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i Asstmacr . ., o
"Begonigs a& valued by producer‘s ol‘ pot plants because their productidn rtime is short. ‘
; .Tl’refore Flowers Canadh agreed to fund 1) the .investlgation ol‘ cultural methods to produee

compact plants of the tall .Begonia luce‘ma and 2) the screemng of other Begonia species-for

~‘ .~ .

their suttabihtyfas pot plants. s o e

r ' ; +
All species wete: repeatedly grown under various light conditrons Higher temperatures

-~

- than usual were tried in order td®eut production time. Since an initial superphosphate appli-

1]

L catron to the peat vermrcuh’e mix caused problems in the- plants other fertrlizers were tried.
© a

: f
‘To produce short internodes in Begonia Iucema suitable growth retardants were tested at
! l‘ ” N o . ) . _
. various concentratrons - o e , ' ’o'_ ,

13

Attractive plants of Bego* Iucerna with strongly honzontal growth and an average |
mternode length of 2 AL é%n were’ produced wrth soil drenches of 0.25 mg (a.i. ) ancymrdol per )
12 cm pot’ under 16 h of 18 W/m? (PAR). The same amount of ancymtdol caused a much

: 'stronger reduction of rnternode length on lateral shoots in partrcular m Begonta lucerna

grown in a growth cab’ { under 9 h of 22.8 W/m®. Thrs was- probal%y caused by the hrgh

. 'proportron of fe 1ed light under the canopy of hrgher plants in the small cabmet On the

e e —r e

- contrary, cycocel did not have any effect on internode elongation in thrs cabmet and its

activity was also popr in the growth ehamber Srnce problems wrth the action of cycocel

- under relatrvely ﬁ"igh temperatureS' have been reported by other workers the 24 °C temperature:~".

-

is assumed ‘o be the redson f or this inefficiency. . .

-

No posrttve gravrtroprsm was produced on plants in a growth chamber at 24 C and ~

e
hght of 23 S5 W/‘rq’ nog in a gﬁenhouse at 19 °C with light supplemented to 16.9 mW/rp '
under cloud cover (maxrmurn of 66 $-W/m? 8n sunny days,) As expected productton trme

" was longer at the lower temperature f .. _ - S ;
4

-

. Good, marketabie plants were: produced wrth the slow release fertrlrzereNutncote
14- 14 14 and also in a limed medium with weekly applrcations of hqurd fertilizer. Amend-

ments of Osmocote 18- 9 9 caused root problems espeérally in the warm growth chamber .

: D ¢
~ -

-~

~ . ‘ iv
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I Introduction

Objectives
' : I3
The maint aim of this work was to increase the variety or selection ol‘ markctable

potted plants in Canada, smce this is an area where the agricultural or horticultural ‘market
can defimtely expand in the futur“e The potential for the pot plant market becomes obvious
when the number of cut flowers and pot planits: bought in one household in Europe t{ other

: parts of‘ the' world 1s compared to the numbers bought in Canada The plants and f lom rs
P “
pffered for sale in’ Canada have mcreased tremendously over the ‘last . 25. years. . The

.

- \v:llmgness to buy flowermg or fohage plants is strll greatest for specrf ic dates hke Christmas.

aster Valentmes Day and Thanksgivmg Day, but therd is a gradual acceptance that plants

can be bought any time, parttcularly durmg our long winfers when the eye is longing for some
L 4
-green m the envrronment This change in attltude is / easrly detected in the very market

@

o conscrous supermarket chams ‘In short, the fact that Canada Sal‘ eway Ltd., for example sets
asrde mcreasmgly larger areas in' new stores for plants and f lowers means that the market is

' _exp_andmg 2 o o ‘. “‘ !
s B " The biggest problem w1th potted plahts in our area is the low felative humndity’ in the

AN

hdmes partrcularly durmg the wmter months. Not many specres can tolerate the 15 10 25%
i 3 lt wlnch the manuf‘acturers of home humxdifrers recommend for outside temperatures of.
L 10 1o 30C Therefore species have to be found which wrll thrive under this low relatnvc
) - .Wy inthe home hea/;ed to about wC. . | »
’ - The obJectrve was pursued in two ways 1)"by‘ investigating methods for mass

production ofA Begonia X lucerna, a tall hybrid species which can $tand such'icon_diéions .and .

2) by screening other B'e’gonia species for their suitablility as pet plants.

Begoma lucerna
Begoma luc\er%a wrll ‘survive in quite dark corners and under such low light wrll show ,'
' ‘good srlvery spots on darge dark green leaves On the other hand it wxll develop large pink

.

. T . ‘



o f lower clusters when the plant 1s“ kept i suttably htgher hght. These characteristics made this
'plant af avourlte with our grandparent generatton ‘ . , - ‘

X The problem with the.species 1s ‘its natural hetght (up to 1 80m) and cane lrke stem

" which develops very few branches In order ‘to make t,he species acceptable for marketmg,
. methods had to be found, to produce it in a compact attractwe shape To mvestrgate such

. methods was the main purpose of this thesrs - o

Cane-like begonias, of whlch Begoma lucerna is probably ‘the best known and most
.common are grown commercially in small numbers only because thq are. Iarge p]ants and
need m( Te space than most other types. They have erect, smoot.h bamboo lxke stems wrth |
swollen nodes. The. mternodes are usually long and. fairly even in length Most cane lrke ’
begomas "do not branch, but they do send up new shoots at the base of the’ plant (Thompson
and Thompson 1981) ) \ k _
| They tolerate a wide range of.temperatures although they w111 grow,best between 18.
and 25‘C For flowering-they need some sunlight, but they should be pmtected from mrdday
sun m summer. They do best in 40 to 60% r.h., but do not suffer vrsrbly when the humidity -
is lower, as long as 1t is not associated with high temperatures

The shape of begonias can be changed by shoot decaprtatlon -which breaks the apical

‘ dommance and encourages branching. Therefore, in order to produce plants of a manageable
size a combmatron of prnchmg (decaprtatron) and appllcatlon of growth regulators seemed
advxsable Chemrcal growth -retardants control mternode elongation by mhrbrtmg brosynthetlc

4 pathways for the natural gproducuon of gnbberelhns. They do not seriously disrupt the growth.
processes that involve _chlorophylland phytochrome- (Cathey, 1975a). |

- Important : factors dictating sizé and -shape of plantS‘ are photosynthesis. and
photomorphogenesis Photosynthesrs produces the chemrcal energy for the syhthesrs of the"
orgamc components * which are essential for plant growth. It is mainly determmed by l\ght

- quantity. Photomorphogenesrs s the formative effect of hght on plants It is determined by
light quahty The influence of light quantrty and quahty is extremely specrfrc Therefore itis

necessary to know exactly how a plant species reacts 0 specrflc conditions in the greenhogse

\



It was found that Begonia lucerna Teacts extremely strongly to light quantity as well as
10 light quality. It showed not only the usual internode elongation under reduced llght of the

same quality, hut also a seldom __reported strongly lateral (horizontal) growth in the .newly

-developing axillary brdnc_hes after decapitation and treatment #ith growth retardants. This .
. . ) ;

made it necessary to deal with the topics of geotropism and plagiotropism and the possible

: involyement of gibberéllins in those processes. The reaction to light quality included leal‘-

~ problem of photomorphogenesis. ' : ‘

eoin%‘yand enhanced elongation of the internodes under ligh\t‘with relatively high porti(ms in-

the far-¥ed part of the spectrum. "These results made it necessary to deal in detail with the

.

Other Begoma Specres

Three other bcgomas ‘Begonia sp. I 301 Begonia serralipelala, and Begonia sp. 1302

. which had never been grown commercially, were brought in from Holland and screened for

| thejr surtabrlrty as houséplants These specres are much smaller than Begonia.lucerna and did

not require treatment with growth retardants nor prnchmg They were grown' first in a shaded :

"greenhouse srmrlar to those used for begoma productron in Europe. In order to pessnbly .

shorten production time in all three species and also to improve the weak stems in Begonia

A‘ serratzpetala these species were [later grown under greater lrght quantities and at hrgher-

temperatures in a greenhouse ith supplemental HPS lrght as well as in a 24'C growth :
chamber under mixed light - fr m fluorescent and incandescent sources. -These growing

conditions were chosen because they can easily be produced by growers.
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1. therawre Review: Growth Retardants
' The use of growth regulators to retard stem elongauon has become poplrlar wrth commercial
' growers smce Cathey (1959) was able Kcohtrol polnsetua helght Cathey (1975b) described
the action of a growth retarding chemrcal as delaymg cell division and elongatron in shoot
tissue without exhlblting any formauve effects Cathey doubted that any one chemrcal could
Tetard the growth of- all plants and his predrctron has proved accurate In a few mstances._

researchers and growers have .wntnes»(}\growth stlmulanon at low concentrauons of growth

retardants, but in the vast majority of tages shorter plants, bécause of inhibition of internode

L]
elongatxon have resulted f rom the use of growth retardants (Larson 1985).
The mode of action of many growth regulators is still not knq’wn Technology has

Y,
“preceded saence in this field in many instances, and even the knowledge that the substances

" have an inhibiting effect on the biosynthesis of gibberéllic acid does not ejicidate much since

: the role of 'gibberellins in the elongation of shoots or stems is quite unclear (Jones and

‘MacMillan, 1984). As Goodwin and Mercer ( 1983) point out "The mvolvernent of GA in the -

process of stem elongauon during normal plant growth would be more convincing 1f there

were a posmve correlatron between the endogenous level of 1dent1f1ed GAs. and stem elonga-

tion." The reason for the unclanty may be that the actron of- GAs varies among species or .-

even cultlvars Th1s is supported by the fmdmgs that specrfxc growth retardants which dre
known to. mfluence GA blosynthems ~mhlbrt elongation only in certain species (Cathey,
1975b) or cultivars (Seeley, 1979). | | |

e of the best known and commercially available growth retardants 'are daminozide,

'chlorphonlurn. chlormequat and ancyrhidol

A. Daminozide '

Butanedloic acid mono-(2,2-dimethyl-hvdraiide) was first reseafched by Riddell et al.

(1962). It is produced by Uniroyal 'Chemioal Co. and has become a prominent compound in

" floriculture under the name of daminozide or B-Nine and in pomology under the name of
Alar. lt is also known as-SADH, kylar or aminozide. One of the reasonsc for its popularity is

- ) 4 ~ - -
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its price, since large amounts are used on fruit trees to reduce vegctativeztowthmd lnctease
, , ool 3 ’

frult set and yield (Jaumien, 1983; McLaughlln‘- and Greene, 19847 and many gther

researchers) Alar is also used on grapes cherries peanuts, nectarines, tomatoes, pears, and

peaches B- Nme is recommended for growth reductlon in chrysanthemums hydrangeas.

'ézaleas pomsettras gardemas and . beddmg plants (Thomson 1981) On Begoma X

cheimantha daminozide was ineffective (Krauskopf and Nelson 1976) ' a
Satisfactory explanations for its effects have not been published. although"it has been
reported to inhibit both GA ‘and auxin synthesis (Larson, 1985).

) ' . . !

B. Chlorphonium ’

-

Tributyl-2,4;dichlorobenzylphosphoniurn chloride is marketed under the name of

chlorphonium..phosphon or CBBP by the Mobil Chemical Company. It is only recomrnended

for ornamentals, mainly chrysanthemums and Easter lilies. It is not used widely 'any more
3 . . : I .

since other growth retardants which are effective ’on.a wider spectrum of species ha;e been
released. Cathey (1_975a)‘ found éhlorphon_ium effective only on 12 out of 88’ prnamemal
plant species tested. |

Herde (1969) reported that Phosphon had no effect on growth or flowermg of
Begonia X cheimantha Everett; in fact he observed that the plants had somewhat longer

shoots and larger leaves than control plants at 4 x 10"*M.

Chlorphomum is known to inhibit the brosynthesrs of GA (Devlm 1975). Accordmg’»

to Goodwm and Mercer (1983) it inhibits the A-actrvrty of ent-kaqrene synthase, whereby the
conversion “of geranylgeranyl pyrophosphate ‘to. copalyl pyrophosphate is?. blocked
'Chlorophomum also blocks the next step, the conversion of cepalyl pyrophosphate to

‘kaurene, which is a precursor in the synthes:s of glbberellm. : _ i



P C. Chlormequat '

.

" General Remarks 4 \
(2- Chloroethyl) trimethyl- ammonium chlortde lS sold under the followmg names: N
chlormequat; CCC, cycocel, cycogan extra bettaquat -B, barleyquat -B and titan It was o
" .brought out in 1964 by the American Cyanamid Company and still is very popular because o'f‘/,, ‘
its price ‘:iarge amounts are “produced for use on grain crops, such as wheat and rye “to 2 e

" increase the yield by increased tillering and reduced lodgmg (Thomson 1981)

R

'Effect on.Crop Plants and ‘Fruitﬂ Trees

. * There 1s a large volume of articles about the use of chlormequat from the 1980's /-
alone, although very little from this contment Duduk (1984, USSR) reports decreased length'
of the lower internodes and an mcrease in stem drangener lodging resrstance and yield. '
_improvement in some wheat varieties, but not in others. K Rapparmi et al. (Italy, 1984) and

o Bengtsson, (1985, Sweden) point out that the degree-of reduction was not associated with the

w ¥
degree of resistance to lodging nor with grain yield after treatment of winter rye and winter
and- sprmg wheat Ubelhor et al. (1984, West Germany) report a 15 year study on chlorme ,
quat -effect on oat yield, where the most 1mportant influences w&on height degree of
lodgmg and yreld Bochniarz et al. (1983 Poland) found that in our ‘perennial grasses
(grown for seed) shortemng of internodes increased lodging resrstance' and that the mhrbrtmg
’ effect on int'ernode length was greater when plants were grown close together. Seed yield of
alfalfa was increased by an incréase in the number of primary branches (Dhaliwal and Bains,
~1§.83, Indial Strawberry plants produced more and better new plants after treatment with
chlormequat They were also more frost- resrstant GA had the opposrte ‘effect (Agafonov "
and Zakharova, 1985, USSR). C oo |
Chlormequat used on cotton deereased bud shedding (Ebard et al., 1984, Egypt)
whereas GA apphcauon mcreased bud and boll abscission. Another reason for the use_'of ! e
_ chlorrnequat on cotton is its accelerating effect on maturity combined with inhibited stem

o -

-



- .“,’ ’ 7.

L) & A RN N

" growth (Agakishiev and Kuzier, 1983, usﬁ- snaumarov and Turaev, 1982, USSR).
Promoting early matwrty of shoots and frost resistance in grapes was reported by Smirnow-- :
et al. (1984, USSR) and Kezeli and Beridze (1982 USSR) Reducing veg tative growth and

inducing early croppmg in pears was achteved by Grauslund (1983, Den ) rk) and Houten

.

(1985 Netherlands) Advanced fruit maturity -and increased fruit set in t{r followmg ycars &
in peach was obtlrved by Sinha et.al. (1983, Indra) On the other ha‘ d increascd shoot
. length and delayed rrpemng of peaches was reported by Mansour et al (1 “ Egypt).

"v) '

N e

Physfolog’ical Observations

Reduced transpiration combmed with retarded shoot ¢ ’ YOW'th in appl e ;yhich was
.coyasaracted by srmultaneous apphcatrons of mmeral fertilizers) was reported byq Kornesku
(1983, USSR) The use of chlormequat during drought, because of increased relative water
tontent, was recommended by Balasimha and Subramonian (1984 ]ndra) on cacao seedltngs
and on Cyamopsis tetragonoloba (cluster beans) by Vard et al. (1983, India). )

Decreased shoot herght increased root dry matter, but ne ef fect on leaf number and ‘
area in Vicia faba (broad bean) was reported by Abdul and Sard (1984 Iraq) whereas GA,
1ncreased plant hejght, legf nun;rber- leaf areafand shoot dry welght On the other hand, stem
elongatron by 10 to 100 ppm ch]or.&quat sprays on Vicia faba was reported by El- Beltagyb

. eral (979, Egypy. S

In Phaseolus yulgaris (bean) seeds treatment with chlormequat bef ore sowmg resulted :

the total" amount of
ose authors conclude
'. In Dat.ura
narnely growth

// retardatron and alkalord content depression (Awad et al., According to

7

v
.

Mostafa et al &1984, Egypt) chlormequat modrfrés the inhibitory effect of sahmty on
cambrum activity. The latter authors also observed enhanced conductive tissue drf f erentratron

i{l the leaf midrib, more cells and decreased intercellular spaces in the leaf and more and wider
L <

-

Y
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xylem vessels and phloem elements in secondary 10018,

Effect on Ornamental Plants

Very dif fering results by chlormequat ‘o ornpamental plants are’ reported

-

- Unfortunately, often the growmg hcondluons are not mcntioned On Anisodontea capensls

L]

0.5% in the irrigation water was effective. whereas.on Cestrum purpureum, a long-short day
(LSD) ‘ plant, which srequires a long day (LD) petiod followed by short days (SD) for

flowering, did not react (Bleser et al., 1985, Germany). Reimherr (‘1984) found in addition,

. that Anisodontea. capensis flowered earlier when treated with chlormequat. Antirrhinum
‘ , et o

mafus L (snapdragon) was found to produce more flowers after chlormequat treatment
(Sarhan and El Sayed 1983 Egypt) whereas GA; produced the largest flower stems. Cathey
(1975) had reported that a drfferent cultivar of snapdragon did not react to chlormequat
Campanula carpatica grown in pots for flowering plants in spring under.16 h hght prodnced
shorter internOdes after a 0. l% chlormequat sp'iy than without treatment (Schrnidt and

Brundert, 1981, Germany) On carnatron 0.25% hlormequat produced more large flowers

. only when 18 h days were provided, whereas 0 5% chlormequat reduced tho flower productxon

(Bylov and Smirnova, 1984, JUSSR)." Yonemura (1980, Japan) found that 40 mg chlorme-

quat/pot applied 10 days after pinching resulted in the optimum retarding effect in carnation = -

oV, 'Piccadilly’;; e

In Chamaelancmm uncindtum chlormequat substituted for four weeks of SD which are

hd - - A

normally | requrred for flowerrng. GA sprays or LD treaiment sunder otherwise
flower-lnducing fall conditions reduced the number of flowers per plant (Shillo et al., 1985,

Israel). Foliar sprays of 1500 nrg ‘chlormequat/4 water were found to be ineffective on

,chrysanthemum (Reed and Nightingale, 1983 USA) whereas Cathey (1975a) reported that a

spray with 1000 Ppm chlormequat was effectlve .Reduced mtemode length in chrysanthemum

 was also reported by Bachthdler and Jansen (1985, Germany) but they point out that

~

ternperature had a_greater effect onv)growth as well as on ?)wenng. Increase in stem length
ynder risrng temperatures (to 24 ’C) yas reduced more by S
S}

ADH than by chlormequat at

AY

[}
—
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0.6%. »
In Gladiolus chlormeouat and SADH increased Tlower size, whereas GA,, 1AA and
NAA increased the numbers of flowers per spike (Battacharjee, 1984, lndia) In Hydrangea—

macrophylia transpxrauon and wilting were reduced: moge by an anmranspiram (Elvanol) in

‘_,conjuncuon with chlormequat than without chlormequat (McDaniel, 1985, USA). In

Hibiscus® rosa-sinensis cultivars diffcfed, requiring slight,- méderate or great quantitics of )
chiormequat for the .production of compact plants and good flowering (Beuzenberg. 1782,
Netfxerlands).‘ Reduced \length of iolernodes. lasting for three years, on several Hibtscus
species as well as other woody Malvaceae, such as Alyogyne heugelii, Lavatera plebeia and
Gossypium sturtianum were reportcd by Scdgley et al. (1981 Australia) lo Jﬁmlnum ‘
grandiflorum chlormequat and B-9 induced early flowering and retarded vegetauve growth
(}_ia;tacharjec, 1983;India, 1983). On Lilium tigrinum BattacharJee (1984) found reduc,cdv

height and improved flowering after spraying with 2500 ppm chlormequat (also' with

L 2500 ppm SADH). Cathey (1975a) reported no effect on Lilium Ior;glﬂomm Thumb. In

Lychnis iriple sprays of chlormequat reduced growth slightly, but at 0.8% it damaged the

leaves, whereas SADH was not effective (Zimmer and Gebauer, 1984, Germ;ny).

. In Méthiola incana (stocks) and Aithea rosed (hoilyhock) chlormequat atJ>500 mg/4
decreased 'plant height and length of inﬂorcscences. but increased the ‘nu
shoots, inflorescences and ¢flowers; it also advanced flowering. GA, at 60 mg/£ incrtased
shoot growth, but had no effect on florescences or ﬂowerd (Hamza and Helaly, 1983,
Egypt) In Tagetes érecta moderate grow&{ reduction and an increase in flowers, per plant at

-

500 ppm chlormequat or 750 ppm TIBA were reported by Parmar and Smgh (1983 lndla)

.Cathey_ (1975a) also found chlormequat ef f ective on this species.

In Pelargonium hortorum (Geranium) chlormequat’ was found to be effective ,by

v

Cathey (1975a). Since geraniums are produced in great masses for small and large containers

in ‘'sunny locations many researchers have tried to find methods to keep them compact whcn

- the hOurs of sunllght are still short. All workers reporled reduction of internode length at

repeated 1500 ppm chlormequat sprays or one 2400 ppm soil drench, whcreas the mflucnce on
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flowering date seemed to vary. Advmced ﬂowering was reported by Miranda Jand Carlson

(1980, USA) Sytsema (1984, thhcrlands) Bachthaler and Jansen (1982, Germany) and *
Vinceljak- Toplack (1983, Yugoslavia). White and Warrington (1984a, 1984b, New Zealand),
however, ?und no effect on flowering date by chlormequat, whereas a rise in the daily mean
tempcratqre'T rom 16 ‘C to 18 °C or 20 °C, acgelerated flowering. White and‘Warrington ‘
(1984b) found a decrease in sta'rch and sugar levels in leaves when temperature increased: All
'authors rcport that flower and mfloresccnce su.es were reduced, but the number of-flowers
_ was increased by chlormequat Variations among cultivars in the effect on flowering date are
reportcd by Schwartz et al. (1985, USA).‘ Miranda and Carlson attribute theu resurl\t of
advanced flower‘in‘,g to a reduced light requirement for flower induction, as had béén
postulated by Jansen (1973). Armltage el al (1984/USA) reported that in geraniums chlor-
meqyat treatmem increased photosymhesxs transpiration and chlorophyll concentration and
reduced photorespxrauon for several days afler treatment. No interaction between chlorme-'
quat and shade level was found by Schwaftz ‘et al. (1985, USA). In t.reated and untreated’
plants . height increas;ed with the level of shading, whereas the number of flowers decreaséd,
“but thg effect of éhlormequat was greater in one cultivar than in the other;' |
Poinsettias ( Euphorbia pulchem'n;a) are one of the main crops for which chlormequat

is recomm:;:nded by .its producer. Cathey fo(xnd as early as 1959 thét poinsettias’ reacted to
. chlormequat. Shoot length was reduced rhost ef f ectivély during the three weeks following the
—-second (1500 ppm) sﬂraying,»t'h‘en development/;oceeded as in untreated plants, ‘but final
height was‘redlixcea* by almost 3D%\accoiding to Kuack et al. (1982, USA). Kuack and

Tayama (1983) found that foljar sprays (2 times) were more effective than soil drenches of

'Jaq hlgh as 3000 Ppm. Brumdert and Schrmdt (1983, Germany) recomméndd 'eight sprayings
- with 0.25% chlormequat, because soxl drenches of 250 m«/pot with 1% chlormequat gave
unshapely plants of low quality. Hendriks and Brandis (1981, Germany) even recommended
8910 weekly sprayings with Q. 25% chlormequat at 100-150 m4/m?, i.€. about 12 pots, to
. produce a meghum sized plant. Hendriks" ang .Brandlxs 61982) observed that ttge gffect of‘/

chlormequat was strongest.at low nitzogen: ratés. But i best quality plants were achieved
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with nitrogen applications as high as the plants would take up (700 mg N/pl combined
with- fortnightly, weekly or twice weekly sprayings to produce the wanted sigt of plant.
Barrett a‘nd Nell (1982, Florida) found that total plant_ transpiration was reduéed by 12%
‘f rom 495 mg chlprmequat/pot and by 24% from 0.5 ﬁ\é ancymidol/pot.

