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Abstract. Phalaenopsis (Phalaenopsis spp.) is the most important indoor potted plant
worldwide. Tissue analysis is very important for managing fertilization practices but the
effects of sampling position and plant maturity must be considered. However, there has
been little research on the distribution of tissue carbon (C) and nitrogen (N) among leaves
and changes of tissue C and N composition during various developmental stages in
phalaenopsis. In this study, we thus determined the effects of leaf age, plant maturity, and
cultivars on C and N partitioning in phalaenopsis. Overall, C concentration was more
uniform and was less affected by the abovementioned factors investigated, whereas N
concentration significantly decreased as leaves aged or as plants matured. In P. Sogo
Yukidian ‘V3’, new expanding leaf had the highest N concentration of 2.72% of dry
weight (DW) and seventh mature leaf had the lowest value of 1.48% DW. Results also
indicate that N was not evenly distributed within a leaf, whereas N concentration
gradually decreased from the leaf tip to the leaf base. The middle section of the second
mature leaf is an appropriate tissue for sampling to obtain the representative N and C
concentrations in phalaenopsis. As for the changes in C and N composition through five
developmental stages, two cultivars were compared, including the large, white-flowered
P. SogoYukidian ‘V3’ and the small, purple-flowered P. Sogo Lotte ‘F2510’. As the large-
flowered ‘V3’ grew from deflasked plantlet to fully matured plant (18 months after
deflasking) in a 10.5-cm pot, whole-plant N concentration decreased from 4.63% DW to
1.67% DW and C/N thus increased from 9.1 to 26.1. Despite the large difference in plant
size, the small-flowered ‘F2510’ had a similar trend and values during vegetative growth
stages. However, the two cultivars had different trends during reproductive stages.
Tissue N concentration and C/N did not further change as mature large-flowered ‘V3’
plants were forced to flower. By contrast, tissue N concentration in small-flowered
‘F2510’ further decreased and C/N thus further increased, which was due to its small
stored N pool. Major N sink organ shifted from roots to inflorescences during
reproductive growth and the stored N in roots as well as in leaves was then used for
flower development.

Phalaenopsis (the moth orchid) is cur-
rently the most important indoor potted
flowering plant worldwide (Royal Flora
Holland, 2017; U.S. Department of Agricul-
ture, 2016). Growers normally produce pha-
laenopsis at high temperatures (>28 �C) to
promote vegetative growth (Chen et al.,
1994; Yoneda et al., 1991). With sufficient
light (Wang, 1995), mature plants can then be
forced to flower at lower temperatures (20 to

25 �C) (Lee and Lin, 1984; Yoneda et al.,
1992). Although flowering of phalaenopsis is
mainly controlled by low temperature, min-
eral nutrition also plays an important role in
flowering (Lee and Lin, 1987; Poole and
Seeley, 1978; Sheehan, 1961; Tanaka et al.,
1988).

Ratio of tissue C and N is called C/N ratio.
In the literature, high tissue C/N promotes
reproductive growth; low C/N increases veg-
etative growth and may inhibit flowering
(Klebs, 1918). In Pharbitis nil, seedlings with
high tissue C/N were more sensitive to the
inductive dark periods, which resulted in
a higher flowering rate (Wada and Shinozaki,
1985). In Oncidium Gower Ramsey, there
was a positive correlation between tissue C/N
and flowering quality (Wang, 2011). Tissue
analysis can directly reveal plant nutrient
status, but sampling position and the effects
of plant developmental stages must be con-
sidered to appropriately interpret the results.
However, there has not been a significant

amount of research on the distribution of
tissue C and N and their partitioning during
the development of phalaenopsis. The litera-
ture on how C and N affect growth and
flowering of phalaenopsis is also limited.

The N concentration of mature leaves in
phalaenopsis was between 1.93% DW and
2.83% DW (Poole and Sheehan, 1974). N
concentration is affected by the location of
leaf, cultivars (Poole and Sheehan, 1974),
and N level in fertilizer (Wang and Konow,
2002). N concentration decreases as leaves
became more mature in phalaenopsis (Poole
and Sheehan, 1974). Susilo et al. (2013)
compared N concentrations at different leaf
locations in Phalaenopsis Sogo Yukidian
‘V3’ and found that new leaf had the highest
N concentration of 2.31% and the sixth leaf
had the lowest value of 1.16%. Kataoka et al.
(2004) took five pairs of leaf discs, where
each pair was symmetrically positioned with
respect to the midrib, at five different dis-
tances from the leaf tip for sugar analysis.
The second, third, and fourth leaf disc pairs
from the leaf tip had almost the same amount
of sugar, but the first and fifth pairs had
different values. The literature indicates that
C and N are not evenly distributed in the
leaves of phalaenopsis (Kataoka et al., 2004;
Poole and Sheehan, 1974; Susilo et al., 2013).
Appropriate sampling position is thus crucial
for correctly interpreting the results of tissue
analysis.

