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The alarming rise in world population and its’ boundless basic needs contribute indirectly to the 
degradation of water resources worldwide. Depletion of vegetation cover, pollution of water from 
different sources, soil erosion and recession of water table has become common in many 
catchments. The nature has been generous in bestowing the region with bounty of water resources 
in form of rainwater but in the absence of scientific management of  these vital resources from rain 
and consequent surface flow and underground storages, the water resources go waste and creates 
havoc downstream. Much of the enormous water resources remain unutilized and most of the natural 
ponds and lakes are getting dried up due to absence of proper water resource planning and 
scientific management. Therefore environmental friendly and cost effective be adopted for 
augmentation of ground water resources to revive and rejuvenate seasonal into perennial water 
body. The present study is based on the concept that due to Cohesive Tension capillary movement 
of water from Water Table to Soil and Soil To plant is maintained in nature. Only required quantity of 
water remains in the plant cell and remaining water quantity enhances the Soil Moisture Conditions 
around the root zone. This is varying from species to species due to their morphological, anatomical 
and physiological features which is established in the present study and accordingly Rand D work 
conducted for determination of required density of identified plant species at a project site so that 
more than 100% Soil Moisture level could be achieved for the water recharge into the stream or low 
lying areas. The present study was conducted in  natural and manmade structures/methods of water 
recharge in 25 km

2
 of Bhaktura Spring located in Bhimtal at Latitude.79

0
.22.41’N and Longitude E 

79
0
.32.07’ at 1000 to 1600 m altitude in 25 kms radius of Nainital District. The study was conducted 

for four and a half years from November, 2009 – May’2013 in 25 Km
2
 in natural Forest Conditions. 
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INTRODUCTION  
 

Water is indispensable to all life on earth. However, fresh water is constantly formed newly through a 
phenomenon known as hydrological cycle. Stream, River and Ground water recharge is the process by which water 
percolates down the soil and reaches the water table, either by natural or artificial methods. Here, natural water 
recharge is dealt with. Quantification of the rate of natural water recharge is a pre-requisite for efficient water resource 
management. It is particularly important in regions with large demands for water supplies, where such resources are 
the keys to economic development. However, the rate of aquifer recharge is one of the most difficult factors to 
measure in the evaluation of water resources. Estimation of recharge, by any method is normally subject to large 
uncertainties and errors. In this paper, natural methods of water recharge are outlined. 

The present study is based on the concept that due to Cohesive Tension capillary movement of water from 
Water Table to Soil and Soil To plant is maintained in nature. Only required quantity of water remains in the plant cell 
and remaining water quantity enhances the Soil Moisture Conditions around the root zone. This is varying from 
species to  
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species due to their morphological, anatomical and physiological features which is established in the present study and 
accordingly Rand D work conducted for determination of required density of identified plant species at a project site so 
that more than 100% Soil Moisture level could be achieved for the water recharge into the stream or low lying areas.  
 
 
METHODOLOGY 
 

The present study was conducted in  natural and manmade structures/methods of water recharge in 25 km
2
 of 

Bhaktura Spring located in Bhimtal at Latitude.79
0
.22.41’N and Longitude E 79

0
.32.07’ at 1000 to 1600 m altitude in 25 

kms radius of Nainital District. Figure 1 and 2. 
 
 
Project Study Area Mehragaon, Bhimtal 
 

The project site is located at Bhaktura Spring, Mehragaon. Mehragaon is a Tourist Village .It is situated in Mid 
of All Lakes .Sattal 5 km, Bhimtal 5 km, Naukuchital 11 km, Nainital 16 km. .Mehragaon is Surrounded by Mountains 
from all direction its a sort of small valley. In the North is Ghorakhal Mountain. East is Karkotak Mountain. West is 
Harshin Mountain. 

Ghorakal is the place situated in the Nainital district of the Uttarakhand state of India. Ghorakhal means pond 
for water to horses. It is the picturesque site at the height of more than 2000 mts. It is situated near Bhowali. The 
source of Naldmyanti Tal is Ghorakhal Spring which is located above the Naldamyanti Tal at 2000 mts at 29°24′0″N 
79°28′7″E. 

The study was conducted for four and a half years from November, 2009 - May’2013 in 25 Km
2
 in natural 

Forest Conditions considering following facts: 
The survey of selection of experimental site was done on the basis of actual site survey keeping following 

requirements of experiments: 
 

 
 

Figure 1 : Study Area in Bhwali Range Forest, Bhimtal, District Nainital 

http://en.wikipedia.org/wiki/Nainital_district
http://en.wikipedia.org/wiki/Uttarakhand
http://en.wikipedia.org/wiki/India
http://en.wikipedia.org/wiki/Bhowali
http://toolserver.org/~geohack/geohack.php?pagename=Ghorakhal&params=29_24_0_N_79_28_7_E_source:bgwiki_region:IN_type:city
http://toolserver.org/~geohack/geohack.php?pagename=Ghorakhal&params=29_24_0_N_79_28_7_E_source:bgwiki_region:IN_type:city
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Figure 2: Study Area in Bhwali Range Forest, Bhimtal, District Nainital 

 
 
1. There should be evergreen natural Forest condition at site 
2. Presence of Perennial natural springs as an indicator of Water Recharging from high altitude to low altitude 
3. One source of spring at high altitude and its connectivity with low altitude 
4. Average age of plant species in different types of forest conditions should be uniform 
5. Ideal location of setup of Check Dam for monitoring of Soil Moisture due to it percolation of water. 
6. Composition of Herbs, Shrubs and Trees throughout the study period. 
7. Protection and Security of Equipment setup for experiment throughout the study period. 
 
