
 

515 

 

Ethiopian Journal of Environmental Studies & Management 14(4): 515 – 529, 2021. 

ISSN:1998-0507                doi: https://ejesm.org/doi/v14i4.10       

Submitted: June 01, 2021                                            Accepted: July 16, 2021 

 

INFLUENCE OF WATERING REGIMES AND BAMBOO BIOCHAR ON THE GROWTH 

AND BIOMASS PARTITIONING OF Neolamarckia cadamba (roxb.) miq. 

SEEDLINGS ON AN ALFISOL 

 

*AFOLABI, J.O., ABIODUN, F.O., OJO, P.A. AND OGUNWANDE, O.A. 
Forestry Research Institute of Nigeria, PMB 5054, Jericho Hill, Ibadan, Nigeria 

*Corresponding author: olujames58@gmail.com 

 

Abstract 

The choice of Neolamarckia cadamba for reforestation and agroforestry programs in Nigeria 

could be constrained with lack of basic knowledge on the species-management in relation to its 

sensitivity to water and growth on low fertile soil. Hence, growth of the species as influence by 

watering regimes and bamboo biochar was evaluated. Treatments involved three watering 

frequencies (watering thrice a week, twice a week and once a week) and five levels of biochar 

(0, 1, 2, 3, and 4 tons/ha) combined in a factorial arrangement. These were laid out in a 

randomised complete block design with five replicates. Municipal-waste compost was basally 

applied at 160 kg N/ha. Growth in terms of shoot length, stem girth, number of leaves, dry 

matter and relative growth rate were evaluated. The results showed that not significant (p ˃ 

0.05) highest growth was obtained from seedlings watered thrice a week with 4 tons of 

biochar/ha in stem girth (10.67 mm), total dry matter (23.15 g/pot), allocated biomass in stem 

(7.44 g/pot), leaves (9.51 g/pot) and shoot (16.95 g/pot), shoot RGR (0.022 g/g/day) and total 

RGR (0.025 g/g/day). Main effect of biochar was only significant (p ≤ 0.05) at 4 tons/ha on stem 

girth (9.38 mm), higher than control and other rates. These results indicated that with adequate 

nutrient-supply from organic source like compost and proper soil-management such as biochar 

inclusion, N. cadamba seedlings could survive and grow well under low or high watering 

frequency in the range of once to three times a week (420 mm to 1260 mm rainfall/ha 

respectively). 
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Introduction 

Neolamarckia cadamba commonly 

known as Kadam or Jabon is a tropical tree 

species of Rubiaceae family. The species 

is native to Australia, India, China and 

Asia (South and Southeast) (Irawan and 

Purwanto, 2014). It is a large tree with a 

broad crown and straight cylindrical bole. 

Kadam timber is easily preserved and easy 

to work both with hands and machines 

tools. Its timber is used for plywood, light 

construction, pulp and paper, boxes and 

crates, dug-out canoes, and furniture 

components (Orwa et al., 2009). Yellow 

dye and essential oil are obtained from its 

root bark and flowers respectively. Kadam 

consists some phytochemical compounds 

which made it medicinally valuable for 

treatment of various ailments like diabetes 

mellitus, diarrhoea, fever, inflammation, 

haemoptysis, cough, vomiting, wounds, 
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ulcers and debility with antimicrobial 

activity (Dubey et al., 2011). 

Owing to its various economic 

importance and fast growth rate, kadam is 

a species of choice for reforestation and 

agroforestry programs while it is most 

frequently cultivated in the tropical 

countries including Nigeria (Gibson and 

Nylund, 1976; Karmini et al., 2017). The 

species is adaptable to different soil 

conditions including deep, moist, well 

aerated and waterlogged soil of alluvial 

origin (Zuhaidi et al., 2012). Nonetheless, 

its growth on low fertile soil characteristic 

of Nigerian soil type under deficient soil 

moisture has not been widely reported. N. 

cadamba grow best in areas with normal 

rainfall ranges from 1500 to 5000 mm. 

Moreover, it is a species observed with 

much performance difference between 

progenies, plantations and topography 

(Chauvet, 2017). Lack of information on 

the species silvicultural management 

could limit its prospective use for national 

tree planting project in the country. 

