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ABSTRACT 

 

Sal forests (Shorea robusta) are a vital component of the Indian subcontinent's forest 

ecosystem, playing a crucial role in maintaining biodiversity and providing various ecosystem 

services. Jharkhand, located in eastern India, is home to significant expanses of Sal forests. 

This abstract provides an overview of the role of phosphorus (P) in the growth and 

development of Sal forests in the Jharkhand region. Phosphorus is an essential nutrient for 

plant growth and is often a limiting factor in forest ecosystems. The availability and distribution 

of phosphorus in the soil profoundly influence the health and productivity of Sal forests. This 

review examines the various ways in which phosphorus impacts the growth of Sal trees, the 

composition of the forest, and the overall ecosystem dynamics in the Jharkhand region. 

Keywords: Jharkhand, Sal Forests, growth , Soil nutrient dynamics,  phosphorus ,   

1. Introduction: Sal forests (Shorea robusta), a dominant tree species in the Indian 

subcontinent, are renowned for their ecological significance, providing a myriad of benefits to 

both the environment and human populations
1
. These forests, characterized by their robust 

and majestic Sal trees, cover vast areas in the eastern Indian state of Jharkhand
2
. There has 

been interest for the conservation and growth of Sal forest by many authors
3-7

. Recently 

several worker have also exploited the about the physico-chemical studies and nutrient uptake 

by the Sal forest in the growth
8-12

. Phosphorus is also one of the most fundamental elements 

for its growth, which play a crucial role in various biological processes, including 

photosynthesis, energy transfer, and the synthesis of DNA and RNA
13-16

. In forest ecosystems, 

phosphorus availability often emerges as a limiting factor that significantly influences the 

overall health, productivity, and sustainability of these ecosystems
17

. The presence and 

distribution of phosphorus in the soil can greatly impact the composition of the forest, the 

vitality of individual tree species, and the dynamics of the entire ecosystem
18

. Like nitrogen 

(N), phosphorus (P) is an essential part of the process of photosynthesis
19

. Phosphorus is 

important for overall growth and metabolism, including the utilization of starch and sugar, cell 

nucleus formation, cell division and multiplication, fat and albumin formation, cell 

organization, and transfer of heredity
20-21

. Jharkhand, with its extensive Sal forests, provides a 

unique opportunity to explore the intricate relationship between phosphorus and forest 

growth
22

. This region is characterized by a rich diversity of flora and fauna, making it an 

invaluable asset in terms of biodiversity and ecosystem services
23

. Understanding the role of 

phosphorus in Sal forests in Jharkhand is essential for effective forest management, 

conservation, and the long-term sustainability of these ecosystems. This review paper aims to 

delve into the multifaceted interactions between phosphorus and Sal forests in Jharkhand. This 

article will explore the role of phosphorus in Sal forest growth, this research contributes to a 
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more comprehensive understanding of these vital ecosystems, enabling informed and 

sustainable forest management practices in the region. 

The mechanism by which phosphorus (P) influences the growth of Sal forests in Jharkhand is 

a multifaceted process that involves several interconnected factors. 

Understanding this mechanism is crucial for effective forest management and conservation. 

The following forms and mechanism take place for the growth of Sal forest - 

a) Phosphorus Availability in Soil: Phosphorus exists in the soil in various forms, 

and its availability to plants is influenced by factors such as soil pH, organic matter content, 

and microbial activity
24-26

. Soil properties, including texture and mineral composition, can 

affect the binding and release of phosphorus
27

. Acidic soils often bind phosphorus, making 

it less available to plants
28

.  Most soil Phosphorus is tightly bound to soil particles or 

contained in relatively insoluble complexes
29

. The phosphorus containing complexes in 

alkaline soils are very different than those in neutral or acidic soils 
30.

