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Abstract

Aim: We estimated that how seasonality in conjunction with key climatic variables affects morphological and physiological plant functional traits
(PFTs) and soil essential (micro and macro) nutrients in oak, pine, and mixed forests.

Method: The different PFTs were tested using several laboratory methods and also using the portable photosynthesis system Li-COR 6400 XT,
Lincoln NE, USA. Likewise, some chemical traits and soil nutrients were analysed by using CHNS analyser.

Results: In this study, physiological traits such as CO, assimilation rate, stomatal conductance and transpiration rate were found to be significantly
higher in the rainy season followed by summer and winter seasons. Among the different forest land uses, physiological traits and resource use
efficiency have been significantly higher in oak forest (OF) compared to the mixed forest (MF) and pine forest (PF). Likewise, the concentration of
macro-micro nutrients was also recorded higher during the rainy season. The concentration of macro-micro nutrients was higher in OF than in MF
and PF in different forest land uses.

Conclusion: Changes in PFTs ultimately affect the ecosystem services imparted by the different forests. Such changes lead to the local adaptation of
these forests through the interaction between PFTs and soil nutrients.

Introduction

Nutrients are indispensable for plants and alteration of nutrient composition adversely affects the physiological and metabolic functioning of plant
systems. The deficiency of essential nutrients causes stressful plant conditions, leading to several changes in the plant system including
morphological and physiological changes, alternation of metabolic pathways and also shows some disorders in plants such as accumulation of
anthocyanin, chloroplast disintegration and loss of chlorophyll (Fathat et al. 2016). Besides, some micronutrients such as manganese (Mn), zinc
(Zn), copper (Cu) and iron (Fe) also play a key role in plant physiological functioning and under deficient conditions they limit the synthesis of many
enzymes in the plant system that further adversely affect plant metabolism and physiological functioning (Terauchi et al. 2010).

The difference in seasonality like doughtiness (summer), Wetness (rainy) and transition phase in between autumn and spring have a significant
effect on morphological and physiological traits such as photosynthesis, stomatal activity and transpiration. Besides that these modified changes in
seasonality and plant physiological traits also affect the carbon allocation (above and below ground), plant nutrient absorption and other related
features of soil and plant (Kassem et al. 2008). For instance, litterfall is caused in a particular season which decomposes in optimum climatic
conditions and contributes various nutrients to the soil in the form of organic compounds.

There is little information on the status of macro and micro-nutrients and their critical levels in forest soils. The physiological traits are responsible
for regulating the metabolic activities of the plant system which ultimately affects plant growth and development. These metabolic processes are
regulated by the nutrient uptake capacity of the plant which is associated with the amount and distribution of nutrients in the soil (Farhat et al. 2016;
Pandey et al. 2017). There is an urgent need to establish a physiologically based critical approach for the diagnosis of nutrients in different parts of
the plant, their connection with productivity and to ensure optimum plant functioning. The diagnosis of plant mineral deficiencies by visual
symptoms and biochemical techniques are well established (Heckman, 2007), physiological techniques can be a new nutritional diagnostic method
if in-situ physiological trait measurement is performed, so that data may be used to estimate and improve productivity. Globally, most mineral
nutritionists only work on agricultural crops, not on forestry crops (Conn and Gilliham, 2010). Most of the research is also under refined conditions
and does not include the relationship between functional traits of plants and macro-micro nutrients of the soil.

As a result, most of the forests face the problem of low fertility in most parts of the world, their nutritional status and physiological functioning are
still unknown, particularly about micronutrients. Difficulty in the measurement of these traits is a significant gap in information on the physiological
functioning of forest crops. Forestry crops are very tall, it is very difficult and laborious to measure physiological traits on a standing tree, and this is
the key factor that causes the scarcity of the knowledge available for these traits. The relationship between the effectiveness of nutrient usage and
physiological characteristics needs to be explored to enhance nutrient use efficiency. A limited study has been reported on the inter-relationship
between physiological traits and essential nutrients (Micro and Macronutrients). With this background, we conducted this study with the following
objectives (1) to assess the plant functional traits and in different forest during seasonal regimes.

and (2) to evaluate influence of macro-micro nutrients on PFTs during seasonal regimes. We proposed two hypotheses in these two objectives: 1)
PFTs will in highly influenced during the seasonal regimes. 2) macro-micro nutrients will strongly stimulate the PFTs in specific seasonal regimes.

