CITRUS ROOTSTOCK IDENTIFICATION BY TISSUE
COLORING TESTS
by

Nazir Ahmad Makhdum

A Thesis

submitted to the faculty of the

Department of Horticulture

in partial fulfillment of

the requirements for the degree of

Master of Science

in the Graduate College

University of Arizona

19U 8

Approved
Director of Thesis P

Date






. .
PN
7 )}3 ‘_2;7’ &
N7 A
e - S

. ACKNOWLEDGMENT - *

Appreclatlon is: exiended t@ th@ Department Qf
14 :Hor$1culture Qi the Un:vers1ty of &rlzona for galdanc@ i*,;
’{duylng the perlod of studys for use of equlpment and
-/'labor&torv fa01lltaesg and for the encouragement th&@ H
 1ﬁ: ade thls studv p0851bleo Espec1al credlt 15 glven .
vf'flito Dro Leon‘mo Pultz and Dro Leland Burkhart under e .
'T%xwhosa superv181on the study was conduct@d» parﬁlculafly
‘ﬁ‘for thelf part in plannlng the exper1men$ and rev1ew1ﬂg :

"ﬁ?th@ manmserlpto .




TABLE OF CONTENTS

IBXTRODUGTION oooooooo‘ooooéoo:pboooooooooooaoc”.o‘oooo

REVIEW OF LITERATURE: .. oosooqo000sactasoesosaaas

RMTERIAL Al‘}D :METHODg 000000‘0000000005'bGOGo'ooooooo

E:«E }L‘T% AND DISOUSSION ocoooooodoodocooooocooocoo

i -
‘T?,J: @L’ iéﬂrSULTﬁ oooooooccoocooooocooocoooooooo

L«LJ’-AﬁJIi."&nLURL D;E.Ffﬁ ODO"O0DOOODOOOOOOO’OOOQQOOQOOOOOQO ’

APPENDICES:
A Reagents“ Pr P“%tien Methods~ooaqgoaooooa

. Ho Idunﬁlflcuulaﬁ of Rootstocks for Oranges
by Methods @Lhur than Ghemlcal Tests cooo

33d

Pag@

ll‘ -A‘

16
28

2l

o5



| LIST OF TABLES

Nmmber

1. '1Golor d@velopmentg w1th Almen r@agent a8
» repoeried by varlaus workerscoooooooooonooooooDooo

2. Coloxr dev@lopments wlth Amm@nlum moxybdat@ _
‘ © reagent as reporbed by veridus wmrkerSGOQOOBOOOQO

BQ_w Color developments of Tltanous‘@hlorld@ reagent -

~as,repom®ed;by’vavicas‘mork@rﬁqowbobqo?qoodoooqoooi

Jko Color developments: of Ferrxc chloride reagent
- -as r@ported by varlous m@rke?sooaooooooouoqoooooo

5. ‘ @@1@? reactlons of Stralght bdrk (st b } and @f
o 'straight leaf (st.l.) samples with the
Almen r@agent (6) OOODOOOOOOOOOOODOOOOvDOOOODOODO

6. C@lor reactions @f dlfferent rootstocks with
Almen reagent according to Ridgway Standards (T)ooo

i?o],‘\GQlQE rea@tlons of the eitrus rootstocks tlssmes f"':” .
o C 22

with smmonimum molybdate Peagent cooecscccsccscccas

8. . Color reactions of the citrus rootstocks tissues

‘Page

TS

.13

15

18

21

by (a) hltanou& chloride and (b} ferric chlorwd@OOOQ 23'

iv



'“7tﬁUnt11 nowg

IN‘?RQDUGTIOI\I 3

Gommer01al @1trus propagatlon is practlced in the Unlted States :
3'r by buddlng the seion on a compatlble rootstocko Most comm@nly

'g‘used rootstocks at ‘the present tlme are as fellowso““

'f'l Sour orang@ (Gitrus aurantlum) Llnno4j'fi'-"
S@ur orange 1s a. hardy’deeparooted stockg c@n51dered re51stantf,‘ 2
;,fso var;cuﬁ fungus dlseases espec1a11y to brownrot gumm051s (2)l

1t;was con51dered a compatlble @ootstock for oranges and-

“*T'gragefrulto. In recent yearsg h@weverg‘Washlngton navel and Valen01a.'

“j;oranges on;‘ts top have shown in certain ar@as a v1rug dlsease called

e ﬂoulck‘decllne" whlch has caused a rapld dncllne or sudden death of

'-;1 §the affeceed treeso SQ far 1y has affected only smeet orange on . K

v&ouroorange root (2) 5 ¥

< vi 2 Rough lemon (Gltrus llmon) (Llnno) Burmann

Rougn lemon rootsbock produces larga v1gorous treeso It is o

:7>, sulﬁed to llghter scllsg belng msed in 50113 where organlc matte? is

';‘low and u@pography rollingo The fru1t9 howevepg 13 10%'1n both
/lsugar and acld and often has a c@a?se texﬁure and rather a thlck rlnd (2)
*f'It also tends to favor development of gr xalatlon 1n “the frdltg more _

T"'.,_esg,»ec;n_aall;y 1n Valenclas (2) Botb the t?ee and the’ frult on this stock

1, Figures in parventheses refer to Literature Cited:
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: are.mbre suscéptibl@ t0 cold, salt~and_ér¢uth”injuryo

3. Sweet orange (Citrus sinemsis) (Linn.) Osbeck

Sweet_orahge.is adaptéd'ﬁcia widefrangé of soi;sé‘but does bééb
~on soils bhat‘are iight‘té médiam loamwin téxture and is smitabie.for_
j-501l rlch in organlc matter and of level top@graphy In-heamy'sgils
thla rootstock 1s susceptlble to b?omnrot gumm@31s (2)o It 159 however9
‘ moat w1d@ly used stock for all commercxal varletles of citrus and is -