~ Effect on Begonias
On Begonia species the first report about treatment with chlormequat came from
Heide (Norway, 1969), who found it jeffective on Begonia X cheimantha Everett (Christmas
begbnia) at 18 °C, but not at 21 and 24 *C with 2 x 10-’M (2140 mg) ct!iorm:qual per bot.
. * With 5'x 10-°M (535 mg/pot) growth was even stimulated at the higher temperatures. The
plants were grown in 8 h daylight and 16 h weak photoperiodic supplementary light of 100 to
150 1x from incand'escent lamps. The chiormequat treated piams_ flowered much czglicr and
better than untreated plants, Heide fc;und the level of | extractable auxin reduced by chlormé-
)quat tyéatrﬂent and at{ributes this to reduced gibberellin activity, since in several plants
. gibberellin had béen shown to stimulate some steps in the biosynthesis of auxin. But he also
mentioned the possibility that chlormequat may also act dlrcctly by increasing auxin cata-
bolism, as Gaspar and Lacoppe (1968) had suggested. Helde thought ‘that the hlgh auxin

level in Begonia plants grown at high temperatures was probably the reason f or the reduced

-2pwth retarding effect of chlormequat with increasing temperatu}e

Krausf(opf and Nelson (1976) treated Begonia X hiemalis Fotsch. ~(Rieger Elatior
t;egonia) -with 0.3% a.i. in 180 m< soil drench per pot and found lhjs excessive on winter
gi‘own plants, -whereas neith::r 0.3% npr 0.6% were, effective on a summer grown crop.
Krauskopf and Nelson attribute this to the respective low and high light intensities. The same
authors fgund a 0.3%“spray of about 15 m< chlormequat solution effective, but observed
some f'oliar chlorosis. 5

Wikesjo and Schissler (1982) also reco;nr‘nended chlormequat sprays of low concen-

trationy 0.08%, two or three times, in -winter and four to five times in summer. Schenk and

Brundert (19805" trted tb improve the quality of Rieger Elatior begonias which were grown in

o L
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'~ named'A-Rest (Larson. 1985)

wlnter qurte closely together and had long and soft mternodes They sprayed f' our weeks after .
pottrng wrtlf‘O 05% or 0. 075% chlormequat two or: three - Jimes and fi ound the’ eff'ect 100 strong
In plants treated twrce and m plants treated three trmes margmal necrosrs was detected on the

gomas were produced by v, lf;lentrg and Knbsel (1981 1984) spraymg

0 3% chlormequat once at ‘the beginning of a short day treatment ‘ o
Holcomb (Pennsylvama 1979) found chlormequat effectrve on Rieger begomas when applred
' - as a spray or as a soil drench at 3000 ppm at 18 °C "under natural days extended by low
mtensrty mcandescent light &from 6 to 12 p m.. Holcomb drd not experrence the excessive
ctardatron reported by Krauskopf and Nelson (The reason for this: result Imrght be .
Holcomb s 4" pots whrch would not hold much drench) R L : ' . |
Chlormequat Actron | - . | S T I Al
‘ Accordmg to Goodwm and Mercer (1983) chlr'rmequat prevents. GA, synthesrs m the:
: . same way as chlorphomum does rt blocks the conversron of geranylgeranyl pyrophosphate to
copalyl pyrophosphate by mhrbrtmg the - A- actrvrty of ent- kaurene synthase Unlike |
chlorphomum chlormequat is specific to thrs one step in grbberellrn brosynthesrs and does not

affect the followmg one The rdea of Gaspar and Lacoppe (1968) that chlormequat may also’

act drrectly on auxin catabolrsm does not seem to be proven

——

IR D. Ancymidol L R

{

General Remarks » ) .
.,-7 I

' ~cyclopropyl ; (4 methoxyphenyl) 5 pyrrmrdmemethanol) was brought out in 1971_'

by Elanco Products Co. and is. also known as A- Rest ancymrdol or reducymol (Thomson ‘
\ .

1981) Thrs growth regulator first called EL 531 was: rdentrfr.ed in 1970. The commercral

‘ retardant ‘was to. be named Quel,‘ but thrs narne was not approved and the compound was

- -i\ S

hd
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Ancymidol controls the height of numerous floricultural crops. Cathey '(19'15)»fo (ljf:.,

_that 68 out of -88 oramental bspecies reaéted' to it, by far t’he'. highest number of the five -

~ growth retardants he compared. Never

' growers Larson (1985). thought the reasoh may be- that the growers are loyal to the older
_substances like chlormequat and dammozrde or, the fact that some species are extremely~
sensittve to low concentratron of commercral A«Rest algho%gh it is marketed at 0 026% a. i.
N (compared to 11. 8% chlormequat) “The main reason, .again, is probably the very hlgh pmt

- L T

because it is almost exclusively recommended for orgamental crops.’

i e

Use of Ancymldol _ | ; 'J
The only hon- ornamental on which ancymrdol seems to have been used is. asparagus
transplants. Adler et al. (1985) found that 0.5 ml/plant applied t~ .3 - ~ek old plants
enhanced produ‘ction of stocky, compact transplants | If applied to yunger .5 ~week.old)

, plants it mcreased the partrtromng of dry matter into fern rather than CIOW s,

Ancymrdol 1s wrdely used on bedding plants to produce and keep compact plants

" s (it has not been widely accepted- by co;nmercmlw

' Accordmg to Carlson (1980) all common ornamental beddmg plants with the exceptlon of

Vzola and Gomphrena wrll respond.’

| Ancymldol was found meffectrve only on a very few potted ornamental plants No
| ‘ effect was f ound by Adriansen (1980) on Paphxopedtlum (an orchrd) where ethephon was the
only retardrng substance found Very little effect was reported by Barrett and Nell (1984) on
-Ftcus benjamzna, but this mlght have been due to the 80% lrght exclusion in the shade house
X condmons whrch would strongly promote stem’ elongatron Although it could be expected that

»..,\

' the very high dose of }0 mg ancymrdol/pot would be able to counteracl thrs
Influence of Environmental Factors -

When low .light levels increased plant size absolute height reductlon through ancymidol

E was observed to be greater, although the ‘percent height reduction remamed about the same as E

under hrgher : u‘radrances in Lilium longiflorum (Werlqr 1978) after treatment wrth‘



0 5 0 75 mg/pot ancymrdol as soil drench Srmtlar results were reported by Willrams et al
(1986) on Laster lrlres wrth longer internodes caused by short periods of - ﬂuorescent aud
o4 ‘Y ‘ -

mcandescent supplemental light, ‘ : .
On Rreger begonnas Krauskopf and Nelson (1976) found a SOll drench of 0. 125 mg
‘ ancymtdol/pot effectlve under high as well as under low (natural) light conditions,
_supplemented by 4 hours of 108 Ix gncandescent light to prolong the photoperrod.. This result AR
was in contrast to therr results with chlormequat whrch caused excessrve hetght retardation at = '
0 3% drench in-a wrnter grown crop - and ‘had 'no effect on. begomas grown in surhmer.
: Holcomb (1979) reported good herght control in Rneger begomas by ancymidol as well as by -
chlormequat under natural'l:r'short days and 17 °'C mght temperatures.
e Hanks and Menhenett (1983) reported that ancymrdol (0.312-2. 5 mg/pot) dwarfed
| early and mid-season forced tulips more than late -season Crops. This' was partrcularly.so\ N
when the (outdoor) temperature following the cold treatment was relatrvely hrgh Hanks and -
- Menhenett, therefore, argue that under the higher temperature greater GA “mediated stem |
growth occurred before treatment and ancymrdol could not block this growth response 'v .
because it was already under way " |
| The only apparent mteractron between ancymrdol and photoperrod causing mcreased
'height in one cultivar of Easter lilies, was reported by Roh and erkms (1977) Thxs
happened when ancymrdol was apphed once or twrce (but not when it was applied three
times) to hlres kept under 21 "C. day and 15 °C night temperaturer under normal day length
' wrth the” photoperrod extended by 432 Ix mcandescent hght for 8 hours( Roh and Wllkrns

(1977), hypothesrze that the extended photopenod may have mcreased the potentral of |

grbberelhn svnthesrs ’ ; . ‘
.+ ‘ : o " . -
Medra Composttlon and: Ancymrdol Action ' ‘ N
: [ ] A2

-#The growing medrum was found to influence the effectrveness of ancymrdol Larson
et al. (1974), Tschabold et al. -(1975),,_Bonamr_no and Larsor_r (_1978) and Barrett (1982)
‘found tha&0.25 mg ancymidol/pot was effective on 'Chrysarrthemrrm morifolium in all media

3ey
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-'-except pme bark humus where three times that amount was needed Incorporatlon ol'

riversand or greenhouse’ soil to pme bark mcreased effectlveness as dld mcorpOrauon ol‘

" 'Ca(OH), Larson et al. (1974) explain that the ancymrdol may beé tned‘ﬁ in pme bark

Soxl drenches were: more effectrve than fohar sprays on Chrysanthemum (Laxsml
“ 1974) Holcomb et al (1983) had to use 2500 mg ancymxdol/l s‘pray soluuon cdmpared o

0.25 mg/pot in soil drench to achleve the wanted gr0wth retardauom in Chrysahthemum

Chrysanthemum) thfret (1981) did not achreve the desrred growth retardatlon on. pnxle

pomsettas by foliar sprays of ancymldollq o . . . . 2

- Soaking of ‘entire rooted cuttmgs m 50 mg ancymndol/l water f or 60 seconds resulted

in excessive growth reductlon and delay in flowermg, whereas soakmg m dammozrde solutions _

- Menhenett (1984). reports very lxttle actron of ancymrdol sprays in low concentratlons (also on

@

gave the desired results (McDamel and Fuhr 1977) “The. a_uthors attrrbut_ed the greater

dwarfmg ef fect to more rapid absorptron and translocatton
Vanous fi ertrlrzer levels produced dtfferences i stem length in Dtefknbachla maculala
(Jotner et al., 1278). But ancymidol and fertilizer levels acted _1ndependently',on growth

¢

response; thus increasing fertilizer did not overcome the dwarfing effect of ancymidol.
Varietal Differences in Growth Inhibition

Differences in the reduction of internode elongation not only among ’species' bm also
among cultivars, grown under the same condrt@ were feported for garden lilies, grown as

potted plants (Seeley, 1982; Staden and Maas, 1980) for -forced tuhps (Hanks and
Menhenett, 1983) and for dahlxas (De Henogh and Blakely, 1976)

.
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Influence on Flowering |
. | Although no kinl” luence on flowering, by ancymldol is reported for ._many plants in some
species dr cultivars it may advance and enhance or delay and reduce flowering. Both reactions

..

are combined with stem growth ‘inhib‘ition. Delay in’f‘lowering was reported for some tulip

cultivars -(Menhenett and Hanks‘,t" ‘1982/83.‘ S_'uh et al., 1983_), for some Easter lily ‘cultivars :

| (l-lammer, and Kirk, 1981; Lewis and Lewis, 1982), for Schiumbergera truncata (Christmias

cactus) (Ho et al'., 11985), for Chrysanthemum (Menhenett. 1984) and for one of two

: 'Aeschynanthus species (Adriansen and .Andersen 1983) On the other han,El"""advanced and

4

enhanced f lowermg was caused by ancymrdol treatment in geranium (Mrranda and Carlson,
1980), in pomsetnas (Kolza et al., 1982) in Schizanthus (Brrdgen et al., 1982) and m'
f‘\htlerodendron ugandense (Zrmmer and POttger 1981)

[N . o
2 .

Action of Ancymidol

.
5

-

Specific influence of ancymidol on gibberellin synthesis

Lt

o Koranski et al. (1979) investigated the influence of ancyr‘nidol, which is known |

to. inhibit GA, synthesis, on growth ‘and flowering of 'the strong! asponding -

‘Clerodendron' thomsaniaé . Ancymidol ‘greatly retarded .stem .elong-ation and markedly
'mc‘rcaSed flowermg under mductrve conditions, while treatment wrth GA3 sttmulated
'vmc growth and prevented flowering. In contrast_ to MA,, treatment with GA, had
little ef fect on vegetative growt(\but inereased flowering under'inductive conditions
The level of glbberellm -like substances determiried by broassay, .were increased in ancy-
mxdol -treated. Clerodendron. - Koranskr et al. therefore concluded that ancymldol rnay
be specrfxc for each grbberellm ie. 1t may %rease the synthesrs of GA; and thereby
affect the vegetatrve growth whrle sunultaneously prornotmg the synthesrs of other

grbberellms such as GA7 and thereby promote flowermg Koranskl et al. take” as

further support f or thexr theory that the' effect of ancymrdol on vegetatrve growth was '

@’
not strongly influenced by the envrronment, bu_t- its promotlve effect on flowermg Qas

‘depéndent on an inductive environment. . .- . >
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Changes in endogeneous glhberellins , # ' .
Okuby' and Uemoto (1§85) investigated the changes in glbberellih'content in
" tulip stems which were either rapidly' elongating because ol‘ dark treatment or‘were‘
inhibited from elongating by ancymidol. They foum that durmg the elongatlon-
promoting dark periods the amounts of free gibberellins and dtffusable auxin increased,
while bound gibberellin decreased. In light the free gibberellin and diffusible anxin
decreased while bound gtbherellin mcreased Ancymldol application prioryto the dark
treatment mhtbtted the increase in free gtbberellm and diffusible. anxin. Appltcauon of
GA, mtreased both elongation of the)stem and the amount of dif’ fusxhle anxin. It also
caused recovery from -'ancymido'l-mediated reductions in elon,g‘ation and diffusible auxin

- . NP

. content.

After excision of all organs above the first internode dark-induced elongation:

- was inhibited, also.free gibberellin increased and bound gibberellin decreased. The dark
treatment resulted ih internode. elongation only when IAA was applied. Elongatton also

occurred without dark treatment when GA, and JAA were applled Okubo and Uemoto

: (1985) therefore argue that the dark-induced elongatlon of tulxp stems is promoted by |

2

auxin, which is transported from the upper organs into the stem as a result of ‘stimu- -

lation from the dark-induced increase in free grbberellm.

Inhibition of gibberellin synthesis
Even Obuku and Uemoto staté that next 10 the conversion of bound to free
grbberellms m dark- mduced elongatton of tulip stems ‘there s also an increase in

grbberellm which can be blocked by ancymrdol This mhrbmon of gtbberellm synthesls

by'ancymidpl was res_earched by Ct')olb"augh and Hamilton (1976). Coolbaugh, Hirano

* and West (1978) found that ancymidol ls a veyotent, specific inhibitor of all three _

steps in- the sequence ent-kaurene - ent-kauren ent-kaurenal - ent:kaurenoic acid

" in the grbberellm hrosynthesrs pathway These steps .are all ox dations catalysed by .

'cytochrome P450 mrxed function oxygenam Accordm

Goodwm and Mercer

(1983) it is thought that ancymtdol interacts wrth t cytochrome P450 component

s - -
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ﬁis lntcr;cuon may involve the binding of one of the pyrimidine mtrogen atoms for

the protoﬁiem Fe of cytochrome P450, thereby preventmg the binding of oxygen to it
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A o 10. Literature Review: lnfluence of Light on Plant Growth
The three light Tequirjng processes governing plant growth are"Phiasgsynthesis, photomorpho-

genesis and photoperiodism.

A. Photosynthesls o

Photosynthesis is the rnost imoortant of the light requiring processes because radiant
energy ‘is converted into chemical energy wltich is necessary fox: the synthesis of the. organic .
compounds from which the plant is buill, Minimum irradiation levels 'for photosynthcsis‘

fvary between specres but are typically between S and 20 W/m2 or 2000 to{8000 Ix, which»
: generally calls for high- lntensxty discharge lamps in arttftcxal Hghting. “The photosynth&tlc
action spectrum hasq/axtmum in the red area at about 675 nm with a lesser one m the blue
at about 455 nm and a minimum in the green near 520 nm _(Anon. 1982).. - K

. But the most' i‘mportant requirernent for artifiéial lighting for photosynthesis lS in

practice, that it should contain a high proportion of its energy in tlte wavelengtlts between 400
.and 700 nm. Dif fflences in the rate of ﬂlotosynthesrs is more lrkely to be the result of other '

vzlronmental factors than of spectral distribution in the artificid hght used (Vince-Prue and
Canham, 1983), Therefore, for optimum growth, factors such as temperature, hurmdrty and
ntitrients shOuld be appropriate to the level and time of irrad_iation. | \

~ On the other hand, because of the peak of the sensiti\';ity curve for photosynthesis at
675 nm some authors think that some lamps are more effective than sunltght since their
energy is concentrated in the area of maximum sensitivity. But larnps emtttmg wave lengths‘
'exclusrvely around 675 nm would .cause excessrve elongatlon at the expense of formative
.growth (Anon 1982). | | o .

The quantlty of light necessary to achleve adequate rates of photosynthtw
consrderably in excess of that requnred for normal photomorphogenesrs. Plant .growett:

“ satxsféctory‘ at 30 to 60 W/m’ for a 12 hour- day or 1.25 to 2.50 MJ/m? per day Durzmp e
darkest weeks just north- of London whrch is only three degrees further South in lafitude t:an

Edmontop, vinside the vgreenhouse an average of 0.85 4MJ/m’ per day (which translates into:

1
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' . 18 W/m’ photosynthetlcally active radiation for 12 h per day) have been measured by Vlnce-

Prue and ‘Canham, 1983) Thig is stlll far in extess of the irradiation needed in photomor-
)

phogenesis to saturate the low energy reactxon (10 W)m’ for 200 sec) as well as the high frra- .~

diation response at 4.0 W/m? of blue hght (Furuya, 1968, Turner 1969, Vince-Prue and

20,

.

Canham (1983.)

©

‘'~ B. Photomorphogenesis

L3

The term photomorphOgenesis -today fhcludes all regulatory effects of light in the -
. I . .

range of about 300 to 800 nm on the development of plants, independerit of photosynthesis
(Sch(;pfer 1984, Street and Oepik,l984). On,tHe contrary Mehr'(i978) thought that definition
too brea‘d and gave his own as a non-directional developmental response to a non-directional,

’

non-periodic light stimulus. All authors seem to agree that photomorphogenesis is a specific

_adaptation of the autotrophic plant which is forced to® cope with greatly variable light

conditions in its natural environment in order to optimize the chances of survival (Schopfer,
1984), Secondly, all authdrs consider phytochrome as the most important sensor pigment for
the detectlon of photos:gnals from the environment and for makmgquse of this information to

regulate the orderly development of the living system (Mohr, 1978) The developmental

effects of complete darkness is  called skotomorphogenesm (Mohr, 1983). Photomorphogene- -
 sis and skotomorphogenesis are the extremes of a wide range of quantitative developmental

ad wptattons to light, rather:than all-or-none strategles (Schopfcr 1984).

Phytochrome actm,ty in normal green plants exposed to white hght is not easily

studied because green plants are dependent on light as an,energy source for photosynthesis.-
 Because of the unavoidable interference with photosynthesis the adult green pla'nt and its

~organs are complex and experimentally cumbersome objects for the investigation of the

mechanisms of photomorphogenesis (Sehopfer, 1984). Therefore most functional aspects: of
. Lo - L N
photomorphogenesis have been studied in young, dark-grown seedlings which are capable of

rapid development on the basis of their own stored nutritional reserves._ It is not clear how

" much of these results gained with hypocotyls can be used for light-gréwn plants.
2 »
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The phytochrome system enables a plant to sens¢ the spectral composltlon of light.
Under illumination of a mixed" spectrum phytochrome assumes a photostatlonary state in
.which the ratio of Pr:Pfr is determined by the proportion of different wavelengths in the light
(Morgan‘ and Smith,+1976). The generalized el‘fect is that plants, growing exclusively under
red light look spindly and have small lea'ves. This appears to be the result of ‘a lack of blue
light. For most species the amount of blue light neces'sary_f or normal growth is so small that

~ the daylight entering u greenhouse Wwill be sufficient (Meijer 81971).

C. Quality of Daylight and Light under a Canopy

,l Daylight‘ ‘
As long as»the sun is more than 10" above the horizon, the spectruin of the global -
radiation is reletively constant. A typical spectral distribution curve of daylight under a clear
midsummer sky has peaks in the blue and blue-green bands and, gradually, declines in the
longer v:'avelenéths (Street and Opik, 19847, Anon. 1982)‘. Clouds'as nonselective diffusing
~ filters lead to a small increase in blue (scattered) light, but little modifications at ‘longer
.4wavelengths (Holmes and Smith, 1977; Robertson. 19663. But;clouds can have very large ‘-
, effects,. up to 90% reduction, on the total photon flux in the visible light. Dust or haze in the
atmosphere tends' to increase the relative amounts of red light and reduce the blue‘in a typical
daylight spectrum (Robertson, 1966) IR
The R:FR rauo (photon flux on 655 to 665 nm/photon ﬂux on 725 nm to 735 nm) is’
1mportant because t‘hese bands are centered around the known absorpkn maxrma ol phyto-~
chrome. R:FR in davhgh??as found to be only very slrghtly affected by chmauc or cloid
conditions (Holmes 'and Smith, 1977).“ At latitude 53° N during da'yltght R:FR was f ound to
.average 1.15 i 000; irrespective of time of year or of weather conditions. In twilight (solar
“elevation between +10 and -10°) spectra were found to be rich in blue from the high amount

of scattered skylrght because of the’ increasing: path length through the earth's atmosphere.

The far-red portion is also high because of high atmospherrc refractxon, whereas twilight is

~
)
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relatively poor in the orange-red waveband. On a cloudlcss day (R:FR = 1 15) there may be *
a drop-to 0.8- 0.7 at dusk (Smith, 1982)
./
/*““\ .
rd
‘ Light unider Vegetatlon Canopy
Under canopies ndlauon consists of unfiltered solar ‘radiation, direct and dlffuse

which has passed through gaps insthe vegetation and of filtered radiation which has passed
through the vegetation and has there been partially al;sorbed, reflected, and scattered. Away
from sunflecks tfe spectrum is greatly influenced by absqrption by photosynthetic pigments
which reduces the ;Shot flux rates in .’Oxe blue and red wavelengths to very low, with a small
peak‘id the green and ‘a large peak in the far-red area (Holmes and-Smith, 1977). The R:FR -
ratio_ under vegetatioﬁal shade was found'to.!i‘hﬂl-ﬂ.so in a wheat field and 0.49-0.74 under a

stand of oaks (Smith and Morgan, 1983).