 . Available phosphorus 

refers to the portion of phosphorus in the soil that is in a form that plants can readily take up 

and use for their growth and development
31

. It is an important indicator of the soil's ability to 

supply phosphorus to plants
32

. 

b) Phosphorus Uptake by Sal Trees: Sal trees, like all plants, require phosphorus 

for growth
33

. They absorb phosphorus primarily through their roots
34

. The mechanisms 

involved in this uptake include the transport of phosphorus ions into the root cells, which is 

facilitated by transport proteins
35

. The availability of phosphorus in the soil directly affects the 

rate of uptake by Sal trees
36

. 

c) Physiological Impact on Trees: Adequate phosphorus is essential for various 

physiological processes in Sal trees
37

. It plays a crucial role in DNA, RNA, and ATP 

(adenosine triphosphate), essential for the transfer of energy and cell division
38

. When 

phosphorus is limited, it can lead to stunted growth, reduced biomass accumulation, and 

overall poor tree health
39

. 

d) Biomass Accumulation and Productivity: Sal forests' overall productivity, 

including the growth of individual trees and the forest's ability to sequester carbon, is 

significantly impacted by phosphorus availability
40

. Adequate phosphorus levels support the 

development of leaves, stems, and roots, leading to increased biomass accumulation
41

. This, 

consequently, enhances the forest's capacity to sequester carbon and provide ecosystem 

services.
42

. 

e) Biodiversity and Ecosystem Implications: Phosphorus availability in the soil 

affects not only Sal trees but also the entire forest ecosystem
43

. Adequate phosphorus can 

support a diverse understory of plants, which, in turn, provides food and habitat for various 

fauna
44

. Biodiversity is closely linked to nutrient availability, and changes in phosphorus 

levels can alter the composition of the forest's flora and fauna
45

. 

f) Conservation and Management Strategies: Recognizing the role of phosphorus 

in Sal forests is essential for conservation and management. Sustainable practices may involve 

periodic nutrient supplementation, reforestation efforts in areas with depleted soil phosphorus, 

and the monitoring of land-use practices that may impact nutrient cycling
46

. Conservationists 
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and policymakers must formulate strategies that reconcile human needs with the preservation 

of these invaluable ecosystems
47

.The mechanism by which phosphorus influences the growth 

of Sal forests In Jharkhand, the situation entails a intricate interplay among factors such as soil 

phosphorus availability, tree physiological responses, biomass accumulation, and broader 

implications for ecosystem health
 48

. Maintaining a balanced phosphorus cycle and optimizing 

phosphorus availability is crucial for the long-term sustainability of these ecosystems and the 

services they provide. The various roles of phosphorus on the                     growth of Sal forests is 

presented in Table1: 

Table 1. The role of phosphorus in the growth of Sal forests 
 

Role of Phosphorus in 

Sal Forest Growth 

 

Explanation 

 

Ref. 

 

Nutrient for Tree 

Growth 

Phosphorus is an essential nutrient for Sal trees, 

required for various physiological processes, 

including cell division, energy transfer, and DNA 

synthesis. 

 

 

49 

 

Biomass Accumulation 

Adequate phosphorus levels lead to increased growth 

of leaves, stems, and roots, resulting in greater 

biomass accumulation and forest productivity. 

 

 

50 

Enhanced Root 

Development 

Phosphorus supports root development, which is vital 

for nutrient and water uptake, anchorage, and overall 

tree stability. 

 

 

51 

Leaf Development and 

Photosynthesis 

Phosphorus is essential for the development of 

chlorophyll-rich leaves, promoting photosynthesis 

and efficient utilization of light energy. 

 

 

52 
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Energy Transfer in 

Trees 

ATP (adenosine triphosphate), a molecule crucial for 

energy transfer in trees, depends on phosphorus 

availability. 

 
 

53 

DNA and RNA 

Synthesis 

Phosphorus is a key component of DNA and RNA, 

which are essential for the genetic and regulatory 

processes governing tree growth. 

 

 

54 

 

Understory Diversity 

Adequate phosphorus in the soil supports the growth 

of understory plants, contributing to biodiversity and 

providing habitat and food for fauna. 

 

 

55 

 
Carbon Sequestration 

Greater tree growth and biomass accumulation 

facilitated by phosphorus contribute to increased 

carbon sequestration and reduced greenhouse gas 

levels. 

