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Abstract

:

Slash-and-burn is a farming practice of the indigenous communities in the Himalayan foothills of Nepal. The traditional land-tenure system is based on a customary oral tradition. However, the government’s persistent denial of land rights has fueled the indigenous conflicts in the last few decades. Deliverance of scientific evidence-based arguments may underpin the ongoing conflict-resolution dialogues between the authorities and the indigenous communities. Dating growth rings of trees in a slash-and-burn system might help the indigenous people to find evidence of their historic land uses in the mountainous landscape. In this pilot study, we examined the potential of Diploknema butyracea (Roxb.) H. J. Lam growth rings for documenting land use history of Nepalese indigenous farming practices, as this species is being preserved during the slash-and-burn practices. The species is an economically important and ecologically interesting (as it flushes leaves when everything is dry, and sheds leaves while everything is green) deciduous tree species belonging to Sapotaceae family and widely distributed in Sub-Himalayan tracts. Five stem discs were studied which were originated from the Kandrang valley of the Chitwan district, Nepal. For the first time, we revealed distinct growth rings in this species which are marked by fibers with thicker cell walls. Growth-ring anomalies, i.e., wedging and partially missing rings, were also found. Four out of five samples could be crossdated at a marginal level (GLK ≥ 60 and t ≥ 2.0) which is a confirmation of the annual nature of growth rings. One of the samples showed black spots of oxidized wood which are traces of fire, suggesting evidence of slash-and-burn practices in the study area since 1933. This study suggests a strong potential of D. butyracea for growth-ring analysis to reconstruct indigenous land use history in Nepal.
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1. Introduction


Slash-and-burn is a traditional farming system in the tropics for centuries and it still remains one of the dominant land use practices that provides sustenance for indigenous communities across the world [1]. Securing access to the natural resources and formalizing land rights is essential for their survival [2]. The Chepang is an important indigenous community in Himalayan foothills of Nepal. Their livelihoods depend so far on slash-and-burn farming, which is locally known as Khoriya, in addition to hunting and gathering of wild fruits [3,4]. However, the ownership of their slash-and-burn lands is based on customary oral tradition. Since 1957, the forest management in Nepal has been brought under government control in Nepal, and the authorities gradually evicted indigenous communities who had no documented ownership of their land [5]. Moreover, modern Nepalese forest related acts, such as the Forest Act of 1993 and Forest Regulations Act of 1996, do not recognize this slash-and-burn system as a formal use of natural resources and the associated land rights of indigenous communities [6]. Consequently, the land tenure system has been gaining a highly debatable socio-political issue in Nepal during the past few decades. Therefore, documenting the slash-and-burn history from appropriate proxies might offer an opportunity for indigenous communities to strengthen their case with scientific evidence-based arguments to resolve the ongoing land use conflicts.



Land use or fire history assessments can be obtained from archived aerial photographs, satellite images or official records [7,8,9,10]. The slash-and-burn farming shows a specific pattern of regular fire cycles (starting with slashing and followed with ground fire), which is different from the natural forest fires [11]. There are considerable limitations for obtaining information on the history of indigenous land use in Nepal from the aforementioned sources. For example, the aerial photographs of the slash-and-burn areas in temporal scales are not available [12]. Only since 2000, various sensors, such as MODIS in satellites, have been put into operations which are widely used in the fire studies [8,13,14]. It is therefore difficult to acquire previous images of the areas. In addition, the official records of land use history in the area are lacking, which complicates retrieving indigenous land use information. Due to these limitations, the growth rings of old-growth trees surviving in slash-and-burn areas might be a useful proxy for reconstructing fire history and subsequent indigenous land use history [15,16,17,18].



Fire induced scars (traces) are a direct evidence of damage to the living cambium of trees creating unique features that are being archived in the wood structure [19,20,21,22,23,24]. Therefore, time-series based on dated growth rings with associated fire traces are excellent archives to explore land use or fire history [25,26,27,28,29] and growth dynamics of trees [30,31]. To date, relatively few studies in the tropics have focused on fire traces associated with growth rings in tree growth or historical land use studies [32,33], and none have used growth rings in the context of slash-and-burn farming practices. Therefore, dating growth rings and associated fire traces of the slash-and-burn trees might help to develop land-use history of the indigenous communities, in addition to other contexts of growth-ring studies.



