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INTRODUCTORY.

The object of this bulletin is to make & careful and fairly
complete statement of facts regarding canaigre, and on this
basis in some mensure to advance practical snggestions. This
invelves not anly the sctting forth of new observations, but alse
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a restaterment and revision of some material that, in substance.
has appeared before. (Pwing, however, to the novelty of this
sithject to the geperal pnblic such repetition is deemed well
worth while,  Frome a comrmercial standpoint our present know-
ledge of canaigre i quite sutisfactory excepting as to the meth-
ods and results of agriceltuere for the plant, and it s thoug bt that
comprehensive information 2t the present time will be valwable
to those who are interestedt in demonstracme this remaming
pomt and i forming a judenvent of the future of the ndustry.

TIVE CANARGRE PLANT.

tHabitat, Name, Deseription, —-Canaigre (Rumex hymen-
asepalus) is, roughly speaking, native te that regicn known
by somve botanists as the arkd Lower Sonoran life zone. This
s amr irregular area which proceeds porthward from the high-
hands of the interior of Mexico, covers the vorthern and north-
western portions of that country, amd in the Lnited States ex-
tends from Oklahoma and Central Texas westward across South-
ern New Mexico and Arizona, includes the southwestern corner of
Utah, the southernr third of Nevada, and all of Southern Califor-
nia except the mountahis, then finally sends its srms up the San
Joaquin and Sacramento Valleys, und down the penissola of
Lower California.  This vast region is in the main remarkable
for ity exceedingly dry climate, its hot suromers, and its Jong,
mild winter season, Consequently it possesses many peculiar
forms of animal and vegetable life, of which canaigre is one.

“Canaigre™ is the American corruption of the Spanish
scafin agria’” (sour cane) by which the plant is chiefly known
in Mexico. i1 3s also called *yerba colorade” (red root) by the
Mexicans,  In other localities canaigre seems to have various
popular names such as “tanncr’s dock,” “'red dock,” and “wild
thubarb.”

Popularly, cunatgre is described as resembling many of the
common docks, The broad, smooth, light green, usually wavy
margined leaves, spreading at the surface of the ground, often
attain o length of twenty inches including the strong succulent

stalks which support them, and which in shape somewhat re-
semble the stems of common pieplant.  The stout, somewhat
wafv, ana compoundly branching blossom stalk of the mature
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plant sometimes attaing a height of moere than three feet, us-
ually, however, much less than that. The seeds, often more
than a thousand in number, are supported in small chisters on
slender pedicels along the branches of the flower panicles. Each
seed s winged with threc heart-shaped leafy bracts about half
aninch long.  These bracts are usually pinkish or sometimes
strongly red, while the lower parts of Jeaf and blossom stalks
and the midribs and marging of leaves are commenly tinged
with the sume color,  The seed properis dark brown when ripe,
about one fourth of an inch long, three cornered, and resembles
smuall buckwheal is general appearance. N

Caunaigre is chiefly remarkable for its tuberous roots, vary-
ing under different conditions of growth from almost globular
to long and slender forms, Qutside of the tubers the root sys-
tem is not extensive being distinctly smuller than that of beets or
potatoes.  (Bee Fig, 4). In weight the roots range from a
fraction of an olnce to two pounds. Externally, the young
roots are light in color, changing to brown, reddish brown or al-
most black with age. They live several years, usually five or
more, but show very little new growth after about the third sea-
son.  The root increases after the manoer of ull exogenous stems
by adding a layer of new tissue to the heart from without and
1o the bark from within, At the end of the growing season this
white zone of new growth may always be found in living roots
between bark and heart, and, since the tissues tend to deepen in
color from year to vear, the older portions of the root, consist-
ing of the inner heart and the outside layers of bark usually pos-
sess much more coloring matter.  Oftentimes the gradations of
color in successive rings of growth are so sharply marked that
the age of aroot is ronghly shown by its cross section,

The brittle, heavy bark, often a quarter of an inch in thick-
ness, is externally quite smocth in young roots, with oceasional
scars marking the points of attachment of small rootlets during
the peried of growth, The old roots are rougher, often shaggy
and deeply cracked as the result of rapid growth., The grow-
ing buds are at the crown of the root and are sometimes also
horne on the fleshy base of the stems, which oceasionally do not
die hut persist, seemingly in order to bring the buds nearer to
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the surfuce when the roots have been too deeply buried. lw
young roots the buds are conspicuous and prompt to grow but
anrall and sluggish ia old ones.

‘The raots, usually erect in position, appear normally at less
than ane foot below the surface.  The root clusters, containing
tubers of every size and age, vary much in arrangement, Rough-
ly speaking, the new routs surround the mother tubers making
a cluster in which the old growth is centrally placed. Often
times the new roots bappen to form on one side of the mother
tuber and, continuing in that direction make a chain of roots
connected at their crowns and in which the old growthis at one
emd, the new at the other. lncreasing in this aranner, the num-
ber of living roots in a single colony is sometimes very large.
A thrifty hill dug in a sandy wash near Tucson recently yield-
ed g1 roots weighing about 8 pounds, while a cultivated hill
three vears old from Phoenix gave 87 roots weighing 7.5
pounds.

As they grow older, the raots beconre more and mare dor-
mant, showing less tendency to throw up shoots of their own,
but maintaining a feeble vitality through their connection with
younger voots.  In Bhture the old routs seem to serve as a safe-
guard against extermination, being less easily affected by ad-
verse conditions. They also seem to be concerned in the work
of sced production since it appears, other things equal, that good
seed stalks are associated with strong old reots. Seedling roots
do not produce seed during their first year of growth.

T'he seeds, especially in arid situations, are largely infertile.
In this section wild seedlings have not been observed though
said to be comnon in certain moist localities of New Mexico
and California,  In one trial of mixed wild and cultivated seed,
two yvears old, sown in drills one half inch deep, nine per cent
came up.  Inkature canaigre is spread by occasional seed ger-
tination and by accidental scattering of voots, but is maintain-
ed in place by its peculiar root systein.®

Conditivns of Growth.—T he best conditions for the growth

*For a more detailed batanical dzseciplion see the Atizona Experiment Staliou
Lulletin No, 7, pages 15-22, by Professor J. W, Toumey.
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of canaigre are a cool but not freezing climate, a1 moderate
amount of moisture, a sandy, fertile soil, and prabably, also, a
sunny and avid atmosphere.  These conditions are nowhere com-
bined more perfectly or for a longer period of the vear than dur-
ing the six or seven cooler months in the arid Southwest.

The relatien of heat and moisture 10 the growth of canaigre
is shown by the uccompanying table giving temperatures {in
degress F.) and rainfall for one vear at Tucson, Arizona to-
gether with the condition of the growing plant at the same time,

TABLE L

Relation of Heal and Rainfall to Growth of Canaigre.

Tempua:tu:t: Inches|
1395-96_ e of Condition of Canaigre,

M i | Ml:‘l | Mc'ln ‘Ram.l

May ........ [01 5' 47.0 ! 74.7 1 .09 I“E;gi Sfplants died back by

_]une........;wy.g! 454 S .03| Ffuptsmert
) | '
_Il.ll_y e IO6.S! 63.0 86t 11! Rootsinert

: o - Rﬂma in Angust camcd tootls
Allgllst civns. IOBO 61.3 82.8 415 to spront, but they did notcon-
o | tmue 1o grow.

) oy S . | Sprouted roots did nutconti;n-
September ... 107.0, 30.5 80.8 75 1, Sproated ¢

| . . :

. ! : ! Plants began to grow v1gnr~

October. .. .. 92'6' 38'5 68‘b : 68 ously under inflnence of cool
! weather.

J s e H . oy - :
November ... L\3‘1: 27.1 = 333 4.30 Plants grew r'\pu‘l'ly

December ... 85.45 13.9 46.9 .

ol : Plauta grew rapidty aned aew
i roots hegan to form.