Terrestrial plants depend on the supply 

of water and minerals from the soil been 

taken up through their root system 

(Kathpalia and Bhatla, 2018). However, 

the effect of climate change as evident in 

rainfall instability, increased 

evapotranspiration, decreased soil 

moisture and water shortage among others 

generally affects and put soils under 

pressure (EEA, 2015). This would not 

only required plant adaptation and 

resilience but also proper soil 

management for optimum growth. The 

latter include measures aimed at 

increasing the water holding capacity of 

soils and nutrient availability as most soils 

do not have high intrinsic resilience 

against physical soil degradation 

(Brinkman and Sombroek, 1996). Biochar 

among others has the ability to ameliorate 

a degraded soil by improving its structure 

and increasing the water holding capacity 

based on its physical characteristics 

(Laghari et al., 2016). For these causes, 

biochar use has been demonstrated both 

on soil and soilless plants culture 

(Supriyanto and Fiona, 2010; Baronti et 

al., 2014). 

Notably, the survival, growth and 

development of seedlings of many 

potential species is affected by range of 

water supply (Sudrajat et al., 2015). 

Whereas, species differ in their responses 

to water stress (Lambers et al., 2008). N. 

cadamba is a fast growing species, 

sensitive to drought and liable to damp off 

with excessive soil moisture at seedling 

stage (Arvind et al., 2014 and FC&RI, 

2020). Consequently, its growth may be 

affected by extreme soil water levels 

either in the nursery or during plantation 

establishment. This necessitates growth 

assessment of the species seedlings under 

watering regime in biochar amended soil 

with a view to establish its physiological 

response in such conditions and provide 

information for its management. 

 

Materials and Methods 

Study Location 
The research was conducted in the 

Greenhouse of Tree improvement section, 

Sustainable Forest Management 

Department, Forestry Research Institute 

of Nigeria, Ibadan, located on the latitude 

07o23'18′′ N to 07o23'43′′ N and longitude 

03o51'20′′ E to 03o53'43′′ E (Figure 1). 

The location lies on 199 m above sea 

level. The mean total rainfall is 1420.06 

mm with two peaks in June and 

September. The average annual 

temperature is 26.46°C and relative 

humidity is 74.55 %. 
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Fig. 1: Map of the study location 

 

Experimental Design and Treatments 
The experiment consisted 3 x 5 

factorial treatment combination. First 

factor were three watering frequencies 

(watering thrice a week, twice a week and 

once a week). Second factor were five 

levels of bamboo biochar (0, 1, 2, 3, and 4 

tons/ha). The fifteen treatments were laid 

out in a randomised complete block design 

with five replicates. Municipal waste 

compost (Aleshinloye) was basally 

applied at 160 kg N/ha. 

Soil Preparation and Seedling 

Transplanting 
Top soil used for the study was 

randomly collected at 0-15 cm depth from 

FRIN arboretum. The soil was bulked, air 

dried and sieved through 2 mm sieve 

while 3 kg was filled into polythene pots 

of size 20 x 25 cm. Sub-sample of the soil 

was taken to Laboratory of Soils and Tree 

Nutrition Section of FRIN to determine its 

physical and chemical properties. Bamboo 

biochar was obtained from the 

Department of Crop production, Soil and 

Environmental Management, Bowen 

University, Iwo, Nigeria while Compost 

was a composted municipal waste 

obtained from Aleshinloye waste to 

wealth factory, Ibadan, Nigeria. The 

samples of both organic materials were 

taken to the same Laboratory for the 

analysis of their chemical constituents. 

The compost and biochar were applied to 

the pots two weeks before transplanting 

during which they were watered regularly.  

The seedlings of N. cadamba used 

were collected from the Central nursery of 

FRIN. Seedlings of average height were 

transplanted at 6 leaves stage and watered 

regularly for two weeks before subjected 

to watering intervals. Thereafter, each pot 

received 200 ml water as at when due and 

was doubled at 14 WAT to adjust for its 

vigorous growth. Consequently, each 

seedling received an equivalent total 
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amount of 1260 mm, 840 mm and 420 mm 

rainfall/ha for those watered thrice a week, 

twice a week and once a week 

respectively. 

