedin assisting to heat the retort.* The 1)estructivc Distillation of
Prickly Pear. Report of Australasian Assn. for the Advancementof Science, vol. XIV., p. 104, Melbourne, 1913.



26C.—METl'lODS OF ERADICATION.l. Eradication by Mechanical Means.In country which is only slightly infested with prickly pear, where perhapsthere are a few plants along the edges of a paddock or round the trees,
whichhave sprung up from seeds dropped by birds, the plants should immediatelybe rooted up by hand labour, laid on a pile of brushwood and burnt. If thiswere carried out immediately pear appeared in a new locality by
every land-owner, and by local authorities where plants appear on the roadsides, itwould in the long run be well worth the cost entailed. Too often the rstfew plants which make their appearance are regarded as negligible,
whena very slight amount of labour would destroy them, and in a few years theland-owner is faced with a formidable task.The well-known advice given by a farmer to his son to keep on plantingtrees which would be growing
while he was sleeping may well be borne inmind. The prickly pear plant is too often allowed to grow while the localcouncils and land-ownerss leep, with the result that it produces fruit and itsseeds are spread to new
localities. “ Eradicate it at once ” should be the mottoof every land-owner who has a single prickly pear plant on his property.If the plant has spread sufficiently to form clumps, it usually pays best topoison the plants by one
of the methods referred to in the next section beforedigging them out and burning. In all cases special care should be taken toeradicate the plants thoroughly, especially in localities where the under-ground “ bulbs ” are
common, and every piece of green oint should be pickedup, since a new plant will otherwise grow from it.A great many methods for the mechanical destruction of pear, other thanby grubbing it out, have been suggested
from time to time, and some fairlyelaborate machines have been devised and some of them constructed andtested. Up to the present none of these machines have fullled the hopesof their inventors, and it is therefore
unnecessary to refer to them further here.On good land, fairly heavily infested, it frequently pays to roll down the pricklypear and either collect and burn it, or plough it in for green manure. Therolling is done with a heavy log,
to which a team of bullocks is attached bychains in such a way that the log works at one side of the team. In caseswhere farmers have teams and labour which for the time being are not re-quired for other work, a piece of
prickly pear land is often cleared in thiswav.‘ 2. Eradication by Poisoning.Poisoning of pear by chemical means is the method generally used forclearing. This method is usually less expensive than mechanical
clearing,except in cases where labour is available in an off season, when its cost maybe regarded as nominal.In order to determine the cheapest and most efficient methods of poison-ing prickly pear, an exhaustive series of
experiments was carried out at Dul-acca by Dr. Jean White (afterwards Dr. White-Haney), on behalf of theQueensland Government in the years 1912 to 1916.* In these experimentsthe effects of all known plant-poisons on
prickly pear were ascertained, andthe best methods of applying those which proved effective were determined." See Appendix IV. of Annual Reports of Department of Public Lands, Queensland, for the years 1912,1913,
1914. and 1915.r a‘frJ



ju-v27Five methods of applying poisons were tested, viz. :~-( ) Injection of a solid specic.Q\3“§( ) Injection of a liquid specic or solution of specic.( ) Spraying of a specic or solution of a specic over the aerial partoi the plant
by means of an ordinary spray pump.(fl) Spraying of a specic or solution of a specic over the aerial partsof the plant by means of an atomiser pump...,(e) The evolution of gas or vapour charges over the aerial parts of
theplant.These methods of application are all important, according to circumstances.The injection method is probably the surest and most inexpensive, andhas the advantage that none of the poison is Wasted. It is,
however, onlyapplicable in localities in which the pear is distributed as scattered plants.Spraying is the most convenient way of dealing with scattered clumpsof pear, but the eflects produced are far more variable than they
are whenthe injection method is adopted, owing to the variability of external con-ditions, whilst some of the poison is inevitably wasted.When dealing with dense impenetrable pear the evolution of poisonousvapours is the
only possible method of destruction. This method suffers fromthe same disadvantages as spraying, and, in addition, it is dependent on theweather, since a very light breeze in the desired direction is necessary if thebest
results are to be obtained. AThe following table gives in alphabetical order the substances which werefound to be more or less injurious to prickly pear in the Dulacca experiments,the method of application in each case
being indicated by a cross.M aterials more or less injurious to Prickly Pear.Solid Liquid or Liquid or Used as Gas— <— Inj ected_ Solution Solution orIn Jected. S prayed. Vapour.Antimony chloride . . . . . .Arsenic disulphide
. . . . . .Arsenic pentoxide and mixtures andcompounds containing it . . . .Arsenic sulphide and caustic soda . .Arsenic trichloride and mixtures andcompounds containing it . . . .Arsenic trihydride . . . . . .Arsenic trioxide and
mixtures andcompounds containing it . . . .Barium chlorate . . /. . . .Cacodylic acid . . y . .Chlorine . . .Chloroform . .Copper sulphate . .Ferrous sulphate . .FormaldehydeLysol . . . .Mercuric chloride . .Mercuric oxycyanate - -
Phenol . . . . . -XXXXX\XXXXXX\_/I \XXXXXXXXXXXXXXXXXXXXX



