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. or when BAP was present with the auxin. Shoot . 5\

" ABSTRACT

IN- O PROPAGATION OF CAPSICUM ANNUUM CV. EARLY ‘
PROLIFIC HYBRID PEPPER AND EVALUATION OF REGENERATED
PLANTS :

Margaret Anne Cooke
» ™

Cotyledon, hypocotyl,’cotyledonary axil, and
aplcal merist%m explants of ggpgigﬁm,aﬁngum cv. ;a;{;
Prolific Hybrid Pepper were excised from asept;c;119
germinaéed seedlings uned oh Mur;shige and ‘ | -
Skoog (MS) bgsal nutrient me shpplementbd nith
auxins, cytok{nins‘and éuxin-cytokinin c0mﬁipations.x
Shoots were formed on cotyledons cultured on medla
containing BAP (2-20 mg/1) and IAA (0-4 mg/l), whlle
media\containing NAA alone, or in combination with
equal concentrations of BAP, 1nﬁuced root .formation ;n

. 4

this explant. Roots were also produced on hfpocopyl

L4

explants‘ cultured on media contalning IAA Q;'NAA alone,

o

formation, followed by root development, was observed"

~p—

. when cotyledonary axil explants were.&g}tured in medium

)

contalnlng 1.0 mg/1 IAA. When ‘cultures were incubated

( 1.1‘1 )’ ’ - . ’ . x \



v ‘

at 18, 22 or 28°c,_ﬁdﬁ 16 or‘24jhour photébeéiods;
enhanced otganogehesis was observed when explaﬁts were
culgured under a 16-hour photopériod at 28°c. When
multiple shoots were obtalned on .cotyledon and aplcal
meristgﬁ explants, fhe addition of GAs to growth medié;
or culturing exﬁlants iﬂ’phe dark, fa}led to promote
elongat{on of multdple,shdofs. Plantlets obta{qed.
from qotyledoﬁary‘axil.éxplants produced earligr, and

greater, ylelds than parent’ stock gﬁde: both greenhouse

. and fleid conditions.

«
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'TREES ARE MY BROTHERS-.

a ‘e —=

‘Trees are my - brothq;s
Created by the same Master Hand.
.When'I am weak, ‘
I 'stand among themh
Beholding fheir strength
Bred through resistance .
In & thousand storms, - '
-1, too, feel strong.
Yet, lean they with the wind
-As I must. learn to lean ~ |
Without a broken wound,
- ¥hen winds of fate breathe strong.
Hearing the: proud songs they sing ‘e
Through twisted branches,
.My heart sings;
Sings for the sense of beauty,
- Beauty of rock, and green,” and sky,
Beauty of resilience.

I feel‘ty soul stretching upward I

" Even as the trees -
.My brothers - reach toward God. *
v | s . " . v

*

Ione W. Lyall

Y
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INTRODUCTION

. L]
Haberlandt (1902), as well .as White (1934),

Gautheret (L942) and others, first introduced 1

individual plant parts to an in-vitro environment in an

Y

attempt to answer some questions related to plant

growtn‘and developmept. Since thelir ploneering efforts,
plant tissue culture‘nas evolved to become a major”teol
in studies involving the physiology of plant growth and

differentiation, génetic manipulation; és well as a

3,

"~ means for obtaining rapid plant regeneration, multiple

piantlet formation (micropropagatton) and disease*free

1)

stocks from a large number of plant apecies {Bhojwani
and Razdan, 1983) Today the use .of in-vitro .
techniques, and their applicﬁ%ion to important‘plant

specles may potentially lead to an increase in crop

production, development of new czops and allow for

manipulations which could enhance desirable ’

,cnaracteristics and/or eliminate undesirable
4 M - '
characteristics.- ‘ . BT Ve, T

s ~-

« Geperally, infvitzgrpropagation studies are
“sarried out using explants (e.g. cotyledon, hypocotyl,

pgtiole;eyeaf, stem aﬁd root segments, apical meristem



1983).

) . \
sections), callus tlssue or protoplasts, which are
asepticallyigpltured on media in which nutrient and/or
growth regulator constituents have been manipulated v
The ﬁquid medium ls. most often solidified by the
addition of agar, to provloe a support, for the explant -

fGeorge and Sherrington, “1984; Bhojwani and Razdan,

.
p The nutritional requirements ofiplant tissues
xltgg may vary with the specie% While a sfmple

medium contalnlng only inorganic salts and a useable

sugar may support some callus growth’of blackberry and
cégrot (George‘and Sherr ington, 1984), for example;
most tissues require‘more complexvnutrient mlxtures.

These may 1nc1ude vitamins, amino acids and plant

growth requlators. The inorganlc nutrlents essentlal

for plant gXowth and development are nitrogen,l

phosphorus, sulphur, calcium, potassium and magneésium,

‘carbon, hydrogen and oxygen, which are requlred in
4 :

% . - %

-relatlvely large amounts, and.thus are often referred

to as macro-elements. Other ments are essehtial in

only small amounts and are thus termed -micro-elements.
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These include iron, manganese, copper, zinc, boron' and \

molybdenum (George and Sherrington, 1984).

Although most cultured plant cellé are able, to
synthesize all required vitamins, they tend to do .s0 ia
sub-optimal quantities (BRojwani and Razdan, 1983).

Thus, to achieve-éptimum tissue growth 1t 1s often

, hecessary to supplement the'medium with one or more
v

vitamins and amino-acids (George and 'Sherrington,
1984). Thiamine (Vitamin Bk{, pyridoxine (Vitamin Ba),
nicotinic acid .(vitamin ﬁa),-and‘inositél are often
added to fulfill this requirement. Caseih hydrolysateé,
in most cases, lis addéd to ensure tﬁat amiho—aqid
requirements are satisfied (Bhojwani and Razd§n,'19§3;

Linsmaier and Skoog, 19865). ’ ! 1'

-

Since excised plant tissues do not
A

photosynthesize, or do so to a limited extent, it is

' eéssential that a useable carbon source be suppllied to

the cﬁltpre medium (Georée and Sherringtgn; 1984). '

|

Sucrose, the most commonly used carbonksource, is
supplied at 5 concentration of:.2-5%. Glucose and .
fructose have aYso been utilized in the culture of some

plant tissue (Bhojwani and Razdan, 1983; V;q, 197@) (A-



ey a

. partial listlof'basal nutrient media utilized in

. i ) - .

fj' studies of plant tissue culture is presented in

£ * v .

3 . .
Appendix I).

. | o -

Notwithstanding the importance of nutritional .

, requirements of cultured explants, Sk6b§‘and Miller'

(1957) showed the importance of plant hormones to organ
: . - : '

formation on plant tissuesicultured in-yvitro. They

reported that plant growth substances, such as auxins,

cytokinins, and gibberelllns, are required for organ

_formation and gﬁpth. Among the au¥ins mpst often used‘

_are lndole acetlc acid (IAA), a naturally occuring
compound,'aha napthalene acetic acid (NAA),‘indble
**butyrib acid.(IgA) an&‘2,h:dlchlérophenokyagetfc acid
(2, 4-:0)' which are 511, synthetic compounds ('F'ig' '1)

) Some ' Qf the most common cytokinins include Zeatin (Z),
Y

. 6= benzylaminopuriﬁﬁ’(BAP) and Kidetin’ (Kin) (Fig 2). //

/
2

(Skoog and Miller, 1957). Auxins are, generally

administered if cell division and/or root v
P 'dlffeLentiatlon is desi;e§.~ Cytok}hinsﬁarg de
. .incorporatéd3main1y'for cell division énd s§06£
- differentiation (Bhéqwapi and Razdan, 1385);, ot

. s
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Flgure 2. Molecular structure of Commonly used"
cytokinins. (BAP. = 6-benzylaminopurine).
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Of the over 20 known gibberelling, GAs is geﬁéraliy
used, but compared to auxins ahd cytokinins,
gibbereliiﬁs\éré used only rarely, and usually only to
"stimulate the\ﬁormal development of plantlets from
embryos (George and Sherrington, 1984).

-~ ¢34

Apart from the requirements of individual growth
regulator's, Skoog and Miller (1957) réported that

differentiation‘of roots and shoots in tobacco pith

* o

culture ‘was a function of auxin/cytokinin ratios.

These ihvestigafors showed that differentiation of
. I S

. shoots and roots could be regulatédhby changling the
relative concentrations of auxin and cytokinin 1n‘£he

medium. Through'a series .of experiments lt\qu'

determined that a high ratio of auxin to cytokininm

- #promoted rooting, whereas.a high ratlo of cytokinin to

auxin, tended to stimulate'the'onset of shoot growth.
When equal concentratioﬁb of aLxEn and cytokinin were
“utilized, the ‘tissue tendedito produce callus. (Skoog

and Miller, 1957). : .

» ! — - . ’ “ - T

[

)
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This concept, thét organogenesis is caétrolled byf
hormonal regulation, is now applicable to the in-vitzro
"culture of most plant species. However, since
endogenous levels of growth reéulators contributg'to

d fhe-ratlo of auxin to'cytoklnln; the exogenous
~concentrations required willvbe different for each
'tﬁlant, as well'as fof each explant of the same plant.

Deﬁénding on tﬁe plant and tissue being culfured,
different mé&ia combinations may éromoﬁ? only callus
tigéué‘;ormation, root 1n1tia£10n, or inéuctioﬁkof only
gﬂoots. It has peendregorted thaf a single médlum
.sometimés may generate callush roots and shoots.
”(Geo;ge and Sherrington, 1984). For'exaﬁple, Wright

‘ et.al (1956) found that nodal explants of Glycine max

ksoybéan) }nlélated mqltlble shoots when culturéd Jn

Murashige and Skoog's (1962) basal medium (MS basai

medium) supplemented with 1 mg/1l BAP. Subsequént

. rooting occured in basal medium containing no exogenous .

growth regulators.«_Kurtz’and Lineberger -(1983) studled
'S T, ' " . .

the deferent{culture requirements of leaf explants‘
from-genotibicaily different tomato cultiv;r;. Optimum

'shooting response of 'Better Boy' and YVC 134-1-2' wés
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. obtained ,on Ms basal medium supplemented with 5 mg/1 e N

P
BAP and 0.2 mg/1 IA@ ~ For thet'Starfire' cultivar, 2.5

¥l o .
mg/1 BAP and 1.0 mg/l IAA proved the optimum

comb;nation for shoot induc&ion. ~411 cultivars formed
roots when placed on a medium'supplemented with only
0.2-2.0 mg/1 IAA (Kurtz and Lireberger, 1983). An MS

baéal medium Supplemented -with 1.0 mg/1 NAA and 0.01

.

mg/l BAP was found optimum for callus, root and shoot

. PR oL

1

formation in lateral bud culture of the Elephant Yam "

’ (Arditti and Nyman, 1985). Leaf sections of African
Violet produced adventitlous shoots when cultured.on MS
basal medium supplemented with l 01 mg/l NAA and 8 mg/l

BAP while rooting occured on MS basal medium alone

Y
(Start and Cumming, 1976). ] .. -

»
!

Apart from media formulations, temperature and
rrlight also play en important role in the orge;ogenesis b
of plant tlssue .in vitro. (George and Sherrington,
1984). 1In the gajority of the 1literature reviewed, a
temperature. of 25°c was generally used. In a sfudy
performed by Diamantoglou and Mitrakos (1979), 70% of ' ’
olive embryos developedkinto plantlets at 25°c¢, . whezeas

the success rate was more than halved at 15, 20 or
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30°c. 'However othér thperatureé have also been used.
Walkey and Woolfitt (1970) showed that the best .o

plantlet growth from cauliflower floral meristems
4

occured at 18°c as compared to 22°¢c. Favre (1977)

demonstrated that leaf blade explants of Vitis grew

best at 29°c, did not grow at -20°c, and survived only a* o

h]

short while at 32 and 34°c.

. Although most explants placed in culturg are

w

o %

green, as are growing sﬁtoté’derived from those
eXplants, they do not photosynthesise. Instead, they
- grow as heterotrophs, deriving all their nourishment
from the medium in which they are cultu;ed. However,
'In most fa-gltlg studies, ‘1ight has been shown to be
tmportant.-'rn plant tiseue cuitures, light i{s most
s important for lts effects on photomorghogenesis, a
- process by which‘absorption of light energy effects
morphoqenesis[-(ceorge ard Sherrington, i984).

e ! * X,

-

> _-

Basically, sthree qualities of light influence the
growth and morpthenesls of plant tissues cultured
Ln;xigzg. These are wavelength flux density

¢ H(intensity), and photoperiod (the duration of light

exposure). As with other factors, there is a marked

K
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response difference'with respect to light in tissues of
different plant species. (George and Sherxiﬁgton;
1984).

v

Seibert et al.(1975) have shown that the combined

effect of both intensity and wavelength are lmpgrtgnt
~

in cailgs growth and morphogeneéis, and that of the

wavelengths tested, near U.V. light and blue 1llght can
have a controlling effect on the rate of growth and

morphogenesis of tobacco callus cultures. These

s «

investigators demonsfrated that, although the gallus'
tissue would grow in darkness, near U.V. light of 371nm
at 90 lux stimulated growth and promoted shoot

formation.f This response was inhibited when intensity

was increased above 540 lux. However, when blue light

j/

>

of 420nm 467nm was‘emplayed, maximum tissue response
was seen at 1080 and 2160 lux respectively.- Seibeit et
al. (1975) have reported tbat grogth and morphogenesis
of their tobacco callus was stimulated by low

irradiance of blue or near Y.V. monochromatic light.

But_when fluorescent tubes emitting whitg light (thus’

“light containing many different wavelengths) were

compared, the best response was obtained when the light

L~
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source emitted a consliderable portion of total light
energy in the red portion of the spectrum (600-700nm).

(George and-Sherrington, 1984).

Light 1ntensity takes into consideration the

amount of light energy incident upon a plant tissue in

vculture. Veda and Torika (1972) faund that green,
photosynthetlc menlgigm protocorms cultured in
darkness or in light of 1250 lux gave tise to shoots,
while both roots and shoots were produced in lith of
2200- 2@00 1ux ConverEely, De Fossard et al. (1978) ‘
obsezveH that high 1ight thtensity was inhibitory to (

roosing of shoots produced from Eucalyptus ficjfolia
cultures. *In this case ;ootih§ was observed-to beé best

: o .
in darkness. (George and Sherrington, 1984).

¥

Photo}eriod refers to the length of time “the
'culture is exposed to 1ight For example, a l6-hour

pbotoperiod would Indlcate a regime where, within a

s

‘-24 -houk period the culture would be exposed to 16

hours of light and thenA} hours of darkness. Both
callus growth and adventitidﬁs shoot formation may be
influenced by the  photoperiod under which-tissue

)

cultures are maintained. Shoot morphodenesis is

S Y ,

[N

Pis
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usually favored by light. Many calius tissue may grow
equally as well in. darkness as in‘liéht, but require
light to initiate shoot’buds. (Géorge and Sherrington,—
1984). ‘

Callus obtained from shoot meristem cultures of
N

lentil, after being incubated in darkness for J4 weeks,
‘produced shoots wheq\transferred to a 16—g%ur'
photoperiod regime (Willlams and McHugen, 1986).
Similarly, meristem t{p cultures of red raspbe{ky
(Donnelfy et al.,1985) and‘ﬁéaf segments of several
tomato cultfvars (Kurtz and Lineberger, 1983) producéd
adventitious shoots\dnder a l6-hour lighé reélmg. A
éhotoperiod of 12 hours of 1light was sufficlkent for
shoot inducfloq 1n.C9ty1edonary nodes of soybean
(Wwright, et al.,1986), lateral.buds of Elephant Yam
(Arditti and Nyman, 1986), and leaf segments of African
Violet (Start and Cumminé, 1976).

1' By utilizing éurrently avallable fn?orhgﬁgoh,

me ods‘anderinsiples, criteria have been established .
fojhthe successful Ln—gi;;g pfopaqatiqp of many plant
species. Notwithstanding th; importance of basiq

nutritional and environmental factors, tHe relationship
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of auxin-cytokinin ratios.to shogt and root initiation,

remains at the foundatioo of in-vitro plant

regeneration. However, success in the'regenergﬁion of
£

other plaot sﬁéciéo by extension of established
criteria mgy not be reéiized by simply duplicating
previously sucoegsful methods (Murashige, 1976).
Nevértheless, several lnvestigators have reported

Fd

. &
varying degrees of success in the regeneration and

mlcropropagatlon of Capsicum. . ) 9
George and Narayanééwamy (1973) first attempted
the Lnﬂzigxé culture of_ggngiggm annggi using pollen
orains of the chile pepper 'Sendt'. The pollen was
cultured on Linsmaier and Skoog basal medium ’
supplemented with coconut miiﬁ)"ﬁeast extraét casein.
'hydrolysaie, auxins and/or cytokinins, and incubated at
25°c under constant light conditions Addition o£
auxin was ﬁecessary for the initiatlon of cell division

and development/of -an embryoid @ype ‘of growth. Matuze

embryos capable of plantlet fonmapion occurred in only ‘

one in% thousand  anthers cultured, when myo-in?fsitol
0 Y @
and caseln hydrolysate were added  to basal medium
° v oot ]
(George and Narayanaswamy, 1973). ’ iy

§ o
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Gunay and Raa (1978) examined the regeneratlion of
Red Pepper fraqm hyﬁocoéyl.and cotyledon sections, The

explanhs from two cultlivars of Capsicunm annngm

(California wOnder and Pimento), and a hybrid variety

of Qagglgum_i;gﬁg;ggng (Barath) were cultured on MS

basal medium supplemented with auxins (IAA, NAA, " or

2,4-D), and cytokinins (BAP, %, or Kin) or coconut
milk;\agg incubated at 25°c under contiqﬁous light
conditions. When 2,4-D was added to—thq hedium
vigorous callus growth occurred in the explant; of ail

varieties tested. Root formatipn occurred upon the

<
Ay

additign of JAA alone or NAA.aloﬁe, with}chétacteristic«

difie;endég observed between the roots formed with IAA °

(long and thin) &and NAA (short and thick, with fine

network of root hairs). The explants of the three

-

varieties tested aléo showed differeqces in spoot

initiation with respect to the cytokinins incorporated

into_the medium. The addition of Kin (1 mg/1) priguced
only callus fq;mation,”ghlle Z (1 mg/l) occasionally
promo}ed shoot bud -formation in éhe cotyledons of
'Pimento’ and"Barath'. BAP (lrmg/l) induced.bothf

callus and- shoot formation in cotyledon explants of

-tcarifornia Wonder' and 'Barath'‘and in hypécotyls of

-
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'Pimento ’ but when" ehe concentration of BAP was
fbincreased to 2 mg/l, shoot bud formation occurraﬁ in _

. the cotyledons of all three varleties. (Gunay and Rao,

1978).

