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Abstract
[bookmark: _Hlk219388626]	The present trial was carried out with the objective to study the phenological pattern and the relation of weather parameters with phenophases of Sterculia villosa, distributed at Panas medicinal plot in tropical moist deciduous forest, during 2022 and 2023. Trees with distinctive crown having more than 10 cm DBH were selected by following selective sampling method. Different phenophases (leaf fall, leaf renewal, flowering, fruiting and fruit falling) were observed fortnightly for two years. In the vegetative phenology, S.villosa, leaf fall started in the month of November and continued till the first half of February month about 14 weeks. Likewise, leaf renewal period was noticed 10 weeks in the months of the second half of May to July. Leafless period of S.villosa, was noticed from the second half of February to the first half of May with a duration of 12 weeks in leafless condition. Inreproductive phenological events, flowering initiation was recorded for 8 weeks which started from second half of January to first half of March; whereas, fruiting period was noticed from first half of March to first half of April with 6 weeks duration. Further, fruit fall occurred during April to May with a duration of 8 weeks. Weather parameters showed significant correlation with phenophases of S.villosa, Temperature showed the negative correlation with leaf fall, frittingand fruit fall;however positively related with leaf renewal. Rainfall and relative humidity both negatively related with leaf renewal, fruiting and fruit fall phenophases of S.villosa. 	Comment by DELL: Add author Citation after specific epithet	Comment by DELL: Add : the year	Comment by DELL: Replace with and
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Introduction
Phenology is the field of scientific inquiry in which the study of the timing of recurring seasonal biological events are carried out for centuries. At its core, phenology represents the temporal dimension of natural history, a critical aspect because it determines the developmental stage of an organism or population when it interacts with specific environmental components. It encompasses the rhythmic appearance of plant vegetation and reproductive cycles over time, as well as the relationship between climatic factors and periodic events in plants (Gordo and Sanz, 2005). Phenological events include flowering, changes in leaf colour, leaf fall, leaf initiation, and fruiting (Dube et al., 1984). Recent climate changes have impacted these events, affecting plant lifecycles (Ibeabuchi et al., 2018). Therefore, phenology serves as a crucial tool for studying climate change, allowing observation of direct changes in species composition, longer growing seasons, earlier flowering, and shifts in phenophases (Kanwar and Sharma, 2023). As such, phenology is a major structuring element in nearly all areas of ecology and evolution (Forrest and Miller-Rushing, 2010). Generally, phenology study helps to provide information about the seasonal changes of tree species with respect to change in weather parameters, so that the timing of flowering, fruiting and fruit falling helps the farmers, foresters and scientists for collection or improvement characteristics of studied tree species (Chmielewski, 2003). The phenology of the tropical forest is still not understood well (Borchert, 2002) and due to a lack of standardized terminology information regarding tropical forest trees is adequate and studies are based on community-level patterns only (Newstrom et al., 1994). Therefore, the phenological data information is one of the essential parts of the conservation tool and a major indicator of climate change in biodiversity (Janetos et al. 2012; Parry etal. 2007). In dry tropical forests, changes in phenological patterns are mostly caused by the seasonal variation in rainfall, soil water availability and photoperiod (Hernández et al., 2010). 	Comment by DELL: Add citation
