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Abstract

The effects of low night temperature (LNT) and short day length (SDL) on the plant growth,
phytohormone concentration and nutrient status in leaves, rhizomes and storage roots of Curcuma
alismatifolia Gagnep. at the flowering stage were studied. In the first experiment, plants were
grown under controlled conditions of 30/24°C (day/night temperature: DT/NT) or under low night
temperature conditions of 30/18°C with 13 h day length and 11 h night length. In the second
experiment, plants were grown with either a 13 h long day length or an 11 h short day length under
the temperature conditions of 30/24°C. The humidity and light levels in both experiments were
maintained at 70-80% RH and 270 pmol m™ s, respectively. The LNT treatment decreased the
dry weight of leaves, the number of shoots per cluster, spike length, flower stalk length and
percentage of flowering, and it delayed the flowering date. The concentrations of ABA and #-ZR
were affected differently by distinct environmental condition. LNT treatment did not affected
ABA concentration in all the plant parts, but it decreased only #-ZR in rhizomes and storage roots.
In contrast, SDL treatment induced only high ABA in leaves and #-ZR in underground organs. The
LNT treatment also decreased N and P contents of thizomes and N and K contents of leaves. The
SDL treatment reduced the N, P and K accumulation in all parts, except for the P accumulation in
storage roots. The results indicate that hormonal and nutritional changes were at least partially
induced by LNT and SDL treatments, leading to different growth and development in this plant.
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Introduction

A myriad of important physiological processes
in horticultural crops are regulated by plant
hormones and plant nutrition as well as the changes
in environmental factors. Environmental factors, in
particular photoperiods and temperature, affect the

growth and development of many plant species (Le
Nard and De Hertogh, 1999). Although the both
factors in tropical regions do not vary drastically
throughout the year, certain plants nevertheless
show sensitivity to these conditions in their growth,
possibly via changes in the endogenous hormones
and plant nutrition.
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Curcuma alismatifolia Gagnep. or the ‘Siam
tulip’ is an important floriculture crop in Thailand,
and more than 400,000 cut or potted flowers with a
value of 1.3 million euros are sold each year by
commercial auction in The Netherland (Flower
council of Holland, 2009). C. alismatifolia should
be classified as quantitative long day plants, since
the long day condition with supplemental lighting
to promote the flowering (Hagiladi et al., 1997). It
was found that photoperiods and temperature affect
the growth and flower quality of this plant,
especially during off-season (OS) production under
short day (average 11 h) and low night temperature
(average 18°C). This condition was speculated to
induce ABA accumulation in various organs and
lead to depressed shoot growth and flower quality
(Hongpakdee et al., 2009). Generally, off-season
cropping in Thailand usually made for avoiding
surpluses of the regular season cut flower or
rhizome production and brought to increase
profitable of grower. However, they also face the
different growth and yields quality in both seasonal
cropping which could not produce the better than
one in off-season times. Nevertheless, an increase
of day length by 2 h of night break treatment could
improve the flower quality, but less produced in
storage organs (Ruamrungsri et al., 2007). Previous
studies found some evidence that changes in
temperature and photoperiods could induce
fluctuations in the levels of plant hormones such as
abscisic acid in bulbous plants (Okubo and
Uemoto, 1981), cytokinin in a Phalaenopsis hybrid
(Chou et al., 2000), and zeatin in Dendrobium cv.
‘Second Love’ (Campos and Kerbauy, 2004),
brought to the various growth and development in
plants. Nutrition was also found to be affected by
photoperiods and temperature as well as the rate of
nutrient uptake by root (Mozafar et al., 1993). A
number of reports have also indicated that the
uptake of N as both NH," and NO;" is temperature
dependent, and the rate of uptake is reduced under
lower temperature (Mengel and Kirkby, 1987). The
effects of distinct environmental factors on growth
processes must be known in order to clearly
understand their effects on plants as a whole.
Therefore, the aim of this study was to provide
specific information on the changes in some
physico-chemical including the phytohormone and
nutrient status in leaves, rhizomes and storage roots
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of C. alismatifolia grown under low night
temperature and short day length condition for
further research establishing the appreciate
technique for off-season production. These data
may explain partially the role of ABA, #-ZR, N, P
and K content in relation to shoot depression and
storage organs promotion in our previous study.

