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ABSTRACT The effects of foliar spray and soil drench application of triazole chemicals (diniconazole, myclobutanil,
difenoconazole, tebuconazole, bitertanol, hexaconazole) on growth and flowering control in zinnia were investigated.
For foliar spray application of tebuconazole, diniconazole and bitertanol on ‘Dream Land Rose’, plant height was
decreased but tebuconazole gave the best result for dwarfing. Diameter, fresh and dry weights of flower were
markably decreased at high concentration of tebuconazole. However, days to flowering was not affected by chemicals
tested. For ‘Dream Land Scarlet’, plant height was decreased with all chemical treatments. Tebuconazole severely
decreased plant height, in particulas, Diniconazole hastened flowering. For soil drench of ‘Dream Land Rose’, plant
height was decreased by diniconazole and mycrobutanil, but diniconazole was more effective for plant height decrease.
Flowering was hastened by diniconazole in both ‘Dream Land Rose’ and ‘Dream Land Scarlet’. Plant height of ‘Dream
Land Scarlet’ was decreased by all chemicals tested. Flowering was not occurred at 300 mg - L myclobutanil with
severe suppression of stem growth.

Additional key words: Diniconazole, myclobutanil, difenoconazole, tebuconazole, bitertanol, hexaconazole, height
control, days to flowering
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‘Dream Land Rose’ treated by foliar spray of various triazole chemicals.

Triazole chemical Plant Largest leafl No. of Stem Shoot weight (g)/plant
concentration height (cm) axillary diameter R dry/fresh
(mg-L") (cm) length width shoots/plant (mm) fresh dry (%)
Control 0 33.40 ab’ 9.71 ab 545 a 5.78 a 5.78 ab 30.26 a 3.51 a 11.61 a-d
Diniconazole 5 28.00 fgh 9.70 ab 5.13 a 5.11 a-d 5.66 abc 24.10 cde 2.93 a-d 12.10 a-d
12.5 28.02 fgh 947 ab 497 a 5.00 a-d 5.58 a-d 23.88 cde 2.90 a-d 12.17 a-d
50 26.52 h 9.04 a-d 542 a 4.45 ad 5.34 b-e 21.03 ef 2.77 bed 13.29 a
Myclobutanil 30 32.13 be 10.00 a 5.19 a 5.78 a 5.51 bed  26.40 a-d 2.98 a-d 11.19 bed
150 3473 a 10.00 a 543 a 5.78 a 5.55 a-d 26.15 a-d 3.02 ad 11.56 a-d
300 31.15 ed 10.16 a 543 a 5.33 abc 5.50 bed 2931 ab 3.22 @b 10.97 d
Difenoconazole 5 31.17 ed 9.37 ab 541 a 5.56 ab 5.43 bed 24.51 cde 2.94 a-d 11.99 a-d
25 31.10 cd 9.99 a 5.57 a 5.33 abc 5.70 abc 27.77 abc 3.09 a-d 11.12 cd
125 30.39 cde 10.02 a 538 a 5.22 a-d 5.60 a-d 24.34 cde 3.17 abc 13.12 ab
Tebuconazole 200 27.02 gh 9.49 ab 5.20 a 4.67 a-d 542 b-e 23.87 cde 2.87 a-d 12.02 a-d
500 22.00 i 7.41 ef 5.22 a 4.44 a-d 6.00 a 21.75 def  2.52 cde 11.68 a-d
1000 16.60 j 6.48 f 4.11b 3.67 d 5.69 abc 17.76 f 1.95 ¢ 10.56 d
Bitertanol 5 28.89 efg 8.97 a-d 550 a 522 a-d 5.62 a-d 25.23 b-e 3.12 ad 12.37 a-d
25 28.83 efg 8.62 bed 524 a 4.89 a-d 5.20 de 23.59 cde 291 a-d 12.34 a-d
125 28.29 fgh 9.27 abc 530 a 4.00 bed 503 e 24.62 cde 3.21 ab 13.04 abc
Hexaconazole 5 30.48 cde 7.85 de 530 a 4.67 a-d 565 ad 2609 a-d  3.03 ad 11.62 a-d
25 29.09 d-g 9.60 ab 524 a 4.78 a-d 5.33 b-e 24.08 cde  2.62 bed 10.87 d
125 29.68 def 8.09 cde 5.51 a 3.78 cd 5.30 de 23.13 cde 2.49 de 10.75 d
‘Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 2. Changes in flowering of Zinnia elegans Dream Land Rose’ treated by foliar spray of various triazole chemicals.

