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IRTRODUCTION

Flawﬂriﬁg is one of the most complex problems in plant
physiology., For'ohvidus reasons, flowering has been studied
largely in plants which rapidly reSpond"to changes in énviron—
Smental.factors. Chief among these factors are temperature, pho-
toperiod, light inténsity, light quality, and content of atmos=-
pheric gases. The importance of photo~ and thermo-phases to
flower induction is well known. Research studies have shown that
low=1ight intenszities and short days during the fall, winter,
ahd spring seasons are limiting factors in-the.cultﬁre of many
greenhéuse crops, To égntrol theserdeficiencies of natural 1ight,
suppleﬁenﬁal'light of low intensity is wﬁﬁd as a day length con-
trol of flowering in some photoperiodic flower crops. Therefore,
-.grcwers are able to produce these crops on a year around basls,
Gladliolus is the.foremost spring-planting bulbous flower.
The modern varietles are hYﬁrid descendants of crosses developed
by hineteenth century European horticulturists from South African
speciés, Saundersii (Muller, 196%), In the United States, pro-
duction of gladioli_as well as outdoor chrysanthemums and foli-
age'plants havé located in Florida because of the mild weather
year-around; It is cultured as an outdoof crop and is importent
 in'year-éround use by the floral industry. Becaﬁse they are in
demand'throughqut the year, winter production is a necessity.
"Qhe-étates of ?iorida and California at present are the suppliers

of gladiclus for winter use. Therefore, in the north, the green-



house forcing is of much interest for a commercial scale con-

tribﬁtion. |
This study concerns the interaction between supplemental

light of different intensitiés ahd éoil femperatures on the

forcing of gladiolus corms during the winter months.



LITERATURE REVIEW

In reﬁrospect, little research has been doﬁe on gladiolus.
During 1930's there were studies on the cultivation, fertiliza-
tion, disease and insects control, corm producfion and develo§~
ment of new varieties. Because of economical conditions, there
has been little done with gladiolus in greenhouse lafely. Some
research has been done on the determination of optimum ranges
of environmental cues such as light and temperature on gladio=-
lus, However, the interactions of light and temperature are com=-
plex and have not been carefully analysed. Many data suggest the
typical vernalization, the effect of moderately low temperature,
the effect of.varying day and night temperature (thermoperiodism)
and interactions of temperature with photoperiod all integrate.

_.Postff1950) has pointed out that flower bulbs differen=-
tiate_ae the stems develop regardless of day length., The reduc=-
tien ef light intensity by growing plants under aster cloth in-
creased stem length and flower size, However, lLaurie and Poesch
- (1932) and Balch (1935) found that varieties responded differ-
ently, but most varieties flowered better when given supplemental
light, Weinard and Decker (1939) have alee concluded that earlie
ness of flowering may be stimulated and flower yield was increased
by the use of supplemental light during winter months. Meantime,

- they also found that there was a relatively large proportion of
*blind' shoots which depended to a ceftain extent upon the variety.
They concluded,that the use of supplemental light was not recom=-

mended for economic reasons, Laurie, Kiplinger and Nelson (1958)



observed that the light factor was more important in the develop-
ment of the flowering shéot (sPike). Stimulation of groﬁ#h through
“the use of additional light at eritical period is of valﬁe. but
they report the expense is too great to warrant commercial prac-.
tice, In this reSpecf. R. van der Veen and'G. Melger (1959) have
also mentibhed that in foreing bulbs of gladioli and Lilium regale,
"very high intensity is essential for well-de#eloped-flowers and

it is therefore:nét.econcmical to force these plants under supple-
mental 1light, In the areas where gladioll are available at rea-
-sonable prices ail times of the year it is hardly feasible to use:
spaée or supplemental light in green-house for gladioli. Though,
there are probably some sections of the counfry‘where-these.
conditions do not exisf'and planting of gladioli might be made

to bring in enough income to Jjustify the space or the cost that
they use, White=(l930) working with four varieties, found that
these §arieties planted in December responded to supplemenfal
ligﬁtfwith an increase in number of flower stalks. Gilbert and
Pemner (1933) found that the number of flowers was significantly

~ increased when suppiemental lighting was used, The light intensity
from 100-watt 1amps was sufficient to bring about the desired
results and, in some case the 1light from a 50-watt lamp brought
about decided increases in the.nuMber.of blooms, Suppleﬁenﬁal light-
ing during the later portion of growth period did not bring about
flowering in any case., It was suggested that supplemental light
 begin soon after first leaves appeared above ground, There were
~indications that once flowering began, supplemental 1ighting.doﬁld”

