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environments on the growth and biomass production of 
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Abstract 
The present study was carried out to investigate the effect of different levels of nitrogen (N) alone and 

nitrogen in combination with Rhizobium inoculation (R) on seedling growth and vigour of Albizia 

procera under variable environmental conditions. The experiment was conducted in polythene bags with 

eighteen treatment combinations, comprising of six levels of fertilizer viz., 0 mg N, 25 mg N, 50 mg N, 

0.50 ml R, 25 mg N + 0.5 ml R and 50 mg N + 0.5 ml R per seedling, respectively and three distinct 

growing environments (E) viz., open, net house and poly house, respectively. Seedlings treated with N @ 

50 mg kg-1 soil + Bio-fertilizer 0.5 ml kg-1 soil (N6) and kept under Net house (75% Green shed-net) (E2) 

recorded higher survival (97.07%), shoot height (23.20 cm), collar diameter (3.67 mm), number of rachis 

(16.00), total leaflet area (250.47 cm2), length of main root (44.27 cm), total fresh weight of plant (12.17 

g), dry weight of plant (6.84 g) and seedling quality index (1.92). On the other hand maximum root: 

shoot ratio (1.93) was recorded by the interaction of N1- (Control- Tap water) and E1- (Open 

Environment); whereas, maximum sturdiness quotient (6.65) was recorded under treatments N1- 

(Control-Tap water) and E2- Net house (75% Green shed net). Hence this treatment can be used for 

quality seedling production of Albizia procera. 

 

Keywords: Nitrogen, Rhizobium, growing environment, nodulation, nutrient uptake and content 

 

1. Introduction 
Albizia procera commonly called white siris, is one of an important species belonging to the 
family Fabaceae. It is a fast-growing medium to large sized deciduous tree distributed 
throughout moist and dry deciduous forests of India. This species provides wood for a variety 
of end users, palatable and nutritious fodder for livestock. It is extensively planted in farm 
lands, agricultural boundaries as wind breaks and for wasteland reclamation and roadside 
avenues. Thus, it is an important reforestation and agro forestry species. Due to its 
multipurpose use and good nitrogen fixing ability it is considered as one of the priority species 
in plantation programs. Use of fertilizers in forestry, especially in the forest nurseries and early 
stage plantations, has become a regular silvicultural practice in many countries (Baule and 
Fricker, 1970) [1]. The fertilizer trial conducted on forestry species in the past years indicated 
that a balanced dose of fertilizers applied in proper time with suitable methods had been found 
to have a positive response on survival and growth of plants both at nursery and in plantation 
stage (Prasad et al. 1984, Gangoo et al. 1997 and Singh, 2001) [15, 7, 20].  
It has also been reported by many workers that the requirement of sunlight varies widely from 
species to species and their growing conditions, particularly during the nursery stage. Hence, 
understanding the response of seedlings of A. procera towards various growing environments 
in the nursery will help to produce a healthy nursery stock. This information will also enable 
foresters for proper site selection for establishing commercial nurseries of this species for large 
scale seedling production. In order to enhance the survival and growth of A. procera and to 
provide superior and healthy planting stock, proper fertilizer doses and combinations as well 
as growing environment have not been standardized for South Gujarat region and, thus, the 
present trial has been conducted. 
 
2. Material and Method 
2.1 Material 
2.1.1 Study site 
Present investigation was carried out at College of Forestry, ACHF, NAU, Navsari during the 

year 2020-2021. There were eighteen treatment combinations replicated thrice adopting 

completely randomized design with factorial concept.
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2.1.2 Treatment details 

The treatments consisted of six levels of nitrogen and three 

types of growing environment as follows: 

A) Nitrogen application:  

N1 – 0 mg N kg-1 soil 

N2 – 25 mg N kg-1 soil 

N3 – 50 mg N kg-1 soil 

N4 – 0.5 ml kg-1 soil Rhizobium inoculation 

N5 – 25 mg N kg-1 soil + 0.5 ml kg-1 soil Rhizobium 

inoculation 

N6 – 50 mg N kg-1 soil + 0.5 ml kg-1 soil Rhizobium 

inoculation 

B) Growing environment 

E1 – Open Environment 

E2 – Net house (75% Green shed net) 