Materials And Methods

Study Site

The study was carried out in the Kempty watershed of Garhwal Himalaya, India from 2018-2019. The Kempty watershed is situated between
30°28.01-30°28.54'N, 78°1.50-78°2.30'E, with an average elevation of 1662 m and an average slope of 5.5%. The watershed is located in the middle
part of the Indian Himalayas with an area of 870 ha. The selected forests come under the Himalayan temperate forest. The watershed is comprised
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of two types of forests i.e.Quercus leucotrichophora and Pinus roxburghii forest. Despite this, the forest consists of some other scattered tree species
i.e. Quercus leucotrichophora A. Camus ex Bahadur, Quercus floribunda Lindl. ex A. Camus, Pinus roxburghii Sarg., Pinus wallichianai Jackson,
Daphniphyllum himalayense Benth., Toona serrate M.Roem., Acer oblongum Wall. ex DC, Pyrus pashia Buch. & Ham., Cornus macrophylla Wall. and
Myrica esculenta Buch.-Ham. Thus, in the present study, we focused on Quercus leucotrichophora forest (OF) and Pinus roxburghii forest (PF) and
mixed forest (MF).

Climate and soil

The climate of the watershed varies from subtropical to temperate, annual precipitation ranges from 850mm to 2200mm with mean annual
precipitation of 1250mm. The snowfall in winters is a common characteristic of the area. The mean annual maximum air temperature in this
watershed varied between 25.12 to 26.82 lIC, and the mean annual minimum temperature fluctuated between 7.15 to 10.25 IC. However, the mean
annual air temperature varied between 16.26 to 18.02 [IC. Annual precipitations in the watershed ranged from 664.50mm to 1370.80mm and mean
annual relative humidity varied from 55.60 to 75.15%. The texture of the soil is loamy clay, with moderate prone to erosion. Soil is slightly acidic and
moderate in nutrients. Mean annual soil moisture varied from 15.15 % to 37.46%.

Field sampling

Samples were collected by using stratified random sampling at seasonal basis i.e. Rainy, Winter and Summer. According to the structure of the
watershed, we stratified the entire watershed into three strata i.e.Q. leucotricophora forests (OF), P roxburghii forests (PF) and mixed forest (MF). We
set total of 20 (10x10m) quadrates in each stratum, however, to collect the leaf samples, 3 trees were selected from 10 (10x10m) quadrates. The
samples were collected from bottom, middle and upper capnoy of the tree then ten leaf samples were taken for the analysis of leaf traits. Ten leaf
samples were collected from a tree but total 300 (10 leavesx3 treesx10qadrates=300) leaf samples were taken from 10 (10x10m) quadrates in each
stratum. The leaf area was measured by using Imagej software. For the analysis of leaf nitrogen concentration (LNC), leaf phosphorus concentration
(LPC) and leaf carbon concentration (LCC), the fresh leaf was collected from each sampling points of each stratum. The collected samples were air-
dried and then oven-dried to make powder for further analysis. LNC, LPC and LCC were measured by using standard protocol for PFTs (Perez-
Harguindeguy et al. 2013). For the determination of total P in the leaf, the samples were digested using tri acid (HNO3, HCIO, and H,SO, in 10:4:1
ratio) then the stock solution was prepared from the digested samples and total P was analyzed by using the method (Lu, 2000). The total nitrogen
and carbon concentration in leaf samples were analyzed by using the CHNS analyzer (Pansuet al., 2001).

Physiological traits measurement

The physiological traits were measured in a natural condition (intact leaf to the canopy) with the help of a ladder at the seasonal interval (Rainy,
winter and summer), three healthy trees were selected and their canopy was stratified into three layer /.e. bottom, middle and upper canopy then eight
observations were taken from each layer of canopy of all three (total 30 trees were selected in each stratum) selected trees in each stratum. The total
24x30=720 observations were taken from each stratum. The physiological traits were measured in fully expanded leaves using an infrared gas
analyzer (IRGA) (portable photosynthesis system Li-COR 6400 XT, Lincoln NE, USA instrument) The following physiological traits were directly
measured delta CO, and delta H,0, leaf temperature, light intensity in the chamber and gas flux; while the following were indirectly measured, based
on the algorithms, by the software of system; internal CO, concentration (Ci- pmol CO, m? s™), transpiration (E- mmol H,0 m#? sfi"), stomatal
conductance (Gs- mol H,0 mi? si") and CO, assimilation rate (A-umol CO, m? s™), water use efficiency (WUE; A/E-umol CO, mol™ H,0),
instantaneous carboxylation efficiency (CE; A/Ci), instantaneous mesophyll efficiency (ME; A/Gs-), physiological nitrogen use efficiency (NUE; A/N
concentration in leaf sample) and physiological phosphorus use efficiency (PUE; A/P concentration in leaf sample). For the measurement of all these
parameters, the canopy of selected tree species was stratified into three strata i.e. lower, middle and upper part of the canopy from bottom to top.
Then each stratum is further divided into four directions. A total of twelve (three strata and four directions) measurements were taken from a tree.
The flat-topped bifurcated aluminum ladder was used to reach all the strata and directions for the measurement of all parameters (Singh et al.,
2020).