Triazole chemical No. of flower Flower diameter Flower weight (g) Days to
concentration (mg - L™) buds/plant (cm) fresh dry dry/fresh (%) flowering
Control 0 1.61 a-d” 7.07 ab 3.57 ab 0.55 abc 15.53 ab 5747 a
Diniconazole 5 1.55 bed 7.27 ab 3.74 ab 0.53 abc 14.21 ab 5473 a
12.5 2.00 ab 7.35 ab 3.61 ab 0.58 ab 16.31 a 53.07 ab

50 1.89 abe 6.69 ab 3.34 ab 0.50 abc 15.03 ab 52.33 ab

Myclobutanil 30 222 a 743 a 396 a 0.52 abc 1294 b 5547 a
150 1.78 a-d 6.97 ab 4.10 a 0.56 ab 13.60 ab 5447 a

300 2.00 ab 6.73 ab 3.77 ab 0.50 abc 13.34 ab 55.07 a

Difenoconazole 5 1.56 bed 7.15 ab 441 a 0.60 a 13.66 ab 53.82 ab
25 133 cd 7.22 ab 444 a 0.58 ab 13.12 b 53.48 ab

125 122 d 6.63 ab 3.51 ab 0.52 abc 14.83 ab 5527 a

Tebuconazole 200 1.45 bed 7.18 ab 422 a 0.54 abc 12.84 b 53.93 ab
500 1.67 a-d 651 b 2.61 be 0.37 cd 14.58 ab 56.27 a

1000 2.00 ab 570 ¢ 1.99 ¢ 026 d 13.09 b 5840 a

Bitertanol 5 1.56 bed 745 a 439 a 0.61 a 13.97 ab 52.53 ab
25 1.78 a-d 744 a 397 a 0.55 ab 13.97 ab 52.60 ab

125 1.78 a-d 7.01 ab 3.82 ab 0.56 ab 14.56 ab 51.53 ab

Hexaconazole 5 1.78 a-d 6.93 ab 427 a 0.58 ab 13.60 ab 50.47 ab
25 1.33 cd 7.18 ab 3.86 ab 0.52 abc 13.33 ab 5433 a

125 1.33 cd © 6.84 ab 3.20 ab 0.41 bed 12.70 b 55.20 a

*Mean separation within columns by Duncan’s multiple range test at 5% level.

Table 3. Changes in growth of Zinnia elegans Dream Land Scarlet’ treated by foliar spray of various triazole chemicals.