; h§3discontinued. Furthermore, Gilbert et. al. (1935) stated that



when cultivars which normally have short growing periods were

£ 941

growing without supplemental light, they would give good flower

yields if the early forcing period contained a large number of
cloudless days., However, only little or no shortening of the
period was ascribed to increased illumination,

Soil temperature in some literature reports was shown to
- accelerate flowering. Laurie et. al. (1958) have étated that
the use of bottom heat will cause flowering iﬁ late April. They
suggested ralslng soil temperature by means of using electrical

cable or steam coils to 65 -?0 F.o will result in earliness of

flowering by serval weeks. Emsweller and Tavernettl (1934) also -

noted that increase in soil temperature hastenéd flowering. The
effebf of.supplemental light on gladiolus is more depén&ent on
light intensity than light‘duration . Fisher (1969) reported |
that the lengthening of photoperiod by supplemental light was
shown to havellittle effect on flowering of the corms plantéd
February 1} at 39o N. latitude,. A 7

The investigation by Jones (1930) on the fime of forma-
tion of flower buds"was his basis for employing supplemental
light to increase the day length of fall, and early winter, He
- found that it is_desirable to use supplémenial light when win-
ter'blooming of glédiOIus in the greenhouse is @esired. A 63
percent increase in flower yield was secured with cultivar
*Crimson Glow' when planted in January and grown under 100-watt
light, The work by Wassink (1960) on investigating the effect

of light intensity on-growth‘and development of gladiolus showed



that stem dry weight was dependent on high light intensity, Stem
length was much less influenced by light intensity than was stem

dry weight., Flowering was much reduced at low light'inten$itya
" He also found that there was a close relationship batween the
:formative_effect of light intensity on leaf ghape and energy level
of the plant under certain conditions. This morphogenic effect of
high light intensity is interesting besideé those of low amounts
of photosynthetically active and inactive radiation., The relative
stem development thus seems much more 1ight-intensit&-dependent"
than the relative new éorm development, a uséful adaptation for
persistence under unfavorable light conditions. Laurie (1937) has
concluded that light is impor%ant in the development of the flower
shoot, His report described that unless the light of sufficient |
inteﬁsity and duration is avéilable when leaves are 8-10 inches
-high, flower deveiopmént ceases and blasting occurs, Stimulation
of growth through the use of additional light,is satisfactory only
if the inﬁénsity is high enough to simulate sunlight which would
mean the use of 500-1000 watt lamps and some 100 or more foot-
'_bandles. |

In connection with the failure of flower bud developﬁent,
53vera1 reports have indicated that some plants often initiate
more flower primordia than are finally developed. Some reports
refer to 'bud blasting' as browning or dying of unopened flower
'buds (Cherry; 1965) of the loss of'buds.at the stage of anthesis
(Box, 1967). The phenomena~of bud blasting was well-known in
'maﬁﬁ‘cbrmous or:bulbous plants, It could ocdur when some environ-

mental factors are out of balance with plant requirements, or be



caused by:insects or diseases, fumigation (ie. for 1lily, freasia).
or even Ee caused by the ﬁot being too small and soil too heavy |
to accommodate the roots (ie. for gloxinias). The factor most
commonly at fault is insufficient humidity. A water deficiency or
sudden'mbisture deficit was reported as a cause for lily blasting
”(Smith and Langhans, 1961), over-watering in the early stage of
under-watering in the late stage was one of the.causea of browning
tips for freesia (Laurie et. al., 1958). The next most ﬁémﬂah
cause'of blasting is insufficient 1ight;'though this can ﬁe ré-
cognized as absence of budding rather than bud blasting (Cheerya
1965). The third is temperature extremes either too high or too
low (Hartsema, 1961; Cherry, 1965; Kamerbeek, 1966). The exam= '
ples of unfavorable light conditions as a cause for bud blasting
has Eéén reported in Dutch iris (Krabbendam, 1966); low 1light
'intensity caﬁse a reduction in bud count or plant came.blind in
Floridi or Georgia lilies (Laurie et. al., 1958). It also has
been reporfed that at higher temperature énd in longer photopériodé
or eéven when the latter resulted in a higher amount of daily light
energy, the number of influorescences and flowers that did not
complete their development, increased in Brodiaea laxa Wats
(Fortanier. 1967);,High nitrogen for freesia and soil nitrate
levels above‘55 ppm‘far Creole lily can cause tip burn or blaéta |
__ing (Eastwood 1952; Laurie, 1958}, Mastalerz (1965) has demon=-
strated that abortion was increased by any factor or comblnatlon
of environmental factors which allowed a depletion of carbohy-

drates or impedéd*the'translocation of carbohydrates to developing



buds. Competition for nutrients among developing buds has been

‘suggested as a cause for bud abortion, too. Further, the light
intensity at time of bud initiation was reported responsible
for the carbohydrate level which determined the number of buds
initiated and further, the bloom count (EinertAand Box, 1967).
Por gladiolus, Post (1950) has indicated that burned tips
~on the buds resulted from lack of water for the developing spikes,
or from-thrips injury. Pridham (1929).has reported that all plant
growth was.reSPGﬂsible for differentiating flower spikes but |
flower spikes often abort a few inches from the bulbs if the days
are short or if the light intensity is low and temperature is
high. The above mentidned'report by Laurie in 1937 also supports
the fact that light is responsible for bud blasting in gladiolus.,