E3 – Polyhouse (Open ventilated plastic sheets) 

 

2.2 Methodology 
Ripened pods of A. procera were collected directly from 

trees. Seeds were sown in trays, and seedlings were 

transplanted to polybags after germination and kept in various 

growing environments. Nitrogen was applied in two separate 

doses as urea. The first dose was administered one week after 

seedlings were transplanted into polybags. One month after 

the first dose, the remaining dose was administered by 

preparing an aqueous solution by dissolving the desired 

amount of urea in water. A total of 54.3 mg and 108.7 mg 

urea per poly bag (each bag containing approximately 1 kg of 

soil) was applied to supply 25 mg N kg-1soil and 50 mg N kg-1 

soil, respectively. Bio-fertilizer was used in accordance with 

the treatment plan. Seedling growth attributes such as shoot 

height, collar diameter, number of rachis per plant were 

measured or counted on monthly interval up to 90 days. At 

the end of the experiment, total five seedlings per treatment 

per replication were selected randomly and destructive 

sampling was made to measure the fresh biomass, dry 

biomass and root to shoot (R:S) ratio (Biomass basis). 

Sturdiness quotient and seedling quality index were estimated 

as per Thompson (1985) [23] and Dickson et al. (1960) [6], 

respectively. 

 

2.2.1 Data analysis 

Data obtained were subjected to statistical analysis following 

Completely Randomized Design (CRD) and analysis of 

variance (ANOVA) was worked out with the help of online 

statistical package, OPSTAT, as per Sheoran et al. (1998) [19].  

 

3. Result 

Varying levels of nitrogen treatments combined with different 

growing environments showed significant influence on 

various growth parameters of A. procera seedlings at 90 days 

after transplanting (DAT). Seedlings fertilized with N 50 mg 

kg-1 soil + Bio-fertilizer 0.5 ml kg-1 soil (N6) recorded higher 

growth and biomass in terms of shoot height (20.33 mm), 

collar diameter (3.27 mm), number of leaves (14.96), total 

leaf area (230.08 mm2), length of main root (40.71 mm), total 

fresh weight of plant (10.64 g) and dry weight of plant (5.62 

g) along with maximum survival percentage (91.18%).  

It is evident that every subsequent increase in nitrogen dose 

increases the foliage growth of the plants and hence the 

chlorophyll content is also increased. This further explains the 

increased shoot height, collar diameter and biomass growth of 

the plant due to enhanced photosynthetic activity as was 

reported by Husen and Pal (2004) [9] in Tectona grandis and 

Singh et al. (2003) in Manilkara zapota. The higher growth in 

N6 + Rhizobium treated seedlings might be due to synergistic 

effect of lower N levels as starter dose with Rhizobium 

inoculation which mediated the efficient uptake of N in 

seedlings. Such synergistic effect of increased uptake of one 

nutrient facilitated by other nutrients in leguminous species 

was also reported by Prasad, (1998). Current study showed 

that an application of 50 mg N kg-1 soil + Bio-fertilizer 0.5 ml 

kg-1 soil exhibited better seedling growth. The outcome of the 

present study is supported by several authors such as Prakash 

and Oraon (2020) [14] in Albizia lebbeck; Das et al. (2018) [5] in 

Tamarindus indicus; Kumar et al. (2013) [13] in Dalbergia 

sissoo; Chauhan and Pokhriyal (2002) [4] in Albizia lebbeck.  

Albizia lebbeck attained maximum shoot height (40.73 mm) 

and root length (29.10) under the influence of Rhizobium and 

Urea combination (Prakash and Oraon, 2020) [14]. Further 

maximum plant height (31.42 mm), number of leaves (21.68 

seedling-1), stem girth (1.30 mm), root length (29.52 mm), 

shoot dry biomass accumulation (2.07 g seedling-1) were 

recorded at a combination of Rhizobium and N in Tamarindus 

indicus (Das et al, 2018) [5]. Likewise, a combined effect of 

inoculation along with lower level of N showed maximum 

seedling height (64.8 mm), shoot biomass (20.4 g/seedling) 

and collar diameter (8.27 mm) in Dalbergia sissoo (Kumar et 

al., 2013) [13]. Furthermore, Chauhan and Pokhriyal (2002) [4] 

reported that when the seedlings of Albizzia lebbeck were 

treated with both nitrogen and Rhizobium, they performed 

better than those which received either one of them or none 

(control). Among seedling vigour parameters, maximum root: 

shoot ratio of 1.63 was recorded in control (N1), lowest SQ 

value of 5.95 was noticed in treatment N2 (N 25 mg kg-1 soil). 