 
Survey and Identification of Forest Types at Project Area 
 

As per Nainital Forest Management Action Plan for Bhowali Range (1998-2008), the following types of Forest 
exist within project site (Table 1). 
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Table 1: Type of forest for Bhowali Range 
 

SN Local Name Botanical name Latitude Longitude Altitude(meter) 

1 Banj (Oak) Quercus leucotricophora  N.29
0
21.797’ 79

0
32.075’ 1400 

2 Chir (Pine) Pinus roxburghii sargent N.29
0
21.631’ 79

0
31.963’ 1200 

3 Garud Olea glandulifera N.29
0
21.663’ 79

0
31.777’ 1300 

4 Mehal Pyrus pashia N.29
0
21.655’ 79

0
31.914’ 1000 

5 Putali Acer laevigatum. Wall N.29
0
21.355’ 79

0
31.706’ 1300 

6 Guant Giant arborvitae N.29
0
21.660’ 79

0
31.949’ 1200 

7 Uttis Alnus nepalensis N.29
0
22.115’ 79

0
33.715’ 1600 

8 Kanoul/Kanchnar Bauhinia purpurea. Linn N.29
0
21.672’ 79

0
31.826’ 1300 

 
 
 
 Soil Moisture Monitoring Stations at Site  
 

As per the environmental conditions existing at project site the Automatic Soil Moisture Meter consists of 
Meteorological Parameters (Air Temperature, Soil Temperature, Relative Humidity, Rainfall, Wind Direction, Wind 
speed along with one Soil Moisture Sensor was installed at one site in Oak (Banj) Forest Area, whereas 7 others Soil 
Moisture Sensors has been installed  at different other 7 types of existing Forest types for 4 seasons.(Post Monsoon, 
Winter, Summer and South-West Monsoon) for Four years and half  Sugust 2009 to Jlu2 2.014) at different depth 
around Root Zone of Each Plant species selected for continuous monitoring of Effective zone of Soil Moisture due to 
each species. The continuous Monitoring of Soil Moisture for every one hours interval at 2,4 ,8 and 10 feet depth 
around all the 8 types of Plant species for Post Monsoon , Winter, Summer and South-West Monsoon for Four and a 
half years. 

The Soil Sensors has been inserted in Root Zone of each type of plant species. For online monitoring in each 
1 hrs intervals during day and night. 
 
 
Water Sample Collection and Analysis 
 
Experimental studies for Soil-Water and Plant Species Interaction with the following parameters for the identified plant 
species were carried out: 
a. Meteorological Condition: Temperature, Rainfall, Humidity, Moisture 
b. Physical and Chemical Soil properties: Porosity, Soil Texture, Soil Moisture, Conductivity, Cation and Anion 
c. Plant Analysis: Rate of Water Absorption, Rate of Water Discharge, Morphological, Anatomical and Physiology of 
Plant (Transpiration Rate) 
d. Measurement of Water recharge quantity in stream, Hand Pump based Deep Well and Tube well. 
e. Analysis of Water Samples  All the parameters as per IS 10500 were Analyzed as per the Standard Methods 
(APHA, 2000) 
Infiltration Rate of Soil.: The infiltration rate of different kinds of Soil were measured by using Double Ring 
Infiltrometer installed at site . 
The Weather conditions for Air Temperature, Soil Temperature, Wind Velocity, Wind Direction, Rain Fall and Relative 
humidity are monitoring with online monitoring system. 
  
 
Anatomical Study of Identified Plant Species: 
 

The anatomical study of Tracheal System of Identified Plant species was done as per the Methods given in 
Modern Practical Botany (Volume II) S.Chand and Company Publication 2005. 
 
 
Average Percent of Water Retain in Identified Plant Species in Sandy Soil at Project Site:  
 
The average percentage of water retention in Soil was compiled and the observed values are recoded 
 
 
Calculation of Optimum Density of Plant Species for Water Recharge. 
 
The space-time statistical structure of soil water uptake by Identified trees is observed   on the basis of: 
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   Root Density  (by Core Sampler) 
   Canopy Width (Sexton Method)  
 
 
Construction of Check Dam 
 

To Measurement of engineering impacts for soil moisture conditions between Check Dam and different 
Vegetative covers, the check dam was constructed at suitable site at Bhagtura spring downstream: 
 
 
RESULTS AND DISCUSSION 
 

The following three major natural springs existed in project area around Baktura site in 25 kms radius from 
2000 meter altitude to 1400 meter altitude: 
a. Godakhal Spring 
b. Naldamyanti Tal Spring 
c. Baktura consists of Jhadu and Chillia 
 

It is seen from the Figure 3 and Table 2 that the average flow of water from Godakhal was maximum 31.3 
m

3
/hours then it is decreases in subsequent springs at Naldamyanti 30.9 m

3
/hr, Jhadu and Chillia 25 m

3
/hr and 

Bakture 24.9 m
3
/hr during 2009 to 2013. This trend indicates that there is marginal difference in the flow but it is 

evident that the flow is more or less maintained uniform throughout the year which may be due to dense forest and the 
different plant species existing in the study area and helping in recharging of water and maintaining more or less 
uniform water availability in these springs. 
 
 

 
 
Figure 3: Trend in Three Years Average Flow in Different Springs at Study Area (in m3/hr 2009-2013) 
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Table 2: Trend in Three Years Average Flow in Different Springs at Study Area (in m
3
/hr 2009-

2013) 

 

Springs Year Flow m
3
/hr 

Godakhal 2009-2013 31.3 

Naldamyanti 2009-2013 30.9 

Jhadu 2009-2013 25.0 

Chillia 2009-2013 25.0 

Baktura 2009-2013 24.9 

 
 
 
Establishment of Connectivity of Different Springs: in Study Area: 
 

Watershed hydrology is a field of study that concerns itself with questions of where water goes when it rains, 
what flow paths the water takes to the stream, and how long water resides in the watershed. Even though these 
questions seem basic and water-focused, they often form the underpinning for questions of water availability, 
biogeochemical cycling, microbial production, and other ecological processes that depend on the water cycle. While 
stable isotopes of water (e.g., 1H

2
 ,

18
O and 1H

2
H

16
O) have been used to study global-scale water cycling since the 

early 1950s (Epstein and Mayeda 1953; Craig 1961; Dansgaard 1964), they were not used for watershed-scale 
problems of water source, flowpath, and age until the 1970s (Dincer et al. 1970).Sklash and Farvolden (1979) were 
among the first hydrologists to quantify the composition of stream water and its temporal and geographical sources 
using water isotopes in small watersheds. Since then, watershed-scale stable isotope hydrology has blossomed 
(Kendall and McDonnell 1998), and today, stable isotopes are a standard tool for helping hydrologists understand the 
basic functioning of watersheds. More importantly, stable isotope tracing and analysis forms an important link between 
hydrological and ecological processes at the watershed scale where knowledge of flow path, water source, and age 
inform many water-mediated ecological processes. 

