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ABSTRACT

The objective of this study was to evaluate the effect of organic and inorganic fertilizers on growth and quality of
potted flowers. Three types of fertilizer (composite organic fertilizer (COF), composite inorganic fertilizer (CIF), and
foliar spray of multi-nutrients (FSMN) were used for two flower species, Begonia (Begonia semperflorens) and
Petunia (Petunia hybrid Vilm). The results showed that application of fertilizers enhanced the growth, physiology, and
quality of both flower species. The growth characteristics and quality of both flower species in COF treatment were
higher than those in other fertilizer treatments. Specifically, treatment of COF stimulated growth of lateral branch,
number of leaves, leaf chlorophyll value and photosynthetic rate of both species. In addition, the highest flower
diameters, number of flowers/plants, and flower longevity were observed in COF treatment. Days to first flowering of
both species in COF treatment were also shorter than those in other treatments.

Keywords: Growth, inorganic fertilizer, organic, quality, potted flowers.

Anh hwéng ciia phan bon hiru co va vé co’ dén sinh trwéng va chat lweng
cua cay hoa Thu Hai BPwong va Da Yéen Thao trong chau

TOM TAT

Nghién ctru dwoc tién hanh nhdm danh gia anh huéng clia phan bén vé co va hiru co dén sinh trwdng va chét
lwong cla hoa trdng trong chau. Ba loai phan bén bao gébm phan hitu co (COF), vo co (CIF) va dung dich dinh
dwdng tdng hop (FSMN) da duwgc bd tri thi nghiém trén 2 loai hoa trédng chau (Thu Hai Pudng - Begonia
semperflorens va Da Yén Thao - Petunia hybrid Viim). Két qua nghién ctru cho thay, xt ly phan bén gitip ting sinh
trwéng, quang hop va chat lwong clia hai loai hoa tréng chau. Trong dd, phan bén COF c6 anh hwéng tét nhat dbi
véi cac chi tiéu sinh trwdng va chét lwong hoa chau so véi cac phan bon con lai. Déc biét COF kich thich sw phan
nhanh, ting sb 14, tang ham lwong diép luc va hiéu suét quang hop cla 2 loai hoa tréng chau. Gia tri cao nhat vé
dwdng kinh than, sb hoal/cay, dd bén clia hoa déu dwoc quan sat & cong thirc phan bén COF. Ngoai ra, Thu hai
dwong va Da yén thdo déu né hoa sém nhét trong céng thirc phan bén COF so véi cac cong thire phan bén con lai
trong thi nghiém.

T khoa: Chat lwong, da yén thdo, phan bén, sinh trwéng, thu hai dwéong.

industry has produced various types of

1. INTRODUCTION fertilizers with varied nutritional ingredients
Fertilizer 1s considered as one of (Gaskell et al., 2000; Isherwood, 1998; Luo et
fundamental factor in agricultural production. al.,, 2011; Kumar et al., 2013). Many studies
Over 100 years after its inception, fertilizer have proved that fertilizers brought great
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benefits to agricultural production in terms of
crop productivity. Fertilizers increased growth
parameters on many kinds of crops such as
plant height, lateral stem, leaf area, leaf
chlorophyll, and root system.. (Chapagain and
Wiesman, 2004; Wang et al., 2007; Dursun et
al., 2009; Najm et al., 2010; Zafar et al., 2011;
Aminifard et al., 2012).

China’s
consumption was rank number one in the
world.The latest data in 2012 (FAO) showed
that total amount of fertilizers used in 2012 was
240,711,000 tons which accounted for the

largest proportion (37.1%) of fertilizers in East

fertilizer production and

Asia (mostly in China), followed by America
(23.7%). In China, there are many policies from
the goverment to support the development of
new fertilizers, technology and market.
Fertilizer improvement is always a key issue in
the agricultural production of this country (Xia
and Hu 2011; Wang and Yang 2012). Begonia
and Petunia are two popular flowers in China

(Zhang et al., 2009; Ding et al., 2011; Zhang et

al.,, 2012), which are commonly used for
decorative purposes in the cities, parks,
highways, streets, residential quarters and

2012). Begonia and
Petunia not only have great impact on the

balcony (Zhang et al.,

emotional health of the human, but also offer
the potential for high economic profits for flower
industry (Fain et al., 2008; Liu et al., 2011). The
objective of this study was to evaluate the effect
of organic and inorganic fertilizers on growth
and flower quality of two flower species,

Begonia (Begonia semperflorens) and Petunia
(Petunia hybrid Vilm).

