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Abstract. This study aimed to investigate the effects of different nutrient solutions on the
growth, physiological characteristics, and ornamental quality of hydroponically grown
Kaempferia galanga, and to identify the most suitable nutrient solution for its cultivation.
Three nutrient solutions (general, Hoagland, and Japan garden test) were tested, and
clear water was used as a control. Physiological indexes, growth parameters, and orna-
mental effects were analyzed over a 35-day hydroponic period. The Japan garden test
nutrient solution exhibited the best overall performance, with significant improvements
in chlorophyll content, carotenoid accumulation, crown width, plant height, and orna-
mental scores. The Hoagland solution also showed notable benefits, while the general nu-
trient solution and water were less effective. The Japan garden test nutrient solution
was the most suitable for the hydroponic cultivation of Kaempferia galanga, followed by
Hoagland solution. These findings provided a scientific basis for optimizing nutrient sol-
utions to enhance the ornamental and commercial value of Kaempferia galanga and re-
lated Zingiberaceae plants.

Kaempferia galanga, a perennial herb of
the Zingiberaceae family, is renowned for its
ornamental leaves, delicate flowers, and me-
dicinal properties (Gangmei et al. 2025; Pham
et al. 2021). Widely cultivated in regions such
as Taiwan, Guangdong, and Guangxi, it serves
as a valuable plant for medicinal use (Ekowati
et al. 2023; Naresh et al. 2024; Wang et al.
2021). In addition, Kaempferia galanga plays
an important role in gardens and is suitable for
flowering groundcover under sparse forests as
well as indoor plants and shade flower border
materials (Suwardi et al. 2023). Research of
Kaempferia galanga has primarily focused on
tissue culture, cultivation media, fertilizers, and
volatile substances; however, limited studies
have addressed its photosynthetic characteris-
tics (Chu et al. 2023; Saitama et al. 2024).

Hydroponics, a soilless plant cultivation
technique, has gained popularity because
of its environmental friendliness, water effi-
ciency, and convenience (Ekowati et al. 2023;
Sankhalkar and Jamuni 2024). Hydroponic
ornamental plants are cultivated in water-
based systems with nutrient solutions tai-
lored to their growth stages. However, the
success of hydroponics largely depends on
the composition and concentration of nutri-
ent solutions (Kailashkumar et al. 2023; Al
Meselmani 2022). Hydroponics requires nu-
trient solutions tailored to the specific needs
of plant species to ensure optimal nutrient
uptake during growth (Al Meselmani 2022;
Rajaseger et al. 2023; Sangeetha and Peri-
yathambi 2024). Despite extensive research
of the tissue culture and volatile compounds
of Kaempferia galanga, studies focused on
its hydroponic cultivation are scarce. In par-
ticular, the lack of optimized nutrient solu-
tions tailored to its growth and ornamental
quality presents a significant research gap.
Research of hydroponic cultivation of related
Zingiberaceae plants highlights the importance
of nutrient solution optimization in improving
growth and ornamental qualities (Sahul Hamid
et al. 2023). For example, Huang Yingying
has indicated that the growth effect of Alpinia
zingiberensis in one-quarter strength Hoagland
formula nutrient solution is the best and is suit-
able for hydroponic production. However, lim-
ited research has focused on the hydroponic
cultivation of Kaempferia galanga, particu-
larly regarding nutrient solution optimization.

This study investigated the effects of dif-
ferent nutrient solutions on the growth of
Kaempferia galanga in hydroponic culture.
By comparing and analyzing the growth and

physiological characteristics of Kaempferia
galanga under different nutrient solutions, ef-
fects of different nutrient solutions on the or-
namental effect were evaluated. Additionally,
the nutrient solutions suitable for the growth
of Kaempferia galanga were screened out,
which provided references for the hydroponic
application of Kaempferia galanga.

Materials and Methods

Kaempferia galanga, characterized by
consistent growth and the absence of diseases
or pests, was selected from the Baiyun Cam-
pus Farm of Zhongkai University of Agricul-
ture and Engineering. The materials were
cleaned after transportation to the laboratory
and cultured hydroponically in clear water
for 7 d. The roots were soaked in 500� chlor-
othalonil solution for 1 h for disinfection.