Data Collection and Analysis 
Data collected were stem height (cm) 

with the aid of meter rule, stem girth (mm) 

with digital vernier caliper and number of 

leaves by manual counting. These were 

taken at intervals of four weeks starting 

from six Weeks After Transplanting 

(WAT). Evaluation of biomass 

accumulation (g/pot) was done twice at 14 

and 22 WAT. Dry matter values were 

recorded for root, stem, leaves, shoot and 

total dry matter. Derived data which 

include root/shoot ratio and relative 

growth rate (Hoffmann and Poorter, 2002) 

were calculated. The data were subjected 

to analysis of variance using GenStat 

(Edition 4) and significantly different 

means were separated with Duncan 

Multiple Range Test at p ≤ 0.05. 

Results 

Soil, Bamboo Biochar and Compost 

Physical and Chemical Properties 
The results showed that the soil pH 

was 6.05 which is slightly acidic. The 

Organic C was 11.4 g/kg while total N was 

1.1 g/kg which was below the critical 

value (1.5 g/kg). The available P value 

was 2.12 mg/kg. Exchangeable bases; K+, 

Na+, Ca2+ and Mg2+ had the values of 0.13, 

0.38, 3.61 and 2.00 cmol+ kg-1 

respectively which were low (Agbede, 

2009). The micro-nutrients; Mn2+, Fe2+, 

Cu2+ and Zn2+ had the values of 20.9, 56.9, 

17.5 and 10.5 mg kg-1 respectively (Table 

1). The soil was classified as loamy sand 

based on the proportion of its particle size. 

The nutrient composition of the bamboo 

biochar used were generally low except 

total carbon while that of compost were 

high (Becher et al; 2018) (Table 1). 

 

Table 1: Pre-planting soil, compost and bamboo biochar chemical and physical properties 

Properties  Soil  Bamboo biochar (g/kg) Compost (g/kg) 

pH (H2O, 1:2)  6.05 8.21 7.03  

Organic C (g/kg)  11.4 786 107.9 

Total N (g/kg)  1.10  2.1 20.8  

Available P (mg/kg)  2.12  1.01 15.5  

K (cmol/kg) 0.13  3.49 2.1  

Ca (cmol/kg) 3.61  5.38 7.4  

Mg (cmol/kg) 2.00  3.5 10.0  

Na (cmol/kg) 0.38  0.63 1.2  

Fe (g/kg) 56.9 6.5 185  

Mn (mg/kg) 20.9 0.02 60.7  

Zn (mg/kg) 10.5  0.73 29.0  

Cu (mg/kg) 17.5 0.01 10.6  

Sand (g/kg) 834   

Clay (g/kg) 97   

Silt (g/kg) 69   

Textural class  Loamy sand    

 

Shoot Length (cm) 
The results of analysis of variance 

showed that there was no significant 

difference (p ˃ 0.05) in the interactive 

effects of watering frequency and bamboo 

biochar rates on shoot length of N. 
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cadamba while the mean difference 

between watering frequency was 

significant (p ≤ 0.05) at successive growth 

weeks (Table 2). Shoot length increased 

across the weeks. Highest shoot lengths of 

51.2 cm was obtained from seedlings 

watered thrice a week and applied 1 ton of 

bamboo biochar/ha while the least (21.2 

cm) was observed from seedlings watered 

once a week with 1 ton of biochar/ha at 22 

weeks after transplanting (WAT). Among 

the three frequency of watering, the 

seedlings shoot length was best when 

watered thrice a week with average of 

41.94 cm (Figure 2).

 

Table 2. Effects of watering frequency and bamboo biochar on shoot length (cm) of N. 

cadamba seedlings at successive growth weeks 

Factors Shoot length (cm) 

Watering frequency 

(WF) 

Biochar rates 

(BR) (tons/ha) 

6 WAT 10 WAT 14 WAT 18 WAT 22 WAT 

Thrice a week 0 16.88 28.8 35.4 40.8 43.4 

 1 17.38 30.5 37.9 48.7 51.2 

 2 9.98 29.3 41.7 44.5 50.0 

 3 11.18 19.6 28.9 30.1 34.8 

 4 10.68 20.8 30.7 27.4 30.4 

Twice a week 0 11.74 21.4 28.6 30.0 37.2 

 1 14.68 22.0 29.4 23.5 26.3 

 2 13.34 22.5 29.1 30.0 34.1 

 3 15.88 24.3 32.9 26.8 30.9 

 4 12.02 20.4 26.8 24.3 29.0 

Once a week 0 6.20 13.5 18.9 18.5 21.7 

 1 8.32 13.4 17.3 17.5 21.2 

 2 8.26 12.8 19.7 23.3 26.3 

 3 9.00 15.0 19.0 23.8 24.5 

 4 7.10 11.9 17.7 25.4 30.1 

L.S.D @ (p ≤ 0.05)       