D. Adaption Reactions

&

- ' 7% &
Sun and Shade Plants ’
| }n established plants_ two basic responsés to shade are observed: avoiding the $hade
(throdgh photomorphogenic response) or tolerating gt (bho'tosynthctic response). Th'e 'shade
“avoiders' redirect their dévclopment in sﬁade to internode extension at thé expense of .leaf.
development, thereby keeping the young leavgs out of the .shade. The 'shade tolerators'
change 1o a highly efficient utilization kesy rces and low. growth rate. Therefore structural
a‘nd biocherdical changes occur jn tqi:iw:‘ti which enhance the effidiency of photosynthetic
'enérgy transduét/i!on and reduce respirdtory losses¥Smith, 1982).
_ Great differences exist in the light dependeﬁce of photosynthesis between sun pla\rits
and shade plants. In shade plants at low light intensity the rate of ’;ct photosynthesis is -
considcrably higher than in sun plants because of the low rate of dark respiration. HoweVer

hght saturation is also reached at a lower light intensity in shade plants. Shading of sun

.plants asa rule results in a strong declme in photosyntheuc Tates compared to light saturated

y)
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s well as in a decline in the rates of dark respiration. Bjorkman (1981) found in

‘ 4(Amplex trlangulerls) grown at one tenth of the usual photon flux a reduction of
80% in both rates compared o plants grown under the usual sdnny 'condltl‘ons. But the dark
«rﬁfhﬁon and photosynthesis rates of sun plants grown near their shade tolerance ii\mit arc
still much higher than in shade plants. Shade plants, on the other hand, have an intrinsically
low potenual for photosynthetic light accllmauon They havg a hrgh susccptrbility 1o light
injury. But, as BjOrkman (1981) pomts out, part of the problem may be related to correlalul
factors, such as adverse water relatrons \’\;\~

The most common morphogenic reactions are changes in leal physiology and stem
elongation. Studies on identical genotypes grown under differeént light regimens, and

s comparisons between sun and shade leaves of the same individual plant, have demonstrated
that the light response charaeterrstrcs of a plam or individual leaf may strongly be modified
by the growth hght regrme (Bjorkman, 1981, Morgan and Smrth ,1982), Larger and thinner
leaf blades are the most obvious features of leaves grown in shade. Shade leaves have a
thinner'cuticle and a much less developed ep’iderrnis which lets the green appear brighter. The
mesophyll has roundand irregular palisade cells, contrary to the high proportion of long
columnar cells in the palisade parenchym'a_‘of sun leaves,'which often develop an additional
layer of palisade cells. Shade leaves also generally have more chlarophyll on a weight basis.
especially chlorophyll ;) because each chloroplast‘ has more grana than those of sun leaves. In
some shade plants thylakoids are more highly developed in the grana. Chloroplasts in _leaVes
gro"raving in shade are arranged along tr:e cell walls in pattems ’;hat maximize light abso}«ption
(BJOrkman 1981; Salisbury and Ross, 1984)

Seedlings of the following dense’ grassland species elongated ‘rapidly under shadc:
Arrhenatherum elatius (oat grass), Betonica officinalis, Rumex acetosa,,(dock) and Plantago

- lanceolata (plantain'). Initial ‘height growth was negligible under shade in her’baceous‘ species
,which are restricted to low turf and bare soil, such as Arenaria serpyllifolia (sandwort},

Hieracium pilosella (hawk weed) and in trees whrch are proneers of abandoned arable land,

such as, Betula popult folia, Betula lenta and Rhus’ glabra ((}rrme and Jef fr rey, 1965).

\ |
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Thc only potted plam on which shadelight was reported to cause mlle&growth in closc
spacmg were seed geraniums, Miranda and Carlson (1980) attributed this to the lower R: FR

TRUO.

Reduced Light Intensity without Shade S 4

According to Smith (1982) a large body of work has shown incontrovertibly that
morphogemc reacuons occur in response (o reducuon m the total photon fluence rate
A (constant spectrum). In sgme, but by no means in all species reduced light levels caused
increased stem cxtension as a shade-avoidance reaction, but the most general responses seem '
to be changes in leaf size and structure, in ch_lofoplast number, distribution and structure and

. 4 , , . . .
in photosynthetic and respiratory metabolism analogous to those seen in shade-tolerating

g i : N
species in nature. ~

&
n

. Blackman and Wilson (1951) demonstrated that decreasing Jight intensity below full -

- daylight increased the ratio of leaf area to plant weight, theMatio of leaf area to leaf weight,

~—

and the proportion of stem for Scilla non-scripta although the net assimilation rate increased
o ,

. . |
with light intensity. Blackman and Wilson (1951) reported the same changes in Hekianthus

annuus (sunflqwer), Fagopyrum esculentum (buckwheat), Trifolium subterraneum-{clover),

1

Tropaeolum majus (nasturtium), Lycopersicon esculentum (tomato), Vicia faba (broad bean),

—

9
and Geum urbanum. ‘

In the productiou of potted plants the influence of light quantity has been reported in
recént years mamly in geraniums and Easter lilies. Geraniums Q)wn from sced as well as’
f rom cuttings, were, found to increase én helght under shade mesh which only changed light
quantity (Schwartz er al., 1985). Under 30% shade the dxffexence in height was small, but
under 63% shade height increased up to 62%. In Lilium longiflorum Weiler (1978) reported
" that low light levels increased plant size. Wilkins er al. (1986) reported that height of lilies
was increased s1gmf1cantly by reduced light duration (4 h compared to 8 h), as well as
reduced light intensities (4 h of 300 umol s'm™? resulted m 96 tm height, 4 h of
30 umol s'm? in 66 cm; .8 h of 6800 umol s'm"? produced 53 cm'jstems 8§ h of

e
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400 umol s'm-? 45&2 stems). In Pelargonium X hortorum White and Warrington (1984)

+

found high lkht to redfice leaf area and to keép plants compaci.
. \

Responses to Shanges in Light Quality in Artificial Light

“  Downs et 21). (1957) were the first to demonstratg fed/far-red (R:FR) reversible
control of stem development in ligilt-grown plants. Five minutes of FR at the end of ¥ hrs
of white -(fluorescent) light ;ncreased imembde extension up to 400% in Phaseolus vulgaris,
Helianthus annuus and Ipomea hederacea (morning glory). thn FR was followed bv
5 minutes R the effect was fully reversed. Kasperbauer (1971) found the ef fects gf end-of -
daysER treatment in tobacco to be similar to the effects of vegetational shade in ficld
conditions. Holmes- and Smith (1975, 1977) observed fhat planis grown in incandescent light
showed more stem extension than plants grown under fluorescent light and suggested that this
was due to the effect of R:FR ratio: Mo}gan and Srﬂith (1976) repc;r;ed that supplementary
FR added to béckground white light led to a stém extension rate that was proportional to the

N N

(theoretical) phytochrome equilibrium, at least for the range of phbtoequ‘llibr;*; found in

natural shade.

In order to study the effect of the blue and red wavebands and to reduée the influence

'} L . - - . 8

of the far-red region Warrington et al. (1976) used extremely high irradiances of 60 W/m?
and 130 W/m? on soyabean. - The plants under the high irradiance were very compact,
whereaslth; lower irradiance resulted in tall vine-like plants. Thoée guthogs depended On
: Meijei (1971) who reported that high irradia&é&’fevels reducéd the elongating effects of FR.

| ‘Thcxr results, though wefe not consistent with the measured blue/red ratios, but turned out
to be consistent with the R:FR ratlbs Rajan et al (1971) observcd taller plahts and largcrﬁ
leaf area under fluorescent c‘ombined with tungsten lampsocompared to plants grown under
fluorescent tubes alone. He worked wx&h Glssypxum hirsutum, Helianthus annuus, Phaseolus
" vulgaris and Zea mays. Thoma; and Dunn '(196'7) found higher dry weight'yield_s in tomatoes

under high red, moderate'far-r.ed and low blue waveband radiant energy compared to iamps

’

emitting higher blue radiation. _
. !
L )
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Changes in planti metabolrsm llave been demonstrated 0 be caused by changes in
‘ Spectral condttRms Warnngton and Mrtchell (1976) found that a bias in‘the vrsrble spectrum
mfluenced the part:nonfng ol' assimilates to the ‘various plant parts Under blue- btqfed (or
hrgh R FR) lrght a smaller proportron of photosynthate was utrlrzed to produce leaf area for .
l"urther assrmtlatton They observed a close relatronshrp between leaf area and dry matter
| yteld.‘ | \r ' ‘

'EvldeaCe. for the promotion of carbohydrate synthesis ‘under red_-biased light was

presem-.g by Krotkow (1969) and Ogasawara and Mryashr (°1970) in Chlorella and Szaz and

Barsi (1971) in. Vrora jaba Szaz and Barsr (1971) explam this as addmonal ATP productron

in cyclrc photophbsphorylatlbn lvna actlvauon of photosystem I. The same authors: and also

Voskregénskaja (1972) reported a decrease of fructdse and sucrose content under blue biased

. light; \(oskresenskaja (1972) attrrbutes the regulatmg role of blue light on the metabolism to
the absorptron by flavrﬂ: oI’ carotenords ’

On the other hand, protern concentratrons were reported to 1ncrease under blue btased

lrght (Hau3chrl¢ et al 1962) Warrmgton and Mttchell (1976) reported the sagte for

sorghum -and in partrcular for soyabeans. Soyabean totdl amino- acrd content was 22%

hrgher under blue biased (high R: FR) than under tTed - btased hght The levels of aspartrc

”acrd serme alanme and phenylalanme were all rncreased under blue brased but the levels of

-

’, - argmme glycme and valine were mcreased under ’red brased lrght (Raghavan and De Maggro

!

- 197). Voskresenskaja (1972) reported increases in protern content under blue brased hght ins

fern gametophytes (?te*?zdium aqwlmum) But Warrmgton and Mrtchell (1976) suggest that

‘the changes m\ protern concentratron ‘rnay be due rather o growth rate changes thafi to

§pecrf ie wavelengths The\ found that D a total leaf ‘basis the protein per total dry werght

was in fact htgher in red biased than i blue brased or hrgh R:FR light. S

.lnfluence of Lrght Quallty on” Apical Domrnancr’ \

f

Freld observatrons have shown that many specres branch profusely when groWrng i :

v the open but in shade they exhrbrt complete aprcal dominance (Kasperbauer 1971 Tucker
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over outgrowth ‘of buds. vae minutes of FR at the end of 8 h photopertods suppressed
branchmg in tobacco (Kasperbauer 1971) Irradxauon wrth mcandescent light-at the end ol‘
the datly whrte hght penod completely suppressed bud outgrowth in Xanthium strumarwm

,ucker and Mansfneld 1972) ‘Fluorescent light- alone strmulated ‘bud outgrowth in thc

s X After outgrowth has ‘started, elongation of axillaries is suppdsed to be promotcd by
_FR (Tucker afn Mansfteld 1972) : . o

Morgan z}nd Smrth (1981) pomt out that mcandescent light only corresponds to very -

2

sparse shade and theseforé‘e:rpenments with more realrs&c shade hght might show greater

;\‘ ~

' expressron of aprcal dommancenthan those observed by some’ workers who used mcandescent '

hght as the sole hght source for FR. They also state that no aprcal dommance was asserted in

/

Chenopadzum album and Polygonum perszcarza when grown under htgh or low fluence rate -

fluorescent hght whrch might 1nd1cate that in natural shade light quaniity would not be

responsrble for suppressron of bud outgrowth But Smrth (1982) found that in dayume_

simulated shade lrght (low R FR) lateral bud outgrowth was readily observed in Chenopodzumf
album and Sinapis aIba " . o . ' : o PR
Excrsron of the youngest leaves did not.prevent aplcal dongnance in mcandescent light
(Tucker and Mansfreld 1972) Morgan ‘and Smrth (1981) argue, theref ore, " that the axnllary
buds are involved in photoperceptron for thrs response Photoperceptton by the bud can be

.observed without drffrculty 1n Agropyron repens where buds break f reely in darkness, bt are.

parually suppressed by lrght (Leakey o al 1978) Morgan and Smrth (1981) pomted out’

that 1ncandescent hght is more ef’ fectlve than fluorescent light in preventmg bud outgrowth .

“and that 1t causes one shoot to assert-dominan: «f ter bud break.

é

4

N Growth Substances and Photomorphogenesrs

-
N

Accordmg to Schopfer (1984) lrght mterf eres with the realizations of genetlcally

»determmed patterns by selectrvel'y sturtulatmg {e expressron of some parts of ﬂe genetrc

information and 1nh1b1trng the expressron of others tlirough the catalytic action of enzymes.

27‘

,Mansfreld f@?ﬁ ln the controlled envnromnent R FR has had a remarkable control



“This would at least explam the hrgh specrfxcrty of photoreSponses. But olther authors hke
Street and Optk (1984) argue agarnst this 1dea because some phytochrome controlled events
' / ,
- occur within one mmute of 4 light” treatment .y ,
= There are many owanons that lrght through daylength or phytochrome may ehange

-
hormone concentra‘l:tons or balances between hormones or between dlfg:rent forms of the

same hormone. But no drrect correlatrons can be made between these changes and morpho-

genesis. The observed lrght effects on changes in growth substance concentratrons ma)' be the

. result of conversion between drfferent forms, bidsynthesis, transport or the number of brndmg

_ srtes. There are also many mdrcatxons that phytochrome exerts its -effect on membranes

and/or membrane assaciated structures ' These alteratlons may affect the sensmvrty of the ’

target tissue to endogepous growth substance action (De Greef and Frederrcq,v1983). But, as

the same authors state, '-‘It is easy to say that plant. development involves a continuous

re-routing of metabolic pathways under the influence” of envrronmental and endogenous cues,

but it seems very dlf frcult to come to grlps with the problem of what these changes are"

. L N
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E. Leaf Epinasty -

C)Y* s

. l}(‘ N " “ ".. e . . . N ~
Def mitlon and Causes

ek

The term epmasty is used f or an increase in the angle sﬁbtended by the adaxral surface

of a lateral organ and rts parent structure (axrl]aryr angle) as well as the dev“lopment of a

more downward orxentanon in plant organs generally. Epinasty is the curvature which results
“when the: adaxial (upper)side of a lateral plant- or'gan grows more,rap\idly than the .'a(baxial
(lower) srde When the abaxial srde grows more raprdly the rgsultmg upward curvature of the

organ is called hyponasty (Bzﬁl 1969) Eprrh occurs in lateral shoots, peuoles and fiower
]

)parts (Palmer 1972), although charactenstrcally epinasty takes place in organs with brlaterall :

symmetry. Radrally symmetmcal organs generaily execute tropic movements (Street and’ Oprk,

1984; Salisbury and Ross, 1985; Kang, 1579).'

&



Epmastxc rrtovements ‘are thought to be pnmarxly autonomous, i i.e. not mduced nor .
oriented by specific external factors. This separates epmasty from all tropisms which are.
oriented’ with respect to external stimult and from nastic varratron movements (Ball 1969).
However external factors are not totally wrthout effect .on epinastic responses Epinastic

' curvature can be modlf 1ed by light, gravity and temperature as well as by some plant patho-
gens and by water-loggmg conditions (Kang, 1979; Scyagnhaufer and Arteca, 1985a; 1985b).
\_,/ ' The purpose for specific curvature.in leafl petioles seerns to beto give the leaves an . '
orientation to liéht which is optimal for the species. When y'oung'l'ea‘ves emerge f Tom the bud
_ their axes appear to lie almost'r)arallel to the shoot axis, but s they grow the‘irpctiolcs
elongate and they bend down.Ward to fqmi an angle with_the shoot'.axis until a proper
@ orientation is achieved for pttotosynthesis. ‘ o - ‘ “

+
i

Physiology of Epinasty

@

The physioiegical basis of epinasty is still quite puziiing and ‘:probably not evexf the

same in all piants. Palmer (1972) stated that epinasty is a very complex phendmenon because

‘ . . ’ s

various regions and the various ages of tire leaf have varying sensitivities to epinasty -inducing

agents, which result in different kinetics for the process. Whi oung leaves epinasty’ is

eaves epinasty shows up

T

mduced easily along the entire pettole in ma!me no-longer- growin

only at the extreme base of the petiole. f o L

| Irtfluence of —éragity o I -

Since plants on biosatellites as well as oﬂ_cli_nostats s.how‘epinastic cur\(arturc' ol
the leaves it bis now bclear that eﬁinasty is not\ mainly a reaction 10 gravity, but is
‘primarily controlled by internal factors (‘Lyon 1963' kang 1979)' Nevertheless, ?:pi .
nasty can be mfluenced by geotropic SUmulatron ie. hyponasty can be produced in
inverted plants, whxch is an epinastic curvature in the sense of reversed polanza')on
(-Ball, 1969). Leike and von Guttenberg. { 1962) kept Coleus blumei plants_ with

"auxin-defieient lateral shoots upside down for three days, étherr applied 1AA 1o the tips
of the shoots and rotated them on a horizontal ciinoStat. The result was an -upWard
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cutving of the lateral shoot instead of the normal epinasty. ., .

‘Ethylene and auxin : o | n

. There seems tﬂo be nearly a consensus that, the growth Qubstances ethylene and '
auxin are mvolved in brmgmg about epmasty (SoekarJo 1965 Harper and Wain, 1971;
‘Palmer 1972 Baumgartner and Fondevnlle _1980. ande 1984 Amrhem and Schneebeck
1980 Saltveit and Larson, 1981 Beyer et al 1984; Schlagnhaufer and Arteca, +1985a,
1985b). The authors of recent artrcles eithier feport that auxm -induced epmasty is
reduced when ethylene synthesrs is inhibited (Schlagnhaufer and Arteca 1985a Amrhem
‘and Schneebeck, 1980) or that eprnasty mcreaSes when éthylene synthesrs is mcreased by
blue or fa?#ed light (Lumgartner and Fondeville, 1980 and 1984) or by reorientation, :
e.8. flexmg of poinsettia leaves (Reéid et al., 1981 Saltvext and Larson, 1981).

Only Reld et al ( 1981) exclude the possxbtlity that ethylene is directly
' responsrble for epinastic curvature. Their reasons are 1) that lack of IAA produced by’
the removal of bract blades mhrbrts eptnasty, and 2) that 1nh1brtors spec1f1c to ethylene

synthesrs dxd not change the. epmastrc angle Rerd et al. (1981) argue that

:, . redistribution of auxin, which may be mduced by ethylene is the cause for epmasty

Similar 1deas are accepted by Kang (1979) who suggested that gravity has an nnportant
inf’ luence on eplnasty _

J Bending of organs’ is generally beheved 10° be initiated by asymmetncal ‘
dtstrxbutxon of auxin, if not in all the tissues on the elonga'.mg siae of the organ (asv
- was accepted in the classrcal theorxes) then at least by- asymmetrical auxin drstrrbutlon
-within the cells ng the, eptdermrs (Mertens and Weiler, 1983) It has been known for a
long time that. ethylene has a strong n’ifluence on auxin- transport (Abeles 1973; Lyon
1963) ‘Kang and Burg in 1974 observed that ethylene always moves auxin agamst the
gravitational vector. Therefore Kang (1979) came up with the hypothesrs that’ auxm
- induces ethylene prod_uctton, and ethylene,.rn turn, acts on the auxin transport to brmg

- about asymmetric distribution of auxin; favorimg the adaxial side of a petiole.



Kang (1979) starts out‘wlt_h a gravitropic response, in which, aoEordlng to Hild

and Hertel (1972), auxin asymmetry is dne. to_the asymmetric_activity of auxin

" permeases at the membranes of gravistimulated cells, which leads to asyxnmetrlc auxin -

secretion from the cells. The ac_tivity-of the auxin permeases would be controlled by the

presence'of ‘the intracellular statoliths on the lower cell membrane, which perceive the

gravistimulus.

But constant gravistimulus. is counteracted by "time-dependent internal

-adaptation. It has been observed that lateral organs become insensitive to constant’

v

’grayistimulation and react only to -changes in' the direction"of the gravity vcctor
(Bennet Clark et al., 1959 Barstrdm 1971) This adaption would mean that the
pressure of 'the statolrths decreases and that there would be less activity by the auxin
permease‘ in the lower part of the cell membrane. As a consequence an increased o
syrrrrrierry of activity would be established. . .

Such adaptation could generally be expected to develop when an organ° is over-
stimulated. As proposed by Hild and Hertel (1972) oversnmulatron i.e. increase of a

physrologrcal stimulus after the dose -response curve has passed 1ts maximum, leads to a

decrease in response and. may even reverse drrectron According to this concept very

" strong strmulat_ron should lead to mactrvatlon of the auxin permease at the lower cell

membrane an® thus, to auxin transport. in the opposite direction, which means against
/ ; .