Macro and micronutrient analysis

Soil samples (0-30 cm soil depth) were collected from each 40 (10x10m) quadrates from each stratum then 10 quadrates composited to make one
replication (total 4 replicationsx3 forests=12 samples were taken). The collected samples were air-dried and sieved and then different macro-micro
nutrients were analyzed. The total N and S in soil was estimated by using the CHNS apparatus (Pansuet al.2001). The standard technique for
preparing samples into small tin capsules, in the form of tiny pellets was followed. For this, about 15 mg of soil which was finely ground and passed
through a 0.2 mm sieve was taken and placed into the tin capsules. The open end of the capsule was sealed carefully with the help of a pair of
forceps and then the sealed capsules were placed in the sample distributor of the CHNS apparatus. Those samples ran with the help of a software
program of the CHNS analyzer instrument. Soil total P was measured by the molybdenum blue colorimetric method using HCIO4-H,S0, solution for
digestion.

For micronutrient 1.0g of soil sample was weighed into a 120 ml Teflon PFA microwave digestion vessel and 10 ml of concentrated HNO; was added
(EPA Method 3051, USEPA, 1986). Then samples were capped and weighted to determine possible acid loss during digestion. The samples then were
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digested in a CEM 2000 Microwave digester at 100 pounds per square inch (PSI) for 5.5 min (CEM Corporation, Matthews, NC). Samples were then
filtered through Whatman 42 Filters and transferred to 100 ml volumetric flasks. Samples with weight loss of greater than 10% were re-digested. The
final samples were kept in the refrigerator at 4 °C until the analysis of different micronutrients. After that, the concentration of different micronutrients
like (Mg), manganese (Mn), zinc (Zn), copper (Cu), and iron (Fe) were analyzed using flame atomic absorption spectroscopy (FAAS).

Statistical Analysis

The difference of all PFTs parameters and macro-micro nutrients were assessed by two-way analysis of variance (ANOVA). Comparison among the
PFTs and macro-micro nutrients in all seasons under all forest land uses were made with Duncan's multiple range test at the significant difference
(p<0.05). Principal component analysis (PCA) was analyzed between PFTs and macro-micro nutrients for all land uses using R studio.

Results

Change in physiological plant functional traits

The present study showed that plant functional traits in different forest types were highly influenced by seasonal variation. Among them rate of CO,
assimilation (A-pumol CO, m? s™) was one of the trait which directly or indirectly affected by the seasonal variations and recorded significantly
(p<0.05) higher in the rainy season (11.93) follwed by summer (9.41) and winter (4.45) (Table 1). Besides that, the rate of CO, assimilation in forest
land use types was recorded higher (Figure 1a) in OF (9.38) follwed by MF (8.50) and at par with PF (7.92). Similar trends was also recorded in case
of stomatal conductance (Gs-mol H,0 mii? si") which was recorded significantly (p<0.05) higher (Table 1) in rainy (0.38) followed by summer (0.29)
and winter (0.18) seasons. However, among the different forest land uses the highest Gs (Figure 1b) was recorded in OF (0.31) followed by MF (0.28)
and PF (0.26). The interaction between season and forest land-use types on stomatal conductance was found to be significant (p<0.0001). Likewise,
transpiration rate (Esmmol H,0 mi? si") was significantly (p<0.05) higher (Table 1) in rainy (9.56) while lower in summer (7.08) and winter season
(1.22). Irrespective of forest landuses (Figure 1c), OF had the highest (6.82) transpiration rate then MF (5.94) and PF (5.10). The interaction between
season and forest land-use types on E was found to be significant (p<0.001). However, intercellular CO,(Ci-umol m?) was observed significantly
(p>0.05) higher (Table 1) in winter (322.92) and lower in autumn (295.70) whereas during summer it was at par (319.53). Notewithstanding this, in
forest land uses types the Ci (Figure 1d) was increased in MF (320.17) and decreased in MF (312.91) and OF (305.07).

