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	With more than 250 species, the genus Alpinia Roxb. is the largest in the tribe Alpinieae, subfamily Alpinoideae, and family Zingiberaceae. A. macrostaminodia Chaveer. and Sudmoon, and A. latilabris Ridl, two rare species, were identified. These two unusual species' cytogenetics have never been documented. This study's objective was to examine the chromosomal counts, fundamental numbers, and karyotype structure of two endangered Alpinia species from Thailand. Thus, using the squash technique, two rare species, A. macrostaminodia and A. latilabris, were cytologically examined. Two rare species are known to have the somatic chromosomal counts and karyotypes 2n = 48 = 46 sm + 2 st (A. macrostaminodia) and 2n = 48 = 8m+18sm+22st (A. latilabris). Both rare species' NFs were discovered to be 96. Both rare species' ideograms were given. A. macrostaminodia and A. latilabris' somatic chromosomal counts, NFs, karyotype formulae, and ideograms were the first to be documented. The data of cytology, including NFs, karyotype formulas, karyotype structures, and ideograms in both rare Alpinia species, can be identified in each species.
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Introduction 
                Zingiberaceae, a monocotyledon aromatic and medicinal family with about 52 genera and 1,300 species that can be found in the tropics from India to Malaysia, is a member of the order Zingiberales.1 The Zingiberaceae family has the most diversity in Southeast Asia.2,3 It was discovered that the Alpinia Roxb. genus, which contains more than 250 species, is the largest genus in the Alpinieae tribe, Alpinoideae subfamily, and Zingiberaceae family. Alpinia was found in tropical Asia, Australia, the Solomon Islands, the New Hebrides, New Caledonia, Fiji, and Samoa, as well as other Pacific island nations.1,4,5 There are over 160 species in the genus, most of which are found in the Malesian region. Larsen examined the genus Alpinia in Thailand in 1996 with 13 species, Saensouk et al. followed in 2003 with 14 species, and Chumroenphat and Saensouk in 2022 with 15 species.6,7 Furthermore, according to research by Ragsasilp et al. in 2022 and Chumroenphat and Saensouk in 2022, the genus Alpinia species were traditionally used as medicinal, food, ornamental, cosmetics, and ritual plants. In particular, A. macrostaminodia Chaveer, Sudmoon, and A. latilabris Ridl were used as local medicinal and food plants.3, 5, 8 While the conservation status of Alpinia species was determined to be A. macrostaminodia Chaveer and Sudmoon (rare and endemic species) and A. latilabris Ridl (Least Concern, or LC, and rare species) based on many databases and the literature that was available.5,9,10,11
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Many researchers have discussed the cytology of a few species of the Alpinia genus, including Darlington and Wylie in 1955, Mahanty in 1970, Moore in 1974, Goldblatt in 1988, Chen and Huang in 1996, Larsen et al. in 1998, Eksomtramage et al. in 2002, and Augsonkitt et al. in 2004. These researchers reported the chromosome numbers 2n = 24, 28, 30, 36, 48, and 50.1,12-18 However, the genus Alpinia's karyotype has never been investigated. Prior research has never been done on the karyotypes and ideograms of the Alpinia, which includes A. macrostaminodia Chaveer, Sudmoon, and A. latilabris Ridl. So, this investigation will reveal fresh cytogenetics data. This study's conventional goal was to examine the chromosomal counts, fundamental numbers (NF), and karyotype variations of medicinal plants of the genus Alpinia, including two endangered species from Thailand. This study will offer valuable information for the primary uses of plants, including plant breeding for traditional medicines, food products, and economic plants.
 
Materials and Methods 
Sample collection 
Alpinia macrostaminodia Chaveer and Sudmoon (coll. no. S. Saensouk 3001; Ban Phaeng District, Nakhon Phanom Province; the coordinates of location at 17°58′5′′N 104°12′57′′E) and A. latilabris Ridl. (coll. no. S. Saensouk 3040; Na Kae District, Nakhon Phanom Province; the coordinates of location at 1656′48′′NN 104°30′3′′E), two medicinal plants with native Thai species, were found in several locations throughout northeastern Thailand in April and May 2021 (Table 1 and Figure 1). The Mahasarakham University Herbarium received these voucher specimens for deposit. The Mahasarakham University nursery (Walai Rukhavej Botanical Research Institute), Maha Sarakham Province, Thailand, provided the rhizomes used to cultivate the roots of each species.
 