The experiment was conducted at the
Laboratory of Life Science Building, Baiyun
Campus, Zhongkai University of Agriculture
and Engineering from Jun to Oct 2023. The
illumination intensity was 1500 to 2000 Lux,
the illumination time was 12 h/d, and the
temperature was 25 to 31 �C.

Concentrations of three nutrient solutions
were prepared according to the instructions.
The following were the experimental designs
of each treatment group: general nutrient so-
lution (referred to as general), Hoagland nu-
trient solution (referred to as Hoagland), and
Japan garden test nutrient solution (referred
to as Japan garden test). With clear water
as the control, there were four treatments.
These treatments were repeated three times
and cultured for 2 months.

Determination of physiological indexes
Determination of chlorophyll and caroten-

oid contents. The 95% ethanol extraction
method was used. Fresh leaves (0.05 g) were
cut into small pieces and immediately placed
in a capped test tube containing 5 mL of 95%
ethanol. The test tube was tightly sealed. The
optical density (OD) values of the supernatant
were measured at 645 nm, 663 nm, 662 nm,
644 nm, and 440 nm, respectively. According
to the formula, the relevant data were obtained.
The chlorophyll and carotenoid contents were
determined by the ethanol extraction method.
The calculation formulas were as follows:

Chlorophyll a ðCaÞ
5 12:7OD663 nm � 2:69OD645 nm

Chlorophyll b ðCbÞ
5 22:9OD645 nm � 4:68OD663 nm

Total chlorophyll ðCa 1 BÞ
5 8:02OD663 nm120:20OD645 nm

Carotenoid C5 4:695OD440 nm

� 0:268ð5:134OD662 nm

1 20:436OD644 nmÞ
Chlorophyll content ðmg=gÞ
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Pigment content ðmg=gÞ
5Cðmg=LÞ � VðLÞ=WðgÞ

pH value determination. The pH of the so-
lution was measured using a pH meter.

Measurement of cell membrane perme-
ability of leaves. The relative conductivity of
leaves was measured using a conductivity me-
ter. Fresh leaf samples (0.05 g) were placed in
a test tube with 15 mL deionized water, incu-
bated at room temperature for 30 min, and
shaken evenly. The initial conductivity (C1)
was measured with a DDS11C direct reading
conductivity meter. Then, the samples were
boiled for 10 min and cooled before the final
conductivity (C2) was measured. Accord-
ing to the formula, the relative conductivity
was obtained. The plasma membrane per-
meability of leaves was expressed as relative
conductivity calculated as follows: relative
conductivity5C1=C2� 100%.

Leaf chromaticity. Leaf color was mea-
sured using a Minolta CR-400 automatic chro-
maticity meter (Tokyo, Japan) with an 8-mm
measurement spot. Three functional leaves
with similar leaf color growth were randomly
selected for measurement, and the values of L,
A, and B were recorded; L represents luster
and brightness (0 5 black; 100 5 white), A
indicates red/green (the larger the value of A,
the darker the red; the smaller the value of
A, the darker the green), and B represents
yellow/blue intensity (higher B 5 darker
yellow; lower B 5 darker blue).

Growth index determination
Fixed plant leaf measurements of three

plants in each treatment were performed. The
growth indexes of each treatment were counted
at 0, 5, 10, 15, 20, 25, 30, and 35 d, including
the number of stem leaves, plant height, fresh
weight, leaf sheath length, crown width, yellow
leaves, new leaves, leaf length, leaf width, and
tiller number of functional leaves. The growth
status of plants was evaluated, including leaf
burns, leaf color, leaf markings, leaf gloss, and
growth status.

Observation and evaluation of the
ornamental effect of plants

Table 1 was the scoring standard of the
ornamental effect of Zingiberaceae plants.
The ornamental effect of Zingiberaceae plants
was comprehensively evaluated by three scor-
ing items, overall effect, stem and leaf growth,
and flowering effect, with each accounting for
10 points.

