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fflSE Off LITEMTURE

The growing root tip has long been considered a favorable 
object for experiments on growth and differentiation0 With the develop­
ment ©f investigations have been made. with, excised : •

ro@t 'tipSo The existence of many mtrient formulas for the successful
establishment of dicotyledonous excised root cultures is the result of 
such efforts o The most widely used fermlas are modifications of those . 
of White (37)9 Gautheret (l̂ )s and Kobeeourt as cited by Morel and ; 
Wetmore (19)0 '
- 1 In 1951 Siite (38) outlined the studies to that date ,dealing
with the general nutrition of plant tissue eultureso following Shitê ,
Gautheret(l6) adequately summarized the literature on this subject to . 
195Us and later Hobeeourt (20)- presented a similar review although 
■ iĵ ite limitedo Street (31):gives an excellent review Of the advances \ 
made in excised root culture with the most emphasis placed on dicot 
rootsjj specifically those of the tomato o ■

A great deal of difficulty has been, met by investigators - /i- : 
attempting to establish root or even callus cultures of monocotyledonŝ  
As ilmestrahd (5) statess many results haye hot been published as they 
have been-negative in nature» ̂ for this reason material eomcerning , 
culture of exGised roots of moaoeotyledons is very sparse as corapared , 
with the wealth of information available for dicotyledonous root culture, 
\ , Some of the earliest attempts to. culture excised roots by ,.



Bobbins (22s 235a Kotte as eited by Roberts and Street (30)s and iBiite 
(3Sa 36) ionoiot r©ets0 Bobbins (225 23) and Bobbins and
Maneval (25s 26) demonstrated the grewth.of excised maige roots was 
iziiproved by the addition of autolyzed yeast or peptone to the culture 
medium although the growth rate declined with each subculture and
eventually all growth eeasedo ;

 ̂Galligar (11) using.a modified Pfeifer®s fonmla found 1,0 Bim0 
root tips ©f dent corn had a tendency toward development of laterals 
and suppression of extensive. elongation̂  but the gro>ith behavior was 
erratico Adding dextrose and peptone to modified Pfeifer's formula 
(lit) gave similar results and this work indicated that corn root tips 
were- less able t@ . accumulate dxy weight when cut at 1=0 mm0 than when ; 
excised at lo0 em0 Ih l938s again working with eorn (12)s she found 
there; was' Some: correlation between growth behavior of exeised.root tips ' 
and the type of food stored is the seedss root tips from grains high 
in starch reserves growing best0 She varied" the temperature of cultiva­
tion in another study (13) s finding 20° §„ to be optimm for oormo la 
no instance was Galligar able to culture corn roots extensivelŷ  .

Bobbins and White (27s 28) and Bobbins et al (29) also con- 
dmeted work aimed at ©ontinmous growth of corn root tips0 They found . 
substitution Of fructosê  xylose5 ©rmaltosefor glucose to have no 
beneficial effect upon growtho; Dif©0 agar/ water extracts of agar9; 
autolyzed and dried yeast., and ash elements were unsuccessfully tried 
as additiveso These workers coneluded that a deficiency in solution



Bufstrbm as abstracted, (7̂, 8) studied the cell divisiom and . 
eieAgatiea @f Isolated wheat foots ealtnre# solmtiems @f differem$ ! v

. glme©se eMemtratioms as well as the effect of fructosê  sueroses an^ ;
maltose %  sa#h grewtho Ee suggested fructose utilization only occurred, . < 
after conversion to glucose0 Indeterminate growth of excised, wheat . 
roots was not obtained, : :  v;-. '

. ■ Using media with the ability to support the continuous growth of -
, : excised roots of tomato or peaa Almestrand (1S 2S 3$ U)s and Fiedler as ;■ ■ •

eifed by Sohefts and Street (30) investigated the responses of several 
different excised cereal roots to changes in the medium composition̂ ,

:/-sueh' changes involving alterations of the nature, and concentration of 
the bonstituents and supplementation,, The growth rates’ after temporary ' 
enfeancement5: declined and finally ceased in ■ all; casesp . . •

: v Suecess in culturing maize roots thru 88 subcultures was claimed :
, :' by. Mc@lary. (18)» , Ee reported all roots increased in length throughout . > ■ t,

: , a 115-= day period at an average of approximately 8 imflo/day0 Hovjevers ,
jBonner and Bonner (6) and iobbins. (2U) were unable to repeat this works 
and it is Miggested by leberts and Street (3Q) that Mcglaryis' success t '

V',:.;; v"was dme - either to the particular strain of .raaise used' dr to some unknown :
: factor of his/technigueo ' ■ ■ . V ' ; ‘ ‘ ■

: z rv-'* In 1951 Morel and Wetmore. (19) with, callus tissue were the first .
/. : to succeed in the field of tissue, culture. of monocotyledonous plants® • P :

. Using tuber tissue cubes of Amorphophallus (%drosme) rivieri Burqi, t h e y .
obtained̂  in modified Gautherefs medium̂  proliferation in vitro of tissue 
for potentially indefinite periods» Their studies indicated that these



v:.:k.
tissues required grox’rth substances found in the milk ef immature coeonutSc

The eontinuous cultivation of exeised. rye roots bas been aecoiii=
plished by Roberts and Street (30)> They found the growth of ̂excised . 
Petkue II rye roots in modified Ihite0 s medium to he stimulated "by the 
addition of BDH-peptone or Difeo yeast extract̂  the most marked stimula= 
tien being in lateral root grotrbh0 Eighty percent of the growth 
stimulation by the. yeast extract was attributed to its tryptophane 
eontento ‘ \

