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. INTRODUCTION -

uﬁanaigr@f(Bumex‘gymen@sepalus<Torr)‘is an herb of high

tennin content (Piéte‘l)oi It is,argﬁght,resistaﬂt and
‘;gr@ﬁs wild in the temperate regions of Narth Ameﬁicé97‘This
plant grows during the o@el months of the yearo The tops
die dcwn in late_springo The tann1n=bear1ng tubers Which
the plants:produae_reméin in a»dormant cond1tiQn during the
'Summer‘andxgive rise %o fenéwed vegétatEVe,growth igitha
fall. N@ﬁ'tubers:are pfodue@d'whilé:ﬁhé current year§s'
‘tuberé remain'aiiveg ‘Tubers remain alive for- several yearsg
then die and ‘become mumifled in the hillo
In arid regions the plant is often found growing alang

”the banks of washes. and on alluvial fanso In regions @f _f
higher ra;nfall eanaxgre is more often found groW1ng @n
A gravelly knalls and on focthllls@' The plant~favors the

sandy solils although it has been found growzng Ln well

. drained. soils of heavy texture (l)

Historziw'

The herb had. been harvested for its ﬁannxn eontent o

‘f fr0m the Wllds by the Indlans and Mﬁxx@ans for eenturies

(2) " These people used the tanazn for tannlng hideso'

| R@@ts and leaves were used fcr mediclnal purposeso



Plate 1* Canaigre Plant



o Thurber @oll@@ted Sp@@imﬁns of the plant in 1859 and 5;
‘sent them to Terrey who desgrlb@d and named it (1@}0 _In";'
'1876 the high~tannin ecntent of»the plant Was diseovereé |
7by'Voelker {(11) . During the f@llowing flfteen years uh@,_l,“ 'y
"plant recelved sporadic attenti@n from inveqtigators of
.‘@xperiment stations and the United States Gommzssi@ner of
;Agri@ultureo Gultivation of the plant staried in 18905

. However- the planﬁ was ﬁeVer used to &ny'eXtené commercially

' because the AMeri@an1Ghestnut'(dastana dentataiBorkh) and

6th¢ﬁ'planﬁs proved to beAmcre econpmiéa;lséﬁr@evof ténnin;f i;:_‘
_iﬁ‘the last quarter Qentury,stahdé»éf thé Am@riééh‘Gheétn&t;v
'-trea have been killed by thé ohestﬁﬂt:blightf(Endothis*“”“

| parasiticalg Friof to Wcrld'war IT, about 450,000 tons of :‘7>

25 p@r @ent tannln extract were used. annuallyo The vélué;
AV@f this amounted to about twenty milllon d@llarse _ |
Iﬂ re@ent years forty per @@nt @f the tannln extra@@

used in this. Gount“y has been imporged from Sou?h Amefleaa_,~ o

Thl$ @xtr&@t is derjved from the qu@bra@h© tr@e (Qu@bra@hia 1s?sf'
-lorentzii) (8). Stands @f these trees ars now bezng dem; :
pletedo’ If plantations of quebrach@ are n@t establishedg-r
domestic tannxn=bear1ng plants may again be in line for :
v-@ncreased eomm@rolal use, . o | -

The federal government undertook to lnvestlgate plants [‘”’
".in this oountry Wh%ch could be used eommerclallyo A tw@=f.

‘feld eooperatlve program. of resear@h @n eanalgr@ was -

outlined (4). One deals Wlth produ@tlon of the plant and



the oth@rsfthefpfoéeésinngf;tﬁe rbot& féfxproductién éf
tannln extra@t and bywproduetso The - fiela work is be.f,ng1
done in seleetea locat&ons in the Southwys%g with head
offlce in Beltsvxlle Marylando The laooratory work ls B
B being done at the FEastern Reglonal Resear@h Laboraﬁory ln
"Phlladelphiag PeﬁnsylvaniaQ
In the fall of 1947, Mr, Go Ao Ru836119 who -was asse=
_ ;c?ated Wiﬁh the @anaigre progec*ﬁ9 establlshed plantlngs @f S
"can&igre on tha mesa at Y‘uma9 Amzona° (9) These_plan@ings:
'Were used for experlmental purposes by-c;‘—ol-l0 Aﬁel»ahdﬁi
JQ A Lindsay Who joined the staff in the sprlng of 19480,
dlttle is known about the response o; eanaigre to
¥férﬁllizatlpné Gnly one reference was fonnd in the availu
able 1iteratures 1. eog Torbes (B)demenstrat@d that iff&w;

