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ABSTRACT
Experiments were carried out to evaluate qualitatively and

guantitatively the performance of seed-propagated and stem-
cutting propagated tomato plants under varying levels of nitrogen,
phosphorus and potassium, The effects of growth hormones on
physological and anatomical aspects of growth of stem-cutting
propagated tomato and shoot-tip culture of the plant were also
investigated. Planting and other cultural practices for tomato,
recommended by the agricultural extension and Research Liaison
Services (A.E.R.L.S.), Ahmadu Bello University, Samaru, Zaria,
were adopted in the experiments. Three rates of fertilizer

(NPK 15.15.15) were applied as zero, 300 and 600kgNPK./ha

Stem-cutting propagated plants had a shorter life-span
(6-7 weeks) and came to bearing earlier than seed-propagated
plants (7-9 weeks), The zero and high fertilizer levels (600kg
NPK/ha) delayed flowering by 6 and 13 days respectively in seed-
propagated plants. The zero fertilizer treatment delayed flowering
in stem-cutting propagated plants by 8 days. The rate of plant
height increase was higher in stem-cutting propagated than seed-
propagated plants during the first 14 days after transplanting (DAT)
particularly for fertilizer treated plants. Plant height at 42 DAT
was significantly higher for seed-propagated and stem-cutting
propagated plants for all fertilizer treatments, as compared to the
unfertilized plants. Kegardless of mode of propagation, plant
height at 42 DAT was in the order 600kg >300kg >OkgNPK/ha. Auxin

treatments did not have a significant effect on plant height.

Dry matter increase was generally but not significantly
(P = 0.05/ higher in seed-nropagated plants (between 28-42 DAT)

than in stem-cutting propagated plants, for all fertilizer treatments.

While fertilizer treatments significantly increased DM production,

auxin levels did not.
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Tissue auxin increased steadily with age in plants not
treated with fertilizer but fluctuated in treated plants with
peaks at 3 weeks after transplanting (WAT) and 5 WAT. Higher
activity was in 300KgNPK/ha treatments at 5 WAT, At 6 WAT highest

activity was in the no-fertilizer treatment.

Total soluble carbohydrate (TSC) was significantly higher in
plants with no fertilizer than for either 300kg and 600kgNPK/ha
throughout the study period. This increased steadily with age and
was highest at 6 WAT for untreated and 300kgNPK/ha treated plants,
although for the latter category and 600kgNPK/ha treatments, TSC
fluctuated with age.

Plant tissue N level was lowest in plants given no fertilizer-
It increased steadily and significantly up to 6 WAT for non-fertilizer
and 600kgNPK/ha treated plants. In 300kgNPK/ha treated plants, it
fluctuated with age, but had its highest level at 6 WAT.

Carbohydrate: Nitrogen ratio (CHON) was generally lowest for
600kgNPK/ha treatments, followed by 300kgNPK/ha and highest for
untreated plants throughout the study period.

Generally, IAA gave the earliest and most uniform rooting
response than other auxin treatments and untreated controls
regardless of fertilizer levels. For all fertilizer levels, I1AA
at 0.05g/l gave the earliest rooting, highest number and length of
roots followed by IAA at 0.1g/l. For IAAKAA treatments, rooting
response was earliest at 0.02£g/l. This concentration also
generally gave the highest number and length of roots. For NAA
treatments, rooting response and root number were earliest and
highest in 300kgNPK/ha at 0.10g/l. Root lengths were highest in
300kgMPK/ha and 0.05g/l. Generally, 300kgKPK/ha treatments gave

better rooting response regardless of auxin treatments. High rooting
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pacantages (80 - 100 ) wae recorded for all fertilizer ad
axin levels.

Adventitious roots origineted fiam prefamed perdymeoLs
roat initial cal dums in the cortex.

Sextiagpepgtad plants hed higher mean nuoer ad weaght o
fruits then fem-autting progeceed plants far all fertilizer ad
axn trestments  Adn levels dd nat sgnificantly afect fruit
e o Sze. Tre paten o regpone in tams o fruit runoe
a first haves wes k> 0opGONAKa for ssachropeceted
plants ad dam-cutting propeceted plants. Fuit wagt wes
JkgFAIkgPOgNKa for sscioropegatad plants ad 60 kg

JPOg\KHa far gem-autting propegaed plants. Fuit wagt
deoressd agnificantly with harvest date for all fertilizer ad

axn trestmants as wel as nooks o propegation. Fruits fiam
sHoropecgted plants todk 7 + 1 dys to 50% full ripening, while
those fiom dam-autting ropeceted plants ramanad uipaned
(arengeyeiow) up o 12 deys

Sab extraded fiam fruits of ssechoropegeted plants wae
heavier ad hed higher parcaniage gamingion (8624 then sssds
flon gemauting propeceed plants (2333

Shoot-tips aspticdly adtured an Muadige ad Saog (M9
madum pH 58 a 400 ux light intensity, ZAC ad 16 hours
phatopaiod, cae the best roat regengration ad doat gomh
regoonse & BAK (indole-butyric add/Kingin) 100001LM.
Cdlus farmeion wes praminat & IBAK, 1001uM. S gomh
wes g at 0/1.0uM IBAK, but roat repenadion ad cdlus
foameion weae poar. 24D wes gengdly unslitable far shoot-tip
culture, causng inury ad degh pracedy die to its phytatoxiaty.
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141 Histery:

Iiterature has it that the genus Lycopersicon originated

from South America; for instance, Zeven and .liukowsky (1976)
traced the origin of the genus to a narrow belt of the South
American West Coast Liniled by the equator (© , =711 ] | longe 30753
Andee and Galapagos Islands, These authors further suggested
that the vera-crus-puebla area of Mexico was most likely the
source of cultivated tomatoes of the world.

The ancestor of thes tomate is probably var. Cerasiforme
(Dun.) Alef. (Zeven and )k owsly, 1975). Outside its
primary gene centre, the tomato plant is self-compatibla.

In Peru and Rcuador, Cerasiforms spontaneously crosses with
L. pimpinellifolium. Tomato flowers pollinated by the pollen
of L. peruvianum results in the induction of parthenocarpic
fruits. In some cases, F1 seeds may pe wmet, resulting in

hybrids with varying degrees of fertility and viability.

1«2 Botany:
According to Cobley and Steele (1976) tomatoss are amnmals,

or shert-lived parennials cultivated as annuals. They have weak,
trailing, much-branchad stems covered with glistening reddish-
yellow glandular hairs as well as pointed non-glandular hairs.
The stem bears numerous epirally arranged leaves which are

unevenly pinnate with variously indented and lobed margins,

the



Branching at the base of the stem is often monopodial, but

tends to be sympodial higher up, with small :yuo

inflorescences developed from the apical bud. The flowers

(with superior ovaries) are borne on short pedicels, and

are often shed 2-3 days after they have opened. The floral
parts are usually in sixes, but some cultivars have pentamerous
flowers, The persistent, united sepals (calyx) enlarge with the
fruit and has esix sepals. The eix bright-yellow petals are hairy
on the outside, and are fused to form a rotate omlhi tube.

Some cultivars are self-pollinated, while others are cross-
pollinated., The ovary contains numerous ovules in axile
placentation on a large fleshy placenta. The fruit is a red
or yellowish globose berry with a smooth skin although cultivars
vary in sise and shape of fruits, thicka: s of the fleshy
mesocarp and in the development of the placenta. The colouration
of the fruit is due to the pigments carotene and lycopersicin
which ocour in different concentrations in fruits of different
colours.

Tomato seeds are flat, kidney shaped and hairy, light-
brown in colour and contain a curved embryo. After tomatoes
have been processed to make juice, paste or puree, the press
cake is used as a fertilizer or live stock feed (Cobley and
Steele, 1976).

The crop ie propagated from seed, vhich is commonly sown
in nursery beds or seed boxes. When the seedlings are
transplanted, their taproots are commonly damaged, and in mature
plants, these are replaced by an extensive copiously branched
adventitious root system. The adventitious roots arise from the

bagse of the stem and stem cuttings root easily. 4



1.3 Importance:

¥hile positive changes in yield patterns of cereals in
the tropler (uve been recorded, tomatoes and other vegetables
have not had such significant improvements. ¥or example, FAO
(1975) satimated an annual average increase in production of
2.6% for ®ere218 1ixe yice, maize and wheat, while vegetables
like cebbage, green beans, sweet potatoes and tomatoes had an
average of only about 0.87¥ for the veriod 1961-1975.

The tomato frult has potential as a major source of
vitamins and mineral elements. For example in Hawaii tomato
frujts ranked 8th highest in protein and vitamin C, 9th in iron
and 13th in vitamin A. It is also a good source of calcium,
phosphorus, potassium, thiamin, riboflavin, niscin and ascorbie
acid. The levels of these vitamins can be improved by breeding
(villareal, 1980).

Tomatoes ¢an be a major source of these vitemine and
minerals, if consumed in large quantitiee. In developing
countries the consumption of tomatoes can be increased, causing
them to become a larger source of vitamins if supplies are
greater and more Sewissy gvailable to consumers all year and at

relatively cheaper prices,

1.4 Problems Associated with seed-production tomatoes:
Although wild encestors of the tomato plant are out-breeding
plants, the tomato has become predominantly in-breeding in
cultivation (Cobley and Steele, 1976). In recent times various
oultivars have been bred and selected for fruit size and quality

and also for their ability to grow in different enviromments.
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For instance, d¢ilfferent cultivars hive been bred for diffsrent
uses, some are good for vegetable salad, wnile othars are
tetter for making puree, pasts, ketohup, and juiece., Others
are mors sultable for oanming, picxkiing, ate. Conaequently,
tomato crop is now gquite diverse in fruit size, shape, texiure,
gtc,

| Tomatoggﬁgrow well in the tropica. In humid laowlanda
howaver, the single mest serious factor limlting ite production
ig disease. The crop is often meriouely attacked by fungal,
bacterial, viral diseasces as well as inseoct pesta. Evexywhere,
susceptible cultivars suffer from thepe diseasss and oiten
sassive infections of root (s0il] nemetodes, wvometimes loaﬂing.
tc Berious logsees of the ¢rop. For exemple, in a study by
Mayol {1980) it was observed that the dry weight of ithe foliage

of plants innoculated wlib root-knot nemsiode lieludcvgyne incognita

deoreased by as much am 3%¢ in 7 weeks, This decrease was due
to premature sensscance as8 a result of root necrosis and
destrugtion of fesder roota.

Similarly, Elkholel et al. (1982) found that the neaatode
M. Jjavanica caused a significant decreaee in N, P, K, contents
snd dry matier accumulation in tomato plants. In fact the
affoctzﬁemutouea weYe aveén nore pronounced than the eoffects
of soil selinity to which the tomato plant is known to be
gensitive (Salama et al., 19813 ulkholei et al., 1582;
Ceizinszky and Schuster, 1982), o _ S

Some authors have attributed tomato plant susceptibility
to dlseases to culturael practices. For example, LSplegel gt al.

(1982) sugmested that increasing the NOy-N nutrition of tomato
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plants increases the plants tolerance to the root~knot nematode
M. Javanica. It is however not desirable to increase the

BOB-N nutrition of vegetables, particularly those that may de
eaten raw, because NDB- may socumulate in the edible porticms

of the plant. This 303- is subsequently converted to 502-

and nitrosamines, which when present in high doses are toxic

to man. Woen nitrites are absorbed in, quantity, ferrous
haemoglobin i« oxidised to ferric haewmoglobin, and metheacglobinemia
resulie. “hen this occure, oxyzen is not tranasported, and tissues
are subjected to ancxemia., Uince nitrite is the toxic substance,
nitrate concentration serves as a direct index of the potential
for nitrite toxiolty (Maynand and iarker, 1972).

Due to these reasons, breeders have developed several
vuhth: of tomato which are resistant to diseases. Exaaples
are the 'Rubyvee'-resistant to Fusarium oxysporumj ‘Wondervee'-
resistant to Verticillium wilt; “"Untarlo 7710" resistant to
Poeudomonas syringse Pv. tomato and 'Veeking' tomato-resiastant
to Jerticilliue and fusarium wilt as well as being tolerant to
metribuzin (herbicide) (Karr and Cook, 1983, 1984).

locally, varieties like 'Roma VF', 'Cirio 56', 'Marzanino’,
'Placenza 0164', 'Harvester', 'lLalionita', 'Chico', 'Gamade',
'‘Gemed F', 'Honita', 'Ife 1' and 'Enterpriser' are all
resistant to fusarium wilt; none however is reaistant to
bacterial wilt and some are susceptible to leaf-spot
(4 solsni and Septoria lycopersicl) and L#af mould (Cladosporium
Salvus) (A.E.R.L.S.).

However, even vhere and when these varieties have bdeen
developed, several problems stll exist; sometives a seed-
propagated cultivar that is produced initially in one location



6

may undergo a 'genetic shift' if it is grown for several
consecutive generations in a different location (Hartmann

and Kester, 1975) loss of heterosis (hybrid vigour) in
succeeding (inbred) generations is a second problem (cultivated
tomatoes are inbreeding). To maintain maximum hybrid vigour,
it is necessary to repeat the original parental cross for each
new crop. This the local farmer camnot do. However, if a

plant can be propagated vegetatively,

The tomato plant does not produce bulbs, corms or tubers.
Its stem cuttings however, root very easily., It alse has
potentials for propagation by grafting, in fact several workers,
for inatance Reboul et al. (1981) and Pereguine and Mo 1982)
have both tried to induce resistance on tomato plants by
grafting tomato scions unto rootstocks from solanum specieg
resistant to the bacterial wilt caused by Pseudomonas solanacearum.
8imilarly, Thorpe and Jarvis {1981) found that grafting the
susceptible greenhouse tomato cv. MR13 to rootstocks of the
resistant cultivar IRB~301-31 confered total escape from
Fusarium foot and .ol rot caused by Fusarium oxysporum F. sp.
radicislycopersici.

Grafting however, has several disadvantages. First,
special techniques are involved, which might be difficult
for the local farmer to employ. There also has to be
compatibility between the gcion and the rootsteck or else

the graft union would be rejected. This means, empirical



trials, wvhich are time consuming, Poor graft
union due to lack of expertise and lack of uniformity within
grafted seedlings are other preblems involved. In addition,
certain undesirable metabolites from the rootstock might be
translocated into and accumulate in the fruits of tomato plants
reproduced from such graft unions. For example, tomato
scions grafted unto rootstocks of Datura stramonium which was
resistant to the root-knot nematode, produced fruits with as
much as 0.03mg of alkaloids per gram of fresh fruit, whereas
ungrafted plants had zero alkaloid content (lLowman and Kelley,
In: Hartmann and Kester, 197%).

Two attractive techniques that present possibilities for
vegetative propagation of tomatoes, are by rooting of stem
cuttings (cuttage or aacropropgetion) and tissue culture
(micropropagation). These have several advantages. 7These are
that many new plants can be started in a limited space from a
few stock plantas. From each cutting that roota, and each
plantlet that establishes and grows into a new plant, several
other plants can be obtained. Cuttage is rapid, inexpensive
and so simple that a farmer with the barest minimum of expertise
can start new plants from cuttinge. For instance the cultivated
cassava (Manihot sp.) is commonly propagated by stem cuttings.
Micropropagation though not so inexpensive or simple, provides
& means by which plantlets can be regenerated in nigh
frequency. In addition, disease~free plants can be obtained

and maintained from almost any part of the plant.
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GCreater uniformity is obtained by the absence of variation
which sometimes appears owing to the variable seedling roota-
tocks of grafted plants and more often than not, the parent
plant is reproduced exactly; with no genetic change.
Fuarthermore, the time taken from the planting of tamato seeds
to harveat of the fruit may be greatly reduced, if the plante
are started as cuttings or micropropagated plantlets. Woreever,
when nev, resistant and high yielding cultivars are developed,
they can be propagated continuously as vegetatively
reproducing clones, without fear of logs of heteroeis or a
genatic shift, eince all individuals in the clione are genetically
identical.

Vhere it becomes necessary to modify the genetic composition
of the clone, induced mutation can be employed. Por exsaple,
Moh and Alan (1973) have used induced mutation to improve the
#rowth oharncteristica of cassava otem cuttinga. Similarly,
chemical mutagens have been employed to improve the genetie
structure of banana cultivare in Jamaica (Nenendes, 1973).

This thesis evaluates the efficiency of two methods of
vegetative propagation, namely: macropropagation (by stem
cuttings) and micropropagation (plant tissue culture) in the
production of Lycopersicon esculentum (Mill) ‘Roma VF', taking
into conaideration® nutri tional
(CHO:N ratio, and vitamins) hormonal (endogenous and exogenously
applied auxin) and environmental (light, temperature and humidity) !
that influence these techniques.



Evidence as to the nature of the photoperiodio response of the
tamato plant is conflicting. While workers like Cooper (1927, 1962)
soggested $hat it is & weak long-day plant, others like Wittwer (1963)
say it ie & facaMiftive short-day plent. Evans (1969) coneluded that
a true photoperiodio behaviour may reside in the cultivated tomato as
a result of oross-pollination with short-day perrenial species in the
course of evolution of modern varieties. He further stated that there
is no evidence against the proposal that the tomato is a facaultative
short-day plant. Eguchi et al. (1948) however proposed that the tomato
plant is a 'nutritional type' rather than a photoperiedie plant in ite
flowering behaviour.

The cultivar 'Roma VF' is an early to medium paste type with
determinate growth habit during the dry season, but in the raine growth
is much taller and vigorous. Fruits are medium sized pear shaped with
a uwniform green colour when immature (Quinm, 1980).

Specific objectives include:
- To evaluate the effect of the CHO:N status of the CHOsN ratio

of stock plant on rooting of stem cuttings taken fram them.

- To trace the fluctuations in the level of endogenous auxin-like
substances, with age of plant.

- To relate the NPK-nutrition of tomato plants to the level of
auxin-like substances.

- To evaluate the effect of two exogenously applied auxins on
the rooting, establighment and survival of rooted cuttings.

- To determine the origin of adventitious roote in tomato stem
cuttings.

- To determine the optimum requirements, in terms of
temperature, light intensity and duration, humidity,
nutrient and hormones, for the micropropagation of tomato.

- To assess qualitative and gquantitatively the influence of
methods of propagation on seed viability, fruit quality, growth
characteristics and fruit yield of tomato.

- To evaluate the effect of NPK fertilization on the growth of
tomate plants propagated by seed and stem-cuttings.
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2 LITERATURE REVIEW
. 2.1 GENERAL ASPECTS OF VEGETATIVE PROPAGATION

Plant btreeding and selection aim at choosing and
multiplying crop plants that are genetically vigorous and
most able to satisfy human needs (Karikari, 1988).

Vegetative propagation is the process of reproducing new
plants fram parts of parent plants, such as steas, leaves, or
even cells of the plant concerned without the sexual processes
involved in propagation by seeds. Such propagation entails
mainly the mitotic process of cell divisi>n and multiplication.
Plants propagated in this way are genetically similar to the
parent plants, and such propagation mechanisms preserve the
unique characteristics of any single plant which are perpetuated
in the propagation of a clene.

A clone has been defined by Hartmann and Kester (1975)
as a group of plants that are of wniform genetic make-~up
derived from a single individual and propagated exclusively
by vegetative means, such as cuttings, grafts, layering,
divisions or tissue culture, which all require manipulation by
man. Other means of propagation which ocour in nature include
rhisomes, corms, stolons, runners tip layers, bulbs, etc.

Some of these methods of propagation are fairly simple and
straightforward. Others like the use of cuttings tissue
culture and sometimes layering require the use of several
plant growth regulators particularly hormones like auxins,
kinetins, as well as several other growth promoting substances.

Many clones can perpetuate tluuolu-_muuruny in
nature better than some seeds as long as the environment

remains reasonably stable. On the other hand, rare and
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drastic changes may occur in the environment in whioh case,
c¢lones are handicapped since they mg.y nat have the opportunity
to evolve new forms better adapted to the new environment hy
thomselves dus %o lack of crossfertilization (Hertmann and -
Kester, 1975). |
Karikard (1988) listed the main purposes for whieh '
vagetative proepagation metheds are used asi .

(1) to establish clones from selected high yieiding

. parent plantet ' ' .