J:n'luz[]‘.\f e 89,4: 23.3 ¢ 56_6 . .32 New rooth juereased rapidly.

h] R . - : New raots increased rapidiy,
February ....0 83.3. 25.7 | 56'6 OB 1 ssom sialks appeared.
|

Mare : L am | New roots increased, plants
March...... 94.1| 270 6Lz .27 blossomed and net seed.

G1.m - Leaves hegan todle at (:'t.d m’
37 0 +I2: mouth. ¥ome second growth
. was obseived,

April ..... .. 93,0i 3.0
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This table shows that a mean temperature of about 70 de-
grees or less is required for the growth of canaigre. Above
this, even though there be abundant rain, as was the case in
August, the roots will not do more than sprout feebly, and wva-
rious uttempts to make them grow in warm weather have failed.
This seems to limit cansiyre to the Southwest, for nowhere else,
excepting possibly in some Southern States is there so long a
perind of mild weather. It has been grown experimentally in
Florida with some soceess but in the Northern States the inter-
val between the severe cold of winter and the extreme heat of
summer is too short to allow of much root development. The
sprouting of the roots in August under the influence of rain sug-
gests that in the culture of canaigre one or two summer irriga-
tions would prepare the plant to grow more promptly on the
advent of cool weather.

The growing plant will stand a good deal of cold.  When
frosted the leaves lie prostrate upon the ground, but immediate-
ly regain position when thawed ount by thesun., The root also
will endure freezing. It has been left in the ground all winter
sixty miles north of New York City “subjected to a tempera-
ture us low as 15 degrees below zero, without injury.” At Lin-
coln, Ncbraska, the roots stood a very severe winter “without
any damage whatever.,” At Peoria, Illineis, plantings made in
18g2 were still alive in 1893, and similar rvesults are noted at
Washingten, D, €., and Garden City, Kansas, The new reot
development, however, is stated in a number of cases to be in-
stgnificant under such conditions.*

As to locality, canaigre is found most commonly in sandy
washes where water is more abundant.  With irrigation it will
make a good growth in any fertile, tillable ground, but the in-
fluence of soil conditions on actual production has been  little
studied. It seems to stand considerable alkali and is even re-
ported in the salt grass meadows of Tia Juana Valley near San
Diego, California.

*Through correspondencey,
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fnsect Enemies and Diseascs.—Canaigre is not without
its insect enemies. The canaigre bectle {Gastroides cyanca,
Welshy var, caesia, Rog) and its larva feed upon canaigre
leuves,  1ts eigps look like those of the potato beetle.  Itslurva,
with black head and Jdark body, is about ene quarter of an inch
long and the greenish or very dark matnre insect is only one
twelfth of an inch in length. The ravages of this inscct are
sometimes very considerable, This vear (1896) the wild growth
was hadly riddled in some localities near Toeson.  The amount
of injury to enltivated erops which this insect may do, can not
be stuted ot present. The root Is eaten by at least two grabs,
as yet unnamed.  One of them is the inch long Jarva of a L.
miellicorn heetle, the other rescmibles that of :|_]l1:1u bheetle. The
weirht of a wild crop is often much increased by the sand
which gets into the holes caten out by the grubs, but their opera-
tions are usnally not extensive T

The writer has also observed a very fow roots covered with
@ white fungous srowth and affected with a kind of bleeding
rot near the erown. On the whole, canaigre is remarkably free

fromn insect and other enemies.
CANATGHE TANNING MATFERIALS,

Cheniicad Compositrion of Roofs, - The roots of cuanaigre
contain a varied assortment of vegetable principles.  Besides
water, which comprises about two thirds of their weight, vari-
ous workers have found them to contiin rheo-tannic acid, red
and vellow coloring matiers, sugar, gum, resins, albuminoids,
stirch, woody liber, cevtain plrut acids amd mineral ash. Of
these Ingredients, tannic acid, part of the vesineus and coloring
Hutrers, sugir, and to some extent starch and  soluble ush, il
alfeet the leather making process,

fstribution of Tanning Materials.—Cannigre tanniug
muteriils, by which is meant both tannic acid and  those eolor.
ing matters which are taken uphy riow hide, are found through.
out the plant—in the leaves, blossony stalks, and seeds, but chielly
in the roots; which commaonly contuin from eight to ten per

tIam itdebted (o Professar ), W, Towmey, of the Station” for saggestions and
eriticisms nnder this hend.
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cent ir. the green state. The distribution of these tanning ma-
terials throughout the root is not uniform. The eolder parts,
consisting of the bheart and the outer (unwecaihered) bark,
are richest in tanning materials, while the zone of new growth
formed each year contains distinctly less, Two samples of
wild roots divided into bark, heart and new growth gave in dry
substance,*
1.Bark.. 3g6.77 per cent. New growth., 39.74 Heart..43.55
% L. 30.30 w “ 3872 “o 4311
There is usually no marked variation in the amount con-
tained in tops and bottoms of reots.  In thirteen samples of two
year old roots taken throughout the summer during the dormant
period the top halves uveraged 26.6 per cent and the bottoms
25.4 per cent of tanning materials.  Ten samples of young roots
taken in December and January at the beginning of the period
of growth averaged, in tops 24.86 per cent, in hottoms 25.80
per cent. At other times the amounts varied slightly in favor
of either tops or bottoms.  In selecting roots for propagation or
for sced praduction a very accurate sumple may be oblained by
cutting crosswise through the top, middle and boltem of the
root with a circular punch abouat half an inch in dinmeter. This
method has given os closer agreement between the sample and
the remainder of the root than the practice of cutting off and ana-
lyzing the lower half, although the latter gives results which com-
pare quite well with cach other, En either case the roots are not
injured for growth, the crowns of divided roots growing vigor.
vusly and in time replacing the lower removed portions.
Formation of Tanning Materials. - The sistory of the
formation of the tanning materials was carefully observed at
Tucson during the scasor of ’g4-'95. For this purpose thirty-six
lots of twenty-five one year old roots each, weighing nearly two
pounds per lot and as umiform as possible in age and conditioy,
were planted November 26th, 1894 and kept under close obser-
vation for the encving ten months.  The lots were all grown

nnder as uniform conditions as possible, excepting Nos, 20,

+All percentages on tanning materials, ete,, in this bulletin, anless alberwise
noted, refer to water free roots.  To reduce them for the sverage of green roots, di.
vide by three.