Many orchids have enlarged stems called
pseudobulbs, which can store water, carbo-
hydrate, and minerals (Ng and Hew, 2000).
Phalaenopsis does not have pseudobulbs, but
its succulent leaves and roots have been
proved to have storage function of N (Susilo
et al., 2013). With 90% reduction in fertilizer
during reproductive stage, flowering quality
was only slightly reduced compared with the
full-fertilization treatment in phalaenopsis
and stored N became the major N source
for inflorescence development (Susilo and
Chang, 2014). Susilo et al. (2014) compared
N concentrations of whole plant at five de-
velopmental stages in Phalaenopsis Sogo
Yukidian ‘V3’ and found the N concentra-
tions of young plant, just-matured plant,
well-matured plant, plant with flower bud
visible, and plant with 2/3 flowers opened
were 2.00%, 2.35%, 2.18%, 1.82%, and
1.84%, respectively. Their data implied that
a natural change, in the form of decreasing N
concentration during development, might
exist among cultivars in Phalaenopsis. By
contrast, Lee and Wang (1997) did not find
obvious change in tissue N concentration
during 7 months of transition stage (between
juvenile andmature stages) of a hybrid white-
flowered phalaenopsis. Lei (2007) used fully
mature white-flowered phalaenopsis (Pha-
laenopsis amabilis) as plant material and
found no significant changes in N concentra-
tion during reproductive stages. Whether N
concentration would naturally decrease or
not during development among phalaenopsis
cultivars needs to be further understood.

This study aimed to reveal the nature of
tissue N and C in phalaenopsis and their
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progressive changes with plant growth and
development; the similarities and differences
between standard-type and miniature-type
phalaenopsis in those regards were compared.
From the data obtained, we hope to acquire
important information regarding precise sam-
pling and how to appropriately interpret the
results of tissue analysis for phalaenopsis.

Materials and Methods

Expt. 1. Distribution of C and N in the
leaves of phalaenopsis. Experiment 1 was
conducted to determine the appropriate sam-
pling position for tissue C and N analysis and
the effects of leaf age on C and N distribution
in phalaenopsis. Vegetative, large, white-
flowered phalaenopsis, Phalaenopsis Sogo
Yukidian ‘V3’, were purchased from Orien-
tal Star Orchids Group (Chiayi, Taiwan).
Plants were 17 months old after deflasking
and sphagnum moss was used as the growing
medium. Each plant had seven matured
leaves and one new expanding leaf, which
was 50% to 70% the length of the first
matured leaf. After purchase, the plants were
allowed to recover in a 30/25 �C (day/night)
growth chamber for 2 d and then sampling
was performed. The second mature leaf was
equally separated into five parts from the tip
to the base by length. New leaf and first, third,
fifth, and seventh mature leaves were also
harvested for tissue C and N analysis (Fig. 1).
Fresh weight and DW were recorded. The
whole-leaf DW, N concentration, and C
concentration of the second leaf were calcu-
lated from the five sections. A completely
randomized design with 10 single-plant rep-
lications was used.

Expt. 2. Changes of tissue C and N
composition in phalaenopsis during various
developmental stages. To determine the effects

of plant maturity and cultivar on tissue C and N
concentrations, two phalaenopsis cultivars with
different plant size were used for investigating
the C and N distribution at five different
developmental stages. Plants of the standard-
type, large, white-flowered phalaenopsis, P.
Sogo Yukidian ‘V3’ were purchased from
Tai-Ling Biotech., Inc. (Tainan, Taiwan). Stage
T was tissue-culture plantlet. Stages S, M, and
L represented vegetative growth stages in 4.5-,
8.5-, and 10.5-cm pots, respectively. Stage F
was reproductive growth stage in 10.5-cm pots
with half flowers opened. For stages S, M, L,
and F, plants have been cultivated in sphagnum
moss for 4.5, 10.5, 18, and 27 months after
deflasking, respectively. Plants of another cul-
tivar, the miniature-type, small, purple-
flowered phalaenopsis P. Sogo Lotte ‘F2510’
were purchased from Sogo Team Co., Ltd.
(Kaohsiung, Taiwan). Stage T was deflasked
tissue-culture plantlet. Stages 2M, 4M, and 6M
indicated vegetative growth stages in sphagnum
moss in 5.1-cm pots after 2, 4, and 6months out
of flask, respectively. Stage F was reproductive
growth stage in 5.1-cm pots, 9 months after
deflasking and with half flowers opened. The
average concentration of fertilizer N applied
during the cultivation of both cultivars was 50
mg·L–1 N. Plants were sampled directly after
purchase. The sphagnum moss was removed
by hand and the plants were rinsed with tap
water. Plants were dissected into roots, shoot,
and inflorescence (if present) for tissue C and
N analysis. Fresh weight and DW were both
determined. The experiment was carried out in
a completely randomized design with 10
single-plant replications.