The connectivity of each of these springs was established by isotopic analysis of Water Quality. The results 
are given in Table 3. 

It seen from the Table 3 and Figure 4 that the: 
1. In Godakhal Spring Water O

18 
was recorded δ‰ -8.69 and dD was δ‰ -59.9 during analysis of water Quality. 

2. In Naldamyanti Spring Water O18 was recorded δ‰ -8.70 and dD was δ‰ -59.91 during analysis of water Quality. 
3. In Baktura Spring Water O

18
 was recorded δ‰ -9.14 and dD was δ‰ -63.54 during analysis of water Quality. 

With micro isotopic analysis of sub springs it is observed that: 
 In Outlet of Godakhal Spring which is Inlet of Naldamyanti Spring Water O

18 
was recorded δ‰ -8.63 and dD was 

δ‰ -60.67 during analysis of water Quality. 
 In Mid of Naldamyanti Tal Water O

18 
was recorded δ‰ -8.68 and dD was δ‰ -59.95 during analysis of water 

Quality. 
 In Outlet of Naldamyanti Spring which is inlet of Jhadu Spring Water O

18
 was recorded δ‰ -8.78 and dD was δ‰ -

59.10 during analysis of water Quality. 
 In Chillia Spring Water O

18
 was recorded δ‰ -9.09 and dD was δ‰ -64.25 during analysis of water Quality. 

 In Baktura Spring which is combination of Jhadu and Chillia Spring Water  O
18

 was recorded  δ‰ -9.14 and dD was 
δ‰ -63.54 during analysis of water Quality 
      It is therefore concluded that: 
 Water Quality of Ghodakhal spring, Naldamayanti Tal more or less similar to Baktura Spring. 
 It is indicated that the water quality of Baktura spring is a combination of other source of spring also.  
 Hence it is indicated that the source of Baktura Spring is connected with Godakhal and Naldamyanti Tal Springs. 
 
Water Quality of Existing Water Resources in Study Area 
 

There is no Well in project area. The source of Drinking Water is spring only. The samples were collected from 
following sampling locations for assessment of existing water quality since these are the source of drinking water in 
Bhagtura Village and nearby villages. 
1. Godakhal Spring 
2. Naldamyanti Tal 
3. Chillia Gadhera 
4. Jhadu 
5. Bhaktura 
6. Hand Pump 
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The Water Quality of project area was anlysed and assess, It is found that all the parameters were found well 
within permissible limit while compared with IS 10500. 
 
 
Infiltration rate of Soil in Study Area 
 

The infiltration of water into the sand is faster than into the clay. The sand is said to have a higher infiltration 
rate.  
The infiltration rate of a soil is the velocity at which water can seep into it. It is commonly measured by the depth (in 
mm) of the water layer that the soil can absorb in an hour.  
It is seen from the Table 3 that: 
The Infiltration rate of Soil ranged from 12 to 31 with an average 25 mm/hours. The Maximum rate was observed 
during winter whereas minimum was during SW Monsoon during 2009-10. 
The Infiltration rate of Soil ranged from 21 to 29 with an average 25 mm/hours. The Maximum rate was observed 
during summer and post monsoon whereas minimum was during winter during 2010-11. 
The Infiltration rate of Soil ranged from 24 to 32 with an average 28 mm/hours. The Maximum rate was observed 
during SW monsoon whereas minimum was during summer during 2009-10. 
The Infiltration rate of Soil ranged from 21 to 29 with an average 25 mm/hours. The Maximum rate was observed 
during SW monsoon whereas minimum was during summer during 2009-10. 
An infiltration rate of 25 to 28 mm/hour means that a water layer of 15 mm on the surface of the soil will take one hour 
to infiltrate.  
While comparing with a range of values for infiltration rates as  given below as given by   Natural Resources 
Management and Environment Department, FAO - FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED 
NATIONS in Training Manual on Irrigation Water Management: Introduction to irrigation. The infiltration rate of sandy 
Clay Soil is lying between the Low to medium infiltration rate. This indicated that water retention capacity of project 
area is good.  

Low infiltration rate less than 15 mm/hour 

medium infiltration rate 15 to 50 mm/hour 

high infiltration rate more than 50 mm/hour 

 
Table 3: Infiltration Rate of Sandy Clay Soil at Project Area 

 
 Year Winter Season Summer Season SW Monsoon Post Mon.   

  Dec Jan Feb March April May June July Aug Sept Oct Nov Average 

2009-10 24 31 30 28 26 27 17 23 12 26 30 24 25 

2010-11 28 24 21 22 22 29 28 27 23 22 22 29 25 

2011-12 30 28 30 24 25 28 28 32 31 30 26 25 28 

2012-13 26 26 24 28 22 24 21 24 22 29 26 25 25 

 
 
Soil Moisture around Identified Plant Species in Natural Forest 
 

It is seen from the Table 4 that  
 
1. The Average yearly variation in Soil Moisture around root zone of Banj Tree ranged from 71.45 cb in 2011 to 202.58 
cb in 2013 with an average of 106.72 cb whereas the percentage of water Content ranges from 18.7 % in 2013 to 23% 
in  2010 and 2011 with an average of 21.70%.  
2. The Average yearly variation in Soil Moisture around root zone of Chirj Tree ranged from 71.15 cb in 2011 to 
202.92 cb in 2013 with an average of 113.01 cb whereas the percentage of water Content ranges from 18.7 % in 2013 
to 23.0% in   2011 with an average of 21.42%.  
3. The Average yearly variation in Soil Moisture around root zone of Garud Tree ranged from 68.42 cb in 2011 to 
115.47 cb in 2013 with an average of 89.57 cb whereas the percentage of water Content ranges from 21.0 % in 2013 
to 23.2% in   2011 and 2012 with an average of 21.42.  
4. The Average yearly variation in Soil Moisture around root zone of Mahal Tree ranged from 72.16 cb in 2012 to 
165.57 cb in 2013 with an average of 105.89 cb whereas the percentage of water Content ranges from 19.5 % in 2013 
to 22.9% in   2012 with an average of 21.62%.  