 
Mitotic, karyotype and ideogram analyses 
Both rare species' 1-2 cm long root tips were taken from living plants in order to analyze the mitotic chromosomes using the squash approach.19 All root tips underwent a 6-hour paradichlorobenzene (PDB) pretreatment at 4°C, followed by a 30-minute room-temperature fixation in ethanol-acetic acid 3:1 (v/v), which was then stored at 4 °C or used right away. Additionally, root tips were washed in distilled water and then hydrolyzed in 1N HCl for 5 minutes at 60°C. The chromosomes of all species' root tips were dyed and damaged with 2% aceto-orcein before being studied using a light microscope (Zeiss: Axiostar Plus), which produced the micrographs depicted in Figures 2, 3, and which were measured using Adobe Photoshop CS3 Extended (Figures 2-3). The chromosomal number investigation adhered to the procedures that various scientists had previously described.19, 20, 21 The chromosome morphology nomenclature was in accordance with procedures that numerous researchers had previously described.23, 24, 25 Acrocentric (a), subtelocentric (st), metacentric (m), and subsubmetacentric (sm) were used to categorize all chromosomes. The chromosomes of each species were identified from the 20 visible metaphase cells. The chromosome index (CI = Ll/LT), average length of the short arm (Ls), average length of the long arm (Ll), total length of each chromosome (LT), and standard deviations (SD) of RL and CI from clearly metaphase chromosomes were calculated for the karyotype structure.19,20,21,23-25 The ideograms that emerged near the centromere were made using the lengths of the chromosomal arms.24
[image: OEBPS/images/image0003.png] 
Figure 1: The flower morphology of two rare species in their natural habitat from Thailand. A. A. macrostaminodia, B. A. latilabris (scale bars = 1 cm)
 
 
 
Table 1: A summary of reports in somatic chromosome numbers, karyotype, ideogram of two rare species from Thailand
 
