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Development of end—of—day (EOD) light treatment and irrigation
and fertilization methods for inhibition of over growth of plug

seedlings.
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SUMMARY

I. Title

Development of end-of-day (EOD) light treatment and irrigation and

fertilization methods for inhibition of over growth of plug seedlings.

II. Objectives and Importances

The objective of end-of-day (EOD) treatment was to develop the new
method for inhibition of over growth in plug seedling. In the light control
techniques, previous studies have been applied the methods of eliminating
of the specific wave length and/or covering certain percentages of light
using cover materials or adding of specific light to the seedlings during
day time. However, EOD (end-of-day) light treatment is adding relatively
short periods of specific light in the end of day, as well as using of
natural light during day time to the growth of plug seedlings. Therefore,
the new method did not affected by day time weather environments, such
as hot temperature (heat) and cloud or rain (weak light for
photosynthesis). In addition to EOD treatment, chemical applications (plant
growth regulator, NaCl, and CaCly) and physical stress (mechanical
stimulation) were treated to examine the effects on the inhibition of over
growth in plug seedling. These results should be used as a

standardization of growth control techniques for plug seedlings.



M. Research Scopes and Perspectives

1. Development of EOD

light application techniques for
inhibition of over growth.

a. Spectrum analysis of the source light and used color filters.

b. Study on the selection of the best light wave length domain for the
inhibition of over growth.

c. Study on the best suitable times of light irradiation by crops.

d. Study on the best suitable periods of light irradiation by crops.

e. Study on the best suitable light intensity by crops.

2. Development of chemical and mechanical (physical) stress

application techniques for inhibition of over growth.

a. Effect of triazole systemic treatment on the inhibition of over growth
of plug seedlings.

b. Effect of NaCl treatment on the inhibition of over growth of plug
seedlings.

c. Effect of CaCly; treatment on the inhibition of over growth of plug
seedlings.

d. Effect of mechanical stimulation treatment on the inhibition of over

growth of plug seedlings.



IV. Results and Suggestions

The red fluorescent lamp showed abundant 600~700nm wavelength
spectrum with three peak of 400~500nm wavelength range in the
spectrum analysis. But, normal fluorescent lamp equiped with red
cellophane paper had only 600-700 nm wavelength. These single red color
light had the effect on the inhibition of over growth of plug seedling.

The blue fluorescent lamp appeared abundant distribution of 400-500 nm
spectrum. Normal fluorescent lamp with blue color cellophane paper also
had similar spectrum distributions, but intensity of light was lower than

the blue fluorescent lamp.

The summaries of experimental results were as followed:

1. In the EOD treatments, red light had the best effect on the inhibition
of over growth in plug seedlings. Thus, the seedling quality is
improved due to low T/R ratio. Blue color light also inhibited the over
growth of seedling but the effect was not significant. Among the crops,
cucumber had the highest sensitivity to the red and blue light. The
next sensitivity to the both lights was followed by tomato and pepper.

2. The long EOD treatment had the shorter growth of seedling in
cucumber and tomato. However, there was no significant difference
between 60 min and 120 min treatment. Therefore, 60 min of EOD

treatment had the best effect on the inhibition of over growth of



cucumber and tomato seedlings.

3. In the timing of EOD treatment, just after sun set treatment decreased
21.3% and 14.2% of growth in cucumber and tomato, respectively.
However, before sun rise treatment had little effect on the inhibition of
seedling growth.

4. In the EOD treatments, light intensity had no significant effects on the
growth of seedling. This results indicated that low light intensity of red
color did not affect the growth of seedling after sun set.

5. In the treatments of trizole-type growth regulators, diniconazole had the
best growth inhibition effect on the seedling with the lowest
concentration. The best concentration of diniconazole was 5 ppm. And 5
ppm of diniconazole should be applied at the 1st step in pepper, 2nd
step in tomato, and 2nd or 3rd sten in cucumber.

6. In the application of NaCl, 2000 and 3000 ppm had suitable growth
inhibition effects in plug seedlings. However, 3000 ppm of NaCl showed
leaf chlorosis in the lower parts of tomato and pepper and severe
growth inhibition. Therefore, 2000 ppm of NaCl should be most suitable
application for the inhibition of over growth in plug seedlings. The best
application times were 25 days and 35 days in tomato and pepper,
respectively. And subirrigation system had the better growth inhibition
effect than spray irrigation system.

7. Six times of 0.5% CaCl. application had the most suitable effect on the
inhibition of over growth in plug seedlings, compared with other CaCl,
applications. This treatment also produced the best quality of seedling.

8. In the mechanical (physical) stimulation experiment, 90 min and 135

_10_



min treatment had the suitable growth inhibition effects. However, 135
min treatment showed leaf chlorosis in the lower parts of plant.
Therefore, 90 min of mechanical stress was the best suitable treatment
for the inhibition of over growth of plug seedlings. Compared with

afternoon treatment, before noon treatment had the better effect.

From above results, we concluded that the developed techniques could
be used for the practical inhibition of over growth in plug seedlings,
regardless plug environmental conditions, such as high temperature, lower

light density, and high density cultivation. Also these information should

be supply to growers for their benefit.

-11 -
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Table 1. Specifications of fluorescent lamps used for spectrum analysis

Dimension Light .
Lamp Luminous
Type Model - source
wattage(W)| Length |Diameter flux(Im)
color
(mm) | (mm)
Standard |FL20SD/18 18 580 28 Daylight | 1,070
Red FL20S - R 18 580 28 Red 700
Blue FL20S - B 18 580 28 Blue 250
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Fig. 1. Effect of EOD light quality on the plant height and stunting ratio

of cucumber seedlings.
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Table 1. Effect of EOD red and blue light on the growth of cucumber,

tomato and pepper seedlings.