28Materials more or less injurious to Prickly Pear--continued.Solid Liquid or Liquid or ‘j Used as Gas—— In-6 t d Solution Solution ' or. 1 C e ' Injected. Sprayed. Vapour.Phosphorous (yellow) . .Potassium
bichromatoPotassium chloratePotassium cyanide . .Potassium sulphocyanide . . —Sodium cacodylate . . . .Sodium chlorate . . . . l Sodium sulphito . ><Sulphur dioxide ‘ —Sulphuric acid Zinc chloride Zinc sulphate . /<)<
>5/\.XXXX\/Some of the foregoing injurious materials were disregarded as being tooexpensive for general use, and after many further experiments the majorityof the others were rejected as not being sufciently deleterious.
'It was ascertained that compounds of arsenic are undoubtedly themost eicacious and economical poisons, and during the last year of theexperiments only the three following specics were given further trials,viz. :—Arsenic
acid (crude arsenic pentoxide).Arsenious chloride (arsenic trichloride).Arsenite of soda and salt (arsenic trioxide, caustic soda and commonsalt).Compounds of arsenic are undoubtedly specially toxic to prickly pear.The
spraying or gassing of pear-plants has a temporary eect on the neigh-bouring vegetation, but this soon recovers ; the prickly pear, on the otherhand, if effectually sprayed, will rot away, though usually a few pieces
remainalive and start to grow again. Before they can make much headway, how-ever, the remainder of the plant is usually dry enough to be collected andburnt, when nal destruction is assured.It is not only the parts of the
plant above ground that are killed by arsenic.but the root is also destroyed and rots in the ground. By far the most resis-tant part is the “ bulb,” which is not readily destroyed.The fear having been expressed that the
utilization of arsenical poisoningfor clearing pear might harmfully affect crops subsequently grown on thecleared land, experiments were undertaken at Dulacca to test this point.Crops of wheat and lucerne, raised on plots
on which pear had been poisonedwith arsenic, burnt and dug in, did better than crops raised on land fromwhich the pear had been removed without poisoning. Analyses of the plantsgrown on land where pear had been
poisoned showed that no appreciablequantities of arsenic had been absorbed by them, so that it is fairly certainthat the arsenic does no harm to subsequent crops, and that the burnt poisonedpear when dug in is distinctly
benecial. gmQ.1



 ''\29-u LUFig. 7 .—Pl0t of Prickly Pear before treatment with Arsenic Acid.]e‘i§:. 8.—-Plot of Prickly Pear after spraying with 2' 5 per cent. solution of Arsenic Acid (half a. gallon of’ solution per approximate cwt. of pear). -



30(a) Arsenic Acid, As2O5.—Dr. Jean White’s conclusion was as follows :—For poisoning prickly pear by either injection or spray methods there is nodoubt that arsenic acid is superior to all other chemical specics. Apart-
from the fact that the results furnished by it, as an eicient pear-destroyer,are very much in advance of those furnished by any other specic tried here-(at Dulacca), it possesses three valuable characteristics—1. It is soluble
in both hot and cold water.2. While every care must be exercised in the handling of this specic, itis far less likelyto prove injurious to an operator than many of the otherpoisons employed as pear-destroyers.3. Under normal
conditions, it is comparatively cheap.As the result of the many thousands of experiments undertaken at theDulacca Experiment Station, the following instructions as to the method ofusing arsenic acid were formultated.1.
For the injection of undiluted specific.—-2'5 grams (38 grains or TIT oz.)of arsenic acid should be injected per approximate cwt. of pear.The poison should be injected into the second segment from thetop of the branch of
pear, and about three segments should beinjected. in each plant. Choose, as nearly as possible, thebright part of a day in January or February, about 24 hours tofour days after a fall of rain.2. For the injection of diluted
specific.—~About 12'5 grams (%- oz.) ofa 20 per cent. solution of arsenic acid should be injected perapproximate cwt. of pear. Proceed in the same way, andchoose similar climatic conditions as were specied for undi-luted
specics.3. For the spraying of s0luti0n.——A 2'5 per cent. solution of arsenicacid in water should be sprayed over all parts of the plant orclump. Half a gallon of solution should be allowed per approxi-mate cwt. of pear. The
spray should be applied during thebright part of a day in January, February or early in March,as soon as convenient after a fall of rain.4. For the spraying of undiluted liquid specic, oi" of strong solution ofthe specic, by
means of the atomizer sprag/.—A 25 per cent.solution of arsenic acid should be used, of which about 30grams. (l oz.) should be allowed per approximate cwt. of pear.Choose the bright part of a day in January, February or
theearly part of March, as soon as possible after a fall of rain, forthe application of the specic. 'Arsenic acid is not manufactured in Australia, and it is doubtful Whetherits local manufacture could be protably undertaken
unless the demandbecame very large. The pre-war price of this acid in England was about£24 to £25 a ton, or say £33 landed in Australia; this works out at about 35d.per lb. Since Dr. White’s researches indicated its value
as a prickly peardestroyer, however, it has been practically unprocurable in Australia, owingto the fact that German supplies were cut off and English chemical manufac-turers were engaged on war work, Consequently, up
to the present thisspecic has not been used to any extent for poisoning pear. -—-~*



3-' 31It is understood that the Government of Queensland intends to open upan arsenic mine and manufacture arsenic acid on purpose to supply occupiersof prickly pear lands with this chemical.(b) Arsenious chloride,
AsCl,,.—The value of this chemical in destroyingprickly pear was discovered by Mr. O. C. Roberts, of Cactus Estates Limited.During recent years arsenious chloride has been manufactured by this com-pany in Melbourne,
and has been widely used in Queensland and New SouthWales for destroying pear.For poisoning scattered clumps of pear amongst which it is possible foran operator to move about, the arsenious chloride is sprayed from
anatomiser. In the case of dense pear which is impenetrable, the arseniouschloride is vaporized and carried over the pear by the wind. For this opera-tion a machine was invented by the Cactus Estates Company,
consistingof an upper trough in which the poison is placed, and a re—boX beneath inwhich a wood-re is lighted. The whole machine is on wheels. Whenthe arsenious chloride boils, the vapour passes o to the leeward side
of themachine, the best results being obtained when there is a gentle, steady breeze.The great advantage of arsenious chloride is that it is a liquid, and wateris therefore not required in connexion with its use. Since in most
pricklypear areas water is a scarce and valuable commodity, this is important. Theease with which the liquid vaporises makes it readily available for gassing,in contradistinction to other compounds of arsenic.In the process
of spraying, the fact that much of the liquid becomesvaporized is probably a disadvantage. The vapour aects all the plants inthe neighbourhood, and in the direction of the wind may aect pear plantsup '0 a quarter of a mile
away. The vapour thus produced is however notsufcient to kill the plants other than those which are actually being sprayed,the result being that the plants aected by the gas produce a corky externallayer, which makes them
more diicult to kill by subsequent spraying.Another disadvantage of arsenious chloride is its highly poisonous natureand its corrosive eect on the skin. The vapour being colourless may beinhaled inadvertently, and those
using it should therefore use every pre-caution. The precautions desirable in use, and antidotes in case of acci-dental poisoning, will be found on page -L8.(0) Arsemous Acid, A2O3.—This was the rst compound of arsenic
tobe used for pear destruction. It is the substance commonly known as whitearsenic, or simply as “arsenic.” In practice it is used in solution, commonlywith caustic soda, or with caustic soda and common salt. Part or the
wholeof the arsenious acid is /in these circumstances combined with the soda toform arsenite of soda. In common practice a solution of arsenite of soda is sprayed on the pear-plants, and after an interval, when the younger
shoots have died and droppedo“, the pear is slashed and a second spraying given. The slashing havingopened up the plants, this second spraying usually effects the purpose ofkilling the plants, or at any rate reduces them
to a condition in which. afterdrying, they can be collected and burnt._ .___._|l\l. .Y1I‘.ll|l4