Statistical analysis. Data were processed
and charted using Microsoft Excel 2016 soft-
ware, and a variance analysis and correlation
analysis were performed using IBM SPSS
Statistics 26.0. Duncan’s new complex range
test was used for the variance analysis.

Results

Effects of different nutrient solutions on
physiological indexes

Figure 1 demonstrated Kaempferia galanga
in different stages of hydroculture treated with
different nutrient solutions from day 0 to
day 35.

Chlorophyll and carotenoid contents. The
chlorophyll and carotenoid contents are pre-
sented in Supplemental Table 1. The chloro-
phyll a content increased significantly across
treatments during hydroponics. By day 35,
increases compared with values on day 5
were 312.12% (clear water), 230.77% (gen-
eral), 206.67% (Hoagland), and 152.50%
(Japan garden test), with significant increases
observed on day 25 or day 30, depending on
the treatment.

The chlorophyll b content of Kaempferia
galanga also showed significant increases
during 35 d of hydroponics treatment, and
there were significant differences among all
treatments. In the clear water treatment, the
chlorophyll b content increased by 1136.36%
on day 35 compared with that on day 5. The
general treatment showed a significant increase
of 855.56%, Hoagland treatment showed an
increase of 666.67%, and Japan garden test
showed an increase of 550.00% by day 35.

The data in Table 2 showed that the total
chlorophyll content increased significantly
across all treatments, and statistically signifi-
cant differences were observed. By day 35,

increases of 311.36% (clear water), 216.67%
(general), 193.65% (Hoagland), and 125.93%
(Japan garden test) compared to values on
day 5 were observed, with notable increases
observed on day 25 or day 30, depending on
the treatment.

The chlorophyll a/b ratio of Kaempferia
galanga initially decreased and then increased
over 35 d of hydroponics, with significant dif-
ferences among treatments. By day 15, the ratio
decreased by 23.36% (clear water), 15.61%
(general), and 30.97% (Japan garden test); by
day 35, reductions were 0.33%, 1.27%, and
12.39%, respectively. With Hoagland treatment,
the ratio decreased by 19.74% on day 5 and
3.89% on day 35.

The carotenoid content in Kaempferia ga-
langa increased significantly across treat-
ments, with notable differences. By day 35,
increases compared with values on day 5
were 290.91% (clear water), 275.00% (gen-
eral), and 230.77% (Hoagland). The caroten-
oid content with Japan garden test increased
significantly on day 30, and it increased by
130.77% on day 35 compared with the value
on day 5.

pH value. As shown in Supplemental
Table 1, the pH values of Kaempferia ga-
langa in clear water, general, Hoagland, and
Japan garden test treatments fluctuated during
the 35-d hydroponic treatment, with signifi-
cant differences among treatments. With the
clear water treatment, the pH value increased
by 5.25% on day 15, decreased by 5.95% on
day 30, and increased slightly by 1.23% on
day 35. The general treatment showed a
9.68% increase on day 10, a 1.49% decrease
on day 30, and a 9.31% increase on day 35.
The pH with Hoagland treatment increased
by 6.74% on day 15, decreased by 1.28% on
day 30, and increased by 4.92% on day 35.
With the Japan garden test treatment, pH in-
creased by 1.05% on day 15, decreased by
4.88% on day 30, and declined further by
1.57% on day 35.

Relative conductivity. As shown in
Supplemental Table 1, the relative conductivity
of Kaempferia galanga in clear water, general,
Hoagland, and Japan garden test treatments ini-
tially increased and then decreased during 35 d

Table 1. Scoring standard of the ornamental effects of Zingiber plants.