Materials and Methods

Plant Materials and Experimental Conditions

Rhizomes of C. alismatifolia cv.‘Chiang Mai
Pink” with diameters of 1.8-2.5 cm and 4 storage
roots were obtained from an exporter (Ubonrat
Garden, Chiang Mai, Thailand) and stored at 15°C,
70% RH until use. All rhizomes were planted in
6x12 inch plastic bags filled with mixed medium
(soil, rice husks and rice husk charcoal in a 1:1:1
ratio by volume). At sprouting, they were moved to
experimental plots as follows:

Experiment 1: Effects of low night

temperature (LNT)

The experimental design was CRD with 10
replications per treatment. Twenty plants were grown
in a controlled environmental growth chamber
(Contherm Model CAT 610/620, Contherm
Scientific Co. Ltd, Lower Hutt, New Zealand) for 24
weeks at 30/24°C (DT/NT) as control (HNT) and
30/18°C (LNT). Other environmental factors were
set as the photoperiod was 13h day and 11h night,
relative humidity (RH%) was kept at 70 to 80% and
the irradiance level was 270 pmol m? s’
(photosynthetic photon flux: PPF), respectively.

Experiment 2: Effects of short day length

(SDL)

The experimental design was CRD with 10
replications. Twenty plants were grown in a growth
chamber for 24 weeks with 13 h day length and 11
h night length as control (LDL) or 11 h day length
and 13 h night length (SDL). Other environmental
factors were set as the temperature was 30/24°C
(DT/NT), 70-80% RH and 270 pmol m”s" PPF,
respectively.

In both experiments, the
provided by cool daylight fluorescent tubes. There
was no barrier between the light source and plants.
Plants were daily irrigated with 450 mL constant

irradiance was
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water throughout the growth periods, and each
plant was supplied with 7.5 g of 16-16-16 (N-P,Os-
K,0) fertilizer since the first leaves were fully
expanded through the flowering stage and with 13-
13-21 (N-P,05-K,0) fertilizer since the flowering
stage through the rhizome-forming stage, twice a
month.

Plant growth in terms of plant height, total
leaves area, number of leaves, leaves dry weight
(DW), number of shoots per cluster, flower quality
and rhizome yield were measured. Endogenous
hormones (ABA and CK) and plant nutrients (N, P
and K) were analyzed in leaves, rhizomes and
storage roots at the flowering stage (12 weeks after
planting: WAP).

Hormone Analysis

ABA analysis

The extraction, purification and quantification
procedures of Walker-Simmons et al. (2000) were
followed with some modifications. Plants were
washed and separated into different parts: leaves,
rhizomes and storage roots, then immediately
frozen in liquid nitrogen. They were then freeze-
dried, weighed, ground into a fine powder and
stored at -20°C until analysis. 100 mg DW of each
sample was extracted with 10 mL of extracting
solvent (100% methanol with 500 mg L™ citric acid
monohydrate and 100 mg L' butyl hydroxyl
toluene: BHT) overnight in the dark at 4°C. The
crude extract supernatant was adjusted to 70%
methanol by diluting 200 pL of sample with 800
pL of 62.5% methanol. Each diluted extract was
filtered through a Sep—Pak”™ C18 cartridge (Water,
Milford, Mass U.S.A.) that had previously been
washed twice with 100% and 70% methanol,
respectively. The filtrate was evaporated overnight
using a speed-vacuum concentrator, dissolved in
absolute methanol and refrigerated at 4°C until it
was assayed. An internal ABA standard was
occasionally added to parallel samples to re-
calculate % recovery after ELISA. The rate of
recovery of ABA was 62%.