	A. macrostaminodia 
	48*
	-
	96*
	46sm+2st* 
	*
	Nakhon Phanom Province
	The first time 
reported

	A. latilabris 
	48*
	-
	96*
	8m+18sm+22st*
	*
	Sakon Nakhon Province
	The first time 
reported


* The first time reported
 
Results and Discussion
The Alpinia macrostaminodia Chaveer. and Sudmoon (Figure 1A) was collected from Nakhon Phanom Province, consistent with previously reported by several botanists26 who collected this species only in Nakhon Phanom Province few years ago but differ from previously reported by several botanists9, 8 who collected this species only in Bueng Kan Province, Thailand. And A. latilabris Ridl. (Figure 1B) was collected as rare species from Nakhon Phanom Province, Thailand, differ from Chumroenphat and Saensouk (2022)5 who collected this species only in Sakon Nakhon Province, Thailand. Moreover, based on the conservation status of Alpinia species in the research area, it was found that A. macrostaminodia Chaveer. and Sudmoon were recorded as rare plants, consistent with previous reports by several scientists9,10,11 who reported this species as a rare and endemic species, and A. latilabris Ridl. was recorded as a rare plant, consistent with previous reports by several workers5, 10, 11 who reported the conservation status of this species to be Least Concern (LC) and rare species. The conservation status of A. macrostaminodia Chaveer. and Sudmoon and A. latilabris Ridl. was reported as a rare species, which is consistent with previous reports by several scientists8, 5
The dominant characteristics of both rare plants and endemic species are provided. Alpinia macrostaminodia Chaveer. and Sudmoon have the dominant characteristics of labellum yellow with a plane and all parts of the pseudostem glabrous, which are consistent with what has previously been reported. 8 While, A. latilabris Ridl. has the dominant characteristics—labellum yellow with concave and all parts of pseudostem pubescence which are consistent with previously reported.5 
From the available literature and the people who live in the plant area, traditional utilization data of both rare plants and endemic species are provided here. Alpinia macrostaminodia Chaveer and Sudmoon's rhizomes, young pseudostems, and young inflorescences were as a food, vegetables, spices, and medicinal plants (tonic and stomachache), which is consistent with previous reported uses.8 Young A. latilabris Ridl. inflorescences and rhizome were as a food, including vegetables, and medicinal plants (stomachache and skin disease), which is consistent with previous studies.5
The root tips of Alpinia macrostaminodia Chaveer.and Sudmoon, and A. latilabris Ridl from the northeastern region of Thailand were analysed for somatic chromosomal counts, which are shown in Table 1. The NF and karyotype formula, ideogram, location, and previously investigated information for the two species are included in the karyology data listed in Table 1. Additionally, Tables 2-3 provided data on the chromosome size, relative length (RL), and centromeric indexes (CI).
Figure 2A shows that the somatic chromosome number of A. macrostaminodia Chaveer and Sudmoon is 2n = 48, which is in agreement with earlier research by Thai researchers who reported the chromosome number of the genus Alpinia as 2n = 48.17, 27 NF was discovered to be 96 for this species. The karyotype formula, which was discovered to be 46sm + 2st, was identified as an asymmetrical karyotype. A. macrostaminodia Chaveer and Sudmoon's karyological analysis revealed 23 pairs of submetacentric-type chromosomes and 1 pair of subtelocentric-type chromosomes (Table 2 and Figure 2B). The length of the long arm was 0.480.01 to 1.000.02 m, the short arm was 0.320.01 to 0.630.02 m, and the total length was 0.800.01 to 1.570.02 m. In this investigation, the chromosome centromeric indices (CI) ranged from 0.60 to 0.72, while the relative lengths (RL%) ranged from 3.00 to 6.00 (Table 2). Figure 2C has all of the ideograms. The findings showed that the somatic chromosomal counts, NF, karyotype, and ideogram of A. macrostaminodia Chaveer and Sudmoon were analyzed for the first time.
With a somatic chromosome number of 2n = 48, it was recognized as A. latilabris Ridl., which is consistent with prior research by Thai botanists who recorded the chromosomal number of the genus Alpinia and discovered it was 2n = 48.17 The NF for this species was given as 96. The karyological data of A. latilabris Ridl revealed four pairs of chromosomes with metacentric types, nine pairs with submetacentric types, and eleven pairs with subtelocentric types. The karyotype formula was found to be 8m+18sm+22st, and it was revealed that these karyotypes were asymmetrical (Table 3 and Figure 3B). The length of the long arm ranged from 1.36 to 3.68 m, whereas the short arm's length ranged from 0.75 to 2.07 m. The overall chromosomal length ranged from 2.18 to 4.75 m. The relative lengths (RL%) of the chromosomes in this investigation ranged from 3.000.01 to 6.000.02 according to the centromeric index (CI) (Table 3). It can be found in Figure 3C. First recorded were the somatic chromosomal numbers, nuclear factor, karyotype, and ideogram of A. latilabris Ridl.
The findings corroborated those of Santhosh in 1999, who identified plants based on their chromosome morphological characteristics. The results showed that the chromosome structure and karyotype formula of two rare Alpinia species, A. macrostaminodia Chaveer and Sudmoon and A. latilabris Ridl, from Thailand, can be used to identify each species. 27 Because the somatic chromosome number of the genus Alpinia was difficult to identify clearly in metaphase, similar with previously investigated species, the cytogenetic study of this genus was hardly documented, particularly karyotype and ideogram. 24, 25 Furthermore, Stebbins proposed in 1971 that the karyotype of organisms incorporates chromosome size and chromosome kinds. These cytological data may be useful in the classification of plant species, but more research is necessary. 28 In addition, Chaiyasut recommended a study of plant karyotypes in 1989 because it could aid in determining the reason for morphological changes that resulted from environmental factors like the plant's location, soil, water, or air, or from a change involving chromosomes, either structurally or numerically.29, 30, 31
 
Conclusion
The somatic chromosome number and karyotypes of two rare Alpinia species are 2n = 48 with the karyotype formula as 46sm+2st (A. macrostaminodia Chaveer. and Sudmoon) and 2n = 48 with the karyotype formula as 8m+18sm+22st (A. latilabris Ridl.). The NF of both rare species was found to be 96. The ideogram of both rare species was provided based on the lengths of the chromosome arms and the point of the centromere. Therefore, the somatic chromosome numbers, NF, karyotype, and ideogram of A. macrostaminodia Chaveer. and Sudmoon and A. latilabris Ridl. were studied for the first time. The data on NF, karyotype formula, karyotype structure, and ideogram in this study can be used for the identification of each species.
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Table 2: Mean length of short arm chromosome (Ls), long arm chromosome (Ll), total arm chromosome (LT), relative length (RL), centromeric index (CI), relative length (RL) and centromere index (CL) RL, CI of A. macrostaminodia 2n = 48, obtained from 10 metaphase plates
 
