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ABSTRACT

This study examined the effects of several agro-techniques on yield and quality of Curcuma
zedoaria Rosc. A split-plot design incorporating four levels of K,O fertilizer (60, 90, 120 and 150
kg/ha) and three levels of plant spacing (25 x 35, 45 x 35, 65 x 35 cm) were implemented. The
results revealed that optimal rhizome yield of white turmeric was achieved when cultivated with a
planting spacing of 25 x 35 cm and applying 90 and 120 kg/ha of K,O fertilizer, yielding within the
range of 24.7 - 25.5 tons/ha; essential oil yield from 106.15 - 108.45 1/ha. Moreover, a randomized
complete block design was conducted to examine the effect of four different harvest times on the
yield and quality of white turmeric. Harvesting when 50% of leaves withered to completely
withered resulted in the highest yields, ranging from 25.53 - 26.20 tons/ha, with essential oil yield
from 109.19 - 119.56 1/ha, respectively, thus achieving the highest economic efficiency.
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curzerenone and debromofiliforminol (1, 2, 9, 10].
Its diverse  chemical composition and
pharmacological properties have elevated its
status in traditional medicine and modern
pharmaceutical research, highlighting its global
significance [1].

1. INTRODUCTION

Curcuma zedoaria, commonly known as
"zedoary" and "white turmeric," is a valuable plant
native to northeast India and Indonesia,
extensively cultivated in various regions such as
India, Southeast Asia, Thailand, Indonesia, Japan,
and China [1, 2]. The rhizome resembles ginger
externally and turmeric internally. Its powder has were collected from 5 different ecological regions
a unique aroma but a bitter taste, and it can be in  Vietnam  and  their = morphological
used as a substitute for ginger for culinary characteristics, yield and quality of these 18

Eighteen genetic resources of white turmeric

purposes. White turmeric has been utilized to
alleviate various health issues, including
hematologic abnormalities, vascular problems,
injuries, digestive concerns, skin conditions and
infections. Multiple parts of C. zedoaria are studied
to demonstrate pharmacological properties,
notably anticancer and anti-inflammatory effects,
antiallergy, antibacterial, and antifungal activities
[3 - 8]. The essential o0il derived from its rhizomes
contains predominantly sesquiterpenoids and
monoterpenoids, with significant components
including epicurzerene, curzerene, curdione,

genetic resources were preliminarily described
[11]. However, information regarding plant
spacing, fertilizer regimes, and harvest timing for
white turmeric in Vietnam remained limited.
Therefore, this study aims to assess the cultivation
practices that influence the yield and quality of
white turmeric for its optimized production.

2. MATERIALS AND METHODS

2.1. Materials

The rhizome of the NgT-01 cultivar was
selected from white turmeric (Curcuma zedoaria
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Rosc.) germplasm resources conserved by the
National Research Center for Medicinal Plant
Germplasm and Breeding - National Institute of
Medicinal Materials. The planted rhizome,
prepared from the mother plant, was cut into
pieces 5 cm long and at least 1.5 cm in diameter.

The experiments were conducted at the
National Research Center for Medicinal Plant
Germplasm and Breeding, Ha Noi, Vietnam.

2.2. Experiment design

Experiment 1. Investigate the effects of
potassium fertilizer and plant spacing on the yield
and quality of white turmeric.

A split-plot experiment with three replications
was designed to determine the effect of potassium
fertilizer levels on the yield and quality of white
turmeric planted at different plant spacings.

The main factor, potassium fertilizer (K,O
fertilizer), with four levels (K1 to K4), was
completely randomly assigned to the main plots,
and the sub-factor, plant spacing (M1 to M3
levels), was assigned to smaller plots. Details of
K,0O levels and plant spacings were described as
follows:

K,O levels: K1: 60 kg | Plant spacings: M1: 25
K,O x 35 cm
K2: 90 kg K,O M2: 45x 35 cm
K3: 120 kg K,O M3: 65x 35 cm
K4: 150 kg K,O
The area for each plot was 10

m?/treatment/replication. Each treatment was
applied with the same amount of 4 tones of micro-
biofertilizer, 90 kg N and 65 kg P,Os/ha and 500kg
of agricultural limes per hectare. The total amount
of micro-biofertilizer, P,O; and agricultural limes
was applied as a basal application, while N and K
were split three times. At the seedling stage (30 -
40 days after planting), 1/3 of the total amount of
N was applied. During the branching and initial
rhizome boosting stage (90 - 100 days after
planting), the remaining 2/3 of N and 1/2 of K
were applied. Finally, the remaining K was used at
the rhizome development stage (170 - 180 days
after planting).