"gated year»old Ganaigr89 established fram crowns and g

| }Q'fertilized With bafnyard manure dug into the 1rr1gati©n

Vi;,trenehes at the time of planting9 produ@ed nearly a thlrﬁ\
;'iﬁmre r@ots than those unfertilized, Th&s was done at g
Tuoson9 Ar;zonas in soil shat wes uﬁderlald With ”cali@he“
'limsstone at about elghteen inchess . =
o The first experiments on fertlllzathn of canaigre @n‘f
the YUma mesa were lnitlated by Russell Abel and Lindsay
 during 1948. Lindsay made treatment end colle@ted data

. whieh is herein_presented aaia-thesis Q:cblem@5"



- EXPERIMENTAL MATERIAL AND METHODS

| Climatic-CQﬁditiOnsvR@léﬁing;ﬁgrthéfExperiméﬁtf '

The average rainfall at YLma is 5 44 inches and oeeursv
at any time of the year with eoual frequencyo Maximum
‘ temperatures average nearly, or aboveﬂ 100 degr@es‘fram
‘May through Saptembero Th@ experiment was @@nducted on
.‘the YUma me sa at -an elevation of about 190 feect abcve sea
}1eve1¢ Diurnal fluctuations vary between hirty and,forty
dégr@eso (5)o Relatlve;humidxty is usually'low during'tﬁa
- day9 rising at nighto: Relative humidity ranges from.ten
 ‘per oenc to eighty per centb.
The frosts whi@h have oecurred in winter have not
'kllled eanaigre leaveso However, eold weaﬁher eauses @lder}
1eaves to acquire a reddish tinggg These lgaveéfdié dowm

" long before the end of the growing season.

»Soil*éqnditions Balatinglgg therggperimeﬁt¢ I

This expefiment was conducted on the Yuma mesa in
'sunerstition fine sand previously cr@nped to alfalfao' No
‘analySLS of the soil was made. The soil of these plots
» Was rather unlform.as Rober@s reportso -

”Pl@t B == This plot appears to be quite unlform |

as the soil texbure of the layers is concerned,
" The crops preduced should also be fairly unzform9



”although the layer below the lime - region has some
gravel, but not a sufficient amount of it t@
lower 6xrop yi@ldso” (10)

Bource of Planﬁzmaterial

Seed collected from Staﬁe Goll&geg New Mex1©@9 wa.s usedi
to establxsh the eanaigre plants Which were used lﬁ thls
experimenﬁo The planting was made on October 15@22 19479
~at the rate of two and threemquawter pounds of seed per o
‘a@reo Seed was drilled on raised beds approximatgly 12
inches wide. The rows were 30 inéh@s'aparto A Planet Jr.
hand planter was used to plant the seed approx1mately cne,
.ln@h deep. éeedlings Were 1ef§ unthinn@do . | |

The plants W@re fertllized uniformly With nitrogen and
Were irrigated as needed durlng the first season of growth
(Oetober to June) ' The exp@rimental work was begun With the
second season of growtho , L

Thls @Xper;ment eonsisted of- twa serles of fertilxzer

ﬁreatment39 @ne series lﬁ the fall of 1948 using fertillzer\

A (1oazoa0) and another durlng the growing seasgn of 1949 PO

. uszng fertilizer B (ammonium sulfate)o _ ‘
“The fall treatment Was intended t0 lnitiate varylng “f”
‘degrees of stimnla%ed vegetatlve growth, The growing season
treatment was- intend@d t0 prev1de a Gontinuation of vary&ng .
degre@s @f stimulated growtho} = | .. '
| Ea@h plot consisted of 6 roWs each 25 feet l@ngo Treate,

ments oeeurred in all possible eomblnations and Were

_ replieated 6 times,



Praceaure o

‘ Fall treatments ware made by sxde dr6551ng with a. nixed
110m20=0 formulael They were apolied to deszgnated plots Wlthi'
a fertlllzer machine attached to the tra@toro Fou$ treata
'm{ments W@revmade& (1) 400 pounds 10-20-0 per a@¥egj(2jj260'
pounds 10-20-0 per acre, (3) 50 pounds 10-20-0 per~a¢re‘
vﬂaﬁd (4) none, Thesa treatments were made Wevember 5 19480

