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Low temperature treatment and flower

development in Ta-Mei-Fua radish’
Tzay Fa Sheen?®

Abstract : A seed vernalizing type of radish was used to find a method to promote
flowering in late bolting radish for breeding in the tropics. The relationship between
morphological changes of the shoot apex .and metabolic changes in nitrogen,
carbohydrates compounds during flower development was also investigated.

Results indicated that mature Ta-Mei-Fua radish will flower when defoliated of
top parts and the root is exposed to 94=1°C temperatures and 16 hr daylight for threc
weeks,

The number of tunica layers on the shoot apex increased from 4-5 layers to 5-6
layers when mature plants were exposed to three weeks of low temperature treatment.
The number of layers decreased rapidly to three layers when mature plants transited
from the generative stage to the reproductive stage. At the same time, cell shapes on
the corpus layers changed from their original flat type to an erect swollen type. The
flower primordium began to form after :four weeks of low temperature t-eatment.
Sugar content increased during low temperature treatments and was highest whe -ell
division on the shoot apex was at a maximum and the tunica layers were increasing
to 5-6 layers. Sugar content gradually decreased as the number of tunica layers
decreased to three and flower primordium formation gave way to bolting. Changes in
sugar contents were similar to those of mature green vernalization type crops when

treated with low temperatures, .

Cultivar Ta-Mei-Fua is one of the major radish cultivars planted during the autumn
and spring cropping seasons in Taiwan. When this crop is planted in northern Taiwan
or at high altitudes, low temperatures cause premature bolting, reducing both yields and
quality for fresh market production. Seed production, on the other hand, suffers from
insufficiently low temperatures to induce bolting and flowering of selected seed mother
plants. Therefore, methods for preventing premature bolting of an economic crop in
early or late winter and artifically inducing flowering of the seed mother plant for
breeding work need to be devised.
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Radish is a seed vernalization type crop. A number of studies have indicated that
low temperature treatments on germinating seeds are effective in accelerating flowering
in radish. Yamato ® showed a relationship between low temperature and the flowering
response of a germinating radish seed. Eguchi ” demonstrated that radish flowering was
promoted when germinating seeds were exposed to 5°C temperatures for 15-20 days.
Kagawa © showed that germinating seeds treated with low temperatures and sufficient
light had a better flowering response than seeds treated with low temperature under total
darkness. Sugiyama " showed differences in the flowering habits of several radish
varieties and used these differences to classify the radishes. Shinohara ® examined the
genealogical and population genetic aspects of phasic development and classified the
climatypes of radish. While these research on flowering physiology and morphogenesis
of radish may also be applicable to the tropics and subtropics, no methods have been
devised to promote flowering of selected seed mother plants under warm temperature
conditions.

Seed mother plants were therefore selected to evaluate radish flowering behavior.
All selected radish plants were exposed to low temperature conditions. Results from
preliminary experiments indicated that radish roots appeared to vernalize efficiently
when packed in transparent plastic bags and expose to light and longer low temperature
treatments. The experiment investigated the morphological changes in the shoot apex
and changes in nitrogen and carbohydrate compounds in the root during flower
development. The morphological and histochemical changes of the mature root of a seed
vernalizing plant type was also studied.

Materials and Methods

Radish cv. Ta-Mei-Fua was sown on October 17, 1980 and harvested on November
25, 1980. Plants were selected for the experiment at harvest according to size and
uniformity. The leaf blades of all selected plants were cut to 1/3 height, and then 2-3
plants were packed together in 0.02mm transparent plastic bags for treatments at
9+1°C and 16 hr daylight. Each week, 25 plants were moved from the cold room. Twenty of
these were transplanted to the field for observations on flowering response and the
remaining five plants were used for analysis. This work continued every week for four
weeks. A check plot was maintained in the field. On January 5, 1981, individual plants
from each treatment were taken as samples. For all samples the shoot tip was fixed in
a solution of formalin, alcohol and acetic acid (1:8:1). After dehydration and para-
ffin embeded, the tissue samples sliced into 12-15mm sections and stained with Ehrlich’s
Hematoxylin for anatomical observation. Root parts were dried in the oven at 60°C for
nitrogen and carbohydrate analysis. Nitrogen was analyzed by the Kieldahl method.
Soluble sugar and starch were analyzed by the Anthrone method and reducing sugar by
the Somogi method. A flow chart of the experimental design is shown in Figure 1.
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Fig. 1. Experimental plan for vernalization Ta-Mei-Fua radish,