32The disadvantages of this method are that a considerable amount ofwater is required for the preparation of the solution, and that a considerablygreater amount of labour is required. The advantages are the cheapness
ofthe specic as compared with arsenious chloride, and the smaller risk in hand-ling it. Comparatively dilute solutions have commonly been used for thepurpose, and in the Dulacca experi.ments the minimum amount of
spray usedper acre Was 320 gallons. Since the cost of carting the considerable amountof Water required may be very considerable, or even prohibitive in dry locali-ties, experiments were undertaken in New South Wales to
determine theeffect of much stronger solutions.* Strong solutions of arsenious oxide andcaustic soda were prepared and sprayed on the plants at rates of from 5 to 12gallons per acre, but apparently the results were not
very satisfactory, theolder parts of the plants not being killed.(d) Summary/.—The following may be said to be the main results of theexperiments on poisoning undertaken in Queensland and New South Wales :-—-1. The
most efcient prickly pear poisons are compounds of arsenicor mixtures containing them.2. Arsenic acid (As2()_5) is the most poisonous specic, but is unobtain-able in Australia.3. Arsenious chloride (AsCl5) is the only
specic available where thepear is so dense that it can only be gassed. It is a valuablespray, especially in country where water is difcult to obtain.lit requires to be handled and used with considerable cautionowing to its
poisonous nature.4. Arsenious acid (A203), “ white arsenic,” used in solution togetherwith caustic soda, is not so efcient as the other two compounds.It is however much cheaper than arsenious chloride and isless
dangerous to use. On the other hand it involves the use oflargequantities of water and two spraying operations.5. Under present circumstances any method of clearing by the use ofchemicals costs from £2 10s. to £4 per
acre.3. Eradication by the Employment of Natural Enemies.Eradication by mechanical or chemical means, though employed in clear-ing valuable agricultural or pastoral land, is never likely to afford a completesolution of the
national problem facing Australia—the extermination ofprickly pear. _Even if all land which could be protably cleared at £4 per acre wereentirely freed from prickly pear, great areas of poor land, scrub country androcky
hillsides would remain covered with pear which would perpetuallytend to spread on to the cleared land and would thus remain a constantmenace.The spread of prickly pear is like the invasion of a dangerous
enemy,advancing slowly but steadily and gradually taking possession of our conti-nent. At the outset the foe was met with knives and spades, at the presentY ‘ Darnell-Smith, G. P., and R955; H. Spraying Experiments to
Destroy Prickly Pear. Agricultural(11128-lie of New South Wales, X.\L\, p. 1, Jan., 1918.



33time it is usually fought by the employment of poison sprays and gas, whoseutilization is due to scientic research. We are, however, not holding our ownin the contest ; the prickly pear still advances. Is there any further
remedyin sight which might tip the scale in our favour ?The answer to this question cannot at the present time be given withcertainty, but the outlook is promising, the suggestion being that one ormore natural enemies,
insects that devour prickly pear or fungi that injureit, should be enlisted on our behalf. This method has already been employedin one case with strikingly successful results.(a) Destruction of Tree Pear by Cochineal
Insects.The Queensland Government’s Travelling Commission ascertained thatin India and Ceylon the Tree Pear (Opuntia monacantka) had in many locali-ties been almost or quite exterminated by a cochineal insect
(Coccus indicus,Green). The same species of pear was found in South Africa to be preyedupon by a related insect (Coccus confusus capensis), but this did not do somuch harm to the host plant. Segments of Tree Pear
with colonies of eachof these insects were sent to Queensland from Ceylon and South Africa re-spectively. The insects Were bred up at Dulacca, and careful tests weremade to ascertain whether they would attack plants
other than pricklypear. Not only do they die if placed on other plants, but they could noteven be induced to feed on any kind of prickly pear except the TreePear.The amount of havoc created by the cochineal insects on this
species ofpear is marvellous. Soon after the plant becomes attacked by the cochi-neals it becomes yellow and sickly, and a few months later the entire planthas rotted away, only skin and bre being left. Any new shoots
which mayhappen to sprout from some less injured node of the plant are very quicklyattacked by the insects, and in their turn perish. Figs. 9 and 10 show viewsof a clump of Tree Pear growing at Charters Towers into which
some cochi-neal insects (Coccus indicus) were thrown in April, 1915, and the remains ofthe same clump about a year later.The cochineal insects belong to the family of scale insects (Cocciolce) whichare notorious for the
destruction they cause to plants. The sexes are verydifferent, the male being a minute short-lived insect furnished with a pair oftransparent wings, whilst the female is Wingless, and when adult settles downon the plant and
covers itself with a white, mealy tomentum. This mealycovering, which represents the scale formed by other scale insects, is all thatis visible on an infected plant of prickly pear. When the female is full-grown she lays eggs
and dies, her body forming a protection for the eggs.Sooner or later these hatch, giving rise to active little larvm, which arecapable of travelling considerable distances before they settle down.It is stated on good evidence
that clumps of pear in the Charters TowersDistrict, over a quarter of a mile from the nearest patch of cochineal-infestedplants, have been discovered and attacked by the insects. In less than a yearthey spread for many
miles along the banks of a creek where patches of thepear occurred, and it is evident that in a comparatively short period thisspecies of pear could be practically exterminated from Australia by the wide-spread distribution of
the cochineal insect. 'P111l1