Moreover, important seedling vigour parameter i.e. SQI 

recoded highest value of 1.62 in N 50 mg kg-1 soil + Bio-

fertilizer 0.5 ml kg-1 soil (N6) treatment at 90 DAT.  

The root: shoot ratio is an important measure for seedling 

survival. It relates the water absorbing area of roots to the 

transpiring area of shoot. A good ratio indicates a healthy 

plant (Jaenicke, 1999) [10]. The balanced root to shoot ratio of 

seedlings in nursery should be of 1<Root Shoot Ratio>2 

(Takoutsing et al., 2013) [22] and seedlings with a low root to 

shoot ratio (1< Root Shoot Ratio>2) have a greater survival 

rate than large seedlings with higher root to shoot ratios 

(Gregorio et al., 2007) [8]. The higher root shoot ratio in the 

present investigation was recorded in control (N1: 1.63) at 90 

DAT which was quite high in comparison to the findings of 

Kumar et al. (2013) [13] which was recorded as (0.84) in T5 

(inoculated + N2). Contrary in results may be due to change in 

species as well as the environmental conditions in which the 

transplanted recruits were growing.  

The sturdiness quotient (SQ) value signifies the sturdiness 

i.e., ability of a seedling to withstand in stress condition in 

terms of field establishment. The SQ value of less than 6 is 

the most desired value of forest tree species seedlings grown 

in nursery and sturdiness quotient higher than 6 is undesirable 

(Jaenicke, 1999) [10]. Seedlings with sturdiness quotient 

greater than 6 were basically tall, thin and etiolated, while a 

small quotient indicates sturdy plants with a greater chance of 

survival, especially on windy or dry sites (Takoutsing et al., 

2013) [22]. In current study minimum SQ (5.95) was observed 

in N 50 mg N kg-1 soil + Bio-fertilizer 0.5 ml kg-1 soil (N6). 

Present finding is supported by Jaishankar et al. (2013) [11], 

they found minimum SQ to be 9.60 under the influence of 
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Bio-fertilizers + N: P: K fertilizers in Dalbergia sissoo. 

Seedling Quality Index (SQI) is considered a promising 

integrated measure of morphological traits and used as good 

indicator for assessment of seedling quality as it computes the 

robustness and biomass distribution of seedlings as compared 

to individual growth parameters like shoot length, collar 

diameter etc. (Binotto et al., 2010) [3]. Normally higher the 

value of SQI, better is the ability of the seedling to survival 

and establish in the field condition. In the study, maximum 

SQI was observed in seedlings fertilized with N 50 mg kg-1 

soil+ Bio-fertilizer 0.5 ml kg-1 soil (N6:1.62), and its value 

depends on dry biomass of the seedlings and SQ. The present 

outcome of the study was supported by Kumar et al. (2013) 

[13] in Dalbergia sissoo who reported the SQI to be maximum 

(0.475) in inoculated + N1 treatment. Further, Dalbergia 

sissoo seedlings showed maximum SQI of 3.76 under the 

influence of Bio-fertilizers + N: P: K fertilizers (Jaishankar et 

al., 2013) [11]. Light gradients are ubiquitous in nature, so all 

plants are exposed to some degree of shade during their 

lifetime. The minimum light required for survival and shade 

tolerance is a crucial life-history trait that plays a major role 

in plant community dynamics (Valladares and Niinemets, 

2008) [24]. The present study also investigates the response of 

A. procera seedlings to the various shade levels under 

different growing environments. Among different growing 

environments seedlings subjected to Net house recorded 

higher growth and biomass in terms of shoot height (18.91 

mm), collar diameter (3.02 mm), number of leaves (14.36), 

total leaf area (217.29 mm2), length of main root (38.60 mm), 

total fresh weight of plant (9.79 g) and dry weight of plant 

(4.96 g) along with maximum survival percentage (88.54%). 