Indicators Good (8–10 points) Better (6–8 points) Average (5–6 points)
Very poor (less than

5 points)
Overall effect Good growth, neat plant

type, and good coverage
Good growth, neat plant

type, and good coverage
The growth condition was

general, the plant type was
roughly neat, and the
coverage was acceptable

The plant type was uneven,
easy to lodge, or the
plant grew poorly, the
plant was short and the
coverage was low

Growth status of
stems and leaves

The leaves were oily green,
and the tips were free
from brown, diseases,
insect pests, burns, and
wrinkles

The leaves were green, the
tips of leaves were rarely
brown, and there were
slight diseases, insect
pests, burns, and
wrinkles; the plants were
not easy to lodge

The leaves were yellow, with a
small amount of burns, the
leaves were wrinkled and
the tips were brown; the
leaves were narrow, the
plants were soft and easy to
lodge, and the landscape
was scattered

The leaves were burned, the
leaves were wrinkled,
and the tips were brown;
the leaves were narrow,
the plants were skewed
and easy to lodge, and
the landscape effect was
extremely poor

Flowering effect Flowering neatly, with a
large amount of flowers
and long flowering period

Flowering was neat, with a
large amount of flowers
and a long flowering
period

The flowering uniformity was
average, and the amount of
flowers was less

Flowering plants were few,
flowers were few or not
flowering, and flowering
was irregular
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of hydroponics treatment, and there were sig-
nificant differences among all treatments. The
relative conductivity with clear water, general,
Hoagland, and Japan garden test increased by
11.99%, 17.28%, 7.91%, and 39.05%, respec-
tively, on day 10 and decreased by 24.38%,
16.23%, 15.24%, and 8.92%, respectively, on
day 35.

Leaf chromaticity.According to Supplemental
Table 1, during the 35-d hydroponic treatment,
the L*, a*, and b* values of Kaempferia galanga
in the clear water, general, Hoagland, and Japan
garden test exhibited significant differences and
similar trends of fluctuation. The L* values gener-
ally decreased initially and then increased. Clear
water, general, and Japan garden test showed

reductions of 26.23%, 25.96%, and 23.40%, re-
spectively, on day 25 and 9.82%, 11.67%, and
11.81%, respectively, on day 35. Hoagland’s L*
value decreased by 24.73% on day 10 and then
increased by 1.62% on day 35. The a* values in-
creased at first and then decreased during 35 d of
hydroponics. For clear water and general treat-
ments, they increased by 44.31% and 40.04%,
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5d

Clear water

5d 5d 5d 5d

Hoagland

5d

Hoagland

5d 5d

10d 10d 10d 10d 10d

Hoagland

10d

Hoagland

10d 10d

15d 15d 15d 15d 15d

Hoagland

15d

Hoagland

15d 15d

20d 20d 20d 20d 20d

Hoagland

20d

Hoagland

20d 20d

25d 25d 25d 25d 25d

Hoagland

25d

Hoagland

25d 25d

30d 30d 30d 30d 30d

Hoagland

30d

Hoagland

30d 30d

35d 35d 35d

General

35d 35d

Hoagland

35d

Hoagland

35d

Japan 
garden test

35d

Clear water

Clear water

Clear water Clear water

Clear water Clear water

Clear waterClear water

Clear water Clear water

Clear water Clear water

Clear water Clear water General

General

GeneralGeneral

General

General General

GeneralGeneral

General General

GeneralGeneral

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden test

Japan 
garden testGeneral General Hoagland Hoagland

Fig. 1. Photos of Kaempferia galanga in different stages of hydroculture treated with different nutrient solutions.
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respectively, on day 25 and by 8.61% and
7.26%, respectively, on day 35 day compared
with those on day 0. Hoagland and Japan garden
test showed increases of 55.43% on day 10 and
8.89% and 25.55%, respectively, on day 35.
The b* values decreased initially and then
increased. Values with clear water and general
treatments decreased by 56.48% and 56.54%,
respectively, on day 25 and by 12.58% and
18.37%, respectively, on day 35. Values
with Hoagland and Japan garden test de-
clined by 60.12% and 71.65%, respectively,
on day 10, with subsequent changes of14.79%
and�38.67% on day 35.