Expt. 3: Changes of tissue C and N compo-
sition in phalaenopsis during reproductive
stages. The aim of this experiment was to
investigate the changes of C and N partitioning
during reproductive stages. Vegetative, small,

purple-flowered phalaenopsis (P. Sogo Lotte
‘F2510’) plants were purchased from Sogo
Team Co., Ltd. The age of the mature plants
was 7 months after deflasking. Plants were
forced in a 25/20 �C phytotron with photosyn-
thetic photon flux (PPF) not exceeding 300
mmol·m–2·s–1 at midday for 3 months and then
transferred to a greenhouse with 27.0 �C aver-
age temperature and average PPF of 154
mmol·m–2·s–1. Fertigation was performed using
a water-soluble 20N–8.6P–16.6K fertilizer (Pe-
ters Professional 20–20–20; Everris NA, Dub-
lin, OH) at 50 mg·L–1 N. Second and third
spikes were removed as it reached 0.5 cm to
ensure uniformity of plant materials. Plants
were sampled at seven stages. Stage 1: Day 0,
the day forcing started; Stage 2: Day 10;
Stage 3: spiking; Stage 4: 40 d after spiking;
Stage 5: bud visible; Stage 6: first flower
opened; Stage 7: half flowers opened. Plants
were dissected into roots, shoot, and inflores-
cence (if present) for tissue analysis. Twelve
single-plant replications were used in this
experiment with a completely randomized
design.

Tissue C and N analysis. After drying at
70 �C to constant weight, samples were
ground with high speed blade grinder (RT-
02; Rong Tsong Precision Technology, Tai-
chung, Taiwan) or tissue grinder (SH-100;
Kurabo Industries Ltd., Osaka, Japan). Be-
tween 2.5 and 3.5 mg, ground samples were
packed into 8 · 5-mm tin capsules (Elemental
Microanalysis, Okehampton, UK). C and N
concentrations were determined by combus-
tion method. A CN Analyzer (Flash EA 1112
Series; Thermo Fisher Scientific, Rodano,
Milano, Italy) was used, with combustion
and reduction temperatures of 900 and
680 �C, respectively. Atropine (C17H23NO3,
A0132; Sigma, St. Louis, MO) was used as
a standard. The content of C or N was
obtained by multiplying DW by the respec-
tive C or N concentration.

Statistical analysis. Data were subjected
to analysis of variance using completely
randomized design. Means separation was
performed by the least significance differ-
ence test at P# 0.05. Statistical analysis was
completed using Costat (version 6.1; CoHort
Software, Monterey, CA).

Results

Expt. 1. Distribution of C and N in the
leaves of phalaenopsis. The C concentrations
of whole leaf in large, white-flowered pha-
laenopsis ‘V3’ were between 43.0% DW and
43.8% DW. Although there were statistical
differences in C concentrations among leaves
at various locations, the difference in values
was relatively small and without an obvious
increasing or decreasing trend (Table 1). N
was not evenly distributed among leaves; N
concentration decreased as leaves became
more mature (from top to bottom). New leaf
had the highest value of 2.72%, and the first
mature leaf had the second highest value of
2.14%. The N concentrations of the second to
the fifth mature leaves were between 1.86%
and 1.92%, which were relatively stable and

Fig. 1. Definition of leaf locations and leaf positions in Phalaenopsis Sogo Yukidian ‘V3’ for Expt. 1.
Plants were 17 months old after deflasking and with seven mature leaves and one new expanding leaf,
which was 50% to 70% the length of the first matured leaf. New leaf was the uppermost leaf, while the
seventh mature leaf was the oldest leaf. Leaf positions of 1, 2, 3, 4, and 5 of the second mature leaf
indicate sections that were equally divided from the tip to the base by length. Bar indicates 5 cm.
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with no significant difference. The N con-
centration of the seventh mature leaf was
1.48%, which was the lowest value among all
leaves (Table 1). As leaves became more
mature, C/N ratio increased because of the
decrease in N concentration. The seventh
mature leaf had the highest C/N ratio of
29.5, and the new leaf had the lowest value
of 16.1. The C/N ratios of second to fifth
mature leaves were between 22.7 and 23.2.
The first and second mature leaves had higher
DW and C content compared with all other
leaves. The first mature leaf had the highest N
content of 33.3 mg, higher than that of second
mature leaf (28.8 mg) and other leaves
(Table 1).

In phalaenopsis ‘V3’, the C concentra-
tions of five sections in second mature leaf
were between 43.2% and 43.8%, which also
had no obvious increasing or decreasing
trend (Table 1). N was not evenly distributed
among different sections of the second ma-
ture leaf, which decreased from the leaf tip to
the base. Sections 1 and 2 had the highest N
concentrations of 2.32% and 2.27%, respec-
tively. The N concentration of Section 3 was
1.96%, and Section 5 had the lowest value of
1.56% (Table 1). C/N ratio increased from
the leaf tip to the base because of a decreasing
trend in N concentration. Section 5 had the
highest C/N ratio of 28.0; Sections 1 and 2 had
the lowest values of 19.0 and 19.1, respec-
tively. C/N ratio of Section 3 was 22.3, which
was the closest value to that of whole second
mature leaf (22.7). Sections 3, 4, and 5 had the
highest DW and C content among all sections.
Sections 2 and 3 had the highest N contents of
7.0 and 6.7 mg, respectively (Table 1).