	Chromosome pair
	Ls ± SD (µm)
	Ll ± SD (µm)
	LT ± SD (µm)
	RL (%)
	CI
	Chromosome type

	1
	0.63 ± 0.02
	0.95 ± 0.02
	1.57 ± 0.02
	6.00 ± 0.01
	0.60 ± 0.02
	Submetacentric

	2
	0.52 ± 0.01
	1.00 ± 0.02
	1.52 ± 0.01
	5.00 ± 0.02
	0.66 ± 0.01
	Submetacentric

	3
	0.50 ± 0.05
	0.88 ± 0.03
	1.38 ± 0.03
	5.00 ± 0.01
	0.70 ± 0.02
	Submetacentric

	4
	0.50 ± 0.02
	0.82 ± 0.01
	1.32 ± 0.02
	5.00 ± 0.02
	0.71 ± 0.01
	Submetacentric

	5
	0.37 ± 0.01
	0.93 ± 0.02
	1.30 ± 0.02
	5.00 ± 0.01
	0.72 ± 0.01
	Subtelocentric

	6
	0.48 ± 0.03
	0.82 ± 0.05
	1.29 ± 0.05
	5.00 ± 0.01
	0.63 ± 0.02
	Submetacentric

	7
	0.49 ± 0.03
	0.79 ± 0.03
	1.28 ± 0.03
	5.00 ± 0.02
	0.62 ± 0.01
	Submetacentric

	8
	0.42 ± 0.02
	0.86 ± 0.01
	1.27 ± 0.01
	5.00 ± 0.03
	0.67 ± 0.02
	Submetacentric

	9
	0.47 ± 0.02
	0.80 ± 0.01
	1.26 ± 0.01
	4.00 ± 0.02
	0.63 ± 0.03
	Submetacentric

	10
	0.43 ± 0.01
	0.80 ± 0.02
	1.23 ± 0.01
	4.00 ± 0.02
	0.65 ± 0.05
	Submetacentric

	11
	0.50 ± 0.01
	0.72 ± 0.02
	1.22 ± 0.01
	4.00 ± 0.02
	0.60 ± 0.01
	Submetacentric

	12
	0.43 ± 0.03
	0.76 ± 0.05
	1.19 ± 0.04
	4.00 ± 0.02
	0.64 ± 0.02
	Submetacentric

	13
	0.39 ± 0.01
	0.77 ± 0.04
	1.16 ± 0.03
	4.00 ± 0.02
	0.66 ± 0.02
	Submetacentric

	14
	0.40 ± 0.01
	0.74 ± 0.02
	1.14 ± 0.01
	4.00 ± 0.02
	0.65 ± 0.03
	Submetacentric

	15
	0.36 ± 0.02
	0.78 ± 0.01
	1.13 ± 0.01
	4.00 ± 0.02
	0.69 ± 0.01
	Submetacentric

	16
	0.44 ± 0.01
	0.69 ± 0.01
	1.12 ± 0.01
	4.00 ± 0.02
	0.61 ± 0.02
	Submetacentric

	17
	0.38 ± 0.02
	0.74 ± 0.01
	1.12 ± 0.01
	4.00 ± 0.02
	0.66 ± 0.05
	Submetacentric

	18
	0.37 ± 0.05
	0.70 ± 0.02
	1.07 ± 0.03
	4.00 ± 0.02
	0.65 ± 0.04
	Submetacentric

	19
	0.37 ± 0.05
	0.67 ± 0.02
	1.04 ± 0.03
	4.00 ± 0.02
	0.65 ± 0.01
	Submetacentric

	20
	0.36 ± 0.04
	0.65 ± 0.01
	1.02 ± 0.02
	3.00 ± 0.01
	0.64 ± 0.02
	Submetacentric

	21
	0.37 ± 0.02
	0.58 ± 0.01
	0.95 ± 0.01
	3.00 ± 0.01
	0.61 ± 0.02
	Submetacentric

	22
	0.32 ± 0.01
	0.60 ± 0.02
	0.92 ± 0.01
	3.00 ± 0.01
	0.66 ± 0.03
	Submetacentric