:: In 1957 Robb (21) cultivated in vitro explants from the bulb
seales ©f> lilium: speelosum Thun0 He found that tiiese explants proli- •' • - 

. .ferated and differentiated to regenerate bulblets.in 15^16 weeks using
• a ia©dified;Wite’8s raedium0 ■. ^ ^ ; 'p:

Almestrand ($)s working with h different kinds of. excised ■

-cereal root tipss wheat; rye5 oatss and barleys obtained a clone of ■ ■
• ryeg subcultmred by excision of both main tips and lateralsj, having ■
indeterminate, growtho ; With wheats oatss and .barley, root growth for :.
extended periods of time was not possible» Almestrand.discusses the . ■
aspects of metabolism, in their respect to the presence or absence of 
growth of tiie root tips involved in this studylinking disturbance ' 
of a Wtabolio phase with laek of growtĥ  i; '1. - . '

The purpose pf this investigatidn was to attempt establishment 
, of two clones of exeised roots having indeterminate grot-rbh, one of ■
, Sorghum vulgare varo sudanese type. Redbine 60 and the other: of Sorghum 
, vulgare var0 Sudanese type Sartin0 The problem involved determination



©£ a medium suitable for excised root growth of these two types of Sudan 
grass0



mTmiALS A m . W w D s

■ (Srains, M  'tore? types' of Sudan grass 9 Sorghum vulgare var.
• Sudanese type Martin and. type Redbine 60s were obtained from the
Agronon^ pepaitmemts ‘The University of Arizona at Tucson0 " v  ' v'. - •

Immersion of the grains for 30 xsiinutes in a fide detergent solu­
tions approximately 6 gms0 of,detergent powder in 1̂00 ml. waters follow­
ed by a second 30 Bdnute dip in a oiiLorox solutibhs 1 part ehldrox to .
2 parts waters gave sterilization found to be optimum for majciraum germ- 
ination and minimum contamination. A. magnetic mixer was used to agitate 

; 'the solutionsj allowing for. uniform seed Goverage. ' "
The sterile grains were then washed three tiraes with sterile 3 

• de-ionizeds ,triple distilled water and plaoed5 evenly spaced to permit 
. . root development without excessive eontactSs in steam sterilized Petri 
- dishes .containing three thicknesses ©f #1 lhatman filter paper thorough- 
ly moistened xd-th de-ionizeds triple distilled water. The Petri dishes 

' with the grains were placed in the dark ih a culture chamber at 22° 8. and . 
; allowed to germinate. After germination had proceeded for one weeks the 

primary root having .attained ' a length of approximately 7rlQ cm. s 1.0 era. 
primary root tips were excised and transferred- aseptieally to the 
appropri&td culture solutions. : 1;-: ' 1 v :

All manipulations were performed in a sterile Fisher inoculation 
chamber equipped with gass ultra-violet lights fluorescent light and ; '
positive, pressmre forcing all filtered air outward.• Sterilization of such



ehamber was effected by exposure t© ultra-violet radiation for a thirty 
miimte period» lastraBents used f©r trajasferring and exeisioH were 
sterilised ia boiling 70$ ethane! fer 10 minutes» A 2% ajnphyl solution 
was used as a surface disinfeetanto Sterile technique was ©keeked out 
to insure liiinimma eontamination due to human manipulation̂

Because during the first phases of experimental work Substantial 
growth of primary root tips; was not obtained̂  it was deemed advisable 
to culture loO em, lateral root tips from one-week old seedlingss 1© 
difference in groiith results was fonndo

flulture vessels were usually 125 mlo Erlenmeyer flasks of pyrex 
glass, to the first trials in this works eaeh flask was supplied with.
5>0 ml. of solution and them ©haf ged with a single root tip. Howeverj, 
when it was found that root hr owning occurred within one week# the amount 
of solution per vessel was ©hanged to 10 aU :.As a eheeks tomato roots 
grown for a one week period in 10 ml. of solution excelled in 'this 
quantity of solution and appeared to not differ in growth from those 
cultured in 50 ml. Occasionally 5 em0 diameter pyrex Petri dishes were 
•employed as culture vessels. It was found that excised tomato roots grew 
as well in these dishes as in the Erlenmeyer flasks.

For sterilization filtration pyrex #36060 funnelŝ  Buchner hypes: '
with fritted dises of ultra-fine porosity were used. Before usage such

.filters were ©leaned with a hot a®id mixture of concentrated and
concentrated HIG^ as reoommended hy the manufacturers. . Following the 
acid treatment̂  the funnels were washed first with a 30 ml. aliquot of



' ; : ■ ' ' • ; : : 8 

distilled, water followed "by one of 30 mlo of de=iom.2eds triple dis= 
tilled water0 fbe cleaned firanelss fitted, snugly through cork stoppers 
sad covered with olimimm foils were assembled with clean vacuum flasks 
and clean tjgon tubing to form the complete apparatus to fee used for 
steriliaation filtrationo All openings were covered fey aluminum foalo 
After assemblagê , each individual set up, wrapped in gauze5 was thorough­
ly encompassed with brown wrapping paper and tied with stringo The 
apparatus was sterilised in this condition fey autoclaving at 15 lfes0 pres­
sure for 15 minutes and was then stored for later usage o, Wien used, 
immediately after unwrapping, the open end of the iygon tubing was eonneet- 
ed to the vacuum outlet, which surface had been wiped with the surface 
disinfectant» Upon completion of filtration, a clamp was applied near 
the end of the tubing connected to the outlet and the vacuum gradually 
decreased,. Precautions were taken to guard against deterioration of 
heat-labile substances during filtration,,, Filtration apparatus was 
cooled fey refrigeration before use, and ice baths were employed during 
the actual filtration process* it final step was filtration of the ex­
terior of the set-up fey ultra-violet radiation* If a solution steri­
lised in such a manner was not to fee used immediately, it was placed 
under refrigeration and its container resterilised externally just 
preceding handling thereof * All solutions were used within 2h hours*