MATERIAL AND METHODS

Pianting'TeéhniqueS|

| .Corms of gladiolus used for this Stﬁdy were received in

December, 1969, They were stored at temperature of 400 Foeo Two

§lantings were made for these experimenﬁs. Thé first pianting |

was started on December 16, 1969, and second planting was on

February 18, 1970. For both plantings, the experimental material

and methods were similiar, In an effort to induce earlier flow-

ering and to improve flower quality, 1024 uniform corms of gladi~-
olué-were selected and de-eyed for each planting. All growing

-points excepﬁ one were removed from the corms.

De-eyed corms were planted in eight blocks in a green-
house which was kept with a 55 F, night and 65—75 P, day tem-
'peratures; These eight blocks were separated into sixteen plots
in which every four plots were under the same supplemental light
regime, Four supplemental light regimes used were:

SLl- no additional lighting for the first 50 days, then followed
with a high inten51ty illumination at night (150- 250 ft.-c.
from, GRO-LUX fluorescent lamps).

SLZ- the same high 1light intensity of supplemental lighting at
night during the first 50 days, then no iliumination through
the rest of the experimental period,

- SL3- low light intensity of 8-15.ft.-c. by using incandescent
lamp from planting till harvest.

SL4- no additional lighting throughout the whole expériment.

_-All supplemental illuminafion was given from 5100 PM. to 10300 PM.
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- daily during their illumination periodé. The lamps used wére kept
one foot above the fop of plants. Black muslin curtains were used
‘to separate thernightly'illumination from each light regime,
Under each different supplemental light regime, three soil
' temperatures were maintained, Bottom heats of 60° Fos 70o F. and
800 F,, respectively, were controlled with electric cables-under
the soil plus an extra plot was used as a "check",
The soil media used for every plot consisted of 1/5 organic
matter (peat), 1/5 of perlite and 3/5:steri1ized loam soil,
Two varieties, Pink Friendship and White Friendship, were
- used in this study. Thirtyftwo corms of each variety were planted

in each plot at 4 x 6 in, spacing at a depth of ¥ inches,

Meth&ds of Investigétion and'Data Taken:

In the early growth stage, twd plants.f:om each plot were
‘randomly sampled per week to detefmine the date of first bud in-
itiation and to examine the bud differentiation aﬁd to count the
number of buds initiated with a dissectting scope, |

When 1/3 of the florets per spike were blooming, the plants
-were cut at the ground level. The measurements for plant weight,

- height of plant, number of buds developed and the judgement of
B the plant quality were made immediateiy after cutting, Data‘taken :
for the.items investigéted were as followss

1) The date of bud initiation - the day when buds were

first visible.

al_The.humber of buds initizted - the number of buds fanmed



3)

4)

5)

6)

7)

31

when they were well-differentiated,

The date of flowering - the first day when 1/3 of the fiorets
on spike were blooming, |

The number of buds flowering - the nﬁmber of florets and buds
well-developed to flower,

The weight of plant - fresh weight of cut plants measured to
the neareét gram,

The height of plant - the length of the stem with flower spike
to nearest inch.

Plant quality - various factors were concerned in this judge-
ment., The weigh{ and height of plant, the diameter of
stem (thickness), the hollowness of stem, the color,
the shape and size of florets, and the space between
florets and the length of spike head were considered for

" grading the quality in this study,
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- RESULTS AND DISCUSSION

' The results of this experiment wii1 be discussed among
the difference in each supplemental light regime and each.soil
temperature range, also the interaction of these factor combi-
nations. The results also will be shown under two differentr
varieties, Pink Friendship and White Friendship. However, no
further comparison and discussion will be done between these.
two varieties. ' |

An anaaysis of variance was used to test the significance

of effects of light.'soilrtemperétﬁre and their interaction,

| Table 1 shows that there were significant differences in
the plant fresh weights for two varieties among four supplemente
‘al light regimes. For the two varieties , the plants which grew
under SL2 gave the greatest‘weight. The second greatest were
thosé.under SLB. whilé the least were under SL1 and SLY4, This
result was attribuéed to higher light intensity‘and more radiant
energy supplied in the early growing stage (vegefative phase).of
the_gladiolus. The rate of photosynthesis is approximately pro~
portional to the light intensity (Meyer, Anderson and Bohning,
1960)., The short day condition thus restricted photosynthesis |
in végetﬁtive growfhfand decreased th¢ §lant weight in'regihes
of SL1 and SI, |