	23
	0.33 ± 0.02
	0.54 ± 0.01
	0.88 ± 0.01
	3.00 ± 0.01
	0.62 ± 0.01
	Submetacentric

	24
	0.32 ± 0.01
	0.48 ± 0.01
	0.80 ± 0.01
	3.00 ± 0.01
	0.61 ± 0.01
	Submetacentric


 
 
 
Table 3: Mean length of short arm chromosome (Ls), long arm chromosome (Ll), total arm chromosome (LT), relative length (RL), centromeric index (CI), relative length (RL) and centromere index (CL) RL, CI of A. latilabris 2n = 48, obtained from 10 metaphase plates
 
	Chromosome pair
	Ls ± SD (µm)
	Ll ± SD (µm)
	LT ± SD (µm)
	RL (%)
	CI
	Chromosome type

	1
	1.06 ± 0.01
	3.68 ± 0.02
	4.75 ± 0.03
	6.00 ± 0.02
	0.78 ± 0.02
	Subtalocentric

	2
	1.12 ± 0.01
	3.18 ± 0.01
	4.30 ± 0.02
	5.00 ± 0.02
	0.74 ± 0.02
	Subtalocentric

	3
	2.07 ± 0.01
	2.17 ± 0.01
	4.23 ± 0.01
	5.00 ± 0.01
	0.51 ± 0.01
	Metacentric

	4
	1.11 ± 0.01
	2.97 ± 0.01
	4.07 ± 0.02
	5.00 ± 0.01
	0.73 ± 0.02
	Subtalocentric

	5
	1.97 ± 0.02
	2.02 ± 0.01
	3.99 ± 0.03
	5.00 ± 0.02
	0.51 ± 0.03
	Metacentric

	6
	1.06 ± 0.01
	2.74 ± 0.02
	3.80 ± 0.03
	5.00 ± 0.01
	0.72 ± 0.03
	Subtalocentric

	7
	1.35 ± 0.01
	2.41 ± 0.01
	3.76 ± 0.02
	5.00 ± 0.02
	0.64 ± 0.02
	Submetacentric

	8
	1.35 ± 0.01
	2.39 ± 0.01
	3.74 ± 0.02
	4.00 ± 0.02
	0.64 ± 0.02
	Submetacentric

	9
	1.16 ± 0.01
	2.57 ± 0.01
	3.72 ± 0.02
	4.00 ± 0.01
	0.69 ± 0.01
	Submetacentric

	10
	1.04 ± 0.01
	2.68 ± 0.01
	3.72 ± 0.02
	4.00 ± 0.01
	0.72 ± 0.01
	Subtalocentric

	11
	1.03 ± 0.01
	2.69 ± 0.01
	3.71 ± 0.02
	4.00 ± 0.03
	0.72 ± 0.03
	Subtalocentric

	12
	1.16 ± 0.01
	2.53 ± 0.01
	3.68 ± 0.01
	4.00 ± 0.02
	0.69 ± 0.02
	Submetacentric

	13
	0.93 ± 0.01
	2.68 ± 0.01
	3.61 ± 0.02
	4.00 ± 0.02
	0.74 ± 0.01
	Subtalocentric

	14
	0.86 ± 0.01
	2.67 ± 0.01
	3.53 ± 0.02
	4.00 ± 0.01
	0.76 ± 0.02
	Subtalocentric

	15
	0.87 ± 0.01
	2.53 ± 0.01
	3.40 ± 0.02
	4.00 ± 0.01
	0.74 ± 0.01
	Subtalocentric

	16
	1.52 ± 0.01
	1.87 ± 0.01
	3.39 ± 0.01
	4.00 ± 0.02
	0.55 ± 0.02
	Metacentric

	17
	1.23 ± 0.01
	2.07 ± 0.01
	3.30 ± 0.01
	4.00 ± 0.02
	0.63 ± 0.01
	Subtalocentric

	18
	0.86 ± 0.01
	2.46 ± 0.01
	3.33 ± 0.02
	4.00 ± 0.01
	0.74 ± 0.02
	Submetacentric

	19
	0.75 ± 0.01
	2.42 ± 0.01
	3.18 ± 0.02
	4.00 ± 0.02
	0.76 ± 0.02
	Submetacentric

	20
	1.03 ± 0.02
	2.12 ± 0.01
	3.15 ± 0.03
	4.00 ± 0.01
	0.67 ± 0.01
	Subtalocentric