Stem Leaf

EOD ) No. of Leaf
Crop ] diameter area
light leaves chlorophyll 5
(mm) (cm?®)
Red 5.8 a” 54 ab 35.8 ab 302 b
Cucumber Bule 6.2 a 50 b 333 b 298 b
Cont 59 a 58 a 359 a 335 a
Red 57 a 93 a 372 a 276 b
Tomato Bule 58 a 91 a 393 a 297 b
Cont 56 a 9.2 a 377 a 328 a
Red 32 a 13.1 a 480 a 113 a
Pepper Bule 33 a 124 a 485 a 118 a
Cont 33 a 133 a 474 a 108 a

“mean separation by duncan’s multiple range test at 5% level.
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Fig. 3. Effect of EOD red and blue light treatments on the dry weight of

shoot, root and T/R ratio of cucumber, tomato and pepper seedlings.
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Fig. 4. Effect of LED light quality on the plant height, stunting ratio and

rate of increase of cucumber seedlings.
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Fig. 5. Effect of LED light quality on the plant height, stunting ratio and

rate of increase of tomato and pepper seedlings.
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A A7} 44 A5 JEETH(Table 2). 44% Al 48 2F 2ol7} gl
A3, GEL FHe ook ErhEdN A At 244 Aeln &)

veon mFelAE Ak AT Aolst 9tk A AR BT Qud
o 243 W2 AT ngnd 2, GA, A4 242 FopAr 1

Ak AR el Aol 7k §lgle,

Table 2. Effect of LED light quality on the growth of tomato, pepper and

cucumber seedlings.

Stem Leaf
EOD No. of Leaf
Crop diameter area
Light leaves chlorophyll )
(mm) (cm”)
Red 34 a° 32 a 313 a 338 b
Bule 33 a 32 a 30.7 ab 333 b
Cucumber
F-red 33 a 2.8 a 288 b 376 a
Cont 32 a 3.0 a 30.0 ab 359 a
Red 57 a 93 a 372 ab 2761 ¢
Bule 58 a 9.1 a 39.3 a 2973 b
Tomato
F-red 53 b 94 a 365 b 345.8 a
Cont 56 a 92 a 37.7 ab 3284 a
Red 32 a 13.1 a 480 a 1082 b
Bule 32 a 126 a 485 a 1129 b
Pepper
F-red 33 a 128 a 470 a 132.3 a
Cont 33 a 133 a 474 a 1245 a

“mean separation by duncan’s multiple range test at 5% level.
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Fig. 6. Effect of LED light quality treatments on the dry weight of shoot,

root and T/R ratio of cucumber seedlings.
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Fig. 7. Effect of LED light quality treatments on the dry weight of shoot,

root and T/R ratio of tomato and pepper seedlings.
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Fig. 8. Effect of time of EOD red light treatment on the plant height and

stunting ratio of cucumber seedlings.
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Fig. 9. Effect of time of EOD red light treatment on the plant height and

stunting ratio of cucumber seedlings.
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o 4FHE FAWHE wus M2 A3}E BHrHAkia o
Naoko, 1993). 21} 2ols} ErtEs AZALE AAF Aol & wolx
gvh e AAMoE P AelToh AT wste] Fastart. w3
A A AT BE 1808 ARz 2 A vehdov 60wt 1203
A Fo4 Aol 7k gLk,

Table 3. Effect of different light time of treatments on the growth of

tomato, pepper and cucumber seedlings.

Stem Leaf
No. of Leaf
Crop Treatment diameter area
leaves chlorophyll )
(mm) (cm?®)
Cont 59 a* 58 a 349 a 3351 a
60 58 a 54 a 358 a 305.3 bc
Cucumber
120 57 a 50 a 356 a 2957 ¢
180 6.0 a b5 a 365 a 3135 b
Cont 56 a 9.2 a 352 b 3123 a
60 57 a 89 a 36.5 ab 2816 ¢
Tomato
120 6.1 b 96 a 36.6 ab 286.5 be
180 6.2 a 94 a 379 a 296.7 b
Cont 32 a 118 a 436 ¢ 1468 a
60 32 a 116 a 45.1 be 1302 b
Pepper
120 35 a 12.1 a 46.5 ab 1279 b
180 33 a 123 a 476 a 1435 a

“mean separation by duncan’s multiple range test at 5% level.
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Fig. 10. Effect of time of light treatments on the dry weight of shoot,

root and T/R ratio of cucumber seedlings.
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Fig. 11. Effect of time of light treatments on the dry weight of shoot,

root and T/R ratio of tomato and pepper seedlings.
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Fig. 12. Effect of time of EOD red light treatments on the cucumber and
tomato plant height.
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7} A ek skeh.(Table 4).

Table 4. Effect of time of EOD red light treatments on growth of

cucumber and tomato seedlings.

Hypocotyl Stem Leaf Leaf
.0
Crop Treatments length I diameter chlorophyll area
eaves
(mm) (mm) content (cm?)
CON 698 a 41 a 5.03 a 3428 b 3146 a
10M 671 ab 4.0 a 489 a 3563 ab 2733 b
Cucumber 30M 651 b 42 a 511 a 3548 ab 2720 b
60M 643 b 40 a 5.06 a 36.48 a 240.8 ¢

120M 547c 41 a 512 a 35.78 a 230.2 ¢

CON 3%5a 68a 476 b 3618 b 2214 a
10M 284b 60c 492 a 3788 ab 2016 b
Tomato 30M 259 bc 6.0 ¢ 493 a 36.60 b 191.0 b
60M 246 ¢  60c 497 a 3789 ab 1782 c

120M 211d 640D 490 a 39.04 a 180.0 ¢

Zmean separation by duncan’s multiple range test at 5% level.
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Fig. 12. Effect of different light time treatments on the dry shoot, root

and T/R ratio of cucumber and tomato seedlings.

_52_



Table 5. Effect of different light time treatments on the dry matter rate,

SLA and compactness of cucumber and tomato seedlings.

