Characterization of input flux of organic matter in forest soils
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Researchers pay less attention to the roles and functions of the underground forest compartment compared to the aboveground compartment, despite the roles played in many ecosystem services. More than 50% of inputs from trees are stored in the underground forest compartment. Research is needed to fully understand the roles and contribution, diversity, activity and how the soil microbial community responds to environmental changes. The research was carried out in the temperate oak forest of Barbeau in France.
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Titre : Caractérisation de flux entrant de matière organique dans les sols forestiers Mots clés : Biomasse racinaire, écosystème forestier, racine fine, phénologie, carottage séquentiel, croissance interne, microbes Résumé : Les chercheurs accordent moins d'attention aux rôles et fonctions du compartiment souterrain de la forêt qu'au compartiment aérien, malgré son implication dans de nombreux services écosystémiques. Plus de 50% des apports carbonés provenant des arbres sont stockés dans le compartiment forestier souterrain. Des recherches sont nécessaires pour comprendre pleinement la contribution de la diversité et de l'activité de la communauté microbienne du sol dans la réponse des ecostsyèmes aux changements globaux. Les recherches ont été menées dans la forêt tempérée de chênes à Barbeau en France.

L'objectif général de cette thèse est d'étudier la dynamique saisonnière et spatiale de la croissance des racines fines et des flux de rhizodéposition dans l'écosystème de la forêt tempérée. L'apport de matière organique par la racine à la rhizosphère (rhizodéposition) a été évalué ainsi que l'abondance, la diversité saisonnière des microbes et leurs activités dans la rhizosphère. Les résultats concernant la biomasse et la production des racines fines montrent des effets significatifs de la saison et de la profondeur du sol. Néanmoins, la distance à l'arbre n'influence pas la biomasse racinaire. Les résultats indiquent que la biomasse racinaire est la plus élevée en été lorsque les feuilles sont totalement développées et que la production de l'écosystème forestier est la plus importante. L'horizon de surface (0 à 15 cm) contient le plus de racines fines. En ce qui concerne la rhizodéposition, nous avons choisi de l'évaluer via des proxys comme la concentration en carbone et en azote du sol rhizosphérique ou encore la biomasse microbienne.

Les résultats indiquent un effet saisonnier avec un ratio C/N du sol rhizosphérique plus élevé au moment du débourrement et en été indiquant un changement de qualité de la MO à ces saisons.

La concentration en C est plus élevée en automne ce qui est probablement lié à l'apport de litière important au sol à cette saison et non pas aux flux de rhizodéposition. Les résultats concernant la biomasse microbienne présentent les mêmes tendances. Comme pour les racines fines, il y a plus de C et d'N dans l'horizon de surface. La microbienne en champignons, archées et bactéries montre un effet de la saison et de la profondeur sur leur abondance, tandis que la distance au tronc de l'arbre ne n'a pas d'impact sur les trois types de microorganismes. Pour les champignons, les bactéries et les archées, le nombre le plus élevé de copies d'ADN a été obtenu au débourrement et lors de la période de dormance. Les communautés microbiennes sont plus en abondante dans l'horizon de surface. Enfin, l'activité catabolique du compartiment microbien, est plus importante et plus diversifiée dans l'horizon de surface ce qui est en accord avec les résultats précédents montrant une biomasse de racine fine, une entrée de MO ainsi qu'une diversité microbienne plus importante dans cet horizon.

Pour conclure, les résultats mettent en évidence une variabilité spatiale liée à la profondeur aussi bien de la biomasse racinaire fine que de la diversité et l'activité du compartiment microbien. En revanche horizontalement aucune différences claires ne sont mises en évidence indiquant que le sol de l'écosystème forestier doit être considéré à l'échelle du peuplement et pas uniquement à l'échelle de l'arbre. Une variabilité saisonnière est observée montrant via des proxys que la composition des rhizodépots serait plus riche en azote au printemps et en été. Néanmoins du fait de la difficulté de distinguer rhizosphère et rhizodétritusphère en forêt il est difficile quantitativement d'estimer les flux de rhizodéposition via les proxys choisis.

The general objective of this thesis is to study the seasonal and spatial dynamics of fine root growth and organic matter input in to the soil via rhizodeposition in the temperate forest ecosystem. We focused on biomass and fine root growth. The contribution of organic matter produced by the root to the rhizosphere (exudation) was then evaluated as well as the abundance, seasonal diversity of microbes and their activities in the rhizosphere. The results concerning root biomass and fine root production show significant effects of season and soil depth. However, the distance to the tree does not influence the root biomass. The results indicate that the root biomass is highest in summer when the leaves are fully developed. The 0 to 15 cm surface horizon is the horizon that has the highest fine root. Regarding the release of organic matter from tree roots into the rhizosphere (rhizodeposition), we have chosen to evaluate it via proxies such as carbon and nitrogen percentage and the microbial biomass. The results indicate a seasonal effect with a higher rhizospheric soil C / N at bud break and in summer indicating a change of organic matter quality in the season. The C concentration is higher in autumn, which is probably linked to the significant litter input to the soil during this season, not to rhizodeposition flows.

The results for microbial biomass show the same trends. As with fine roots, there is more C and N in the surface horizon. Microbial diversity in fungi, archaea and bacteria shows an effect of season and depth on their abundance, while distance to the tree trunk shows no impact on the three different types of microorganisms. For fungi, bacteria and archaea, the highest number of DNA copies was obtained during bud break and during the dormant period. Microbial communities are more abundant in the surface horizon. Finally, the catabolic activity of the microbial compartment, the results show that it is more important and more diversified in the surface horizon, which is in agreement with the previous results showing a fine root biomass, an entry of MO as well as a greater microbial diversity in surface horizon.

To conclude, the results highlight a spatial variability linked to the depth of both fine root biomass, the diversity and activity of the microbial compartment. On the other hand, horizontally, no clear differences are highlighted indicating that the soil of the forest ecosystem should be considered at the stand scale and not only at the tree scale. Seasonal variability was observed, showing via proxies that the highest rhizodepots increased the quality of organic matter in the soil, which make it richer in nitrogen in spring and summer. However, due to the difficulty of distinguishing rhizosphere and rhizodetritusphere in forests, it is quantitatively difficult to estimate rhizodeposition flows via the chosen proxies. I declared that this project is the product of my research work conducted at the University Paris Saclay for a PhD in Ecology. It has not at any time been wholly or partially presented for the award of any certificate. All sources of information have been duly acknowledged by reference. The thesis has been conducted under the supervision of Professor, Stephane Bazot, Associate Prof. Laure Barthes and Dr Gaelle Vincent Aminu Wada Fanda 
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Caractérisation de flux entrant de metière organique dans les sols forestiers

Introduction

Les chercheurs accordent moins d'attention aux rôles et fonctions du compartiment souterrain de la forêt par rapport à ceux de la surface. Malgré les rôles joués dans la protection et la gestion du changement climatique, la sécurité alimentaire et la protection de l'environnement. Plus de 50% des flux sont stockés dans le compartiment forestier souterrain. 2 à 3 fois plus de carbone a été stocké explicitement dans le compartiment souterrain que dans l'atmosphère. De même, des recherches sont nécessaires pour comprendre pleinement les rôles et la contribution, la diversité, l'activité et la façon dont la communauté microbienne répond aux changements environnementaux.

On a déjà estimé que la production de biomasse racinaire à l'échelle mondiale contribuait de 33 % à 75 % de la production primaire nette annuelle des écosystèmes forestiers (Grier et al., 1981 ;Santantonio et Grace, 1987 ;Vogt, 1991 ;Jackson et al., 1997). Des estimations récentes de la production primaire annuelle nette des écosystèmes forestiers mettent entre 13 et 27% de contribution de la production des racines fines [START_REF] Finér | Variation in fine root biomass along a 1000 km long latitudinal climatic gradient in mixed boreal forests of North-East Europe[END_REF]McCormack et al., 2015). Malheureusement, la quantité de racines fines et leur durée de vie sont mal connues (Brunner et al., 2013), ce qui entraîne de graves incertitudes dans les modèles de bilan carbone forestier (Liski et al., 2006 ;[START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF]Smithwick et al. 2014).

Les objectifs de l'étude

Les objectifs généraux de cette recherche ont porté sur la variabilité spatio-temporelle de la biomasse souterraine des écosystèmes forestiers tempérés. En considérant le fait que la biomasse aérienne a reçu plus d'attention et que moins d'attention a été accordée à la biomasse souterraine (IUFRO 2019). Les connaissances en particulier sur l'effet de la dynamique saisonnière, la distance au tronc de l'arbre et la profondeur du sol sur la biomasse racinaire, la diversité microbienne, la distribution et leur activité dans la zone forestière tempérée sont limitées.

Les objectifs de l'étude

L'objectif général de cette thèse est d'étudier la dynamique saisonnière de la croissance des racines et des flux de rhizodéposition dans l'écosystème de la forêt tempérée. Nous nous sommes concentrés sur la biomasse et la croissance des racines, plus précisément sur l'apport de matière organique par la racine à la rhizosphère (rhizodéposition). Et l'abondance saisonnière des microbes et leurs activités dans la rhizosphère. Cinq questions différentes ont été soulevées et répondues. L'expérience s'est concentrée sur :

1. La biomasse et la croissance des racines 2.

Les apports de matière organique par la racine à la rhizosphère (rhizodéposition)

3.

La variabilité spatio-temporelle des microbes et de leur activité dans la rhizosphère.

L'objet spécifique vise la durabilité environnementale à travers les potentiels de séquestration du carbone souterrain par la racine (litière), le sol et la biomasse microbienne.

Les questions de recherche

1.

Quelle est la biomasse racinaire au débourrement, à la surface maximale des feuilles, au jaunissement et à la période de dormance, correspondant respectivement à l'automne, l'été, le printemps et l'hiver ?

2.

Quel est l'organisme de croissance racinaire qui fluctue dans la rhizosphère aux différentes saisons (Bactria, champignons et Archea) ?

3.

La diversité et les activités microbiennes sont-elles différentes dans le temps dans les différents bassins de sol ? 2e résultats L'étude a émis l'hypothèse que le changement des arbres forestiers au-dessus du sol par la chute de la litière et le débourrement pourrait augmenter la biomasse microbienne, la composition de la communauté et l'activité dans l'espace et dans le temps dans l'écosystème forestier. La demande croissante de surveillance de la qualité des sols et de la durabilité environnementale vise à contrôler le changement climatique. Elle nécessite l'estimation de la biomasse microbienne du sol pour son potentiel en tant que puits, source et taux de renouvellement du carbone. Il est connu que la biomasse microbienne est l'indicateur sensible de la qualité du sol et bien sûr, la qualité du sol détermine le taux de séquestration du carbone. Nous avons voulu déterminer l'effet de quatre changements phénologiques saisonniers, de la profondeur du sol (0-15cm, 15-30cm) et de deux distances (1m, 5m) au tronc de l'arbre sur la biomasse microbienne du sol, la composition de la communauté et leurs activités. Expériences en laboratoire, respectivement par extraction par fumigation, qPCR, et méthode microReps.

Effet de la saison, de la distance au tronc de l'arbre et de la profondeur du sol sur la biomasse microbienne de C et N.

Le résultat montre un effet significatif sur la biomasse microbienne de carbone et d'azote à travers la saison phénologique de l'année (débourrement, LMA, jaunissement et dormance) (P<0.0001). La biomasse microbienne azotée la plus élevée a été trouvée pendant la saison de jaunissement (32,266 ± 24, 78 mg N/kg DW sol) et la biomasse microbienne azotée la plus faible pendant la période de dormance (17,63±15,82 mg N/kg DW sol). En revanche, avec C biomasse microbienne où le plus élevé a été trouvé pour être pendant la période de dormance avec la valeur moyenne de (1000.59± 312.99 mg C/kg DW sol) qui a été trouvé pour être statistiquement similaire avec LMA et le jaunissement mais a différé avec la période de débourrement qui a enregistré le moins comme présenté dans le tableau 1 (P<0.0001).

Le résultat indique qu'il n'y a pas d'effet significatif de la distance au tronc de l'arbre sur la biomasse microbienne de l'azote (P<0.430). La biomasse microbienne de N la plus élevée était près du tronc d'arbre à 1m (32.83 ± 24.26 mg N/kg DW sol). En comparaison, la biomasse microbienne de N à 5m du tronc d'arbre a été obtenue (31.47 ± 21.93 mg N/kg DW sol).

Cependant, la biomasse microbienne de C était statistiquement différente à travers les distances loin du tronc d'arbre (P<0.0001). La plus haute biomasse microbienne de C a été trouvée près du tronc d'arbre (1220.73 ± 319.49 mg C/kg DW sol). Pendant ce temps, le moins de biomasse microbienne de C a été trouvé à 5m loin du tronc d'arbre (606.23 ± 295.81mg C/kg DW sol).

En outre, l'effet de l'horizon du sol à la surface 0-15 et la subsurface 15-30cm de profondeur sur la biomasse microbienne de N était significativement différent (P<0.0001). La plus haute biomasse microbienne de N a été obtenue à la surface du sol (47.89 ± 19.32 mg N/kg DW sol), qui était deux fois la quantité obtenue à la sous-surface de l'horizon du sol. Contrairement au C, la biomasse microbienne était la plus élevée à la subsurface du sol et différait statiquement (P<0.008) avec la quantité obtenue à la surface du sol. Les valeurs moyennes à la subsurface et à la surface étaient 964.64±443.97 mg N/kg DW sol et 862.32b±422.33 mg N/kg DW sol.

Abondance et diversité microbienne ADN (composition microbienne)

Les résultats montrent un effet significatif de la saison p<0.0004 et de l'horizon p<0.0001 sur les champignons ADN copiés dans la zone d'étude. Les champignons les plus élevés ont été obtenus à la période de jaunissement, 4.76E+07 ±6.6E+07/g de sol sec. Alors que le moins élevé a été trouvé à la période de dormance 2.54E+07±2.8E+07/g de sol sec, bien que le nombre moyen minimum de copies était statistiquement similaire avec la dormance et le LMA.

L'effet d'horizon indique un effet hautement significatif du nombre de champignons ADN copiés entre la surface et la subsurface du sol. Le nombre le plus élevé d'ADN copié par gramme de sol a été trouvé à la surface du sol 4.20E+07 ±3.5E+07, ce qui représente 75% du total des champignons dans le sol.

Cependant, le résultat a confirmé l'absence d'effet d'interaction des trois facteurs saison, horizon et distance. Ce qui signifie que chaque facteur s'explique et fonctionne indépendamment. Même si la distance au tronc de l'arbre n'était pas statistiquement différente entre les deux distances, 1 et 5 mètres.

De même, l'effet de la saison sur un certain nombre d'archées copiées est significativement varié à travers les quatre saisons phénologiques p<0.083. Le résultat montre une tendance similaire avec les champignons, comme le plus élevé a été trouvé au débourrement 5.89E+08 ±5.3+08/g de sol sec, qui est statistiquement similaire avec le jaunissement 5.51E+08 ±6.5E+08/g de sol sec et LMA. L'ADN d'archaea le moins copié a été pendant la période de dormance, même s'il est similaire au LMA.

Le résultat a révélé un effet significatif de l'horizon sur le nombre d'archées copiées au premier et au deuxième horizon du sol p<0.0001. Le résultat montre que le plus haut obtenu à la surface du sol est 7.31E+08 ±4.9E+08/g de sol sec comparé à la deuxième couche du sol, plus de 75% de l'ADN d'archaea copié sont obtenus à la surface du sol.

Comme pour les champignons, il n'y a pas d'effet d'interaction à l'échelle de la saison à travers l'horizon et la distance au tronc de l'arbre pour les archées.

De manière intéressante, pour l'ADN copié des bactéries, les résultats montrent l'effet de la saison p, de l'horizon et de leur interaction. Le résultat montre qu'à l'échelle saisonnière, l'ADN bactérien copié le plus élevé est celui du jaunissement, soit 1,33E+09 ±1,4E +08/g de sol sec.

Le résultat est en accord avec ce que nous avons obtenu pour les champignons et les archées.

Bien que, le moins de bactéries obtenues pour être au débourrement et LMA 5.36E+08 ±5.3+08 et 3.59E+08 ±2.6+08/g de sol sec copié ADN, respectivement. L'effet de l'horizon a révélé qu'il est statistiquement différent à la surface et sous la surface du sol p<0.0001. Le plus grand nombre de bactéries copiées d'ADN a été trouvé à la surface du sol, 1.27E+09 ±1.1E+09/g de sol sec semblable à d'autres champignons et archées de microbes ont été 75% et plus obtenus pour être à la surface du sol. La distance au tronc d'arbre n'affecte pas les copies bactériennes d'ADN p<0.996.

Contrairement aux champignons et aux archées, il existe un effet d'interaction entre les saisons et la profondeur du sol sur le nombre de copies de bactéries ADN. Le résultat a révélé que le nombre de bactéries copiées est très différent statistiquement 0,0001.

Activité microbienne (respirations microbiennes du sol)

Nous avons essayé de comprendre l'activité de la biomasse microbienne dans l'écosystème de la forêt tempérée. Notre étude détermine les activités en déterminant la respiration du sol et le taux de production de CO2 dans une chambre fermée par le biais d'une expérience de laboratoire avec un équipement connu sous le nom de Microresp. Cependant, l'expérience s'est concentrée sur la respiration microbienne pendant la période de production du débourrement à la LMA seulement sans considérer les autres périodes phénologiques. Différents substrats ont été utilisés comme indiqué dans la figure 3.

Le résultat a révélé une différence statistiquement significative entre la profondeur du sol et la distance au tronc de l'arbre. Alors que la majorité des substrats appliqués ne sont pas statistiquement différents. Bien que la respiration microbienne la plus élevée a été obtenue pour être à la surface du sol indépendamment de la distance et la respiration plus faible a été trouvée pour être à la sous-surface du sol. Pendant ce temps, le substrat des sources d'acide carboxylique, par exemple, l'acide aminobutyrique, l'acide cétoglutarique, l'acide ascorbique et l'acide citrique ont enregistré la respiration microbienne la plus élevée. L'information la plus importante dans ce résultat est la réponse du substrat à travers la profondeur du sol et la distance au tronc de l'arbre et non l'effet du substrat. Le résultat a conclu que pour l'ensemble des substrats, la respiration microbienne la plus élevée a été trouvée à la surface du sol à la fois à 1 et 5 mètres du tronc de l'arbre. En même temps, un taux de CO2 plus faible a été obtenu à la subsurface du sol, ce qui a été confirmé comme étant statistiquement le même à 1 et 5m.

De manière concluante

Les résultats ont conclu que la saison et l'horizon ont un effet direct significatif sur la biomasse et la production des racines. Notre hypothèse est vraie, à savoir que les changements dans le compartiment forestier aérien peuvent entraîner des changements dans la biomasse souterraine.

Les résultats ont confirmé que les changements de l'exemple de débourrement, de la LMA et de la période de sénescence au-dessus du sol avaient suivi la même tendance que l'exemple de racine fine des litières souterraines. Ce résultat est assez similaire à celui obtenu dans certaines publications antérieures sur la biomasse et la production des racines. Par exemple, les conclusions de (McCormack et al., 2015 ;[START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF] ont trouvé la biomasse racinaire maximale pendant l'indice de surface foliaire maximal à la surface du sol, ce qui est similaire à nos études. Nous avons suggéré que les études futures essaient d'autres méthodes non destructives pour quantifier la biomasse racinaire à différentes saisons phénologiques, profondeur du sol et distance au tronc de l'arbre. En effet, les méthodes destructives, comme le carottage et l'ingrowth, ne permettent pas de suivre les mêmes racines dans le temps et manquent souvent l'apparition réelle de nouvelles racines. De même, l'échantillonnage doit être conçu et mis en oeuvre dès le début de la saison pour garantir l'exactitude et la précision entre les saisons et la profondeur du sol.

Cependant, la quantité d'exsudat dans l'étude a suivi une tendance similaire à celle de la biomasse racinaire, ce qui est en accord avec notre hypothèse, à savoir que les changements phénologiques ci-dessus, par exemple, la chute de la litière de la biomasse aérienne ou le débourrement, pourraient modifier la vitesse et la quantité d'exsudats dans le sous-sol de la forêt. Les résultats ont conclu que la concentration de C et de N dans le sol a suivi une évolution similaire tout au long de l'année, comme le confirment nos études : pendant la période de production, du débourrement à l'AMT, nous avons obtenu la plus forte concentration de N, qui se trouvait principalement à la surface du sol. Alors que pour la concentration de C, il a été versa que la concentration a été obtenue à être pendant la période de sénescence, qui n'était pas surprenant en regardant la nature de la litière sont récalcitrants qui a abouti à l'immobilisation par les microbes dans le sol. Le C était également plus élevé entre la période de jaunissement et de dormance à la surface du sol, indépendamment de la profondeur du sol.

Les résultats ont suivi une tendance similaire à la biomasse racinaire pour la biomasse microbienne et la diversité. La biomasse microbienne de C était plus élevée pendant la période de sénescence, tandis que la biomasse microbienne de N était plus élevée pendant la période de production, du débourrement au LMA, ce qui est dû aux plus grandes possibilités de minéralisation dues à l'augmentation de la température au LMA. Alors que pour l'azote plus faible pourrait être un résultat de la température plus faible, qui modifie le taux de minéralisation et favorise l'immobilisation par les microbes, ce qui conduit à la biomasse microbienne C plus élevé dans le sol.

GENERAL INTRODUCTION

BACKGROUND CONTEXT OF FOREST RESEARCHES ON BELOWGROUND

COMPARTMENT

Trees and forests play vital roles in sustaining life on earth. Their protection and management are strongly related to global challenges such as climate change, food security, and environmental protection (Meier et al., 2019a). Over 125 years ago, the International Union of Forest Research Organization (IUFRO) focused on forests and trees. One of IUFRO's objectives is to promote the following subjects: soil and tree interaction in forest ecosystems, improving forest carbon sink, and forest resilience to climate change. The 2019 IUFRO Congress concluded that belowground biomass function in the forest ecosystem needs to be given serious attention through studying roots and rhizosphere. Until the beginning of the XXI century, forest research focused on aboveground functioning to optimize biomass production and maximize harvest.

However, the belowground biomass has received less or no attention (Helmisaari et al., 2002).

Globally roots biomass production has earlier been estimated to contribute from 33% to 75% of forest ecosystems annual net primary production [START_REF] Jackson | Sources, characteristics, and fate of atmospheric carbon monoxide[END_REF]Keyes and Grier, 1981;[START_REF] Santantonio | Root biomass studies in forest ecosystems[END_REF]Vogt et al., 1995, p. 199). Recent estimates of net annual primary production in forest ecosystems put between 13 and 27% contribution from fine roots production [START_REF] Finér | Variation in fine root biomass along a 1000 km long latitudinal climatic gradient in mixed boreal forests of North-East Europe[END_REF]McCormack et al., 2015). Unfortunately, the quantity of the fine roots and their lifespan is poorly understood (Brunner et al., 2013), leading to severe uncertainties in forest carbon balance models (Liski et al., 2006;[START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF]Smithwick et al. 2014).

The carbon assimilated by photosynthesis was allocated into trees, synthesis and reserves in branches, trunk, roots and autotrophic respiration. A significant part of assimilated C was allocated to the soil compartment where it integrates different pools with variable turnover, fine, coarse roots, microbial biomass, soil organic matter (Keel et al., 2006). On average, 59% of C sequestered in forest ecosystems was found in soil organic matter and litter (Pan et al., 2011).

Over an extended period, researchers assumed that litters from aboveground biomass are the primary carbon input to the soil, without considering the belowground fine root turnover (Finér et al., 2011a) and the rhizodeposition fluxes (Ding et al., 2019a).

Roots are one of the two pathways of organic matter into soils. Current knowledge regarding biomass and seasonal root growth dynamics in temperate forests is controversial and limited.

Fine root development is subject to seasonal fluctuations because of endogenous (the genotype of plant species) and exogenous (example temperature, precipitation, soil properties, nutrient availability, and competition among plants) factors [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF]Kuhns et al., 1985;[START_REF] Steele | Root mass, net primary production and turnover in aspen, jack pine and black spruce forests in Saskatchewan and Manitoba, Canada[END_REF]Teskey and Hinckley, 191994). Therefore, exploring different belowground biomass examples of the root biomass and microbial community composition at a spatio-temporal scale will give broad insight on the ecology of the forest.

Similarly, the knowledge and understanding of the fluxes released by the root via rhizodeposition into the soil were currently limited in the previous studies. Even though, our target is not to measure rhizodeposition flux that is the release of organic carbon by roots in the rhizosphere all along the season and its spatial variability (depth and distance from a tree trunk).

Studies by (Jones et al., 2009) revealed that the initial point of carbon inflow from the root is deposited in the rhizosphere. Most researchers have neglected the role of soil organic matter input to the soil. Particularly the fluxes released by the root (Jones et al., 2009). Adding that C and N flow in the rhizosphere is highly dependent on the type of plant species and environmental conditions, which varied spatially and temporally. It is therefore, important to fully understand and estimate the proxy of C and N in the rhizospheric soil of our study area. The knowledge and understanding of this aspect will give us full understanding of forest functioning regarding the input and capacity of root biomass in carbon sequestration and nutrient acquisition.

Furthermore, most measurements concentrated on the quantification of the amount of epidermal and cortical cell loss rather than the amount of C released to the soil. Normally the amount of C entering the soil depends on whether the root is under apoptosis or spontaneous cell death, and these two processes can be controlled by the environment (Jones et al., 2009). Plant root contains an essential quantity of soluble and insoluble C, death of root will result in a significant increase in C and N input to the soil and that will increase microbial biomass and their diversity in the soil (Jones et al., 2009;McClaugherty et al., 1982;[START_REF] Nadelhoffer | Fine root production estimates and belowground carbon allocation in forest ecosystems[END_REF]Stewart and Frank, 2008).

The global knowledge understanding of soil microbial composition, diversity, and functioning is significantly increasing. Nevertheless, this knowledge is inadequate in the temperate forest ecosystem, particularly France. Despite microbes' role in regulating ecosystems, nutrient cycling impacts plant productivity, increases drought tolerance and determines the soil health condition and fertility [START_REF] Allison | Resistance, resilience, and redundancy in microbial communities[END_REF][START_REF] Falkowski | The Microbial Engines That Drive Earth's Biogeochemical Cycles[END_REF]. Consequently, human beings benefited immensely from soil examples in building stands, food production, and other resources. Soils influence most ecosystem services we rely on [START_REF] Robinson | On the natural capital and ecosystem services of soils[END_REF].

Similarly, bacteria, archaea and fungi have been identified among the most abundant microbes found in the soil and essential in various biogeochemical cycles (Kirk et al., 2004;Wall and Virginia, 1999).

Soil microorganisms also influence the aboveground forest ecosystems by contributing plant nutrients. However, our inability to study soil microbial community, composition and diversity has limited the chance of understanding microbial pools. Some studies revealed that in only 1g of soil, there are 4,000 different bacterial genomic units based on DNA-DNA reassociation (Giller et al., 2009). Similarly, an estimated 1,500,000 species of fungi exist globally (Giller et al., 2009). For bacteria, it can be culture by the current standard laboratory [START_REF] Nannipieri | Rhizodeposition of Organic C by Plant: Mechanisms and Controls[END_REF]. Molecular methods have been used to study soil bacteria community composition while very little is known for fungi (Smalla et al., 2000).