[bookmark: _Hlk172728282]Sterculia villosa also known as Udal or Odal or Udar or Sardol is native to India and one of the indigenous fast-growing tree species which is widely distributed almost throughout the greater part of India, up to an elevation of 1000 m, particularly in the states of Uttar Pradesh, Bihar, West Bengal, Assam, Odisha, Gujarat, Northeastern states and hills of South India including Andaman and Nicobar Islands. It is a moderate-sized deciduous tree belonging to the family Sterculiaceae(Singh et al., 2024;Morton and Thomas, 1977). Tree is producing ‘karaya gum’ one of the important non-timberforest products; wood is used to make tea boxes, toys, guitars, cheap matchboxes, splints, and commercial plywood grade IV. It is also a good raw material for paper and pulp (Saikia et al., 2021;Barua and Rabha, 1992). This tree produces pellucid gum with significant medical properties that emerges from the bark is referred locally as ‘katila gum’ and is used in place of gum tragacanth, which has significant therapeutic properties. Moreover, whole plant extract is used to treat skin conditions (Dholariya et al., 2019). In this study, examined the phenological pattern (leaf fall period, leaf renewal period, leafless period, flowering period, fruiting period and fruit fall period) and correlating these phenophases with weather parameters of S.villosa, one of the threatened tree species of Gujarat (Anon., 2010).	Comment by DELL: Add citation regarding the distribution data of the plant species.	Comment by DELL: Also mention that, the plant is now considered as a member of family Malvaceae. Refer to “POWO” for more details.	Comment by DELL: Also mention the research gap and focus on the reason why the study is important.
Material and Methods
a. Study site 
	Present study was carried out at Panas medicinal plot present in the Moist Teak Forest type (3B/C1b) of Southern Tropical Moist Deciduous Forest (3B) of South Valsad Forest Division, in the South Gujarat region, India (Anon., 2017). The location map of research site is depicted as in Fig. 1. 
[image: ]
Fig. 1. Location map of Sterculia villosa at Panas Medicinal Garden, Valsad, Gujarat
b. Climatic conditions
[bookmark: _Hlk182902900][bookmark: _Hlk182902909]	The study area situated in the South Gujarat region, which consists of the seven districts of Bharuch, Narmada, Navsari, Surat, Tapi, the Dangs and Valsad. Climatically, this region one of the wettest areas of India. Among this the Dangs, Navsari, Valsad and southern part of Surat district falls under the South Gujarat heavy rainfall Agro-Climatic zone-I. characterised by very high annual precipitation. Mean annual temperature of South Gujarat during summer ranging from 25 to 45 °C and winter ranging from 15 to 35 °C. South Gujarat falls into Southern Heavy Rainfall Zone I, which receives over 1500 to 2200 mm of rainfall annually (Naik et al. 2012).The studied area comes under the Southern Heavy Rainfall Zone I which consists of hilly and forest soilwith moderately deep loamy soil (Patil et al., 2023; Anon. 2017).	Comment by DELL: Add citatio
c. Methodology and Phenological data collection
	Study was carried out by randomly selecting 5 individuals (>10 cm DBH) of S. villosa with well-developed crown distributed in the Panas medicinal plot. Trees with distinctive crown were marked for the study using selective sampling. Tree biometrical parameters are also noted and depicted in Table 1. Observations of phenophase such as leaf fall, leaf renewal, flowering, fruiting and fruit fall were recorded consecutively for two years of the study period of 2022 and 2023. Phenological events observations were taken twice in a month, first at the first fortnight and second at the second fortnight having intervals of 15 days. Further for phenophases, four different scores were used such as Score 1=1 to 25 %, Score 2=26 to 50%, Score 3=51 to 75 % and Score 4=76 to 100% (Gunaga, 2000). The average value of 5 individuals for each event was provided for easy understanding. The weather parameters like rainfall, temperature and humidity data collected from the nearest meteorological station.	Comment by DELL: Mention the name of metrological station.
Table 1: Tree biometrical parameters of Sterculia villosa
	Tree biometrical parameters