All water used for solutions, sterilisation of grains, germina­
tion, and for the final washing of glassware was de-ioaised, triple 
distilled, the second and third distillations carried oat in pyrex 
glass*



Sierage m s  also , in pyrex0 Shemleals used for solutions -Here of

* : . AJL1 glassware was cleaned by an overiiight immersion in potas­
sium dichromte» sulfuric acid eleaning solution followed by' three: wash"., 
ings of tap waters three washings, of distilled water and three final 
washings'using de=donizeds triple distilled water a " ; ' V'

f ■ To cheek culture technique using a plant whose reactions were ■ 
knowng a clone of excised foots of tomatô  lycopersicon esculentuta Mlleg 
was successfully established using l̂ iitefs solutibn . (39)o Within a ' ;: :
■weekss time a lo0 omo .root tip increased 10 or more times in length with 
the appearance of dozens of laterals* The formula for White5s solution 

Wed is outiihbd belowg  ̂  ̂ v : .' ' - " . :
■ ■ ■ ■ Eineral: solution was pr epareds ; ; : -

■; ;:;V':: ^(103)2 2000O0 mgo/io. ' - >

; '.m V- . soodo ^/lo v v ,;. ■
icy 'W./Clo .h;; / : ' - ' '

2,25:;'^ ■ \;. ■ .

2nS% o75 mg=/lo ' /

H3BO3 o75 mgo/lo ; • ' : . '

H  o375 mgo/lo . , x:; - ; ;.<•
i%sd^:i : 720.00 mgo/io V ;' ; ■:: '
(dissolved in water . =. . .. '.: 'b

h :':'' before- added to the above) ■ ; . . . -',: .: ''; ;■



To the Mneral solution sucrose and ferric sulfate,, dissolved 
in waters were added? , . ' ^ : v .  ̂\ ''''
1 / ■. , ' \ y . 'suorose;.: ' -20<>00 :g<,/lc/ . ■ ::• : '

■•_ ■ Finally o' thef ollowing four ©rganie compounds, dissolved, an?. ::
water, were added;

' • glycine 30o00 Kigo/l= ./ - : ̂ :
■ ^

y : : r aoid mgo/lo , ;
V py {: p:, -/thiamine.,lo00rngo/lo : ;• p.-"":,."-

•; : ,  pyrid(#ine loOO mgo/lo • : -■ r



RESULTS

Using 'Hhite8 s solution as a standard medlw. for culture 5 
various modifications in the form of additions and pH variations •were 
triedo Die results are given in the paragraphs followings

WHITE'S SOLUTlOlg Employing the same solution and identical 
techniques parallel trials Were made for each type of Sudan grass 0 
Each trial included between 16=20 excised 10Q ©m0 root tips, one tip 
per flasko Browning occurred within one weeks and at the end of three 
weeks the shriveled roots were completely brown with no appreciable 
elongation ©r lateral root formation* This experiment was repeated with 
similar results*

MODIFIGATIOM OF WHITE'S SGLUTIOIIs The saiae mite's solution 
with the addition of 80 mgo/lo KHO3 and the reduction of KGl from 
80 mgo/lo to 65 mgo/lo s corrections for the nutrient formula made by 
Po Ro li"Jhite in a personal eomrmmication3 was used for culture of the 
two types of Sudan grass» These root tips also became brown within a 
week, thoroughly brown by three weeks and lacked substantial elongation, 
as well as lateral root formation*

BUFFERED SQLUTIQISs Stock solutions, 0*01 M phosphate buffered 
with a KZgPOĵ KglPOjj. wstem, were prepared using Ihite's modified 
formula for the basic solutiono ihese solutions were of the following 
pl'sg 5oOs 5o5» 600, 6*5, 7oQ, and 7o5» A white precipitate occurred in 
slight "amount at pH 6«$a moderate precipitation appeared at pH-7*0, and

11



at pi 7o5 this precipitate ms. heavy0 After preparation $0 ml aliquots 
of these solutions were placed in 125 mlo Srlenmeyer flasks, stoppered ■ 
in the usual fashion with non̂ absorhent cotton wrapped in gauges and were 
awtoelarad at 15 IbSo pressure for 15 minuteso The remaining reserre . 
amounts of the solutions were distributed to 250 ml* and 500 mL0 

' 3S'lenraeyer: flasks9 autoelaTed$ and .stored in a clmiflber at 22 -25. Co 
Autoclaved Onceg An initial pE run was conducted with the 

Srlenmeyer flasks;containing 50 ml0 aliquots of solution subjected to 
one autOclaying treatment. For each type of Sudan grass there were 3 
flasks per pl0 Qrowth was negative as is shown in Table 1&

Autoclaved TwiCei • A similar pH rmn was conducted using the 
reserve autoclaved pZ stock solutionŝ - the solutions thereby ultimately 
being twice autoclairedo As; be£ores there were 3 flasks per pi per type 
Sudan grass' empleyedo The results were negative as also may be seen in :

: : IAGTOSE SUBSTITUTIQM FQR SUCROSlg.. Lactoses in identical quantitys
ieoS 2 0 go/los was substituted fof sucrose in iteite8s modified'formulas 
lactose being a/-glycoside on hydrolysis giving D=glucose and 
D-galactoses sucrose being an^=>D=glucopyran©syl̂ =D-fractofuranoside 
giving D“glucose and h-fructose upon hydrolysis®' Solutions 0o01 M phos= : 
phate buffered̂ ; of six different pi’s, the pi range being 5®0 to 7o5s 
were utilized̂  and for each pi there were- fdtir 125 ml® Erlenmeyer flasks 
containing 50 ml0 of splution per each type of Sudan grass* (Table 2) 0 
A corresponding control run was made with OoOlM phosphate buffered stock