. ’
When auxin énd cytokinin were used 1n\coybination
with each other, Gunay and Rao (1958) obtained
different‘results Upon the addition of IAA (1 mg/1)
and 'BAP (2 mg/l) shoot buds developed in cotyledons of
%}rath, anélcallus and root 1n1tiation was observed in
hypocotyls of th{s hybrid variety. The shoot ‘buds
6;§e}0ped roots‘upon f:ansfex to medium containing Iaa
(0.5 mg/l). Californla ?onder and Pimento developed
shoot buds, £0llowed by rqotiﬁg when IAA (1 Aé/l) and °
BAP‘(Zxﬁa/}) were incorpozéted'into the medium. A
Aoderate amounﬁ oé callus growth accompanied the
‘ morphoéénlc respohse in ali'three varieties.  The shéot
buds obtained oéythis medium grew into comélete
plantlets within 6 weeks after bud initlation. BAP was

1,

found to be more effectiQe’than‘other‘cytokinins tested

-~

for its shoot 1nduc1nq capacity When NAA was used in

p;aﬁ? of IAA, in combination with BAP, shoot bud

~
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‘formation was completely suppressed. (Gunay and Rao, -

1978).

Farl and Czako (19811 investigated the 4
‘regenerative ability of,hypocotyl seqments'of a '
~Capsicum annuum variet§,\T.'Hatvani; using\a medium
established by Gunay and Rao (1978), containing 2mg/1
BAP and 1mg/l IAA. 'Hypocotyls wére cut into 6
equal length segments from apex to base, and monitored
over a\ﬁa ~-day incubation period “ Explants were:
cultufed at 25°c witb a 19-hour photoperiod of 7000 lux
fluorescent light.‘ The temperature of the darkness
period was lowered to 2;-22?c. Callos qrowth was
observed on all segments, while rooting intensity
showed an'almost 1inear increasg\from'apioal segment to
basal segment ‘Both shoots and roozs were formed in
the first three aplcal sections. . Becaqse root
formation in these segments was accompanied by gallus
growth the shoots were dissected from root and callus,
and cultured on. MS basal medium supplemented with'0.1"~
“mg/l NAZA and 0.05 mg/l BAP, where vigorous rooting and

*

_elongation of shoot buds occurred. The resulting’

-, o .. v

g

.""L#
i

l. .
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'normél plantlets were successfullj grown to maturlty in

greennouse conditions (fari and'Czako, 1981) s

L \ '
N v N , 3 A
\ . ¢

Saxena, et al (1981) isolated and cultured
protoplésts of'gapaiggm annuum. Protoplasts were
isolated from mesophylllcells’of the Califormii/ﬂonder -
Icultivar, and cultured.in Durand (1973) or Nagata ana -
Takebe (1971) basal nutrient medium supplemented with 1.
?mg/l each, of 2,4- D NAA ahd BAP, and 2% sucrose and
0.5 M mannitol. They were incubated at 25°c in the
dark, for 15- days The tiny cell clusters‘which
subsequently developed; underwent rapid callus
prolfferation when transferred to 0.25 M mannitol endl
light (3,000 lux)'conditionsf<r§hoot morphogenesis
%equrred when‘céfli were transferred to MS medium
supplemented with IAA (4 mg/1) and,kinetin (2.56 mg/1).
The shoots fprmed roots when they were transferred to
MS medium supplemented with IAA (1 mg/l) and Kinetin
" (0.04 mg/l). Plantlets were formed wn1ch flowered
‘after 5 months under a 16-hour photoperiod regime.

-{Saxena, et al, 1381). ° .
. , "
,‘Agrawal azébfnandra (1983) reported success in the

regeneration of~g§ningm anpuum Erom‘embryos cultured-
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in-yltro. Embfyos of Mathania were‘excised and
cuitured on MS medium supblementeq with Kinetin and
. BAP, alone, or in comblnation with IAAvand 2,4-D.
Cultures weregincubated dt 26°c in contimuous”light.
ﬁe@ia containing 2,4-D (0.5;1’mg/1) alone or witﬂ
' Kinetin (0.5 mg/i) induced callus growth on- the

’

embfyos. Roots were formeq'on'a médlum supplemeq&sg

| with Kinetin (0.5 mg/l) and IAA (3 5 mg/l). Numeroué
.shoo% buds formed on the margins of the expanded
cotyledons when the media contained Kin or B@P (5 mg/l)
ﬁlone, or in cémbipation with IAA (0.5-1 mg/l) These
buds pzoliferated’furthur when subtultured to a medium
supplementeg with BAP (S mg/l), but th%ir size‘remained
small. Upon subculture to a medium containing NAA (0.1
mg/l} rqﬁts‘formeq and the growth of shoot buds was
appafemé.“(Agrawaltand Chandra, 1983),

PHillips and Hubstenberger (1985) performed an
-extensr;e study on the regenerative ability of four
varieties of'ggjﬁjsuun;unugun. These included
California Wonder, Yolo Wonder (sWeeg bell-type

peppers), New Mexico No.6-4 arid NuMex r.. Naky (long

greén chiie types). Contrary to previous reports, all’

-
¢



A

20

-~ -

cultivars were found to respond in the same manner in

éach treatment condition. Explant tissues included

hypocotyl sections, distal cotyledon'pieces"
(non—me;iétematic eﬁplénts), shoo§ tips and
.cotyledonary nodis (meriétematic*exdﬁ'nts). Explants
_‘were cultured in Ms‘basal medium supplemented with IaaA
(0:01-10.0mg/l), IBAY(O.Ol-l,Omg/l); BAP
{0.02-50.0mg/1) and/or Kin (Q.Q}—B.bmg]l). Incubation

environments w;re varied with temperatures of 25 or

- 28.5°¢c and ontoperiods of 12, 16 Q;‘24-houzs. -

-

\ Meristematic explanté showed a 2- to 10-fold
g;eater capacity for shoot initiation than did
non:merisﬁématic explants, which exhibited a greater
éapacity for root orgaﬁbéenesis. Shootiﬁg was found -to
occur in the presence of BAP, with or without IAA'or
FBA, and in dontrast to the f£indings of Gunaf and Rao
(19;}), it was noted that cytokinin (BAP)'qu 1mportant.’
for rooting. 1In this sfudy, when cxﬁbkinin was ab;ent
organogenesis was not observed. Whileé high BAP/low IAA‘

“ combinations induced the highest frequency of
advenfifioué bud foiﬁatidn, 0.05 mg/1 each of IAA and

’

BAP were required for shoot elongation. This latter

&

N
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combination of growth regulators was also found to be
oﬁtimum for root formation (Pnillips and Hubstenberger,
1985). Thus, these investigators established that IAA

and BAP were the best growth: regulators for use in-

~capsicum tissue culture.

Phillips anh Hubstenberger (1985),also eoaluated

environmental lncubationnvarlables for thelr effects on
; Y

‘morphogenesis in long-term cultures of pepper (cultures

were observed for 9 monthly passages). 1In general,

shooting frequencies from meristematic explants

incredsed as temperature and photoperiod lncreased

Non-meristematic explants showed the highest shooting

- =

.,_responses at 25°c, l6-hour photoperiod, and 28.5 c,

continuous light Warmer temperatures {(:28. 5°c)‘and

continuous 1ight were found to maintalin shoot

¢

organogenesis over’ an extended time perlod compared to
the other incubation environments‘tested. The nlqhest
frequency of roo§ organogene515 in non- meristematic

explants was observed_gnﬂer 16- hour photoperiod regimes
at“§5°c, and in meristematic explants under continuous

light at either 25°§ or 28.5°c (Phillips and

Habstenberger, i985): -

., - h.

d %
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Campiottd, et al. i1986), attempted in-vitro
culture of shoot apices from three Capsicum varieties ,
(Golia, Quadrato d'Asti, and Cornodi Toro). - After 30 z
days of culture in MS basal medium supplemented with 1 ‘
mg/1 IAA, 100% of the aplices fegenerated'roots. with
2.0-4.0 mg/1 BAP and 0.05 mg/l1 IAA, the axillary buds.
began to grow and adQentltldus shoots, as well as
callus, were generated. _However, after the 30-day
culture perfod, the adventitious shoots remained small
in size. In an effort to promote shoot elongation the
tiesde,was transferred elthexr to fresh médluq‘of the
-same concentration; or to a new medium supplemented
with GAa (up to 1 mg/l) ’ GAa has been regarded as a
growth regulator lnvolved in the promotion of cell ‘
elongation (Salisbuny‘and Ross, 1978). This resulted
in a large amount of callus being formed on the fresh ,
medium as/well as on tde Q@a—containlng‘medium, and -

" elongation of established shoots was not achieved

(Campiotti et al., 1986).

» Detalled studies had been devoted to the

.

determination of requirements for.ég,xLL;Q plantlet .

regeneration (Guany. and Rao, 1987; Campiottl,met'al,

8
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1986; Wright, et al, 1986; w1i11ams and McHug‘en, 198s;
Arditti and Nyman, 1985; Dongelly, et al, {985;

Phillips and Hubstenberger, 1985; Agrawal and Chandra,
1983; Kurtz and Lineberger, 1983; Fari and CzaLo, i981;,
Saxena, eg al, 1981; Diamantoglou and Mitrakos, 1979;

De Fossard, et al, 1978; Favre, 19i7;‘start and
Lumming, 1976; Seibert, et al, 1975; George and
Narayanaswamy; 19735— Walkey and Wodlfit, 1970;
Murashige and Skoog, 1962; Skoog amd Miller; 1957;),

but few authors have monitored plantlet developmént .

beyond the culturing gnvlronment, other thaﬁ to report T

that plants grew tp maturity in greenhouse condlitions.

Following plantlet\dewelbpmént beyond the ln-vitro

stage would be beneficial for the following reasons:

1) . To determine whether. any differences may exist

between the'regenerated plant and the parent plant.

2) Second generations may be evaluated to determine .

if traits are carried from one generation to another.

-
L3

. ) T . il
3) A comparison of regenerated and parent plant ‘ £

development in a greénhouse environment and in field
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‘trlalsj;ould allow for economic assessment of growth

~-

patterns and fruit yield potential for industry.

"Although growth regulator requirements and growth
conditions for Capsicum established by previous’
investigato;e have been successful, there have been
oonflioting reports regarding the response .0of various

explants and cultivars to media formulatlons and

-

environmeital conditions. Notwithstanding, "research to
date indicates that IAA may be the best auxin, and BAP
the best cytokinin for use in Qﬁnaigum regeneration.

Temperatures of 25°c, and photoperliods of 16-hours or

Z4-hours have most often been employed, but few

attempts have been made to establish the effects. of

varying température and photoperiod on the
morphogenesis of ggpgjggm plant tissue. Additionally,
no extensive study has been done to evaluate both media

formulations and growth conditlongpat the .same time.

The aim of the present research was‘to ‘ .
successfully regenerate a hyb:ld cultlvar of Qggglggm

)
W

'annunm cv. Early Prolific Hybrid Pepper (a sweet
bell type pepper) using tissue culture methods. To

date, there have been no reports concernlng the

4



25
. )

regeneration or micropropagation of this cultlivar.
Hybrid geed of Capsicum are expensive as compared to
regular, open-pollinated seeds because these seedp are
produced Ey manuaivpollination. “Thg‘hybrid plants are .
vigorous, very productlvé and prdduce an early crop.
Tﬁus, successful regeneration of a hybrid species coéld
lead to economical advantages. An adqitional aim of
this study was to add to the present knowledge of‘the
culture requirements of Capsicum, through ‘

envaonmental, coupled with growth regulator,

L
Ld

manlpulatdonsz

It-was considered of interest to attempt to

regenerate’a single hybrid cultivar of Capsicum, g

allowing for extensive experimentation with growth ,

ot

regulator manlpulﬂfiohs and environmental factors, and
theirhefgects upon the morphogenesis of different
explagts. Addition%lly, althouéh inyestiqators
'geherally tend to eméloy the use of statistics to a
limited extent, statistical anaylsis of results
obtained in the present .experiments was-utilized.not
only to establish the significance of differences in

observations, but also to aﬁyempt to show differences

s B /
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in the effects of growth requlators upon different
exﬁlants cultured under zirious incubation

environments. To date, there has been no documentaticn
ih this regard. Plantlets formed jn-vitro were.then .
grown to maturity under greenhouse, as well as fileld
cqnditions, where evaluation (through statistical \

analysis) of qualitative dlfferences from parent stock,

and potential economic value could be determined(

»
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*  MATERIALS AND METHODS

-

.

v

mmﬁmgmmmﬂmmmmmga

Seeds of Qépﬁlgum_annnunb cv. Early Prolific
Hybrid Pepper, were purchased from Dominion Seeé House
(Georgetown, Qntario). All seéd aﬂd explant\
manipulations, as well as sﬁb—culturing, were carried
out aseptically in a laminar £low hood (éi%ma <

Sclentific), equipped with an ultra—violetu}ux\hﬂ light

and a bunsen burner.,

. éeeds were surfadé sterilized by placing between
50 to 150 seeds in a sterilized ‘infuser-: (Fig. 3), and
immersion for 2 minuteseln 70% ethanol, followed by 10
minutes in a 6% sodium hypoghlorite ‘ure jaééx)
solution. The stérilizéé seeds were then wasﬁed“three

seperate times in'sterlie distilled water. The washed

seeds were transferred to a”sterile cutting tile before

placiﬁg 3-4 seeds in 125 my‘ﬁags containing MS basal o

medium. (ghiyseeds were germinated at 22°c + 2°c‘unde;

a 16-hour phptoperiod ;egime. Explants were removed 24 §

to 27 days after sowing, from 10 to 13 day-old,'

seedlings. R

1 | : -
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Infuser (indicated by arrow) for

surface sterilizating Capsicum

seeds.
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Cotyledons were ¢xcised taking care ghat no part
qf‘the petiole was remoy;d, and small perforations were  __
made ‘along ‘the mid-rib and’laming before placing them
Zn culFure vials. Hygpcotyl sections were excised and
small longitddinal slits were made along the entire -
length before they were placed in culture medium.

Cotyledonary axil and apical meristem sections were

exclsed and placed directly into culture vials.

= Explantqcinigll experilments were cultured on
+Murashige and Skoog (196?\ basal medium (MS). Stock
solutions (Table 1) were made 'and stored in the
refrigerator or‘freeger for ali ing;edients except
casein-hydrolysate, myofinosltol( sucrose énd agaf;
which were welghed out directly as required. .One litre
of MS basal medium contalned 10 mls of éach stock - (

- solution, 0.1g, hyo-inositol, 1.0g casedn—hydrolysate; . *
and 30.0g sucrose. Before ;éding 6.0g agar (0Oxolid,
Bacteriological, Agar, No.1l) the pﬁ‘of the solution was
adjusted to 5.7 £ 0.1 with 1N NaOH or 3N HCl. The
medium was heated on a mégnetic stirrer until clear.

. Growth regulators, when requlifd, were then ?dded.
\ ’ Stock'solutions of growth requlators, at appropriate
concentrafions, wéze preparéd by dissolving them in
absolute ethanol and were stored in the‘refrigératof.
dApprqximatel; 20mls of the nutrient solution were .