2. MATERIALS AND METHODS

2.1. Plant materials and fertilizers

Seedlings of Begonia (Begonia
semperflorens) and Petunia (Petunia hybrid
Vilm) were provided by Shanghai Kangdeng
(Kangnan) Horticulture Co. Ltd (Fig. 1). Three
unfolded true leaf seedlings were transferred to
plastic pots (with top and bottom diameters of
13cm and 9.5cm, respectively and f 11cm high
with 8 bottom perforation of 0.9 cm of diameter)
filled with 0.8 kgpot' of compound soil. The
compound soil was a mixture of common soil,
decayed grass and perlite with the proportion of
50%: 30%: 20%,
chemical properties of common soil are given in

respectively. The physico-

Table 1. After planting, seedlings were watered
immediately to 70-80% of field capacity.

Three types of fertilizers, viz. composite
organic fertilizer (COF), composite inorganic
fertilizer (CIF) and foliar spray of multi-
nutrient solution (FSMN) were used in this
study. Composite organic fertilizer (COF) is a
new liquid fertilizer of East China University of
Science and Technology, Institute of Chemical
Technology. It is derived from cotton stalks
obtained by a new technology of cotton stalk
pulping with
ammonia liquor. The resulting liquid can be

potassium  hydroxide and

directly used as organic fertilizers after addition

Fig. 1. Begonia and Petunia used in pot experiment
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Table 1. The physico-chemical properties of soil used in this study

Parameters

Physico-chemical properties

pH

Water-soluble salts (EC) (mScm™)
volume-weight (gcm™)

Aeration porosity (%)

Organic matter (gkg™)
Total N (gkg™)

Total P (gkg™)

Total K (gkg™)

6.33
1.21
1.13
40.46
10.80
2.32
2.70
2.31

Table 2. The physico-chemical properties of organic fertilizer (COF)

Parameter*

Physico-chemical property

pH

Density (g.mL-1)
Solid content (%)
Organic matter (%)
N (%)

P205 (%)

K20 (%)

7.15
1.20
0.19
8.43
5.00
5.00
5.41

Note: * The percentage organic matter, total nitrogen (N), total phosphorus (P), total potassium (K) were calculated from their

relative contents in 100 g dry samples.

of some elements. Physico-chemical properties
of COF are presented in Table 2. Composite
inorganic fertilizer (CIF) is a granular fertilizer
(N-P,04-K,0 = 15-15-15) containing humic and
trace elements. This is produced by Stanley
Fertilizer Co., Ltd. Foliar multi-nutrient
solution (FSMN) with N-P,0,-K,0 = 2.5-2.5-
2.75 and trace elements 1s produced by
Shanghai Huazhiduyuan Arts and Technology

Co., Ltd.

We based on the contents N.P.K of
composite fertilizer CIF (N-P,0,-K,0 = 15-15-
15 (%)) and FSMN (N-P,0,-K,0 = 2.5-2.5-2.75
%) to adjust the N.P.K contents of COF (Table
2). By this way, we ensured similar total
amount of N, P and K used in each treatment.

2.2. Experimental design

Experiments included four treatments and

five replications arranged in completely
randomized design:
Treatment 1:  Without fertilization,

irrigation by water only (control).

Treatment 2: root irrigation with COF
using concentration of 0.5%, 100 mL/plant/time,
once a week.

Treatment 3: Foliar spray root irrigation
with FSMN using concentration of 1%, 100
mL/plant/time, once a week (according to

recommendation of producer).

