Iranian Journal of Horticultural Science Yl SLEL
Vol 51, No 4, Winter 2021 (979-993) © ﬁ" < N 'i’h
DOI: 10.22059/ijhs.2019.261853.1476 (AYA-23Y o) V¥Rl oF 5 Leis DY 5,90

S39918 K (lowbign 9 S3989d 90 S Sl By ¢ & gl 9 395 Job ST

. Q . oA Y . 1 o Q
ooy 559" B See e T rgd Sgazme ! () s
;}‘ﬁ' s-\.q-\:-ﬂ gJ.e.:.d w}.}; o@': ‘65)}1..':5 b-\mh c.:l:-w‘ ) )‘:.\.:d.‘é gdis.: 6}’5—.&") .Y' ) Y s\
Ol ) chgin chgeie w93 oKl ( ALS poe oaSiays Lokl £
OFAVANYY 15 pds 5,6 = AFAV/O/Y tdly o 5 ,0)

o>

2
Fr 5 PNE 0L sy dsb s S el il glachile ST Wl s 355l o35 Sz 5 AUS Dl T skie 4
i 1l S e 5 sled a b ol Shels Th B s st OB okl g0 (BT (AS 5 (oS o pas
Obj o (A 5 f)fuLf For 5000 VO ) mhaw jler 5 S el Sled g Oyl 5 Lys LLLS, (ol slaed, Jold o3,
ol A - by, ColadV ol e e 53 3, Jsb e i Jlasl (L5 JUS1 31 ey 535 80 5 ¥4) s 55 3 (5 slows
5 bl S8 LT ol 53 ing LB cele 1T gy, colu A 5 LSb cslu VY - lds; Cele VY (ld) K6
WSps B S 0hs  JE B S8 law codias 8 il Jgb Juld anlllas 350 i s S g el 5 555 dob i 4 (85
Foo les 5o 8§ K2t 055 5 8 (8 sl p iy ol DL gl s (USG5 alan g SIS (g R g8 (00305 (55
Sl VU5 S il 2 0 Sk Yoo Slas 3 3 (Al Ol s Jool (S50 ol V1 5 Sl 2 0 B e
SR 5 Sy el it - glas 4y Gy 5 035 0 Ol 4 o 0B omen A3 e G55 VY s Aald 4 o (S50
DS ez 5 B 2 Rl 355e slagd) ple & Cod 03 2l 53 (AN 4 Doy b 5, 345 oS (5 s (Ad w513 5y, sk

L3l

B RC IS PR RVE IR R { GRSt Jp O] T < SN A JOPSW [-R W g1 N 1

Effect of day length and gibberrelic acid on some morphological and biochemical
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ABSTRACT

In order to accelerate the flowering time in four late flowering chrysanthemum cultivars, the effect of different
concentrations of gibberellic acid and day length on flowering time and some quantitative and qualitative
characteristics, an experiment was conducted as a factorial split plot in a completely randomized design with three
treatments and four replications. Cultivars included Ariamanesh, Roxana, Dina and Oran. Gibberellic acid treatment
at four levels (0, 75, 150 and 300 mg/ 1) and foliar application time at two levels (30 and 45 days after transplanting)
were applied. Daytime treatments at three levels included 16 hours of light - 8 hours of darkness (control), 12 hours
of light - 12 hours of darkness and 8 hours of light - 16 hours of darkness. In this experiment, the main and sub plots
were day length and gibberellic acid, respectively. The studied traits included flowering stem length, flower number,
flower diameter, dry weight of flowers and leaves, content of photosynthetic pigments, peroxidase and number of
days to flowering. The results showed that the highest flower number, diameter and dry weight of flowers were
obtained in the treatment of 300 mg/l gibberellic acid and 16 hours of darkness. Flowering time was accelerated by
300 mg/1 gibberellic acid and 16 hours in the dark compared to the control for about 21 days. Dina cultivar was also
recognized as the best cultivar in response to different levels of gibberellic acid and reduction in day length, so that
the number of days to flowering in this cultivar compared to other cultivars showed a significant decrease.
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Table 1. The most important characteristics of chrysanthemum cultivars used in the experiment

Name Colour Open of flowering date End of flowering date
Aryamanesh Creamy 2" December 12" December
Roxana Red orangy 2" November 17" November
Dina Purple 22™ October 18™ November
Oran Red 5" November 20" November
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Table 2. Results of variance analysis of gibberellic acid and day length on some charachteristics of chrysanthemum