Results and Discussion

Changes in the dry matter content the radish root after being exposed to low tem-
perature treatments and transplanted to the field are shown in Table 1. Although new
leaves continued to grow during the low temperature treatment, dry matter of the
treated plots was less than that of the check, probably due to insufficient light exposure

and lack of nutrient supply. Dry matter accumulation increased, however, after
transplanting to the field.

Table 1. Dry matter (%) of radish root after vernalization

Treatment % Treatment %
v 0 59 IV 0o 55
v 7 5.1 v 7 5.8
v 14 5.3 v 14 6.4
Iv 21 5.3 v 21 6.4
v 28 85 IIv 28 6.2

Table 2. Changes in tunica layers of the shoot apex after low temperature treatment

No. of plants No. of tunica layers Plants of floral
Treatment primordia
examined 4-5 5-6 3 initated
v 0 5 5 0
v 7 5 4 1 0
v 14 5 3 2 0
v 21 5 1 3 1 0
Iv. 28 5 3 2 1
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Fig. 2. Floral development of radish root treated with different durations of low temperatures.
See Figure 1 for reference to the experimental plan.

A. Non-treated (IV 0) —Vegetative adult. 4—5 Tunica layers were observed. B. One week
treated. (IV 7)—Vegetative stage is maintained ; 4—35 tunica layers were observed. The
height of the apex increased and the top grew ellipsoid. C. Two weeks treated (IV 14)—
The apex gradully grew taller and thicker. 5 tunica layers were observed. Cell division
increased on the upper part of the corpus. D. Three weeks treated (IV 21)-6 tunica layers
were ohserved. E. Four weeks treated (IV 28)-The tunica layers decreased to 3, the shoot
apex was more elongated. The first floral primordium was initiated at the inner part of the
apcx. F. Observation on January 5 of the one week treatment (IIV 7).—The tunica layers
decreased to 3 and many new cells accumulated on the upper part of the corpus. G.
Observation on January 5 of the four week treatment (IIV 28)-Flower bud and sepal were
formed.
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Table 2 and Figure 2 show changes in the tunica layer of the shoot apex after low
temperature treatments. The shoot apex growth ‘of the check plants appeared flat and
contained 4-5 tunica layers (IVO). After one week of low temperature treatments the
shoot apex appeared oblong and still maintained 4-5 tunica layers (IV7). The height and
thickness of the shoot apex increased after two weeks of low temperature treatments.
The number of tunica layers increased to 5-6, and more cell division activity appeared
on the growing point with many new cells accumulating on the upper part of the corpus
layer. The tunica layers then entered a transitional phase (IV14, IV21). The shoot apex
appeared taller and tunica layers decreased from the original 5-6 dayers to 3 layers
after 3-4 weeks of low temperature treatments. At the same time, the cells of the corpus
layer assumed a more swollen shape (IV21, IV28). Flower primordia were initiated on
the shoot apex of one plant after four weeks of low temperature treatments (IV28).
Plants planted to the field on January 5, 1981 after one week or two weeks of low
temperature treatments showed some flower primodium differentiation, but the plants
exposed to four weeks of low temperatures were already bolting (IIV28). Figure 3
illustrates the effects of different durations of low temperature treatments on flowering
behavior. The plants exposed to low temperatures for three weeks were the first to
flower on February 8. All of the low temperature treatments had at least some plants
that flowered, while the non-treated check had no flowering plants. The plants exposed
to low temperatures for three weeks demonstrated the fastest flowering rate.