TABLIE 1I.
Chemical Lfe History rf Canaigrre,

” IN OLD ROOTS, H IN YOUNG ROOTS. \ TN LEAVES.
: - o — G - :
p TR RIS P R A R TR
: fE, & | 8 = 2 g8 | &8 | s | g 88 $g| ¥
g ! S 3R g LB BE) By egliE ) EC B af gﬁ!:géiw.
8 o Condition of lot. . 3_: : :.:; ' _’;i‘.‘f BE | oh IEE || :ci .23 | A2 2% gs | _Egi ,E§
£ & - - g,ﬁ‘_‘ﬁ%'gﬂﬁ gal o ' E3 |BE: 8% |92 i ozal 48
i 2 g3 by lEpt . spif iERif  FpizElip £
E & C¥E 2 3 a0 g 8 0 88 .9 & mbl Ex o F
" | | o cETE e I 3 F g wa g gt E
1 2 3 4 5 ' B \ T .8 9
I - i
: % I % i % ! % | % |
43 Nnt ]ﬂzmtcd ............... | Samp]c.. crrirrcssssssenseaennnes 320 [ 53,88 AT 15.99 1
42 T, oot 820 55.01........125.77! 16.70 |
11 LC{.m1 wr B, 1894.. "-sprmmno : ‘57(" 57.97;.. .25.16,25.60(16, 9";
40 15, % w . 8566 | 61.82,. J16.85 0]
as woogn e L Y DOBTT | 6152 . 2 16,70 | ...
a8 H 29, Y L U]\ and growing.. C 007 | 64,00 ....... '2.3 72'25.7116.56
37 | jannary 5. 1895.... | Spmutmg., ........... . BOT 6272, 'i 16.63
36 Y18, L Upand Erowing e, © 988 B6.0T........ 23.35 J16.20 | ..
27 L 19, ¢ Lo “ I 036, 6-?. %n 64< 01 24,68 % 3816.10| ..
18 w 26, - : LT : |15 45
9| February 2, * 1016 .. 67.1 .26, L1724
35 s a, . 983 . 66.01 66, .32 27. o.:i 26.43,16.10!
26 - 16, * i OBR . A .17.zsl .....
17, b 24, v ] BROLB = 5790 . . .
Iy | Mareh 2, v .1014- 59,33 6K.25 28,28 27, f01.30'>' 86.3 1,010
a4 9, » 11085 - T0.05 ceovee. 27,30 e 14.201 84.6 6410
PESEERL 18, - | 9906772 e, 25.56G......... 14,371 81.9 5%4"
W oon 2g, v 1005 _63.97.63_33 27.07 26.6415.261 80.4 9,
7l 80, L1od - 18.04 7701258 2811 s (1 5,49 |
23 April 6, 1107 : . o 17,00 72,2 16,28 . 2299 I 4.621 .58
24, 13, - ... 1081 - 663067 G ’)1- 34'25,43,15.92 . 69.0 19.21116.01 20.07 . i 815 1.04
15 2p, © o 1107 GB.HS 25,65 ... 1602 GOL8 19.01|‘........20.02-'. 9,40 1.27
6 27, 12867 6710 ........ zb A2 14,80 69.4.21.186,. 18,62 ... 'q 18:1.29
532 May 4, OB | 67.00 66.99 26.95 26,34/12.64 1 69.7 19,2819.82 17.55........ 0.62 | 1.45
28] ¢ 11, 1254 7] 66.98........'25.67 v 12,82 67.0 22, 241750 2248 | 8,13 | 1.60
14« 18, © 1206 68,26 . 26.861........ 12.62 | 69. 221, b-’i—| 15.10'1180| 7.91 | .......
5 " a5, ¢ 1114 | a8.4z67. 89'27 91|26.65 12.78 13.581236 | 7.14 | .......
311 Jum 1, * L1184 ) 68,040 ... '26 20(.0reennn 11, 8bl| 68.921. a8, e L2971 8BRS | s | e
201" - 8, v 11701 2507 13.08" 68.523.67.. 114,26:5060 | oo | o
1'% i 15, © i1072 | 66.08 67,04 25.59(25. 62!11 423 67.8 21.83 24, .39!14 2311224 [} coven.
o an, - 18§ 6700 e 2734 12,69 70.1 24.85..........|14,99,1840 || .
%o jul\ 13, - 851 564 85 e !26 b2 S 18.08  69.124.39/.. 144810191 oo
a1, ¢ 20, “ ..:1279 || 66.62.66.16 25. 69/96.44/13.18 /| 68.4'24.28124.19(15.04/4065
12 August 3, {1118 '65.15'........ 128.90'........ 11.92 i 69.7[24.47.........[16,281165 || .......
3; “ 24, v .. 11102 67.53 Jos05. . [12.84.1. 71.6/28.25 .......[16.6% 2187 || .
20 Beptember 6, 1331 66.00, a6. 2+|26 97 26. Jl"lU 4-6| |20 33|24 3.) 14, 59'00631
11! ) L1202 11 28 71 5 o

average f‘or water in seed roots (Col, 5 afier Dec, 8th.) 66,5 per cent.
** young roots after maturity {(after April 13, Col. m) éq,3 per cent
v “ tamlmg materlals in seed roots, -2 years ald, (Col. 7 26,19 per cent.
" ' pew roots, after matunty tCol. 13, after May 1rth) 23.38 per cent.
" " o " ' leaves after mdiurity (Col. 15, Apnl 13 to May asth) 8.36 per cent.
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zr and 22, which were irrigated seven times as compared with
four times for all the others. They were dug consecutively each
week during the whole growing season and also at intervals
throughout the ensuing summer. The old roots, new roots, and
leaves (when present) of each lot were separated and prepared
for analysis. The roots were planted too late for a full season’s
growth, the soil was poor, and seed roots sometimes faulty but
the figures, taken in connection with other results, are sugges-
tive, in fact the irregularities of the lots have in themselves led
to some interesting observations, The results arc shown in Ta-
ble I1, which, in connection with the stage of growtn and con-
dition of roots, contains the data for water, tanning materials,
and non-tanning substances soluble in water, for both old and
new roots, during the period from November 26th, 1894 to
September 21st, 1895, The tanning materials of the leaves are
also noticed.

As 1o the incrense of tanning materials during the year, it
gppears in golumns 7 and 8 of,T'able II that they remain pretty
constant throughout the growing season with, however, a small
hut distinct increase after the plants become established in vigor-
ous growth, The amount of this increase in mature roots from
vear to year was further shown by taking four samples of wild
roots comprising every age up to about five years, dividing the
samples us nearly as possible into successive year’s growth, and
:mzllvzing.' It was found that the average increase of tanning
malerials from vear to year in ten instances was 1.64 per
cent (in water free material}. In one set of cultivated samples
the averages of the first and second year’s roots differed 2,64
per cent.  This indicates a small but constant increase in the per
cent of tanning materials from year to year, but holds true only
so long as the roots retain their vitality. When they die the tan-
ning substances quickly disuppear. Although the percentage does
not increase remarkably from year to vear, the roots themselves
become larger so that the actual amount of tanning materials is

MNote,—aAll the tanning material determinations referred to in this bul letin were
made by the hide powder method of analysis, somewhat modified tosuit the sub-
stance dealt with. The inaccuracies of the method were reduced as far as possible
by an absolutely uniform routine and it is believed that none of the individual
Agures on tanning malerlals are subject to a comparative error of more than .4
petr cent, while in averages it is inappreciable.
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tual amount of tanning substances in roots containing them, al-
though the percentage may sometimes increase because of the
withdrawal of starches and sugars from the roots at this period
of growth.

Fig 1. Twolarge roots (38 and 26 ox) from 3 year old plantings at Phoenix.
Average tanning materials for crop, 3o.4 per cent.

Effect of lrrigation.—1In order to note the effeet of extra
irrigition upon yield and percentage of tanning  materials, Lots
20, 21 and 22 were given about twice as much water as the
others.  The yield of new roots (from Column 14), their average
weight, and the percentage of tanning materials for these, and
the other plantings in column 14 receiving  less water, are as
follows:

. . Average | Avernge ner
| A\i;rﬂﬁljif‘lﬂ weight of roots. cent tanning
BRI, in grams, | materials.
Three best lots. ... oovoen.n | 4729 G2 24.41
Nine common lots, .. ......

1449 g || ez

From this it appears that although the lots grown with

ahiindance of water were over three times asheavy as the others,
the per cent of tanning materials was more than maintained.
This observation is confirmed on a larger scale by compurisons
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between cultivated roots grown at Phoenix and Tucson and the
wild stocks from which they came. Two large samples of cul-
tivated roots from the Phoenix Station, one to three years old,
grown on adobe soil with plenty of water most of the time, and
with many of the roots weighing a pound or more, gave 30.61
and 30.18 per cent of tanning materials (Fig. 1). The average
for nine samples of car load lots of wild stock shipped from
the same locality, wus 30.84 percent. From these car-load lots
the younger roots had been taken so that 30.84 per cent is real-
Iy too high a figure for the complete crop.  Also, the average
at Tucson for tame roots, up to two years of age, instock which
has been cultivated for four years, is about 25.5 per cent ([Fig.
2). Two large, carefully taken wild samples of the same nage
and stock gave 25.39 and 26.56 per cent (Fig 3). In all cases
the tame roots average larger than the wild ones and, further,
analyses of five particularly large cultivated roots, one and two
years old from Phoenix showed them to average 27.5 per cent
of tanning materials, which, allowing for less age, indicates a
fair maintenance of quality. 1t will also be seen in Table II,
columns 11 and 14 after May 1rth, that the prosperity of indi

Fig. 2. Cultivated roots from Rillito stock, 1 year old containing 2533 per cent
tanning materials.
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natch greater.  For instancee, in the above table the seed roots
of .ot 22, June 8thy 1395 contained 140.5 grams of ranning sub-

stances as compured with 8g.5 grims in the check Lot 43.