 

 

56 

 
Ecosystem Services 

The health and vitality of Sal forests, influenced by 

phosphorus, affect the provision of ecosystem 

services, including water purification, soil stability, 

and habitat support. 

 

 

57 

 

 

Phosphorus sources and forms in soils: The total phosphorus content in the soil is commonly 

between 100 and 3000 mg of P kg
-1

 
58

, depending on the phosphorus content of the parent 

material and subsequent amelioration. Phosphorus exists in inorganic and organic forms in 

soils. Phosphate minerals commonly found in acid and neutral to calcareous soils include 

apatite, variscite, wavellite, and vivianite
59

. The main sources of phosphorus have been 

summarized in Table2.   

Table 2. Sources of phosphorous 
 

Acid soils Chemical composition 

Variscite AlPO4.2H2O 

Strengite FePO4.2H2O 

Neutral and calcareous soils 

Dicalcium phosphate dihydrate (DCPD) CaHPO4.2H2O 

Dicalcium phosphate (DCP) CaHPO4 

Octacalcium phosphate (OCP) Ca4H(PO4)3.2.5H2O 

β-tricalcium phosphate (βTCP) Ca3(PO4)2 

Hydroxyapatite Ca5(PO4)3OH 

Fluorapatite Ca5(PO4)3F 

 
Phosphorus is an essential nutrient for plant growth, including the growth of forests

60
. In         

forest ecosystems, phosphorus exists in various forms, and its availability can influence 

plant productivity. Some of the different forms of phosphorus in the context of forest growth 

are: 
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i. Inorganic Phosphorus (Pi): a) Phosphate Minerals: Phosphorus in the form of 

phosphate minerals is present in the soil. However, these minerals are often insoluble and not 

directly available to plants until they undergo weathering processes. 
61

 b) Adsorbed 

Phosphorus: Phosphate ions can adsorb to soil particles, making them available to plants. This 

form of phosphorus is susceptible to changes in soil pH and microbial activity
62

. 

ii. Organic Phosphorus (Po): a) Organic Matter: Phosphorus is a component of 

organic matter, such as decaying plant and animal residues. Microbial activity in the soil 

decomposes these organic materials, releasing organic phosphorus in a form that plants can 

absorb
63

. b) Microbial Biomass: Soil microorganisms play a crucial role in cycling 

phosphorus. They assimilate organic phosphorus and release it back into the soil as they 

decompose, contributing to the pool of plant-available phosphorus
64

. 

iii. Plant-Available Phosphorus: Dissolved Phosphorus: Some phosphorus in the 

soil solution is directly available for plant uptake. This encompasses both inorganic 

phosphorus in the form of orthophosphate ions and specific organic phosphorus forms that 

have undergone mineralization due to microbial activity
65

. 

a) Phosphorus in Plant Biomass: a) Phospholipids: Phosphorus is a key component 

of phospholipids, which are essential for the structure and function of cell membranes in 

plants
66

. b)Nucleic Acids and ATP: Phosphorus is a fundamental 

component of nucleic acids (DNA and RNA) and adenosine triphosphate (ATP), crucial for 

energy transfer and storage in plant cells
67

. 

iv. Phosphorus Cycling: Mineralization and Immobilization: Microbial processes in 

the soil play a pivotal role in the cycling of phosphorus between organic and inorganic forms. 

Mineralization releases phosphorus from organic matter, rendering it accessible for plant 

uptake, whereas immobilization entails microbial incorporation of phosphorus, temporarily 

reducing its availability
68

. Understanding the dynamics of these various forms of phosphorus 

in the soil is essential for managing forest ecosystems and ensuring sustainable forest 

growth
69

. Human activities, such as deforestation, agriculture, and forestry practices, can 

influence phosphorus availability in soils and impact forest health In neutral and calcareous 

soils, calcium phosphates are present as films or discrete particles while inorganic P is either 

precipitated as iron and aluminium phosphate secondary minerals and/or is adsorbed to 

surfaces of Fe/Al oxides and clay or silt surfaces in acid soils 
70-72

. Meyer et al. 
73

 has divided 

mineral soil phosphorus reserves into three fractions according to their availability to the 

plant: (i) Readily available - water soluble       (H2PO4)
-
  and       (HPO4)

2-
       anions       

from       Ca(H2PO4)-2.H2O; (ii) Slowly available (AlPO4); and (iii) Very slowly available 

reserves Ca3(PO4)2 and FePO4 . The various forms of phosphorus and their roles in the growth 

of Sal forests have been summarized in Table 3. 