Effects of different nutrient solutions on
growth indexes

Plant height. As shown in Supplemental
Table 2, plant height of Kaempferia galanga
treated with clear water initially increased
and then decreased during the 35-d hydro-
ponic treatment, with no significant differ-
ence. In contrast, plant height with general,
Hoagland, and Japan garden test increased
consistently; however, significant differences
were observed with general and Japan garden
test, but not with Hoagland. The plant height
increased by 15.22% and 8.45% on day 15
and day 35, respectively, with clear water.
General, Hoagland, and Japan garden test
treatments resulted in increases of 34.22%,
27.26%, and 52.02%, respectively, on day
35, with the Japan garden test showing the
greatest effect.

Crown width. The crown width of Kaemp-
feria galanga showed a gradual increase
across all treatments during the 35-d hydro-
ponic period. Significant differences were ob-
served only with Hoagland. The crown width
with clear water, general, and Japan garden
test increased by 39.75%, 42.09%, and 52.80%,

respectively, on day 35. Crown width with
Hoagland increased by 90.13% on day 35, and
the effect was the best among all treatments
(Supplemental Table 2).

Leaf dimensions. Leaf length increased
steadily with all treatments, with significant
differences observed for general and Japan
garden test treatments, but not for clear water
or Hoagland (Supplemental Table 2). On day
35, leaf length increased by 3.38% and 28.61%
with clear water and Hoagland treatments, re-
spectively, and by 58.61% and 63.83% with
general and Japan garden test treatments, re-
spectively, with Japan garden test treatment be-
ing the most effective. Leaf width also showed
a steady increase with all treatments, without
significant differences. Maximum growth rates
were observed on day 30 with clear water
(6.09%) and Hoagland (14.11%) and on day 35
with general (36.31%) and Japan garden test
(30.59%).

Leaf sheath length. As shown in Supple-
mental Table 2, the leaf sheath length in-
creased progressively across all treatments
during the 35 d, with significant differences
observed with all treatments except clear wa-
ter. The leaf sheath length observed with
clear water, general, Hoagland, and Japan
garden test increased by 125.40%, 102.74%,
149.51%, and 134.41%, respectively, on day
35 compared with that on day 0.

Stem and leaf number. As shown in Sup-
plemental Table 3, the number of stems and
leaves increased gradually across all treat-
ments. Significant differences were observed
with all treatments except the clear water
treatment. The number of stems and leaves
per branch under the clear water treatment in-
creased by 39.52% on day 35 compared with
the initial measurement. On days 30, 20, and
25, the number of stems and leaves per

branch reached three with the general, Hoag-
land, and Japan garden test treatments, repre-
senting increases of 79.64%, 79.64%, and
50.00%, respectively, compared with day 0.

New leaf number. In the clear water group,
new leaf growth was concentrated between
days 5 and 20, peaking on day 20. In the gen-
eral nutrient group, growth occurred mainly
between days 25 and 35. Hoagland treatment
showed continuous growth from days 5 to
35, with the highest rate on day 30. With the
Japan garden test treatment, new leaves grew
consistently between days 20 and 30 (Supple-
mental Table 3).

Number of yellow leaves. The yellow leaf
number of Kaempferia galanga increased
across all treatments, with significant differ-
ences observed only in the Hoagland group
(Supplemental Table 3). In the clear water
group, yellow leaves gradually increased from
days 5 to 35, reaching an average of 1.67 by
day 30. In the general group, the number in-
creased from 1.33 on day 0 to 2.33 by day 15,
with no further increase. In the Hoagland group,
yellow leaves increased continuously from 0.67
on day 0 to 4.67 on day 35 (597.01% increase).
The Japan garden test also showed continuous
increases, with yellow leaves increasing from
2.00 on day 0 to 5.33 on day 30 (166.50%
increase).

Tiller number. As shown in Supplemental
Table 3, the total tiller number increased
gradually over 35 d in the general, Hoagland,
and Japan garden test treatments, but no
change occurred in the clear water group.
The tiller number in the clear water group re-
mained at 2.33, while increases of 50.00%,
99.63%, and 114.59% were observed in the
general, Hoagland, and Japan garden test
treatments, respectively, by day 35.