 

http://www.fao.org/nr/index_en.htm
http://www.fao.org/nr/index_en.htm
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5. The Average yearly variation in Soil Moisture around root zone of Putali Tree ranged from 67.36 cb in 2010 to 
178.90 cb in 2013 with an average of 93.68 cb whereas the percentage of water Content ranges from 19.2 % in 2013 
to 23.2% in 2010 and 2011 with an average of 22.18% . 
6. The Average yearly variation in Soil Moisture around root zone of Gaunt Tree ranged from 1.24 cb in 2011 to 
164.33 cb in 2012 with an average of 75.85 cb whereas the percentage of water Content ranges from 19.5 % in 2012 
to 39.8% in  2011 with an average of 26.08%.  
7. The Average yearly variation in Soil Moisture around root zone of Uttis Tree ranged from 33.16 cb in 2009 to 162.94 
cb in 2013 with an average of 74.72 cb whereas the percentage of water Content ranges from 19.6 % in 2013 to 
26.2% in 2009 with an average of 23.02%. 
8. The Average yearly variation in Soil Moisture around root zone of Kachnar Tree ranged from 46.89 cb in 2009 to 
162.94 cb in 2013 with an average of 85.02 cb whereas the percentage of water Content ranges from 19.6 % in 2013 
to 24.7% in 2009 with an average of 22.66%. at 10 ft depth of soil.  
 
Table 4: Yearly Average of Soil Moisture and Water Contents of Identified 
 
Year  Banj Chir Garud Mahel Putali Uttis Kanchnar 

SM 
(cb) 

Ave 
% 
WC 

Ave Ave 
% 
WC 

Ave Ave 
% 
WC 

Ave Ave 
% 
WC 

Ave Ave 
% 
WC 

Ave Ave 
% 
WC 

Ave Ave 
% 
WC 

2009 95.81 21.8 126 20.6 115.5 21.0 139.6 20.2 77.87 22.6 33.16 26.2 46.89 24.7 

2010 72.06 23.0 86.5 22.2 80.05 22.5 75.19 22.8 67.36 23.2 54.3 24.1 58.44 23.8 

2011 71.45 23.0 71.2 23.0 68.42 23.2 76.96 22.7 68.61 23.2 47.29 22.5 80.9 22.5 

2012 91.72 22.0 78.4 22.6 68.43 23.2 72.16 22.9 75.66 22.7 75.93 22.7 75.93 22.7 

2013 202.58 18.7 203 18.7 115.5 21 165.6 19.5 178.9 19.2 162.9 19.6 162.94 19.6 

Average 106.72 21.7 113 21.42 89.57 22.18 105.9 21.62 93.68 22.18 74.72 23.02 85.02 22.66 

 
 
Yearly Variation in Soil Moisture (cb) and Percentage of Water Content around Check Dam 
   

The Average yearly variation in Soil Moisture around root zone of Check Dam ranged from 27.44 cb in 2009 to 
166.66 cb in 2013 with an average of 87.83 cb whereas the percentage of water Content ranges from 19.5 % in 2013 
to 26.9% in 2009 with an average of 22.76% . 
 

Table 5: Yearly Variation in Soil Moisture (cb) and Percentage of Water 
Content (% WC) around Check Dam During 2009-2013 

 

Year  Ave Ave 
% WC 

2009 27.44 26.9 

2010 69.13 23.1 

2011 86.39 22.2 

2012 89.52 22.1 

2013 166.66 19.5 

Average 87.83 22.76 

 
 
Assessment of Water Recharge Capacity of Identified Plant Species in Project Area, Bhimtal: 
 
Water Retention capacity of Identified Plant Species 
 
The anatomical studies of Tracheal System of Identified Plant species were done. The Results observed are given 
below: 
It is seen from the Table 6 and Figure 4 that  
 
A. The percentage of water retention around Root Zone of Gaunt Tree is first highest 25.25% and Soil Moisture 41.36 
cb when the Length of a Septum wall is 0.45 µm and the width is 0.12µm in comparison to other identified plant 
species in the study area. 
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B. The percentage of water retention around Root Zone of Uttis Tree is second highest 25.02% and Soil Moisture 
43.72 cb when the Length of a Septum wall is 0.17 µm and the width is 0.031 µm in comparison to other identified 
plant species in the study area. 
C. The percentage of water retention around Root Zone of Garud Tree is third highest 24.02% and Soil Moisture 
43.72 cb when the Length of a Septum wall is 0.07 µm and the width is 0.022 µm in comparison to other identified 
plant species in the study area. 
D. The percentage of water retention around Root Zone of Putali Tree is fourth highest 24.61% and Soil Moisture 
48.27 cb when the Length of a Septum wall is 0.07 µm and the width is 0.022 µm in comparison to other identified 
plant species in the study area. 
E. The percentage of water retention around Root Zone of Mahal Tree is fifth highest 24.54% and Soil Moisture 49.09 
cb when the Length of a Septum wall is 0.13 µm and the width is 0.024 µm in comparison to other identified plant 
species in the study area. 
F. The percentage of water retention around Root Zone of Chir Tree is sixth  highest 24.45% and Soil Moisture 50.17 
cb when the Length of a Septum wall is 0.07 µm and the width is 0.022 µm in comparison to other identified plant 
species in the study area. 
G. The percentage of water retention around Root Zone of Kachnar Tree is seventh highest 24.21% and Soil Moisture 
53.17 cb when the Length of a Septum wall is 0.23 µm and the width is 0.060 µm in comparison to other identified 
plant species in the study area.  
H. The percentage of water retention around Root Zone of Banj Tree is eighth highest 24.03% and Soil Moisture 
55.53 cb when the Length of a Septum wall is 0.033 µm and the width is 0.099 µm in comparison to other identified 
plant species in the study area 
 
 

Table 6: Average Length and Width of Tracheal System and Percentage of Water Content of identified plant 
species 

 
SN Plant Species Soil Moisture 

(in cb) 
% of Water 
Content 

 Plant Spc Trachea 
Length 
(µm) 

TracheaW
idth (µm) 

Category 

1 Gaunt 41.36 25.25 Uttis 0.450 0.120 A 

2 Uttis 43.72 25.02 Kachnar 0.170 0.031 B 

3 Garud 43.72 25.02 Mahal 0.070 0.022 C 

4 Putali 48.27 24.61 Banj 0.070 0.022 D 

5 Mahal 49.09 24.54 Chir 0.130 0.024 E 

6 Chir 50.17 24.45 Garud 0.070 0.022 F 

7 Kachnar 53.17 24.21 Putali 0.230 0.006 G 

8 Banj 55.53 24.03 Gaunt 0.033 0.099 H 
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Figure 4: Average Length and Width of Tracheal System and Percentage of Water Content of identified 
 Plant species  
 