WF  2.86* 4.91* 6.20* 6.11* 6.60* 

BR  3.70 6.34 8.00 7.89 8.52 

WF x BR  6.41 10.97 13.86 13.67 14.76 

*mean difference significance at (p ≤ 0.05) 

WAT: Weeks after transplanting; WF: Watering frequency; BR: Biochar rates 
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Fig. 2: Effects of watering frequency on shoot length of N. cadamba seedlings at 

successive growth weeks 

 

Stem Girth (mm) 
The results of analysis of variance on 

stem girth of N. cadamba revealed that 

interaction between the factors was only 

significant at 14 WAT (Table 3). 

Moreover, mean differences between the 

frequency of watering and the bamboo 

biochar rates were observed to be 

significantly different at 6 and 14 to 22 

WAT respectively. At 14 WAT, thickest 

stem girth of 10.09 mm was obtained from 

seedlings watered thrice a week with 1 ton 

of biochar/ha. This value was comparable 

to those applied 0, 3 and 4 tons of 

biochar/ha (9.57, 9.27 and 9.06 mm 

respectively) under same watering 

frequency, and those watered twice a 

week with 0 and 4 tons of biochar/ha (9.97 

and 8.94 mm in that order). By 22 WAT, 

stem girth of 10.67 mm obtained from 

seedlings watered thrice a week with 4 

tons biochar/ha was the highest followed 

by 10.10 mm from seedlings watered 

twice a week with 4 tons biochar/ha. 

Furthermore, the seedlings growth in stem 

girth when watered thrice a week was 

similar to when watered twice a week but 

significantly higher than when watered 

once a week throughout the period of 

observations. In addition, application of 4 

tons biochar/ha improved stem girth of the 

seedlings significantly than control and 

other rates at 22 WAT (Figure 3). 
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Table 3: Effects of watering frequency and bamboo biochar on stem girth (mm) of N. 

cadamba seedlings at successive growth weeks 

Factors Stem girth (mm) 

Watering frequency 

(WF) 

Biochar rates (BR) 

(tons/ha) 

6 

WAT 

10 

WAT 

14  

WAT 

18 

WAT 

22 

WAT 

Thrice a week 0 7.15 8.73 9.57ab 10.48 10.06 

 1 8.10 9.40 10.09a 10.05 10.07 

 2 6.04 7.17 8.22c-e 8.88 9.39 

 3 7.00 8.34 9.27abc 9.19 9.55 

 4 6.43 7.78 9.06abc 10.54 10.67 

Twice a week 0 8.13 9.26 9.97a 9.87 10.15 

 1 6.92 8.01 8.16c-e 9.03 8.82 

 2 7.06 8.12 8.35b-e 8.83 8.87 

 3 7.23 8.16 8.25c-e 9.19 9.57 

 4 6.99 8.05 8.94a-d 9.72 10.10 

Once a week 0 5.54 6.60 7.37ef 7.74 7.25 

 1 5.90 7.09 7.67d-f 8.11 8.30 

 2 5.53 6.36 7.34ef 6.75 6.58 

 3 5.50 6.64 6.54f 7.37 7.53 

 4 5.90 6.53 6.80f 7.15 7.37 

L.S.D @ p ≤ 0.05       

WF  0.71* 0.62* 0.52* 0.62* 0.52* 

BR  0.92 0.80 0.67* 0.80* 0.67* 

WF x BR  1.59 1.38 1.16* 1.38 1.16 

*mean difference significance at (p ≤ 0.05) 

WAT: Weeks after transplanting; WF: Watering frequency; BR: Biochar rates 

 
Fig. 3: Effects of biochar on stem girth of N. cadamba seedlings at successive growth weeks 

 

Number of Leaves 

By 22 WAT, highest average number 

of leaves (13) obtained was from seedlings 

watered thrice a week with 2 tons 

biochar/ha (Table 4). This value was 

closely related to other treatments but 

higher than those watered twice a week 

with 1 ton biochar/ha and those watered 
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once a week without biochar application 

having 8.67 each. The result further 

revealed that watering the seedlings thrice 

a week significantly (p ≤ 0.05) favoured 

more leave production from 6 to 18 WAT 

but comparable to other watering 

frequencies at 22 WAT (Figure 4). 