Thix increase in percentage from year to year mukes it nec-
essary, in comparing the tanning materials contained in different
stocks, to take roots of corresponding age. In this way  speci-
inens may be sclected for propagation whose differences are not
in part due 1o age. For this purpose roots at the end of their
ltrst growing seitson are best, sinee they can then be distinguishi-

ed more certainly,

/f{/'(’d of LDorurant Stofe - In the new roots, the increase
in tunning materials (Columos rroand 12) is very rapid until the
plants beeome dormant in the beginning of May,  Afler this
time they at first <till show a slight average increase (Column
tz) bt finally stand still for the rest of the summer (after June
t3thy. The obd roots (Column 8) after the heginning of May
remain very constunt in tanning materials. Further observa-
tions on the behavior of the oot during its dormant state were
mucde by taking five samples of new roots) analyvzing half of the
lots immedizdely, barving the vestin shaded ground foran aver-
age periodd of 414 moenths doring the summer, and then analye-
ing them also, The live camples immedintely anilyzed avers
aged 2319 per cent; those kept throngh the summer  averawed
24.78 per cent, showing o slight increase inevery case, and an
average incrcease inoall instances of 1.5 per cent, These foots
are somewhat contradictory bul snothe whoele seom to show g
tendency to inerease of tannins in dormant voung roots, —an oh-
servation which is saifd to hold true for other tannin contaimng
roots,  Other things equal, it appears that the hest time for har-
vest should be in late sinmmer or early fall. Reckoning at 3
cents a pownd for 5o per cent extract an inerease of 114 per cent
tanning materials in dry substance from ten ons of rools wouald
L worth about ten dollars, .

Efeed of Sprowting.—During December and  January,
while the plints were getting ander way (Columns 7 and ¥
the tmning materials remained  very constant. According

~ome favestigators, <prouting shoukl have vo effect upon the ac.
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videal lots as shown by the yield of new roots has no fixed re-
lation to the percentage of tanning materials,

These facts, so far as they go, show pretty clearly that ir-
rigation, with the consequent increase in size of roots does
not seriously lessen the percentage of tanning materials. . This
tentative conclusion does not fully agree with the statement in Bul.
letin No. 18, which was founded upon analyses made of samples
subsequently known to be unsatisfactory. If confirmed by fu-
ture experience this item will be of great importance in connec-
tion with the culture of canaigre.

Nevertheless, there are remarkable variations in the amount
of tanning materials in roots from different localities. During
the year we have cncountered a range from 18,17 per cent to
32.56 per cent in new roots. This may in part be due to strains
of roots, or to local conditions, It is known that tannins are not
produced in the leaves of plants at night or an cloudy days, and
even in the same tree more tannins are formed in leaves fully
exposed to the sun than in those occupying shaded positions. It
is also said to be accepted among Kuropean tanuners that bark
grown on southern exposures has better tanning power than
that coming from more shaded situations.

In this conncction it was noticed that the sample of canai-
gre containing 32.56 per cent of tanning materiuls came from
an arid, sandy, southern slope fully exposed to the sun, The
stock which analyzed 25.39 and 26.56 per cent tanning materials
was ahout the sume age and from the same locality but was
somew hat shaded by mesquite and bushy undergrowth., A
sumple of new roots grown at Lake City, Florida, from Arizo-
na and New Mexico stock, gave 24.74 per cent tanning materials
but the sunshine record of that region is not obtainable for com-
parison with that of Arizona, It may be found that the tannins
of cunaigre are practically affected by the amount and intensity
of sunshine in the locality where grown. If so, the arid South-
west, “the land of sunshine,” possesses anmistakable advantages
for canaigre culture. During the last growing season the sun.
shine record for Southern Arizonz was 84 per cent of the theo-
retical amount, At present, however, there are no definite data
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Fig. 3. Wild stock of all ages from Rillito Wash, near Tucson. Younger roots
contain aboul 26,0 per cent tanning materiuls,

as to the effect of this condition of zrowth upon tanning  sub-
stances in canaigre,

In columns 15 and 16 of Tuable LI the leaves also are seen
to contain ahout one third as much tanning  materials by per-
centage as the mature roots.  The actual weight of the dry
leaves is about one fifth that of the dry root system (8 observi-
tions of ene year old plantings) so that approximately one fif-
teenth of the tanning materials of the mature one year old plant
are comtained in its leaves.  This probably cannot be economi-
cally extracted, and the large amount of ash in the leaves
(about 25 per cent) would make it advisable to return them to
the land.

It has been observed in general, that in tannin producing
plants, the leaves ave the labovatory where, for the most pary wy
least, the tannins are formed under the influence of light and
with assimilation of carbon dioxide. From there the tannins
migrate downward into the stems and roots of the plant where
they are stored in the cellular tissue. In this position they
usually remain,  They are not, in most instances at least, carried
up into the young shoots of the plant when growth recommences
as is the case with those carbohydrates which contribute to the
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formation of new tissue. In this respect the tannins of canaigre
differ from the sugar of beets, which may be partly lost if weath-
er conditions induce the ripened beets to recommence growth.
After being stored in the parenchyma tissue the tannins are lia-
ble to slow changes which result, apparemtly, in the formation
of the red coloring matters which are observed in the heart
and bark of many plants and trees, canaigre among the number.

The taunins are variously supposed to prevent consumption
of plants by animals, and to hinder decay., The first explana-
tion of their usc serves especially well for canaigre, which
grows in a region where forage for herbivorous animalsis often
extremely scarce, and where the plant would be liable to exter-
mination if it were palatable.

Destruction and Less of Canaigre Tanning Materials.—
Heat, air, and fermentation all cause loss of canaigre tanning
materials,  Because of the action of heut and air, it is essential
in preparing samples for analysis to sccure quick drying at as
low a temperature as possible.  For this purpose we have found
that the thinly sliced roots should be dried inan oven at about
130 degrees F. or, during warm weather, in the open air. The
accuracy of this method is shown by comparing the analyses
of portions of roots dried in the oven with those of their dupli-
cate portions dried in a vacuum at ordinary temperatare, and
from which the action of heat and air were therefore excluded.
The duplicates all agreed very closely, the averages being:

Tanning
matetials.

For three portions of roots dried in oven at 130° F.....25.74%
a “*  duplicate portions in a vacuum at ordinary

LEMPETATUTE Lot vnr e ceva e s i r i 25.699,
—showing the regular samples not to have saffered loss when
prepared in our standard way.