However, seedlings subjected to Control (Open environment) 

i.e. E1 exhibited maximum root: shoot ratio (1.65) at 90 DAT.  

In the present experiment, relatively vigorous growth and 

development was observed in A. procera seedlings kept under 

Net house conditions which may be attributed to the 

microclimatic condition (e.g. low light intensity, moderate 

temperature, high humidity, better water holding capacity and 

soil moisture etc. compared to the other transplantation sites) 

favourable for the growth. Plants grown in full sunlight suffer 

from limitation of low soil moisture, minimum water holding 

capacity and high temperature, high light intensity which 

affects the growth and survival of the seedlings. Bhuyan 

(2002) [2] also reported lowest relative growth of Elaeocarpus 

ganitrus seedlings in full sunlight conditions compared to the 

intermediate light. Seedlings needs lots of shade during their 

early growth period for better survival and growth that can be 

understood from several studies related to green house and 

transplantation experiments. The results of this study are also 

comparable to the studies carried out by Prasad (2002) in 

Terminalia tomentosa and Terminalia bellirica; Khan et al. 

(2000) [12] in four species of conifers; Rezende et al. (1998) [16] 

in Cryptocaria aschersoniarla; Saxena et al. (1995) [17] in 

Dalbergia sissoo and Acacia catechu and Sharma et al. 

(1994) [18] in Enicostemma littorale. In all the above 

mentioned studies increment in height, stem diameter, number 

of leaves and biomass was greater when grown under shaded 

environments as compared to full sunlight. Hence, in the 

recent study, better performance of A. procera under Net 

house suggests that species require medium exposure to 

sunlight for its growth and biomass production. 

The interaction between nitrogen and growing environments 

was also found to be significant in influencing the growth and 

biomass of A. procera seedlings. Varying levels of nitrogen 

treatments combined with different growing environments 

showed significant influence on various growth parameters of 

A. procera seedlings at 90 days after transplanting (DAT). 

Seedlings fertilized with N 50 mg kg-1 soil + Bio-fertilizer 0.5 

ml kg-1 soil in conjugation with Net house recorded higher 

growth and biomass in terms of shoot height (23.20 mm), 

collar diameter (3.67 mm), total fresh weight of plant (11.44 

g) and dry weight of plant (6.84 g). However, for number of 

leaves, total leaf areas, length of main root, survival 

percentage and vigour indices the interaction effect of 

nitrogen and growing environment was found to be non-

significant. These results are in conjugation with the studies 

conducted by Jackson et al. (2012) where they studied the 

response of container Pinus palustris seedlings to nitrogen 

supply and their performance inside a greenhouse and in an 

outdoor compound and observed that seedling N rate in 

addition to nursery type often interacted to affect results. They 

reported that RCD of greenhouse seedlings was 7 per cent 

greater than those grown outdoors. Although total biomass of 

seedlings was similar regardless of growing area (2.95 g 

indoors vs. 2.85 g outdoors), shoot biomass was 28 per cent 

greater for seedlings grown outdoors, whereas root biomass 

was 29 per cent greater for seedlings grown inside the 

greenhouse. In contrast to these results Walters and Reich 

(1996) [25] while working on effects of low light and nitrogen 

on hardwood seedlings of Betula papyrifera, Betula 

alleghaniensis, Ostrya virginiana, Acer saccharum, and 

Quercus rubra examined effects of light and nitrogen on the 

interrelationships among survival, growth, and shade 

tolerance. The results of their study revealed that nitrogen 

amendments did not have any significant effect on any plant 

trait at either light level. 