CK (t-ZR) analysis
The sample preparation was the same as in the
ABA analysis except the extraction was modified
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following Potchanasin et al. (2009). A total of 100
mg DW of sample powder was extracted with 50
mL of 80% cold methanol overnight at 4°C. The
extract was filtered through a G-4 glass-inter-filter
(max. pore size 10-16 pm). The filtrate was
evaporated at 40°C, and the residues were re-
dissolved in 0.01 M ammonium acetate (pH 7.5)
and frozen at -20°C overnight. After thawing, the
extracts were centrifuged at 22,000 rpm at 4°C for
25 min. The supernatant was purified by passing
through the combination of a pre-conditioned
column filled with Polyvinyl-poly-pyrrolidone
(PVP) followed by Sep-Pak. The CK was eluted
directly from the removed Sep-Pak with 30%
methanol in 0.01 M acetic acid, evaporated
overnight, re-dissolved in absolute methanol and
refrigerated at 4°C until it was assayed for CK. The
rate of recovery of CK ranged between 70% and
80%.

The measurements of ABA and CK (z-ZR) were
carried out by competitive ELISA, using
Phytodetek test kits (monoclonal antibodies)
(Agdia, Inc. Elkhart, Indiana, USA). Because of the
cross-reactivity of the /~ZR antibodies (100%), the
measured CK value major comprised also trans-
zeatin (47.3%) and zeatin riboside-5’ mono-
phosphate (95.2%), if present. Therefore, the +~ZR
values were designated as #-ZR equivalent.

Plant Nutrition Analysis

Total nitrogen was determined by a modified
indophenol method using a Kjeldahl-digested
solution (Ohyama et al., 1991), phosphorus was
quantified by the ammonium molybdate method
(Davidescu and Davidescu, 1972) and potassium was
measured by atomic absorption spectrophotometry
(Perkin-Elmer 3100, Waltham, Massachusetts,
USA.) using a modified HCIO,-HNO; digestion
method (Mizukoshi et al., 1994).

Statistical Analysis

When sufficient material was available, data were
analyzed for statistical significance using Statistic 8
analytical software (SXW Tallahassee, FL, USA).
Student’s #-test was used in experiments to determine
significant differences in growth, hormone and
nutrient contents.
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Results and Discussion

Experiment 1: Effects of Low Night
Temperature

The results showed that the LNT treatment
appeared to have influence on both vegetative and
reproductive growth (Tables 1 and 2). Plants grown
under LNT had more leaves, but produced less
leaves FW and fewer shoots per cluster (Table 1).
HNT plants accumulated more biomass and had a
greater number of shoots per a cluster. In general,
plants produce the maximum growth when they are
exposed to a day temperature about 5.5 to 8.0°C
higher than the night temperature (Arizona
Cooperative Extension, 2010). Partitioning of
biomass in leaves, stem and roots is markedly
affected by day and night temperatures (Blackshaw
and Entz, 1995). In Phalaenopsis, it has been
shown that the leaves incorporated much higher
quantities of CO, under higher temperature
conditions (32/28°C) than lower temperature
conditions (21/16°C), resulting in the increase in
leaf growth (Guo and Lee, 2006). Thus, a similar
response might be explained in the case of
Curcuma plant.

The LNT treatment decreased the spike length
and flower stalk length to 50% and 55% of the
length observed with HNT treatment, respectively.
It delayed flowering by more than one week (from
64 to 73 days after planting) and reduced
percentage of flowering from 100 to 60% compared
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with HNT treatment (Table 2, Figure 1). Some
plants also showed a negative response in their
reproductive processes, when they were exposed to
low temperatures i.e. low temperature induced
flower abortion in warm cereal crop plant, chickpea
(Nayyar et al., 2005) and delayed flowering in calla
lily (Naor and Kigel, 2002). However, the numbers
of green bracts and coma bracts were not
significantly different between treatments (Figure
1). Considering the observation above, a night
temperature of 18°C might be too low for these
plants to reach their normal growth and
development.

Figure 1 Comparison of flower quality of C.
alismatifolia grown under (a) high night temperature
(HNT 30/24°C) and (b) low night temperature (LNT
30/18°C) at the flowering stage (12 weeks after planting:
WAP).

Table 1 Plant height, total leaves area, number of leaves, leaves dry weight and number of shoots per cluster of
Curcuma plants grown under different night temperature and day length conditions, at the flowering stage (12 WAP)Y.

