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Abstract: The effect of mnteraction among exogenous hormones auxin (IBA), Gibberellms Acid (GA3) and
cytokinin (6-BA), photoperiod and cultivars on the total dry matter of strawberry plant was investigated in
Cameron Highland, Pahang, Malaysia. The five factorials experiment with three replications was designed in
a split plot factonal Randomized Completed Block Design (RCBD). A total of 864 plants involve and were placed
under 400 m’ plastic rain-shelter. Two Malaysian commercial strawberry cultivars, Camarosa and Camaroga,
were used. The plants were exposed to three photoperiod levels (12 (normal day length of Cameron Highland),
15 and 18 h) and sprayed with 0 and 50 ppm TBA, GA3 and 6-BA. The results showed that only GA3 gave the
significant effect on the dry matter of strawberry by its own action where, 17.06% dry matter content was
produced under application of 50 ppm GA3. The result demonstrated that the photoperiod, variety, IBA and
6-BA factors do not act individually on the production of strawberry dry matter but rather by the mutual
interaction among them. Tt was found that the highest, 21.2%, dry matter content of the strawberry was
produced by Camaroga cultivar grown under 15 h photoperiod and treated with 50 ppm IBA and GA3 and thus
such combined treatment 1s recommended as the best condition for ncreasing productivity of strawberry in

Cameron Highland.
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INTRODUCTION

Strawberry (Fragaria x ananassa Duch.) belongs to
the Rosaceae family. Now-a-days, the commercial variety
of strawberry 13 widely grown not only i its original cold
sub-tropical and temperate region but also m the
high-latitude of tropical region (FAO, 2007, Hancock,
1999). Presently, it 1s cultivated in 69 countries mcluding
Malaysia. In 2007, the estimated world production and
area of strawberry was about 3,824,678 ton and
234,027 ha, respectively (FAO, 2007).

Dry matter content is always used to measure
productivity in plant. Tts dissemination in plant is partly
determined by the balanced distribution of assimilates
from the source organ to the other various organs. Under
its  origmal chmatic condition, strawberry plant
accumulates dry matter (starch) in root and crown and
becomes dormant during Short Day (SD) in autumn and
winter seasons (Maas, 1986, Dumer ef al., 1984). It was

found that the dry matter of four strawberry varieties
(i.e., Aromas, Quinalt, Fort Laramie and Tribute) were
greater under 16 h (LD) than under 8 h (SD) photoperiod
where their parents show the different response to
photoperiod which F. chiloeniss was lugher under LD
while F. virginiana no significant under both SD and LD
(Serce and Hancock, 2005). Meanwhile, the dry matter of
other variety (1e., Allstar, Chandler and Honeoye) was
significant different under duration short day (8-11 h), the
dry matter was even not significantly affected by the
photoperiod but rather by the cultivars of the plant
(Serce and Hancock, 2005).

The effect of growth regulators on the dry matter of
strawberry are varies depending on the type and
concentration of the hormones, time and season of
application and Cultivars (Engels and Ebert, 1988,
Fouad et al., 1991; Shou-Ming ef al., 2007). Aerial dry
matter of strawberry are most significantly increased when
(GA3 are used (Engels and Ebert, 1988). It was reported
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that the application of GA3 during the late autumn caused
the aerial dry matter of strawberry either reduces or
mcreases depending on the GA3 concentration and
cultivars used. Meanwhile, root, crown and foliage dry
matter in certain variety such as Raritan was not affected
by the application of the hormones (Weidman and Stang,
1983). It was reported that cytokine (BA) had also affected
on the root and aeral dry matter of strawberry
(Archbold and Strang, 1986).