. placed in each culturee jar. The jars were then capped ‘

.~ ‘and autoclaved for 20 minutes at 121°c,

AN
»

pa
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~ Table 1: - Formulation of MS basal nutrient medium.
Stock Solutions (X100 concentration) were
stored in the cold. (From Bhojwani and
Razdan, 1983)
" Macro-Elements -9/100ml
Stock Solution I:
CaCl=z.2h=0 4.4
Stock Solution II:: ‘/ *
KHaPO.u 1.7 .
KNOa 19.0
MgSOx . TH=20 3.7
NH4NOz- - 16.5 4
Micro-Elements
Stock Solutlion III: . -
. K1 ' 0.0083 <.
Stock Ssolutlon IV: - W o .
FeS0a4.THz0 0.278
. Na-EDTA 0.373
' stock Solution V: ' '
v CoCl=.6H=0 * 0.00025
CuS0«.5H20 0.00025
HaBOas 0.0629 . .
MnSO« . 4H=0 . 0.2230 A
. NazMoO«,2H=0 0.0025
LI ZnSO.": 7Hz0 0.0860
Vitaming . .
N \
Stock Solution VI: -

: glycin 0.02 .
nicotinic acid 0.005 )
pyridoxine-HCl. 0.005 ‘

- thiamin-HCl 0.01 S
N\

o~



I S

s 32

Experiments were initiated to determine growth
regulator combinatians required for the inductlon of
L3

a

shoots, roots and callus'in,cotyledoq and hypocotyl

e . - -

. .
In total, 32 different medix formulations were

" explants.

tested (Table 2). All cultures were lncubated at 22°c
+ 1°c and 16-hour photoperiod, under a éombination of ‘
flourescentﬂahd incandescent lighting ai an.inténsity
-of 520 ft. candles. Flve cotyledons and five
:hypocotyls were cultured for 30 days on each medlum. .
Tissue response was monitored:once per week over'a; |

30-day culture peiloq, at the end of which the extent

of morphological change was scored.

o
For this investigatich, nine different media’
formulations and three different explants .(cotyledons,

.

hypocaotyls, cotyledonary axils) were used (Table 3).
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1
TABLE 2: Formulations of medla used to determlne
growth regulator requirements for
morphogenesis in cotyledon and hypocotyl
b ] explants.*
AUXIN CYTOKININ GA
MEDIUM # Taa NAA 2,4-D BAP KIN GA3
1 - -1.00 - - -

« 3 \.00 . -~ - - -~ -
10 - - - 1.00 - -
12 - - - 2.00 - -
18 - - N~ 5,00, - -

1 .05 - - .05 - -
6% 2.00 - - 2.00 - &
6" .05 - - 2.00 - -
5 1.00 - - 2.00 - -
8 .05 - - 10.00: -~ -
13 .10 - - .10 - -
14 .10 - - .50 - -
15 .10 - - - 1.00 . = -
16 - .10 - - 5.00 ° -
17 .10 - - 10.00 - -
11 4.00 - - 10.00 - -
3 - .01 -+ - .10 - -
.24 - .10 - .10 - ho
25 - .10 - .50 - T
26 - +.10 - 1.00 - -
27 - .10 - 5.00 - -
- 28 - - .10 - l0.00 . - -
23 .- .05 10.0 - -
21 1T - - 1.0%\' .10 ‘ -
2 - - - .10 - *.00
4 .10 - - - .01 -
22 - 1.00 - - - .10
29 - .02 . - - 2.00 .-
30 - .02 - - . 2.00 - e -
19 .02 - - -. 2.00 ’ =
20 .02 - 2.00 - ‘ -
0 .35 - .22 -. .02 -

All media contained MS basal nutrient solution, .

except media 2 and 4, which contained half-strength

MS basal nutrient solution.

mg/1.

i

Concentrations are in

o

[

|



Table 3: Growth regulator constituents of MS medium
used to determine effects of temperature and
phbt@eriod on the morphogenesis of cotyledon,
hypocotyl and cotyledonary axil explahts.

MEDIUM ' ' GROWTH REGULATOR CONSTITUENTS (mg/1)

' ~ IAA NAA  BAP.  Kin
1 - 1.00 - -
6% 2.00 - . 2.00- -
v 1 T, 005 - - 0.05 -
§ . 0.05 - 10.00 -
9 1.00 - - -
11 .. 4.oqh ~ 10.00 -
12 - - 2.00 -
21 "~ 0.10 - r.oo 0,10
+23 - 0.05  '10.00 -
» ;‘ —
. —
?
R - g\ - .
& -
(v -
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Environmental treatment con;iitions consisted of three
temperatures (18 + 2°c, 22 + 2‘5c, 28 + 2°c) and two
photoperiods ( 16- and 24-hour). Three different
incubators were'used which varied in light intensity

\

from 520 to 600 £t. candles.

o
Three't5 five eiplants of each-tissue type were -
cultured fo‘ri each: condit;:lon {(l.e. medlum,. temperature,
photoperiod);. Eo;: each condition, experiments were
'repllcated two or three times. Thus, a tot\al of ten

explants were cultured per treatment conditlon.
) . )

Observations of morphological change were recorded
at least once per week throughout the 30-day culture -
period, at which time the extent of morphologica;l"
change was, noted- in terms of péjrcent frequenéy and
intensity of response. This method of reporting
response is best descrlbed by use of theé following
example:
. S S,

Cotyledons cultured in 22°c, 16~hs. photoperiod

responded with callus growth of 2/i0(++++)6/10(’+).



Thus, since 8 out of the 10 explants cultured

responded with callus growth,
% Frequency = 80

However, 2 responded with much callus growthiy%nd

6 responded with little callus growth, thus

[N

(2 X 4(+'s)] +

Intensity
(6 X 1(+'s)]
=8+ 6
. ' = 14(+'s) .
k.

" and ~ ' “~ .

14/10 = 1.40

Thus, the average intensity of callus growth

‘is 1.40. o
- 40. ;o

With this method of rebofflhg,.we can

see ‘that 80% of the cotylédoﬁs ;esponded to the
treatment condiéioq<and t;;t the'average callus
. ' 'u intensity qf”al% the cultured explants.(1Q)‘was
1.40.° “ “ |

- Statistical analysis was performéd on the results

of these experiments, using the computer program

. ' . .
“ (VY . Y <4
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entitled Statlstiéal Package ‘for the Soclal Scien&es

(SPSS) (Norusis,.1985; Nie, et al, 1975) avallable for
use at the Concofaia University Compu%er Sclience
Department. A.multiﬁle analysis of varliance (ANOVA)
was performed with medla fbrmulatlbn, explant,
temperature and photoperiod as independent variables,
shooting, rootinq and callua intensity as dependent.
variables. A h%erarchlcal log-linear (HILOGLINEAR)

analysis ‘was also performed on thgse’data.

Additional analysis was performed which consisted

of a stepwise multiple linear'regression analysls.

Concentrations of IAA, NAA, BAg,nand Kin, type of

_explant, temperature, and photoperiod were independent

variables, 'while shooting, rooting and callus
intensities were dependent variables. A ser{es of

stepwi&e multiple regressions were performed with -
explant, temperature and photoperlod held constant,

AN
IAA, NAA, BAP and Kin as independent variables, and

shooting, rooting and callus intensities as dependent |

vaiiables.

-
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To, éompare the effects of several promissing media

from the two previous expérlments, e ight cotyledonary
R ~
axil explants were cultured on each of six different

<«

media formulations, at 289c and 16-hodr photoperiod,
and morphological response was scored after the 30-day

culture period. Explants which had produced shoots,

but not root were placed in basal medium shpplemented

with IAA (1.0 mg/1) to induce a rooting response.

As many as 73 qotyledona;y axils were s.ubsequentl
cultured, in several experiments, at 28°c, and 16-hour
) photoperiod fn medium 9 (IAA 1.0mg/l). When explants
formed both shoots and rooi:s, gnd ‘when these shoo'ts
began to elongate, plantlets were transplanted (soil
pH=5.7) and transferred to gregngouse conditions.
-~ ‘Supplemental light.‘ing" (both fluorescent ard
lnéandescent) was provided on a 16-hou;i'photoperlod

regime.
Greenhouse and Fleld Trials
Plantlets which had,been regenef:ated from.

cotyledonary axil explants cultured in medium 9 (1.0

:amg/I.IAA) (F-1 regenerated plants) and transfferred to

-
\
\

\ -
© ‘ LI
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AN
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;qgeenhouse conditions, were monitored once per'%eek,
and the plant heiéht, number of leaves, agqe of frult

set and harvest, number and welght of frult were

recorded. Similarly; parent stock seeds (F-1 seed),

second generation parent stock seeds (F-2 seed) (Erom

frult produced by F-1 seed plants), and second (/

generation regenerated seeds. (F-2 regenerated). (from -
4
fruit produced by F-lwfegenerated plants) were planted

, X
in the greenhouse and the same parameters monltored
once per Geek. The plants were monitored for two fruit

yleldss: To ensure that the fruit were fully mature

wvhen picked, they'were harvested only when they began‘

to turn a slight red color. Except for F-2 regenerated.

2 .
plants, greenhouse trials were repeated to obtain data

from 20 plants.of ehch of the four plant types.

In the spring and summer of 1987, a fileld trial ~
was.pérfp;med at Ferme Prud'homme, IOEated.ln the
St.Eﬁstac;; region of Quebec, a reglon well renowned
for ;Es vegetable production (soillpH=6.41. No

*fertilization, or'soil adjﬁstments were made to the

trial plots. A*minimum of éO plants from each plant

-type were planted when -they were be?ween 35 ana 42 days
¢ Y

¢
L4
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old, and bore between 8 .and 15 leaves. F-1 seed plantys
were.ene week yeunger when planted odt (Oune 3) than
either F-2 Feed or F;Z rege€nerated plants. F-1 y
regenerated plants were four weefs younger, and were

transferred to fleld condlt@ons four weeks,ierer (June
?4f"than F-2 seed and F-é‘xegeneraﬁed plants. As in X
greenhouse trials, the plants were monlitored vnce per
week, and the plant height number of leave;, age at
frult setesnd hervest, nuitber an&g’eight of fruit were
recorded. .Fruit from all plants mere harvested on

September 16.

Staérséical analyses were performed on a}l data:
obtalned from both the greenhbuee and fleld trials.
Initially, a 2-way énalysie of Garianqe'(ANOVA) was
performed to determine whether any dlfferences.exieﬁed'
between tﬁe greephouse and/or the field trials and:
plaﬁt type (Ffl.seed, F-2 seed,(g-l~regeneratedé_F*Z
‘regenerated) upon measured parameters. ”Tﬁo seperap;".

greenhouse experiments had been performeﬁ‘for each
plant type, except F-2 regenekated planté‘where only

one was performed, and one,field e;periment'was L
' . L

performed for each plant type. Parameters upon‘bhichn

[
~
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ANOVA analysis was performed to determine the

5 41

o

plant type was ‘found to have no effect were eliminated

from furthur analysis. The data from4para;?ters not .
found to be significantly different between individual

greenhouse trials were subsequently pooled and further

i

significance of differences between greenhouse trials
and the £ield trial for individual plant types.
Alternatively, the data from those parameters found to

be significantly different in greenhouse trials of

individual plant types: were kept seperate in subsequent

_ analyseé.‘ To this end, a series of ONEWAY (oneway

- \ N
ANOVA) analyses were’performgd-on data for individual

plant types. As well, a series of ONEWAY analyses were

performed on all data to determine vhethexr differences

existed between plant types in greenhouse and/or £1e1d

.trials. Postpriori tests (Scheffe) were emgioyed to
establish whether significant differences (P<0.05)

existed.”’

=
X

L
e

K
~r

A



* 16-hour photoperied, for 30 days.
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Micropropagation

]
. , - . \“‘
Elongation of multiple shoots, . p

\

In this serles of experiments, an attempt was hade
to obtain multiple plantlets jn-vitro from cotyledon

and aplcal meristem culture.

An initial éxperiment was performed to determine
the poteﬁtial of,apical'meristems to‘form ;Boots in
culture. Four.media (medium numbers 11, 18, 31 and 32)
which had been prevliously found to induce a'sﬁaotinq
response in .cotyledons, Qé&e utilized,'éﬁdilo apical

méristems wére cultured in each medium, at 28<c and

©

Shoot eionqation experimentation consisted of
placing established shoots in GAs (0.1lmg/l), or placing

them in footing med}a,‘or by either of these two.
\

methods coupled with placing them in the dark to induce

]
\

etiolation. -

Subsequently, at least 10 cotyledons and 10 apical
meristem sections were cultured, at 28°c and 16-hour

photdperiod, on media containing BAP (20.0mg/l) and

-

€

<




. ' 43
from 0.1 to 5.0 mg/1l GAa. Additionally, the optimum
shooting meditm established‘in previou;)experimentatibn
(M32¢ BAP 20.0mg/l) was employed, and 10 aplcal’
meristems yeré cultured at 28°c and 16-ho;r photoperiod
for 30 days.a Multiple shoots that were formed on
aplcal meristem explants cultured in BAP (20.0mg/1)
alone, were sub-cultﬁred in media which coﬂ%alned from .
0:1 to 5.0 mg/1l GA=. Seven meristeﬁs which had t;e
most profuse shootihg response, wgre,fransferred to MsS
basal medium (containing no growth regulitors) in an
attempt to iqduce elongation in already°eé£abllshed

shoots.

-

- o \
Callus prollferation was induced in cqtyiedon and

hypoco?yl exélants py culture at 28°c, or 22°c, 16-pou;

photopetriod, in callus-ln&Léinq,medlum préscribed by

" Murashige and 5kodg (1962) containing IAA (0.35 mg/l)f

2,4-D (0.22 mg/1) énd Kin (0.62 mg/l). . The callusfwas

allowed.to‘proliferété for 30, 60, or 90 days( at which

times sections werd placed into previously established

shoot- or root-inducing media, at 28 or 22°c¢c, and
by

S
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16-hour photoperiod conditions, where tlssue response

4
was monitored on'a weekly basis.
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, S RESULTS

Cotyledon explants tended fo respond with callus,
shoot and/ot réot growth, whereas hypocotyl explants
generally did ngt tend éo 5foduce shoots (Table 4).
Callus growth was promoted in all but three cases [i.e.
c§£y1edons cultured on medium 8 (0.05 mg/l IAR ; 10.0
m§7i BAP) and{hedlu;-ll (4.0 mg/1 IAA + iO.Q mg/l BAP);
hypocotyls culEPred on medium 9 (1.0 mg/1 IAA)]. Wheﬂ
IAA was helé constant (at 0.1 mg/l), and BAP varied

- from 0.1 to 10.0 mg/1 (media. 13 - 17), the shooting
intensity of cotyledons increased with increasing
concentrations of BAP,‘whlle_the roo%ing,intensity of
hypocotyl% decreased. However:,when NAA was
substituted for IAA (media 24 - 28), cotyledons
prdduded roots instead of shoots, and rooting 1n§ensity

in both explants decreased as the Eoncéntrat}on of BAP

was lncreased (Table 4).
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In all cases, the roots which Qere produced fr;m
both cotyledons and hypocotyls cultured on media’
suéplemented with NAA (1.0 mg/l) were short and thick,
and developed in a mass-like fashion. {Conversely,
roots which developed from hypocotyl explants cultured
on media 7 [(IAA (0.05 mg/l) + BAP (0.05 mg/1)]) and 9
(IAA (1.0 mg/l)] were long gpd'thin and develo
singly. Shoots (actually small leaves) arising from

cotyledons cultured on media 6*, 6, 11, 16, 17 and 18,
: *

:varied in the extent o£~proliferation but appeared to

develop in the same fashion. Masses of shoots often

fogmed at the cut base of ‘the cotyledon, whereas singile

shoots tended to form elsewhere (i.e. from the center

of the cotyledon at the midrib, uypper or lower .

cotyledon surface, and from the tip of the cotyledon).

Growth regulator concentrations bf the various media
tested did not abpéar to have an effect on the area of

organdgenesis within the cotyledon itself.

Overall résults of this experiment indicated that

the best shoot-inducing media for cotyledon explants

. were media numbers 17, 18, 8,-11) 23 and 6%, cphtajninq

from 2 - 10 mg/1 BAP and from 0 - 4 mg/1l IAA. - None -of
) \ .

.

»

.4
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the mgdia.tested in this experiment induced a good
'shooting iégponse in hypocotyls. The best
r&&t~1nduc1ng media ‘for cotyledons wé;é media numbers 1
(1.0 mg/1 NAA)-and 24 (0.1 mg/l NAA + 0.1 mg/1 BAP),
while media 1, 7, 9, 13 and 24, contalning from 0.1 -
1.0 mg/l NAA, or 0.05 - 1.qlmg/141AA and from 0 - 0.5

mg/1 BAP, seemed best for rooting of hypocotyls. The

best callus-inducing medium for both explants was found

to be medium 0 (IAA (0.35mg/l) + 2,4-D (0.22mg/1l) + Klin
(0.02 mg/1)] (Table 4).

,

.
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TABLE 4: Medla constituents (mg/l) and morphologlcal response of
explants cultured for 30 days at 22°c, 16-~hour photoperiod.
- A minimum of 5 explants were cultured per treatment.

‘ + AUXIN CYTOKININ GA RESPONSE ==

MEDIUM #* TIAA NAA 2,4-D BAP_  KIN GAs COTYLEDONS HYPOCOTYLS

1 - 1.00 § - - ® - C(++)R(++++) C(+)R(+4)
1.00° - - - - C(+) . R(+4++)
}0 - - - 1,00 - - C(+) C(4) :
2 - - - 2.00 - - C(+) C(+)
w18 - - - 5.00 - - C(+)5(++4) C(++)
7 .05 - - .05 - ‘.. C(#) C(+)IR(++4)
6% > 2,00 - - - 2.00 - - C(+)S(+) C(+4) .
6 .05 - - 2.00 "\ - C(++4) C(+)

S 1.00 - - - 2.00 - -~ C(+++) C(++)R(+)
8 .05 - -10,00 - - 8(+) . Cl++) .
13 .10 - - .10 - - C(++) C(+4+)R(+++
14 .10 - 7 - .50 - - Cl++4) C(+++)R(+)
15 .10 - - 1.00 - - v Cl+4) C(+#4+)R(+)
16 .10 - - 5.00 - -~ C(++)8(+) C{++)R(+)
17 .10 - -10.00 - .= ClL#IS(444) LIRS

11 4.00 - -10.00 - - 8(+) C(+)
3 - .01 - .10 - - Cl+++) C(+)
24 - .10 - .10 - - C(++)R(++++) C(++)R(+++
25 - .10 - .50 - - C(++)R(+) C{(++)R(¢)
26 - .10 - 1.00 - - C(++4) . C{++)R(+)
27 - .10 - 5,00 - - - -
28, - ,10. -10.00 - - C(++#) C(++)
23 - 05 -10.00 ° -4 - C(++4)8(+) . C(+)S(+)
21 - .10 - - 1.00 .10 - Cl++) C(++)
2 - - - .10 - 1.00 C(+) -
A 4 .10 - - - .01 - C(++) -
. 22 - 1.00 - - - .10 C(++) c(+)
29 ) - .02 - - 2.00 - Cl#++4) C{(+++)R(+)
30 - -+ .02 ~ 2.00 - - C(+4) . C(4)
19 .02 - - - 2.00 - C(+4+) C(++4)R(+)
20 .02 - - 2,00 - - C(++)S(+) C(+++)R(+)
1} .35 - .22 - .02/ - C{#++4) C(++4)

[

All. media contalned MS basal nutrient solution, except medium
numbers 2 and 4 which contained half -strength MS basal nutrient
solution,

** C = callus; R = roots; 8 = shoots )

(++++) extensive response; (+++) much response;

(++) modezate response; (+) little response; ( ) no zesponse.