	Girth(cm)
	Tree height (m)
	Crown Diameter (m)

	Min
	Max
	Mean
	Min
	Max
	Mean
	Min
	Max
	Mean

	70.00
	80.00
	75.00
	6.50
	9.60
	8.05
	7.25
	9.5
	8.45



d. Statistical analysis
	Phenological observations were analysed by using descriptive statistics. Moreover, to evaluate the independent impact of each environment factors, Spearman’s rank correlation was performed following the methodologies outlined by Zar (2007) by using GRAPES software. Heatmap based on the results of the correlations matrix and circular plot for phenophases were prepared using R software.
Results and Discussion
Phenological patterns in Sterculia villosa
[bookmark: _Hlk219298853]	During the present investigation, Sterculia villosa was enumerated for the documentation for the detailed phenological study. In the vegetative phenology, S.villosa, leaf fall started in the month of November and continued till the first half of February month about 14 weeks; whereas,leaf renewal period was noticed 10 weeks in the months of the second half of May to July. In the first half of November, the leaf fall recorded up to 25% then in later half it increased up to 26 to 75%. In December to January, it increased 51 to 75% and it was76 to 100% completed in first half of February. Likewise, leaf renewal noted up to 25% in the second half of May, which increased up to 50% in the first half of June and gradually increased up to 75% in the second half of June and first half of July. Leaf renewal completed (100%) in the second half of July. Moreover, leafless period of S.villosa, was recorded from the second half of February to the first half of May with of 12 weeks leafless condition. S. villosa in reproductive phenological events, flowering initiation was recorded for 8 from second half of January to first half of March; whereas, fruiting period was noticed from first half of March to first half of April with 6 weeks duration. Further, fruit fall occurred during April to May with a duration of 8 weeks. Furthermore, up to 25% flower initiation was observed in the second half of the January; 26 to 50% in the first half of February; 51 to 75% in the second half of February and completed 76 to 100% in the first half of March.  Likewise, fruit fall was noticed for short duration of two months and upto 25% was noted in the first half of April; 26- 50% in the second half of April; 51- 75% first half of May and completed 100% in the second half of May. The phenological events recorded for the first year and second year were also same with little variation as described in the phenogram (Table 2and Fig. 2). Moreover, on the basis of leafless period noticed, the tree was deciduous in nature and the leafless was found for a period of 12 weeks (Table 3).
[bookmark: _Hlk182903005][bookmark: _Hlk182903017]Phenological monitoring has become a crucial technique for the impacts of shifting weather patterns determination (AntwiBoasiakoet al., 2024). Since many phenological phenomena are extremely sensitive to various weather parameters (Likewise temperature, humidity and rainfall), they serve as early and reliable indicators of climate change (Bajpai et al., 2025).The phenology of tree species normally influenced by the environmental conditions of a specific region and moreover, phenophasesvaries according to the variation in environmental conditions and in certain conditions due to management practices.  In S.villosa, leaf fall occurred during November and December, with trees becoming leafless in May or June. The flowering period was noted from January to February, while fruiting took place in April and May as reported by Troup (1921). Moreover, Anon. (2010) indicated that flowering occurred between November and April, with fruiting occurring from December to May in S.villosa. Moreover, looking into the phenology of S. urens in Amrabad Tiger Reserve, Telangana, India, leaf fall occurred from second half of November 15 to December 15 about 30 days; leafless in December 30 to April 15 about 106 days;flowering from March 30 to April 30 about 30 days; fruiting from March 15 to August 15 about 92 days; fruit dispersal August 30 to October 15 about 46 days as per Shankar et al. (2022). Similar way, Dutta and Devi (2015)worked on six tropical tree species in the tropical forest of Assam, Northeast India and reported that S. colorata and S. villosa,leaf fall in January to March and December to April respectively; flowering in February to March; fruiting in March to April and March to June. Moreover, flowering occurred from December to March with a duration of 4 months and leafless period more than 4 months of S. urens in Vindhyan dry forest of India as reported by Kushwaha et al.(2011).	Comment by DELL: Describe the sentence properly
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Fig 2:  Circular plot of different phenophases of Sterculia villosafor two years

Table 2:Details of different phenological events of Sterculia villosa
	Vegetative phenophases

	Leaf falling 
	Leaf renewal 
	Leafless character

	Period (Months)
	Duration (Week)
	Period (Months)
	Duration (Week)
	Period (Months)
	Duration (Week)

	Nov-1st half Feb	Comment by DELL: Add “-’ in between this
	14
	2nd half May - July
	10
	2nd half Feb - 1st half May
	12

	Reproductive phenophases

	Flowering 
	Fruiting 
	Fruit falling 

	Period (Months)
	Duration (Week)
	Period (Months)
	Duration (Week)
	Period (Months)
	Duration (Week)

	2nd half Jan - 1st half March
	8
	March- 1st half April	Comment by DELL: Remove	Comment by DELL: Add “-’ in between this
	6
	April -May
	8




Table 3: Phenophase pattern and nature of Sterculia villosa

	Leaf fall period
	Leaf renewal period
	Leafless period
	Flowering period
	Fruiting period
	Fruit fall period
	Nature of Tree species 