Meanwhile, Shou-Ming et al. (2007) indicated that
the combied application of GA3, IAA and 6-BA with
various proportions can significantly affected the dry
matter of shoots and roots of strawberry. However, the
interaction between the type of exogenous hormone and
photoperiod on strawberry dry matter has not been
thoroughly investigated. Therefore, a study was
conducted under Cameron highland climatic condition
with the following objectives:

To assess the interaction effect of varety,
photoperiod, auxin, gibberellin and cytokinin on the
total dry matter of strawberry

To determine the best combination of exogenous
hormones (auxin, gibberellin and cytokie),
photoperiod and variety application in maximizing
strawberry effectively dry matter in Cameron
highland

MATERIALS AND METHODS

Experimental layout: The experiment was conducted at
the Malaysian Agricultural Research and Development
Institute (MARDI) Station in Cameron Highland, Malaysia
located at an altitude of 10,000 m above sea level, latitude
4°28'6.75"N and longitude 101°23'6.83"E. Two strawberry
cultivars, Camarosa and Camaroga, were used. The
uniform plantlets runner cuttings obtained from the adult
plants were rooted in musery. A total of 864 rooting
plantlets of 3.5 leaves stage were planted in 15 cm
diameter plastic pots containing mixed growing media of
coco peat and perlite at 9:1 ratio. All plants were placed
under 400 m?® plastic rain-shelter, watered and fertilized
trough the fertigation system. Pest and disease control
were made using the standard practice applied in Cameron
highland. The plants were exposed to three photoperiod
levels, 12 (normal day length of Cameron highland),
15and 18 h by using 100 w fluorescent bulbs with overall
light density of approximately 50 lux. Three types of
hormone, auxin (TBA) [indolyl-3-butyric acid (Merck
KGaA, Darmstadt, Germany)], cytokinin (6-BA) (N°-
benzylademne (R&M , UK)] and Giberralic acid (GA3)
(Merck-Schuchardt CHG, 85662 Hohenbrumm, Germary)]
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each with two levels of concentrations, 0 and 50 ppm
(Single or combination as total eight treatment) were
treated once on the plants via foliage application. Thus,
48 treatments each containing 6 plants were involved.
Each treatment contains three replications. The experiment
was arranged in a split plot factorial Randomized
Completed Block Design (RCBD) with IBA, GA3, 6-BA
and cultivars as spilt plots on main factor of photoperiod.
Samples for dry matter measurement were taken randomly
from three plants of each replication. The samples were
washed, freshly weighted and dried in oven at 60°C until
the weight stables and then the percentage of the dry
matter were calculated as the following:

Dry weight

DryMatter{ DM)(%) = x100

Fresh weight

Statistical analysis: The data were analyzed as a split plot
factorial RCBD with IBA, GA3, 6-BA and cultivars as the
spilt plots on photoperiod. Analysis of Variance
(ANOVA) was analyzed using the program GinStat 5 and
was used to determine the significant difference among
the treatments means. The multiple range test of Duncan
for the significant separation of means among the
treatments was calculated by using the MSTAT-C

program.
RESULTS AND DISCUSSION

The effect of different treatments from each individual
factors, cytokimn (6-BA), auxine (IBA), gibberellin (GA3),
photoperiod and cultivars on the percentage of total dry
matter of strawberry are shown in Fig. 1. The result
exhibited that only GA3 which producing 17.06% dry
matter with a concentration of 50 ppm had significant
affected on the dry matter of strawberry (Fig. 1b).
Whereas the different between the treatments level of the
other individual factor did not show any sigmficant effect
on the dry matter of strawberry (Fig. 1). Figure 2 shows
the interaction effect of two factors (pair-wise interaction)
on the percentage total dry matter of strawberry.

This shows that the total dry matter content of
strawberry had significantly decreased under the
interaction of GA3=6-BA where the dry matter was lowest
(16.77%) 1n the plant treated with 50 ppm GA3+50 ppm
6-BA (Fig. 2a). Oppositely, the dry matter had increased
significantly under the mteraction of GA3*IBA where the
plants with 50 ppm IBA+0 ppm GA3 treatment gave the
highest dry matter content (17.9%) (Fig. 2c). The
interaction of varietyxIBA had also gave a significant
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effect on the dry matter of strawberry where the highest
content (18.05%) was given by Camaroga variety after
treated with 50 ppm IBA. The other pair-wise interactions
did not show any significant different among the
treatments (Fig. 2).