33

: .■ Sorghum vulgare v;ar, .Sudanese.type ledbine60 . f,
solution i: pi of solutions

5,0 ' ; 5'o5 6-,0 " :i';- 7 = 5 "1 i:
autoplaved I5:.0:;:(0:):,, o (0) .1 (0)1 o (o) ■i'-;0;:(o).1 "i 0 (0)
:':;V,,0ncevS .V;

0(3) o(o) 0 (1) 0 (0) 0(0) o (0 )
0(0) 0 (0) 0 (0) o (1) 0 (0) 0(0) :

i:ip:(0):.; 0 (0) 0 (0) 1,2 (Q) . 0 (0) 0 (o)
autoclayed 0 (0) 0 (0) 0 (0) ,1 (0) y 0 (1)

twice
o (0) i 0: 0 (0) o (0) 0 (0)

. Sorghum vulgare. var, smdaae:se type ]fartin • ' V v
solution ■ . ■ ■ V:pi .of soiutipxis

5.0 6,0 . •6,5 7=5
o (0) °h (o) T I T : .1 (0) 0(0)

autoelaved -;;?0/l);'’ 0 (0) 0 (J) ’ : o (C) . 0 (0) 0 (0)
S- once : ■ ■ , : - :

0 (0) :':o:;(o):;;/:;::: 0 (0) 0 (2):: . o (0) o (0)

0 (0) 0 (0) 0 (0 )
autoelaved 

: ■ ’ twice ;
0.(0) 0 (2) 0 (0) o (0) 0 (1) 0 (D

:: o : # ) ' ./mop;- 0;O:;:(Q))v i ..; o ( o ) -2 (0) 0 (0) |

Table 10 (k’owtii incrementŝ  expressed in cm,; after 1 week of lo0 cm, 
root tips la iSiites modified solution., 0,01 M phosphate buffered and 
steam sterilized̂  $0 mlo of solution and 1 root tip per flask/ number 

: of lateral primordia indicate din parentheses, ■ 1/ >''•



lit

, Sorghum vulgare var0 Sudanese type Redbine 60
; v :::pg,of' -sol#ions:i .

5o0 5«5 ... ... 6b0 S5 , v 7o0 . 7o5

f .hr. v'; ol (0) 0 (0) 0 (0) .ol (0) 0 (0) 0 (1)

1::;2;v 'it';;' 0 (0) oil (1) , 0 (0) 0 (0) . 0 (0) ; 0 (o)
0 #  0 (0) 0/(0). / Ẑ Vxo)';-:;:-,;. 0 (0)

• 0(0) , 0(0). OCC,):/ 0 (°) 0 (0) ;0 (0)

Sorghum vulgare ■ Tar» Sudanese type Martin
t»flUsk:#-;:| t.. \ 'h 'IpS of "soiî ions : - ; ' ' "

SO . 5.5 ... b„0 7o0

r 0 (0) 0 (0) 0 (2) a  (0) 0 (0) 0 (0)

0 ,(0) a  (0) ; Z  (0) d (0) 0 (0)

0 #  0 (0) 0(0) 0 (0): 0 (0) <>2 (0)

0 (0) 0 (0) 0 (0)

Table 20 Grovxth increments,, expressed in cm,5, within 1 week of lo0 cra0 
 ̂ root"fcxps in "White»s modified solution̂ , 0o01 M phosphate buf£ereds 
with the substitution of lacteses"2G gc/lo 5 for sucrosê  50 ml0 of 
, solution and 1 root tip per flask; number of lateral primordia 
im^batei in parentheses0 -1 j : ;v;> . V



solutions having suerose as the carbohydrate. sources Ho appreciable 
groirW bcGrarred in either ease0  ̂ . \
• - ; EPISQTyL Tg It was found that when the complete seedling

was cultured̂  Sudan grasss both Redbine 60 and Wrtin, root growth ' 
excelled in White’s modified buffered solution at pH 6o0| elongation 
occurred during one week cultivation to the order of several centi­
meters. and laterals as well as adventitious -roots developed exten- 

• Slvely, * v :. ; : ' ; % : v ' ' : v.  ; :  ;  . ' :  :

■ . : Therefores at this point a new variable s epieotyl extract̂  .. • ; 
Was 'introduced while the pH was maintained at 6o0o Since Eobbins and , 
White (28) had been unsuccessful in their attempt to grow excised corn . 
roots by adding milk from com grains to the mediums an extract of the 
grain was not tried.