Water Retention Capacity of Root Density of Plant Species for Water Recharge  
 

The Root Density of Identified Plant Species was determined. The observations are given below in Table 3.9: 
It is seen from the Table 7 and Figure 5 that: 
1.  The Root Density of Gaunt Tree ranges from 1.7 to 301.9 meters from 5 to 25 cm depth with the Total Length of 
105.2 meters. 
2. The Root demsity of Utiis tree ranged from 2.2 to 1251.3 meters from 5 to 25 cm depth with the Total length 
recoded 422.9 meter. 
3. The Root Density of  Garud Tree ranges from 1.8 to 1036.4 meters from 5 to 25 cm depth with the Total Length of 
350.0 meters. 
4. The Root Density of Putali Tree ranges from 1.6 to 991.4 meters from 5 to 25 cm depth with the Total Length of 
334.6 meters. 
5. The Root Density of Mehal Tree ranges from 1.4 to 925 meters from 5 to 25 cm depth with the Total Length of 
311.8 meters. 
6. The Root Density of Chir Tree ranges from 1.5 to 946.3 meters from 5 to 25 cm depth with the Total Length of 
319.2 meters. 
7. The Root Density of Kachnar Tree ranges from 2.1 to 1170.3 meters from 5 to 25 cm depth with the Total Length 
of 395.5 meters. 
8. The Root Density of Banj Tree ranges from 2.3 to 1178.1 meters from 5 to 25 cm depth with the Total Length of 
398.5 meters 
 
Table 7: Root Density of Identified Plant Species at Study Area 
 

SN Plant 
Specie  

Density (m/m
3
 ) Canopy 

Area 
(M

2
) 

Root 
Zone 
((M

2
) 

% of 
Water 
Retention  

VolxDepthm/m
3
 (DepthxCanopy 

Area)xDensity 
(m/m

3
) : m of roots 

length 

 Root 
lenghth 

  Depth( cm)  5 cm 15 
cm 

25 
cm 

      5 
cm 

15 
cm 

25cm Total 5cm 15cm 25cm Total 
(m) 

1 Gaunt) 
(m/m

3)
  

10250 1475 865 3 2.3 25.25 15 34.5 525 574.5 1.7 11.9 301.9 105.2 

2 Uttis (m/m
3

 )  13050 2830 1550 3.4 2.6 25.02 17 39 1925 1981 2.2 15.2 1251.3 422.9 

3 Garud 
(m/m

3)
  

10020 2110 1246 3.1 2.3 25.02 15.5 34.5 1802.5 1852.5 1.8 11.9 1036.4 350 

4 Putali(m/m
3) 

 10010 1532 850 2.9 2.2 24.61 14.5 33 1802.5 1850 1.6 10.9 991.4 334.6 

5 Mehal 
(m/m

3)
  

10025 1735 980 2.7 2 24.54 13.5 30 1850 1893.5 1.4 9 925 311.8 

6 Chir (Pine) 
(m/m

3)
 ) 

43252 23129 20433 2.8 2.1 24.45 14 31.5 1802.5 1848 1.5 9.9 946.3 319.2 

7 Kachnar 
(m/m

3
)  

10350 1632 925 3.3 2.5 24.21 16.5 37.5 1872.5 1926.5 2.1 14.1 1170.3 395.5 

8 Banj (Oak) 
(m/m

3) 
 

12063 2835 1571 3.5 2.6 24.03 17.5 39 1812.5 1869 2.3 15.2 1178.1 398.5 
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Figure 5: Root Densities and Water Retention Efficiency of Identified Plant Species at Study Area 
 
 
Average Soil Moisture and Percent of Water Retention in Identified Plant Species in Sandy Soil at Project Site:  
 

The average Soil Moisture (cb) and percentages of water retention in Soil were observed at different depths of 
Root Zone are given below: 

It is seen from the Table 8 that: 
1. The Average Soil Moisture ranges from 64.28 cb at 10 ft depth to 76.28 at 2 ft depth with an average of 69.59 cb 
whereas the percentage of Water content in root zone ranged from 24.18% at 2 ft depth to 27.84% at 10 ft depth with 
an average of 25.25% in 2.3 m

2
 of root zone by Gaunt Plant. It is seen that the percentage of Water content is 

increasing from depth to surface which indicate that cohesive force is created during Transpiration of plant helping in 
uplifting of water throughout the year in uniform manner. 
2. The Average Soil Moisture ranges from 48.32 cb at 10ft depth to 62.79 at 2 ft depth with an average of 55.62 cb 
whereas the percentage of Water content in root zone ranged from 24.26% at 2 ft depth to 26.24% at 10 ft depth with 
an average of 25.02% in 2.6 m

2
 of root zone by Uttis Plant. It is seen that the percentage of Water content is 

increasing from depth to surface which indicate that Cohesive force created during Transpiration of plant helping in 
uplifting of water throughout the year in uniform manner. 
3. The Average Soil Moisture ranges from 52.97 cb at 10 ft depth to 71.68 at 2 ft depth with an average of 61.93 cb 
whereas the percentage of Water content in root zone ranged from 23.97% at 2 ft depth to 26.99% at 10 ft depth with 
an average of 25.02% in 2.3 m

2
 of root zone by Garud Plant. It is seen that the percentage of Water  is  increasing 

from depth to surface which indicate that Cohesive force created during Transpiration of plant helping in uplifting of 
water throughout the year in uniform manner. 
4. The Average Soil Moisture ranges from 59.87 cb at 10 ft depth to 75.32 at 2 ft depth with an average of 67.90 cb 
whereas the percentage of Water content in root zone ranged from 23.91% at 2 ft depth to 26.10% at 10 ft depth with 
an average of 67.90% in 2.2 m

2
 of root zone by Putali Plant. It is seen that the percentage of Water content is 

increasing from depth to surface which indicate that Cohesive force created during Transpiration of plant helping in 
uplifting of water throughout the year in uniform manner. 
5. The Average Soil Moisture ranges from 64.33 cb at 10 ft depth to 79.91 at 2 ft depth with an average of 72.13 cb 
whereas the percentage of Water content in root zone ranged from 23.76% at 2 ft depth to 26.05% at 10 ft depth with 
an average of 24.54% in 2.0 m