Treatment 4: Root irrigation with CIF using
2g of CIF/pot for four applicationsg (7 days after
transfer to pots, the first bud appearance, 20
days and 40 days after flowering).

2.3. Data collection and analysis

The growth characteristics (plant height,
number of lateral stems, height lateral stem,
leaf number, leaf length, and leaf width) were
measured weekly. Leaf chlorophyll value was
measured by using a chlorophyll meter
(Minolta, SPAD-502, Japan). Forty days after
treatment, conductance,
photosynthetic rate, and transpiration rate
were assessed at 4% leaf from the top of 5 plants
of each treatment in greenhouse with P-

stomatal
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Photosynthesis System Yaxin-1102 (Beijing
Yaxinliyi Science and Technology Co., Ltd.).
Data were collected between 11.00 am to 13.00
pm at humidity of 45%. The numbers of days to
first flowering (days) and flower longevity were
recorded daily for each treatment. Flower
diameters and number of flowers/plants were
analysis of quality

also recorded for

characteristics.

For the statistical analysis of growth and
physiology parameters, 5 plants per treatment
from each replication were randomly selected.
Analysis of variance (ANOVA) was performed
with the toolpak VBA Excel 2010 for Windows
and mean comparisons were done using the
least significant difference (LSD) test at P <
0.05 and/or P <0.01.

3. RESULTS AND DISCUSSIONS

3.1.
fertilizers on growth characteristics of

Effect of organic and inorganic

potted flowers

Effect of organic and inorganic fertilizers on
growth characteristics of Begonia and Petunia
flowers are presented in Table 3 and Fig. 2. The
growth characteristics of Begonia and Petunia

better than the control (non- fertilization). In
there
significant difference in growth parameters
between FSMN and CIF treatment, but lower
than that of COF application (P < 0.05%). COF
treatment increased the number of leaves
(29.73% and 20.80% higher than in the
treatments of FSMN and CIF, respectively).
COF also significantly increased plant height,

the Begonia experiment, was no

lateral branch length and leaf size of Begonia
(Table 3).

In the Petunia experiment: There were
significant differences in growth indicators
within three fertilizer treatments. The highest
growth parameters were observed in COF
treatment. COF treatment increased by 12.95 -
16.74 % of plant height, 37.10 - 41.67% of
number of lateral stem, 19.66 - 28.10% of
height of lateral stem, 21.58 - 25.68% of
number of leaves, about 16 - 18% of leaf size
compared to FSMN and CIF 3). For both flower

species, the effects of composite organic
fertilizers were better than inorganic
fertilizers. We assumed that the nutrients

contained in in COF were easily absorbed, or

that organic ingredients can help retain

nutrients and increase the absorption by plant

flowers in three fertilizer treatments were roots.
Table 3. Effect of organic and inorganic fertilizers
on growth characteristics of potted Begonia and Petunia
Plant Treatment Plarzérr:?ight br':g.cr?;s Legr%t:cro]f (Ig;a)ral No. of leaves Lea(fclrir)]gth Leaf width(cm)

Begonia Control 13.77+0.84 4.0+0.88 3.06+0.12 13.35+0.24 4.72+0.33 3.64+ 0.37
COF 16.3410.19 9.6+0.68 6.8410.24 18.76+0.37 5.01+£0.11 4.15+0.13
FSMN 15.62+0.21 7.5+0.68 5.58+0.38 15.68+0.48 4.80+0.27 3.75+0.74
CIF 15.87+0.20 7.4+0.68 5.45+0.26 15.53+0.41 4.82+0.31 3.90+0.21
CV% 1.62 2.49 2.17 2.18 1.09 1.34
LSD 0.01% 0.67 1.09 0.40 0.57 0.40 0.64