- gravity. After some time adaptation would riormally set in again and auxin"could be -

transported downward agam whrch would result m the usual drrectron of growth in
lateral organs. But ethylene is supposed to inhibit thrs adaptanon and, theref ore, auxin
could still be transported upward. Then the cells on the upper side of the peuolc could

still enlarg'e and the leaf would remain'epinastically bent,

Gibberellins

/
Eprnastrc curvatulre of petroles is alleviated or slightly reversed by gibberellic
acid (Palmer 1964 ‘Soekarjo, 1965) Palmer and Halsall (1969) proved that in plants i

pretrcated with grbberellrns auxin transport was greatly enhanced whereas ethylene

v
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" inhibited ‘_it._ They, therefore, thought it possible that GA and ethylene act on the same
regulatory system. Soekarjo (1965) stated that the GA, respdnse‘m'igh‘t be related. to
the level of the 'endogenous compounds inhibiting the activity of 'I.AA-’destructing

_ enzyme systems,

v

Light o - | B

. .Epinasty. is alsoﬁinflirenced by light. Photoepinaéty of .léaf blades is a typical

.. high irradianee resoonse and has maxima in the blue and in the far-red portions of the

~ spectrum- (Baumgartner and Fondeville, and 1984), Those " authors t;ou.nd that in .
S‘lnapls’alba the epinastic movements were ‘apidly induced by blue and far-red light,
whereas m red hght ther¢ was a latent perrod before the onset' of curving. Those

L authors attrrbute the promotional, drfferences to different physxologrcal changes in the
leaves under different light qualmes (rillm/ges,itl}!ll permeability and turgor in the
leaves: may be mvolved as prrmar)‘f effects of the hrgh 1rrad1ance reaction in the
induction of photoepmasty Th:s would be in accordance with the mechanism’ of a
opening and closing of Mimosa pudica 'leaves. which- involves turgor changes in the
motor aoﬁratus of the leaflets._' Baumgartner and Fon‘deville (1984) point out that,
although epinastic ph()toresponse is more raﬂdﬁ'induced in blue than in red.or white
light, the quantum requrrements for 50% epmasttc movement are the same for all three

light qua,httes. This could indicate that ﬂuence rate i more 1mportant than hght"

quality,

i«‘. Plagiotropism-‘

The regulattons and positioning of lateral organs shoots and roots, is termed plaglo-
tropism lt involves an epinastic control by the dommant apex tendmg to force the lateral
branches downward and a counter-acting negatrvely geotroplc effect on the branch whrch

tends to position it toward the vertrcal (Zimmermann and Brown, 1971)

s
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~ The term geotroprsm which has been replaced mainly during the last 20 years by
gravitroprsm ) is apphed to phenomena in whrch plant parts assume orlentations specifica]ly
elated to the direction of the plumb line. 1t is a mechanism, starting in the germinating seed,
to direct the; growth of shoots upwards "(negative gravitropism) toward the light and the |
growth .of roots downward toward water and nutriente (posittve_gravitropism).
Trees and Grusses
It was found in the 1930's by hmnch that girdling ofr trees at the base of theleader, as
‘well as d_gh,udd_ing and decapitation caused the lower branches to grow upward in hyponasty\ |
(Zimmermann and Brown, 1971). The degreeof upwardness decreased with the disfance
from the apex. Another result of the tfeatments was the formation of an auxiliary leader
which calised the lower branches to grow more downward again. The apical control of‘
piagiotropism-has been attributed directly or indirectly to auxin which was produced, in the
terminal leader, although it lS not known how the auxm transported down the main stem can

counteract the auxin produced in the tips of the lateral branches -
Branch angle can be modified by mampulatmg the environment. Hyponasty could be
- induced in some comfers by applrcatron of exogenous grbberellrc acid, which enhanced the
_ negatively gravrtroprc growth of a lateral branch after decaprtatron of the terminal shoot of
Cupressus artzomca (Phans and Kuo, 1977; Pharis et al., 1965) T)e growth appears to be -
primarily controlled by endogenous GA's.. The quantitative level of GA may -determine the
’ .f orm, and this may be modrfred through the use :of growth retardants and GA antagonists or
environmental. treatments (photopenod) both of whrch are known to aff ect the level of
endogenous GA (Pharis and Kuo, 1977). Pharis and Kuo f ound that the growth retardants
AMO-1618 and B995 and the GA antagomst morphactin modified the crown form of tall
Cupressaceae species. They stated that "in general, posmvely geotropic growth of the wbody

ghoot occurs under srtuatrons,assumed to reduce GA levels, negatively geotroprc growth in °

response to added GA."
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‘ ,l ‘ “The same reécarch group has lately foun& that gibberelling are also involved in the
regulation of negattve gravltroptc curvature in- intact Avena sativa (oat) plants Kaufmanr
el al. (1985) rc[:orted that just one hour aft% gravistimulation bottom segment halves
retained 22% more labelled precursor GA, 36% more free GA-like metabolites, and 48% more
GA- glucosyl conjugate -like metabolites than vertical segments. - In contlrast /the one hour.
gravistimulated top halves retained sllghtly less labfled precursor and free, GA- ltl(é meta-
‘bolites, but 21% more GA -glucosyl conjugate -like radloactmty than vertical segments.
- Herbaceous Dicotyledons ,

In herbaceous dicotyledons the evidence for the involvement of groxfrth substances in
gravitropic curvature is sketchy. In 1959 Dostal observed that tubers of "Circaea.intermedia

treated with GA, formed many long negatively geopfopic filamentous shoots, whereas control

" tubers developed horizontal stolons. Finn and Nielsen (1959) treated, among others, the
dicotyledonous species ladino clover, birdsfoot trefoil eod elfalfa with gibberellins whichy
resulte'd in an upright, open type of érov;th with litfle or no tillering while there was a dense
'éovef in the pots with® untreated plants. Stoddayd (1960) ‘treated red clover (Trl_folium ,
piatense) with GA, and observed early upright growth opposed to a no‘rmal,'early prostrate
growth. Bendixen and' Peterson (1962) found that gll;betellln’application released the stolo-
niferous strztwber'ry clo(ler (Trifolium'_’ frag_zt_.f“erum L.) from 'its natuigl li_ght-imposed dia-
tropism. ;Bendixefi‘ and Peterson came to the cotlclusion that ao interrelationship between the
.auxins” and gibberellins influenced the tropistic behaviours, since IAA applied together with.
GA reduced the reactioo 't‘i.me lwhe‘reas IAA alone did not have any effect on tropism.
Upwgr'd _ growth was initiated when Wallenstein and Albert (1963) applied G'A?f to Proserpina
palustris L., a species which grows I;r'ostrate under short days but upright under long days.
turned toward the llght but plants ﬂlummated vertically dld not. They concluded from the
effect. of photopenod that the responsc of the specxes to gravity was mediated by phyto- .

.ch_romc. They stated, "the phytochrome system therefore interacts with temperature and



" substances mrght change the response to the strmulus.
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externally.applled GA, to control leaf shapes, leaf'orientatlon. and the geotropic response of
the shoot." ' '

Mechanism of Geotropic Bending - <

- /

. 1 g )
The growth regulating mechanism of geotropic'curvature in dicotyledons is not under-
stood (Wilkins, 1984; Salisbury and Ross, 1985; Pickard, 1985). The involvement of growth

substances and GA in partrcular is a very contentious subject. Growth substances could be
4

involved in any of the steps in the reaetron cham of gravity- dependent orrentatton of plani
o .
organs in perceptron transductron .or celjular response. In the perception phase spccrlrt.

£
organs whtch&ecerve the gravity strmulus may be destroyed by growth substances. In the

4 R o %

transductron.'phase an asymmetry of hormones, protons or ions may develop, and the
4 “

.drstnb’utron .may be’ rnfluenced by growth substances drrectly or indirectly. In the responsc

-~ phase asymmetrrcal growth occurs in the asymmetrrcally stimulated trs%ues Even here growth

Ve
\)

.
cm e e st

Perceptron phase ‘
l In the perceptron stage the starch statolrth theory has ‘been tested in, many
‘A‘r.experrments and substantial evrdence for its validity has been found ?W‘lk‘lﬁs 1984) In

a representative experiment Mrles (1981) observed that in a non- photosynthetrc Zea

mais mutant the gravitropic responsrveness was lost after he endosperm was used up "

and the leaf shcath bases did not contarn starch any mor¥, But when the. leaf. sheath

‘l

was supplied wrth ducrose the amyloplast formed agarnha e shoot respondcd

normally to the gravity strmulus_. Moore (1986) found that only the redistributign of

amyloplast and’nuclel correlated positively with gravicurvature. Wendtand Sievers '

(1986) found that, afté,r high doses of centrifugation, endoplasmic recticulum cisternac

| relocated independent from the direction _of gravity and that this relocation restituted

the polarity in the Statocysts which is necessary for graviperception. Clif ford and
¢

Barclay (1980) argue agamst the 1ole of amyloplasts ‘since they found their sedi-

mentatron to be slow and 1rregular and that they the amyloplasts were movrng around

/



in cytoplasmic streaming in dandelion flower stalks.

Transduction phase N .

The transduction phase is still a mystery, ayhough mc;st authors believe that a
hormonal asymmetry develops. Tpe classical Cholodny-Went modelA"of 1926 stated that
trdpic curvatures were the result of unequal distribution of auxin by iaterall movement
.from the upper to the lower side. This thepry has been attacked most vigorously by
Diéb)‘-‘ and Firn (1976, 1979) and by Digby &t al. (1982) saying tt}a't‘the measur\ed
redistribution of auxin ,_ha_.;: never been observed to be ‘as dramatic as it should be
considering that the upper side of a horizontal shc;ot stops growﬁ'g comple“tely.

Mertens and Weiler (1983) also found only a 2:1 ratio of IAA in the lower
cogn'pared to the upper sidé of gravistimulated maize coleoptiles and no asymmetry of
IAA, ABA or éA’s in gravistimulatéd hypocotyls of I{glian:hus annuus. But ttxey
arrivéd at an hypothesis for the 'mechanisms of IAA invol*jement anyway, based on the
following results of their own and others. First, tﬁey found that the bending response
lag was the same after unilateral supply of sunflower hyboéotyls with. IAA as after
gravity siimulation._ They also found that high IAA concentrétions .accelerated bending
responses. Secqndly. they cite Brauner and Hager (1958), who reported that auxin
depleted tissue of. sunflower hypocotyls required the addition of IAA for bending.
(This point was mad-e' brecently also by Hatfield and LaMotte (1984) for maize
coleoptiles).  Thifdly, Mertens and Weiler go back té the findings of Mentze et al.
(1977) that auxin-enhanced ahd acid- enhanced growth was cohtrolled by the -epidermis
which keeps the inner tissues under tension (also'Sah‘sbury and Ro‘ss,‘ 1984% apd by
Mu‘lkey et al. (1981) that proton efflux at the lower sigle of thg -hypocotyl was
~ increased prior to ‘cu;ving, while giavitropic bending was inhibited.by neutral buffers
(Wright- and inayle, 1982). Mert}ens and \;lciler argué that the amount of exogenoﬁs
IAA which has to enter the tissue to enhance the residual“gravitropic_vresponse is soj
small that it does not detectably increase the average IAA levei in the tissqe.Be;ause the

amount of IAA already present in the tissue is quite large and consists (probably in all

)

™
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shoots) of a large, presumaébly inactive, aqd a small, potentially activé fool.” Gravity
would induce the release of IAA. into the active pool of those cells which have the

correct orientation in the gravity field. The actiye IAA would stimulate proton-

extrusion and thereby increase cell wall extensibility and initiate graviresponse.

Involvement of gibberellins in geotropic curvature,

The involvement of gibberellins in gkotropic| bending is even less undbm"\_oud
because the role of gil3berqllins in stém elongation is unclear. GA, treatments increascd
elongaiion. of Cucumis sativus t{yﬁocotyls (Cleland et al., 1968), Lactuca sativa hypo-
cotyls_ (St'uart and Jones, 1978) ais well.as Avena stem segmems'adams‘ et al., 1975),
but only 'in Avena was an in@fease in wall extensibility and release of protons into the
incubation medium observed (Hebard .‘et al., 1976). In cucumi)er hypocotyls Cleland
found that GA, treatment resulted in more than a 5-fold iricreasc in growth, butvnot in
an increase in wall extensibility. Therefore the acid .growth theory would not be

- applicable and Cleland speculates that GA, rathér tauses an increase in hydrqutic and
~proteolytic enzymes which then' cause an increase of osrr;otic concentrations in celis. :
Stuart and Jones (1978) found that lettuce hypogofyls in a medium of .pH 4.25 reached

—. only 10% of the increase in elongatioh caused by GA,, "zfnd that hypocotyls treated with
GA, did not acidif'y their incubation media, i.e. did not release protons. But neverthe- -

less e;(tensibility of cell 'walls_ was increased by GA, treatment as wcﬁ as by darkness.
Kawgmura et al. (1976) reporteci that GA, stimulated lettuce hypocétyl élongation by
biocfhemicall& modifying thé mechanical properties of the cell wall. It caused-a
substantial increase in cellulose and hemicellulose contem_ per hypo‘q()tyl. but their

" _content per unit length of éell wall decreased. Theref ore, those authors t'h'oughl that

%S

~

the ability of the wall to extend increased.

- 4 ’,
Other authors suggest that gibberellins act indirectly by influencing transport or

synthesis of auxinsl lOkubo and Uembto, 1985)'. They report an increase sin free
- gibberellin and diffusible auxin in elongating tulip stems after dark treatment. At the

same time bound-form gibberellins decreased. Dark induced elongation was inhibited

-
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' by decapitation, aithough the free gibberéllln increased. Okubo and Uemoto conclude

that dark induced elongation is promoted by auxin, which is transported from tfie upper

organs due to stimulation from the dark-induced increase in free-form gibberellin The |

same authors do not cxclude thc possibilty that at the same time the gibberellin may

A
also increase auxin synthesis m the clongating mternode

)

Model of GA- mvolvemem in gravitropism .

The only model for GA involvement th gravxtroplsm comes from Kaufman and

-

Dayanandan (X985) in grass pulvini. They hypothesize that the starch statoliths, when

falli\ng to the bottom of the statenchyma, are surrpuxiéed by the tonoplast membrane.. .

Thus, any enzyme associated with the starch statoliths may be involved in releasing
hormones, such as GA's or IAA from their conjugates. GA-conjugates are known to
be stored in vacuoles, from which they could be released since the falling starch

statoliths nmy act as vehicles to bring enzymes to the substrate compartments. This

could lead tb the release of free, active hormones from presumably inactive corijugates. ,

A similar proceés may occur in dicotyledons. 3
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IV. Research: Strength of Growth Retardant Solutions ‘ ’ o

"A. lntrodnction

The objective of this experiment was to establish the suitable concentration of the
growth retardants chlormequat and ancymidol for the production of compact Begonia lucerna
under a fairly low irradiance of mixed light from fluorescent and incandescent lamps 10

grow'th cha‘mbers with 16 and 9 hours of daylight. 0

Light . " -

»

Tubular fluorescent lamps are mainly used in phytotrons and multiple-layer cultures.

These lamps can be mounted close to tf§illlants because of their large luminous surfaces and

low wall temperatures./ According to rue and Canham (1983) white fluorescent lamps

kS

are the best to use when plants'are rely under artificial light because they have a
broad spectrum. They he,xve a very hidh putﬁut in the blue (400 to 450 nm)-and g.rccvn and
yellow (500 to 600 nm) area, but'aavery low 'por.tioﬁ in the far-red (over 700 nm) area\., 0
Many LD plants do not initiale flowers or do so slowly under fluorescent lights because of

their low far-red conten_f (Vince-Prue and Ce\mham. 1983, Nilsen et al., 1979, Holmes and .
McCartney, 1976). Therefore the’f‘addition of incandescent lamps is often recommendéd to
increase FR afid R, and thereby change the Pfr:Pt ot ratio. It is sugg&tgd KR the fluores-
ceflt/incandescem ratio should be. 9:1 in illﬁminaqce or 7:3 in installed famp wattage (( Downs

and Hellmers, 1975). Bgt other authors doulz; th'at this ratio is particularly suitable for pl‘ . ”,
growth m genérgl. SomeAspecies, e.g. tomatoes, may develop more elongated stems under -
fluoresce'm_ lar;lps alone than in a glésshouse. \ .

A relatiyely ‘low irradiance was used in this experinrent because such low light
condit.ions ate employed in Europe in the/ pr tion of the numcro{ls ‘Begonia species which
are grown there. Commonly in Europe a1hic1; tarpaiNjn spahs across the whole greenhouse at
a height of about two meters. According to Kaufrhan .- (1983) 5400 l; .of unspecified

light for 12 hours per day-should be sufficient for*begonia prod

a o
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Prchminary Experiments T | R '. Q\

‘- o In prelxmmary experrmems it had been established, that chlormequat and ancymtdol »
et”fectrvely mhlbrt elongation ©f mternodes in Begoma lucerna (Appendrx 1) and that all -
axrllary buds on the main stem could be expected to develop mto branches when the stem was

- pisched above the second or third vrsrble node (Appendrx 2). Pmched Begorua lucerna plants\
grown in a greenhouse with 16 h supplemental incandescent light and treated wrth varidus

- rates of growth re"tardants resulted in plants w1th the followmg average mternode lengths
g (compared to 4 cm mternodes in conirol plants) Ancymidol at 0.20 mg a.d. /pot resulted in
2. 47 cm mternodes 0.25 mg a d./pot in 2. 4 cm and ch.lormequat at 165 mg/pot resulted in
2 65 cm mternodes ib) mg a.i ./pot. in2.51 cm (Appendtx 3) Four unpmched Begoma

| Iucerna plants potted as horrzontally as possrble in a heayy basket,, kept in a shaded green-
house and treated with 0. 25 mg a. i ancymldol or 212 mg a. i. chlormequat contmued growth

in the duectron of the slanted stem. In contrast untreated control plants grew - upwards in a

: hegattvely gravxtropnc drrectro@er the same growing conditions (Appendrx 4)

- B. 'M'at_erials and‘-Methods

] | ‘ The 58 rooted | tmgs of Begarua Iucerna were potted into }1nch pots ftlled wrth a‘ :
‘ ,\mix of SO%Ipeat'and‘S %o vefmiculite wrth the following amendments per m3 J
| 8.5 kg agrtcul ral Jime - . o : o E
9.2 kg Nutncote 14-14-14 (slow.release fertrlrzer) '
0.04 kg f ritted trace elements .
; All pots were placed- m the phytotron of the Brologrcal Sciences Burldmg ina walk m

growth chamber of 24 C under 55% saran shade resultmg in 4500 lx (12 8 Wm’) composed
of 3240 lx (9.5 W/nl’) fluorescent and 810 Ix (3.2 W/m’) mcandescent hght Daylength was iy
' ' kept at 16 hours The saran shade did not alter the lrght quahty The hght was measured in .

lx { 1llummance) at plant herght and then converted into W/m® (1rrad1ance) according to |
"- Thxmrjan and Hems (1983) to make it comparable to data in the hterature The madgtces in

the red band (655 to 665 nm) and m the far red band (725 Yo 735 nm) e measured in

. .



~. . | S :'_ui'
uW/m’/nm in order to' calculate the R:FR ratio (Table 1).
The pots were kept in trays Tilled: with vermiculrte and watered by hand three ttmes
| per week All plants were pmched 5 weeks after pottmg to two, if short mternodes and
strong buds were present to three, nodes above sorl level Seven weeks af ter pottmg the pots '
were treated wrth the sorl drenches/of ancymrdol or chlormequat respectnlely (Table 2). ‘
Exp A. After t’eatment with gr)owth retardants seven pots of each treatmeni were -
kept in the same walk- -in growth chamber under the same condrtrons as- bef ore.
- Exp. B Three pots each of treatments A-2, C-3, and Control were fplaced in
. growth cabrnet m the AgFor Centre under 24 °C and 9 hours of 9300 Ix (22.8 W/m’) 7750 1x
' (18 8 W/m’) orrgmatmg from fludrescent cool white- tubes the remamder from incandescent »
;bulbs. The totally randomrzed experiment was repeated once. The pots were 1e- randomucd

4

wegkly,. Y '

_ C. Results

.{} "'i.

Notes were taken 14 weeks af).er pottmg The number of flowe;s and number of

i

/

/mternodes developed after" pmchmg were counted the internode lengths were measured and

the ’Walk -in growth chamber under 16 h days the stems of the control plants were.

qurte weak and would sag down without stakmg, while the stems of -all plants treatcd wrth

growth retardantswwere strong, although oﬁten horizontal in. growth It was 1mposs1ble 10 -

 stak he stemé’ of ancymrddl or chlormequay treated plants because they would break rather

-than bend. The srdeways growth did not enhance the appearance of the plants in-all t‘rree .
chlormequat treatments (C-1t0 C-3) and in the lowest ancymrdol treatment (A-1). The -
shoots were long ( Table 3) and the pl"ants were SO wrde that shrppmg would create problems
The plants in treatment A-2 and A 3, had strong horizontal growth, but sttll were of a .

manageable size' because the mternodes were short (Table 3). The cane growing from the .

W
-
-

v
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‘lowcst bud on the main stem, which was buried below the soil dtIring potting, always showed
the strongest horrzontal grthh ' The drrectron of thrs branch was always opposite to that of
the main stem. " All leaves were l4rge and had an excellent green colour with prominent srlvery

dots 'Flowering was excellent in all plants treated w:th growth retardants.
o

Control plants drd not exhrbrt any strong horizontal growth although they were quite

open and wide. The long tntemodes and long.stems caused widths of over 50 cm in sptte of

~

- the normal angle of the shoots Later these shoots toppled over (Figure 1)
»Treatment C- 1 made 3 out of 7 plants grow strongly horizontally (about 55° devratron from
; ‘the plumb-line). The relatively long internodes ‘enhanced that appearance, parttcularly when

the plants were older. Shoots‘ which were shaded strongly by other plants grew upward,

4

_producing a very long internode in the shaded area (Figure 2).
Treatment C-2 caused about the same type of growth as C-1, but the higher canes whrch grew

at a 45 angle balanced the appearance better although ‘the plants were strll too open and‘
s, v [ . v :
wtde. S : A
. r. s ‘ ‘1 . ) h . N N . i
Treatment C-3 resulted in some plants in which all shoots, including those originating from -
the root area, gIew very strongly horizontally (65° devlat’ron from plumb-line) (Figure 3)..

O
Other plants had more uprrght shoots and slrglktly longer rnternodes whrch made. the plant
look very open. Flowerrng was very good in this treatrnent . ‘ S
\/_}ﬂ g
Treatment A- 1 caused the same problems as the chlormequat treafments. Strong sideways

growth (45 ) combrned with long internodes created a wide and open app%arance (Figure 4)

Treatment A 2 resulted in the most attractrve plants In sprte of the horizontal growth (60 .
M

and more) in all plants the'short mternodes and abundant»flowerscreated a very compact,

healthy appearance.. The only draw-back was the asymmetry in some plants (Flgure 5)
whrch was allevrated later when the shoot from the lowest bud grew longer s ‘

Treatment A- 3'pla , -,/re also® 3ttractwg' butvgle leaves in sorne of them looked crowded and

‘b
| the lateral growth Q‘some plants turned mto downward growth (Figure 6) -~ >

, 3 -
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Experiment B Short Days

In the growth cabmet wrth 9h dayltght the results were very different, Flowering was

' much reduced compared to 16 h daylight. Chlormequat had hardly any ef fect compared 10

control plants whereas ancymtdol had a very strong effect on, internode length (Table 4),
The plants treated with ancymrdol bent just slrghtly f orward ‘
Control plants had very weak stems and did not stand up on their own. Internodes were. very
long (Table 4), flowermg was -poor, and some leaves abscrsed (thure 7).

Treatment A-2: Al pla.n;s had extrp;nely short internodes (Table 4) and restored apical
] ! ;‘.‘l& J

dominance. The uppermost

,_ E\ﬂbts bent slrghtly forward Leaves showed epinasty .

Ry
and were small. Only one plant developéd a flower cluster but that occurred directly on the .

(Frg,ure 7) because of therr shape. - \
C N

The plants developed few flowersb and were not saleable_ (Fi_gure 8).

D. Discussion

Experiment A: Long Days L

Lrght requrrernent
Begonza lucerna developed quite well under the Saran shade, despite the low

madrance Vince - Prue and Canham (1983) state that usuallv plants (which are not

) further specified) need 30 60 W/m2 for 12 hours for satrsfactory photosynthesrs If-

thrs were drstrrbttted over 16 hours 225 to 45 W/m would be needed for sattsf actory
growth However there is a great vanatxon between sun plants and shade plants and
even - between plants ‘of the same species grown under different condrtrons in the

SN ‘ :
requirement for photosynthetically active radiation.

‘main stem, not on a branch. Two plants of three were quite attractive and saleable,

. Treatment C- 3 This treatment showed little internode reduction (Table 4), Some stems .