Expt. 2. Changes of tissue C and N
composition in phalaenopsis during various
developmental stages. For the changes of
whole-plant C concentration in vegetative
growth stages, the two cultivars exhibited
different trends but the difference is small in
value; C concentrations of the two cultivars
were both between 41.4% and 43.1%
(Fig. 2A and B). On the other hand, both
cultivars shared a similar decreasing trend in
whole-plant N concentration as plants be-
came more mature. In the large, white-

flowered phalaenopsis (P. Sogo Yukidian
‘V3’), N concentration decreased from
4.63% to 1.67% as growth stage progressed
from T to L (Fig. 2C). In the small, purple-
flowered phalaenopsis (P. Sogo Lotte
‘F2510’), N concentration decreased from
3.80% to 2.24% as growth stage proceeded
from T to 6M (Fig. 2D). The C/N ratio
increased as plants became more mature in
both cultivars because of the decrease in N
concentration. In the large, white-flowered
‘V3’, C/N increased from 9.1 to 26.1 as
growth stage progressed from T to L
(Fig. 2E). In the small, purple-flowered
‘F2510’, C/N ratio increased from 11.3 to
18.6 as growth stage proceeded from T to 6M
(Fig. 2F). The changes of C concentration, N
concentration, and C/N ratio of respective
organs, i.e., shoot and roots, were similar to
those of whole plant (data not shown).

During reproductive stages (from L to F
for ‘V3’ and from 6M to F for ‘F2510’), the
two cultivars had different trends in C con-
centration, N concentration, and C/N ratio. In
the large, white-flowered ‘V3’, C concentra-
tion of shoot decreased from 43.6% to 41.8%
and that of roots decreased from 42.4% to
40.8% (Table 2). However, flowering did not
further affect N concentration and C/N ratio.
In the small, purple-flowered ‘F2510’, C con-
centration of shoot increased from 41.0% to
42.7% and that of roots increased from 42.5%
to 43.3% (Table 3). N concentration of shoot
decreased from 1.98% to 1.52% and that of
roots decreased from 2.90% to 1.71% (Ta-
ble 3). C/N ratio of shoot increased from 20.8
to 28.1 and that of roots increased from 14.9 to
26.5 (Table 3). C concentrations of inflores-
cences were higher than those of shoot and
roots in both cultivars. N concentration of
inflorescence was lower than those of shoot
and roots (at the stage of half flowers opened)
in large, white-flowered ‘V3’, but in contrast,
higher N concentration was found in the in-
florescence of small, purple-flowered ‘F2510’
compared with those found in its shoot and
roots (Tables 2 and 3).

Expt. 3. Changes of tissue C and N compo-
sition in phalaenopsis during reproductive
stages. Small, purple-flowered ‘F2510’ spiked

at 22 d after forcing; first flower bud was visible
at 76 d, and half flowers opened at 115 d after
forcing. Total flower number was 10.5 (data
not shown). During the reproductive stage
(from forcing to half flowers anthesis), total
leaf number only slightly increased from 7.0
to 7.7 and no significant change in the length
of the first mature leaf was found (data not
shown).

From forcing (Stage 1; Day 0) to half
flowers opened (Stage 7; Day 115), DW of
whole plant increased from 1.16 to 2.13 g, N
content increased from 21.7 to 29.5 mg, and C
content increased from 507.5 to 974.6 mg
(Table 4). These data indicate that the plant
was actively assimilating during the forcing
period for the initiation and development of
inflorescences. Because the rate of increment
for DW was higher than that of N, N concen-
tration decreased from 1.88% to 1.39%. C
concentration increased from 43.8% to 45.8%;
due to the decrease in N concentration, C/N
ratio increased from 23.0 to 33.0 (Table 4).

During spike initiation (Stages 1 to 3), DW
gain rates of shoot and roots were 5.15 and
6.21 mg·d–1, respectively (Table 5). It is worth
noting that during spike elongation period
(Stages 3 to 5), DW gain rates of shoot and
roots decreased to 2.32 and 2.20 mg·d–1,
respectively. Inflorescence had the highest DW
gain rate of 4.29 mg·d–1 during spike elonga-
tion, which further increased to 11.01 mg·d–1

during flower development (Stages 5 to 7).
Shoot and roots had negative gains of DW
during flower development, indicating a de-
crease of DW in vegetative organs (Table 5).
The trend of C gain rate was similar to that of
DW gain rate. During spike initiation (Stages
1 to 3), N gain rates of shoot and roots were
26.9 and 74.3 mg·d–1, respectively. Roots
accounted for 73.4% of total N gain. As spikes
elongated (Stages 3 to 5), N gain rates de-
creased to 1.9 mg·d–1 for shoot and –7.2 mg·d–
for roots (Table 5). Inflorescence had the
highest N gain rate of 61.8 mg·d–1 during spike
elongation, and it further increased to 151.4
mg·d–1 during flower development (Stages 5 to
7). Shoot and roots had negative gains of N
during flower development, which were –41.0
and –45.8 mg·d–1, respectively (Table 5).