Triazole chemical Plant Largest leaf No. of Stem Shoot weight (g)/plant
concentration height (cm) axillary diameter dry/fresh
(mg L™ (cm) length width shoots/plant (mm) fresh dry (%)
Control 0 3993 a° 11.13 ab 5.63 ab 7.55 abce 6.79 b 29.56 abc 3.74 a 11.61 a-d
Diniconazole 5 31.64 b 10,42 a-e 5.56 ab 6.67 a-d 6.15 be 29.16 a-d 3.45 abc 12.10 a-d
12,5  26.56 def 9.60 def 5.69 ab 6.67 a-d 6.51 be 25.86 c-f 2.83 ef 12.17 a-d
50 23.53 fg 10.17 b-e 5.67 ab 6.78 a-d 752 a 28.72 a-e 2.80 f 1329 a
Myclobutanil 30 30.25 be 11.52 a 5.76 ab 7.45 abc 6.45bc 30.63 a 3.55 ab 11.19 bed
150 27.75 cde 10.11 b-e 5.62 ab 6.22 bed 6.19 be 29.42 a-d 3.05 b-f 11.56 a-d
300 31.14 be 10.73 a-d 593 ab 7.33 abc 6.30 bc 29.63 abc 3.22 a-f 1097 d
Difenoconazole 5 30.50 be 10.98 abc 5.37 ab 7.22 abc 6.39 be 25.17 ef 3.10 b-f 11.99 a-d
25 30.15 bed 10.31 a-e 5.70 ab 6.78 a-d 6.17 bc 27.33 a-e 3.49 ab 11.12 cd
125 29.40 bed 9.38 ef 5.18 b 7.11 a-d 5.89 cd 26.80 b-f 2.94 c-f 13.12 ab
Tebuconazole 200 28.46 bed 9.83 c-f 6.63 a 7.33 abc 6.22 be 2328 f 2.89 def 12.02 a-d
500 2274 g 8.70 fg 5.63 ab 7.44 abe 6.59 be 21.75 def 2.52 cde 11.68 a-d
1000 16.38 h 7.89 g 470 b 522 d 6.40 be 17.76 f 195 ¢ 10.56 d
Bitertanol 5 30.18 bed 10.73 a-d 5.44 ab 822 a 594 cd 25.23 b-e 3.12 ad 12.37 a-d
25 29.40 bed 9.82 c-f 5.47 ab 7.22 abc 6.52 be 23.59 cde 291 a-d 12.34 a-d
125 30.29 be 10.34 a-e 5.74 ab 8.11 ab 6.16 bc 24.62 cde 3.21 ab 13.04 abc
Hexaconazole 5 3217 b 11.18 ab 5.72 ab 7.78 abc 6.08 bed  26.09 a-d 3.03 a-d 11.62 a-d
25 29.81 bed 10.36 a-e 5.84 ab 6.11 cd 5.99 bed 24.08 cde 2.62 bed 10.87 d
125 25.03 efg 10.48 a-e 5.43 ab 5.89 cd 536 d 23.13 cde 2.49 de 10.75 d

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 4. Changes in flowering of Zinnia elegans ‘Dream Land Scarlet’ treated by foliar spray of various triazole chemicals.

Triazole chemical No. of flower Flower diameter Flower weight (g) Days to
concentration (mg + L") buds/plant (cm) fresh dry dry/fresh (%) flowering
Control 0 1.28 b* 6.13 a-e 3.54 ad 0.52 b-e 14.66 ab 59.07 abe
Diniconazole 5 1.55 ab 7.37 ab 4.66 a 0.63 bc 13.58 ab 5553 g
12.5 1.67 ab 6.49 a-d 3.09 bcd 0.43 de 13.75 ab 56.13 fg
50 122 b 6.08 a-f 2.88 cd 041 de 14.98 ab 5593 ¢
Myclobutanil 30 1.78 ab 6.35 a-d 3.28 a-d 0.47 cde 14.58 ab 58.47 bed
150 1.61 ab 5.89 b-f 2.39 cd 037 e 1792 a 58.80 abc
300 233 a 413 g 2.93 cd 035 e 12.21 ab 58.67 a-d
Difenoconazole 5 1.00 b 4.90 d-g 2.86 cd 0.41 de 14.50 ab 58.67 a-d
25 1.17 b 6.75 abc 3.87 abc 0.57 bed 14.90 ab 56.80 d-g
125 133 b 4.55 efg 3.12 bed 0.36 ¢ 11.84 ab 58.00 b-f
Tebuconazole 200 122 b 5.97 b-f 2.81 cd 0.44 de 15.90 a 58.20 b-e
500 1.11 b 5.64 c-g 2.56 cd 037 ¢ 13.64 ab 59.47 ab
1000 1.11 b 5.70 c-g 2.37 cd 033 ¢ 13.96 ab 59.20 abc
Bitertanol 5 1.00 b 445 fg 230d 0.40 de 17.50 a 60.60 a
25 122 b 6.21 a-d 4.51 ab 037 e 894 b 5733 c-g
125 1.67 ab 6.82 abc 3.64 a-d 0.46 cde 12.81 ab 56.40 efg
Hexaconazole 5 1.00 b 492 d-g 230 d 0.67 b 14.08 ab 59.40 ab
25 139 b 7.66 a 377 ad 0.47 cde 12.51 ab 56.47 efg
125 133 b 5.60 c-g 3.67 a-d 1.11 a 18.38 a 59.20 abc

“Mean separation within columns by Duncan’s multiple range test at 5% level.