The experiment was conducted from March
2023 to January 2024.

Experiment 2. Examine the influence of
harvest time on the yield and quality of white
turmeric.

The experiment was conducted in a
randomized complete block design with
replications [12] for two consecutive years. The
treatment plot size was 20 m® The treatments
included four levels of harvesting time as follows:

+ TH1: In the first year and when the leaves
start withering

+ TH2: In the first year, when 50% of the leaves
withered

+ TH3: In the first year, when 100% of the
leaves withered (completely withered)

+ TH4: In the second consecutive year, 100%
leaves withered

All plants were grown from March 15 with a
spacing of 25 x 35 cm. The fertilizer regimes of 4
tones of micro-biofertilizers + 90 kg N + 65 kg P,O;
+ 120 K,O were applied in this experiment.

In both experiments, all necessary
agronomical and field management practices were
implemented in reference to the Guidelines for
cultivation and care techniques for Yellow
turmeric [13]. Pests and disease investigation
were implemented according to National technical
regulations on Surveillance methods of plant pests
[14].

2.3. Data collection and analysis

A five-diagonal point sampling was employed.
Ten plants per treatment were collected at the
active vegetative stage (seven months after
planting). Growth parameters such as plant height,
number of leaves/cluster, number  of
tillers/cluster, leaf length, leaf width and leaf area
index (LAI) were recorded. Yield and vyield
components, including rhizome Ilength (cm),
rhizome diameter (cm), individual yield (fresh
yield/cluster) (g), rhizome yield (tons/ha) and
fresh/dry biomass ratio, were collected at harvest
(nine months after planting-for experiment 1 and
at the specific harvesting time in experiment 2).
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Essential oils were quantified using the steam
distillation method according to Vietnam
Pharmacopeia V [15].

Essential oil yield was measured at the
harvesting time, including total essential oil
content (%) of dry rhizome and essential oil yield
(1/ha) = dry yield x essential oil content.

Data were processed using Microsoft Excel
and Irristat version 5.0 software.

3. RESULTS AND DISCUSSIONS

3.1. Effects of potassium fertilizer and plant
spacings on yield, quality and economic efficiency
of white turmeric

3.1.1. Effects of potassium fertilizer and plant
spacings on growth of white turmeric

The effect of potassium fertilizer regimes and
plant spacings on the growth parameters of
turmeric are shown in table 1.

Different potassium exhibited significant
effects on leaf number, tiller number, leaf length,
and LAI. Potassium level K4 showed the highest

plant height (147.5 cm), higher number of leaves
(25.3), higher number of tillers (5.8), most
extended leaf length (54.4 cm), and leaf width
(13.9 cm) and highest LAI (6.3). The effect of K3
was statistically comparable to K4 for plant height
(145.8 cm), tiller number (5.6), leaf width (13.3
cm) and LAI (6.1). Lowest plant height (142.0),
minimum number of leaves (19.7), number of
tillers (4.5), leaf length (46.2 cm), leaf width (13.6
cm) and lowest LAI (5.3) was obtained in K1 level.

Plant spacing was found to have a significant
effect only on the number of tillers and LAI, while
no significant difference was obtained in plant
height, number of leaves, lead length and leaf
width. M2 resulted in having tallest plants (145.9
cm), leaf number (23.3), tiller number (5.6), leaf
length (51.2 c¢cm) and leaf width (13.3 cm) but
lower LAI (4.9). M1 showed a comparable lowest
value in these growth parameters but possessed
the highest LAI of 9.0. The interaction between
potassium levels and plant spacing was found only
in leaf width.