Day matter rate (%)

SLA  Compactness
Crop  Treatments )

Leaf Stem Root (cm’/g) (mg/cm)

10M 14.87 8.39 5.58 274.8 ab 5754 b

30M 14.36 7.30 4.87 269.8 b 59.97 b

Cucumber  60M 14.12 7.86 5.63 2528 ¢ 64.32 a
120M 13.87 793 4.81 260.6 bc 64.75 a

CON 13.64 7.73 4.96 2854 a 5772 b

10M 13.46 11.87 711 20712 b 66.68 b

30M 14.04 11.40 8.02 203.4 bc 63.96 ab

Tomato 60M 15.02 11.65 8.65 186.8 d 7363 a
120M 14.55 11.75 7.61 1934 cd 74.04 a

CON 11.74 10.26 8.40 235.6 a 58.64 ¢

Zmean separation by duncan’s multiple range test at 5% level.
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dEF Aol 43 AAstH AdEAHFTHEEH AA7A 23270 FHd<l
Ao 2 YelytE B9 B 5235 cHSon 3 Lee, 1998)

O

A NA Qo] 358mm, EVES 560mmE 7 AE BT U4E $A4
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Fig. 13. Effect of different date of treatments on the plant height of

cucumber and tomato seedlings.
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Table 6. Effect of date of treatment on the stem diameter, No. of leaves,

leaf chlorophyll and leaves area of cucumber and tomato seedlings.

Stem Leaf
No. of Leaf
Crop Treatments diameter area
leaves chlorophyll )
(mm) (cm”)
EOD 358 a’ 30 a 331 a 1035 b
Night 337 b 32 a 329 a 1045 b
Cucumber
BSR 351 ab 31 a 334 a 983 b
Control 346 b 33 a 323 a 1240 a
EOD 565 a 73 a 39.7 a 2578 ¢
Night 5.38 bc 78 a 365 b 282.4 ab
Tomato
BSR 552 ab 75 a 379 ab 2741 b
Control 531 ¢ 79 a 36.3 b 291.3 a

“mean separation by duncan’s multiple range test at 5% level.
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Table 7. Effect of date of treatment on the dry weight of shoot, root, T/R

ratio and compactness of cucumber and tomato seedlings.

Dry weight (g) T/R

Compactness
Crop Treatments _
Shoot Root ratio (mg/cm)
EOD 0.459 b” 0.052 a 8.64 ¢ 28.63 a
Night 0411 ¢ 0.044 b 931 b 2423 b
Cucumber
BOD 0457 b 0.050 a 9.10 b 25.87 b
Control 0.536 a 0.053 a 10.22 a 26.15 b
EOD 1.346 ¢ 0.213 a 6.32 ¢ 50.31 a
Night 1.453 ab 0.209 a 6.95 a 4722 b
Tomato
BOD 1.391 bc 0.210 a 6.62 b 48.26 b
Control 1503 a 0.211 a 721 a 46.07 b

“mean separation by duncan’s multiple range test at 5% level.
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Fig. 14. Effect of EOD red light intensity on the plant height of cucumber

seedlings.
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Fig. 15. Effect of EOD red light intensity on the plant height of tomato

seedlings.
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Table 8 .Effect of different light intensity treatments on the growth of

cucumber and tomato seedlings.

Light Hypocotyl Stem Leaf
Leaf

Crop intensity length diameter area
‘ chlorophyll )
(mol/sil/miz) (mm (mm) (cm®)
Non 674 az 50 b 35.0 ¢ 292.6 a
2 56.6 b 53 a 35.8 bc 266.4 b

Cucumber
8 56.1 be 5.2 ab 37.1 ab 2524 ¢
16 546 ¢ 54 a 385 a 269.6 b
Non 354 a 47 ab 36.1 a 2214 a
2 319 b 45 b 36.9 a 193.bc

Tomato

8 29.3 bc 46 b 36.2 a 184.7 ¢
16 272 ¢ 49 a 376 a 1978 b

“mean separation by duncan’s multiple range test at 5% level.

&l

s

e FEZbl wek gastel 293} Wxd 4P 0y

rlr

ol Qoo
A 58 A3AAAA Sumol - s -m 9 16umol - s -m AT 2
umol - s '+ m 2 2ol wWlE ztzb 147, 122mm Zo} @A Zo|7h vpERSE
th. EvntEoAE 182 EH 6474 Sumol - s ' m st 16umol - s ' -m? A
277k 2umol - s ' - m PH el M) mEF @A xolzp vehgth e 8
2o} 16umol - s - m? A7k 2el7t §lglth. (Table 9).

m
M= B FIF AolE HolA §gkti(Table 10).
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Table 9 .Effect of different light intensity treatments on the internode and

petiole length of tomato seedlings.

Treatme Internode Length(cm)
Crop
nts 1 2 3 4 5 6 7
CON 674 a” 646 a 928 a 433 a
2 546 ¢ 645a 824b 285D
Cucumber
623 b 633 ab 677 c 243 c
16 556 c¢c 597b 702 c 249 c
CON 3b5a 330a 25l a 447 a 495 a 404 a 246 a
329a 320a 253 a 447 a 406 a 380 a 21.0 b
Tomato

213 b 282Db 223 ab 386 Db 337b 359 Db 235 a
16 212b 256Db 217Db 387Db 339b 340Db 210 b

Zmean separation by duncan’s multiple range test at 5% level.

Table 10. Effect of different light intensity treatments on the internode

and petiole length of cucumber seedlings.

Petiole length(cm)

Crop  Treatments

1 2 3 4 5
CON 68.9 a’ 73.3 a 55.1 a 134 a
2 65.4 b 780 b 4839 b 95 b
Cucumber
636 b 702 ¢ 472 b 105 b
16 60.0 ¢ 727 bc 475 Db 97 b
CON 182 a 188 a 176 a 19.1 a 179 a
2 156 b 163 b 153 b 16.2 ¢ 143 ¢
Tomato
8 14.6 bc 158 b 148 b 16.1 ¢ 16.1 b
16 140 ¢ 152 b 152 b 177 b 159 b

“mean separation by duncan’s multiple range test at 5% level.
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Zol tE Qe wkge FEWR o)zt Juim AL HEUE A dHEol A Sy
mol - s'-m? A PN Qo] 3578z, EvtEE 3.382g% 7bg =AAl e

W oH(Table 11).