The interaction effect among the three factors on the
total dry matter is shown in Table 1. Tt indicated that the
interaction of GA3xIBAx6-BA did not significantly
affect on the dry matter of strawberry (Table la, b).
However, the

variety *\IBA=*GA3 had significantly affected on the plant
dry matter where in the former interaction, Camaroga
cultivar gave the highest dry matter content (18.5%) when
treated with 50 ppm IBA+0 ppm 6-BA and in the later
interaction, the same cultivar also gave the highest
content (18.21%) when treated with 50 ppm 6-BA-+0 ppm
GA3 (Table 1 a, d). The dry matter contents were also
significantly affected by the interactions of photoperiod
*GA3=6-BA and photoperiod=IBA*6-BA  where the
treatment of the 12 h+0 ppm GA3 and 6-BA and 15 h

interaction of varietyx6-BA=IBA and
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Fig. 1. Means comparisons among different treatments of each individual factor, a) cytokinin (6-BA); b) Gibberellin
(GA3); ¢) Auxin (IBA); d) cultivars; e) photoperiod on the percentage (%) total dry matter of strawberry. Means
with different letters in same figure indicate significant differences (p<0.05)
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Fig. 2: Continued
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Fig. 2 Means comparisons of the total dry matter percentage of strawberry as revealed by two factors interaction.
A = Camarosa, B = Camaroga. Means with different letters in same figure indicate significant differences (p<<0.05)

+50 ppm IBA+0 ppm 6-BA gave the highest content of
18.64 and 19.12%, respectively (Table 1 e, f). The
interactions of the photoperiodxvariety<6-BA and the
photoperiod* variety *GA3 had also sigmficantly affected
on the strawberry productivity. The dry matter content
also reaches the highest level in the treatments of the
12 h photoperiodt+Camarosa+0 ppm 6-BA and 15 h
photoperiod+Camarosa+0 ppm GA3 with 1859 and
18.34%, respectively (Table 1 h, 1).

The effect of the interaction among four factors is
shown mn Table 2. It exhibits that all imnteractions gave a
significant effect on the dry matter of strawberry. In the
mteraction of variety x6-BAXIBAxGA3, the dry matter was
highest (19.01%) in variety Camaroga treated with 50 ppm
GA3 and TBA and O ppm 6-BA (Table 2a). Interaction of
photoperiod=6-BA<IBA*GA3 produces the mghest dry
matter content (19.26%) in plants grown under 15 h
photoperiod and treated with 50 ppm IBA and GA3 and
0 ppm 6-BA (Table 2b).

The highest dry matter from the interaction of
photoperiod=variety*x GA3*6-BA was 19.53% that was
revealed by Camaroga variety grown under 12 hwith
50 ppm 6-BA and 0 ppm GA3 treatment (Table 2c).
Camaroga variety also received the highest content of dry
matter (20.07%) from the interaction of photoperiod
xvarietyxIBA>x6-BA but under 15 h photoperiod with
50 ppm IBA and O ppm 6-BA treatment (Table 2d).
Nevertheless, the interaction of photoperiodx
variety <IBAXGA3 has allowed Camaroga variety

produces the highest dry matter content (19.09%) when
grown under 18 h photoperiod with O ppm IBA and GA3
applications (Table 2e). The interaction effect among five
factors, photoperiod=vanety <IBA*GA3x6-BA on the dry
matter percentage of strawberry 13 shown in Table 3. The
analysis revealed that the interactions of the five factors
gave a great significant different among the treatments.
Through this analysis, the lnghest dry matter content was
21.20% which was obtamed in Camaroga variety grown
under the 15 h photoperiod and treated with 50 ppm GA3
and IBA and O ppm 6-BA.

Meanwhile, the lowest dry matter content (14.31%)
was found in Camearosa variety grown under 12 h
photoperiod and treated with 50 ppm 6-BA and O ppm of
each GA3 and TBA (Table 3).