 
Table 1: Effect of nitrogen and growing environments on survival percentage (%), seedling height (cm) and collar diameter (mm) of A. procera 

R. b. seedlings at 90 DAT (Days after Transplanting) 
 

 Survival Percentage Seedling height (cm) Collar diameter (mm) 

Treatments E1 E2 E3 Mean (N) E1 E2 E3 Mean (N) E1 E2 E3 Mean (N) 

N1 74.73 83.33 81.40 79.82 11.73 16.33 15.00 14.35 2.07 2.60 2.47 2.38 

N2 78.93 85.60 80.80 81.78 13.87 17.26 14.87 15.33 2.33 2.86 2.53 2.58 

N3 79.40 92.20 88.80 86.80 14.33 20.60 19.47 18.13 2.33 3.27 2.93 2.84 

N4 77.53 84.60 82.40 81.51 13.13 17.00 15.74 15.29 2.20 2.67 2.67 2.51 

N5 78.40 88.47 87.00 84.62 13.60 19.07 18.07 16.91 2.33 3.06 2.87 2.75 

N6 87.27 97.07 89.20 91.18 18.27 23.20 19.53 20.33 3.07 3.67 3.07 3.27 

Mean (E) 79.38 88.54 84.93  14.16 18.91 17.11  2.39 3.02 2.76  

 S.Em. ± C.D. at 5% C.V. %  S.Em. ± C.D. at 5% C. V. %  S.Em. ± C.D. at 5% C.V. %  

N 0.99 2.84 3.52 0.99 0.27 0.79 4.92  0.025 0.071 2.73  

E 0.70 2.01  0.70 0.19 0.56   0.018 0.050   

N X E 1.71 NS  1.71 0.48 1.36   0.043 0.123   
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Table 2: Effect of nitrogen and growing environments on no. of rachis, total leaf area (mm2) and length of the main root in A. procera R. b. 

seedlings at 90 DAT (Days After Transplanting) 
 

 No. of rachis per plant Total leaf area (mm2) Length of the main root (cm) 

Treatments E1 E2 E3 Mean (N) E1 E2 E3 Mean (N) E1 E2 E3 Mean (N) 

N1 11.66 13.27 12.87 12.60 0.20 0.26 0.25 0.24 29.67 35.27 34.27 33.07 

N2 12.53 13.80 12.87 13.07 0.27 0.32 0.28 0.29 32.47 36.80 33.66 34.31 

N3 12.60 15.07 14.53 14.07 0.27 0.38 0.36 0.34 32.73 40.93 39.07 37.58 

N4 12.26 13.67 13.07 13.00 0.35 0.42 0.40 0.39 31.47 36.00 34.87 34.11 

N5 12.34 14.33 13.93 13.53 0.40 0.53 0.50 0.48 32.07 38.33 37.67 36.02 

N6 14.20 16.00 14.67 14.96 0.38 0.47 0.40 0.42 38.20 44.27 39.67 40.71 

Mean (E) 0.679 1.113 0.939  0.31 0.40 0.37  32.77 38.60 36.53  

 S.Em.± C. D. at 5% C.V. %  S.Em. ± C.D. at 5% C.V. %  S.Em.± C. D. at 5% C.V. %  

N 0.18 0.51 3.92  0.004 0.010 2.99  0.64 1.82 5.30  

E 0.13 0.36   0.003 0.007   0.45 1.29   

N X E 0.31 NS   0.006 0.018   1.10 NS   

 
Table 3: Effect of nitrogen and growing environments on total fresh weight (g) and total dry weight (g) of A. procera R. b. seedlings at 90 DAT 

(Days after Transplanting) 
 

 Total fresh weight (g) of plant Total dry weight (g) of plant 

Treatments E1 E2 E3 Mean (N) E1 E2 E3 Mean (N) 

N1 6.08 8.39 7.93 7.46 1.83 3.79 3.38 3.00 

N2 7.23 8.92 7.66 7.94 2.82 4.24 3.16 3.41 

N3 7.34 10.78 9.95 9.36 2.86 5.88 5.09 4.61 

N4 6.84 8.74 8.12 7.90 2.45 4.09 3.57 3.37 

N5 7.06 9.75 9.20 8.67 2.65 4.90 4.49 4.01 

N6 9.50 12.18 10.25 10.64 4.72 6.85 5.27 5.61 

Mean (E) 7.34 9.79 8.85  2.89 4.96 4.16  

 S.Em.± C.D. at 5% C.V. %  S.Em.± C.D. at 5% C.V. %  

N 0.10 0.28 3.42  0.04 0.10 2.71  

E 0.07 0.20   0.03 0.07   

N X E 0.17 0.49   0.06 0.18   

 
Table 4: Effect of nitrogen and growing environments on vigour indices of A. procera R. b. seedling 