Table 11 Effect of different light intensity treatments on the fresh weight

and dry weight of cucumber and tomato seedlings.

Fresh weight (g)

Crop Treatments

Leaf Stem Root Total

16 7.095 4941 3.540 15.580

8 6.802 5.141 3.578 15518

Cucumber

2 7.158 5.166 3.049 15.369

CON 7.208 5.796 3.535 16.535

16 7.224 4.017 2.878 14.120

8 7.505 4013 3.382 14.901

Tomato

2 7.314 3.962 2.799 14.074

CON 8.123 4.845 2.595 15.563

Zmean separation by duncan’s multiple range test at 5% level.
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Fig. 16. Effect of different light intensity treatments on the dry weight of

shoot, root and T/R ratio of cucumber and tomato seedlings.
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Table 12 Effect of different light intensity treatments on the dry matter

rate, SLA and compactness of cucumber and tomato seedlings.

(o)
Day matter rate (%) SLA  Compactness

Crop  Treatments
Leaf Stem Root (cm2/g) (mg/cm)

CON 15.01 6.74 453 271.0 & 59.73 ¢
2 14.22 6.92 541 263.4 b 65.77 a

Cucumber
15.63 772 4.90 2424 ¢ 68.09 a
16 14.46 6.91 4.79 260.9 b 6754 a
CON 11.74 10.26 8.40 235.6 a 5864 b
2 12.62 11.25 8.03 2177 b 6157 b

Tomato

8 12.79 11.19 7.54 199.2 ¢ 66.26 a
16 12.18 11.11 761 2198 b 6752 a

“mean separation by duncan’s multiple range test at 5% level.
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Table 1. Effect of mater of triazole systemic on the growth of pepper

seedlings.
Concent Plant Stem Leaf Leaf
No. of
Treatment ration height diameter chlorophyll  area
leaves )
(ppm)  (cm) (mm) content (cm”)
100 155 6.80 8.3 51.8 100.0
Diniconazole
25 21.8 6.71 39 479 121.7
(e
24.8 5.63 9.1 455 154.3
1000 27.8 6.17 8.7 39.8 111.7
Bltertanol
500 29.6 5.63 89 379 126.7
(HFe] 1)
250 31.3 5.68 9.2 37.2 144.0
1000 29.2 5.13 9.1 43.8 174.7
Difennoconazole
500 30.7 547 9.0 38.2 185.7
(F=4)
250 31.2 5.32 89 379 194.0
625 16.3 6.65 8.7 44.0 1135
Tebuconazole
250 22.3 6.37 3.6 42.8 129.7
(Auk=)
100 20.1 5.81 85 39.7 155.5
1000 20.3 552 8.6 489 104.0
Myclobutanil
500 255 5.46 85 42.3 133.1
(A 2= 8)
250 28.1 5.76 8.7 395 147.2
200 15.6 5.95 6.5 48.6 88.5
Hexaconazole
100 245 5.60 85 44.2 136.2
EREEES
50 26.5 5.45 95 415 181.0
Control 31.6 5.25 89 374 210.3

_75_



Table 2. Effect of mater of triazole systemic on the growth of pepper

seedlings.
Concent Plant Stem Leaf Leaf
No. of
Treatment ration height diameter chlorophyll  area
leaves )
(ppm)  (cm) (mm) content (cm®)
o 100 9.77 2.66 10.7 52.4 39.3
Diniconazole 0 284 11.3 50.6 467
CIRR D) ' ' ' ’ '
5 182 2.87 114 448 54.3
1000 195 2.82 10.8 434 495
Bltertanol
500 21.0 3.01 11.1 415 514
(vfo] )
250 22.3 3.15 11.3 40.2 56.3
1000 18.8 3.21 115 48.8 46.1
Difennoconazole
500 199 3.16 11.7 43.2 54.2
(F=4)
250 22.6 3.30 11.8 42.1 70.3
625 14.2 2.86 10.7 50.7 46.2
Tebuconazole
250 19.0 291 11.3 48.6 53.3
(Hul=)
100 20.4 2.93 11.7 45.2 58.6
1000 21.6 3.01 11.0 46.8 53.1
Myclobutanil
500 23.0 3.12 11.3 451 573
(2] 2= ¥l)
250 25.9 3.23 114 43.2 67.4
200 16.4 2.93 11.3 52.2 489
Hexaconazole
100 20.1 2.96 11.7 48.7 53.7
EREIRES
50 22.6 3.12 11.8 459 57.2
Control 28.2 3.27 119 40.2 30.6
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2. Diniconazole A3 ®%¢ AHAIYAN 717 FAF B =F YA HX &=
g

Diniconazole A x2A A7} Qo] EvtE Bl 13 B %o Wl
nAE 23E BY A As BE vk S wek 27l At
Q0l9] 9 SppmellA 30% <Et&S Helow 100ppmol A= oF 60%<] ¢
3tgo] Yelgth(Fig. 6). £33 EvtEe aFolMiE AgArier Al
25ppm A4 30% AstEAE Hokrh A Al7lel QlolA A A7 7L W

75 27] AAel 8 dAlEd=d 53] EvtEllA JbE @A yERs

o oAl Ael% 7] A% WskE W 125ppmet Sppm ATl o 2FF
BB A%ol HESAR FET w0l A £5, AA} MEFS HE