Table 1. Effects of potassium fertilizer and planting spacing on the growth of white turmeric

Potassium Plapt hljg ¢ Leaf number Ti'llers number lel;le;tfh V&Zi; LAI
levels spacing (cm) (leaves/cluster) | (Tillers/cluster) (cm) (em)

M1 142.5 19.0 4.1 44.0 12.0 8.3

K1 M2 143.4 20.0 47 47.5 14.2 4.3
M3 140.0 20.0 4.7 47.1 14.7 34

M1 143.0 20.0 4.7 48.6 12.2 8.9

K2 M2 145.0 22.0 5.7 49.8 12.7 4.8
M3 144.8 22.0 5.7 49.6 12.8 3.6

M1 144.3 23.0 47 51.0 13.2 9.2

K3 M2 147.0 25.0 5.7 534 12.9 5.2
M3 146.0 24.0 6.3 43.3 13.7 3.9

K4 M1 147.0 24.0 47 534 14.0 9.5

22 AGRICULTURE AND RURAL DEVELOPMENT - AUGUST 2024/VOLUME 6 NUMBER 1



SCIENCE AND TECHNOLOGY

M2 148.0 26.0 6.3 54.2 134 5.4
M3 147.6 26.0 6.3 55.7 144 4.2
Average , 142.0b 19.7d 4.5¢ 46.2b | 13.6a 5.3¢c
Average g, 144.3ab 21.3c 5.4b 49.3ab | 12.6a 5.7b
Average g, 145.8ab 24.0b 5.6ab 49.2b 13.3a 6.1a
Average g, 147.5a 25.3a 5.8a 54.4a 13.9a 6.3a
Average ;| 144.2a 21.5b 4.6b 49.2a 12.8a 9.0a
Average \,| 145.9a 23.3a 5.6a 51.2a 13.3a 4.9b
Average ;| 144.6a 23.0a 5.8a 49.0a 13.9a 3.7c
Fg 0.3 42.6%** 24 4x** 3.8* 2.5™ | 26.6%**
Fop 21 6.9™ 10.4* 0.28™ | 0.3™ | 151.9**
Fan 0.2 0.3™ 0.9™ 1.0* 1.1 0.5™
CV, 34 5.2 8.0 10.6 8.5 4.3

Kl1: 60 kg K,O, K2: 90 kg K,0, K3: 120 kg K,O, K4: 150 kg K,O; M1: 25 x 35 cm, M2: 45 x 35 cm, M3:
65 x 35 cm. Means with the same letter in each column are not significantly different at p < 0.05 by LSD
test. *, ** ***:gjonificant at p < 0.05, p < 0.01, p < 0.001; ns: non-significant

3.1.2. Effects of potassium fertilizer and plant
spacings on yield and yield components of white
turmeric

The application of potassium had different
effects on the yield and yield components of white
turmeric plants (Table 2). Potassium levels had a
significant effect on rhizome length and individual
yield, while plant spacings statistically influenced
actual yield.

Specifically, at higher levels of potassium (K2,
K3 and K4), the rhizome lengths obtained were 6.3
mm, 6.6 mm, and 6.8 mm, respectively. In
contrast, applying Kl (60 kg/ha) yielded
remarkably shortest rhizome length of 5.9 mm.
The rhizome diameters were not significantly
affected by the potassium levels. Individual yield,
measured as the weight of individual turmeric
clusters, ranged from 314.0 - 340.0 g/cluster.

Applying different amounts of potassium also
significantly affected individual yields. Higher
individual yield (338.3 g/cluster) was found at K4
level and considerably higher than K1 level (314.7
g/cluster) and K2 level (322.3 g/cluster).
However, there were no statistical differences in
the actual yield of white turmeric among K levels.
The average actual yield ranged from 16.1 tons/ha
(K1) to 17.4 tons/ha (K4).