At high temperatures the tanning substances arc rapidly
destroyed, vither in the green root or in selution, in the air or
in an atmosphere of other gases such as steam, hydrogen, and
curbon dioxide. In one case a root was divided into thrce
portions, the first portion prepared as usual, another dried in air
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10 hours at steam heat, and the third in hydrogen for 12 hours
at the same temperature, with results as follows:

Tanning

materials.
Sample prepared as vsval. ..o oL e oea o 2507
Dried 1o hours in air at steam heat. .. ... .o 07.73%

Dried 12 hours in hydrogen at steam beat............17.30%

When dried whole, the roots also lose heavily in tanning
Sl]h‘:itdn{_‘{_fs. OI]C (.’Xpl_'l'in'lt."l}t g'd\'(.‘.:

For root sliced and dried as usual, . ... ... 0.0 ... .. 25.07%
For duplicate portion dried whole at ordinary tempera-

QT G K S
For duplicate portion dried whole at steam heat. . ..., 6.629

Grated sumples also appear to give a slightly less percent-
age of tanming materials than sliced, due apparently to the wc-
tion of air upon the increased surface expuosed by this method of
preparation,

Average of twosamples,sliced . ... ... o 00 2351%
Averzge of two duplicate portions, grated. ... ... ......22.05%

In solution, and at or near boiling point, a similar loss of tan-
ning materials occurs. At the same time, insoluble substances
are furmed whose presence is undesirable in the commereial ex-
tract. These insolubles are light in color when air is excluded
from the hot liquors by hydrogen, butare of a strong red or
brown when formed in presence of air.  They are largely sol-
uble in hot tannic acid solution and alcohol, and somewhat so
in hot water, but they are commercially troublesome and their
extensive formation to be avoided.

Fermentation oecurs when the green roots are deeply piled.
The water extract also ferments readily. This is duc to the
starch in the roots and to sugar in both roots and extracts,
Analysis of fermented liquors has alse shown very cansiderable
loss of tanning materials at the same time.  In artificially frozen
samples we failed to observe any loss of tanning substances,

These facts are all of practical value, especially in connection
with the manufacture of extract, The effect of heat and air,
for instance, is shown on a large scale in Table VII by the anal.
ysis of two samples of canaigre extract kindly furnished by M,
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C. B. Allaire from his factory at Deming, New Mexico. Ex-
tract No. 1 is their regular product, evaporated in vacuum appa-
ratus to about 8o per cent of solids. No. 2 is a similar product
which had heen accidently raised nearly to steam heat, in pres-
ence of airy for about six heurs. The loss of 3.88 per cent of
tanning materials is plainly associated with the corresponding
gain of 5.n2 per cent of the undesirable insolubles.

The behavior of roots dried whole would also indicate that
a harvested crop should not be sllowed to dry out in bulk,
There is no danger of this as long as the roots remain in the
ground, even in the driest scason, In columns 5 and to of Table
IT it is noticeable that throughout the long hot summer, al-
though not irrigated, the matured roots lost 1 scarcely percepti-
ble amount of water.

Coloring Aatters.—DBoth yellow and red coloring matters
are found in canaigre. The yellow substance is most conspic-
uous in young roots, [t is found chiefly in a central zone and
in u narrow luyer under the outside skin. It is contained in old
wild roots also, and may be dissolved out with ether, but its pres-
ence is here obscured by the «tronger red color. Tt is contain-
ed in comparatively small quantity (5-1%), partly dissolves in
water, and is absorbed by raw hide during the tanning process,
imparting a light yellow color desirable for some grades of
leather.

The red coloring substances are most abundant in wild roots,
espeeially those whose chunky form and small size indicate slow
and difficult growth, Cultivated, and young wild roots de not
show them in any gunantity. It is maintained in a general way
that abundance of red color is associated with large percentages
of tatnnic acid. This also seems to be true of canaigre for,
notwithstanding that the entire wild crop appears to be no rich-
er in tanning materials than the whole cultivated crop, the roots
thus far noticed which were individually richest in tanning ma-
terials were very red,

According to the proportions in which the different col-
oring matters of canaigre are contained, separate roots may
range all the way from a clear yellow to a pronounced red. The
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amount of red coloring matters soluble in water is variable, but
often very considerable {10 per cent?). Their desirability de-
pends upon the kind of leather to be produced. They are ob-
jected to by tanners of certain grades of goads.  Thix objection,
however, it valid, will disappear witl the use of cultivated routs,
since the tame crop, even up to three years of age, contains very
little red color,

Red color may be artificially formed by the uction of air
and heat upon both roots and extract. Light also causes a deep-

ening of color on exposed surfaces.

Selwble Non-tannins.—These are the substances, roluble
in water, which are not absorbed by raw hide. They are
largely composed of albuminoids (substances containing nitro-
gen) and sugars.  Their amount during the growth of the can.
aigre plant is shown in Table 11, columns 13 and ¢, It is seen
that at first the young roots contain a large amount of these
substances {36.04% in dry material}, but that they gradually de-
crease in quantity as the roots grow older (to 10.46%, ).

Sugar plays an important part in the process of tanning,
since its fermentation results in the formation of certain organic
acids, chiefly acetic, which swell or “plump™ raw hides and thus
help to produce thick and heavy leathers.

The amocunts of sugar contained in two large samples of
wild and tame roots, water free, were:

In tame roots, 1-3 years old...:o o L il 16.25%
In wild roots, all ages. ... . coiiiii il i, 16.03%

This sugar lurgely finds its way intothe extract, as is shown
in Table VLI, and is an important factor in the management
and results of the tanning process,

CANAIGRE BAGASSE,

After extracting canaigre with water, about 50 per cent,
more or less, of the solids remain behind.  This residue, or ba-
gasse, contains all of the starch and woody fibre of the root,
with portions of the mineral ingredients, albumineids, sagars,
and coloring matters, together with a little of the tannic acid.

" Varions uses may be surmised for this matertal, such as for
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stock-food, fuel, or fertilizer, There is little likelihood of its
use for stock-foad, as in the case of beet chips, atthough analysis
indicates a considerable quantity of presumably nourishing mate-
rial, '

An analysis of the bagasse prepared by extracting the green
sliced roots with warm water is stated in Table 1Ii in compari-
son with an analysis of beet chips from the Nebraska station,

TABLE IIL

Food Analysis of Canaigre Bagasse,

. Canaigre -1 '
Composition of dry matter. frgn;g;:a ye:ﬁﬂdeis"%’f‘r;}eet
ranis. : Cnips.
% %
| Ceeen XA .68
Protein.............. i eaanaeaas 7.94 9.45
Nitrogen-free extract . ... voovuiaue. | 76.98 62.62
. i
Crude fiber ......... Ceraaenn cenaaal 12.07 22.40
Ash ooiiiiioiiiias ceaen cee e J z.28 4-85

Apparently the bagasse has the advantage of beet chips in
containing more starch, sugar, ete. (nitrogen free extract) and
decidedly less crude fiber and ash. The material is, however,
apparently uninviting, and of doubtful utility in this direction.
The only portion of canaigre observed to be of food value is the
base of the blossom stalk. This is agreeably sour and we have

seet range cattle eating it with relish.

As a fuel, canaigre bagasse apparently has considerable val.
ue. Table IV states the heating and evaporative power of three
samples in comparison with an average soft coal, and with mes-
quite woed, which is a leading fuel in the arid Southwest.
The comparison of fuel values is best made in the column
of evaporative powers, which in each case means the number
of pounds of boiling water which can be cvaporated, theoreti-
cally, by one pound of dry fuel.
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TABLE IV,

Fgel Value of Canaigre Bagasse®

.Caleulated to dl.-.y. ;Eernl

1

| Calories |E,vapornti\'e
i per gram. | powers.
1

Bagasse from 1 yearvoots.. .. ..o o ... 4826 : 8.09
& “ g @ U BT : S.85
; |

e opag o “ 4702 i B.n6

P —_— -
Avernge forabove,, ..o o oo Ll S 4760 i 3.87
Average soft coal ..o oLili oL 0. FO0OD ! 13.00
! 8.10

tMcesquite wood. ..o vh il a. 4352

Compuared with soft ceal, canaigre bagasse therefore ap-
puars to be as 8.87 te 13.00 in evaporative power, or about two-
thirds, while it is even better than mesquite wood. It is custom-
ary in tanneries to burn speat tan-bark, but it is first necessary
to run it through o press in order to expel water and put it in
suitable mechanical form for burning.  Calculating on 50 per
cent of the dry matter as bagasse, an acre crop of ten tons of
green canaigre (6624% water} would give 3333 pounds of com-
bustible residue, equivalent in heating power to something over
a ton of ordinary soft coal. It is possible that in view of the
costliness of fuel in the Southwest, the bagusse may be utilized
in this wayv in the extract factories of the future.