Height Leaf Shoot
Treatment Total area Number Dry weight
(cm) (cm?) (no. plant™) (2) (no. cluster™)

Exp. 1 (DT/NT)

HNT (30/24°C) 53.5+2.3 424 £21.2 33+0.2 7.6+0.2 10.8+1.3

LNT (30/18°C) 543+14 413+£353 3.8+£0.2 52+0.7 7.4+0.5

t-test ns ns * * *
Exp. 2 (Day length)

LDL (13 h) 50.0£0.9 269 +47.6 48+0.2 6.7+0.3 72+0.8

SDL (11 h) 56.7+1.5 312+£29.6 5.1+0.3 6.7+0.3 4.0+0.0

t-test? * ns ns ns *

¥ Values are means + SE (n=10).
2 ns = Not significant; *= Significant at P < 0.05.
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Table 2 Flower quality of Curcuma plants grown under different night temperature and day length conditions, at

the flowering stage (12 WAP)Y.

Treatment Flower quality
reatmen
Spike length  Stalk length ~ Green bract Coma bract Days to flower Flowering
(cm) (cm) (=== no. plant ! -------- ) (day) (%)
Exp. | (DT/NT)
HNT (30/24°C) 127407 512+1.5 9.0+0.3 12.8+0.5 64.4 2.0 100
LNT 30/18°C)  63+023 283+0.8 8.8+0.5 11.5£0.5 73.0 2.2 60
t-test? * * ns ns * -
Exp. 2 (Day length)
LDL (13 h) 11.7+0.4 439+ 1.4 7.0£0.0 10.0+0.3 71.6+1.0 100
SDL (11 h) 8.9+0.1 453 +0.6 75402 55+08 80.5+3.5 60
t-test? * ns ns ns ns -
YValues are means = SE (n=10).
' ns = Not significant; *= Significant at P < 0.05.

At the flowering stage, the underground organs 1400 — -
of C. alismatifolia started to swell, forming a food 1200 @ NS I [',TTT ((:3;12;8
reserve (Chidburee, 2008). In this experiment, LNT
did not affecting the size and yields of new g 1000+
rhizomes or new storage roots (Table 3). " 800 -

(=)

It was also found that other species of plants =
increased the ABA levels under the low g 600 7 NS
temperature as chilling conditions or during é 400 -
acclimation for cold stress resistance (Welling et NS
al.,, 1997; Li et al., 2002). The accumulations of 200
ABA could be considered to be a physiological 0

response to adaptive process (Zeevaart, 1999). In
this research, statistical analysis showed that LNT
treatment did not affect ABA levels in all plant
parts (leaves, rhizomes and storage roots) (Figure
2a). However, when plant grows under off-season
condition in Thailand (LNT combined with SDL),
ABA level was significantly increased (Hongpakdee
et al., 2009). This indicated that endogenous ABA
level in C. alismatifolia was affected by unfavorable
conditions both LNT and SDL or may be their
intereaction, but LNT was mild affect rather than
SDL.

t-ZR was the translocation form of CK, usually
synthesized in the roots and is also involved in root
formation by controlling the rate of meristematic
cell differentiation (Dello Ioio et al., 2007). This
hormone might control sink strength by activating
the expression of gene implicated in assimilation
partitioning (Roitsch and Ehnef, 2000). The

700

600 —
500 —

400 -
300

t-ZR equivalent (ng g™ DW)

200 +
100
Leaf Rhizomes Storage roots

Figure 2 Comparison of ABA (a) and #-ZR (b) levels in
leaves, rhizomes and storage roots of C. alismatifolia
grown under different day temperature/night temperature
(DT/NT) conditions between high night temperature
(HNT 30/24°C) and low night temperature (LNT
30/18°C). Hormone determinations were conducted at
the flowering stage (12 week after planting: WAP).
Values are means + SE (n=3).
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Table 3 Rhizome yields of Curcuma plants grown under different night temperature and day length conditions, at the