 

Table 4: Effects of watering frequency and bamboo biochar on number of leaves of N. 

cadamba seedlings at successive growth weeks 

Factors Number of leaves 

Watering frequency 

(WF) 

Biochar rates (BR) 

(tons/ha) 

6 WAT 10 WAT 14 WAT 18 WAT 22 WAT 

Thrice a week 0 12. 12.6 11.4 10.33 11ab 

 1 13.8 13 11 14.33 12a 

 2 11.8 11 11 13.33 13a 

 3 11.2 10.8 11 11.33 12a 

 4 12.6 11.8 12.4 11.67 10.67ab 

Twice a week 0 13.8 11.4 11 9.33 12a 

 1 12 11.4 11 11.33 8.67b 

 2 12.8 11.4 10.8 12 12.33a 

 3 13.6 10.8 10.2 10.67 11ab 

 4 13.2 11.8 10.6 10.67 10.67ab 

Once a week 0 9.8 9.6 9.6 9.33 8.67b 

 1 10.4 10.8 9.6 11.33 12a 

 2 11.00 10 9 10.67 10.67ab 

 3 10.8 9.6 10.6 11 11.67ab 

 4 10.2 9.6 10 12.33 11.67ab 

L.S.D @ p ≤ 0.05       

WF  1.22* 1.00* 0.89* 1.11* 1.21 

BR  1.57 1.29 1.15 1.44* 1.57 

WF x BR  2.72 2.24 1.99 2.49 2.71* 

*mean difference significance at (p ≤ 0.05) 

WAT: Weeks after transplanting; WF: Watering frequency; BR: Biochar rates 
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Fig. 4: Effects of watering frequency on number of leaves of N. cadamba seedlings at 

successive growth weeks 

 

Dry Matter Yields (g/pot) 
The results of effects of watering 

frequency and bamboo biochar on 

accumulation and allocation of biomass 

by the seedlings of N. cadamba at 22 

WAT are shown in Table 5. Highest total 

dry matter (23.15 g/pot) and allocated 

biomass was found in the stem (7.44 

g/pot), leaves (9.51 g/pot) and shoot 

(16.95 g/pot) of seedlings watered thrice a 

week with addition of 4 tons biochar/ha. 

Highest root biomass (8.83 g/pot) and 

lowest root to shoot ratio (0.15) was 

obtained from seedlings watered thrice a 

week with 1 and 2 tons biochar/ha 

respectively. The least accumulated 

biomass in root (1.23 g/pot), stem (1.65 

g/pot), leaves (4.09 g/pot), shoot (5. 74 

g/pot) and whole plant (6.97 g/pot) were 

obtained in seedlings watered once a week 

with addition of 2 tons biochar/ha (Table 

5). Generally, watering the seedlings 

thrice a week significantly influence more 

biomass accumulation than when watered 

twice or once a week (Figure 4). 
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Table 5: Effects of watering frequency and bamboo biochar on dry matter yields of N. 

cadamba at 22 weeks after transplanting 
Factors Dry matter yields (g/pot) at 22 WAT 

Watering 

frequency (WF) 

Biochar rates 

(BR) (tons/ha) 

Root Stem Leaves Shoot TDM Root/shoot 

ratio 

Thrice a week 0 7.83 6.61 7.04 13.66 21.49 0.57 

 1 8.83 6.17 7.64 13.82 22.65 0.63 

 2 1.84 5.79 6.53 12.33 14.16 0.15 

 3 6.80 6.49 7.57 14.07 20.86 0.46 

 4 6.20 7.44 9.51 16.95 23.15 0.37 

Twice a week 0 4.52 5.90 7.00 12.89 17.41 0.34 

 1 3.79 3.90 5.09 8.99 12.78 0.56 

 2 3.93 4.75 5.30 10.05 13.99 0.39 

 3 3.40 7.01 5.71 12.71 16.11 0.27 

 4 4.45 7.06 8.80 15.86 20.31 0.28 

Once a week 0 2.23 2.75 4.64 7.39 9.61 0.31 

 1 2.16 4.25 5.70 9.95 12.10 0.22 

 2 1.23 1.65 4.09 5.74 6.97 0.21 

 3 1.83 3.00 7.44 10.45 12.27 0.17 

 4 1.78 3.45 7.96 11.40 13.19 0.16 

L.S.D @ p ≤ 0.05        

WF  2.71* 1.56* 1.47* 2.49* 4.36* 0.19* 

BR  3.50 2.02 1.90* 3.21* 5.60 0.25 

WF x BR  6.06 3.49 3.29 5.56 9.63 0.43 

*mean difference significance at (p ≤ 0.05) 