Dendrochronological studies in Nepal were started in late 1970s, and the investigations mostly concentrated on a few species, such as Abies spectabilis and Betula utilis at high altitude, focusing mainly on climate issues [34,35,36,37,38]. Only a few studies focused on archeological history [39,40] and on forest ecology, exploring the altitude gradient [41,42,43,44]. Apart from anthropogenic disturbances, including slash-and-burn practices, prolonged seasonal drought is an important reason of forest fires in Nepal [10]. Understanding the historical forest fire events or land use changes is an important key to develop a sustainable forest management plan. However, dendrochronological studies related to fire or land use history are completely lacking in these mountainous landscapes, which are yet to be explored.



Diploknema butyracea (Roxb.) H. J. Lam is considered as an important multipurpose tree species belonging to Sapotaceae family and is widely distributed in the Sub-Himalayan tracts [45]. It is a peculiar deciduous species used for fodder as it sheds its leaves in the summer when everything else is green and the tree remains green when everything else is dry in the winter [46,47,48]. The Chepangs have been managing this species wherever it has grown—in the forests, farmlands, especially in the slash-and-burn areas [49]. Traditionally, the tree is prized for its fruit, both for the sweet aromatic pulp and for the seeds from which edible oil is produced [50,51]. The tree is also an excellent host for bats, birds, and bees. The owner of the tree has traditional rights over hunting the bats and the birds that are foraging or perching on their branches [47]. However, the members of the Sapotaceae family got less attention in dendrochronological applications due to the absence of anatomically distinct growth rings. It is thus essential to check the potential of this species for future dendrochronological applications.



In this pilot study, we examined whether D. butyracea produce annual growth rings. In addition, the existence of fire traces was discussed in relation to slash-and-burn farming practices in the Himalayan foothills of Nepal.




2. Materials and Methods


2.1. Sample Origin and Study Area


Five stem discs of D. butyracea were studied from the Tervuren xylarium (RMCA). The collections originated from the Kandrang valley of the Chitwan district, Nepal (Figure 1A). The stem discs have all been collected from the trees surviving in the land used for slash-and-burn agriculture by the Chepang.



The Chepang is one of the 61 indigenous groups recognized by the Nepalese government [6]. They account for 0.25% of the total population and are living in the rugged terrain of the Mahabharat hills of Central Nepal in the frontier zone between the districts of Makwanpur, Dhading, Chitwan, and Gorkha [52]. The altitudes of the study area vary from 700m to 1000 m above the mean sea level [47]. Historically they have been living in the forests, and their livelihoods mainly depend on collecting wild plant and animal resources [3,53]. In addition, the Chepangs are practicing traditional slash-and-burn agriculture in the forests where D. butyracea trees are mainly protected from slashing for socio-ecological reasons [49].



The climate data of the study site were extracted from the KNMI explorer [54]. The precipitation data of the study area shows a unimodal distribution (Figure 1B). The mean annual temperature of the study area is 27 °C and annual precipitation is 2200 mm. The precipitation is highly unevenly distributed throughout the year. More than 80% of the total annual precipitation occurs during the monsoon (June - September).




2.2. Sample Preparation and Anatomical Observations


All stem discs were sanded using a sanding machine with gradually increasing grit from 150 to 1200. The images of the visually distinct growth rings and fire traces were taken with an opto-digital microscope (Keyence VHX-5000, IL, USA). In addition, small blocks of wood both with growth ring and fire traces were prepared for microscopic analysis. Thin sections were prepared with a thickness of 20 µm using a sliding microtome (Microm, Fisher Scientific, Walldorf, Germany). The sections were stained with a 0.1% safranin (Merck KGaA, Darmstadt, Germany) solution in 50% ethanol and washed in an ethanol series (50, 75, 96, and 100%, 5 min in each concentration) and mounted on slides with Euparal (Carl RothGmbh+ Co. KG., Karlsruhe, Germany). Images of those sections were taken using a microscope equipped with a camera system (Olympus BX60F-3, Tokyo, Japan).




