
 

~ 4010 ~ 

The Pharma Innovation Journal 2023; 12(12): 4010-4016 

  
 
 
 
 
 
 

 

 

 
ISSN (E): 2277-7695 

ISSN (P): 2349-8242 

NAAS Rating: 5.23 

TPI 2023; 12(12): 4010-4016 

© 2023 TPI 

www.thepharmajournal.com 

Received: 28-09-2023 

Accepted: 30-10-2023 

 
Halesh DS 

Department of Soil Science and 

Agricultural Chemistry, College of 

Agriculture, Raichur, University of 

Agricultural Sciences, Raichur, 

Karnataka, India 

 

Veeresh H 

Associate Professor, Department of 

Soil Science & Agricultural 

Chemistry, College of Agriculture, 

Raichur, University of Agricultural 

Sciences, Raichur, Karnataka, India 

 

Narayana Rao K 

Professor and Head, Department of 

Soil Science & Agricultural 

Chemistry, College of Agriculture, 

Raichur, University of Agricultural 

Sciences, Raichur, Karnataka, India 

 

Bhat SN 

Scientist, Department of Soil Science, 

ICAR - KVK, University of 

Agricultural Sciences, Raichur, 

Karnataka, India 

 

Devanand Maski 

Assistant Professor, Department of 

Farm Machinery and Power 

Engineering, College of Agricultural 

Engineering, Raichur, University of 

Agricultural Sciences, Raichur, 

Karnataka, India 

 

Beladhadi RV 

Associate Professor and Head, 

Department of Agricultural 

Biochemistry, College of Agriculture, 

Raichur, University of Agricultural 

Sciences, Raichur, Karnataka, India 

 

Ajaykumar MY 

Senior Scientist, Department of 

Agronomy, AICRP on Cotton, Main 

agricultural research station Raichur, 

University of Agricultural Sciences, 

Raichur, Karnataka, India 

 

Pooja V 

Department of Agricultural 

Extension Education, College of 

Agriculture, Raichur, University of 

Agricultural Sciences, Raichur, 

Karnataka, India 

 

 

 

Corresponding Author: 

Halesh DS 

Department of Soil Science and 

Agricultural Chemistry, College of 

Agriculture, Raichur, University of 

Agricultural Sciences, Raichur, 

Karnataka, India 
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Abstract 
A greenhouse pot culture experiment was carried out during kharif, 2022 at College of Agriculture, 

Raichur, University of Agricultural Sciences, Raichur, Karnataka, India to study the response of maize to 

nitrogen enriched biochar pellets application. The experiment was laid out in Randomized Complete 

Block Design with thirteen treatments and each treatments replicated thrice. The results of the 

experiment revealed that application of biochar in different forms along with recommended dose of 

fertilizer had recorded significant variations in both growth parameters and root distributions Viz., plant 

height, number of leaves per plant, leaf area, leaf area index, total dry matter production, root length and 

root weight in maize. Among various treatments, the application of nitrogen enriched biochar pellets @ 

7.5 MT ha-1 Plus recommended dose of P & K fertilizer recorded the highest growth parameters of maize 

at 30, 45 and 60 DAS and also better root distribution at 60 DAS. On the other hand, the treatment 

absolute control (T1) recorded the lowest growth parameters as well as poor root distribution in maize. 

Apart from the above, the biochemical (SPAD) and biophysical (NDVI) values recorded during the 

course of investigations showed significant variations across the treatments at different stages of crop 

growth. Based on the overall results of the study it was perceptible that nitrogen enriched biochar pellets 

act as a slow nitrogen releasing resource material and thus benefits crops' growth and development. 

 

Keywords: Biochar, Pellets, Growth parameters and SPAD & NDVI 

 

1. Introduction 

Biochar is a char produced by pyrolysis of biomass from different sources (wood chips, crop 

residues, dairy manure, etc.) with high carbon content. It is produced at high (above 500 °C) or 

low (<400 °C) pyrolysis temperature under limited or in the complete absence of oxygen. 