Fresh weight. The fresh weight of Kaemp-
feria galanga increased in all treatments during
the 35-d hydroponic period, with no significant
differences among treatments (Supplemental
Table 3). Fresh weight increased by 13.57%,
44.14%, 35.72%, and 30.44% in the clear
water, general, Hoagland, and Japan garden
test treatments, respectively, compared with
values on day 0.

Evaluation of growth status
The growth status included leaf color,

markings, burn, glossiness, and growth status.
The related data were presented in Table 2.

Leaf color. The leaf color showed a grad-
ual deepening trend from fresh green to dark

Table 2. Evaluation of the growth status of Kaempferia galanga treated with different nutrient
solutions.

Indicators Treat time Clear water General Hoagland Japanese garden test
Leaf color 0 d 4.3 3.3 3.3 3.3

35 d 6.3 6.0 6.3 8.7
Leaf markings 0 d 1.3 2.3 1.0 3.7

35 d 2.0 2.0 3.0 1.0
Blade burn 0 d 2.3 3.3 2.0 4.7

35 d 2.7 3.7 4.7 1.7
Leaf gloss 0 d 4.3 3.3 3.7 3.0

35 d 5.3 6.3 6.3 7.3
Growth status 0 d 5.3 4.3 5.0 3.0

35 d 5.7 8.0 7.7 8.0

Table 3. Scoring standard of the ornamental effects of Zingiber plants.

Project Indicators
Difference
(1–2 points)

Poor
(3–4 points)

Medium
(5–6 points)

Better
(7–8 points)

Good
(9–10 points)

Overall effect Plant height Shorter Shorter Medium Higher Higher
Crown width Small range Smaller range Medium Wider range Wide range
Number of tillers Less Less Medium More More
Plant type Uneven Scattered Roughly neat More neat Neat
Growth status Poor Poor General Better Good

Growth status of stems and leaves Leaf shape Scattered Poor General Better Graceful
Leaf color Yellowish Yellow–green Light green Bright green Thick green
Leaf markings Multiple markings More markings Medium Less markings No markings
Blade burn Severe burns Severe burns Medium Minor burns No burns
Leaf gloss None Not obvious General More obvious Obvious
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green and then to thick green. By day 35, the
color scores of each treatment increased by
46.51%, 81.82%, 90.91%, and 163.64% in
the clear water, general, Hoagland, and Japan
garden test treatments, respectively, com-
pared with values on day 0.

Leaf markings. Leaf markings improved
under the clear water and Hoagland treat-
ments, with score increases of 53.85% and
200.00%, respectively, by day 35. In contrast,
the general and Japan garden test treatments
exhibited reductions in the later period, with
scores decreasing by 13.04% and 72.97%, re-
spectively, compared with those on day 0.

Leaf burn. Leaf burn severity did not sig-
nificantly change under the clear water treat-
ment, but it progressively worsened under the
Hoagland treatment and decreased under the
Japan garden test treatment. The burn scores
increased by 135.00% in Hoagland but de-
creased by 63.83% in Japan garden test by
day 35 compared with those on day 0.

Leaf glossiness. Leaf glossiness of Kaemp-
feria galanga displayed a gradual improve-
ment across all treatments, with score increases
of 23.26% (clear water), 90.91% (general),
70.27% (Hoagland), and 143.33% (Japan gar-
den test) on day 35 compared with day 0.

Growth status. The growth status of
Kaempferia galanga remained largely un-
changed under clear water treatment, whereas
it improved significantly under general, Hoag-
land, and Japan garden test, showing a trend
from medium to excellent. The growth status
scores of each formula treatment increased by
7.55%, 86.05%, 54.00%, and 166.67%, re-
spectively, by day 35 compared with day 0.