Probubly an excellent use for canaigre waste i= as o ferti-
lizev. When the wet bagasse s piled it ferments vigoronsly,
owing to its sturchy natore, and shortly rots down into u black
mould, rich in organic matter, and containing part of the nitrog-
enous and mineral constituents which the crop remaoves from

the soil.

*These Mel values were determined by Thompsen's ealorimeter, with the nsual
cotrections.

tFrom 17, 5. 1okl censns report,
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The return of this material to land would partly make good
the loss of these constituents, and also correct the deficiency  of
organic matter which is characteristic of arid region soils, there-
by making them more retentive of water and of better tilth, In
arder to find how much of the fertilizing constituents were with-
drawn from the roots by the process of extraction, a large sample
of u two year old ecrop was sliced and extracted with pure wa-
ter, The extract was then evaporated, burned, and the ash ana-
lyzed, It was found that in actual amount about two thirds of
the potash, and four fifths of hoth nitrogen and phosphoeric
acid were removed by water extraction, but the residual organic
matter would, as mentioned before, constitute a redeeming ele-
ment of value,

TITE RELATION OF CANAIGRE TO TH)X SOIL.

The nature of the drain made by canaigre upon the soil is
shown i Table ¥V by two complete analyses of ash, together
with purt of the figures for the sugur beet.  The samples were
prepared from roots grown under the most diverse conditions.
No. 1446 isfrom a cultivated erop, 1-3 years old, grown at Phoe-
nix, Arizona, on somewhat alkaline ndobe soil. No. 1447 was
prepared from wild canaigre of all ages dug at Congress, Ari-
zona, from a sundy flat.  The analyses were executed by Mr,
Mark Walker of the Arizona station,

From this table it appears that, as compared with the ash
of sugar beets, the proportion of potash in canaigre ash is slight-
by less, while that of phosphoric acid is very much smaller. Ni-
vrogen is less in the beets than in the younger sample of canai-
gre.  In an analysis made at the California station, the percent-
age of potash in canaigre ash is much less than in beets (28.74
and 49.4 per cent), while that of phosphoric acid is move (18.19
and 14.30 per cent), In this analysis, the nitrogen of canaigre is
also in greater amount (r.93 and .87 per cent). These observa-
tions do not agree well with the figures in Table V- but this
may be due to differences in conditions of growth, or in the age
of roots chosen for examination, In order to gera better idea
of the actual draft made on the soil by roots of an age which
would probably be most suitable for harvesting in practical cul-
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TABLE V.
Composition of Canaigre Ash.

ottls | Mo l::’,
% % %
Diry matter in green oot ... ... 33.3 19.18
Nitrogen in dry toot, ... .. ... ... 1.49 | 73 L.O9
Crude ash in dryv root. ... ........ 4-27 4.61
Carbon snd sand in crade ash. ..., 5-15 4.5t
Carbon dioxide in crude ash...... | 11.20 | 1579
Pure ash in dry root, .. ..., ... .. 357 i 3.67 404
In pure ash: :
Potash (KoO)..oooo it 45.22 ! 4258 | 49.28
Sodit (NagO}eruneieeenn e, 433 . 156 | 7.6
Lime (Ca0)., ................. 10.76 : 21.04 7.07
Mugnesia (MgOy................ 1280 0 8.94 8.07
Aluming (ALOg) .oevnvnennn... 48 | i
Iron oxide {Fe,O3). ... iv L. .39
Manganese oxide (MnogOy) ... ... Al 19
Phosphoric acid {P3Og).... .. e $.34 | 10.25 | 14.95
Sulphuric acid (8O3)............. 10.06 771 5.84
Soluble silica {(Si0y)....... ..... o3 | 2.28
Chlorine (CH...oooviii i, 962 | 474 | 483
to2.14 | 10081

Excess of oxygen by chlorine, | . 2.16 1.07

Total.ovavs oo aa 99.98 | 99.74
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ture, partinl analyses were made of ash from four samples of
young roots, t to 3 years old, and grown in different situations.
The average resulls are stated in Table VI in connection with
those for beets and are culculated to actual pounds of the various
constituents per crop of ten tons of fresh roots.

TABLE VL

Composition of Canaigre Ash— Continued.

GES . 5% E=B% | 5,
528 T SF52 | 1§
Bowa i S0, Sa28y 33
Bezg | 59E Ble.B gl
=9 EE Hzmguw- S
‘ % 1 %
Dry matter in crop.............1 33.3 | 1918 | 6667 | 3836
Nitrogen indry matter.......... 1.55 | 1.09 |123.3 | 47.¢
Pure ash'in dry matter........, 4.13 | 4.04 |275.4 |154.9
In pure ash: ‘
Potash (K;0)....vvvinniin 40.89 |49.28 lrrz.7 | 76.4
Soda (NaO)ovvvvneneeeaianat, 3711 7.67 i 10.2 | 11.9
Lime (CaQ). .. iviiiiniinnn. 11.06 | 7.07 | 30.5 | 11.0
Magnesia (MgQO).............. 1134, 8.07 | 31.2 | 12.5
Phosphoric acid {Pa04)........| 13.27 ;[(4.95 | 36.6 | 23.2
Sulphuric acid (5Og)....v. ... i B505.84|28.4| 9.0
Chlorine. ... ........ 7.78| 4.83 ! 21.4 | 7.5
P | .

Owing iargely to the much greater percentage of dry mat-
ter in canaigre, the tax is heavier in every particular except that
of soda.  Ton for ton, canaigre demands three times as much
nitrogen, and draws one and a half times as heavily on potash
and phosphoric acid. In comparison with beets, and at current
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prices for fertilizers, it would cost abount twice as much to make
good the loss cuused by cunaigre.

These facts all indicate that the problem of fertilization in
canaigre culture will be a serious one.  This is especially troe
of nitrogen. It is possible that this drain may be made good by
green-manuring with nitrogen assimilating crops grown on the
land during its idle summer interval,

THE CANAIGRRE INDUSTRY.

The canaigre industry is properly concerned with three
facts:

1.  The demand for canaigre tanning materials.

2. The preparation of extract.

3. The culture of the plant.

The Utility of Canaigre in Tunning,—~As regards the
value of canaigre tanning materiuals, the writer has been at some
pains to obtain the verdict of practising tanners , and finds thm
the earlier favorable opinions of tanning chemists have been ex-
cellently supported by the experience of the trade  From va-
Yious sources W is learned fhat canaigye chips and extracts have
been successfully employed, either alone or in connection with
other tanning materials, for'the production of a remarkable va-
riety of leathers, including both heavier and lighter grades.

According to the statements of different tanners it is em-
ployed in the production of:

1. ¢“Patent and enamelled leathers for the carriage, sad-
dlery, and upholstery trades.”

2. “Patent and enamelled leather” for fine shoes.

3. “Carriage covers and dash board leather.”

4- “A high grade of carriage and furniture leather” and
“a fair grade of patent shoe tipping.”

5. ‘Upper, grain, or similar light leather.”

6, “East India kips finished us waxed leather.”

7. “Yellow leather for mittens, horse hides, butts, kanga-
roo, glazed kid, and other fine shoe leathers.”
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8. “The heaviest sole and harness leather, and the light-
est calf and sheep, with best results for all kinds,”

The appheation of canaigre to such a variety of results is
du¢ to various causes such as the peculiar nature of the union
between the hide and the tunnins, the cffect of color, and that
of sugar.  With proper management these factors may be so
controlled as to produce one or another result, Some special
gugalities in leather which may be secured by its use appear from
the following extracts:

1. “For light leathers it gives excellent wearing or strain
resisting qualities.”