Mean od squares
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£2 sz : T f:z % E 2 E 2 .
SO.V. df 2= Ee S z 53 g g £ E: g 2
2% £ & 5 £ s 3 5 5 2 g 2
~E = 8§ & £ 2 S 2 3 2
£ 2 3 ) ) 5 8
Gibberellicacid (A) 3 759.72° 56635 22.15° 1338 230" 059" 0.197 1457 0.001" 046" 28288
Dark period (B) 220527 48548 320" 044" 1.60™ 0.86™ 045" 257" 0.0005™ 037"
cultivar (C) 3 170.02"  2097° 59.06" 075" 0527 017" 0.03™ 032" 0.0006"  0.04™ y
AxB 6 42.53" 743ns 1217 1817 0277 0.017ns 0.02" 0.05™ 0.0002"  0.08™
AxC 9 3524 1888 1577 0317 018" 0.05™ 0.009" 007" 0.00006"  0.02"
BxC 6 9.40ns 43357 207" 0617 015" 0.08™ 0.01" 0.09™  0.00009"  0.03™
Error 144 9.76 6.33 0.2 0.12 0.01 0.008 0.003 0.01 0.0001 0.004

*, **: Significantly difference at 5 and 1% of probability levels, respectively.

Aoy ) 50 ek jo Sl g Dyl G 5

0991 5 (oloodon 5 (S3ledroe Dlio 28, g 59) Job Sy annl ST :Sle annlie T Jou
Table 3. Mean comparison effect of gibberllic acid, day length and cultivar on morphological and biochemical
characterestics of chrysanthemum

Characteristics tFlolW er h mils]:z (r:rm dF,l"W‘:r Leafd}ﬁ/ Flowqczly CL, CL, CLEO?I Carotenoid Peroxidase

Treatment Sermengh - m e dameter WML WORHC (W) (meg'FW) (ST (mee’ FW)  (univime:protin
0 mg/l 17.937 8.62° 3239 1.48° 0.287 0.547° 0.421° 0.967 0.4507 0.011°
Ga  TSmel 22.58° 9.77° 3.78° 1.84° 0.44° 0.578¢ 0.469° 1.04¢ 0.055¢ 0.018°
150 mg/l 24.95° 13.22° 408" 1.94° 0.68" 0.650° 0.498° 1.14° 0.590° 0.020
300mg/l 27.23° 16.18° 4.86" 2.73° 0.76 0.796" 0.574° 137 0.068" 0.026"
Dark period 8 hr 24,53 935 °b 3.75° 2.043‘; 0,42§ 0.7572 0.577: 1.332 0.6562 0.018z
(hr) 12hr 23.85° 11.65 4,02 1.902 0.48 0.647 0.485 1.13 0.544 0.017
16hr 21.14° 14.84° 419 2.051° 0.72° 0.525° 0.408° 0.93¢ 0.509° 0.022°
Ariamanesh 25.51° 12.72° 3.46™ 1.93° 0.66" 0.715° 0.496™ 121° 0.582° 0.0157
Cultivar  RO%aN2 20.90° 12,08 3.60° 1.93° 0.50° 0.635° 0.486° L17® 0.597* 0.021°
2326° 11.87% 5.64° 2.18° 0.42¢ 0.653" 0.523° L12b 0.524° 0.017°
Oran 23.04° 11.12° 3.25° 1.94° 0.58° 0.568° 0.455° 1.02¢ 0.575" 0.023"
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In each column means followed by at least a common letter, are not significantly different at 1% probability level.

CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total
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Table 4. Mean comparison interaction effect of gibberllic acid and cultivar on morphological characters of
chrysanthemum

Treatment Morphological characters
GA Cultivar  Flower number Flower stem length (cm) Flower diameter (mm) Leaf dry weight (g) Flower dry weight (g)
Ariamanesh 9.25™® 21.57 325 1.52% 0.25"
0 mo/l Roxana 10.25%" 14.5" 2.662" 1.38¢ 0.21"
Dina 8.08¢ 16.25%" 4.86% 1.51% 0.33%"
Oran 6.91% 19.5" 2.14" 1.49% 0.34%"
Ariamanesh 12.165 25.58%c® 3.3°® 1.76°® 037
75 mo/l Roxana 8.751% 20 3.53¢ 1.92¢ 0.31%"
¢! Dina 8.41¢ 21.5¢ 5.5% 2.15% 0.54
Oran 9.75%¢ 23.16¢ 277 1.51 0.52¢
Ariamanesh 13.16™® 26.54™1 3.53¢ 1.71°% 0.46°¢
150 me/l Roxana 13.25 22.37% 3.65¢ 1.92¢ 0.57%
mg/ Dina 13.33%¢ 27.66" 5.68° 2.14™ 1«
Oran 13.16™* 23.25%! 3.46° 1.97 0.7
Ariamanesh 16.33% 28.416° 3.74° 2.72% 0.59°°
300 mg/l Roxana 16.08" 26.75"¢ 4.56° 2.48% 0.9
Dina 17.66° 27.708* 6.5" 2.83% 0.75™
Oran 14.66™ 26.75" 4.62° 2.78° 0.77"