Table 1. Changes of dry weight (DW) and carbon (C) and nitrogen (N) concentrations and contents as well as C/N ratio in Phalaenopsis Sogo Yukidian ‘V3’ at
different leaf locations and positions of the second mature leaf.

Dry wt (g) C concn (% DW) N concn (% DW) C/N ratio C content (mg) N content (mg)

Leaf location (whole leaf)
New leaf 0.58 dz 43.8 a 2.72 a 16.1 d 253 d 15.8 d
First mature leaf 1.56 a 43.1 c 2.14 b 20.1 c 670 a 33.3 a
Second mature leaf 1.50 a 43.6 b 1.92 c 22.7 b 651 a 28.8 b
Third mature leaf 1.33 b 43.0 c 1.86 c 23.2 b 573 b 24.8 c
Fifth mature leaf 0.83 c 43.5 ab 1.90 c 23.2 b 362 c 15.7 d
Seventh mature leaf 0.34 e 43.2 c 1.48 d 29.5 a 145 e 5.0 e

Significancey *** *** *** *** *** ***
Leaf position (second mature leaf)
Tip 1 0.18 c 43.8 a 2.32 a 19.0 d 77.1 c 4.1 d

2 0.31 b 43.2 c 2.27 a 19.1 d 132.7 b 7.0 a
3 0.34 a 43.5 b 1.96 b 22.3 c 149.6 a 6.7 a
4 0.34 a 43.6 b 1.72 c 25.4 b 147.3 a 5.8 b

Base 5 0.33 ab 43.4 bc 1.56 d 28.0 a 143.8 a 5.2 c
Significance *** *** *** *** *** ***
zMeans followed by different letters in columns are significantly different at P # 0.05 by the least significant difference test; n = 10.
y*** represents significant at P # 0.001 by analysis of variance.
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Discussion

Sampling position for C and N analysis in
phalaenopsis. N is an important mineral
nutrient which can significantly affect growth
and flowering of phalaenopsis. Appropriate
N level in fertilizer is 100–200 mg·L–1 N
for phalaenopsis, which promotes vegetative

growth, including increasing total leaf num-
ber, total leaf area, fresh weight, and DW
(Lee and Lin, 1987; Poole and Seeley, 1978;
Tanaka et al., 1988). Flowering quality
indices, including length of spike, total
flower number, and number of spikes, also
increase with N fertilization (Wang and
Gregg, 1994). On the other hand, excessive

N fertilization (300–400 mg·L–1) can result in
reduced flower number (Lei, 2007; Wang,
2003). Symptoms of N deficiency include
defoliation, considerable reduction of total
leaf area, and chlorosis in phalaenopsis
(Yoneda et al., 1997). The critical N concen-
tration for N deficiency symptoms to become
apparent was 0.6% to 0.9% in leaf of phalae-
nopsis (Yu, 2012).

Tissue analysis can directly reveal the
nutrient status in plants, but sampling posi-
tion must be considered. In the literature, N
was found to be unevenly distributed in
phalaenopsis, where upper leaves had higher
N concentration (Poole and Sheehan, 1974;
Susilo et al., 2013). Results from this research
demonstrated that N concentrations of whole
leaf in phalaenopsis were between 1.48% and
2.72% and upper leaves had higher N con-
centrations (Table 1). The new leaf is still
expanding, which makes it hard to obtain
uniform sampling and thus it is not suitable
for sampling. Other research suggested the
second mature leaf to be the appropriate part
for tissue analysis (Mantovani et al., 2015).
Results from this research indicated that the
second to fifth mature leaves had relatively
stable N concentration and thus are suitable
leaves for tissue N analysis.

To minimize the injury to plants and to
facilitate analysis work that follows, sam-
pling a section of leaf instead of a whole leaf
could be made if an appropriate leaf part is
selected. N is not evenly distributed in
a single leaf, thus sampling position on a leaf
may affect the result of tissue analysis. In the
second mature leaf, N concentration of Sec-
tion 3 (middle part) was 1.96%, which was
very close to the whole leaf value 1.92%
(Table 1). C concentration of Section 3
(43.5%) was almost the same with that of
the whole leaf (43.6%). C/N ratio of Section 3
was 22.3, which was close to the whole-leaf
value of 22.7 (Table 1). Kataoka et al. (2004)
also indicated that middle part of the leaf is
suitable for carbohydrate analysis in phalae-
nopsis. We conclude that the middle part of
the second mature leaf is appropriate for
tissue analysis to obtain representative N
concentration in phalaenopsis.