~r



49

The morphological fesponse was 6bseryed to vary
~ w;tﬁ the’explant, media-formulation, temperaﬁure, and
photbper}od (Appendix II), The shoot1n§ response of
~coty1eéons (Flig. 4) cultured on medium 11 (4.0 mg/l IAA
+ 10.0 mg/1 BAP), for example, was seen to.lncrease as
temperature Lnéreasegmfrom 18°c to 28°c. Additidnally,‘
while these éxblants responded at all three temperaturel
conditionq\quer the 16-hour photoperiod regime, a
limited f?spohge was only séen at 22°c under the
24-hour photeperiod regimé.l While 4.0 hg/l IAA + 10.0
mg/l BAP induced a shooting résponée, no'reggogse was

- v

“~ observed under any condition when IAA and BAP were N

present in equal concentrations (1.0 mg/1l each IAA and

] 3
BAP) . -

¢

Mlternatively, while medium 11 induced shooting in
‘cotyledon explants, only a'slgght shootldg response was .

{0 .
induced in hypocotyls, at 22°c and 16-hour photoperiod
. - ¢ p .

(Fig.- 5). Cotyledonary axils (Fig. 6) were seen to
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respond to this medium in a similar manner to
cotyledons, however the. shooting respense of axils g;s
more intehse, and these explants responded at all

!

temperatures under the 24-hour photoperiod regime.

~

gxplant rooting respénse was also found to vary
with treatment vondition. For exémple: cotyledons
(éig. 7) cultured on medium 1 (1.0 mg/1 NAA) responded
 with a rooting rgsponée which was greater at 28°c than
. at 22°¢, ahd a;tﬁough response Qas observed at the
24-hour photoperiod, it was considergbiy less than that
observed at the 16—hodr‘photoper19d. While NAA induced
a rooting response in cotyledons, the same
"concentration of IAA (mediu; 9) induced only limited
rooting in this explant, and ;nly at 28°c, 1l6-hour

photoperjod.

Alﬁernatively;hwhile NAA (1.0 mg/d) induced the
- Qreatest‘rootlng response In cotyledons, IAA (1.0 mg/l)
induced the greatest rooting fésponse in hyp?cotyl '
explangé (Fig. 8): and cotyledonéry’axlls (Fig. 9).
However, 1.0 mg/1 IAA induced a more intense rooting
response in cotyiedonarf axil explénts than in

hypoqotyls.

<
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While callus was seén-fq proliferate under most
conditibnsi explanté ;ended to produce more callus at
28°c than at 18°c, and at the 16-hour phétoperloa than
at the 24-hoJr photoperiad (Figs. 10-12): Hypocotyls .
(Fig. 11) tended to produce more callus than other
exglantg, and cotyledonary ax11s (Flg. 12) tended to
produce theﬂleast (with the exceptlion of that(produced

in medium containing 1.0 mg/1 NAA). | s

The effect of temperature éhd phdtoperiod on the
shootihg }égponse of cotyledons ;an be clearly Seén in
figure 13. No respense wa&'obsgrved.at elther
photoperiod at i8°c.' At 22°c, some shoot buds were
visible at the l6-hour photoperlod, while at 2809,'f
shgoésryere present on éxplants cﬁlturéd in bg;h

photdpgriods. However, shoots produgéd at the 16-hour

photoperiod were more extensive than those produced at

4

the 24-hour photoperiod. -




) . Figures 4 - 12 represent the morphological
) response’ of explants to different tgmperatures
and photoperiods. “Data l!'s presented along
decreasing ratios of auxin to cytokinin. Error
bars represent 95% confidence intervals - their
absence indicates identical response intensity -

Lo ) " ' of I0 explants. (Ten explants were cultured
. " per treatment). (A = l6-hour photoperiod; B =
R - 24-hour photoperliod).. P ‘
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The effect of temperature on the rooting response
of both cotyledon aﬁd hypototyl explants was also
clearly seen (Fig. 14). No response was observed\in
elther explant at 18°c, while at 22°c limited root
growth wa; observed. At 28°g, root growth was

extensive on both explants, and substantial lateral

root growth was seen on hypocotyl explants.

. Cotyledonary axii explants (Figu 15)-exhibited
' -
greater response at 22°c than at 18°c, and, while a

photograph is not available, more 'extensive shoot and -

.root growth was observed at 28°c than at 22°c.

\

Analysis of variance (ANOVA) indicated that media
formulation, température, and photope%iod all had a
e

significant effect, at P<0.05, on all dependent

variables (callus, rooting'and shooting intensity).

Hierarchicalilog linear analysis (HILOGLINEAR)

"showed that cotyledodary axil explants responded to

multiple interactions of environmental conditions,
while a shooting or rooting respoﬂ%e of cotyledon and
hypocotyl explaﬂts was’ found to be governed by effects

of individual coqditlons (Table 5). The Inductlion of

Lo
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The effect of temperature and

photoperiod on cotyledon shoot formation.
Explants were cultured in medium -
supplemented with 0.05 mg/1 IAA + 10.0
mg/l BAP. (Arrows indlicate masses of
leaf-like shoots; c = callus growth)

(A, B, C - 16-hour photoperiod; D, E, F
- 24-hour photoperiod; A, D - 18°c¢; B,

. E - 22°¢c; C, F - 28°¢).

e g
I 234
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Figure 14.

- C, F).

The effect, . 0of temperature on root
formation in cotyledon (A,B,C) and
hypocotyl (D,E,F) explants cultured
at 16-hour photoperiod. Cotyledons
were cultured in media containing

1.0 mg/1 NAA (A,B) and 0.1 mg/l NAA +
0.1 mg/1 BAP (C). Hypocotyls were
cultured in medium containing 1.0

'mg/l IAA.. (c = callus growth) 4

(18°c -~ A, D; 22°c - B, E; :28°c

-
- -
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Figure 15.

%

. . . )
The effect of temperature on
orxrganogenesis in cotyledonary axil
explants cultured at 16-hour
photoperiod, 'in medium supplemented

.with 1.0 mg/1 IAA. (c = callus

growth) (A = 18°c; B = 22°c).






TABLE 5 :

. 6‘ 9 -

B
«

Results of HILOGLINEAR analysis lndicating individual
independent variables and/or multiple interactions of
independent variables contributing signlflcantly to
response lnteﬂblty of explants.* (P<0.05).

(a) Cotyledons, (b) Hypocotyls: (c) Cotyledonary

, Axils, .
kxS
(a) .= o
RESPONSE MEDIUM TEMP. PHOTO . MxT MxP TxP M#x T xP
! [} . .
+ w
. shootlng .*** ¥, *%
Rooting  #***  #xx : " ,
Callus " 12
-. ' ° . ( +
(b),
- M ¢ ’
. ) ‘ :
b ' RESPONSE MEDIUM . TEMP. PHOTO. Mx:T MxP TxP MxTx?P
!
' v
Shooting -
L
% Rooting  *** FEEER
Callus(; » . 'Y
fo TN ‘ ——
2 e .
RESPONSE MEDIUM "TEMP. PHOTO. M X T M x P TxP M X T x F
i . - ' ’ T ",—’
~ . .
. ) * b
Shooting . RIlE tex ren
t e :
°, Rooting L X *)** AR
Ccallus LTI T T T 1T

.

Interactions are indicated by ¥ (medlum numbcr);

T (temperature), P (photoperiod)

1 %*y= P ¢ 0,05 -
N sx% £ P < 0.001.

0.01; **'=p < 0.01 - O. 001,

£y
’
] B .

¥
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callus géowth in all éxplants was found to be governed
by multiple interactions of independent variables

(Table 5).

-~

Stepwise multiple regression ahalysis showed that

.

rd

the most fyequent variables making significant
l - . ‘ ,
contributions to the combined treatment regressions

, . ) . .
were temperature, BAP and photoperiod, whereas IAA was

rarely found to bi_an important %ariable (only twice in

(

.combined treatment analysis) (Table 6).

r

BAP was found to contribute positively to the

shooting iesponse of all th;ee éxplaqts. Additionally,

‘cotyledons and cotyledonary axils showed a positdive

~

correlation Qith temperatqre and a negative correlatiqh

with}photoperigd ifeble 7).
.o ‘ v
. Rooting response was fournd to vary considerably -

with the ekplaﬁt, however this respbnse'was generally

*

negatively correlated with BAP and positively

correlated with temperature (Table 7). The rooting of
- ) ) —— .

all three explants-wés found to be negatively

correlated with photoperiod. .Rooting of hypocotyls and

cotyledonary ax}ls was negatively correlated with both

N
b4

i Ya 0 [ . .- ”
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& . L
cytokinins (BAP and Kin), but auxins (NAA and IAA)

produced no significant effect upon the rooting of

these explants. o -

The variable most correlated with callus Ebrmetion

of pepper explants was temperature - all three explants
exhibited a positivﬁgcorrelation with temperature at
P<0.001. NAA, BAP and Kin were also found to
contribute significantly to this response. (Tables
22-24, ~Append1x ITI, present the results of the v

J
separate treatment regression analysis of morphological
o
response). >
) “ *

. Lo k] " '
-Although regression equations were significant

. (P<0.001i, R% values were fairly low for most equations -

(Tablefﬁ). The highest'R2 value (0.54) was seen in the .
rooting response of cotyledons, indicating that 54% of
the variation was, accounted for by the variables NAa,

.

temperature and photoperiod. - oo
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Table 6:

4

Summary of :esults'of stepwise multiple tegresélon

analysis on combined treatment (morphological) response

data,

decreasing order of the RZ-value,

Oonly-

Explants and morphological response are listed in
those regression

coefficients (R-values) for individual yariables in the
equation that were found to be statistically significant -
Independent variables are In sequence

(P<0.05) are reported.

according to how often they were signlflcant in regression

quatjous

KIN

"EXPLANT RESPONSE TE&P Bhé PHOTO NAA IAA R2 P
Coty rooting 0.17%%x%x 4 -0.07%  0.71%#% 0.54 0.000
C.AxIl shootlng 0.37%%% 0. 14%%% -0, 29%%% _0,28%%% -0.20%%% o{ao 0.000
c.axil ¥allus  0.23%%* -0.10*  -0.12%*  0.52%%% .0.01# 0.35 0.000
C.Ax1l rooting 0.26%%% —0.41%2% -0,12%¢ ~0.13%0¢ 0.30 0.000
Hyp  callus  0.24%%% 0,08%%% -0.21%%% 0,10%%%- 0,27#%% —0,12% 0.24 0.000
Coty shooting 0.16%%% 0,39%%% -0, 212%% 0.22 0.000

o ' . 4
Coty callus 0.27#%% 0.18%%2 ~0.01%%  0.22%%% 0.19 0.000
Hyp = rootlng —0.34%%% 0, 14%¢ -0.01¢ 0.14 0.000
Hyp shooting «0.18%8x> 0.03 0.000
* P = overall probability bf the equation.’
*=p<0.05 -0.001 )
#* « P ¢ 0.01 - 0.001
A%t = P ¢ 0,001 ‘
-
-~ \‘ . 4 ' '
fooe o .
L] * '.}‘. ' ) ;
X o
4. 4 N
- ’l-' ¢ \
: : gt |
N ’, \ ok * ", ‘ O
' s ) A e {;'
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Table-7 : Summary of results of stepwise multlple :eqteaslon analyslis
on seperate responses of combined treatment morphological data.

Only those regression coefficlents (R-values) for individual
varlables in the eguation that were found to be statistically
8lgnif£lcant (P<0,05) are reported. 1Independent variables are

. in seguence accordlng to how often they were significant in

regression equations.* ((a) _shooting (b) tootlnq (c) callus
formationl.

e LA
J . = - Kl .
§ .
(a) ’ :
EXPLANT  BAP TEMP PHOTO NAA 1AA KIN R* P
~ . L s «
COTY. ' 0.39%%% 0,16%#** -0, 21%%% , ' 0.22 0.000
HYP. 0.18%%% - - . . .+ o0.030.000. = ¢
C.AXILS 0.14%%% . 0, 37%%% -0.29%%% -0, 28%%% -0, 20%%® ", 0.40 0.000
“(b) . \
EXPLANT _ BAP TEMP PHOTO KIN NAA  1AA R* P
N . 4 3 ' - o
cory.” - 0.17%%%  -0.07* 0.71%%2 0.54 0.000 ‘
HYP.  -0.34%## -0.14*% -0.01%* - - 0.14 0.000 .
C.AXILE ~-0.41%%% 0 ,26%*% -0,12%% = 0, 13%%% ‘ 0.30 0.000
(e
EXPLANT TEMP. NAA BAP- KIN PHOTO  “IAA R* P S
COTY.  0.27%%% -0.01%% _0.18%%% 0, 22%%% C 0.19 0.000

HYP. . 0.24%%%  (,10%%% 0, 08%%%, 0, 27%*%% -0 21%%% -0 ,12¢ 'o.zq_g.qoo
C.AKILS 0.23%%% 0.52%%% -0.10%*  0.01* -0.12%* 0.35-0.000

«
" . ~ . e

. N
* pData = R-values; for varlables ln equation signlificant at P<0.05.:
P = Overall probability of equation m
* a2 p < 0.05 - 0.01
*%* = P < 0.01 - 0,001 o
k%% = P ¢ 0.001

-
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[v) ona axil ex t

Medium containing IAA (0.1 mg/l) and BAP (10.0
mg/1l) (medium 17) induced callus prolifegétion, root
and. shoot formation in cotyledonary axil éxplaﬁfs,
whereas the medium contalining IAA (1.0 mg/l)'glpne
(mediﬁm 9) 1induced fhe desired shooting and rooting

-

response, without callus proliferation (Table 8).

Successful plantlet formation (Table 9) occurred

in only 3 ¢9f the 5 media tested (media 9, 17 and 18).

“

Callus formation was_absené in media igptaining IAA
alonhe or BAP alone (media 9 and 18),  Explants cult&red
in media 8 (0.05 mg/1 IAA + 10.0,fig/1 BAB) and 16 (0.1
mg/1l IAA + 5.0 mg/l BAP) forméd shoots, bug not roots.wn
When these ;hoots vere plaéed in rooting medium (1.0

[

mg/1l IAA) much callus proliferation wés apparent, and

1

while rooting was eségntially~successful( plantlets

"failed to form since the callus growth tended to engqulf

the small shoots that had formed previously.

Mediunm 9, containind 1.0 mg/1 IAA, proved to‘be
/

thé;most successful in in-vitro ﬁléhtlet formatiod.

1
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3

*TABLE 8 © - Comparison of media from experiments. 1 and
2, reporting morphological response of
cotyledonary axils cultured for 30 days at
28<c and l1l6-hour photoperiod in various

) modified media. Eight explants were
cultured per treatment .

-3

\# ’
e MEDIUM* GROWTH MORPHOLOGICAL™~* : |
] ‘ REGULA']:.‘ORS N RESPONSE ‘
1. NAA 1.0mg/1 R(++) C(+++) ;
8 IAA 0.05mg/1  S(+) ~ o
BAP 10.0mg/1 '
9 IAA 1.0mg/1  ..° R(++) S(++) ’
7 16 IAA 0.1mg/1 S(+++) C(+++)
- "BAP 5.0mg/l - ~ -
17 IAA 0.1mg/1l - R(#) S(+++) C(+++)
ot . BAP 10.0mg/1 g
18 BAP 5.0mg/1 S(++)

* Medium numbers 1, 8 and 9 were taken ffom Exp.1
Medium numbers 16, 17 and 18 were taken f¥om Exp.2

*#* C = callus; R = roots; S = shoots -

» "(+++) much response; (++) moderate response;
(+) little response. . ’ . ‘

A -

1
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+ TABLE 9 :  Results of plantlet formation from

.cotledonaryary axil explants cultured at
28°c and 16-hour phetoperiod, in various
modified media. To elicit a rooting

" response, regenerated shoots which had not
developed roots on orlginal medium were ., *

"placed in 1.0 mg/l1-IAA.

E

\

3

. MEDIUM GROWTH # EXPLANTS DAYSIN RESPONSE SUCCESSFUL

R

¥  REGULATORS CULTURED CULTURE . R p~
. 8 IAA 0.05mg/1 12 26 S-11(+)** 3 -
. ‘ BAP 10.0mg/1 ' : . C=1(+) o
s ' ' ‘ ’
. 9 IAA 1.0mg/l . 12 20 . S-10(++). N.A. 9
. R-9(++)
16 IAA 0.1lmg/l . 8 67 S-6(+++) 1 -
BAP 5.0mg/l S C-8(++++)
, 17 - IAA 0.1mg/1 8 . 67 S-8(+++) N.A. 4
— BAP 10.0mg/1 . ‘ R-4(+) - .
. . C-8(+++)
18 BAP 5.0mg/l 11 26 S-11(++) 7 5
- R'i\rootihg_success; P = plantlet formation

e ¥ .
-. 8 = shoots; R = roots; C = callus .
- Numbers indicate the number of explants:
responding. . '
- (+4++4) extensive response; (+++) much
response’; (++) moderate response; (+) little

response. . .

[ T oo
- - L LY . . Y N N
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‘The morphological response ofvcotyledonary éxlls to

this medium was Very fast, when compared to responses
alnduced by other media (plantlets formed in less than

20 days), and blantlets could be easily transferred to
- greenhouse conditions where they .were gréwn to
maturity.‘ Table 10 presents combined results of

several experiments which monitored the success rate of
plantlet formatisngfrom cotyledonary axilslcultured in
-medium 9 and surviwal (i.e.~gro§th to maturlﬁy) rate of-

plantlets transferred to greenhouse conditions.