CONTRIBUTION OF FINE ROOT BIOMASS TO THE NET PRIMARY PRODUCTION

Fine root biomass has been one of the significant contributors to forest and woodland ecosystems [START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF]. For example, some studies revealed that fine root production in the forest ecosystem could account for up to 75% of total net primary production [START_REF] Nadelhoffer | Fine root production estimates and belowground carbon allocation in forest ecosystems[END_REF]. They played vital roles in the carbon cycle, carbon allocation and nutrients [START_REF] Brunner | Tree roots in a changing world[END_REF][START_REF] Clark | Measuring Net Primary Production in Forests: Concepts and Field Methods[END_REF][START_REF] Raich | Aboveground Tree Growth Varies with Belowground Carbon Allocation in a Tropical Rainforest Environment[END_REF][START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF]. The carbon allocated to the belowground biomass is estimated to be 21-75% of the total gross forest primary production [START_REF] Litton | Carbon allocation in forest ecosystems[END_REF][START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF]. Most of the studies carried out in the forest ecosystem on root biomass are concerned about total root biomass without separating understory vegetation roots from different shrubs, herbs and grasses (Finér et al., 2011a). It could be due to the nature and difficulties in distinguishing the root from the soil samples and other shrubs. Nevertheless, about one-third of the soil's total fine root is from understory vegetation (Bhuiyan et al., 2017a;[START_REF] Finér | Factors causing variation in fine root biomass in forest ecosystems[END_REF].

In temperate agricultural grassland root biomass, it has been calculated that the soil organic C content of a temperate, grazed grassland ranges from 10 to 50g C Kg soil -1 while the standing root biomass typically ranges from 5 to 15g root -C kg soil -1 and the microbial biomass from 0.5 to 1g C kg soil -1 (Jones et al., 2009). However, it has been estimated that during the growing season 25% of root turnover was approximately 2 to 10g C kg soil -1 every month. The estimation is enough to generate 50 to 100times the size of active microbial biomass in the soil. Moreover, this can be equated to the rate of C exudation from grassroots which is estimated to be 1 to 10mg C g root-C -1 day -1 (Jones et al., 2009;Paterson, 2003;Paterson and Sim, 1999).

Previously, there was a general consensus that rhizodeposition is unidirectional flux, where C was explicitly lost from the root into the soil (Nye, 1987). When the soil receives the carbon, it undergoes a number of processes such as movement away from the root to the soil solution through diffusion and mass flow, the microbes and sorption captured some parts to the solid (Jones et al., 2009;Martin, 1975). Furthermore, research undertaken in hydroponic culture revealed that plant roots could also take up a range of organic compounds from the soil into the roots with subsequent transfer to the shoots (Jones et al., 2009;Jones and Darrah, 1992).

SEASONALITY OF ROOT BIOMASS AND ROOT TURNOVER

Data from the literature on the seasonal dynamics of roots life cycle show that root growth phenology differs between ecosystems and species [START_REF] Van Gestel | Microbial biomass responses to seasonal change and imposed drying regimes at increasing depths of undisturbed topsoil profiles[END_REF]. Root biomass depends on some climatic variables, such as temperature and soil moisture content, which vary at different locations (Cairns et al., 1997). For example, in temperate deciduous forest stands, the maximum root biomass was identified before new shoot growth in spring, just as the temperature increased [START_REF] Van Gestel | Microbial biomass responses to seasonal change and imposed drying regimes at increasing depths of undisturbed topsoil profiles[END_REF]. Some studies also reported a growth peak in June and July, while it decreases in August and September when temperature decreases [START_REF] Montagnoli | Seasonality of fine root dynamics and activity of root and shoot vascular cambium in a Quercus ilex L. forest (Italy). Forest Ecology and Management[END_REF]. Inter-specific differences in root growth periods were also observed in an experiment involving different forest tree species grown under the same conditions. The results show that the periods of maximum root growth vary from species to species up to 49 days, indicating that the underground phenology is partly based on internal signals, in addition to temperature [START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF].

In boreal forests, fine root biomass production was lower during the winter season, increases in spring, then picked production at summer, rapid decreases observed in autumn, and stagnates during winter [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF]Lahti et al., 2005).

Studies conducted on fine root biomass and production were statistically correlated and similar at all boreal and cool temperate spruce, pine, fir and broadleaf forest types [START_REF] Chen | Estimating fine-root biomass and production of boreal and cool temperate forests using aboveground measurements: A new approach[END_REF].

Nevertheless, there is a considerable variation between the study years (An et al., 2017;Zhou et al., 2014). Other studies revealed that fine root biomass and production were observed in summer and late autumn, which characterizes the smallest increase in diameter size and height, mainly driven by temperature during the summer period [START_REF] Montagnoli | Seasonality of fine root dynamics and activity of root and shoot vascular cambium in a Quercus ilex L. forest (Italy). Forest Ecology and Management[END_REF]. Studies revealed that fine root diameter decline in summer was linked with the high increase in soil temperature and moisture decrease (Leuschner et al., 2001).

LIFESPAN OF FINE ROOT

In northern Finland's boreal forest stand studies, the birch's fine root lifespan was 1year and positively related to root diameter and soil depth (Ding et al., 2019a). While in the temperate forest, for European beech, as reported by (Železnik et al., 2019), medium-fine root longevity or lifespan is almost the same. It varied between 1.7 and 2.6 years among the beech origins, and fine root death most likely occurred during winter (Železnik et al., 2019). Fine root mortality is mainly observed during tree dormancy at the year scale, whereas it is lower during the growing season (Meier et al., 2019b).

Studies conducted at different forest ecosystems show that trees' fine root life cycle was shorter than understory vegetation with 1.0 and 1.8 years, respectively, it is specific to boreal ecosystems. The differences in the root diameter and soil depth were the factors correlated with the lifespan of the fine root in the forest ecosystem (Ding et al., 2019;Meier et al., 2019a). Indeed, long, thicker roots produced deeper in the soil have a longer lifespan than thin, short and root-produced shallower in the soil surface (Ding et al., 2019). Further research confirms a positive correlation between root diameter and lifespan (Gill and Jackson, 2000;Jones et al., 2009).

ABIOTIC FACTORS AFFECTING ROOT BIOMASS AND PRODUCTION AT A

DIFFERENT FOREST ECOSYSTEM [START_REF] Chen | Estimating fine-root biomass and production of boreal and cool temperate forests using aboveground measurements: A new approach[END_REF]Finér et al., 2011a;[START_REF] Leuschner | Fine Root Biomass of Temperate Forests in Relation to Soil Acidity and Fertility, Climate, Age and Species[END_REF] shows that environmental factors such as latitude, precipitation, elevation, and temperature or forest stand structure like a life form, age, basal area and density could explain significant changes in the total amount of root biomass.

Effect of precipitation on root biomass production

Precipitation does not correlate with root biomass at the temperate zone, but this is speciesspecific [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF]. Although, the annual distribution of precipitation controlling soil water availability significantly influences fine roots production [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF]. Some studies reported a significant correlation between root biomass and precipitation on different tree species such as spruce and beech in the temperate forest zone [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF][START_REF] Leuschner | Fine Root Biomass of Temperate Forests in Relation to Soil Acidity and Fertility, Climate, Age and Species[END_REF]. Studies revealed that some species like beech could grow in a region with both lower and higher precipitation [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF][START_REF] Leuschner | Stand fine root biomass and fine root morphology in old-growth beech forests as a function of precipitation and soil fertility[END_REF]. The total annual rainfall does not affect fine root biomass, but the distribution is essential for soil moisture availability [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF].

Quantitatively [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF] revealed that the mean fine root biomass was higher at beech forest, which recorded 389g/m 2 and that of pine and spruce species was 297g/m 2 and 277g/m 2 , respectively.

In contrast, precipitation has been considered one of the essential factors affecting root biomass and production (Kummerow et al., 1990). The increase in soil moisture content leads to subsequent fine root biomass and production increase. The precipitation on this ecosystem is partitioned by eight months dry season and only four months rainy season between July to October (Kummerow et al., 1990).

Soil nutrient availability and root biomass production

Soil nutrient availability significantly influenced roots' growth (Giada et al, 2017a). Plant root generates small root hairs going into the soil and searching for water and nutrients (Evert, 2006).

Usually, the higher the root diameter, the lower the absorption of the nutrients in soil because of their hardcover layer, which the nutrient solutions are not easily permeable (Gregory, 2008a).

Plant roots require essential elements, macro and micro-nutrients, for their survival. Though, soil moisture content influences the chemical equilibrium of solid and liquid composition present in the soil, which will enhance the plant's growth and change the roots' structure to maximize the nutrient's absorption (Giada et al, 2017a;Giehl et al., 2014).

Change in the root architecture can shift their capacity to perform these essential functions (nutrient and water uptake) (López-Bucio et al., 2003). Soil nutrient is one of the essential elements required for plant growth and production. The quantity of soil nutrients influences root biomass and production in most forest ecosystems. For example, soil with poor nutrient availability has more root biomass than richer soil (Hendricks et al., 2006). For example, fine root biomass and production in a boreal forest [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF]Helmisaari et al., 2007;Vanninen and Makela, 1999) or in a spruce forest [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF] are higher in poor soil conditions as also reported by (Keyes and Grier., 2011).

Effect of soil temperature on root biomass and production

Most importantly, the soil temperature and moisture are limiting factors for root growth in the forest ecosystem [START_REF] Alvarez-Uria | Low temperature limits of root growth in deciduous and evergreen temperate tree species[END_REF]. Soil temperature can affect the root ability to take up nutrients by changing water viscosity and altering the root permeability, which also affects cell membrane structure and functioning (Kozlowski and Pallardy, 1997;Lahti et al., 2005;Marschner, 2011). The minimum and optimal temperatures required for root growth and respiration are within the range of 0 to 12 o C and 25 to 35 o C, respectively. In contrast, the maximum temperature is between 40 to 45 o C (Gregory, 2008b). As reported by (Alvarez-Uria and Körner, 2007), lower temperatures below 6 o C produced new root biomass less than 3% of total root biomass expected at deciduous and evergreen temperate tree species. 85% of new root produced during the cold season is within the rooting zone above temperature 9 o C (Alvarez- [START_REF] Alvarez-Uria | Low temperature limits of root growth in deciduous and evergreen temperate tree species[END_REF]. This is of course, depending on species and location.

In a situation where the soil temperature varies significantly with the species' optimum requirement, the root's growth and functioning will change significantly (Faget et al., 2013;Giada et al., 2017). Lower temperature below the specific requirement for the species affected root hydraulic conductivity, which slows roots' activity (Giada et al., 2017;Lee et al., 2005), and subsequently changed the plant's morphology by producing thinner root diameter and smaller root branches (Giada et al., 2017;[START_REF] Nagel | Temperature responses of roots: impact on growth, root system architecture and implications for phenotyping[END_REF]. Research conducted with conifers species indicates that root growth begins at 5 o C and increases rapidly when soil temperature exceeds 10 o C. Findings revealed that roots growth decreases when the soil temperature reaches 20 o C to above (Lopushinsky andmax 1990, 2004). Research on spruce seedlings in Norway indicates that the new root's initial appearance is when the temperature reaches 5 o C. The growth response is extended at the temperature between 5 to 8 o C, and the optimum was at 12 o C (Lopushinsky andmax 1990, 2004;Vapaavuori et al., 1992). The finding shows that coarse root tends to adapt to dry soil with a high temperature in most cases. Other grasses and arable crops implement different techniques of reducing the amount of carbon and water released by their roots (Giada et al., 2017;Huang & Nobel, 1993). Finding by (Stewart and Frank, 2008) revealed that cold and wet weather in June with maximum temperature and precipitation of 18.8 o C and 9.1cm respectively small quantity of fine roots disappeared. However, the average fine root biomass is smaller in boreal forests' cooler climate conditions than warmer temperatures (Finér et al., 2011a). The increase in fine root biomass might be due to increased water and nutrient availability at boreal to temperate and tropical forests.

1.5.4 Effect of soil sampling depth on root biomass and production (Helmisaari et al., 2007) reported that root biomass variation could be directly affected by sampling depth differences and forest ecosystem type. 80 to 90% of the fine root at boreal forests has been found at the topsoil layer 20 to 30cm depth [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF]Helmisaari et al., 2007). While at the temperate forest, 78% of fine root biomass was found at 50cm depth of the soil [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF][START_REF] Jackson | Sources, characteristics, and fate of atmospheric carbon monoxide[END_REF]. Generally, root biomass is found to be higher at the soil's surface unless in some situations when there is less moisture content at the top layer of the soil. Studies also revealed that fine roots are dominantly found at surface soil depth (0-8cm).

Data from boreal forest and peatland discovered that the quantity of fine root biomass was at the soil's upper top layer. It accounts for 92.5% of the organic layer (until 20cm soil depth).

Only 7.5% were found at the mineral soil layer at 20 to 30cm soil depth (Helmisaari et al., 2007;[START_REF] Lauber Et | Pyrosequencing-Based Assessment of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale | Applied and Environmental Microbiology[END_REF] .The dynamics distribution of roots depends on forest ecosystems [START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF]Kuhns et al., 1985). The results of [START_REF] Finér | Variation in fine root biomass of three European tree species: Beech[END_REF] comparing temperate and boreal forests show that there is more fine root in temperate deciduous and coniferous forests than in boreal forests.

BIOTIC FACTORS AFFECTING ROOT BIOMASS AND PRODUCTION

1.6.1 Effect of stand age and canopy closer on root biomass and production

The effect of stand and forest age on root biomass depends on the species (Finér et al., 2011b).

Root biomass on beech forest decreased with an increase in the stands' age, while at pine, it increased with the age of the trees stands (Finér et al., 2007a). It has also been reported by (Finér et al., 2011b) that fine root biomass increase by canopy closure. On mature forest stands, root biomass seems to be stabilized [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF][START_REF] Makkonen | Fine root biomass and production in Scots pine stands in relation to stand age[END_REF].

The result of (Finér et al., 2011b) concluded a strong relationship between fine root biomass and aboveground biomass at the tree level.

Effect of stand density on root biomass and production

Forest stand density may affect root biomass and production due to organic matter input variation between high and low-density forests (Erica dorr 2019 un-publish). As reported (Giada et al., 2017), organic matter contributed immensely to root production development.

Additionally, the impact of low density on fine root production could be due to soil temperature change. As reported by [START_REF] Clarke | Influence of different tree-harvesting intensities on forest soil carbon stocks in boreal and northern temperate forest ecosystems[END_REF][START_REF] Ma | Spatial variability in microclimate in a mixed-conifer forest before and after thinning and burning treatments[END_REF][START_REF] Trentini | Thinning of loblolly pine plantations in subtropical Argentina: Impact on microclimate and understory vegetation[END_REF], a low canopy immediately increased photosynthetically active radiation passing through the canopy and reaching the soil floor. The increase in canopy in the forest due to leaf expansion, which cover the soil surface, could lead to a subsequent increase in root biomass and production.

Because during leaf expansion is a period that correspond to summer season which is known as production period due to availability of sunlight for photosynthesis.

Furthermore, a decrease in stand density may affect the evapotranspiration rate, yielding the soil water content to remain constant or increase. These factors promote herbaceous and shrubby understory vegetation growth, which drives the second impact on forest litter input which increased organic matter quantity and quality (C/N ratio) [START_REF] Balandier | Impact of wood harvest intensity on forest biodiversity (Final Synthesis)[END_REF][START_REF] Grady | Influences of thinning, prescribed burning, and wildfire on soil processes and properties in southwestern ponderosa pine forests: A retrospective study[END_REF][START_REF] Henneron | Forest plant community as a driver of soil biodiversity: experimental evidence from collembolan assemblages through largescale and long-term removal of oak canopy trees Quercus petraea[END_REF][START_REF] Korb | Effect of restoration thinning on mycorrhizal fungal propagules in a northern Arizona ponderosa pine forest: Preliminary results[END_REF][START_REF] Ligot | Managing understory light to maintain a mixture of species with different shade tolerance[END_REF].

MICROBIAL BIOMASS, DIVERSITY AND ACTIVITIES IN THE FOREST ECOSYSTEMS

1.7.1 The role of soil microbes in the global carbon cycle Microbial biomass has been identified as the essential driver of soil organic matter decomposition in forest ecosystems. Soil organic carbon (SOC) is the source and sink for nutrients and contributes to soil fertility maintenance [START_REF] Khatoon | Role of microbes in organic carbon decomposition and maintenance of soil ecosystem[END_REF]. Soil organic carbon decomposition is an essential component of the global carbon budget. It can be measured by understanding the quantity of microbes (microbial biomass), the diversity, and of course, their activities in the forest ecosystem. Accurate estimation of these three aspects will give us the global idea of soil organic carbon decomposition rate, which is critical for forest carbon modeling and decision-making, which played vital role in carbon sequestration, and global climate change mitigation.

Forest stores a vital amount of carbon and other chemical compounds, mainly in the soil organic matter, which is coming either from plant or from microbial residue inputs. This carbon status and residence time in the soil is partially control by microbes, which metabolize and release carbon as CO2, an important greenhouse gas. The dynamics that control this process are poorly known in previous studies. The variation could be due to the dynamic distribution of microbial biomass and composition in the soil. One of the important, influential factors affecting microbial biomass and composition could be the spatio-temporal effect, such as seasonal and temporal dynamics (horizon and distance away to the tree trunk). These factors could be interesting in research because there is seasonal variability in organic matter input and their distribution across the year. Understanding these effects on microbial biomass community composition will give insight into soil organic matter cycling consequences and carbon sink potentialities.

Figure 1: A simplified version of the forest carbon cycle involves inputs from leaf litter and roots, a stable pool of soil carbon, and output via microbial respiration, along with root and arthropod respiration. We investigated the response of microbes to seasonal changes, soil depth and distance to the tree trunk effect. Because they play an essential role in the carbon cycle, and understanding their response and estimation will give better insight on their carbon sink potential 1.7.2 The microbial diversity in the forest ecosystem Different microbes played crucial roles in the forest ecosystem. The most important among are bacteria, fungi, and archaea. The activity of these important microbes drives an essential role in cycling significant elements (C, N and P). Meanwhile, the essential elements played a vital role in maintaining and stabilizing soil ecosystem service and functioning [START_REF] Aislabie | Soil microbes and their contribution to soil services. Ecosystem services in New Zealand-conditions and trends[END_REF]. The chapter describes the temporal and spatial effect (season, horizon, and distance) on microbial biomass in France temperate Oak forests.

Microbial biodiversity is positively related to the multifunctional terrestrial ecosystems, which is influencing an important role ecological processes that are required for the future of our society [START_REF] Delgado-Baquerizo | Microbial diversity drives multifunctionality in terrestrial ecosystems[END_REF][START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF]. The multifunctional drivers are climate, soil abiotic factors and spatial predictors [START_REF] Delgado-Baquerizo | Microbial diversity drives multifunctionality in terrestrial ecosystems[END_REF]. Research shows that any loss in microbial diversity will likely reduce multifunctionality which will negatively affect the services such as climate regulation, soil fertility and food and fibre production the ecosystems [START_REF] Delgado-Baquerizo | Microbial diversity drives multifunctionality in terrestrial ecosystems[END_REF]. As part of the season why microbial ecologist have been struggling to describe the diversity of microorganisms in the environment, particularly in the soil due to their role played as sink and the source of carbon. It has been revealed that soil and climate parameter are the important influencers of microbial composition, diversity and metabolic activity across various environmental niches, including boreal and temperate forest soils [START_REF] Brockett | Soil moisture is the major factor influencing microbial community structure and enzyme activities across seven biogeoclimatic zones in western Canada[END_REF][START_REF] Fierer | The diversity and biogeography of soil bacterial communities[END_REF][START_REF] Jeanbille | Soil Parameters Drive the Structure, Diversity and Metabolic Potentials of the Bacterial Communities Across Temperate Beech Forest Soil Sequences[END_REF][START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF].

However, soil edaphic properties, precipitation and soil temperature are been considered as the most influential drivers of soil microbial community composition at large ecological scale [START_REF] Lauber Et | Pyrosequencing-Based Assessment of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale | Applied and Environmental Microbiology[END_REF][START_REF] Talbot | Endemism and functional convergence across the North American soil mycobiome[END_REF]. Studies revealed that the clustering of bacteria community at a continental scale related to the soil pH pattern across systems this is confirmed in multiple site that focused specially on forest soil [START_REF] Ferrenberg | Changes in assembly processes in soil bacterial communities following a wildfire disturbance[END_REF][START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF][START_REF] Shen | Soil pH drives the spatial distribution of bacterial communities along elevation on Changbai Mountain[END_REF]. The of the bacterial community is influenced by the pH, although it is phylum specific example it is reflected in the dominant of Acidobacteria and Alphaproteobacteria in acidic soil environments (Jones et al., 2009a;[START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF][START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF][START_REF] Shen | Soil pH drives the spatial distribution of bacterial communities along elevation on Changbai Mountain[END_REF].

Similarly, other phylum like Bacteriodetes and Actinobacteria are more abundant inn soil with higher pH [START_REF] Jeanbille | Soil Parameters Drive the Structure, Diversity and Metabolic Potentials of the Bacterial Communities Across Temperate Beech Forest Soil Sequences[END_REF][START_REF] Lauber Et | Pyrosequencing-Based Assessment of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale | Applied and Environmental Microbiology[END_REF]. Generally it has been showed that pH has been a primary driver of bacterial community composition and other climatic and physicochemical parameters have also significant influence [START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF]. For fungi, it has been also described that precipitation had great influence on community richness at global scale, including majority of fugal taxonomic and functional groups, although they have exhibits different preferences for some specific edaphic factors such as pH, calcium, or phosphorous soil content [START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF][START_REF] Tedersoo | Global diversity and geography of soil fungi[END_REF]. Some studies revealed that soil microbial biomass is mainly driven by moisture content and soil nitrogen at global scale while temperature may likely have an indirect effect on microbial biomass by influencing the rate of evapotranspiration and enhancing decomposition processes [START_REF] Serna-Chavez | Global drivers and patterns of microbial abundance in soil[END_REF]. Other factors such as plant productivity and soil mineral composition could indirectly influence microbial community composition at continental scale, both interaction to determine organic matter content and microbial diversity [START_REF] Waldrop | The interacting roles of climate, soils, and plant production on soil microbial communities at a continental scale[END_REF]. Most of the microbial community depend on on organic matter decomposition to obtain their energy and peak in areas with high soil organic matter content [START_REF] Delgado-Baquerizo | Microbial diversity drives multifunctionality in terrestrial ecosystems[END_REF].

The primary organic matter source is both from aboveground litters and from belowground input, which in turn decomposed and utilized by the help of microbes and determine the quantity of organic matter sequestered in the soil [START_REF] Barros | Factors influencing the calorespirometric ratios of soil microbial metabolism[END_REF][START_REF] Wardle | A COMPARATIVE ASSESSMENT OF FACTORS WHICH INFLUENCE MICROBIAL BIOMASS CARBON AND NITROGEN LEVELS IN SOIL[END_REF]. Nonetheless, the knowledge and understanding of organic carbon dynamics in forest soils are poorly explicitly limited at 20 to 30cm of belowground (Campbell and Paustian, 2015a;Rumpel and Kögel-Knabner, 2011a). Some studies show a significant amount of organic matter inputs from the belowground compartment [START_REF] Barros | Factors influencing the calorespirometric ratios of soil microbial metabolism[END_REF].

Additionally, organic matter input comes from dead roots, and other important organic components C and N are source from living roots known as rhizodeposition. Research by (Ota et al., 2013a) shows that the most significant bank store of carbon is soil higher than the terrestrial and atmospheric surface, subsoil B and C horizon intensely controlled and modified by root supplies [START_REF] Barros | Factors influencing the calorespirometric ratios of soil microbial metabolism[END_REF]Ota et al., 2013a;[START_REF] Spielvogel | Distribution of cutin and suberin biomarkers under forest trees with different root systems[END_REF]. Nevertheless, the knowledge related to the quantification of carbon on microbial biomass from different belowground pools is lacking attention. As reported by (Adeleke, 2016a;Campbell and Paustian, 2015a;Schulz and Vetterlein, 2007a) and the lack of attention is due to insufficient knowledge and logistics-related issues in studying the subsoil compartment. Therefore, an effort is needed to develop scenarios that will solve the challenges.

The temporal variability of soil microbial biomass

Belowground microorganism have an essential role in providing relevant ecosystem services, to fully understand the effect of environmental changes on these ecosystem services are need to a comprehensive understanding of how abiotic and biotic factors drive the composition of microbial communities in the soil [START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF]. Seasonality in a forest ecosystem as one of the important factor was identified by a change in vegetation cover, which affects the microbial process of carbon and nitrogen cycling. It happens due to a change in the quality and quantity of litter exudate into the soil [START_REF] Parihaar | Status of an indigenous agroforestry system: a case study in Kumaun Himalaya, India[END_REF]. Similarly, climatic changes are also an important factor affecting soil microbial biomass and community composition, mainly through two significant effects soil moisture and temperature [START_REF] Bendall | A deep profiler's guide to cytometry[END_REF][START_REF] Diaz-Ravina | Seasonal changes in microbial biomass and nutrient flush in forest soils[END_REF]. Sufficient moisture content in the soil has been identified as the influential factor that favors microbial activity and enhances the decomposition processes, although excessive moisture content could affect the activity of microbes in the soil that could lead to anoxia

The spatial variability of microbial biomass

Studies is needed on the temporal distribution of microbial composition, abundance and diversity. Very little is known about microbial nature at the soil's deeper layer [START_REF] Fierer | Variations in microbial community composition through two soil depth profiles[END_REF]. Most of the research gives their attention to the soil surface, usually around 20cm depth.

As reported by [START_REF] Fierer | Variations in microbial community composition through two soil depth profiles[END_REF], microbes are found in the soil's surface, recorded one to two orders of magnitude lower in the subsurface horizon. Approximately, 35% of microbial biomass found at the top 2m of soil are dominated below a soil depth of 25cm.

Soil has different deeper profiles; many microbes exist in the subsurface layer of the soil [START_REF] Dodds | Biological properties of soil and subsurface sediments under abandoned pasture and cropland[END_REF][START_REF] Van Gestel | Microbial biomass responses to seasonal change and imposed drying regimes at increasing depths of undisturbed topsoil profiles[END_REF]. These microbes with their role in soil formation, ecosystem biogeochemistry, degradation, maintenance of underground water, and quality [START_REF] Fierer | Variations in microbial community composition through two soil depth profiles[END_REF]Richter and Markewitz, 1995a). Still, little knowledge of microbes residing in subsurface soil is known. Similarly, many studies revealed that changes in soil physico-chemical properties and the land-use changes are the dominant factors for determining microbial biomass community composition [START_REF] Fierer | The diversity and biogeography of soil bacterial communities[END_REF][START_REF] Singh | Influence of grass species and soil type on rhizosphere microbial community structure in grassland soils[END_REF].

Equally, other studies revealed a strong effect of vegetation type on microbial community structure [START_REF] Kuske | Comparison of Soil Bacterial Communities in Rhizospheres of Three Plant Species and the Interspaces in an Arid Grassland[END_REF]. Most of the studies on soil microbial biomass, community composition, diversity and activity are restricted to bacteria and fungi [START_REF] Kasel | Land use influences soil fungal community composition across central Victoria, south-eastern Australia[END_REF][START_REF] Van Der Wal | Fungal biomass development in a chronosequence of land abandonment[END_REF]. The methods used in microbial studies are mostly Phospho-lipid fatty acid (PLFA). In our approach of this study, we have come up with integrative methods of studying microbial soil compartments with fumigation extraction, molecular approach and microbial respiration detection method.