(ii) to propagate plants which do not produce viable

| of sufficient seed e,g. bansna, pineappls and
navel oranges [

(114) 4o melect for mex in dicecious trees such as
mtmegs; : ]

(iv) To obtain earlier fruiting; plants propagated
vegetatively generally come to bearing quicker than
corveeponding seedlings;

(v} to obtain various advantages whioh may result from
a suitable combination ¢f roctstock and acion, such
a8 modification of vigour, realstance or immunity to
pests, diseases or wind damage, suitability te
different solls, climatic oonditions or cultural
systems, : l
Cuttings for nnoroprqugaﬂon can be obtained from
plant purts like the hardwood, semi~hardwood, softwood
(areenwood), leaves, leaf buds and voots. Similarly, material
for mioroprosgetiom oan be obtained from vasoular caabia,
storage parenchyma, paricyole of roots, endosperw, cotyledons,

leaf mesophyll and provascular tiseue (Street, 197F).
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2.2 PROPAGATION BY STEM CUTTINGS

Plant propagation by stem outtings ies based on the
ability of plant stem sections to produce adventitious rootas
at the hase of stem cuttings. Thie is due to the ability of
endogencusly nroduced hormones (auxins) to induce rooting.
These auxins are aynthesized in the meristematic regione and
.”tnnllocltod pagipeteily to injtiate new roois at the target
area. After the formation of roots, the plant usually is
established and new growih proceeds. Auxins have also been
applied exoganously to cuttings of pilants that either do not
produce enough to favour reoting or for some other reason fail
to root readily.

The most common auxins employed are indole-j~sacetic acid
(IAA) which is a native auxin usually extiracted from plant
tissues; indole~3-butyric acid (IHA); Naphthalene acetic (NAA);
and sometimes 2,L-lichlorophenoxy acetic acid (2,4-D). These
later three auxins are synthetic compounds commonly employed in
root initiation. COther rooting promoters, such as phenols
and their derivatives also occur both naturally in plants and
as synthetics e.g. Pyrogailol, cathecol, salicyclic anéd tamnic
acid. Several auxin types have been used to induce rooting of
cuttings in various plart species. 7These chemicals are
available in commercial preparations; dispersed in tale or
l{iquid formulations which can be diluted with water to the
proper strength. The purpcose of applying these chemicals,
particularly in difficult-to~root E0¢Cies, jg to increase the

percentage of cuttings which fora rcote, to hasten root



in{tistion, to increase uniformity of rooting and to

increase the number and quality of roote produced per

cutting. S ‘ ,.

24240 FACTORS AFFECTING PHROPACATICN BY STEM CUTTINGS

(i) Chemicsl Applicationa:

Awxin gpplicetions in various f{orma, conbiﬁ.étiona and
concentrationz are known to influence the suceess of ruoting
greatly. Tarre at al. (1980) found in red-raspberry, that
roct numhers were strongly incressed by IAA at 2::10-1'}1.
Potaasium~indole~3-bhutyrate et 2:10"5;*1 and NAA at about
2::10’51'1. Active range of IAA was narrow, with shoot danage
sccuring at hxm-hn or greater and much reduced rooting at
‘Ix10-h!'1 or less. Prolonged exposura of cuttings to 2:-:10-"1\(
IAA incereased the nuaber of roots ser cutting. In apple
(cv. red delicious) cuttings treated with S, 10, 20 and
LCppm YBA and IAA, hig,h}est number and maximum length of
roots were recoxrded In cuttings treated with IAA at 20ppm
(. nan, 1982). Similar resulte were obtained in
Dalberpis lotifolia cuttings treated with 1000ppm, 1A,

IBA or NAA for LB howrs, where thers waz an increased
percentage rooting over ounirols dipped in water. 1AL was
fourtt to be the best treatment ;nPgi, 1982).

Or; ’the other hand, 11 ang .E:s.tan (198Y} obaerved that
in two grape cultivars, IBA pre-trestment at 2.46x107M
and 3.94x10™3M gave better results in rooting than BA (Benzyladenine)
and NAA. Ceneve ang Heuser (1482) found in MUn® bean (Vigna
radiata) cuttings that MAA and IBA were most effective in
atimulating Tooting at 1077 40 10”M with IAA intermediate

at 1074107 and 2,4~ least at 107K only.



In peppers, Pillay et al. (1982) found that dipping
gtem cuttings in 1000ppm IBA for SEéGB gave the highest
numsbeyr of rooted cuttings at 20 and 90 days. Similarly root.
initiation and development of black pepper roots was -
significantly {ncressed by HAA., A O,1ppm concentration of
NAA inereased root welght per plant by 182% as compared to
no application of NiA (Khoon and Talid, 1985). Dipping
Barberry enttings, in 000vmm IBA was found 40 ba the bheat
tireatment for rooting {Satomi and Preecn, 1987} and TBA
has also heen fourd to inmluce w»rofuse root formation and
sprouting in yam tubers. TPA at _'E.{)()lrngy‘"lwl gave 1000/ o
sprouting within 3 wmeks (Okexie, 1985). Rooting percentages
of up to 95 have heen ravorted for Arizona rosewcod gtem
outtings with LOOO -8000ppm dips of TBA (Smith and lee, 1983),

o,

In three gpecies of Chickpea, namely Cicer arietinum,

€. guneatun and C. reticuldus, IRA and TAA enhanced rooting
at ooncentrations 0, 0.2, 0.}, 0.6, 0.8 and 1ppm. ﬂesultjs -
showad that although IPA was a bettaer rooting comnonud than TAA, -
the diffsrant specien, required difrc:n_nnt optimum concentrations
of either of the two. (Bassiri et al., i&&&)—. Similarly, other
workers like Khan (1982) four? no eisnificant diffevences
between auxine IBA and IAA or within treatment lsvels in the
rooting of Picus sp. zrown In egolld medium in the xlagghouse,
Sometimes a combination of two or mere of the auxins

produce better results. For example, mixtures of equal

parts of indole-butyric acid and naphthalene-acetic acid at
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a low concentration have given more roots and higher
percentage of rooted cuttings in arbovitae (Thuja sp.) and
bittersweet (Celastrus sp.) (Malstede and Haber, In: Hartmann
and Kester, 1975). Similarly, IBA up to LOOOppm and IBA + NAA
up to 2000ppm have been found to give similar results in the
rooting of Popolus tremula (Al-Kinamy, 1981).

There are aiso reports that low concentrations of Kinetin
stimulate root initiation. For instance a concentration of
O.1ppm Kinetin, more than doubled the rooting of terminal
cuttings of one clone of the difficult~to-root Feijoa sellowiana
(Meredith et al., In: Hartmann and Kester, 1975). Sometimes,
chemicale applied to control diseases may adversely affect the
rooting response of cuttings. For example fungicides applied
as dips to polyurethane propagation cubes prior to propagation
of poinsettia (Euphorbis pulcherimms Willd.) cuttings, inhibitted
rooting. Ieast inhibition of rooting was from either 3Tmg
metalaxyl, 25WP plus 300mg ferban, 76WP, S00mg, ferban T6WP
or 599mg benomyl SOWP (Lee et al., 1983).

2.2 (11) Physical Environmental Factors:

A vide variety of rooting media are used and these
include soil, sand, peat moss, shredded sphagnum moss,
vermiculite, perlite or even water. OSometimes the quantity
and quality of roots depends on the type of medium used.
For example, Pofkormy ana Austin (1982) in a study with
blackberry (Vaccinium ashei) softwood cuttinge, found that
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rooting was best in media containing milled pine bark alone
or mixed with equal parts of perlite compared to sphagnum
peat moss alone or mixed with equal parts perlite.

The envircnment in which cuttinge are rooted, particularly,
light, moisture and temperature have pronounced effects on the
rooting response of propagated plants. Hardwood stem cuttings
started out of doors in the nursery require only the usual
care given to other crop plants, such as adequate supply of
moisture, freedom from weed competition, insect and disease
infestation. leafy softwood or semi-hardwood stem cuttings
and leaf bud or leaf cuttings are rooted under high humidity
and these require close attention throughout the rooting period.
Temperatures should be closely regulated anda cuttings wust not
be allowed to show wilting for any length of time., Aideguate
drainage must be provided (hartmaan and Kester, 1975).

The necessity for environmental control is probably better
t1llustrated by a few examples; Kelly and Moser (1983) found that
in tulips (liriedendron tulipfera L.) root regeneration and shoot
growth of seedlings increased as te-porntur;n of either the soil
or aerial growing environment increased from 10° to ‘21°c. IBA
applied at 1000mg 11¢™" inoreased root regeneration and shoot
growth when both air and soil temperatures were held at
either 15.5° or 21°C. When air temperature was maintained at
21°C and soil temperature was varied from 10°C to 21°C, root
regeneration and shoot growth increased as soil temperatures
increased. Similarly, cuttings of three avocado cultivars
were found to root best under mist with IBA treatment and a

soil temperature of about 25°C (Ermst and Holtzhausen, 1982).
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Althbﬁgh varyiﬁg light intensity made no difference ta ths
percentzge of Euonymus Japonicus softwood cutiings that rooted,
the nuaber and weight of roots per cutting were lower at lower
than et higher 1light intenaities (Ooiahi'éj.gl., 1981).

To effectively contirol the environment of cuttings during
rooting, several typea of propagating frames have been designed
and are cuwrrently in use &t commercial installationas. These
include plastic anﬂ £glasg ooversd green housee, hot beds, cold
freames, lath-houses, flourescent light boxes, propagating

cases, -

v

2.2 {1ii) Juvenility (Apge}:

ipart from purely envirormental factors, certain properties
of the stockplant az well um the cutting iteelf influence the
guceesz of rooting. One of sach i3 the age, otheywise referred
to ap the juvenility factor. Tor example, juvenlle cuttings of
pecan (Carya 1llinoensls) produced more roote and & larger .
percentage of rooted cuttings than adult cuttings - I
(————vhen iTeated with 1 or 2% solution of IBA (Smith and

Chiu, 1980). Similarly in both apple (Malue sylveastyris L.)

and Peach (Prunus persica L.}, juvenile cuttings rooted better
than sdult cuttings. For both types of apple cuttings, 0.8
IBA (in talcum} gave the highest ¥ rooting and the greatest
nunber and length of roote; and for voth typesof peach cuttings,
best results were obtained with 0.1% IBA (in talcum) or 200ppm
1B4 in soclution (liyomors anéJanawa. 1982). Lelated to
Juvenility, the pesition of the outiting on the plant at the

time of cutting is alec important. Por example, semi-hardwood
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cuttings of peach taken from terminal portions rooted better than
from basal portions and this was related to etem diameter (Marini,
1983). However, in sand pear (Pyrus pyrifolie) rooting was not
significently different between basal, sub-apical and apical parts
of 1-year old shoots (Sandhu et al., 1982).

Particularly for species that exnibit bwd dermancy, the time of
the year during which cuttings are taken influences rooting and this
is related to the general metabolic state of the buds. This has been.
demonstrated in species like Malus sylvestris (apple) and Prunus
persics (Peach)(Nyomora and Manzawe, 1982), vhere cuttings taken in
July at the beginning of dormancy, rooted better than those taken
in September at the end of dommancy. OSimilarly, rooting percentages of
Juvenile cuttings of pecan (Caxrya illincerisis) was greater with
February, June and August cuttings than April, October and December
cuttings (Smith and Chiu, 1980). Rooting percentages were similarly
higher in May than in April, June or July cuttings of Arizona rosewood

(Vanguelinia californica) (Swith and Lee, 1983).

2.2 (iv) Anatomical basis for roet stem cuttings:

The formation of adventitious roots in most plants species, takes
place after the cutting is made. These roote usually originate from a
certain group of cells, which become meristematic probably due to
stimulation by auxins, just like callus formation takes place after
wounding. The type of tissues inwlved at the site of origin depends
on the kind of plant. For example, Priestly and Swingle (1929)
observed that in herbaceous plants, adventitious roots usually
originate just outside and between vascular bundles.

In woody perennials, adventitious roote in stem cuttings usually
originate in the young, secondary phloem although they may also arise
from other tissues such as vascular rays, cambium o pith (Bhella and
Roberts, 1975; El-Toni and Calal, 1980).

Generally however, the origin and development of adventitious
roots take place next to and outward from the central core of the
vascular tissue. Upon emergence from the stem, the adventitious roots
have developed a root-cap and the usual root tissues, as well as a
complete vascular connection with the orginating stem (Esau, 1965).
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2.2 (v) Physiological basis for root formation in stem cuttings:

Adventitious root formation in stem cuttings depends on the
interaction “™®€ ,oversl compounds which include auxins,
enzymes, phenols, carbohydrates and nitrogenous compounds.

Boui llene and Bouillenewalrand in: Hartmann and Kester (1975)
proposed that a rooting factor, the ‘rhizoceline' ie the
determinant. These authors proposed that, the rhizocaline is
made up of three components: a specific factor translocated
from the leaves with the chemical properties of an
orthodihydroxy~phencl, 2 non-specific factor (awxin) which ie
also translocated and exists in low concentrations and a
specific enzyme located in cells of certain tissues, whnich
is probably of the polyphenel oxidase type. In their contentiocn,
the orthodihydroxyphencol reacte with the auxin in the presence
of the enzyme to form the complex 'rhizocaline’ ag the initial
step to rcot formation.

Recent work has thrown more light on the process of root
fnitiation in- stem cuttings and generally agree with the
proposed ‘rhizocaline' system. For example, Togno/ni and
lorenzi (1972) found thet, acidic extracte of d{ffienlt-to-root
cultivare of Picea had a high concentrations of substances which
iphibited the growth of Avena firet internodes, while easy-to-
root~cultivars of Chamaeoyparis had a low concentration of
these gubstances. The substances stimulated root formation
in mung bean cuttings and showed a dose resvome eifect over
o concentration range of 0-1.106g £r. wt. An aéditive effect

was also noticed, between extract and TAA and the possibility
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of rooting being determined by a hormone balance was suggested.
Chromatogrames derived from alcoholic extract of cuttings
of plum, yielded presumptive IAA upon re-chromatography and KOHE
and peptidase treatment of alcohol insoluble residues yielded
a radiocactive substance with chromatograochic properties of IAA
(Kay Ryugo and Breen, 1974). Earlier, Haissig (1970) found that
IAA always influwences the rooting process both by cell division
and cell extension. The role of IAA is however, limited by the
pregsence of the enzyme IAA-oxidase, which has been found to be
the same ensyme that acts as 89aiacol peroxidase (Hoyle, 1972).
In pea seedlings, Bryant and lane (1979) found that peroxidative
and non-peroxidative forms of the enzyme exist. From their study,
the plumule hook , which is a tissue that has high IAA oxidase
activity, contained no detectable peroxidases. They concluded
that non-peroxidative IAA oxidases might play a major role in
the regulation of IAA content of pea seedlings.

In Zea mays the oxidation of exogenously ipplied IAA to ox~IAA
is the major catabolic pathway for IAA in endosperm tissue.
Here *X -IAA was found to be naturally occuring and the amount
of ox-IAA in both shoot and endosperm tissue approximate the
amount of free JAA. Ox~IAA has been reported to be inactive in
growth promotion and thus the rate of oxidation of IAA to ox~IAA
could play a role in the regulation of IAA mediated growth
(Reinecke and Bandurski, 1983). From their work with peach seeds,
Ritzert et al. (1972) agreed with this and further found that,
the enzyme had a pH optimum of 4.5~5.0 and required Manganese ion
(Hn2+) and 2,4-D for optimum activity. The reaction product
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hovever appeared to be 3-methylene oxindole, Catechin 2
naturally occuring polyphencl was found to inhibit the TAA
oxidase system and had a synergistic effect on IAA activity
in the Avena coleoptile straight growth test. Kinetic studies

demonstrated that catechin inhibition was non- competitive with
substrate. On the other hand, there are indications that

exogenously applied growth regulators such as GA promote IAA
oxidation and thus rooting (Ockerse and Waber, 1970). Basu et al.
(1970) also reported that ABA promotes the rooting of cuttings.

IAA oxidase activity seems to increase with maturity of
plant material and IBA applications have caused an initial
decrease in activity soon after application, followed by a
dramatic increase prior to root formation (Al Barazi and Schwabe,
198L) .

Generally, orthodilydroxyphenols act as inhibitors of the
IAA oxidase system (Hguser and Hess, 1972) and twenty one
phenolics including catechol, pyrogallel, salicyclic acid and
tannic acid have been shown to stimulate rooting. Catechol
stimulated rooting in softwood cuttings of Acer saccharinum.
Likewise softwood cuttings of Acer griseum rooted 100% when
treated with s combination of catechol (4.5 x 107M) and Iad
(1.1 x 10-3)1) for 2l hrs. (Kling and Meyer Jr., 1983).

Similar findings have been reported by Bose wt al. (1972)
and Roy etv als (1972) in 10 sub-tropical shrubs and vines; and
mungbean cuttings respectively.

Earlier, Hess (1962) had proposed that the synergistic
effect of catechol with IAA is due to adjacent hydroxyl groups

and a free para position on the aromatic ring. Phenoliec
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o
compounds without adjacent hydroxyl groupe ani a free para

position would not stimulate rooting with IAA, in Hedera helix

and Hibiscus rosmeinensin.

Evidence presented here, suggeste that ztem sections
low in phencls and high in the JAA-oxidase encyme, may not
root readily, Bansa¥and Nande (1981) have however, shown
a positive correlation betwesn IAd~cxidase sotivity and rooting
responge in stem cuttings of some forest tree specles.

Another enzyme involved in rooting of cuttings is poly-
phenol oxidase (PPO). Thie enzyms is situated arxround the
oot initiation area axound the secondary xylem and phloem.
In Pistachis vera it has been found to deorsase with maturity
of plant tissue (Al Darazi and Schwabde, 198L). In apple, PPO-
antivity‘;nd phloridzin content in the xylem increasad with
endogenous rooting co-factor activity and the rooting of
cuttings. Vvhen tested, many ©Oxidised phenolic substances
improved rooting. Furthermeors, the reaction product of FPO and
phloridzin showed certaln similarities with extracted endogencus
co~fagtor whose activity during a peoricd of poor rooting was
increaesed by sdding PPO and phloridzin, RHRooting of IBA treated
cuttings was also increased by pre~treatment with the products
of a PPO and phloridzin reaction (Bassuk ot al., 1981).
Howevar, nc significant rooting responses were found in pepper

cuttings treated with the phenols Phleroglueinol and Phloridszin

(Xhoon and Talib, 198%). .
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The presence of endogenous and sometimes exogenously
applied rooting imhibiters is another key factor in the
rooting of stem cuttings. For instance, Paton et al. (1970),
and Crow et al. (1971) found that in the d.tfﬁoul,?-to—mot adult
tissues of Bucalyptus grandis, there is normally a high
concentration of compeunds that blocked adventitious root
formation, Three of such inhibitors were found to be naturally
occurring derivatives of the 2,3-diexobicycle (L,L,0) decane
system., The.* inhibitors were not present in the casily rooted
juvenile tissue. The action of these chemicals is probably as
a result of bleckage of HNA synthesis. For instance, Kef{ford
(1973) found that the appllcation of actinomycin-D inhibits
RNA synthesis. Similarly, Jain and Nanda (1972) demonstrated
that applications of ocycloheximide and sctinomycin~D inhibited
the rooting of Salix tetrasperma. Theee chemicals are known teo
inhibit protein and RANA syntheses respectively.

Mineral elements in various combinations aleo play a

physiological role in rooting. For example, Gorst gt al. (1962)

found in Sucalyptus ficifolia that there was a positive

- ace g

fnteractiombetween {ive major aud ainor nutrient combinations
and the effiociency of IBA as a rooting agent.

As soon as adventitious roots are initiated im cuttings,
a lot of metabelic activities take place as the new root
tissues develop and roots grow through and out of the surrounding
stem tissue to become external functional roots. For example
Holnar and lecroix (1972a & b) observed in Hydranges that, root
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initiala originated from the phloem ra2y parenchyma, with

roota emerging 10~12 days after the ocuttings were made.

The %otal protein content of rcot initials were found 4o
incerease ovar 100 percent in the fixot four days after the
cuttings were made, but there was no significant ncorease in
the DFA contant of the cells until the sixth day. The same
authors in 1972{a) found significant increases in enzyme
actlivity during sdventitious root formationi peroxidage,

¢y tochrome oxidase, sucoinic dehydrogsnane and starch
hydrolyzing enzymes wers observad in the phloem und xylem ray
cellz of the vampcular bundless During root developuent, enzyase
activity shifted from tha_vaﬂnular tiasuen to the periphery of
the tundles. Breen -~ Muroska (1973) reported that developing
callus and roots act as & 'sink’' for the movement of soluble
carbohydrates from the top of the cutiing.