Changes of tissue C and N composition in
phalaenopsis during various developmental
stages. Major developmental events like
flushing, flowering, and fruiting often oc-
curred with partitioning of N and C in plants.
In different developmental stages, the distri-
bution of N and C in tissue is also different
(Malip and Masri, 2006; Suto et al., 1984;
Tahir et al., 2003; Xia, 1993; Yong and Hew,
1995). In phalaenopsis ‘V3’, concentration of
N decreased as plants became more mature
(Susilo et al., 2014). In this study, we further
examined the C and N changes from tissue-
culture plantlet stage to half flowers opened
stage and compared the similarity and differ-
ence between two cultivars. The results
confirmed that, in both phalaenopsis culti-
vars, tissue N concentration decreased with
plant development (Fig. 2C and D). A high N
concentration was detected in tissue-culture
plantlet (4.6% in ‘V3’; 3.8% in ‘F2510’).

Fig. 2. Carbon (C) concentration, nitrogen (N) concentration, and C/N ratio in Phalaenopsis Sogo
Yukidian ‘V3’ and Phalaenopsis Sogo Lotte ‘F2510’ at various growth stages. Stage T was tissue-
culture plantlet of ‘V3’ and ‘F2510’. Stages S, M, and L represent vegetative growth stages of ‘V3’ in
4.5-, 8.5-, and 10.5-cm pots, respectively. Stages 2M, 4M, and 6M were vegetative growth stages of
‘F2510’ after 2, 4, and 6months out of flask, respectively. Stage F represents reproductive growth stage
with half flowers opened in both cultivars. Samplings were done at the end of each stage. Different
letters in the same panel were significantly different at P# 0.05 by the least significant difference test.
Bars indicate SE; n = 10.

Table 2. The effect of flowering on carbon (C) and nitrogen (N) concentrations and contents as well as C/N
ratio in Phalaenopsis Sogo Yukidian ‘V3’at different plant parts.

C concn
(% DW)

N concn
(% DW)

C/N
ratio

C content
(g)

N content
(mg)

Inflorescence
Half flowers open 43.9 1.28 34.4 2.650 77.5

Shoot
10.5-cm pot 43.6 1.64 26.7 2.86 108.1
Half flowers open 41.8 1.70 24.7 4.09 166.2
Significancez * NS NS *** ***

Roots
10.5-cm pot 42.4 1.71 25.4 1.97 79.0
Half flowers open 40.8 1.85 22.7 2.51 112.7
Significance * NS NS *** ***

z
NS, *, *** represent nonsignificant or significant at P # 0.05 and 0.001 by t test, respectively; n = 10.
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High tissue N concentration in tissue-culture
plantlet was also reported in Phalaenopsis
Sogo Yukidian ‘V3’ and Phalaenopsis ama-
bilis, which might be caused by high N level
(708 mg·L–1; 50.6 mM N) in the tissue-culture
medium (Chen, 2014).

N level in fertilizer significantly affects
tissue N concentration in phalaenopsis (Poole
and Seeley, 1978). Some growers deliber-
ately decrease or even eliminate N supply
before forcing to raise tissue C/N ratio and to
enhance flowering in phalaenopsis. In this
research, N level in fertilizer during cultiva-
tion was maintained relatively stable at
50 mg·L–1 in both cultivars. Results showed
that C/N ratio naturally increased as plants
became more mature (Fig. 2E and F), without
a deliberate decrease in N supplied, and those

plants can be successfully forced without a
decline in flowering quality. A further study
is needed to quantify the effects of short-term
N application on tissue C and N composition
and flowering performance in phalaenopsis.

Flowering is the most important event in
plant development. In Oncidium orchid, C/N
ratio of back pseudobulbs decreased during
flowering (Wang, 2011). Another research
showed that concentrations of total nonstruc-
tural carbohydrate in the first back shoot
and the second back shoot decreased dur-
ing flowering in Oncidium (Hew and Ng,
1996). Results from both studies mentioned
previously indicated that stored nutrient
might be mobilized to support the develop-
ment of inflorescences. In Expt. 2, two
cultivars had different trends in changes of

N concentration during reproductive growth
(Tables 2 and 3). This may be due to different
sizes of N pool. In large white-flowered ‘V3’,
N content of mature plant in 10.5-cm pot was
187 mg (calculated from Table 2; i.e., 108 +
79 mg); by contrast, 6-month-old small
purple-flowered ‘F2510’ had only 20.8 mg
of N content (calculated from Table 3; i.e.,
12.9 + 7.9 mg). With small-sized N pool,
small-flowered ‘F2510’ at Stage 6M could
not fully support the development of inflo-
rescence (13.0 mg N) without a decrease in N
concentration in shoot and roots (Table 3).
By contrast, with a sufficient N pool, the
large-flowered ‘V3’ had no significant
changes in N concentration and C/N ratio
from mature-plant stage to half flowers
open stage (Table 2). Lei (2007) used large,

Table 3. The effect of flowering on carbon (C) and nitrogen (N) concentrations and contents as well as C/N ratio in Phalaenopsis Sogo Lotte ‘F2510’ at different
plant parts.