Plant spacing tends to slightly increase
rhizome length, diameter, and individual yield
compared to narrower spacings; however, it was
not significantly different. However, regardless of
applying different fertilizer regimes, different plant
spacings resulted in statistical differences in the
actual rhizome vyield. The actual yield was
significantly different due to the smaller spacing,
resulting in more plants per unit area; in detail, M1
spacing (25 x 35 cm) yielded an average of 24.8
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tons/ha. M2 spacing (45 x 35 cm) achieved an
average of 15.3 tons/ha and the lowest yield (10.3 affected by the spacing, which disagreed with the
tons/ha) when planted at M3 spacing (65 x 35 work of Joy ef al (2002) [16], who reported a non-

In this study, the actual yield was significantly

cm). significant effect in their different spacing settings.
Table 2. Effects of potassium fertilizer and plant spacings on yield and
yield components of white turmeric
Potassium Plant Rhizome Rhizome Indiyidual Fresh-dry | Actual yield
levels spacing length (cm) diameter yield ratio (tons/ha)
(cm) (g/cluster)

M1 5.7 1.58 315 3.52 24.0

K1 M2 5.9 1.60 314 3.58 14.3

M3 6.0 1.62 315 3.58 10.1

M1 6.2 1.68 320 3.56 24.7

K2 M2 6.5 1.73 322 3.59 15.0

M3 6.2 1.72 325 3.57 10.2

M1 6.5 1.70 330 3.55 25.0

K3 M2 6.8 1.73 335 3.63 15.7

M3 6.4 1.74 330 3.54 10.4

M1 6.7 1.74 335 3.50 25.5

K4 M2 7.0 1.75 340 3.61 16.0

M3 6.6 1.78 340 3.60 10.61

Average g, 5.87c 1.60a 314.7b 16.1a
Average , 6.30b 1.71a 322.3b 16.6a
Average g 6.57a 1.72a 331.7ab 17.0a
Average g, 6.77a 1.76a 338.3a 17.4a
Average 6.28a 1.68a 325.0a 24.80a
Average 6.55a 1.70a 327.7a 15.25b
Average y;; 6.30a 1.72a 327.5a 10.34c

Fg 12.3*** 0.8™ 6.0** 0.6™
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Fon 0.33™ 1.7 0.2m 1577 4% %
F g 0.4™ 0.01™ 0.1 0.1
CV, 13.6 3.9 - 12.2

Note: K1: 60 kg K,0, K2: 90 kg K,O, K3: 120 kg K,O, K4: 150 kg K,O; M1: 25 x 35 cm, M2: 45 x 35
cm, M3: 65 x 35 cm. Means with the same letter in each column are not significantly different at p<0.05
by LSD test. *, ** ***: sjgnificant at p<0.05, p<0.01, p<0.001; ns: non-significant.

3.1.3. Eftects of potassium fertilizer and plan
spacings on quality of white turmeric

The quality of white turmeric medicinal herbs
is managed according to Vietnam Pharmacopoeia
V, and the total essential oil content is required to
be not less than 1.0%. In this study, the attained oil
content ranged from 1.38% (K1M1) to the highest
of 1.59% (K4M3), which meets the Vietnam
Pharmacopeia V requirements.

Analysis data presented in table 3 showed a
decrease in total essential oil content across all
plant spacings in K1 treatment with an average of
1.42. Higher levels of potassium applications (K2,
K3, and K4) increased the total essential oil

¢ content, with average values ranging from 1.55%

(K2) to 1.59% (K4).

The essential oil yield of all treatments
fluctuated from 40.1 1/ha (KIM3) to 112.2 1/ha
(K4M1). In terms of plant spacing, rhizome
harvested within all M3 spacing exhibited the
lowest essential oil yield (averaging 44.53 1/ha)
compared to both M2 spacing (65.04 1/ha) and M1
spacing (105.22 1/ha) (Table 3).

The study determined that total essential oil
content was comparably higher than that of Joy ef al
(2002) [16]. This discrepancy suggests that factors
beyond planting spacing, such as soil composition,
climate conditions, cultivation techniques, or plant
genetics, may have contributed to the differences in
yield.

Table 3. Effects of planting spacing and potassium fertilizer on the essential oil content of white turmeric

Potassium levels Plant spacing Total essential oil Essential oil yield

content (%) (I/ha)

M1 1.38 94.09

K1 M2 1.45 57.92
M3 1.42 40.10

M1 1.53 106.15

K2 M2 1.56 65.18
M3 1.56 44.57
M1 1.54 108.45

K3 M2 1.56 67.47
M3 1.58 46.60
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M1 1.54 112.2

K4 M2 1.57 69.58

M3 1.59 46.86

Average 1.42 64.04
Average g, 1.55 71.97
Average i, 1.56 74.17
Average g, 1.57 76.21
Average 1.51 74.27

Average ,;, 1.55 78.66

Average ; 1.56 83.68

Note: K1: 60 kg K0, K2: 90 kg K,O, K3: 120 kg K,0, K4: 150 kg K,O; M1: 25 x 35 cm, MZ2: 45 x 35

cm, M3: 65 x 35 cm.