According to Hartmann ond RKester (197S) it ie likely that
some protelns play specific roles im the activation of the root
rrimordin, Tor examplz, peroxidase mey destroy some inhivitors;
whioh may be blocking metabtelic procedses lsading to root
formation. Increases in the sctivity of cthar enzymes may
only be szsgsocinted with resumpticn of rapid general cellular
activity. Succinie dehydrogenase and cytochrome cxideme ore
involved in cellular reopiration, vhile amylase relempes sugars
from etarch ae a general substrate for various continuous synthetic

procenpes,
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242 (vi) Role of Organic Nutritional Status of stockplant
and 'Uui!.at.‘t.-:
The carbohydrate and nitrogen nutrition of the stockplant

is recognised as one of the very important facters that affect

the success of propagating plants from stem cuttings. Plants

which are irn goed nutritional state and are growing under good
evironmental condition of tenperature, moisture and light, will

have a relatively high carbohydrate-nitrogen ratio in their

tissues. Cuttings collected from such plants, will produce a
greater number of roots than those taken from plants having

a low carbohydrate-nitrogen ratic. In a study by Stolt and

Hess (1968) in Chrysanthemum cuttings, there was a positive
correlation between the carbohydrate storage in stems and the
rooting response of plants. Similarly, the hop (Humulus sp.)

plant cuttings responded to sugar pre-treatments by large

increases in root production (Howard « , = =, 1.00,. Lloo, Lootheret
(1969) in Helianthus tuberosus and Olieman et al. (1971) im
Phaseolus and Rhododendron found that glucose was essential in
nutrient medium for maximum rooting respense. Related to this wrecnwood
and berlyn (1973) found that sucrose was alse easential for good
rooting of Pinus lambertiana embryo cuttings.

In his study, Winkler, in: Hartmann and Kester (1975)
found that 63% of the high-starch cuttings of grapes rooted,
35% of the medium starch cuttings rooted and 17% of the low-
starch cutting rooted. Reuveni and Adato (1974) found in

Phoenix dactylifera that carbohydrate content was higher in
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e¢azy~to~root than in difficult-to-roct offshoots althoﬁgh

the latter contained more reducing sugars, which might

indicate a higher rate of hydrolyaia of carbohydrate as »

regult of higher vegetative growth., In Mung hean hypecotyl

cuttings, S50% of the deoreass in root injitiation could de
wm*;ggained by the application of glucose and fructose thus
pointing out the impertunce of CHO supply in root initiation,
howevar tﬁa.other 50% loss could not be recovered, probably due
to loss of some other fsctors like phenels ( Hauser and Heas,
1972). _ B ,_ Vo .

Reureni end Reviv (1981) also found that'in Avocade cuttings,

starch acoumulation et the cutting bases occurred while the

cuttinge were under mist; this wae correlatsd with the rooting

copability. Similarly, in Pisum sativum, Davis and Potter (1981)

found that treatwments which caused a redustion in the rate of
photoaynthesis lowered sucrose and glucose levels in the basal |
portion of the rsuttings. Theps findings indicated that the

supply of current photocynthates to the dage of cutiings is
important to roosting. In apple cuttings Cheffins und Hownnd
(19828 ) foumd that POV production was agsociated with a

merked redistritmtion of carbohydrater, an inoreare in the rociing
zone being at the expense of adjacent tiszsues. Conditfone which
led to morve rooting caused greater losses of 10 and establishment
appbared $0 be nontrolled partly by the level of rarbobydrate

remaining efter the root-stimulating phase.
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Active buds on rooting cuttings of apple appear to be a
preferential sink for carbohydrates and bud activity during
the rooting period appears to compete with the important basal
sink for carbohydrate, lessening the ability of cuttings to
establish when transplanted (Cheffine and Howard, 1982, b).
Related to this, it was found that in cocoa hybrids at IITA
(Nigeria), the presence of only one leaf per cutting
significantly reduced rooting, 7Two leaves per cutting were
ndoquntc_. Reduction in the size of leaves by half was found to
have no adverse effects on rooting and this even enhanced the
survival of cuttings under polythene sheets, probably due to
reduced transpiration (Odegbaro rnd ..cedipe, 1986).

The importance of nitrogen in rooting activities cannot
be over-emphasised. For example, Pearse, in: Hartmann and
Kester (1975) found that grape cuttings from stock plants grown
under reduced nitrogen, had high rooting response. This was
substantiated by teste within geranium where low and medium
nitrogen content of stock plants gave better rooted cuttings
than the high nitrogen treatments (Hann and Cornell, in:
Hartmann and Kester, 1975).

Extreme nitrogen deficiency however, decreased rather
than increased rooting (Pearse, in: Hartmann and Kester,
1975). In Blue berry cuttings, Smagula and Hepler (1980)
found that cuttings grown undersielg conditions for 6 months,

responded to the N-treatments by producing larger root systems,
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more aerial growth and more rhizomes. Scott et al. (1982)

found that the number and length of roots per explant of

Rose shoots increased as the concentration of total N in the
medium was reduced from 60-7.5mM. There was no effect on
rooting with as much as a 16~fold reduction in the concentration
of the remaining salts in the medium when total N was kept at a
constant 7.5aM. 1t appears then that there is a minimum and
maximum level of nitrogen requirement. Outside this range it
seems rooting is impaired.

In tomatoes, the dry weight of vegetatively propagated
ghoots was closely related to the crude protein content of the
stock plante. The dry weights of roots from terminal cuttings
wvas also positively correlated with the crude protein content of
the stock plants. The crude protein accumulated by the new
shoot was proportional to the size of the shoot (lowe and
Ries, 1972). 1t is not clear why high levels of nitrogen are
detwimental to good rooting, however for root injation to take
place, it is necessary to supply nitrogen for nucleic acid and

protein synthesis.

2.3 PROPAGATION BY TISSUE CULTURE

The term 'plant tissue culture' generally refers to all
types of aseptic micropropagation techniques including cultures
of seedlings or large plante (Plant cultures); of isolated mature
or immature embryos (embryo culture); of isolated plant organs

(organ culture), including cultures of root tips, stem tips,



29

leaf primordia, primeordia or immature parts of flowers,
immature tissues arising by proliferation from seguments
(explants) of plant organs (tissue or callus cultures); of
isolated cells or very small cell aggregates remaining
dispersed as they grow in ligquid media (suspension cultures).
Almost any tissue of the plant can be cultured in the
appropriate medium. These include vascular cambia, storage
parenchyma, pericycle of roots, endosperm, cotyledons, leaf
mesophyll and provascular tissue (Street, 1977).

The fragment of a plant or tissue used to initiate a
culture clone is referred to as an 'explant'., Gince plants
are inevitably contaminated with micro-organisms, there is a
vital need for sterilization of both plant material and the
instruments used. A wide variety of sterilizing agents are usni for
sterilization. Antibiotics are used to check bacterial growth
in the cultures.

To take explants, fairly large pieces of tissue are
generally favoured, however such explants should be taken so
as to obtain the maximum number of explants from a single
source (Streey, 1977) .

After the explant has been obtained and sterilized, it is
necessary to provide the right nutrient medium for regeneration.
All nutrient media are basically mixtures of the essential
macro- and nlcro-elements together with a source of carbon
usually sucrose. For many plant tissues, a number of additives

are essential. These include vitamins, amino acids, sugar
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aleohols, auxine and related growth regulators, gibberellins,
kinetin or other oytokinins. A full review of the principles
and practice of plant tiesue culturoz:vnihblo in Street
(1977)3 Hartmann and Kester (1975).

Plant tissue culture is used as a technique for the rapid
clenal propagation of plant material, with the minimum loss of
renetic attfibutes. Various workers have employed various
modifications of thie method, with varying results. For
example, Murashige et al. (1972) propagated inm vitro,
Asparague officinalis (L.) from surface sterilized (0.5
sodium hypochlorite) single shoot explante. Cultures were
maintained under 16 hr daily low intensity illumination at 27°C.

After 6 weeke it wae found that initistion of mdventitious roots
at the base of the ©xplant and elongation of the apex had been

completed. NAA concentrations of 0.3mg/l enabled good rooting
without inhibiting spear formation. IAA was effective and
could not replace NAA. Kinetin enkanced spear and root
initiation but reduced rate of survival of cultures. O.img/l
Kinetin was about optimum. Yang and Clore (197L) obtained
similar results with the same techniques and the same species.
In Gariie (Allium sativum L.) meristems were cultured on
the Murachige and Skoog (MS) or Nitech (N) media at 970lux
with 16 hr photoperiod at 25°C. The beet medium for tissue
increase was MS medium supplemented with 1mg/l IAA, mg/l
2,4=D and 25ml of deprotenized coconut mbhlk. MS medium with
img/1l IAA and kinetin did not permit extensive callus growth
but shifted growth towards differentiation (Kehr and Schaeffer,
1976). Using standard MS medium with 30g/l sucrose and pH 5.8,
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L:I.tln =nd Conover (1978) found that sweet potato axillary buds
and shoot tipe initiated callus at cut surfaces of explants
within 2 weeks. Shoot induction from gquiescent appical
meristems occurred at 5 weeks and small rooted transferable
plantlets were formed within B weeks. In Picus lyrata,
surface sterilized leaf fragments were cultured on a meodified
Nitsch and Nitsch medium, containing thiamine 15uM and
supplemented with 24uM BA (Benzyladenine) + 2Lu¥ 2-iP)
(N~(3-methyl-2~butenyl) 14-~purin-6~amine) + 2LuM kinetin 4+
12,5uM 1BA, After 3 months, the explants started to
proliferate on the edge of the cuttings producing many
adventitious buds that developed into shootlets. During a
further growth period of 1 month, full elongation was attained.
The plants were then transferred to a rooting medium containing
Knopps macro-elements, wodified Nitsch and SuM of NAA.
After 1 week, the shootlets were deprived of NAA and thus
induced to root within 1 week (Jona and Gripaude 1987).
Similarly, Omura et al. (1987) have used callus tissue
from leaf explants of pomegranate (Punica gramatum L.) clones
to produce plantlets. ilere a modified MS based salt medium
supplemented with a range of 0.5~10.0uM “A and 0.05~5uM NAA
were used. GShoot elongation was astimulated most efficiently
when the initial calli were transferred from the shoot induction
medium to a half strength MS supplemented with 2uM BA. <longated
shoots rooted casily on a medium of half M5 and O.1uM NAA.
With tomato leaves, best seprout formation was obtained with

a medium containing Lmg/l IAA and lmg/l kinetin (Santana, 1985).
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Similarly, a combination of IAA (5.7uM/1) and kinetin

(LeTuM/1) was found to be equal to zeatin in shoot
regeneration efficiency and reduced the time required for
shoot production. Rooting was achieved by transplanting the
in vitre produced shoots to 'pro-mix' under intermittent mist
in a greenhouse (Uddin et al., 1988). In lettuce (lLactuca
sativa L.) Blooksberg and Saltveit (1986) using the MS basal
medium, developed a procedure to regenerate plants from
excised exillary buds of harvested and stored heads. This
procedure

L permitted the rescue of lettuce germplasm that showed
resistance to post~harvest physiological disorders and diseases.
At IITA, Nigeria, » meristem (shoot tip) culture technique
%o obtain olomsl plant materisl fyee of vizuses cosuring in
sweet potato has been developed. Over the period 1981 -~ 1986,
60 countries received tissue culture materials from IITA.
At present this organisation has developed 33 improved sweet
potato varieties available for distribution (Ng, 1987).
In tomatoes, shoot apical meristems isolated from 7 day old
seedlings have been aseptically cultured on MS medium
supplemented with varying concentrations of auxin and cytokinins
under defined environmental conditions. Benzyladenine (BA)
or Zeatin (Z) at various concentrations from 0.1 to 10uM induced
shoot differentiation in high frequency. All levels of BA or
Z in conjunction with IAA alse induced shoot differentiation.
Whole plant regeneration occurred in media with hormonme
concentrations and this technique facilitated massive
propagation of virus-free stock of tomato plants of within 35
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daye (Karthe et al., 1977). Similarly, the oitrus exocortis
virodd (CEV) was eradicated from infected tomato (ov. Rutgera)
plants by shoot tip oculture of axillary buds excimed from
greenhouse grown plants. Plantlets developed from 23 out of
67 shoot tips excised showed the pame characteristios as the
seedling plants (Duranvilla and Semancik, 1986)e .~

m*“ﬁ‘:t B A - 4-.-\: - -

" 243 (1) Factors Iaffaotmgmation by tissue oulturs

Apart from basic factors, such as nutrient media _
| coﬁpoaition, hygiene or the necessity for a aeterile emir;anmht
and environmental conditions like temperature and photopericed
_{i1gnht durstion and intensity, pH, atoc), fa.ctors within the
plant material are known te influence the requiremente and
guceess of aleropropagation procedures. GSome of these include,
the part of plant from which the tissue explant is derived. F
For example, in Irish potatoes (Solanum tuberosum, Cv, Ruma)
differences were obeerved in the sutritionsl and hormonal
requiressnt both for callus induction and proliferation and
for differentiation and regeneration of complete plants from
tuber, leaf and stem pith tissues., Differsnces in light
intensity requirementa for the 3 tissue sources were aleo detected.
Whereas tuber tissuwes needed a high light intensity, leaf
tissues grew beat in the dark and stem~pith tissues preferred
lowv light intensity. NAA at 2.0mg/l proved best for tuber
and leaf tissueae, while IAA yielded better results with stem~
PAth cultures. Tuber cultures needed BAP (Benzylaminopurine)

vhereas the cther ? sources grew better with kinetin. /Jr T~
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A sequence on MS formula + O.tmg/l IBA + 1.0mg/l BAP + O.img/1
Ghy followed by M5 + O«5mg/1 Ghy in liquid shaken culture
yielded best regeneration responses regardless of tissue source
(0schalt and Caso, 1986). In Solanus melongena, Saxena et sl.
(1987) found that leaf tissue obtained from axenic shoot
cultures grown in controlled environment was the best source
for isolating viable protoplasts. Protoplast-derived cell
colonies developed calli on a medium of low osmotic potential
and differentiated shoots on a oytokinin supplemented medium.
Regenerated shoots were able to develop inte whole plants on

a hormone free culture medium.

One other factor that is important in the morphogenetic
response of plant tissues is the age of plant tissue from which
the explant is derived. For example, results of Osifo (1938)
showed that, in Selanum breyvidens young leaflet explants
proliferated more callus prior to shoot initiation than old
leaves. The frequency of regeneratod shoots 1lso bigher
from young leaf explants than old leaves. It was suggested that
this may be related to the level of cellular differsntiation
between young and old leaves (Raju and Mann, 1970). Furthermore,
it has been found that basal explants of Echeveria elegans were
more organogenetic than distal explants from entire leaves
(Raju and Mann, 197 ). This observation agrees with that of

Cheng (1977) in Douglas {ir seedling cotyledon tissues.



35

2.3 (11) Physiological and Developmental considerations

in Orep_agnuin in tissue cultures
The minimal quantitative changes in the ratio of certain

componenta of the putrient media are decisive and determine
whether organs are initiated or not. Normally, the eritical
comppnents of the media are auxins and cytokinins. These two
substances do?}-ﬂnc not only whether the tissue grovs, but
also how it grows (Street, 1977). Cenerally, high auxin to
low kinetin levels lead to root initiation, while lower levels
of auxin: kinetin lead to shoot formation while root formation
is suppressed. When levels of both auxin and kinetin are
intermediate, only an undifferentiated mass of callus is
cormed (Skoog and Miller, 1957). Otner compounds modify this
{nteraction. Raleing the phosphate concentration of the med iwe
can reinforoe the shoot forming and suppress the root forming
effect of auxin. Adenine and amino acids such as tyrosine act
similarly (Streev, 1977). In other tissues, it is the absolute
concentration rather than the ratio of auxin %o kinetin that
controls root or gshoot formation. Apart from this well
established relationship, & palanced ratio of gibberellie acid
and cytokinin i@ 1mrolvopd in leaf and shoot development in
tobacoo (Engelke, ot aler 1973) In Jerusalem
artichoke, differentiation can pe regulated by palancing the
sucrose-glucose ratio in the medium (Minocha and Halperin,

1974} «

in the cells of nigher plants are alike, differing only in that

different 1imiting factors are decisive for different tissue
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sources, varieties, species or families (Street, 1977). In many
of these canesﬁ)rmogeneaia, it is not clear whether inorgaenic
nitrogen compounds or hoymones like auxine and cytokinine induce
their effects in tissue cuitures de nove or whether they merely
enhance & process initiated by the {solation of cells. o
However the 'rhizocaline' concept of Bouillene and Bouillena;
Walrand could ba extended to include the synthesis of other
organ-specific substances involved in shoot and leafl production,
such as caulocaline and phyllocsline (Street, 1977)e -

The feregoing ie a purely physiological approach to
organogenesie. As a complement to thias, dovelopmental blologisi
such as Christianson and Werniok {1988) consider organcgenesis
to involve a series of discrete steps, leaf explanta on shocot
inducing wedium underge an ' initial 'de-differentiation' precess
during which compstant callus (eallus with the ability to respond
%o induction effects of the medium) is formed mliong the cut
edgen of the explant, The second etep iz shoot induction,
which proceeds under the influence of phytohormene balance in
the medium. The end result of this process is a group of cells
fated or determined for shoot production, which then undersgo
morphological differentiation and growth te result in shoots.
The developmental procesa leading to the determined etate
involves some kind of gene action, and specifiec m-RNAs have been
easociated with the induction etate in both shoot and root |
regenerating oultures {(Hagen et al., 198l; Theologis and Ray,
1982). .
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2.4 INFLULNCE OF PROPAGATION METHOD ON GROWIH CHARACTERISTICS

Vegetative propagation ocan change the growth habit of
plants depending on the method used. For example, Meyexffxf'
(1976) found that tissue culture techniques can be used to
rapidly propagate tetraploid day liliss and speed the ocommeroial
release of new daylily eultivaxrs by several years. It wes also
foind that oallua pieces itransfered to a growih mediua with 0.§mg/h;,
NAA and O.img/l kinetin produced plantlets snd produced true-
to-type flowering plants in the greenhouse. In young appile
trees, budded iressv made more rapid growkh than grafted trees,
Tt grafted trees made 39% more total growth in the second
sepson. 'Two seasons later, the trunk oircumference, totzl shoot
growth, tree heilght and spresd, numbers of shoots and root
suokers were greater on yralfted trees than on budded trees.
Tyransplanted trees on the other hand had less trunk oixrcumfercnce,
total ativot growth, iree helght and apread, numbers of shoot and
root suckera than atabionary trees at the end of the fourth
Bdason. (rafted tress had more flower clustexs than buided
trees and statlionary trees had more clusters then transplanted
trees (Perzea, 1976). lyrene (1981) found in Blucberry that
shoots from tissue culture of 2 xabblt eye blusborry cultivars.
bad amaller leaves, thimmer slems, shorter interncdes and rooted
faster than shoots from fleld grown plantg of the same cultivars.
Rooting of cuttings teken directly from timsue culiure or from
3~month~old tissue oulture derived plants averaged 95% for
*Beckyblue' and 965 for 'Bluebelle’ after 19 deym compared to

7% for ‘'Beckyblue' and 0% for 'Bluebelle' softwood cuttings
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taken froa field-grown plants. A% L1 days, 100% of the
cuttings taken from tissue oulture or from tissue-culture-derived
plants had roots ae compared to 545 for cuttings from field grown
plante. _
Field planting of corms of Liatris pycnosiachya (Michx.) I
c¥. Eureiks, pﬁ:ducod superior plante for cut flower production
than seeds, sa@lings, or rooted stexm outtings. Transplanted
seedlings produced larger corms with more buds than corms "I g
harvested from rooted ster outtings or direct-sesded-plants.
Direot smeedod plants and seedling transplants remained
vegotative. Rooted gtem outtings developed flowering atems,
but spikes were small and stems were weak and lodged.
Cormes of the plant produced by transplanted seedlings and
rooted stem ocuttings were significantly heavier and bigger
than those of direct-seeded plants (Salac and Fitzgerald, N
1983). Similarly, Ettinger and Preece (1985) found that in
Rhododendron hybrids, stem-cutting-macropropagated plants
generslly were more variable in height, had less basal branching
and were more erect than plante from micro-culture. Although
picropropagated plants grew &8 fast as ox faster, they soon
bent and asoumed & horizantal growth hebit, bdending generally
ocouring before basal branches were well formed. Stem~cutting
propagated plante appeared to have more lignified stems than
frop mieroculture. In Chiockpea, Basairl et al. {(1985) found
that plants from cuttings were productive provided they were
not overwatered, similarly, rooted cuttings of potato (Ipomoes ep.)
were succespfully established in the field and grown to maturity
with an average of 230g and 18 tubers per plant (Manandhar and

Reybhadary, 1986).
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2.5 GROWTH DEVELOPMENT AND YIELD OF TOMATOES AND OTHER
VEGETABLES AS AFFECTED BYNP$ X NUTRITION.
Nitrogen an inert gas though most abundant on this planet,

is the most easily deficient mineral element in the mineral
nutrition of planta. Due to its importance as part of
biomolecules especially proteins, deficlency of thie element
causes far reaching effects in plant growth and development.