WAT: Weeks after transplanting; WF: Watering frequency; BR: Biochar rates 

 

 

 
Fig. 5: Effects of watering frequency on biomass accumulation of N. cadamba seedlings at 

22 WAT. TDM: total dry matter 

  

0

5

10

15

20

25

Root Stem Leaf TDM Root/Shoot Shoot

D
ry

 m
at

te
r 

y
ie

ld
s 

(g
/p

o
t)

Biomass parameters

Watering thrice a week

Watering twice a week

Watering once a week

Influence of Watering Regimes and Bamboo Biochar................Afolabi et al.  



 

525 

 

Relative Growth Rate 
The rate of growth of N. cadamba 

seedlings as affected by watering 

frequency and bamboo biochar was 

presented in Table 6. The fastest above 

ground plant growth (0.022 g/g/day) and 

highest overall relative growth (0.025 

g/g/day) were obtained in seedlings 

watered thrice a week with 4 tons 

biochar/ha. With increase in growth days, 

the relative growth rates of some seedlings 

were observed to decrease drastically. 

These include shoot RGR of those watered 

thrice a week with 0 and 1 ton biochar/ha, 

those watered twice a week with 0, 1 and 

2 tons biochar/ha and those watered once 

a week with 2 tons biochar/ha having -005 

and -004, -005, -003 and -008, and -0.002 

g/g/day respectively. Similar trend was 

observed in total RGR except for those 

seedlings water twice a week with 1 ton 

biochar/ha which increased while those 

watered thrice a week with 2 tons 

biochar/ha decreased. 

 

Table 6: Effects of watering frequency and bamboo biochar on relative growth rate of N. 

cadamba seedlings at 22 weeks after transplanting 
Factors 

Shoot RGR Total RGR 
Watering frequency (WF) Biochar rates (BR) (tons/ha) 

Thrice a week 0 -0.005 -0.001 

 1 -0.004 -0.001 

 2 0.005 -0.001 

 3 0.004 0.007 

 4 0.022 0.025 

Twice a week 0 -0.005 -0.003 

 1 -0.003 0.002 

 2 -0.008 -0.005 

 3 0.004 0.006 

 4 0.017 0.018 

Once a week 0 0.007 0.007 

 1 0.004 0.004 

 2 -0.002 -0.002 

 3 0.007 0.007 

 4 0.007 0.006 

L.S.D @ p ≤ 0.05    

WF  0.009 0.009 

BR  0.012* 0.011 

WF x BR  0.021 0.020 

*mean difference significance at (p ≤ 0.05) 

WAT: Weeks after transplanting; WF: Watering frequency; BR: Biochar rates; RGR: Relative 

growth rate 

 

Discussion 

Soil Analysis 
The average low levels of macro and 

micro nutrients in the soil used is typical 

of a tropical soil (Alfisol). This could be 

attributed to the prevailing weather 

conditions of the region including high 

rate of leaching and organic matter 

decomposition. This necessitated the 

application of compost to enrich the soil 

nutrients. The textural class of the soil was 

an indication for need of soil amendment 
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such as biochar in order to improve its 

structure for more water holding capacity 

and nutrient availability (Lehmann and 

Joseph, 2009a; Ibiremo and Akanbi, 

2015). The observed high carbon and low 

content of other nutrients in bamboo 

biochar used could be as a result of 

thermal decomposition of the initial 

biomass during which some nutrients 

including nitrogen would have been 

volatilized (Kookana et al; 2011). 

