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Ecology and cutting propagation of Camellia mairei var. lapidea in Vietnam

1. Original Research Article

ABSTRACT
[bookmark: _GoBack]Camellia mairei var. lapidea belongs to Theaceae family, which has beautiful red flowers used as ornamental plant and seed oil is edible. In this study, C. mairei var. lapidea was first found to have natural distribution in Northwest Vietnam. It grows naturally in an evergreen broadleaved forest on the elevation of 2,100 m above sea level. There were only two adult individuals found, which bloomed and fruited numerously. Ripen fruits were much available on the forest floor, however seedlings or saplings were not available. C. mairei var. lapidea grows on Ferralsols soil with a soil depth of > 1.2 m, low rock content, low soil moisture, and well-drained soil. The maturity individuals may reach to 12 m tall and 18 cm in diameter at breast height. C. mairei var. lapidea flowers during December-February and ripen fruits appear during May-July. After ripening, whole fruits fall with fruit cover and seeds inside. C. mairei var. lapidea exhibits significant potential for vegetative propagation through cuttings, with IBA at 0.5% (w/w) in powder form being the most effective treatment. Even cuttings taken from the natural forest can achieve a rooting ratio of 40% with IBA 0.5%, higher than control of 33.3% at 4 months of growth. With the treatment of IBA 0.5%, cuttings also have the highest shoot number (1.8 shoots), highest root number (6.7 roots), and longest root length (2 cm). It is recommended that further studies should be conducted for C. mairei var. lapidea to meet its potential for ornamental use and oil production.  

KEYWORDS: Camellia, Cutting material, Ecology, Evergreen broadleaved forest, Natural condition. 

1. INTRODUCTION
Camellia mairei var. lapidea (Y.C.Wu) Sealy Cohen-Stuart belongs to Theaceae family and genus Camellia. The species was recorded to have natural distributions in China South-Central and China Southeast [1]. It is an evergreen tree of up to 9 m at maturity. C. mairei var. lapidea distributes in natural forests on elevation zones of 1,000-2,800 m above sea level in China, and it can also grow in semi-shade or no-shade conditions [2]. The species flowers from April to June and seeds ripen in October. The species is hermaphrodite, pollinated by bees, and self-fertile. According to Bean [3], it grows well on light sandy to medium loamy soils and prefers well-drained soil with a pH of light acid to neutral. However, in Vietnam the species was found growing on Ferralsols soil. Oil extracted from seeds of C. mairei var. lapidea is edible [4]. Because of its beautiful flowers, C. mairei var. lapidea has been used for ornamental purposes.  
Seedling production was reported by sowing seed as soon as it ripens [5]. Seed germination takes 1-3 months at the temperature of 23oC [6]. Seedlings must be tended in light shade condition for at least 6 months and seedlings of >15 cm could be planted. Seedlings from seeds have a high dead rate in the first winter and grow slowly. Cutting propagation may provide better quality materials for plantation. 
Recently, C. mairei var. lapidea has been found to have distribution in the natural forest, in North Vietnam. The species has beautiful red flowers in its distribution area. Several new red-flowered Camellia species have been described from Vietnam [15], [16], [17]. Therefore, this study aims at describing the ecological characteristics of C. mairei var. lapidea in Vietnam and testing rooting capacity by cutting propagation. 

2. MATERIALS AND METHOD
2.1 Ecology characteristics
This study was conducted at an evergreen broadleaved forest in Pa Vay Su commune, Phong Tho district, Lau Chau province, Northwest Vietnam (22°43'36.5"N, 103°23'14.9"E), where C. mairei var. lapidea was found. Two plots of 100 m2 each (10 × 10 m) were established for data collection including species composition, topography, vegetation, and edaphic condition. All individuals of the canopy layer were identified to species level and measured for diameter at breast height (DBH), total height, and crown diameter (Dc). 

2.2 Cutting propagation 
Branches for cuttings were collected from natural forests. The samples were subsequently protected and transferred to the nursery for experimental evaluation. Exogenous hormone IBA (Indole-3-butyric acid) was used with two doses including 0.5% and 1.0% by weight in powder type, and a control (no exogenous hormone). River sand was used as a rooting medium. The experiment was laid out in a randomized complete block design. 
Each cutting contained 2-3 leaves and only 1/3 area of each leaf was retained. The cutting base was cut between two leaves/internodes and perpendicularly. The cuttings were set vertically to sand medium to a depth of 1.5-2.0 cm. 
Transparent nylon was used to cover the cutting bed to avoid water evaporation. Also, a layer of nursery dark cloth with a shading level of 45-55% was used to cover the transparent nylon layer. The watering cutting bed was conducted manually twice a day in the morning and afternoon. The cutting bed was checked every day to remove rotted cuttings. 
All cuttings were collected and counted for a number of rooted cuttings, a number of shoots per cutting, a number of roots on each cutting, and measured for length of each root in cutting at 4 months of growth.  
Differences in rooting percentage, mean root number (MRN), mean root length (MRL), and shoot number were assessed by ANOVA analysis and post-hoc test at p =0.05. All analyses were conducted using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