Several beneficial properties of biochar applications were documented, such as, soil cation 

exchange capacity, water holding capacity and soil organic matter. Moreover, biochar 

positively affects plant growth and development, provides nutrients, and even increases 

nutrient availability. Application of biochar regulates the availability and solubilisations or 

mineralization of the essential nutrients mainly, NPK by influencing the soil pH (Xiao et al., 

2016) [1]. Additionally, biochar increases nitrogen retention in soil by reducing leaching and 

gaseous loss and also increases phosphorus availability by decreasing the leaching process in 

soil and even for potassium and other nutrients, biochar shows inconsistent (positive and 

negative) impacts on soil, which leads the more availability of the essential nutrients to crop 

growth and development. Further, biochar also alters soil biological properties by increasing 

microbial populations, enzyme activity, soil respiration, and microbial biomass (Hossain et al., 

2020) [2].  

In current days, very few studies emphasized the efficacy of nutrient-enriched biochar and also 

reported that the blending of biochar with nutrient-rich manures, compost (vermicompost) or 

poultry litter and fertilizers is gaining popularity as a strategy of value addition to biochar to 

increase its usage in agriculture and also to achieve the increased nutrient use efficiency in 

crop production. Further, the storage, transportation and soil application of biochar became 

challenging because biochar is dusty with low mechanical strength, brittle and has wide 

particle size distribution with low density (Husk and Major, 2008) [3]. This can be addressed 

through the pelletization of biochar which can significantly reduce the transportation, handling 

costs and decrease the loss of biochar during soil application. Biocharpellets can be produced 

by blending lignocellulosic and vermicompost feed stocks, pelletized and slowly pyrolyzed. 

There is also an opportunity to convert biochar pellets as value-added organic mineral fertilizer 

through fortification with inorganic fertilizers, particularly nitrogenous fertilizers.  
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Further, Lee et al. (2021) [4] opined that blending of fertilizers 

with biochar and turning them into pellets can serve as a 

slow-release fertilizer to improve crop nutrient use efficiency 

in sweet corn. 

Maize (Zea mays L.) the Indian and American word for corn 

means literally which "sustains life". It is the third most 

important cereal in India in terms of both area and production 

after rice and wheat. Maize is an important crop for billions of 

people as food, feed and industrial raw material. The Central 

Statistical Agency report indicated that maize is grown on 

acreage of around 2.5 million hectares, accounting for 

approximately 23.97 percent of all cereal crops areas. 

Globally maize occupies an area of 197 million ha, with a 

production of 1210.7 million tonnes and productivity of 5.75 t 

ha-1.  

Several attempts were being made by researchers to increase 

the nutrient use efficiencies through the blending of fertilizer 

inputs with organic materials. blending of fertilizers with 

biochars’ and further converting into a pellet gives the added 

advantages of easy handling, transportation, dust free 

application to achieve the objectives of higher input use 

efficiency through improved soil physico-chemical properties, 

water and nutrient retention and slow release of nutrients, 

which interns improves the growth of the maize. Hence, this 

experiment was conducted with an objective to study the 

response of maize to nitrogen enriched biochar pellets. 

 

2. Materials and Methods 

2.1 Production of biochar& nitrogen enriched biochar 

pellets  

Biochar pellets were produced by blending biochar obtained 

from the pyrolysis of pigeonpea stalks with synthetic starch 

followed by pelletization using a single punch pellet press. 

Similarly, the nitrogen enriched biochar pellets were prepared 

using the same procedure except that the required quantity of 

either urea or ammonium sulfate was added during blending. 

The quantity of urea or ammonium sulfate used for making N 

enriched biochar pellets was worked out in such a way that 

application of N enriched biochar pellets @ 7.5 MT ha-1 was 

equivalent to the application of nitrogen @150 kg of per ha. 

