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ABSTRACT

The quality of tomato seedlings raised in 4 seedling
densities (1,100/m2, 400/m2, 200/m2, 100/m2) and 2 kinds of
media were compared. Decreasing seedling density markedly
increased the seedling vigor, field survival rates and
improved reproductive growth and fruit development.
Vegetative vigor was evaluated according to an index Dbased
on relationships  among seedling height, stem thickness,
shoot and root dry weight. Seedlings in density 100/m2 had
the significantly highest vigor index while those from
200/m2, 400/m2 and 1,100/m2 ranked the second, third and
last, respectively. Significantly higher field survival
rates were observed in densities 100/m2 and 200/m2 than
those from density treatments 400/m2 and 1,100/m2. The
number of individual flowers, infloresences and fruit/plant
in early the stage significantly increased in density
treatments 100/m2 and 200/m2. No significant difference was
found between the media treatments. '

INTRODUCTION -

Tomato (Lycopersicon esculentum) is one of the most
popular vegetables in many countries. In the tropics,
tomatoes, like most vegetable crops, are normally produced
in mountain regions or in the low lands during the cool
season. The unit yield per hectare has remained a below
that of countries in the temperate zones. The lack of
appropriate cultural practices during both the wet and dry
season is one of the barriers to successful tropical tomato

production (9). In tropics, tomatoes mostly are produced by
transplanting. Good quality of seedling usually can lead to
higher yield and earlier maturity. Tomatoes that mature

early not only could receive higher price on fresh markets
but also could reduce the risk of growing tomato in the
tropics. '

Adjusting the growth medium and seedling density for
improving ‘tomato seedling quality has long been accepted
practice of tomato cultivation and production. Both the



growth medium and density for tomato cultivation varied
widely from country to country (1, 3, 8, 10)}. However,
little is reported on the seedling-raising method for
tropical tomato production which needs different cultural
practice from that of temperate zone.

This research was conducted for the purpose of
examining the effect of 4 seedling densities and 2 growth
media on the guality of tomale seedlings, and their further
development on the effect of tomato production. In this
research both morphological characters of the seedlings and
their field performance after transplanting were evaluated.

MATERIALS AND METHODS

Experiment was conducted in he TOP/AVRDC’s
experimental field 1in the Kasetsart University, Kamphaeng
Saen Campus, Thailand, from November 1986 to January 1987.

The 4 density treatments were 100, 200, 400 and 1,100
seeds/m? and the 2 growth media treatments were consisted of
soil, compost, sand and rice hull in the proportion of
5:3:1:1 and 5:2:2:2, respectively.

The first growth medium was devised by AVRDC and the
.second one was used routinely at TOP. In this study same
amount cf fertilizer was added to both media.

A spiit plot design with 3 replications was used and
with medium treatment in mainplot and density treatments in
subplot. Seedling beds of 10 m? with medium in depth of 20
cm were prepared -1l week before seeding.

Tomato seeds of AVRDC selection "CL 143-0-10-3-0-1-10"
were precisely sown and evenly spaced at 10, 7, 5 and 3 cm
apart on December 86", 1986. After seeding, the beds were
‘mulched with rice straw and covered by plastic screen.
Sprinkle irrigation was used as needed to promote rapid seed
germination and seedling growth. Emergence rate was observe
and mulching rice straw was removed after emergence.

Ten seedling were sampled randomizely from each subplot
and the plant height, the ‘stem thickness, the leaf number,
the fresh and dry weight of shoot and root and the seedling
vigor index were measured 23 days after sowing. The
seedling vigor index was derived according to the formula:
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Vigor index = (Stem thichness/Length + Root dry
weight/Shoot dry weight) x (Shoot dry weight + Root dry
weight) (4).

Meanwhile, the rest seedlings were transplanted to the
field for the evaluation of their field survival rates azand
the early stage of growth developmept. In field evaluation,
split plot design with 3 replications was used again with
growth medium as the main treatment and the seedling density
as the subtreatment. .

Each subplot was 3 m in length and 1 m in width with 2

single line rows. There were 10 plants in each row, spaced
30 cm apart. Field survival rates were investigated 5 days
after transplanting. Number of individual flower,

infloresence and fruit/plant were observed on January -19th
and 26th, 1987.7

RESULTS
a) ON EMERGENCE

Table 1 shows the emergence of seeds in each medium and
density treatments. However, no significant difference were
found among all treatments.

b} ON SEEDLING VIGOR INDEX

Seedling density in both media significantly affected
the seedling height, the stem thickness, the leaf number and
the dry weight of shoct and root. The vigor index was
calculated from each component parameter as shown in Table
2. Density treatment of 100/m? had a significantly highest
vigor index while density treatments of 200/m2, 400/m2 and
1,100/m2 ranked the second, third and last respectively.
Vigor index increased significantly as the density
decreased. Growth medium developed at TOP showed a higher
average vigor index than that of AVRDC medium. However,
this is not significant statistically {Table 4). The
regression analysis between the vigor index and the seedling
density was made. The regression equation used were as
follows:

YB1

YB2

0.101 + 0.075 x Y=0.960** (AVRDC medium)
0.128 + 0.089 x Y=0.989** (TOP medium)

I

The results from both media treatments show that the
seedling density has a significantly positive correlation
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with seedling vigor index (Figure 2).
c) ON THE FIELD SURVIVAL RATE

The seedling density had significant influence on the
field survival rates of tomato plants. A consistant
decrease of the field survival rates from 93.33 to 46.67% in
AVRDC medium and from 88.33 to 76.67% in TOP medium
treatments occured as the seedling density increased from
100/m2 to 1,100/m2 (Table 3). However, no significant
difference was found in the medium treatments. ‘

d) ON INDIVIDUAL FLOWER NUMBER

Individual flower number was counted 22 days after
transplanting. There was significant difference ranged from
6.44 to 2.76/plant with increased densities. Bensity of
1,100/m2 gave the best flower number which significantly
lower than densities 100/m2, 200/m2 and 400/m2. The
difference in flower numbers between 200/m2 and 400/m2? was
not significant. No significant difference was observed
among medium treatments (Table 5).

e) ON INFLORESENCE NUMBER

Infloresence number/plant was counted 29 days after
transplanting. A significant decline was observed as the
seedling density increased. Seedlings from densities of
100/m2 and 200/m2 had 2.19 and 1.92 infloresences/plant
respectively. These infloresence number were significantly
higher than the 1.37 and 0.79 infloresences/plant obtained
from densities of 400/m2 and 1,100/m2 (Table 5). However no
significant difference was observed in medium treatments.

f) ON FRUIT NUMBER

Fruit number/plant was determined 29 days after
transplanting. Seedlings from densities of 100/m2, 200/m2,
400/m2 and 1,100/m2 had 5.59, 4.93, 3.30 and 1.66 fruits/
plant respectively. The densities of 100/m2 and 200/m2 gave
significantly more fruits/plant than that of densities
400/m2 and 1,100/m2. In the meantime no significant
difference was found between medium treatments (Table 5).
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DISCUSSION

Raising good seedlings is the prerequisite to
successful tomato growing. Good seedling quality could
significantly improve vegetative and reproductive growth
after transplanting. A number of research were reported for
selecting the most suitable density for tomato growers and
the density standard varied greatly from country to country.
In Georgia, USA, seeding rate less than 63 seeds/m? was-
recommended becaused their research results indicated that
greater than 63 seeds/m? usually increased only the-cull
transplants with no significant increase in the marketable
transplants (10). The research results in UK showed that
seedling density of 60 plants/m2 ripened 5 days earlier when
compared with that of 200 plants/m? and produced 50% more
yield (2,3). In Poland densities of 133/m2, 66/m2 and 44/m?
were compared, the best results in relation of earliness and
higher yield were obtained from plants at 44/m2 (8).

In northern China, the accepted seedling density is
between 100/m2 to 200/mZ. Because of the temperate climate.
and the indeterminate plant type, spacing in termperate zone
is usually greater than the tropics. However, many research
results showed that close spacing reduced seedling quality
and ‘delayed infloresence formation as compared with wider
spacing. After planting in the field, +tomato plants that
were raised from the closer seedling spacings started the
crop slowly and produced substantially lower yield (1,7).

In the present study, the seedling density showed a
significant effect on the quality of seedlings and
subsequently influenced the field survival rates and delayed
reproduction growth of the tomato plants. In the U.S.A.,

the stem thickness and the plant height were commonly
accepted standards for the evaluating of tomato seedling
quality (10). In Hungary, a quality index which was
developed from the relationship among plant height, leaf
number, stem thickness and weight was suggested as a
yardstick for the evaluation of tomato seedling quality (5).
In northern China, the Hungarian method was used to
evaluated seedling vigor with a slight modification in
calculating the formula by emphasizing more on the dry
weight ratios of shoot/root (4). This modified formula was
- used in the current study. Results of the field observation
confirmed that the wvigor index wused in this work is
reasonable and had a good representation of tomato seedling
gquality. .
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Though the seedling density of 100/m2 showed the
highest vigor index and had the best field result, it is not
significantly different from the density of 200/m2 in almost
all categories. From the point of economy, density 200/m2
should be recommended. With the density, grower can double
his seedling production on same area of seed bed and also
with acceptable seedling quality.

The seedling density of 300 plants/m2 or 5.5 x 6.0 «cm
spacing was applied by AVRDC for raising tomato seedlings

and the transplanting was wusually <conducted when - the
seedling reached 3 to 5 true leaf stage (6). At TOP, a
density of 220 plants/m2 or 6.5 x 7 cm spacing was used and
the seedling were transplanted at 5-6 true leaf stage. it
needs earlier transplanting with smaller seedings. This
density is as rational as the density used by TOP. Both of

these two densities are in agreement with the results
obtained by the present research which suggest that a
density of 200/m® or 7 x 7 cm spacing with the
transplantation at 5 to 6 true leaf stage are most suitable.
The TOP modified medium gave higher permeability which lead
tc a higher value on the seedling height the stem thickness,
the leaf number, the dry shoot & root weight and the vigor
index, though the difference between these and the AVRDC is
not significant (Table 4).