Qz:;mmuuijumLiugld_ILLiLa

Results of ANOVA showed that greenhouse trial

number had no effect on plant height, welght of frult

(both yields), nor on age of friit set and age‘of fruit

harvest of the second yield. Greenhouse trial number
was found to effect leaf number, age of fruit set and

harvest as well as’'number of fruit'-in yileld 1, and

number of fruit harvested in yield 2. Plant type had a

\, sigrnificant effect on all parameters except number and

weight of fruit in the second yleld.

s 1

™

.-
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TABLE. 1Q : Success rate of plantlet formation and .
survival rate of plants produced from
in-vitro culture of Cotyledonary Axil
explants cultured in medium supplemented
" with 1.0 mg/l IAA (medium 9)=
# EXPLANTS # PLANTLETS # PLANTS % . %
CULTURED’ PRODUCED GROWN TO SUCCESS SURVIVAL
- MEDIUM 9 I_N_-_‘LIIB_Q, MAIURITY
73 54 a7 : 74 87 , - .

M

*° Results from five experiments
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!
In spite of differences observed between tiials of
individual plant types (Apbendix I1V), overall
evaluation of gre;hhouse and field trials combined

indicate that the first and second generations of the
seed plant grew slgnificantly taller (P=b.0000) than
the first’and second generations of the regenerated

plant (Figs. 16 and 28).

. o
Although the manner in which plants produced new

leaf growth was very different in gféehhouse and field
trials (Figs. 23-25), overall evaluation of combined
greenhouse énd field trla;s lndicafed-that there were
no significant differences in maximum leaf numberx
(P>0.05) between plant type (Fig. 16). However, it was
observed that leaves produced on F-1 regenerated plants
grown in the field wére a deeper green color thén those

of F-1 seed plants under the- same conditions (Fig.£25);

S A ! *
Notwithstanding differences found between

greenhouse trials and field trials the data indicated

- [ .
* that the first .generation regenerated plants set fruit

significantly earlier (P=0.0000) than other .plant types

(Fig. 17). F-1 regenerated plants also had an earlier

3
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.

harvest ade than other plant types (P=0.0000) (Fig.
17). For time between fruit set and harvest (yield 1);
no significant differences (P>0.05) were found be%ween

piant type even though some differences-were observed

. between greenhouse and field trials (Fig.-18).

‘

*

-

Plants grown in the field produced consistently
more ﬁruit ghan thelir greenhouse counterparts, -~
(P=0.0000) in all cases. Fvaluation of cpmbined
treatments showed that F-2 seed plants produced \
significantly (P=0.002) more fruit than either F-1
seed ?r F-2 recjéne'”r}a“tlad'plautx_i;s___(“F‘ig..~ 19). ,F';.- o
regenerated plants produced significantly (P=0.0000)
heﬁiier fiuit than other p%ant types, while F-1 seed
plants produced significantly (P=0.0000) heavier fruit

than F-2 seed plants (Fig. 19). .

Pafameters measured for the.second fruit-yield
were evaluated only for greenhouse trials since a :
second yield was not ogtained from plants grown in the
field F-1 regenerated plantsTsetﬁa;seeond crop of
fruitasignificantly (p= 0 ?000) earlier than other

plant§ (Fig. 20). Simllarly, F-1 regenerated plants\

~had a significantly (P—0.0000L earlier harvest age—than
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both F-2 seeé and F-2 reg@neraéed plants. (Fig. 20).
F-1 seed plants took siénffiéantly (P=0.0001) less time-
to produce a seéBnd.yleld ;;_;hture fruit than all
other plant types (Fig. 21). 1In the second yield, no
——significant differences (P>0.05) were found between -

plant types for fruit number or weight Eflfruit. (Fig.

22). \\j/\
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Figures 16 - 22 represent growth and frutlt
yield data obtained from F-1 seed, F-2 seed,
F-1 regenerated and F-2-regenerated plants
grown in the greenhouse and in field
conditions. Error bars represent 95%
confidence intervals. Forty plants of each
plant type were monitored (20 plants through
two greenhouse trials, except for F-2
regenerated plants where 20 plants were +
observed in one greenhouse trial, and 20 in the
field trial). . ‘

Gl = greenhouse trial #1
G2 = greenhouse trial #2
= field trial

F



s

|

L d
. O

- Plant Helght , (cm)
ey . 8 i
o

(<]

o

83

g

F-1 Seed F-2 Seed ¥-1 Regen. F-1 Regen,
' PLANT TYPE

1s0 . @G'

i ” L& o -
£ ;
3
L 4 l40t 3
. —
)
- .70 €I
| —
ot f . d ’
F-1 Seed F-2 Seed ~ F-1 Regen. F-2 Regen, .
‘ PLANT . TYPE .
Fig. 16: Average maximum plant height (cm) (A) observed

ber iod.

throughout experimental period, and average maximum .

leaf number (B) observed threughout experimental
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Fig 17. Avera“ge age: (days old) of plants a at first fruit
set’(A), and average age (days old) of plants at
fruit harvest (B) ~ (Yield 1).
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Figure 24. Plants grown under field
¢Bnditions. (a = F-1 seed
. plants; b = F-1 regener d
plants; c F-2 seed plants;
d = F-2 regenerated plants).
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Micropropagation

N

tion o ultiple oots

“Four different media (11, 18, 31 and 32), which
had the ability to induce shooting in cotyledons, vere
also found to elicit the same response in apical

*herisrem'explants (Table 11). Shooting occured ‘in all
apical meristems in all medla,_while the. amount of
callus proliferation varied according to culture
medium. All media induced shooti [ in a similar mayiner

- masses of compact keaves developed from the ape

~

, as
4 .

well as from the cut base of the meristem.  After 30 o

‘~\ days of culture, no shoot elongation was apparent, and

1‘ .
upon subculture to the same medium, callus

proliferation continued, masses of leaves increased

somewhat, but elongation was not observed.

%

After 30 days of culture, those shoots which were
placed in GAx °(0.1 mg/l) showed increased callus
proliferation. Those placed in. rootlng medium (0 1 R
mg/l NAA + 00.1 mg/l BAP) also showed increased callus

proliferatlon,ﬁalthough some rootlng also occurred .

'Shoots placed 1n either GAs or rooting medlum and



‘ o
similar in all media, although shooting of apical

97

9

placed in darkness became pale brown or yellow in
colox, and alsp\showe@‘increased callus growth.

Elongation bf shoots waqinot apparent, and in most
cases, the callus growth was so—=®Rtensive, that it

tend¢d to engulf the already existing shoots.
o

In the combined growth régulator [ BAP (26.0 mg/1)

+ GAa (0.1 - 5.0 mg/l)] experiment, as the

¢ .
concentration of GAs in the medium increased, the

response of cotyledon explants aléo 1cheased,

\

wﬁile the shooting response decreased (Table 12).

callus

Although shooting of apicai meristems ~(“Table 13)
remained;fairly st;ble, with incfegsiné concgntrations
of GAs, élongatlon,of shoots was not observed. In the
separate growth regulanr experiment (i.e. explants
cultured in 20 mg/l1 BAP for(30 days, thennShOOFS

transferred to 0.1 - 5.0 mg/1 GA;), results were.

meristems tended to be hindered by 5.0 mg/l GA= (Table
13).. A'rooting response was observed when meristeme -

were cultdired in .0.5 mg/l GAs (Table 13, Fig. 26).
\ N ' ‘ . .

4 ) . ’.\1 s
Although a limited amount of elongation was observed

o w%

L2

{one meristem cultured jn medium 43 (0.5 mg/l GAs), and

A
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L4

one in medium 46 (5.0 mg/l GAa)], this appeared to
. : 4

occur from only one shoot within the masses of comp;ct
N

leaves present’on the tissue. Thus, elongation of

multiple shoots was not achleved in these éxpériments.

)

HSubsequently, seven merlsﬁems which had the most
'profuse shooting response, were fransferred to MS basal
medlgm (éontaining no grow@h‘régu}ators) and dultureqQ
for anqthef 3‘weeks. Roots deveroped"én five of the
seven merigkgms culiured, and -some elongation Qas
apparent on one. These’ responses were coupled with
limited"callus‘growph.‘ Five re;uléing plgntlets were
trans}erxéd"to.greenhoﬁse coﬁditions, where only two ° Q
survived. After four'months bne.plant had growﬁ to
gbproxiﬁately 20 cm. in height and had borne two very
small'fruit,‘yhiiq the ogher had grown QD approiimately

6 cm.'and did not bear fruit. " ‘
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ﬁoxphological response of apical meristem

Table 11:
) ’ - explants cultured for 30 days at 28°c
and l1l6-hour .photoperiod, in media:
+ - ' previousiy shown to induce shoots in ¥
4 ., cotyledon explants. Ten explants were
cultured per treatment. -
5,
MEDIUM GROWTH . RESPONSE
) ¥ REGULATORS Callus Shoots Roots
11 IAA (470mg/l),  4(+)* 10(+4+44) -
©* BAP (10.0mg/l) N
18 BAP (5,0mg/1)  6(++) '  10(++++) -
31 - BAP (10.0mg/l) 2(+) 10(++44). -
© 32 BAP (20.0mg/l) - . 10(++4+4) -

.
o

- Nﬁmbers indifate the numbef of explants responding

"{++++) extensive response; (+++) much response;

-, . {++) moderate response;
(-) no response.

(+) little response;®

s -

v %

%,

o



Table 12:

100

Results of expériment designed to indufe
= shooting, and a shoot elongation
response in cotyledon explants,- Ten '
explants were cultured per treatment,
under 28°c, l6-hour photoperiod
condition,. ..

Y

" GAs " RESPONSE™ -~

* MEDIUM BAP ‘ | ‘ ,
*- (mg/1l) (mg/1l) Callys- Roots Shoots Elonggtlon
37 20.0 0.1 10(+) - 7(++) -
38 20.6 .0.5 _ 10(+) - 5(+) -
39 2000 1.0 4(++) - 2(+) -
40 20.0 2.0 10(+++) - 2(+) -
5.0 L 9(++4) - bo- -

41 | 20.

* Numbers indicate.number of explants respondinq{
(+++) much response;  (++) moderate response;

(+) little response; (-) no response.

-

R
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£ . ° Table 13: . Résults of experiment designed to induce
T - a shooting, and a’"shoot elongation A
. regponse in apical meristem explants (BAP
Aa), ‘and to 'induce shoot elongatjion .
-after.a shootimg response had been .
. abtained in 20.0 mg/l1 BAP alone (GAo
\ 3 - alone), Ten explants were cultured.per )
‘treatment, undgr-28°c, 1l6-hour -— .
photoperiod cordition. ‘ :
5
MEDIUM BAP  GAa " . . RESPONSE* :
¥ (mg/}) (mg/1l) Callus Roots Shoots Elgngation
. . - g e
’ ) ]
- 37 20.0 0.1 10(+) - 2(+++) - s
.38 .20.0 0.5 10(+) L A(+44) -
39 20.0 1.0 10(+) £ 3(e4b) - “'//
- 46 20.0 2.0 10(Death Of tissue). o ;//
-& ! . ] + '
41 20.0 5:0 lO(Death of tissue) : <
""""""""""""""" "!"_‘"""“C'""‘""'"""."""""""'—,“-'\" /. '
42 o, - 0.1% 10(+) - 10(+44)  ~ . '///
43 = 0%5 0 T10(#4)  4(4)  10(++4). 1- AR
_ ) 4{ - 1.3')1h 10(++) - 10(+++) - -/
45 . - 2.0 10(Death of tissue) /
46 = 5.0 10(++) - s 1/
.-\ » — . s . ~ Y
Numberswdndicate number of explants respondinq
- . {+++) much response; (++) some response// .
' (+) little response; (-) né-response - : - . R
h - y - N
*
g . N L
AV -
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Flgqure 26, Organogenesis inh an aplcal
meristem explant cultured i . n
medium containing BAP (20.0 | -
mg/1l) for 30 days’‘and transferred
to medium-supplemented with 0.5 . S
mg/l GAa for 30.days. : Thils ]
explant was cultured at 28°¢,
l6-hour photoperiod. -

» v
v s %,
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fégltured at 22°c, 1l6-hour photoperiod.

o

v

Céllus grbwth was spccészully induced in
cotyledon, @hypocqtyyl and cotyledonary axil expiants
cultured in medium containing IAA (0.35-mg/1l), 2,4-D
(0.22 mg/1l) and Kin (0.02 mg/l). 1In all cases callus
grew over %he entire surface oé the tissue, and

~
’

e . .
proliferation was extensive'within a 30-day culture
) .

period at \28°c, 16-hour .photoperiod. troliferation was

-

similar, although less extbnsive, when explants werqf

-

Results were consistent, whether explants were

cultured in callﬁs-inducing medium for 30, 60 or 90
7

days before being subcultured into shoot-inducing or

root-inducing media. (Table:-14). At 28°c, the tissue

slowly turned from a green-compact callus tissue< to a

~ ’ ‘

brown-friable tissue within the first 30.days of
. \

culture in shooting or rooting media. After subculture

-

b
on the same medium for another 30 days, the tissue

%
)

N .
became darker brown in color,/and remained in this

7
i

state. At 22°c, the tissue tended to remain-green ‘and

?

compact for an extended beriod of time. Darker green

% . N

-

~
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Table 14+ Resuégs of callus culture of three
différent explants cultured at 16-hour

-

g phot@hiétlod- from 30 to 90 days 1n callus
prodifeing medium, before being placed in

shoot-inducing or root-inducing medium for

up to 90 days.

i

P o

TEMP ¥ OF EXPLANTS . # OF DIFFERENT OBSERVATIONS
) IN CALLUS-INDUCING MEDI.A
MEDIUM — — Shooting Rooting
28°c Cotyledons 44 7 2 . white/green
' (compagt)
->brown(comgact) "
¢ - Death
" 4 / o =
Hypocotyls ~ 42 7 2 white/green/
- , brown
(friable)
->brown (very friable)b
->Death
C. Axils. 10 7 2 white/
. . . green/brown
‘ (friable/compact)
—)btown (friable)
B ->Death
22°¢c Cotyledons 6 3. 17 white/gzeen
‘ (compact)
* ->white/green/brown
(compact)
Hypocotyls 6 7 1 white/green
) P ‘(compact )
- ! 4 ->white/brown/green
{compact)

Callus medium : 0.35mg/1 IAA + 0.22mg/1 2,4-D +
N 02mg/1l Kin.

Shooting média: media numbers 8% 11, 17, 18, 23,
31, -32 (consituents listed in

* materials &-methods).

[l

Rooting media: media numbers 1, 9 and 24
(constituents listed in - ‘
materlals & methods). ~

o

"A

LS
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# DISCUSSION © g .

e
Fundamental to the tnductign of organogenesis in

plant tissues jn-vitre is the iecqptivity of plant
cells to external stimull, especially plant growth

regulators. Auxin-cytokinin balances exert a
controlling influence on shoot and root induction from

4

cultured explants.
o
. .
Experimental result® shawed that cotyledon,

hypocotyl and cotyledonary axil explants of Early
Prolific Hybrid Pepper responded differently to the

same nedium conditions. Bqth cotyledon and

! [ 4
cotyledonaty axil explantaf}espdhded with shoot, root

and/or callus growth, wheré%s hypocotyls rarely

produced shoots, (Table 4, Figs. 4-12). That different

p e -

eXxplants of ggpéiggm respond differently to the same
growth_regulafor combinations has &lso been shown by -
Phillips ang Hubstenberger ;1985{ and Gunay SBd‘Rao

(1978), and since response to exogenous applications of
g;owth'requLatorsahas been fqgnd to be dependent upon/N

» . |
A\ &

M

-

AT



108

’ - L4

" their endogenous concentrations, different explants of

most plant species cultured jin-vitro tend to respond
dlfferentiy to the-same mediym condltions‘(George and
Sherrington, 1984).

The results of present experiments. showed that .-
cotyledonary axil explants exhiblted a greater capaclty
for shoot formation than did hypocotfls or cotyledons

(Figs. 4-6). Phillips and Hubstenberger (1985) also

.found that cotyledonary axils exhibited a greater K

capacity fq; shoot organogenesis than hypocotyl "
sections and distal'cotyledon pieces, and in general,
it has been found that meristematlic explants (egq.
cotyledonagy axil segments)‘shnw a'greaéer potential
for shbbtc ormatién than do non-meristematic explénts_

(eg. hynoc tyl) (George and Sherrington, 1984).

v

A hlgh ratio of cytokinin to auxin tended to

induce a shootlng response in catyledons of Early

Prolific Hybrid Pepper, a finding consistent with the
observations of Phillips and Hubstenberger (1985) and
Gnnay and Rao (.1978). Further, explants of most plant,

>

species cultured in-vitro have also been shown to

require .a high fatio‘of-bytoklnin to auxin for shoot

induction (George and Sherrington, 1984). On:

-

determining the best auxin to cytokinin ratio for shoot

[ ]
¢
P
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Eormatlpﬁ,'lt was found that low IAA concentrations (O

- 4.0 mg/l), coupled with high BAP concentrations (2.0

- 20.0 mg/l). induced the. best shooting response in

cétyledons. However, it is interesting to note‘that
kit

when NAA was used. in place of IAA, shoot formation

tended to be inhlbited.(Table 4, Fig. 4)._ This has

also been observed iﬁﬁather varieties of Capsicum
(Phillips and Hubstenberger, 1985). 1In.other plant

explants, for expample,\flephant yam (Ardittli énd‘

LY

Nymgn, 19@5) pna african violet (Start and Cumming, -
: v o ~
1976), the presence of low concentrations of NAA

togé%her_with BAP stimulated shoot formation.

v .
When BAP alone was present\in the medium,'shqot

formation was alsélinduced in cotyledons. However, a
concentraé¥gp of 5.0 mg/1l was required to induce a

shooting response in cotyledons of Early Pfolific

t

Hydrid Pepper, *whereas Gunay and Rao (1978) had

v

reporte& that only 2 mg/l BAP was required td induce

shoot bud foimationf:n'cot ledohs of CallforniAIWOnder,‘

Pimento, and Barath. It is é‘ssible'that endogenous
. : ol
BAP concentrations were lower, or that auxin levels

were higher in Early Prolific Hybrid Pepper as compared
. . a <4

to thdsejﬁarietie& tested by Gunay and Rao (1918).~
4 . . I -
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Cotyledonary axils exhibited a greater cabacity
for ‘'root formation than hypocotyl explants, while
cotyledons fended to show fewer roots (Flgs. 7-9).
These results céntradict those obtained by Phillips and
Hubstenberger (1985), who observed that hypocotyl
sectlions and distal cotyledon pieces showg? a greater}

" capacity for root organ;genesis than dlid éotyledonary
axils. 1In the present experiments, roots formed on
cotyledonéry\axil expféntg\i:\media supplement;g with
auxin and cytokinin, as well as when cytokiniﬁ alone N
was present (qu. 9). However, media éonﬁainlﬁg'l.o

mg/1l IAA, or 0.05 mg/l each of IAA and BAé induced a

significant rootling response In cotyledonary axil

explants (Fig. 9).