Table 2 shows the effect of soil temperatures upon plant

”fnweight; It indicated that higher soil temperature exerted a re=

"5af;§ar¢ing"effect on growth, This is probably due to the reduction

" of absorption of water and mineral nutrients etc., and decreased

»



Table 1, The effect of supplemental light on the mean
plant weight in grams of two gladiolus varieties. -

Supplemental B | Varieties

Light \ | -
Regimes White Priendship Pink Friendship
SL1 105.81 be . 106,50 b
SL2 130.75 a 136,84 a
SL3 113.56 © 114,41 b
S . 99.06 ¢ 1 105.73 b
ISD 0. 11,03 | 12.90

1 Values in the same column with a common lower case
‘letter are not significantly different as determined
by Fisher's 1SD.

Table 2, The effect of soil temperatures on the mean plant
weight in grams of two gladiolus varieties.

_Soil Tempéfature - Varieties

' Ranges ' White Friendship Pink Friendship ;
Check o 133,19 a 141,39 2
80 B, | 89.91 b 8316 o
720 F. 95.16 b 102,41 b
60°'E. | 130.9% a 136.53 a
N PO (X T 1290

1. Values in the same column with a common lower case

. letter are not significantly different as determined

- by Pisher's LSD,
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metabolic activity of root cells, thus resulting in lower plaht:
weight, At 8o°.F.-soil temperature, a great reduction on the
r#te.of growth was found. |

No significant difference was shown in éach traatment'fof
sﬁpplemental light and soil temperature interaction on plant
- freéh‘weight for both gladiolus varieties in this study.
The shoot length (in inches) was much less influenced by
~light intensity than was planf weight., This is somewhat similar
to the observation by Wassink in 1960, No significant difference
among four supplemental light regimes was shown on Pink Friendw‘
Shiﬁ. Néither did the soil temperature affect shoot length. Hmw%
ever, in Wnite Friehdship variety, SL2 was more effectiverbn "
shoot iength than were SL1, S13 and-SLﬁ‘which were of no sig-
nificant_difference at all (see Table 3). This is probably due
to the indirect effect of supplemental light on stem growth., The
r#te of stem growth is determined by the extent of mitotic activu‘
. ity in the*pith‘zane'of‘mériétém. While the mitotic activity in
the pith zone of'apek is accelerated und&m{influence-of_gibberellin
(Gukasyan, Chailakhyan and Milyaeva, 1970); It also appeared %hét'
1light may promote the formation of gibberellin in piants (Leopold,
1964). o |
R Soil temperature did influence the shoot length. bh White
_Frmendship variety. Table 3 shows that ‘this gladiolus variety
 favors growing at soil temperature of about 60° F..

‘The interaction of both soil temperature and supplemental

V*iLﬁflight demonstrated a very significant effect upon the shoot langth,
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éepeaially the soil temﬁerature.IThe higher.soil temperature
éﬁpreééaé the plant elongation, even under high light ihtensity
i1lumination. Under 1dw light conditions, the lower soil tem-
perature was helpful in increasing‘plant height. Neverthless,
the table shows.that with lower soil temperature.undér high
light intensity in‘early stage of forcing it would be favored
for the elongation of stems in-gladiolus and increased.stem
length much more than either factor alone,

The analysis of variance among bud counts showed that
soil temperaturé'had no influence on the number of flower budé
initiated, However, supplemental,lightedid'aigiificantly affect
it.

Table 4, The effect of supplemental light oh the number
of flower buds initiated.

“Supplemental T
' : No. of Buds Formed
Jlight Regimes

T

SL.1 ' 16.0

SL2 19,0
. SL3 - 18,9
LSD. 05 = 0«--. 2

1, Values in the same column with a common
lower case letter are not significantly
different as determined by Fisher's 1SD.