]_
BAAe A AE BT FRst R3S # vhehd e JelA s

%
st 7 gko] YEFUA] SktH(Table 3, Table 4, Table 5). @+ 20]9F En}
EoA AN MEFE Aol A%e RAAT RN G5 )
@ AAY] dgol JEIA @kor] wEw Al st A 4T w¥
G Aol7k e gt AAHeE 4Eh FHe FE Fbd 0
B @A A dehda, 2ol AHAI HESE 42 G Fi
stgot EvtEst nF A AVt MESE Frkshs FFol vheby

th Qo] EvtE 9 uF A AE BF QWAL 24 v A4S Ko

Diniconazole A el§ %7} S71&45 = AYA7I7F wEFE A A o] 7

A5kt Strerrett(1985) 5 Ab#ol A Stang ¥ Weis(1987)= 2 7]l A

Suh®t Chung(1986)& <2.o]el A paclobutrazols #dldtaS wf FHA Ao 7+
B s RS R D
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Table 3. Effect of Diniconazole treatment on the growth of cucumber

seedlings.
Concentra  Plant Stem Leaf Leaf
No. of
Stage tion height diameter chlorophyll area
leaves )
(ppm) (cm) (mm) content (cm”)
1.25 29.17 b* 363 cd 6.2 bc 313 f 202.0 ¢
5 19.37 d 327 e 57 d 334 d-f 144.7 £
1 stage
25 1523 3.82 bc 58 d 39.8 bc 1306 g
100 13.99 f 3.87 bc 59 cd 405 b 1289 g
1.25 3093 b 347 de 6.7 a 347 de 2193 b
5 2342 ¢ 390 b 6.2 bc 373 cd 21777 b
2 stage
25 16.41 ef 3.86 bc 6.1 cd 40.1 bc 186.2 d
100 14.33 £ 3.84 bc 6.0 cd 416 ab 176.2 de
1.25 29.18 b 343 de 6.5 ab 32.7 ef 2045 ¢
5 2445 ¢ 405 b 6.8 a 35.2 de 1853 d
3 stage
25 1933 d 5.03 a 6.7 a 426 ab 183.6 d
100 1860 de  4.90 a 6.5 ab 444 a 169.0 e
Control 3443 a 3.52 de 6.7 a 30.7 £ 232.6 a

Zmean separation by duncan’s multiple range test at 5% level.
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Table 4. Effect of Diniconazole treatment on the growth of tomato

seedlings.
Concentra  Plant Stem Leaf Leaf
No. of
Stage tion height diameter chlorophyll area
leaves )
(ppm) (cm) (mm) content (cm®)
1.25 23.78 f* 472 ¢ 6.25 de 39.3 d-f 133.7 fg
5 1968 g 474 ¢ 612 e 426 be 123.1 gh
1 stage
25 1725 h 493 bc b.77 f 439 ab 983 1
100 1594 h 503 b 575 f 456 a 916 i
1.25 30.11 bc 485 bc 6.96 a 391 d-f 1522 cd
5 27.75 cd 505 b 6716 a-—c 40.2 c-e 1454 df
2 stage
25 2495 df 542 a 657 b-d 421 b-d 1187 h
100 23.28 f 551 a 6.23 de 442 ab 1005 1
1.25 36.72 a 413 e 6.82 ab 36.7 fg 1935 a
5 33.08 b 444 d 6.67 a-—c 36.9 fg 1786 b
3 stage
25 2951 ¢ 473 ¢ 644 cd 381 e-g 1621 ¢
100 26.83 cd 495 b 643 cd 39.2 d-f 1436 df
Control 37.88 a 408 e 6.52 b-d B2 g 205.8 a

“mean separation by duncan’s multiple range test at 5% level.
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Table 5. Effect of Diniconazole treatment on the growth of pepper

seedlings.
Concentra  Plant Stem Leaf Leaf
No. of
Stage tion height  diameter chlorophyll area
leaves 9
(ppm) (cm) (mm) content (cm?)
1.25 30.9 b-d* 2.78 ce 131 a 411 d-f 505 b-d
5 281 e 284 b-e 124 b-d 435 cd 476 c-e
1 stage
25 207 g 293 a-d 121 c-f 468 b 415 fg
100 138 h  3.05 ab 11.8 f 498 a 36.2 h
1.25 325 bc 272 de 125 be 40.5 ef 53.2 a—c
5 296 de 283 b-e 123 c-e 421 de  49.8 cd
2 stage
25 235 f 295 a—¢ 119 ef 457 bc 438 e-g
100 156 h 311 ab 12.0 d 486 ab  40.1 gh
1.25 332 b 272 de 131 a 39.1 fg 556 ab
5 30.2 c-e 2.74 ce 13.2 a 40.8 d-f 52.7 a-c
3 stage
25 243 f 283 b-e 125 bc 426 de 487 c-e
100 203 g 291 a-d 121 c-f 459 bc 458 d-f
Control 358 a 2.65e 12.8 ab 367 g 571 a

“mean separation by duncan’s multiple range test at 5% level.
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Fig. 1. Effect of NaCl concentration on the plant height of tomato and

pepper seedlings.
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Fig. 2. Effect of NaCl concentration on the leaf area of tomato seedlings.
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Fig. 3. Effect of NaCl concentration on the leaf area of pepper seedlings.

Table 1. Effect of NaCl treatment on the stem diameter, leaf number, leaf

chlorophyll content and leaf area of tomato and pepper seedlings.

Plant Stem Leaf Leaf
Treatments

Crop height diameter chlorophyll area
(ppm) 2
(cm) (mm) content (cm”)
CON 36.2 a° 5.7 ab 40.7 a 394 a
1000 317 b 59 a 409 a 378 a

Tomato
2000 292 ¢ 55 b 388 b 349 b
3000 256 d 51 c¢ 376 b 286 ¢
CON 440 a 39 ab 46.8 a 184 a
1000 40.7 b 40 a 470 a 170 a

Pepper
2000 382 ¢ 39 ab 450 a 146 b
3000 32.0 d 37b 426 b 129 ¢

“mean separation by duncan’s multiple range test at 5% level.
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ErlEe} 13N AAE wEe Frbel wel sbEo] #Hth(Table 1). 53]
3000ppm A 2lel A ErRtEE 51mm, 53 3.7mmE B} A2 o] vlgte] &

A% Aozt ehgth 484 FIE F 4R BE R Fb wy g
o)
AR

Aot AEE BAed, ol E(Choi 5. 1997; Lee®t Kim 1995)0l A1 &=
NaCl #glol e]sto] =4 FFaFo] FAAadivhs Bash dxe) L3 o]
213 A2 A Aol s A=A aaddY 5L S AT

g
2A A5a gl Aasdva ddEn

Table 2. Effect of NaCl treatment on the fresh weight of shoo and root ,

SLA and Compactness of tomato and pepper seedlings.