One of the essential aspects requiring deep understanding in the ecology field is the soil microbial biomass temporal variability. This aspect played a vital role in understanding the pattern of soil nutrient release and mineralization of organic matter at different soil pools.

An effort has been made to understand the various factors responsible for microbial biomass, activity, and diversity in the soil. Most importantly, the effect of temporal variation as a factor required strong attention. This necessitates understanding the distribution, diversity and activities of microbial biomass community composition in the soil. Soil microbial biomass is not a static body. They are heterogeneously distributed in the soil depending on the environmental condition such as soil, with different features affecting microbes at different extent depending on the niche they occupied [START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF][START_REF] Wardle | A COMPARATIVE ASSESSMENT OF FACTORS WHICH INFLUENCE MICROBIAL BIOMASS CARBON AND NITROGEN LEVELS IN SOIL[END_REF].

The temporal dynamics of microbial biomass will give us better insight into the extent of releasing immobilized labile nutrients and the availability for other ecosystem components [START_REF] Bauhus | Mechanisms for carbon and nutrient release and retention in beech forest gaps[END_REF][START_REF] Robertson | Carbon and nitrogen mineralization in cultivated and grassland soils in subtropical Queensland[END_REF][START_REF] Wardle | Controls of temporal variability of the soil microbial biomass: A global-scale synthesis[END_REF].

The rhizosphere in forest ecosystems

The rhizosphere is the volume of soil in the vicinity of root [START_REF] Koranda | Microbial processes and community composition in the rhizosphere of European beech -The influence of plant C exudates[END_REF][START_REF] Lambers | Plant nutrient-acquisition strategies change with soil age[END_REF]. This is the zone of interaction between plants and microorganisms. The rhizosphere zone is usually occupied by highest microbial activity, which is clearly different with bulk soil with regards to the nutrient, water, oxygen and pH [START_REF] Hinsinger | Rhizosphere: biophysics, biogeochemistry and ecological relevance[END_REF]. The reason for the higher microorganism in the vicinity of plant root is due to rhizodeposition which take up to 25% of belowground allocated carbon (Jones et al., 2009a;[START_REF] Koranda | Microbial processes and community composition in the rhizosphere of European beech -The influence of plant C exudates[END_REF][START_REF] Uren | Types, amounts, and possible functions of compounds released into the rhizosphere by soil-grown plants. The rhizosphere: biochemistry and organic substances at the soil-plant interface[END_REF].

Roots in this zone release different substrates into the soil (exudate). The exudate includes sugar, amino acid, vitamins, carbohydrate, enzymes and hormones as well as mucilage enzymes [START_REF] Dennis | Are root exudates more important than other sources of rhizodeposits in structuring rhizosphere bacterial communities?[END_REF][START_REF] Uren | Types, amounts, and possible functions of compounds released into the rhizosphere by soil-grown plants. The rhizosphere: biochemistry and organic substances at the soil-plant interface[END_REF]. Fine root in the rhizosphere deposited about 50% of the annual C allocated belowground [START_REF] Edwards | Induced muscle differentiation in an embryonal carcinoma cell line[END_REF]. The quantity release varies from one species to another and location. Information revealed that about 20% of carbon obtained through photosynthesis is released into the soil by exudates [START_REF] Hütsch | Plant rhizodeposition-an important source for carbon turnover in soils[END_REF]. Hence, it has been estimated that about 5 to 10% of the total soil carbon is from roots deposition [START_REF] Jones | Linking ecosystem engineers to soil processes: a framework using the Jenny State Factor Equation[END_REF]. Similarly, plant root influence C and N availability in the rhizosphere via rhizodeposition and uptake on nutrient [START_REF] Koranda | Microbial processes and community composition in the rhizosphere of European beech -The influence of plant C exudates[END_REF]. [START_REF] Brüggemann | Carbon allocation and carbon isotope fluxes in the plant-soil-atmosphere continuum: a review[END_REF], reported that 40% of total carbon allocated to the belowground is from roots growth and exudate. The exudate released by the plant root into the soil is usually decomposed primarily by bacteria, and other microbes such as fungi, which release the carbon compounds through the (TCA) Tricarboxylic acid cycle or citric acid cycle. The quantity and quality of soil organic compounds coming from rhizodeposits control the activity of the microbes. Different carbon pools exist in the belowground based on decomposability, as more recalcitrant C pools are less decomposable by microbes than the younger C pool.

The biological activity of the rhizosphere is significantly higher compared to the rest of the soil, due to this important release of organic compounds from the roots. The microbes in the rhizosphere respire and released CO2. However, half of the soil respiration comes from the root.

The amount of CO2 produced through root respiration can be determined by the root biomass and the respiration rate [START_REF] Shibistova | Seasonal and spatial variability in soil CO2 efflux rates for a central Siberian Pinus sylvestris forest[END_REF]. Rhizosphere pool is an important belowground in the forest ecosystem where most of the microbial activity occurred, such as decomposition of SOM which is enhanced due to exudation [START_REF] Bottner | Bottner: Modelling the effect of active roots on[END_REF][START_REF] Koranda | Microbial processes and community composition in the rhizosphere of European beech -The influence of plant C exudates[END_REF] which subsequently, stored significant greenhouse gas. It is clearly known that several studies observed that with an increase in C mineralization following the addition of labile carbon compounds was ascribed to the higher microbial turnover and breakdown of microbial C poos [START_REF] De Nobili | Soil microbial biomass is triggered into activity by trace amounts of substrate[END_REF][START_REF] Koranda | Microbial processes and community composition in the rhizosphere of European beech -The influence of plant C exudates[END_REF].

However, models neglected the contribution of soil organic matter input from roots (Jones et al., 2009a). This also intensifies the need to design a good experiment quantifying the amount of carbon and nitrogen released by the plant roots, as microbial survival requires these essential elements (Carbon and Nitrogen).

Studies revealed that plant root affected microbial growth and decomposition process positively or negatively, which is probably due to different soil N and C availability or differences in the investigated soil type or depth of sampling [START_REF] Koranda | Microbial processes and community composition in the rhizosphere of European beech -The influence of plant C exudates[END_REF][START_REF] Kuzyakov | Kuzyakov: Factors affecting rhizosphere priming effects -Google Scholar[END_REF]. Similarly, computation of water and nutrient new the plant root may reduce microbial activity at the rhizosphere (near the root) [START_REF] Koranda | Microbial processes and community composition in the rhizosphere of European beech -The influence of plant C exudates[END_REF][START_REF] Wang | of%20spatial%20placement%20of%20N-rich%20and%20N-poor%20plant%20residues&publication_year=1997[END_REF].

Role of Bacteria in the forest ecosystem

Forest ecosystems played vital roles as carbon sinks, the ecology in the forest has been understudied [START_REF] Lladó | Forest Soil Bacteria: Diversity, Involvement in Ecosystem Processes, and Response to Global Change[END_REF]. Among the most significant organism are bacteria, which occupied multiple habitats with specific properties, including bulk soil, rhizosphere, litters, and deadwood zones.

Bacteria have played roles in the decomposition of organic matter, dead plants, and fungal mycelia. It also played significant roles in carbon, nitrogen and phosphorous cycling. Bacteria in the rhizosphere interact with plant roots and mycorrhizal as commensalism or mycorrhiza helpers.

Different species of bacteria were found in the forest ecosystem. Their diversity and community composition are driven mainly by soil texture and tree species [START_REF] Hui | Soil bacterial communities of different natural forest types in Northeast China | SpringerLink[END_REF]. For example, in conifer broadleaf forests, there is a higher proportion, of Acidobacteria, Verrucomicrobia, Bacteriodetes and Chloroflexi. In comparison, Spruce-fir and Larch Forest were dominated by Proteobacteria and Gemmatimonadetes species [START_REF] Hui | Soil bacterial communities of different natural forest types in Northeast China | SpringerLink[END_REF]. Although, [START_REF] Delgado-Baquerizo | A global atlas of the dominant bacteria found in soil[END_REF][START_REF] Manuel | A global atlas of the dominant bacteria found in soil[END_REF] reported that the dominant bacterial taxa found worldwide in soil samples collected from six different continents were only 2% of bacterial taxa. This accounts for nearly half of bacterial communities across the globe. Despite the overwhelming diversity of bacterial communities, but the finding revealed few bacterial taxa in the soil globally [START_REF] Manuel | A global atlas of the dominant bacteria found in soil[END_REF]. The finding of Manuel Delgado happened to be at a global scale, but when we narrow on the forest ecosystem, we can have abundant bacteria species in the soil. With regard to the number of bacterial copy in forest soil, it was revealed that in 1g of soil there is approximately 1million or less to billions bacteria [START_REF] Clark | Bacteria in soil[END_REF].

However, bacteria communities in forest ecosystems respond to environmental changes such as climate change, increased carbon dioxide, and other anthropogenic activities. Meanwhile, these crucial factors have not been thoroughly studied, particularly the spatio-temporal effect.

We aim to fully understand the effect of three factors: phenology, soil depth and distance to the tree trunk, bacteria diversity, composition, and their activities in the temperate Oak Forest zone.

Role of Fungi in the forest ecosystem

Fungi play significant ecological roles in forest ecosystems; it has some positive impact as decomposers of resistant fibers. Meanwhile, it can affect the health, diversity, productivity and development of their biotic communities. In a forest ecosystem, other direct roles played by fungi are the mycorrhizal associations with vascular plants, pathogens of commercial trees species, decomposers, and food resources for wildlife [START_REF] Marcot | A review of the role of fungi in wood decay of forest ecosystems[END_REF].

However, fungi serve as a medium for nutrient recycling, particularly the nitrogen, carbon, and minerals that other microbes and trees can then be used in the forest ecosystems [START_REF] Fonte | The influence of a neotropical herbivore (Lamponius portoricensis) on nutrient cycling and soil processes[END_REF]. Similarly, fungi help in the decomposition of soil organic matter, which alters the structure of the soil. It also played roles in mobilizing nitrogen, phosphorous and potassium during early decaying stages of wood [START_REF] Krankina | Dynamics of the dead wood carbon pool in northwestern Russian boreal forests[END_REF] 1.7.8 Role of Archaea in the forest ecosystem Studies using the molecular approach revealed that archaeon is traditionally associated with extreme environmental conditions. It is constituted in a large prokaryotic cell abundance in nonthermophilic environs [START_REF] Delong | Everything in moderation: archaea as 'non-extremophiles[END_REF][START_REF] Tourna | Growth, activity and temperature responses of ammonia-oxidizing archaea and bacteria in soil microcosms[END_REF]. Archaea resembles bacteria.

Researchers focused on bacteria and fungi, while archaea have been neglected with little data available.

It is interesting to study these microbes, particularly the seasonal dynamic and its distribution across soil depth in the forest soil because 50% of the microbial biomass is at 10cm depth. This could not necessarily be true in the temperate forest ecosystem. Therefore, it is quite interesting to study the spatio temporal effect on archaea in the soil.

Microbes have been affected by water, soil carbon content, climate, soil types and management practices [START_REF] Dalal | Long term trends in fertility of soils under continuous cultivation and cereal cropping in southern Queensland. VII. Dynamics of nitrogen mineralization potentials and microbial biomass[END_REF].

However, it could also be interesting to determine the influence of distance to the tree trunk on the microbial community composition in the forest at different seasons of the year. As we know, the quality of soil depends on the quantity and quality of these important, because microbes are the sensitive indicator of soil quality.

We hypothesed that there is significant variation on the different belowground pools (root biomass, growth, soil microbial biomass and their potential activity) at seasonal scale (spring, summer, autumn and wimter) and two different soil horions (0-15, 15-30cm depth), two distance away to tree trunk (1 and 5m) in the study area. We expect to have the variation due to seasonal changes example the litter fall and budburst. We project to see the changes of these important pools with the climatic changes such as (temperature and precipitaion) which could lead to an increase in the belowground pools.

THE PHD OBJECTIVES AND THE STRUCTURE

Regards to this previous review of literature and to the fact that aboveground biomass received more attention compared to belowground biomass (IUFRO 2019). This study focus on spatiotemporal variability of the fine roots biomass and functioning of the rhizosphere of Oak tree in a temperate forest ecosystems. Indeed, fine roots are a provider of organic matter for the soil, influence the diversity and activity of the microbial compartment and play a significant role in the evolution of the carbon stock of the forest soil. The knowledge in particular on the effect of season, distance to the tree trunk and soil depth on fine root biomass and growth, rhizosphere organic content, rhizospheric microbial diversity, distribution and activity in temperate Oak forest were exploired More precisely the PhD is divided into 3 main objectives.

The first is to characterize the spatio temporal partitioning of roots (fine and coarse) biomass regards to season, depth and distance to the tree trunk and estimate during which period of the year the growth of fine roots is the most important (higher).

The second part concerned the release of organic carbon by roots in the rhizosphere all along the season and its spatial variability (depth and distance from the tree trunk).

The last one focused on microbial compartment, its structure (bacteria, archaea, fungi) and its catabolic activity regards to the season and the spatial variability (depth and distance to tree trunk) Finally, our researches has given new insides concerning belowground compartment functioning and structural diversity of Oak temperate forests. 

SPATIO-TEMPORAL VARIABILITY OF ROOT BIOMASS AND GROWTH DYNAMICS IN TEMPERATE OAK FOREST

Wada A. F 1, 2 , L. Barthes, G 1 . Vincent, S.

ABSTRACT

Roots are the important sink and carbon source in the belowground forest compartment. Studies are strongly needed to understand their seasonal dynamics in the forest ecosystem. This study is globally required because it relates to global challenges such as climate change, food security and environmental protection. We aimed to estimate the seasonal dynamics of root biomass, growth and total C and N concentration obtained in the belowground at four different seasons of the year (spring, summer, autumn and winter) at two different distances to the tree trunk (1 and 5 meters) and two soil depths (0-15 and 15-30 cm) of the rhizosphere. Sequential coring and in-growth cores were used. Root biomass samples were handpicked and freeze-dried to analyze C and N concentrations using the elemental analyzer machine.

The result shows no significant difference in total root biomass across the season (P<0.202).

Statistical difference was obtained only on fine root biomass across the season (P<0.0003). The highest mean value was found when leaves were fully expanded in the summer period 1.05 kg/m 3 ± 0.71, which is statistically similar to the spring when leaves have started sprouting and the autumn season when 50% of the leaves turned yellow. The dormancy period in winter when there was no leaf has been observed to be statistically differed and recorded the lowest mean value of 0.73 kg/m 3 ± 0.40.

The effect of soil depth on fine root biomass was statistically different (P<0.0001). The results show that fine root biomass decreased with an increase in sampling depth. 72% of fine roots are dominantly found at the first layer of the soil 0-15cm 1.34 kg/m 3 ± 0.53 and 28% of fine roots are found at 15-30cm depth 0.55 kg/m 3 ± 0.19 across all the seasons. No significant difference was observed in fine, coarse and total roots biomass at 1 and 5meter (P<0.497), which means that distance to the tree trunk did not impact root biomass from the study area.

Root growth was significantly different across seasons (P<0001). The highest mean value was obtained during the growing season between budburst to the period of maximum leaf expansion. The lowest mean value was found during LMA to yellowing, that is summer to autumn with a mean of 1.17g/m 3 /day ±0.173. Conclusively, the differences in total root biomass appear to be the same in our four seasons of the year. However, the variation in fine root biomass was different at seasonal scale and soil depth. The fine root is an essential source of carbon in the rhizosphere and it appears to be decreasing with an increase in soil depth across the four seasons of the year. No influence of distance was observed on total C and N in the soil and root biomass.

Keywords: Root biomass, forest ecosystem, fine root, LMA, phenology, sequential coring and ingrowth

INTRODUCTION

Trees and forests play vital roles in sustaining life on earth. Their protection and management are strongly related to global challenges such as climate change, food security and environmental protection (Meier et al., 2019a). Over 125years ago, the International Union of Forest Research Organization (IUFRO) focused on a topic related to forests and trees, trying to address the following subjects. Soil and trees interact in forest ecosystems, improving the forest carbon sink level and the forest's resilience to climate change. The congress concluded that the function of belowground biomass in the forest ecosystem needs to be given serious attention by studying roots and rhizosphere. Forest management was generally focused on aboveground biomass production to maximize harvest, but the belowground biomass has received less attention (Helmisaari et al., 2002a). Over a long period, researchers assumed that litters from aboveground biomass are the primary carbon input to the soil without considering the belowground rhizodeposition fluxes (Ding et al., 2019a).

The carbon allocated to the belowground biomass is 22-63% of the total gross forest primary production [START_REF] Litton | Carbon allocation in forest ecosystems[END_REF][START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF]. Aerial litter would contribute in temperate forests to about 20% of the net primary production (NPP) (Newman et al., 2006) while the allocation of carbon to the underground compartment, via the root system, can represent more than 50% of net primary production (Helmisaari et al., 2002;Keyes and Grier, 1981). Little is known about the contribution of fine root biomass in the belowground, and. The contribution of litter to the belowground part of the vegetation during carbon cycling in forest ecosystems is not sufficiently known [START_REF] Finér | Variation in fine root biomass along a 1000 km long latitudinal climatic gradient in mixed boreal forests of North-East Europe[END_REF]. Root has been one of the significant contributors to the total biomass pools of forest and woodland ecosystems and of course, played vital roles in the carbon cycle, carbon allocation and nutrients [START_REF] Brunner | Tree roots in a changing world[END_REF][START_REF] Clark | Measuring Net Primary Production in Forests: Concepts and Field Methods[END_REF][START_REF] Raich | Aboveground Tree Growth Varies with Belowground Carbon Allocation in a Tropical Rainforest Environment[END_REF][START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF]..

Most of the studies on root biomass in the forest ecosystem are concerned about total root biomass without separating understory vegetation roots from different shrubs, herbs, and grasses [START_REF] Finér | Variation in fine root biomass along a 1000 km long latitudinal climatic gradient in mixed boreal forests of North-East Europe[END_REF] due to the nature and difficulties in distinguishing the root from the soil samples and other shrubs. The fine root of the understory vegetation represents from onethird up to 50% of the total fine root in the soil. [START_REF] Bhuiyan | Estimating fine-root production by tree species and understorey functional groups in two contrasting peatland forests[END_REF][START_REF] Finér | Variation in fine root biomass along a 1000 km long latitudinal climatic gradient in mixed boreal forests of North-East Europe[END_REF]. This confirmed that fine root is the primary source of carbon in the belowground soil compartment.

However, many researchers are not separating the roots based on species and understory vegetation in the forest [START_REF] Lukac | Fine Root Turnover[END_REF].

Experimental studies conducted at different forest ecosystems aimed at studying the relationship between different environmental factors on a larger geographical scale revealed that. Fine root biomass differs in relation to tree species, stand age, density, basal area and soil properties. While environmental factors, however, contribute to the changes, such as air temperature, amount of precipitation, geographical location and elevation (Finér et al., 2007a;[START_REF] Vogt | Conifer and Angiosperm Fine-Root Biomass in Relation to Stand Age and Site Productivity in Douglas-Fir Forests[END_REF]. Regarding the area covered by fine roots at the rhizosphere, it was discovered that the production of fine roots decreases exponentially from the soil surface to the deeper soil layer in forest biomes.

Accurate quantification of carbon and nutrient fluxes is essential in assessing forest ecosystem functioning. Estimating carbon stocks is usually done by measuring the aboveground and belowground biomass [START_REF] Qureshi | A review of protocols used for assessment of carbon stock in forested landscapes[END_REF]. The quantification of forest carbon stock is a challenging assignment that involves a high degree of uncertainties, discrepancies because of the method involved, and the nature and heterogeneities of the forest, particularly the belowground pools. Therefore, given the recent recommendations of the international forest research organization ( 2019), there is a need to study belowground rather than aboveground.

Our research targeted to estimate the biomass at the belowground and potential fluxes by estimating total carbon and nitrogen in the roots and soil samples to complement the recommendation of the (IFRO).

The initial point of carbon flow from the roots is to the rhizosphere. However, models neglected the contribution of soil organic matter input, especially the fluxes from the exudate roots (Jones et al., 2009). The amount of roots exudate of course, differs with species and location. The soil organic C content of temperate grazed grassland soil typically ranges from 10 to 50 g C kg/soil.

However, the standing root biomass ranges from 5 to 15 g root -C kg/ soil. The carbon exudated from grass root was typically found to be from 1 to 10mg C g root-C/ day. Estimation of C entering grassland soil from root exudation was obtained to be ranged from 0.1 to 5 g C kg/soil/month and this is similar with what was derived from root turnover (Jones et al., 2009b).

Although it is difficult to quantify root exudation directly without isotope, the fact that in trying to quantify the transfer of the exudated compound into the belowground there is highest tendency of mineralization or consuming by the microbes (Jones et al., 2009b). In the same vein the mineralization of the exudated compound by the root occurred particularly on the low molecular weight exudates, because of they have a residence time of few hours in soil solution which is easily consumed by the C limited rhizosphere microbial community (Jones et al., 2009b;Nguyen, 2009).

The research hypothesized that there is significant variation in the root biomass, root growth, total nitrogen and carbon spatially and temporally. We predicted that the seasonal dynamic, leading to aboveground changes, could subsequently lead to the change in belowground pools.

For example, the litter fall, budburst and other climatic variables (temperature, moisture content) that vary across seasons could result in the variation of these essential pools.

The research focused on quantifying root biomass, root growth and the organic matter input by the root to the rhizosphere. Also, different seasons, horizons (0-15 and 15-30cm) and distance away to the tree trunk (1 and 5m) of mature sessil Oak in a temperate Forest. The questions were addressed with two questions: what is the root biomass in spring (budburst), summer (maximum leaf area), autumn (yellowing) and winter (dormancy season). The second question was about the release of organic carbon by the root to the rhizosphere at a different season and the influence of sampling depth and distance away from the tree trunk. In this question, we measured the total C and N in the root biomass and the rhizospheric soil of the study area. This gives us the estimated quantity of C and N in the soil at different seasons and the distribution across the distance to the tree trunk and soil depth.

MATERIAL AND METHODS

Site description

The Spring corresponded to budburst. In summer, it is at (LMA), which stands for the season when leaves are fully expanded; autumn is when leaves are 50% turned to yellow. Furthermore, winter is when there is no leaf corresponding to the dormancy period. Source (ICOS 2020).

Experimental design

The experiments were conducted in a mature Oak Forest with 150 years old trees. We select and demarcate 2500m 2 of the forest plot for the experiment. Winter January 17, 2020) corresponding to budburst, maximum leaf area, yellowing and dormancy period respectively. 10 dominant trees were selected based on their similarities in phenotypic nature (height, diameter, age). Four samples were collected around each tree at different distances from the tree trunk 1 and 5meters away from the tree trunk. Soil coring devices were used to collect samples at the first and second horizons of the soil (O-organic, Aorgano-mineral). The samples of the third layer were excluded because of the presence of bedrock and insignificant differences with the second horizon observed from the preliminary survey. Stratified sampling was adopted as a sampling technique to ensure a good representation of the site because of the heterogeneity character of the soil (Liu et al., 2019a;Reynolds et al., 1997a). Before conducting our experiment, the analysis of roots profiles was conducted on one mature sessile Oak. We sampled soil cores at 1, 2, 3, 4, and 5m from the tree trunk at 0-15, 15-30cm depth and more than 30 cm depth until the maximum digging (to the level of impossible digging) we observed higher clay content at the maximum digging level between (below 30cm depth). The collected soil sample was taken to the laboratory to quantify the amount of root presence at each meter and the three different soil horizons. Careful handpicking of fine less than 2mm, and root greater than 2mm in diameter was done to analyze the global partitioning of roots around the tree trunk. The picked roots were oven-dried at 60 o C for 48h and finally weighed.

Determination of root biomass and total C and N concentration in the root

To determine the root biomass in this study, we used the soil-coring method adopted by (Ding et al., 2019b;Helmisaari et al., 2007a;). First samples were taken just before budburst (April 4, 2019, in spring), the second Leaf area index maximum that is when leaves are fully expanded (June 17, 2019, summer), the third yellowing (5 th November 2019, Autumn), and the last during the dormancy (February 24, 2020) which correspond to the winter season. 20samples were taken at 1 meter at the first and second horizon (0-15cm and 15-30cm depth of soil, respectively). At the first and second horizon, another 20 at 5 meters away from the truck corresponded to 40 samples each season. Careful handpicking to remove roots from the soil samples was adopted by [START_REF] Friend | Quantification of two-year-old hybrid poplar root systems: morphology, biomass, and 14C distribution[END_REF]helmisaari et al., 2007a;[START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF][START_REF] Santantonio | Root biomass studies in forest ecosystems[END_REF].

The rhizosphere soil was separated from the global soil by using hand. Soil that is closely attached to the root is classified as rhizospheric soil. The roots were divided into two components fine less than 2mm and coarse roots greater than 2mm in diameter. The picked roots and rhizosphere soil were freeze-dried at -80 o C for 48hours, and the root was weighed using a weighing balance device (Idol et al, 2000a). The dried roots and soil samples were ground, processed, and inserted into the tin caps for further analysis using an elemental analyzer machine (FLASH 2000 HT/IRMS, Thermo Scientific, INRAE Versailles). The target is to estimate the total C

and N found at the two classes of the root (fine and coarse) and the total C and N obtained from the samples of rhizospheric soil at our four seasons, two distances to the tree trunk and two different soil depth (0-15 and 15-30cm).

Determination of root growth

Root growth was determined by quantifying the root regenerated in the refilled cores with soil (In-growth core or recolonization core). The experiment was achieved by using the previous dug hall, where all the 20 cores made at each season were refilled with a mixture of sand and forest soil at the ratio of 1:3. After some months, the beginning of the next growing season dated on 1 st recolonization core was refilled on April 13 and sample on June 17 2019, the second refiling on the June 22, 2019 and sampled on November 5, the third was refilled on November 14, 2019, and sampled on February 24 2020. Finally, the last recolonization cores stayed longer due to Covid 19 lockdown; as such, the refilling of the cores was done on February 28, 2020 and resampled after 9months on November 26, 2020. The 10cores out of the 20 were selected randomly and samples were extracted using a coring device adopted by (Idol et al, 2000a;[START_REF] Lauber Et | Pyrosequencing-Based Assessment of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale | Applied and Environmental Microbiology[END_REF][START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF][START_REF] Valverde-Barrantes | Fine-root mass, growth and nitrogen content for six tropical tree species[END_REF]. The remaining 10 refilled cores were resampled after 3month of first sampling to see the regenerated root at 6months. The choice of these periods 3 and 6months was made to avoid possible overestimation, as reported by (Idol et al, 2000a). Allowing ingrowth core for several months is problematic because the longer the period left, the higher the chance of decomposition and dying, leading to underestimating the root biomass (Idol et al, 2000a). The samples were finally taken to the laboratory to quantify the amount of root presence in the soil sample. Here also, careful handpicking was adopted to separate the soil and the root [START_REF] Friend | Quantification of two-year-old hybrid poplar root systems: morphology, biomass, and 14C distribution[END_REF]Helmisaari et al., 2007a;Idol et al, 2000a). 

Recolonization cores
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Table 2: Organization of the sampling for the recolonization cores: the tables show the exact date of the recolonization cores installation in the study area. The second resampling of the recolonization cores is to determine the quantity of fine root growth between the installation date and the resampling. The duration taken in the number of days has been counted and used to calculate the quantity of fine root in g/m 3 /day.