2
 of root zone by Mahal Plant. It is  that the percentage of Water content is increasing 

from depth to surface which indicate that Cohesive force created during Transpiration of plant helping in uplifting of 
water throughout the year in uniform manner. 
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6. The Average Soil Moisture ranges from 69.62 cb at 10 ft depth to 91.45.45 at 2 ft depth with an average of 79.25 cb 
whereas the percentage of Water content in root zone ranged from 23.19% at 2 ft depth to 26.59% at 10 ft depth with 
an average of 24.45% in 2.1 m

2
 of root zone by Chir Plant. It is seen that the percentage of Water content is 

increasing from depth to surface which indicate that cohesive force created during Transpiration of plant helping in 
uplifting of water throughout the year in uniform manner. 
7. The Average Soil Moisture ranges from 57.86 cb at 10 ft depth to 70.09 at 2 ft depth with an average of 63.54 cb 
whereas the percentage of Water content in root zone ranged from 23.64% at 2 ft depth to 24.82% at 10ft depth with 
an average of 24.21% in 2.5 m

2
 of root zone by Kachnar Plant. It is seen that the percentage of Water content is 

increasing from depth to surface which indicate that Cohesive force created during Transpiration of plant helping in 
uplifting of water throughout the year in uniform manner. 
8. The Average Soil Moisture ranges from 66.46 cb at 10 ft depth to 80.11 at 8 ft depth with an average of 76.17 cb 
whereas the percentage of Water content in root zone ranged from 23.96% at 10 ft depth to 25.06% at 2 ft depth with 
an average of 24.03% in 2.6 m

2
 of root zone by Banj Plant. It is seen that the percentage of Water content is 

increasing from depth to surface which indicate that Cohesive force created during Transpiration of plant helping in 
uplifting of water throughout the year in uniform manner. 
 
 
Table 8: Average Soil Moisture(SM) and Percentage of Water Retention (WC) in Root Zone of Identified Plant Species 
in Soil (2009-2013) 
 
 SN 
  

 Plant 
Species 

Soil Depth 2 ft Soil Depth 4 ft Soil Depth 8 ft Soil Depth 10 ft Average 

SM (cb)  % WC SM (cb) % WC SM (cb) % WC SM (cb) % WC SM (cb) Ave % WC 

1 
Gaunt 76.28 24.18 71.28 24.92 66.28 26.24 64.28 27.84 69.59 25.25 

2 
Uttis 62.79 24.26 58.16 24.69 53.22 25.33 48.32 26.24 55.62 25.02 

3 
Garud 71.68 23.97 64.27 24.71 58.82 25.44 52.97 26.99 61.93 25.02 

4 
Putali 75.32 23.91 70.82 24.22 65.60 24.84 59.87 26.10 67.90 24.61 

5 
Mahal 79.91 23.76 74.44 24.23 69.83 24.83 64.33 26.05 72.13 24.54 

6 
Chir 91.45 23.19 81.69 24.16 74.25 25.28 69.62 26.59 79.25 24.45 

7 
Kachnar 70.09 23.64 64.90 24.09 61.33 24.43 57.86 24.82 63.54 24.21 

8 Banj 
80.11 25.06 67.76 26.35 90.36 22.93 66.46 23.96 76.17 24.03 

 
 
Calculation of Optimum Density of Plant Species for Water Recharge per hact of Land.  
 
Based on compiled data, the optimum density of plant species per hectare is calculated and the observed values are 
as follows: 
It seen from the Table 9 that: 
1. Each identified plant species is having different Root Density, Canopy Area, Transpiration rate which is creating 
cohesive force for water uplifting from Water Table to soil and plant and Water Retention Efficiency around root zone 
at Study Area is established with their Morphology, Anatomy and Physiological features. 
2. The average water retention capacity of each identified plant species ranges from 24.03 to 25.25% throughout the 
year. 
3. Based on the present study it is established that ideal plant density per hectare land ranges from 8  to 13 nµmbers. 
In per hectare of land around spring. 
4. The categorization of best to least water recharging plant species are Gaint arborvitae (Gaunt)> Alnus nepalensis 
(Uttis).. > Olea glandulifera (Garud)> Acer laevigatµm (Putali) > Pyrus pashia (Mehal) > Pinus roxburghii (Chir) > 
Bauhinia purpurea Kachnar> Quercus leucotricophora (Banj). 
5. If we grow these plant species as per the range of 8-13 nos. of plant per hectare of land around the springs, there 
will be availability of water in spring throughout the year. 
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Table 9: Ideal Plant Density for Water Recharge (No of plant per hectare) 
 

SN Botanical 
Name 

Plant 
Species 

Cohesive 
Force in 
terms of 
Transpiration 
per plant 
(Ltr/year) 

Canopy 
Area 
(M

2
) 

VolxDepth(m/m
3 
 Root 

Zone 
(M

2
) 

Area of 
Tree in 
Hacta 

% of 
Water 
Retention  

Ideal Plant 
Density for 
Water 
Recharge 
in per 
hectare of 
Land 
around 
Springs 

1 Gaint 
arborvitae 

Gaunt   1532.65 3.0 574.50 2.3 0.00023 25.25 9 

2 Alnus 
nepalensis 

Uttis  7855.11 3.4 1981.00 2.6 0.00034 25.02 13 

3 Olea 
glandulifera 

Garud  1671.72 3.1 1852.50 2.3 0.00023 25.02 9 

4 Acer 
laevigatµm 

Putali  1498.02 2.9 1850.00 2.2 0.00022 24.61 9 

5 Pyrus pashia Mehal  3433.14 2.7 1893.50 2.0 0.0002 24.54 8 

6 Pinus 
roxburghii 

Chir 3131.15 2.8 1848.00 2.1 0.00021 24.45 8 

7 Bauhinia 
purpurea 

Kachnar  7624.08 3.3 1926.50 2.5 0.00025 24.21 10 

8 Quercus 
leucotricophora 

Banj  
 
 4271.55 3.5 1869.00 2.6 0.00026 24.03 10 

 
 
SUMMARY 
 

The alarming rise in world population and its' boundless basic needs contribute indirectly to the degradation of 
water resources worldwide. Depletion of vegetation cover, pollution of water from different sources, soil erosion and 
recession of water table has become common in many catchments. The nature has been generous in bestowing the 
region with bounty of water resources in form of rainwater but in the absence of scientific management of  these vital 
resources from rain and consequent surface flow and underground storages, the water resources go waste and 
creates havoc downstream. Much of the enormous water resources remain unutilized and most of the natural ponds 
and lakes are getting dried up due to absence of proper water resource planning and scientific management. 
Therefore environmental friendly and cost effective be adopted for augmentation of ground water resources to revive 
and rejuvenate seasonal into perennial water body. 