Change in morpho-biochemical plant traits

Leaf area was recorded higher (Table 1) during winter (14.80 cm?) whereas lower during rainy season which was at par in summer (14.05 cm?)
season. Among the different forest land use types the highest (Figure 2a) leaf area was observed in OF (26.73cm?) followed by MF (13.52cm?2) and
PF (1.72cm?). Specific leaf area (SLA) was also found significantly higher in winter followed by rainy and winter season (Table 1). However, in case
of forest land uses types (Figure 2b), it was recorded maximum in OF (6.41g™ cm?) followed by MF (4.29g™" cm?) and PF (2.75g' cm?) (Fig. 3d).
While leaf nitrogen concentration (LNC) was followed the trend, summer > rainy >winter season (Table 1). In case of different forest land uses types
(Figure 2c), it was found higher in OF followed by MF and PF. Similar trends was also recorded in case of leaf phosphorous concentration (LPC) and
leaf carbon content (LCC) i.e. summer>rainy>winter (Table 1). Also, in case of different forest land use types the trends was OF>MF>PF (Figure 2d&e).

Change resource use efficiency

Water use efficiency is inversely proportional to CO, assimilation rate and transpiration . Our results showed that WUE was significantly (p<0.05)
highest (Table 2) during winter (4.0) while lowest during summer (1.40). However, under different forest land-use types, it was significantly higher in
PF than that of MF and OF (Figure 3a). Similarly Carboxylation efficiency (CE) is directly proportional to CO, assimilation rate and stomatal
conductance, recorded significantly (p<0.05) higher in rainy (0.04) followed by summer (0.03) and winter (0.01) season (Table 2). However, among
the different forest land uses, it was higher (Fig. 3b) in OF (0.03) and lower in PF (0.02) which was at par with MF (0.03). The interaction between
season and forest land-use types on CE was found to be significant (p<0.001). Likewise, mesophyll efficiency was recorded significantly (p<0.05)
higher (Table 2) in winter (1826.9) and lower in summer (1107.2) and autumn (773.6) seasons. Under different forest land uses types it was recorded
higher (Fig. 3c) in PF (1373.3) follwed by MF (1218.8) and OF (1115.6). The interaction between season and forest land-use types on ME was found
to be significant (p<0.0001). Nitrogen use efficiency (NUE) followed the similar trends i.e. rainy (9.23)> summer (6.50)> winter (3.67) season (Table
2). Among the forest land-use types, NUE was recorded higher (Figure 3d) in OF (6.87) and lower in PF (6.06). In present study phosphorus use
efficiency (PUE) also followed the similarly trend as NUE i.e. rainy (114.32)> summer (76.16)> winter (35.54) season (Table 2). However, in the forest
land-use types, PUE was recorded maximum (Figure 3e) under MF (78.75) than PF (70.50) and OF (76.76).

Change in macro and micronutrient

Macronutrients and micronutrients are also directly and indirectly affected by the various seasons and the forest types. Macronutrients i.e. total N
under different season was observed highest during summer and lowest during winter and rainy season (Table 3). In case of different forest land

uses types, significantly higher total nitrogen content was recorded in OF followed by MF and PF (Figure 4a). Total P was recorded higher in winter
followed by summer and winter season (Table 3). For forest land use types, similar trends have been recorded as for total N i.e. OF>MF>PF (Figure
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4b). The concentration micro-nutrients /.e. Mg was highest in rainy and lowest in winter season (Table 3). While, among the forest land uses the
concentration of Mg was increased OF>MF>PF (Figure 5a). Zn concentration was also highest in rainy and lowest was recorded in winter season
(Table 3). In case of different forest types the trend of Zn and Fe concentration was OF>MF>PF (Figure 5b&c). The concentration of Mn and Cu was
increased in rainy>winter>summer (Table 3). Likewise in different forest types the Mn and Cu concentration was higher in OF followed by MF and PF
(Figure 5d&e).