	Nov-Feb
	May-Jul
	Feb-May
	Jan-Mar
	Mar-Apr
	Apr-May
	Deciduous



Weather factors influencing on phenology of Sterculia villlosa
[bookmark: _Hlk219386272]Spearman’s rank correlation analysis was performed for ten phenological and climatic variables in S. villosa. The correlation of the phenological parameters with climatic variables reveals a complex network of primary relationships with temperature and rainfall. In the vegetative phenophases, leaf fall showed the highest negative correlation with Tmax (r= -0.493,p < 0.01) and Tmin (r= -0.488,p < 0.01);whereas, it was positively correlated with fruit fall (r= 0.380, p < 0.01) and fruiting (r= 0.341, p < 0.05)while remains independent of rainfall, relative humidity (RH1= Morning time humidity and RH2 = Afternoon time humidity), flowering and leaf renewal. Leaf renewal scored the highest negative correlation with rainfall (r=-0.617, p < 0.01), followed by RH1 (r=-0.544, p < 0.01) RH2 (r=-0.539,p < 0.01) and flowering (r= -0.464, p < 0.01). It was also positively related with variable Tmax and fruit fall. Similarly reproductive phase, the most independent phase flowering was significant negatively correlated with leaf renewal (r=-0.464, p < 0.01) and non significant correlation with any other climatic variables. Fruiting exhibited negative correlation with Tmin (r=-0.504, p < 0.01), Tmax (r=-0.394, p < 0.01), rainfall (r= -0.284, p<0.005) and afternoon time RH2 (r= -0.354, p<0.005). Moreover, fruit fall recorded the highest negative correlation (r=-0.555,p < 0.01) with RH2 followed by RH1 (r= -0.506, p < 0.01), rainfall (r=-0.413, p < 0.01) and Tmin (r= -0.355, p<0.005).Likewise, among the environmental variables, positive highly correlated RH2 (r=0.785, p < 0.01) with rainfall;Tmin (0.570,p < 0.01) with rainfall and RH1(r= 0.802, p < 0.01) with RH2.	Comment by DELL: Discuss the findings in a proper way. The present way of representation is conventional.
[bookmark: _Hlk219372628]These results are comparable with earlier studies that highlight the role of weather parameter in the phenological events of different tree species. For instance, Nanda et al. (2014) reported flowering of 22 tree species in tropical deciduous forest positively correlated with rainfall and humidity. Moreover, Nadarajan and Pujari (2019) reported temperature effected flowering and precipitation effected fruiting in Syzygium caryophyllatum. In the Garhwal Himalaya, Singh et al. (2020) found negative correlation between rainfall and leaf senescence, Shankar et. al (2022) reported flowering negatively correlate with rainfall in the selected tree species of Amrabad Tiger Reserve, Telangana. Singh et al. (2023) found rainfall and minimum temperature are the primary parameters which activates the leaf initiation and flowering in temperate species. Sharmaet al. (2024) also observed strong correlation of leaf initiation with temperature and flowering with sunshine and similarly in the study, result indicated significant positive correlations but more moderate r values suggesting that in moist climate multiple weather parameters effecting not only one factor.	Comment by DELL: Add Author citation after specific epithet.
[image: ]
Fig. 3: Spearman correlation of weather parameters and phenology of Sterculia villosa (r ≤ 0.250 NS) 
Conclusion
	Sterculia villosa is a deciduous tree species in the Moist Teak Forest of Southern Tropical Moist Deciduous Forest. Different phenophases are observed with specific duration of each phenophase. Leaf fall, leaf renewal, leafless condition, flowering, fruiting and fruit falling are recorded for a period of 14 weeks, 10 weeks, 12 weeks, 8 weeks, 6 weeks and 8 weeks respectively. Moreover, weather parameters show significant correlation with phenophases of S.villosa, Temperature is negatively correlated with leaf fall, fritting and fruit fall; however positively related with leaf renewal. Rainfall and relative humidity both negatively related with leaf renewal, fruiting and fruit fall phenophases of S.villosa. 
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