Aol FRY F= ol 9T A3E HolA) ¢hgkoy} tebucona- tanilo] Hz2)€ 79 234049 JA a7}t 31813t} Dinicona-
zoled] A H)mA 7aZol 2 Aoz Ugyrh MHcd4E  zoled HaFEst FIALE HUPA - o] FEleHA gasi
diniconazole, mycrobutanil, difenoconazoledl|A] @& glon o} 21} mycrobutanil®} difenoconazoled| A= Hexre] 7l u}t

& AEjdMe 933 AEE Ho|A| %}tiTable 4). g G AFS HolA ¥sich AR AAFH AEFLS
ool AFHSL WIZ ‘Red Sun'd] triazoled] AAAAAE  myclobutanil 150mg - LA dA sk 7HAstsitiTable 5).
AR W E71¢ 4o A dAER ddckn & Kim slols, 29 A7, AAF, AEES myclobutanil 150mg - L"

7 Suzuki(1989)9] H3 2 Davis(1991)7} 13X ‘California A A A4S Hol v, Jjsthedes 238 T Ag
Giant'o]] A BAZAAAE AQLE A 23 57t FobdSy T Histd 2oz tE g4 AeldMe aelsltiTable 6).

g 2L s/, s de S8 vIAA gtk & Lee 5(1998)2 FlAElolel] AEQAAAANE et 5=
ool A3 AS Roje Aoz dudc 7t FESFE delEdr) ARon, vit)de YTS WA gt
2 Wag o} e 2 APAE ojsh §A1 A3 Mol A

TriazoleH ATHQl EY®F S1} o2 fddck
WS ‘Dream Land Rose’®] 7-$- diniconazole®} myclobu- ‘Dream Land Scarlet’®] A$- 3229 bz eAdg 152

Table 5. Changes in growth of Zinnia elegans ‘Dream Land Rose’ treated by soil drench of various triazole chemicals.

Triazole chemical Plant Largest leaf No. of Stem Shoot weight (g)/plant
concentration height (cm) axillary diameter dry/fresh
(mg-L" (cm) length width shoots/plant (mm) fresh dry (%)
Control 0 33.40 a° 9.71 abe 5.45 ab 578 a 5.78™ 26.69 a 3.51 ab 11.61 b
Diniconazole 5 27.84 bed 9.16 abc 5.33 ab 6.33 a 5.42 2741 a 3.79 a 13.79 a
125 27.19 cd 8.63 bc 5.08 ab 589 a 5.50 27.54 a 3.25 abe 11.80 b
50 2215 ¢ 7.86 ¢ 485 b 545 a 6.01 22.18 be 2.92 bed 10.68 be
Myclobutanil 30 26.02 d 9.11 abc 499 ab 555 a 5.75 25.33 ab 2.37 de 1144 b
150 27.47 cd 8.27 bc 4,14 ¢ 334 b 5.65 2023 ¢ 1.95 ¢ 9.60 ¢
300 29.55 bc 11.05 a 5.13 ab 533 a 5.46 23.67 abc 2.90 bed 12.24 ab
Difenoconazole 5 29.50 be 9.45 abc 5.54 a 5.00 a 532 24.84 ab 3.06 a-d 12.29 ab
25 27.36 ¢d 8.96 abc 5.08 ab 5.11 a 5.26 23.65 abc  2.62 cde 1191 b
125 30.93 ab 10.21 ab 542 ab 522 a 5.57 25.51 ab 2.95 bed 11.56 b

"Mean separation within columns by Duncan’s multiple range test at 5% level.
NSNonsigniﬁcant at 5% level.
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Table 6. Changes in flowering of Zinnia elegans ‘Dream Land Rose’ treated by soil drench of various triazole chemicals.