Effects of different nutrient solutions on
ornamental effects. The ornamental effect
of hydroponic Kaempferia galanga was

comprehensively evaluated using two scoring
items: overall ornamental effect and stem and
leaf growth. Initially, the scoring system in-
cluded flowering effect, but because Kaemp-
feria galanga is a foliage plant and did not
reach the flowering stage during the experi-
ment, the evaluation was adjusted to exclude
this criterion. Each scoring item was set up
with five indexes, with each index comprising
10 points. Based on these criteria, an ornamen-
tal effect scoring system was established to
comprehensively evaluate the performance of
hydroponic Kaempferia galanga under differ-
ent nutrient solution treatments. The specific
scoring standards are shown in Table 3, and
the scoring results are shown in Table 4.

The results showed that each nutrient solu-
tion treatment promoted the ornamental effect
of Kaempferia galanga plants in different de-
grees. Based on the comprehensive evaluation,
the Japan garden test ranked first, followed by
Hoagland, general, and clear water treatments.

Correlation analysis among different
indexes of Kaempferia galanga under the
Japanese garden test treatment

Chlorophyll a in Kaempferia galanga was
positively correlated with chlorophyll b, total
chlorophyll, and carotenoid content, but nega-
tively correlated with pH value and relative
conductivity under the Japanese garden test
treatment (Table 5). Chlorophyll b also showed
positive correlations with total chlorophyll and
carotenoid content, and negative correlations
with pH and relative conductivity. Total chlo-
rophyll was positively correlated with caroten-
oid content, and negatively associated with pH
and relative conductivity. The chlorophyll a/b
ratio was positively correlated with L* and
B*, but negatively correlated with relative

conductivity and A*. Carotenoid content
was negatively correlated with pH value and
relative conductivity. A significant positive
correlation was observed between pH and
relative conductivity. Furthermore, L* was
positively correlated with b* and negatively
correlated with A*.

As shown in Table 6, the plant height of
Kaempferia galanga under the Japanese gar-
den test treatment was positively correlated
with crown width, leaf length, leaf width,
stem leaf number per branch, new leaf num-
ber, yellow leaf number, tiller number, and
fresh weight. Crown width was positively
correlated with leaf length, leaf width, num-
ber of new leaves, number of yellow leaves,
number of tillers, and fresh weight. Similarly,
leaf length showed positive correlations with
leaf width, number of stem leaves per branch,
number of new leaves, number of yellow leaves,
number of tillers, and fresh weight. Leaf width
was positively correlated with yellow leaf
number, tiller number, and fresh weight. The
number of stem leaves per branch exhibited
significant positive correlations with new leaves,
yellow leaves, and tillers. Furthermore, yellow
leaf number was positively correlated with tiller
number and fresh weight. A strong positive cor-
relation was observed between tiller number
and fresh weight.

Discussion

This study investigated the effects of differ-
ent nutrient solutions on the physiological indi-
ces, leaf color, plant growth, and ornamental
value of Kaempferia galanga. The results
showed that the Hoagland and Japan garden
test nutrient solutions significantly enhanced
chlorophyll content, carotenoid content, crown
width, number of stems and leaves per branch
and leaf, leaf sheath length, number of yellow
leaves, leaf color, and leaf surface luster, and
that growth was in good condition. Over the
35-d hydroponic period, plants treated with the
Japan garden test solution exhibited the best
leaf color, greater crown width, and highest or-
namental effect scores. Therefore, the Japanese
garden test was preferred as the hydroponic nu-
trient solution for Kaempferia galanga, fol-
lowed by Hoagland nutrient solution.

The findings align with those of prior
studies that demonstrated the role of well-
balanced nutrient solutions in enhancing plant
physiological functions (Ahmadi et al. 2024;
Ruiz and Salas Sanjuan 2022). For instance,

Table 5. Correlation analysis of physiological indexes of the Japanese garden test treatment.