Rev1ew1ng the results shown abcve. supplemental light

in tha e&rly stage of forcing obv1eusly affected the bud forma»

: As the bud count was done at about 40-50 days after corms
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were planted, when the flower buds were well-differentiated, it
wés‘apparently indicated that at this early stage the longer light
duration and highér light intensity were favorable for huﬁ ini-
tiation, The mean number of buds initiated per plant was reduced
under no supplemental light conditions. This resulted in a lower
bud count in SL1 and SI4, In other words, it was probably due to
a lack of enough light intensity to pravide sufficient carbohy~
dfates. Generally, increasing light intensity will result in
greater photosynthesis in plants, It is believed that the forma=~
tion of flowers in many florist crops, such as African violet,
cineraria, geranium, is dependent upon the accumulztion of suf=-
ficient carbohydrates. Though light duration and temperature
affect flower bud initiation, the development of flower buds

is also dependent on the food-supply (Laurie, et. g&.; 1958).
Thus the suﬁplemental light in the early part of forcing may

be said to be the most critical factor, This is also found in
forcing lilies in greenhouse (Einert and Box, 1967), In this
experiment, soil temperature showed no effect on the number of
buds initiated, The interaction of both factors also showed no
significant influence on bud initiation,

‘However, it did appear that supplemental light and soil
temperature‘had very significant effects on the number of buds.
developed, Table 5 and Table 6 show their effeéts individually,
The results suggested that the soil temperature around 60o P
was better for flower bud development, Soil temperature higher

L '
than 70 P*, was unfavorable for flower bud development under re-
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latively low light conditions in the greenhouse. This study leads
further support to observation by Laurie et. al. that though the
somewhat warmer soil temperature is probably not injurious tq‘

~ the roots, it promoteé rapid drying of soil, necessitating fre-
quent watering, Heating the soil or the water-even slightly above
?OO'F. in winter may inhibit growth of meost florist crops. In
regard to effect of supplemental light, the number of buds flow-
ering was found more affected in SL1 and SL2, Results shown in

~ Table 5 indicate that SL2 had more bloom count than SL1, although
light was turned out in the late stage. And, with comparing both
numb;r of buds initiated and the number flowering, the bloom
count may be'éaid to be propoftional to the number of buds ini-
tiated or formed, The exéeption in SL3 will be discussed later on.
In most case the amount of food within the corms probably governs -
the number of buds that initiate since the corms of small éiza
haﬁe few flowers compare with larger sizes (Oven, 1928; Pridham,
1933)., Moreéver,.it was found that decrease in sugar levels in
corms in the stage of Spiké appearance may be indiaative_of'larger‘_
food requirements for the growth of flower spike. In addition, a.-
more prounced swelling of new corm was efident at this stage. a
rapid de&rease_in étarch during the first 6 weéks after_§laﬁ$ing 
verified,the fact that large amounts of sugar had been utilized,
since sucrose and gluCQée were low in proportion to the quantities

of starch that have been hydrolyzed (Grove, 1939). So itfmay‘be

- desirable to begin fertilization at the time buds have fofmed to

~f;ensure an adeguate supply of foods for their develapment 11ke

- !fli;ies need, From nutritional studies it may be concluded that



Table 5. The effect of supplemental light on the number of
flower buds developed in two gladiolus varieties,

Supplemental _Varieties

Light : ‘ S
Regimes White Friendship  Pink Priendship

SL1 13,34 ab ‘ - 13.19

SsL2 14,31 a 14,31

SL3 12,31 b 12,94

SLA4 12,78 b 13.66
iSD o 1,36 | 8.2

sos . .3 ) P ) N.__S..

1. Values in the same column with a common lower case letter
are not 31gn1f1cantly different as determined by Fisher's
18D,

2. N.S, = No Statistical Difference

Table 6. The effect of soil temperatures upon the number of
flower buds developed in two gladiolus varletles.

Soil I _Varieties

Temperature e
JEA ‘White Friendship Pink Friendship

R R 1 | 1

Check - .  14,4hk g ' 15.69 a

0 o " -

80 r, 12,09 b 11.22 ¢

O ; _ A

70 F, 11.84 v 12,75 b
1D 136 . 1.4

. <05 . Wy 3_ o o Lol

I- Yalues 1ﬁ the same column with a cbmmon lower case letter
‘are not 81gn1f1cantly different as determlned by Flsher s
ISD,
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the amount of readily digestible total carbohydrates at time of
flower developnment determine the number of buds developed. The
light intensity at time of bud initiation and development is

| responsible for carbohydrate level which determines the number
of buds initiated and developed as reported. So we may say that
the supplemental light with high intensity either in the early
stage of bud formation or the late stage of bud development is
a critical factor governing the number of buds that completely
develop., Thus, the high intensity supplemental light is neces-
gsary for growth and flowering in gladiolus. It rather appears
that the importance of high intensity supplemental light in the
late stage is indebted to their prevention of buds from abortion
or blasting.

The interaction of supplemental light and soil temperature
may be seen in Fig, 1, Lower soil temperature with high light
illumination gave the best flower production., High soil tem=~
perature with short day combination gave the poorest flower
production. To the contrary, the high light intensity illumina-
tion given during the period of flower development prevented
bud reduction at higher soil temperatures.