Fresh weight(g)

Concentration SLA Compactness
Crop 2
(ppm) Shoot Root (cm'/g) ( mg/cm )
CON 19.98 a” 231 a 2487 a 61.26 b
1000 1955 a 229 a 2214 b 59.38 b
Tomato
2000 16.46 b 199 b 2035 ¢ 64.54 a
3000 14.38 ¢ 1.66 ¢ 2413 a 59.73 b
CON 899 a 181 a 2158 a 2771 b
1000 847 a 1.80 a 193.4 bc 2818 b
Pepper
2000 752 b 1.69 a 1889 ¢ 30.09 a
3000 6.27 ¢ 125 b 206.5 ab 2758 b

“mean separation by duncan’s multiple range test at 5% level.
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AgRt A AAFE RS F/kd weh dadts Al veu
H(Table 2), |2 NaCl Aol ©|ste] 443 ®ub oh)el s 27
A Aol AR Aow werATh 9 A9 45E ovaht SLAM Y

=

rlo
rlo

=) duA zAsME 25 vgAsitn Fristed, EvE
= 2000ppm A& oA 2035cm¥Yg =

2000ppm A& Fell A 1889cm¥g = 7MY WAl YEhY T AR mE
2000ppm FE=A 2 7F Aok 3 BAE PJUEA S syl 279

= A

A Z(compactness) = 5% HAaHo

i)

—

otttk sk tHLout  Kato,

L

1988; Park . 1996.). =249 F4 T e B 2000ppm A oA E

Pn
i

0.09 mg/ecm= 7H& = WEby BF A 2ol H

"l E = 65.54 mg/cm, ILFE
TE Sk

3
3l FAAZ AfolE Ko 2 2000ppm A2 77F 2oAde] T ¢

4

Ao YerTh ¥ 1000ppmet 3000ppm A 2] 7F 2] 2ke] 7k ¢l it
AR AT vE Tt wet dAste Aol vetued 53]

3000ppm A 2] el Al = stressoll oste] |3 FAsHATHFIg. 4. Fig.

5.). At EZFL 1000ppmet 2000ppm* 2ol A= oz H =k 5

e

=& HQl whH 3000ppmoll A EEl A S A d o] A ATLE o] AL <A
of FRYEAE AR Jd FAFEAU #Wete]l A3t(Nukaya &, 1983a; 1983b;)

s I FERFFE AT Aow Amud. AR Aol HE

dold= Azt A7

2000ppm A @ Foll A 8199 6352 7HF A yUEhY Ay s R 9o]A
2000ppm A 2|7} B4l £k
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Fig. 4. Effect of NaCl treatment on the dry weight of shoot, root and T/R

ratio of tomato seedlings.
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Fig. 5. Effect of NaCl treatment on the dry weight of shoot, root and T/R

ratio of pepper seedlings.

- 105 -



. NaCl A A 717F A7 5o EF A A= 4F

NaCl A2jA7]e] mes fare] wdod ane Fusnsd v
w30 AANE et Faetdh. 2G4 A wepde] et

ashs 4 wel EvlEdA %EF 189, 259 2 29 ALt FAY

Lh)

of Wlake] Z}z} 27.8%, 20.2%, 13.0% #Aastla(Fig. 6.), ALFolA = 3%

4

S, 35 H 429 A7}t FA g ol ws] 7zt 27.7%, 23.5%, 13.4% 7

[\]

5
-
E

SHAtH(Fig. 7). EvtEs 1893 35%9 A+, 5= 2893 359 AP

rr

1849, =

o
rr

7F 20% ol el dstadtE vEtiloy 1 FU]0 Evie

289 A7 tda =3EUt AVl= AFEE B
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Fig. 6. Effect of NaCl treatment on the plant height of tomato seedlings.
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Fig. 7. Effect of NaCl treatment on the plant height of pepper seedlings.

7L BvtEAAM YA ZI7E szolel met Fadhe AFS Ho] 32¢d
A A T7F 422mm=E THE b dER ey aiel M= A Az

g Apol= YA G tH(Table 3). s 139 EvtE F A& 5% A
g A 7]l whE Apel7h glolev Ae gt dzTol Blete] it IS

HAt 954 F§FE EvtEoA AHEA7|7F =ol e mep AR R,

nRAAL MR FAEHE 43 RA B¢ EEdA A9t b
Fol wd @& FFol /ALY AL NaCl: ¥HE 4§ 4=k

2+7F 215.0cm’9F 60.1cm’Z 7HE # Al Ve
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Table 3. Effect of NaCl treatment on the leaf number, stem diameter,

leaf chlorophyll content and leaf area of tomato and pepper seedlings.

Stem Leaf Leaf
Treatments No. of )
Crop ; diameter chlorophyll area
(day”) leaves )
(mm) content (cm?)
18 6.5 b 4.42 ab 38.13 a 2150 ¢
25 6.8 ab 4.35 ab 36.10 b 2333 b
Tomato
32 6.8 ab 422 b 35.50 bc 2292 b
CON 72 a 453 a 34.60 ¢ 2785 a
28 3.02 ab 104 b 3861 b 60.1 ¢
35 3.07 ab 101 b 41.31 a 599 ¢
Pepper
42 292 b 105 b 40.13 a 679 b
CON 312 a 111 a 4093 a 76.7 a

“18=sowed 18days after treatment, 25=sowed 25days after treatment, 32=sowed
32days after treatment, 28=sowed 28days after treatment, 35=sowed 35days after

treatment and sowed 42days after treatment.