- sagged. Leaves were very large and had good color except one very low leaf on one replicate. - .,
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Since Begonia lucerna, isa species w.hrgwas produced by a plant breeder it does

not have a native ‘habitat in which 1t developed 1ts characterrsttcs for best survival, But

the fact that rt has survived since circa 1892 (Thompson. and Thompson, 1981), in ‘the
. old and in the 'new world mostly being propagated yegetatively, indicates-that it must
- be able to grow under various environments It is accepted that sun plan:s"im‘ahl
to adapt well to lower light, whrle many woodland plants which grow naturally under a
%igher canopy are able to grow under varied condrtrons (Smrt\h and Morgan, 1983).
Begqnia lucerrra reacted like a woodland plant, and this should'eXplain why .i'tvgrows
| well in different environments. since such plants are on one l'tand able to photosynthe‘-

size under low photosynthetically active radiation and of ‘the other hand are able to

*

outgrow the deeper shade of other plants below the higher canopy Kaufman et al.r '

(1983) rate begomas generally as high hght requrrrng house plants whrch need about
5400 1x of .unspecified light f or 12 hours/day mentioning that flowering types may need

‘ more _If this hght were distnbuted over 16 hours the lrght requirement would be

v B

(4050 1x, exactly +he rllummance whrch was supplied to these plants This light- also |

appeared to be similar to the cr%rdltsons seen in Wagemngen (Netherlands) and- Gersen-
heim (Germany) where begomas are grown in summer under thick grey linen
tarpaulms although no' cane- llke species are produced tlapere Cane like Begonias can
usually stand more light and even some sun accordmg ’to Thompson and Thom;van
(1981). | '

Control plants grown under thrs low light without growth retardants were not of

marketable quality because the stems ‘were too weak at the bottom to. hold their werght

| They'f ell over without breaking after ahout 10 weeks of growing. The shoots always

" bent at the bottom of a long internode whether they were originating from the root

area or from a lower node of the orrgmal stem, This is a Symptom of too low light ~
rntensrty, where carbohydrate synthesis is somewhat low (Joiner, 1983) Probably the
. L ¢

plants shaded each other at the base. of ‘the stems and made the first internodes grow

longer and weaker because of i lQW-R:FR ratio (Bjorkman, 1981; Smith, 1982).

N
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The shoots from the root area did not grow up as straight canes under thls iow
lrght but grew out at about the same angle as the shoots growmg from the maln stem
" These shoots did not. grow more vigorously than- the other stems, whtch is unusual in
can_e.'-like hegonias._ Leaves were large in all treatments which is common under low
light (Smith 1982). Leaf size was slightly smaller in the encymidol-treated plants;

~
growth pattern of cane-like begonias.

~ particularly in the “shoots from the root area. The latter is in. keeping with the usual

 Effects cornrnon to ane);midol and chlormegquat |

In the plants treated with growth' retardants the stems were shortened enough 0 ..

hold their own -wéight, whether they grew strongly horrzohtally or in a normal

negatrvely geotroprc direction. If the honzontally growing shoots reached an area of

deep shade they wou-ld grow upward (Figure 2). As long as the plant grows in the
‘. drrectron of a stimulu$ of hrgher light this has to"be a phototroplc response.

But horlzontal growth of the lateral shoots generally in an evenly lit room where
the light source is above the plants eould not be phototropic. It could be a geo_t_roptc
re_eponse, however. As Blake et al. (1980) point out decapitation, gibberellic'acid.. high
light and their combination induce: "branch hyponasty ln conifers. Application,of growthv
retardants; -on the other'hahd, resulted in positively geotropic growth of lateral br’anches'
under short photoperiods, and this responee was prevented by simultaneous GA; .
application (Pharis et al., 1965). Pharis and Kuo (I977)- stéte, therefore, that;the

 direction of branches is 'prim_aril; controlled by endogenous gibberellins and could be

modified b)t growth retardants. In Begonia lucerna the direction of the outgrowing |
-branches' in decapitated i)lanté seems to0 be controlled in a similar wa)" by GA,; and light
levél. Since- the internodes in plants under lower light - were longer than under higher
light (chap. V) this may mdrcate a htgher level of GA;- actrvrty under low lxght if v'
there was such hrgher actrvrty, GA, did not prevent the posrtrvely gravrtrpptc response ‘
Therefore, Wallenstem and Albert (1963) are probably right in their opmron that the

response of plants to gravity appears als_o ‘mediated by phytoc_hrome-, which then
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rnteracts with gibberellins

Flowermg was promoted by both growth substances under long days, as had
been found in many spccres ‘Miranda and Carlson (1980) and Jansen (1973) concluded
-that the hght requrrement for flower rnductron after treatment wrth growth retardants
was reduced in 3eramum. The flowers? were well vrsrble in the plants treated with
growth retardants.‘ The clusters hung down from the nearl_y horizontal shoots with no
" interference from lower branches or leaves. For theSame reason the flower clusters
were‘particularly large. No leaves were in the way to break or inhibit the single flowers
or their pedrCels This is very important in Begonia lncerna since the cymose clusters
become larger over time, each pedicel grvmg rise to two new flowers. Some clusters had

nine generatrons of single flowers. From the second or ‘third generatron on only

female flowers developed. That increased the size ‘of the cluste_rs because the three

LN
»

wings; typical of the female begonia flows,r, are very large in this speciege.

' Effect of ancymidol | | | o

In the ancymrdol treated plants internode length in main stem branches
decreased .with- mcreasmg concentratron of ancyrndol {Table 3). The r’hte of decrease
was 8.6 cm/mg/pot (Y -8.59X + 5.1; 1 = -0. 99) On the data for cane mternodes
analysis of variance was not done smce not all plants developed canes. However when
means of the three ancyrnrdol treatrnents were subJected to linear reg_ressron, the corre-
lation coefficient was significant at the 0.01 level ZY = 176X + 1.8;1 = -0.99).
On]y‘th’evdata f or internode length were entered in a statistical analysis because inhibi-

tion of internode elongation was . the reason for the application ‘of growth retardants.

Number .of internodes on single shoots or caltes and number of flowers ‘per shoot were’

- Teported in the table to give an indi‘i:ation to growers what shape of plant to expect

after pmchrng and treatment ‘with growth retardants.

The shorter the internode thg stronger the drageotroprc growth seemed to be

AN

Even the shoots from the root area grew ho izggsally -and had only’ slrghtly longer“mter-

nodes than the shoots growmg out from the ongmal stem (Table 3) Thrs is very

"

.3
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uncommon in cane- like begomas The reason could be that under the low light
mtensrty under long days the rate of photosynthesis was so low that the plants did not

produce enough carbohydrates for more elongation (Vince-Prue and Canham. 1983)..

Secondly, the gibberellin activity is relatively low under low light (Blake ez al., 1980)

. and could be counteracted easily by a potent groyvth retardant like ancymidol. Thirdly, . ‘

. it is known that horizdntally érowing shoots elongate less than upright/o/es (Palmer,

¢

1964), although this phenomenon is riot understood.

~

Effect df chlormequat

. Over the range of concentrattpns used internode length of main stem branches
decreased by 0.07 mm/mg a.i. ch_lormeqnat/pot (Y*= -0.007X + 5.05;r = -0.99)I.
Since'not all chlormequat trea&éd\plants developed canes within the period of obser-
vation no analysrs of vartance was possrble and no clear trends were evident in can.es

¢ [

Internode elongatton was_inhibi strongly by ancymtdol than by chlor-

mequat, althdugh the amounts used in this ertpe iment had produced similar internode
lengths among treatments in.the greenhouse (Appendix 3). The reason for the weaker
action of ch\ormequat was probably the htghe temperature in thts expertment Heide
v (1969) had foumd that chlormequat dld not control growth in Begonia chetmantha at

[P YR

_24 ‘C. Bachthale and Jansen (1985) also qbserved that temperature had a greater

effect than chlormequat 0\{ the growth of chrysanthem_um. Other authors, like Kraus- °

’ kopf .and Nelson (1976), who attributed the weaker ef fect; of chlormequat on begenias
_.in .summer. compared ‘to_ plants‘grown.in winter to higher light tntensiti'es, probably
neglected tb consider the mfluence of higher temperature The numerous reports of
little or no effect of chlormequat observed .in Egypt point in the same direction (e.g.

Hamz.a and Helaly,- 1983) ol ' .

7
H

Internode length in chiormequat-treated plants decreased wrth mcreasmg cl(or- '

“. mequat strength only in the branches originating from the ortﬂna} stem, but the diffe- .

d

and C-2. The reason for the relatively long internodes in treatment C-2 could be that
. - . . ’

rences were very small (statistical analysis above).'parti;utarl bEtween treatmen'ts C-1



no plant showed any strongly horizontal growth All shoots grew at angles of about
45 ° whxch does not seem to be hefixontal enough to reduce the mtemode length more
than the normal reduction by the growth reLardant In treatment (*’1 and C-3 some
plapts had horizontal shoots with shorter mtemodes than the more upright ' growing
ones, which reduced the average length of internodes some&hz‘tt in these treatments.
Again, there was no dif’ ference between the angle of the shdoté from the main stem and °
.the shoots" fforh -the root ‘area (55 anel 65"), which could indicate phytochrome

invelvemem’ (Wallenstein\ and Albert, 1963) in a geotropic response, since chlormequat"
was obviously not strongiy inhibiting GA; synthesis or transpdrt in these plants. The
length of "the internodes-on the canes from the root area were relatively shori probably. .
because of the low rate of photosynthesxs under the low light intensity. The length did
not decrease with the increase in chlormequat concentrauon. rather the length was

greatest in C-2 with the relatively upright growth of 45 ° in all plants of this treatment.

Experiment B: Short Days _ . -
Plants gro§vn under 9 h days diff ered’ markedly from those under 16 h days, although
temperature and t'otai daily irradiance (from the same- light sources) were equal.
Flowermg
lélowermg was mhxbxted under 9 h light. While all plants flowered wéll under
16 h light in Expt. A (Table 3), only 33% of the plants under 9 h had any flowers
(Table 4). This shows that Begoma lucerna is not a short day plant, unlike some of the
Elauor begomas and that they Tequire long days to-ﬂower well. The‘temperature of
24 °C usually had a ﬂower -promoting effect, but the short photoperxod must have

overridden that effect.

‘Vegetative growth '
lntemode length-in the control plants under 9 h deys (Téble 4) was about .the .

* same as in control plants uhdef 16 h of low irradiation (T able 3). Thisis in .contraSt to
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(10 h) and also in contrast to Salisbur

Jungbauer (1980) who reported shorten & of stems in Elmtoé begonia under short days
\(1981) who agrees with Garner and. Allard

(1923) that stem elongatton in response to long days is probably the most widespread
\photoperrodtc phenomenon LSahsbury and Ross (1984) also show tomato plants grown
under 16 h light wrhh stems fwice as long as plants grown under 8 h light. But pholo-

period responses are highly specific and there are at least two reports by Heins er alv
(1982a) and by thkms et al.: (1986) that shorter light durations caused longer inter-
nodes in Easter hly Therefore there 1s a possrbrlrty that the long internodes in the
control plants and in the chlormequat treated plants were caused by photopertodtsm

I

It is more probable tho gh that- the relatively long mternodes are a photo»
o morphogemé reactron to the s ade produced by the plants in the small growth: cabmet
Vegetatronal shade is known to have a high proportron of FR and therefore promotes :
elongatron of the internodes. All the hght in the growth chamber came f ;om the ceiling
and the foliage of the closely spaced | plants shaded their own lower internodes. The
1nt,ernode whrch perceives the sh:@‘e also reacts to it (Gaba and Black 1983) with elon-
gation. Probably GA is .involved in this process because elongation is reduced by

growth retardants, hke ancymrdol and chlormequat which are known to inhibit synthesrs

Nt

of grbberelhc acid.

Since under shade, photosynthesis is reduced whereas photomorphogenic elonga-
tion is strmulated the quality of the elongatmg stems suffers (Heins et a
- They are weak_and topple over. Carbohydrate synthesis is probably so low that no
carbohydrates are stored, plants become leggy, sometimes with lrght green foliage, weak
" stems and essentially no flowering (Joiner et al., 1983). ‘ | — »
*In the short day experiment, analysis of variance revealed signlficant effect of
a.ncymidol on main stem internode lenéth. In contrast, chlorme%uat did not reduce |
r/‘iftemode length compared. to control There was also no significant dif ference between

the mternode length in the canes of the chlormequat treated and control plants, whereas

a significant drfference (.05 level) between the ancynudol treated “plants and the control

/



was evident.

Effect of ancymidol |

The epinastic leaves in the éncymidol treated plants mirror the results of
Begaréa lucerna grown under daylight (January to March) supplemented with incandes-
cent light to prolong the phoiopcriod to 16 h (Figure 9). In preliminary experiments
( Appendix 1) epinasty was observed in control plants as well as in ancymidol or chlor-
mequat treated plants, as long as th'ey were placed directly under the 1amps. Since the
plants in both experiments in which leaf epihasty occurred were bending ‘oﬂver only
“ 'sligh/tly. gravvity' probably was not inyolved in this response.  The treatment with
obvgously eft; icient growth substances which are known to inhibit gibbefellic acid syn-
thesis could play a part, since Palmer and Halsall (1962) and Soekarjo (1965) found
that gibberéllins pfobably had an indirect influence, through auxin transport regulation,
on epxnastxc curving of-petioles. _ , , .
Light quality, i.e. high FR content, probably had a great ef fect on the epindsty

in Expt. B, since the phenomenon was only observed under vegetational shade. Leaf
\qpinasfy also.had occurred before under 16 h incandescent supplemental light in a
greenhouse .(Appendix 1). Thesé are two situations where FR content is known to be |
high. (Anon 1982). Epinasty was not observed ,in the expenments under mixed light
when the R:FR rano was 1.4 (Table 1) which mdncates low FR content. At that ratno
it did not matter whcther the light intensity was low. ie. pnder shade mesh (Expt. A,
chap..IV), or higher, i.e. without the shade mesh (Expt. in growth cha'm.b.er\, chap. V).
vFurthermore, epinasty did not occur in the ‘greenhohse in winter when ’HPS-lightl was
used to supplemem daylight (Expt. m ‘Agreen.house, 4chap. Y). It is known that HPS-
light contains little FR (Anon. 198‘5). " | |
On the other hand, iﬁ the experiment reported in Appendix 1 the FR in the
‘igcandeschent lighth (16 h) had a great"cff ect. Sinéé daylight lasts only for abput 9 hours
in our area in winter these plaﬁts were exposed to 7 h of only incaridescent light, The .

photoperiodic 'incandescem ;. lighting piovided enough 'irr'adiation for the,

B v,
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photomorphogemc effect (Vince -Frue and Canham. 1983) these results seem to
.

- indicate that light quahty plays a role in epinastic bendrng of green petioles after all,

although if has been stated that fluence rate is more important in green tissug (Baum-

gartner and Fondeville, 1984). * o T wt

Ancymidol reduced internode length more under the short photoperiod in

Expt B than under th\lo.w light mtensrty under long days (Expt A), although lﬁﬁ)

total daily madrance was the sa& as in Expt. B. (204.8 W/m? per day under long days

compared to 205.2 W/m’ per day under shortvdays). The outgrowing pranches fad

: onlu a few internodes. The lower shoots which sométimes ~appeared rudimemmy

indicate that. indeed the high FR radia't'ion had a similar influence on tne ,grougtm\.‘as
reported by Kasperbauer (1971) for tobacco. Under the den'se'Eanopy of the higher .

growing plants the growth of the axillary shoots lwas inhibited, whereas the highest

shoot developed duickly in an effort .to outgrow the canopy (Tucker and Ma‘nsﬁeld.”

-~ 19-72).' Tfus quick developmem resulted jn formation of nodes at the same rate on the

v _ <
hest shoot as in the untreated plants. Internode elongation was inhibjted, though, by

e ancymidol be use gibberellic acid is involved somewpere in the process of elongation

caused by high P§ or low R:FR ratio (Lockhart, 1956; de Gréef and Fredericq, 1983).
The biosynthesis or the action of gibberellic acid was 'orobably inhibited by ancyn:idol.
In accordance with Krauskopf and Nelson (1976) ancymidol was found to be “¢ffective

. under high and low hght But according to the same authors ancymidol is more effec- .
tive under low light. Thrs could explain the extreme shortness of the youngest mter-f‘
nodes in the sideshoots of the ancymidol treated plants, which were growing in the

shade of the 'unueated' or only weakly reacting plants.

y
v

- Effect.of chlormequat | |
Chlormequat, on the other nand, probnbly nad no effect under SD because it
interacts strongly with environmental conditions. Krauskopf and Nelson/ (1976) found
- 0.3% drenches ineffecri.ve when applied in early October, but excessive when applied 0

a winter grown crop of Elatior begonias in North Carolina. Heide (1969) reports much

i
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higher efficiency of chlormequat under low temperature than un}er high temperature,
where even growth stimulation occurred under high lighi

”i’he lack of or very weak action of chlormequnt under.9 h light and 24 °C might
be due to the closeness of the plants in the growth cabinet The i&ler and middle
internod,es were especially long in these plants because they were shaded and the high ¢
FR content led to elongation through the involvement of gibberellic acid. The plants
probably also had a very, high duxin (or g‘ibberé?in) content si;iee they had been held in
‘a 24 °C growth ehamber' with 16 h daylight after pinchini and up to the chlormequat
treatment. They were. growing vngorously at the time of treatment, The status of
growth hormones in the plants seems to be of particular sngmf;cancc on the effect of-
later applied ehlormequat. Not only Krauskopf and Nelson (1976) report the mefﬁ-Q
ciency of tne later applied substance on begonias grown un er Lhe_f‘high ligh‘t' inxensity of
August and September, but also Wiifret (19@.4) reports it ine;‘ficiency on poinéettas

"treated before the end of September in Florida. Heide (1%69) mentions the possibility

?

.that the high auxin level of begonias grown at high tempegatures may be one reason for - )

Lo

the reduced effect of chiormequat E

Another concomltanfreason could be that the non- reacnng plants were reatchmg

‘Y‘r
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E. Conclusion
- ‘ .

Overall it can be concluded that ancymidol treatments, and especially the A-2 treat- .
ment with 0.25 mg (a.i.) ancymidol per pot resulted in ﬁi.r‘active plants of fairly even %izc
and shape. The use of ancymidol can be recommended for the production of Begonia lucerna
as potted plants, under the condi'tions descripcd.

| Chlormequat, on the other hand, cannot be recommended for the production of
Begonia Iuce}na. Its effecti‘ven'ess is hampered too much by the relatively high temperatue
néeded to shorten production time. Within the treatments used the plants were too diverse
for selling in size and’especially in shape.” Some grew upward and some horizontally under the
reiatively low light int_e'nsities wﬁich are §ommon in begonﬁa production. But chlormedual had
some effect on Begonia lycerna and since it is so ecpnomical growers are encburaged to try it~
under their own growing chiEions.

Another .important conclusion to be "drawn from Experiment B is that Begonia
fucerna, unlike some Rieger Elatior begodias. .is a lonig déy plant and needs more than 9hhours
® of daylight for acceptable flowering. , - 4

An abstract of* the results in this chapter was; published in HortSciénce in 1984

(Matahrens and Toop, 1984). . 20 2 " ‘
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. Research: Ferti.lizer”,vfle\n&perature and Light

s . . . o . ’ s

~ ) e . * ~ /

S R A. Introduction 7 ' . .

~

@hxs expenment was cameg‘ out to €tudy the mfluence of drfferent T ertrhzers on the Lt
development of Begoma lucerna. The. same walk-in growth chamber with the same high’
t -témperature as in Chapt Iv, Expt ‘A, and high but urtshaded hght was used to investigate

the possrbrhty of shortenmg productron time. A greenhouse compartment was also used

. <

.whnch turned qurte c;ht (to 16 °C) durmg a cold spell and recexved supplertnt:;l hghtmg from
o,

‘hrgh pressure sodxum lamps. The growing condmons in the two locatrons ¢ not drrectly ‘

/eomparable The greenhouse was used because the conditions are the ssme -as gIOWETS can .

-

p‘rowde The growt c a ber had the advantage that the light mtensrty could be changed'

highe‘st 'outpu't océurs in the 550 to 630 nm rapge_ Anon., 1982), but.there is some light

emltted as a contmuum thiﬁughout the visible spectrum cluding also FR. - For some species

e ’

-
HPS lamps do not emit enough blue for satrsfactory growthi.and ﬂowermg when they are used

.as. the sole light "source (Cathey and Campbell 1975) But HPS lamps are hrghly recom-

: R mended and widely used as a supplememary light source for ay ight in wmter The Phrhps.

Company recommends 7000 ,to 9000 mW/m2 supplemental lrght froﬁ'x high mtensrty drscharge

~

lamps in wmter for 1mprovmg\vegetanve growth m~ Rleger Lorraine and Rex begonias
‘ : : ‘ + ‘

(Anon 1982) . " " \ : '

ey o :

Fertilizers  « R L B

. Begonias are not \iefwy\fee:ers and fertilizer levels should be kept low (Ball, 1975). -

bvere’nriched growing .medja" enco age growth at the cost of flowers. This problem' had to be

“ R N . B
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amount of fertilizers used, but only ratios of N, P,O, and

150 ppm N or less resulted in undesrrable plant size reductions. Some European publrcauom

: %l Ib/yard? magnesrum sulfate (580 g/m’) and 9.7 lb/gzgd;/ground limestone (5640 g/m’)

F’

e constdered partrcularly in the case’ of all\c:teriments with the tall Begonla lucerna Which was’_‘ '

. 8
to be kept at a manageable size: wi out §howmg de&te‘iency symptoms. Most pubhshed

recommendatrons for fertilizing Rreger begomas 1nclude slow release material and’ supplc- ‘

mental nutrrent solutions for watering. (WikeSJO and Schussler

pichenk and Brundert,
1980. Nelson et al., 1977, 1978, 1979). Unfortunately. these !‘r . pns never give the total
te in the watering solutions.