2. «It gives split leather far greater strength than either
gatmbier or hemlock liquors.”

3. “New canaigre liquor will give a fair color and produce
a very fair leather in cool weather,”

- 4. “The stock plumps very much and fills well after
changing into other tanning liguers” and again, “Canaigre
plumps the grain.”

5. The “permanence” and “speed™ of canaigre tannage is
also noticed by other correspondents.

Of course objections and differences of opinion have been
encountered,  This is to be expected during the introduction of
a new material and may somctimes be due to conservatism,
sometimes to lack of knowledge concerning the peculiar hand-
ling required by canaigre. The objections have been arranged
for consideration as follows:

1. Starch is said to be troublesome by some,

2. Red canaigre color is generally disapproved, though
some tanners state that they sccure good results with it

3. The ready fermentation of canaigre liguors is a source
of difficulty toc many tannpers.

As to starch, the objection, if valid, will disappear with a
proper system of leaching the chips, or by the use of extract.
As is noted in Table VII two samples of commercial extract
failed to show a trace of starch.

As to color, there are various opinicns, largely according
to the natureof the product sought for.  In the case of patent
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and enamelled leathers, which are submitted to special finishing
processes, it is stated that the color does not affect the result,
Where light colored leathers are desired objections have been
encountered, although onc prominent tanning chemist sa ¥s that
with proper management canaigre will yield as fair a product
us oak,

The color problem will disappear with the use of cultivat-
ed roots since they do not contsin red matters in any quantity,
and the yellow color which they do contain is generally stated
to be highly desirable for ail light or yellow leathers.

Fermentation, which is due to the large amount of sugar in
chips or extract, may result disastrously if allowed to proceed too
far. It may be controlled by the use of antiseptics or “tan
sweeteners,” and by steaming, and when kept within limits is
one factor in the production of thick leathers. This is because
the organic acids resulting from the fermentation of sugar se-
parate the fibers of the hide and thereby swell or ¢plump” it,
fitting it to take on weight in the later stages of tanning. Cool
weather also lessens the difliculty with over-fermentation.

Euxtract Manufacture -—The demand for canaigre, found-
ed upon the above considerations, is at present supplied by the
wild root, partly in the form of dried slices or chips, partly as
extract. The extract is mostly consumed in this country, while
the chips are largely used in Eurcpe. The manufaeture of ex-
tract will probably be an essential feature of the proposed
industry, the object being to economize freights and put the
product in convenient form for handlinyg and keeping.

Owing to the destructible nature of tannins, any process of
leaching and concentration implies careful provision against the
excessive action of heat and air. A soft pure water supply for
leaching the roots is also essential since the presence of sedi-
ments, peaty matters, and certain mineral salts, especially
chlorides and iron compounds, is objectionable. Lime or
magnesia hardness causes loss of tannic acid and an increase of
insolubles. The average quality of commercial extract, as well
as the adverse effect of heat and =air, is shown in the following
table, which has been referred to before:
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TABLLE VII.

Effect of feat and Air on Canaigre Extract,

I .

[ No. No. 2. !

I Normal . Overheated

' extraet, @ extract.
Water.....o ... L. 2000 20.00

Tanning muterials...oo.oo00) 49.94 | 46.06  |Loss, 3.8%4

Non-tanuning ol in water.. .| 2811 | 27.22

Insolables.. ..o, 2.02 7.04 |Grain, 5.02%
Totals,,.............1 IcO.07 - 100.32

!
Ash inextraet. oo L. 0. 4-70 o
: i

Sugar in extract....o.o. 0 11.89 1498
: !
Starch....... ... .. ... none none |

Aside from the transformation of tanning materials into
iusolubles by means of heat, and the absence of starch, the
umount of sugar is interesting.  For every 100 parts of tanning
materials, these samples average 28 parts of sugars or acid form-
ing substances.  In this respect canaigre extract is very rich,
even anproaching fir bark extract, which is said to contain
about 3z parts of sugars to 100 of tanning materials, and which
is distinguished for its plumping qualitics.

In answer to inquiries concerning cost of extract factorics
we have no itemized information. It should, however, be
much less than for sugar factorics of correspending size. The
leaching machinery is comparatively inexpensive and the crude
product does not require the elaborate purification essential in
the cuse of sugar.

Agriculture:—By far the most important commercial
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problem in connection with canaigre at the present time, is that
of its successfyl agricultore. Upon this depends the perma
nence of supply and, possibly, the reduction of price alse, which
shall lead to o general adoptlion of canaigre by the trade.  In
New Mexico, Arizona, and Southern California some hundreds
of acres have heen recently planted, but comparatively little is
known ax to actual yield and methods of agricultnre.  [nforma-
tion un these points is largely a matter of judgment based on
ohservation of the habits of the plant and upon expericuce with
similar crops.
© The propagation of the plant may e secured in three
ways—by sprouts, by seed, and by planting the young roots:
As observed by Do N. H. Cluflin, of the Phoenix sub-station,
the sprouts when “broken off close to the reot imd set as are
cabbage plants and sweet potatoes”™ make an excellent growth,
sSeed of good guality may also bhe obtained, although it is
commonly very infertile. o one sample taken from two large
transplanted wild roots by the writer, ifty-eight per cent grew
{175 out of 300). This shows lirst rate possibilitics since in one
random instance it s noticed that high grade beet seod was
only seventy-six per cent fertile  Seeds prodoce but one root
the livst season, so that there would be o delay of one vear in a
crop started from them.  Propagation from ¢prouts and seeds
is not at all likely te prove of importance at present, hat in
future these methods may be used in developing more valuable
struins of roots.

Secding s best accomplished by mceans of youhyg roots,
These are quicker to grow than old roots, are smaller and more
economical to handle, andd are apparently more produoctive thao
old stack,  About nine hundred pounds of one oz roots, planted
at one foot intervals in rows three feet apart, are sufticient for
an acre.  Cultivated secd roots, hecause of their more uniform
age and gnality are to he preferred to wild stock, which has
heen obscerved in some large plantings to give a very irregular
stand.  In the plots shown in Fig, 6, planted with tame sced

roots, # stand of about nincty-twao per cent was obtained.



Fig. 4.
system.

Canaigre plant near end of first year's growth, showing complete root .

1, seed rcot; 2, 2, ete,, first crop of new roots,



Fig. 5. Canaigre plant at end of second year's growth.
1, seed root; 2, 2, ete,, first crop of young roots; 3, 3, ete, second crop ol young
rootls:
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The young roots should be dug during their dormant sum-
mer period and planted before the cool growing weather
comes.  Roots may be dug and planted at any time of the year
but when they are interrupted after their growth has begun
they of course enly make a partial development during  that
year.  The application of water in summer, about one or two
irrigations in August or September, ought to swell the buds
and prepare them for quicker growth later on.  Pleitiful irri-
gation is probably advisable since this stimulates 'growth and, on
Present evideonee, does nat lessen the amount of tanning ma-
terials as compared with wild stock of the same age. The
growing scason is also lengthened since well watered phants do
not die back so quickly on the advent of hot wenather,

During the frst year from planting, the seed roots increase
to two oy more times their original size, and produce a crop of
new roots averaging about six to each plant, {average of 500
ohservations, } although as many as thirteen have been noticed.
During  the second  year of growth the old  roots
continue to iucrease in  weight, the first crop of new
roots  becomes  larger, mnd a4 sccond crop is developed.
A good dden of the plant at the cnd  of the first
and sccond years of cultivated growth may be gained from
Figs, 4 and 5. The much larger mass of rools apparent in
Fig. 5 at once suggests the question of harvesty whether it
should be at the end of the first or second year’s growth, or
even later, Owing to unfavoerable location for the settlement
of this question, the Station has as yet been nnable to obtain
sutisfactory data,  Coertain indications, however, as to vicld and
the effect of fertilization, ure furnished by a plot experiment
partly shown in Fig. 6. These two plots ure adversely situated
as to soil, which is underlaidd by “caliche” limestone at about 18
inches and contains only .04 per cent of nitrogen.  The plot m
the foregroumd was unfertilized ; the one in the buckgrownd was
treated with barnyard manure dug inte the irrigation trenches
at the time of plinting.  The plants were set one foot apart in

rows three feet apart. The rafes per acre were as follows:
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i |
IWL. of seed ronts, Increase of  jgei oF pew roots

when planted. i seed roots duting | a4 end of season.