Statistical Analyses

Statistical analyses were conducted using JMP Pro13 software and Sigma Plot F. Results were tested for normality using the Shapiro Wilks test. When normality is respected, the tree way ANOVA was conducted to determine the season, distance to trunk and depth effect. A Tukey Kramer test allowed us to classify the means. The analysis was based on the general linear mixed model because the entire data are categorical and continuous. As we rightly know, GLM can categorize the mean on an ANOVA basis. We therefore, categorized our mean to test for the overall significance of the individual and interactional effect of season, horizon and distance to the tree trunk. The interaction between each factor was also tested. When data were not normal, Kruskal Wallis tests were used to determine statistically significant differences. Results

were considered as significant when P<0,05.

RESULTS

3.1.1 Analysis of the partitioning of roots all around the tree trunk from 0 to 5 meters and all along with the soil profile (from 0 to the maximum of digging): a preliminary analysis

Figure 4 presents the partitioning of the root around the tree. The partitioning in the first horizon (0-15 cm) shows that up to 4m from the tree trunk, we observe a mean of 1.2 kg.m -3 of fine roots. At 5m, it decreases to 0.5 kg /m -3 of fine roots. For the second and the third horizon, no clear pattern appears. The amount of fine roots compared to the first horizon is drastically reduced (0.21 kg /m 3 of fine roots). For coarse roots, the sampling process is not obvious because of the random dimension of the sampling. However, the first horizon has more coarse roots than the others (1.76 vs 0.40 kg/m 3 ). The distance from the tree trunk reveals no clear pattern of partitioning. The root biomass analysis on 10 trees during four seasons indicates the characteristics of the root system and its evolution during the four-seasons (spring, Summer, autumn and winter).

The total root biomass ranged between 1.1 to 10.7 kg.m -3 depending on the tree and the season and was equal to 4.35 ± 2.07 kg.m -3 in mean (Table 3). The fine root biomass represents 22%

of the total root biomass with a mean of 0.94 ± 0.25 kg.m -3 and the coarse root biomass represents 78 % of the total biomass with a mean of 3.64 ± 1.98 kg.m -3 .

The tree way ANOVA revealed that there are significant effects of sampling date (P<0,001, season) and depth of sampling (P<0.0001) on fine roots biomass (Table 3, Figures 3, 4 and5).

At dormancy, fine roots biomass is significantly lower than all other seasons, which are not significantly different. Fine roots biomass is significantly higher on the first horizon 0-15cm depth compared to the second horizon at 15 to 30cm. Distance of sampling from the trunk has no significant influence on fine, coarse and total root biomass. Moreover, the finding revealed that there was no significant effect of season and horizon on coarse and total root biomass across the season, distance to the tree trunk and at different soil depths.

However, a significant interaction between distance and horizon (P<0.0423) is observed on fine root biomass. The result revealed an interaction effect of the three factors season, horizon and distance to the tree trunk on coarse and total root biomass p<0.004 and p<0.018, respectively. 3: The effect of season, horizon, distance to the tree trunk and their interaction effect on fine, coarse and total root biomass: the three-way ANOVA showing the effect of individual factors and their interaction. Values expressed in Kg/m 3 . Significances are written in the text as symbols in figures, where (*) indicates a p-value less than 0.05, (**) indicates less than 0.01, (***) indicates less than 0.001, and ns means the p-value was greater than 0.05. Budburst corresponds to the season when the leaf starts sprouting in the forest, LMA is the period of maximum leaf cover, and the yellowing stands for the period when the 50% of the leaf turn yellow and dormancy correspond to the period when there is no leaf on the tree. ±SE and n=40

Due to the significant interaction of horizon and distance, we tested the distance effect at each depth. On both horizons, no significant effect of distance of sampling from the trunk on fine roots biomass was observed across the whole four seasons (Figure 5). We mistakenly combined all the ten samples of first horizons, which led to a lack of our SE, while the mean remained the same.

Figure 5 shows the result of the three-way ANOVA, which presents the interaction effect of the three factors (season, horizon and distance). The result shows that when there was no leaf in winter (dormancy period), we observed the lowest fine root biomass irrespective of the two distances and horizon compared with the other three seasons (spring, summer, and autumn), which recorded the highest root biomass and happened to be statistically varied with dormancy period (winter), P<0.0001.

The total root biomass comprises 78% of coarse root biomass and the evolution of the total root biomass follows the coarse root biomass. The three-way ANOVA shows a significant interaction effect of season, horizon and distance to the tree trunk on total root biomass (p<0.004).

Due to significant interactions between each factor tested, we tested the distance and depth effect in each season as shown in 7 In autumn, we observed that coarse root biomass is significantly higher at 1m away from the soil subsurface than 5 meters. The finding shows that the lowest coarse root biomass was obtained in summer compared to other seasons. Although, in summer, the coarse root biomass is significantly higher at 5m from the tree trunk than at the subsurface of the soil (15-30cm).

The highest coarse root biomass obtained is at the yellowing season (autumn) in the second soil horizon, just 1 meter away from the tree trunk, as indicated in figure 6.

The total root biomass is the sum of fine and coarse root biomass sampled at a different season, horizon and distance to the tree trunk. The idea is to see the actual quantity of roots biomass in the study area that is fine and coarse root biomass, presented in figure 7. The result shows a statistically significant effect on the interaction between season, horizon and distance to the tree trunk on total root biomass p<0.018 figure 7. The highest total root biomass was obtained in autumn (when 50% of the leaf turned yellow) at 5m and the soil surface (0-15cm). However, spring in 1m at the surface and subsurface of the soil was statistically similar with autumn period. The lowest total root biomass is found in summer when leaves are fully expanded, and it is statistically varied with other seasons at all the soil depths. Moreover, the yellowing stands for the period when the tree is shading its leaf and released to the ground and dormancy corresponds to the period when there are no leaves on the tree. ±SE and n=76.

(Source field study)

The global effect of season, distance and horizon on fine root growth rate

The tree way Anova revealed a statistically significant effect on individual factors season, horizon, and interaction on fine root biomass production in the study area, as shown in Table 4.

The result revealed that the highest fine root growth was obtained during the growing season and budburst to the stage when leaves are fully expanded, and these two growth stages are statistically similar and of course, differed statistically from the other two growing seasons p<0.0001.

The result confirmed that the fine root production is higher at the soil surface than at the subsurface of the soil in each growing stages (season). Similarly, the effect of distance could not influence fine root growth in our temperate Oak Forest.

There was a significant effect of seasons <0.001) and soil horizon (<0.001) and their interaction on fine root growth in the study area, as presented in table 4. The highest fine root growth was between dormancy periods of 2019 to another dormancy period of 2020 at the soil surface 0-15cm. The highest fine root biomass obtained during the whole growing season was statistically similar with fine root growth obtained between budburst to the period when leaves are fully expanded in the study area.

The highest fine root growth was found during the growing season because of the longer duration of our recolonization core due to the Covid 19 global crisis. However, with the exception of longer duration due to the pandemic crisis, it could be evidence that the higher fine root growth in spring to summer could be because this period is a period of new products in the forest ecosystem or a period of tree regeneration after shading.

The result shows that there was no effect of distance to the tree trunk on root biomass growth across the growing seasons. The three away Anova shows a highly significant interaction effect of season and horizon on fine root biomass production p<0.0001. The result confirmed that distance to the tree trunk does not influence fine root growth. However, the interaction effect of growth stage and soil depth

shows that the highest fine root production was found during the growing season from February to November 2020. It is statistically similar to the spring season between April and June. Figure 9 shows that the highest production was obtained across the four growth stages at the soil surface. Meaning that at each season more than 70% of fine root grown was at the soil surface in comparison with subsurface of the soil For coarse root biomass, we observed that it is not significantly related to the percentage of nitrogen and carbon as presented in Figures ( 8b ande).

The global effect of season, the distance of the tree trunk, and the sampling depth on total percentage of nitrogen and carbon content in the rhizospheric soil are presented in Table 5. The percentage of C is significantly higher in spring and summer than in autumn and winter (P<0.009). Concerning soil nitrogen content, we observed that it is significantly higher in spring and summer compared to the other seasons (P<0.0001). Although the result shows an The three-way Anova revealed no interaction effect of season, horizon and distance to the tree trunk (p<0.47). The result confirmed that there was an interaction effect between seasons across the two different soil depth surface and subsurface. The finding shows that the highest percentage of nitrogen was found to be at budburst and when leaves are fully expanded and of course, it is concentrated at the soil surface (0-15cm). The result follows a similar trend, and the highest nitrogen was obtained at the soil surface in all the four seasons of the year. The concentration of carbon in the soil shows that there was no interaction effect of our three Spatio-temporal factors (season, horizon and distance) p<0.77, which means that the 3 factors together could not explain the percentage of carbon in the rhizospheric soil of the study area.

The finding revealed that the percentage of carbon varied across soil depth, and the highest carbon concentration was found to be at the soil surface across each season and at the two distances to the tree trunk.

%N and %C in fine and coarse root biomass

As showed in Table 6, there was a seasonal effect on the percentage of nitrogen and carbon obtained from the fine and coarse roots. The percentage of C and N obtained from fine root biomass was obtained during the autumn and summer periods, respectively. While for coarse root biomass, the lowest C was obtained in summer when leaves are fully expanded, and the highest N was found in winter when there was no leaf on the tree.

The result also shows a statistically significant effect of distance on nitrogen and carbon obtained from fine root biomass. It has been observed that the percentage of C and N obtained from the coarse root was similar, meaning that distance to the tree trunk has no impact on carbon and nitrogen content in coarse root biomass.

Similarly, soil depth significantly affects the percentage of N obtained from fine and coarse root biomass at the first and second horizons. It has been observed that the highest N found at fine and coarse root sampled were at the soil surface.

We only observed an interaction effect on N obtained from fine root biomass. In comparison, the carbon source from the fine and coarse root was not found to be explained by the three factors' interaction. Similar with carbon obtained from the fine and coarse root, no interaction effect was observed, as shown in Similarly, we observed a significant decrease of nitrogen concentration obtained from fine and coarse root biomass as we went down to the second horizon of the soil. Figure 14, we observed an interaction effect on the percentage of carbon obtained from fine root biomass sampled across seasons, horizon and distance to the tree trunk (p<0.0009). The highest C was obtained at fine root biomass sampled at the first horizon (0-15cm) across the season, meaning that irrespective of the season, the highest C was found on fine root sample at the soil surface in comparison with fine root sampled at the subsurface of the soil (15-30cm).

We observed no interaction effect of C obtained from coarse root biomass sampled across the season, horizon and distance. However, we observed the effect of season and horizon as individual factors. The tree way Anova shows the effect of season, horizon and distance to the tree trunk on the percentage of nitrogen obtained from fine and coarse root biomass. The result revealed the interaction effect of season, horizon and distance to the tree trunk on nitrogen obtained from fine root biomass sampled at different seasons, horizons and distances (0.0001). The results

show that the highest percentage of N was found at the root obtained in the soil surface during autumn and summer. The result, however, shows no interaction effect of season, horizon and distance on the N obtained from the coarse root sample.

DISCUSSION

The effect of season on root biomass

The experiment aims to study the effect of seasonal change (spring, summer, autumn and winter), horizon (0-15 and 15-30cm) and distance of 1 and 5m to the tree trunk on root biomass, root growth, total C and N available on the rhizospheric soil and the root.

The results indicate no seasonal effect on root biomass across the season on total root biomass.

However, after classifying the root into fine (<2mm) and coarse roots (>2mm), we observed a seasonal effect on fine root biomass. The previous finding shows that the lowest fine biomass values for fine root category <2mm in diameter account for only 3 to 5% of total root biomass [START_REF] Montagnoli | An integrated method for high-resolution definition of new diameter-based fine root sub-classes of Fagus sylvatica L[END_REF][START_REF] Nyam-Osor | Root Biomass Distribution of Populus sibirica and Ulmus pumila Afforestation Stands Is Affected by Watering Regimes and Fertilization in the Mongolian Semi-arid Steppe[END_REF]. Although, the total annual net primary production amounts to 33-67% in most forest ecosystems [START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF][START_REF] Montagnoli | An integrated method for high-resolution definition of new diameter-based fine root sub-classes of Fagus sylvatica L[END_REF][START_REF] Nyam-Osor | Root Biomass Distribution of Populus sibirica and Ulmus pumila Afforestation Stands Is Affected by Watering Regimes and Fertilization in the Mongolian Semi-arid Steppe[END_REF]. New to our finding, the total fine root biomass <2mm in diameter recorded the highest value of 20.28%. In comparison with what we have in the previous finding example [START_REF] Montagnoli | An integrated method for high-resolution definition of new diameter-based fine root sub-classes of Fagus sylvatica L[END_REF][START_REF] Nyam-Osor | Root Biomass Distribution of Populus sibirica and Ulmus pumila Afforestation Stands Is Affected by Watering Regimes and Fertilization in the Mongolian Semi-arid Steppe[END_REF], this could be due to the precision and accuracy of our sampling method and maybe the species effect or ecosystem variation (Finér et al., 2007a).

The result revealed that fine root biomass was highest during the production period (summer), that is when leaves are fully expanded and drastically decreased during the yellowing to dormancy period (winter) [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF]. The increase in the summer period could be characterized due to the increase in temperature observed from the linear regression analysis figure (8a and b). Similar to the finding of [START_REF] Montagnoli | Seasonality of fine root dynamics and activity of root and shoot vascular cambium in a Quercus ilex L. forest (Italy). Forest Ecology and Management[END_REF], the pick fine root biomass was observed to be in the summer and autumn periods. The highest fine root biomass in the summer period was mainly due to a continuous increase in the number of cells in the cambial zone of both shoots and roots when temperature increases [START_REF] Montagnoli | Seasonality of fine root dynamics and activity of root and shoot vascular cambium in a Quercus ilex L. forest (Italy). Forest Ecology and Management[END_REF]. We learned that fine root biomass followed the bio model pattern (that is when the above ground example leaves increase our fine root biomass also increases) with the aboveground biomass as the pick was obtained between the budburst and the period of maximum leaf area [START_REF] Konôpka | Fine root dynamics in a Japanese cedar (Cryptomeria japonica) plantation throughout the growing season[END_REF].

Our findings concur with the general pattern of fine roots observed in the northern temperate forest [START_REF] Brassard | Differences in fine root productivity between mixed-and single-species stands[END_REF] and in Italy for Q. cerris [START_REF] Montagnoli | Fine-root morphological and growth traits in a Turkey-oak stand in relation to seasonal changes in soil moisture in the Southern Apennines, Italy[END_REF] and F. sylvatica [START_REF] Montagnoli | Influence of soil temperature and water content on fine-root seasonal growth of European beech natural forest in Southern Alps, Italy[END_REF]) that temperature has positively influenced fine root biomass.

The finding suggested that temperature increase triggers fine root biomass. Summer has been recognized as a period with higher temperature, with a subsequent decrease in soil moisture content in the Mediterranean environment [START_REF] Montagnoli | Influence of soil temperature and water content on fine-root seasonal growth of European beech natural forest in Southern Alps, Italy[END_REF]. The decrease in soil moisture content and temperature increases and subsequent carbon gain is lowered by reducing stomatal conductance. This channelled carbon directly into the fine root elongation, leading to increase biomass and longitudinal growth [START_REF] Dickson | Oak growth, development and carbon metabolism in response to water stress[END_REF][START_REF] Montagnoli | Fine-root morphological and growth traits in a Turkey-oak stand in relation to seasonal changes in soil moisture in the Southern Apennines, Italy[END_REF]. Fine roots are produced between the budburst to summer periods with an increase in temperature due to the enlargement of the xylem component (Montagnoli et al., 2019a). The increase in temperature is usually driven by an increase in sunlight, which governs the rooting system's photosynthesis [START_REF] Fang | General mechanisms of drought response and their application in drought resistance improvement in plants[END_REF].

Our studies observed a positive correlation between soil temperature on fine root biomass across the season and different soil depths r 2 = 0.603 and 0.598 at 0-15 and 15-30cm depth respectively. The result concurs with the finding of (Finér et al., 2007a). However, the correlation analysis shows a negative correlation between fine root biomass and precipitation across the four seasons. We observed that an increase in precipitation leads to a subsequent decrease in fine root biomass (7a). Similar to most of the previous findings from the boreal and temperate forest ecosystem, precipitation coupled with other climatic factors such as elevation and latitude could not explain the total fine root biomass variation (Finér et al., 2011b).

Although, [START_REF] Leuschner | Stand fine root biomass and fine root morphology in old-growth beech forests as a function of precipitation and soil fertility[END_REF] and [START_REF] Meier | Belowground drought response of European beech: fine root biomass and carbon partitioning in 14 mature stands across a precipitation gradient[END_REF] observed a positive correlation between precipitation and fine root biomass of spruce and beech in the temperate forest. The reason could be the tree species because beech can grow in higher and lower rainfall of 500 to 2000 mm year -1 (Backes & Leuschner, 2000).

In our studies, the total mean annual fine root biomass was found to be 3.78kg/m 3 with about 59.7% across the four seasons (spring, summer, autumn and winter) at both surface (0-15cm)

and subsurface (15-30cm) the two distances away from the tree trunk. 2.5tonne of fine root biomass was obtained in the northern hardwood forest ecosystem in every ha, which accounts for 40.32% compared with our finding [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF]. It is lower than what we obtained in our study area due to the difference in sampling depth and tree species [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]. A comparative review of mean fine root biomass on three main European tree species shows that European beech (Fagus sylvatica L.) has recorded the highest fine root biomass compared with Norway spruce (Picea abies L. Karst) and Scot pine (Pinus sylvestris L.) with mean of 389 g/m 2 , 297 g/m 2 and 277 g/m 2 (Finér et al., 2007b). Our result is slightly higher when we compare with these European species. Similarly, our result of fine root biomass was of the same magnitude as other published finding examples (Schmid., 2002), which reported 339 g/m 2 of fine root in a pure Fagus sylvatica stand and 442 g/m 2 on Picea abies stand.

Henderson (1987) reported 298 g/m 2 for Quercus alba stand in Missouri.

Root biomass is higher in temperate forest ecosystems than in boreal zone, although this is not true for all the tree species [START_REF] Fierer | The diversity and biogeography of soil bacterial communities[END_REF]Finér et al., 2007a). Findings show that the root biomass of deciduous trees is higher than those of conifers, the difference in biomass obtained could be due to soil fertility and other physical properties [START_REF] Chen | Estimating fine-root biomass and production of boreal and cool temperate forests using aboveground measurements: A new approach[END_REF][START_REF] Jackson | Sources, characteristics, and fate of atmospheric carbon monoxide[END_REF][START_REF] Leuschner | Fine Root Biomass of Temperate Forests in Relation to Soil Acidity and Fertility, Climate, Age and Species[END_REF][START_REF] Van Gestel | Microbial biomass responses to seasonal change and imposed drying regimes at increasing depths of undisturbed topsoil profiles[END_REF]. Usually, fine root biomass had a larger variation between sites (Finér et al., 2007a). It could also be due to the stand age differences of our tree species, as observed by (Finér et al., 2007a), that the fine root biomass of most tree species, such as pine, increases with stand age.

During dormancy (when there was no leaf in winter), we observed the least fine root biomass and this is coherent with the finding of [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF][START_REF] Konôpka | Fine root dynamics in a Japanese cedar (Cryptomeria japonica) plantation throughout the growing season[END_REF][START_REF] Yang | Fine root biomass dynamics and carbon storage along a successional gradient in Changbai Mountains, China[END_REF], who found the highest fine root biomass during the growing season June to August and started decreasing during the dormancy period from December to February. It has been evident that the decrease in fine root biomass in winter could be due to the fine root encountering some suppression due to the absence or lower shoot elongation [START_REF] Konôpka | Fine root dynamics in a Japanese cedar (Cryptomeria japonica) plantation throughout the growing season[END_REF][START_REF] Lyr | Growth Rates and Growth Periodicity of Tree Roots[END_REF][START_REF] Mooney | Seasonal carbon allocation in Heteromeles arbutifolia, a California evergreen shrub[END_REF]. The decline in fine root biomass during the winter could also result from lower carbon availability due to less sunlight, which may hamper the fine root biomass and allow its production.

However, litter falling (leaf) deposition from the aboveground may increase the nutrient content of the soil after decomposition, between yellowing (autumn) to the production period (summer) may produce fine root biomass at budburst and pick during leaf max area maximum [START_REF] Yang | Fine root biomass dynamics and carbon storage along a successional gradient in Changbai Mountains, China[END_REF]. As reported by (Meier et al., 2019b), fine root biomass is less vulnerable to decay during the growing season (summer), and the mortality rate is low. Other studies revealed that the production of fine root biomass and length were found to be in summer and late autumn, and this was the smallest increase in diameter size and length of the root (Montagnoli et al., 2019a). It has also been reported by (Finér et al., 2007a) that fine root biomass increase by canopy closure (when leaves are fully expanded during summer), and after then, it stays without increasing or decrease. Although, the general pattern of root growth and biomass differs in different ecosystems and tree species [START_REF] Vogt | Analysis of some direct and indirect methods for estimating root biomass and production of forests at an ecosystem level. Root Demographics and Their Efficiencies in Sustainable Agriculture[END_REF]. For instance, at temperate deciduous forest tree stands, maximum root biomass was identified before shoot growth in the spring season and the pick root growth was found in June and July, then later decreased from August to September (Lahti et al., 2005a;Montagnoli et al., 2019b). The finding is coherent with our result were we observed higher root biomass during spring which exception of last season (whole for season 9months) due to covid 19 global crisis we were not able to sample on the exact date.

3.2.2

The effect of distance to the tree trunk on root biomass (fine and coarse root)

Regarding the horizontal distribution of root biomass, it is essential to understand whether fine and coarse root biomass are distributed uniformly or concentrated near the tree trunk. This will give a better understanding of sampling design for root biomass studies and understanding biomass allocation [START_REF] Yanai | The vertical and horizontal distribution of roots in northern hardwood stands of varying age[END_REF]. Our results disagreed with our hypothesis that fine root biomass decreased with increasing distance away from the tree trunk. We found both fine and coarse root biomass similar across the distances of 1 and 5m. Similar to the finding of [START_REF] Leuschner | Stand fine root biomass and fine root morphology in old-growth beech forests as a function of precipitation and soil fertility[END_REF], distance to the tree trunk does not influence the total fine root biomass of a beech stand. It is evident that fine root biomass is influenced by temperature, soil moisture and soil organic matter. The distribution of these variables is similar at 1 and 5m away from the tree trunk in our temperate Oak Forest (ICOS 2020).

The effect of soil horizons on root biomass

Studies revealed that there is higher fine root at the soil surface (0-15cm depth) compared with the second layer of the soil 15-30cm subsurface. Although, the dynamics distribution of root depend on forest ecosystems and estimation [START_REF] Nadelhoffer | Fine root production estimates and belowground carbon allocation in forest ecosystems[END_REF]. Boreal and peatland found the highest root biomass at the upper top layer of the soil, which accounts for 92.5% of the organic layer (20cm soil depth). Only 7.5% were found at mineral soil layer 20 to 30cm soil depth (Helmisaari et al., 2007b;Lehtonen et al., 2016b). It is similar to our finding, which shows a significant difference in root biomass across two soil depths of 0-15 and 15-15cm. Furthermore, the highest root biomass was found at the first layer of the soil and accounted for 75% in comparison with subsurface (15-30cm) depth. It agrees with our hypothesis that root biomass decreases with an increase in soil depth. The higher root biomass at the first horizon was due to the favourable environmental conditions and organic matter present in the top layer of the soil [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]. The results have also concurred with what was obtained from previous studies on both boreal and peatland (Lehtonen et al., 2016b).

Studies on the root biomass distribution for 10 Quercus petreae and Quercus robur stands in France and Belgium observed a decrease in root biomass with increased soil depth [START_REF] Bakker | Fine-root parameters as indicators of sustainability of forest ecosystems[END_REF][START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]Li et al., 2011a). This can be due to the availability of the belowground resources which is strongly correlated with the amount of root biomass in the soil [START_REF] Ammer | An approach for modelling the mean fine-root biomass of Norway spruce stands[END_REF][START_REF] Coomes | Impacts of root competition in forests and woodlands: a theoretical framework and review of experiments[END_REF][START_REF] Wu | Ecological field theory: a spatial analysis of resource interference among plants[END_REF]. As we know, the upper layer has been characterized by the accumulation of organic matter, which leads to available nutrients for root uptake. Generally, in most of the previous findings, the difference in fine root biomass at different soil layers was due to the relatively higher soil organic matter, (temperature) and the soil sufficient moisture content. Root biomass at the lower soil horizon appeared to stay relatively constant along the life cycle of the forests [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF].

Our finding revealed that root biomass is higher at the first soil horizon irrespective of each season and decreases as we increase to the down layer. Linear regression analysis shows an important correlation between root biomass and soil depth r 2 =0.6245. As revealed in the previous literature, root biomass decreased with increased soil depth (Helmisaari et al., 2007b;Lehtonen et al., 2016b). It has been confirmed that root biomass decreased exponentially along with the soil profile, similar to the Alpine forest ecosystem at 0-20cm depth with a total of 1,381kg /m 2 (Li et al., 2011b), and this is similar to what we obtained in the temperate Oak forest with 1,34kg /m 2 .

3.2.4

The spatiotemporal effect of season, horizon and distance to the tree trunk on fine root growth

We observed the highest fine root biomass production between dormancy and budburst. Moreover, the reason could be the duration of months compared to other season that spends a few months in the study area. Although, we expect to have higher root growth between the budburst to summer period because of the higher temperature, which triggers the photosynthesis activity (Montagnoli et al., 2019a). Previous studies revealed that the average daily fine root growth (m m -2 day -1 ) was positively correlated with soil temperature at the soil depth of 10cm (r 2 =0.83-0.93) for all three species, with black spruce showing the strongest temperature effect [START_REF] Steele | Root mass, net primary production and turnover in aspen, jack pine and black spruce forests in Saskatchewan and Manitoba, Canada[END_REF].

The two distances to the tree trunk 1 and 5m. have no influence on fine root growth across each distance to the tree trunk. Although, we observed a highly significant variability at two depth surface and subsurface (0-15 and 15-30cm respectively). The result confirmed that dormancy to budburst growth recorded the highest fine root growth while budburst to LMA, LMA to yellowing and yellowing to dormancy are statistically similar. However, fine root biomass is highest at the soil surface irrespective of the two distances and our four growth stages. The result is coherent with what was obtained by [START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF]Kuhns et al., 1985a) and [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF][START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF]Kuhns et al., 1985a). Similarly, [START_REF] Yanai | The vertical and horizontal distribution of roots in northern hardwood stands of varying age[END_REF] reported that more than 75% of fine root growth was at the surface of the soil. Its directly similar to our finding that root growth was dominantly found at the soil surface of 0-15cm compared with a depth of 15-30. Our result of root growth followed the same pattern with root biomass as we increased the sampling depth.