3.1.4. Effects of potassium fertilizer and plant
spacings on the economic efficiency of white
turmeric

The economic efficiency of growing turmeric
is directly impacted by factors such as planting
spacing and the amount of applied fertilizer. Plant
spacing will determine the amount of rhizome
used for planting, which is the most crucial input

cost for turmeric cultivation [17] while fertilizers
play a critical role in enhancing yield and quality.

In this study, total costs for white turmeric
cultivation are related to the cost of rhizome, labor,
fertilizers and plant protection chemicals. The total
revenue was calculated by multiplying the total
rhizome production per ha (kg/ha) and the
market price per kilogram of rhizome.

Table 4. Effect of potassium fertilizer and plant spacing on economic efficiency of white turmeric

Unit: Million VND/ha

Potassium levels Plant spacing Total costs Total revenue Profit
K1 284.16 360.00 75.84

K2 285.17 370.50 85.33

M1

K3 286.17 375.00 88.83

K4 287.17 382.50 95.33
Average 285.67 372.00 86.33

K1 M2 268.94 215.31 -53.63

K2 269.94 217.73 -52.21

K3 270.94 223.33 -47.61

26
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K4 271.94 226.67 -45.27
Average 270.44 220.76 -49.68

K1 263.07 151.62 -111.45

K2 264.08 153.00 -111.08

M3

K3 265.08 156.66 -108.42

K4 266.08 159.16 -106.92
Average 264.58 155.11 -109.47

Note: K1: 60 kg K,0, K2: 90 kg K,0, K3: 120 kg K,0, K4: 150 kg K,O; M1: 25 x 35 cm, M2: 45 x 35

cm, M3: 65x 35 cm.

In this experiment, the economic efficiency of
potassium fertilizer and plant spacing in white
turmeric cultivation was presented in table 4. The
profitability of each treatment was affected by
varying levels of potassium fertilizer and plant
spacing, while other factors (labor costs,
cultivation costs, selling price and input rhizome)
remained constant. Data showed that the narrow
spacing (M1) in white turmeric cultivation gained
the highest revenue on average of VND 372.00
million/ha, accompanied by the highest costs of
VND 285.67 million/ha, resulting in the highest
profit of VND 86.33 million/ha. Notably,
employing M2 and M3 spacing of 65 x 35 cm

causes a deficit, with losses ranging from VND -
111.46 to -45.28 million per hectare. Consequently,
optimizing economic efficiency involves utilizing a
fertilizer within the 90 - 150 kg/ha range (K3 and
K4) and adopting a 25 x 35 cm plant spacing.

3.2. Effect of harvest time on yield and quality
of white turmeric

3.2.1. Effect of harvest time on the yield and
yield components of white turmeric

Turmeric is a perennial plant characterized by
withering leaves in the winter and regrowing in
the following spring. A longer growth duration
results in higher dry mass accumulation and
higher yield [18].

Table 5. Effect of harvest time on yield and yield components of white turmeric

Harvest time Rhizome ggég;i Rhizome Actual yield
length (cm) (cm) weight/cluster (g) (tons/ha)

TH1 6.00 1.59 313.00 20.37
TH2 6.50 1.70 326.00 25.53
TH3 6.80 1.75 334.00 26.20
TH4 7.40 2.03 400.50 31.33
LSD, s 0.92 0.25 44.97 231

CV, 6.9 7.2 6.6 45

TH1I: Ist-year harvest when the leaves start withering; TH2: 1st-year harvest when 50% of the leaves
withered: THS3: 1st-year harvest when 100% of the leaves withered (completely withered); TH4: 2
consecutive year when 100% leaves withered.
consecutive year when the leaves were 100% dead
(TH4) exhibited a significantly longer rhizome
(7.4 cm), greater rhizome diameter (2.03 cm), and