In this experiment it was also found that many buds in
the top of spike turned brown and died, This phenomenon was
found after May 15. Table 7 shows the number of plants blasted,
The reason may be explained by the increase in temperature in

the atmosopbere which caused a humidity decrease., High soil
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temperature promoted drying of soil wﬁich may have blocked water
absdrption of foot systems. Water stress thus probébly cauged

" blasting, the dying back of buds on spike., This may explain

‘why at higher soil temperatures more buds blasted. Light in this
case was hard to explain, however, it was evident that the sup-
plemental lighting with high intensity decreased the number of
‘bﬁds blasting in SIL1. |

7 Comparing the bud count and bloom count under each light
regime, Fig. 2. shows that the percentage of abortion in sI1,
SL2,  SL3 and SLY4 were 16.6%, 24,67%, 34.7% and 20.12% respectively.
In régard to supplemeﬁtal light, it may be seen_thai the 1east
abortion was under the eafly short days and that high light ine-
tensity in late stage dould{decrease abortion., Continuous light-
ing by incandescent lamp resuited in high rates of abvortion in

' 8L3., The explanation for this was complicated, Pérhaps it was
not only due to light and soil temperature, but other factors were -
also involved. Statistical analysis indicated soil femperaﬁure
had an interaction on suppiemental light, Even in talking about
lighf, tﬁé intensity, duration and qualit& may be also involved,
The.seticus abortion in SL3 may be assumed due to the duration
of illumination.whidh-was so long (continqdusly) that it re-
sulted in a higher amount of radiant energy and caused the
florets to be unable to complete their development like in
Brodiaea laxa Wats (Fortanier, 1969), It was reported that from
75 to 85 percent of the power consumed by a incandescent lamp

| is dissipated as heat through infrared radiation. The heat
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could have accumulated and increassd the temperature around
plaﬁts to an'unfavorablé degree, It was probably the combination
bf the heat from incandescent lamp and high soil temperature
that caused a water deficiency, therefore, the burned tips ap=-
peared, It may also be suspectéd that the results could have
been influenced by the difference in light quality or the in-
ternal chemical change which are not included in this study,.

In summing up, the term abortion in this study was re=
fered to as the absence of budding or the failure of developing
bﬁdé by plants at maturity. Perhaps the reason for bud abortion
or bud blasting may be explained on nutritional basis, It might
be assumed that the plants could only support a certain number
of flowers regardless of the number of buds that were set. The
competition for nutrients among the developing buds resulted in
some bud abortion., Environmental cues may be the main factor
in regulating flowering (Lecpoxrd, 196%). The statistical analy-
sis'indicafed that bloom'éount was not only‘regulated by supple-
mental light as it did on bud count, the interaction of soil
temperature also was responsible for bud development. Fig. 1
showed that 60° #,or check soil temperature range generally had
less abortion. At higher soil temperatures the abortion gap was
large, The supplemental light in late stage (SL1) played an
important part in rédﬁcing bud abortion., Under SL1 regime the
abortion number at-e#éry soll temperature range was apparently
reduced when compared to other supplemental light regimes, Eg-

pecially in the 'check' plot which soil temperature was about
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65° F., the bud count and bloom count was about the same. This
probably is due to late supplemental 1ighting facilitating pho-
tosynthesis for manufacture of carbohydrates for the developing
buds, thus decreasing abortion. The high abortion percentage in
SL2 may.be due to the reduction of photosynthesis which was
" caused by turning out supplemental light. Supplemental lighting
in early growth stage may have stimulated vegetative development.
When lights were turned off in SL2, available light for photo=-
synthesis may have been reduced, Translocation of organic com-
pouﬁds, etc., may have shifted 'siﬁks' thereby increasing bud
abortion rates. For SL3, too, though lighting was still on, the
lighf intensity was too low to activate photosynthesis efficient. '
ly. Laurie et. al. have stated that light intensity of 5-10 ft,-c.
was too low for any significant photosynthesis activity. Further-
more, the radiant heat emitted from incandescent lamps may also
increase temperature surrounding plants and promoted respiration,
The consumption of food supply increased and no replacement was
_suppliéd, thérefore, causing very serious abortion percentage in
SL3. |

As shown in Table 8 and Table 9, supplemental light and
soil temperature influenced time of flowering. High soil temperg—
ture and early short days accelerated flowering. Earliness of
flowering occured when gladiolus wés forced at high soil tem-
perature, As regarding supplemental 1light, the flowering was
accelerated in SL1l, while delayed in SL3, The interaction of

soil temperature and supplemental light showed in Fig, 3 suggested



Table 8. The effect of supplemental 1ight on time of flowering
(days) in two gladiolus varieties.