Nelson et al. (1978) who'researched Jhe nutrient requiremeits 'for Rieger begonias in -'depth

: state that weekly applications of fertrhzer solutions contammg 440 ppm N or more am

(v. Hentlg and’. Kndsel 1981 Reuther 1980) grve specific amounts of commercral l”erulner

mlxes (lrke Poly Crescal 14(N)-10(P)- 14(K)) which are not avarlable here. The problem ‘
wreh these mixes. 1s that their content of other nutrients is not made pubhc

Nutrrcote 14-14-14 was recommended for Rieger begomas by Holcomb (1979) al -
1 oz. /gallon of ?nedrum (6. 6 kg/m’) Osmocote 18-9-9 with a 8- to 9 months dlSSOluthl’l

<

rate was recommended by Maynard and” "Lorenz (1979) at 9 kg/m’ to be mcorporated in the

‘mix for Rxeger begomas Superphosphate amendments seem to be very popular in the

productron of potted plants They were used by Nelson et al (1978) and recommended by .

ereSJo and Schllssler (1982) for Rreger begonias at 12. 5 oz. /yard’ (384 g/m’) in addition to K

12, 5 oz. /yard3 Osmocote 14- 14 14 (480 g/m*), 5.5 oz. /yard3 potassrum nitrate (210 g/m‘)

( Wj

quurd fertrhzer addrtrons alone were’ tried fin this experxment since many growcrs

’supply'nutrients ‘with the wat‘er 'erther darly or weekly A fertilizer with the analysrs 15-30-15

was useu to ‘establish good flbrous roots"m the growmg medrum after potting and later. for

flower induction a;nd development L1qu1d 20- 20 20 was - used durrng the” time of vegelative .

growth after prnchmg

¥ .
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Prellmlnary Experiments
. -~ .
ln prellmmary experrments ‘the medrum contam.ms’ superphosphate (Appendlx 3) (m ‘
~ which good Begomd semperﬂorens as beddm{ plants Were proﬂuced) had caused watery spots
which developed into necrotrc crescents_‘ on the leaf margrns. “"Flrese lesrons made the :_plants
' .unsaleable "In order to verify that it vfgds?the :superpho'sphate in the érowing medium that was
responsxble for the damage the 0- 2(’ 0 mix (treatment 3) was included in this experrment
In Nutrrcote 14 14-14 amended medlum Begoma lucerna plants developed well in the
‘experlments A and B in chap IV, as well as in a' greenhouse in su (Appendix 6).
‘4 Nutrrcote 14- 14 14 was used in this experrrnent in order to verrfy that thig fertilizer could be
recommended to growers for. various growmg condltrons ‘
Osmocote 18-9-9 amended medrum'was used to grow Begorzia lucerna in a greenhouse
in summer ( Appendrx 6). Plants developed wrthout any problems gr the medium and showed
somewhat longer mternodes than those gwwn in 14~ 14 14 amended mix. " ‘ s
"' The medium amended wrth lime only. but watered in w1th 20-20- 20‘solunon was als0'
included in the kexperrment in the greenhouse in summer (Appendrx 6). Since this treatment
resultedjn very short mternodes it was decided to apply liquid fertilizer every second week. _
LAl plants used in"the... expeiment reported in Appendix ’6:~were verv compact and full
* floweringe. Since: internode length were observed to be relatrvely\long under low lrght mtensrty
‘(chap IV) it was expected that the same. strength of ancymrdol solutron would give a sub '
,stantral reductton under the hlgher hght intensity ln the growth chamber wrthout Saran ‘mesh.
| The quurd f ertilizers we;e used wrth (Treatment 4) and wrthout lrme amendments
_:(Treatment 5) to the growing medra because lime seemed mltrally to h ve a benefrcral effect ‘
‘on foliar svmprtoms in former experrments although pH had tumed out to be no problem in, -
J the range between 4.5 and 6.5. This is also mentroned in the hterature for other Begoma

i specres (Schenll and Brund;rt 1980; v. I-lentxg and Knosel 1981)

f
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B. Materials and Methods

Peat- vermiculite mix ’(1:1).was used .as 'a growing medium with the f ollowing aolendor
Cmensperm*: . . : '
Treatment 1. 9.5 kg Nutricote'14-14-14,

8. 5 kg agncultural hme |

r0 043 kg fritted trace elements ‘
Treatmént 2. - 9.5 kg Osmocote 18-9-9  ~

| 8.5 ke agriculural lime .-+ . . . -
' 0.643 kg f ritteo trace elerrients |

Treatment 3. . 2.85 kg agricultural lime

1.25 kg 0-20-0 (superphosphate) . -

0.60 kg 14-0-44 (potassium fitrate) -

.' 0.06 kg fritted irace eleniems il ’

-:'I;reatment 4. 8.5 kg agncultural lime, watered in with 100 ml 0.05% 15 30-15 soluuon
‘ , -weekly 100~m1 0.5% 20- 20,20 soluuons unul ancymldol treatment, weekly
15-30-15 ,soluuons thereafter. (Feruhzer,‘apphcauons in the greenhouse
were reduced during a col'd.' spell), |
Treatrﬁeot 5. . Nosoil amendments,
° liquid fertilizer stmpli!ed.as in treatment 4.
.I'n'Octoﬁer 1984' ten Tooted tip cuttings each were jpotted infgrowiog medium treatments 1710.. k
5. Five rooted_'leaf Bud cuttings each were potted in growing medium ireatmems l and ‘2.:
Five Apots with tip cyttings‘ in"each :of ;he 5 treotments were 'plaeed‘}in ea'et:x" of the f ;)],lowﬁx{g. -

-~

-

_environments: .

‘a. a growth chamber at- 24 °C W1th 16 h llght of 8000 lux 123.5 W/m? ) total )
composed of 6400 lux (18.8 W/in")“‘fro& ﬂuorescent and 1600 lux (4:M W/m*)‘

fmm meandescem SOUICES. ¢
b. a greenhouse compartment at 19 ‘C (:t 3’ C) thh dayhght supplememed w:th ‘
HPS- lamps of 3150 lux (7.7 W/m’) and an. approxxmate total of. 5400 lgx

M
\
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© (16.9 W/m?) measured under cloud cover and 17,300 lux (6.5 W/m?) measured

_‘ on a sunny day.’

4

All pots with leaf bud cuttings were placed in the greenhouse (s¢e b above).

" Four weeks after potting all tip cuttings were pinched to 3, and Jeaf bud cuttings to

o

8; two nodes above the soil level Seven weeks after potting all pots were drenched with
- 0825 mg a.i. ancymidol per pot. All growth chamber and greenhouse experiments were

' *'\ t\arranged ir a cortipletely randomtzed desxgn havmg 5 repltcates of 5 treatments.. Experiments
‘ were re,-randomnzed at wee,kl,v m_teryals. Notes were taken 10 weeks and 14 :weeks 'after

aq

‘ 'pdtting. A chem'ical analysis of the l_eaf tissues was done by Norwest Labs.

¢
-

"~ " C. Results ‘

L ' ‘tf"i’_ . ; y

anferences beween Plants in Growth Chamber and Greenhouse
\The ‘main drf ferences between the two Tooms were 1) the Begonia lucerna plants in the
19 C greenhouse compartment deVeloped moge slowly than in the 24 'C growth chamber in
. .spite of the higher lrght durmg day time in the greenhouse., (Tables 4 and 5) This was
expresseq} in the greater number of mtemodes per shoot in the warmer growth chamber in all
but the barely survrvmg plants grown wrth 18-9-9, 2) the detrlmental influences .of soil
' amendments were more,r «strongly expressed at higher temperature and constant hght than

L]

under lower ternperature and vanable lrght intensity. More plants died m treatment 2 and the

9.

rest(were in much poorer shape in the growth chamber (Tables 4 and 5; Fig. 10) than in the

greenhouse Also more watery spots and papery necroses occurred in the growth chamber in

treatment,‘?}and S than in the greenhouse.

7
; .

Drffereuées between Lrght Intensrtres

The shoots’ on the plants grown ‘without shade did not grow honzontally as did the

~ ones. grown under shade When the mtemodes of the plants used in this expenment are

"compared to those grown under 55% shade cloth under otherwrse equal condmons (Chap V)

ad j—]

~

.
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.ii:xp. A, treatment A72) it becomes clear tha‘t the internodes under shade mesh are long'er. in :

s |

3

~

spite of the fact that the amount of ancymidol‘solution was kept the same at 0.25 mg a.i. per~

pot. The internodes of ‘the plants grown in 14 14- 14 mix under ‘shade mesh were 28 cm,

'(Table 3) ‘Whéreas wrthout shade they were 1 8 cm, on the average (Table 6)

Osmocote 18-9-9

‘In growth chamber - ‘

Osmocote 18-9- 9 (Treatment 2) resulted in the death of 3 qut of 5- plants in ihe
growth room (Table 5). The roots of the dead plants did not show any newly deve-
loped light-colored g‘rowthA The survival of the two last plants from the‘growth room
also seemed doubtful for some time. Only one of these could be pmched since the
other had not grown at all dunng the first weeks. The orrgmal leaves on the potted
cuttings became extremely brittle and yellowish-and abscised"later, whereas. the growmg
points survived and started to grow after some time. .’Only the'one plant shown in

- Fig. 10 der/eloped a number of leaves and a Telatively.great numbér of flowers. On the B
‘other survivor only the original (unpi‘nched) shoot was still growing (4 internodes),
whrle the shoot that had come up from the lowest bud below sorl had a dead terminal

bud In both plants th} lowest leaves showed some. margmal necrosis 90 days af ter
potting (Figures 10 and 16). The plants from the growth chamber did not have any

silvery dots. at all on the. \}ery light green young leaves which were the only sun"iving

- leaves. Leaf size was larger in this than in any other treatment. The healthrest sumvor

€ \ .
had 3 flower clusters but was not marketable because of 1ts colour and shape

In greenhouse

“* The plants grown in the 18- 9 9 mix in the greenhouse obvrously had been under
‘stress 100, since one out of 5 dred Some plants grown from tip cuttmgs lost the l% k
leaf whrch agam had become somewhat bnttle The 4 surviving trp cuttmgs 'did not-

show any srgns of problems even developed better and faster ‘than the trp cuttmgs

(; P : ’ .
....a: R M_ LT



potted in mix with Nutncote 14-14-14 (Table 6), which' was usually the most fav.rable :
mix for. growmg Begonia lucema Plants grown in the greenhouse had excellent green
leaves and promment silvery dots. No flowers were . visible after 10 weeks, but later

¥

these plants j' .

ed ‘profusely. These plants could be marketed, even before flowering

®¥olour and shape.

. Plants grown in 0-20-0 Mix

In growth chamber

#

The plants in the 0-20-0 mix - grew: qunte well 1n the growth chamber

(Flgure 11). but they developed many watery areas of up to 2. 5 cm m diameter close to ) . ‘*7’
* . the leaf margins which later- turned papery and necrotic. This problem was much more
+ . severe in the plants from the growth chamber than in those from ‘the greenhouse.

These were the '_same symptoms which had marred the plants in.the early stages of this
study.) SN

4

Not all buds on the orrgmal stems developed after pinching, some buds just

o

shed thelr scales but did not grow out. This always happened on the secona'oud from

the tlp. Some of the badly damaged lower leaves abscised, others sl::"e\djle yellow- A
ar

brownish discoloration.: The internodes on the canes ‘from the were long

’ i

(Table 5) and looked very bare when a leaf was lost No. plant looked full.. The inter-
nodes which developed first after. pinching were long con}pared 1o the younger ‘inter-
nodes. The leaves from the younger internodes were not able to adeqlrately cover these o
*. long stems. o | | . - N

.

% .~ The plants in thrs treatment flowered less and later than “those in the other
" treatments m the growth chamber. No plant was marketable because of the leaf

| damage and ate shape of the plants
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Ingreenhuuse s ' e ~°_ |
The plants grown in this medium in the greenhouse looked stunted. The out-
- growmg shoots had very short mternodes (T‘)le 6) which prevented a full appearam\
since every shoot was still visible. The 1mpressron of bareness was particularly bad ir
plants with long internodes on the original pinched stem, as is shown in Figure 11. '
Plants in- the gréenhouse had somewhat yellowish green leaves on which the
lw:jy dots were very small and faded. The underside of the leaves was brownish Ted
mstead of purplish red. Thd,suugf -the younger leaves was about average. Lesions on

¥
”

the leaves were still few and small after 10 weeks, but increased in number and size laier
. ¥ . . Es !

R N _
The ﬂower buds started 1o show color after 12 weeks, i.e. later than in healthy
plants in other treatment§ Flowermg never became as prof use as in healthy planls
These plants were not saleable because of shape and necrotic areas on the leaves /
[ |

" Plants Grown in Medium Amended with Lime only

In ‘growth chamber {
| Plants grown in peat-vermiculite mix amended with lime and, pr‘ovided with
weekly liquid fertilizer developed greal yigour (Figure 12). In the growth-ehamber the
growth of- canes from the toot area seemed to be more promoted thun m the green-
hou,s'e. This was the only treatment in which some plants produced more than one cane
per plant after only 10 weeks. In spite ‘of that these canes had a relatively great number
of | internodes (Table 5), and the imernddes were relatively long. In comrast,-’ the
branches.on the main stems, had fewer internodes than the branches on plams in the
. other treatmems The low number of branches on Ee main shoots turned out Lo be
4due to mlssmg' buds All buds whrch could grow out did so, although that outgrowlh
was d"efiuitely ‘havrn'pered on plants with more than one shoot growmg from the root

area The secgndary canes whrch later came up from qdvenutrous buds- below the soil

; line were very. vrgorous and had very long mtemodes Pinching of these canes to the’
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second node turned out 10 be very successful,

N The plants from the growth chamber were of a dull green to whrch the srlvery
dots dld not contrast well. Leaves which had been shaded were light green. There were ,
very few small dry areas on the leaf margins on plants grown in both locations. - These -
spots did not detract from the appearance All plants grown mbzée growth chamber ‘
* had small flower clusters after 10 weeks They would be somewhat difficult to sh'ip

because of their large size. Omrthe other hand, because of their size they would be in a

mgher price class and also could be har_vested earlier.

in greentiouse ) | ., | L x
The plants in medium amended with llme only but supplied with liquid fertilizer
(Treatment 4), and grown in the greenhouse developed excellently (Figure 12). In Spite
of the fact that the cane from the root area was still in the bud stage and did not
contrrbute anythmg to. the appearances, the plants looked very full, even’ when two only o
. shoots were present on the original stem The leaves on the branches started very close 4
to the main stem and grew on short internodes (Table 6), overlapping partly in-such a
‘ way that there were no uncovered gaps around tl’ plant
The color of the’ leaves grown in the greenhouse was very good, the s1lvery dots
{arge, plen__trful and very prominent. The srze,;:lof the leaves was relatively small, but just
right f or the .s_izel of the plantst. Only one gjant out. of five was fldwerln'g\ after
.10 weeks, but all flowered after 12 weeks. Overall', the plants gro"wn in the greenhouse '.,‘ S
in .this treatment after 10 weeks had the best shapef or marketing compared to all other «@ﬁ&ﬁ oA
. _treatments. They had the round look and were compact enough for easy ‘shipping. |

-

~ Plants Grown;in Medium without Ahy Amendment

In grow/th hamber ' _ .’«ﬁ%ﬁ} .
The plants without any amendment and supphed with @mmd fertthzer _

(Treatment 5) looked not qurte as vigorous, but as full as those g%wn with lrme in the

@s’

i
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medium (Fagure 13). The plants from thé growth chamber were of particularly good
shape The number of shoots per plant. and the number of mternodes per shoot
(Table 5) were shghtly higher in these plants than those in the limed ium. The
average length of mternodes on the branches grown out of the main stems we aboul '
the same lenggh as the mternodes of the canes. _ The advantage of these plapAts was that

" the mternodes of the canes were not as long as those from the lime amended medium
(Treatment fl)_. There were no canes developmg from adventitious buds, only.the usuai
outgrowth .l‘of .the lowest budo/nrhe cutﬁlng which was buried in the?’soil. ‘The leaves off B
the pla"nts :grown in the "growth chamber were somewhat yellowish and leaf sizc was
average Margrﬁal necroses made the plants unsaleable after 10 weeks, although lhe

damage decreased later.. All plants f‘rom the growth chamber were flowermg af ter

12 weeks, although only one out of five had showh color at ten weeks.

In greenhouse ,
The plants, grown in the greenhouse also had more internodes per shoot than
.those from the limed medrum (Table 6), but the avérage number of hranches on the
plants’ was lower and, more importantly, number and length of internodes were very
/ uneven. Aprcal dommance seemed to have set in agam making the highest outgrowing
shoot becqrne very strong and hamper the development of the lower branches on the
main stem. | “But the shape of these plants was goOdAs in the plants frorn the llmed
medrum nolshoot (even from the buried byds) had developed yet to make the plams
look uneven ', . "
| Leaves on the plants from lhe 'greenhouse had a good green color, but they had
leaf margins {f%wit_h necrotic areas. _vThese necroses were so small that the margins were
only:indenteci and the damage was not very visible, but it was present even on the
vou-nger leaveL. This damagefdid not occur in later growth. Leaf sizé"was smaller than
in the lime alne_pdr%d medium, on the plants grown in the greenhouse with the same
treatment. None of the plants from the greenhouse was flowering after 10 weeks and

only 3 out of ’5 were flowering after 12 weeks. Overall, these plants were of saleable



|
quality in spite of the slight damage ‘on the leaf margins "As in the medium amended

wnth lime the slower growing plants from the greenhouse were more attractive because
they had not yet developed any shoots from the root area and because the green was

deeper and the silvery dots more visible. ’ |

fa
)
f

Nutricote 14-14-14

- £

e
In growth chamber

The plams grown in medium amended with Nutricote 14-14-14 were the

healthlcst (Fxgure 14) The plants grown in the growth chamber were very big after

- A0 weeks. Every bud on the main stem developed into a shoot and the average number'

of internodes of 4.6 on these shoots developed af ter ten weeks was by far the hxghest
(Table 5). The average internode le?gth of 1.85 cm was just right for the size. Shorter
internodes would have hidden the flower clusters under the leaves. The only problem
regarding shape was the very fast growing canes from the llowest bud on tne main stem’

which appeared from below the soil ling. These canes had quite loné older internodes,

“which were 7 cm in most plants, and 10 cm in one of theém. Afier these shoots outgrew

the upper branches their new internodes became much shorter, but the appearance of

the plant was uneven. The leaves on the plants grown in the growth chamber had deve- -

»‘loped so fast, and a great number of them were stilll so young that they were still light

green with only pale silvery dots. Even on (he older leaves the dots were A‘not very
prominent. Many leaves had not fully expanded yet, since the plants were growing so
fast. Hardly any blemish could be detec'ted‘o’r'l the leaf inarginé. All plants from the:
growth chamber wer'e’ﬂowering ten weeks after potting, even on some of the shoots

from the root area. As mentioned before, the flowers were very visible because the
/ . ) -

‘-foliage was not too dense. The size bf the clusters wes excellent from the beginning, by

far the 1arges1 of -all. The Nutncote 14-14-14 mix is very suitable for producmg well
grown and good flowering Begonia lucerna. The plants grown in the. growth chamber
were ready for sale in regord time. They should be taken out of the'24 °C room. after

+
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~ Leaf Bud Cuttings

‘

elght weeks at the latest and then kept under lower light and lower temperature 10

‘harden off before they are sold. The plants were quite succulent and tall and therefore

somewhat difficult to ship, particularly if they have large flower clusters. On the other.

hand, such plants would bring a good price.

In greenhouse

Tip Quttings

2 1

~ The plants grown in the cool greenhouse were smaller because they had devclopud N

smaller number of mternodes (Fxgure 14), wherea< the length of the internodet wirs

about the same as for the plants from the gromh chamber (Table 6). This was true

not only for the internodes on the shoots from the original stem (1. 8 cm), but also.on »

the shoots originating below the s01l line (3.13 cm). These relatxvely long internodes

made the plants grown in 14- 14- 14 mix the highest of all plants grown in the green-
-

house. They were good plants, but could have profited from slightly more growth

retardant .or slightly less fertilizer. .

The leaves of greenhouse/grown plants looked perfect with their very healthy

‘green and numerous well sxzed silvery dots. The large size of these leaves looked

attractive on the relatively tall plants and increased the impression of lush healthy
growth. Only one of the five greenhouse- grown plants was flowering afLer 10 weeks,

but all of them were at ‘least showmg color after 12 weeks (Figures 14 and 15). The
plants from the greenhouse were of excellent shape for sale, although they were slightly -

on the tall side. But the helght and, particularly, th helght of the cane developmg
R

- from the root area, i.e. from the lowest bud. on the main stem, makes their appearance

second best in the greenhouse-grown group.. The best ones .were those grown ’lﬁ.' _

medium amended with lime only and provided with nutrients by liquid fertilizer, mainly

. because of their symmeatrical‘ shape.

/

-«

The leaf bud cuttugs grown in 18-:9-9 mix (Flgure%WMMnMewshmt

within 10 weeks afmr pottmg compared to 2.4 mtemodcs/shoot on the plams in
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14-14-14 (Figure 15). Therc was no significant differenoe between the lengths ofﬁntere*
‘nodes on the branchcs of the main stem on the plants grown in 14-14- 14 and !he plants

_grown wrth 18 9-9 (Tables 7 and 6). No statrstrcal analysis on the mternodes of canes -
il

growing from below the sorl line was possible since not all plants developed« canes.
However, rwo out of five 18 9-9 plants developed more than one cane from the root
area. Leaf coloGr was deep green with prominent silvery ‘dots, which made them

marketable as small plants even before flowering after 10 weeks. The shape of the

plants grown %rn‘m&bud cuttings was excellent, full andﬁ round. * ‘
) A | | ‘

" Rating
The final rating (1 16 5) of the plants grown in the five different treatments is' given

below. They are separated into 2-groups according to location because of therr size, since it is_

/

difficult to compare plants of such differing heights and wrdths A rating of 1 is most

desirable and 5 the least desirable.

/

In growth chamber under 23 W/m’ at - In greenhouse under vanable light at
24°C 19°C

1) Treatment 1 (with '14-14-14) : I) Treatment 4 (with lime only)
2) Treatment 4 (with lime only) * 2) Treatment 1 (with 14-14-14)
~ 3) Treatment 5 (no amendment) 3) Treatment 2 (with 18-9-9)
* 4) Treatment 3 (with 0-20-0) T - 4) Treatment 5 (no amendments)
¥ 5) Treatment 2 (with 18-9-9) ' '5) Treatment 3 (with 0-20-0)

This rating is mainly based on ma:rkeuibilit.y and survival. No plants grown with /
0-20-0 could be sold. But the low survival rate in the groywth'chamber! in medi\um‘ wich
18-9-9 resulted in the lowest raﬁng for this amendment. In spvit‘e of the death of one plant in
the 18-9-9 treatment in the greenhouse, two other media were rated lower because of damage

[N

on the leaves in both treatments and the extreme openness of the plants grown with' 0-20-0
. : @ . .
(Treatment 3). : d

v
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Summary of Results ' . : ,
# . . A ‘ L
Light ° : ]
. The most important general result from the experiments was that l)ight had a

great inflpence on the development of Begonia lucerna plants, teeated with growth

rerardants. Firstly, very low light was sufficient fof their develhprhent. 12,7 Wrm?

under shade cloth (Expt. A, chap. 1V), although th,ey grew well also under th¢ sAme

greenhouse under supplemental HPS-light (17.3 to. 66 S W/m ’). Secondly, ungcr shrf
mesh (Expt. A, chap.-1V) the new growth after pmchmg and treatment with ancymidol
or chlormequat had a very prominent mral.diréction which was not the case under
the unshaged lights (chap. V, in. growth chamber) under natural lighf il surymer
*. (Appendrx 6) nor under natural lrght supplemented- by high pressure sodium lighy in
wmter (chhp V W greenhouse) Thrrdly mternode length was long® under 55% shade

<l th tha.n under ‘the same lights unshaded and under daylight or supplemenlcd day

.

_ coul‘d be present in the cuttings taken from motherplants produced in 0-20-0 mix.“

)

condmons without shade mesh (23.5 W/m?) (chap V, in growth chamber) and n 2

sho‘wed up in'the plants grown in the 0-20-0 mix. The plan&s grown Y



~

»

- CN.SGents on thc leafl

A .D.DiscussionJ'r

e [ . : g P A . IR

. ) SR Ot . : - . \ )

| e I

. . N , . a . K
NI M . . N . . '

» Y - , ‘ .
- ‘ I . : et ‘ : : 'Y ‘Q .8
: ‘Smce the damage shows up only in older leaves cuttmgs may look healthy but develop

N

| the symptoms later

Y

Fan

o

~

Qe
%)

()200er S

o>
.
R

The fact thal he plants in the warm growth chamber developed many more necroti

argms than, those in the cool greenhouse supports the preérse that the

T [

‘ problem was caused ‘by -the Fertrhzer whtch is « more readrly avarlable to plants under htgher
' temperatures Since the problem seememv‘oe related to the | use of superphosphate whrch is

' -known to cause fluonde toxrcrty symptoms in sensrtrve specres because of 1ts 1 to 4% content

'of l‘luorrdes (Jorner 1983 Conover and* Poole 1982) it was Ffirst suspected that the _

-

, symptoms ,were caused by too much fluorrde "'But trssue analyses showed the sarne oI even

hrgher'F content m healthy as compared to” damaged leaves, i.e. 98 ppm’ in healthy control
| SER
leaves 48 to 64 ppm m leaves wrth NeCroses and 112 ppm in leaves where’ the damaged tissue

1

© was strll watery .Therefore it appears unlrkely that the symptoms were caused by fluoride.