2.3. Growth-Ring Analysis


Growth-ring boundaries were marked on the sanded stem discs with a pencil under a stereomicroscope on three radii from pith to bark for checking growth-ring anomalies and ring wedging. The missing rings were identified. After marking, all discs were measured to the nearest 0.01 mm using a stereomicroscope coupled with a Lintab measuring device and TSAP-Win software [55]. The crossdating was done among the radii of each stem disc as a quality check of the measurements. The three growth-ring series were merged into an average growth-ring series per tree. The growth-ring index was calculated by dividing each of the raw growth-ring widths by the value of the fitted spline using the dpIR package in R [56]. Correspondence between different trees was checked by crossdating to ensure that each individual growth ring is assigned to the same calendar year [57]. The crossdating of the growth-ring series was done by visual comparison of the series in addition to two cross dating parameters, such as Student’s t [58] and Gleichläufigkeit(GLK) values [59]. The crossdating threshold was set at a t value [58] of 2.0 (p < 0.05) and a GLK of 60%, as it referred the marginal thresholds for other tropical species and limited number of specimens [60,61].



To check the influence of local precipitation on the tree growth, we used the correlation coefficient between annual precipitation and the mean chronology over the common time span from 1950 to 1999.





3. Results


3.1. Anatomy of Growth Ring and Fire Trace


The wood is diffuse-porous, and the vessels are distributed mostly in groups. Distinct growth rings were observed with the unaided eye on the polished stem discs (Figure 2) and also under the stereomicroscope (Figure 3A and Figure 4A). Microtome sections revealed distinct growth rings which are marked by thicker fiber walls (Figure 3B). Growth-ring anomalies, i.e., wedging and partially missing rings were also found. Outer parts of the discs were irregular due to buttress and in the irregular parts many rings merge with the previous one. One of the studied discs (Tw56021) showed multiple fire traces forming small black spots and contained callus tissues (Figure 2 and Figure 4). The anatomical investigation also revealed that wood in the fire induced areas was oxidized compared to the intact wood (Figure 4).




3.2. Growth-ring Analysis


Microscopically distinct growth rings of D. butyracea offered an opportunity for growth-ring measurement. Partially missing and wedging rings (rings merge in some parts of the disc) were corrected by checking the whole disc. Crossdating among the individuals was weak but suggested a synchronous growth-ring pattern (Figure S1). For example, four out of five samples crossdated at marginal level (GLK ≥ 60 and t ≥ 2.0). The correlation between the average ring width index and annual precipitation was significant (r= 0.38, n= 50, p < 0.01). The age of the studied samples ranged from 51 to 88 years and radial increments varied from 0.25 to 0.36 cm year−1. The sample with fire traces was considered as a proof of past fire events, and the first fire event was in 1933 and the last event was in1992 (Figure 5). The fire cycle was not constant for the whole study period and varied from 3 to 12 years.





4. Discussion


4.1. Growth-Ring Structure and Periodicity


The studied samples displayed distinct growth rings delimited by fibers with thick cell walls (Figure 3A,B), whereas the growth ring of this species is documented as indistinct like many other species of Sapotaceae [62]. Growth-ring anomalies, for example wedging and partially missing rings, are common that might be associated with phases of low growth rates or eccentric growth occurring in this species, as described for other tropical species [61,63,64,65,66]. In addition to visual synchronization, four out of five trees could be statistically crossdated (GLK ≥ 60 and t ≥ 2.0), indicating that their growth showed an annual cycle [60,67,68,69]. However, the low sample replication did not allow testing for a statistically sound significance of these observations. Besides, this is an interesting deciduous species that sheds its leaves in summer (from late June) and flushes in winter i.e., December to January [46,47,48]. Cambial activity in many tropical trees is being generally induced by leaf flushing and terminates some time before leaf shedding [70], therefore the growth patterns of this species could be considered as annual because of the deciduous nature of the tree, e.g., [67]. In addition, a correlated growth ring index and annual precipitation is also an indicator for annual nature of the growth rings in this species. The mean ring widths, expressing the growth rates of the trees, showed variability (0.25–0.36 cm year−1) among the trees and the mean annual growth rate amounts to 0.31cm year−1.