It is therefore a common practice to supplement soil nitrogen
supply to cultivated plants through nitrogen fertilizer application.
For example, tomato plants in the greenhouse developed over a

S week period from seedlings to early bloom stage, increase?¢ B
fresh and dry weight of shoots and roots, plant height, and
internal ms-n concentration in relation to the !t03 supply of
the culture solution (Gomez-lepe and Ulrich, 1974). In a
related study, Weston ana Zandatra (1989) found that moderate
(100mg/1) rates of N, produced the larger root: shoot ratio
than either of higher (LOOmg/1) and lower ( © mg/1) rates.
Also plants fertilized with moderate and high N levels produced
larger early yields. Similarly, increases in fruit yield,

seed yield as well as early flowering and early ripening have
been recorded (Lorenz et al., 1970; Varis and George, 1985;

Asi ano Amjad, 1985). On the other hand, no consistent increases
in marketable yield, plant growth, dry matter content of fruits
and nitrogen uptake were observed in tomatoes with N-treatments
(Omar et al., 1979; Doss et al., 1981; Manson and Wilcox, 1982).



Qualitatively, N-treatment has been found t¢ incroase
K and N content of whole plantes up %o about LOK, in 7 days
(wani, 1969). Also, nitrogen recovery rate of up to 95%
has been regorded and an average of 65% of the N in the plant
and fruit originated from fertilizer N (Sweeney et al., 1987).

while NO.-N tended to decrease P uptake, Mg uptake was enhanced

3

by leaf concentrations of NO,-¥ and Ca (ighede and Adusyl, 1985).

3

In other vepgetables, similar resulis have been obtained.
For instance, increasing levels of N-fertilizer have been found
to increase {the protein and total fresh weight of the edihle
portion of lettuce, wustard, collards, cabbage, beets, con,
topatoes and peppers (Splitistoesser et al., 197h). In celery
and cabbage, increasing N~treaimente have been shown %o |
consistently incresse early sesson ¢rop, total dry matter and
leaf growth rate 2s well 28 hasten maturity (Stark st al., 1982;
serinivas, 1982). Similarly, in Okra, W-fertilizaiion has
inorsased pl;::h;ight. number of branches per plant, nuzber
of frults per unit ares and per plant, =eed yield, green pod
vield, pod diameter and pod welght (“enin and imoto, 19803
Shresta; 19833 Majaﬁl;r_u et al., 1985). sidilar incresses in
yield charscteriatics have heen reported in red peppers {Khan
et al., 1982) onions {Subbish et al., 1982) Spinach (Kansal et al.,
1981; 0lday 33_5_;_.!_'19}?6) eggplant (Rajveen and Rao, 1980)
and Ogarlie (Eecaff mnd Al DLaro, 1982). -

Apart from yield increeses appiied N has also been found
to improve the quality and characteristics of other vegetables.
For example, Subbish and Ramanathan (1982) found that

added nitrogen enhanced crude proteln, carotene and chlorophyll

STk -
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in Amaranthug sp. it however, decreased ascorbic acid content. In
Chillipeppers (Subbiah et gl., 1982) and okra (Mani and Remanathan, 1981)
have found that N treatments increased total tissue N, K, P and Ca
contents. On the other hand, N and Cu levels increased but P, Ca
and 7n levels decreased with N-applications in Okra (Asif and Greig,
1972). . Similarly, Taylor et al. (1983) observed that N-application
had no significant effect on acoumlation of Ca, K, Na, Cu and Zn
in any of 5 vegetables studied and the P and Mg levels of lelfaira,
Solanum aethiopicum or S§. microcarpum. Nitrogen depressed the Fe content
of all the vegetables studied and the Mg content of Amaranthus and
Cucurbita, but increased the Mn and Ce contente of all vegetables and
P content of Amaranthus and Cucurbita (Taylor et al., Ibid.).
In cucumber however, Farouk et al. (1979) observed no significant effect
of applied N omn plant growth, fruit yield, dry matter contents of
fruits and nitrogen uptake.

In some crops the source of nitrogen may affect the response.
For example, higher yields of tomato were obtained by 1003- l!H3l03 than
with 50% NE,NO, and 50% sulfur-coated urea (scu), (sweeney et al., 1987).
Similarly, in peppers, Urea-N significantly decreased the dry matter
yield of leaves by about 25% and 32% as compared to Nﬂh-ﬂ and NO,—I
respectively. Cenerally, urea-N retarded the growth and anthesis
of pepper more drastically than 103-11 and nh-n (Gabal, 1982). Leaf
nitrate reductase activity in maize was found to decrease significantly
vhen N vas supplied as mh-n and amide-N rather than HOJ-H (Mengel et al.
1983). On the other hand, Lorens et al. (1970) foumd that ¥ from all
sources increased tomato yields significantly. Yields with (nh)zsou
or urea were approximately the same, but both exceeded those from

Nitrofom.
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In Potatces, MoCollum {1978a) found that vhen ;611 pﬁoﬁphorﬁs {P)
vas lov (35kg) or mediuwa {66kg) row applied P inoreased yielde by 38
and 22% regpectively, but no response was obtained if initial soil ¥
wa high {10kg). On low P regimes, rates of dry matter and P : _-
accumulation were still positive at 8L days after emergence, btut
plants on o&heﬁ.ifiéinenta had losat most of their leaves at 79 days.
About 75% of the total accumulated P and 70~75% of total dry matter
was in tubers at harvest, Alsd row-applied enchanced early growth
but hastened leaf mensscence and if ita initial soll P wes low, shortened
the duration of the tuber bulking. Leaf grewth rate was maximal with
0.35% P in foliar tissue. Fhosphorus defioiency reduced mean net
aseimilation rate during early growth, but it markedly increased thia
during late growth pericde (MoCollum, 1978b). In mesize, anthocyanin
content of leaves deoreaged with incressing F conoentration, tut there
wveres marked differences among hybrids in anthocyanin content at 2 given
shoot P concentration. There were almo marked differances in degres
of purpling among hybride with similar anthocyanin concentration r
(Cobtina and Miller, 1987). . Lo o 3 .‘

In tomato, the relative gfoﬁth rato‘and ihoot dry ﬁaét&r acocumulation
were correlated with the rate of X accuaulation (Widders and Lorens, 1982).
Tissue K eonoontrationl increased with X spplications, while calcium
(Ca) and Magnesium (Mg) decreamed with incressed K applications _
(Reneau et al., 1983). About 70X of the K sccumulated in the plant
st harveet was taken up during fruiting (Widders and Lorenz, 1982).
Trudel and Czhun (1971) found that most of the carotencid espeaially
lyoopene, generally increased with incressing K concentration except

B~carotens which decreansed.

P
"
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Nitrogen, Phosphorus and Potassium whem applied im combinations
may or may mot modify the response of crops. For example, Majambu et al.
(1985) found that in okra, applications of both N and P increased
yield parameters like green pod yleld, pod diameter, number of fruits
per plant, number of seeds per pod and pod weight. Similarly, in
three varieties of chilli peppers, the crop yield per hectare and
nunber of fruits per plant were increased by increasing doses of N and
P. In NPK combinations however, addition of K did not significantly
increase yield and number of fyuits per plant (Khan et al., 1982).

In tomatoes, highest early yields were obtained in field growa
transplants fertilized with Low N-low P or high N-high P, but yields
were reduced with high N-low P (Jaworski and Web, 1966). Alse
transplants fertilized with high N-low P produced up to 35X greater
early yields than transplants fertilized with low N-high P (Weston

T and P at 30mg 11t~

and Bandstra, 1989). Nitrogen at LOOmg 1lit
produced the largest transplants at 5 weeks after sowing N at 100mg llt'1
produced the largest root:shoot ratio, had no effeet om rootishoot
ratios (Westom and sandstra, 1989).

Other factors that affect tomato growth, yield and quality arve
temperature (Trudel ané osselin, 1982; Maletta and Jones, 1987)
wvater stress (Bar Yosef and Sagiv, 1982; De Konning and Hurd, 1983)
soil salinity (Perez and Sartain, 1982; Orabi et al., 1982) and diseases

(Erinle, 1979a, b).
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2.6 CHANGES IN NUTRITIONAL VALUE OF VEGETABLES WITH AGE

oF TISSUE

The nutritional value of vegetables (both leafy and
fruiting) seem to be profoundly influenced by age of the
plant tissue. For instance, in a study of Amaranthus
cultivars, plants harvested between S and 7 weeks after
sowing contained higher percentage crude protein, total
vitamin C (dry wt.) and gave higher leaf/stem ratio than
plants harvested between § and 11 weeks after sowing for
all cultivars (Omueti, 1977). However, marketable, edible
leaf dry matter and total crude protein yields were higher in
plants harvested between 9 and 11 weeks after sowing than in
the 5-7 week old plants (Omueti, 1977). Similarly, phosphorus
and potassium declined significantly with age, the highest
percentage ocouring in 5 week old leaves and the lowest in 11
weeks of age (Omueti, 1982).

wood and McMeans (1982) found that in Pecan fruit, during
endospermic expansion, fructose and glucose rapidly accumulated
and fatty acids were present in small concentrations. During
embryo and cotyledon expanaion, fatty acids accumulated and
reducing sugars and inositol declined while sucrose increased.
In pawpaw, Salvaraj et al. (1982) found a steady decline in

tarch ond ceveral mineralgly elements and increases in total

sugars. The concentration of citric and malic acids decreased
to a minimum at the ripe stage. Similarly the concentration of
seventeen amino acids identified changed from anthesis to

ripening. The colour bhreak stage was characterised by increases
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in Vitamin A and protein. Potassium, phospnorus and Caleium
oontent were high at first and no clear trend was observed in
the later stages of development. Iron content showed little
change during development. In a similar stﬁﬂ?ﬂwifh wango pulp,
glucose and fructose were more plentiful than sucrose, until
maturity. Later suorose was predaminant. There was an
increase 1n total sugar content after 72 days from fruit sat.%
Starch acoumulation was slow at first but later incressed with
s concommi tent increase of amylsse aotivity, a decline in both
wad noted after 91 days growth. “he protein content decreased
mtil Ly days after fruit set and then increased during 96
days of further development (Tandon and Kalra, 1983). Handley
et al. (1983) found in cucumbar fruits that frult maturity,
was acorrelated with an lncrease in citric nald content, alsa
the concentration of glucose and fructose in seceds dgcreased
during development. _ B

Tomitoea like other frulting vegetablsa, show chéngés in’
quality of fruit at varioue stages of devoloprent. Tor lnsiance,
widders and {0¥anz (1982) found that maximum rates of X
accumulation in the whole plant as well as frults occured at
90 days and this was correlated with the relatlva growth rate.

K contant in vegstative paris decreased by 15-40% during

#

fruiting. Starch contant of tomato fruits inoro?sad from
10~16 days after anthesia. It reached a meximum/ahout 42
days followed by a decline. Depletion of atarqh content wag
asaociated with an increase in H-emylase activity and an
accumulatiop of reducing sugars like fructose and glucose

{Dinar and Stevens, 1981; Hewitt el al., 1982).
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Fructose and glucose conceniration were found to inerease from
the immatupre green te the table-ripe stage with fructose being
the primary sugar. Sucrose concentration wae higher in the
fmmoature greoen than the taoble ripe stage. Citric acid was the
primaery organie acid and it increcsed with meturity. Malic acid
was found to decrecse with maturity (Pichia, 1987),

-

2,7 NS‘I‘-IMW
Ripening of fruits indicates the termination of fruit

grovth and the onset of physiological qualitative changes which
include maried increcses in the amount of carotenoids in the
fruit (Ulrich, 1958) Ilycopeme is usually the predominant
carotenoid in old fruits end this increases by as mmch aa ten-
fold in tomatoes from the ninth to twelfth day of ripening at
30°C, TPhytofluene may increass by up to twe=fold,”’ Pigment
changes nay be due mainly to meodifications in caroteme content
rather than to variationa in the amount of carotenocids or
chlorephyll (Ulrieh, 1058), rfed pigmentation is dependent on
stage of matarity of fruit at harvest (ﬂ"h'hrnd MeGlasson,
1978)s The mwanifestation of other fruit ripening characteristies,
such as mpint“‘- levels end ethylene gos evolution also depend
on the level of maturity of fruits at harvest (Kamellis et al.,
1086).

Varis ard George (1963) found that in tomatoes, seed weight
decreases with fruit aize, This hes ap effect on the fermination
?p.acuy of the seed, For example, Vadivelu (1983) mm.ﬂut
lu'g; fruits produced seeds that germinated better ﬁnn'{-ul

fruite, EKbhudeiri (1972) found that fruit ripening characcteristics
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are associated with seed waturation and this may have an
edaptive value in seed dispersal.

Other workers have reported thet until the attaimment of
full maturity, full germination ecapacity and viability are not
realized, In ecarrots Austin and lomngden (1967h) found that
for four progressive harveat dates, percentage germination
end field emergence increased with seed weight., Studies with
fleshy fruits have also shown that the harvesting and extraction
of seed hefore full maturity is detrimental to viability. For
example, in_Capsicum frutescons ('Pimiento pepper') seceds g

extracted from 30 day old fruits (before full maturity) hed an

emergence of 5-6%f, Those stored for 30 days further, had 95%,
Cochyan, 943).

while those left to ripem fully hed ”7& In tometoes, however,
Kerr (1963) found that provided fruits were at least at the
mature green stage, maturity had little effect until they are
over-ripe, Imekwill (1939) and Hatcher (1940) found mo gemeral
correlation hetween inherent vigour (the relative growth rate
at the expomential phase) with sced or embryo weight.

Seed viability after hervest ia alsc subject to a variety
of factors to which the paremt plant is exposed during seed

formation and ripeninmg (Meyer nnd Poljekoff-Mayber, 1975).



L8

CHAPTER TUREE

MATERIALS AND METTIODS

3 (1) SEED PROPAGATION: PLANTING AND CULYURAL PRACTICES

Two seed boxes each measuring about 1.35.||2 were used as
nursery beds. These were filled with seived soil to about
an inch of the brim.Fertilizer (NPK 15:15:15) that has been
ground was applied at the rate of 25g per sq. meter about
34g as recommended by AERLS) and mixed
thoroughly with the soil. Gseed drills were drawn at about
7=10cm apart and about icm deep. Seeds of tomato (Roma-VF)
were sown in drills and covered thinly with soil. The boxes
were then watered and kept in a cool but sufficiently lighted
place. Seedlings emerged after about 6 days and by 2 weeks
after emergence (WAE) they had developed at least L true leaves
and were ready for transplanting.

Forty-five earthware rots cach measuring J8cm depth by
30cm diameter) were filled with about 135::-3 of sieved garden
s0il to about 3om of the brim. A week before transplanting,
NPK (15515:15) was applied at the rate of 600kg/ha (about
12g/pot) to 15 pots; 300kg/ha (6g/pot) to 15 pots and to the
remaining 15 pots no fertilizer was applied. The pots were
(abelled *0' (no fertilizer) 'R' (recommended rate = 300kg/ha)
and 'H' (high = twice the recommended rate of fertilizer) ..
The pots were arranged randomly in the garden and watered to
field capacity.

About two hours before transplanting, the seed boxes
were watered and seedlings were lifted with a garden trowel

with some soil attached to the root zone and inserted inte

+ Appendix A
* Appendix B
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holea made in the soil~filled pota at the rate of three
plants per pute Llanis weie weatered immediately aiter
trosspleantivng. Tiwnsplending was done in the late afternoon
(4-Cjma)e Geedlings of about the same height, «nd leaf area
were uscd, Trunspleuted pilanis were wotered regularly (omce

& day) througheout the peried of the experiment.

“or cwess fertilizer ireatment, plant height was ssesured

from soil surlace to tip of Logumost leafl wilh a ruler for &
plants &t Wiave sleges of growth, Three plants per treatment
vere cut from the soil level for shoot dry weight measurements,”
Plant materiels were dried in en oven st £0°C 4o constant weight

and final weight was takeun.

Fayllotaxy vas detlerwined by obeserving whether the seecond
bronching of the plaant was Lo the left or righte If the first
braneh waa to the lefi and the second branching te the right,
the plant was said Lo shov a right-hoended phyllotaxy and vice-
versa,

After flovering and fruiting, the nwaber of fruits per
plant were counted for cach nitrogen treciment at four subsequent
harvestas 7The fruit veighta were alao taken for each treatment,
Fruit seamples were teken for peat-harvest characteristics
deteruination,

# Onpe plant from each of three pots/treatment.



8 (i44) TOTAL SCLUBLE CARBOHYDRATE (TSC)

Clegp-Anthrone Method:
Prineiples The plent materiecl is digested with perchlerie

aeid and hydrolysed starches togelher with soluble sugears are

determined colorimetrically by anthrone method,

Procedure: 0,355 of dried ground sample was weighed and
transferred into a graduated 100ml measuring cylinder., Ten
millilitrea of distilled water were added and stirred with o
glasas rod to thoroughly disperse the sample. Thirteen
millflitres of 52% perchloric acid reagent were then added
and stirred frequently over a period of 20 minutes. The glass
rod was washed down with distilled water and the contents of
the cylinder were diluted to 100mls. This was then transferred
to o 250m] volumetriec flask, The measuring cylinder was washed
out and the washings transferred to the volumetriec flask to
make up to 250ml. The flask was thoroughly shaken and
approximately Smls were filtered into a test tube. One milli-
litre of filtrate was transferred into each of 2 test tubes.

A blank of distilled water (1 ml) was also prepared. Five
willilitres of freshly prepared anthrone reagent (2g anthrone
in 1 litre cold 95% sto4), were pipetted into the test tubes
and mixed thoroughly. The flasks were them capped and placed
in a boiling water bath for 12 minutes. The test-tubes wore
thon removed and quickly cooled to rom temperature under a
running tap. The solutions were transferred into a glass
cuvette and the chaorbance of the green coloured complex was

read at 620mm in a corning YFL colorimeter.



51,

Total soluble carhohydrate {as % glucose) wos
calculated uwsing the formulas

2,5 xh
-

where 2,5 « conatant
b ~ glucose concentration of dilutied sample

v = weight (g) of sample teken,

Standayd ourve for estimntion of TSC

A merial dilution of 0,00, 0,02, 0,04, 0,06, 0,08,
0.10, 0.12, 0,14, 0.16, 0,18 and 0.20ng/ml of glucose were
made and 1 ml of each was transferred into teat—tubes in
duplicate. Five millilitres of freshly prepared authrone
reagent were added to each tube and the tubea were capped and
placed in & boiling water bhath for 12 minutes. The tesi~tubes
were then coecled and the absorbance read in & corninpg-EFL
colorimeter at 620nm. A curve of absorbance against glucosof
concentration wam obtained end regressed to pet the line of

begt~flt,

3 (iv) _& NITROGFN

Thie was done by Kjeldahl method on e Markham distillation

appﬂratu%%

ITinciplé&t |

(e) Crgenic matter is oxidired by sulphuric acid in the
presence of & suitable catalyst and nitrogen converted:
guentiteivively o mumoniu. ' |

(r} ‘The armonia is libraled by diztillatiocn in a Harkham

steam distillaticn apnperates in tho prescunce of

countic soda and collected.&n boric acids
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(¢) The amonia is then titrated directly with standard
hydrochloric acid using a mixed indicator.
Digestion:

(a) 10ug of dry powdered sample were weighed out and

(b)

tranaferred to a small Kjeldahl flask. A small amount

of catalyst (a mixture of lg copper sulphate, &g
potassium sulphate, lg selenium dioxide) on the tip

of » smell spatula was added and 2ml of »nitrogen—free
concentrated sulphuric acid were added, This was then
heated gently cm a digestion svand unti)l fumes of
sulphuric acid were [reely eveolved, TFurther atronger
heating was done until the digests were apple—~green in
colour. Digestion was contipned for o further half

hour., Plenks of the reagents clome were runm at tho same
time, Care was taken Lo aveid particles of indigested
carbon aticking to the sides of the flasks, Digests

were then ailowed to cool to a point when crystuls started
to form,

Distillations

A Markhem distillationstill was used. Since the apparatus
had not Leean uaed for a long time, it wes steamed out for
about 30 minutes Lelore use.