Asue analyses showed very high boron: content (375 and 520 ppm) m leaves

-

r ' . ¥ b
wrth necrotrc crescents grown wrth 0 20-0, whereas leaves which strll showed watery leaf

1

symptoms contamed only 81 ppm essentrally t}te ‘,ame as the 83 ppm found in undamagid'

trssnes m an earlrer analysrs It rs possrble that the washtng of the leaves with’ watery

L symptoms removed some boron before the a/nﬁysrs was d" ne. Marousky (1981) reported that

'_ fthe early stages yet drstrnguxshable nevertheless by chlorotrc and necrotrc base leaves present )

_absence ol' chlorotrc leaves m the begomas therefo ould be crted as evrdence for rulrng out
flnonde toxtcny at least Bu,t Marousky rnade hrs obseﬁattons on Easter lilies ;whrch mrght
show very dtl‘feregtgymptoms from begomas S .! J\ A .

>

e d

 some symptoms of leaf m)ury causgd bv fluorrdes and .f ¥ b'oron are srmrlar partrcularly i -
: ' & -

- \“m plants wrth too much fluonde but” not in plahts with too much boron in therr trssues The



*

identifi rcatron of boron toxrcrty since no specrfrc f unction has been pmpomted for this clemcm |

;, the appearance of the plants grown m the greenhouse but the extremely short branches o‘h

-ﬁunsaleable.' : B : S

A

Ellrott and Nelson (1981) report that Begonla hiemalls cv Schwabenlpnd Red (Rle

begoma) wrll exhibit mcrprent symptoms of boron toxrcity at concentratldns of 125 to ‘-
*
258 ppm The symptoms on Begoma hxemahs,were chlorosrs of the leaf margin progressmg to

necrosis extendmg 3-5 mm fr,?{the margm These symptoms are not exactly the same as the -

ones observed on Begoma lucerna but ‘this may be ‘due to the physrcal drfferences in the '

specres Schwabenland Red has small dark, reddrsh somewhat leathery leaves whercas

3

Begoma lucerna has’ large, deep green thm leaves. ‘It is diff 1cult to rely on symptoms tor the

in plants It is possible that the excess boron was supplted wrth sup&rphosph ﬁ \.latt,‘

'%1

"av‘

Sauchelh (1960) reported that 8 ppm B was found in thrs fertrhzer K ~" ft’. ’

-
o

"

Accordmg to Kohl and Oerth (1961) boron tends to collect in leaves whtfh are the
termmus fq; the transprratron strearq i whrch boron is probably passrvely carrred Theref ore
horon content 1s hr hest’ m the marginal areas where the toxic ef, fect also shows up. D,ue to: _‘

14

Ieaves boron” toxrcrty can burld up even when plants are supplred with.

theaaccumulatron i

3

normal amounts was mdeed difficult to get rid of the».symptorns in Begonig lucerna which

a're always grown ‘Tom - cuttmgs The cuttings grown in’ Nutricote vl4-l4-14' showed' much -

‘fevver 5 ,' s, but: the problem was allevrated' only graduallv Some slight symptoms still‘

tur ed up;.m the l‘hteﬂtg #perrments iN mn‘h grown under htgzﬁr temperatures and n@hout §

, *

use the'inte'rnode' length on the branches of the o

“ For the plants grOWn in the gree'

main stem were srgmfrcantly drfferent (.05 level) from thoSe for plants grown with 14- 14 14

"or with 18 —9 9 The length of the cane interdodes of plants in the greenhouse was: also srgm o

"f1cantlv shorter that t}rat of plants grown with. 14 14 14, The resultmg short caries 1mproved .
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»
Unamended and Limed Growing Media

. Agrxcultural hme is supphed to relatively acidic growing media such as. peAt mlxes to .
~ reduce acrdlty and thereby increase the atfailabrhty of phosphates calcrum magnesium and
molybdenum Begonras are known to grow well in acidic medra ie. at pH 4.5, Thrs was .
“‘ found to be true for Begoma Iucerna in early expertments, where media pH's of 4.5 t0"6. 5
. "were seen to be equally suitable for the species.

. Ther.e v@s not much difference~in plant development in limed. (Treatment 4) and

unlimed media (;I'reatment 5) in the. warm growth chafber. There was no srgnrfrcant diffe- -

. rence dctectable between the mternode lengths on the marn stem af plants in any treatments in

K .

the grow_th.chamber But after ten week;* in the cool greenhouse the lengths of mternodes in

main stem branches were srgnlf icantly gre ( 05 level) m plants grown in the limed medium

#  than in plants grown without lime. No canes had develdped yet in either treatment. Thls

TN

e

may mdrcate that nutnents were rnde‘ed a hmltmg factor in the cool temperature because they
were less avarlable to pl.mts (Joiner 1983). They were sgfrcrently ‘available at the hrgh but
not at the low pH to the plants wrth reduced metabolism under lower temperature when the

absorptron rdte ‘of mmeral elements is reduced, as 1s the permeabrlrty of membranes and the

4 2 5 “h’

”_-rate of cytoplasmrc treamlng (Jamck 1986). After four months, vvhen the 1emperature had
e gone up agaln and when all nutrients could -easily be taken up there was not much drfference
ﬁﬁ,m the plants growmg in the two medra It was observed that number and length of mternodes

m both medra l' or plants grown for. 4 months m/the greenhouse were greater than those of

plants grown m thsgrowth chamber/ where the temperature always was\lr:pt at 24 C Thrs
(4

-

could'indicate an earher/matunty of the trssues under hrgh'ttemperatur ich’ prevented the |
internodes from groWrng any further In the case of Begoma lucerna the stems turn shghtlv
o woodv with age‘ar(?are then unable to elongate any more Thrs seerns 10 be vernfred by the :
f act that the number and size of the mtemodes whrch Xeveloped on‘the later upcommg canes
(or shoots “from the root area) were Stl.ll greater in the plants from the growth charnber The

acceleratron of maturrty in the growth chamber 1s also mdr&ted by the earlr;; flowenng

o



~The greater number of watery' crescents‘on the leaves of,rplants grown wlthout lime,
partttularly in the more growth promoting warm chamber may ihdk‘ate that the damaging
substance becomes less available to the plants with higher pH in the- nredlum It was found by
' Mengel and Kirkby (1978) (as reported by Joiner, 1983) that boro;r becomes less: avarlable for
plant absorption with mcreasrng pH Another reason for the obvrous relref brought ahoul by
calcrum could be the detoxrfymg effect of calcrum on mrcro nutrrent levels (Wallace, 'l/l'
Jomer 1983). Yet another reason could be that calcrum is a constituent of - the cell wall .md
is also found as calcrum pectate in the mrddle lamella. In greater abundance rt strengthtns the .
cell walls. * : | . |
The amount of other nutnents provrded to the plants grown in lrmed and unlrmcd '

2 medra seemed to be suffrcrent Tor the purpose of keepmg the plants compact A total of

S “"1 05 g N from )srx applrcatrons of 15- :30- 15 ”and six applicatrons ‘of :20-20-20. was obvrously

o
adequate although .the weekly ;qtrength of 100 ppm and 75 ppm N.is well below the
¥ o~ N

cultavars would need more nutrrents because the plant mass is greater This rmght noﬂ»ge clear
@

- at frrst glance since Begorua lucerna appears to have more mass because of its large leavgy
»

This makes them economical to produce, but on the other hand difficult because of the large

ves. It is not possible to just remove several leaves ‘with blemishes, discoloration or.

‘ TR, - ) .. . ‘ :
breakage stnce each leaf contrjbutes greafly to the overall form and apptarance of the plant.

v ‘ P S S
.’ Nutncote M-l4-l4 and Osmocote 18-9-9 - -

Nutncote 14 14¢14 has ar?advertrsed drssolutron trme of 3 months. Medrum amended

,p‘?

with this fertrhzer promoted vrgorous growth in Begonia lucema in the warm greenhouse it .

‘-was fo‘m to provrde enough nutrrents for very lush and qurck gro‘Wth durrng the first two B

e _months Then supplemental fertrlmng had to begm with quurd 15-30-15 every second week

o
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10 keep the foliage at a good color and flowers plem,i.ful o . . .
The folrar le\{el of mtrogen in the plants grown in 14- 14 14 was 3 0% in the growth o
chamber and 2. 7% in'the greenhouse accordmg to the chemical analyses This is agam lower ._
than the values gtven for well grown . Rreger begonias (4.85%) by Nelson et al. (1979). In the
cooler greenhouse less nutnents would be released (Maynard and Lorenz 1979) and growth
was less lush but strll very vrgorous a . co \
Nutrrcote 14- 14 14 is a very depéndable fertrltzer for Begonla lucema to keep .
- production time as short as possible. The plants were ready" for sale consrderrng sizg and‘
+ flowering, af ter 10° weeks Growth retardants must be used even at a slrghtly hrgher leveI

than the 0 25 mg 33, ancymrdol which. was used i m these ¢ ents partrcularly ‘because of

the lor;g canes These ‘canes, on the, other hand were not rgmfrcantly drfferent from the

P e e e L)
o 5

s-—'-‘”\
ca lants trown wrth 0-20: 0 or wr/h,hme’ Afendment. Thrs shows that long cane inter-
e

nodes were a proble‘m’;n most %tments in the growth chamber. In the greenhouse -as well

¥
main stem mternodes of plants grownyith 14- 14-’14 were not srgmftcantly longer ° than ﬁse‘
: X b

grown wrth 18-9-9 or wrth lime amendmfff (all plants dev‘lgged Qell), On the other hand,

the _canes of plants grown ‘with l&ﬂ 14-14 in: the gree Jxouse were srgnrfrcantly longer \than. L

those of plants in lime- amended medium, Whlch contarned plants, wrth the bes_t@.ape - \ "
/‘Osmocote 18-9- 9 was a disaster in the warm growth chamber since three of the five

test plants dted the fourth barely survrved and only one recuperated and started 10 grow and ,% ‘
flower later These plants were therefore not 1ncluded in the statistical analysrs Thrs fertrlt—.' o

& ’ o -
zer, whrch usually has a dtssolutron time of 8-9. months may have released far too high

%

. amounYs of nutrrents at the warm temperatlrre. This. result is not at all in accordance with

. 1 "
Teports in the lrte;ature where 10 l/lg time- slow release fertrlrzers are recommended‘for begbmas

\' ' .‘" 4 .
(Maynard and Lorenz 1979).- These recommendauons were made for Rreger begomas which '
’ probably need more nutrrents but the. obserl'ed lack of new root growth should not have ’
occurred smce the temperature was not excessrve for troprcal plants for whrch slow release'. ‘

*

.fertrlrzers are mamly" produced Maybe\ it is no comcrdence that in ro%tmg trials, reported

" o
’ . . -

elsewhere (Marahrens and 1986) the only medrum m whrch cuttmgs dted was an

S D 3



o 73
Osmocote 14-14-14 mix. vThere could be some substance in the*coating of Osmocote tvhlch is
specifically- toxic to Begonia Iucerna when it is used under hrglptemperatures Another possn '
bility would ‘be that the Osmocote had been improperly stored aud eonsequently large amoums &
of nutrients tw;ere released at once. Since this ferhlrzer was kept on a shelf in the grecnhoust o
“the pOSSlblllty of he’ighrmde absorptron cannot be excluded. elther : . '

The mtrogen content of these, plants grown with 18-9-9 in the growth Lhrlll‘l ber -

o exceeded that of healthy plants groi’l in the greenhouse by’ 1.5 times (4. 8% in’ gmw\r

chamber plants compared to 2 7% m greenhouse plants) The. fast developmg plams grown

% As pointed out earlier the requirements of

the Rieger begonias may be consi’ D . 5! The levels cited by various authors are
somewhat on the high sidergenerally, -.»‘9‘9 \r'ner (1979) cites. many literature sources which
1cote tﬁat in florrcultural and folrage plarfts the mtrogen content should be 2.5 to 4.5% of

dry welght and the phosphorus at 0.2 to 0.3% of dry weight. : v

v

. . .

f. Smce the possrbrhty exrsts that the 18 -9-9 w released too much mtrogcﬂ'

compared to phosphorus for Begonia lucerna and smce‘t ere were problems even 1m the cool

3 w i W‘ B
\greenhouse whe\ri’le;s nutnents should be avarlable thrs fertlhzer cannot be recommended for
$ :

. this specres o -. . o

v3 ‘.-' » . » s . . .
Aa, W ‘ v ¢ S o ’ . 4



o Cohclusidh

- The most nmportant general results ‘from these expenments were that(.Begoﬁ :

DY

=lucerna needs

long days for ﬂowermg and that lrght and l'ertthzer had a great mfluence on the development C
T 9 m‘,/

e

of growth; ;q;ardant treated Begonia lucerna: T v

‘Aﬁl Low hght ( 12.7 W/m’ PAR) of‘ 16 h at 24 'C was suffxcxent for healthy de‘ielopment

and good nowermg, but mduced stronw horizontal growth in plants on whrch growtlv

retardants were eff ective.
Ve

o “B. Under hrgh lrght (23 S W/m? PAR) other’ condmons benig equal o abnormal hori- .

b

_zontal -growth occurred. Inte_rnode lertgth for a

a:a‘_shorter under this high light than under low ligh’t.

I~ . . * v

)
“

~ . : ' : o L .

1. Nutrrcote 14-14- 14 amendment {S a ;urtable treatmen.t for the qurck productron
. - .
of thrs specxes

. »“ . : . ‘ N " L :
: Lot . K" .
2. ’» Osmocote 18-9-9 ‘mix caused root problems partrcularly in the warm growth
chamber "’where three out of fxve plants drea
: . . } - ’ ' \ . 4' > b_,‘. .
- 3. In the 0-20;0 mix plants de\(eloped_watery' crescents, which later turn necrotic,

¢
. “ on the leaf margins. ' These symptoms were probably due to bqron toxicity. .

e o " %
o) 3 .
¢4, Plants in the unhmed medmrn and prov1 ed wrﬂ weekIy hqurd fertrhzer also

b

eveloped some small watery crescents.

S

5 ln the limed me¢um provrdecl wrth W ly liquid-f ertlizer plants 'de.veloped very -

L well _
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3 ‘ . ‘ N ! - ' .
Ina greenhouse wuh supplemental HPS light (total irradiance 16 t0:66 W/m?) plants in

the 5 treatments grew*more slole, and showed less detrimemal reactions in treat

o

. m 3,and 5 than comparable plants in the growss chamber

As a result of thls work Begonia lucerna is behg\mark vas a hangi)hg basket” -

\planttoday,: o, RIS
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V1. Research: Other Begonla‘Specles Screene:l" for Suitability as Pot Plants .
. . T . v Y . [

A. Introduction‘ :

‘ ‘In order to find more attractlve Begonia species f ort pot plant cultivation 12.5epecies
were selected from the Begonia collection at the Agricultural Umversxty aty Wageningen,
: Holland wrth the help of Dr. Doorenbos, a world authonty on begomas ! The cutﬁs were
rooted and Wgﬁ nt 'the U of A greenhouses and then shown at the reglonal meetmg of

. .‘ .
Flowers Canada in demntomln the Spt’ing of 1984. Begonia sp. 1301, .Begonia serrattpetala

lrmscher ‘and’ 2 sp. 1302 attracted specral attention from the growers and retalleg

3"“ $§qgs;nt ;l”he‘?fore gn at%pt ‘Was made 1o f mdosurtable techmques for rootmg and mass

producing clones% tbese species.

lave a natural compact growth habit that permrts them to be handled

) * iy T
easily, w‘itho‘ut_ﬁ wrth groyth fetardants. - To begin with, all cuttmgs wete grown ina

shaded gmnh&&‘m relattvely low hght and low temperature After observanon of the
" specnes under’ mese condmons for §low development they next were grown under condmons
/

' wh{cin &vourage‘fas,ter growth in hopes of reducing  the productton trme These condltrons -

i

melud(; ex'temp.erature combined with supplemental HPS lighting in the greenhouse and
Both *ta%ratuM& ‘artd hxgh hght mtensrty from fluorescent and mcandescent sources in
~a growth chamm 2 )

I Bt ‘.". N :
* Pinching, was onlynused to even out vertrcal and lateral growth in the two shrub- hke
5

specxes The ‘cqne- lrke Begoma species 1302 was not pmched because 1t develdped !everal

stems naturally Pmchmg ‘'would . prolong productron time even more in this slow growmg g
4 i . ) e

species. /}- ' ' " - - L .



Descriptions of Plants

a) Begonla sp.

“lea wh!bh are 2-3

' ir_lsconsprctmus about

B. Materi?dls“'ula Methods

-

1301»-"is st/ill" unnamed.

cm wide - and ,3-4 cm long.

n

£

It was collected in Costa Rica about 1977,

Tt&shrub li?, species deyelops masses of hanging stems with dark green, shiny, sorraic

The flowers are greenish white ard quile

0.5 cm in diameter, with only 3-to 4 ﬂowers per cyﬁi (Figure l")

‘ b) Begama se}'ratipetala Irmscher, a native of New Gumea is also a shrub hkc specics

_ with shmy dark&ddlsh deeply lobed, serrated leaves and rose-pink flowers (FlgurES 18 and -

19)._

&

N

c) Begoma sp. 1302 is a cane-like species which was found at a flower market in’

Mexrco by Mrs. Millie Thompson of New York.

striking, large, white dots on 1to ovate oblique leaves. (Figure 20).

Propagation from Cuttmgs

*

It has pure whrte flower clusters and

»

L

sp. 1302 were plaeeq in flats filled with 1) sand, 2) peat -vermiculite mix (“I“l) amended wuh

2.89 kg lrme 0.765 rg 0-20-0, 2 25 kg calcium nitrate, and 0.545 kg potassium chlonde per

|
m’ of medlum

b) Leaf - cuttr.ﬁgs ‘of the three species were placed in flats of peat.

. \
4

The flats were placed under a plastic tent in a smaded greenhouse durmg simmer

conditions of daylight. The temperature of the gr;enhouse was set at 21 *C, but the tempera-

~ ture under the plastic tent reached 28 °C at times.
. v

Growing-on of ‘Root,

 species 1302 were potted singly into 12 cm Plastic pots in unamended peat vermxculxte mix to

. whrch 100 m« of f ruhzer solution at 200 ppm 20-20-20 was applred weekly

bd Cuttiugs

=

e

“a) After "‘thefcuttings ‘had rooted 15 of each shrubby spegies and 9 of 'Begom‘a

Fxfteen rooted

3

a) Trp cuttufgs of the shrub hke specres and tip - and leaf-bud- cuttmgs of Begonia

v
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C %

mat did not. grow satrsfactonly and died some weeks later. o

-

. - 78
) ) -

cuttings of the shrubby specxes were potted singly in peat vergiCullte amended with 8.5 kg
lime, 9.5 kg Nutncoté 14-14-14 and 45 g fritted trace elcmepts per 'm* of mlx Flvqppts of
' 02 fromlcach treatment were placed in a.

completely randomised block at each

L a shaded greenhouse at 19 23 °'C and 1rradrance of 16-18 W/m?,

2. a growth chamber.at 24°¢Q and 16h light of 23.5 W/m? of whictr 18.8 W/? came from __
Q}lorescent and the remamder from mczndesccnt sources '
3., A greenhouse at 18- 22 °C under dayhght ‘supplemented by HPS lamps to 16 9 W/? on a

-

. dull day and 66.5 W/m? on a sunny day.

These expertments Were repeated at least three times with each specwse Begonia serratipetela ’

- was alsﬁ’é’l‘own in a &rowth chambﬁ at 24 C under only fluorescent lrghts radiating 19 wW/m?.

Begonia sp. 1 302 was - alsq, grown in the shaded greenhouse in unamended medrum wnh @

regulg;r fertilizer applications of 20-20-20 at 100 ppm in solstion.

| . o
‘8. . . d : P
Rootmg - . *"' . v ' T .

In sand all three specres rooted slowly and ib%lted constricted at the base of the stem..
The roots were few and short” Begoma sp. 1301 recovered after the cuttmgs‘were pottcg in- -

the peat-vermiculite mix and developed a root mat of normfl size. Begonia serratipetula, on

s L o
"'the other hand, did not grow, but<died after potting when the original rootsystem wag small,

’
Begoma sp. 1302 Sul‘VlVCd on one oI two developmg Toots, but grew very httle and did not

initiate m{ 001s. after pottmg

f
® .

In th‘e peat-vermrcuhte mix cuttings of Begonia sp. 1302 developed many strong roots |

‘ and could be potted af ter 9 days thhout any vrsrble shock or mterruptron of growth

Wxth Begonia serrdupetala rootmg was slow. It took 4 weeks for a good mat of

fibrous 1d0ts 10 develop on ‘the primary- succulent T00tS. Cuttmgs potted up wrthout such a

/

In Begonia sp. 1302 not all cuttmgs developed roots unlike the other specres whose »

cuttlngs would all Revelop at Jleast some roots eventually Cuttmgs which drd not root started

A - "-“»‘ R T R \
i \ . - N e . e
\ ) 'Y . .
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to Tot at the cut. No more than three primary rodts developed on cutting which did root.
'W‘l‘hese ‘ToOts were wir)l and did not branch oyhe first 3-4' cm from Wthelr origin. Lowerglown

each-primary root developed a dtstinct T rbrous mat of secondary roots,

~ after 4 weeks and on the leaves of Begonia ser lpetala after 8 weeks. The pldntlets. in both

*

/.

species developed a éood 100t Sy ém for their sife.
; 7

Growing;on : , ‘
“ Begonia sp. 1301 developed twell under both fertilizer regimes, hut'additional liquid
fertilizerﬁapplications ‘became neces‘sary. to pr@serve the d_eep green color after about 6 weeks.
Tt also developed greceful, hénging stems when the pots were kept in the shaded greenhouse.
Very full, large plants could be marketgg 11 weeks after the cuttings were made.

— " In the greenhouse w1th supplemeﬁtal HPS- -light, the stems were very strong and

-

“upright at first, but later turned gradually downward making the plants somewhat wrde
‘ .Productron times was 9 weeks (thure 17). o L REPI ]
| In the growth chamber the grthh of 'this' species, was to'o lush with"'\i'ery soft
“,succulent stems. Later the youngest branches lost their primary leaves. 'v
: Begoma serraupetala did not perform well in the shade reenhouse (Figure 18). The
_ species developed Tew long stems with long internod able 8) and relauvely little .
i brﬁ"ehmg The color of the léaves was green wrth purple dots. l& the growth chamber "
- Begynia serraztpetala did not grow well either; the leaf margins on the older leaves became dry
and the leaves f mally abstsed In contrast to that the Begoma serratzpetala plant: n\ the -
greenhouse with supplemental HPS -light grew into bushy, attractive plants with' dark rcd

\ leaves (Frgure 19). It took 12 weeks to produce marketable plants Under fluorescent hghts

|

very short internodes (Table 8).,;_ o 7

- e T ‘- . N ) [ ‘'
R R A S TR
5 P A YRS S : : ) 4

1&- Ha . id

only, the- leaves,were even darker red bgt Bhe plants looked stunted wrtu many. branches ngl o
% * W a PR '> . . % . ‘
_
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N . s . < .
e Begpnla sp. 1302 oply grew well, though slowly. in the shaded greenhouse in

\ unamended medium (Flgure 20). The stems on plants fertlhzed with appllcatlons of 100 ‘m4
20- 20 20 solutlpn at 200 PPm appeared 10 be very succulent, whereas the stems ofsplants ;
" grown &lth Tertilizer BPPllCatlons of 100 ppm 20-29-20 solution were tougher. In ‘the’ other;
, : :

locations darkish blotches appeared close to the leaf margins. When these plants. were plaggd" i

under lower light the new de&elopi_ng leaves were healthy. s ‘ ‘ ‘

C. Discussion : ”

» .
AN ~

V‘YARooting . . N
. Begonias grow nNatura}ly under a canopy of trees, This means tlrat fallen leaves and
g ,,.f broken branches ‘sm a 1003e mat of organic matter in which begoma TOOtS grow. Therefore
- these plants’ are et able to develop 8ood roots in hard o penetrate 'soils' nor nutrient-free
sand. s ) , . | ) ‘ o
~In the 'peat-verqtlculite mix tip .cuttings of .Begomﬁ\ sp.- 1301 rooted extremely fast.
Up!oogae,uttiugs eould;ft‘!;efefore, be stuck in the final potgright‘away if a grower is able to

spare the room- for the pots for the additiotlal 9 days_of rooting time. The progedure would

~ ‘oceurs when the plant§ are potted. When thicker 100ts were broken only a few fibrous roots

»

; developed on thepri ,' Ty root close to the steﬁ'l The reason for this could be ‘the ~strong .