Gibberellin or in combination with either auxin or
cytokimin caused the reduction of the total dry matter in
strawberry. This may be due to the reason that gibberellin
reduced the rate of photosynthesis in plant (Tafazoli and
Shaybany, 1978, Fouad ef al., 1991). In general, the
treatment of exogenous auxin and cytokimn alone or in
combination did not deliver any significant affect on the
dry mater but become effective when a particular cultivar
13 used as in according with the other reports
{Archbold and Strang, 1986; Serce and Hancock, 2005).
This result also confirms that the application of
exogenous gibberellin led to the reduction of plant
productivity (Engels and Ebert, 1988). The researchers
also found that the effect of photoperiod on the dry

343



Agric. J., 6 (6): 340-346, 2011

Table 1: Means comparisons of the percentage of total dry matter of strawberry as revealed by three factors interaction analy sis

GA3 (0) GA3 (50)

6-BA 0 50 0 50 LSD

()

IBAO 17.63* 17.44* 16.66* 16.70* 1.337

IBASO 18.10* 17.70* 18.05* 16.83* -

)

Camarosa 18.18° 17.03 17.07 16.85 1.337

Camaroga 17.54° 18.12* 17.65° 16.68 -
IBA (D) IBA (50)

6-BA 0 50 0 50 LSD

(©)

Camarosa 17.60% 16.94° 17.65% 16.94° 1.337

Camaroga 16.69° 17.20% 18.5(# 17.60° -
IBA (0) IBA (50)

GA3 0 50 0 50 LSD

@)

Camarosa 17.62% 16.92% 17.55® 17 1.337

Camaroga 17.45% 16.44° 18.21° 17.89" -
6-BA (0) 6-BA (50)

GA3 (h) 0 50 0 50 LSD

(e)

12 18.64% 17.17% 17.18% 16.53° 1.637

15 17.49% 17.51% 16. 94 17.11% -

17 17.46% 17.40% 18.61% 16.67> -
IBA (0) IBA (50)

IBA (h) 0 50 0 50 LSD

N

12 18.01* 17,70 16.38¢ 17.32% 1.637

15 15.88° 19.12* 17.33%° 16.72% -

17 17.54% 17.31% 17.5% 17.77% -
GA3 (0) GA3 (50)

IBA (h) 0 50 0 50 LSD

€3]

12 17.49* 18.33 16.91* 16.7% 1.637

15 16.82% 17.60° 16.38 18.23* -

17 18.29* 17.77 16.75* 17.31* -
Camarosa Camaroga

Cultivars

6-BA (h) 0 50 0 50 ISD

(h)

12 18.59* 15.8% 17.22¢® 17.81® 1.637

15 17.13 16.85 17.86 17.19 -

17 17.16 18.07 17.7 17.20 -
GA3 (0) GA3 (50)

Cultivars (h) A B A B ISD

M

12 17.14% 18.68° 17.35% 16.35 1.637

15 17.34%¢ 17.08% 16.64> 17.97% -

17 18.34% 17.73%e 16.80sbe 17.17%e -
Camarosa Camaroga

Cultivars

IBA (h) 0 50 0 50 ISD

@

12 17.27* 17.21* 17.12¢ 17.90¢ 1.637

15 16.62% 17.36* 16.59 18.47 -

17 17.92% 17.31* 17.12¢ 17.78 -

Means with different letters in same figure indicate significant differences (p<<0.05)

matter of strawberry had not much influenced by the other  received by the plant for photosynthesis was sufficient.
factors (Table 1). This 1s probably because the light  However, the mteraction effect from the variety, auxin and
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Table 2: Means comparisons of the total dry matter percentage of strawberry as revealed by four factors interaction analysis