34The Tree Pear is, however, not a serious pest, and, as already mentionedattempts to induce the cochineal insect to attack other species have all failed.There seems room f>r further experiment in this direction, however;
forexample, it is possible that a hybrid might be produced between the Pest Pearand the Tree Pear, and that the cochineal insect might be induced to feed onthis, and after a time be transferred successfully to the other
parent. It isalso possible that if the juice of the Tree Pear were injected into a plant ofthe Pest Pear, the cochineal insect Would be prepared to settle down on thelatter, and that the amount of uid injected might then be
gradually diminisheduntil the insect was acclimatised on the Pest Pear. Other possible ways ofbringing about the required result might easily be suggested, and surely theFig. 9.-—C1un1p of Tree Pear (Opuntia
mormcantha) growing at Charters Towers.Governments concerned are neglecting an obvious duty until they haveinvestigated every possible method which presents a possibility of grapplingwith Austra1ia’s most formidable
foe.(b) Other Natural Enemies of Prickly Pears.The only natural enemies of prickly pears that have been successfullyintroduced into Australia hitherto are the two kinds of cochineal insectsdealt with in the previous section.
The success obtained by their aid in the



j-jK .35eradication of the Tree Pear certainly encourages the idea that the intro-duction of other enemies might have an equally valuable result in the eradi--cation of other species of pear.Enemies of plants may be divided
into two classes, namely, those whichlive on a great variety of plants, which may be called omnivorous vegetarians,H _I,- "1IFig. 1().——Rem‘ains of the’ Clump shown in Fig. 9 a. year after the introduction of theWild
Ccchineal Insect (Coco-us ind-icus).and those which can only live on a particular species of plant or plants of asingle natural family, which may be called restricted vegetarians.This distinction should be carefully borne in
mind when discussing thepossibility of utilizing natural enemies for the destruction of vegetable pests.Owing to the fact that many forms of life introduced into Australia have1IlJ



' 36become widely destructive to a great variety of plants, a strong feeling hasgrown up adverse to the introduction of any more foreign animals of anykind whatsoever. There is, however, no introduced animal whose
destructivehabits in Australia could not have been foreseen if careful inquiries had beenmade beforehand in the countries from which they were brought. The caseof the rabbit is often quoted, and many people in Australia
appear to believethat the great destructiveness of this pest in Australia is quite peculiar tothis continent. Any one familiar with conditions in England knows, how-ever, that in country affording good cover for rabbits it is
necessary to usewire netting to protect crops or young plantations just as is the case inAustralia. The larger population, the severer winters, and the presence ofnatural enemies in the form of stoats and weasels are
undoubtedly the mainor only reasons why rabbits are not such serious pests in England as inAustralia.The natural enemies of prickly pear, like those of other plants, fall intothe two categories already mentioned. Owing to
its succulence the pricklypear may in some cases form the principal food of certain omnivorous vege-tarians in localities where it is abundant, yet there is no question that if theprickly pears were exterminated these forms
would continue to thrive on thenative vegetation or cultivated crops, hence their introduction would bequite unjustified.Amongst these omnivorous vegetarians certain rodents, snails, and insectsmay be mentioned. In the
cactus regions of the United States and Mexicothere occur several species of “ wood—rats ” belonging to the genus N eotoma,which at times cause great havoc to prickly pear, utilizing it as food to suchan extent sometimes
as to exterminate it in some areas. However, sincethey are not restricted in their dietary to prickly pears their introduction toAustralia would involve grave risks, and cannot be recommended.Mr. W. W. Froggatt has observed
that the common snail (Helix aspersai)is specially fond of prickly pears in Sydney gardens, and therefore recom-mended that a very large snail (Achatina, fulico), from Africa, should be intro-duced into prickly-pear areas.*
This suggestion should be strongly opposedon similar grounds, since the snails are omnivorous vegetarians.Similarly, numerous vegetarian insects feed largely on prickly pear inAmerica, but are known to feed also on other
plants. Included amongstthese are the fruit-y (Ceratitis capitata), the mealy bugs (Pseurlococcusobscurus, and Rkizococcus multispinosus), the Cuban cactus-scale (Palceococcussp.), the plant-bug (Stylopidia picta), the
blossom-injuring beetle (Tmbhochroustcmnus), the root-boring beetles (Cactophagus spp), the cactus aphis (A.gossypii), and the cactus red-spider (Tetranychus sp.). In Australia, also, certainnative plant-feeding bugs have
been observed sucking the juices of pricklypear, and at times causing damage to the plants thereby. These include theRutherglen bug (N ysius venitor), and the coon bug (Oz?/carenus lenticulosus).The utilization of any of
these cactus enemies for the destruction of pricklypear is too dangerous an experiment to be attempted.* Froggatt, W. W. Insects and Prickly Pear. Agricultural Gazette of New South Wales, vol. XXVI1I.,p. 417, 1917. ' .__,,
_ ' ilPlA



. a l__m_ .. o. 37Putting aside these omnivorous vegetarians, which may at times destroyprickly pear, there are numerous insects of different groups which are restrictedfeeders and live only on plants of this order. Those at
present known arechiey those found in the United States, where their habits have been carefullystudied by entomologists of repute. In some respects these insects are as.7.  7j‘___.. ,___  __ _ . -__ _ .____ __ .._ _ _
____4*5Fig. 11.—A Cactus Longicorn Beetle (Moneilefna crassum). ' (From “ The PrincipalCactus Insects of the U.S.A., Bulletin 113, Bur. Entomol., U.S.D.A., 1912,plate 1. Q’lnd. Travelling Oomm1ss1on’s Report. Fig.
37.)peculiar as the cactus plants themselves, and it is clear that the associationbetween insects and plants is very close. Probably 1n Mexico, Qentral andSouth America, many other such insects exist which are at present
little knownor entirely unknown.IsI|Ill