dormancy stage (24 WAP)".
Exp. 1 (DT/NT) Exp. 2 (Day length)
Yield/quality
HNT (30/24°C)  LNT (30/18°C) t-test” LDL (13 h) SDL (11 h)  t-test?
New rhizome
Total number 42408 54+1.2 ns 7.8+0.6 34+0.5 *
Fresh weight (g) 129+3.6 19.1£44 ns 21.0+2.2 92+1.0 *
Dry weight (g) 49+0.6 5.1+0.7 ns 53+0.5 35+04 *
Diameter (cm) 1.7£0.2 1.8+0.1 ns 1.8+0.3 1.4+0.0 *
New storage root
Total number 24+0.8 1.6£1.0 ns 46+04 126 +14 *
Fresh weight (g) 89+3.5 64+32 ns 31.9+£5.2 484+49 *
Dry weight (g) 22+0.2 1.7+ 0.3 ns 2.7+0.3 13.4+£22 *
Diameter (cm) 0.7+0.3 03=+03 ns 1.0+0.2 1.7£0.2 *
Length (cm) 48+0.6 52+0.5 ns 55+0.5 29+0.3 *
Contractile root
Total number - - - 154+1.6 - -
Length (cm) - - - 142+43 - -
Y Values are means + SE (n=10).
2 ns = Not significant; * = Significant at P < 0.05.
acceleration of assimilate mobilization to temperatures, shoot demand seems to control

underground organs may be caused by the increase
of t+-ZR in underground tissue (Figure 1b) and
might be induced by changes in day and night
temperatures (Blackshaw and Entz, 1995). This
increasing of +-ZR concentration may speculate as a
result of synthesis in their old storage organs and
export to promote new one. Nevertheless, our
results seem to be that higher levels of #ZR in
underground organs of LNT treatment weakly
related to rhizomes and storage roots forming.
Mineral nutrient analysis showed the decrease in
the N, P and K concentrations in the almost
underground parts of plants subjected to the LNT
condition. In aboveground parts (leaves), N and K
contents were reduced by LNT (Table 4). The
temperature of the root zone is known to alter plant
growth as well as nutrient uptake by roots (Engels
et al., 1992; Mozafar et al., 1993). In particular, low
temperature has been reported to lower the uptake
rates of both NH;" and NO;™ (Mengel and Kirkby,
1987). Low soil temperature reduces overall plant
growth and tends to increase carbon allocation to
the roots because nutrient and water uptake are
reduced (Li et al, 1994). Under low soil

uptake and translocation of N and K but not of P.
The uptake of P is usually more severely inhibited
by low soil temperatures than the uptake of other
nutrients (Engels et al., 1992). A previous report
showed that cool soil temperature at 15°C reduced
K" influx from outside of the root of Zea mays L.,
resulting in less root growth (Ching and Barbers,
1979). However, our result showed that LNT
treatment did not influence size and yields of
underground parts (Table 3).

The decreases in aboveground biomass
accumulation (leaf dry weight) and number of
shoots per cluster under LNT treatment (Table 1)
could be related to the decreases in total N and K
uptake (Table 4). The decrease in spike length,
flower stalk length and percentage of flowering
under LNT conditions (Table 2) could be related to
the lower N and K contents (Table 4), due to the
important role of N in protein and RNA synthesis
during flower induction periods and the
involvement of K in meristematic growth.

The relationship between the concentrations of
endogenous hormone and plant nutrition has also
been rarely to be reported, but some evidence show
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Table 4 Nitrogen (N), Phosphorus (P) and Potassium (K) contents of leaves, rhizomes and storage roots of Curcuma
plants grown under different day temperature/night temperature conditions, HNT (30/24 C) and LNT (30/18°C), at the

flowering stage (12 WAP)".