GA3 (0) GA3 (50)
IBA (0) IBA (50) IBA (0) IBA (50)
6-BA 0 50 0 50 0 50 0 50 LSD
@YV
Camarosa 18.16" 17.08® 18.21%® 16.97 17.04® 16.8" 17.09® 1690 1.891
Camaroga 17.10® 17.80® 17.98 1844 1628 16.6° 19.01* 16.77% -
IBA (0) IBA (50)
GA3 (0) GA3 (50) GA3 (0) GA3 (50)
6-BA (h) 0 50 0 50 0 50 0 50 LSD
(b)Pd
12 18.55%4 16.42% 17.47% 1634 18.72% 17.93%%d 16.87%¢ 16.71% 2316
15 16.01¢ 17.648cd 15.75¢ 17.01%d 18.94® 16,2402 19.26* 17.20p8c2 -
17 18.32%ed 18.26% 16,770 16,7404 16.60%4 18,9450 18.03% 1659 -
Camarosa Camaroga
GA3 (0) GA3 (50) GA3 (0) GA3 (50)
Cultivars
6-BA (h) 0 50 0 50 0 50 0 50 LSD
(c)Pd
12 1945 14.82¢ 17.73%cd 16,978bede 17.828ed 19.53¢ 16.61%% 16.09% 2316
15 17450 17.238 16, §2e0ede 16.46% 17.528% 16. 647 18.20%¢ 17.75% -
17 17.65% 19.02% 16.66™% 17,13 17,280 18,160 18.13%=4 16.20p% -
Camarosa Camaroga
IBA (0) IBA (50) IBA (0) IBA (50)
Cultivars
6-BA (h) 0 50 0 50 0 50 0 50 LSD
(d) Pd
12 18.65® 15.9¢ 18.53® 15.89" 17.38% 16.87° 17.05% 18.75® 2316
15 1611 17.13% 1816 1656 15.66° 17.52% 20.07 16.87* -
17 18.05% 17.8% 16.26% 18.36% 17.04> 17.21* 18.37% 17.18* -
Cammarosa Camaroga
1BA (0) BA (50) 1BA (0) TBA (50)
Cultivars
GA3 () 0 50 0 50 0 50 0 50 LSD
(e)Pd
12 16.70® 17.84% 17.57% 16.85% 1827 15.97 19.08* 16.73% 2316
15 17.07 16.17° 17.62% 17.11% 16.58* 16,55 17.58* 19.35° -
17 19.09 16.76% 17.58" 17.03% 17.50% 16.75% 17.97% 17.56% -
Table 3: Means comparisons of the total dry matter percentage of strawberry as revealed by five factors interaction analysis
IBA (0) IBA (50)
GA3 (0) GA3 (50) GA3 (O) GA3 (50)
6-BA 0 50 0 50 0 50 0 50 LSD
Cultivars (Pd)
12h
Camarosa 19,10 14.31° 18,2070t 17.4gbeat 19.80%° 15.34%f 17. 2600l 16,4450 3.2750
Camaroga 18.07bc%f 18, 54abodeF 16,740 15.20pc%f 17.63F 20,5208 1647 16,990kt -
15h
Camarosa 15.91°%f 18,2380l 16.30°%0 16.04°%F 19.00%: 16,2478 17,3380l 16.890d1 -
Camaroga 16.12°%F 17.040%% 15.20¢F 17.9gbeat 18.930d 16.23°%F 21.2¢¢ 17.5]800F -
17h
Camarosa 19.47% 18. 7% 16.637%0 168871 15.83°%f 19,345 16.69% 17.3 780l -
Camaroga 17.170ef 17,8280l 16,9000 16,6000 17.38%edf 18.55%0 19.36% 15.81°%F -

Means with different letters in same figure indicate significant differences (p<0.03)

cytokine on the photoperiod 18 rather noticeable,
particularly on Camaroga variety where under the 15 h

photoperiod, the plant had sigmficantly increased the
dry matter content (Table 2d). This result confirms that
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the application of exogenous hormones can increase the
productivity of strawberry but only when grown under
the long day photoperiod.

CONCLUSION

The study showed that the dry matter content of
strawberry was significantly affected by the joint
mnteraction among factors of photoperiod, variety, auxin,
gibberellin and cytolkimn It 15 believed that the
production of strawberry in Cameron highland 13 not
control by a single factor but rather by the mutual
interactions of the five or more factors. It could be
mentioned that var. Camaroga 1s a good variety of
strawberry i1 Cameron Highland that can give a high
production when grown under 12 or 15 h long day and
supplemented with 50 ppm of gibberellin and auxin.
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