‘ year.
——— ._..___.__i | - - . —_
Fertilized plot. ... i £130 ths. ° gzo lbs, 8220 lbs.

! : !
Unfertilized plot. .| 1110 % | 630 « . 5820 ¢

- thus making Sro and 580 per cent of new growth respect-
ively.  These figures are only of comparative valoe and do not
indicate what the yicld should be under favorable conditions.

As yet, the depth and space of planting are a matter of
judgment rather than knowtedge, A large number of meas-
urements made on thrifty  one  year  old hills  have
shown the tuber systems to occupy a space of from 5 to 12
inches in diameter, and 6 to 1o inches deep, the small rootles
extending outward and downward from one to two feet further,
Allowing for two years’ growth, the seed roots should probahly
not be set less than 12 inches apart. As to depth, roots planted
at 3 inches are more prompt to grow aud appear more prosper-
ous than those planted at 5 inches.  The expense of harvesting
i shallow crop should alse be less,

Canaigre will grow on any tilable ground, hut the relation
of actual vield to the kind of soil has not vet been determined,
The adobe of the Phoenix sub-station  has thus far given un-
satisfactory results, and gencral experience with root crops
points, preferably, to a rich sandy soil kept loose by adegnate
cultivation.

Certain peculiavities of canaigre seem favorable to its agri-
cultural future:

1. It grows in winter, when water is more abundant
throughout the arid region. This fact may render possible
the reclamation of Jarge tracts of land for which there is not
sufficient irrigation in summer,

2,  The climate is mild at this season of year and labor iy
therefore more comfortable and effective.

3. In case of extreme, drouth the crop is not lost but the
plant simply stops growth and waits for better couditions.

4. Harvesting may occur at any time, the mature crop re-
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Fig. 6. View of irrigated canaigre plots, taken March 2o, 1506, in blossoming season.
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maining in the ground indefinitely without injury, and even
with a certain amount of improvement, '

As to the value of the product, it appears that under exist-
ing conditions the objective point is a crop which can be sold
at from five to seven dollars a ton. Mr, Chas. B. Allaire, of
the Deming Extract Factory, says (May 25th, 18g6): “The
preseat selling price of 489 extract is 5c delivered in New
York, Liverpool, Hamburg, etc,, and if we could sell at 44¢
we could sell ten times as much as we are now doing. We are
paying $7.00 a ton for wild roots delivered at factory. If we
could buy at $5.00 we could make the concession,”

Reckoning on a mean value of $6.00 per ton the following
comparisan with beet culture can be made: The cost of sugar
heet culture in the Chino Ranch region is stated to be $z5.00 an
acre, and the average yield, 11 tons, At $4.50 a ton this leaves
a profit of $24.5¢ an acre to the Chino beet farmer. Accepting
Professor Gulley’s estimate (Ariz. Ex. Sta. Bull. No. 4, page
40) of $16.50 as the cost per acre of growing canaigre, it would
be necessary to grow an annual crop of about seven tons per
acre in order to equal the profits of beet culture. Allowing the
crop to remain in the ground for twe season’s growth, and
taking out the cost of plowing, planting, and digging for the
second year ($7.00), the cost of cultivation for two years would
make $26.00. Two years profits ($49.00) plus this cost of culti-
vation ($75.00 in all) would make it necessary to harvest a
biennial crop of about twelve and a half tons per acre. These
estimates are merely suggestive and must be taken for what
they are worth by those who have practical knowledge of the
cost of agricultural operations in the arid region. The yields
indicated, as stated before, have not been positively dem-
onstrated, but on the evidence at hand seem fairly probable.

CONCLUBIONS.

1. Canaigre is best adapted to the mild, dry, sunny winter
climate of the Southwest. Although it will endure frost, and
will grow in rainy regions, it does not promise good results in
these uncongenial situations.
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2. Canaigre roots and leaves are damaged to some extent
by insects, but the plant is not known to be seriously threatened
by them,

3. Canaigre tanning materials are found throughout the
phant, being in greatest quantity in the central portions of the
TOOLS,

4. The tanning materials form rapidly during the first
year of growth, showing a small annual percentage increase
after the first year, and as long as the root retains its vitality.

5. During the dormant summer period of the plant, the
tanning materials seem slightly to increase in younger roots.
Sprouting does not affect the quantity of tanning materials,
The evidence thus far does not show that irrigation lessens the
percentage of tanning materials,

6. Heat, air, and fermentation, acting on either roots or ex-
tracts, all destroy canaigre tanning materials.

7. The red and yellow coloring matters of ecanaigre affect
the quality of leather produced. The red matters are less desira-
ble and are formed chiefly in the wild crop, They are not
present in quantity in cultivated roots. This fact is considered
an improvement in the quality of the root for tanning purposes.

8. The sugar contained in canaigre gives roots and ex-
tracts their “plumping” qualities. If properly managed it is a
valuable factor in the production of heavy leathers.

g. .Canaigre bagasse, properly prepared, should be about
equal to mesquite wood in fuel value. When well rotted it
ought also to have considerable value as a fertilizer, It prom-
ises little as a stock-food.

10. Canaigre dra ws heavily upon the soil, especially for
nitrogen. Its total drain is about twice as costly as that of
sugar beets. _

11, The utility of canaigre is demonstrated. Properly
handled it produces an unusual variety of leathers of excellent
quality.

12. The agriculture of canaigre is yet in its experimental
stage. A fair estimate shows that it will be necessary to pro-
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duce an annual crop of about seven tons, or a biennizl crop of
about thirteen tons an acre in order 1o cquul the profits of
sugar beet culture.  On present evidence this yield seems highly
prabable, but, so far as known, has not yet been demonstrated.

Nores;—Thase whe wish 10 read further on the sniject of canaigre
will find material in Bulletin 105, of the California station, and in the
California Experiment Station Report for 1894-95, Bulletin 7 of the Ari-
zona station, Bulletins 11 and 14 of the New Mexico station, and Bulle-
tin 35 of the Florida station contain additional information. Professor
Henry Trimble in his book, The Tanmns, devotes a chapter to canaigre,
and varions articles on the same subject have appeared in the Jowrnal of
Pharmacy and The Leather Manufacturer.

For a general discussion of the formation of tannins and their rela-
tion to plant structure, the work of Gregor Kraus, Dhie DIhysiologie des
Gerbstofis, is most complete and has atforded many suggestions in the
course of the work carried out in this bulletin,

The writer is indebted to a number of tanners and tanning chemists
who have replied at length to inquiries regarding the merits of canaigre.
Amoung those who have kindly given the results of their experience are
br. F, H, Heitlein of the Tanning School, Freiberg, Saxony; Professor
H. R. Proctor, Yorkshire College, Leeds, England; R. C. & H. B. Goaod,
Tanners, Newark, N, [.; The Grant Tanning Co., Woedstock, Ont.; E, 8,
Ward & Co,, Tamners, Newark, N. J.; W. C. Tiffany, Tamning Chemist,
Newhurgh, N. Y.; ]. H. Ficbing, Tanning Chemist, Milwaukee, Wis.; G.
A, Kerr, Tanning Chemist, Colimbus, Ind.; and others.

Acknowledgement is due Mr. Mark Walker of the Arizona station for
the execution of most of the rontine work in connection with analyses
for tanming materials.
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