)l 6y gire gy Mo yd S Jloin ] prdaw p3 (Syidie B S Jilis b ol (1Sle gty 5D
In each column means followed by at least a common letter, are not significantly different at 1% probability level.
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Table 5. Mean comparison interaction effect of day length and cultivar on morphological characteristics of

chrysanthemum
Treatment Morphological characteristics
Dark Cultivars Flower number in Stem length Flower diameter Leaf dry weight Flower dry weight
period plant (cm) (mm) (gg (2
Ariamanesh 8.125¢ 26.46" 3.48° 2% 0.35°
ghr  Roxana 10.68°* 23.03% 3.69° 1.87% 0.38°
Dina 9.5% 23.81" 5.04° 2.04% 0.41%
Oran 9.125% 24.81° 2.79¢ 223 0.53%
Ariamanesh 14.43° 26.12° 3.42¢ 1.85™ 0.43%
lonr Roxana 11.437°%¢ 20.75" 3.73¢ 1.72° 0.41%
Dina 9.875% 24.87° 5.67° 2.29° 0.61%
Oran 10.875% 23.68% 3.26% 1.72° 0.47°
Ariamanesh 15.625° 23.93" 3.46° 1.93% 0.47%
lenr Roxana 14.125* 18.93¢ 3.39¢ 2.18* 0.71°
Dina 16.25° 21.09% 6.2° 221 0.95°
Oran 13.375 20.62% 3.71° 1.86" 0.74°

)l 6y gire gy Mo pd S Jloin ] prdaw 3 (Syidie B S Jilis b ole (1Sbe gty 50
In each column means followed by at least a common letter, are not significantly different at 1% probability level.
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Table 6. Mean comparison interaction effect of gibberellic acid and day length on morphological characteristics of

chrysanthemum
Treatment Morphological characteristics
GA Dark period Flower number in plant Stem length Flower diameter Leaf dry weight Flower dry weight
(hr) (number) (cm) (mm) (€3] (8

8 6.87" 19.37° 291 1.49° 0.18"

0 mg/l 12 7.5° 19.43° 3.40¢ 1.49° 0.34¢
16 11.5% 15 3.39¢ 1.46° 0.33¢

8 7.03 22.75%% 3.34¢ 1.54° 0.41°%

75 mg/l 12 9.56% 23.31™ 4.18™ 1.87°% 0.37%
16 12.37% 21.68% 3.82% 2.10¢ 0.53%

8 9,75 25bd 4.06 1.83% 0.60%

150 mg/l 12 13.5™4 26.43° 3.90% 1.96% 0.55%
16 16.43® 2343 428> 2.02% 0.90°

8 13.43% 31° 468 3.30° 0.49%

300 mg/l 12 16.06™ 26.25™ 461" 228" 0.67°
16 19.06° 24.46™ 528" 261° L11°

)l gyl gixe Gglds Mo yd S Jloin ] prlaw > oS yidie B S Jilis b ol (1S0ke gty 40

In each column means followed by at least a common letter, are not significantly different at 1% probability level.
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Table 7. Mean comparison interaction effect of gibberlic acid and cultivar on biochemical characteristics of

chrysanthemum
Treatment Biochemical characters
GA Cultivar CLa CLb CLtotal Carotenoid Peroxidase
(mg g"' FW) (mg g' FW) (mg g' FW) (mg g' FW) (unit/mg-protein)

Ariamanesh 0.664% 0.442%" 1.10%f 0.513%¢ 0.004*

0 mgl Roxana 0.492"% 0.375" 0.86" 0.382" 0.014?‘
Dina 0.57%¢ 0.467%¢ 1.03°% 0.432&" 0.008™
Oran 0.469¢ 0.398%" 0.85' 0.574% 0.017%