	21
	0.99 ± 0.01
	1.76 ± 0.01
	2.75 ± 0.01
	3.00 ± 0.01
	0.64 ± 0.01
	Submetacentric

	22
	0.79 ± 0.01
	1.74 ± 0.01
	2.52 ± 0.01
	3.00 ± 0.01
	0.69 ± 0.02
	Submetacentric

	23
	0.98 ± 0.01
	1.43 ± 0.01
	2.42 ± 0.01
	3.00 ± 0.01
	0.59 ± 0.02
	Metacentric

	24
	0.82 ± 0.01
	1.36 ± 0.01
	2.18 ± 0.01
	3.00 ± 0.01
	0.62 ± 0.01
	Submetacentric
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Figure 2: The chromosome of A. macrostaminodia. A. Somatic metaphase chromosome number showing 2n = 48, B. karyotype showing 46sm+2st, C. Ideogram, scale bars = 5 μm
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Figure 3: The chromosome of A. latilabris. A. Somatic metaphase chromosome number showing 2n = 48, B. karyotype showing 8m+18sm+22st, C. Ideogram, scale bars = 5 μm
 
 
Acknowledgements
This research project was financially supported by Mahasarakham University. We appreciate the facilities provided by Mahasarakham University and the Walai Rukhavej Botanical Research Institute in Thailand's Maha Sarakham Province for this work. We appreciate Dr. Jolyon Dodgson's language editing and manuscript improvement suggestions.
 