38It may be objected that, since these insect enemies of prickly pear do notsucceed in exterminating the plants in their native countries, it would belittle use to introduce them to Australia. In their native countries, however,it
is probable that all of them have to contend with enemies of their own,mainly in the form of other predaceous or parasitic insects. In introducingthem to Australia care would have to be taken that their parasites were
notintroduced at the same time, and if this were successfully accomplished it isdifcult to set a limit to the possible benets that might result from suchintroductions. Even if natural enemies did not exterminate the pricklypear,
if they were able to hold it in check and prevent its alarming increase,other measures could then be adopted for its gradual eradication. At present,whilst considerable areas are being cleared by mechanical means and
bypoisoning, much larger areas in other districts are all the time being overrunby the pest, so that the foe is always increasing its stranglehold on Australia’sland.~44 I .Fig. l2.~One of the Cactus W'eevils (Gerstceckeria
nob»ilz'.s). (Reproduced. from Bull. 113,Bureau Entomol. U.S.D.A., p. 30, g. 3, by the Q’lan<l. Travelling Comnussion.Report. Fig. 40.)It is not recommended that cactus insects should be introduced indis-criminately. On the
contrary, each case should be considered on its merits.Those which are already well known in their native country, and whose recordsshow that they never attack plants other than cactus, should be introducedrst, and
careful tests made as to whether they show any disposition to attackother plants under Australian conditions before they are liberated in theprickly-pear areas. Other insects would meanwhile be studied in theirnative lands,
and when the evidence was sufcient would be brought toAustralia and a similar procedure followed. C 1As a result-of the work of American,entomologists and the inquiries n1adeby the Queensland Government’s Travelling
Commission, the followingspecies were recommended by the Commission for introduction to Australia :-(1) M0neilemai.~(Fig. 11.)—Large black Wingless long-horned beetleswidely distributed in the drier parts of the United
States and Mexico. Thelarvae of these beetles are large grubs which live in tunnels bored by them in ' 'T'1w



_m____€:_____ P‘-rr\'*1-'1“39the stems and joints of prickly pears, whilst the adults feed gregariously onthe young segments of the plant. Several species of the genus are known.(2) Cwnopwus palmeri.—A large long-
horned beetle with similar habitsfound in Southern California and the adjacent regions.(3) Gerstceckeria hubba¢0lz'.—(See Fig. l2.)—A cactus weevil found inFlorida, whose larvae feed within the segments of the prickly
pear, producingcavities which facilitate secondary infection by micro-organisms and certainscavenging ies. The destruction caused by this species is commonlyassociated with that produced by a moth, ll/Ielitam sp.,»-
""Photo., Bureau of Entomology, Dept. A griculture, U.S.A.Fig. 13.—Opu*ntia engelmanni, showing a. black exudation from some of the areoles, dueto the presence of the larvae of a cactus weevil, Gerstoeckeria nobilis.
(Q’lnd.Travelling Commissions Report. Fig. 43.)(4) Melitam.—(Fig. /14.)-—Cactus moths, belonging to the family Phycz?tidae, found in the United States, Mexico, and the West Indies. Thecaterpillars of these insects live
within the joints of the prickly pear plantand cause great destruction, partly on account of their eating out the tissuesand partly on account of the rapidity with which attacked segments becomeinvaded by secondary
organisms, such as bacteria, fungi, and scavenging ies.The death of infected joints, and even plants, is a quite common result.



440 (5) Mim0ris.’aavid1Issimalis.—A small yellowish or straw-coloured mothbelonging to the family Pg-ralidw, found in Texas, the West Indies, and Brazil.The caterpillars cause a great destruction of young segments of
pricklypear. '11%iv»-.w‘<4“ Ii?‘ ‘.,.‘iwii  '2  ‘},**.l\-.32,-»\‘¥:§; *‘=,;.*-1 ',\t l‘ - \l 1 ‘ 'f.;:.3~..=;‘=l~‘:<  . w “'* ".5" >'.‘?=\xi’ I-W1->;~ >\k  _ 1;‘ \as   51,14 l=,  '>7w‘:~.  J;lli.l7%Il§;.': <‘ Q w1 . M. .\ g   * K  7  ; €,§;-/1‘\:‘;:T¢'l»‘i_ “tTa. ‘*1
.*";r~;§~%_3 -*3  -  \v.>=§<~...~:  6’ '=A.  . ~      iskg ..,-.~ 3’ - l  : ‘ .3" is\ pg Q H}'§.s* \  k . %   ~‘ -.‘Y’*;» . .' l  ' . ‘M  W  ":-~._;1. '  *<.:;§~.¢..; , j, .: ., , m_ _ w ‘ _. V ‘ »~ _ - _“  '}   " I P M?‘ "-_:‘.~:sz; ,. ‘ > o’ »  P 4- F 11- 1%
»_,_,‘x>w 4 _ ,. 2£ 1 it. £\. 3;; . . ‘ ',\\- ,_ ; V _Ls .‘ K, .Fig. 14.—A Cactus Moth (Melitalra prodenialis). a, larvae; e, cocoon ; f, pupa; g, moth,(Reproduced by Mr. O. Swezey, H.I.S.P.A., Honolulu, from the original in1lthe Proc.
Entomol. Soc., Washington, iii., 1896, p. 132. Report of the ‘Q’].nd. Travelling Commission. Fig. 36.)Fig. l5.——Segment o_f a.n_ Opuntia showing the work of the larvae of a moth, Mimor-ismamdzsszmalzvs. (Reproduced
from “The Principal Cactus Insects of theU.S.A.,” Bull. 113, Bur. Entom., U.S.D.A., plate 3, by the Q’la.nd TravellingCommission. Report. Fig. 39.) 4— —  M.__,_-m__‘_n______ to     I