Supplémental Varieties:

Tight :
Regimes ‘White Friendship Pink Friendship
b 1
SL1 - 83,21 4 80.00 d
SL2 87.56 b 83.69 c¢
SL3 93.66 a ' 89.72 a
SLh4 86.19 ¢ - 85,16 b
LSD o5 1.20 |  Ax16

1. Values in the same column with a common lower case
letter are not significantly different as determined
by Fisher's LSD.

Table 9. The effect of soil temperatures on time of flowering
(days) in two gladiolus varieties.,

Soil Varieties
Temperature : -
White Friendship Pink Frieéndship
_ ‘ 1 1
Check 87.47 b 86.00 b
0
80 F, 83.38 d 82,91 ¢
o
70 F, 86,22 ¢ 81,00 d
o : ‘
60 F. ~ 93.56 a 88,66 a
LSD;O5 1.20 . ;.10‘

1. Values in the same column with a common lower case letter
are not significantly different as determined by Fisher's
1SD.
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: ' o o)
that the combination of SIl with 70 F. or 80 F. soil temper-
ature will speed up flowering. The data shows that short days

at the normal time of bud initiation seémed to promote even
earlier initiation. The additional lighting at night seemed to
delay initiation, So we may say that short day tend to speed up
bud initiation. The results had somewhat agreement with personal
correspondance with Prof, R,0,Magie. He stated that long nights
- seenm to force these gladiolus varieties, causing them to bloom
60-70 days instead of the 90 days it takes in north during

the .summer. However, the light intensity at the period of flower
bud development seems to hasien flowering quantitatively.

When considering quality in gladiolus many factors were
included, The plant weight, plant height, and number of flower
buds on spike were principal cfiteria involved and were measured.
Other factors such as flower size, flower color, floret spacs,
stem thickness, and vigorousneés were observed but not measured,

‘Pable 10 and Table 11 show plant quality at different
éoil temperatures and different supplemental light regimes. Both
factors significanﬁly influenced plant quality. Further, their
significant interaction on plant quality is exhibited in Pig. k.

In this study it seems that plant weight was more related
to plant quality than length as it usually does, Generzlly
speaking, most of the plants in this experiment were tall enough,
but most stems looked thin. This somewhat agrees with Howell's
statémént_(lQGB) that the gladiolus in greenhouse will grow much

taller than those grown outside, They need some support before



Table 10, Plant quality 1nfluenced by 5011 temperatures in two

gladiolus varieties,

Soil'

o Varieties
Temperature Pink Friendship _ Whlte Frlendshlp
' 1 YR
Check 3.95 a 3.86 a
o :
80 F, 2:61 ¢ 3.03 b
70° P, 3.02 b 3.86 b
0
60 F. 3-92 a 3.9"” a
LSD 0.37 0.39
| “ -
Table 11, Effect of supplemental light on plant quality in two
- gladiolus varieties.
Supplemental Varieties
Light ‘ " : 1
Regimes - Pink Friendship White Friendship
T ' 1 1
SL1 3.14 b 3,13 ¢
SL2 344 ab 3.80 a
SL3 3.58 a 3.52 ab
SL4 3.3% ab 3.25 be
LSD g5 0.37 0.39

1, Values in the=same:coiumn with a common lower case letter
are not significantly different as determined by Fisher's

LSD,

¥ The scgle used to measure quality was as follows:
' excellent

Qb=

nwuuwu

LA T I 1

good

poor
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temperatures on the plant quality of two
gladiolus varieties,

31



oy
e

blooning., Many of stems in this experiment were produced too

'soft' to support flower spikes, The lack of rigidity was
thelresult of stem hollowness, | .

Stem weakness (thin) was found more in high soil tem-
perature and early short day conditions (SI1 and SI%), Gen=-
erally, at higher soll temperature ranges it was found that
more buds aborted or tips burned, plants were also weaker
and spikes were shorter, Under early non-lighted conditions
(SL1 or SI4) the stems were thin and florets were smaller and
ﬁlants looked weak. The plant quality generally was reduced
by early short day or high soil température. By contrast,
under supplemental light regimes (SL2 or SL3) or at low soil
temperatures around 60O or 650 F., the plant quali{y was gens
erally good, Plants from SL2 mostly were excellent, flower
spikes were good, fiower size was big and plant stéms were
aéequate. The plant§\under SL3 were about the same with
those from SL2, but usually florets were smaller and spikes
vere shortér.