*mean separation by duncan’s multiple range test at 5% level.

AR AAFe EvtEe 13 F AE BE AYA7|7F o wet

Akt BAFTS EvtEAA Haste BEFS BAAN nFoMs Frtske

BdEe BEo=d 53 aFolAd Azt S8 Aozt uEbutth A9

AT EvtEet nFoA B5% AT nlszg FaFo]l vey A7
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b wEFE gastd e wed, 53 EvtECA 18YA A Trh EF A
gl mstel AA3 WA vERg A8 AEFel ol EnfE:
Ageb W s2et A4S RAAT nFAE A FoA A7t Yy
Akt (Fig. 8). T/R&S EvtEE 259, 15+ 359 A7t 2H2 631
W 4372 7P A vdERg e Ao FARE EnEE 25Y, 1FE 28
d A& F7F 72h7b 50.2mg/emet 239mg/ecm® 7Hg A UERRTh A A o

2 EuEE 259, 13 359 AUt B Ao 4383t}

Table 4. Effect of NaCl treatment on the fresh and dry weight of shoot,

root, T/R radio and compactness of tomato and pepper seedlings.

Crop Treatment Fresh weight (g) SLA Compactness
z 2
(day”) Shoot Root (cm*/g) (mg/cm)
18 119 b 219 b 2245 b 452 b
25 121 b 217 b 2151 ¢ 50.2 a
Tomato
32 123 b 2.09 ¢ 233.6 ab 466 b
CON 14.8 a 239 a 2394 a 46.0 b
28 344 ¢ 0.68 ¢ 201.8 b 239 a
35 3.59 bc 077 b 190.3 ¢ 23.1 a
Pepper
42 3.88 ab 084 a 213.6 a 212 a
CON 420 a 0.76 b 2177 a 222 a

“18=sowed 18days after treatment, 25=sowed 25days after treatment, 32=sowed
32days after treatment, 28=sowed 28days after treatment, 35=sowed 3bdays after

treatment and sowed 42days after treatment.

*mean separation by duncan’s multiple range test at 5% level.
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Fig. 8. Effect of NaCl treatment on the dry weight of shoot, root and T/R

ratio of tomato and pepper seedlings.
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Fig. 9. Effect of irrigation method of NaCl treatment on the plant height

of tomato seedlings.
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Fig. 10. Effect of irrigation method of NaCl treatment on the plant height

of pepper seedlings.

Table 5. Effect of Method of NaCl treatment on the stem diameter, leaf

number, leaf chlorophyll content and

leaf area of tomato and pepper

seedlings.
Stem Leaf Leaf
Method of ] No. of
Crop diameter chlorophyll area
treatment leaves 5
(mm) content (cm®)
Subirrigation 4.27 b 6.7 b 36.38 a 2082 b
Tomato _ P'Y 442 ab 65 Db 3813 a 2150 b
rrigation
Contral 453 a 72 a 34.60 b 2785 a
Subirrigation 2.68 b 89 ¢ 3856 b 61.1 b
Pepper | OPTAY 302 a 103b 3861 b 60.1 b
irrigation
Contral 312 a 111 a 4093 a 76.7 a

“mean separation by duncan’s multiple range test at 5% level.
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ARt Aol AAFe T ABAA LE AU APl
S Aegel Wk 7

A7t FaARs A wa nEAAE FroAAw EuEdA Fed
Aol S ehiA @it AFE AEFELS T AR BT NaCl Agad 3

ol 7} Al

=
391 tHTable 6). AAH AEFE NaCl AW

Table 6. Effect of NaCl treatment on the fresh weight of shoot and root,

SLA, compactness of tomato and pepper seedlings.

Fresh weight(g) SLA Compactness

Crop Treatments

2
Shoot Root (cm”/g) (mg/cm)

Subirrigation 105 ¢’ 192 ¢ 2108 b 48.32 a

Spray
Tomato S 119 b 219 b 2151 b 4462 b
urigation
Contral 148 a 2.39 a 2394 a 4212 ¢
Subirrigation 267 ¢ 055 b 1932 b 23.38 a
Spray
Pepper S 344 b 0.68 a 190.3 b 23.29 a
rigation
Contral 420 a 0.76 a 2177 a 20.70 b

“mean separation by duncan’s multiple range test at 5% level.

T/R&S ErhES 4% NaCl Aeddd Aol7k 9ot nre 49
NaCl AW Ael7h F4ws Aol vs) FastdrkFig 1), 24 4

L B2 EviEdA NaCl Adds A7t Fdas Al vs) 7t
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Fig. 11. Effect of irrigation method of NaCl treatment on the dry weight

of shoot, root and T/R ratio of tomato and pepper seedlings.
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2. CaCl; AP &= 37t B =FGA vlA= FF
7F. CaCl A E =7t FAF7F B =FdA ] vA= 4%

2o], EntE 9 u3F HE XA WA= CaCl %9 &34E Fig. 129
Fig, 133} o] FAatdth S o] 0.3%, 05% 2 0.7% A& T7F 2H2F 5.6%,
16.0%, 23.7%2] 43t&S B, EvEE 03%, 05% 2 0.7% A2 +7F 2
7t 32%, 102%, 150% < H3&S won I 03%, 05% %
0.7% A2l 77 Z+7F 7.0%, 10.4%, 13.6%2 H3&S Ho A 28 BF 7=

o] S7bell wel 7140 FAadks Aol vEwkth 2y Al AHE B

M =2 %9 0.7% AT =3t do] yErytkth
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Fig. 12. Effect of CaCly concentration treatment on the plant height and

stunting ratio of cucumber seedlings.
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Fig. 13. Effect of CaCly concentration treatment on the plant height and

stunting ratio of tomato and pepper seedlings.
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=719 #7715 EvtEd A 0.3% Aol 5.8mm=E 7 A UER o
05%< 0.7% A=t Zol7F gllow Qolef uFoAE= AHYske uE
2ol 7F gtk G5E A ZAE BF 0.3% oA o] yEEA Y Hed

APt @A Aol & HolA| G htH(Table 7).

