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INTRODUCTION

• Seed propagated cultivars must spend all
winter or a part of it in order to produce,
because of the flowering induction
requirements. It is needed 250 hours with
temperatures under 7ºC (Mauromicale, et
al., 2000).

• Gibberellins are necessary for caulinar
elongation and only on vernalizated plants
flowering differentiation happens

• Exogenous application of gibberellic acid
can replace cold requirements (Mauromicale,
et al. 2000)



INTRODUCTION
• Gibberellic acid treatments have make possible

the improvement of earliness on multiplied
vegetative cultivars.

• It has been observed that the use of gibberellic
acid on those new seed propagated cultivars
can induce flowering process, leading to a crop
of plants not subjected to low temperatures and
achieving great yields during different
productive cycles.

•  It has been an advance of 50 to 120 days when
GA3 was sprayed to plants, depending on the
time of applications, obtaining the maximum
earliness with applications between September
or October (Maroto, 2007).



INTRODUCTION
• Authors advised the joint use of the GA3 with a

foliar fertilizer, as well as good soil humidity.
After the treatment with GA3 the heads can be
more watery, sometimes smaller and more
susceptible to low temperatures and pathogens.

• The wrong application of the gibberellic acid
could affect negatively the plant, increasing the
sensitivity to necrosis of bracts and causing
leaves more erect and crumbly (Miguel, 2001).



MATERIALS AND METHODS
• Experience at Experimental Station of Fundación Ruralcaja,

Paiporta (Valencia, Spain)
• Vegetative material: seed propagated cultivars  `Harmony´, `Madrigal´

and  `Imperial Star´

• Sowing date: 14th June 2005
• Planting date: 1st August 2005

• Planting frame: 1.68 * 0.8 m
• Fertirrigation: 315-75-150 kg ha-1

of N-P2O5-K2O
• All the N it´s apported by

irrigation watter (438 ppm NO3-)



MATERIALS AND METHODS
• Plants sprayed 3 with GA3 at doses 0, 30, 60 and 90 mg L-1.

– 20th September

– 5th October          Total amount applied/treatment 375 L ha-1

– 20th October

• Added a non-ionic wetting agent at 0.1% (v/v) and foliage fertilizer
concentrated 1 g L-1

• Fully randomized design of 2 factors: - 3 cultivars 
              - 4 GA3 concentrations

• Each combination 3 replications
of 10 plants

• Evaluated early (until end of January) and
final production (end May 2006)



RESULTS
 Early Marketable yield

• Earliest cultivars: `Imperial Star´and `Harmony´

November December January February March

          Imperial Star 60 ppm, Imperial Star 90 ppm, Harmony 90 ppm
          Imperial Star 30 ppm
          Harmony 60 ppm Harmony 0 ppm, Madrigal 30 ppm
          Harmony 30 ppm Madrigal 0 ppm
          Imperial Star 0 ppm
          Madrigal 90 ppm
          Madrigal 60 ppm

START OF HARVEST

4 10 24 9 28 30 14 7 23



RESULTS
 Early Marketable yield
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• Highest early yields were achieved with ´Imperial Star´ and ´Harmony´,
and the lowest with ´Madrigal´.



RESULTS
Early Marketable yield

• Highest early yields were achieved with dose of 30, 60 and 90 ppm,
respect with 0 ppm
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RESULTS
Early Marketable yield

• To reach the maximum earliness in `Imperial Star´ was enough with dose
of 30 mg L-1

• Higher early yield on `Harmony´with dose of 60 ppm
• `Madrigal´ needs high doses of GA to obtain early yield

Cultivar and GA concentration Marketable yield
(Kg m-2)

Imperial Star
0 0.08
30 0.58
60 0.59
90 0.54

Harmony
0 0.00
30 0.47
60 0.62
90 0.60

Madrigal
0 0.00
30 0.02
60 0.05
90 0.12

LSD (P£0.05) 0.12
Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) P<0.01
GA3 concentration (3) P<0.01

Cultivar xGA3 concentration (6) P<0.01
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RESULTS
Early Marketable yield



RESULTS
Early Non - Marketable yield
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• `Imperial Star´ had the highest early unmarketable yield



RESULTS
Early Non - Marketable yield
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• The lowest early unmarketable yield was reached by the control



• `Imperial Star´with dose 90 mg L-1 had the great early unmarketable yield

RESULTS
Early Non - Marketable yield

Cultivar and GA concentration Unmarketable yield
(Kg m-2)