Darblcularly sulted to lemonsc

‘ho Grapefrult (Gltfus paradlsl) Macfo

» This has been used as -4 roopstcck usu@lly'f@r lemons, and
) oécas1onally for oxangesg “but ﬁrees budded on 1t have pr@ved less pro=
dueblve than on sweet or sour orange stocks (2) G@nsquently it 15.
1n£r8351ncly gebulng 1nto dlsfavoz among citrus grOW®rso

Th@ 1mpor%aﬁ@e of 1dent1fleat1@n of unknown;roc@stocks in gld

*@1trus gr@vms cannot ‘be OW@F@ﬁPh&Sl%@do' In the flrS& plac@ thls would
offer us ‘an @xc@llenz opportunlty +o study the 1nterrelatlon.b@tween
 'SEOGk and sclong'were 1@ 90581ble to @volve a definite “knowhgwﬂ for

_Lhe 1d@nt1f1@atlon @f thes& gto@Kso Se@ondlyg 1@ would help growers to
\ fortlfy themselves agalnst e@onomlc loss by @btglnlng trees on disease=
'Hir851stant rootstocks for replaclng the Qnes that may die of Tgquick decline’s .
Thirdlyg it wculd;afferd'ﬁhe clprms grqmeES'm@re reliab$e b&ﬁls for -
staftigg“heﬁiéréves wi&hfplahté,réiéed oﬁerO@s most compabible with -

. particular soil and climatic conditions.



RDVIETH OF LI'I‘ERATURE. Sl

H@ndrlckson (M) publlshed 2 method Whl h‘ls baged on the fact

.that all @1trus roots contaln gluCOSldeS and,that these glu0051des

é’ﬁ.i‘contaln phenelso_ He treated aquous emﬁracts of these roots w1th '

ferrlc chlorlde and observed dlfferent shades of color w1th sour orangeg: , ;1;vﬁ

- grapefrult and rough lemono Sweet orange gave 1ncon31stan$ resultse~ o

}ﬁ_IhlS worker oon31ders hls method ”rellable only'for rough lemon"'

Halma and Hans (u) report a serles of tests whlch were conducted R

gfon powdered bark water=exmrdcts of these stockso Brlefly stateds the1r

Tvﬁdjvmethodewere as. follawsq

Cas Almen testo ‘ ’ ' ) CEL a

| Add 2 drops of KOH to 10 cco of the wa&er extract of the bark y
‘!.'épe61men under @tudyg followed by 8 drops @f satura@ea copper sulfate
solutlono] Shake wello Then add 8 drops of Almen reagentz B01l |
the resultlng heamy creamy yellow prec pltate for about two mlnutesa.'
:¢ih1s moula res&lt in the follow1ng color developmentsqki‘:' |
| o i. Sour orange’ eeseconoao brownl "f; -

2,

Rough'lemon ,oaoooqoooo colorless

: g 11ght plnk;3fi»7""

: Ls Sweet orange O o O QO UT Qe O plnl’

.»2 Meth@d of preparatlon of thls as well as all other reagents ‘are
' aetalled on page 2& G _




"The sweet orange sclutions shgw’avnarfOW'range of pink while the
~ sour orange and grapefruit solutions fluctuate in some cases over a
: @0mpara$ively wide range within their color group."

[+ Ammonlum molvbdate tesbq

Ten drops of this reagent added to 5 ¢c. of the llqnld extract
and boiled will give the follQW1ng colgratlono‘ .

.;QgSour orange doaeooqnoovVarylng-shades of green

20 Réugh lemon go;ooooooo Deep blué cdlor‘

3 Grapefruit wooooooasas Ligbt blge or bluish gray

‘&;vSmeet,orange'QOOJQOQOO;Varying Shadéé‘éf gfeen'color

Co Tltanous chlorld@ teshs

Tmc drops @f thls reagent {20 % solmtloﬁ) added Lob 5rcc° of - the
extract w111 ylela tbe follomlng coloratlono

 10 Sour orang@ coesosoono Greenish color

26 Rough 1emon sooossocoo Very 11ght pink

éé Grap@frult 9ocoscccnoc Harm gray

Ao Sweet orange seacooooo Greenlsh color

‘fdo‘Ferrlc ehlorlde test°-rbl
" Two dropg of’a_saturated soiuﬁién‘of’thiS'reggent add¢d to
5 cc, éf thékbérkleﬁtﬁaét will develop coloration as follows:
| 1. Sour Orange ceccecccosso Dark clearfbfowﬁ o
fJEO‘Rcﬁghxlemon ;asooaoooo~ﬂléar~$£féw‘color
jo Grapefrult s0000000000 t W".’ # '_ n

ho Sweet orange oodsossso BrOWnlSh turbld



_ With:regard %o theilast‘threé ﬁestg’the authors remark that
: “these methods w1ll be found helpfuls alﬁhough Dhey are not as—rellable ”
a8 the Almen reagent methodﬂlﬁl 75 >

<L Gg Masters (5) reporus on"A~Rev1@W of Laboratory TestS»for the

t-i»Datermlnatlon Of Cltrus Rsotstocksﬂg and has further developed the methods R

V‘“%'l»trled by Halma and Haaso He has endeavered‘to be more pr601se 1n proceduresgfjif;

w“‘observatlons and c@nclu310nsof The detalls wowked out by hlm are as
'?Lfoll@ws and hls color comparlson§ were made w1th.R1dgway standards (7)
Almen test°' , '  | ‘.vv ‘ | | L ‘