   , - ——-Q W‘-' q. 41(6) Zophodia cac'01"um.——The cactus-borer moth of the Argentine, belongingto the family Phycitidae. The larvae of this moth feed in colonies within thejoints of prickly pear plants, to which they are
very destructive. When onejoint has been eaten out they emerge and penetrate into another. Theinjury caused by the larvae themselves is greatly increased by the invasionof micro-organisms and scavenging ies, with the
result that the plants arefrequently entirely destroyed. Another moth whose larvae have somewhatsimilar habits and cause serious damage to prickly pears was met with bythe Queensland Commission at Mendoza in the
Argentine, and is referred toas the Mendoza Moth Borer, as its scientic name was not ascertained.Larvae of the former species, Zophodia, were brought by the members ofthe Commission to Queensland, and it was found
that they would feed on thePest pear. Probably owing to lack of knowledge of their habits the ‘attemptto rear them to maturity and establish them in Queensland was notsuccessful.(7) Ckeliniolea.-—Cactus bugs, belonging
to the family Coreidce, usuallynocturnal and gregarious in habits. They feed on the joints of prickly pear,sucking the juices. Each spot where feeding has taken place becomesdiscoloured, and the discoloured areas
gradually enlarge and become con-uent, the oint ultimately rotting and dropping o the plant.(8) Narm]a.—Another genus of cactus bugs of the family Coreidw, livingexclusively, on cactus, butlconning their attacks to the
fruits, which are oftendestroyed thereby.(9) C0c0us.—(Fig. 16.)--The wild cochineal insects, of which two species(C. imlicus and C. confusus capensis) have already been introduced, and, ashas been shown above, have
proved very effective in destroying Opzmtiamonaccmtha. The different species and varieties of cochineal insects appearto be usually conned to particular species of prickly pear, and in Americathe amount of destruction
they cause does not appear to be very considerable.They are, however, in their native country largely preyed upon and parasitizedby other insects, and where they have been introduced into countries wherethese enemies
are absent have been proved to be efficient in destroyingparticular species of prickly pear. Careful study of the cochineal insects ofAmerica might possibly result in the discovery of a species of cochineal insectas destructive
to Opuntia inermis as Coccus mdicus is to O. monacantha.(10) Itonida 0puntz'ce.—A cactus gall-midge found in the United States,whose larvae produce galls under the areoles. Under hot-house conditionsthese galls not
infrequently become the seat of secondary infections, whichlead to the destruction of the attacked prickly pear plant. It is not knownwhether a similar result ever occurs with plants in the wild state.(11) Asphondg/Zia
opuntiw.-Another kind of cactus gall-midge found inthe United States. The larvae of this species, however, almost always livein the fruit, and their presence causes this to develop into a joint instead ofdeveloping seeds.
Thus reproduction by seed, in localities where thesemidges are plentiful, is almost entirely prevented, and an important methodby which prickly pears spread is eliminated.



42(c) Diseases of Prickly Pears._Prickly pears do not, as a rule, suffer very seriously from diseases.Occasionally malformations are met with, apparently due to unfavorableenvironment, and a certain number of fungi attack
the plant, in some casescausing considerable amount of destruction. pA case of this kind occurred at Harrington Inlet, on the Manning River,New South Wales, in 1918, -where the common Pest pear was attacked by
aspecies of fungus belonging to the genus Fusarium.* A diseased clump ofpear was noticed by Mr. L. A. McDougall, and portions from this clump werethrown into other clumps of prickly pear at a considerable distance.
Eightmonths later the clump in which the disease had been rst noted was almostFig. 16.—~\Vild Cochineal (Ooccus czmfusus newsfeadi) on Nopalea cocIu'2wlz'fer'a, Antigua,VVest Indies. (From Report of the Q,’lnd.
Prickly Pear Travelling Com-mission. Fig:.<t5.)dead, the young segments being entirely rotten, and the older parts a sicklyyellow colour. The clumps into which portions of the original plant hadbeen thrown were also
infected, and the young shoots becoming rotten.In the United States the “ anthracnose,” “ shot hole,” or “ black rot”disease of prickly pears, caused by a fungus, Clceosporlum lunatum, some-times does considerable
damage. Ordinarily this organism has but littleeffect on the plant, but under conditions such as obtain on warm moist days* Darnell-smith. G. P.. and Ross, H. A Fungus Disease of Prickly Pear. Agricultural Gazette of
NewSouth Wales, vol. XXIX., p. -L40, Juno, 1918. — e -  ,



-1}43it causes a considerable and rapid destruction of young segments, whileolder joints previously infected may also succumb to the “ black rot ” condi-tions set up. The Travelling Commission recommended that this
fungusshould be introduced to Australia, and attempted to do so by bringingcultures with them. These, however, proved to be dead when tested atDulacca.NIn the Argentine prickly pears suffer from a very serious disease,
the“ white rot,” caused by a fungus, Sclerotium (or Sclerotimja) opuntiarum,which brings about the destruction of the joints and stems of various species.Further study of this disease, especially in the direction of
ascertainingwhether it attacks plants other than prickly pears, is desirable, as too little isknown about it to make it safe to introduce it into Australia._ (d) Destruction of Prickly Pear by Overgrowth.It has been suggested that
the introduction to Australia of a certainfodder grass from Brazil might be of service in destroying prickly pear, ason account of its very rapid growth it would probably choke the pear plants.- A statement was also made that
prickly pear would not grow in theneighbourhood of a local plantknown in Queensland as “ Coughing Bush,”but the statement was not supported by the evidence, since pear plants werefound growing in a healthy state
amongst these bushes. ’In parts of South America a rapidly-growing climbing leguminous plantis used for destroying prickly pear. Seeds of the plant are sown round theclumps of pear, and when the plants have covered the
pear with a networkof twining branches, the stems are cut and the plants allowed to- dry.Subsequently the whole mass is set alight, and the prickly pear thus badlyscorched. A second repetition of the same process ma_y
altogether destroythe pear. . AThere is a serious danger that any plant vigorous enough‘ to choke pricklypear might become a worse pest than the pear itself, hence this method ofdestruction cannot be recommended.D.
CONCLUSION: REPORT AND RECOMMENDATIONS OF THEEXECUTIVE COMMITTEE OF THE ADVISORY COUNCIL.The following report and recommendations on the control and eradicationof the prickly pear were
adopted by the Executive Committee of the Common—wealth Advisory Council of Science and Industry in December, 1916 :—1. The eradication of the prickly pear, being one of the problems mentionedin the initial report
on the constitution of the proposed Institute of Scienceand Industry as sp/ecially urgent, has received close attention from theexecutive since the commencement of its activities.‘ 2. The Executive Committee has fully
informed itself of the research workon the problem already carried out in Queensland by the State Government-‘sBoard of Advice on Prickly Pear Destruction. The executive has alsointerviewed members of the State
Governments of New South Wales andQueensland, and ascertained the attitude of these Governments towards theprobleni.