C concn (% DW) N concn (% DW) C/N ratio C content (g) N content (mg)

Inflorescence
Half flowers open 44.9 1.89 23.8 311.0 13.0

Shoot
6-month 41.0 1.98 20.8 268.2 12.9
Half flowers open 42.7 1.52 28.1 405.8 14.5
Significancez *** *** *** *** **

Roots
6-month 42.5 2.90 14.9 116.7 7.9
Half flowers open 43.3 1.71 26.5 208.1 8.0
Significance ** *** *** *** NS

z
NS, **, *** represent nonsignificant or significant at P # 0.01 and 0.001 by t test, respectively; n = 10.

Table 4. Changes of dry weight (DW) and carbon (C) and nitrogen (N) concentrations and contents as well as C/N ratio in Phalaenopsis Sogo Lotte ‘F2510’ at
various reproductive stages.

Growth stagez Dry wt (g) C concn (% DW) N concn (% DW) C/N ratio C content (mg) N content (mg)

Stage 1 1.16 dy 43.8 d 1.88 a 23.0 e 507.5 d 21.7 d
Stage 2 1.27 d 43.8 d 1.85 a 23.7 e 556.6 d 23.5 c
Stage 3 1.41 c 44.1 c 1.70 b 25.9 d 621.4 c 23.9 c
Stage 4 1.83 b 44.9 b 1.53 c 29.3 c 822.9 b 28.1 ab
Stage 5 1.88 b 45.0 b 1.44 d 31.3 b 848.5 b 27.0 b
Stage 6 2.19 a 45.8 a 1.36 d 33.8 a 1,001.0 a 29.5 a
Stage 7 2.13 a 45.8 a 1.39 d 33.0 ab 974.6 a 29.5 a
Significancex *** *** *** *** *** ***
zSeven-month-old plants were forced in a 25/20 �C phytotron for 3 months and then transferred to a greenhouse with 27.0 �C average temperature. Stage 1: 0 d
after forcing; Stage 2: 10 d after forcing; Stage 3: spiking; Stage 4: 40 d after spiking; Stage 5: bud visible; Stage 6: first flower opened; Stage 7: half flowers
opened.
yMeans followed by different letters in columns are significantly different at P # 0.05 by the least significant difference test; n = 12.
x*** represents significant at P # 0.001 by analysis of variance.

Table 5. Rate of dry weight, carbon (C), and nitrogen (N) gain in Phalaenopsis Sogo Lotte ‘F2510’ during various reproductive stages.

Dry wt gain per day (mg·d–1)

Stagez Days Shoot Roots Inflorescences Whole plant

1–3, Spike initiation 22 5.15 6.21 — 11.36
3–5, Spike elongation 54 2.32 2.20 4.29 8.80
5–7, Flower development 39 –2.56 –2.17 11.01 6.28

C gain per day (mg·d–1)

Stage Days Shoot Roots Inflorescences Whole plant

1–3, Spike initiation 22 2.33 2.85 — 5.18
3–5, Spike elongation 54 1.15 1.06 2.00 4.21
5–7, Flower development 39 –1.02 –0.93 5.18 3.23

N gain per day (mg·d–1)
Stage Days Shoot Roots Inflorescences Whole plant

1–3, Spike initiation 22 26.9 74.3 — 101.3
3–5, Spike elongation 54 1.9 –7.2 61.8 56.5
5–7, Flower development 39 –41.0 –45.8 151.4 64.7
zSeven-month-old plants were forced in a 25/20 �C phytotron for 3 months and then transferred to a greenhouse with 27.0 �C average temperature. Stage 1: 0 d
after forcing; Stage 2: 10 d after forcing; Stage 3: spiking; Stage 4: 40 d after spiking; Stage 5: bud visible; Stage 6: first flower opened; Stage 7: half flowers
opened.
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white-flowered phalaenopsis (Phalaenopsis
amabilis) in 10.5-cm pot as plant materials
and found no significant changes in N con-
centration during reproductive stages, which
might also be due to a sufficient N pool. In
Expt. 3, N concentration decreased from
1.88% to 1.39%, as growth stages of 7-
month-old ‘F2510’ progressed from Stage 1
(0 d after forcing) to Stage 7 (half flowers
opened; Table 4). This result was consistent
with that of Expt. 2, where N concentration
decreased during reproductive stage in small
purple-flowered ‘F2510’ (Table 3).