R To 10 cc. of the bar& extract add 2 drops of KOH solutlon followed7 f
; by 8 drops of a saturated solutlon of copper sulfateo Shake thoroughly ’
-and then add 8 drops of the &lmen reagento BQll the solutlon for lO or

'15 mlnuteso Eh@ resulthg color is noted 2 to 3 hoars later When it hasid
7Avdeveloped max1mum 1nten81ty and the preclpltate which had formed durlng
the reacmon h&s settled to “the boi.‘t,om of the best tabes

"_l Qbservatlons lfv'

L L@ Sour orange boeans e Glnnamon colcratlon

" 8 R@ugh 1emon oaooooooo;fPale vinaceous ccloratlon R

:ff39 Grapefrult oaoooooOooo“Vlnaceous lllac oolorablon
”~.'&g Sweet orange edooenaan nght rosolane purple :

Ammonlum,molvbdate testo f":"

To 3 to & drops @f ammonlum molybdate reagent add 5 cco” of the bark
) extrac% and b01l the. solutlon for 20 to 3@ secondso ‘Withln 3.0 5
‘-mlnutes the reaetlon glves 1ts mgst typlcal cclcro The=tésts afe then-

- set a51de for. Qh hours tc allow the solutlons to clearg thus maklng it

- Hff pas51ble @o study the results and maﬁch the colorso ;'

[ERPN



Observgtlons'

‘7i; Scmr orange aooooaoooo‘nghﬁ sulfate green to c@ndfe g?een
2. Rough Lemon cocowsseoe Methyl blue o
3. Sweet orange ooooodooo-nghﬁ sulf&te,green
ruo Swéet oﬁange o;;oo;ooo‘cendre green 

' @o‘Tlt&ﬁGQS chloride testo .

Two drops of tltanous chlorlde solutlon are added tQ 5 cco‘of
the bark extract and then shakeno Thevrea@tlpn is c@mpleted within an
hour o

@bsefvatlen@

1o Sour eramg@ coso0s0san OlLV@ green
20 Rough Lemon coovoccoen nght bromn plnk tint
3o GrapefrultAooooooopocp Tellow to light brqwn,
-ho Sﬁéet orange ;;bcoogo; Vivid green

e do Ferrlc @hloride test@*‘

Add 2 drops of the f@rrzc chlorlde solutlon to 5 ceto of the bark

| éx&racto Shak@ at once and dbserve durlng the flrst 15 minutes. The

1mmed1ate result is 1nd1@at1ve of ivs degree of turbldluy and colorg‘
wibh. the react1on reachlng its peak at the end of this 1ntervalo

Observatlons

© Yo Bour Orange soaoaaoaoo Brom %o dark*brdwng‘but vefy“clear
20 Rough 1emon oooooccoos Fale to straW'yellowg cloudy
3o Gfapefwult 60060000000 Gream to buff vellaw9 cloady

b Sweet OTENEE osoocvoso Browns turbld

Varletles of rootstqeks.under study;by @ o Lo Go Masters wexe ‘



- the f@il@miﬁgg“

~ Sour corange -Standard ‘Africang Bra2111an9 Paraguays Seville
: : . and . Blttexsweeu

_Roaéh’lemoh - Rough lemon9 Eureka lemon-and Lisbon
Gragefggi§-~ :’All avallable varletnes were used0 Regaféing‘
| * ] thls rootstocks the author of the artlole remarks
that “Grapefru;t was‘fgund §o ba 1ncon51stent in its
réa@ti@n” | | |

YSWEet.orang@ K@ethang wadam Vlnu59 Bessm;(9 Orov1lleg lndlan

”‘Qrchard &nd Homossasa S

The amthor of thls work conclvdes hlS flndlﬂg5 wlth remarks o

the foll@wzng efxectg, WTh@ @@lors used for the above charts (1 . with

l. regard o the Almen test and Ammonaum moLyoaate test) were selected

"vln mgst cases, f¢om averabe color rea@tlons of several varletles of

eachAspe01e5“3 and. seems DQ dr&m'&he pointed attention of hlS readers
by observing that “these (colors)t@an be considered only approx1mat@
l‘becaﬁs@ of the variationnin bark~samp1es'and the differences in the eye=

' sight of the individuals performing the test”.



MATERIALS AND METHODS.

B@th‘bérk and leaf tissues W@re $tudieda The bark used was of

1o kinds;'viéog a) bark from trees of the rcctsﬁock vafieties whi@h
for e@mvenlence meay- be termed as straight barkg and b) bark from a
budded_treeﬂqbtained frgm bel©W th@ bud=union., %he leaves under test ‘
were onlyjffbm the straight trees and not from ihe trees budded on
‘-éon Bafk:and 1eaf-sample$ as abéVe'described were teken from each of
~bhe fgmf'épecies under ﬁest‘and dried in aﬁ oven for at least 2@ hours
- ab &bout‘?@o Co This t@mpewaturé is @@ngid@red optimum by‘mosﬁ,

| m@rkers f@r drylng plant tlssueso GOvéf%heating may'coagulat@‘th@‘

pr@t@1n39 destr@y th@ enzymes and volatlllze certaln productSO If the

'iﬁ@mpeﬁabur@ b@ 1@wer than th@ &bove markg ‘the drylng proccdure may

be@ome oo prol@aged thus @ntalling loss of tlme and d@laying th@ pr@@esS"

mnn@@@wsarlljo> The dried m&terlal was run through a mechanlcal grlndez '
_'and‘pOWQered to a &Qamesh Sl@V@‘SlZ@o |
All uhe reagents were pr@pared on, th@ 11nes of the pr@v1ous WOPK@&SQ
: d@tails of thich are given on page 2l Appendlx.Ao |
,Samples under}stqdy were-tak@n as followss
1s Sour orange |
2. Bark étraigh@g Trees growing on the University,ﬂampus'
- ;50 Lea§es straightsfirees " LA " n
S Go B&fk below budaunlcn° Obtainedlfrém Tempé Citrus ?arm
>> lo S@ur orange with grapefruit t0peoeeosos Plot A/19
:’g:ZQ ﬁoar orange with Bureka lemon tOp ... Plot D/l