b'*_Thefsaﬁe proeedure was. followad for growing season
treétments}és above9 using fertilizer B (ammonium sulfa?@)
to]give‘thrée levels of nitrogen applieati@né' (a) 80 pbunds
-of nitrogen per acre in four side dressings, (b) 40 pounds
of nitrogeﬂ per acre in twa side dressings, and () none.
These treatments were mad@ during the interval b@tween '
_E@@ember 15, 1948 and Maroh 30, 19&9
Fall and éIOWlng season treatmenﬁs made a 4 x 3 or 12
‘ureatments in all eombinatlonso' Treatmenﬁs were repli@aued .
51x tim@se o H ‘A ‘ -
Samnling | 7
- Twe' onealinear foot str;ps of plants were dug frem .

ea@h plot at random0 The 1948 and 1949 rao%s were Weigh@d
!'separatelyo This made two variates in ea@h plotb.
: Three samplings were made during the gr@W1ng séasan

- ab £Wo m@nth intervalso These dates were March 25, May 26
~ ana Tuly 50, 1949, | y
o @n the first date of sampllng the t@ps that came from :



~the r@ét Saﬁplés were WeighedQ‘ These tops repWesented the

growth that oeeurred from Gctober to Mareho

Ghemical Analysis A | A
A' &-gThe uastern Regianal Researeh Laboratory made tannin‘”
and nnrlty determinations cf the last sampllng {7)

| Rgots were eomblned by treatments in all repllcations;
3mak1ng twelve determlnatlcns in all, Analyses by plots a
could not be made because su@h work Woula be too tedious
.and zherefore expens:_veo Neﬂe of the f@rtlllzer ’uz@eat‘==
'ments affeeted the tannin per@entages or purltyo gTabl@
o 1) | | | ’ |
| Statlstieal Analvsxs

Yield da‘bas as tons of- fresh reots per aere, for sach
:-of the three samplings Wefe ‘subjected to the,varianc@
ﬁethod 6f analysiso' The same method was useé'%é7éompaTe
'inerease and deerease from.ene sampllng s the next

" (Tables l - 5)

¥ F, Py Luvisl, M. L. Happlch end E. Eo Leach dld the -
analytieal Worko : :



PRESENTATION OF RESULTS

The aﬁerége*produ@tion,cf roots on the date of the
first‘séméling,(March 24)»Was 10,33 tons per.aefs; on
July ao;itne date of the last éampling;'ﬁhe yield had
increase& to 15 50 tons per aereo Yields shcwn zn the
Gables are averages of. the sxx replleﬂtions in al? |

poss1ble trcaﬁment combznat;enﬁg



TABLE NG, 1 = Tannzn and Purity Analys; of canaigre
' R@ots hs. Affeeted By Ferﬁlliz@rso
© Dete of Sempling July 50, 1949

L Hertg, A. 0 - . Fert, B. B

Tbs, of ‘ © . 1bs, of availabla .

10-20-0 ) : - ‘nitrogen per acrs 3 o

per acre . - 8O - .. 40 . None - Av,
ce Tan, Pur. Tan, Pur., Tan, Purs Tan, Pur.- .

400 26,16 54,56 25,96 50,84 27,74 55,04 26,62 55,41

200" - 25,57 54,85 25g18'55°12 24§94‘51¢29525¢;6:556755;_35 

.50 24;98”'54;52 35058,@1985:25652’51054»24655-52455~;

| Nome 24,45 49,24 24,68 49,44 85,69 52,56 24,94 50,35 &

Ave 25.24 5B.B4 24,85 51,79 25,92 52,51 25,54 52,50
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' TABLE NOc 2 - T@ns of Fresh Canaigre Roets Per A@re:l
Far Fertlllzer T&eatmenﬁs