The first prepared ektraets were the products of epicotyls above 
the Biesocotyls Of seedlings, germinated for the excision of root tips. 
Excised epicotyls. were placed in 50 Bib buffered stock solution̂  • • 
pi 6ei0j, for extraetioUo Twenty-seven epicotyls were included in the ■; 
50 ralo . Redbine 60 extract while 25 were in the extract of Martino A 
Waring blendor pulverised the excised epicotyls for 15 minutes0 Re- > 
peated filtration through #1 Whatman filter paper to dear the solutions 
©f debris preceeded sterilisation filtratioBo■ Using a. steam sterilised 
syringe3 5 ml. and 3. ml0 portions were added to 10 ml. aliquots of . ■
sterile,. twice autoclaved pH 6.0 buffered stock nutrient solution. . 
There were for each type of Sudan grass j? flasks for each concentration



Sal 5 control flasks lacking the extractc, a total of 15 flasks0 IfegatiTe 
resalts were o'btaiiied. (Table 3)s and ft. was smspected that the extracts 
, were of insufficient c oncentration0

Consequently;, tiie second attempt at exbractions identical in 
actual extraction manipulations to that of the first attempt <, involved, 
-epicql̂ ls! ê lieibtly', ̂cultivated: for . this purpose „ Grains of Eedbine 60 
and Martin were planted separately in previously moistened vermiculite 
to an approximate depth of 1022 cm; ih large pyrex trays. These'growing : 
trays were placed in a culture chamber at 22 Go under total darkness for 
8; days o At the end of this time the epicotyls, as before including 
everything above the mesocoty3.s were excised and placed in 50 ml*, of 
pH 6o0 buffered stock solution; A total of 700 epieotyls were excised 
and included in the Eedi3ine 60 extract while a smi of 900 composed that 
of Hhrtiho • ; ’-v : ' 1 ■: : .1.

‘ V; -To wash each filtrate 25 mlo of pi 6o 6 stock solution was added* 
The run with Redbine 60;epicotyl extract was comparable in design to that 
of Martin* . Pyrex Petri disheŝ  5»0 cm* in diameter̂ , containing 10 ml * of 
twice autoclaved pi 6,0 stock nutrient solution, were charged by means of 
a'sterile syrihge.with 3 ml* and $ ml* portions Of sterile extract̂  
manipulations taking place Within the sterile inoculation chamber* Five 
Petri dishes per treatment were, involved/ Including, a control. The 
results showii in Table 3 Indicate that this effort also failed* ‘

. GOGOIiUT MILK I Coconut milk, the fluid endosperm nourishing the 
developing Gocos nucifera 1, embryos'has been recommended as an



v : , gorghBia vulgare Tar0 Sudanese tjpe Redbine 60 ... >
solution \ control . 3 mlo of . 5 mlo of

. • extract extract .
.with first- 
epicotyl : • 

.. . extract
(2? epicotyls

,:in.:̂0.\ialo.)''"

0 (0) . o (1) 0. (0)
0 (0) 0 (0) 0 (0)0 (1) -ol (0) o (0) v : ^ 
0 (0) 0 (0) 0 (0) 
fuhgal 0 (0) 0 (0)

. eontaia0, .
with second . 
epicotyl , extract
(700 epicotyls 

:' in 30 ml.) ’

0 (0) fungal 0 (0) . - 
■ . contam0 : . v ■■■.’■

o : (o) o (o) o (o)
S (SI- .S (Sj i  8  .o (o) ; o (o) V o (o)

| ■ v Sorghura vulgare var; Sudanese type- Martin . " ■ .
| :. solhtion control ;; 3 .mlo'-of . 5 mlo of.::v' /f-. p v.;v:v .'extract i ' extract

with first 
. .epicotyl ; v ' ’ 
'.extract: ■ . 

I (25 epicotyls 
■ ■ in 50 mid )

0 (0) bacterial 0 (0)
contam. 'v 

. .p'''d'i(0)t.i bacterial . 0 (0)
- contam, ' ' i:' . 7 

0 (0) 0 (0) 0 (0) 
a  (o) o (o) o (o) 
o (0) . 0 (0) 0 (1)

with second ■. ■
•: epicotyl ; .v - 

extract 
(900 epicotyls . in 50 mlo)

0 (0) .0 (0) 0 (0)
: l:i ; is .s sio (0) 0 (0) : 0 (0) : 
o (o) o (o) o (o) t ;

fable 3d Srbwtb. incrementss expressed, in cmas within 1 week - 
of lo0~cmo root tips in Wite«s modified solution̂  0o01 M ' 
phosphate buffered̂  with the addition of epicotyl extract̂  
13-1$ ml. ofsolution and 1 root; tip per culture vessel; 
number of lateral, primordia indicated in- parentheses,,



excellent constituent of certain tissue culture media furnishing a /-t 
necessary BjEdmdnn grdwtM factor or factors "by van Overdeek et al 
' (32) 33)5 van Oirerbeek et al (3l|)s . Caplin and Steward (95 10)̂  Smelt' : ’
mid Setmore (19), and Goris. and Duhamet (17)0 In some instances auto- 
claTed milk has been superior to un-autoclaved in stimulation«

To- prepare coconut milk for use a mature cocoBut was broken 
witfe a .hammer- and the milk caught in aluminum .f oilo Debris of: solution :;; 
was eliminated by repeated filtration through ?fl Miatman filter paper .. 
to produce a relat irely clear solution̂  Transfer of the sterile raillc. to. ‘ 
culture flasks containing the various pH stock buffered nutrient solutions 
was facilitated by means- of a sterile syringe and was done in the sterile ■ 
inoculatibh chamber = "; I ' : ' '’

Un-autoclaved Milks Varying the pHs the effect upon root 
growth of filtration sterilized milk5 3% and i$% by volume5, was observedo 
There were' 9 flasks per pH per type: Vgrasŝ  3. for each treatment, a : V, - ■ 
total of 108 flasks with each flask; containing 10 ml0 of solution, .. "

: ' Table I4. presents the. results that were obtained. Although the . 
positive growth increments are scattered and a 1 l̂ O .mio deviation must 
be cdhsidered in all measurements, groxrbh appears to be : stimulated.at 
pH 5=5 with Redbine 60 roots0 This is especially true when coconut milk 
/isi-13$'by Volume*:;- ., ' .■ , . ■ " ' k - k  ;