4.2. Fire Traces


The presence of small and multiple traces on in the wood (Figure 2) are typical for low-intensity fires in this species, e.g., [30]. Low-intensity ground fire has been practiced to clear the understory vegetation by the Chepangs for agriculture. In this case, non-lethal heat may damage the cambial zone and xylem tissue beneath the bark and result in traces in the wood, which is also described for other species [19,23,71,72]. However, charred tissue was not found, probably because the bark did not completely ignite or combust [20]. The slash-and-burn starts with slashing from December to January, letting the material dry for a few weeks, then it is burned, before sowing the agricultural seeds from March to April [73]. Since the species continues to survive on these sites [47], the fires are most probably of low intensity.



Microtome sections of the fire traces revealed compartmentalization after wounding and the formation of wound induced discolorations (Figure 4B,D). Fire induced compartmentalization might be confining the loss of normal physiological functions to the smallest possible area [74,75]. The discoloration is primarily due to the oxidation of constitutive phenolic compounds [76] where the parenchyma cells might shift their energy-yielding metabolism to the production of phenolic substances which are oxidized in the presence of available oxygen [77,78]. However, wound induced oxidation was limited to the time of wounding and did not extend into wood formed after wounding. This might act as a barrier zone that resists the spread of possible infections in sapwood and bark [79,80].



This pilot study indicates that fire history data are archived in the living fire-scarred D. butyracea trees in these mountainous landscapes. These trees are preserved from slashing by the Chepangs for socio-ecological reasons [47,49]. For example, leaves of this tree are important fodder, and fruits are used for butter and oil. Moreover, it is an excellent host for bats, birds, and bees where the owner of the tree has rights over hunting the animals and birds that are foraging or perching on their branches. The annual nature of growth rings and the existence of fire traces in the wood indicate the incidence of fires in the study area since 1933, where the last event was in 1992 (Figure 5). It is also noted that after the cropping phase, the land is left fallow up to 12 years and during the fallow period the forest is regenerated [6]. The 12-year cycle is still well known by the Chepangs as 12-year Khoriya (slash-and-burn agriculture). However, due to extreme poverty and decrease of land the fallow periods have been shortened (up to 3 years) [81].





5. Conclusions and Perspectives


For the first time, we revealed distinct growth rings in D. butyracea with their annual periodicity. The occurrence of small fire traces in wood is due to low-intensity fires. The sample with datable fire traces suggests the existence of fire events in the study site, which probably result from the slash-and-burn farming practices. This pilot study thus suggests the potentials of D. butyracea for understanding the fire history, especially in a context of indigenous land use practices, apart from other possible dendrochronological applications. Future studies would profit from an experimental setup aiming at understanding the timing of growth ring formation and cambial reactions due to heat related damages using cambial markings [63,65] and ecophysiological analyses. Future studies also should consider a larger sample size for the reconstruction of indigenous land use history.
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Figure 1. The map of Nepal showing the study area in circle (A); Climate diagram of the study area (B); Vertical bars indicate precipitation and solid line indicates mean temperature. Average data for the period of 1950 to 2000. The map was created using the ArcGIS software (version 10.3, URL: http://www.esri.com/software/arcgis/new). 
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Figure 2. Sanded stem disc of D. butyracea showing growth rings (black arrows indicated) and fire traces (white arrows indicated). Scale bar = 10 cm. 
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Figure 3. Growth ring structure of D. butyracea; (A) stereomicroscopic image and (B) light micrograph. The white arrow indicates the ring boundary. Scale bars = 500 µm. 
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Figure 4. Anatomy of fire trace in D. butyracea wood; (A) fire traces (black spots) on the stem disc (white arrow indicated), stereomicroscopic image; (B) light micrograph showing oxidized and normal wood; (C) non-oxidized wood; and (D) fire induced oxidized wood. Scale bars = 500 µm (A,B) and 200 µm (C,D). OW, oxidized; NW, non-oxidized wood. 
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Figure 5. Growth ring index of the fire trace sample of D. butyracea (Tw56021) and mean chronology; vertical bars are fire years. 
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