Triazole chemical No. of flower Flower diameter Flower weight (g) Days to

concentration (mg -L'l) buds/plant (cmj fresh dry dry/fresh (%) flowering
Control 0 1.61 ab* 7.07 db 3.57 be 0.55 be 15.53 ab 5747 a

Diniconazole 5 1.39 ab 6.90 be 4.76 a 0.78 a 16.54 a 53.52 bed
12.5 1.89 a 743 a 443 ab 0.63 b 14.36 ab 50.87 d

50 1.56 ab 7.17 ab 427 ab 0.54 be 1263 b 51.60 cd

Myclobutanil 30 1.67 ab 736 a 3.04 ¢ 0.46 ¢ 14.89 ab 54.20 be
150 1.00 b 639 b 1,51 d 0.17 d 12.04 b 57.73 a

300 1.67 ab 6.90 ab 3.56 be 0.48 be 13.53 ab 51.94 cd

Difenoconazole S 1.33 ab 6.89 ab 3.86 abc 0.56 be 14.49 ab 52.80 bed
25 2.00 a 744 a 4.08 abe 0.54 be 13.40 ab 51.60 cd

125 1.33 ab 6.83 ab 3.82 abc 0.49 be 13.06 ab 55.27 ab

*Mean separation within columns by Duncan’s multiple range test at 5% level.

Table 7. Changes in growth of Zinnia elegans Dream Land Scarlet’ treated by soil drench of various triazole chemicals.

Triazole chemical Plant Largest leaf No. of Stem Shoot weight (g)/plant
concentration height (cm); axillary diameter dry/fresh
(mg-Lh (cm) length width shoots/plant (mm) fresh dry (%)
Control 0 3993 a’ 11.13 ab 5.63 ab 7.55 a 6.79 a 29.56 ab 3.74 a 1271 b
Diniconazole 5 2830 b 10.60 abc 491 cd 6.66 ab 5.86 bc 25.33 be 2.50 be 10.00 b
12.5 23.11 ¢ 10.03 bed 4.99 bed 7.11 ab 5.83 be 23.96 be 3.16 ab 1332 b
50 23.09 ¢ 9.37 cd 483 cd 5.89 abc 552 ¢ 19.26 ¢d 2.30 be 1220 b
Myclobutanil 30 2948 b 11.12 ab 5.33 abc 6.78 ab 5.79 bc 29.48 ab 2.57 be 873 b
150 20.78 cd 8.71 d 445 d 3.78 cd 465 d 14.39 de 1.16 d 836 b
300 1732 d 6.38 ¢ 314 ¢ 2.67 d 331 e 9.02 e 1.17 ¢d 19.54 a
Difenoconazole 5 30,03 b 11.10 ab 5.78 ¢d 4.83 bed 555 ¢ 21.61 ¢ 2.90 ab 11.65 b
25 2052 b 10.80 abc 5.78 a 744 a 6.32 abc 28.01 ab 2.45 be 10.70 b
125 3023 b 11.84 a 5.89 a 6.89 ab 6.46 ab 3222 a 3.30 ab 10.31 b

“Mean separation within columns by Duncan’s multiple range test at 5% level.

Table 8. Changes in flowering of Zinnia elegans Dream Land

Scarlet’ treated by soil drench of various triazole chemicals.

Triazole chemical No. of flower Flower diameter Flower weight (g) Days to
concentration (mg -LY buds/plant (cm) fresh dry dry/fresh (%) flowering
Control 0 1.28 ab” 6.13 ab 354 b 0.52 abc 14.66 b-¢ 59.07 be
Diniconazole 5 1.00 ab 530 b 237 cd 0.45 bed 1899 b 61.00 a
12.5 0.83 ab 513 b 2.65 cd 0.78 a 2928 a 60.00 ab
50 1.67 a 6.45 a 3.04 cd 0.59 abc 19.86 b 58.67 be
Myclobutanil 30 033 b 742 a 341 Db 0.65 ab 10.90 cde 58.00 ¢
150 033 b 6.00 ab 218 d 0.20 d 9.42 de 58.00 ¢
300 =Y - - - - -
Difenoconazole 5 1.17 ab 725 a 458 a 0.31cd 6.84 ef 58.13 ¢
25 0.67 ab 6.79 a 244 cd 0.44 bed 17.60 bed 57.67 ¢
125 1.11 ab 6.35 a 344 b 0.52 abc 15.01 b-e 58.00 ¢

“Mean separation within columns by Duncan’s multiple range test at 5% level.
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