- Autoclaved -Milks With the pH constant at 3*3, autoclaved coco­
nut milk, 3/3.and 1$% by volume, supplemented the nutrient • solution*
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Sorghum vulgare var0 Sudanese type Redbine 60
solution pH of solutions

control

3=0 6,0 6-o 5 ToO y:W;-

0 (0) 
0 (0) 
0 (1)

0 (i) 
0 (0) 
0 (0)

0
6 (2) 
0

o (3) 
3  (0) 
0 (0 )

6 (0) 
o (0) 
0 (0)

0 (2) 
0 (0) 

3'0 (o)

3 .̂ milk
0 ( 0 )  o h  ( 0 )  «2 ( 0 )  ( 0 )  0 ( 0 )  0 ( 0 )

' 0.<0y ' 333(0):'̂  ̂ (2) 0 (0): : 0 (0) 0 (0)
0 (0) 0 (0) 0 (0) 0 (0) -5 (0) o (0)

milk
> 3 (0 ) o0:
o (0) 02 (0)
0 fo) loO

o (0) 0
0 (0) 0 (0)
a (0) /;, :3 0

0 (0);

o(4
0

o (0) 
0 (0) 
0 (0)

Sorghum Tulgare var„ Sudanese type Ifertin
solution of solutions

0 (0) . 0 (0)
0 (0) 0 (0)
0 (0) 0

loQ (0)control
0 (0) 0 (0)

) 0 (1)
% milk

o2 (1) ok (0)milk
0 (0)

Table ko Growth incrementsj, expressed in cm. s within 1 week of 1=0 citu 
root tips in iJhite5 s modified’ solution̂  0o0i M phosphate buffered̂  with 
the addition of filtration sterilised coconut milks 10 ml. of solution 
and 1 root tip per flask; number of lateral primordia indicated in 
parentheseso . . .  '
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_ Tfcds rmi <30BsisteS of a 30 £laski|. witii 10 m3,0 of seltitiom apiecê  5 flasks ;
, per treatment per grass type. There was mo sigaificamt groxrth (Table 5)«

. ' ]>‘TRIPT0P'HA.K1B g L-trjp)tophanes concentration of Oolili. mgo/l6 5, •

: : according: to Roberts and Street (30) s was added to buffered pi stock  ̂; . .
Bntrient solmtions at t ie 6 different pi1 s in another study with the T :

■ • two t^es <̂ vSudan werb a total of 16 flasks per p!a U : . :
. control :/larMn2 U control Eedbine 60s. it Martin with tryptophanej, and
' I Bedbime 60 with trjptophane 0 Each flask was filled with 10 mlo of 1 ;
solutiono 111 flasks were autoclaved3 resultiiig in solutions with ,
. all cohstiMents except Î tryptbphane twice autoclavedo ‘ ;
v . Grex-rth increments rnay be obserTred by examination of Table 6,' . /
. gome growth did bccmi at 7oO and pE 7« 3 with Eedbine 60 roots 
. upon addition of txTptophane to the nutrient solutions Further work : .
■ is necessary to indicaid the significance of such growth as growth of ■
the controls at these pi's also seemed to be stimulatedo m  addition, > ' •
aartin root growtĥ  pH 6=5 and. pH 7o5s appeared to benefit from tryp~ . 
tophane addition̂  • ■ •

• . : . . IIIDOLEACETIC AGH)s . Indoleac'etic acid was then tried at a con=
; • centration of 10”  ̂g0/mlo s according to Soberts and Street (30) s and

pi from 5» 0 to 7o 3 was ■ also - included as a variable 0 ■ AS w i t h ' : :V; ■ ■ ■'
. phanei 16 flasks per pi were; supplied with 10 ml, of pH buffered sfock . ' • 
nutrient solution̂  8 being control flasks and 8 with indoleacetic acid .

; addedg each' 8 equally divided, between Martin and Eedbine 60o These . , ' ,
solutions with IM were likewise autoclaved (30% the indoleacetic acid 
in solution actually being subjected to one autoclaving whereas, the
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Sdrghum vulgare var. Sudanese type Bedbine 60

flask § control 3% milk 1$% milk

i 0(0) . 9 (0) 0 (0)

;. 2 S  (o) 0(0) 0 (0)

3 ■ 0(0) 0(1) fungal
contam0

U - 0 (0) 0 (0) , o (6)

-5 0 (1) , 0(0) 0 (0)

Sorghum vulgare Tar,, Sudanese type Martin
■ J '

| flask # || . control 3 % mi lk 1 %  milk

1 o (°); 0(0) ' 0 (0)

2 0(0) 03 (0) 0 (0)

3 •0(0) 0(0) 0 (0)
o (2) 0 (0) 0 (0)

o (o ) 0 (0) 0 (0)

Table 5o Growth incrementŝ , expressed in cm0 unitss witiiin 1 week 
irTro"cm0 root tips in Wte«s modified solutions 0o 01 M phosphate 
buffereds with the addition of autoclaved coconut milka 10 ml» of 
solution and 1 root tip per flask; number of lateral primordia 
indicated in parentheses0
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Sorghvun Tulgare var0 Sudanese type Eedbine 60.
■■ solution i of sol%tioms

5o0 '6.0

control 'v

phane
added.