443. Some 20,000,000 acres of land in Queensland and 2,750,000 acres inNew South Wales are at present infested with prickly pear, and it is estimatedthat the pest is spreading in Queensland at the rate of 1,000,000
acres a year.Prickly pears have also established themselves in various localities in Victoria,South Australia, and Western Australia, but are not at present serious pestsin these three States. Eleven species of prickly pear
have become naturalizedin Australia, but Opuntia inermvls is the species whose spread has been soserious and which occupies the great bulk of the pear-infested land.4. The only practicable means of dealing with the
plague appear to be :—(1) Chemical (by poisoning).(2) Biological (by introducing insects or fungi which act as a naturalcheck on its growth). C,Various proposals have been made to deal with the prickly pear bymechanical
means by cutting or rolling it down. These have not, however,been found practicable. Other proposals have been made to dispose of thepear by utilizing it for certain purposes. But even if a protable means ofutilization were
discovered, it would be quite impracticable to establish inAustralia factories on a sufficiently large scale to deal with any substantialproportion of the pear. The most likely use for prickly pear is for fodder,but all the cattle in
Australia could not keep pace with the rate at which thepear is extending in Queensland alone. It is necessary rst to nd somemeans of controlling and eradicating the pest. Any experiments made witha view to the discovery
of some practicable use for the pear should not beconducted in the belief that they can lead to its control.5. An elaborate series of investigations on the effect of all known plantpoisons on the prickly pear was carried out by
Dr. Jean White, for theQueensland Government, at Dulacca. These investigations have shown thatthe cheapest and most efcient means of destroying prickly pear are by theinjection or spraying of the plants with arsenic
acid or by gassing it with thefumes of arsenic trichloride. The quantities of these substances requiredand the seasons when they can be 'used to most advantage have also beenascertained. The Dulacca Experiment Station
was closed on 30th June,1916, and the Queensland Government have offered to hand it over to theCommonwealth for the use of the Advisory Council in any further researchesit may undertake. "6. Chemical poisoning will
only pay on agricultural land, which is but asmall proportion of the infested area. The pear on grazing land of lowvalue can only be kept in check by biological means, and meanwhile theselands act as sources from which
the land already. cleared is in perpetualdanger of re-infestation. , iQ 7. The rst part of the necessary biological investigation was carried outby a Travelling Commission, consisting of Dr. T. H. Johnston and Mr. H.Tryon,
appointed by the Queensland Government. These gentlemen spentnearly two years visiting almost all the countries of the world where pricklypears are found, either native or acclimatised, and investigating the
naturalenemies of the plants.8. The Commission introduced a species of cochineal insect which feedson Opunticz monacantha, and after careful tests at Dulacca had shown that it "



1l45would not attack cereals or fruits of any kind, it was liberated at Bowen andCharters Towers, with the result that Opuntia monacantha in those localitieshas been largely destroyed. Unfortunately, this insect will not feed
on anyother species of prickly pear.9. The Commission prepared a list of a number of other insects which liveentirely on prickly pear in America, and are not known to feed on any othertype of vegetation, and which they
recommend should be introduced toAustralia with proper safeguards. They also made tentative arrangementswith the United States Bureau of Entomology for the collection and despatchof these insects. They further
recommend that two fungi which causediseases of prickly pear in South America should be introduced and investi-gated. These suggestions have not been acted upon up to the present.10. As the result of an interview
which the Committee had with membersof the Government of New South Wales, the Minister for Agriculture announcedthat £2,000 had been placed on the Estimates to be at the disposal of theAdvisory Council for research
work on the prickly-pear problem, providedthat the money is spent in the State. He also indicated that this sum wouldbe continued for ve years. The Committee also interviewed members ofthe Queensland Government, and
it is practically certain that the Govern-ment of that State will be willing to contribute the same amount as New SouthWales (£2,000). ,RECOMMENDATIONS.The Executive Committee therefore recommends—-(a) That
investigations should be carried out as to the suitability ofinsects and fungi known to be inimical to prickly pear foracclimatisation in Australia, as to the method of action of suchinsects or fungi on the pear, and as to such
other matters asmay arise in connexion with any biological or chemicalresearches found necessary.(b) That the work should be placed under the authority of a biologicalexpert, who shall be responsible to the Executive
Committeeof the Advisory Council of Science and Industry, and who shouldreceive a salary of £1,200 per annum.(0) That three laboratories, comprising one central laboratory and twosubsidiary laboratories, should be
established and maintainedin Queensland and New South Wales.(cl) That the central laboratory should be established at Brisbane,' where the insects would be received immediately they reachedAustralia, and where the
staff would have access to literatureand facilities for the use for special investigations of Universityand Go/vernment laboratories.(e) That the two subsidiary laboratories should be established in countryinfected with prickly
pear. One of these should be in New SouthWales, whilst, for the other, the Queensland Government’soffer of the Dulacca Experiment Station should be accepted.These stations would carry out the work of breeding and
testingthe introduced insects, and should be in charge of thoroughlyqualied entomologists, at salaries of £750 per annum.



46(f) That eld laboratories should be established, at such places and atsuch times as may be deemed necessary by the biologist incharge, for the purpose of introducing such insects as are foundsuitable into particular
areas, or for other special purposes.(g) That the sum of £8,000 per annum for a period of ve years shouldbe made available for this work, of which sum £4,000 should becontributed by the Commonwealth Government and
£2,000each by the Governments of New South Wales and Queensland.It is regarded as important that provision should be made that suchamount as may remain unexpended at the expiration of any one year shouldnot
lapse, but should be carried forward to the next year. Owing to thenature of the inquiry, the fact that the insects will have to be bred to someextent in America and the dependence of the insects on seasonal factors, itseems
probable that part of the sum allotted for this purpose in the rst yearwill remain unexpended, and that correspondingly this item will be increasedin the second year.N0'rE.—The Commonwealth Government approved of the
scheme outlined above,and forwarded copies of it to the New South Wales and Queensland Governments,asking for their assent and co-operation. The Queensland Government has agreed toco-operate, and to provide a
sum of £2,000 per annum for ve years. The New SouthWales Government suggested certain modications, which have received the carefulconsideration of the Executive Committee of the Institute of Science and Industry.
Itis hoped that an arrangement will shortly be arrived at which will meet the views of theNew South Wales Government.APPENDIX l.Sources of Information and Bibliography.In the compilation of this bulletin the author has
made frequent use of thefollowing publications :-—The Prickly Pears of Interest to Australians, by J. H. Maiden, F.R.S. Aseries of articles published from time to time in the AgriculturalGazette of New South Wales, of which
a complete list appears in thefootnote on page 9 of the bulletin.Reports of the Prickly Pear Experimental Station, Dalacca, by Dr. JeanWhite-Haney. Reprinted from the Annual Reports of the Queens-land Department of
Lands for the Years 1912, 1913, 1914, and 1915.Report of the Prickly Pear Travelling Commission, by Dr. T. HarveyJohnston and H. Tryon. Queensland Parliamentary Paper GA. 91.1914. -The latter report contains a vast
amount of valuable information collectedall over the world, but, owing to the geographical arrangement of the informa-tion and the lack of an index, it is most diicult to nd in it all the informationbearing on any particular point.
The writer is indebted to Mr. J. BrownlieHenderson, F.I.C., Chairman of the Queensland Government’s Board ofAdvice on Prickly Pear, for the loan of his own copy of the report in whichhe has inserted a partial index, which
greatly facilitates reference.The Report of the Travelling Commission contains a comprehensivebibliography of publications on prickly pear up to the date of its publicationin 1914. if‘