Relationship between plant functional traits and macro-micro nutrients

The PCA analysis between PFTs and macro-micro nutrients (Fig. 6) showed that forest land-use types are separated in a 2-dimensional ordination
diagram by species-level PFTs, and displayed the correlation between PFTs and macro-micro nutrients in each season. Plant functional traits and
macro-micro nutrients differed among the seasons as revealed by PCA. The first PCA axis in Fig 8, illustrating 65.6 percent of differences in PFTs and
macro-micro nutrients in different seasons. The axis showed that A is passively correlated with another trait i.e.Gs, E, CE, NUE, PAU, LA, SLA, LNC and
LCC while negatively correlated with Ci, WUE, ME, SLA, and LPC. Likewise, A is positively correlated with macro-micro nutrients like Mg, Fe, Cu, Mn, Zn
and N while negatively correlated to P concentration. Gs is also positively correlated to Mg, Fe, Cu, Mn, Zn and N and negatively correlated to P
concentration. the Same trend was followed in case of transpiration. However, Ci is negatively correlated to the Mg, Fe, Cu, Mn, Zn and N while
positively correlated to P concentration. The same trend was observed in the case of WUE and ME. CE, NUE and PUE are also positively correlated to
Mg, Fe, Cu, Mn, Zn and N and negatively correlated to P concentration. WUE and ME are positively correlated to SLA and LPC while negatively
correlated to LA, LNC and LCC. CE and NUE are positively correlated to LA, LNC and LCC while negatively correlated to the SLA and LPC. PUE is
positively correlated to LNC and LCC and negatively correlated to the LA, SLA and LPC.

Discussion

Change in plant functional traits

Plant functional trait decides the performance of the plant in the forest ecosystem and these traits are highly influenced by the seasonal variation at
the species level. These variations alter the metabolic activity of the plant system which leads to suppress the growth and productivity of plants and
ultimately affects the ecosystem services governed by the plant community. The rate of CO, assimilation (photosynthesis) as per the result was
recorded higher in the rainy season followed by autumn in all forest land uses. It might be due to the transition phase from summer to the rainy
season in which the CO, assimilation rate was higher than another season. Hence, the growth and productivity also increase which ultimately leads
to carbon stabilization in plants and soil systems (Wang et al. 2008). Similarly, stomatal conductance also recorded significantly higher in the rainy
season which might be due to abundant water in the soil and high light intensity during the rainy season which enhances the rate of photosynthesis.
Moreover, water transportation through xylem during this season was high, due to this it exerts turgor pressure on the stomatal guard cell resulting in
the opening of stomata thereby leading to a higher rate of transpiration and carbon assimilation in the plant system (Wang et al. 2008). The rainy
season distresses the plant metabolism resulting in increased Rubisco activity and the rate of electron transport in the plant system thus increasing
all physiological characteristics of a plant in this season (Hrstka et al. 2012). However, these traits were declined in summer, and winter season in all
forest land uses which might be due to the limited water availability. Generally, water and temperature play a key role in determining the growth and
productivity of the plant by inhibiting the important enzyme i.e. Rubisco which limits the cycle of carbon assimilation in plants and thus decreases
the rate of photosynthesis (Weis et al. 1988; Epron et al. 1992). Similarly, the rate of mesophyll efficiency in the cell during the rainy season is higher
due to higher photosynthesis rates and relative quantity yield of PSII at steady-state photosynthesis (Nakagawa et al. 1997).

Change in resource use efficiency

In the present study, it was very interesting to note that water use efficiency (WUE) and mesophyll efficiency (ME) increased significantly during the
winter season compared to the summer and rainy seasons in all forest land uses. Nonetheless, due to increased transpiration and decreased
intercellular CO, (Cl), the rainy and summer seasons showed increased stomatal conductance, typically increased stomatal conductance forces to
minimize WUE and ME. The reason for increased WUE and ME might be attributed to plants exposed to winter season fixes more carbon molecule
through assimilation and investment of water molecule per fixed carbon molecule is less, ultimately improving WUE and ME (Cowan and Farquhar
1977). Owing to increased CO, accumulation in the sub-stomatal cavity, the winter season causes a stomatal closer induction and decreases partial
CO, pressure in the leaf. This CO, dependent amplification of stomatal response may enhance WUE and ME at the leaf as well as canopy level (Long
et al. 2004). The findings for WUE, ME a CE in the present study are following the observations of other researchers worldwide Hao et al. 2016; Singh
et al. 2017; Purcell et al. 2018 and Singh et al. 2018). Higher stomatal conductivity and increased intercellular CO, concentration of mesophyll cells
may stimulate photosynthesis with higher yields (Hao et al. 2016). However, CE showed the inverse trend to the WUE and ME. The higher CE was
observed during rainy season over summer and winter season. It could be attributed to increased water capacity and nutrient absorption through the
plant roots encouraging increased yield and carboxylation efficiency (Palta et al. 2007).