3o Bour.ovamge "0 " . " ¥ ..., Plot D/16



ho Sour orange w1th washlngton n&vel tgp 0600 Pl@t F/u
. 50 Sour orange w1th :f-_:* f“'wf- “"ooos Plot F/5
biQQBmghlmmn"

8o Baﬁk stralgh$° Erees gr0w1ng on the Unlver51ty Gampus

.' bo Le@ves stralgh%o‘,,ﬁﬁfu5@ffv.?:@)4?'$§" @_‘" ’”fih'

L cé Bark from beLQW'budéunlon W1th grapefrult t@po' ébﬁginédb |
‘ from ‘I'empe Cltms Farm9 Plot E/3 . - e
' 3e Gra&efml-@ v e
.. ao Bark ' stralght°‘ ﬁé?éﬁ'tféesfgf?@igéi@ﬂ‘t§é7ﬂni§éfsi@y‘gampugl'

e g g ey
‘ bo L@aves "’9 I St O L W

c® Bark frem belOW'budpunlon¢ 'th;aﬁailéble fﬁ9m7Tempeférmelsewheﬁe.

??h Sweet orange

8o Bark stralght° Dlller and Washlngton navel trees on the Unlver o
' slty campus - . i

‘ffféwc“*Bark from belOW'budeun1@n°‘ Obtalned from Temp@ Gltrus Farm

lo Sweet crange wlth Eureka lemon on topoooocaao,Elot‘D/lz Conoan

2s Sweet orange ﬂ“*’ S L A Plot, 9/13,)

"3 Sweet orange f& fi4“", R T O Plot D/l?

A sample gf 075 grams of the ground drled bark was WElgh@d placed
\;~‘in a be@ker and 20 CCo - cf dlstllled water added to it The susPen31on o
75  was allowed 0 stand for at least half an,hourg a)nd‘9 the contents were_

3 agitated @0@&510nally durlng the 1ntervalo Th@ suspen81©n was. flltereé -

o 1nto a fldSkg and the re31due washed w1th an addltional l@cco of dls, PR

'-'tllled watero. The water exmract SO obtalned was then treated mlth th@ -
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reagents on the same :'Lines as followed by vhe previocus morkers.
«‘ (For details please refer to (1,5). The color reactions of the _
_tissues ﬁ'ndez? study ar;e?".given ,ilfl~ﬁhe"bab1;¢$f Nos, 5 toB,) pages; 18 to

23).



 RESULTS AND DISCUSSTON

ﬁlmen re&gent° Color developments w1th thls reagent are given

in bables 5 and 6, pag@ 18 o 2lo The colors have b@@n described in
wtabl@ 5 1n terms of plates outlined in th@‘"Dictioﬁaﬁy of G@l@fsw oy o
‘>Ma@rz and Paul (6)9 and those in tabl@ 6 in t@rms of WG@lar Standards
and Nomenclatm£@W by Ridiay (7}a A r@ference to th@se books w;ll
_shOW'that the main g?oandséolor development in case of ea@h-af the
roobstock undef‘sﬁndy’is mer's of 1éds boﬁStant'thrdughddtg although,
VJ iih respect to range in shade w1th1n that colcrg they cgntlnue 7]
Vary Sllgh%ly from test to test. In>case of sour orange, for instance;
-th@ ma1n.ground=color 159 what in common parlane@ may be descrloed ag,
“brown“‘or‘“dark brownﬂ; for rough lemon it is ”brownlsh pink¥; for
bgfap@fruitgﬂsmoke transpéren@“ or.ﬂalmpst‘colcrléssmg gnd.for:sm@et
orangeg'wplnk or “deep p:i,nl./c?B A slight variation ih shade within the
hhillmlt of the maln cclor range notlceable in ea@h test is obv:ously
".due to certaln laboratory treatment differences bhat wer@ unavozdabl@o

In addlblon 0 worklng on bark testsg the wrlter of thls th951s

~ has 1ncluded the reaetlons of leaf tlssues 1n hls studleso. F@r 1@ has

_been observed freqnentlv that sackers usually‘develgp from the stock
‘b@low the bmd=mn10n9 and should ‘these su@ker leaves @ff@r some clu@ to
© the root that produced 'bhem9 an addltlonal facility will naturally
 become avazlabl@ to a’ student of Eoonsteck 1dent1f1@atlgno Mor@overg
vleaves‘provzd@ as @ompared tojbarkg “a relaﬁ;velyzunlform tissa@9 that

is eésily samp1ed9:drieq and grdﬁndgt Also removal pf‘a leaf sample



Y

L 13 mu@h l@sé damaglng to the tree than the bark sample“ (B}O

A series oF leaf samples tests run on llnes 51milar to those

' ‘of bark yielded color reactions usaally in agreement wzth th@ barkg
L except for the f@llow1ng dlfxerentlal pointso

ao‘beaf rea@tlons were asaally a shade d@epe? in coler than
those of the b&rko

b Leaf extract colcratlon faded away‘more rapidly than in
case of bark. Leafl reaction is, therefore, less stable.