Petunia Control 18.22+0.41 4.5+0.68 8.12+0.21 26.65+0.57 3.5410.21 1.36+0.15
COF 25.0410.48 8.5+0.88 13.45+0.47 39.1510.64 4.21+£0.18 1.61+£0.14
FSMN 22.17+0.42 6.0+0.88 11.24+0.53 32.2040.72 3.55+0.28 1.38+0.21
CIF 21.45+0.36 6.2+0.55 10.50+0.43 31.15£0.91 3.59+0.15 1.41+0.16
CV% 1.66 2.10 2.83 2.54 0.96 1.25
LSD 0.01% 0.62 1.13 0.64 1.07 0.28 0.17

Note: Values are means + standard deviation of measures, n = 5.
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There was variation of plant height,
number of leaves and number of branches
during the growth of Begonia and Petunia (Fig.
2). There was similar trend on plant height
and number of leaves of both flower species in
three fertilizer treatments in first two weeks
after fertilization. This result agreed with the
results reported by James and Iersel (2001)
and Zhang et al. (2012) which showed that
there were no significant differences in the
effect of nutrition on plants in the early growth
stages. However, plant height and number of
leaves of two flower speciesshowed significant
differences at the third week after fertilization.
Plant height and number of leaves in
treatments of COF developed greater than
those in other fertilizer treatments. Especially,
the number of branches in the COF increased
steadily during growth and development of
potted Begonia and potted Petunia. These
results indicate that COF ( processed from
than
"soybean-based liquid" on growth of flowers

cotton stalks) was more effective

grown in green house (Nelson et al. 2010).

3.2. Effect of organic and inorganic
fertilizers on physiology characteristics of

potted flowers

studied the
relationship between fertilizers' effectiveness

Many  scientists have
and physiologcal characteristics of plants. They
concluded that the physiological characteristics
such as

photosynthesis, respiration,

transpiration rate etc. are the important
indicators of plants; they particularly affected
on yield and quality of agricultural product (Lu

2011, Yang et al 2012).

Variance analysis of  physiological
characteristics are given in Table 4. The results
showed that physiological indicators of both
flower species in all fertilizer treatments were
better than those in the control (non-
fertilization) (P < 0.01). Treatment of COF
increased chlorophyll value of Petunia leaf
(13.19%) and Begonia (6.34%) in comparison
with two treatments of FSMN and CIF. COF
treatment increased 9.65 - 1792 % of

photosynthetic rate while FSMN and CIF

Table 4. Effect of organic and inorganic fertilizers

on physiological characteristics of potted Begonia and potted Petunia

Pt Teamem ~ Lealchompi  Prolsmbelomle  TEnspralinié  songcacs
(mmolm™s™)
Begonia Control 31.88 £1.55 10.38 £0.25 1.64 £ 0.09 189.4 + 2.86
COF 35.54 + 1.06 12.24 £ 0.21 1.74 £ 0.08 194.2 + 2.67
FSMN 33.94£1.19 11.31+£0.24 1.69 £ 0.06 190.2 £ 3.00
CIF 33.42 £1.26 11.26 £ 0.22 1.69 £ 0.08 190.6 + 2.88
CV% 2.02 1.18 1.99 1.66
LSD 0.05% 1.38 0.24 0.08 3.08
LSD 0.01% NS 0.35 0.12 NS
Petunia Control 31.84 £ 1.77 13.78 £ 0.26 1.73 £0.05 201.6 £2.07
COF 37.42 £1.96 15.11 £0.22 1.92 £0.07 233.5+1.65
FSMN 33.74 + 1.36 14.62 +0.28 1.86 £ 0.07 2245+1.50
CIF 33.06 + 1.23 14.67 +£0.33 1.89 £0.05 231.4+£1.33
CV% 2.06 1.86 1.32 2.18
LSD 0.05% 1.83 0.34 0.06 1.72
LSD 0.01% 2.39 0.41 0.09 2.37