Furthermore, nitrogen and phosphorus are the key elements in soil involved in an integral part of functional and structural protein, amino acid,
chlorophyll, nucleic acid, hormone and other organic molecules and play a pivotal role in the growth and biomass production of tree species. The
concentration of nitrogen and phosphorus and its distribution in tree species determines biomass productivity. However, NUE and PUE are directly
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affected by the seasonal variation i.e. rainy, autumn, summer & winter seasons. In the present study, we found that NUE (defined as mol CO,
assimilated g”! leaf N) and PUE (defined as mol CO, assimilated g” leaf P) also decreased from rainy season to winter (Rainy>summer>winter) over
the study period. This is consistent with other reports on NUE and PUE in drought-affected deciduous tree species (Reich et al. 1995; Abrams et al.
1995). High NUE and PUE during the early rainy season came at the cost of maintaining high water-use efficiency (WUE; CO, assimilated per mol of
H,0 transpired). The enhanced ability of water and nutrient absorption through the roots of plants is encouraging increased yield and nitrogen and
phosphorus use efficiencies (Palta et al. 2007). As water availability decreased later in the season, WUE improved while NUE and PUE decreased.
Similarly, decreased NUE and PUE might be due to the rapid nitrogen and phosphorus losses by different processes such as denitrification, ammonia
volatilization, leaching and surface runoff which enhances significant environmental problems, for instance, soil acidification, air pollution, water
eutrophication as well as suppressing growth and development of plants (Diaz and Rosenberg 2008; Guo et al. 2010).

In the present study, the relative nutrient abundance in the litterfall was in order C > N > B, which coincides with studies from various forest
ecosystems (Garkoti and Singh 1995). The nutrient inputs were within the range during the study and also reported for many temperate broadleaved
forests in central Himalayas (Singh et al. 2009). Significant (p<0.05) variation was recorded in N, P and C concentration of leaves during various
seasons. The maximum concentration of all these elements was recorded in the rainy season than summer. Higher concentrations of nutrients in
summers may be attributed to increased nutrient re-absorption in summer from senescent tissues. However, the wood litter in the forests has lower
concentrations of N, P and K than the leaf litter and shows no significant seasonal variations compared to the leaf litter (Arunachalam et al. 1998).

The present study found that total N concentrations were significantly higher (p<0.05) during the rainy over summer season in various forest land
uses. Among these, total N was significantly maximum in OF followed by MF and PF. It might be due to the higher immobilization of soil nutrients by
the microbes due to the higher microbial activity decomposition rate of litter on the forest floor is also higher. Another probable reason for the
increased concentration of N in rainy season maybe because of the higher activity of nitrogen-fixing microbes. These nitrogen-fixing bacteria play a
key role in mineralization during rainy season and increased the rate of N mineralization in the soil (Bergeron et al., 2002). The increased
concentration of total N in rainy season reflects the fixation of blue-green algae and released nitrogen through the process of microbial
decomposition (Salim et al 2015). The intake of plant nutrients during the summer season is significantly reduced because N-mineralization and
nitrification are either immobilized in microbial biomass or stored in the soil as inorganic nitrogen (Singh and Singh, 2006).

Change in macronutrients

Results of the present study showed that the concentration of total N was significantly higher in OF during summer season which might be due to
more litter accumulation, low soil compaction, least exposer of particulate organic matter to microbial attack and quick oxidation in forest land uses
(Wiesmeier et al. 2012; Twongyirwe et al. 2013; Zhang et al. 2013). Stockmann et al. (2013) also showed that the concentration of N was increased
from grassland to cropland or from cropland to the forest land uses. In general, PF soils have compact, low litter and residue input, increased
exposure of organic particulate matter to microbial attack and rapid oxidation are the factors which reduce N in PF compared to OF (Karcheggani et
al. 2012; Wiesmeier et al. 2012). Yadav et al. (2019) also reported that total N was higher in OF and MF compared to PF due to less aggregation and
decomposition of litter in PF compared to OF and less soil compaction with less bulk density in OF than PF.