0 (0)
0 (0)

0 (o). 
0 (1)

0 (0) 
a  (o) 
0 (0) 
0(0)

o (2) 
o(o): 

0 (0) 
0 (0)

'605 
0 (0) 
0 (0) 
0 (0) 
0 (0)

7.0
. i  (a 

0 (0) 

0 (0)

7.5 
0 (o) 
© (o)

lo3 (0) 
0 (0)

0 (0) 0 (0)
:(i)

0 (1)
0 (0)

Contato.
0(0)
fungal
contanio

0 (0) 
0(3) 

0 (?) 
b ’

contaia.
contam. 
0 (0)
O (0)

lo3 (0)
:%''o:;(o) 

1.0 (0) 
0 (0)

comtam.
o (c

0 (0) 
1.0 (0)

Tar.Sudanese;type Martin
"solution" of solutions

5*0 - 6.0 7=0: 7=5

control
0 (0) : o (0) ; 0 (0) o ( o ) o  (o ) , , ; .0 (0)
0 (0) 0(0):: 0 (0) . 0(0) 0 (0) 0(0)
0 ( 0 ) # : ; ( i ) 7 ' 7 (0:70) . 0 (0) 0 (0) o2 (0)
0 (o) . 0 (0) : '.i # )  • ' 0 (0) - 0 (0) 0 (1)

added

0 (1)
o (o)

m(o)/. 
0 (0)

:V 0 (0) 
0 (0) 
0 (0); 

0 (0)

0 (d) 
070)

0

0
o (1)

.V 0 (0)
o (0)

0 (0) 
0 ■((
0
0 (0)

o (0)

' brittle . 6=. Growth , increments5 expressed in cm. unitŝ  within 1 week, ©f 1.0 
. cm. root tips in iihite11 s modif ied solution,, 0.01 M phosphate i3uffereds 
•with the addition of Ooilt Xiigo/l. L-tryptoplianes 10 ml. of solution per 
culture vessel. (Lateral primordia indicated in



rest of tbe components having undergone the treatment twice„ ;;; i ' ' ; -
Besulting growth increments (Table 7) were not sufficient in 

extent to fee recognised as significant for this work hut are definite- 
ly worthy of further investigation, The almost uniform growth in- : 
crease at pH 7 0 0 with Hartin foots upon addition of indoleacetic acid 
to the, nutrient solution seems promising but assuredly needs rechecking, 
Mien all individual increments are addedj, the total for Redbine 60 

controls is 0o6 cm, as compared with 108 cm0 when indoleacetic acid 
was addedo ‘ For Martin the controls8. total is: 03 em0 as collared with 
h<>3 cm* upon additioh of indoleacetic acido, - : ‘ :;r , ' V;;v:- :

, BiGTo-Pi:pTo%: A m  m  A final .
attempt at culture emferaced the simultaneous addition of three sub­
stances ( 3 0 Bacto-peptone (Difco certified)̂  yeast extract (Difco r 
certified)g and casein hydrolysate (Technical)̂  each in concentration 
vof 10 mgo/lo Aliquots of 10 ml0 of previously autoclayed pH buffered , 
stock solutions with these three substances in, appropriate amount 
were distributed to flaskso The entire pH range was eiqployeds pH $o0 
to 7o5o liter being plugged properlys the.flasks were autoelayed 
in the usual fashion. Regarding number of flasks5 the procedure was 
the same as that for .the indoleacetic acid study®

• The results (Table 8) for Martin were inconclusivê  Redbine 
60 roots with the addition of peptones yeast extracts and casein 
hydrolysatb increased in length in at least $0% of the cultures at pH« s 
6o0s 6®3s 7.0 and 7=3°.. Growth was obtained even though contamination 
occurred in 1 /6 of the cultures®
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Sorghum rulgare ’var0 Sudanese type Redbine 60
'solution ! p̂g of solutions

$o0 6o0 6o5 - 7,0 7.5
•-yo (0) . . o (6) 0 (0) 0 (0) 0 (0) 0(0)

;control i oi; ̂ ).-: 0 (0) 0 (0) 0 (0) e (0)
0 (0) 0 (0) >1 (0) 0 (0) o (0) o (0)
0 (0) 0 (1-) >2 (Q) ■' 0 (0) (o)

o5 (0) 0(0) ' o5(0) v 0(0) 0(0)
i&a 0 (0) (2) 0(1) 0 (0) '$ (°) 0 (0.)
added. (1) 0 (0 ) 0 ( 0 )  0  (0) 0 (0) v 0  (0)

0 (0) o  (0) : 0  (0) .bacter. 0  (0)
contam.

. Sorghum Tulgare var,, Sudanese type Martin
solution I pi of solutions

- ■ 5<>5 : .. 6,0 6o5 :7.0 iS ■ :
o  (0) .1 (0) o (o) 0  (0) , 0  (0 ) 0 (0)

control 0  (0) :: ' 0 (1) p (0) o  (0) 0  (0)
0  (0) v o (d) ' 0(0),; o (2)

: 0 (0).; p  (o); a 0 ( d ) 0 (0)
' 0 X0) ; oco^:;. C ;;/0 ■XP):;--:' } i 0 (0) |

.. IkL: ■ ' o ( o ) ,,1.0 (d)\ o (o) p w  , ::;o-,(oi;.;
added 2,0 (0) 0 (0) fungal ,2 (0) ,=3 (0) . 0 (0) 1

eontam, :v:' ' ̂0  (0) : .2 (1) 0 (0) 0 (0) 0 (0) 0  (0) \

Table -7 * Growth increments, expressed in cm, units, within 1 week of le0: >
' citto root tips in White8 s modified solution, 0o01 M phosphate buffered, 
with the addition of 10”5 g0/ml0 1M, 10 rol, of solution per culture vessels 

■. / (lateral primprdia indicated in parentheses) » ■ ■ , . T
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- Sorghum vulgare var=' Sudanese type Eedbine 60 ; /
r: ,.0oAtion : .pi of solution

:;:7oO >v T^: V :j
0 (0) 0 (0) . O (3) 0 (0) 0 (0) - -'vf #) ,1

!'■ control : o # " o; (o): : 0(0) ■ ' 0 (0) o (0) ''':y/0:;(o))|
ol (0) 0 (0) ,3.(0) 0(0) 0; (0) i
0 (0) 0(0) 0 (0) \:o;(0);y:: 0 (0) '';/0.1o:)>4

[ peptone j, 0 (0) - 0 (0 ) s 0 (0) o2 (0) 0 (0) • .5 (0)1 yeast
I extractg ■t. 0 (0) 0 (1) : 0(0); 0(0) 1..o (0) . fungal&. casein , contam.hydroly- : 0 (0) fungal o3 (0) 1.0. (0) .2(0) .2 (1)sate added contam.