In agreement with the findings of Gunay and Rao
(1978), rooting Qas found ﬁo occur in cotngdons and
hypocotyls (Figs. 7 and 8), in the presghce_of auxin b
' aioﬁe} or with BAP. Formatlon of roots was also
induced in these gxplants ;hen aﬁxin:éytokiniﬁ—iatios
were qual, as wélr as Qhen media contained a higher
concentrafion of cytokinin th;n auxin (Table 4, Figs.
5—8). Phillips and Hubsfenbérqer (1985) ;lsojfound
tHat equal concentrations {0.05 mg/l} of both IAA and
BAé induced the best rooting responsé in hypocotyl and

s
“
N o
~,

hY

2>



cotyledon seqments of Qanalgum However, it 1is
generally accepted that a high ratio of auxin to- £

cytokinin -will. stimulate the onset 0f root growth in

cultured eﬂpiants of mest plant species (Bhojwani and s

Tiea

Razdan, 1983). Therefore, as observed earlier, this
may:indi;ate that explants of Capsicum contained high
endogenous concentrations of auxin. The best root
inducing media for cotyledons contained 0.10 and 1.0
mg/l NAA coupled with 0.10 and 0 mg/1 BAP respectively.!

In addition to these formulations, equal cdncen&rations

of IAA and BAP (0.05 and 0.10 mg/1l) and 1.0 mg/l IAA

[

alone were found to fnduce the best rootinq[reaponse in

i

hypocotyl explants‘(Table 4, Flg. 8). . |
. /

S

Roots produced from cotyledon and hypo¢otyl

explants &ere different depending on whethér IAA or NAA

was included in the medium Those produc}% by both

’,

explants in the presence of NAA alone were short and
thick and accompanied by much callus grpwth thilel

roots produced on hypocotyl explahts when IAA alone was
LY

preseht in the medium, uere long and 4hin with lateral

root development, and callus growth was- complétely
surpressed. This ia in agreement with the'findings of
Gunay and Rao ¢1978). However, when BAP was ‘present

with NAA ox IAA, cotyledons‘and hypocotyls produced

'

-
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<
Long} thin'roots,'wlth‘lateral root development. ft' : c
thus appears, that .while BAP is not.required to induce
a roo%ing'response; as ilndicated by Gunay and'Raoh
A 3

(1978), its presence tends to .produce a better root ' '

. system than when NAA is used alone, and thils tends to

.
.
. “ ’ P N /l/
' " .

support the observation of Phillips and Hubstenberger

(1985) that BAP is important in rooting.

Notwithstanding the importance of media for%ulatlﬁn

0

- to oréanoqenesis, Phillips &nd Hubstenbérger (-1985) ,

showed that 'a variation in temperaturb and photoperiod

also had an effect on morphogenesls of Qﬁpglggm It .

_was considered of interest, therefOre, to determine’ the

/
effect of ;Erying media coﬁdltlons on cotyledonary axil
explants of Early Prolific Hybrid Pepper, and to ) , -
determine the effects of varylnq tempetatures and
photogeriods.on all three explanes (cotgledons, ‘

h?pécotyls, cd%yledonary axll;). 'HOQEVer,“where; L. .
Phillips and Hupsténbe;ger (1985) used ohlyAtwo - N
temperature conditions (§§ and'28“5°E), the present | ) T

. :

expekriment emplofed three temperature conditione (;8;

22 and 28°c). Where these investigators utilized three

. ' .
photoperiod regimes (12, 16 and 24-hours), the present

expefimeht used only two (16 and 24-hours). The

shorter photeperiod was not taken into consideration,

- B ¢
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as-Phillips and Hubstenberger (1985) had shown that a

12-hour photoperiod 1nhib1ted'moiphogenie response -

considerably.

-~

Res&its of these experiments have shown éhat
morphologlical response differs depending upon the
explant, temperature, photoperiod, and growth reqgulator
const;tuents utilized. All explants tended'to'respond
best with root and/or shoot formation at 28°c and .

. 16-hour photopetiod._ Conslstent. with 1n1tial:tesu1ts,'
cytokinins tended to promote a shooting response, and
the presence of "auxin tended to promote rooting in all

three expiants tested. (Figures 4 to 12) (Appendix II).

Generally, shootlng intensity of cotyledons and
cotyledonary axiPs was greatest at high temperatures
and’ 167hour photoperiods (Figs. 4 and 6) (Appendix II). ,
Phillips and Hubstenberget (1985) -also obseryed that
cotyledonary. nodes exhibited incfeased shootlng as both’

2

temberature and photoperiod increased, but, contrary to:
results of the present experiment, these investigators -
found that hypocotyl sections and distal cotyledon

piedes ex&iblted.the h}ghest shootlng“response at 25°c,
continuous light. Other investigators, for example, " -
have—sﬁown that a l6~-hour photoperlod stimulates

organo}enesis in lentil (Willlams and McHugen, 1996),




ild
raspbefry (quneily et al, 1985) anﬁ té@ato”ﬁkuth and .
Lineberéer, 1983). Also,-explanfé4of'diffefent plant.
" specles exhibit different témperat&re requirements for‘
shoot formatlon [eg. 25°c for olive (Diamantoglou and
Mltrakos, 19799; 18°c for caullflower (Walkey and

o«

Woolfitt, 1970)].

Upepéndipg on'media coﬁditionsﬁ‘root formation was
siqnichan£¥y thhér in all exélangs at 16—hohr_
phgtdperiod.“{The best.temperfture for rooting of
cétylédons andicotylédonary axfls was 28%2c and that of
hypocotyls generqlly'tgnded to be best at 22°c¢ (Figé.
7-9), (Appendix Il). These fesdlts;are inlconpradictlon
to zesults'obtaineq by Pﬁi&lips and Hubstenberger
(lSBSL,'who fqund that root ozga;ogenesls was greatest
in cot;ledonary n&fes‘undei continuouﬁ'l;ght, at 25 or
28 5°c, and 1n hypocotyl and cotyledon explants at 25°c

and l6- hour photoperiod ¢

™

' Results.offANOVA sh&%ed that media formulation,

temperature, and photoperiod all had an effect on the

. ’ . Y

morpho;ogical'iesbonse of explants. These results
reflect'obsérvations as seen in Figures 4 té 12, and-
supp;;t previous findings by Skoog and Miller (1957)
that the induction of, Ln:xi;;g organoqenesls is a

function of auxin—to-cytokinin ratios, and that

A
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‘temperatnre and lléht also piay an Ilmportant role in
the oréenogenesis of plant ﬁissue-in—zl&zg;(George and
Sherrington, 1984). Howevez; since growfh requiator
consQ}tuente utilized in this experiment were not “
increased or decreasedjin a systematie manner, it was
necessary to determine which regulators were
responsible for the 'effects ebserbed: Slmllarly,
furthur analysls was required to accurately determine
whether temperatureiand pﬁotoperibd effect;\were'
poeitive or, negative, es,well as the manner in which

these varlablee_}ntefacted with growth,regulator and
explant effects. 1, \
. . / - |
Observations of ekplant morphological response in
lhe‘present experiment were initially reported using
the Wi method as in initial experiments. However,
this’ became a cumhersome me?hod aof reportlng‘responsé
necause of the number of tzeathent cenditions involvegd
in this experiment.” Since not'all e#plants in the same
1treatment condition responded to the same extent, this
could also be misleading. It was thus cgnsidefed
pett;nent'to de elop a—more compfehensiye metnod of

'
. reporting response, whxch would take into account the

‘number of expLants within a treatment condition that

responded, as well as the extent o§ thelr response.

)

ol
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Since this method ylelded data that was stllL'
cumbersome, involving two figure% - % frequency and
response intensity of explants responding - :thig 'data
o~ ' .
was converted to one value.indicating average response

. Intensity of the population.

Response intensity data did not consist of
continuous variables, a basic¢ asshmption of multiple:‘
regre551on analysis, but were basjcally categorical
variables, since initial evaluation of response
consisted of subjective indicies ((i.e. verz.much (4),
much (3), some (2), little (1), very little (0.50),

almost no (0.25), or no (0) response3].« ‘e SR

'

w

Although morphologlcal data violated some basic
asumptions of multiple regression analysis, results
were fairly consistent with those obtadned in
HILOGLINEARtanalysis, which assumes that data consist
ofhcategorical or,discrete, varlables. Fot this
'reésog, results of mulfiple regréssion analyses have
been utilized to show the direction ofhthe effect, as
well as for the determination of the medium constitﬁent‘ !
‘responsiblé for the ﬁedla formulation effect. Hﬁhevqr;
R-valﬁ;s aﬂh Rz-values"indiéated by regfessién ahalysis
were ignored,rsince they capnot be considereé accurate.
HILOGLINEAR analysis established degree of significance

! , . .
e
;
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at P<0.05, thus probablility values obtained in

regression analysis are considered redundant.

HILOGLINEAR analys'ls (Table 5) showed that the

shooting respons% of cotyledons wgs governed by

Indfvidual effects of media formulation, temperature

and photoperiod. Multiple regressién analysis

lndlcated/that temperature had a positive effect and _.

photoperiod had a negative effect upon the shooting of
Gotyledons, and also indicated that, of the medium
constituents, BAP effected this response in a positive-

"

manner (Table 7). However,‘when temperature and

-photoperiod were held constant in the regression

‘ A} .
analysis of cotyledon shooting response, IAA was also

found to contribute to fhisfresponse: négatgvely at
18°q, 16-hour photoperiod and 28°c, continuous light,
and positively at 22°c, 1l6-hour photoperiod (APPENDIX
II1) These results appear to indicate that ‘the
dlfferené regulafors operate d;fferenfl& undér
different environmental c¢onditions, that ls, at extreme

conditions, auxin acted in a negative mannexr, while at

P .

the intermedlate‘condifion it had the opposite effect. -

~  HILOGLINEAR analysis showed that the shooting

?re$pbﬁse of cobqugonaqy‘axll explaﬁts was qgoverned by -
oo LN

'mﬁittp;e interactions of media formulation and

o ' ‘ ‘g

>

»
;
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- ;o
tgmperature, media formulation and photoperiod, and
media form?lat{?n, temperaturg and photéperiod,
indicating that a seperate equation could be formulated
for each of these interactions - the resulting thieg
equ;tions, exblaiping the shootlngvresponse. Stepwise
regression.aﬁalysfs indicated that temperature had. a
.positlve effect and phoéoperiod had a negative effect
‘dﬁ the shooting of cotyfédonary axils? This analysis
" also indicated that BAP had a positive effect, while
both auxins (IAA and NAA) haé a negative effect on this
response.  When temperature and photoperiod zemalnéd )
constant, BAP and Kin were found to contribute
positively at 18 and 22?9, but negatively at 28°c.

7

Depending on the enviroﬁmental'condition, it was agailn

observed that growth regﬁlatqgs had opposing effects.

o

Rdoting~response~o£ hypocotyls was found to be
controlled bx media formulation and photoperiod in
HILOGLINEAR analysis. 1In regression analysis.
photoperiod was found to contribute negatively, a;’was
BAP, and Kin was founfi to contribute negatively to a
slight extent. vThus?'temﬁérature appears. to ﬁa&e less
effect upon the ébotiﬁg of hypocotyls

\ '. ,?

than of other .
explants. ¢

®
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It is clear that explants responded, by .root
fgfﬂgtion, to giowth regulators in a different manner.
That cotyledons respondeq positively to NAA, while both
hypocotyls and{cotyledonary axils respondedanegatively
to cytokinins, is 1ntere§ting, As demonstrated by
statistical analyslis, these latter explants did not

4

respond to auxin. Hodever, one can see that rooting of .
cdtyledons occur;ed in the one medium contaiﬂing NAA
alone, and that this response ;énerslly did not occur

fn any other ﬁedia (Figure 7). Alternatively, rooting
of hypocotyls and cotyledonary axils, occurred in
vaéiaps'media (Figs. 8 and 9). ’Bdoting was found to be
much less intensé, however, in media containing ;
ingreasing amounts of éytokinin. Although aﬂxigs
obvio&sly gad a positive effect on the rooting 6f these

N

two explants, the presence of cytokinin drastically

s ’

decreasiz this response, and thus cytokinin waéffound
very significant negative effect on this’

5mo~have
response. While regresslod’ana1¥31s ylelds some very
interestind information on the effect of growth
regﬁlatoi; on the morphogenic response of explants, it

[ \" ’
must be interpre%ed in a cautious manner, -

Plantle;gaweré formed jn-vitro from cotylédonapy

N,

axils cultured at 28°c and 1l6-hour photoperiod, on MS
«——-' ‘/ . . R « = ¢
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basal medium supplemented with only 1.0 mg/})- IAA. When.
NAA was substituted for IAA, sheoting was completely
surpressed and callus proliferation was fairly

extensive.” This may indicate that NAA (a synthetic )

( auxin) acts in a different manner than does IAA (a

4

\naturally occurring auﬁin)." Wheq IXA was held constant
,at 0.10 mg/1, and"BA@“increasedrfrék 5.0 to 10.0 mg/l,
a rooting response wés/seen to accompany‘the 1nduct16n
of shooting and callus proliferation. Thesé results
® appear to support previous obserzgtions that BAP is
somehow involved in rooting. However, when‘BAP alone
wasﬂpresent in the medium, shooting occurred in the
absence of callus growph. thus,~a high concengrat[on
of BAP in the presencé of a low concentration of IAA,
or alone, tends to supress callus proliferation in
cétyledonary axil explants of Early Prolific Hybrfd\

Pepper.

, : . . . '
Cotyledonary axils whiqp had produced shoots, were

induced to root in 1.0 mg/1l IAA. Callus growth
£

hindered plantlet formation, as thse'plantlets were ~

5

not formed when callus was presgnt.

8
L) -

In previous stydies, many investigators were able

Iy

to achieve plantlet formation after a 30-day culture

period (Gunay and Rao, 1978; Farl and Czako, 1981§

: b
&N

o/
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Q::::;7-S$xeha, et—él., 1981; Agrawal and CQ@ndra, 19§3)f
However, in the prxesent study, the presence of 1.0 mg/l
IAA in the media, and conditions of 16-hour photoperiod
and éB.S?c, induced pléntiet formation within 20 days,

thus reducing culture time by 10 days. .

. \

Xlthoughnguccess had been aclkleved in the
ot regeneration of Early ProliflcdHQErld Pepper khrough
cotyledoﬂary axil cthu;e, only one plantlet was
obEéined from each axil cultured. JThus, - it. was
Py : consldereg of gconomiciinterest to éttempt to obtgin
mult}ple plantlets Erom each cultured eXplanti Both
éoiyledon and apfical merigtem explants, cultured under
similar cgndltions, were found to be capable of )
producing masgés offleaf~like shoots jnpn-vitro, and thus
yere candidateé for mulEiplé plantlet formation
(micropropagation). Since GAas, as“well as etiolation, -
.have .been considered imépftant in cell elongation
(Salisbury and.Rdss, 1978), theseée fdctors were used in
an attempt to induce elonéation in established multiple
shoots. Campiotti, et al. (1986) had algg failed to
induce elongation in apical sections of Capgicunm.
Altﬁough elongation was q?t achieved in these

experiments, I believe that these exppants, and -

s eépecially apical meristems, are capable of producing
, < . %

. o ® ° /

g ' Y )
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., multiple plantlets. Furthur research ls therefore

required to determine conditioﬁs under which elongation

a

may be ihduced.

The 1nduqtfoh.o£ callus growth im cotyledon,

r

’ hypocotyl and cotyledonary axlls was successful, but

the induction of morphogenic responses (shoots and/or
- 4

roots) was not éccomp}ished from callus tissue.
Notwithstanding, ‘conditiohs of 22°c and 16-houx
photoperiqd seemed best fqr possible organogenesis
sincé’thg callus remainqd compact and dark greed
globules,'poss4bly reéémbling a commencement of
embryoid+type growth, were pgésent under these

conditions. 1In an isolated study, Saxena, et at.
(1981) reported suyccess in obtaining organogenesis from

“o -

"callus tissue arising from protoplast cllture of

N

giggiggm cv. Californta’'Wonder in ‘medium supplemented

with I%A and Kin. Even so, [t ls felt that Eurthur
experimentation is required to determine condifions ‘
’underighich orqapogenesis and subsequent multiple -
plantlet formation is induced in callus tissue de?ivea;
from whole explants qfhgéégiggm.