3. RESULTS
3.1 Ecology characteristics 
C. mairei var. lapidea naturally distributes in an evergreen broadleaved forest on an elevation of 2,123 m above sea level with the slope of 25-45o facing southwest (Fig. 1a). The low vegetation layer mostly includes Indocalamus petelotii (A. Camus) Ohrnb with a height of 2-4 m. The humus layer on the forest floor was 15-25 cm. C. mairei var. lapidea grows on Ferralsols soil with a deep soil layer of > 1.2 m, low ratio of rock content, low soil moisture, and well-drained soil. 
There were seven tree individuals found in plot I and six in plot II (Table 1). In each plot, only one individual of C. mairei var. lapidea was found (Fig. 1a). The individual was 13.7 cm in DBH and 9 m tall in plot I, and 17.8 cm in DBH and 12 m tall in plot II. The C. mairei var. lapidea trees distribute mixing with seven other evergreen trees (Table 1). Generally, C. mairei var. lapidea distributes in the lower canopy, while most other mixed species distribute in the upper canopy. This indicated the necessity of shading for the growth of C. mairei var. lapidea. 

Table 1. Individual tree and their growths in two survey plots
	Plot
	No.
	Scientific name
	DBH (cm)
	Height (m)
	Dc (m)

	I




	1
	Castanopsis chinensis (Spreng.) Hance
	58.3
	24
	7

	
	2
	Magnolia cathcartii (Hook. f. & Thomson) Noot.
	24.8
	17
	7

	
	3
	Schefflera macrophylla (Dunn) R. Vig.
	11.8
	8
	3

	
	4
	Schefflera macrophylla (Dunn) R. Vig.
	10.5
	7
	3

	
	5
	Camellia mairei var. lapidea (Y.C. Wu) Sealy
	13.7
	9
	3

	
	6
	Illicium tsaii A.C. Sm.
	18.5
	14
	6

	
	7
	Rehderodendron macrocarpum H.H. Hu
	41.7
	19
	5

	II



	1
	Dendropanax chevalieri (R. Vig.) Merr
	39.2
	16
	8

	
	2
	Camellia mairei var. lapidea (Y.C. Wu) Sealy
	17.8
	12
	5

	
	3
	Daphniphyllum chartaceum Rosenth
	56.7
	20
	6

	
	4
	Rhodoleia championii Hook. f.
	74.5
	24
	5

	
	5
	Castanopsis chinensis (Spreng.) Hance
	46.2
	20
	7

	
	6
	Magnolia cathcartii (Hook. f. & Thomson) Noot.
	22.0
	16
	5


DBH is diameter at breast height and Dc is a crown diameter  

Flowers, fruits, and seeds (Fig. 1) were found numerous, however, seedlings were not found. There were only two individuals of C. mairei var. lapidea found as indicated in Table 1. In the site, C. mairei var. lapidea was found to have flower buds during October-January, flowers during December-February, and ripen fruits during May-July. After ripening, whole fruits fall with fruit cover and seeds inside.  
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Figure 1. Evergreen broadleaved forest with an individual of Camellia mairei var. lapidea (Y.C. Wu) Sealy (a), flower buds (b), flower (c) fallen fruits (d), and fruit with seeds (e).

3.2 Cutting propagation

IBA doses significantly affected the rooting percentage and shoot number (Fig. 2). The highest rooting percentage (40%) was found in IBA 0.5%, reducing to 33.3% in control and 31.6% in IBA 1%. However, the difference between control and IBA 1% was not significant. A similar pattern was found in shoot number, indicating a significant difference among IBA doses and control. The highest shoot number (1.8 shoots) was found in IBA 0.5%, reducing to 1.6 shoots/cutting in control, and to 1.4 shoot/cutting is IBA 1%.

    
Figure 2. Effects of hormone doses on rooting and shoot numbers. Bars indicate +SE. Different letters a, b indicate significant difference of means at p = 0.05

IBA doses significantly affected the mean root number and mean root length (Fig. 3). The highest mean root number (6.7 roots) was found in IBA 0.5% and control, while it was 3.3 roots in IBA 1%. Mean root length (Fig. 4) was longest in IBA 0.5% (2.0 cm), reducing to IBA 1% (1.0 cm), and control (0.2 cm).