, ’ * -
% : succulence of the pnmary roots wthh may cause a, broken root to dry out. o

L

e Begomp sp 1302 ha to be potted lnto a relauvely large pot because of . the dlstmct
: W

.\

g oot qats devaopmg-!ow on egch: pnm&fy ¢ f ‘ Txansplantme shogk is no probery {or thlS'
' ",:» , ¢ v ¢-“ gt, L .- &
' m peat- yermlcuhte médmgr bosfuse tl;; roots .- ate wu'y R g «‘z"

' of

fBegonia 1301 and Begonia Se"atlpetala can easrly be propagated from leaves -The

subsequent plantlets develop an excellent shape with many small stems Of course,
i TN H . ! . g o . . v . . ¢

Y . R T , L -~ \
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months for Begonla serraupetala L ’ﬂ BN

B N

. e ° ‘ '
production time 1s longer than r rom tcrmmal iumngs 4 months f or Bcgonla. sp 1301 and 6

N
Wit

rd ’ )
Growing-on

——— .g

Begonia sp. 1301 is very quickly produced. No problérﬁs turned up in the greenhouse

compartments, whether or not the shaded daylight was sup}alemented with HPS-lamps. The

width of the plants grown under supplemental light could be reduced by switching ot e

lights for some days before the plants were prepared for shipping. On the other hand, plants

~ grown under the\ supplemental light could be marketed much earlier as upfight plants and

thereb’y‘make them eésily to handle in transit, If this procedure were followed a note should
accompany the’ erect plﬁQts, pointing out that under low light the plants will develop a trailing

habit.

Begonia serretipetala in the shaded greenhouse developed the typical features of plants

grown under low light: lox{g interxiodes little branching‘ and” minimal red coloration

the growth chambcr with necronc leaf margms must be related to the heal f om the incandes-

-temperatures common-in our homes makes it

cent lamps because these symptoms did not develop at the same temperature settmg under

/

fluorescent light alone.

P

Vea;y short internodes developed under fluorescent light$ alohe Pecausé of the total
N ’ -

>

absenge of FR in th‘is,é'p’ectrum (Smith, 1982). The strong red colour of the leaves was due to

/

) . . . . [} .
anthocyanin pigments which are synthesized at a higher rate under high light. Although the

(Kasperbauer, 1971; Tucker and Mansf:eld 1972; Salisburg and Ross, 1985) The problem in

action spectra for anthocyanin productig)['n?gyy_ considerably among species, blue.is known to

be effective in néarly ali sj;ecies (Salisbury and Ross, 1985). Since fluorescent light contains a

. N " Y ' ' ’ " e
high proportion of blue in its spectrum this could be triggering the high rate of anthocygnin
) " ‘ - .. . ‘ ‘

L

symhesis

m%cmg) +On the other hand, the fact L] has to be grown unde; low light and at

casy to maintain houseplam.

w

L N



o growers produces that specnes commercrally today

- ) . . ‘ -
L D: Couclusion

\.‘\r\ e v Y
- The results\of the screenmg were reported ata meeung of the WCSH m Calgary in the

’ Sprmg of 1985 (Mara‘rrars and Toop 1985) “As a consequence of this Work' cutuhgs ol

Begonia sp 1301 were requested by two large plant propagating fxrms At‘.leas,r onc m these

<
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Taﬁle. I. Efficlency of 55% Saran Shade Mesh

.
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Ta‘ble 2: Sonl Drenches of Ancymldol (A 1 to A- 3) and Chlormequat (C—l to C-3)

i

. Treatment V“;-"Chemlcal .. .. 'sotion - - . LU Ade
R / W (md/pot) - A -_;‘ (mg/pm)

A:l : _.'Ancvmldm St e a0 e 022
A2 vAncym)pm : e 1200 0 e T Qs
. A3 77 Ancymidol S0 e T e 032 T
B hlc'mequat B TR (M R -
S C-2 4 Chlotmequat .. - o 000t oo O 212 o
. C3 7 Cnjormequat . ©U1000 L e 260
_X"_Control cWdter L LT 100 Ces T 000 L
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Table 3. Intérnode Number and Length, and T
.~ Flowering under-16 h Days - -

- Main stem branch 1nternodes _ Aneymidol linear trend** .~

N S. = not sxgmflcant :

S [
) __Cane i’ntexnodcs:

Chlormequat linear trend**
Ancymndol vs. chlormequat®*

Ancymxdol linear’ trend'
Chlormequat linear trend N.S.

-

3

~

Tahle, 4: Internode Number and angtﬁ, hnd Flowering .

~under 9 h Days

. ‘ hds F value for companson of trend was sxgmfncant at the 0. 05 or 0 01 level, respecuvcly

" Treatment

*'Main stem branch internodes

a

Flowers

‘ 'Cane imernodes : Commemé
no./shoot - -av.cm no./shoot . av.cm no./shoot ‘
. Control.”~ 65 48 50 - 59 0.1 weak ‘stems’
A-2 . 4.5 1.4 3.0 © 1.3 0.1 00 compact
- C-3. 5.8 4.7 5.0 4.6 01 tall, leggy!
LSD05 e 0.9 —_ 2.0 - -
LSD 14 - ’
) - 4 - = -
N

Y W
g »Treqt’mentg Main stem branch ifternodes. Cane internodds ‘-Flgwérs Comments™ "~ °
‘ no./shoot .‘av.cm  no./shoot av.cm  no./shoot o,
Control 4.9 =51 5.0 7.8 08 weak stems -
CA-l 5.2 33 44 - 3.6 1.3 long stgms -
A2 53 2.8 - 4.5 3.0 13 - compact -
. A-3 6.3 24 53 N 1.0 . compact "
C-1 5.2 38 3.2 . 24 - 1.1 long stems
C-2 - 5.0 3.7 50 - 4.3 .. L5 - long stems,
C-3 5.l 3.4 5.2 “36 1.5 somewhat open

..*‘.

é
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3 , | Table 5: Average lnternode Number Length. and Flowering -
‘ i from Tip Cuttings Grown at 24 °C (23W/m*) L e,
o - - for Ten ;Weeks after Potting S : o v
f‘ . ' .l . /‘ ’ . Q\;“L , . .- . B ' 13
Trealment  Main stem brarich ‘intémodés Gahe iternodes  Flowers . Comments o
no./shoot . .cm - noygshoot T.cm no./shoot , '
1 . .46 185 . 58 3.04 . 1.6 . -tgicane o
a 2 '2.0 ... 1,40 30 . 150 - 1S 3/§dead ° .
. 37 37 - 188 4.8 2.63 ' 0- R-toxicity - C e
4. v 30 1.60 v 5.0 2.70 1.4 good , . .
-5 3.7 1.62 _ . 5.6 1.97 0.2 - B-toxicity o
- - ) - & T
‘Main stem mternode length: N S, - t e, —

. Cane mternodc length LSD 05 =0.9 '

S
. \
Table 6: Average lnternode Number Length, and Flowerrng
fém. Tip Cuttings Grown at 19° - (23°C) (16 to 66 W/m?)
for Ten Weeks 4 ter Pottmg &

- . ° . f." )
Treatment =~ Mainstem branch internodes Ca e internodes " Flowers  Comments &
o no./shoot . cm. no./shoot cm no,/shoot .
1 3.3 - 3.7 313 0.2 ‘best, tall
2 2.3 26 . ."126 0  1/5dead -
3 2.40. . 325 - 196 . 0.2 B-toxicity
4 . 2.54 i " bud . bud 0.2 young
5 1.75 & Ayes bud bud 0 young
_‘ Main stem mtemode length LSD‘dS M Q.5
— a “ T - - . .
Cane’ mtemode length LSD 05 = 1 0o S
' 3
N
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Table'8: Resuﬂ of Chemncal Analys1s of Tissues of Begoma lueerna

v

& ;

Cew
[

Gr6wn in Vanously Amended Media :

-

D v
R .
" Table 7 Average Number Length, and Fiowerlng of Leaf" Bud Cuttings
: : _Grown at 19 *'C (£3°C) (16 to'66 W/m?) . .
fnr Ten Weeks after Potting N
. Treatment  Main stem branch internodes Cane intgrnodes Flowers - Comments -
) no./shoot .* cm, no./shoot « ° em na./shoot **
1 24 0.95 2.5 15 . 0+  veryyoung
2 3.0 1.03 2.2 | 0.96 10 - very young
, / ‘i L
\ " » ' . * ) . »
Main stém intdrnode lengths N.S» y oy \
) C . A . X ‘
v :
X;'\' i ' \i .
- S
- v . ‘
v BN . L ,

Content of Eléments in° Plant Tissue o |

Treatment - In Growth Chamber - In Greenhouse .
, N(%)" P(%)  B(ppm) F(ppm) N(%) _'P(%) . B(ppm)

1 T 730 0.23 - 40 98 2.7 -0.26 31

2 4.8 0.26 " 45 48 . 2.7 . 0.27 23

3 21 020 o 375 98 2 8Q .0.20 83

4 27 ° 042 " 50 64 23" 0.37 26

5 3.0 0.28 4 - 112 2.7° .0.23 29

27
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: Anfluence. of Light on Begonia serratipetala s P

)

2.
q
(- L]

Igradi}ﬁg‘y " Temp.. - Int.length . Leaf color * Flowering
-(W/m? N OO av, cm. ol .

1) FIW T 2 . 16~ - darkted  little
2) Fluores. & incand. - 23 i24 31 - dackred ° sgoo0d
) Day &HPS - = 16~66 ~ 1822 33  -darkred .good .
- 4) Shaded daylight S 16-18 - 18 ‘-\%2 Lo 53 green “*none °

ht'source  ~

Y

k- v
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v

 Untraied conty pint I walk-ls

ch?;mber at 12.7W/m?, 16 h days* - °

.
R

Treatment Clat 165m €ai)tho;m equat/pot
~ in walk-jn chamber at 12.7 W/m’, 16 h days

S - Al

88

el

~




* Treatment A-1 at 0.22 m.g (ai) _axiéyniidol)pot in\

" - - R

. Treatment C-3'at 260 mg (ad) ¢hlotrequatZpot
in walk-in chamber at 12.7W/m, 16 h days

walk-in chamber at 12.7 W/m’, 16 h days

* . .
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Figure 5':'

Figure 6:

Treatmem A 2 at 0 25 mg (a.d.) ancymldol/pot ln
.yalk-in chamber at 12 7 W/m?, 16 h days

&

Treatment A 3 at 0 32 mg (a.: ) ancyxmdol/pot in .
walk -in chamber at12.7 W(m’ 16 h days

.

\ -

LY
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Figure 7:

]

Treatments A-2 and control in cabiriet
at 22.8 W/m?, 9 h days )

-

Treatments A-2 and G-3 in cabinet
- at 22.8 W/m’, 9 h days

’




Figixre 9; Leaf epinasty in Begonia lucema. o
, grown under daylight and 16 h incandescent light

~
)

o~

Figure 10: Tip cuttings grown with Osmocote 18-9-9 - .
in chamber at 24 °C and 23 W/m? (left), ‘ ,
in greénhouse at 19 "C and 16 to 66 W/m’ (right) ‘

. 8 . : .

. -



Figure 11:

Tip'cuttings grown With 0-20-0
in chimber at 24 °'C and 23 W/m? (left),
in greenhouse at 19 °C and 16 to 66 W/rl* (right)

Tip cuttings grown v;ith lime in medium
in chamber at 24 °C and 23 W/m? (left), »
in greenhouse at 19 °C and 16 to 66 W/m?’ (right)-

I

-



Figure 13:

.

Figyre 14:

Tip cuttings grown without amendment_.
in chamber at 24 °C and 23 W/m? (left),
*in greenhouse at 19 °C and 16 to-66 W/m* (right)

R ]
1// ~ - -
Tip cuttings grown with Nutricote 14-14-14
in greenhouse at 19 “C and 16 to 66 W/m’ (left),
- in chamber at 24 °C and 23 W/m? (right)

-

°
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) -: Figﬁre 1% T1p cuttmg (left) and leaf bud cuttmg (nght)
O (AT S grown wnth Nutncote 14»14 141n greenhouseat 19 C and 16 ta. 66 W/mz

| Figure 16: T‘P cum&: (lef t) and leaf bud cuttmg (nght) e
TeToe o o grown wi Osmocote 18-9; -9 in 8reenhouse at 19 'C and 16 10 66 W/m2
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" Figuté 17:  Begomia'sp. 1301 grown'in a greénhouse .. :
ot~ at19°Cand 16 to 66 W/m? from tip ®uttings, - - - .
11 weeks'(front), 4 weeks (left) after potting : -

. A
5

" Begonia serratzpetala grown in a shudedgreenhouse
at16 to 18 W/m?, 16 weeks after potting

¥ L 3 . R

3



Figure 19:

Begoma serraapetala grown in a greenhouse
at 19 °C and 16 to 66 W/mz 16 weeks after pottmg

egonia sp. 1302”grown ina shaded greenhouse
ap 16 to 18 W/m?, 16 weeks after pottmg :

f
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Appendix 1: Preliminary Experiment to Establish Effectiveness of Growth Retardants on

Bégonia lucerna L A !

In order to find out which of the commonly available growth retargnts daminozide,

- chlorphonium, chlormequat, ‘and ancymidol reduced internode length of Begonla lucerna

25 _rooted’cuttings were grown, one plant per pot, from'December 1982 for 5 weeks in a 2:1:1

soil:peat:perlite mix which had been watered with 200 m<4 (200 ppm) of 20(N)-20(P,0,)-

20(K,0) solution. The pots were kept in a greenhouse compartment at 19 °C and were '

. provided with 16 h supplemental lighting from incandescent 150 W bulbs, spaced 80 cm apart

and kept ata dlstance of 1. 20 m above the plants.

a.

Five plants were sprayed with 0, 5% daminozide solution to run- off (as recom-
mended» by the manufacturer for pomsettras and other pot plants). !
Five plants each were drenched with 0.176 g (a i.) chlorphonium (which was

recommended for Easter lilies, whereas the dose recommended for other pot

. plants was much lower). S 2

Five plants each were drenched wrth 295 mg- (a,r) chlormequat (the recom-

mended amount to produce compact poinsettias and azaleas).

?

v, Five plants each were drenched ‘with 0 2 mg (a.i7 ) ancymrdol (which is the

recommgnded rate for chrysanthemum pomsettras and Easter lilies).

Five plants éach were drenched with 100 m distilled water as control plant.

L
pr

The pots were kept in a totally randomized design and Te- randomlzed each week

Chlormequat and ancymrdol reduced internode length and plant helght in

' Begonia lucerna. The control plants, as well as the plants treated _w1th\ chlorme-

" quat apd ancymidol showed leaf epinasty and a slight forward bending of the

g = '-A‘

S

stems (Flgure 9). Serleral plants developed unsightly spots of mildew on stems )

and/or leaves. Therefore it was decided to eliminate the soil from the growing
nedium in order to eliminate the pathogen.

¢
\

\ . . o
- S, 14
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Results .
Table 1'0 Effectiveness of 4 Growth Retardants on Average ‘ s
‘ Internode Length of Begonla lucerna ‘
.Treatme‘nt - Height in cm . Int. Length in cm.
Control | 28.0 3.3
Daminozide ‘ 28.3 3.7
Chlorphonium ’ 30.0 3.8
ChlorgiThquat 15.0 1.9
Ancy l’ ‘ : - 20.0 2.6
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Appendix 2: le Effect of Plnchlng to2, 3ord Nodes on Subsequent Development of Begonia

W .
lucerna H ’t\,- '

~

: K C .
Fifteen rooted cuttings of Begonia lucerna were placed in a greénhouse without

humidity control. Fifteen rooted cuttings were placed in a growth chamber with 60% r.h.

In each location: S .
5 plants \;Jere pinched above the second,
5 plants above the third, and
5 plants above the fourth visible node. ~ * 4
Two weeks after pinching all plants were treated*with ancymidol. - “{
< 4

-Results

‘ On the plants pinched above the fourth ‘node in the greenhouse only one devel_oped
every axillary bud into a shoo_t (main stem shoots). In the growth ehamber 3 out of the
5 plants developed'all four main stem shoots. The second buds 'f rom the top develo&\d‘ the
‘least, whereas thj uppermost (buds developed faster than the lower ones. This gave these
plants an elongaé .

d and sparse appearance.

On the plants pinched above the second or third node every bud developed into a

shoot in both locations. In addition to these main stem shoots a vigorously growing shoot

(cane) dcveloped from -the lowest bud on the stem, which had been burred in the potting |

Process. The mternodes of these canes were longer than those of main stem shoots but were

still shorter than internodes on canes of untreated plants..

»  After 4 to 5 months of developmental growth another cane developed from an adven--

3

titious bud below the soil line on 7 out'of 10 plants. The internodes of these-canes. were

extremely long, up to 10 and 12 cm each.

N : - e '



'_ ) Appendlx 3: The Effect of Varlous Rates of Growth Retardants on Begonin lucerna Plants

Grown in 0-20-0 Mix Under Dayllght Supplemented by Insandeécenf Photoperiodic Lighting

with 2, 85 kg agrlcultural lime, 1.25 kg 0- 20 0 0.60 kg 14-0-44, and 0.06 kg fritted trace.
elements. After 3 weeks the plants were pmched to 3 nodes and 2 weeks latér they were
. treated with growth retardants. The pots were placed in a shaded greenhouse whlch was

supplemented with incandescent lamps\ to bring' the photoperiod up to 16 h. Every second

"o

week 100 nrl 20-20-20 at 200 ppm was applied.
Results i . . | SR

Three months after pottmg the plants looked somewhat yellowish - green and had

d‘evelop,ed watery areas on the margins of older leaves. These areas dried into papery necrotic
L Pl ~ . ]

crescents. ~
.The average lengths of internodes of the variously treated plants were as follows:

0.20 mg aneyrnidol per pot resulted in 2. 47 cm,’ 0 25 mg ancymidol per pot resulted in

2.14 cm, 165 mg chlormequat per pot resulted in 2.65 cm, 212 mg chlormequat per pot

-

| resulted in 2. 51 cm, 120 g water per pot resulted m 4 00 cm long mternodes

Follow- -up expenments in which the plants were grown m the same medlum except a
doubled and tripled content of agncultural lime initially resulted in fewer watery spots, but

. ) A
later showed si,nli(ly‘symptoms as the plants grown with less lime.
. 14 :

.

" L. : o : !
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—Twenty five rooted cuttmgs were singly potfed in a 1 1 peat-vermiculite mix, amended per m* -
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Appendix 4: Effect of Growth Retardants Combined with Low Light on Growth Responsc of
' : ' v

Begonia lucerna

In response to a sugges;ioq from ‘the Cecil Delworth Foundation Begonia %ucerm
plants .were grown in 5 hanging baskets. Four footed cuttings per basket were placed as
horizontal as possible, so that the stems touched the nms of the conta;ner and the roots of all
Plams met in the middle of the contamers Two baskets were drenched’ w:th chlormcqlm
‘(212 mg/plant) two wnth-ancymxdol (0.25 mg/plant) and one with water (control) All
baskets were hung in a shaded greenhouse at 16 to 18 W/m’ natural light.

‘/
Results i X

On ehe contfol plants the tipe of the horizontally placed stems grew upward in a
_negatively gravitropic direction. ‘Morevoer, the most vigorous growth occurred in. canes which
-developed from lower axillary buds on the bent part of the stem. No flowers developed on
the four plants;

In all plants treated with g'rowth retardants the tips of ihe horiiontally pldced stems
went on érowxng stralght without changmg‘ the angle of growth The developmg axillary buds
| grew out plag?otroplcally at about 45°. It was only after 4 to 5 months that some canes from
adventitious buds below the soil line developed and grew straight upward. - All plants treated

with growth rctardanis flowered profusely.

- -
ol
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Appendlx S: Effect of Small Pots on the Development of Begonla lucerna Plan_tg

Plastic pots of 10 cm diameu‘r rather than the ysual 12 cm size were used as a means

of limiting root size and with 1t/the capacity of plants to take up nutrients. Ten rooted

cuttings were potted in individual 10 cm plastic pots with a peat-vermiculite mix amended

with lime and Nutricote 14-14-14 (Treatment 1, chap. V). The plants were pinched and-
treated with 0.25 mg a.i. ancymidol. Flive pots were kept in a shaded greenhouse with supple-
mental incandescent light, fi,e po'ts were placed in a growth chamber at _24 ‘C .under

12.7 W/m’ of mixed light. From\the fifth week lfter potting bi-weekly apphcanons of

- 20- 20 20 fertilizer splution (220 ppm were made usmg 100 m« per pot.

-
L

Results

All plants in beth locations developed weak stemsiwhicfh did not'standbu‘p. Older
leaves were yellow and often abscised; the younger leaves showed a reddish tinge. The plants
grown in the growth chamber showed“ slightly less discoloration, but not one plant in this

experiment was of marketable quality. - B
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brious Fertilizer Treatments on tlie Development of Begonia lucerna

Appendix 6: Effect

Plants .

In order m find out whether the long term (9 months) slow release fertilizer

Osmocote 18-9-9 was suitable for the production of Begonia lucerna the following experiment

was conducted in a greenhouse without supplemental light, s{arting May 19833. Fifteen rooted

cuttings were potted into peat-vermiculite mix containing Osmocote 18-9-9, 5 cuttings in the
. . e :

same medium amended with Nutricote 14-‘14-14, 5 cuttings in tm\@gium amended only with

lime, but watered with 20-20-20 solutiox{. (Media are described in chap. V). No further fer-

.

tilizer was added for 2 months. The plants were pinched to 3 nodes and treated with 0.25 mg
(a.i.) ancymidol.

e

 Results

The plants flowered well and were very compact with average intetnode lengths of

:;1e limed medium plus liquid}prtilizer treatment. All plants had a low numbc_:r of shoots
developing per plant. The avé;;ge number of branches on the main stem a;;i— thc average
numbers of canes (in brackets) were: 13 (1.0) in the 14-14-14 mix,. 1.4 (0.6) in the 18-9-9
mix and 1.8 (0.8) in the liméd medium watered with 20-20-20 solution. '

b

L ]
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1.35 cm in the 14-14-14 amendg¢d mix, 1.86 cm in the 18-9-9 amended mix, and 1.01 cm in
) .