Twe nillilitres of distilled vaterwere added ‘o
¥jeldahl flasks containing digesis Lo rimse out the
sample. This was then placed in the distillation flask
through the funnel, The ground glass stopper was then
replaced and excess (about 11-12mls) of 40% sodium
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hydroxide was added to the funnel. This was then allowed
to run into the digest{ genlly through the mepipulation of
gless stopper. The ¢1iP was then closed io start the
reaction, The ammonia liberated was distilled into Bml
of 2 percent boric acid contaimed in a 850m] ccmiecal flask.
The tip of the condenser was immersed in the acid until
after the first few drops had distilled, and then raised
ebove the surface of the borie seid., Distillation was
continued until 20ml of distillate had collected (making
s total of 23ml)., The distillation was then atepped
by loosening the °MP and the system flushed out with
distilled water,
{e¢) _titratiom:
I'our drops of indicater, a mixture of tml meiliyl red
(C.16% in 65¢ slcohel)y 12m]l irome-cresol green (G,04%
in water); Gml 95% uleohol, were added to the distiliute
previously made up to 50mls in a i00ml beuker, and
titrated with (,02N hydrochlorie aecid ¢ a faint pink
colour. "The enalysis of each scopie wes dome in duplicate.
Vercentage nitrogen was calculated for each semple

using the formmlas

¢ Nivrogem = (A=) N x 14,007 x 100
]

where A - guantity of HCl used to neutralize test sample
B = guantity of HCl used to neutralize blank
N = Normality of HC1 (0,020)
14,007 « relative atomic mass of nitrogen in azmonia
W = weight of sample used in mg.
% protein - % N x nitrogen-protein factor of 6.25,



3 (v) QUANTITATIVE DETERMINATION OF AUXIN CONTENT
(a) Extraction:

Three plante of equal height were taken from each
nitrogen treatment and washed to remove soil particles.
leaves were removed and the stems were homogenised in a mortar.
30mle of ethyl aleochol (99%) were added and mixed thoroughly
with the bomogenised plant material at 2500. The mixture
was strained to remove remaine of lignified tissue.

Extracts were then centrifuged at 200xg for 5 minutes to
remove cell wall debris. The supernatant solutions were
decanted and kept in storage bottles at L°C. The residues
wvere washed in two changes of Sml distilled water. The water
vas decanted into storage bottles and kept at L°C. The

undissclved material was then discarded.

(b) Assays

Standard curve: Two standard curves were prepared from
gerial dilutions of authentic IAA at 0.01, 0.02, 0.03, 0.0k,
0.05, 0.06, 0.07, 0.08, 0.09, 0.img/1l; by the methods of
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Tang and Bonner (1947) and Gorden snd weber (1951). I leopold (1955) the two

curves were regressed -4 compared, It wecs found that the
method of GCordon and Weber was more sensitive. This was
then adopted and used for the assays.
The acid reagent was prepared by taking iml of 0.5m
PeCl, and then sdding 50ml of 35% HC1O

3
a S0ml flask for IAA assay.

X This was kept in

10l of plant extract was taken and 2ml of acid reagent
wvere added. The mixture wae swirled gently in the test-tube
and left to stand for 25 minutes at room temperature (25°C).
After this time a pink colour complex was developed from the
reaction of the ferric chloride reagent with IAA. The absorbance
of the solution was read in a Bausch and L.Omb spectronic 20
set at maximum absorbance at 530na.

Poth alcoholic and squeous extracts were tegted and it
was found that the colour complex was formed only with the
alcoholic extracts. It was then concluded that the agueous
extract had negligible amounts of IAA and were thus discarded.

TAA extraction and assay wae carried out at weekly

intervals from 2 to 6 “AT(flowering).

3(vi) MACROPROPAGATION (STEM CUTTINGS)

A propagation case (chamber measuring 120cm long by SOcm
wide and SOcm high was oon:.tor:ntod. Washed river sand was
placed in two wooden crated measuring 60cm long and LOom
wide. This was used as the rooting medium. The sand was

wvatered regularly and kept at temperatures between 26-28°C.

R ]



56

Half etrength Hoagland's solution was used to supply the
essential mineral nutrients. The rooting medium was kept
moist and well~drained. The propagation chamber was covered
wvith one layer of transparent polythene sheet to maintain

a constant temperature and allow sufficient light penetration.

Axillary shoots were taken from plants when the first
flower buds had appeared but not opened (for plants with
recommended and high N-treatments). For plants with no
fertilizer treatment, axillary shoots were not available, so the
main terminal shoots were used as ocuttings. Five leafy cuttings
of shouk egual longth were used. The bases were
4ipped 4, freshly prepared homone solutions at the following
concentrations, for each treatment:

TAA 0,025, 0.05, 0.1g/1

JAA/NAA 0,025, 0,05, 0.1g/1

NAA 0,025, 0,05, O0.1g/1

and control (no hormonal treatment).

After 30 minutes the cuttings were transferred to the
rooting medium and watered regularly to maintain a high
humidity.

R oting wag monitored by visual observations every
and recorded for each fertiliwwmnd auxin treatment, ifter 10
days in the rooting medium, adventitious roots had developed
at the base of cuttings and these were counted and their
lengths weasured. Fhotographs of rooted cuttings were taken
and some cuttings from each hormonal and fertilizer treatment
wvere used for enatomiceal studies to determine the origin of
adventitious roote. Percentage of rooted ocuttings per treatment
were also recorded.



3 (vi) AFATOMICAL STUDIES (ORICIN OF mn'zimus ROOTS)

Plant material was colleoted, cut into pisces about 3mm
long and fixed in F.A.A. (Formalin-Acetic-Aloohol, 0.510.539)
for 2L, hours. They were dshydrated by tranaferring to several
changes of chleroform/aloohel zt increasing/deorsasing
concantrations thues o
T0% aleohol for 2 hours
Absolute alcohol for 2 hours
25% ohlorofom/aloohol 2 hours
50% ehleroform/alcohal 2 hours
75% chloroform/alcohol 2 houra
pure chlorcform (%wo changes) 2 hours sach
Materials were infilterated by adding flakes of 58-60°C
paraffin wax until the wax started to jel in the chlorcform.
The specimgns were then left overnight for proper infilterastion.
'Chloroforn was evaporated by pouring the material with jelled
paraffin wax into a shallow dish and leaving on top of embedding
even at 60°C for half an hour. Specimens wers transfezred into
the embadding oven at the same temperature for more evaporation
for another half an hour. Speclmens were then transferred into
pure molten wax in the embedding oven at 60°C and left for half
an hour. E ' o e . |
l-angle pieces were used as embedding moulds. The.inner
surfooe of the embedding moulds was smeared with dilute
glycerine, Molt&x alightly heated abowe 60°C was poured
into the mould to about half-full. Specimens were transferred
into the wax in the erbedding block and oriented into their

cutting anglea. Athin film wae allowed to form on the surface
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of the molten wax after the vpecimens were properly oriented.
The mould was then submerged in cold water until the wax
blocked. The mould was then removed and the angles separated
from the embedded block. The block was then kept in a cold
place until needed for sectioning.

For sectioning, pileces of the wax block containing the
specimens, were cut in equal sides so as to get a straight
ribben vhen seeticning. The trimmed blocks were then mounted
on a microtome epecimen holder using a warm blunt scalpel
and submerged in cold water to stiock the bloek firmly on the
specimen holder. Sections were then cut in both transverse
seotion (T.S) and longitudinal seetion (L.8).

To mount the specimens, clean slides were smeared with
drops of Mayer's egg albumen and allowed to dry for a few
minutes. Portions of the sections were cut from the ribbons
and mounted on the albumenised slides with few drops of water.
The sections were stretched on a warm hot plate. Excess water
wvas drained off after stretching and the sections were stuck
firmly on slides with the aid of several thickness of filter
paper. The sections were then left to dry for three to four
days before staining.

For staining, slides were de-waxed in two changes of
xylene for 5 minutes each. Specimens were then dehydrated in
absolute alcohol for 2 minutes. Further dehydration was done
in 95% and 70% aleohol for two minutes each consecutively.
Specimens were stained in safranin for 5 to 10 minutes, then
washed in 50%, 70%, 95% and alsolute alcohol for 1 minute each
consecutively., Specimens were then counterstained in fast

green in 95% alcohol for 1 minute . Specimens were then
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differentiated in 95% alcohol for 4 a minute then transferred
to abaoclute alcohol for 1 minute. Speoimens were cleared in tun.i‘.
changea of xylene end dried on & werm hot plate. Slides were
nounted on a light mlorosoope viewed and labelled. Photomicrogruphs

wvere taken of the varlous stages of adventitious rovot development.

3 (¥111) TRANSPLANTING AND CULTURAL PRACTICES

s Sixty earthenware pots of about 30cm diameter and om
a.pth were filled with 1350m3 of sieved garden soil to about 3em
of the trim. Fertilizer (XPK 15:15:15) was also applied at the
game ratas as that of seed propagated plants (0, R and H)e These
were watered until saturated and holes made in the sacllg Iin the
pots. DPote ware then labelled mcoording to fertilizer treaiment
and hormone type and arranged in completely randamiﬁed danign
(two factorial) (15 for ’control'; 15 for IiA alone; 15 for IAA/NAA
and 1% for WAA alone) for earh of thess there were 5 pots for each
of the fertiliger treatments. Rooted cuttings were then traneplanted
into pots at the rate of 3 planta per pot. These were left in a
oo MO04ded place for two daye, for ool mativation before transferring
to exposed field. Vegetative growth characteristice were aeasured
aes was done with gesd~propagated planta. LftoL flowering and
fruiting, fruit counting and welghing were done as with seed~
propagated plants. Pruit samples were also taken for post-harvest

studles. (Asoorbiec acid and mineral elements could not be detevmined

due to lack of material for the analysis).



8 (ix) POST-HARVEST PHYSIOLOGY
FIUIT CO (]

Twenty fruits of about the same size were selected randomly from
both stem~cutting and seced-propagated plants and placed on
the shelf for 12 days at 25 § 1°C, These were observed 48
hourly and the results are presented in Table 18 f.Plntq;“).
SEXD WE E 10 —

Une hundred seeds extracted fram fruite of seed-
propagated as well as stem-cutting propagated plants were
fermented for two days and thoroughly washed in several
changes of water to remove the pulp around the sceda, Seeda
were then sun~dried for three days and weighed on a chemical
balance, in three seed lota of 100 seeds each, lesults are
presented on Table 14

Seed gemination tests were carried out with seeds
from seed-propagated as well as stem—cutiing propagated
planta. Thirty seeds fram each mode of propagation were
used in each of four replicate petri-dishes containing
constantly moistened filter papers, Seceds were treated with
2% modium hypochlorite solution befere teating to prevent
microbial growth, Tests were carried out aty; 4 1°C.

Resulta obtained are presented in Table 15,
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3 (x) FLANT TISSUX CULTURE
Media preperations
Packets of powdered Mureshige and Skoog (1062) basal
medivm and homones for tiasue culture were obtained from
Carolina Biological Supplies Company, Careline, U.S.A.
Approximately €00ml double~distilled water at rom
temperature were put in a 2 litre flask, Powdered medium
was added to the water while gently stirring. The packet
was rinsed out to remove nll traces of residual powder, Medium
vaz thOTOUSNly 4 asolved and 30 grams of smelytical
grade sucrose were added and disselved, IN sodium llydroxide
or IN iydrechloric acid were used to adjust the pil io 5.8,
Additional wvater was added teo bring the total volume to
1 litres Right grema of Difco-Noble agar weie aided and
thoroughly diapersed, The medium was then heated to beiling
vhen the medium was clear, The hot medium was then dispensed
into teat~tubes (20/mla each) and homones added, The tubes
were them plugged with shsorbent cottom weool and capped with
alminiwe foils. The media were them sutoclaved at 13Psi and

121°C for 18 minutes, then cooled at roam temperturcs

Shoot segments containing young shoot tips (about 0,5em
length) were taken from 6 weeki old tomato plants
groving in the glasshouse and trensported to the lab im
distilled water and disinfected in 1.2% sodiwm hypochlorite
for 15-20 minutes.

Sterile enviromment was obtained by thoroughly wiping
the working bench and the inner surfaces of a previously
sviteched on laminar air flow cabinet with 707 alecohel.
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The cebinet was again sprayed with a solution of 5%
Cetyltrimethyl ammonjum braside inm 70% alcohol. All

materials to he used in the cabinet such as petri-dishea,
test~tubes containing media and teat~tube baskets vere similarly
treated before being placed in the eabinet.

Dissecting instruments to he vaed were placed in a plastie
dish containing T0% alcohol and régulu;ly flamed on a apirit
Jamp during explanting,

Shoot tips (about 0.5cm) were obtained fram plont material
and thoroughly rinsed in 3 changes of sterile double~diatilled
water before being transferred into tubes conteinting acar
sclidified medie with varfous concentrotions and combinations
of hormones. The concentrations and combinetions used were
s follows (in micromcles uM)s

IBA 0,01, 0,1, 1,0, 10,0

K 0401, 0.}, 1.0y 20,0
2,4-D 0,01, 0.1, 1.0, 10.0 " .
K 0.01, 0.1, 1.0, 10,0
IBA 0.01, 0.1, 1.0, 10,0
K 10,0, 1.0, 0.}, 0,01
2,4-D 0.01, 0.1, 1.0, 10.0 L.
K 10.0, 1.0, 0.1, 0,01 ;

i

Controls had no hormone supplement. Tach treatment hod S

covered
replicates, After 1“’"’;‘}%&&’:0!15“"1&?&“1%3“ tightly

and placed in en incubator at 41’0(: end a 16 hour photoperied.
Rootod plantlets were transferred to medie without auxin

to allow for rooct development and plantlets that showed adequate

root development were transplanted into clay pots filled with

garden soil in ithe glasshouse apd placed under observation,
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RES TS

Lot Life cycle:
Seed-propagated plants in the field had a life-span of 7-9

wveeks (after transplanting) before the onset of senescence. Flower
buds appeared first in plante-treated with 300kg/ha of NPK fertilizer.
This occured at about 6 weeks after transplanting, Plants that
received 600kglPK/ha and those that received no fertilizer at all had
their flowering delayed by 6 and 13 days respectively. By the 8th week
after transplanting the first fruits had been harvested in the plants
given 300kgiPK/ha. In fertilizer-treated plants, there was axillary
branching while there was no:"in untreated plante.

The life gpan of stem-cutting propagated plante, was between 6
and 7 weeks after transplanting. Flower bude first appeared at §
weeks after transplanting and this occured in both 300 and 600kgNFK/ha
treated plants simultaneously. Plants with no fertilizer application had
longer life span of approximetely 7 weeks. By 6 weeks after transplanting,
the first fruits had been harvested and this also occurred in both 300
and 600kgNPK/ha treated plants. Those that received no additional
fertiliser treatments, but propagated by stem-cuttings had their

delayed by as much as 8 days.

Le2 YEGETATIVE GROVTH CEARACYERISTICS
ko2 (1) Plant height:

Plant height generally increased significantly (P 0.05) with
age of plants for both modes of propagation (Table '3: Except for 0!
levels fertilizer, the .
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Table 1: Effect of levels of NPK fertilizer on height (cm) and plant dry weight (g/plant) of seed-
propagated tomato.

Time of measurement Levels oh.mm““wmu zer (kg/he) quowwwuw* mempumw“”ﬂmm}hpi
) 0 300 600 0 300 600
1w~ 10.82a 10.78a 10.80a 0.058a 0.57a  0.56s
* 0.24 0.38 0474 0.02 0405 0.08
28 14.20 16.08 21.10 0.32 0.73 1415
. 0.38 1.06 1.39 0.0l 0405 0.0k
L2 19.62 30,76 10«5k 0.93 1.0 1.72

# HRate of increase in height (cm/day) and in weight (g/day)

+ Means in 2 row under each paremeter, followed by the same letters are not significantly
different (P 0.05) of Duncan's multiple range test (IMRET).

DAT = days after transplanting.
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Table 23 Effects of growth hormones and levels of NPK fertilizer om height (ocm) of stem-cutting propagated temato.

Time of Hormone Treatments
Measurement
(paT) No_hormone 1AA Lia/NAA AL
Fertilizer levels Fertilizer levels Fertilizer levels Fertiliser levels
_ (xg/ma) (kg/ha) (kg/ba) e (ig/na)
0 300 600 0 300 600 0 300 600 ) 300 600
14 9.72b 9.27v 9,.20b 9.42b 9.40b 9.3b 9.26h 9.18b 9.30b 9.52p 9.14b 9,28
- 0.13 0.Th 0.81 0.17 0.62 0.86 0.4 0.60 0.79 0.16 0.80 0.85
28 11.55f 19.6T7e,¢ 20.50e 11.80f 18.20¢ 21.34ke 11.5Lf 17.38¢ 20.34e 11.82f 20.36e¢ 21.11e
- 0.12 0.32 0.36 0.12 0.37 0.38 Q.10 0.32 0.29 0.13 0.33 0.34
2 13.254 24.10h 25.,60h 13,564 23.331 26.60n 12.89%d,f 21.80e 24.480,1i 13.504 25.01h 25.90h

#* Rate of increase in plant height (cm/day)

4+ Dleans im a row followed by the same letters and not significantly dif feremt at 5% level of Duncan's
multiple range test.

DAT = days after transplanting. °
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rate of plant 'hcight insrease was higher for stem cutiing propagated

rlants than seed propagated plants during the firat 14 days of growth

in the field. In the O' feurtilizer level treated plants, this was

lower for atem-cutting propagated plants than seed propagated plants

during the sase pericd. For all NPX levels, meed-propagated planta

had bigher mean plant height at EWAT than stem—cutting propagated ..

plants of the same age. Regardless of mode of propagatlion, plant |
- height at 42 days after trensplanting varied according to the level .f-“‘ T

of fertiliser treatment and it was in the order 600kgNPK/ha7y380kg PK/ha >
‘O'Lavel of fartiliser. B . _I e |
- Por stem-cutiing propagated plands, regardless of auxin a.ml.- _

.tnrtilignr treatments, rate of plant helght increase was higher during

the firat two weeks of tramaplanting than during the subsequent 2 a
wesks. Seed~propagated plante on the other hand, generzlly had a ‘
signifioantly higher rate of plant height increase hetween 4 and 6 WAT
than in the first twoe weeks of transplanting. Alao during this peried,
the rate of increase in height in seed-propagated planis was highor_ o

R

than that of stem—cutting propagated plantis.
Plant heights for all fertilizer levels were generzlly lower _

for IAA/NiAA treated plants than in other hommone treatments thronghaut |

the growth period. Rates of increase in height were alse lower for -

TAA/¥AL treatments. These differences were however not significant

(P - 0,05) (Table 13
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C o2 (11) Shook dry weight:

Shoot dry matter inoreased significantly (P - 0.05) iith 2@8@ s
regardless of auxin or fertilizer treatment (Table 2;) Dry matter
a% 42 days was lower for mesd-propagated plants than stem-cutting
propagated p1an£gﬁfﬁ§32pt in the non-zdditional fertilizer levels,
when thic wae higher for seed-propagated plants than ster-cutting
propagated plants. Rate of dry mattsr incresgse was generally hisher..
in seed-propagsted plants between 28 and 42 days than stem cutting
propagnted plants, for all fortilizer levels. Between 1l znd 28
days of growth however, rate of dry matier production was generslly
higher for stem-cutting propagated plants than seed propagated plants
for all auxin levels (’I'a‘o%e‘@“). The rate of dry matter increaae was
lowest between 28-L2 days in stem outting propagated plants,
Differences among stem~cutting propagated plante were not significent
(P ~ 0.05). Treatments generally affeoted dry matter production |

signifioantly, with higher rates of having more dry matter production.

k.2 (141) Phyllotaxys
Exoeyt for unfertilized seed propagated plants and stem—cutting
propagated plants, all other fertilizer and auxin treated plants

showed a right-hanied phyllotaxy. This probably influenced the yileld

of the plantas as NPK treated plants with right-hanied phyllotaxy had

higher ylelds than un<fertilized plants (Teble(®).
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Table 31 Effects of growth hormones and levels of NPK fertilizer on shoot dry weight (g) of stem-cutting
propagated tomato.

Time of Hormone treatments
measurement : —
(paT) ~Ho Hormone . s _JAA/NAA 1A
Fertilizer levels Fertilizer levels Fertilizer levels Fertilizer levels
(kg/na) (kg/ha) (kg/na) (kg/ha)
0 300 600 0 300 600 0 300 600 0 300 600
%l 0,150 0,161 0.18b 0.15b 0.16b 0.17b 0.15b 0.16b 0.17% 0.15% 0.16% 0.17k
- 0,005 0.13 0.15 0.007 0.14 0.18 0.05 0.13 0.15 0.01 0.15 0.18
28 0.23a 1.96¢ 2,25¢ 0.25a 2.10¢,f 2.634d 0.23a 1.99¢ 2.27¢ 0.29 2.25¢ 2.63%
* OOSN o.om olg OUSM o.g o.ou 0084 o.a o.g }llO‘lﬁ °.°u o.cu
rN .rno.aa‘ 2.614d 2.804 O_OMG. 2.60d W.O.—. Q.Mﬂ. N.ﬁg M.GW. Oouan.' c..dt 3.00e

# Rate of increase in plant height (cm/day)

+ MNeans im a row followed by the same letters are not significantly different at 5% level of Duncan's
multiple range test.

DAT = days after transplanting.