Eate Qf Sampllng Mar 24 19ﬂ9

Torte b T I,
1ibs: of o - 1lbs. of available
10-20=0 -7 . nitrogen per agre .
per_acre .80 40~ None A¥F,
400 1948 7,99 7,08 6,89 7,32
. 1949 5,99 6,54 . 5,45 5,99
. Totel 13,08 15,68 - 12.54 13,51
200~ 1948 8,72 6,17 | 4,54 5,81
T 1949 4,36 4,90 4,18 4,48
Total TI,08 11,07 B.72 10,89
B0 - 1948 L Bs17 6,72 6,17 6,35
1949 382 2,75 3,87 3487
. Total 9.99 9,45 9,44 9,62
Nome 1948 . 6,17  Bo.45 4,72 5,45

1949 . _BeB4 . B,27 2,18 2,66

‘Total - ¢ TB.7L B.78 . 6.90 8.1l

AV, 1948 6,76 6,357 ° 5,58 6,23
Ay, 1949 . 418 4.%6 0 B77 4,10

'Gra AV, L 10 94 10 719,35 10Q55

Differenee requir@d f@r SLgnzfi@anee at 5% level°‘u."

Fertillzer A 2.8L tons |
Fertilizer B 1,29 tons -
~ Roots - 072 tons .
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TABLE NG 3. - Tons of Fresh Ganalgre Roots Per A@re
| '. fov Fertilizef Treatmenus

Date of Sampling may 25, 1949 o

Ferts A, - i ‘,' ',Fert;'Bb o
lbs, of . 7. . “lbs, of available
10=20-0 . " nitrogen per aers = .
Per agore . . B0 40 - ‘None Av,
400 1948 - 12,90 9,58 10,95 11,14
1949 10,85 10,04 10,76 10,55
Tobal 25,75 19,68  2L.7L 21,69
2000 - 1948 10,13 8486 - 8,72 . 0,03
s 1949 8.88 . 9,17 . Bl 8,39 oo
o Tokal ¢ 18,810 17.45 16,08 L 17,42
B0 1948 8,67 7,09 7,68 - 7.8L
S 1949 7,99 8,63 . 5.87 663 .

Tobal 16,66 15,72 12,95  14.44

{ Wome 1948  7.27 6,00 7,09  6.82
1949 . 5,54 5.45 - 4,08 5,08 .

_ Total = 12,81 II,54 1L,17  IL.84

- Av,1948 9,74 _7;75-,' 861 8.70
Av, 1949 8.27 7.82 6,85 7.64

- OTe A 18,01 1505?’v 1546 16.54 -

gDifferen@e requlred for’ sxgniflcanee at 5% level

Fertxllzar A "Be 72 tons
Fertilizer B 2,10 f%ons
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‘PABLE WO, 4 - Tons of Fresh Canaigre Roots Per Acre =

Date of Sampiing July 30;,l949

for Fertilizer Treatments

B

Fert, A,

~Xbs, of

Fors.

400

g;Differenee required ?or signlfieanee at 5% level

Fertilizer A

Roots

3,34 Htons -
0,99 tons .

ibsa‘of availabls |
- .10=20-0 . nitrogen psr acrs .
per_acre 80 40 None AVo
© 1948 12,44 9,88 10:42 10,91
1949 . 7,50 9,81 9,25 8,65
Total  19.94 19,00 19,67 19,56
200 1948 10,91  8.68  T.5L 9,01
1949 7.77 __ 6.78 6,83 7,13
Total 18,66 15,40 14,84 16,14
50 1948 7,41 6,65 . 7.55 . 7,20
e 1949 7,05 6,02 5,39 6,15
Total — T4.46 12,67 12,94 13,35
- None - 1948 7,99 7:00 | 6,48 7014
a 1949 5,93 5,52 5,97 5,81 .
- Tobal  T5,92  12.52 12,59 12,95
47,1948 9,69 8,04 7097  Bi57T
AV.1949 7,06 6.88 . 6,86 - 6.93
Gro Ave  T6.75 14,92 -”1é575 15050V
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‘TABLE NG, 5 - Inerease and Deerease gn Tons of Fresh
Gaaaigre R@ots for Treatments Durlng

May:25m3uly BQvInterval

e ?ar%b Ao N 4 '  Fert, B, -

ibs, of lbs, of available

- 10-30=0 ' o : nitregen per acre
PEY 8.0re - 80 : 40 ) None. - Ave
400 . 1948 = 46 . B0 = .53 = .83