' F§r.th@”sak@ Qf making éﬁrea&yvcomparié§nIbetﬁéen the fin@inés
of the prévioas workérs and the writér of this thesis, the following?
‘table show1ng th@ average reactlons as glven by th@ Almen;reag@nt 15
presented°* | |

Table ié Gol@r developments w1th.Almen reagenﬁ as reported by ‘
: " various workers

" The writer of

f&@otsﬁgck : Halma and‘Haasr Co L. Masters this thesis
1. Sour orange ) Brown = . Cinnamqnij. o ‘Brown
C 26 Rough lemoﬁ" Golorlegs[“'-Pal@ Viﬁaceous : Brownlsh plnk
3. Grapefruit  Light pink  Vinadeous lilac Smoke transpar@nt or
' L L colorless
k. Sweet orapnge  Fimk . . Light rosolane ‘Pink or deep plnk

purple ,

& stady of the ab@ve w1ll @how thaw r@gardlng sour orange r@a@tlonsp'
NNHalma and H&as and ‘the wrlter of ‘this the31s are in c@mpl@@@ agr@@m@ntg

: but Masters reporbs a dwfferen$ @olor reaQtlono As regards sweet @ramg@9

-‘ all three workcrs ar@ in elose awreementg although here Masters QS@S

a rather dlfi@rent phraseologyg buy 1n essence he arrives practlcally

o atg@he,samﬁﬁcon@lu81gno A@‘for rough l@mon.and grapeirultg they aLL
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seém to.be in marked disagr@ement on‘theif findiﬁgso The writer of
'this thesis Was aware of this fact from the very start ands in Qrd@r o
a@qulr@ confidence 1n his own flndlngsg he has d@vo@ed mich tims &nd
‘,att@ntion to th@ solutien of this dlscr@pancy wibth th@ results r@port@d
; by“th@ pr@V;@us workerso 'A@@QEdlnglyg the testvwas repeated'tlm@ and
bime again, withith@-matefaals and reageﬁts~ﬁenewed ofﬁ@n-mith a vi@w‘
. to mimimizing, as fer as pgssibl65 a&y ChanCei@f error or‘disér@pan@yoi
- In the ligh% of his’own findings the writer.is inclined to conclude-
- that the dlif@ren@es in the flndlngs under review ar@ possibly due te
varletybdlfferences of stocks used by @ach worker, comblned wzth varlaa

@1ons in soil, climate and @ultural fa@t@fso‘

. Ammonivm molybdate reagent: Finéings‘of'thé pr@vious worlcers as
well as those of ﬁhe writef of this thesis are pr@sentéd below in the
form of a chart f@r'g comparabive studyov (For detéils reference may
be made ﬁo,tablé ﬁog 7.on page 22)

Table 2. Color developments with Ammorium molybdate as reported by
~ various workers.

Writer of

Bagks 7 : o ‘ _ this
Rootstock , Halma and Hass - Co L. Masters - thesis
1. Sour Qrang@ Varying shades éf"' Liéht sulfate to - ‘G@ndf@ green to
o green - light cendregreen light cendre green
2. Rough lemon Deep blue : Hethyl blue ' Hethyl blue to
, e : - o o 4 greenish blue
3. Grapefruit - Light blue or Light sulfate =~ Light sulfate to
o bluish gray . green . . sulfate green
o Bweet orenge  Varying shades of  Cendre green . Cendre green
: green .

Leaveso

‘ iable no. 7, page 22 showa vLaa th@ golor reactnons of l@&f tiﬁsuég



1
- againsb thig r@agent:are usua;Ly‘the same; bt the c@lareshad@ is a
bit more intensified. |

‘;'Seion'eff@ctnén rootSt@cks B

Table no. T, page 22, alsg shows that wzth‘ammonlum molybdat@ reagen*
:celor reactlons on‘the bark tlssue have gen@rally‘remazned constant
| irresp@ctlve @f the source of. the tissue, 10@09 wh@th@r it was obtained
'“Lrom a stralgh% stock or from & budded‘stocko There is, of course, one
éX@@ptién o @his; 'Ihét is; SQdéﬂorange with Wéshingtén ﬁavel‘tbp :
 yielded sulfate greenlcoierﬂihétead of‘é‘céndre.green color, were there
, né ﬁép onvthisi$tcéko“i: | | . |

Tltanous chlorld@ and
Ferric chlorld@ reagents°-'

’ Both of ‘the above reagents haveg oddly enoaghgfallea t@ give any

conclusive reactlonsy as‘wpuld‘appear from the following . tables

- Teble 3o Gol@r developments of Titanoas chlorld@ as reportud by
L varlous work@rsa ‘ o .

The writer of

4Réotstqg£ J Halms, & Haas_f Co Lo Nasters ' this thesis
1. Sour brang@ : Greenish color  Olive greeng clear OllVe gzeeng @&@udy
o . " . or cloudy ;
2. Rough lemon Vo light pink =~ Light brown, pink == @ w o
3. Urepefruit  Warm gray . Yellow to light  Light oliwe, @
. ‘ ‘ brown '
ho Sweet O?anﬁ@' : Greenish’color Vivid green Qlive green, "

No definite plnk oy brown @f any . shade ever developed w1th the

“tests conducted by~th@ wr;ter of this thes&so Different shades of olive
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green did appéargf ‘bmtjnre'rél vsiriabl@‘ in ‘intensity and char‘acterz and,

as such, glmost valueless.