 

 Root Shoot Ratio Seedling Quotient (SQ) Seedling Quality Index (SQI) 

Treatments E1 E2 E3 Mean (N) E1 E2 E3 Mean (N) E1 E2 E3 Mean (N) 

N1 1.93 1.47 1.49 1.63 6.32 6.65 6.15 6.37 1.33 1.44 1.43 1.40 

N2 1.61 1.44 1.53 1.52 6.22 6.31 5.85 6.13 1.40 1.65 1.50 1.51 

N3 1.60 1.37 1.40 1.46 6.31 6.09 5.68 6.03 1.39 1.61 1.37 1.46 

N4 1.69 1.46 1.54 1.56 6.33 6.37 5.97 6.22 1.46 1.70 1.54 1.57 

N5 1.65 1.40 1.49 1.52 6.38 5.91 5.97 6.09 1.53 1.60 1.45 1.53 

N6 1.43 1.33 1.44 1.40 6.03 5.87 5.95 5.95 1.46 1.92 1.49 1.62 

Mean (E) 1.65 1.41 1.48  6.26 6.20 5.93  1.43 1.65 1.46  

 S.Em.± C. D. at 5% C. V. %  S.Em.± C.D. at 5% C.V. %  S.Em.± C.D. at 5% C.V. %  

N 0.03 0.09 6.40  0.11 NS 5.54  0.03 0.07 5.07  

E 0.02 0.07   0.08 0.23   0.02 0.05   

N X E 0.06 NS   0.20 NS   0.04 0.13   

 

4. Conclusion 

The present study emphasizes on the production of healthy 

and hardened seedlings of Albizia procera showing better 

seedling growth and vigour using different nitrogen 

treatments and growing environments. N- 50 mg kg-1 soil + 

Bio-fertilizer 0.5 ml kg-1 soil in combination with Net house is 

one among the best treatments that has provided good 

survival and seedling growth under nursery condition and the 

same may be used for large scale seedling production.  

 

5. Acknowledgement 

Authors are thankful to University Authorities, Navsari 

Agricultural University, Navsari for institutional support and 

guidance.  

 

6. References 

1. Baule H, Fricker C. The Fertilizer Treatment of Forest 

Trees. BLV, Munich, Germany. 1970, 203. 

2. Bhuyan P. Ecological studies on seed production, 

dispersal, germination and seedling fitness of Rudraksh 

(Elaeocarpus ganitrus Roxb.), Ph.D. Thesis, Department 

of Botany, North-Eastern Hill University, Shillong, 

Meghalaya, India. 2002. 

3. Binotto AF, Lúcio ADC, Lopes SJ. Correlations between 

growth variables and the Dickson quality index in forest 

seedlings. Cerne. 2010;16(4):457-464.  

4. Chauhan YS, Pokhriyal TC. Nodulation and nitrogen 

fixation as influenced by Rhizobium and mycorrhizal 

inoculation in Albizia Lebbek (L.) Benth seedlings. 

Annals of Forestry. 2002;10(2):243-251. 

5. Das S, Dash D, Gupta SB, Deole S. Study of 

characterization of tamarind associated Rhizobium spp. 

and phosphate solubilizing bacteria and their potency for 

germination of tamarind seeds. The Pharma Innovation 

http://www.thepharmajournal.com/


 
 

~ 672 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
Journal. 2018;7(11):282-286. 

6. Dickson A, Leaf AL, Hosner JF. Quality appraisal of 

white spruce and white pine seedling stock in nurseries. 

The Forestry Chronicle. 1960;36(1):10-13. 

7. Gangoo SA, Munjhal AH, Makaya AS. Fertilizer 

response by two species of poplar on initial growth 

parameters. Indian Forester. 1997;123(3):240-244. 

8. Gregorio N, Herbohn J, Harrison S. The potential role of 

nurseries in improving access to high quality planting 

stock and promote appropriate silvicultural systems to 

improve the productivity of smallholder tree farms in 

Leyte. In: Proc. The ACIAR Project Planning Workshop, 

15-17 Feb 2005, Ormoc City, Philippines. 2007, 270. 