Susilo et al. (2013) demonstrated that
newly grown leaves and newly formed roots
were major N sinks in vegetative growth
stage, whereas stalks and flowers were major
N sinks in the reproductive stage of phalae-
nopsis. In Expt. 3, major N sinks shifted from
roots to inflorescences during forcing (Ta-
ble 5). By using stable isotope 15N as a tracer,
Susilo et al. (2014) determined that stored N
contributed 43% of N in inflorescences at
visible bud stage in large white-flowered
‘V3’. In this research, we calculated the
difference of N content between different
stages in each organ, to determine the parti-
tioning of N in various periods of growth. In
spike initiation stage, ratio of newly gained N
in shoot and roots was 26.6% and 73.4%,
respectively [i.e., 26.9:74.3 (calculated from
Table 5)]. This observation suggested that
root was the major sink organ during spike
initiation stage. The inflorescence became
a major N sink organ at spike elongation
stage with the highest N gain rate of 61.8
mg·d–1 (Table 5), of which newly gained N
(from fertilizer) contributed about 88.3%
[i.e., (61.8–7.2)/61.8; calculated from Ta-
ble 5] of total N gained in inflorescences.
During flower development stage, shoot and
roots had a negative N gain rate, indicating
that these organs became N sources, which
accounted for 27.1% (i.e., 41.0/151.4; calcu-
lated from Table 5) and 30.3% (i.e., 45.8/
151.4) of total N gain in inflorescences,
respectively. Total N gain in inflorescences
in the three stages was 9.24 mg [i.e., (61.8
mg·d–1 * 54 d) + (151.4 mg·d–1 * 39 d);
calculated from Table 5], while total N loss
in shoot and roots were –1.50 mg [i.e., (1.9
mg·d–1 * 54 d) + (–41.0 mg·d–1 * 39 d)] and
–2.18 mg [i.e., (–7.2 mg·d–1 * 54 d) + (–45.8
mg·d–1 * 39 d) mg], respectively. Stored N
contributed 40% [i.e., (1.50 + 2.18)/9.24 mg]
of N in inflorescences at half flowers opened
stage (calculated from Table 5), which is very
close to 43% found in a previous study
(Susilo et al., 2014). Compared with leaves,
roots stored more N (74.3 vs. 26.9 mg·d–1)
during spike initiation but translocated more
N to inflorescences during spike elongation
and flower development (Table 5). These
results are consistent with previous findings,
where roots of phalaenopsis ‘V3’ stored more
N than leaves during mature plant stage and
partitioned more N to inflorescences during
reproductive stage (Susilo et al., 2014).

The potential for tissue C and N
composition to be a maturity index in
phalaenopsis. In juvenile stage, flowering

cannot be induced even when the environ-
ment is appropriate for reproductive growth.
As the plant grows and when forcing be-
comes possible, then a so-called mature stage
is achieved. To ensure an accurate production
plan, it is important for commercial growers
to judge the maturity of phalaenopsis to
determine the appropriate forcing schedule.
In this research, although two phalaenopsis
cultivars have huge difference in plant size,
both cultivars had a decreasing trend in tissue
N concentration (Fig. 2C and D). Data in-
dicated that maturity was achieved at Stage
M (10 months after deflasking) in the large,
white-flowered ‘V3’ and Stage 6M (6 months
after deflasking) in the small, purple-
flowered ‘F2510’. In these stages, both cul-
tivars had similar N concentration values
near 2%. It is obvious that cultivars with
short juvenile period had a faster rate of
decrease in N concentration. In the small,
purple-flowered ‘F2510’, N concentration
decreased from 3.80% to 2.24%, during 6
months after deflasking (Fig. 2D). But in the
large, white-flowered ‘V3’, N concentration
only decreased from 4.63% to 3.83%, during
5 months after deflasking (Fig. 2C). This
indicates that N concentration has the poten-
tial to become a maturity index. Future study
is needed to construct a statistical prediction
model.

In summary, C concentration in phalae-
nopsis had no obvious increasing or decreas-
ing trend and neither did it have notable
effects on C/N ratio in this research. N
concentration in leaves decreased as leaves
became more aged (from top leaf to bottom
leaf). The middle part of the second mature
leaf is an appropriate sampling position for
tissue analysis in phalaenopsis.We compared
C and N composition in two phalaenopsis
cultivars, ‘V3’ and ‘F2510’, which had a huge
difference in morphology. N concentration
decreased as growth stage progressed from
tissue-culture plantlet to mature plant in both
cultivars, and C/N ratio consequently in-
creased. N concentrations of plants at just-
matured stages were around 2% in both
cultivars, which indicates that N concentra-
tion is a potential maturity index in phalae-
nopsis. During reproductive growth stage, N
concentration of small-flowered ‘F2510’ de-
creased, whereas that of large-flowered ‘V3’
had no significant change. This is attributed
to the different size of N pool, where ‘F2510’
had smaller N pool size than ‘V3’. Major N
sink shifted from roots to inflorescences
during forcing and flowering in ‘F2510’.
Newly absorbed N contributed 60% and
stored N contributed 40% of total N to
inflorescence development, indicating the
importance of constant N supply during
forcing. Results suggested that C and N are
not evenly distributed in leaves and revealed
the natural changes of C and N composition
during various development stages. This re-
search provides a better understanding of C
and N partitioning in phalaenopsis, suggests
a more precise sampling method, and offers
information for a proper interpretation of
tissue analysis results.
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