Temperature and soil moisture content has been identified as two critical abiotic factors affecting root growth [START_REF] Steele | Root mass, net primary production and turnover in aspen, jack pine and black spruce forests in Saskatchewan and Manitoba, Canada[END_REF]. As observed at the temperate deciduous forest stand, the maximum fine root growth was obtained when the temperature increased from spring and fine root biomass declined around August to September (Montagnoli et al., 2019a). The increase in fine root growth during summer could also be due to the availability of sunlight during summer when the leaf is fully expanded, which felicitates the photosynthetic activity. Our result was contrary to what was obtained in the previous findings in the boreal forest ecosystem [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF]Finér et al., 2011b;Lahti et al., 2005b;[START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF]Montagnoli et al., 2019a). Normally trees develop more superficial rooting systems in summer than in spring or autumn [START_REF] Mulia | Unusual Fine Root Distributions of Two Deciduous Tree Species in Southern France: What Consequences for Modelling of Tree Root Dynamics?[END_REF]. The variation between our finding and the previous finding was because the recolonization core of dormancy to budburst was for the four seasons. It has happened due to the covid 19 global crisis, which we could not make our sampling on the proposed time as done in other seasons. Moreover, when we look at the growth between spring and summer, we have observed a significant decrease in root growth. Our result of root growth decreases as the soil depth increases its quite similar with what was obtained by [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF]Finér et al., 2011b;Lahti et al., 2005b;[START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF]Montagnoli et al., 2019a).

However, the growth rate of fine root at different soil depths was statistically varied. Our finding is in line with what was obtained from other forest ecosystem examples [START_REF] Fan | Root distribution by depth for temperate agricultural crops[END_REF] and [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF][START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF]Kuhns et al., 1985a). It has been confirmed

from the previous finding of [START_REF] Fan | Root distribution by depth for temperate agricultural crops[END_REF]) that 50% of fine root growth was found to be at the soil surface just between 0-20cm depth. It is lower than our result in temperate forest ecosystems, where 77% of fine root growth occurs at the surface of the soil between 0-15cm.

The variation between the results could be due to the fact that our experiment was in temperate forests and the finding of [START_REF] Fan | Root distribution by depth for temperate agricultural crops[END_REF] was in temperate agricultural crops land. Secondly, it could be evident that litter input into the soil increases the organic matter content, favouring the growth of fine root biomass at the first layer of the soil. Of course, the litter input in forests is higher compared with arable land.

Linear regression results confirmed a positive relation between fine root growth with soil depth and soil temperature figure not shown. The growth and development of plant roots depend on the acquisition of soil nutrient and water, of course, this is closely related to root morphology and physiology [START_REF] Ju | Root and shoot traits for rice varieties with higher grain yield and higher nitrogen use efficiency at lower nitrogen rates application[END_REF]. Moreover, our study area shows that there is a higher nutrient and available moisture content at the surface of the soil in comparison with the subsurface of the soil (Chemidlin Prévost-Bouré et al., 2010a).

The effect of season, horizon and distance to the tree trunk on carbon concentration of rhizospheric soil

The total soil organic matter is one of the sensitive indicators of soil quality. The availability of soil organic matter drives the total organic carbon content in the soil [START_REF] Laik | Labile soil organic matter pools in a calciorthent after 18 years of afforestation by different plantations[END_REF]. It has been reported by [START_REF] Zhang | Influence of land-use type on soil dissolved organic carbon in the Sanjiang Plain[END_REF] that changes in land use and other climatic variables influence the total soil organic carbon. Furthermore, seasonal changes could be a significant factor that changes and drives the organic matter input in the soil [START_REF] Laik | Labile soil organic matter pools in a calciorthent after 18 years of afforestation by different plantations[END_REF]. Our finding shows that the C concentration in the soil significantly varies statistically across the soil depth at a seasonal scale. The C concentration in the soil decreases as we increase our sampling depth.

The finding is in line with what was obtained in the previous studies [START_REF] Laik | Labile soil organic matter pools in a calciorthent after 18 years of afforestation by different plantations[END_REF]. Organic carbon varied from species to species quantitatively. Previous studies show that in P. pinnata there was 5.33 kg C/h and 4.70 kg C/ha at the surface and subsurface of the soil (0-15 and 15-30cm depth). It is quite different from S. mahogany and A. procere which recorded the highest carbon of about 8.08kg/ha at the surface and 6.92kg/ha at subsurface of the soil (15-30cm depth)

(van den [START_REF] Van Den Berg | Dissolved organic carbon (DOC) concentrations in UK soils and the influence of soil, vegetation type and seasonality[END_REF].

In contrast, the result of [START_REF] Finzi | Canopy Tree-Soil Interactions Within Temperate Forests: Species Effects on Soil Carbon and Nitrogen[END_REF] was similar to the carbon content obtained in our study area with 1.1 to 4.4 percent. Our result agrees with the finding of [START_REF] Laik | Labile soil organic matter pools in a calciorthent after 18 years of afforestation by different plantations[END_REF][START_REF] Zhang | Influence of land-use type on soil dissolved organic carbon in the Sanjiang Plain[END_REF], who found the highest carbon in autumn, which varied with other seasons. It has been concluded that litter and hummus were the two crucial sources of DOM. The composition of the leaf litter and the decaying roots might play an essential role in determining the concentration of DOC in soils. The upper 15 cm soil layer had more DOC concentration than the lower layer in our study area. Adsorption of dissolved organic matter (DOM) in the upper layer determines DOM release from topsoil and decreases its concentration in lower depth [START_REF] Kalbitz | CONTROLS ON THE DYNAMICS OF DISSOLVED ORGANIC MATTER IN SOILS: A REVIEW[END_REF]. Several field studies have shown that the concentration and fluxes of DOM in soil solution decrease significantly with soil depth [START_REF] Kalbitz | CONTROLS ON THE DYNAMICS OF DISSOLVED ORGANIC MATTER IN SOILS: A REVIEW[END_REF].

However, studies conducted in northern England using five different soil samples show that there was the highest carbon content in the soil between May to November at histisol and leptosols with a significant influence on temperature (van den [START_REF] Van Den Berg | Dissolved organic carbon (DOC) concentrations in UK soils and the influence of soil, vegetation type and seasonality[END_REF]. It is quite similar to what we obtained in our results. Equally, the higher C:N observed in our finding in autumn and winter was because higher C:N characterize the degree of decomposition of organic soil, which shows that during autumn, mineralization of the available dissolved organic carbon is limited [START_REF] Coulson | An investigation of the biotic factors determining the rates of plant decomposition on blanket bog[END_REF][START_REF] Flanagan | Nutrient cycling in relation to decomposition and organic-matter quality in taiga ecosystems[END_REF][START_REF] Van Den Berg | Dissolved organic carbon (DOC) concentrations in UK soils and the influence of soil, vegetation type and seasonality[END_REF].

This corroborated with our finding of root biomass in the study area, where we observed higher recalcitrant fibers during the spring, which could lead to immobilization by the microbes (van den [START_REF] Van Den Berg | Dissolved organic carbon (DOC) concentrations in UK soils and the influence of soil, vegetation type and seasonality[END_REF]. It has been confirmed from the linear regression that there was a positive correlation between fine root biomass and the concentration of carbon in the rhizospheric soil of the study area figure 16. This could explain the extent of fine root biomass as a critical carbon source in the study area [START_REF] Bhuiyan | Estimating fine-root production by tree species and understorey functional groups in two contrasting peatland forests[END_REF][START_REF] Finér | Variation in fine root biomass along a 1000 km long latitudinal climatic gradient in mixed boreal forests of North-East Europe[END_REF].

Soil moisture content could also be an essential factor controlling soil carbon concentration.

We observed a negative relationship between carbon in the soil and annual mean precipitation as shown in the linear regression analysis r 2 =0.678 figure not shown. Similarly, the soil texture in the study area could not allow easy access to leaching, which can wash away the carbon content. As such, the concentration is always higher at the soil surface in comparison with the subsurface at each season of the year and distance to the tree trunk. It has been revealed that that there is relatively higher precipitation, which could partially explain why dissolved organic carbon concentrations in the soil are often at the low end of the range found across the temperate zone (van den [START_REF] Van Den Berg | Dissolved organic carbon (DOC) concentrations in UK soils and the influence of soil, vegetation type and seasonality[END_REF].

Moreover, the topography can affect the concentration of carbon in a forest ecosystem. For this reason, we can explain that the lack of variation between distances 1 and 5m could be due to the nature of our study area is not sloppy, as observed by (van den [START_REF] Van Den Berg | Dissolved organic carbon (DOC) concentrations in UK soils and the influence of soil, vegetation type and seasonality[END_REF]. Our result reported a higher concentration of carbon during the senescence period, which is in agreement with most of the previous findings [START_REF] Dalva | Sources and sinks of dissolved organic carbon in a forested swamp catchment[END_REF][START_REF] Guggenberger | Dissolved organic carbon in forest floor leachates: simple degradation products or humic substances?[END_REF][START_REF] Malhi | Carbon dioxide transfer over a Central Amazonian rain forest[END_REF].

However, the results revealed no interaction effect between the tree factors season, distance and soil depth. Nevertheless, the information revealed significant variation in carbon and nitrogen obtained in our four seasons of the year. The results show that higher nitrogen content was obtained during budburst to the period when the leaf is fully expanded (LMA), while the least was obtained at dormancy (winter) and yellowing (autumn) and senescence period (winter).

The highest N obtained was because there is more microbial activity during the production period due to the presence of more easily decomposable litters in the soil [START_REF] Heijden | The unseen majority: soil microbes as drivers of plant diversity and productivity in terrestrial ecosystems[END_REF].

It could increase N's exudation ability into the soil with the help of a temperature increase. Our findings support the result, where we obtained the highest fine root biomass at LMA when the leaf is fully expanded (Wada et al., 2020 unpublish). It might also be due to the presence of easily decomposable litters by the microbes,

The results revealed that the highest concentration of carbon in the soil was found to be during the senescence periods between autumn to winter. This is supported by the fact that there is low mineralization during yellowing to dormancy due to resistant fibers in the study area, which favors immobilization by microbes. The result could also align with what we obtained on the root biomass, where we observed the highest coarse root biomass between yellowing and dormancy periods. Organic matter input comes from dead roots, and other critical organic components C and N are sourced from living roots through rhizodeposition or exudation into the soil. We have dead root biomass during the senescence period, which could lead to higher carbon content.

3.2.6

The effect of season, horizon and distance to the tree trunk on Nitrogen concentration of rhizospheric soil Over a long period, N stored in the soil has differed mainly due to changes in climate and land use [START_REF] Bahn | Root respiration in temperate mountain grasslands differing in land use[END_REF]. In our finding, we consider seasons as a period that changes due to short variation of environmental condition leading to changes in land use and aboveground litter input. Most of the findings revealed that vegetation disturbance or succession and changes in land-use patterns had been the significant factor affecting nitrogen storage in the soil over a short period [START_REF] Gao | Long-term effects of different land use types on C, N, and P stoichiometry and storage in subtropical ecosystems: A case study in China[END_REF]. We observed that the changes in the season due to litter input have drastically increased the storage capacity of N in the soil. N addition also increases the short-term belowground C storage by increasing the C content of the organic layer [START_REF] Liu | A global perspective on belowground carbon dynamics under nitrogen enrichment[END_REF]. Meanwhile, our findings have been proving that the highest Nitrogen was observed to be during the maximum production period when leaves are fully expanded and, of course, at a period of highest temperature.

The finding confirmed that temperature played a crucial role in the soil's concentration of C and N. Previous findings concur with our results that higher N in the soil during summer on the soil surface 0-15cm could be due to the highest litter fraction, which accelerates the decomposition of organic matter at the soil surface in comparison with the subsurface of the soil [START_REF] Spycher | CARBON AND NITROGEN IN THE LIGHT FRAC-TION OF A FOREST SOIL: VERTICAL DISTRIBUTION AND SEASONAL PATTERNS[END_REF]. Similarly, the soil surface has been dominated by detrital input, primarily fine, dead roots mixed with litter which, after decomposition, increases the nitrogen content and other plant debris in the soil [START_REF] Liu | Relative contributions of leaf litter and fine roots to soil organic matter accumulation in mangrove forests[END_REF].

Furthermore, it has been reported by [START_REF] Van Den Berg | Dissolved organic carbon (DOC) concentrations in UK soils and the influence of soil, vegetation type and seasonality[END_REF] that during summer, when leaves are fully expanded, there was an increase in N content in the soil and a relative abundance of microbiota with N cycling potentials. Other ecosystems reported a similar N concentration increase at summer period [START_REF] Jandl | How strongly can forest management influence soil carbon sequestration?[END_REF][START_REF] Zhou | Nitrogen pools in soil covered by biological soil crusts of different successional stages in a temperate desert in Central Asia[END_REF]. This concurred with what we obtained from our results. Temperature and moisture may be the influential factor of nitrogen concentration in the soil. It has been observed that N mineralization was more responsible to temperature compare with moisture content [START_REF] Sierra | Temperature and soil moisture dependence of N mineralization in intact soil cores[END_REF]. Hence, the direct effect are more on temperature especially in triggering organic matter in the soil and mineralization.

The carbon to nitrogen ratio at dormancy and yellowing was higher than in the production period Budburst and LMA, which shows that during dormancy and yellowing, there was immobilization by the microbes because of the recalcitrant fibers. In contrast, there was fresh litter during the production period, easily decomposable with the help of temperature increase.

Microbes could enhance mineralization by enhancing their biological activity, increasing the N content in the soil [START_REF] Kuzyakov | Root exudate components change litter decomposition in a simulated rhizosphere depending on temperature[END_REF].

However, the result revealed no impact of distance to the tree trunk on N concentration in the soil. Nitrogen is evenly distributed at the two distances to the tree trunk irrespective of soil depth and seasons. Similarly, the effect of soil depth as an individual factor on N obtained in the soil shows a highly significant effect on soil depth. The highest N was found to be at the soil surface 0-15cm. In comparison, the concentration of N decreased as we moved to the soil down layer. The result agrees with what was obtained in the previous literature example [START_REF] Kalbitz | CONTROLS ON THE DYNAMICS OF DISSOLVED ORGANIC MATTER IN SOILS: A REVIEW[END_REF].

Similarly, the highest N content in the soil surface during the production period could be due to the higher quantity of fine root biomass at the surface as observed in our study area figure 5. [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]Idol et al, 2000a;Kuhns et al., 1985a) revealed that highest root biomass accumulated at a point increased the loss of organic and inorganic carbon and other substrates via rhizodeposition. Although, the C and N exudation are highly plant environmental dependent (Jones et al., 2009a). The highest N obtained when the leaf is fully expanded in summer on the soil surface was statistically similar to budburst at the soil surface. We obtained the least concentration during dormancy and yellowing seasons. The information confirmed that irrespective of season, N concentration in the soil was dominantly at the soil surface in all the four seasons of the year.

3.2.7

The effect of season, horizon and distance to the tree trunk on carbon and nitrogen concentration on fine and coarse root biomass Although, we observed a higher concentration of C in fine root biomass, which led to a higher C: N ratio of our result compared to what was published in the previous literature. We, therefore, understand to the best of our ability that this higher N concentration was due to the elemental analyzer problem. We predicted that the machine might not be calibrated. On the other hand, we believe this value is higher than other researchers. However, many heterogeneity effects exist in soil ecology between species and locations on different pools, especially in the belowground soil compartment on C and N content [START_REF] Finzi | Canopy Tree-Soil Interactions Within Temperate Forests: Species Effects on Soil Carbon and Nitrogen[END_REF]. Therefore, we think our problem with this higher value could be due to the type of our species and the age. Although the finding of Mubarak et al., 2020 unpublish is contrary to what we observed quantitively.

Nevertheless, the age he considered was Oak of 20year age, while in our case, we worked on Oak trees at the age of 100years. Because age differences might explain the variation observed, as age-dependent biomass allocation at both below and aboveground proved to be higher with increasing age of the tree (Helmisaari et al., 2002b).

Research is required to validate this variation and check the effect of age on the concentration of C and N partitioning on the matured and young trees. Notwithstanding, we tried to study the effect of season, horizon and distance to the tree trunk on the percentage of nitrogen obtained from the fine and coarse root biomass of matured Oak species.

Roots have been identified as an essential component that stores carbon and nitrogen, estimated to be 21 -75% of C and N [START_REF] Litton | Carbon allocation in forest ecosystems[END_REF][START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF]. Only small fractions are exudates into the soil, where it integrates different pools with variable turnover, fine, coarse roots, microbial biomass and soil organic matter . Our results try to understand the seasonal dynamic of C and N obtained from root biomass across soil depth and distance to the tree trunk.

Studies suggest that tree carbon allocation and nitrogen acquisition are inter-linked processes (Franklin et al., 2012). For example, Finzi et al. (2015) estimated that up to one-third of total soil N mineralization might be fuelled by C allocated to the belowground tree compartment and delivered to the soil via rhizodeposition.

Our result revealed a seasonal effect on the C and N concentrations obtained from fine and coarse root biomass during our different seasons. We obtained the highest N concentration in the fine and coarse roots during the summer and spring periods. However, the higher N concentration obtained during the period could be due to the fleshy leaf, which contained the highest nitrogen content compared with the dormant period, where we have a lot of C content.

However, (Mubarak et al., 2022 accepted for publication in plant and soil journal and personal discussion) revealed that at the sampling date of (DOY 287, October 13), the trees were at the mid-period of leaf senescence as the nitrogen percentage in the leaf was 1.58% at this date, while during LAI max it was 2.21%. Similar to our result of fine root N content was higher in summer compared with the senescence period with 1.66% and 0.93% in summer and winter, respectively. It has been observed by (Nicolas Delpierre, personal communication) that the %N in the soil litter was found to be around 1% during the senescence period (November).

In contrast with N obtained from fine and coarse root biomass, we obtained the highest C during the senescence period at both fine and coarse root biomass. The result validates our previous information on carbon concentration in the soil. The highest was obtained when 50% of the leaf turned yellow and during the dormancy period when there was no leaf on the tree. This is because the senescence period has less or zero fleshy litters and abundant recalcitrant fibers with less N and the highest carbon concentrations [START_REF] Pommel | Carbon and nitrogen allocation and grain filling in three maize hybrids differing in leaf senescence[END_REF]. During the senescence period, the N released from the senescent leaf is recycled in the plant for the benefit of storage organs or developing new root shout and seeds [START_REF] Pommel | Carbon and nitrogen allocation and grain filling in three maize hybrids differing in leaf senescence[END_REF]. The higher N between budburst to the maximum period of leaves was due to the accumulated leaves released between autumn and winter. We, therefore, understand that N abundance and distribution in the plant are essential to explain the observed variation in C and N content obtained in the soil and root.

Distance to the tree trunk does not affect the concentration of C obtained from fine and coarse root biomass as an individual factor. However, we observed a significant effect of distance to the tree trunk on nitrogen concentration obtained from fine root biomass. The highest fine root biomass was obtained at 5meter compared to 1m away from the tree trunk. This could be due to the nature of the root growing from the tree as cylindrical, where the first part just near the tree trunk is ticker and we expect to see abundant coarse root biomass. In comparison, the highest N concentration away from the tree trunk is due to the litter accumulated on the tree trunk, which decomposed and released organic matter, efficiently utilized by the fine root biomass. Our finding was similar to what was obtained by [START_REF] Eldridge | Clumped and isolated trees influence soil nutrient levels in an Australian temperate box woodland[END_REF] in the temperate forest ecosystem, where a decline in P as the distance from the tree trunk increased.

However, for C and N, there were no significant changes across the distance to the tree trunk.

We understand that soil depth influenced nitrogen percentage at fine and coarse root biomass.

At both depths, the highest N was found at the soil surface (0-15cm) compared to the subsurface (15-30cm). The highest N at the soil surface could be due to the availability of liters that release nutrients after decomposition [START_REF] Eldridge | Clumped and isolated trees influence soil nutrient levels in an Australian temperate box woodland[END_REF]. The result, however, revealed no effect of soil depth on carbon obtained at fine and coarse root biomass.

Although, soil moisture and temperature have been essential drivers influencing root biomass and growth in temperate forest ecosystems . Given that these two factors are commonly influencing the soil surface and then the subsurface of the soil, this will enhance the availability of fine roots at the surface and other essential exudated elements, such as soluble carbon and nitrogen, to capture and utilize the C and N. We found a positive correlation with soil temperature from our linear regression r 2 =0.57, and of course, other endogenous factors such as photosynthesis availability play decisive roles in root phenology and exudate [START_REF] Leuschner | Stand fine root biomass and fine root morphology in old-growth beech forests as a function of precipitation and soil fertility[END_REF]Sword, 1998). The importance of photosynthetic activity was supported by links of photosynthetic photon flux density (PPFD) to root growth in temperate and upland grasslands in regions where cloudy days are common (Edwards et al., 2004;Radville et al., 2016). So, the maximum root biomass and exudate concentration of C and N obtained from our finding at LMA in the soil surface would be supported by what was obtained from the previous literature.

At the same time, we realized that distance to the tree trunk does not entirely affect the belowground biomass irrespective of season and horizon in the temperate Oak Forest.

CONCLUSION

The finding concluded that season and horizon significantly affect root biomass and production.

Our hypothesis is true that the change in the aboveground forest compartment led to changes in the belowground biomass. We observed that the fine root and biomass production had followed a similar trend with the changes in the aboveground biomass. Although, it has been confirmed that seasonal changes go with climatic change, for example temperature and precipitation influenced most of the belowground pools. Our results were found to be similar to what was obtained from majority of the previous findings in the literature on root biomass and production for instant [START_REF] Konôpka | Fine root dynamics in a Japanese cedar (Cryptomeria japonica) plantation throughout the growing season[END_REF], [START_REF] Brassard | Differences in fine root productivity between mixed-and single-species stands[END_REF], [START_REF] Montagnoli | Fine-root morphological and growth traits in a Turkey-oak stand in relation to seasonal changes in soil moisture in the Southern Apennines, Italy[END_REF] and (Finér et al., 2011b). These findings have followed a similar trend to what we observed, where the maximum root biomass was higher during leaf area index max at both surface and subsurface of the soil.

We observed that more than 70% of root biomass, root growth and total C and N in our study area were at the soil surface. This was in agreement with the majority of the previous findings from different forest ecosystems example the result of Helmisaari et al., 2007;[START_REF] Lauber Et | Pyrosequencing-Based Assessment of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale | Applied and Environmental Microbiology[END_REF] 2016 on root biomass. [START_REF] Laik | Labile soil organic matter pools in a calciorthent after 18 years of afforestation by different plantations[END_REF] on carbon in the soil. [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]Idol et al, 2000a ;Kuhns et al., 1985) on soil N content in the soil. [START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF]Kuhns et al., 1985a) and [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF][START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF]Kuhns et al., 1985a) on root growth. We can, therefore, conclude that an increase in soil depth has negatively reduced these pools. We believed that the differences in chemistry between the first and second horizons were primarily driven by the more significant input of organic matter [START_REF] Eldridge | Clumped and isolated trees influence soil nutrient levels in an Australian temperate box woodland[END_REF].

We suggested that future studies should try other non-destructive methods for quantifying the root biomass at different seasons, soil depth and distance to the tree trunk. Because destructive methods example, the coring method and ingrowth, do not follow the same roots through time and will often miss the actual occurrence of new root growth. Similarly, sampling should be designed and implemented as soon as the season starts to ensure accuracy and precision of measurement between the seasons and soil depth. The inter-year variability studies on belowground forest compartments also need to be understood.

However, the exudate has followed a similar trend with root biomass, which has been in line with what we focused on our hypothesis that the change in the aboveground example, the biomass litterfall or budburst seasonal variation could alter the speed and quantity of exudates in the forest belowground. The result concluded that C and N concentrations in the soil had followed similar evolution throughout the year. Our studies confirmed that during the production period budburst to LMA, we obtained the highest N concentration, which was dominantly found at the soil surface. While for C concentration, it was vice versa, concentration was obtained during the senescence period, which was not surprising looking at the nature of the litter are recalcitrant which resulted in immobilization by microbes in the soil. The C was also higher between the yellowing and dormancy period at the soil surface at all seasons and at each distance away from the tree trunk.

Finally we recommend that due to the importance of rhizodeposition in regulating ecosystem functioning, it is critical that future research focuses on resolving the quantitative importance of the different C and N fluxes operating in the rhizosphere and the ways in which these vary spatially and temporally across the inter yearly variabilities. Corresponding author, aminu.fanda@universite-paris-saclay.fr,

ABSTRACT:

The study hypothesized that change in forest trees aboveground through litter fall, example (budburst) could influence an increase in the microbial biomass, community composition and their activity in the forest ecosystem. The increasing demand for monitoring soil quality and environmental sustainability aims at controlling climate change requires the estimation of soil microbial biomass for their potential as a carbon sink, source and rate of turnover. It has been known that microbial biomass is the sensitive indicator of soil quality and soil quality determines the rate of carbon sequestration in the soil.

We aimed to determine the effect of four seasonal changes, soil depth (0-15, 15-30cm) and two distances (1m, 5m) to the tree trunk on soil microbial biomass, community composition and their activities. Laboratory experiments through fumigation extraction, qPCR and microReps method were used respectively.

We obtained a significant effect of season on C and N microbial biomass p< 0.0001. Highest C microbial biomass was obtained at the dormancy period 1000.59 ± 312.99mg C/kg DWC. In comparison, the highest N microbial biomass was obtained to be at yellowing season 32.266 ± 24.78mg N/kg DWC. The result indicates that soil depth has an impact on microbial biomass. The highest N and C microbial biomass was obtained at the soil's surface 47.89 ± 19.32mg N/kg DWC and 964.64 ± 443.97mg C/kg DWC respectively.

The distance to the tree trunk indicates that there is no effect on N, but a significant difference between 1 and 5m was obtained on C microbial biomass. The highest was found to be at 1m away from the tree trunk.

The microbial diversity fungi, archaea and bacteria shows that there were season and depth effect on their abundance. While distance to the tree trunk shows no impact on all the three different microbes. For fungi, bacteria and archaea the highest number of copies DNA was obtained at spring period this could be due to litter input. Nevertheless, there was a clear impact of soil depth on all the microbial diversity. Similar to what we obtained from the previous part that the dominant is obtained at the soil surface The microbial biomass activity was obtained by measuring CO2 respired by adding 16 different substrates. The result revealed a significant effect of soil depth on microbial activity in the soil.

INTRODUCTION

Forest stored an important amount of carbon and other chemical compounds, largely in the form of soil organic matter in the soil, which is coming from both plant and microbial residue. This carbon status and residence time in the soil is partially control by microbes, which metabolize and release carbon as CO2, an important greenhouse gas. The taxonomic and functional diversity of the microbial compartment are poorly known. This taxonomic and functional diversity could be influence by seasonality and spatial partitioning (soil depth and distance of sampling away to the tree trunk). These factors could be interesting in research because there is seasonal variability in organic matter input and their distribution across the year.

Understanding these effects on microbial biomass community composition will give full insight into soil organic matter cycling consequences and carbon sink potentialities.

Microbes play a vital role in nitrogen cycling, particularly in nitrogen fixation, denitrification, nitrification and mineralization . The global knowledge and understanding of soil microbial composition, their diversity and functioning are significantly increasing. Nevertheless, it seems to be as if this knowledge is inadequate in the temperate forest ecosystem, particularly in France.

Despite microbes' role in regulating ecosystems, nutrient cycling impacts plant productivity, increases drought tolerance and determines the soil health condition and fertility [START_REF] Allison | Resistance, resilience, and redundancy in microbial communities[END_REF][START_REF] Falkowski | The Microbial Engines That Drive Earth's Biogeochemical Cycles[END_REF]. Consequently, human beings benefited immensely from soil examples in building stand, food production, and other resources. Soil influenced most of the ecosystem services we rely on [START_REF] Robinson | On the natural capital and ecosystem services of soils[END_REF].