69

A,

A,

443 (1) Netive suxin setivitys

Native auxin extrsoted from terminal shoot portioms of
seed~prepagated plants over a period of aix weeks shou_ud the
following trende: For zero fertilirer levels, the timaue auxin
~ aotivity increassd steadily and aignificantly (P - 0.05) with o
- age of plant tisene (€ WAT) up to the time of cutting. For plants
treated with 300kgNPK/he and GCOXgNPK/ha however, the activity
inoreased to a peak at 3 WAT then declined to the lowest point
at L, WAT. It further increased at 5 WAT and decreassd sgain at
6 WAT (Tadle A5 Fig. 1)+ |

A eomparison of auxin activity fur the wvariocus NPK treatmenis
:with the rooting reaponae of cuttings talken from euch plants showed
that tissue suxin wotivity wae highest in plants with sero NPK
levels and lowent in plants with highest NPX levels. The mean

number and length of roots however, were highest at highest NPK
levels and lowest at lowest NFK levelsa. Nate of Tuot growth were

however lower at high NPX lavels than at lowsr NPK levels (Table .5).

4.3 (1) Total soluble garbohydrate, percentage nitrogen and
“ . CHO3N ratie. : _
Total solubla carbohydrate (TSC) was generally higher in plants
given no fertilizer than for either of J00keNPK/ha and 600kgNPK/ham
treated plents throughout the period of sampling (Table 63 Fig. 2).



Table L: Levels of endogenous suxin hn\wnouv in seed
propagated tomato as affected by levels of
NPK fertiliser and age of plant.

Age of

70

Table 5¢ Number and length of roots as affected

by tissue auxin activity and nitrogem
level

¥PK (kg/ba) AUXIN CONCE. NUMBER OF  LENGTH OF

levels of NPX fertilizer ﬁnhﬁu’

Plant
- 0 300 600
2 0.005 0,018 0.013
3 0009 0.033 0.018
L 0,012 0.01k 0.014
5 04016 0.048 0.093
6 0,040 0.022 0.010
MEAN 0.026 0.026 0.018
SB 4+ 0,006 0.006 0.004

ISVEL (g/lit. IAA) ROOTS _ ROOTS(CM)
0 0.040 12.0 1.12
. 7.6 0.64
300 0.022 19.6 1.76
* 4 0.06
600 0.010 23.0 1.83

* = Rate of increase in number and length of
roets



IAA CONCENTRATION (g/LiB)

1

FIG. 1 CHANGES IN AUXIN ACTIVITY 18 PLANT
TISSUE AS INFLUENCED BY FERWWL)ZEATREAT
MENT AND AGE -

006 4
0.05
0.04- Dl‘gNPK“ﬂ-
003
%300 KjNPK”m
§ 0.02
0.01 - 600 Kq NPK|ha
e 2 H 4 5 6 7

WEEKS AFTER TRANSPLANTING (wAT)
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For no fertilizer-~treated plants, TSC inoreased steadily and
significantly with age and had the highest level at 6 WAT.
For 300kgNPK/ha and 600kgNPK/ha-trestments however, TSC had the
lovewt levels during the third week of transplanting followed by
significant increases until the 6th week (Table 6; Fig. 2).
The level of nitrogen (as percentage N) was lowest in plante given
no ferxtilizer. The level of N also increased steadily and
significantly with age until the 6th week in the untreated plants
(Table 6; Pig. 3). In plants given J00kgNPK/ha however, ¥ N
fluctuated with age. It increased significantly (P 0.05) from the
2nd to the 3rd WAT and deelined thereafter until the 5th week during
whieh ite lowest level was reeorded, It then increased sharply
during the 6th week (Table §; Fig. 3). In plants given 600kgiPK/ha,
the % N level increased steadily and significantly with age to a peak
at 6 WAT.

Carbohydratesnitrogen ratio (CHO:N) in plants given no
fertiliser treatments remained steady during the first four weeks
of transplanting. It then increased gradually but not significantly
at the 6th week (Table §; Fig. L). For voth 300kgNPK/ha and
600kghPKk/ha treatments, this declined signifiecantly (P - 0.05) to
its lowest point at 3 WAT. After this there was a steady significant
increase (P - 0.05) up to the 6th week for 600kghPK/ha treatments
and up to the 5th week for 300kgHPK/ha treated plants after whieh it
declined again significantly (P - 0,05) at the 6th week (Table b;
Fig. 4). Carbohydrate was lowest for 600kgNPK/ha-treated plants,
followed by 300kgNPK/ha-treated plants and highest for plante with
no fertilizer throughout the period of study (Table §).
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Table §) Showing the lavel of total solubls carbohydrate (TSC) as % glucoses percentage nitrogen and
B carbohydrate:nitragen ratio (CHO:N) in seed-propagated tomato shoots as affected by nitrogenm
level and age.

Level of WPK fertillzer (kg/ha)

0 300 600
AGE (WAT) TSC N - - CHOsN TSC ) .| CHOtN  'BSC N CHOSK
2 1.9 3.6 0.31 1.06 Le69 0.23 0,93 5.7% 0416
f.w ._o._a | Wlum O-Wﬂ Qirﬁ aolwm , Olor Otg .—.—lw_.e Glg
.5 1.40 Lo 0.32 1.06 5.32 T 020 0,77 1278 0.06
6 1.65 5.00 0e33 1.1 11.34  0.10 1.02 13.72 0.07
MBAR 132 L.18 0,32 0.9 8.11  0uth 0.7k 11.18 0.08

§E4 . 0,09 0.2k - 0,004 0.2 138 0,03 011 1 T 0402
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Lol ROOTING RESPONSES
Loy (i) Earliness and rate of roeting:

Generally, IAA gave the earliest and most uniform rooting
response than other auxin treatments and the control regardless
of fertilizer levels (Table J).

For all fertilizer levels, IAA at 0.05kg/l gave the earliest
rooting and highest number of roots, followed by IAA at 0.1g/l.

IAA at 0.05g/1 for 300kgNPK/ha-treated plants was next. IAA at
0.025g/1 for no fertilizer and the 600kgNPK/ha treatments took the
longest time to root, but had higher number of roots at 10 days than
their respective controls. Time of rooting was eimilar for all
controls, but the controls for 600kgNPK/ha treatment cuttings

had higher mean number of roets than the other #wo treatments.
Generally, 300kgNPK/ha treatments gave better rooting responses
regardless of auxin treatments (Table ’9.

For IAA/NAA-treated cuttings, rooting responses were rearliest
at 0.025g/1 and 0.05¢/1 for zero fertilizer levels (Table ¥).
However, the number of yoots was higher im 300kgNPK/ha treatments.
Rooting responses of 600kg!PK/ha-treated euttings were similar to
their controls at 0.05g/1 and 0.1g/l. - These were both lower than
cuttings treated with IAA/NAA at 0.025g/1. At 0.05g/1 for
300kgNPK/ha rooting responses were poerest. Generally however,
this level of fertilizer gave the best rooting response in cuttings

regardless of auxin treatments (Table §.
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For BAA treatmenta, rooting responses wers eariiest and
hiéh-at in 300kgNPK/ba at O.1gf/l. This wae followed by smerc level
fertilizer treated outtings at 0,05g/1 NAA trestwents and then by
600kgNFE/ha cuttings at 0.1g/1, although the nuaber of roots wers .
higher in the latter than the former category. lLeast rooting
responze was obtained in 300kghPK/Ha treated cuttings given 0.5g/1
NAA. Time of rooting wes similax in cuttings given 0.025g/1 of NAA in

all fertiliser levels. However, the number of roets were higher for -« &%

the cuttings from plante given 300kgNPK/ha (Table P).

Loy (41) - Mean number and length of roote cutting:

o Visual obpervations on rooting in stem ocutting-propsgated plants
are presented In Plates 1-6. IAA generally gave higher mean number

and length of roote at all fertilizer levels than other auxin treatments
(Table @)+ IAA at 0.05g/1 gave the higheat mean pumber and lemgth |
of roets at all levels of fertilizer followed by 0.1/l and them |
0.025g/1 IAA. For IAA/NAA treated outtings, O,1g/1 gave the

highest mean number of roots per cutting than other conesntrations
except in the outtings from 600kgNPX/ha treated plants at 0.025g/l.
IAA/NAA at 0.,05g/1 gave the lesst mean number and length of roote,

and these wers even lower than controls, For 600kgNPK/ha treated
euttings, at all aconcentration IAA/NAA gave a slightly lower mean
nunber of roots per cutting than controle. At this level cof fertilizer

nean root lengths were also lowsst (Table §).
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Table 8¢ Mean number and length (cm) of roots per outting as affected by auxin type and concentration (g/lit.)
HPK fertilizer level.
AUXIN
IAL AA B
CONCEN-
0 12.0 1.12 [ 270 0.71 |L6.2 2,53 |38.8 1.05 | 20.0 1.45 [23.0 2015 128.0 1.22 |23.2 1.04 u‘wr 2,21 | 10.6 0.81
¢ e ® f r d e a & 1 h 3 ¢ 4 ¢ b c f
n 19.6 1.76 | 28.0 0.88 |92.0 n...w 52,0y 1.53 | 29.0 1492 1140 1,06 | L4946 2452 |2640 1,51 [11ss 1413 umwo 2.13
a g b f g o ¢ € 5y r fonx & € d o
H 23.0 1.83 | 35.0 0.91 [59.8 2,98 [42.6 1.77 | 22.0 1.5 |21.) 1.80 [21.2 1.13 [22.0 1.1 [27.0 2.68 [29.0 1.82
a g d f h P . & a g 4 e : -9 b n b ~h
M.___ M
bifferences are signi nt by ..r,u.q__n.\ Uuncans mu le rang t except where indicated by l¢ q.ﬁruuo. Dniu-
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at 300kgNPK/ha and 0.1g/1 KAA, while the higheat root length was

"

Yor NAA treated outtinge, the higheat root unumbar was oObtained

-

obtained at 0.05g/1 NAA and at 300kghPK/ha. The least rnumber of | Bl ot
roota were obtained with NAA mt O.1g/1 at serc levels of NPK
fertiliver, NAA at 0.,025z/1 had & mean root length lower tham "

cuttings not treated with NAs.(Table §). :

v o BT L

L

" cuttings with IAA gave 93.33%3 IAA/NAA 93.33 while NAA had 100%. |

Except foxr controls, IaA st 0.025g/1, IAk/NAA at 0.053/1 and BAA
a4 0.05¢/1 had higher mean number and length of rocta in stem outting
taken from plants treated with 300kghPK/ha than in cuttinge taken from
plants given 600kgNPX/na and zexro level of NPM&. e

Loy (114) of rooted cutt r treatoent (% ing)s
Rooting peroentages ranged between B80=100% despite NFK r_,:til;sor
md auxin treatments (Table §). Cuttings from plants with mo o j
fertiliser treatmentiz had 90.0% rooting. ‘hoee with 300k¢ﬂ!’|:/ha. hul
92.0% while those with 600kgNPK/ha had 96.0x roating. Cuttings from
plants given no fertilizer but treated with Iad had an oversll mesn

rooting of 86.6T%; thope with IAA/KAs had 100% while those with NAA

i
i

aloue had 96.67he Cuttings fram plenta given no fertilizer and amot
treated with growth hormones had 80% rooting. Cuttings from 300KkgNPK/he
treated plants, treated with IAA had overall percentage of 100.0%%3

while those treated with IAA/NAA and NAA had 86.6T% and 86.67% rooting
respeotively. The untreated plants had 100%. S00kghPK/ha~treated

The untreated plants had 93.3% (Tsble §). |
Within auxin concentrations, IAA at 0.05g/1 gave the highest
réoung of 1005 followed by 0.025g/1 {93.33%) and 0.1g/1 (B6.6T%).
For IAA/MAA, 0,025g/1 gave higheet rooting of 100% followsd by 0.1g/1
with 93.33% and 0.05¢/1 with 86.67%. |



Table §: Percentage rooting per treatment of 5 cuttings each as affected by auxin type and concentration
and fertiliser level.

AUXIN TYPE

iﬁ_.._.t.uoﬁ IAA eome.(g/1it.) TAA/NAA conc.(g/1it.) NAA comc. (g/lit.)
EgPK/ha  Untreated 0.025 0.05 0.1 0,025 0,05 Q.1 0.023 __ 0.05 Oe1 Mean
° g 5 s 3 : 5 ; 5 ; 3 90%
86.6T% 1009 B6.6T%
300 & . 5 5 5 5 3 S L S L 924,
100%
1003 86.67% 86.6T%
600 #l .- ..mnﬂu - Iy 5 5 96
1 93.39% .,.W 6% 100% 6T%  93.33% 93.33  100% Jmﬂu
93.3% 933.33 9333 100%
Mean 93336 93.33% 93.33% 88.88%
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Pad al CeChg,/1 pave hiplest recling pereentape of 100 followed

by Ue020g, 1 nith £8.32, und Colg,’l lewst with €0k (Table 8).

dod (iv) wripin wd developiont ol sdventitious tuols in

rooled slon cutllings,

Tn both Grepaverse gl topgibwiinal Sections of rooted
stom cullings, adventitions pool Indlicls wre scen us o
sphevicel clunp obf colla, which cre porenchjumtons in nature

and located in the cortex (ifote (i)}« Ihese uppear Lo be
3

ucebivabed and !

ot dpapan division and sehsegrenl elongation
ut Lhe portion of he primordiue distal to the vascevlor
eylinder (Jlute Tiiy, iii(a))s A8 cell divislon proceeds,

the extension of Lie soul privordium rentinncd gy both
dircetionss  Contoet™ svon made with Uie voseolar ¢y linder
and the  inner boundatry of the epidemmis (Viote Tigi(h) ard fve
The emecrging root svon develope? y vascular cenncetion with
the eylinder and the rool emereed  thyeugh the epitdermis
(Flute i(v))e ihis policin ol development was similur for
both fertilizer(llate ¢ [i=v)) ¢1d horrone Lrentments, except
that the nwiber of root inilinl cells wee higher and oy were
larger in plants piven 07 10oes frestients thon

in those without fertilizos Lreatients (Llate €(i)).
Plate & shous the stages ol root development in longitudinal
scetion (1.5). Ilate 9(inii) show dormmmt and wctivated root
initial cells, Flote 9(iii) shovs root primordium before
energence [rom the stems "70e 9(1v)  shous [ully emerged root
without complete vasculor conncction and g(v) shows fully

citerged root wilh corplete vasculor conncctions
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4.5 ARD YIEID COMPONENTS
Sesd=propageted plants gensrally had higher mean mumber of

© fruite ver plant than stem-cutting propagated plants, for all levels

i of NPK fertilizer and auxin treatments. Sesd-propagated plants

glven high levels of NPX fertilizer (600kg/ha) had higher meam

' pumber of fruits per plant (9 + 0.92g) than those givan 300kgWPK/ba

(6 3 0431g) and the zero fertilizer levels (2 3 0.025¢) (TableWp).

: In stem—cutting propagated plants, auxin treataents 4id not '___ e

aignificantly affect fruit number, whioh ranged from 1=6 fruits | i

por plant. Plants given no NPK fertilizer had between 1 4 0.38

40 1 4 0.67 fruite por plant. Those given 300k¢NKP/hs had betwesn

4 & 0.25 %0 L + 0.55 fruite per plant, while thome given S00kgNFX/h

bad between & + 0,66 to 6 ¢+ 1,03 fruite per plant (Tablei®). |
Maan fruit weight per plant at first harvest vas generally

significantly (P - 0.05) higher in seed-propagated plants $ham in \

stem-cutting propagated plants (Tadleip), for all fertiliser tnttaanta:

Anong seed-propagated plants, mean fruit weight per plans was

17.14 ¢ 0.67g for serc fertilizer level, L9.42 4 2,28g for 3OOkg¥PX/us

and 40.6T & 1.37g for 600KgHPK/he. Among stem—cuiting propagated

plantes, plants giwnzgartiliur had the least mean frult weights

ranging from 1.89 ¢ 1.89g to 3.53 3+ 1.85g. Plants given 300kgNPK/ha |

had 17.59 ¢ O.8Lg to 18.34 + 0.75g, while plants given GOOMgHPK/ha

had 18,16 4 0.77¢ to 19.34 & 1.22g (Table|@). Auxin types did not

influenee frult weight aignificantly.
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- e - 2 e f .\ : il : = " - v < o
TablelD: Bunber and welght (g) of fruits per plant at {irst hervest as affected by mode of propagation of tomato,
R T =

auxin type and fextilizer.

MCIE O
PROPAGATION P N R, ST L S
wiies) FAUFAGA LD .(ﬂ.MH.l(r ddddva FAUFAQGR L
AUXIN TUFL e > _—
- CCNTROLS TiA Taa/TAl Nah
NITRCGER o - - .
e C R " C kK E C R E C R B 0 R E
PiART Hoe
* 2 5 7 1 5 ; 0 3 ; 0 L 7 o 3 5
* 1 [ 12 ¢ 4 6 2 L 8 0 L 6 1 L 4
2 1680 LEI0 35,65 © 1€.6% 17.53 | 5.68 1752 Z2z.401 © 15480 15460 3480 16.20 23.58
3 18.20 L2.50 36.35| 6.25 20.26 16,50 0 16,56 1776C C 16 40¢ T30 | LeoC 18.10 17.20
* < 7 g - 5 T i 3 3 - 3 & - 5 3
* 2 8 9 ® I 3 - 6 5 - 3 L - L 5
D 18.60 LT7.20 L1.25] = 17.15 1E.70 - 21.02 17.80] - 17.30 17.:70 - 19.3C 18.30
¥ \rcm,ﬂ n.mo.\.__ W.H .._oﬁ r_..-__.r.. m..-t AUU .r.-“ N\QO ﬁ.(.‘l r..oﬁ. n\.lﬁ l__-_.H rcO Cat
* C.25 0.31 Le92 Ce33 C.25 .64 C.E7 0.55 1.03 0«00 .37 0.61 033 Ce37 006
S.E 4, . | 067, 2.28/ 1.31/] 1.85 0.8L 1.06 1.8 C.75 1«16 ] 0.00 101 0.77 142 0472 1e22

* = TFlgures for number of fruits per plant (to the nearest whole number).



The variation in fruit welght for seed-propagated plants resulting

from fertilimer application showed the following trend: 300keiMi/ha >
600kgNPK/he. > O fortilizer lavels, while for etem-cutting propagated
Plants 1% wae 600kgNPK/he »300kgNFK/ha »0' fertilizer levels,

Mean weight of fruits per plant at four subsequent harvests ""
deoreased with harvest date for both seed-propagated and stem— .
cutting propagated plants, but the deoresse was nore aparent in ' :
seed-propagated plants than in stem~outiing propagated plants "
(Table 19).

Total fruit weight from the four harvests was higher {n seed-
propagated plants than in stem-outting propagated planis (Tadle 1#).
In seed~propagated plants, 300kgNPK/ha treatmente had the highest
overall mean fruit weight of 43.97 4 2.09g followed by 600kgNPX/ha
with 37.52 3+ 1.80g then pero fertilizer levels had the least with
15.95 4 0,60g. For atem~cutting propagated planta, G00KgNFK/ha
treatmente had the highest overall means of 14.2} &+ 1.5Lg per phant
followed by Y0OkgNPK/hs with 13.40 + 1.28g per plant and thex sere
level fextiliser with 5,06 + 0.00g/plant. Fruits from 300 and
600kgNPK/ha treatments of stexw-cutting propagated plants were alsc
aignifisantly heavier than the no-fertilizer level treataents, bué
there was no significant difference between the two fertilissxr levela.
While the trend wam 300gkSPK/ha »600kgNPK/ha »0' levels for seed
propagated plants, it was 600kgNFPK/ha » 300kgNPK/has 0' levels for

steg-cutting propagatod plante.

L.6 PRACENTAGE SURVIVAL
Transplanted cuttings generally had high percentage of murvival

&t the end of the experiment. Survival percentags rangesd beiwesn
61-91.6T% bamed on auxin and fertilizer treatments (Table 12).
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Table 19: Mean weight of fruits from seed propagated and stem-cutting propagated plants at four
subsequent harvests as affected by nitrogen levels (gms)

E OF PROPAGAT,
SEED-PROPAGATED STEM-CUTTING PROPAGATED
Harvest
No. Fe vel ) Pertilizer levels (kgiPk/hs)
- 0 200 600 0 300 600

1 17.%% a h9.42 a L0.67 ¢ 5.06f 17.21a 18.08a

2 16.62 a Flﬂ” [ UW-S c - 12.26b ._r.._ﬂr

3 15.62 a L1.22 ¢ 37.10 ¢ ~ 12.18p 1k.16b,a

L 1442 aed 0 +18cg 32.62 e - 11.950p 10.54d
MEAR 15.95 L3.9 37.52 5.06 13.L0 a2l
S.E. + 0.60 2.09 1.80 0.00 1.28 aomr

Mean followed by the seme letters in a columm are not significantly (P = 0.05) different by (DMRT)
Duncans multiple range test.
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Table 12: Percentage ofsurvival of traneplanted cuttinge at 6 weeks after transplanting as affected
by auxin type and fertiliszer levels.