Table 3 Different forms of phosphorous 
 

Form of Phosphorus Description Role in Sal Forest Growth  Ref. 
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Inorganic Phosphorus 

(Pi) 

Present in soil minerals; 

may be adsorbed to soil 

particles 

Essential for energy transfer, 

nucleic acid synthesis, and 

structural development in Sal 

trees 

74 

 

Organic Phosphorus 

(Po) 

Found in organic matter 

like decaying plant and 

animal residues 

Contributes to the soil organic 

pool; microbial activity 

mineralizes organic phosphorus, 

making it available for Sal trees 

75 

Plant-Available 

Phosphorus 

Dissolved phosphorus in 

the soil solution 

Directly taken up by Sal trees 

for various metabolic processes 

supporting growth 

76 

 

Phosphorus in Plant 

Biomass 

Present in structural 

components like 

phospholipids, DNA, and 

ATP 

Integral for cell membranes, 

genetic material, and energy 

transfer in Sal trees 

77 

 
Phosphorus Cycling 

Involves processes like 

mineralization and 

immobilization by soil 

microorganisms 

Maintains a continuous supply 

of phosphorus, ensuring its 

availability to Sal trees 

78 

 

Mycorrhizal 

Associations 

Symbiotic relationships 

between Sal trees and 

mycorrhizal fungi 

Enhances nutrient uptake, 

including phosphorus, by 

extending the effective root 

system 

79 

 

Anthropogenic 

Influences 

 

Human activities affecting 

soil and nutrient dynamics 

Deforestation and land-use 

changes can impact phosphorus 

availability in Sal forest 

ecosystems 

80 

 

Phosphorus Fertilization 

Application of 

phosphorus-containing 

fertilizers 

Management strategy to address 

nutrient deficiencies and 

promote Sal forest growth 

81 

 

Phosphorus is an essential nutrient for plant growth, including the growth of forests. In forest 

ecosystems, phosphorus exists in diverse forms, and its availability can impact plant 

productivity. Researchers have employed terms such as primary mineral, secondary mineral, 

labile, organic, and occluded P to characterize different phosphorus forms in the soil
82

. 

Phosphorus in inorganic and organic compounds is continuously converted from one form to 

the other (Brady and Weil, 1996)
83-84

, and may be lost through erosion and leaching, be plants 

and microbes can utilize phosphorus, causing it to enter the labile pool or undergo 

transformation into secondary phosphorus minerals. The P cycle and its dynamics, including 

the interchangeable sources in soil, are presented in Figure 1. 
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Figure 1 Phosphorous cycle interchangeable sources in soil Adapted from Tisdale
85

 et al. 

(1993), Brady (1996)
83

 and Weil (1996)
84

 

Conclusion: The role of phosphorus in the growth of Sal forests in Jharkhand is a complex 

and vital aspect of forest ecology and management. This overview has highlighted the 

significance of phosphorus in influencing the health, productivity, and sustainability of these 

iconic ecosystems. As we summarize the key findings and insights, it is evident that 

understanding the intricate relationship between phosphorus and Sal forests is essential for 

informed decision-making, conservation efforts, and sustainable forest management in the 

Jharkhand region. The phosphorus cycle in Sal forests plays a central role in nutrient 

availability, impacting the growth and development of Sal trees. The response of Sal trees to 

varying phosphorus levels has been explored, revealing that nutrient uptake, biomass 

accumulation, and overall forest productivity are influenced by phosphorus availability.   This 

knowledge can guide forest managers in making informed decisions about nutrient  

supplementation and forest restoration.  
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