Ariamanesh 0.655% 0.49°T 1.14%! 0.572°% 0.013"
75 mgl Roxana 0.505¢ 0.492¢* 0.99% 0.508%% 0.023¢
Dina 0.638°% 0.497¢* 1.13¢f 0.508° 0.015%¢
Oran 0.512¢ 0.396% 0.90% 0.548°% 0.022¢h
Ariamanesh 0.734% 0.507°" 1.24% 0.57°% 0.018%"

150 mgl Roxana 0.625%F 0.496%* 1.12% 0.67° 0.02%f
Dina 0.671¢ 0.527*° 1.19%¢ 0.517%¢ 0.019%¢
Oran 0.571%¢ 0.459¢ 1.03% 0.601%¢ 0.022%¢

Ariamanesh 0.806™ 0.545%4 1.35%® 0.671° 0.024%

300 mgl R9xana 0.915: 0.582% 1.502 0.764:"‘ 0.026“2
Dina 0.732% 0.601° 1.33 0.64% 0.025¢

Oran 0.728% 0.566™ 1.29% 0.677% 0.029*

)l 6y gime gy Mo pd S Jloin ] prdaw p3 (Syidie B S Jilis b ol (1o gty 50
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In each column means followed by at least a common letter, are not significantly different at 1% probability level.

CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total
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Table 8. Mean comparison interaction effect of day length and cultivar on biochemical characteristics of

chrysanthemum
Treatment Biochemical characters
Dark period Cultivars CL, CL, CLtotal Carotenoid Peroxidase

(hr) (mg g FW) (mg g' FW) (mg g' FW) (mg g FW) (unit/mg-protein)
Ariamanesh 0.815° 0.562% 1.37° 0.645% 0.015%"

8 hr Roxana 0.704%¢ 0.6™ 1.30" 0.715° 0.021%
Dina 0.786® 0.632° 1.41° 0.568% 0.012°
Oran 0.722%4 0.514% 1.23% 0.695° 0.021%
Ariamanesh 0.699%4 0.516% 1.21% 0.581% 0.013¢

12 b Roxana 0.752% 0.476% 1.23% 0.586™ 0.018%
Dina 0.643 0.487¢ 1.13% 0.511%% 0.017%
Oran 0.490" 0.46% 0.95°% 0.496% 0.018<
Ariamanesh 0.631% 0.41°%% 1.04% 0.52°% 0.015%"

16 hr Roxana 0.447" 0.382¢ 0.83¢ 0.491° 0.023°
Dina 0.529¢ 0.45%" 0.98° 0.493% 0.021%
Oran 0.492f 0.39% 0.88 0.533¢ 0.028*

)l gyl gixe Gglds Mo yd S Jloin ] prlaw )3 oS yidie B S Jilis b ol (1 Ske gty 40
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In each column means followed by at least a common letter, are not significantly different at 1% probability level.

CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total
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Table 9. Mean comparison interaction of gibberlic acid and day length on biochemical characteristics of

chrysanthemum
Treatment Biochemical characters
GA Dark period CL, CL, CLtotal Carotenoid Peroxidase
P (mg g' FW) (mg g' FW) (mg g' FW) (mg g FW) (unit/mg-protein)
8 0.620°® 0.497°% 1.11% 0.542° 0.009°
0 mg/l 12 0.589°" 0.467%* 1.05% 0.457° 0.010°
16 0.432¢ 0.298" 0.73" 0.352" 0.015¢
8 0.686™ 0.576° 1.26™ 0.5627 0.020™
75 mg/l 12 0.561% 0.435¢% 0.99°% 0.511% 0.017¢
16 0.486" 0.3968 0.888 0.580"¢ 0.018%
8 0.774° 0.561% 1.33° 0.645° 0.021%
150 mg/1 12 0.656* 0.506* 1.16% 0.580¢ 0.018%
16 0.522¢% 0.426' 0.94% 0.544¢ 0.021%
8 0.948° 0.675° 1.62° 0.875° 0.022°
300 mg/l 12 0.78" 0.533% 1.31° 0.628" 0.022°
16 0.66 0.513%¢ 1.17¢ 0.562% 0.029*

B85 () gime gl doy> S Jlain] paw 53 oS yride By o s b ols (puSbe g n p
.S 35,15 CL total b k35,15 1CLy @ 35,15 CL,

In each column means followed by at least a common letter, are not significantly different at 1% probability level.
CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total
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Figure 1. Mean comparison interaction effect of gibberlic acid and cultivar on day to flowering of chrysanthemum
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Figure 3. Mean comparison interaction effect of gibberlic acid and cultivar on day to flowering of chrysanthemum
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