The present study is based on the concept that due to Cohesive Tension capillary movement of water from 
Water Table to Soil and Soil To plant is maintained in nature. Only required quantity of water remains in the plant cell 
and remaining water quantity enhances the Soil Moisture Conditions around the root zone. This is varying from 
species to species due to their morphological, anatomical and physiological features which is established in the 
present study and accordingly Rand D work conducted for determination of required density of identified plant species 
at a project site so that more than 100% Soil Moisture level could be achieved for the water recharge into the stream or 
low lying areas.  

The present study was conducted in  natural and manmade structures/methods of water recharge in 25 km
2
 of 

Bhaktura Spring located in Bhimtal at Latitude.79
0
.22.41’N and Longitude E 79

0
.32.07’ at 1000 to 1600 m altitude in 25 

kms radius of Nainital District. The study was conducted for four and a half years from November, 2009 - May’2013 in 
25 Km

2
 in natural Forest Conditions considering following facts: 
The survey of selection of experimental site was done on the basis of actual site survey keeping following 

requirements of experiments: 
1. There should be evergreen natural Forest condition at site 
2. Presence of Perennial natural springs as an indicator of Water Recharging from high altitude to low altitude 
3. One source of spring at high altitude and its connectivity with low altitude 
4. Average age of plant species in different types of forest conditions should be uniform 
5. Ideal location of setup of Check Dam for monitoring of Soil Moisture due to it percolation of water. 
6. Composition of Herbs, Shrubs and Trees throughout the study period. 
7. Protection and Security of Equipment setup for experiment throughout the study period. 
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The study established that Each identified plant ( Gaint arborvitae (Gaunt) > Alnus nepalensis (Uttis) > Olea 
glandulifera (Garud)> Acer laevigatum (Putali) > Pyrus pashia (Mehal) > Pinus roxburghii (Chir) > Bauhinia purpurea 
Kanchnar> Quercus leucotricophora (Banj)) species is having different Root Density, Canopy Area, Transpiration rate 
which is creating cohesive force for water uplifting from Water Table to soil and plant and Water Retention Efficiency 
around root zone at Study Area is established with their Morphology, Anatomy and Physiological features. The 
average water retention capacity of each identified plant species ranged from 24.03 to 25.25% throughout the year.  

Based on the present study it is established that ideal plant density per hectare land ranged from 8 to 13 
numbers of identified plant species at Hilly region. Gaint arborvitae, Acer laevigatum  and Bauhinia purpurea can grow 
in plains and their density per hectare area may vary because of the variation of depth of water Table at plains which 
may be required to be re-established. The categorization of best to least water recharging plant species have been 
done from Gaint arborvitae (Gaunt) > Alnus nepalensis (Uttis) > Olea glandulifera (Garud)> Acer laevigatum (Putali) > 
Pyrus pashia (Mehal) > Pinus roxburghii (Chir) > Bauhinia purpurea Kanchnar> Quercus leucotricophora (Banj). If we 
grow these plant species as per the range 8-13 nos. of plants per hectare of land around the springs, there will be 
availability of water in spring throughout the year. 

Phytoremediation technique of water recharging is a Cost effective technology which can help in sustainable 
development of environment. 
 
 
 
CONCLUSION AND RECOMMENDATION 
 
The following are the conclusion and recommendation of the study conducted during 2009-2013 on “Phytoremediation 
Techniques of Water Recharge – A Case study at Hilly Terrain at Nainital District”  
 
 
Conclusion 
 
1. The present  study was conducted in  natural and manmade structures of water recharge in 25 km

2
 of Bhaktura 

Spring, Bhimtal region located at Latitude N 79
0
.22.412’ and Longitude E 79

0
.32.065’ at 1000 to 1600 m altitude in 25 

kms radius of Nainital District. 
2. The present R and D concept is based on the concept that due to Cohesive Tension capillary movement of water 
from Water Table to Soil and Soil To plant is maintained in nature. Only required quantity of water remains in the plant 
cell and remaining water quantity enhances the Soil Moisture Conditions around root zone. This is varying from 
species to species due to their morphological, anatomical and physiological features which is established in the 
present study and accordingly Rand D work conducted for determination of required density of identified plant species 
at project site so that more than 100% Soil Moisture level could be achieved for the water recharge into the stream or 
low lying areas. 
3. The following plant species from natural forest condition were Identified and Screened for assessment of water 
discharge efficiency with respect to natural forest types based on their: 
 Evergreen natural Forest condition at site 
 Presence of Perennial natural springs as an indicator of Water Recharging from high altitude to low altitude 
 One source of spring at high altitude and its connectivity with low altitude spring 
 Average age of plant species in different types of forest conditions kept  uniform 
 Ideal location of setup of Check Dam for monitoring of Soil Moisture due to its percolation of water. 
 Composition of Herbs, Shrubs and Trees throughout the study period. 
 Protection and Security of Equipment setup for experiment throughout the study period. 
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Table 
 

Station Local Name Botanical 
Name 

Family Average 
Age 
(Yrs) 

Avr. 
Root 
Depth 
(Ft) 

Lat/Long/Altitude 

S1 Banj (Oak) Quercus 
leucotricophora  

Fagaceae 30-35 5 - 10 
 

N.29
0
21.797’ 

  E.79
0
32.075’ 

  1400 m 

S2 Chir (Pine) Pinus 
roxburghii  

Pinaceae 30-35 5 - 10 
 

N.29
0
21.631’ 

  E.79
0
31.963’ 

  1200 m 

S3 Garud Olea 
glandulifera 

Oleaceae 30-35 5 - 10 
 

N.29
0
21.663’ 

  79
0
31.777’ 

  1300 m 

S4 Mehal Pyrus pashia Rosaceae 30-35 5 - 10 
 

N.29
0
21.655’ 

  E. 79
0
31.914’ 

  1000 m 

S5 Putili(The Maple) Acer 
laevigatum.  