O s Sovaly ot s wf o -
0 66.67 100% 5% 91.6T% B 87.18%
300 100% 83.3% 83.33% 83.33% . Bl62%
600 33.33% 91.6T% 33.33% 66.6T% 615k%

MEAN 66.6T% 91.6T% 63.89% © B80.56%
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Survival percentage was highest in IAA-treated outtings (91.67%)
followed by NAA and IAA/NAA treatments with 80.56) and 63.89%,
respectively. The untreated plants had 66.6T%. Cuttings without
fertilizer application had the highest survival ¥ of 87.18% and
then 300kgiPK/ha had 8L.62% and 600kghPK/ha~treated cuttings had
61,5,

4.7 POST-HARVEST PHYSIOLOGY

Fruit ¢ 3

The average number of days taken for fifty percent ripening
(full red colour) was 7 + 1 days for fruits from seed propagated
plants. For fruits from stem cutting propagated planta, however,
this was not achieved up to the end of the observation peried.
Pruits from this latter mode of propagation remained orange/yellow
even at 12 daye (Table 13; Plate 11).

Seed veight and Germination:
Seeds from seed-propagated plants were about twice as heavy
as those from stem-cutting propagated plants (Table 14). Seed
germination teets showed an average of 86.7X and 23.33% germination
for seed-propagated and stem—cutting propagated plants, respectively
after 25 days in petri-dishes (Table 1§). The germination of seeds
from seed-propagated plants exhibited a sigmoid pattern of response
vith an initial lag phase, an exponential (log) phase and a final
plateau. Seeds from stem-cutting propagated plants however did not

show this pattern of germination (Figure 5).
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FIGURE 5. PERCENTAGE GERMINATION OF TOMATO
CEEDS OBTAINEY FROM LEED PROPAGATER AN
| STEN-CUTTING PRORAGATED PLANTS IN PETRI-VISHES
INCUBANTEDY AT 267 1°C
100-
?[]..
e N
80 L}
LEEV PROPAGATER
70.]
b[]...
=2
& 50-
}—-
¥
 4o-
e
Z0 4
..
20 Dﬁ___o_’_,—o—---o-
e ﬁl'* i
PTEM~CUTTING
PROPAG-ATEL
104
0 59 3 12 6 20 22 24 2

PAYS IN  INCUBATION



Table 13:
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Rrcentage surface skin ocolour of fruite from

sead-propagated and atem-outting propegated plants.

Mode of Seed propagated Stem—cutting propagated

Propagation

Skin oolour Green Orange/ Red Green Orange/ Red

Yellow Yallow

DAYS AFTER

HARYVEST
2 100 4] L] 100 0 G
h 60 30 10 100 0 0
6 ' 3 Lo 30 80 20 0
8 0 Lo 60 60 Lo 0
10 0 10 20 Lo 60 D
12 ) 0 100 ) 100 0

# Raued on observation of skin colour of

20 frults from eash mods

of propagation plnced on the ghelf for 12 days at 25 4+ 1 C.

Table 14

Welght of one hundred seede from seed-propagated
and stem—cutting propagated plante.

Sesd propagated

Stem-cutting propagated

LoT I
10T 11
" LOoT II1

MEAN

0.21
0.19

0.20

—————————

0.20

StEo = i 0.096

0.12
0.1

0.09

N, R

0.1 !
092993
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Lot e

Table 15: Pexrventage germination of seeds from and-pmpamtéd end
stem cptting propagated tomato incubated at 26 + 19C for

25 days. .
- _:1.
DAYS IN NO. OF GERMINATED SEEDS % GEBMINATION
INCUBATION
SKED STEM-CUTTING SERD STEM=C UPTING
PROPACATED  PROPAGATED PROPAGATED  PROPAGATED
2 +] ¢ - -
= 0 ° - - 2T
_ oz
é ‘.s 0 8-33 -
B _ hos ° ) : 15.0 ) "_ .
10 10 2,0 23.33 6467
12 1048 2.0 3.0 6467
BT 135 - 2.8 4.0 8433 i
18 19.5 L0 65.0 13.33
20 22,5 540 T80 - 16,67 )
21 25,5 640 85.0 20400 oo
22 25.% 6.0 85.0 20,00
23 ' 25 S 6-5 : 35 o0 21 067
2L 26.0 6.5 B6.7 21.67
25 26,0 7.0 86.7 23,33
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4.8 S11003=T1P JULIURE

Bhoot—-tip explants plvced in incrensing coneentrations
of both auxin and kinetin (C4Cl = 1040uM) did not show any
orpganogencnin throughout the pericd of ¢hservation lesting
40 dayrs Vxplents atarted to die after obout £ weoks in
enlivre and this wan rantom for oll auxing and Linetin
cvsbinations end concentrations, FTxplunia on revorscd
combinutions and conecntrations of snxing and hinetin

e r— N TR g

howowex cxhibitod euilua, reol wd mheol fomatiicn &nd arovth. -~
Vesulis sre presented on Table 16. ilate 12 showse throe

ntages of vrgunugencsing  Tube A shows en explunt thel hons
widoergone choot prowid without edther collus or root foinution,

Yube B ahowe modeyate ceilus formulton with nlighi root
regenaration snd gyowlh. ‘tube € showm a plantlet, with woll

fommad callus und well davelovpod ravine Shoot growth ia

alag wall norked,
Indole Butyric Aoid (IBA)/Kinetin (K) at 10.0/0.01uM ratio

gave the best root ragener:f:tion and shoot grovth resnponre {Table 15)

throughout the culture period.
At 1.0/04twi IBA/K enllus formation wns most prominent, Root

regeneration rnd shoot growth were poor nnd by 18 deys of cult;lﬂ:ﬂ
explants had mtarted to dio. At 0.1/1,0uM IDA/K, both root
rvegenaration and sallus formation were poor. Shoot growth
was however good (Table 18).

Ry4~dichlorophencxy acetiec acld/kinetin 10,0/1,0uM was
detrimertal to callus formation, root regeneratiem and shost
growth (Table 18). Teath of explanta was recorded us from

1B doys of culture, At 1.0/0,JuM, £,4~I/K induced collus
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formulion at carlicr stapes of cultures oot regeneration
was hovever impeded.  Shoot prowl. was also poor. AL 0.1/
1.0w!, 2,4=1K induced only slipght «idlus foruntion in o few
explonis and root regeneration was also impeded, GShoot

growth wos luvoured at varljer slapes of culture und this

was betler than at 1.0, 0, 1u d,l-lfx. Ihere wus ovnid form

mortality ~f crplants th varione ctsventratfonns of

2oh=D/1 combination nn Frem the PN dae af endture,
Dealh pas jrececded by a curling of Uie shool and subseqguent
browning of he Lisstues abl the onsel of sepcscence,

Controis (no prowth honnonus) showet puor callus ond
root formation thtouwghout the cultuie periods  Shoot growth
was however slfphitly bhut uniformly encovriged (Table 1‘).

Plantlets trenspdcpted into pots lilled with garden soil

diecd after one weel in the plusshouse,
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CHAPTER FIVE

DISCUSSIONS

That the seed-propagated plants generally had a longer life span

(7-9 weeks after transplanting (WAT)) than the stem-cutting propagated
plants (6«7 WAT) could be due to juvenility effect. While seed-
propagated plants were started as seedlings which had great growth
potentials, stem-cuttings, were taken from older tissues (parts of
parent plants about 6 weeks old) which had undergone a much higher
degree of physiological differentiation. This could hwe resulted

in the earlier senescence of the stem cutting-propagated plants.
Plower formation in the unfertilized seed~propagated plants was
delayed by as much as 13 days. This was probably due to poor plant
growth. This corroborates the findings of lLang (1952) that early
flower initiation is associated with increase in dry weight, leaf
area and shoot height. He postulated that the time of flower
initiation depends on the proceeding vegetative growth rate.

Similarly klapvijk and de Lint (1972) found that in tomatoes, stages
‘ of reproductive develupment were clogely correlated with rate of growth
in the fresh weight of the plant. Olarewaju (1980) also confirmed
these findings in sweet pepper in which he observed that the growth
rate of the whole plant was an important factor in determining the
time of flower imnitiation. The delay of flowering by up to 6 days
observed in the plants treated in 600kgNPK/ha could be due to



109

the prolonging of the vegetative growth period caumed by high
nitrogen level. High levels of nitrogen in the soil have been
shown 0 promote excess vegetative growth in tomatoes (Salisbury
and Ross, 1949),

In stem—cutting propagated plants, howeaver, {lowering was
delayed by a maximum of eight duys in unmanured plantas, while
flovering ocoured concurrently in plents treated with 300 and _
|600k¢NEK/ha. This was probably beosuse in stem—cutting propagatqd- T
planta, the stage of 'determination' had been achieved before
propagation. Chrictienson and Warnick {(1988) proposed that during
organogeneclis, the stage of determination was a stage at which tlsgsues |
-~have been deatined to form a parficular organ, and organ formation
would proceed even in the abmence of the conditicns that favour ruch
an activity. Sinoe plants treated with 300kgNPK/ha and 600kgSPK/ha
had attained the minimum vegetative growth and phyeiologicel maturity
nagegeary for flower initiation, this priceeded even in the presence
of excess nitrogen in the 600kgNPK/ha treated stem-cutiing propagated
plants. Vegetatively propagated plants have been reported to come
to bearing earlier than seed-propagated plante (Hartmern end Kegter,
197%). These results, particularly for seed-propaguted plents geem
to be at variance with the works of Saito et al. (1963 (b)) in which
high N levels induced earlier flowering and greater flower numbers in
tomato. Wittwer and Teubner (1956} raported that high ¥ promoted
flowering and reduced the number of noder before first clustexr in

tomatoes. However, Eguohl et al. (1958) found that the
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mean number of days from seeding to floral bud formation varied
from 28, 27, 31 and 33 days for plants treated with LX (NPK); 2X
(NPK)s NPK and NP only respectively. In this respect they comcluded
that tomato was a ‘nutritional type' as opposed to a photopericdic
plant in its flowering behaviour. Furthermore, the apparent
discrepancy is eliminated when one considers that the results of
some of these workers particularly Saito et al. (1963 (b)) were
obtained under high light intensity, as opposed to low medium light
intensity during the hazy hamattan periocd, under which the present

experiments were carried out.

8.2 ¥ h characteristics:

The increase in vegetative growth with age observed in the
present experiments agrees with the obgervations of Rhoads and
Bloodworth (196L), Wateon (1937); Zrust et al. (1974) in cotton and
potato., In their works correlations were found betwsen vegetative
growvth parameters like leaf area, leaf fresh or dry weight and plant
age. leaf area and dry matter were also highly correlated im goybean
(Shilbes and “eber, 1965) and Cowpea (Rhodem and Croy, 19688).

That nitrogen treatuents elicited more growth responses in

terms of plant height, and dry matter in treated plants over-
controls in both modes of propagation is a manifestation of the
importance of nitrogen in the synthetic processes of ppants
generally. Nitrogem is a key component of both structural and
enzymatio proteins which regulate metabolism as well as make up parte
of plant tigeues. Nitrogen applications have similarly been found to

increase leaf dry
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zero N
weight and plent height over / levels in ginger (Musa, 1986)

although differcnces between the recamended rate (100kgN/ha)
and higher rote (200kgh/he) were mot significants

Thet plant height for the IAA/NAA treated stem-cutting
propagated plants was lower than other treatments, could have
been a result of a delay in the establisiment of these
cuttings on transplanting due to thelr generally poorer
rooting (in terms of number, length and speed of rooting) as
campared te other auxin m.mggiw}m- is more clearly
seen in the JOK@FK and 600kgPR-/ plants givem IAA/NAA
at 0.0g/1 (Table @3 Plate 4)¢ It is possible that materials
derived from synthetic activities were chamnelled towards
root growth rather than plant height increase.

Thet plant height in stem-cutting propagated plants had
a higher rate of ¢rwth1n during the first 2 woeks
(013 = 0,806em/day) then/the subsequent twe weeks (0,10 -
0.38cm/day) could be explained as foldows: In those first
two woelks, a lot of the metabolites and energy produced
in the cuttings had to be diverted to the initiation/
regeneration of tissuca, The decline in the rate of vegetative
growih in subsequent samplings was however, prebably due teo
the onset of the reproductive phase. Yumana (1982) found a
similar trend in sweet peppers, where it was observed that
during the first 87 days of growth, plant height increased
at O.4em/day, but declined to 0,2em/day for the subsequent
105 days.

Thet the retes of dry matter production for
both modes of propagation declined with age for a)) fortilizer

and auxin levels could nlul:?“ﬂb“m ¥  ageing. However,
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the rates of dry metter increase vere geverally higher for
seed~propogated than stem-cutting propegated plants
especielly from 28~42 deyss Thiz is probably beecsuse at
that age, wvhile sced-propagated planis were just approaching
a stege of physiclogical maturity, stem cutting prepagated
plants (which were parts of meture plants) had already
achieved this state with & concomittant decrease in the

rate of synthetic activities,

Fhyllotaxy:

That plants with right~-handed phylletaxy and fertilizer
treatmonts gove higher fruit yields than left-handed plants
with no fertilisertreatments agreos with the work of Bernard
(1076) in whieh ft was found that total yields in terms of
fruit weight and numbar was related to phyllotaxy, We alse
ohsarved that in four of five tomato 2and twe of three pepper
cultivars, total yleld was higher in right-handod plants

than in the loft~handed ;nes.

5.3 Tissue auxin psctivity, total soluble carhohydrate,
Z pitrogen snd rooting of cuttings.

The progresaive incrcese jn the level of {issue auxin
in the no fertilisexdevel trected plents could explain the
complete lack of axillary branching obsorved in those plants
up te the time of eniting, Auxin is krewn to he the main growth
factor used to impose apical daminonce in plants, The Tach
that cuttings taken fram these plants alse rooted readily

even in the absence of exogenous auxin (eontrels) supply

mtui‘h.tw{%f growth conditions of the plant, elso
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K suppOrf the high levael of auxirp sctivity detected in the cuttings
© frogm theae planta. For 300kgNPK/ha and 600KgNPK/he-treated plants
; bowaver, the level of endogenous auxin activity fluetuated more or
f less regularly during the growth period. This can be sxplained in
}'tcrns of anxin induced aplical dominance.

The initial inorease in plant height was probably xelated to
the continual increase in auxin motivity (at 3 weeks). Auxin levela
declined leading %o lateral branching of the plants as apleel
doninanes was tomporarily broken {at about the Lth week), Vertical
growth was howesver, moon restored snd aplcal dominance was ro—.
established as a result of tho higher auxin levels at the Sth week.
The decline in suxin levels at the sixty week corresponded with
coplous axillary branching ss the dominanece of the apex was broken.
It was thesa axillary branches shet were taken aa cuttinga.
Fluotustions irn the level of endogenous auxin a20tivity has been
implicated in a ginilar manner in various inwestigations by
Grunkel and Thimann {1949); Hemverg (1949); Zimmermann (1936)
Avery et al. (1937) and reviewed by leopold (1955). That tissue
auxin activity was highest in plants treated with no fertilizep
levels and lowest in 600kgNPK/ha-treataents while 1t was
intermediate at 300kgNPK/ha, could mean that plants with no
additional fertilizer had more free-auxin, Awrin in the plants
at higher levelsof fertilizer could have been bound fo protein
complexes end as such were not available for reaction with the acid

reagent, It is algo noted thas 600kghPK/na had less free suxin
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" than 300kgNPK/ha. It is also quite poasible that the peaks of
awxin activity thet ocourred in treated plants were polnts of -
higheat free muxin level. fThis was probably lom'.lu bound o proteine
_I 'duu to the rapld rate of protein eynthesis, thereby causing a .
" decline, MNMoore (1979) presented evidence that auxin could be a
bound to proteins end that the binding is an adsorxrptive itype by
weak hydrogen bonds. [urthexmere, the regulatiom of 'free Iia?
levels has been found to be by conjugation with amino-acids like
asportie acld (Jacobe, 19723 Andracae and Good, 1955). "‘jl-_
The ocnelgtently hishey level of moluble carbohydrate (TSC)
in the stem of plants gilvén no additional fertilizer than tue
level in plants which received fertilizer treatments throughout the
period of the =tudy was probadbly becesuse most of the symthetlc
activity in these plants was directed towards the manufacture and
acoumulation of sclnble carbohydrates t¢ provide enargy for tlsgue
respirction {Salisbury and Kose, 1969). 1t may also indicate » high
rate of starch bydrolyais for the same purpose, rather than
nitrogenous compounde for protein synthesis at gites of crgan
formation. The level of N am well as CHOsN ratio in these plante
with no fertilizer treatment alao increased with age, but was lower
than that of either 300kghkPK/ha or 60OkgNPK/ha treatmenta. "
Plante treated with 300kgirK/ha had the next higher level of
tiasus TSC followed by 600kgNPK/ha tresmtments. The level of N in
300kgNPX /ha-treatment of plants was converasly lower than that |
of 600KgNPK/ha-treated plants, and thie could be related to the “

amount of N available for absorption in the seoil.
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That fer both 300 and SOOKENPE/MAy.o 4orits, the lovel
of TSC wae lovest at the Ord week of growhh, vhen the level
of N was highest, could mean thet durivg this peried, most of
the seluble carbohydrates were used up as a respiratory
substrete to provide energy for the menufecture of nitregenous
compounds that were used to bufld up eollular materials und
ensysos, Tor 600K@iPK/ha-treated plants a rise in TSC level at
the 4th veok vas associated with a docline in N levels up
to the Sth week, This could mean that, as ihe plants natured,
less protein wes aynthesized, so the need for niirogenous
materials was reoduced and since carhohydrates provide the
carbon skeleton for protein synthesis {Goas, 1975), there was
an anccumilation of seluble earbobydrules, A sharp rise ip
nitrogencus material vas noted at the Oth week for M/
treatmeuts and this eould be due Lo resumed moristemmatic
sctivity during protein synthesis im the floral primordie during
flower bud formation. This wos however, not assoecinted with a
proportionate rise in TS0,

¥or plants treated with 600kgPX/ha, tissue nitrogen
levels increased steadily with age all through the period of
samplinge Thia could have led to the excossive vegetative
growih noticed iu thesme plantas I{ should He exvected that
the oxcessive leoaf arca produced by these plantis should lead
to 9.__.“@1 rate of pholosynthesis and thus a much higher level
of carbohydrates; mt ti.ose carbohiydrates could have heen
rapidly incorporated into cell wall materials or rapidly

onverted to mitrogenous materials ° SoliZbury and Ross (1969)

Iavc observed that more organic acids are converted to amino-acids

protein syn$hesis at rapidly growving cites. These could
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even have beem rapidly bdbroken down during tissue respiration

due to high metabolio reate and this led to the low levels of TSC
in tiesues with a concomittant low CHO:N ratio throughout the
growth periocd.

That outtinge without fertiliger treatment rooted at all

could be due to the fact that in thess plants, levels of endogenous
auxin, TSC and CHO3;N were highest at the time of outting and the
high CHO:low N requirement was fulfilled, thus favouring rooting.
_However, the roots in theme cuttings were thinner and shorter and o
this could have been a result of N deficiency the untreated plants

as observed in Plates 1, 2, J¢ 4+ For 300 and 600kgRPK/ha-~treated
cuttings, native auxin activity waas lowest at the time of aeutting

but rooting wae good. This could have been dus to the relative

lavel of TSC im the outtinge whioh were higheat at this point.

In addition, the low lavels of native auxin activity could have

been auvgmentsd Yy exogenous applications of auxin. This is olearly

seen in the cases of outtings trested with Yad at 0.05g/1 (300kghPK/

and 600kgNFK/ha) TAA/NAL 0.1g/1 {300kg¥PK/ha) and RAA 0.1g/1 (300kghPK/ha)
(Table B).

'. For most of the cuttings from 600kgNPK/he however,external

e -
auxin did not have such pronounced effeots and this could be bepause

thenss outtinge had the lowest auxin levels of all cuttinge at

this time and even exogencous auxin counld not get the tisaue
conaentration of auxin to a favourable level for root initiation. .
I% wag however, also seen that the mean number and length of roots

were generally higher in cuttings from 30C and 600kgNPE/ha = 7' . |

treated plants and thia oould have been due to the amount of
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nitrogen available for synthetic processes. That the rate of
root growth was lower at 600kgNPK/ha than 300kgNPK/ha (Table 5)
could indicate that high NPK levels particularly its § content
are not favourable for root development even though it is required
for root formation. The implication of carbohydrate and nitrogen
levels as well as the ratio of these to one another as well as to auxins
have been found to be true for many plant species as had been found
in the present experiment. Vorkers that have reported similar
findings include Reuveni and Adato (1974); Howard (1965); Gautheret
(1969); Olieman et al. (1971); Heuserand Hess (1972); Keuveni and
Raviv (1981); Odegbaro and Adedipe (1986); Davis and Porter (1981);
Cheffins and Howaxrd (1982 a & b) wvhere the importance of carbohydrate
reserves to rooting have been emphasized. low proportion of nitrogem
in relation to carbohydrate stookplants recorded in this study is
also favourable to rooting (lowe and Ries, 1972); Hartmann and
Kester (1975). Extreme nitrogen defioi enoy, however, decreases
rather than increase rooting (Pearse, in Hartmann and Kester, 1975).
It is not clear why high levels of nitrogen are detrimental to good
rooting, however, for root initiation to take place, it is necessary
to supply N for nucleic acid and protein synthesas.