Imperial Star
0 0.11
30 0.24
60 0.31
90 0.43

Harmony
0 0.00
30 0.01
60 0.04
90 0.13

Madrigal
0 0.02
30 0.00
60 0.00
90 0.00

LSD (P£0.05) 0.10
Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) P<0.01
GA3 concentration (3) P<0.01

Cultivar xGA3 concentration (6) P<0.01
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RESULTS
Early Head weight
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RESULTS
Total Marketable yield

• `Madrigal´ is , in the end, the more productive cultivar and the latest
one in starting the harvest
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Cultivar and GA concentration Marketable yield
(Kg m-2)

Total
Cultivar

Imperial Star 1.38 b
Harmony 1.18 b
Madrigal 1.91 a

GA concentration (mg L-1)
0 1.58 a
30 1.50 ab
60 1.60 a
90 1.28 b

Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) P<0.01
GA3 concentration (3) P<0.05

Cultivar xGA3 concentration (6) P<0.05



RESULTS
Total Marketable yield

• Lowest final marketable yield for GA3 dose of 90 mg L-1
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Cultivar and GA concentration Marketable yield
(Kg m-2)

Total
Cultivar

Imperial Star 1.38 b
Harmony 1.18 b
Madrigal 1.91 a

GA concentration (mg L-1)
0 1.58 a
30 1.50 ab
60 1.60 a
90 1.28 b

Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) P<0.01
GA3 concentration (3) P<0.05

Cultivar xGA3 concentration (6) P<0.05



RESULTS
Total Marketable yield

• GA response is dependent on cultivars, GA3 concentrations and moment of
application
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RESULTS
Total Non - Marketable yield

•  Minor final unmarketable yield for `Madrigal´
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Cultivar and GA concentration Unmarketable yield
(Kg m-2)

Total
Cultivar

Imperial Star 0.85 a
Harmony 0.56 b
Madrigal 0.34 c

GA concentration (mg L-1)
0 0.61
30 0.59
60 0.55
90 0.60

Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) P<0.01
GA3 concentration (3) NS

Cultivar xGA3 concentration (6) NS



RESULTS
Total Non - Marketable yield

• Smallest final unmarketable yield for GA3 dose 60 ppm
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Cultivar and GA concentration Unmarketable yield
(Kg m-2)

Total
Cultivar

Imperial Star 0.85 a
Harmony 0.56 b
Madrigal 0.34 c

GA concentration (mg L-1)
0 0.61
30 0.59
60 0.55
90 0.60

Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) P<0.01
GA3 concentration (3) NS

Cultivar xGA3 concentration (6) NS



RESULTS
Total Non - Marketable yield

• For all GA3 concentrations the highest unmarketable yields are for the
`Imperial Star´
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RESULTS
Total Head weight
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Influence of different cultivars on the head weight

Fina l Head we ight

Cultivar and GA concentration Head weight
(g inf-1)

Cultivar
Imperial Star 104.7

Harmony 107.4
Madrigal 109.1

GA concentration (mg L-1)
0 109.5
30 107.4
60 108.6
90 102.8

Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) NS
GA3 concentration (3) NS

Cultivar xGA3 concentration (6) NS



RESULTS
Total Head weight
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Fina l Head we ight

Cultivar and GA concentration Head weight
(g inf-1)

Cultivar
Imperial Star 104.7

Harmony 107.4
Madrigal 109.1

GA concentration (mg L-1)
0 109.5
30 107.4
60 108.6
90 102.8

Parameter (degrees of freedom) Significance (F-value)

Cultivar (2) NS
GA3 concentration (3) NS

Cultivar xGA3 concentration (6) NS



CONCLUSIONS
• GA3 treatments advanced the start of harvest:

– 54 days for ´Imperial Star´
– 123 days for ´Harmony´
– 52 days for ´Madrigal´

• GA3 treatments increased the early production. Every variety required
different doses.
– ´Imperial Star´were enought whith 30 ppm of GA3

– ´Harmony´needed 60 ppm of GA3

– ´Madrigal´required 90 ppm of GA3

• ´Madrigal´ was the more productive cultivar

•  Whith doses of 90 ppm of GA3  the final marketable yield were reduced
and the early unmarketable yield increased

• Whith ´Madrigal´ got less unmarketable production in opposite to
´Imperial Star´



Thank you for
your attention