Nitrogen Phosphorus Potassium
Organ HNT LNT HNT LNT HNT LNT
( mg plant” )
Aboveground
Leaf 162+5.4 88.7 £ 6.2* 357+£58 102+3.1* 415+£36.7 281 +£2.3%
Underground
Rhizome 154+1.5 13.3+£0.7ns 142+14 4.7+ 1.3% 153+£0.6 193+1.4*
Storage root 199+24 29.2 +£0.6* 12.2+£3.0 10.6 +2.5ns 115+9.1 97.3 +£5.3ns
Total 197+7.1 131 £5.8*% 62.1£68 117+1.7*% 546 +31.6 397 +22.8*

Y'Values are means = SE (n=10); ns = Not significant; * = Significant at P < 0.05.

the closely correlation between N status and the
accumulation of CK (Takei et al., 2001). In our
result, the decreasing of N content in whole plants
under the LNT conditions seems to be contradicted
with the increasing of #ZR. The comparable
resulted was found in barley (Samuelson and
Larsson, 1993).

Experiment 2: Effects of Short Day Length
Plants grown under SDL (56.7 cm) had taller
than LDL (50.0 cm), consistent with previous
observations (Changjeraja et al., 2008), but they
produced less leaf mass (Table 1). The significantly
decrease in shoot number per a cluster under SDL
treatment (from 7.2 to 4.0) indicated that there were
insufficient assimilates for growth promotion,
although total leaves area, leaves number and leaves
dry weight were not significantly different (Table 1).
SDL treatment affected some growth parameters
of the plants, especially spike length and flowering
percent (Table 2). These effects were similar to
those observed in plants grown in the off-season
production  without  supplemental  lighting
(Ruamrungsri et al., 2007).When flowers were
produced, assimilates were translocated to promote
the development of flowers (Weaver and Johnson,
1985). The reduced spike length from 11.7 to 8.9
cm may have been caused by the insufficient
assimilates found under SDL treatment and related
to the changes in endogenous hormones. It is well
known that auxins, CK and GA promote the
metabolization of assimilates by creating metabolic
sinks and may create competition among sinks for

assimilates (Goldschmidt and Huber, 1992). The
flowering percent was also reduced to 60% (Table
2) under the SDL, consistent with the report of
Chidburee (2008) which caused by flower abortion.

Our result also showed that the levels of ABA in
the leaves of plants grown under LDL conditions
(600 ng g' DW) were lower than those in the
leaves of plants grown under SDL conditions (800
ng g' DW) (Figure 3a). However, the -ZR levels
in leaves did not seem significantly different
(Figure 3b). The levels of #-ZR in rhizomes and
storage roots under SDL conditions significantly
increased from 900 to 1200 ng g DW and 1200 to
2000 ng g' DW, respectively (Figure 3b). Their
increase of ABA in leaves were speculated to
inhibit spike elongation since, exogenous ABA has
been report to inhibit shoot growth, stem elongation
and floral development in bulbous plant (Doss et
al., 1983), while the increase of ~-ZR in rhizomes
and storage roots stimulates the mobilization of
assimilates to underground organs rather than the
inflorescence.

It was interesting that photoperiod affected the
yields of rhizomes and storage roots more than the
night temperatures in experiment 1. The total
number, fresh weight, dry weight and size of new
rhizomes under SDL (11 h) treatment were less
than LDL (13 h) treatment. On the other hand, the
yields of storage roots were greater by SDL
treatment (Table 3, Figure 4). Comparable results
were found in a previous study (Changjeraja, 2008).
Their flowering responses were different from that
of C. alismatifolia, a quantitative long day plant, in
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Figure 3. Comparison of ABA (a) and ¢t —ZR (b) levels
in leaves, rhizomes and storage roots of C. alismatifolia
grown under different day length conditions between
long day length (LDL 13 h) and short day length (SDL
11 h). Hormone determinations were conducted at the
flowering stage (12 week after planting: WAP). Values
are mean = SE (n=3).
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Figure 4 Comparison of new rhizome yields and new
storage root yields of C. alismatifolia grown under LDL
(13 h) conditions (a) or SDL (11 h) conditions (b) at the
dormancy stage (24 weeks after planting: WAP).
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which day length did not absolutely inhibit
flowering (Hagiladi et al., 1997; Ruamrangsri et al.,
2007), although it was similarly found that SDL
conditions promote storage root formation. Light
was found to directly regulate the biosynthesis of
active GAs (Oh et al.,, 2006) and control the
degradation of ABA pass through the transduction
pathway of phytochrom signal both at the tissue
and organ levels (Kraeiel et al., 1994).