Table 7. Effect of CaCly concentration on the stem diameter, No. of
leaves, leaf number, leaf chlorophyll content and leaf area of cucumber,

tomato and pepper seedlings.

Stem Leaf Leaf
No. of

Crop Treatment diameter chlorophyll area

leaves )

(mm) content (cm?)
Non 46+0.4 3.5%0.1 33.4+15 329.2+15.2
0.3 4.2+0.2 3.6x0.5 34.6+2.0 289.4+12.6

Cucumber
0.5 4.3+0.3 3.3x0.2 35.9+1.3 278.8+10.9
0.7 4.4+0.1 3.3+0.1 31.7+0.8 258.949.3
Non 5.6+0.3 6.5+0.3 36.4+1.8 232.2£13.2
0.3 5.8+0.3 6.4+0.2 37.8+0.9 226.1£13.7
Tomato
0.5 55+0.2 6.3+0.2 38.7+1.0 2155%11.2
0.7 55+0.3 6.1+0.1 34.2+1.2 204.3+12.4
Non 45+0.2 9.2+0.3 37.6+1.2 182.3+15.6
0.3 45+0.1 8.9+0.3 38.5+0.9 172.3+12.2
Pepper

0.5 4.4+0.2 8.8+0.2 39.8+1.0 165.8+10.7
0.7 46+0.2 8.6+0.2 37.3+1.3 161.1+ 8.8
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FEa FHEFS Al F= BEF 05% AgelA A4 359, 387, 3982 7HE =
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Fig. 14. Effect of CaCl: concentration treatment on the dry weight of

shoot, root and T/R ratio of cucumber, tomato and pepper seedlings.
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Fig. 15. Effect of the number of CaCl: treatment on the plant height of

cucumber and tomato seedlings.
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Table 8. Effect of the number of CaCly treatment on the stem diameter,
No. of leaves, leaf number, leaf chlorophyll content and leaf area of

cucumber and tomato and pepper seedlings.

Stem Leaf Leaf
No. of

Crop Treatment diameter chlorophyll area

leaves )

(mm) content (cm®)
Non 46+04 3.5%0.1 33.4+15 329.2+15.2
4 4.2+0.2 3.6+0.3 35.3+1.3 297.8+14.7

Cucumber
4.3+0.3 3.3x0.2 35.9+1.3 278.8+10.9
8 4.4+0.1 3.2+0.1 33.9+1.2 267.3+£12.5
Non 5.6+0.3 6.5+0.3 36.4+1.8 232.2+13.2
4 5.7+0.3 6.5+0.2 36.7+1.2 2225%11.8
Tomato

6 5.8+0.3 6.3+0.2 38.7+1.0 2155%11.2
8 6.1+0.3 6.0+0.1 355+1.1 209.6+12.4
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Fig. 16. Effect of the number of CaCly treatment on the dry weight of

shoot, root and T/R ratio of cucumber, tomato and pepper seedlings.
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Fig. 1. Effect of mechanical stimulation treatment on the plant height of

pepper seedlings.
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Fig. 2. Effect of mechanical stimulation treatment on the plants height of

tomato seedlings.
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Table 1. Effect of mechanical stimulation treatment on the stem diameter,
number of leaves, leaf chlorophyll content and leaf area of tomato and

pepper seedlings.

Stem Leaf Leaf
No. of
Crop  Treatment diameter chlorophyll area
leaves )
(mm) content (cm®)
Con 2.9%0.1 12.6£0.4 36.7+£2.7 72465
A45 2.7+0.1 11.5+0.3 32.311.0 60+3.7
Pepper
A90 2.8+0.1 12.0+0.2 30.2+1.4 4242 4
Al35 2.620.1 12.1+0.3 32.0£1.5 43+3.6
Con 49+04 10.3£04 32.4+2.0 183+24.3
A45 4.9+0.2 9.4+0.2 30.1£1.5 174+15.3
Tomato
A90 5.3+0.2 9.3+0.3 30.7+1.4 147+14.3
Al135 55+0.3 9.6+0.3 299+1.9 167+25.7

AAe 233} 8523 Ao w HEAT L FUhd wel ZAdds
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23 o EnfEodAE 44 54 2 gdo] oF 45% 74 sAtHFig. 3).
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Fig. 3. Effect of mechanical stimulation treatment on the internode length

of tomato seedlings.
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Fig. 4. Effect of mechanical stimulation treatment on the dry weight of

shoot, root and T/R ratio of tomato seedlings.
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Fig. 5. Effect of time at the mechanical stimulation on the height of

pepper plants.
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Table 2. Effect of time at the mechanical stimulation treatment on the
stem diameter, number of leaves, leaf chlorophyll content and leaf area

tomato and pepper seedlings.

Stem Leaf Leaf
No. of
Crop Treatment diameter chlorophyll area
leaves )
(mm) content (cm?)
Con 2.9+0.1 12.6+0.4 36.7£2.7 72%6.5
A90 2.8+0.1 12.0£0.2 30.2t1.4 42424
Pepper
P90 2.8+0.1 12.1+0.3 297+15 41+2.1
E90 2.7+0.1 11.3+0.4 28.8+2.1 41+3.0
Con 49+04 10.3£04 32.4+2.0 183+24.3
A90 5.3+0.2 9.3+0.3 30.7£1.4 147+14.3
Tomato
P90 55+0.3 9.6+0.3 31.6t1.6 180+17.6
E90 5.3x0.2 9.9+0.3 31.3t15 187+21.8
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Fig. 7. Effect of time at the mechanical stimulation treatment on the

internode length of tomato seedlings.
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