' .o -

N - . .
Plantlets obtained from ip-vitro culture of
\‘ -

1

:cofyledonary axil explants were capable of growing to

maturiﬁ}sunder greenhouse conditions. Thus, it was of

«

v
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interest to compare two generations of both reéeneraged
Snd parent plants in greenhouse, as well as in_field,
conditions. In Interpggeting resolts of these
experiments, it mustlpe kept in mind that plant- types
in the field‘trxal were not the same age. F-1 seed
plants were‘ohe week younger than both F-2 seed ané‘f-Z
regenerated plants,.and F-1 regenerated plants were -
four weeks younger than F-2 seed and F-2.regenenrated
plants. BI,. |

In spite of differepce% seen between greenhouse
tria}s of individual plant types, experimental results
obtained indicate that real diﬁfereoces’existedcbetwezn

regenerated plants and parent (seed) plants. Both

generations of the fegenerated plants did not’ grow as

¢ tall,  but developed the same number of leaves as dlid

the seed plants (both)generations) F-1 regenerated '
plants also,get fruit earlier and had an earlier By

harvest age than other plant types, although all plants

requxred the same amount of time td produce mature

a *

fruit once fruit had set (40 - 45 days). While F-2
seed plants produced more fruit, the first generation

regenerated piants produced larger and. heavier fruit

*than other plant types, ‘eéven though they were four

. .K
weeks younger than other plant types in. field
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conditions and tnus had less time to produce frult.
Fruit from all plant types had been harvested on the
same day. In results obtained from the second fruit
yield, first generation regenerated plants again set
fruit earlier and had an earlier harvest age than other
plants. ‘

L

It is interesting to note differences in plant
responses to greenhouse and field conditions, Under
&
greenhouse conditions, seed plants tended to be much

taller than regenerated plants. ‘In field conditions

seed plants did not grow as talll‘and\regenerated

plants grew taller, than in the greenhouse. Similarly,

although no overali‘differences were fo nd in ma;imum
leaf number between plané types, addition of néw leaves
in the greenhouse was quite different from thét in
field conditions. 'Under greenhouse conditions, leaves
tended to ;ccumulate un%il the first fruit were set.

Almost no leaf accumulatxon churred until fruit were .

harvested, at whlch time rapld leaf accumulation was

"resumed untfil the second yield of fruit were set. In

the field however, new leaf growth was continuous and
Eapid even after large fruit were produced. Many more
leaves Rere accumulated in field-trial plants than in

greenhouse grown plants. ' In fact, it was ilmpossible to

-

™~
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accurately count leaves on fleld plants after 200

laaves had accumulated (this was attehﬂfed on two field-

grown plants where the leaf number was estimated at

between 313 and 330 after two counts for each plant -

ané all plants appeared to ha&é;the same large number
of leaves). T%?s, field grown plants tended to
accumulate approximately 200 mii: leaves than their
greenhouse counterparts.
Fruit set tended to take .longer in the field than
™

in the greenhouse,(gxcept for Ffl_;egenerateé plants,

where it was'approximately the same. This may ﬁave

been due to adverse weather conditions which all plant .

types, except F-1 regenerated plants which were planted -

four geeks after the others, had been subjected to.
Notwgthstandiné, the number of fruit broduced'in the
field was much greater (;bout double) than in ‘the
greenhoﬁse, and the weight of'thése fruit was

comparable to those which had been allowed to fully .

mature under greenhouse conditioas:

) From results obtained, it appears that the first

generation zegenerated\plant was of a superior quality

B _ .
compared to both generations of the seed plant, in

‘terms of earlier fruit set and yield, and wéight of

fruit In the first yield.  Thus this plant had a

-

N
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i 0
shorter growing season in which it produced.larger

fruit. oOther advantages of this plant were seen in
£ L4

physical terms. These plants, although shorter than
seed plants, were able to préduce the same number of
- 4

leaves as the pareﬁt (both generations) plant. This

resulted in a bushier plant, which would poteﬁfallly be
- ' —., . '\\ * 4

‘better able to°withstand heavy wind and rain, and
B

perhaps frost, than the seed .plants.

Since phé parent plant (FJI.sged) was a hybrid
~

plant, second generatibn comparisons weré somewhat

difficult. Several differences between F-1 and F-2 -

seed plants were observed. Thié’is understandable:

since we began with a hybrid ‘plant (thus highly

R

heterozygous). Thus from one genér ion to the next we

would'expect that some independen mbination wouid
occur. h ,
. . |
Alternatively, one would logically expeot’ that F-1
rééenerated plants would be identical téﬂg}l seed 24
.plants, since th?se/plants arose from cells of the F-1
seed plant, and would thus contaln%the same genome.
However, results showed that very significant
diffe;ences existed betweq these two' plant types.
Since it is known that celis of thg cétyledonary axil

must de-differentiate into mgziséématic cells, d4nd then

¢

Y
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re-dlfferentlate‘into‘shoot and/or root cells, it is
possiﬁle, that some genetic information became lost,
un-useable, part;tioned, or otherwise un§vai}ablé
during this'totipotent proéess. Alternatively, it is
also.&nown that IAA raplidly increases-the population of

messenger RNA wlien administered jn-vitro (van der

_ Linde, 1984; Zurfluh and Guilfoyle, 1982). Since these

plénts were ¢egenefat§d in the presence of 1.0 m;/l
JIAA, 1t Is possible that ad—increase 1n‘mRNA, which way
have resulted in polyploidy, aneuploidy or chromosome
structure chanqea (Belséh, 1983), caused the observéd

differences in these plantlefs.

o

When the seey Erom F-1 regenerateg.planté produced.
F-2 regenerated élants, some differences were ob;erved
between these two.ﬁlébt types, for example F-2 ;
reggner;;ed plants were taller in field ‘trials, héd:a.,
later fruit set and harvest, ana the fruit had a lower
weight. Several similarities were seen between F-2
regene:aéed and F-2 seed plants, for exampie both pldht'(
}types had a similar age of fruit set and harvest in the -
field and a similar fruft.weight in both field and

greeﬁhouse trials).

. . [ b .
1t appears that, in all cases, a field environment
ptoduced7a“pore productive plant than the greenhousa

\ ) *
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environment. All plants producea many more leaves in
the field, and produced more fruit. And!although'frﬁit
produced in the fielq.haa not grown to maturity when
they were harvested, they were, o®n average“’hégvier
than fruit harvested at»matprity in iﬂe greenhouse. It
was also noted that new leaf growth was’nof arrested
when fruit exiszed‘on plants in the field, apd that
fruit were continuously being set. Inc‘the greenhouse, .
when 2 or 3 fruit were set,.leaf accumulation would.

stop, and no more fruit would set until éxi&ting fruit

were harvested.

Thus, it is conéluded that the first'generﬁtion
regengrated plant is superior in quality to all other
plant typés tested, 'but that'this superior quality is

not necessarily retained in subseddent generations.

™
b

s
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SUMMARY

As a result of tHese experiments, I have confirmed

reports by previous -investigators, that IAA and BAP:

'abpear to be the best growth requlators for use in

Capsicum tlssuelcultufe, and established that 28°c,

>

coupled with a l@rhoui phgteberiod regime, enhances the

effects of these regdlators.p To date, there have been- .
no reports evaluating both media formulations and

growth conditions at’ the same time. ‘ o

Resuits of the statistical analysis used in these

experiments showed differences in the effects of growth
=

‘regulators upon different explants cultureé under the )

different incubation environments. No report has bleen

reviewed where results such as these have been

s

reported. Further experimentation in this area may

) p;gvidelimporQant physiological evidence regarding the

effects nf light and temperature upon endogenous or
exogenously applied growth'regulato;s, or upon changes

tn the physiological stateof the explant in culture,

-

In future experimentation, methods of reporting ‘ -
morphological response should be changed in order that
multiple iinear.regression analysis may be used to its

~ .
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¥ ’
fullest potential. Instead of the subjective indices

. [} N
used in the. present experiments, objective indices,

such as number, size, and/or weight 6f shoots and roots

should be used so that- -gata wogld consist of

contﬁnuous, not categorical varlables. Fewer media
formulations, where coﬁcentrations of growth regulators
¥ i ! :
are variéd systematically, would also result in more

: / .
accurate interpretation.. 3 1&

In this study, cotyledonary axils were found to be .
the hest explant for plantlet regeneration, and
survival rate of plantléts transferred to grgenh&uée

conditions was found to be very good (87%). Evaluation

.

of these regenerated plants in greenhouse and field
c6hditrops showed that the first generation regenefated

- pldnt was superior‘ih,quality to two generations of

parent stock in terms of age of fruit_set and harvest,

. =
" and weight of fruit produced. These pladnts set fruit

» app;oximateiy 20 d;ys earlier ghan other plant types 1in
comparéble trials, and on average, thé ffuit produced
was approgiwately 10 graés heavier than that progzcéd
by other g1ant types in comparable grials. However,
the supeiior quélity of the regenerated planté was not
completely retained in the seco?d generation. ‘To be of

"

egonpmic value to the industr&, it would be preferable
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/ . | . ./ A N o
that this superior qguality be retained, through severQ;
generations. Ié is felt that, at the present time, ‘
costs of maintain{ng cultures in-vitro, would out .
.welght/ economic benefits of utilizing this regenerated

plant ?gr a@ffcultural purposes.

3
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;;bENDIX I
. ’ o
. [
, ”
Table 15 presents a partial list of basal nutrient

. " media utilized in studies of plaﬁt tissue cultare,
, ‘ (Taken from Bhojwani and Razdan, 1983. pp 26-27)
o/ ‘,
LS.,
‘/
.
\*‘ ‘\
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TABLE 15 .
Composition of some plant tissue culture media® &.
Constityents Media (smounts in mg 1-*)® -
White's® Hellar'sd MS* ER! B,s Nitach's® NT?
Inorganic :
NH,NO, - - 1650 1200 - 720 828
KNO, 80 - 1800 1900 25275 950 980
» CaCl,.2H,0 L 75 440 140 150 - 220
CaCl, - - - - - 166 -
MgSO,.7H,0 750 250 a7o 370 246.5 188 1233
KH,PO, b - 170 340 -— 68 880
(NH,),80, - - - - 134 - -
Ca(NO,),.4 H,Q 300 - - - . - -
NaNO, - 800 - - - - -
Nas,80, 200 - = - - - -
Na#,PO,.H,0 19 126 - - 150 - -
KCQ1 .13 750 - - - - - -
KI : 0.76 0.01 0.83 - 0.78 - 0.83
H,BO, 1.5 1 6.4 0.63 3 10 62
MnSO,.4 H,0 5 0.1 223 2.23 bl 25 22,3
MnS80,.H,0 - - - - 10 - -
Za80,.7TH,0 3 1 8.6 - 2 10 -~
Zn80,.4H,0 - - ‘- - - - 8.8
Zn.Na, .EDTA .- - - 15 -— - -
Ne,M00,.2H,0 R - 0.26 0.025 0.25 025 ©0.28
MoO, 0.001 - - - - - -
Cu80,.5H,0 0.01 0.03 - 0.025 0.0025 Q.026 0.025 0.025
- CoCl,.6 H,0 L - - 0.025 0.0025 " 0.028 - -
Coso..'l H,O —-— -— - - — “ - 003
AlCl, - 0.03 - - - - . -
NiCl,.6 H,0 - 0.03 - - N - - -
FeCl,.6H,0 , - 1 - - - - -
Fe,(S0,), © 28 - - - - - -
Pe80,.7 H o - — h 27.8 278 - 27.8 278
Nn,.ED'l‘A 2H,0 - - 37.3 37.3 _ 313 31.3
Sequestrens 330Fo - - - - 28 - -
Organic
Inositol . - - - 100 - 100 100 100
Nicotinic acid 0.08 - 0.5 0.5 1 5 -
Pyridoxzine HCl - 0.01 - 0.5 0.5 1 0.5 L
Thiamine HC! 0.01 — 0.1 Q.5 10 [V} 1
Glycine 3 - 2 2 - 2 -
Polie acid - - it - -~ 05 -
Biotin - = N - - - 008 -
Sucrose 2% - - ‘3% 1% 2% 2% 1%
D-Manaitol - - - - — - 12.7%

t

8 Growth regulators and complex nutrient mixtures descnibed by vanous suthors are not inciuded here. The compoutions of saveral

media recommended for specific tissue and organ are given 1o relevant dupnn
'Concontrluom of mannitol and sucrose ars expressed 1n percentage.

¢ White 11963).
SHeller (1953).

® Mursshige sid Skoog ussz).

! Eriksson (1965).

$Gamborg st af {1968).

3 MNitsch (1969). '

! Nagata and Takebe (1971).

Ay
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APPENDIX I1I

<

Tables 16 to 21 report morpﬂ?logipal response of

L)

cotyledon, h;pocotyl} and cotyledonary axil

7
explants cultured in various media formulationé,

under three different temperatures and two
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Table 16 Morphological response of cocyledon: hypoctotyl and
cotyledonary axil explants cultured for 30 days, under
different temperatures and photoperiods, in MS basal
medium containing IAA or NAA. (Ten explants were
. cultured per treatment). -
- ' -
\/ /
. % FREQUENCY / INTENSITY""
N " TEMPERATURE
¢ 18°¢c w 22° -28°c
\ . MEDIUM &~
EXPLANT PHOTO RESPONSE 9 9 1 9 1
EOTY 16hr. callus 0/0.00 70/0.25 100/1.00 100/1.50 0/0.00 100/2.00
roots - 0/0.D0 60s/1.60 -0/0.00 80/1.25 50/1.30 100/4.50
* shoots 6/G.00 0/0.00 0/0.00 0/0.00 0/0.00 0/0.00
24hr. callus 0/0:00 40/0.40 40/0.20 70/0.90 50/0.70 90/1.70
roots 0/0.00 10/0.186 0/0.00 80/2.30 Q/0.00 80/2.80
" shoots 0/0.00 0s0.00 0/0.00 0/0.00 0/0.00 0/0.00
HYP . lghr. callus 0/0.00 100/1.60 90/0.90 80/1.80 50/0.13 90/3.10
roots 40/1.60 70/1.10 170/2.20 70/0.55 60/1.60 30/0,50
‘i shoots 0/0.00 0/0.00 os/p.0o0 0/0.00 0/0.00 0/0.00
‘ 24hr. callus, 0/0.00 90/0.80 20/0.20 70/1.00 0/0.00 80/0.90
. ‘roots 50/0.70 30/0.30 30/0.90 50/0'806530/0'60 20/0.10
ens shoots 0/0.00 0/0.00 0/0.00  0/0.00 0/0.00 0/q£oo
. AXIL{IShr. allus 0/0.00 100/1.00 0/0.00 100/3.00 0/0.00 100/4.00
. oots 70/1.60 40/0.40 90/3.60 70/1.40 90/3.60 90/2.70
s shipots 10/0.0S 0/0.00 40/0.80 10/0.05 100/4.00 30/0.30
24hr. calQus 20/0.20 90/0.58 0/0.00 100/1.00 100/0.25 100/2.00
ts 50/1.50 .30/0.25 30/0.90 60/0.60 70/1.40 50/2.00
shoots 20/0.20' 10/0.10 20/0.30 0/0.00 70/1.40 0s0.00
C - -
— = 9 = 1.0mg/l IAA;~ 1 4 1.0mg/1 NAA _

== & frequency/intensity = & of explants respondlng /
(sum of the intensity of those
responding. / total ¥ explants
- in treatment] )

.

A\
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Table 17 : Morphological response of cotyledon, hypocotyl and
. cotyledonary axil explants cultured for 30 days, under
different temperatures and photoperiods, in MS basal
medium containing BAP. (Ten explants were cultured
per treatment).

! .

% FREQUENCY / INTENSITY*"

“
}

TEMPERATURE

Ty . 18°¢ 22°c ' 28°¢
N q : '
) ' - -MEDIUM #¥=
EXPLANT PHOTO RESPONSE - , 12 12 12
COTY 16hr. callus " 100/2.00 100/2.00 - 100/1.80
N roots 0/0.00 0/0.00 . +0/0.00
shoots " . 0/0.00 10/0.10 10/0.10
~ o \
24hr. callus 70/0.70 Y100/1.50 ' °100/1.70
roots - 0/0.00 0/0.00° : 0/0.00
shoots 0/0.00 0/0.00 ' 0/0.00
4 .
" ,HYP  16hr. callus _. 100/1.50 . 100/1.00 100/3.00
roots 0/0.00 ~ 10/0.10 0/0.00
. shoots 0/0.00 0/0.00 . 0/0.00
24hr. callus 70/Q.90 100/1.03 100/2.40
root ’ <0/0.00 . 0/0.00 10/0.20
N . shoot 0/0.00 ' 0/0.00 - 070.00
C. AXIL l6hr. callus 100/0.85 O\ 100/1.00 100/2.00
. roots - 10/0.10 - 0/0.00 30/0.30
\ shoots 30/0.20 90/1.80 100/3.00
- 24hz. callys _ , 100/0.45 100/1.00 100/0.50
roots 0/0.00 10/0.10 ™ 30/0.30
shoots _ 70/0.45 - 60/0.40 100/1.00

= 12 = 2.0 mg/l BAP . .