Fig. U indicated that under early short days (3Ll or’
SI4) a low soil temperature would increase its quality.
High soil temgeratures (?Oo or 80° F.) usually gave the
poorest quality, especially in early short days, However,
the supplemental lights prevented the quali'ty reduction,
Fig, 4 also demonstrated that SL2 gave the best quality
comparing every soll temperature range; and soil tempera-

: 0
ture of 60 ¥, was also favorable for good quality pro-
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duction, The interaction of both apparently produced the best
quaiity and increased the quallity more than when these factors’
were alone, Supplemental 1ighting at the early stage of forcing
was helpful in increasing quality in gladiolus. The effect of
supplemental light in this case seems to be due to light intensity.
‘High light intensity increased plant quality. The increase was
associatéd with the increased rate of growth in term of fresh

welght and also the increased number of flower buds,
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CONCLUSION

Data and obgservations obtained in this siudy show that
there are significant difference in flowering and overall quae
lity of gladiclus_producéd under soil temperatures around 60%-
'650 F. as compared with 20% or 800 Fuo

Lowef soil temﬁeratures produced higher plant fresh
weight, more flower prbduction, and consistently better quality
compared with at high s0il temperatures. However, earliness of
flowering in gladiolus appears to be brought about by high
soil temperature} High soil temperature gave poor bud forma-
tion and reduction in number of buds developed. Further, high
soil temperature also increaced bud abortion and blasting.

The results indicated that supplemental light on forcing
gladiolus in winterimonths was critical. It was shown that
the quantity of light avallable for photosynthesis is the majer
factor to determine bud initiation and development. The sup-
plemental light in early part of forcing was found to have
marked effects on the number of buds initiated (in SL2 and SL3).

The supplemental light with high intensity by fluorescent
light given during the period of bud development was found to
accelerate blooming and to prevent bud abortion and biasting.
High light inéensity was found critical for photosynthetic
activity which is responsible for carbohydrate level and cor=-
felates to the rate of growth and flower bud initiation and

devélopment; The increased plant weight and flower production
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resulted in a good quality.

It is of interest that plant height was less dependent
on supplemental 1light,however, gladiolus grown in the high
intensify of fluorescent light (150-250 ft.-c,) produced in-
creased shoot elongation.,

The low light iﬁtensity by incandescent lamp (8-15 ft.-c.)
in this study seems not enough for an adequate photosynthetic
light, It did have an effect on the number of buds formed, but

continuous lighting resulted in a serious bud abortion at stage
of flowering. Continuous supplemental illumination from incan-
descent light delayed time of flowering, too.

Photoperiod, in constrast to 1light intensity and soil
temperature, was found to have‘little or no significant effect
on the rate of bud initiation and development. The early short
déys seem to shorten the time of flowering. However, it shows
that the illumination by high intensity of fluorescent light
during the period of bud formation to flowering accelerated
flowering., It seems that high light intensity promoted the

rate of flower bud development.
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The main object of this investigation was tec attempt the

separation and the interaction of effects of supplemental light
and bottom heat control on initiation and development in the
greenhouse gladiolus, varieties Pink Friendship and White Friend-
éhip. The flower bud abortion and blasting were also studied, |
Supplemental lights were given to extend daylength and
to give higher light intensity to supplement the short day con-
ditions in winter time or early spring. Electirical cables under-
neath corms were set up to control bottom heat. Plants weré
forcéd in greenhouse with four soil temperature levels PEO® By
?OOF., SOOF. and check) and within four light regimes (with highl
intensity of 150-250 ft.-c. supplemental lighting in early growth
stage, in late growth stage, with low intensity of &~15 ft.-c,
supplemental Tighting throughout whole growth period, and natural
short da& condition). *
Flower bud formation was increased under supplemental
illumination of high intensity with fluorescent light was found
;beneficial both in the early stage and the late stage of forcing.
In the early part, it had marked effect on increasing bud count,
bloom éount and plant weight. In the late stage, the period of
bud development, it accelerated flowering and reduced bud abor-
tion and blasting. Low intensity lighting by incandescent lamp
increased the nﬁmber of buds initiated, but increased bud abor-
tion and blasting. The extended daylength héd little or no

significant effect on time of flowering. Natural early short

days seemed to hasten time of flowering. Continuous lighting



by incandescent light délﬁ;gﬁ flowering. However, high intensity
illumination by fluoreséent light at {ime of bud development
promoted the rate of bud development and résulted in early flower-
ing, Plant height was less dependent on light intensity.

Soil temperature ?OO or 800 F, accelerated flowering,
but were not recommended, They decreased plant weight, bloom
count and plant qualityy and increased bud blasting. The soil
temperature around 60° F. was the most acceptable with regard
to number of flowers and plant quality, There was a correlation
between plant quality and plant weight and number of flowers, It
appearedrthat at 60O F. soil temperature or underearly supple-
mental light regime better plant quality was found.

The interaction of supplemental light and goil temperature
increased plant quality much more than either factor alone. Sup-
“plemental lighting with high intensity prevented bud abortion
and blasting at high soil temperatures. Soil temperature at 60o F.

increased plant quality in every light regime,