    
Figure 3. Effects of hormone doses on mean root number (MRN) and mean root length (MRL). Bars indicate +SE. Different letters a, b, c indicate significant difference of means at p = 0.05
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Figure 4. Rooted cuttings in different hormone doses (IBA 0.5% (a), IBA 1.0% (b)) and control (c)

4. DISCUSSION 
4.1. Ecology characteristics 
Similar to C. mairei var. lapidea found in China [1], it was also found under the canopy of an evergreen broadleaved forest in Vietnam [24]. The comparison with China is made because, prior to this study, China was the only documented natural distribution area of this species [1], [2]. However, individuals recorded in Vietnam were larger, reaching up to 12 m in height and 18 cm in DBH, compared to up to 9 m tall reported for the species in China.  In China, it was found to distribute in wider elevation rages of 1,000-2,800 m above sea level [2], much wider than that in Vietnam, which is around 2,100 m. 
Flowering and fruiting seasons of C. mairei var. lapidea in Vietnam are different from those in China. Flowering season occurs during April–June in China, but during December–February in Vietnam. While fruit season in Vietnam is from May-July, but around October in China. In addition, in both Vietnam and China C. mairei var. lapidea was found to distribute in well-drained soil [3]. 
With the initial ecology characteristics of any plant, looking for potential distribution areas may become easy if the mapping technique is applied [7], [8], [18], [19]. Although no mapping analysis was performed in the current study, such a technique could be applied in future studies for C. mairei var. lapidea by using several digital maps of topography, climate, and edaphic conditions. Potential distribution areas may provide more information on ecology study, planting areas, and future development of C. mairei var. lapidea for oil production [4] in Vietnam. 
No seedlings or saplings were found in the study plots. Notably, ripen fruits were much available on the forest floor within and around the study plots, indicating that the absence of seedlings is not due to lack of seed production. This could be explained by a thick layer of low vegetation, which may hinder germination, survival, and growth of seedlings. The extremely small population size found (only two adult individuals) also raises concern for long-term conservation of this species [20], [21]. However, fruit and seed characteristics could be the main effect. Whole ripen fruits fall (Fig. 1) without breaking/cracking fruit cover for separating seeds. This affects water absorption and the germination of seeds. Furthermore, seed cover seems thick and the surrounding environment seems dry, which is not easy for seed germination. Also, seed germination of C. mairei var. lapidea requires up to 3 months in treated conditions [6], while germination of other camellias is much easier [9], [10]. This again indicates the difficulty for seed germination of C. mairei var. lapidea in natural conditions.
 
4.2 Cutting propagation
Effects of IBA hormone on rooting of camellia have been reported in many species [11], [12], [13], [14], [22], [23]. These studies indicated that hormones promote rooting better than control, and the best dose is 0.5% by weight in powder type, consistent with the result in the present study (Fig. 2). However, the rooting efficiency of C. mairei var. lapidea in the present study was much lower than that of other camellias species such as C. impressinervis and C. kirinoi [11], [12]. Such lower rooting efficiency may result from the fact that (1) cuttings of C. mairei var. lapidea were collected from natural forest and seemed old, (2) cut branches were not protected properly when transported from the field to nursery and it took several days. However, species-specific differences in rooting capacity may be the main reason, as cuttings of C. kirinoi were also collected from the natural forest but resulted in >70% rooting [12]. Differences in rooting capacity among Camellia species have been widely reported and are attributed to intrinsic genetic and physiological characteristics of each species [11], [12], [13].
It is generally indicated that older cutting materials may require higher hormone concentrations to stimulate cell division and root initiation [12]. However, in the present study IBA 0.5% promoted rooting better than IBA 1%. In addition, the mean root length (Fig. 3) was also much longer in IBA 0.5% compared to IBA 1%. This may be attributed to species-specific responses to auxin concentration, whereby excessive IBA may suppress adventitious root initiation rather than promote it. High auxin concentrations have been shown to inhibit rooting in certain woody species [13], and C. mairei var. lapidea appears to exhibit a similar response. Therefore, IBA 0.5% is the optimal dose for this species.
The overall rooting rate was relatively low across all treatments. Even at 4 months of growth, many cuttings were still in the stage of callouses, especially in control. The IBA 1% treatment also included many cuttings with callouses, different from IBA 0.5% without any callous cuttings. Higher IBA dose may inhibit the cell dividing process in C. mairei var. lapidea. Meanwhile, other camellias species [11], [12] complete the rooting process in less than 4 months of growth. Cuttings of C. mairei var. lapidea may take 5, 6 months or longer to complete the rooting process. Nevertheless, the successful rooting achieved with IBA 0.5% provides a practical foundation for seedling production of this rare and ornamentally valuable species, supporting future conservation and cultivation efforts.

5. CONCLUSIONS  
Camellia mairei var. lapidea (Y.C. Wu) Sealy was first found to have natural distribution in Northwest Vietnam in this study. C. mairei var. lapidea in Vietnam has some different ecology characteristics compared to its first found distribution areas in China. In Vietnam, adult individuals recorded in this study appeared larger in both height and stem diameter compared to those reported from China. In addition, flowering and fruiting seasons are also different from those in China. Natural regeneration of C. mairei var. lapidea seems to be difficult as no seedlings or saplings were found in the field, even ripen fruits with seeds were much available on the forest floor. Cutting propagation is a possible method to produce seedlings for C. mairei var. lapidea and IBA hormone is required with the best dose of 0.5% by weight in powder type. It is noted that the rooting process of C. mairei var. lapidea may take 6 months or longer. Therefore, special care must be carried out in cutting propagation. It should be noted that this study was limited to only a single site; future studies with expanded survey areas and larger sample sizes are recommended to provide a more comprehensive ecological characterization and optimized propagation protocols for this species. 
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