Note: Values are means + standard deviation of measures (n = 5); NS = Not significant
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Table 5. Effect of organic and inorganic fertilizers

on quality characteristics of potted Begonia and potted Petunia

Plant Treatment Dfafys tq first Flower diameter Flower longevity Number of
owering (cm) (day) flowers/plant
Begonia Control 36.0 £0.88 2.13+0.01 10.5+0.84 11.7+£2.19
COF 31.4+£0.68 2.14 +£0.01 13.4+0.69 18.3+2.16
FSMN 32.2+0.56 2.14 £0.01 11.5+0.77 16.6 £ 2.39
CIF 324 +0.68 2.13+0.01 11.2+0.74 16.8 +2.33
CV% 1.88 0,97 2.02 2.83
LSD 0.01% 0.94 0.01 1.82 1.42
Petunia Control 374+142 7.78£0.10 9.0+0.48 7.6+1.82
COF 30.4 +£0.68 8.61+0.07 13.4+0.50 12.4+1.69
FSMN 31.2+0.56 8.14 £ 0.04 11.8+£0.45 10.2+1.30
CIF 35.4+£0.68 8.12+0.05 11.2+0.45 10.0+1.94
CV% 2.00 1.16 2.33 242
LSD 0.01% 1.34 0.10 1.12 2.07

Note: Values are means + standard deviation of measures, n = 5.

treatments only increased 6.46 - 8.96% when
compared to the control. The transpiration rate
and stomatal conductance were significantly
higher in COF treatment than those in FSMN
and CIF treatments (p<0.05). This can be
explained by positive effect of composite organic
fertilizers on the physiological characteristics of
plants compared to inorganic fertilizers.

3.3. Effect of organic and inorganic
fertilizers on quality characteristics of

potted flowers

Depending on the treatments, number of
days to first flowering in Begonia and Petunia
varied between 31 to 36 and from 30 to 38 days,
respectively. The earliest flowering was
observed in treatment with COF (31.4 days with
Begonia and 30.4 days with Petunia), followed
by treatments with FSMN and CIF (32 days
with Begonia and 31 - 35 days with Petunia).
The result showed that days to first flowering of
Petunia were shorter by about 10 days than
that reported by Gaur el at (2000) on the effects
of inorganic fertilizers on the growth of potted
flowers.

There was no significant difference in
flower diameter between CIF treatment and the

control (non-fertilization) in Begonia (2.13 =+
0.01 cm), but this was. smaller than that in
treatments with FSMN and COF (2.14 + 0.01
cm). Flower diameter of Petunia in three
fertilizer treatments was significant different(p
< 0.01), being largest in COF treatment (8.61 +
0.07 cm).This result shows that flower diameter
increased when treated with COF, especially in
the Petunia experiment. Flower diameter of
Petunia in this study was larger than that
reported by Kang and Iersel (2001), when they
were applied the best experimental conditions
in Petunia.

The longevity of flowers and average
number of flowers/plants are two important
indicators of quality of potted flowers. In this
study, the longevity of flowers was improved in
all fertilizer application in comparison with the
control, particularly COF treatment extended
flower longevity by 3 days in Begonia t and 4

days in Petunia (Table 5).

The average number of flowers/plants was
improved in three fertilizer treatments. Highest
number of flowers was recorded in the COF
treatment (18.3 + 2.16 in Begonia and 12.4 +
1.69 in Petunia). The results showed that, COF
was the best for average number of
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Fig. 3. Begonia and Petunia flowers 40days after planting (in COF treatment)

flowers/plants in experiments of Begonia and
Petunia. Its effectiveness is equivalent to the
effectiveness of “The common nutrient solution
in garden of Japanese” in Begonia experiment
(Zhou et al.,, 2013) and better than the
nutritional of Klock-Moore and
Broschat (2001) in Petunia experiment.

formula

4. IN CONCLUSION

Although the composite fertilizer products
were used in the equivalent rate, they have
different effects on the growth and quality of

fertilizer (COF)
showed beneficial effect on growth and flower

plants. Composite organic
quality of both Begonia and Petunia. Flower
plants in COF treatment were superior in stem
leaf chlorophyll
value, photosynthetic rate and especially in

growth, leaf development,
average number of flowers/plants and flower
longevity compared to CIF, FSMN and control
(without fertilization).
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