References
Saensouk P, Boonma T, Saensouk S. Revision of the genus Cornukaempferia Mood & K. Larsen (Zingiberaceae), and a new species from Thailand. Biodiversitas. 2022; 23 (11): 5718-5729. DOI: 10.13057/biodiv/d231123
Chumroenphat T, Somboonwatthanakul I, Saensouk S., Siriamornpun S. The Diversity of Biologically Active Compounds in the Rhizomes of Recently Discovered Zingiberaceae Plants Native to North Eastern Thailand. Pharmacogn J. 2019; 11(5):1014-1022.
Saensouk S, Saensouk P, Pasorn P, Chantaranothai P. Diversity, Traditional Uses and New Record of Zingiberaceae in Nam Nao National Park, Petchabun Province, Thailand.  Agr. Nat. Resour. 2016; 50: 445-453. https://doi.org/10.1016/j.anres.2016.08.002
Rakarcha S, Saensouk S, Maknoi C, Wongnok M, Thammarong W, Saensouk, P. Curcuma lampangensis and C. sabhasrii, two new species of the family Zingiberaceae from northern Thailand. Biodiversitas 2022; 23(9): 4448-4459.  DOI: 10.13057/biodiv/d230910.
Chumroenphat T, Saensouk S. Taxonomy, phytochemical and bioactive compounds and potential use as material with different  drying methods of Alpinia latilabris Ridl. new record from Thailand. Not Bot Horti Agrobo. 2022; 50: 12619. https://doi.org/10.15835/nbha50112619 
Saensouk P, Saensouk S.  Diversity, traditional uses and conservation status of Zingiberaceae in Udorn Thani Province, Thailand. Biodiversitas. 2022; 22(8):3083-3097. https://doi.org/10.13057/biodiv/d220801
Saensouk S, Chantaranothai P, Larsen K. Notes on the genus Alpinia (Zingiberaceae) in Thailand. Thai For Bull (Bot.). 2003; 31:95-104. 
Ragsasilp A, Saensouk P, Saensouk S. Ginger family from Bueng Kan Province, Thailand: Diversity, conservation status, and traditional uses. Biodiversitas. 2022; 23: 2739-2752. https://doi.org/10.13057/biodiv/d230556
Chaveerach A, Mokkamul P, Sudmoon R, Tanee T. A New Species of Alpinia Roxb. (Zingiberaceae) from Northeastern Thailand. Taiwania. 2008; 53(1):1-5.
Kew Science. World Checklist of selected plant families (WCSP). 2021; http://apps.kew.org/wcsp/IUCN. The IUCN Red List of Threatened Species. Version 2022-1. 2022; https://www.iucnredlist.org
Darlington CD, Wylie AP. Chromosome Atlas of Flowering Plants. Ruskin House, London. 1955; 519 pp.
Mahanty HK. A cytological study of the Zingiberales with special reference to their taxonomy. Cytologia. 1970; 35: 13-49.
Moore RJ. Index to Plant Chromosome Numbers for 1972.  1974; Oosthoek, Utrecht, Netherlands.
Goldblatt P.  Index to Plant Chromosome Numbers 1984-1985.  1988; Missouri Botanic Garden, Missouri.
Chen ZY, Huang XX.  Cytotaxonomy of the tribe Alpinieae. In: Wu TL, Wu QG, Chen ZY (Eds.). Proceedings of the Second Symposium on the Family Zingiberaceae 9-12 May 1995. 1996; South China Institute of Botany, Zhongshan  University, Guangzhou, China pp 112-121.
Eksomtramage L, Sirirugsa P, Jivanit P, Maknoi C. Chromosome counts of some Zingiberaceae species from Thailand. Songklanakarin. J. Sci. Technol. 2002; 24: 311–319.
Augsonkitt A, Eksomtramage L, Sirirugsa P.  Chromosome numbers of some Zingiberaceae in Thailand.  Songklanakarin. J. Sci. Technol. 2004; 26:549-557.
Senavongse R, Saensouk S, Saensouk P. Comparative karyotype analysis in five morphological forms of bon or Colocasia esculenta (L.) Schott (Araceae) in Thailand. Cytologia. 2018; 83: 169–173.
Senavongse R, Saensouk S, Saensouk P. Karyological study in three native species of genus Alocasia (Araceae) in the 
northeast of Thailand. Nucleus. 2020; 63:81–85. https://doi.org/10.1007/s13237-019-00278-z
Saensouk S, Saensouk P, Senavongse R. Karyological study three Thailand species Colocasia (Araceae). Cytologia. 2019; 84:179–182. https://doi.org/10.1508/cytologia.84.179
Levan A, Fredya K, Sandberg AA. Nomenclature for centromeric position on chromosome. Hereditas. 1964; 52: 201–220.
Saensouk S, Saensouk P. A karyological study of six Commelinaceae species from Thailand. Cytologia. 2020; 85: 57–62. https://doi.org/10.1508/cytologia.85.57
Saensouk P, Saensouk S. Diversity and cytological studies on the genus Amomum Roxb. former Elettariopsis Baker
(Zingiberaceae) in Thailand. Biodiversitas. 2021; 22:3209–3218. https://doi.org/10.13057/biodiv/d220624
Saensouk P, Saensouk S. Karyological Study of Five Species Boesenbergia (Zingiberaceae) in Thailand. Cytologia. 2022; 87: 123–128. https://doi.org/10.1508/cytologia.87.123
Saensouk S, Saensouk P, Pasorn P, Chanshotikul N.  Diversity and traditional uses of Zingiberaceae in Nakhon Phanom province, Thailand. Research and Knowledge. 2018; 4(1):47-55.
Santhosh B. Cytological and palynological studies on the family Apocynaceae. Ph.D. Thesis. 1999; University of Kerala, Thiruvananthapuram. 
Stebbins GL. Chromosomal evolution in higher plants. 1971; California: Addison-Wesley Pub. Co.
Chaiyasut K. Cytogenetics and Cytotaxonomy of the family Zephyranthes. 1989; Bangkok: Department of Botany, Faculty of Science, Chulalongkorn University, Thailand.
Saensouk, P., Saensouk, S., Sungkaew, S. and Tanonthong, A. Cytogenetic Study of five Rare Species in the Genus Amomum, Meistera and Wurfbainia (Zingiberaceae) from Thailand. Cytologia. 2022; 87(4): 345-352. DOI: 10.1508/cytologia.87.345
Saensouk P, Saensouk S, Phechphakdee T, Ragsasilp A.  Cytogenetic study in seven species of Zingiberaceae family from Bueng Kan Province, Thailand. Biodiversitas. 2023; 24 (1): 68-77.
  
 
 
OEBPS/toc.xhtml
		Section 1

		Section 2





OEBPS/images/image0005.png
*/ 2 A A
& 'z‘ It )t % ll)L ‘ 9\

‘\{"\'\\ ) K !lAn )\uu






OEBPS/images/image0004.png
WHanny
’l"" RN U R

‘:;u uuuuu......
i
W ||||II||||II|I||I|||||||






OEBPS/images/image0003.png





OEBPS/images/image0002.jpg
i

B

=/
7|
E






OEBPS/images/image0001.jpg