It appears that auxins stimulate the formation of roots
by an interaction involving organic materials in the plants,
pw_tunlul: carbohydrates and nitrogenous materials. This
interasction apparently controls the basic step of morphological
dif ferentiation at the cellular level. This contention
corraborates the 'rhizocaline' concept of Bouillene and

Bouillene~Walrand in Hartmenn and Kester (1975).
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8.4 Rooting responses (o exogencus auxini

That JAA generally gave carliest and most uniform rooting
response und also highest number and pongest roots for all
nitrogen levela and auxin types suggests that IAA wae -
betier at atiuulation of rooting than NA4L or a combinetion
of both even tnough IAA is maid to be & weak auxin (Leopold,
105). o o

In ﬁeleciing suxing for rooting it weans that in general,
the atrong auxins (such a# NAA) are undesirable because they
inhibit bud oprd reoot development, Weak auxina are ganera.lly:.
sclected {Lwopold, 1056). The earlier rooting response for |

YAA could have alao been dus to the foct that this auxin ix a

naturally occurring one ks such it more readily increased

-l

the tisnue auxin level Lo threshold jevel, where rodt!ng wu
atimulated, houvting response to suxin is known to he &
quentitutive phenwsenon {Leopold, 1¥56). Bevter reoting
responses o IAA thun oiher suxine have alse beem reported by
Torre _a_'t;él. (1880} in'red-raspberry' end Ne‘&i {10882) in
Lulbergia latifolia cuttings; Khen Xz’ld Khen (1982) im epple
cutiinga. : _ i,
Within IAA concenirations, that 0.05g/1 gave the earliest
a8 well u@ the higheat mean nmumber and length of roots followed
by Oulg/1l and 0.U25g/} 1Ak, could mcan that 0.,05g/1 was the
optinwmn level required for root initiation ond growth - while at
0.1g/1 this suxin could have been inhibitory, it was sub-optimel

at 0.020g/1s 1% is known that the active rumge of IAA ia narrow

(TOK‘!‘U ﬁ_@-‘lo. 1950)0
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That the combination of JAA/NAA gave a better rooting
responase st & lover ((,028;/1) coneertration thap efther of
IAL or Nid alone, euggests thet a combination of theee two
homonesa atisuloles Lo formation of foot primordie mach more
than either of the o uvlone and this ceceurs at a lower
eoncentiretion, lowover, at higheor coneentrantions (0,08g/1)
LaA/NAA was detrimentel te nembor and length of roots as
well az the apecd of yootling, ™imflar rerorts of more roots
aud aigher parceriage of rected onttings hove heen priven by

(In: Aertmann and Kester 1975) |
Malstoede and Mober P or Thuje 4n, nv' Celustrus sp.
Howover, YDA up to 4900prm ond YBAAAA at up to 2000pmm have
else Heen found te gilve ginmilar reanlis in the rooting of
Popolus treisula {Al~ilinamy, 1901).

Thatl ¥AL at 2,1z/1 gave ihe earliest rooting reapense
as well as the "izhest mumber of roota than other concentrationa,
but the loveat length of roots than ether concentration
euphcalzes Lie fact that the strone ouxing (such as NAA) may
stisulate the formation of root nrimoardfa at relatively high
coucenirelicne, Yol inhi%nit the latar prowth and development
of rocts {lecpold, 1055).

Toelirg peveantoges [ne. of reoted cuttings per treatment)
ware generally high /£0-1007) for 2}l avxin end nitrogen
treateent, TLis could te attribhuted to the coase vith which
temate evitings are Lnowm te root (Fobley ond Steele, 1076),
That! reoting pereentoges Yelyeen nitropen levels wore lowest
fcrzero NPK levede :f‘.“!‘-%} and hishest Tor mw treated
cutiinge (08%) could he due to the fret that nitrogenous

compounde ore vet only cerential during the initiation of roet
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primordia, but ere else required as a substrote for ectual
root growth, Cutiings treated with XOK@NPK/ba had an
intermediaté/ goq ) percentage rooting.,

Survival perconteges of rooted outtings at the time of
lest fruit horvest were Lest Cor plante treuted with LA
(Table 1R)e ‘These wore (ollowed by NAA and IAL/NAA troatments
respectively. This could be linked Yo the reoting reapeuscs
of thess cuitingss It was meoen that I\A/NIA troatuents
generally haad the peoresti roeling response¢ in temes of nuwber

and lesgtas, ¥ita regards to fortilizer levels, zarc levele of

fortlliser yreated plants survived longer than efther of 300 or
600kgPK/ e trestments folloved by JOkgNPE/he then 600keliFPK/ha
trested planis where planis reached the end of the cbservation
period. "his could be &p effect of the'physiological exbeustion'
of the plapt tiesues duc to the pettern of grovth experienced im

each case,

BeB (LIGIN AND IZVE)OINTYT OF ADVINTITICOUS JHOTS

idventiticus rools were scen to originule fram a ;roup
of cells loested in the cortex (Plutes € wxd 0)y This agrees
with the Pindings of Priestly and Svingle (1044' that in
herbaceous plunis, adventitious rcots coriginite ocutsids the
vasculer bundles, Other woriers heve hewever found that thke
type of tissues invelved uil the zite of oripgin depends on
plant specios and these range Trom ‘Ln vascular rays, the
eambiw: cr the pith (Phella and feloris, 10753 "1-Tond ant

Galal, 1t&C),
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The group of cells that form root inftials (domment

initials) apparently resume meristimmatic activity which

lead to the extension im two directions towards the central
core of the vascular eylinder as well as cutwards towards

the epidemmis, This pattern of development agrees with the
description given bySsau (1965). Upom emergence fram the
stem; the adventitious roots have developed a root cap and
the usual root tissues, A vascular comnection is soom seen
to develop in the fully emerged root and a functiomal root ia
obtained.

No differences were observed between auxins and this
shows that auxin type does mot affect the formation and/or
activation of root initials in tomateo stem cuttings. However,
low fertilizer levels (zero levels’ wecued to reduce the
pumber of such root ianitial cells that appear in the cortex, .
This could be related to the invelvement of mitrogen in protein
synthesis during mitotic activities that take place im these
initial cells during the activation process. Theologis and
Ray (1982), Hagen et al. (1984) have earlier observed that
organogenesis involves geme action and specific m-INAs have
been associated with both root and shoot regeneration. In
addition, certain enzymatie proteins play specifiec roles in
root regeneratiom and very low nitrogen levels may not favour
the formation of these enzymes (Hartmann and Kester, 1975).

5.6 E. C S

The ohservation that both number and weight of fruita
produced at first barvest were higher for seed-propagated than
atem-cutting propagated plants, could be a result of the
physiological stress that the stem—-cutting preopagated plants
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were subjected to. VWhile the seod-propagated plants were
allowed to grov Suinterrupted from gemmination to fruiting,
stem-cutting propogated plents were forfed to oxtend their
life-span by cuttings These cuitings which were the same
age a8 their parent plants had to divert energy to
processes leading Lo regencration of parts end initiation
of roota which could have resulted in their low productivity,
This is similer to the findings of Salac and Fitzgorald (1083)
in lietris pycmostachys im which rooted atam~cuttings produced
flovering stema, Spikes from such plants however, were very
small compared to seed-propagated plants, Also their stems
wvere weak and lodged. lowever, in scveral species, the
vegetatively propagated plants have been known to have goed
attributess These include Rhodedepdron (Tttinger end Preece,
1988)s Chickpes (Bassiri ot sl,, 1088) and Potato (Manandhar
and Raybhadary, 1986),

That seed~propogated plenta treated with oo ipx/na
hod more fruita per plant at first harvest than efither of '0!
lovel andQOkgiPK/ha treated plants could be as a rosult of the
higher nwaber of bremchos that were available for the formation
of flowers on th@QokgNPK/m treatments than in either of '0f
level andooiaipr/he: treatmentss This ia similar to the
findings of iln:ln and Kimeto (1980), ghresta = (1983) in
tematoes, i, janbu £k ale (1983) in ckra, vhore N-fertilization
increased plant height, number of Branches per plant end number
of fruits per unit ares and per plant. Alse in other species
auch es red peppers (ihan et al., 1082); Onions (Subbiah et sl.,
1082); Spinach (Kansal ct ale., 1981); eggplant (Ragveen end
Reo, 19680), and garlic (Yscaff end Al Dare, 1962), However
fruit weight wes significontly highest in theooxghPK/ha
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treatments than both of the other treatments and this
could be becouse these plants had lesa fruits te which teo
partition assimilates, While for " treatments
assinilates vhere shared among a greater mumber of fruita, in
tne ,.,r?lwuuu even though they had less fruits,
there was not enough assimilate production, In a similar
study, VWeston and Zandstra (1989) found that high N levels
produced larger carly yields, but total fruit yields were
higher for moderate than high rates of N in tomatoes.

The mean fruit weight at four subsequent harvests
decreased with nmmber of harvest for both seed-propagated
and n-;num propagated plants, This decline could he
sosociated with the onset of senescence, which could have been
associated with a reduetion in the level of plants homones
like cuxins and gibberellic acid that are involved in fruit
growth and development (Selisbury and Ross, 1067), Senescence
could have also resulted in the reduced uptake of mineral
elements wvhiech are important im plant growth from the seil.
Downea and Miller (1968) rmde a similar observation in tomatoes
vhere average fruit size deereased with harveat date.

Mean fruit weights recorded for seed-propagated plants
treated with 300kzi7E/hal recommended rate) of 43,91 ¢ 2.00g/
fr. weight agree with the findings of (mimn (1971) whe recorded
a mean fruit weight of 42,53g/fruit (4 1.508) for the same variety
("Rema VF') of tomatoes in Samaru during the dry season,

8.7 IOST-MARVIST WHYSIOLOGY
The observation that fruits from stem-cutting propagated

plants did not achieve the full red colouration observed in
fruits from seed=propagated plants, but remained at the orange/
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yellow stage throughout the peried of observation (12 days)
could have resulted fram the foct that plants that produced
these fruits suffered the physioclogical shock of having had
to regenerate vegetative parts when they should have been
flowering. This ia also evidenced by their much smaller sizes,
Furthemmore, the fruits probably had not achieved the necessary
level of physiclogical maturity (Mature green stage) before
the onset of ripening, led pigmentation is dependent on
stage of maturity of fruit at harvest (Ficehler o4 MeGlasson,
1978)s The manifestatiom of other fruit ripeming charactoristics,
such as respirution levels and ethylene gas eveolution alse
depend on the level of maturity of fruiis at harvest (Kanellis
ot ale, 1086), Ripening of fruits indicate the terminetion
of fruit grovth and the onset of physiological qualitative
changes which include marked increases in the amount of
carotencids in the fruit (Ulriech, 1958). Iycopeme is the
predeminant carotemeoid in old fruits and this increases by s
wuch a8 ten-fold in tematoes frem the ninth to twelith day
of ripeming at 30°C (as observed in this study), Jaytofluen®
may increase by up to two~fold., Pigment changes may be due
mainly to medifications in caroteme content rother than to
modifications in the amount of carotemcids or chiorophyll
(Ulrich, 1958),

The low seed weight recorded for stam-cutiing propegeted
plants is alse a function of the fruit size, This vgrees vith
the wvork of Varis and George (19:5) im which the seed weight

of tomatoes decreased wiith fruii sisze.
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The low percentage germimation (23.33%) of seeds from
stem-cutting propagated plants as opposed to high percentage
germination ( >86%) recorded for sceds from sced-propagated
plants could also be related to the fruit sizes Vadivelu
(1983) reported similar trends in tamatecs, in which aceds
from bigger fruiis gemuinated betier lhun seeds {rom the
smeller fruits, DBoth the low percentage germinatiom and
irregulear potterm of germination could be due to the fact that
the physicnl and physiclogier] levels of maturity required for
good germipation had nmol been achieved prior to extractiom
from the (ruit, 7The growth habit of lhe parent plants
(shorter life-spen) did mot allow for udeguate formetion
and accumulation of food reserves in the seed that would have
provided energy for respiretion during germinution,
Furthermore, the formetion of structural os well s enzymetic
proteina that participate in gemination processes could have
been distufbed., Fruit metluretion end ripening is known to be
associeted with seed maturction in tamotoes (khudairi, 1972),
Many workers heve found that until the attaimment of full
metuarity, full gemminetion capecity end viability are not
realizeds In carrots, Austin and Longden (1967(b)) found
that for four progreasive harvest dates, percentaoge germination
and field ewergence increased with seed weight, Studies with
fleshy fruits have slso shown lhat the harvesting and extractiom
of seed before full maturity is detrimental to viabflity, For
exemple in Cepsicum frutescens ('Pimiento pepper') sceds
extracted from fully ripe fruits had 02% cmergence while those

extracted before full meturity had only B.6f emergence.
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Seed viebility after harvest ia also subjeet to a
variety of fuectors to which the parent plant is exposed
during seed fomation and ripening (Meyer and Poljakoff-
Meyber, 1975). As waz seen, plants propagated from stem

cuttings vere subjected to physiolegical stress,.

5.8 SHOUT~-TIP CULTURE

The observation that shoot-tips cultured on media with
continucusly increesing concentretions of auxins IBA, 2,4-D
and kinetim did not elicit either root regemeration or shoot
growth could anave been hecause these homones vere not present
in the appropriute ratios to one zmother. Thias elsco indicates
that abseluie concentretiona of these hormomes alone in
cul (ure media nay not be fevourable to organ formation,

Wbile in certain tissues, it is the abselute concentration

of auxin to kinetin that is important, in others, it is the
rotio of these hormones in the nutrient media that are decisive
for organogenesis, These two substances in the apprepriate
ratios detlermine not only whether the tissue grovs buti also
how it grows (Street, 1977).

A reversal of concentretiops of both suxins and kinetin
however, induced organogenesis. Shoot growth, root regeneration
and eallus forwation were all observed, That IBA/K at 10.0uM/
0,0luM guve ihe best rool regemeration response and shoot
growth agrees with Murashige et al. (1972) and Murashige
(1977) that high auxin:low Linetin levels favour root
initiation, ‘he good shoot growth obtained with this combination

could have resulted from the adequate absorption of nutriemt
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materials from the medium as a result of good root formation,
It has also been observed in Asparagus officinalis thet NAA
concentrations of 0.%mz/1 end kinetin 0.1mg/1 emecournged
good rooting without inhibiting speur formation within 8
weel:s of culture (Mureshige et al., 19725 Yang and Clore,
1971). Purthermore, JA\ (5,7uM/1) and Linetin {4.7w!/1)
heve been found te be highly efficient im shodt regeneration
of tomato and reduced the time required for shoot production
(Vddin et al., 1988).

At 1,0/0.1w IBA/X, cellua fermetion was most pramivent,
while rect regeneration end shoot grovth were poor end thia
could alsoc heve heen 28 & result of the ratio surxin te kinetinm.
This combivation end eoncentration wos the intermediate
econcentration of ell used. Murashige (1977) bas slso reported
thet intermediate levels of aurxin te kinetin favour callus
formetior most, Hewever, the low degree of differentiation
observed (root formation and shoot growth) with these
combipations end concentration could have been a8 o result of
absolute concentration of these hormones im the culture media.
Similar observetions have been wade in garlic, vhera JAA and
kinetin at Img/1 did not permit extensive cellus growth but
shifted growth towards differeptiction (¥ehr and Shaeffer,
1976). Similarly, best sprout formation from tomatc leaves
hae heen ohtoined when coneentretions of beth auxip and
kipetin were high (4mg/1) ir the medfwr (1:1) (Sontena, 1085),
Thet at 0,1/1.0uM IBA/K, both root regeneration ond callus

formetion were poor while shoot growth was favoured cgrees
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%
with the firdings of Murrashige (1977); Asckan ot al. (198%)

and 1iu end Senford (1988). For instance, Liu amd Sanford
(1088) reported thaet optimel shoot regeneration inm blue
berry ves found tc cecvr in redie corteining £,%50g/1,
Colmg/1, I+/IBA; 8.0mg/0.1mg/1y TA/IBA for one veriety
end B,0mg/1 BA/0,Cmg/1 IBA for ercther,

Orgonogencsis was generelly poor im cultures that
contained 2,4-D cspecielly et higher concentretions (10,0uM).
This ves probebly due to the phytoloxie effeets of this auxin,
2,4=D {2 ccumerly employed as e potent herbicide particularly
for broad-leaved plant species (ﬁ&obur?gu, 1087), hence the
oceurrence of slight eallus formation observed at earlier
stages of culture, at lower concentration of 1.0/0.lu¥
2,4-5/K, could pot be sustained for longer periods. A similar
observation was made for 2,4-D at 0.1ul and kinetin at 1.0uM,
vhere shoot growth wee slightly favoured. Thati death of
explants wos preceeded Ly a curling of leaves before senescence
is charactleristic of the mode of phytotoxicity of phenoxy
acetic aeid herbicides on leaves of susceptible plants
(;\kogundu, 1967).

The chservetion that JDA gencrally perfomed botter as
an euxin for organogenesis than 2,4-0 emphosized the concept
that auxin types differ in their organogenetic effects of
plent tisesues in eulture, '?ap;;la'lm ond  pingp(1088) had earlier
observed that in garlic, the morphogenic ahility of five auxinas
differed. Tn order of decrensing effoctivencss, this was
2,4=D> 2,495T> 'dicamba’ 7 *Picloram’, while NAA did not
induce morphogenfc callus formation over n wide range of

concentrations.
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CONCLUSION

This inveatigntion revealed that tomato plants can
be propagated by rooting stem cnttings. Stem cuttings
generally root very easily repardlema of nitrogen nutrition
of atock plant or auxip trestment of cuttinse, Nitrogen
however, was found to effect the mwher snd length of rootia,
Mediom N (300kgN/ha) gove the hest respomac for these
parameters, JAA {0.05¢/1) was fornd to be most auttable
far rooting them FAA or a combinntion of tha two auxina.

Relatively high leveln of tinmue auxin aectivity were
detected in tomato stems, This however, fluctnated in
those plante piven N treatmenta, hut increased steadily for
non~additiona}l N treatments probably duc %0 avxin binding
by nitrogenous comrounds., Figh cerbohydrotetritrogen rotiocs
were Also ochaerved in tomato stems ard thiz combived with
the native aunxin activity could %e responmible for the ready
rooting of tomato stem emttings, Rendy rvcoting may however,
nlse be linked to the presence of preformed roet {nitinla,
which undergo the various stepes of develoymernt on
appropriate stimulation, -

Toamato plants can be grown to maturity (fruiting) by
atem cuttings. Such nlants, however, have a short 1ife apan
($~7 weeks) and & hich vepetative growth rate. Thia lends
t0 an early senescence vith n concomfttant reduced yiold both
in terma of fruit numbar and weipht,

Ripeaing of fruits ie alse retardad due nrobahly to
arrested devalomment of the frnit am a result of early senescence.

Seed yiald and germinntion are slaa poor fram such plants,
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TomAto plenta can also he propagated by shoot=tip
culture., Beat medium for root regeneration waa found to ;be
MS basal, medivm 4+ 10,0uM IBA 4 0.01uM kinetin, Shoot growth
wvas elso good at O,JuM IBA & 1.0uM K. .

2,4~D wan seen to be nnsuitable for tomato lllootptip

cul ture due to its toxicity to this plont.
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APPENDIX A

Measursment of soil iolnn.

The geived gardem soll} was put in a transparent polythens bag

and imamersed in a caliberated beaker which contained water of

a koown volume. The displacement of the water by the zoll was

taken as the approximate volume of the soil.

0
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APPENDIX B

Calculation of approximate rate of fertilizer

L

L application

The vecommended rate of fertilizer application wes 300kgNPK/ha.
Tais was reduced to square meter by the relaticnships
2
1 ha = 10;000‘
300kg/ha = 300,000g'ha

= 300,000g/10,000m"

o = 300,000 2
' - o000 =  o&/m

P _
" The egtimated number of pots thet will fit into an area of 1m2

w 5 pota, therefore if we divide 30g by 5 we have 6g per pot.

!
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