The concentration of total P was significantly (p<0.05) higher in winter season and minimum in summer season. Among the land use types, it was
high in OF followed by MF and minimum in PF. It could be due to the accumulation of more minerals and less rainfall during winter season than
summer which leads to less leaching of nutrients from the soil. However, a lower concentration of total P in rainy season might be due to heavy
rainfall and soil erosion which results in leaching the majority of P is leached down. Soils with maximum erosion and leaching are known to have a
low concentration of P in comparison to the soil with minimum erosion and leaching (Ashraf et al. 2012). It has been observed that when the level of
P and organic carbon is high in the soil, the amount of potential seasonal variation of phosphorus values tends to increase (Semwal et al., 2009;
Salim et al. 2015). The higher concentration of P in OF is also due to the highest content of organic matter in the OF which has a great potential to
supply a sufficient amount of organic phosphate to the plants from the soil (Miller and Donahuer 2001). Gupta and Sharma (2008) also reported that
carbon and phosphorus were positively correlated because all these attributes were intimately linked with soil humus.

Change in micronutrients

Micronutrients are dynamically acquired to plants through their roots, but to optimize the uptake of micronutrients certain conditions are required.
The nutrient uptake is greatly influenced by seasonality due to the availability of different temperature and moisture. The results revealed that the
highest concentration of micronutrients was recorded in OF during rainy season and lower in PF during summer season which is due to the
availability of optimum temperature and moisture content during rainy season than summer. Results of the previous study revealed that low
temperature and moisture status tends to decline root growth rate and their metabolism, microbial activity, decomposition of organic matter and
reduces the bioavailability of micronutrient (Fahad et al. 2017; Pandey et al. 2017). Moreover, decomposition of organic matter on the forest floor
produces some humic substances (humic and fulvic acids) and can chelate micronutrient ions, resulting in increased mobility of micronutrient in soil
(Havlin et al. 2013). Some micronutrients exit at low soil concentration and are thus transported by diffusion through soil water to the surface of the
roots thereby reducing the movement of ions in dry soil due to enhanced tortuosity of the diffusion path (Barber 1995). During summer, low water
availability causes the slowdown of micronutrient mobility, their assimilation and absorption in the root. Few studies also reported that the deficiency
of micronutrients is most likely occurring in summer season due to reduced mass flow as well as diffusion to roots (Singh et al. 2016; Rahman et al.
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2020). Additionally, the reduced movement of micronutrients and their uptake under summer conditions ultimately affects the translocation of
micronutrients from root to shoot (Baghour et al. 2002). In another report, it was mentioned that drought and saturated soil conditions restrict the root
growth, which ultimately reduces transpiration and would help observe lower uptake of micronutrient by the plants (Rahman et al. 2020). In rainy
season, the water-saturated condition of soil has shown that micronutrients are transferred from exchangeable and soluble forms to oxide forms
(zheng and Zhang 2011). To elucidate the impact of soil moisture on micronutrient transformation, the site-specific or in-situ soil moisture regimes
should be adequately managed as dry soil conditions may result in a return to similar oxidation states and types. Therefore it is concerning that our
findings showed irregular micronutrient distribution across various seasons and forest land uses.

Relationship between plant functional traits and macro-micro nutrients

The macro-micro nutrient is the essential elements, some of these are most frequently required for the physiological functioning of the plants while
some restrict the process. Nitrogen is one of the most prevalent elements its deprivation causes deviations in a vast range of physiological and
morphological functioning of the plants (Zhao et al. 2005). The present study revealed that soil N content is positively correlated with several traits
such as photosynthesis, stomatal behavior and transpiration. Nitrogen is indeed a very essential component as it forms a major component of
chlorophyll and plays important role in the photosynthesis process (using sunlight, water and CO, produce photosynthate) (Tang et al. 2019). It is
also a major constituent of amino acids which are the building blocks of the protein without these proteins plant cannot survive. Similarly,
phosphorus is also an essential element for the health and vigor of plants. It is a dynamic component of ATP (energy unit of the plant), forms during
photosynthesis (Thuynsma et al. 2016). Although in our study P is negatively correlated to photosynthesis, stomatal conductance and transpiration
because the concentration of P is higher during winter season and negatively correlated with the physiological traits during rainy season. Magnesium
also has a significantly strong association with physiological characteristics. It could be because Mg is the main atom and the building block of the
chlorophyll molecule involved in the photosynthesis process. Besides that, it is also responsible for the activation of many enzymes which are very
important for protein growth and synthesis(Farhat et al. 2016). In the present study, Iron has also a significant correlation with physiological traits. It
is required as a cofactor for protein which is involved in several metabolic processes like photosynthesis and respiration (Terauchi et al. 2010).
Similarly, manganese also plays a key role in the physiological functioning of the plant (Alloway 2008). It has relatively low phloem mobility in plants,
resulting in deficiency symptoms appear in the younger leaves. It is also observed that copper is also showing a positive connection with the
physiological traits and activates several plant enzymes that are involved in lignin synthesis (Yruela 2009). It is also actively involved in
photosynthesis and respiration processes and helps to regulate the protein and carbohydrate metabolism in plants. Zn is one the essential
micronutrient which is important for the various physiological processes such as photosynthesis, stomatal conductance and transpiration. It is
involved in increasing the chlorophyll content, the net rate of photosynthesis, stomatal conductance and rate of transpiration in higher plants, thereby
increasing photoassimilates in plant leaves (Sun and Yang 2002; Wei et al. 2005).