Timing in harvesting increased rhizome
length, rhizome diameter, and cluster rhizome
weight (Table 5). Harvesting in the second
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higher rhizome weight (390 g/cluster) than THI,
TH2 and TH3. Harvesting when the leaves
initiated withering showed the lowest value in
rhizome length (6.0 cm), rhizome diameter (1.59
cm) and cluster rhizome weight (313 g/cluster). A
similar trend was observed in all treatments’ actual
yield (ton/ha), with TH4 yielding the highest at
31.33 tons/ha while TH1 showed the lowest value
at 20.37 tons/ha.

322 Effect of harvest time on the quality of
white turmeric

The accumulation of biologically active
ingredients in turmeric depends on various
factors, such as variety, climate, cultivation
practices and harvesting time [19]. It was reported
that appropriate harvesting time could increase
yield and quality, storage capacity, and reduce
disease risk [20].

The essential content of rhizomes harvested at
different harvesting times and plant growth
duration varied (Table 6). The total oil content and
essential oil yield increased proportionally with the
delay in harvesting time. The lowest oil content,
1.35%, was recorded at TH1 when the onset of
yellow leaves occurred. The highest content,
1.69%, was recorded when leaves completely

withered in the second year of consecutive
growth.

The lowest essential oil yield was recorded
when harvesting was made at TH1, 75.34 1/ha,
while the highest was 151.28 1/ha at TH4.

Table 6. Effect of harvest time on the quality of

white turmeric
Harvest | Total essential | Essential oil
time oil content (%) | yield (I/ha)
TH1 1.35 75.34
TH2 1.53 109.19
TH3 1.62 119.56
TH4 1.69 151.28

THI: Ist-year harvest when the leaves start
withering; THZ: 1st-year harvest when 50% of the
leaves withered; TH3: 1st-year harvest when 100%
of the leaves withered (completely withered);
TH4: 2 consecutive year when 100% leaves
withered.

323 Elffects of harvest time on the economic
efficiency of white turmeric cultivation

Table 7. Effect of harvest time on economic efficiency of white turmeric

Unit: million VND/ha
Harvest time Total costs Total revenue Profit
TH1 286.17 305.55 19.38
TH2 286.89 382.95 96.06
TH3 287.61 393.00 105.39
TH4 457.06 469.95 12.89

THI: 1st-year harvest when the leaves start withering; THZ: 1st-year harvest when 50% of the leaves
withered: TH3: 1st-year harvest when 100% of the leaves withered (completely withered); TH4: 2

consecutive year when 100% leaves withered.

Determining the harvest time for maximizing
yield, highest essential oil content, and economic
efficiency is imperative for white turmeric

28

production. Prolong duration from planting to
harvesting raises the cultivation costs. The
findings revealed that harvesting at the onset of
leaves withering (TH1) yields a profit of 19.38
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million VND, while TH2 and TH3 returned 96.06
million and 105.39 million, respectively. Although
harvesting in the second year returned the
highest revenue, costs for maintaining the
cultivation were also encountered, leading to a
profit of only 12.89 million. Notably, harvesting at
TH2 and TH3 produced the highest profit, as
presented in table 7.

4. CONCLUSION

In conclusion, our findings highlighted the
significant influence of potassium fertilizer
application amount and different plant spacings on
the yield and essential oil content of white
turmeric plants. Specifically, employing a plant
spacing of 25 x 35 cm, combined with an optimal
application of 90 - 120 kg K,O fertilizer, resulted in
a promising yield of 24 - 25 tons/ha. Moreover,
under these optimal cultivation practices, the
highest oil yield was attained from 108.45 to 112.2
1/ha.

The study further revealed that harvesting
when the leaves showed either 50% or complete
withering achieved the highest rhizome yield
(26.2 - 31.3 ton/ha) and essential oil yield (119.56
- 151.28 1/ha) compared to other harvesting
times.

For optimal economic efficiency, white
turmeric is cultivated under a K,O dose of 90 - 150
kg/ha in a 25 x 35 cm spacing and harvested when
the 50 - 100% leaf senescence 50% to 100% returns
the highest profit.
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