°® N frequency/intensity = % of explants responding./
{sum of the intensity of thoses
responding / total # explants
in treatment| '
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Table 18 : Morphologteal-response of cotyledon; hypocotyl and
. cotyledonary axil explants cultured for 10 days, under
.different temperatures and photopertods, 'in M§S basal
. medium containing equal concentrations of [AA and BAP. . !
. _ (Ten explants were cultutred per treatment).

x

Vo ‘

o

% FREQUENCY / INTENSITY"*

\ne ) TEMPERATURE . °
18°c . . 22% 28°¢
A%
. MEDIUM #=
EXPLANT PHOTO RESPONSE 7 6% 7 6* C 6%

( J cory 16hr. callus 0/0.00 80/1.60 90/1.30'-70/0.60 60/0.60 90/1.40
- roots  0/0.00 10/0.10 0/0.00 0/0.00 0/0.00 0/0.00
.shoots , 0/0.00 ™ 0/0.00 '0/0.00 10/0.20 0/0.00 0/0.00

K 24hr. callus 50/0.10 100/1.50.100/0.28 90/1.80 80/0.50 80/0.80 a
~ roots 0/0.00 0/0.00 0/0.00 20/0.20 0/0.00 0/0.00
y shoots  0/0.00 070.00 0/0,00 0/0.00 0/0.00 0/0.00

" Hyp 16hr. éallus 10/0.05 90/0.90 90/1.25 90/1.60 70/1.00 100/2.50
. roots 30/0.90 10/0.10 40/1.10 20/0.13 40/0.60 0/0.00
L shoots 0s/0.00 0/0.00 0/0.00 0/0.00 b/0.00 0/0.00
24hr. callus 10/0.20 100/1.50 70/0.65 100/1.80 80/0.58 100/1.35, '
- poots 10/0.10 10/0.10 60/1.20 0/0.00 40/0.60 0/0.00
shoots 0/0.00 0/0.00 0/0.00 0/0.00 0/0:00 _0/0.00
’ . - A
C. AXIL 1l6hr. callus 100/0.40 100/0.70 100/0.50 100/1.00 106/1.00 1008/0.50
roots 50/1.30 50/0.50 20/0.20 0/0.00 80/3.20' 30/0,30
shoots 30/0.30 <0/0.20 10/0.05 10/0.10 90/3.60 60/1.20

24hr. callus 100/0.25 100/1.00 100/0.25 100/0.50 100/0.50 100/2.08 — ——
\ roots -38,/6-50—1070-T10—20/0.20  2070.05 100/3.p0 50/1.00
_ shoots 20/0.20 30/0.25 0/0.00 30/0.10 100/2.00 90/2.70

- . -

- "7 = 0.05 mg/1 sach IAA and BAP; 6* = 2.0 mg/l each IAA and BAP

i ¥ f:equency/lnten}ity = % of explants zesponding / *
(sum of the intensity of those
responding / total ¥ explants
in treatment)
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Table 19 ¢ Morphological response of cotyledon, hypocotyl and
cotyledonary axil explants cultured for 30 days, under °
different temperatyres and photoperiods, in MS basal
medium containing varying concentrations of IAA and BAP. .
(Ten explants were cultured per treatment).

s

% FREQUENCY / INTENSITY™~

* . -
» U : ° TEMPERATURE o .
18°c 22°¢ 28°¢

i /
‘ )

’ : . - MEDIUM ¥~

EXPLANT PHOTO RESPONSE 8 11 8 11 T8 11 . °
N o

COTY 16hr. callus 90/1.00 90/1.40 70,/1.1Q 80/0.80 90/1.80 70/0.90
rqots 0/0.00 0/0.00 0/0.00 0/0.00 0/0.00 0/0.00
shoots 50/0.38 40/0.18 10/0.20 60/0.60 70/1.10 70/1.30

24hr. callus 100/1.50 90/1.40 100/1.00 100/1.25 80/1.00 “80/1.58 ° 5
roots 0/0.00 0/0.00 0/0.00 0/0.00 0/0.00 0/0.00 “
shoots 10/0.03 0/0.00 110/0.18 20/0.30 40/0.18 °0/0.00 ’

HYP l6hr. callus 100/2.00 90/1.40 100/2.00 100/1.00\100/1.60 70/¢.70
roots 0/0.00 0s70.00 0/0.00 0/0.00 0/0.00 0/0.00 .
shoots. 0/0.00 0/0.00 0/0.00 20/0.05 0/0.00 6/0.00

24hr. callus 70/0.70 70/1.20 100/1.70 100/0.63 100/0.38 100/1.25
roots 0/0.00 0/0.00 0/0.00 0/0.00 0/0.00 0/0.00
shoots 0/0.00 0/70.00 0/0.00 ‘2/0.00 0/0.00 0/9.00

C. AXIL 16hr. gallus 100/0.96 100/0.80 100/0.50 100/0.50' 100/0.50 100/1.00

roots 0/0.00 0/0.00 0/0.08 0/0.00 0/0.00 ~ 20/0.20
shoots 100/2.00 30/0.30 100/1.00 90/0.45-106/3..00—8070°.80
0 30/0.30 100/1.

- —

——— " 24hr. callus 100/1.00 100/0.25 100/0.25 100/1.00 100/1.00 20/0.05

N roots - 0/0.00 0/0.00 0/0.00 0/0.00 20/0.20 0/0.00
* shoots 80/1.60 40/0.20 -9Q/0.80 30/0.30 90/0.90 60/0.30
v a

= 8 = 0.05 mg/1 IAA + 10.0 mg/l BAP; 11 = 4.0 mg/l IAA + 10.0 mg/l BAP
N .
il f:aquegcy/lntensity‘ = % of explants respanding / . 'S
. Isum of the intensity of those
. . ) responding / total ¢ explants
' in treatment] i

-t . AN * 5
.
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Table 20 : Morphological £gsponse of cotyledon, hypocotyl and
cotyledonary axil explants cultured for 30 days, under
different temperatures and photoperiods, in MS basal
medium containing NAA and BAP. (Ten explants were
cultured per treatment).

L]

et - ‘ v FREQUENCY / INTENSITY*"
. . * TEMPERATURE
p ‘ 18°¢ 22°%¢c 28°c-
- . MEDIUM #~ “
’ ) EXPLANT PHOTO RESPONSE 23 ~ 23 " 23
COTY 16hr. callus 100/1.00 100/2.00 100/2,00
roots 0/0.00 0/0.00 0/0.00
shﬁfts ” 0/0.00 180/0.40 40/0.80
A - 12
;, 24hr. callus 100/1.00 100/1.00 o 100/2.00
i roots 0/0.00 0/0.00 0/0.00
( "shoots 60/0.15 . 60/0.30 _f10/0.03
N HYP = 16hr. ‘callus 100/2.00 100A1.00 100/2.00
roots 0/0.00 0/0.00 0/0.00
. shoots 0/0.00 ' 10/0.10 10/0.03
. 24hr. callus . 100/1.00 " 100/2.00 ©100/1.00
- - roots ©0/0.00 0/70.00 0/0.00
, ' shoots 10/0.03 10/0.83 0/0.00
", C. AXIL 16hr. callus . —1007ts00— v 100/0.50 . 100/0.50
_— T . roots 0/0.00 0/0.00 0/0.00
shoots 100/2.00 . 100/2.00 - _ 100/2.00
. ' 3
24hr. callus . 100/1.80 100/0.50 100/0.50
roots 0/0.00 0/0.00 0/0.00

| shoots - . 90/2.50 90/0.43 60/0.30

@

- 23 = 0.05 mg/1 NAA + 10.0 mg/1 BAP

== % frequency/lntensity =' v of explants responding /

(sum of the intensity of those
. 4 responding / total p explants
’ & in treatment]
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Table 21 : Morphological response of cotyledon, hypocotyl and
. cotyledonary axil explants cultured for 30 days, under
different temperatures and photoperlods, in MS. basal
medium containing IAA, BAP and Kin. (Ten explants were
." cultuted per treatment). ‘ )

)

S FREQUENCY / INTENSITS;? .

TEMPERATURE e
18°¢c "22%¢ 28°¢

] [} '

‘ MEDIUM #=
EXPLANT PHOT§ RESPONSE 21 : 21 ' 2Y
COTY 16hr. callus’ = . 100/1.00 100/2.00  _ 100/2.00
: roots ) 0/0.00 0/0.00 : 070,00
shoots 0/0.00 . 0/06.00 20/0.05

‘ ! 9
*  24hr. callus 100/0. 254, 100/2.00 100/3.00
roots - 0/0.00 0/0.00 0/0.00
shoots 0/0.00 0/0.00° 0/0.00
HYP 16hr. callus 100/1.00 100/2..00 1006/3.00
- roots 50/1.00 20/0.40 20/0.20
\ shoots 0/0.00 - 0/0.00 : 0/0.00
24hr. callus . 100/1.00 100/2.00 - 100/3.00
. roots 0/0.00 . 20/0.40 0/0.00
- —Shoots 0/0.00 0/0.00 0/0.00
C. AXIL l16hr. callus 100/0.2S *100/1.00 100/1.00

roots 0/0.00 - 0/0.00 50 50
) shoots 100/2.00 90/1.80 . 100/2.00
24hz. callus 100/4.30 100/0.50 . 100/2.00
roots 10/0.10 10/0.05 30/0.30

shoots 30/0.30 70/0.45 80/0.80

v

= 21 = 0.1 mg/1 IAA + 1.0 mg/1 BAP '+)0.1 mg/1 Kin

"o T A frequency/intensity = % of explants responding /

' (sum of the intensity of those
responding / total & explants
in treatment]l ’

(34
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APPENDIX III

Tabieé 22 to 24 report results of the stepwise
multiple‘regressidn analyses of seperate
éreatments temperature and photoperlod

manipulation experiments.

§

Y

-




/
Table 22:

treatment data.

Results of stepwise multiple reqresslon“énalystsl
on Shooting Response of explants in seperate
only those :edresélon coefficlents

(R-values) for individual variables in the equation
that were found to be statistically significant
Independent variables. ate
in sequence according to how often they were

(P<0.05) ‘are reported.

significant in regression equations.

(b) Hypocotyls; (c) Cotyledonary Axils.*~

(a) Cotyledons;

(a)

TEMP(®c) PHOTO  BAP TAA NAA KIN  R= P
L }
18 ID6-hr  0.40%*x -0, 18%% 0.16 0.000
24-hr . 0.41%x= ‘ .0.27  0.000
22 16-hr  0.50%%%x (, 40%* ' 0.32 “0.000
/ 24-hr  0.30%xx © 0.09  0.004
28 16-hr  0.68%x* - 0.46 0.000
24-hr  0.32%#* -0,13% . ".0.17  0.000
(b) ‘
. 2
TEMP(°c) PHOTO BAP tan 7 NAA KIN 'R® ' P \
18 16-hr
24-hr BN
.22 16-hr  0.37%%x 0.14 0.000
24-hr ‘
28 16-hr .
- 24~hr
N\
(&) ' L
TEMP(°c) PHOTO  BAP KIN IAA NAA - R2 P
18°  16-hr 0.51*a% 0.47%x%* -Q.342%* -0.28% 0.85 0.000
24-hr 0.59%*x -0.27%%% 0.58  0.000
22 16-hr * 0.25%x% ‘0 36x#%* -0, 33x%x -0,32%** 0.46 0,000
24-hr 0.35** 0, 11% 0.16  0.000
28 15-hr -0.05* -0.08%%% -0 42%%* -0 52%%x 0.68- 0.000
24-hr -0.36%2% -0.09*x* -0.41%**x 0,50  0.000

* Dpata =

P<0.0S; P = Overall probabllity of equation
.01 - 0.001; *** a D < 0.001

* = P < 0.05 - 0.01; 2r = P (

’

A

R-values for variables in equation significant at
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‘Results of _stepwise multiple regression analysis! '
on Rooting Responge of explants in seperate

v treatment data. ,”Only those regression coefflclients .
(R-values) for.individual variables in the equation
that were found to be statistically sligniflicant

(P<0.05) are reported.
in sequence according to how often they were

\ significant in regression equations.
{b) Hypocotyls;

Independent variables are

(c) Cotyledonary Axils.~=

(a) Cotyledons;

(a)

TEMP(°c) PHOTO  NAA BAP IAA KIN  R? P
18 16-hr  0,74%xx 0.53 - 0.000
. 24-hr  0.30%* ’ 0.30 0.004
22 16-hr  0.82%#* 70.68 0.000
24-hr  0.85%** 0.72 0,000
28 16-hr  0.91%** -0.38%* 0.84 0.000
24-hr  0.87%#% / 0.87 0.000
(b) /
- @ C
TEMP(®c) PHOTO BAP NAA IAA KIN RT P
18 16-hr =~0.43xx 0.18 0.000
24-hr -0.28%* ) 0.08 0.007
22 Ll6-hr -0.40%%x - 0.16 0.000
24-hr -0.36%%* 0.13 0.00Q
28 16-hr =0.35%% 0.12 0.001 .
24-hr -0.27%* « 0.07 ' 0.011
o e ‘f
(c)
. -
TEMP(®c) PHOTO  BAP KIN NAA y IAA R* P
. ' 4 .
A18  * 16-hr -0.40%*** -0.17%* -0.02f 0.30 0.000
24-hr -0.30%* ; 0.09 0.004
22/ 16-hr =0.4L**x -0 16%* 0.23 0.000
. 4 24-hx -0.30%* 0.09 0.004
e 28 , _16-hr -0.60%** -0 15+%* 6 0.45  0.000
"7 "24-hr -0.53%*% -0.17%* , : 0.37 -0.00

- 5ata = R-values for vaz'i.ables, in equation significany at
P = Overall probability of equation
* =P ¢0.05 ~-0.01; *=*x =p < 0.0 - 0.00%;

P<0.05;

A\

*Rkx =z D

< 0.001

.
-

.=
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- — -- Table 24. Results of stepwise multiple regression analysis
. on Callus Response of explants in seperate treatment
data. Only those regression coefficlents (R-values)
for individual variables in the equation that were
- found to be statistically significant (P<0.05) are
reported. Independent variables are in sequence -
according to how often they were significant in
regression equations. (a) Cotyledons;
(b) Hypocotyls; (c) Cotyledonary Axils.=
(a)
TEMP(®c) PHOTO  KIN BAP IAA NAA Rz P
4
18 l6-hr 0.31%x . -0.29* (.14 0.002
’ ‘ 24-hr 0.61*** 0,.39% 0.42 0.000
' -22 16-hr 0.33*x* ~0.52%%% - 0.32 0.000
At 24-hr 0.43%*%x 0.13~* 0.23 0.000
28 16-hr 0.34%% 0.19%%r -0.32** (0,25%% (0,36 0.000
24-hr 0.52x*x 0 _08* ! 0.10** 0.38 0.000
-(b)
TEMP(°c) PHOTO KIN  -TAA BAP, NAA R? P
R 18 16-hr =-0.07% -0.08%% ~ 0,62%%x%x (0, 22%%xx 0.63 0.000
24-hx 0.26* 0.07 0.013
( 4 : g
' 22 16-hr , 0.31%* 0.20% 0.16. -0.001
24-hx 0.33** -0, 2272¢ 0.25%% 0.30 0.000
4 »~
28 16-hr 0.32%* -0, 37%x%x 0.35** 0,31 0.000
* 24-hr 0.59%*x% 0.35 0.000
(c)
) .
TEMP(°c) PHOTO NAA * KIN BAP IAA - R= P
.18 1g-hr  0.33%*x -0.37* | 0.48%*x . 0.50 0.000
* 24-hr 0.48%%x%*-Q 20**x (,37 0.000
‘ 22 16-hr  0.92%xx. (. Q5%rs 0.87 0.000
/ 24-hr Q.45**x% 0.26%%x%x 0,34 0.000
' 28 16hr  0.3822% 0.77  0.000
24-hr O.43%%x% 0, 43%%% 0.43 0.000
A Ve
4
= Data = R-values for variables in equation significant at
. P<0.05; P = Overall probabillty of equation;
* aep <

0.05 - 0.01; ** = p ¢ 0.01 - 0.001; *x* = p < 0.001
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APPENDIXIIV -

Table 25 Eeports results of ONEWAY analyses
indicating differences in trials of individual
plant types for parametérﬁdmeasured. (R =
regenerated plants; § = seédfplants). (61 =

‘ \ \
Greenhouse Trial #1; G2 = Greenhouse Trial #2; F =

Field Trial). Significant differerfices are

3

h
& Q’ '
¥ =P < 0.05 - 0.01
*% = p < 0.01 - 0.001
k% = P < 0.001
> . ‘
/ )
- . 7 o
e -
0 / , i i
. 7 }
(/, -



e

149
?
Table 24 : Results of ONEWAY analyses indicating .differences in
trials of individual plant types for parameters
measured. * L
. o < o, «
PLANT TYPE ,
- F-TR ~ F-2 R F-1 5 F-2 S
1 4 -
PARAMETER TRIAL TRIAL - y
. Ql’ G2 F Gl F ° Gl G2 F Gl G2 F
- ° ) P
»~ . 5
Max.Plant G1
height G2 °
- F ’ Xkk kxk * % %
' . i
Max. leaf @
number G * %% ~
t F . Kkk  ktk *,** kkk ki%x kkk kt%
Age at < G1 f
Fruit Set G2 Xk ¥ * ok % o * % % k% %k
(Yield 1) F *E% kkk k%% .
Age at * Gl . kk kk "
Fruit G2 * %k k%
Harvest _F Xt % % « - o
(Yield 1} L
Time Gl , ’
between G2 ‘ ‘ ’
Fruit Set P *kk ke X% % kk%x k%%
and Harv. p
(vield 1) . .
¥ . g PN
Number of' Gl
Fruit . G2
(Yield 1) F LR L k% LI X% kke
S 7 r
Ve . ,
~ e -
’ - d
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Table 24 Can't: 150
: PLANT TYPE
F-1 R F-2 R F-1 8 F-2 5 .
\
PARANETER yTRIAL . . TRIAL |
§l G2 F Gl F Gl G2 Gl .G2 F
Weight of Gl _—
Fruit G2 g kkk  kk%
(Yield 1) F * )
Fruit Gl , -
Data . G2 No individual differences found.
tYield 2) F -
~
¢
)
. .
: ¥
]
< 'r “'4:
. d ' '
@ o {‘ C