Conclusion

Understanding the functioning of soil and plants during the annual season is more important in the Himalayan ecosystem leading to changes in the
functioning of the ecosystem due to climate change. With changing climatic conditions nutrient cycling is severely affected by the alteration of
species composition in the Himalayan ecosystem. The findings of the present study revealed that physiological characteristics have been reduced
during the winter season and enhancement during the rainy season is not only an outcome of the functioning of the plant leaf but is also controlled
by different environmental drivers. Plants and soil ecosystems are also affected by the temporal variability of macro and micronutrients in the soil.
Besides, this study specifies all the forest land uses having enormous potential to manage the resources such as nutrient regulation in the Himalayan
region during the adverse changing climatic conditions to (i) attain very high rates of nutrient assimilation when sufficient amount of moisture
content is available and (i) retain the ability to increase soil nutrients. Therefore, the present findings revealed that selected forests can regulate the
nutrient cycle against the different seasonal variations and could be used to select other forests that have the potential to regulate the nutrient cycle
in the Indian Himalayan region.
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Tables

Table 1: Plant functional traits during different seasonal regimes.

A Gs E Ci LA SLA LNC LPC LCC
Rainy 11.932+0.65 0.382+0.01 9.562+0.55 295.70P+545 13.12°t1.02 3.69°40.90 1.29+0.01 0.11°£0.01 50.392+0.24
Winter 4.45°40.45  0.18°0.01 1.22°40.25 322.922+3.64 14.802t0.98 4.972+1.14 1.21P+0.03 0.132+0.01 47.77°+0.35
Summer 9 41b+037  0.29b+0.01 7.08P+0.87 319.53%+3.21 14.05P+1.05 4.80P+1.14 1.45%+0.02 0.12b+0.01 50.26%+0.26
F=87.05, F=45.57, F=142.35, F=326.40, F=557.09, F=133.42, F=83.74, F3.62, F=10.57,
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.04 p<0.004
Table 2: Resource use efficiencies during different seasonal regimes.
WUE CE ME NUE PUE
Rainy 1.25P+0.04 0.042+0.0071 773.60°+40.30 9.232+0.50 114.32216.59
Winter 4.002+0.66 0.01°+0.001 1826.90%+89.56 3.67¢40.35 35.54%+4.57
Summer 1 40b+0.17 0.03P+0.001 1107.20+47.26 6.50P+0.23 76.16P+4.37
F=11.37,p<0.0001 F=48.32,p<0.0001 F=348.12, p<0.0001 F=86.38, p<0.0001 F=147.54, p<0.000
Table 3: Macro-micro nutrients concentration during different seasonal regimes.
N P Mg Fe Cu Zn Mn
Rainy 783.01%444.34  122.55°+6.69 69.362+2.59 41.462+2.41 14.832+1.70 68.573+2.72 55.243+1.84
Winter 1004.08%+50.98  155.112+5.05 59.46+2.16 33.00P+1.93 12.49%+1.50 59.62P+1.67 43.42b+1.72
Summer  1104.113+48.22 144.21P+6.31 48.85°+2.72 29.25%1.11 10.70%1.03 47.41%42.07 35.09%42.02
F=356.42, F=152.36, F=141.02, F=168.45, F=82.06, F=198.35, F=192.44,
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001
Figures
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Physiological plant functional traits under different forest land uses.
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Leaf traits under different forest land uses.

Page 11/13




3 0.04
25
—_ = 0.03
9> S
S5 < 0.02
2o o
ﬁos 0.01
: 04
0+
2000 1
1500 E §
— .l
$ Z ©
C 1000 4 4
B B
A 500 2 2
04
0 4
120
Z100
=]
S s0
$ 60
S 40
= 20
0
Figure 3

Resource use efficiency under different forest land uses.
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Macro nutrients under different forest land uses.
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Micro nutrients under different forest land uses.
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Principle component analysis between plant functional traits, macro and micro nutrients.
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