1949 . <=B.85 = ,83  =1l.61 -1,90

Total - =3.81 = B3 1 T =2.0& =2,13

: 2@@ o 194:8 o e'7‘8 L 0567 =1o22 = 995
1949 = .91 2,39 = .49 <1, 26
Total - ol =2,08 =l ¥l =i, 29

BO 1948 =1.26 = 44 = 14 o .61

- 1949 = 494 = ,60 o 12 = o4 )

Total/ L =2,20 ﬁlg@%‘ = 4028 =k @8

Nome 1046 ?Ti' 1B .92 = .67 .35
| 1949 . .38 . .07 1,98 “,99
Total o Xedd 99 126 Lol2

- AV°l948 i' R 005 | 028 - °‘> 064: = el'g:
AVO194:9 e “’1021. —. d'gé . 00:1. e o?l

Gr.Total -1.,86 = .66. - 63 - ~ 85
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TABLE NO° 6 - Inorease in Tons of ﬁresh Canaigre Rocts

' for Tre atmen ts during March 24=May 25

Interval
CFerts k. T ReTh B
“1lbs, of ‘ R lbs° of available
10-20=0 : ‘ , nitrogen per acre -
- per acre s : 80 40 . None - Av,
400- 1948 . 4.91  2.50 4,05  5.82
S 1949 - 4,86 3,50 5,81 . 4,508
TQ{Gal i ‘ 9077 . 600@ 5 9056 . 80 58

200 . 1948 . 3.4l 2,09 4,18 . 3,25
S Tea9 L 4032 4,37 5,13 3,91

Total = 7,75 6.56  7.3L T 14

50 . 1948 . 2,50 .37 1,50 1,46
| 1949 4,18 3,90 2.00 3,36

Total - 6,68 &.27  5:50  4.82

CNome 1948 - 1,09 .64 2,36 1,36
SS 1949 3,00 2,18 . 1,86 2,85
Tobal . 4,09 2,88 £.28  Bo71

Ay, 1948 2,98 1,40 3,03 2,47
AV.1949 - 4,09 3,46 3,08 B.54

Gquotal , 7QO? 4086 6¢ll 6,01

- Diff@rence requared far s1gn1fzeance at 5% level

Pertilizer A 5 80 t@ns
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‘TABLE Naq}v »,Average.Yield of Tops'?éf.ﬁ@re -
| Dete 'Of Sempling March 24, 1949

CTeTh A T Fert. B
lbs. of - lbs, of available
10-20=0 ‘ .- nitrogen per acre

per_acre : A 80 40 None AV,
Je00 11,98 10,85 8,17 10,16
200 7,26 6,55 3,36 5,81
50 617 4,18 365 4.66
Wome . Y'A | 4¢?éi"3:5¢é;j_j1@82 . 5,45
Average 7,53 6,28 4,31 6;031

Difference required for significance at 5% level:

Fertilizer A 1,20 tons-
Fertilizer B 1,04 %ons-



" DISCUSSION

Bffect of Fell Trea‘dmient

Greater ylelds of roots wWere assoclateq with plants
Whl@h received greater amcunts of Fertilizer A (1®=20=0) ;'

on all semplings, Plants waich received the ferivilizer’

B a% the‘rate of 400 pouﬁds'per aéfe ih N@vemberwprsam@ed

N nearly- thGe as many roots as those whgeh re@elved n@n@o
"Produ@ticn of roots. was found to bs n@arly preportiaaal
to the amounts of'fertlllzer applledé ,Thigrsuggests tha t
,ﬁgreater amounts of fertilizer Will'a@count Tor a corres-
. ponding inerease in root production (Ses Tables‘zé 5‘and

4:)'0 ‘

Seasonal Trend

Vﬁll éamplingsvshowed thatiﬁrdaneticﬁiof f@éﬁé Wéé'a' ”
11ttle hxgher from.plants which reeelved nitr@gen at the
rate @f 80 pounds per aere in four sxde dressxngse' Th@
’:differen@es were. signifleant at the five per @ent level ?
of sxgnifican@e on: the firs& two samplingso They were not
on the»lasto Root proﬁu@tion Gf plants whioh received

nltr@g@n at . the rate of 40 pounds p@r acre in tW@ side

- dressings Was nearly the same as plants Which rec@ived ne

'fertms.zer (Ta’bles 2, 3 and 4). Evidently application of
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’nltrmgen dges net materially in@rease yleld of racts under
,Lhe oendxtlons of thls experimentg = |
The 1948 roots a@counted fer the greater total Weight