Table L&o Golor d@velopments of Ferrlc chloride reagent as re=
port.ed. by vamoas W@ri{@r%

— R , Thewriterof
Roobstock Ha,lma & Haas . A Go Lo Masters  _this thesis _

1. Sour ‘orange. ‘Dark’ cleajf o "BZ?@NK% %0 dark brown Daﬁ” brmmg 'tLZ‘bld :
: L ~ o vbrown: . bub very clear. | ‘ , -
2, Rough lemon Gle‘ar ':.S‘b;z';?amﬁ".l”f" ‘ Pale to straw yele & #- " S
i S , yellow =~ - low,; cloudy S A -
3. Cwapefruit moowocow Clezr to buff.yel- ~ ». " ”

‘ G . low; cloudy ' {(but light shade)
Lo Sumet orange Brownish,turbid Brown, turbid ~ Dark browm, turbid

This reagent as well d1d not prove %0 be of much practical nse
as the @olor rea@tlons showed varj a,tlons esrery time the tesm was re-

’pea’bed a.nd 1nd1@a.’bed no ma.dazeci'9 f’m{@é{ fea@urm Qf &n;;r 1mportam@o :
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. SUMMARY OF RESULIS

1. Tissue coloring teéts wibh chémical Feagenﬁs for th@ pufpose
of 1dent1f1ca$10n Were conducted on the four @@mmerclally lmportant
Arizona Gltrms rootstock59 v1z°9 Scur oranges Rough lemong Swe@t orange
- and Grapefrulto,g

2, Gh@mical-reééénts ﬁried W@?é.féufg-Vizog Almen reagent, Ammonium
m@lybdate9 Tl@anous chlorlde ana Ferric @hlorldeo For the color tests;
the flrgt twc reagents have provea very @fflcaslous and the last @ww
of a doubtful u@lll%Jb at 1east mnder Arlzona conditions.

3o Almen reagem@ yleldS;a»bromn,color with sour oranges piﬁkg with
sweet orang@§ pimkish~brown.©r light pink, with rough leméng and, is
Aﬁransparent or colorless with grapefrulto

h The ammonium molybdat@ test helps ©o. segregat@ rough lemon from
_ saur orange or sweet orange with W@&@hklt is llk@lyix>be @onfusad in
bh@ Almen feagent testo Rgmgh\lemon gives a methyl blue. or @ccas1onally
a greenlsh blu@ colcration w1th ammonlum molybdate, mhlle sweet orange
and sour orang@ yleld a eendfe green coleor and grapefrult gives a 1lgh@4
salfat@ green to sulfabe gr@eno

56 Grapefrmlt invariably Jlelds a characteristic smoke trangéaren%
or almost colorlesq reactlon with the Alm@n reagen@ and can seldom be
v@@nfused with other rootsbcckso |

6. Leaf blssmes of the roo%stocks under study glve approx1ma$ely
th@,same colors as the:bark,tissues; the formerg h@wever9 usually shom

2 deeper shade-wiﬁhin the same colér than thé latter.  The colorations



17

.shcwn by the leaf tzssaes seem o fade more. re@dlly &nd &ppear to

'::"b@ less stable than bark @ol@rso

70 Th@ c@lor d@velopment for’observatlén purposes is athlts
'best w1th1n the flrst ZQ hoars of" the reactlono After @hls perlgd
.’Vth@ @ol@? starts fadlmg and th@ sample 15 no l@nger reliable.
| '=80 In Qrder w0 get satlsfactory resultsg 1t has been'femmd
, ne@essaﬁy o soak the drled leax tlssa@ fer on@whalf hour and tb@ bark
"%1SSQ@ for, tmo to three h@urs before fllberlngo The smspenszon must
fbe agltated @@ea@lonally'durlng the sgaklng period. | w

90 To obtain proper @@lor developmen@s it is ne@escarj thab th@

“’ftub@ conbalnlng extract and reagent b@ b01led over the flame for at

lea5uvqne mlnu@@ in the_@ase of ammonium molybdate and-for_%we mznut@S‘
 in the case of the Almen reagent.

lOo Th@~ehémical color tests-ab@ve descrived may be further @orr@bora

‘ ,{ate@ by studyznﬁ @he characterlg%zc leaf feauures ana bwd@unlon dev&lopb

.menﬁs as outlined on page @5 of this thesis. .

llc TQ avoid all chance of possible erw@r a%isingvegt of any

< abn@rmal color behavzor due possibly @o th@ pecull&r sc;opcstock effect

and’ other xa@b@rsg 1t seems also d651rable that fzrst of all, cola?
;‘develepmenﬁs for the lccally known reot&tocks sh@uld be prepared and
k-th@n the 1den$1$y_of th@_unknown $teek@-be ﬁetermlged by maklmg_the

necessary comparisons of one against the othero
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Table 60 Golor reastions of different rootstocks with Almen -
reagent according 1o Rldgway Standards (7). S -

(Spe@imén Moo 1 to‘léjobtained‘frcm,UniverSity-citras‘Farm at Tempe)

Serial Flot Rootstock with " Color Description Flate

Noo ';ng nature of top " . with Ridgmev S5t%ds. - No. .'Remarks
1. D/l Sour orange (E L. top) Livid browm :38 Bark below the
_ - bud-union.
2. B3 " L (W, N top) V@tnonla purple 38 @
3, -G/ _ " ® (Valencia top) B no 38 .
be D16 . W % (B.L.top) ~  Light brownish L5 @
o . _ drab - , !
5  F/h w o (5. N.bop) Vetnonia purple 38 oon
6. ‘Gﬁs u ”,(Valencia top) Bromnish drab "~ k5 '.ﬁ
7. Q/5/j_f wo " - ® - Deep brownlsh : &5: o
o o © . drab -
8. F/S o % 1] (WO‘NJGOPZ‘ ‘ i} il | &5 " '
9, ' D/12  Sweet orahgé (E.L.top) Dephne red - 38 "
10, D13 @ W - % £ T 38 i
1le D/l? o o T n : “ Y 1 . 3@ | 3 no
12, E/B Rcugh lemon (G F top} ' Russet vinaceous 39 "
13, Local Sour orang@ RN i Dark 1ivid brown 39 Straight bark used.
1, % Sweet ovenge  Livid brom 39 @ "oow
15 " Grapefruit _VUi Q{f - Smoke gray. R 7T M_ L
16, LI Rough Lemon s’ ”7" - iiéhtxruSééﬁ' ' S
TR g ei 0 Vinaceous 39 - " ne
17 w Sour opange PRI 'Dephne red - L ‘38 Straightjleaves -
18, W Sweet orange .' . Rocellinm purple 38 K . L
19, "o ‘Grapefruit>  v;»'hlb ~ Pale acru drab he " "