9. Husen A, Pal M. Effect of N, P and K application to 

stock-plants on nutrient status of coppiced shoots of teak 

(Tectona grandis Linn. f.) stock plants. Annals of Forest 

Science. 2004;12:22-28. 

10. Jaenicke H. Good tree nursery practices: practical 

guidelines for research nurseries. ICRAF, Nairobi. 1999, 

8-15.  

11. Jaisankar I, Revathi R, Parthiban KT, Backiyavathy MR, 

Jude R, Sudhagar, et al. Response of Dalbergia sissoo 

Roxb. Clones to integrated nutrient management 

practices. Indian Journal of Hill Farming. 2013;26(2):42-

48. 

12. Khan SR, Rose R, Haase DL, Sabin TE. Effects of shade 

on morphology, chlorophyll concentration, and 

chlorophyll fluorescence of four Pacific Northwest 

conifer species. New forests. 2000;19(2):171-186. 

13. Kumar A, Dash D, Jhariya MK. Impact of Rhizobium on 

growth, biomass accumulation and nodulation in 

Dalbergia sissoo seedling. Bioscan. 2013;8(2):553-560. 

14. Prakash JJ, Oraon PR. Effect of inorganic, organic and 

Biofertilizers on growth characteristics of Albizzia 

lebbeck (L.) Benth at seedling stage. Journal of 

Pharmacognosy and Phytochemistry. 2020;9(4):697-701. 

15. Prasad KG, Kumar D, Chandrashekharan Mohan S, 

Mohadevon J, Nair, Deo AD. Fertilization in Eucalytpus 

grandis on severely treated soil 1: Growth studies. Indian 

Forester. 1984;110(2):132-141. 

16. Rezende AV, Salgado MAS, Felfili JM, Franco AC, 

Sousa SJC. Cornachia G, et al. Growth and biomass 

allocation in seedlings of Cyptocarya aschersoniana 

Mez. under different light regimes in the nursery. Boletin 

do Herbario Ezecltias Paulo Heringer. 1998;2:19-33. 

17. Saxena AK, Rao OP, Singh BP. Effect of shade on 

seedling growth of Dalbergia sissoo, Acacia catechu and 

Casuarina equisetifolia. Annals of Forestry. 

1995;3(2):152-157. 

18. Sharma N, Sundari P, Gajaria K, Vyas AV. A study on 

growth behaviour of medicinal plant Enicostemma 

littorale Blume under sun and canopy shade conditions. 

Neo Botanica. 1994;Z(1):45-48. 

19. Sheoran OP, Tonk DS, Kaushik LS, Hasija RC, Pannu 

RS. Statistical Software Package for Agricultural 

Research Workers. In Hooda DS, and Hasija RC (eds.) 

Recent Advances in information theory, Statistics & 

Computer Applications. Department of Mathematics 

Statistics, CCS HAU, Hisar. 1998, 139-143. 

20. Singh B. Influence of fertilization and spacing on growth 

and nutrient uptake of poplar (P. deltoids) in nursery. 

Indian Forester. 2001;127(1):101-106. 

21. Singh RV. Fodder Trees of India. Oxford & IBH 

Publishing Co. Pvt. Ltd, New Delhi. 1982, 663. 

22. Takoutsing B, Tchoundjeu Z, Degrande A, Asaah E, 

Gyau A, Nkeumoe F, et al. Assessing the quality of 

seedlings in small-scale nurseries in the highlands of 

Cameroon: The use of growth characteristics and quality 

thresholds as indicators. Small-scale Forestry. 2013;12:1-

13. 

23. Thompson BE. Seedlings morphological evaluation-What 

you can tell by looking. In: Proc. Workshop on 

Evaluating Seedling Quality: Principles, Procedures, and 

Predictive Abilities of Major Tests, Forest Research 

Laboratory, Oregon State University, Corvallis, United 

States of America. 1985, 140. 

24. Valladares F, Niinemets Ü. Shade tolerance, a key plant 

feature of complex nature and consequences. Annual 

Review of Ecology, Evolution, and Systematics. 

2008;39:237-257. 

25. Walters MB, Reich PB. Are shade tolerance, Survival 

and growth linked, Low light and nitrogen effects on 

hardwood seedlings. Ecology. 1996;77(3):841-853. 

http://www.thepharmajournal.com/