. on all sampl:gngs (Tables 5 anc’i 6) Hovvever- *bhe dl.f’ferr—

T‘enee is not signifleant on the sampling of Mav 25Q Tha

1949 roots showed losses in Weighm &ur&ng the MayaJuly
' interval (See Tabl@ 6) There is no known reasan ﬁor this
'»1oss~of We;ghtd- It may ‘have been due to @X@erlmental

érr©r7or more«llkely to,iner@ased rgspzratiom atb h;gher"

Ty temneratuﬁeso

» Tops showed the same respe@tive growth=response Qo -
'the amounys of fertlllzer applied as did the roets Tor th@A
first sampling (Tabl@ 7)" However9 nops showed great@z
- sensiﬁlvxty 0 the spring appll@atlcﬁ of nitr@gane This

‘implles that although appli@ati@n of misr@gen at these

'~widates durlng the growxng season stlmulates top grQWth

thmfe is no eorrespanding anrease in roat prcduction by
jMarch 850 Indleations are thaﬁ further experlmanﬁati@n
’1is needed}r@garaing dates of applieatLong espe@ially &ur=l3'
h'ing th@ growing. seasono" . | B

Rcét‘PrOQuction-ég Affected By
-~ Fertilizer Treabtments -

'Dﬁring'tﬁéfMarcﬁ524 throughvNéyfasﬂinterval thefe WaS“
' an ;ncrease in the yield of ﬁ@ots far all fall treatmentsj

‘(Table<6)o Greater yields of fresh roots were. assoezated‘



i8

With tﬁe greater‘application of 10'20'Od The nitregen

. side dressxngs appli@d durlng uhe growxng season aecount@é

ifor little differanee in yield ef fresh r@otso
‘  Th@ 1949 r@@ts showed greater increase in yield
'lthan th@ 1948 roots durlng the growing seasoné '
Th@ Mey 25 threugh July 50 1nterval showed sllght
losses in average yield of r@ots (Table 5) and graatar

'lObses Were assoolated Wlth greater applicati@n levels

A‘ of 10- 20 =0, Sid@ dressxngs of nitr@gen during the growq'l-j o

ing seascn had very little effe@t on these lesseg in

"W@ight @f r©otso
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SUMMARY . -

'The average ylelds of fresh roots on’ Mar@h 24, May

25, and-July 30 were 10055 16, 54 and 15 .50 tons paﬁ

acre9 respeetzvelyo | ‘ _
The higher yields of r@ots Were assoelat@d,W1th grea@er f
appllcatlon of 10~ BOaO abplied au the beginnlng of the
second season”s growth

Tour hundred pounds 1@=20=O nearly doubled the yield
on the March 24 and - May 25 sampllngg and only inereased'

the yield by a thxrd on the July 30 sampllnn as com~ ‘_ '

pared with the no fertzllzer treatment .

Exgh%y pounds of avallable nitﬁagen apleed in feur

stde &Fe$81ngs yleld@d S&gnlfl@dﬁﬁly Mor e’ f@ots at th@f;gﬁf

5 per @ent level of Signlfleance than the 40 pound

‘ applleation in two stde dressxngs or the ones. racelva .
\ ing no side dressxngso There wa.s no differense in
q-yield betweea ﬁhe two szde dressings and the no side

fdressing tfeatm@&tsq‘

The prlmafy Toot tubers (1948 raotp) a@eounteﬂ for the

‘ greater pr@norvien of the tapal welght of roots than

the seconéary tubers {(Lo48) r@cts in all sampllngso
Both years° roots increased in Welght dur%ng Narch

uhfbngh Nay lnterval and tne 1949 roots gave uhe

?ﬁ@
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gr@éter;inereasesg espegially frgmhplants‘Whieh recéived ’
the greater amounts of fertilizer. . |

The losses in weight of fregh’roéts from plants which

‘received fertilizer quring May through July interval wers

greater for th@f1949'rooﬁso~'Greatér losses were 8850
clated with the greater applications of fertilizers

None of the fertilizer treatments*affeeted the tannin pers

. centages or purity.
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