Different microbes played crucial roles in these ecosystem services. The most important among are bacteria, fungi and archaea. These microbial activity drives an essential role in cycling these significant elements (C, N and P). Meanwhile, the important elements played a significant role in maintaining and stabilizing soil ecosystem service functioning [START_REF] Aislabie | Soil microbes and their contribution to soil services. Ecosystem services in New Zealand-conditions and trends[END_REF]. The chapter describes the temporal and spatial effect (season, horizon, and distance) on microbial biomass in France's temperate Oak forests.

We hypothesized that microbial abundance, diversity and activities vary seasonally due to litterfall and other temporal changes across soil depths and distances to the tree trunk. We predicted to have an important increase in soil microbial biomass, composition and their activity in the forest ecosystem due to the changes from the aboveground biomass through litter fall and the climatic variable changes. Our main objectives were to determine the seasonal variability of microbial abundance, diversity, and activity. Moreover, to check whether the microbes differ at different soil depth and the distance away to the tree trunk. The research focused on three important microbes (Bacteria, Fungi and Archaea) due to the significant roles they play in forest ecosystems.

Microbial diversity in the soil

Soil is the complex ecosystem with different biological system [START_REF] Nannipieri | Rhizodeposition of Organic C by Plant: Mechanisms and Controls[END_REF]. One of the important pools that is playing vital role is soil microbes, example enhancing soil fertility and promoting plant health . Bacteria and fungi have been identified as one the most abundant microbes found in the soil and provide essential role in various biogeochemical cycles. Soil microorganism influence the aboveground forest ecosystems through contributing to plant nutrient However, our inability to study soil microbial community, composition and diversity has limited the chance of understanding microbial pools [START_REF] Nannipieri | Rhizodeposition of Organic C by Plant: Mechanisms and Controls[END_REF]. Some studies revealed that in only 1g of soil there are 4000 different bacterial genomic units based on DNA-DNA reassociation. Similarly, an estimated 1,500,000 species of fungi exist in the world [START_REF] Kahindi | Agricultural intensification, soil biodiversity and ecosystem function in the tropics: the role of nitrogen-fixing bacteria[END_REF]. For bacteria, it can be cultured by the current standard laboratory unlike fungi [START_REF] Nannipieri | Rhizodeposition of Organic C by Plant: Mechanisms and Controls[END_REF]. Molecular methods have been used to study soil bacteria community composition while very little is known for fungi and archaea [START_REF] Kozdrój | Response of the bacterial community to root exudates in soil polluted with heavy metals assessed by molecular and cultural approaches[END_REF].

Role of Bacteria in the forest ecosystem

Bacteria as an organism have played roles in decomposition of organic matter, dead plant, fungal mycelia. It also played significant roles in carbon, nitrogen and phosphorous cycling.

Bacteria in the rhizosphere interacts with plant root and mycorrhizal fungi as commercialism or mycorrhiza helper. One of the critical function of bacteria is fixation of nitrogen from the soil.

However, bacteria community in forest ecosystems respond to environmental changes such as climate change, increased level of carbon dioxide and other anthropogenic activities.

Consequently, the abundance of bacterial community composition was also correlated with availability of soil oxygen, carbon and mineral nitrogen content as reported by [START_REF] Hayatsu | Various players in the nitrogen cycle: diversity and functions of the microorganisms involved in nitrification and denitrification[END_REF][START_REF] Kerff | Crystal structure and activity of Bacillus subtilis YoaJ (EXLX1), a bacterial expansin that promotes root colonization[END_REF][START_REF] Ruppel | Nitrogen availability decreases prokaryotic diversity in sandy soils[END_REF]. Meanwhile, these important factors have not been fully studies particularity the spatio-temporal effect. Our aims are to fully understand the effect of three different factors season, soil depth and distance to the tree trunk on the microbes example the bacterial diversity, composition and the activities in the temperate Oak Forest zone.

Role of Fungi in the forest ecosystem

Fungi played significant ecological roles in forest ecosystem; it has positive impact as decomposers of recalcitrant fibers. Meanwhile it can affect health, diversity, productivity and development of their biotic communities. Other direct roles played by fungi in forest ecosystem is the mycorrhizal associations with vascular plants, pathogens of commercial trees species, decomposer and food resource for wildlife .

However, fungi served as a medium for nutrient recycling particularly the nitrogen and carbon as well as minerals, which can then be used by other microbes and of course trees in the forest ecosystems . Similarly, fungi help in the decomposition of soil organic matter, which alter the structure of the soil; it also played roles in mobilizing nitrogen, phosphorous and potassium during early decaying stages of wood Fungi are an important component of microbiota and save as a predominant decomposer in forest ecosystems. It has unique access to grow in a limiting nitrogen fiber that are bounded with recalcitrant fibers with highest content of carbon (de Ridder-Duine et al., 2005;[START_REF] Santalahti | Vertical and seasonal dynamics of fungal communities in boreal Scots pine forest soil[END_REF]Weidner et al., 2015). Fungi has the ability of having symbioses relation with forest trees and understory shrubs, which enhance plant access to soil nutrients . This symbioses relation led to deliver large quantity of photosynthetically fixed C to soil directly by the mycorrhizal fungi [START_REF] Santalahti | Vertical and seasonal dynamics of fungal communities in boreal Scots pine forest soil[END_REF]. Forest soil host a diversity of pathogenic fungi that in addition to yeast and molds, and their functional role are not fully understood yet [START_REF] Santalahti | Vertical and seasonal dynamics of fungal communities in boreal Scots pine forest soil[END_REF]. Even though, the competition for the limited resources and variation in environmental tolerance govern the relative abundance of different functional fungal group with the soil ecosystem.

Fungal communities vary across soil profile [START_REF] Jumpponen | Seasonally dynamic fungal communities in the Quercus macrocarpa phyllosphere differ between urban and nonurban environments[END_REF]. Studies conducted in temperate Oak Forest revealed that there is decrease in diversity, biomass and fungal activity with increasing soil depth [START_REF] Voříšková | Seasonal dynamics of fungal communities in a temperate oak forest soil[END_REF]. Similarly, in a boreal forest fungus are predominantly found within the upper top layer of the soil with availability of fresh litters [START_REF] Lindahl | Spatial separation of litter decomposition and mycorrhizal nitrogen uptake in a boreal forest[END_REF].

Role of Archaea in the forest ecosystem

Studies using molecular approach revealed that archaeon traditionally associated with extreme environmental condition [START_REF] Eckburg | Archaea and their potential role in human disease[END_REF][START_REF] Matarredona | The role of stress proteins in Haloarchaea and their adaptive response to environmental shifts[END_REF]. It is constituted in large proposition of prokaryotic cell abundance in non-thermophilic environs . Archaea is one of the important microbes that played critical roles in forest ecosystems, but its nature resemble with bacteria. Researchers focused on bacteria and fungi while archaea have been neglected with few data available.

However, in general term seasonality through changes in soil moisture content and temperature has been identify as major factors of soil microbial community composition particularly the shift of bacterial and archaea [START_REF] Frindte | Temperature and soil moisture control microbial community composition in an arctic-alpine ecosystem along elevational and micro-topographic gradients[END_REF]. Similarly, the shift in organic matter availability correlated with quantity and quality entering the soil could be the major factor responsible for archaea abundance in the soil [START_REF] Cookson | The influence of season, agricultural management, and soil properties on gross nitrogen transformations and bacterial community structure[END_REF][START_REF] Korkhin | Evolution of complex RNA polymerases: the complete archaeal RNA polymerase structure[END_REF][START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF]. Some finding revealed that a decrease in soil temperature was correlated with increase in archaea, but it is in contrast with the studies of [START_REF] Tourna | Growth, activity and temperature responses of ammonia-oxidizing archaea and bacteria in soil microcosms[END_REF]. Based on the contradictory results obtained in the literature, we found that it is deemed to investigate further on archaea organism. Particularly its abundance due to the increase in organic matter input and the changes of soil temperature and moisture content.

It is interesting to study these microbes particularly their seasonal dynamic, and its distribution in the forest soil, because 50% of the microbial biomass are at 10cm depth and this could not necessarily be true in temperate forest ecosystem. The fact that, microbes are been affected by water, soil carbon content, climate, soil types and management practices [START_REF] Dalal | Long term trends in fertility of soils under continuous cultivation and cereal cropping in southern Queensland. VII. Dynamics of nitrogen mineralization potentials and microbial biomass[END_REF]. However, it could also be interesting to determine the influence of distance to the tree trunk on the microbial community composition in the forest at different seasons of the year. As we know, microbes have been considered as the sensitive indicator of soil quality (functioning).

Soil organic matter sources

The primary organic matter source is from both aboveground litters and belowground input [START_REF] Sokol | Pathways of mineral-associated soil organic matter formation: Integrating the role of plant carbon source, chemistry, and point of entry[END_REF]. The knowledge and understanding of organic carbon dynamics in forest soils are poorly explicitly limited at 20 to 30cm of the belowground (Campbell and Paustian, 2015b;Rumpel and Kögel-Knabner, 2011b). Some studies show a significant amount of organic matter inputs from the belowground compartment (Kögel-Knabner, 2017).

Organic matter input comes from dead roots, and other important different organic components C and N are sourced from living roots known as rhizodeposition [START_REF] Spohn | Spatial and temporal dynamics of hotspots of enzyme activity in soil as affected by living and dead roots-a soil zymography analysis[END_REF].

Research conducted by (Ota et al., 2013b) shows that the most significant bank store of carbon is soil higher than the terrestrial and atmospheric surface, subsoil B and C horizon intensely control and modify by root supplies (Ota et al., 2013b;[START_REF] Spielvogel | Distribution of cutin and suberin biomarkers under forest trees with different root systems[END_REF]. Nevertheless, knowledge related to the quantification of carbon on microbial biomass from different belowground pools is lacking attention. As reported by (Adeleke, 2016b;Campbell and Paustian, 2015b;Schulz and Vetterlein, 2007b), the lack of attention is due to insufficient knowledge and logistics-related issues in studying the subsoil compartment. Therefore, an effort is needed to develop scenarios that will solve the challenges.

Studies are needed on the temporal distribution of microbial composition, abundance and diversity. Very little is known about microbial nature at the soil deeper layer [START_REF] Fierer | Variations in microbial community composition through two soil depth profiles[END_REF]. Majority of the researcher emphasizes on the surface of the soil, usually around 20cm depth. As reported by [START_REF] Fierer | Variations in microbial community composition through two soil depth profiles[END_REF] that, microbes are found in the surface of the soil which recorded one to two orders of magnitude lower in the subsurface horizon. About 35% of microbial biomass found at the top 2m of soil is dominated below a soil depth of 25cm.

Soil has different deeper profiles, many microbes exist in the subsurface layer of the soil [START_REF] Dodds | Biological properties of soil and subsurface sediments under abandoned pasture and cropland[END_REF][START_REF] Van Gestel | Microbial biomass responses to seasonal change and imposed drying regimes at increasing depths of undisturbed topsoil profiles[END_REF]. These microbes with their role in soil formation, ecosystem biogeochemistry, degradation, maintenance of underground water, and quality [START_REF] Fierer | Variations in microbial community composition through two soil depth profiles[END_REF]Richter and Markewitz, 1995b). Still, little knowledge on microbes residing in subsurface soil is not fully known. Similarly, many studies revealed that changes in soil Physico-chemical properties and the land-use changes are the dominant factors for determining microbial biomass community composition [START_REF] Fierer | The diversity and biogeography of soil bacterial communities[END_REF][START_REF] Singh | Influence of grass species and soil type on rhizosphere microbial community structure in grassland soils[END_REF].

Equally, other studies revealed a strong effect of vegetation type on microbial community structure [START_REF] Kuske | Comparison of Soil Bacterial Communities in Rhizospheres of Three Plant Species and the Interspaces in an Arid Grassland[END_REF]. Most of the studies on soil microbial biomass, community composition, diversity and activity restricted on bacterial [START_REF] Bossio | Soil Microbial Community Response to Land Use Change in an Agricultural Landscape of Western Kenya[END_REF][START_REF] Colloff | Detection of nitrogen cycle genes in soils for measuring the effects of changes in land use and management[END_REF][START_REF] Singh | Influence of grass species and soil type on rhizosphere microbial community structure in grassland soils[END_REF] and fungal [START_REF] Kasel | Land use influences soil fungal community composition across central Victoria, south-eastern Australia[END_REF][START_REF] Van Der Wal | Fungal biomass development in a chronosequence of land abandonment[END_REF]. However, the methods used in microbial studies are mostly Phospho-lipid fatty acid (PLFA) [START_REF] Rajaniemi | Abiotic conditions and plant cover differentially affect microbial biomass and community composition on dune gradients[END_REF]. In our approach of this study, we have come up with integrative methods of studying microbial soil compartments with fumigation extraction, molecular approach and potential activity by microbial respiration detection method.

One of the essential aspects requiring deep understanding in the ecology field is the soil microbial biomass temporal variability. This aspect played a vital role in understanding the pattern of soil nutrient release and mineralization at different soil pools.

An effort has been made to understand the various factors responsible for the magnitude of microbial biomass, their activity and diversity in the soil. Most importantly, the effect of temporal variation as a factor required strong attention. This necessitates the need to understand the distribution, diversity and activities of microbial biomass community composition in the soil. As soil microbial biomass is not a static body, they are heterogeneously distributed in the soil and move from one point to another depending on the environmental condition [START_REF] Wardle | Controls of temporal variability of the soil microbial biomass: A global-scale synthesis[END_REF].The temporal dynamics of microbial biomass will give us better insight in determining the extent of release of immobilized labile nutrients and the availability of these nutrients for other ecosystem components [START_REF] Bauhus | Mechanisms for carbon and nutrient release and retention in beech forest gaps[END_REF][START_REF] Robertson | Carbon and nitrogen mineralization in cultivated and grassland soils in subtropical Queensland[END_REF][START_REF] Wardle | Controls of temporal variability of the soil microbial biomass: A global-scale synthesis[END_REF].

As reported by [START_REF] Wardle | Controls of temporal variability of the soil microbial biomass: A global-scale synthesis[END_REF] in his comprehensive review, about 50 of the published studies from temperate ecosystems shows maximum microbial biomass in spring and summer. In comparison, the minimum was found in winter, which indicated that temperature difference might be an essential factor in determining microbes' temporal variability at higher latitudes. In some studies, moisture content dynamics played roles in controlling microbial biomass's temporal variation. Though, in some situations, it indicates a negative relationship that could probably result from plant competition for nutrients under superior moisture content example [START_REF] Santruckova | Microbial biomass, activity and soil respiration in relation to secondary succession[END_REF]. Lower precipitation during the summer period could also be responsible for reducing microbial potential activities in the soil [START_REF] Kandeler | Temporal dynamics of microbial biomass, xylanase activity, N-mineralisation and potential nitrification in different tillage systems[END_REF].

We aimed to study the microbial compartment at the belowground temperate Oak forest, the main objective focused on microbial biomass, diversity and structure (bacteria, fungi and archaea), their catabolic potential activities regards to season, distance from the tree trunk and depth of sampling

MATERIAL AND METHOD

Description of the study area

The experiment was conducted in the Barbeau National Forest 48 o 29N, 02 o 47E 50km southeast of Paris, France 92m elevation. The forest is in the public domain and managed by the ONF (French National Forestry Office). The forest stand arises from natural regeneration with Oak trees (Quercus petraea L) at 100 to 150 years old and another site with younger trees under 10 to 20 years old. The climate is temperate oceanic with an average temperature and precipitation of 11.2 o C and 677mm. The soil of the study area is gleyic luvisol (FAO-ISRIC-ISS 1998) of 0.8m depth on millstone bedrock and has a Ph range between 4.5 to 5.4 and soil carbon content is decreasing with depth (Chemidlin Prévost-Bouré et al., 2010b). (±SE). Total precipitation of the study area and the moisture content express in (mm) at different soil depth. Source (ICOS 2020). Spring corresponded to budburst. Summer it is at (LMA) which stand for season when leaves are fully expanded, autumn it is when leaves are 50% turn to yellow and winter it is when there was no leaf which is corresponds to dormancy period.

Seasons

Experimental design

The experiment was conducted by demarcating 2500m 2 plots of the study area. Ten (10) matured Oak trees 150years old were selected based on phenotypic nature (height, diameter, age) from the plots. The age helps us modulate environmental conditions such as precipitation, soil moisture content, soil temperature, and radiation, which will allow us to determine the dynamic of organic matter and the chemical composition of the soil. Samplings were taken at the different seasons of the year spring (budburst), Summer (when leaf are fully expanded), autumn (when 50% of the leaves turn to yellowing) and winter (season when there are no leaves on the tree). Four samples were collected in each tree at a different distance from the tree trunk 1meter and 5meters. Soil coring devices were used to collect samples at the first and second horizons (O-organic, A-organo-mineral).

The third layer samples were excluded because of the presence of bedrock and insignificant differences with the second horizon observed from the preliminary survey. Stratified sampling was adopted as sampling techniques to ensure good representation of the site because of the heterogeneities character of the soil (Liu et al., 2019;Reynolds et al., 1997). Four different coordinate directions of each selected tree (north, south, east and west) were considered as a sampling point at each season, as shown in figure 1. During the collection, the collected points were indicated with pointers to avoid repetition in collecting samples at the subsequent seasons.

After collecting, the samples were transported to the laboratory and stored in a freezer at -18 o C before further analysis (Ding et al., 2019b). With the sole aim of determining the spatiotemporal variability of microbes.

The samples were sieved to homogenize and remove roots and rocks from the soil samples. This is common in soil experiments because it attempts to eliminate the soil extreme spatial heterogeneity. Fumigation extraction was conducted immediately with fresh rhizosphere soil samples to extract the total carbon and nitrogen microbial biomass. Another portion of the soil samples was stored in the freezer -21°C without damaging the DNA for molecular biology experiment. However, subsamples of the soil are also stored in the freezer to ensure the moisture content is stable for microbial potential activity experiments.

The protocols for soil microbial biomass

The soil microbial biomass carbon and nitrogen were extracted to determine the microbial abundance. This is achieved by the process called fumigation extraction . In this experiment, a The extraction of microbial DNA was carried out from the soil samples. The samples DNA in soil were extracted and purified using a commercial kit (Macherey-Nagel, 2017), before going for the qPCR. A sample of 500 mg of soil was weighed and put in a 2ml tube containing small ceramic balls for physical lysin with a detergent to break the cell membranes for chemical lysis.

A solvent was added to bring DNA into a solution, which was then applied to a cation exchange column that traps the negatively charged backbone of DNA molecules. The column was washed to remove impurities, and finally, an elution buffer was passed through the exchange column to recover DNA in a solution below. The solution was then purified using a similar technique to remove any organic matter or acids that could resemble DNA. This represents one cycle and doubles the number of gene copies, and our samples underwent 40 cycles of amplification. After amplification, the purity of amplicons was verified by denaturing all DNA segments at 95°C for 5 seconds and checking that there was only one absorbance peak.

Protocol for microbial respiration

The soil samples were sieved through a 2.0mm stainless steel sieve to remove roots and stones.

The samples were ensured that it is sufficient for the 96 deep-well plate, which is about 35-50g fresh weight. The soil moisture content was adjusted to about 40% of its initial moisture content, which is acceptable rage for the microbial respiration experiment. Samples were placed in the Deepwell plate, sealed, and incubated at 25°C for 2weeks in the large box containing a dish of self-indicating soda lime.

Detection plates were prepared before elapsing period for the incubated soil sample. The agar and indictor solutions are prepared separately and combine before use as instructed. The desired 1% concentration of purified agar is achieved when combined with the indicator solution using 1:2 ratio Agar and indicator. We prepared 3% purified agar (3g per 100ml) in d. Acid, ascorbic Acid, α-kétoglutaric Acid). Our choosing substrates were prepared and stored in the freezer of 4°C before use. The incumbated soil samples were removed after two weeks, and 25μl of the substrates were placed into each deep well plate, which was incubated for two weeks. All these substrates were replicated 6 times in each plate, making 15 x 6 and an additional 6 replicates for H2O were placed to complete the 96 deep well, which also acts as a control. The detection plate was assembled on top of the Deep well and place in the metal clamp and incubated at 25°C for 6 hours before reading the detection plate at 570nm using the spectrophotometer microplate reader.

Statistical analysis

The data were statistically analysed using JMP pro software version 13. The Results were tested for normality using the Shapiro Wilks test. Those passed the test or had sufficiently large sample sizes been analysed using three-way ANOVA inform of linear model to determine the effect of our main factors (Season, horizon and distance to the tree trunk and their interaction effect).

When data were not normal, Student's t-test and Kruskal Wallis tests were used to determine statistically significant differences. All tests were used with an alpha (p-value) of 0.05, and results that were nearly statistically significant (0.05 <p < 0.07) are reported but mentioned that they are not statistically significant. Statistical significance symbols are placed on some charts, using a standard notation where one asterisk (*) indicates a p-value less than 0.05, two stars indicate a p-value less than 0.01 and three stars represent a p-value less than 0.001.

RESULT

THE C AND N MICROBIAL BIOMASS RESULT

The results of the carbon and nitrogen microbial biomass were presented in table 8. The information explained the effect of different seasons, the distance away from the tree trunk and soil depth. Similarly, we fully analysed the effect of our main factors on C and N of microbial biomass and their interaction effects of season, horizon and distance of sampling at 1 and 5m

away to the tree trunk on the microbial biomass.

( The table shows the three-way Anova result on the effect of season, distance to the tree trunk, soil depth and their interaction on carbon and nitrogen microbial biomass. The result shows that there was significant effect of season (p<0.0001) and horizon (p<0.0001) on carbon microbial biomass. The highest C microbial biomass was obtained to be at winter period (when there was no leaf on the trees in the study area), although, it was statistically similar with what we obtained during summer and autumn. The lowest C microbial biomass was obtained at spring, which corresponds to budburst period.

We found that for nitrogen microbial biomass, the tree away Anova shows that there was important effect of season and horizon (p<0.0001). The highest N microbial biomass was found during autumn period (when 50% of the leaves changes to yellowing) at the period of leaves dropping or shedding.

The analysis also shows that the highest C and N microbial biomass found to be at the soil surface 0-15cm in comparison with the subsurface of the soil (15-30cm), which showing an important influence of soil depth on the microbial biomass.

We observed that distance of sampling at 1 and 5 meters away to the tree trunk does not have influence on nitrogen microbial biomass. While for the C microbial biomass the result revealed a significant difference between 1 and 5m away to the tree trunk, and the highest C microbial biomass was obtained at 5m away to the tree trunk in comparison with 1m to the tree trunk (p<0.019).

Figure 16: Linear regression showing the effect of soil temperature on the C and N microbial biomass

It has been evident from the statistics that there was interaction effect of season and horizon on nitrogen microbial biomass. This allows us to separate the mean with aim of understanding at which season and depth we have important effect of season, horizon and distance away to the tree trunk on C and N microbial biomass. While for carbon, there is no interaction effect across seasons and horizon, the two factors could not influence the total carbon microbial biomass. The interaction effect of season, horizon and distance to the tree trunk on carbon microbial biomass shows an important effect across the seasons and soil depth on C microbial biomass Figure 2. The highest C microbial biomass was found to be at the soil surface across the four seasons. Except during winter period where we observed similar C microbial biomass at the subsurface of the soil and 5 meters away to the tree trunk. The result is similar with the root growth and biomass where we observed less during winter period, and this is indicating that an increase in root biomass could subsequently lead to an increase in the C microbial biomass may be due to important compound that are released buy the root which are consumed by the microbial biomass in the soil. The three-way Anova showing the interaction effect of season, horizon and distance to tree trunk, shows that there is important effect on N microbial biomass. We observed a highest nitrogen microbial biomass during autumn at the soil surface, and it was found to be statistically different with other seasons. Although, the result follows similar trends across the four seasons, as the N microbial biomass were obtained to be higher at the soil surface across the four seasons.

The results also revealed that distance of sampling has no influence on N microbial biomass across the seasons. and soil depth. The tree way ANOVA revealed that there is significant effects of sampling date (season) and depth of sampling on number of copy fungi, archaea and bacteria DNA (p<0.0001, p<0.0004 and p<0.0001 respectively for fungi, archaea and bacteria Table 9). The number of copy fungi and bacteria DNA, was found to be significantly higher in autumn compared to other seasons and the season has been found to be statistically different with other three season (spring, summer and winter). For archaea it is significantly higher in spring compared to dormancy, but not significantly different from summer and autumn.

Seasons

We observed that the microbial abundance (fungi, archaea and bacteria) was significantly higher on the first horizon 0-15cm depth 4.20E+07 ±3.5E+07/g Dry soil which account to be 75% of the total in the soil, compared to the second horizon 15 to 30cm depth (P<0,0001).

Distance of sampling from the tree trunk have no significant influence on the microbial abundance across 1 and 5m away to the tree trunk also at the four seasons. Moreover, we observed that there was no statistical interaction effect of season, horizon and distance to the tree trunk. Using total number of copied DNA measured with qPCR as an indicator, the result shows that there is no interaction effect of season, horizon and distance to the tree trunk on DNA copies archaea (p<0.707). Although, we observed a lowest copies of DNA archaea during senescence period in comparison with other season. However, the result revealed that at the whole four seasons the highest DNA was obtained to be at the soil surface (0-15cm) in comparison with surface (15-30cm) soil depth. While distance to the tree trunk has no influence on the DNA copies of archaea as indicated in figure (4) in blue bars.

4.5.2 Interaction effect of season, horizon and distance to the tree trunk on Bacteria.

The tree way Anova revealed that there was no interaction effect on the tree factors season, horizon and distance (p<0.482). Although, due to the effect of two individual factors season and horizon we observed that the highest DNA copies of bacteria was obtained to be during yellowing season which correspond to the period when 50% of the leaf changed to yellowing at autumn season at the soil surface (0-15cm). However, the finding confirmed that regardless of each seasons the number of copied DNA were obtained to be highest at the soil surface (0-15cm) soil depth. No significant interaction effect obtained on the number of copied DNA fungi across season, horizon and distance to the tree trunk (p<0.772). Similar to what we observed on archaea and bacteria that as an individual factor season and horizon affected the number of copied DNA fungi. The highest was obtained to be during yellowing period, which correspond to autumn, when majority of the leaf turn to yellow in the forest. Equally, across the four seasons the highest DNA fungi was observed to be higher at the soil surface (0-15cm) Figure 4 in ash bars. The result revealed that there was statistically significant different across soil depth and distance to the tree trunk. The results shows that there was statistically significant different on the microbial respiration at different soil depth. While majority of the substrate applied are statistically differed. Although, the highest microbial respiration was obtained to be at the soil surface irrespective of distance, and lower respiration was found to be at the subsurface of the soil (p<0.0004 for carboxylic acid substrate). We observed that substrate from carboxylic acid source example aminobutyric, ketoglutaric acid, ascorbic acid and citric acid recorded the highest microbial respiration compared with other sources (p<0.0001). The most important information in this result is the response of the substrate across soil depth and distance to the tree trunk not the effect of substrate. The result concluded that for the whole substrates, the highest microbial respiration found to be at the soil surface at both 1 and 5meter away to the tree trunk, while lower CO2 was obtained at the subsurface of the soil, which was confirmed to be statistically the same at 1 and 5m.

5 DISCUSSIONS

We investigated the effect of season, horizon and distance of sampling to the tree trunk on microbial biomass, abundance of bacteria, archaea and fungi with their activities; the target is to gain an insight on organic matter cycling and the potential of microbes in carbon sequestration. Our results are in line with many results obtained in the literature on seasonality of microbes example a recent finding by [START_REF] Roufou | The (potential) impact of seasonality and climate change on the physicochemical and microbial properties of dairy waste and its management[END_REF] shows that microbial survival mechanism can be affected by environmental changes. We believed that microbial biomass, abundance and their activities could be influenced due to the seasonal effect. Indeed, we observed that the microbial abundance followed the sequential order as yellowing period recorded the highest diversity of fungi, and bacteria copies DNA in the soil, this could be due to the significant litter input in the season (Wardle, 1992b).