CONCLUSION

Seedling quality of tomato was significantly effected by
seedling density. As the density increased, the
corresponding value of quality decreased.

Seedlings raised in densities of 100/m2 and 200/m2 had
significantly vigor index, field survival rates -and early
reproductive growth than the seedling densities of 400/m2
and 1,100/m2. No significantly difference was found between
the densities of 100/m? and 200/m2.

No significant difference in the effectiveness of tomato
seedling raising was found between the AVRDC medium and the
TOP medium.

In Thailand, the seedling density of 200/m2 or 7 x 7 cm.

spacing is suggested for raising tomato seedlings and they
should be transplanted at 5-6 true leaf stage to the field.
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Table 1.

Effect of growth media on the emergence of tomatc seeds.
(11 Dec. 1986)

Sub  Main (AVRDC) Main (TOP) ' Sub total survival
Density Seeds emerge (%) Seeds emerged (%) Number (%)
1,100/m2 144.00 96.00 147.00 38.00 291.00 97.00 °
400/m2 143.00 95.33 145.00 96.67 288.00 96.00
200/m2 145.00 96.67 145.00 96.67 290.00 86.67
100/m2 144.00 96.00 146.00 97.33 290.00 96.67

Total 576.00 96.00 583.00 97.17 1159.060
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Table 3 Effect of seedling density and growth on the
field survival rate of tomato.

Sub Main (AVRDC) Main (TOP) © Subtotal
"density  survival survival survival survival survival (%)
seeds (%) seeds (%) average
1,100/m2 28.00 46.67 46 76.87 74 61.67
400/m2 52.00 86.67 45 75.00 g7 80.83
200/m2 58.00 386.67 47 78.33 105 87.50 -
100/m2 56.00 83.33 53 88.33 108 90.83-
Total 194.0b 80.83 191 79.58 385 80.21°
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Table 4. Variance analysis of emergence vigor index, survival rate,
individual flower number, infloresence number, fruit number
fruit number of tomato.

SOV entries DF SS MS F-Value
Total emergence 23 32.857
Vigor index 23 | 1.355
Field survival rate 23" 292.959
Individual flower No. 23 92.764
Infloresence No. 23 8.566
Fruit No. 23 65.144
Block emergence 2 6.082 3.041 0.336 NS
Vigor index 2 0.022 0.011 1.030 Ns
Field survival rate 2 9.334 4.667 1.037 NS
Individual flower No. 2 6.310 3.155 0.487 NS
Infloresence No. 2 0.247 0.124 4.565 NS
Fruit No. 2 0.565 0.283 0.290 NS
Main emergence 1 2.039 2.039 0.225 NS
Vigor index 1 0.080 0.080 7.480 NS
Field survival rate 1 0.375 0.375 0.083 NS
Individual flower No. 1 7.797 7.797 1.203 NS
Infloresence No. 1 0.133 0.133 4.830 NS
Fruit No. 1 0.081 0.081 0.083 NS
ERR(A) emergence 2 18.086 39.043
Vigor index 2 0.021 0.011
Field survival rate 2 9.000 4.500
Individual flower No. 2 12.961 6.481
Infloresence No. 2 0.054 0.027
Fruit No. 2 1.948 0.974
Trt. © emergence 3 0.789 0.263 0.611
Vigor index 3 1.154 0.384 69.874 *x
Field survival rate 3 122.458 40.820 7.168 Xx¥k
Individual flower No. 3 40.891 13.630 6.891 *x
Infloresence No. 3 6.937 2.312 29.913 *x
Fruit No. 3 55.810 18.604 50.949 x%xk
Main emergence 3 0.797 0.266 0.617 NS
trt.x Vigor index 3 0.124 0.004 0.752 NS
Field survival rate 3 83.459 27.820 4.885 %
Individual flower No. 3 1.069 0.356 0.180 NS
Infloresence No. 3 0.266 0.089 1.149 NS
Fruit No. 3 2.328 0.776 2.125 NS
Trt. emergence 12 5.164 0.430
ERR(B) Vigor index 12 0.066 0.005
Field survival rate 12 68.333 5.694
Individual flower No. 12 23.7356 1.978
Infloresence No. 12 0.928 0.077

Fruit No. 12 4.382 0.365

* significant at 0.05 level
¥k significant at 0.01 level
NS non significant 179



Table 5. 1SD test of emergence of seed number,vigor index of seedling,
field survival rate, individual flower number, infloresence
number and fruit number of tomato.

Emergence Vigor Field Individual Infloresence Fruit
Densities of seeds index survival survival number number®
number rate number
100/m2 290 5.51 aA 109 aA 38.65 aA 13.11 a4 33.51 aA
200/m2 290 4.20 bB 105 aA  28.76 aAB 11.52°'aA 29.56 aA
400/m2 288 3.56 ¢cB 97 aAB 27.85 aAB 8.23 bB 19.81. bB
1,100/m2 291 1.86 dc 74 bB 16.54 bB 4.71 CC 3.91 cC
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