20, ﬁ’_‘ 3ough Temon o nigin ;»Dephne red So38 . " ‘# "o




7Tab1@ 7o- Color Reactleng Qf the Cltrms Rgotstocks tlssaes wzth
‘ &mmonlum molybdate reagent B o

(Accordlng to Rldgway'Standaxds ({} }

o Serlal g Descrlptlon of th@
'f)No

o .. l" rootstock

Golor Reactlom P ;Reﬁarks -

? ,yllo:’,

o 2e

: 10, |
.

12,

13,

15,
- "_'ié;." B
7.
BTN
L1

200 .

Sour Qrange (L Let@p)
Tg@ikjigWEL'i(W;N tep)
'i{@’_;_ " (Valencla top)
N ﬂﬂ :"‘,‘.,'ei' (EGL top) |

ﬁf1' fﬁ (w N top)

'vaE‘f,@ﬂ (Valencla top)

5,_/;,;2 W (w N, top)
‘fSweet orange (E L top)

" ’*-'ﬁ'ﬁ‘v‘ W
;;.ROLgh 1emon (GOF top)

f.Sour orang@ -f

T

Rough lemon

Grapefiuit

o S@éet7bféhg@
 Rough lemon leaves

’Swe@txérange leaves -

ﬁﬁ‘?,fﬂ ﬂ}‘7ﬁ¢“'af-'“?':

“Sour orange leaves o
: .deep} blu'iSh gresn

;‘Grapefralt leaves.“ '{-”

’! eehdre'gﬁeenfj Bark @btalned from

Tempe eltrus f@rm

~,’Sﬁlfaﬁe green . .. . W
--Cy@ndre‘:gxﬁeenf, S w

'-i”‘uﬂ e o o s

i ; . ) IEERTEEN )

R R ST T

R R . o

Y U SR Coon

{g@auﬁaEMe_zf."‘f"ﬁ>ﬁ"

~1," 11gbt cendre green Straight bark.db=~

to cendre green . tained légally

deeo greenlsh blue | o ”V{'

-to wethyl blue -

llﬁht sulfate green _ :' B
%o sulfate greem -

cendre green =~ . ®

cé@dré green Straight‘iéa?@s'db=~
o tained locally -
W - o

'salfate green %@ : 'Tu-'ﬁ
' deep cendre green. EE I A
'cendre green to . . .. e

deep cendre green  }¥



‘ ‘fTabléfBOI Galor reacblons of th@ @1trus roots%ocks tlssmes ”
L = by (a} tltan@us chlorlde and (b)“ferrlc Gthfld@o, e

'ifi.aq'Iitanogs'chlbrid@

CoBak

" 1. Sow’ orangs ==

4 ~:20'Rough lemon é=w;

C 3o Grapefrait e

'>fua Sweet orang@we

W

llwht ollve gz?e@n;,,:“‘j
‘ cloudy o
ollve greeng eloudy,*

b F@rrlc"chlofld@‘“"

| "B@;rk o

1 Somr orance e

; iéb Rough lemon ==;'

36 Grrap@fm:«.‘t

&9 Sweet orang@

¢

ek e

ST

Bl

Cowest

reagent .

i

w (sllghtly‘:_ N
'  llghter)'Wf
L

‘OIi#é,grgen;,p;oudy_

m

‘[ R

" Remarks.

" Tests were repeated many
 vimes to arrive at-some con-

clusive findings; but no

definite reaction was avail- -
able, except,very{sllght v
“difference in color shade.

- Renarks

""The ab@v@ remarks hold

equally good



Appendix (A) List and method of preparation of the various
reagents used in the citrus roctstotk identifi-
cation by ‘the Tissu@ Coloring Test C

lo &lmen reag@nt°’ W@lgh out ll@ grams of pure mercury in a beaker

o énd 110 ces @f red fmmlng nztrlc a@id G Po (spagro 1@60)0 A sllght
shaklng w111 start at once the chemlcal actlon.ac@ompanled by @1ouds
of thick red fumeso Flace the oeaker in & h@@d or use any othmr
effective d@v1@@ o k@ep th@ fumes Trom polsonlng the atmogph@reo

In about an hour or 8o, the chemlcal actlon Nlll be @omplet@ and th@
fumes w1ll ceaseo Dllute the resul@ing llquid by addlng bQ iv 220 cco

of distilled watero Th@ Almen reagent 1s_now're@dy for useo'

2, Ammomium molybdates Dissolve 100 gzéé.ms of molybdic acid in a
 mixture of 1l cc. of ammonium hydroxid@:(-sﬁlgfg‘0'90) and'27l eCo
lgf dlstllled wat&ro P@ur sl@wly w1th é @onstan% sh@klng into. & COQL -
mixﬁur@ of @89 cc. of mitric acid G Po (spo gro. 1.k2) &nd llgﬁ ceo of

dlstllled wa@ero~

. 3, Titanous chlorides This is used as a 20% solution in distilled
:‘, waterjaﬁd is ébtainable invth@ ready made form:from chemical mamufact-
@@I’So )

ho Ferrie chlorides Is & saturated solution of CoPo FeclB in diss=

tilled'watero (125 grams of Fecly in 29 ce. of Hy0).