Moreover, we found that there was highly significant effect of seasons and soil depth on both C and N microbial biomass. The results revealed that the effect of distance to the tree trunk has affected carbon microbial biomass only, while no effect of distance was observed on nitrogen.

It has been observed from our finding that the higher microbial biomass was during autumn which could be in line with what was obtained by [START_REF] Friedel | Soil microbial biomass and activity: the effect of site characteristics in humid temperate forest ecosystems[END_REF]. It can be evident that soil microbial biomass decreased with increasing soil moisture content as yellowing is a period with lower moisture content in the study area r 2 = 0.234, the higher microbial biomass during yellowing period could be due to the litter input compared with other season. It can also be in line with finding of [START_REF] Friedel | Soil microbial biomass and activity: the effect of site characteristics in humid temperate forest ecosystems[END_REF]) that higher soil microbial biomass was mainly due to the quantity of soil organic matter. Although, we observed an important similarity on the microbial biomass quantity at summer period which could also be due to the significant increase in soil temperature and of course temperature has been known as catalyst of organic matter decomposition (Ma et al., 2010). Linear regression shows a positive correlation between soil temperature and N microbial biomass r 2 = 0.935 as indicated in figure 2a. while figure 2b shows a slight increase in microbial biomass C as the temperature increases, although the model was not found to be fits well as in N microbial biomass where 93% explained the influence of the temperature on N microbial biomass.

Henceforth, our finding is in agreement with the proposed hypothesis that the changes in aboveground biomass example litter fall and other microclimate change could lead to the subsequent changes in microbial biomass community composition. Although, we realized that there was no interaction effect of the spatiotemporal factors on N microbial biomass, which explain that seasons and horizon are the only factors that could explain the microbial biomass in our study area. Meanwhile, it has been found to be contrary with C microbial biomass where we observed an interaction effect across seasons, horizon and distance to the tree trunk.

Effect of season on microbial biomass C and N

Seasonal effect in forest ecosystem can be considered as microclimatic effect due to soil water, radiation and litterfall. It is evident that with more open tree cover, there is highest solar radiation on the soil surface thereby changing the soil temperature. Similarly, more penetration of water is expected with less tree cover due to the fewer understory and root from shrubs that will take up the water [START_REF] Clarke | Influence of different tree-harvesting intensities on forest soil carbon stocks in boreal and northern temperate forest ecosystems[END_REF][START_REF] Jandl | How strongly can forest management influence soil carbon sequestration?[END_REF][START_REF] Ma | Effects of rare earth oxide nanoparticles on root elongation of plants[END_REF]. The process trigger the decompostion of litters from both above and belowground biomass which turn to soil organic matters [START_REF] Bueis | Local basal area affects needle litterfall, nutrient concentration, and nutrient release during decomposition in Pinus halepensis Mill. plantations in Spain[END_REF].

In our study area we observed that N microbial biomass was obtained to be highest at summer period when leaves are fully expanded this could also be due to the highest temperature during summer period which enhanced the decomposition of litters in the soil thereby increasing the nitrogen content into the soil [START_REF] Mcclaugherty | Forest Litter Decomposition in Relation to Soil Nitrogen Dynamics and Litter Quality[END_REF]. Microbial biomass increases with the increase in total N content and pH value in mineral horizon, therefore, the higher N microbial biomass at yellowing season could be due to the litter input into the forest floor which enhance the quantity of soil organic matter [START_REF] Friedel | Soil microbial biomass and activity: the effect of site characteristics in humid temperate forest ecosystems[END_REF]. The fact that trees release large proportion of C and nitrogen (N) in form of tree residues for example litter, dead root and root exudates to the soil organic matter [START_REF] Fontaine | Carbon input to soil may decrease soil carbon content[END_REF][START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF][START_REF] Yarwood | Termination of belowground C allocation by trees alters soil fungal and bacterial communities in a boreal forest[END_REF]. However, the soil organic matter pools provides an essential energy for soil microbes which is the major performing agent of decomposition and organic matter transformation [START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF]. Therefore, the quantity and quality of available C and N control soil microbial population and functioning including nitrification and denitrification, most importantly the N cycle sharped microbial structure in forest ecosystem [START_REF] Grayston | Microbial communities in forest floors under four tree species in coastal British Columbia[END_REF][START_REF] Lejon | Microbial community structure and density under different tree species in an acid forest soil (Morvan, France)[END_REF] In a laboratory experiment like ours we consider root biomass as part of the litters that exudates and after decaying increase the organic matter into the soil which can be utilised by the microbial biomass and increase their quantity. Although our linear regression does not show a positive correlation between fine root biomass alone and C microbial biomass r 2 = 0.0011, but may be in future when we combine root and leaf litter could explained clearly the correlation between litter and C microbial biomass. Contrary to the N microbial biomass where a positive correlation was observed r 2 = 0.245. We believed that the most important factor influencing microbial biomass at temperate forest could be soil temperature couple with soil organic matter, the fact that soil temperature trigger the decomposition of organic matter [START_REF] Blume | Surface and subsurface microbial biomass, community structure and metabolic activity as a function of soil depth and season[END_REF].

Unlike microbial biomass carbon where the highest was found to be during senescence period.

Senescence period is a period with highest recalcitrant fibers that are not easily decomposable which is leading to immobilization of microbes. Our finding was supported with the result of [START_REF] Lipson | Changes in Soil Microbial Community Structure and Function in an Alpine Dry Meadow following Spring Snow Melt[END_REF] who observed a higher increase of C microbial biomass between autumn to winter period and a declines rapidly as snow melts in the spring [START_REF] Lipson | Links Between Microbial Population Dynamics and Nitrogen Availability in an Alpine Ecosystem[END_REF]. The decline in soil C microbial biomass was due to the rapid change or increase in soil temperature and substrate availability [START_REF] Lipson | Changes in Soil Microbial Community Structure and Function in an Alpine Dry Meadow following Spring Snow Melt[END_REF]. Similarly, the highest C microbial biomass in the study was due to immobilization and less mineralization during dormancy and yellowing season. It could also be due to lower soil temperature, which limit the ability of the microbes to perform their activity example decomposition [START_REF] Clarke | Influence of different tree-harvesting intensities on forest soil carbon stocks in boreal and northern temperate forest ecosystems[END_REF][START_REF] Jandl | How strongly can forest management influence soil carbon sequestration?[END_REF]Ma et al., 2010). The result also validates our previous finding on carbon concentration from root biomass which we obtained the maximum C concentration during senescence period.

Effect of horizon and distance on microbial biomass

Our finding is in line with most of the results in the literature that the highest microbial biomass for both C and N found to be at the soil surface example [START_REF] Friedel | Soil microbial biomass and activity: the effect of site characteristics in humid temperate forest ecosystems[END_REF] and [START_REF] Murphy | Stratification of microbial biomass C and N and gross N mineralisation with soil depth in two contrasting Western Australian agricultural soils[END_REF]. The reason could simply be due to the presence of litters and the higher soil radiation in the soil surface. The result has revealed the importance of the soil surface as a major source of microbial activity and inorganic C and N production. As presented from our previous studies on root biomass that 75% of fine root biomass are found to be at the soil surface and stored carbon and nitrogen (chapter 2 table 3). However, fine roots are used as a diet for these important microbes, which could increasing the C and N microbes [START_REF] Litton | Carbon allocation in forest ecosystems[END_REF][START_REF] Shalom | Methods for estimating root biomass and production in forest and woodland ecosystem carbon studies: A review[END_REF].

Quantitively, we observed that about 75% N microbial and 65% C microbial biomass were recorded at the soil surface in our study, this is slightly higher than what was recorded by [START_REF] Murphy | Stratification of microbial biomass C and N and gross N mineralisation with soil depth in two contrasting Western Australian agricultural soils[END_REF] in agricultural land. The difference could be due to the higher litter input in the forest compared with arable land.

However, the results indicates that distance to the tree trunk does not affect N microbial biomass meaning that they are evenly distributed in the soil surface. Contrary with C where we observed highest C microbial biomass away to the tree trunk (at 5m) and this could be due the amount of litter input which is higher away to the tree trunk in comparison with the litter input near the tree trunk (personnel discussion with ICOS researchers in the study area).

Interaction effect of season, horizon and distance to the tree trunk on microbial biomass

For nitrogen, microbial biomass the result confirmed that there was no statistically significant effect. Meaning that each factor work independently and the interaction could not explain the N microbial biomass. However, for the C microbial biomass the finding confirmed that there is significant effect across season and horizon. Similar to what we obtained on root biomass and carbon concentration that the highest was found to be during yellowing season and this is due to lower mineralization and the highest immobilization by the microbial biomass.

Abundance of bacteria, archaea and fungi

For the microbial abundance of Fungi, Archaea and bacteria we observed significant effect of season and horizon only. However, distance to the tree trunk has no influence on all the tree microbes across the four season and two soil depth. Seasonal dynamics displayed by phylogenic, nitrogen cycles functioning and variation in soil temperature, and moisture content has been identified as a factors responsible for controlling the abundance and diversity of microbes in the soil [START_REF] Goldfarb | Differential growth responses of soil bacterial taxa to carbon substrates of varying chemical recalcitrance[END_REF][START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF]. Particularly, Archaea and bacterial species were highly responsible to soil nutritional and climatic changes associated with seasonality, which is showing their high metabolic versatility and ability to adapt to environmental changes [START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF].

Our results are in line with our hypothesis that change in seasons through litterfall could lead to subsequent changes in microbial diversity. As reported by [START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF] that trees release large proposition of carbon and nitrogen in form of tree residue example leaf, dead root, which is utilized by the microbes in the soil [START_REF] Wardle | Controls of temporal variability of the soil microbial biomass: A global-scale synthesis[END_REF]. Our results reveal that there are highest DNA copies of fungi, and bacteria during yellowing season to dormancy period. The result has concurred with finding of [START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF] on bacterial and archaea microbes.

His finding shows an important influence of seasonal changes on archaea and the highest was found between autumn to the beginning of spring. For bacteria the result has also revealed a higher bacterial species between October to December that should be similar with our findings where higher bacteria obtained to be at dormancy (winter season).

Henceforth, our result can be explained as the higher bacteria and archaea at senescence period could be due to the availabilities of litter input during the period [START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF]. More specific fungi have some positive impact as decomposers of recalcitrant fibres; therefore, it is abundance during yellowing season could be explain because of its ability of utilizing recalcitrant fibers [START_REF] Marcot | A review of the role of fungi in wood decay of forest ecosystems[END_REF]. Our result has allowed us to understand that archaea abundance is shaped and control by two factors. The organic matter in the soil and the climatic factors (temperature and moisture content in the soil) as reported by [START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF]. It will be of interest to further future research in order to explore and fully understand the role of archaea in forest ecosystems, as well as their individual response to various environmental parameters and its resilience to climate changes.

Normally, the quantity and quality of available C and N control soil microbial population dynamics and microbial process including nitrifications or denitrification [START_REF] Magill | Long-term nitrogen additions and nitrogen saturation in two temperate forests[END_REF][START_REF] Schimel | The implications of exoenzyme activity on microbial carbon and nitrogen limitation in soil: a theoretical model[END_REF]. In forest ecosystem microbial community structure were shaped by N cycle dynamics [START_REF] Grayston | Microbial communities in forest floors under four tree species in coastal British Columbia[END_REF][START_REF] Lejon | Microbial community structure and density under different tree species in an acid forest soil (Morvan, France)[END_REF]. Figure 5 shows a positive correlation between soil N and the number of copied fungi, archaea and bacteria in the soil of the study area (p<0.0001 for all the microbes). This relationship was in line with what was observed by [START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF] and also concur with report of [START_REF] Tabuchi | Full article: Season and soil management affect soil microbial communities estimated using phospholipid fatty acid analysis in a continuous cabbage (Brassica oleracea var. capitata) cropping system[END_REF].

Moreover, seasonal changes in soil were closely linked to variation in resources availability, which further correlated with the quantity and quality of soil organic matter in the soil, of course these resources availability example the DOC, DON and mineral nitrogen in the soil could sharped the abundance of these microbes as reported from [START_REF] Cookson | The influence of season, agricultural management, and soil properties on gross nitrogen transformations and bacterial community structure[END_REF][START_REF] Drenovsky | Soil Water Content and Organic Carbon Availability Are Major Determinants of Soil Microbial Community Composition[END_REF][START_REF] Rasche | Seasonality and resource availability control bacterial and archaeal communities in soils of a temperate beech forest[END_REF]. Our finding revealed that across the four seasons there were significant increase of microbes as the carbon content of the soil increase. It has been confirmed

form Figure 7 that increase in C content of the soil has led to subsequent increase in fungi, archaea and bacterial DNA copied in the soil.

The effect of soil depth and distance of sampling on the potential activity of microbes

We try to measure the activity of microbial biomass in the temperate forest ecosystem. In our study, we determine the activities by determining the soil respiration of CO2 production rate in a closed chamber via laboratory experiment with equipment knowns as Microresp. However, the experiment focused on microbial respiration during production period only, which correspond to (LMA) that is between period when leaf started sprouting to the season when leaves are fully expanded. We didn't consider other three seasons for the microbial respiration.

Different substrates were used in the soil sample aimed to induce the soil microbial activity and control was included with adding water instead to the substrate as indicated in table 10. The result revealed that across the two-soil depth and distance of sampling away to the tree trunk the highest activity was obtained at the soil surface.

Previous result shows that microbial biomass in both the surface and subsurface of the soil was not significantly affected by the seasonal change but the microbial activity increased as much as 85% at the summer particularly at the soil surface [START_REF] Blume | Surface and subsurface microbial biomass, community structure and metabolic activity as a function of soil depth and season[END_REF]. The greater increased in microbial activity at the soil surface during summer could be due to the increase in temperature which could favour the capacity of the microbes to utilise nutrient or organic material that enters into the soil. The activity is lower during winter period was due to the lower temperature that reduced the decomposition of organic matter in the soil [START_REF] Blume | Surface and subsurface microbial biomass, community structure and metabolic activity as a function of soil depth and season[END_REF].

Similarly, it was obtained by [START_REF] Buchanan | Seasonal fluctuations in soil microbial biomass carbon, phosphorus, and activity in no-till and reduced-chemical-input maize agroecosystems[END_REF][START_REF] Kaiser | Seasonal variations of soil microbial biomass carbon within the plough layer[END_REF] revealed that there is higher microbial activity at the soil surface during summer period our result was coherent with their finding. Van Gestel et al 1992 observed that there was a positive relationship between microbial biomass and their catabolic activity with soil moisture content.

More so, we observed that the response of subtrate has differed across the soil depth but not distance. We confirmed that among the 12 substrate, the highest response was on acid source example citric, Aminobutyric and Ketogluctaric acid. The highest increase in the microbial respiratiuon was due to the fact that the complex substrate such as phenolics, starch and cellulose from dead root exudate are functioning well during lower temperature period, while the acid substrate induce recorded the highest due to the increase in soil temperature in the soil.

Our soil was a soil from summer period. This information can be supported by the finding of [START_REF] Lipson | Changes in Soil Microbial Community Structure and Function in an Alpine Dry Meadow following Spring Snow Melt[END_REF].

Conclusion

We studied the effect of season, soil depth and distance of sampling to the tree trunk on soil microbial pools. The results concluded that the microbial biomass, potential activity in the temperate Oak Forest is influence by seasonal changes and soil depth. We observed that the soil microbial biomass N was higher during autumn and this could be explained due the available litter input as the period is the season where 50% of the leaf in the forest turned to yellow and fall down to the soil surface. In addition, this could possibly increase the abundant of soil microbial biomass N. However, carbon microbial biomass we observed that the highest was obtained to be higher during senescence period (winter) that is a period when there was no leaf on the tree. The highest carbon microbial biomass could be due to highest availability of recalcitrant fibers that are not easily decomposable which lead to immobilization by the microbes, and of course, the microbes utilized these undecomposed fibers as their diet.

Although, the results confirmed that the highest C microbial biomass was found to be higher and the same with summer and autumn period and the lowest C microbial biomass was found during spring period.

The result confirmed that at each season and the two distance of sampling the highest microbial biomass N and C was dominantly higher at the soil surface compared with subsurface of the soil. Moreover, we realized that distance of sampling has no any influence on both C and N microbial biomass across the whole season and horizon. The finding is with what we hypothesized that change in aboveground biomass due to the seasonal changes could lead to the subsequent change in the microbial biomass and their composition.

However, the microbial abundance result shows that there was influence of seasonal changes and soil depth on the diversity of microbes (archaea, bacteria and fungi). Our result revealed that across the seasons we observed highest microbes (archaea, bacteria and fungi) during autumn period. This could be explained due to the litter input and the influence of temperature increase between summer to autumn, which speed up the decomposition rate of litters in the soil. The potential activity of the microbes shows that across the distance and horizon we observed highest activity at the soil surface across the two distances of sampling.

GENERAL DISCUSSION

The finding of this thesis has revealed the full knowledge and contribution of different belowground pools in the temperate Oak Forest. As we know from the previous findings that root biomass saved as an important carbon input into the soil, microbial biomass quantity and quality has been the indictor of soil quality and its ability to store carbon, thereby enhancing and showing the capacity of belowground in controlling climate change.

SEASONALITY EFFECT ON DIFFERENT BELOWGROUND POOL

Root biomass and production

The results of root biomass and production revealed that there is important and great difference of root biomass across season. The finding is in line with what we hypothesized and of course similar to the finding obtained in the literature example [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF][START_REF] Konôpka | Fine root dynamics in a Japanese cedar (Cryptomeria japonica) plantation throughout the growing season[END_REF][START_REF] Yang | Fine root biomass dynamics and carbon storage along a successional gradient in Changbai Mountains, China[END_REF], who found the highest fine root biomass during the growing season June to August and started decreasing during the dormancy period. It has been evident that the decrease in fine root biomass at dormancy could be due to the root encounter some suppression because of lower shoot elongation [START_REF] Konôpka | Fine root dynamics in a Japanese cedar (Cryptomeria japonica) plantation throughout the growing season[END_REF][START_REF] Lyr | Growth Rates and Growth Periodicity of Tree Roots[END_REF][START_REF] Mooney | Seasonal carbon allocation in Heteromeles arbutifolia, a California evergreen shrub[END_REF].

The lower root biomass at senescence period could resulted in lower temperature because temperature below 6 o C produced less than 3% of the expected root production (Alvarez-Uria and Körner, 2007). The availability of sunlight at production period between Budburst, LMA and dormancy could also be a factor that favors the quantity of root biomass.

Soil temperature and moisture content could also be the driven factor of the root biomass production during (Finér et al., 2011b), as the highest temperature recorded in our study area is at LMA period (Chemidlin Prévost-Bouré et al., 2010b). Observed at the temperate deciduous forest stand the maximum root biomass was obtained when the temperature started increasing from spring and fine root biomass declined around august to September (Montagnoli et al., 2019a). The increase in root biomass during summer could also be due to the availabilities of sunlight at summer (LMA), which felicitates the photosynthetic activity. Moreover, It has been presented by (Giada et al, 2017b;[START_REF] Nagel | Temperature responses of roots: impact on growth, root system architecture and implications for phenotyping[END_REF] that lower temperature below the specific requirement could affect root biomass production and hydraulic conductivity. Subsequently lead to changes in the plant morphology by producing thinner root diameter and smaller root branches. Our result is in line with the previous finding at temperate and boreal forest ecosystem examples [START_REF] Burke | Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystem[END_REF]Finér et al., 2011b;Lahti et al., 2005b;[START_REF] Mccormack | Impacts of environmental factors on fine root lifespan[END_REF]Montagnoli et al., 2019a).

For moisture, it can be deduced that the soil moisture content is determine base on amount of precipitation and the nature of the soil retention capacity. Our finding shows that soil moisture are evenly distributed across the season. The maximum was between yellowing and dormancy period (ICOS 2020 unpublish). Although, at the production period there was availability of moisture content which could be due to the nature and retention capacity of the soil of the study area. As reported by [START_REF] Finér | Factors causing variation in fine root biomass in forest ecosystems[END_REF] that annual distribution of moisture significantly influences the production of root biomass. The maximum root biomass obtained during LMA from our finding is indicating that the moisture content is sufficient for the root biomass to grow and survive, as reported by [START_REF] Finér | Factors causing variation in fine root biomass in forest ecosystems[END_REF] that moisture content beyond specific amount beyond hydraulic conductivity of the soil could reduce soil aeration which could resulted in dumping off disease.

Root biomass and production could be affected by the changes in the aboveground biomass of the forest for instant the canopy closer [START_REF] Finér | Factors causing variation in fine root biomass in forest ecosystems[END_REF]. The highest root biomass was obtained at max canopy closer, although it varied between tree species and type of forest ecosystem [START_REF] Vogt | Analysis of some direct and indirect methods for estimating root biomass and production of forests at an ecosystem level. Root Demographics and Their Efficiencies in Sustainable Agriculture[END_REF]. Example at the temperate deciduous forest, root biomass was obtained before shoot growth in the spring and the maximum were obtained to be between June and July, which, then decreases around, August to September (Lahti et al., 2005;[START_REF] Montagnoli | Seasonality of fine root dynamics and activity of root and shoot vascular cambium in a Quercus ilex L. forest (Italy). Forest Ecology and Management[END_REF]. Similarly, nutrient availability deposited and decomposed between yellowing to budburst in the soil may enhance root biomass production during LMA [START_REF] Yang | Fine root biomass dynamics and carbon storage along a successional gradient in Changbai Mountains, China[END_REF].

Specifically fine root production during production period (LMA) are not easily decomposable and less vulnerable to decay, and this could be the factor that led to difference in root biomass at leaf max area maximum.

Seasonality effect of rhizodeposition into the soil

The loss of organic and inorganic carbon from the root to the soil via a process called rhizodeposition underpin nearly all the critical and informant changes that occurs in the rhizosphere (Jones et al., 2009a). Although, it is very clear that C and N exudate in the rhizosphere is extremely complex, due to the fact that the process of exudation is highly plant and environmental depended, and varied both spatially and temporally (Jones et al., 2009b). it is therefore vital to focused on the quantification of carbon and nitrogen fluxes in the rhizosphere and how they are affected spatially and temporally. Although, we have limited ability of quantifying the rhizodeposition in the forest ecosystem, but our finding tries to follow the distribution of C and N in exudates via root deposition seasonally and across different soil depth and distance to the tree trunk.

Regarding the seasonal effect of rhizodeposition carbon and nitrogen from the tree to the soil, the result revealed a significant change of C and N across the phenological season of the year.

We understand that the highest C concentration in the soil found to be higher at autumn period, which is corresponded with yellowing to dormancy period. This finding is in agreement with most of finding from the literature, where the higher C concentration could be due to higher input of litter at yellowing period (Ota et al., 2013a). It could also be the fact that during senescence period there is lower rate of mineralization due to the available fibres that are resistance to decomposition by microbes, and this led to abundance of fibres that are recalcitrant with highest concentration of C content. The results are confirming that forest soil stored an important carbon concentration that was produced during production period and stores at senescence season, as forest soils considered a big carbon pool [START_REF] Emre | Seasonal Changes of Soil Organic Carbon and Microbial Biomass Carbon in Different Forest Ecosystems | IntechOpen[END_REF][START_REF] Jackson | Sources, characteristics, and fate of atmospheric carbon monoxide[END_REF].

As reported by (Ota et al., 2013a), organic matter input comers from either dead root and other Important organic components C and N are sourced from living roots through rhizodeposition [START_REF] Hinsinger | Rhizosphere: biophysics, biogeochemistry and ecological relevance[END_REF][START_REF] Weixin | In situ measurement of root respiration and soluble C concentrations in the rhizosphere[END_REF]. The finding could also be in line with our first result of root biomass that shows highest root biomass production at LMA and lowest fine root biomass at senescence period, which showing that many roots have died and decay and in turn release C into the soil. [START_REF] Adams | Increases in terrestrial carbon storage from the Last Glacial Maximum to the present[END_REF]Jones et al., 2009b) reported that carbon and nitrogen concentration in the soil varied quantitively due to changes in climate, land use and canopy closer such phenology changes. The highest nitrogen obtained during production period could also be due to availability of fresh litter, which contained a lot of N content. Highest temperature during maximum canopy closer could also results in enhancing the rate of mineralization leading to the release of nitrogen into the soil [START_REF] Aislabie | Soil microbes and their contribution to soil services. Ecosystem services in New Zealand-conditions and trends[END_REF].

Seasonality effect of microbial biomass, abundance and potential activities

Soil microbes are very crucial in controlling nutrient dynamic and availability of various element required for soil ecosystems. Any changes in quantity or quality of C and N in the soil could directly alter soil biological characteristic (Emre et al., 2020). Today international programs for monitoring soil health and quality department revealed that examining different microbial indices example, the microbial biomass, microbial diversity, respiration and soil enzymes should be focus for better understanding and management of ecosystem health (Alvarez E et al., 2009;Sparling GP., 1997;Nielsen MN., 2002).

Therefore, we find it deem and important to study the seasonal dynamic of microbial biomass, diversity and activity in the soil. Most importantly the effect of temperature, moisture content and canopy closer changes, which corresponds to litterfall. The fact that with more open tree cover there is highest there is highest penetration of solar radiation, highest penetration of water into the soil [START_REF] Clarke | Influence of different tree-harvesting intensities on forest soil carbon stocks in boreal and northern temperate forest ecosystems[END_REF][START_REF] Jandl | How strongly can forest management influence soil carbon sequestration?[END_REF][START_REF] Ma | Effects of rare earth oxide nanoparticles on root elongation of plants[END_REF]. Our finding revealed that the microbial biomass, their abundance has significantly changed with seasonal effect. In addition, followed the sequential order as yellowing period recorded the highest diversity of fungi, and bacteria copies DNA in the soil, this could be due to the significant litter input availability in the season as reported by (Wardle, 1992b).

Subsequently, for the microbial biomass C and N in the soil, the result revealed that there was important significant different across season. The highest N microbial biomass found to be during production period with highest temperature. The result is showing that the highest N microbial biomass could be due to the growth of roots which lead to an increase in rhizodeposition and stimulate microorganisms in the soil.

However, for the C microbial biomass the finding shows that there was a decrease in C microbial biomass during spring. Similar to what we obtained on coarse root biomass and carbon concentration in the soil that the highest was found to be during yellowing season and this is due to lower mineralization and the highest immobilization by the microbial community composition (Ota et al., 2013). Moreover, of course, validate our first finding that there was highest concentration of C in our soil during yellowing to dormancy period, which is showing that microbial biomass is utilizing and storing these carbons.