I -0 M ;  - : : fungal <>2 (0) fungal , 0 (0) 0 (0) :- contamo; •’ ■'. contamo '

|: V  V" Sorghum vulgare var0 Sudanese type l&rtin
solution W;.'; . f p l r :of s^ . : ' . ;; '

: 5o0 , 6,0 : V- 6,5 ; 7.;
: 0 (0) 0 (0) r:O':(0)\^:, 0 (0) ; o :(2) ' I

control. 1 : o (o) : 0 (1) o (0) ;';»3:(oi':';-;̂ 0 (0) . 0(0) j
j'loxo):; :■ o (i) 0 (0) 0 (0) ; ;olt (0) -40:^):;
' ;-o::;(o)"v'; o (0 ) O (p): 0 (0) j

peptones 0 (0) 0(0) : ok (0) 0 (0) 0 (0) 6yeast
; extract 0 (0) 0 (0) ':::o (o). 0 (0) 0 (0)' & casein' ' '  ' - , 0
hydroly-
satO

<>5 (o) 0 (0) 0 (1) 0 (0) j
1 added ( 0(0) o (0) 0 (0) 0 (0) 0 (0) |
Table 8» Growth incrementŝ  expressed in cmo j, within 1 week of 1«0 cm0 
root ta^s dja -Ihttê  s mod^i^d solstion̂  0.01 li phosphate - hH£fereds with 
the addition of 10 mgg/lo each of peptdnej, yeast e±tractg and caseim 
hydrolysate5 10 ml* of solution and 1 root tip per flaskj number of lateral 
primordii indioated:ih jparentiaeses»v • , \



. Root browning occurred within 1 week for each phase of ¥orks 
. includimg varied, pi? Sj lactose substitution̂ , • addition of epicotyl ez= 
tractŝ  coconut milks L-tryptophanes indoleacetic acid3 and Baetd- 
peptones yeast extracts and casein hydrolysate in combinationo The 
roots lacked -substantial elongation and lateral root fomiationo

' Because root tips universally turned broxm mthin one weeks 
brovming root.material was selected at random5 smears mades and 
Grara«s Spain employed to determine the presence of internal fungal 
or bacterial contamination» In no; case was such contamination fomido 
The possibility of viral contamination does existo



Determination of a medi-im siiitable for the indeterminate growth 
of excised Sudan grass roots, type Martin and type Bedbine 60, was* 
attempted, the root tips being cultured in darkness in a constant 
temperature cliamber0 ' Initially, White's standard medium for dicot root 
culture was usedo : v.';;..,. . . /  t. ■ /; v

Alterations of this, medium were made 5 the solution was phosphate 
■ buffered; lactose was substituted for sucrose; epicOtyl. extract, coconut 
milk, L=tryptophane, and ihdoleacetic acid were added separately, and 
peptone, yeast extract,.and casein hydrolysate were added in combinationo 
Clones of excised roots were not successfully established as growth ceased 
in all cases before initiation of ■ the, second passage0 ' ■
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Isntbamiicŝ Hogskolans Aiino 9 s. .26h=285o 1911, (Biol, Abst, \

;I :‘:i7;tr207Wvv,;i9too-)i:;:i/Vr"" ' I'/:''
:9o Gaplins S=Mo and Steward̂  F, C, Effect of coconut milk om the .

: growth of explants from carrot roots. Science 108g 633-637, '

19U8, \

28



' . . 29 
10 o - Gapliii$ .So Ho and Stiward̂  Fo, Go A technique for the controlled
v : groicfch of excised plant tissue in liquid media tinder aseptic <

conditionso . Mature 163 s 920~921o 19k9o ' V ' ^
, ll» Galligars Go Go Growth studies on excised root tips = Amer* Jour

' . J  ; i  ■ vBOto -19350.;^;  T ; i - v ' ' / ■

:;xl2o. Galligar, Go Go Correlation between growth of excised root tips - 
and, tjpes of food stored in the seed0 Plant Physiol» 13 s

:l3o Galligar5 Go Go _ Temperature effects tipon the growth of excised 
; ; ;1 roottipSo Plant Physiol = 13% 1938=
j ilio Galligar5' G„ Go Growth 'behavior of one-ziiillimeter excised root

tips, mant 1939.
l$o Gautheret̂  lo Joi Sur la possibilite de realiser la culture

. iadefinie des tissus de tubeicules de carotteo , Acade des Scio
. - { ' Gompto R end  2 0 8 g l l 8 - i 2 0 o' 1 9 ^ <  '::-. >.:̂ V : ' v-V ;v i t  - ' "i

160 Gantheretg 10 Jo The nutrition of plant tissue cultures. Anno 
:,;. v; "' Eevo- 6g hh3-L8ho 1 9 %  ; i :
17o Gorisy Ao and Duhamet, Lo Etude de 1iaction dm lait de coco 

sur la croissance et la composition glucidique des tissus 
: - vegetaux cultives in vitro® * Rev0 Gen0 de Bet® 69% 5=-h7o 1998®
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