Indicators
Chlorophyll
a content

Chlorophyll
b content

Total
chlorophyll
content

Chlorophyll
content ratio

Carotenoid
content pH value

Relative
conductivity L* a*

Chlorophyll b content 0.966**
Total chlorophyll content 0.990** 0.985**
Chlorophyll content ratio 0.023 �0.189 �0.069
Carotenoid content 0.973** 0.935** 0.958** 0.103
pH value �0.487* �0.484* �0.504* �0.018 �0.566**
Relative conductivity �0.562** �0.478* �0.542** �0.541** �0.609** 0.439*
L* �0.084 �0.165 �0.111 0.468* 0.035 0.081 �0.312
a* 0.117 0.212 0.155 �0.506* �0.001 �0.068 0.333 �0.987**
b* �0.134 �0.231 �0.176 0.521** �0.021 0.126 �0.306 0.978** �0.990**

*P < 0.05 and **P < 0.01 indicate levels of statistical significance for Pearson correlation coefficients.

Table 4. Scores and rankings of ornamental effects of each treatment.

Project Indicators Clear water General Hoagland
Japanese
garden test

Overall effect Plant height 4 7 7 8
Crown width 2 4 9 6
Number of tillers 2 4 8 7
Plant type 6 8 8 6
Growth status 6 8 7 8

Growth status of stems
and leaves

Leaf shape 7 8 8 7
Leaf color 7 6 7 9
Leaf markings 8 8 7 9
Blade burn 8 7 6 9
Leaf gloss 5 6 6 7

Total score 55 66 73 76
Sort 4 3 2 1
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studies have shown that the nitrogen and
potassium contents in Hoagland solution
significantly increases chlorophyll synthesis
and photosynthetic performance (Sahi and
Mostajeran 2021; Yue et al. 2022). Consis-
tent with this point, our results revealed a
significant increase in chlorophyll a and
chlorophyll b contents, as well as better leaf
coloration under Hoagland treatment. The ex-
ceptional performance of the Japan garden test
solution may be attributed to its balanced trace
elements (e.g., iron, zinc, magnesium) and
plant growth regulators, which likely enhanced
nutrient absorption and stress resilience. These
factors directly contributed to improved leaf
coloration and glossiness as well as reduced
relative conductivity, indicating better mem-
brane stability. The observed adaptability to
nutrient pH changes further underscored the
role of solutions in mitigating nutrient stress
(Khan et al. 2023). Compared with the clear
water and general nutrient solutions, both the
Hoagland and Japan garden test solutions pro-
moted superior plant growth and ornamental
value, which aligned with previous studies that
indicated that adequate calcium content re-
duces cell membrane damage and increases an-
tioxidant enzyme activity (Ji et al. 2024).
These physiological advantages directly trans-
late into enhanced visual and commercial ap-
peal, making these nutrient solutions highly
suitable for the ornamental and economic culti-
vation of Zingiberaceae plants.

While this study provides valuable in-
sights, several limitations must be acknowl-
edged. The 35-d cultivation period may not
fully capture the development of underground
rhizomes, which are essential for storage and
medicinal value. In addition, the experiment
was conducted under ideal environmental
conditions, which may not reflect the vari-
ability of real-world cultivation systems. The
analysis also focused primarily on aerial physi-
ological and ornamental traits and did not as-
sess parameters such as root morphology,
rhizome biomass, or microbial interactions.

Future studies should extend the cultiva-
tion period and incorporate rhizome-related
traits, including morphology, dry matter yield,
and essential oil composition. Trials under
greenhouse or open-field conditions are also rec-
ommended to evaluate the practical applicability
of hydroponic systems. Given the promising

results of the Japanese garden test nutrient solu-
tion, further optimization may benefit both the
ornamental and medicinal cultivation of Kaemp-
feria galanga and potentially other Zingibera-
ceae species.

Conclusion

This study demonstrated that nutrient sol-
utions significantly influenced the growth and
ornamental quality of Kaempferia galanga.
Among the treatments, the Japan garden test
nutrient solution exhibited the best perfor-
mance because it achieved the highest scores
for plant color, crown width, and overall orna-
mental value, followed closely by the Hoag-
land solution. These findings provided a
scientific basis for selecting and optimizing
nutrient solutions, thus offering practical guide-
lines for hydroponic cultivation of Kaempferia
galanga and related Zingiberaceae plants with
high ornamental and commercial potential.
Further investigations of rhizome development
traits may help expand the potential for inte-
grated ornamental and medicinal cultivation
applications.
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