w}\3;47It may prove useful to give here a list of the papers published since thatdate which have come under the notice of the writer during the work ofcompiling this bulletin. Doubtless the list is far from complete :—1914.
Maiden, J . H. The Prickly Pears of Interest to Australians, XII.Agr. Gaz. of N.S.W., 25, 1914, p. 883.1915. White-Haney, Jean. Report of the Oicer in Charge of the" Prickly Pear Experimental Station, Dulacca. Appendix
4.Ann. Rept. Dept. Public Lands, Qld., for the year 1914 (1915).Maiden, J . H. The Prickly Pears of Interest to Australians, X111.Agr. Gaz. of N.S.W., 26, 1915, p. 489.1916. White-Haney, Jean. Report of the Oicer in
Charge of thePrickly Pear ‘ Experimental Station, Dulacca. Appendix 4.Ann. Rept. Dept. Public Lands, Qld., for the year 1915 (1916).1917. D.-Girola, C. Tunas sin espinas consideradas como plantas forra-jeras. Publicn.
del Museo Agricola, Buenos Aires, N 0. 7, 1917.Froggatt, W. W Insects and Prickly Pear. Agric. Gaz. of N.S.W.28, 1917, p. 417.Maiden, J . H. The Prickly Pears of Interest to Australians, XIV.Agr. Gaz. of N.S.W. 28, 1917,
p. 486.Maiden, J . H. The Prickly Pears of Interest to Australians, XV;Agr. Gaz. of N.S.W. 28, 1917, p. 650.Maiden, J. H. The Cultivation of “ Spineless ” Prickly Pear.Agr. Gaz. of N.S.W. 28, 1917, p. 740.1918.
—~—————. Prickly Pear as a Source of Alcohol, in Cwlth. Adv.Counc. of Sci. and Industry Bulln. 6, Power Alcohol, p. 34, 1918.Darnell-Smith, G. P. and Ross, H. Spraying Experiments toDestroy Prickly Pear. Agr. Gaz.
of N.S.W. 29, 1918, p. 1.Darnell-Smith, G. P., and Ross, H. A Fungus Disease of PricklyPear. Agr. Gaz. of N.S.W. 29, 1918, p. 440.4. The Feeding of Prickly Pear to Stock. Qlnd. Dept.of Agric. and Stock, 1918.1919.
Brookes, G. B. Report on Investigations in Regard to the Spreadof Prickly Pear by the Scrub Turkey. Qlnd. Agr. J ourn. 11,1919, p. 26.Darnell—Smith, G. P. Animal Aids to the Spread of Prickly Pear.Agr. Gaz. of N.S.W. 30,
1919, p. 125.In February, 1918, the Writer paid a visit to Scone, New South Wales, adistrict which is specially interesting as being the centre from which pricklypear rst spread, and in which the oldest prickly pearplants in
Australia arefound. For assistance in connexion with this visit, and opportunities to seesomething of the actual campaign against the pest, he is greatly indebted toMr. H. L. White, of Belltrees, Mr. G. Valder, Under Secretary
for Agriculture,New South Wales, and Mr. O. Brooks, Inspector of Stock, Scone.To Mr. J . B. Henderson and Mr. H. Temple Clerk, of Brisbane, the writeris indebted for information verbally supplied, as well as for the loan of
photo-graphs to illustrate the bulletin.Mr. E. G. Scriven, Under-Secretary, Department of Agriculture andStock, Queensland, has kindly supplied information relating to the intro-duction and spread of prickly pear in that State.



.8 ifAPPENDIX ll.Notice to Users of Arsenious Chloride as to Precautions Desirablein Handling, and the Best Remedies in Case of .Accidental Poisoning.The following notice has been prepared jointly by the Chemical
Committeeof the Institute and the Cactus Estates Ltd., manufacturers of arseniouschloride :—— iArsenious Chloride is Poisonous.If it should be inadvertently swallowed, the mouth and throat should bepromptly gargled with
soapy water, and an emetic consisting of soap dissolvedin Warm water should be promptly administered.The Fumes are Irritating and Poisonous.If the fumes should be inadvertently inhaled suiciently to cause irritationof the
nose, throat, or lungs, the mouth and throat should be promptly gargledwith soapy water ; and in case of pronounced irritation, Weak ammonia fumessuch as the fumes from ammoniacal smelling salts should be inhaled
throughthe mouth and nose.It Corrodes the Skin.If spilt on the skin, the part affected should be promptly rinsed with Water,or, preferably, soapy water.In cases of continued irritation, the part affected should be Washed
withsoap and Water until the irritation ceases. WPrecautions.1. When spraying or otherwise using the arsenious chloride keep to thewindward of the fumes. A moist (not wet) handkerchief used as a respiratorwill tend to
prevent fume dangers.2. When handling the arsenious chloride carefully avoid splashing orspilling about. Promptly wash all spillings and splashings away with water.3. When using arsenious chloride, a vessel containing
water, or, preferably,soapy Water, should be kept handy for rinsing purposes.4. All vessels used in dealing with arsenious chloride should be carefullyWashed clean with water or soapy water immediately after being used.5.
Do not under any circumstances keep or leave arsenious chloride invessels not clearly labelled “ Poison.”6. Users of arsenious chloride should keep on hand ammoniacal smellingsalts. .By Authority: .~\LBEl{'l‘ J. MULLETT,
Government Printer. Melbourne._ ____ __ _ _ __ > ‘ii i a i‘ 'a,._;!l..._ ;,_4.. 4
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