;ig‘ App@ndlx (B) ld@ntlfqutIOH of R@@t&tocks for oranges by methods
- K other than chemlcal testso,ﬁ '

| ; ~Accord1ng tog w' Pa Bltters (1 ks the above descflbed chemlcel

f@fcolor tests of rootstock 1dent1flcat10n are ”rellable for sweet'crange‘

: u,jsto@k\and soar erange st@ckg the reliqblllty of the method dlmlnlshes

-fior other types of stockso Varlables 45 the age of the treeg thlcknass

_of the bark9 Lhe nearness of the samples to the bud=unlong the scion

“”-ivarletyy the freedom or th@ presence of dlseaseg ?@e pre Bnce of surface

contamlnants, et cet@ra are all factors Whl@h may affect @ﬁe*”&sts and
; rend@w iaentlflcatlon Lﬁcertaln" i~p
In vleW'of the &QQVE facts9 1t'would not be overemphasmzlng the

; fgs'of gettlng at some- morphologlcal or physical

value aad mse?m

  £®&$&?@5 of th@se rootstocks whlch could be utlllzed.as 2 means bo

. V@flfy and te @orrobcrate Lhe flndlngs arrlved at by the aforementioned

'k"_color bestso, Feztunatelys howeverg follage characters and th@ cypew :

'W‘of budaunlons of the commonly’used roobstocks have features of thelr _7

¥

"j'an and an 1nte111gent use. of these w1119 no doubt9 greaﬁly help solve

'u‘»j>fthe preblem of rootstook 1dént1f10at1©no BelQW'are . given some of th@‘

5fjmor@ 1mportant characterlstlcs of theue stocks that may ‘be of pracilcallA
utllltyo o

u{ Follage charactersa

le Swe@t orange leavesﬂ' They-are medlum 1n 51?65 p01nted at the top

- f"and rather roundea at the baﬂeo The petlole is. usually w1nged ‘RATTOW

"“\tand d@es noﬁ overlap the leaf bladeo Morecverg these leaves have




. petioles that‘af@ only abaut ohemthird in size as @ompar@d to hat

- , of he souw @fange 1eafe and for %hls r@ason there should be no cone

‘fusxon be@ween the twoo Grushed leaves of thls stcck emit no marked
avoma eibhero 4

2o Sour‘orange leaves:, ‘H@re l@aVég are usually largef than those of

:\%he sweet oranw@c P@tlales are also relatlvely longer and nore

 .broadly w1ngedo “The tip. of the leaf is oft@n p01nted and the base lS

| usuaglj ﬁeégemshapedo Wh@n crushed9 the leaves yigld a peculmar punp ‘
'gent sory, of aroma. *

3o Gwapefrult leavess Théy are larger in siZe than either sweet or

. sour orangeg are sllghuly oval 1n shapeg rather blunm at tbe tlp and
‘Airounded ?ather than.wedge=shaped at ‘the baseo The petlole usually
jterminateS'w1th broad w1ngs which mcre'frequently teu@h or gverlap thé.
| leaf=baseo~

&o Rough Jdemon leaveso ~Thése'have rather an oval f0rm t@rminating

‘1n a blunt t;po They are fel@tlvely @f llgh@ shad@ gr@en color and are
- characverized by absenca of any w1ngs at the 1eaf¢baseo, When held u@

t0 light, the leaves feveal placements of consplcuous oil gldndso

Bud-Union Features:

A study'of “the 501§ﬁashock cﬁﬁblnatlon at the ﬁovat of the md-;=
anlonﬁrequently offers an added help in the rootsteck 1denk1?1cat10no
ThlS study will, of courseg be more dependable in caseS‘mhﬁre stocks
t>- are budded hlgh and planged hlgh in thu orchardo if placed 1©w,t1éent1é f.
"xlcatlon of th@ budwunlon may cause considerable cenfuslom as*&he roots

- would Staft 0106@ to the Soil sufface and comsequently may n@t reveal



'Jf‘th@ normal dlfferenees i the shape @f the budpunloa that would be

"ijnotlc@&ble otherw1seo .

Acgordlng to th@;r form ef @omblnatlons and eVentual development,

;1the sclonastock unlons may be classzfled 1nto three types as- follOWS°:

PN

(a) Smooth budwanlcn ,ﬁ'fhis“unidn re$ult3'usually'fr0m a;sﬁge@ ;

v'orange top on a: sweet orhnge or rough 1emon rootstocko Iﬁ'ﬁhis cése,‘

4

'girth both of the stock and the scxon is about eqaalo Bark of" the |

A'f stock is smooth conLours of the unlons 1f anyg are also SmgOth and the

: color of the bark above and belOW'th@ unlon is usually 1dentlcalo

(b) Undergrowth of the stocks This would hold true when sweet .

:’orange is budded on a sour orange stocko In such a case, the under=

“ growth @f the stock is. usually qulte notlceable, but varlabions 5
 assoe1a$ed w1mh dlfferent byralns'w1th1n the same rcotstock are llk@ly
: to @ccﬁw There areg howeverp no dlstlnqulshable features in the bark

charactermstlges of the stock and the SClOﬂo‘

(c) OVergrowth of the stock Thls type of budeanlon 1s freqnently

“'met w1th where grapefrult is. used as a stock w1th sweet orange budded ;
'~ jat the %ope‘ Here the stocx portlon.dlsplays an cvergrowtb relaﬁlve %o

3 the sclon portlon glving to the former a8 sort of bulglng effecto This

fenlarged base feature in grapefruit stock wenderu 1% readlly dlstlnqmlshw_‘_ N

T abl@ from SUG@b afanve or rough lemon sbocksa;

. %ﬁr)&ﬁh&f“;‘(
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