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ABSTRACT

The study on nitrogen requirement evaluation and nitrogen utilization in
Curcuma alismatifolia Gagnep. was carried out in 5 experiments as follows:

Experiment 1: On-farm comparison of fertilizer application practices to assess
nitrogen-use efficiency of Curcuma alismatifolia Gagnep. The field experiments were
carried out on 4 commercial Curcuma farms (designated site A, B, C and D). The total
amount of nitrogen was differently supplied at 15.0, 6.9, 4.1 and 1.95 g N/plant in site
A, B, C and D, respectively. At the flowering stage, the trend of N concentration in
leaves (from site A to site D) decreased along with the decrease of N supply (from 15
g/plant to 1.95 g/plant). At the harvest stage, the highest and lowest N concentrations

in new rhizomes were obtained when plants were grown in site C and site D,



respectively. Yields in terms of rhizome fresh weight per clump and rhizome quality
in terms of rhizome diameter and storage roots diameter were greatest when plants
were grown in site B and C, respectively. The lowest plant yield was observed in site
D.

Experiment 2: Establishment of critical nitrogen concentrations in Curcuma
alismatifolia Gagnep was conducted. The treatments were 3.75, 7.5, 15, 30 and 60 g
N/plant (designated respectively: N1, N2, N3, N4 and N5) supply using urea. Plant
growth and N critical levels were determined at five growth stages, i.e., 1) the 1
fully-expanded leaf (45 days after planting: DAP), 2) the 3" — 4" fully-expanded leaf
(75 DAP), 3) flowering stage (105 DAP), 4) pre-resting stage (135 DAP) and 5)
harvest stage (165 DAP). At the 1* fully-expanded leaf stage (45 DAP), the total plant
dry weight increased with an increase in N supply rate (N3-N5 treatments). However,
at the 3" — 4" fully-expanded leaf stage (75 DAP), plants supplied with high nitrogen
rate as N4-N5 or low nitrogen rate as N1-N2 treatments decreased in total plant dry
weight when compared with N3 treatment. The highest total plant dry weights at
flowering (105 DAP) and pre-resting stage (135 DAP) were obtained when supplied
with N1-N3 treatments (3.75 - 15 g N/plant). There was a highly significant difference
of nitrogen concentration in plant tissue, depending on nitrogen supply, individual
plant parts and time of sampling. On most of the sampling times, the concentration of
nitrogen in various tissues ranked N5>N4>N3>N2>N1. The leaf N critical level for C.
alismatifolia at each growth stage (45, 75, 105 and 135 DAP) calculated, by using the
Mitscherlich model and expressed as a percentage of leaf dry weight, was 1.51, 1.75,

1.51 and 1.80 % respectively.



Xi

Experiment 3: Nitrogen application improvement on commercial Curcuma
farms. The experiment was carried out on poor management farm (selected from
Experiment 1). N fertilizer management on this experiment was separated into two
treatments as N1 and N2; N1 treatment was managed by cooperating farmer as a part
of his crop (1.95 g N/plant) while in N2 treatment was managed by using of the results
in Experiment 2 (7.5 g N/plant). Other essential elements were supplied equally to
plants in each treatment group. At the flowering stage, there was higher dry weight of
underground parts in plant supplied with N2 than N1 treatment. The higher
concentration of N in underground parts, the 1% leaf and the 2" leaf from bottom,
were found in N2 treatment compared with N1 treatment while there was no
significant difference in aboveground part and the 3" leaf from bottom. At the harvest
stage, plants supplied with N2 treatment gave the higher N concentration in total
rhizome than N1 treatment. Yields in terms of number of new rhizomes, rhizome fresh
weight and dry weight were greatest when plants were supplied with N2 treatment.

Experiment 4: Effect of ammonium: nitrate ratio on the growth and nitrogen
assimilation of Curcuma alismatifolia Gagnep was studied. Rhizomes of C.
alismatifolia cv. “Chiang Mai Pink” with a diameter of 1.8-2.5 cm and 4 storage roots
were grown in 5-inch pots, using sand and vermiculite mixed at a ratio of 2:1, in a
plastic greenhouse. At six weeks after planting (6 WAP), plants were treated with
nutrient solutions consisting of different proportions of NOs™ and NH," (100:0, 75:25,
50:50, 25:75 and 0:100, total nitrogen was 200 mg L™). The results showed that plant
height, chlorophyll content, the number of new storage roots and total rhizome fresh
weight were greatest in the medium supplied with 50NH,": 50NO;  treatment.

Inflorescence quality in terms of stalk length and inflorescence length, the numbers of
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new rhizomes, were not significantly different among various ratios of NH;": NOs’
treatments. There was significantly more nitrate reductase activity (NRA) in the leaf
compared to the fibrous roots. In leaf, there was a trend toward higher NRA with
increasing NOs3™ ratio in the nutrient solution. The concentration of cytokinin in
fibrous roots was higher when plants were grown with 100% NH," rather than with
100% NOg3’, on the other hand, the concentration in leaves was greatest by 100% NO3’
treatment. Distributions of free amino acids in plant organs were mostly incorporated
into asparagines (Asn), aspartic acid (Asp), glutamic acid (Glu) and threonine (Thr) in
all NH4": NOs™ treatments. Rhizome quality, in terms of the number of storage roots
and total rhizome fresh weight per cluster, was highest following the 50NH;": 50NO5”
treatment.

Experiment 5: Effects of temperature and nitrogen sources on growth and
nitrogen assimilation of Curcuma alismatifolia Gagnep were studied. Rhizomes of C.
alismatifolia were prepared in the same procedure as in Experiment 4, then allocated
into a controlled-environment growth chamber (Conther phytotron climate simulator)
at 30/24 "C and 30/18 "C (day/night). At six weeks after planting (6 WAP), plants in
each temperature treatment were treated with nutrient solutions consisting of different
nitrogen sources; NOs™, NH,;", NOs™ + NH," (1:1 ratio). The results showed that plant
grew taller when grown under the 30/24 °C treatment and flower quality, in terms of
stalk length, size of inflorescence and number of bracts, declined at low night
temperatures. Most nitrogen assimilation occurred in leaves at 30/24 "C and in fibrous
roots at 30/18 'C. The total amino acid concentration in NH,"-fed plants was
significantly higher than that of NO3™- fed plants. Glutamic acid (Glu) was recognized

as a major form of accumulated N in old and new rhizomes, particularly in plants
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supplied with NOs™ N at 30/18 °C, while asparagine (Asn) and aspartic acid (Asp)
were the major form of the accumulated N in fibrous roots when plants were

cultivated with low night temperature (30/18 °C).

Key words: Curcuma alismatifolia, nitrogen, nitrogen critical value, nitrogen

assimilation, nitrogen requirement