Table 3 shows the changes in nitrogen and carbohydrate contents of radish roots.
Total nitrogen did not change significantly, but soluble nitrogen tended to increase with
peak after the first week of low temperature treatment. Accordingly, insoluble nitrogen
tended to decrease, reaching a nadir after the first week. Total carbohydrates, total
sugar, non-reducing and reducing sugar increased up until the third week of low
temperature treatments after which they decreased. C/N and total sugar/N ratios were
at a maximum after two weeks of low temperature treatments. Starch contents tended
to decrease. After the plants were harvested for observation on January 5, 1981, the
soluble nitrogen and sugar contents tended to be less than the levels during vernaliza-
tion, The non-reducing sugar, total sugar and total carbohydrate contents were highest
in the plants which had been exposed for three weeks of low temperatures (IIV2L1).
Reducing sugar, non-reducing sugar and total sugar contents decreased when plants
began to bolt after four weeks of low temperature treatment. Soluble nitrogen contents
were higher the longer the low temperature treatments. Total nitrogen contents of all
temperature treatments were lower than that of the check plot except the four-week
treatment, indicating that plants began to absorb nitrogen when bolting, thus lowering
both C/N and total sugar/N ratios.

Wang *® examined that the number of tunica layers on the shoot apex of To-pe-
tsai (B. chinensis L. ) increased from 4-5 to 5-6 layers when the plant changed from
the vegetative phase to the reproductive phase. This number rapidly decreased to 3
layers before the flower primordium was 'initiated. Radish was demonstrated the same
phenomenon, with increasing sugar contents before flower bud differentiation. The sugar
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Fig. 8. Effect of different duratons of low temperature treatments (92=1°C) on the
flowering behavior of Ta-Mei-Fua radish
Table 3. Changes in carbohydrate and nitrogen contents in radish root exposed to low
temperatures for different duration (9% dry matter)
Nitrogen Soluble sugar Total Total
Treatment N Starch | carbo- | C/N |soluble
Soluble‘ Insolub]e! Total |Reducing ’ red?lzl;ng | Total hydrates i sugar/N
[ 4 E
v 0 124 | 149 273 | 213 141 | 354 74 428 | 187 13.0
| ! i
v 7 164 | 099 2.63 ; 24.3 18.2 42.5 4.6 471 | 179 16.2
v 14 139 ¢+ 117 256 | 244 18.7 43.1 3.8 46.9 | 18.3 16.8
v 21 1.33 ‘ 1.39 2.72 ‘ 24.6 19.5 44,1 3.4 475 ; 171 16.2
IV 28 134 | 129 263 23.3 175 40.8 2.0 42.8 : 18.3 185
v 0 | 098 | 214 | 312 195 59 | 284 | 22 | 216 | 88| 81
v 7 110 i 1.50 260 | 174 9.5 26.9 4.6 315 12.1 10.3
IIv 14 1.18 17 2.89 l 19.9 13.2 33.1 4.8 379 13.1 114
Iv 21 1.22 1.45 267 | 123 25.2 3175 3.0 42.3 15.2 14.0
IV 28 1.46 171 3.17 13.4 14.5 279 6.4 34.3 10.8 8.8
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content (Table 3) continued to increase as the tunica layers increased from 4-5 layers
(Table 2, V14) to 5-6 layers (Table 2, IV21), and then gradually decreased (Table 2,
IV28) as the tunica layers decreased to three layers. With the appearance of the flower
primordium, the sugar content decreased even more (Table 3-2, I1IV28), especially when
plants began to bolt. This indicates that the cell division stage consumes more sugar,
and that the increase and subsequent decrease in sugar contents were related not only
to flower bud formation but to flower development and bolting as well.

The decrease in starch contents and increase in reducing sugar, non-reducing sugar
and total sugar contents during flower bud differentiation were the same as reported
by Suzuki*® for cabbage. The results were similar also to results from previous
research on the efficiency of low temperature treatments on mature Kkohlrabi, and
showed that flower bud formation in radish increased sugar contents during vernaliza-
tion. Sugar contents gradually decreased from flower primordium development to bolt-
ing. At the same time, the C/N ratio tended to decrease due to the absorption of
nitrogen by the plant during bolting. Therefore, the low temperature response of flower
bud differentiation was an increses in suger content, with the total sugar/N ratio
reaching a peak just before flower bud differentiation. When the plants passed into the
reproductive or bolting stage, sugar contents decreased and nitrogen was absorbed by
the plant decreasing both the total sugar/N and C/N ratios. This pattern of metabolic
changes during flower development in radish the same as demonstrated in previous
research on kohlrabi (Sheen). ¥
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