Sapindaceae 30-35 5 - 10 
 

N.29
0
21.355’ 

  E. 79
0
31.706’ 

  1300 m 

S6 Giant Gaunt) Giant 
arborvitae 

Cupressaceae 30-35 5 - 10 
 

N.29
0
21.660’ 

  E.79
0
31.949’ 

  1200 m 

S7 Uttis Alnus 
nepalensis 

Betulaceae 30-35 5 - 10 
 

N.29
0
22.115’ 

  E. 79
0
33.715’ 

  1600 m 

S8 Kanoul/Kanchnar Bauhinia 
purpurea.  

Fabaceae 30-35 5 - 10 N.29
0
21.672’ 

  E. 79
0
31.826’ 

  1300 m 

S9 Check Dam 
Bhaktura 
Spring  

 
  

 

 
 
4. The Flow of water in Godakhal, Naldamyanti, Baktura, Jhadu  and Chillia Springs in study area  with magnitude of 
average flow  remains between 24.9 to 31.3 mm

3
/hrs during 2009 to 2013. This indicates that the water flow is 

maintained  throughout the year which is more than the average flow in the selected springs. 
5. Isotopic Identification of Water Characteristics of Different Main Spring Water at Study Area, Bhimtal shows that : 
 Water Quality of Ghodakhal spring, Naldamayanti Tal is more and  similar to Baktura Spring. 
 It is indicated that the water quality of Baktura spring is a combination of other source of spring also.  
 Hence it is indicated that the source of Baktura Spring is connected with Godakhal and Naldamyanti Tal Springs. 
Hence water quality indicates the interconnectivity with each other. 
6. The inventorisation of Water Quality was done for 2009 to 2013 for identified springs, and Hand pumps. It is 
indicated that All the values found were within permissible limit as per IS 10500 and water quality is potable. 
7. The infiltration rate of Water ranged from 50.42 to 662.72 mm/hr for the Sandy, Clay or silt Soil  at study area. While 
comparing the range of infiltration rate of different Soil types it is found that project area is having more than 50 mm/hrs 
which shows high infiltration rate. 
As per Irrigation Water Management: Introduction to irrigation (1985) given by FAO Corporate Documentary 
Repository -   Natural Resources Management and Environment Department   A range of values for infiltration 
rates is given below: 
 

Low infiltration rate less than 15 mm/hour 

medium infiltration rate 15 to 50 mm/hour 
high infiltration rate more than 50 mm/hour 

 
8. The Seasonal and average Soil Moisture condition and percentage of water content in root zone of identified plant 
species in soil at various depths in naturally existing different types of forest conditions in study area shows that the  

http://www.fao.org/nr/index_en.htm
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Soil Moisture and percentage of Water content increases from depth to surface which indicates that Cohesive force is 
created by Transpiration of plant helping in uplifting of water throughout the year in uniform manner. 
Based on compiled data, the optimum density of plant species per hectare area is calculated and the following 
conclusions have been drawn: 
 Each identified plant species is having different Root Density, Canopy Area, Transpiration rate which is creating 
cohesive force for water uplifting from Water Table to soil and plant and Water Retention Efficiency around root zone 
at Study Area is established with their Morphology, Anatomy and Physiological features. 
 The average water retention capacity of each identified plant species ranged from 24.03 to 25.25% throughout the 
year. 
 Based on the present study it is established that ideal plant density per hectare land ranged from 8 to 13 numbers 
of land around spring. 
 The categorization of best to least water recharging plant species is Gaint arborvitae (Gaunt) > Alnus nepalensis 
(Uttis) > Olea glandulifera (Garud)> Acer laevigatum (Putali) > Pyrus pashia (Mehal) > Pinus roxburghii (Chir) > 
Bauhinia purpurea Kanchnar> Quercus leucotricophora (Banj). 
If we grow these plant species as per the range 8-13 nos. of plant per hectare of land around the springs, there will be 
availability of water in spring throughout the year. 
9. The naturally recharged water quality of springs and Hand pump within the project period, was found potable. 
10. The ground water quality by analyzing water quality parameters like turbidity and bacteriological contamination 
shows that they were  within the permissible limit as per IS : 10500. 
11. The water recharging through Check Dam was found that it is depending upon the flow rate of springs only 
and is more at surface than the depth whereas natural recharging of ground water shows uniformity throughout the 
year.  
12. The Important value Index value of Community Structure shows that the three communities of ten or Nineteen 
species contributed more than half the I.V.I. of the important vegetation. Dominance was shared by several species at 
each altitude, and, with the possible exception of Quercus lecotricophora and Alnus nepalenssis plantation. No one 
species exerted complete dominance over any appreciable area. Importance, as indicated by I.V.I. was shared by 
several species. This may change from station to station as they are not necessarily the physiognomic species of the 
community. 
 
 
RECOMMENDATIONS 
 
The following are the recommendations of present R and D work for Spring Development in Hilly region 
1. Each identified plant species is having different Root Density, Canopy Area, Transpiration rate which is creating 
cohesive force for water uplifting from Water Table to soil and plant and Water Retention Efficiency around root zone 
at Study Area is established with their Morphology, Anatomy and Physiological features. 
2. The average water retention capacity of each identified plant species ranged from 24.03 to 25.25% throughout the 
year. 
3. Based on the present study it is established that ideal plant density per hectare land ranged from 8 to 13 numbers 
of identified plant species at Hilly region. Gaint arborvitae, Acer laevigatum  and Bauhinia purpurea can grow in plains 
and their density per hectare area may vary because of the variation of depth of water Table at plains which may be 
required to be re-established. 
4. The categorization of best to least water recharging plant species is  Gaint arborvitae (Gaunt) > Alnus nepalensis 
(Uttis) > Olea glandulifera (Garud)> Acer laevigatum (Putali) > Pyrus pashia (Mehal) > Pinus roxburghii (Chir) > 
Bauhinia purpurea Kanchnar> Quercus leucotricophora (Banj). 
5. If we grow these plant species as per the range 8-13 nos. of plants per hectare of land around the springs, there will 
be availability of water in spring throughout the year. 
6. Phytoremediation technique of water recharging is a a Cost effective technology which can help in sustainable 
development of environment. 
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