Wang et al. (2006) found a positive correlation
between dry tuberous root yields and the
concentration of ZR and DHZR in sweet potatoes
and suggested that they play a key role in tuberous
root thickening by the activity of the secondary
cambium. The same study also showed that #-ZR
levels in rhizomes and storage roots under SDL
conditions were 40% higher than those found under
LDL conditions, and that photoperiods may be
related to the swelling of storage roots.

Our results support the previous report that
supplemental lighting to give long day conditions
during off-season production may cause a decrease
in ABA levels in leaves and bring about the
lengthening of the spike. The decrease of storage
roots number found in the night break treatment
(Ruamrungsri et al., 2007) may result from the
reduction in #ZR in rhizomes and storage roots
caused by LDL treatment.

It has previously been reported that day length
can induce fluctuations of some phytohormones
(Campos and Kerbauy, 2004; Chou et al., 2000;
Okubo and Uemoto, 1981), and this may be partly
due to its affect on nutrient uptake by plant roots.
There is some evidence that the uptake of plant
nutrients (except K and B) in both roots and shoots
of Zea mays L. was reduced by extending the day
length from 6 to 18 h at a given root zone
temperature (Mozafar et al, 1993). In our
experiment, the opposite result was found; SDL
treatment decreased the total N, P and K contents in
whole plants, especially the decreasing of N
contents in the underground parts of the plant
(rhizomes and storage roots) (Table 5). In potatoes,
tuber induction is favored by short day length, cool
temperature, the balance of some phytohormones
(low GA, high ABA and high CK) and a low rate of
nitrogen fertilizer (Krauss, 1985). One factor
affecting this phenomenon is the low rate of N
supply. Ohtake et al. (2006) found that low N
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Table 5 Nitrogen (N), Phosphorus (P) and Potassium (K) contents of leaves, rhizomes and storage roots of Curcuma
plants grown under different day length conditions LDL (13 h) and SDL (11 h), at the flowering stage (12 WAP)".

Nitrogen Phosphorus Potassium
Organ HNT LNT HNT LNT HNT LNT
( mg plant” )
Aboveground
Leaf 163+7.2 142 +9.3ns 109+5.6  38.4+6.5* 423 +£17.8 335+23.5%
Underground
Rhizome 128+ 5.5 109 + 3.3* 140+ 11.6  52.0+6.3* 170+ 19.1 94.8 + 14.5%*
Storage root 40.2+1.6 29.6 +2.0* 8.1+0.8 29.6 +2.5% 164 +£14.2 141 +10.3ns
Total 331+8.9 280 £ 10.9* 256 £13.7 120+ 10.5% 757+28.8 570+39.9*

¥ Values are means + SE (n=10); ns = Not significant; * = Significant at P < 0.05.

supply brought about an increase in the dry weight
of storage roots of C. alismatifolia. Also, a similar
response which low levels of N promote the
swelling organs might be expected in the case of
our study. Although, the decreasing of N content in
underground part seems to be negative correlated
with the increasing of #-ZR concentration.

Conclusions

The basic information of the changes in
endogenous hormones and mineral nutrients related
to temperature and photoperiods, could provide a
better understanding of this plant and it will be
useful for developing an appropriate technique for
off-season production. From the experiments
described above, we conclude that both of the
distinct environmental factors, LNT and SDL,
induce hormonal and nutritional changes. ABA and
t-ZR were affected differently by the two
treatments. Although, LNT treatment did not
affected the growth inhibitors (ABA) in all plant
parts, but it increased growth promoters (-ZR) in
underground organs; while in contrast, SDL
treatment induced high ABA in aboveground
organs and #-ZR in underground organs. LNT
treatment also decreased the N and P contents of
rhizomes and the N and K contents of leaves. SDL
reduce N, P and K
accumulation overall, except for P accumulation in
storage roots. Also, this change partially related to
depression of some aboveground growth by both
factors, but promotion of storage organs only in

treatment seemed to

SDL. Further experiments are needed to determine
the modes of action of these two factors.
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