SPATIAL TEMPORAL VARIABILITY (HORIZON AND DISTANCE TO THE TREE TRUNK) ON DIFFERENT BELOWGROUND POOLS

Spatial effect on root biomass and production in the soil

Most of the finding from the previous literature gives more attention at the soil surface between 0 to 20cm on the dynamic distribution of root biomass and production. Although it has been discovered that the root biomass was highly and significantly varied across soil depth. Finding from boreal and peatlands shows that about 90% of root biomass are found to be at the soil surface (Helmisaari et al., 2007b;[START_REF] Lauber Et | Pyrosequencing-Based Assessment of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale | Applied and Environmental Microbiology[END_REF]. Even though, the distribution of root biomass in the forest ecosystem depend on the location and type of ecosystem [START_REF] Idol | Fine root dynamics across a chronosequence ofupland temperate deciduous forests[END_REF]Kuhns et al., 1985a). Our result is in line with what we hypothesized that the change in aboveground biomass example litter fall and budburst could lead to a subsequent change is belowground biomass at different soil depth and distance to the tree trunk. The finding revealed that there is highly significant effect of soil depth on root biomass and production as observed also by [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]Helmisaari et al., 2007b;Idol et al, 2000a;Kuhns et al., 1985b;[START_REF] Lauber Et | Pyrosequencing-Based Assessment of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale | Applied and Environmental Microbiology[END_REF][START_REF] Yanai | The vertical and horizontal distribution of roots in northern hardwood stands of varying age[END_REF]. The finding can be supported by the fact that at the soil surface there was highest organic matter input, solar radiation and moisture content, which is required by the root biomass for optimum production [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]. `

Moreover, our finding revealed that there was no significant effect of distance to the tree trunk on the root biomass and production at different season of the year. Our result was found to be similar with what was obtained by [START_REF] Yanai | The vertical and horizontal distribution of roots in northern hardwood stands of varying age[END_REF]. The result confirmed that the vertical distribution of root biomass at both surface and subsurface of the soil is uniformity distributed in the study area; this could be due to the uniformity of organic matter input into the soil.

Spatial effect on carbon and nitrogen availability in the rhizosphere

The importance of C flow from the root through exudate is essential, as the starting point of exudation points is root, which develops rhizosphere in the belowground (Jones et al., 2009b).

It is important to study this aspect especially the distribution of this exudation at different soil depth and distance to the tree trunk.. Our finding shows that the effect of soil depth has greater impact on carbon and nitrogen. The concentration of C and N are normally coming due to exudation by the root and the litter from the aboveground (Jones et al., 2009b). Even-though, root tissues contained other important compounds that can also be released into the soil, example carbohydrate, organic and amino acids, phenolics, fatty acids, sterols, enzymes, vitamins, hormones, nucleosides are all found in the root bathing solution [START_REF] Dakora | Root exudates as mediators of mineral acquisition in low-nutrient environments. Food Security in Nutrient-Stressed Environments: Exploiting Plants[END_REF][START_REF] Grayston | Rhizosphere carbon flow in trees, in comparison with annual plants: the importance of root exudation and its impact on microbial activity and nutrient availability[END_REF][START_REF] Rovira | Plant root exudates[END_REF][START_REF] Scheffknecht | Root exudates of mycorrhizal tomato plants exhibit a different effect on microconidia germination of Fusarium oxysporum f. sp. lycopersici than root exudates from non-mycorrhizal tomato plants[END_REF]. We virtually centered to measure C and N exudated into the soil and our finding is coherent with our hypothesis that the distribution of C and N exudated by the root significantly varied across soil depth. The finding is similar with was revealed in the literature that C and N decline as we go down deeper into the soil. The highest concentration of C and N in the soil surface could be due to the highest quantity of root biomass at the soil surface [START_REF] Claus | Effect of stand age on fine-root biomass and biomass distribution in three European forest chronosequences -Canadian Journal of Forest Research[END_REF]Idol et al, 2000a;Kuhns et al., 1985b), this could also lead to leading to the accumulation of organic matter content

Temporal effect on microbial biomass, abundance and activity in the soil

The temporal variability of soil microbial biomass is an essential component of its turnover and contributed immensely to the pattern of soil nutrient release and mineralization [START_REF] Wardle | Controls of temporal variability of the soil microbial biomass: A global-scale synthesis[END_REF].

We tried to explore the knowledge on the effect temporal variability of soil microbial biomass, diversity and potential activities. Our result revealed that there was highest N microbial biomass at autumn period and least C microbial biomass was observed during spring period.

Similarly, the microbial diversity was found to be higher during autumn. And this could be explain due to the litter input, as revealed from the new finding that soil microbes are influenced by the plant trait variation which leads to changes in nutrient and organic matter input to the soil via root exudate and plant litter input [START_REF] Gillespie | Tree species mixing affects soil microbial functioning indirectly via root and litter traits and soil parameters in European forests[END_REF][START_REF] Lladó | Drivers of microbial community structure in forest soils[END_REF]. The fact that plant litters and living root are influencing microbial functioning independently, but there effect are measured together in naturally occurring plant communities. [START_REF] Gillespie | Tree species mixing affects soil microbial functioning indirectly via root and litter traits and soil parameters in European forests[END_REF].

Consequently, the increase in plant exudate and litter diversity or quality could potentially upkeep a more diverse and abundant and active microbial community [START_REF] Cesarz | Roots from beech (Fagus sylvatica L.) and ash (Fraxinus excelsior L.) differentially affect soil microorganisms and carbon dynamics[END_REF][START_REF] Gillespie | Tree species mixing affects soil microbial functioning indirectly via root and litter traits and soil parameters in European forests[END_REF]. Previous finding shows that Soil microbial properties were higher in plant communities with taller plants and a community with dense root showed highest microbial properties it has been observed from our studies that the higher root between summer and autumn could also explain the highest microbial biomass, diversity and potential activity

GENERAL CONCLUSION AND FUTURE PERFECTIVE

The main interest of this PhD thesis is to cover a wide range of an important belowground pools, root biomass, root growth, and the exudates that are released by the root into the soil. However, to explore the knowledge of microbial biomass, diversity and catabolic activity at the temperate Oak Forest. The target is to fully understand the effect of season, horizon and distance to the tree trunk on these different essential belowground pools. The finding has revealed how the factors affected these important pools in the temperate Oak Forest. We observed that season and horizon are the major factors that influence our different belowground compartment. The study will contribute immensely in guiding researchers, policy makers in the management of forest ecosystem and explore the capacity of belowground pools in storing important GHG for climate change mitigation and control. The result also revealed in particular the role of soil microbial functioning in the temperate forest, the fact that microbes has been identify as a sensitive indicator of assessing the productivity and sustainability of any forest ecosystem.

Our future prospective, we realized that from the previous studies on root biomass and microbial ecology has described the effect of biotic and abiotic factors on forest ecosystem. But to the best of our knowledge the study is the first of it kind that integrate the effect of season, horizon and distance of sampling to the tree trunk on these important belowground pools. We hope in future there should be research on long-term plan that will check the effect of season at different years. This will check and confirm the inter-variabilty effect between the years.

Similarly, another gap on these studies is to fulfill how other important biotic and abiotic factors such as pH, wind, sunlight could directly affect the belowground temperate Oak Forest
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Figure 2 ;

 2 Figure 2; Image of the study area showing the tree stands and the nature of the soil surface.

Figure 3 :

 3 Figure 3: Showing sampling points in a different direction for 10 dominant trees in the study area. Other trees were not shown in the above figure; different colors show the sampling point at different seasons.

Figure 4 :

 4 Figure 4: Preliminary result of a fine and coarse root biomass sampled in kg/m 3 from one selected matured Oak tree, at different distances of 1 to 5m and a maximum sampling depth of 0 to 45cm that corresponds to the first horizon, second horizon and third horizon Regarding this previous analysis, we decide to analyze spatiotemporal partitioning of fine and coarse roots to sample at 1 and 5 meters from the trunk only in the first two horizons.
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 2 The global effect of season, distance to trunk and depth of sampling on fine, coarse and total root biomass

Figure 5 :

 5 Figure5: Fine roots biomass in kg.m-3 of soil in spring (50% of budburst), summer (maximum leaf area), autumn (50% of yellowing) and winter (no leaves). 1m and 5m from the tree trunk in horizon 0-15cm and 15-30cm. Vertical bars correspond to standard error n=10. The lack of standard error bars during spring was due to the error in the experimental processing of the data. We mistakenly combined all the ten samples of first horizons, which led to a lack of our SE, while the mean remained the same.

Figure 6 :

 6 Figure 6: Coarse roots biomass in kg/m 3 of soil in spring (50% of budburst), Summer (leaves fully expanded), Autumn (50% of yellowing) and winter (no leaves), at 1m and 5 m from the tree trunk in horizon 0-15cm and 15-30cm. Vertical bars correspond to standard deviation n=10

Figure 7 :

 7 Figure 7: Total root biomass in kg.m -3 of soil in spring (50% of budburst), Summer (leaves fully expanded), Autumn (50% of yellowing) and winter (no leaves) at 1m and 5 m from the tree trunk in horizon 0-15cm and 15-30cm. Vertical bars correspond to standard deviation n=10.

Figure 8 :

 8 Figure 8: Relationship between fine, root biomass and climatic variables (Precipitation, soil temperature at 0-15cm and soil temperature at 15-30cm depth). Figure (a) shows that fine root biomass was not correlated with precipitation and the increase in precipitation led to a subsequent decrease of fine root biomass in the study area. Data source ICOS 2020

Figure 9 :

 9 Figure 9: Fine root growth in mg/m 3 /day, spring (April to June), summer (June to Nov), winter (November to Feb) and the growing season was between (2020 Feb to Nov 2020). The period corresponds to the season when the leaf has started sprouting. When the leaf is fully expanded, and when 50% of the leaf turns yellow. Lastly, the season corresponds to the growing season in 9months, respectively. Bars are SE and n=40.

Figure 10 :

 10 Figure 10: Relationship between fine root biomass and concentration of carbon in soil of the study area.

Figure 11 :

 11 Figure 11: The relationship of total N and C with fine and coarse root biomass in the temperate Oak Forest.

Figure

  Figure11ahas revealed a positive relationship between the total fine root biomass with total nitrogen in the soil r 2 = 0.587. It indicates that as the fine root increased, the total N in the soil increases. Similar to the total C in the soil r 2 = 0.545, that increase in the fine root biomass has led to the subsequent increase in the total C in the soil of the study area.Ding et al. (2019) revealed that the primary carbon and nutrient source in the soil is fine root biomass, as observed byJone et al. (2019) that 40% of the total carbon has been exudated or released by the fine root into the soil.

  interaction effect between the two factors, season and horizon, on the percentage of N, this has given us the chance to separate mean values so that we can see at what season and soil depth we have the highest C and N percentage in the soil.

Figure 12 :

 12 Figure 12: The percentage of Nitrogen in the extractable solution from the rhizospheric soil of the study area at budburst (spring), LMA (when the leaf is fully expanded in the summer season. Yellowing (when 50% of the leaf turns yellow in autumn) and dormancy when there is no leaf on the tree correspond to the winter season. 1 and 5m correspond with the two selected distances in meters and 0-15 and 15-30cm, showing the sampling depth. The vertical bars correspond to standard error n=10

Figure 13 :

 13 Figure 13: The percentage of carbon in the rhizospheric soil of the study area. Budburst (spring), LMA (when leaves are fully expanded in the summer season), yellowing (when 50% of the leaf turn to yellow in autumn) and dormancy when there is no leaf on the tree which correspond to the winter season. 1 and 5 correspond with the two selected seasons in meters and 0-15 and 15-30cm showing the sampling depth. The vertical bars correspond to standard error n=10

Figure 14 :

 14 Figure 14: The percentage of carbon obtained on fine and coarse root biomass sampled at four seasons, at different soil depths and two distances from the tree trunk. Budburst (spring), LMA (when leaves are fully expanded in the summer season), yellowing (when 50% of the leaf turn to yellow in autumn) and dormancy when there is no leaf on the tree which correspond to the winter season. 1 and 5 away to the tree trunk correspond with the two selected seasons in meters and 0-15 and 15-30cm showing the sampling depth. The vertical bars correspond to standard error n=10.

Figure 15 :

 15 Figure 15: The percentage of Nitrogen obtained from fine and coarse root biomass sampled at four different seasons, different soil depths and two distances away from the tree trunk. Budburst (spring), LMA (when the leaf is fully expanded in the summer season), yellowing (when 50% of the leaf turn yellow in autumn) and dormancy when there is no leaf on the tree which correspond to the winter season. 1 and 5 correspond with the two selected seasons in meters and 0-15 and 15-30cm showing the sampling depth. The vertical bars correspond to standard error n=10.

  higher carbon/nitrogen microbial biomass ratio indicates a larger proportion of fungi and vice versa. Fundamentally, the microbial biomass was measured by comparing C and N amounts in an altered sample with the amounts in samples where microbes have been chemically lysed by fumigation extraction. Fumigation extraction was done by exposing 5g of fresh soil to the chloroform vapors for 24 hours in a sealed vacuum. This leads to the release of microbial cells content into the environment . Chloroform vapors act as a solvent extracting polar lipid molecule that compose microbial cell membranes, degrading the cell walls and releasing internal organic compounds into the soil. For both fumigated and non-fumigated samples, organic C and N are extracted from 5g soil sample into solution using 20ml of a K2SO4 buffer at 0.5M. Samples solvent and dissolve all organic C and N. The solution was passed through a Whatman GF/C glass microfiber filter into a Falcon tube to remove any soil particles and impurities. The clear solution was frozen and sent to the INRA Agronomy and Environment Lab in Nancy (France) to quantify the total C and N microbial biomass. The calculate ion was done by subtracting the extracted organic carbon and nitrogen obtained from fumigation and non-fumigation. 0.45 was used as a coefficient of extracting carbon and 0.54 was used for nitrogen. 4.3.4 The protocols for DNA Extraction and purification

  The concentration and purity of DNA were measured using two spectrophotometer-based methodologies: NanoDrop and Qubit. NanoDrop is a fast and simple spectrophotometer that measures molecules' absorbance at 270 nm, which is the wavelength that DNA absorbs to measure the quantity of DNA present. Similarly, other molecules with a similar structure to DNA can pass through the extraction/purification process and can absorb at 260 nm. Sample purity was assessed by measuring absorbance at several wavelengths, and the proportion of non-DNA absorbance (280 and 230 nm) to DNA plus possible contaminant absorbance (260 nm) is measured. Once we confirmed with NanoDrop that the DNA solutions had sufficiently high DNA quantities and were relatively uncontaminated, we used Qubit to give a more precise DNA concentration in each sample. A fluorescent green dye was added that binds to doublestranded DNA and Qubit measures the fluorescence. This offers a more precise measurement than NanoDrop because it ensures that no organic acids or single-stranded RNA molecules are measured.4.3.5 Protocols for qPCRThe abundance of different types of microbes (fungi, bacteria, and archaea) was assessed by real-time, or quantitative, PCR (qPCR). Essentially, target DNA sequences from one of the three types of microbes are selected by using primers that code for universal sequences in each microbe type. We choose to amplify the 16S (bacteria and archaea) and 18S (fungi) small ribosomal subunit genes. These genes were amplified from the global population of sample DNA in a thermocycler, and the increasing absorbance of DNA is measured with spectrophotometry throughout the amplification. The final absorbance was then converted to the initial number of gene copies by comparison with a standards curve, made by measuring the absorbance of amplified DNA samples at known initial concentrations. The experiment's essential components are making the standards curve, preparing the samples, and launching the amplification, and are described below in more detail.Standard plasmids DNA with 16S (bacteria and archaea) or 18S (fungi) gene inserts used for the standards curve were linearized using restriction enzymes and diluted to a concentration of 109 ng of DNA/μl, and then serially diluted to have a range of standards from 108 to 102ng/μl. DNA samples were diluted to a stock solution of 2ng/μl and later to 0.2 and 0.02 ng/μl just before launching the qPCR experiment. In each well of a 96 well plate, 20μl of solution were disposed of containing 2μl of DNA, 10μl of SybrGreen mix containing the dye and nucleotides, 1μl of forward and 1μl of reverse primer, 1.25μl of BSA (bovine serum albumin), and 4.75μl of water. The different primers used were 519F and Fun FR-1 for fungi, Parch519F and Arch915R for archaea and Bac331F and Bac515R for bacteria. Here, standard PCR methodology is used to replicate gene copies through cycles of heating to 94-95° C for 4 minutes to denature double-stranded DNA segments, cooling to 55-57° C for 40 seconds to bind primers, and finally heating to 72° C for 40 seconds to activate the polymerase enzyme.

  H2O and dissolve by heating in a microwave on a low setting. Ensure the lid is loose during microwaving and gently mix at intervals. The volume was not changed and allow the agar to cool in a water bath to 60°C. We measure the amount of indicator solution double the agar amount into a bottle and water bath to 60°C. After each solution's temperature has been equilibrated, we transfer the indicator solution and agar into a beaker and mix thoroughly while maintaining the heat at 60°C with constant stirring. We dispense 150μl aliquots into the detection plate columns using 8 channel pipettes. The plates were covered with the Parafilm and stored in the dark at room temperature in a desiccator with self-indicating soda lime before use.Subsequently, different substrate from various carbon sources were used. The substrates from sugar are (L-arabinose, D-fructose, D-galactose, D-(+)-trehalose dehydrate). Substrate from amino acid are (L-alanine, L-acetylglucosamine, L-proline, L-lysine-HCl, L-cystéine-HCl monohydrate) and from carboxylic acid we used (γ-aminobutyric Acid, citric Acid, L-malic

Figure 17 :

 17 Figure 17: The microbial biomass carbon expressed in mg C/Kg DW soil, Budburst (spring), LMA (when leaves are fully expanded at summer season), yellowing (when 50% of the leaves turn to yellow at autumn) and dormancy when there were no leaves on the tree, which correspond to winter season. 1 and 5 correspond with the two selected distance in meters and 0-15 and 15-30cm showing the depth of sampling. The vertical bars correspond to standard error n=160

Figure 18 :

 18 Figure 18: The microbial biomass nitrogen expressed in mg N/Kg DW soil, Budburst (spring), LMA (when leaves are fully expanded at summer season), yellowing (when 50% of the leaf turn to yellow at autumn) and dormancy when there was no leaf on the tree, which correspond to winter season. 1 and 5 correspond with the two selected distance in meters and 0-15 and 15-30cm showing the depth of sampling. The vertical bars correspond to standard error n=160

Figure19:

  Figure19: The number of copied DNA bacteria (brown), archaea (blue) and fungi (ash) (g DW soil-1) Budburst (spring), LMA (when leaves are fully expanded at summer season), yellowing (when 50% of the leaf turn to yellow at autumn) and dormancy when there was no leaf on the tree, which correspond to winter season. 1 and 5 correspond with the two selected distance in

Figure ( 4 )

 4 brown bars.

4. 5 . 3

 53 Interaction effect of season, horizon and distance to the tree trunk on Fungi.

Figure 12 :

 12 Figure 12: the linear regression showing the influence of soil C on the number of copied DNA Fungi NC/g dry soil, Archaea NC/g dry soil and bacteria NC/g dry soil respectively.

  

  

  

  Bazot 1 1. Universite Paris Saclay, CNRS, Agro Paris Tech, Ecologie Systématique et Evolution. Orsay 91405 France 2. Department of Forestry, Fisheries and Wildlife, Kano University of Science and Technology Wudil. PMB 3244 Kano Nigeria.

Table 1 :

 1 Climate data of the study area: Environmental conditions (soil water content, air

	The climate is temperate oceanic, with an annual average temperature and precipitation of
	11.2 o C and 677mm, respectively (Table 1 source ICOS 2020). Soil temperature at different
	depth and precipitation of the four seasons were sourced from ICOS 2020.

experiment was conducted in the Barbeau National Forest 48 o 29N, 02 o 47E 60km southeast of Paris, France, 92m elevation. The forest is in the public domain and managed by the ONF (French National Forestry Office). The whole forest stand arises from natural regeneration with Oak trees (Quercus petraea L.) at the approximate age group of 100 to 150 years. The height of the standing trees is approximately 35m, and the diameter at breast height range from 60-80cm. The plot has minimal understory vegetation with only a few shrubs and young seedlings of Oak species figure

(2)

. The soil of the study area is gleyic luvisol (FAO-ISRIC-ISS 1998) of 0.8m depth on millstone bedrock and has a pH range between 4.5 to 5.4 and soil carbon content is decreasing with depth (Chemidlin

Prévost-Bouré et al., 2010a)

. temperature and soil temperature) at the study area. Soil and air temperature at the surface and subsurface are expressed in mean for each season (±SE). Total precipitation or annual sum of precipitation and moisture content in the soil expressed in (mm) at different soil depths.

Growth stages (Phenological period) No. of days Sampling size

  

				Fine	root
				growth	rate
				(mg/m 3 /day)
	Spring (April-June)	60	16	4.39 a ± 5.44
	Summer (June-Nov)	136	20	1.17 b ± 1.73
	Winter (Nov-Feb)	102	20	1.96 b ± 1.96
	Growing season (Feb-Nov 2020)	272	20	5.32 a ± 3.36
	P-value			<.0001***
	Surface (0-15 cm)		36	4.83 a ± 4.37
	Subsurface (15-30cm)		36	1.46 b ±1.57
	P-value			<.0001***
	1 meter		36	3.38 a ± 3.39
	5 meters		36	2.91 a ± 3.98
	P-value			0.455 ns
	Growth stages x Horizon		76	
	P-value			0.016**
	Growth stage x Distance to the trunk		76	
	P-value			0.918 ns
	P-value			0.475 ns
	P-value			0.959 ns

Table 4 :

 4 

The effect of season, distance, horizon and their interaction on root growth rate (mg/m 3 /day). Significant values are written in the text as symbols in figures, where (*) indicates a p-value less than 0.05, (**) indicates less than 0.01, (***) indicates less than 0.001, and ns means the p-value was greater than 0.05. Budburst corresponded to the season when the leaf started sprouting in the forest, LMA means the period of maximum leaf cover.

Table 5 :

 5 

Result of ANOVA showing the effect of season, horizon and distance to the tree trunk on the percentage of Nitrogen and carbon on the rhizosphere soil. Significant values are written in the text as symbols in figures, where (*) indicates a p-value less than 0.05, (**) indicates less than 0.01, (***) indicates less than 0.001, and ns means the p-value was greater than 0.05. Budburst corresponds to the season when the leaf starts sprouting in the forest (spring), LMA corresponds to the period of maximum leaf cover (Summer), and the yellowing stand for the period when 50% of the leaf turn yellow (Autumn) and dormancy corresponds to the period when there are zero leaves on the tree.

±SE and n=40. (Source field study) 

Table 6 :

 6 table 6 figure13. Result of ANOVA showing the effect of season, horizon and distance to the tree trunk on the percentage of Nitrogen and carbon on the fine and coarse root biomass. Significant values are written in the text as symbols in figures, where (*) indicates a p-value less than 0.05, (**) indicates less than 0.01, (***) indicates less than 0.001, and ns means the p-value was greater than 0.05. Budburst corresponds to the season when the leaf starts sprouting in the forest (spring), LMA corresponds to the period of maximum leaf cover (Summer), and the yellowing stand for the period when 50% of the leaf turn yellow (Autumn) and dormancy corresponds to the period when there are zero leaves on the tree. ±SE and n=40. (Source field study)

		%Nitrogen	%Nitrogen	%Carbon in	%Carbon in
	Phenology	in Fine root	in	coarse	Fine root	Coarse root
			root			
	Spring	1.19 b ±0.18	1.84 a ±0.24	41.15 b ±1.86	44.74 a ± 0.86
	Summer	1.66 a ±0.40	1.59 a ±0.80	41.34 b ±3.63	42.06 c ± 1.7
	Autumn	0.955 c ±0.16 1.27 ab ±2.74	43.62 a ±2.78	43.54 b ± 2.74
	Winter	0.930 c ±0.19 0.86 b ±0.16	42.38 ab ±4.34 43.26 b ± 1.67
	P-Value	0.0001***	0.013**	0.0012**	0.001***
	Distance					
	1 meter	1.14 b ± 0.36 1.53 a ± 1.98	41.60 a ± 3.63 42.39 a ± 7.24
	5 meter	1.23 a ± 0.40 1.26 a ± 0.59	42.62 a ± 3.10 42.26 a ± 7.29
	P-Value	0.0031**	0.22ns		0.043**	0.904ns
	Horizon					
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Table 7 :

 7 Climate data of the study area for microbial biomass studies. Environmental condition (soil water content, air temperature and soil temperature) at the study area. Soil and air temperature at the surface and subsurface express in mean

Table 8 :

 8 Effect of season, horizon, distance to the tree trunk on C and N microbial biomass.

	Values

Table 9 :

 9 The influence of season, horizon, distance and their interaction effect on number of copied DNA Fungi, Archaea and Bacteria in our study area. Table shows the effect of season, horizon and distance to the tree trunk on C and N microbial biomass (mg/Kg DW soil).

	Values

Substrates 1 st Horizon 2 nd Horizon 1m Away to the tree 5m away to the tree Horizon by Distance p=values

  

	Cysteine monohydrate 2.09±0.93 a	0.95±0.38 b	1.53±0.98 b	1.50±0.84 b	0.6696ns
	Lysine-HCL	2.14±1.05 a	0.96±0.39 b	1.52±1.01 a	1.58±0.96 a	0.2280ns
	Citric Acid	6.50±3.66 a	1.08±0.53 b	3.72±3.81 a	3.86±3.73 a	0.5588ns
	Aminobutyric acid	9.63±3.94 a	1.34±0.88 b	5.11±4.97 a	5.86±5.09 a	0.0778ns
	Ascorbic acid	8.54±4.40 a	2.17±1.83 b	3.73±3.71 b	6.98±4.90 a	0.0001***
	Malic Acid	2.07±1.01 a	0.95±0.38 b	1.59±1.01 a	1.43±0.76 a	0.3818ns
	Ketoglutaric Acid	9.13±5.12 a	1.74±0.89 b	4.35±4.95 b	6.52±5.26 a	0.0001***
	H2O (Control)	1.97±0.39 a	0.91±0.94 b	1.51±1.03 a	1.37±0.74 a	0.8143ns
	Table 10 The effect of soil depth (0-15cm and 15-30cm) and distance (1 and 5m) away to the tree
	trunk on the potential activities of soil microbes obtained by measuring microbial respiration, The
	values after ± correspond to standard error n=40. Letters indicated with the same letter shows
	that they are statistically significant.				
	Fructose	2.34±2.89 a	1.47±1.96 b	2.64±3.28 a	1.17±0.88 b	0.6807ns
	Arabinose	2.49±3.01 a	1.96±0.61 b	2.32±3.11 a	1.07±0.52 b	0.0001***
	Glucose	1.75±0.78 a	0.92±0.4 b	1.46±0.89 a	1.26±0.53 a	0.0579*
	Galactose	2.45±2.05 a	1.22±0.52 b	2.05±0.74 a	1.26±0.53 b	0.1178ns
	Alanine	2.45±2.06 a	1.00±0.52 b	2.07±2.20 a	1.38±0.64 b	0.0075**
	Trehalose Dehydrate	2.07±1.32 a	1.02±0.53 b	1.81±1.44 a	1.28±0.6 a	0.0298*
	Proline	1.79±0.87 a	0.96±0.40 b	1.48±0.95 a	1.24±0.59 a	0.1032ns
	Acetylglucosamine	1.88±0.91 a	0.96±0.40 b	1.49±0.97 a	1.35±0.66 a	0.3049ns

P values indicates the interaction effect between horizon and distance to the tree trunk. The values represent the potential activities of the microbes at summer period only express in CO2-C production rate (µg CO2-C/g/h).

The highest activity was obtained at the soil's surface compared to the subsurface.

The finding has revealed the potentialities of microbes in sequestrating carbon and rate of organic matter turnover. The finding has explore the capacity of microbes in carbon sequestration particularly the soil surface. Keywords: season, horizon, microbes, DNA, carbon and nitrogen