Plant Growth 
The effect of varied watering 

frequency and bamboo biochar on the 

growth, biomass accumulation and 

partitioning of N. cadamba seedlings was 

studied. The observed comparable 

interactive effect of the factors on all 

parameters considered across the 

successive growth weeks (Tables 2-6) 

indicated that the species could tolerate 

dry areas (relatively) under sufficient 

nitrogen supply. Sudrajat et al. (2015) 

reported that N. cadamba seedlings was 

more adaptive to waterlogging than 

drought stress. The survival of the 

seedlings under high water deficit when 

watered once a week (420 mm rainfall/ha 

equivalent) though with lesser growth 

compared to when watered thrice and 

twice a week (1260 mm and 840 mm 

rainfall/ha equivalent respectively) in the 

present study was an assurance that the 

species could withstand water stress. This 

result could be attributed to the basal 

application of compost and 

complementary effect of biochar which 

made nitrogen and other essential 

nutrients available across treatments 

(Fischer and Glaser, 2012). Nitrogen 

shortage has been reported to have 

stronger effect on biomass allocation than 

that of other nutrients (Lambers et al; 

2008). Moreover, N. cadamba is a tree that 

absorbs many nutrients which could be 

provided through organic fertilizer (Agus 

et al; 2017). This result supported the 

observation of Lefebvre et al. (2019) 

when simultaneous addition of biochar 

and fertilizer led to significant increases in 

height, diameter, total number of leaves, 

and aboveground and below ground 

biomass of Terminalia amazonia and 

Guazuma criniteas compared to other 

treatments. 

The highest but not significant results 

obtained from seedlings watered thrice a 

week with 4 tons of biochar/ha in stem 

girth (10.67 mm), total dry matter (23.15 

g/pot), allocated biomass in stem (7.44 

g/pot), leaves (9.51 g/pot) and shoot 

(16.95 g/pot), shoot RGR (0.022 g/g/day) 

and total RGR (0.025 g/g/day) (Tables 3, 

5 and 6) at 22 WAT could have been aided 

by the availability of biochar in the pots at 

high quantity. This was evident in the 

significant higher stem girth observed in 

seedlings applied 4 tons biochar/ha 

(Figure 3). This revealed that synergistic 

effect of biochar was beneficial at 4 

tons/ha for optimum growth and 

development of the species at seedling 

stage. The rate of water and nutrient 

supply from the control and other pots 

with 1 to 2 tons biochar/ha might not 

commensurate with what was required by 

the seedlings for better and optimum 

growth. The adaptive response of the 

seedlings to low water supply when 

watered once or twice a week could have 

led to a reduction in the rate of 

transpiration and photosynthesis with 

continuous export of assimilates to the 

roots (Lambers et al., 2008). This explains 

more biomass allocated to the roots of 

seedlings from control and those with 1 

ton and 2 tons of biochar/ha compared 

with 3 and 4 tons biochar/ha addition 

across the watering frequencies (Table 5). 

This could have led to decrease in the 
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above-ground and total plant relative 

growth rates observed with increasing 

water stress and growth weeks from these 

treatments (Table 6). This result was 

similar to that of Zoghi et al; (2019) who 

observed highest diameter and height 

growth and dry weight in seedlings of 

Quercus castaneifolia treated with 30 g/kg 

biochar under 100 % and 40 % field 

capacity compared with addition of 10 

g/kg and 20 g/kg biochar. 

The significant effects of watering 

frequency with highest results from 

seedlings watered thrice a week on all 

parameters across successive growth 

weeks (Figures 2, 4 and 5) underscore N. 

cadamba as a fast growing species which 

requires more water for adequate nutrient 

uptake and translocation (Zuhaidi et al; 

2012; Seo et al; 2015).This result was 

similar to that of Sudrajat et al; (2015) 

where higher growth in terms of shoot 

length, root collar diameter, above and 

below ground biomass, total biomass, 

number of leaves and leave area were 

observed in well watered seedlings of N. 

cadamba (control) than those under water 

logging and water stress. 

 

Conclusion 

In forest plantation establishment, 

optimum survival and growth of tree 

species may be obtainable through 

amendment of soil and supply of adequate 

water. N. cadamba has a great potential in 

reforestation and agroforestry 

programmes especially when supplied 

with needed nutrients. This study 

examined the influence of biochar 

amended soil and watering regime on the 

seedling growth and biomass 

accumulation and positive effects were 

observed for all treated seedlings but 

seedlings treated with 4 tons of biochar/ha 

and watered three times a week showed 

outstanding performance in growth and 

total biomass. Hence, this condition is 

recommended for management of N. 

cadamba seedlings at nursery stage and 

field planting.  
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