 

2.2 Soil collection and pot preparation 

A pot culture experiment was laid out in randomized 

complete block design (RCBD) with thirteen treatments and 

each treatment replicated for thrice (Table 1). during Kharif 

2022-23 in glass house at college of agriculture Raichur, 

Karnataka (15.21oN, 77.35oE, with altitude of 389 m). The 

representative soil samples were collected from from Plot No. 

62, AICRP - Groundnut, Main Agricultural Research Station 

Raichur. The soil was red sandy loamy in texture having bulk 

density 1.56 Mg m-3 and 36.50 percent of Maximum water 

holding capacity (MWHC). The soil has a slightlyacidic pH 

(6.51), low EC (0.21dS m-1) and low soil organic carbon 

content (1.82 g kg-1). Further, the soil was moderately low in 

available nitrogen (275.5 kg ha-1) while medium in both 

available phosphorous (22.51 kg ha-1) and potassium (254.45 

kg ha-1). 

 

2.3 Experimentation 

Each treatment pot receiveda calculated quantity of respective 

inputs. Biochar and nitrogen enriched biochar pellets were 

incorporated into the pots as per the recommended dosages 

one week before the sowing of the test crop. Each pot was 

sown with 4 certified seeds of NK-6240 hybrid maize on 29th 

August 2022 and after germination, they were thinned and 

only one healthy seedling per pot were maintained. Pots were 

kept moist approximately at 60 percent of field capacity by 

watering regularly as and when required. 

 

2.4 Observations on maize growth parameters 

Biometric observations on morpho-physiological parameters 

Viz., plant height, number of leaves, leaf area, leaf area index, 

total dry matter, leaf chlorophyll content (SPAD and NDVI) 

were conducted at various stages. 

Plant height was recorded from base of the plant to the base of 

the full opened leaf, the number of functional green leaves per 

plant were counted and recorded from the tagged plants of 

each treatment then averaged, total dry matter production was 

worked out by uprooting plants from destructive sampling 

area, sun drying, weighing and averaged, leaf chlorophyll 

content was measured by using the SPAD meter and Green 

seeker. Leaf area and leaf area index (LAI) were worked by 

using the following formulas given by Saxena and Singh, 

(1965) [5] and Sestak et al. (1971) [6], respectively. 

 

Leaf area (cm2 plant-1) = 
Avg.len

gth 
× Avg.breadth × 0.75 

LAI = 
Leaf area plant-1 (cm2) 

Pot area occupied by the plant (cm2) 

 

2.5 Observations on plant roots 

Observations on plant roots at harvest such as root length and 

root weight at 60 DAS (At harvest). Root length was 

measured using a linear meter scale from the main root point 

to the last end tip of the tertiary roots and expressed in 

centimeters and Oven dry root weight was measured by using 

a weighing balance and expressed in grams. 

 

3. Results and Discussion 

Growth parameters (plant height, number of leaves, leaf area, 

leaf area index and total dry matter production), crop sensor 

observations were recorded at 30, 45, 60 DAS. Further, root 

distributions (root length and root weight) were recorded at 60 

DAS (At harvest).  

 

3.1 Plant height 

The findings from the plant height data indicate a noteworthy 

impact of treatments on the growth of maize crops, with a 

considerable variation observed at 30, 45, and 60 days after 

sowing (DAS). The results were presented in Table 2 and the 

same is depicted in Figure 1. 

Among the various treatments, the treatment (T13) which 

received the nitrogen enriched biochar pellets @ 7.5MT ha-

1(N as AS) + RD of P&K recorded higher plant heights of 

36.04, 68.53 and 123.03 cm at 30, 45 and 60 DAS, 

respectively. However, the treatment T11 emerged as the next 

best treatment that received the nitrogen enriched biochar 

pellets @ 7.5MT ha-1 (N as Urea) + RD of P&K. While, the 

treatment absolute control (T1) recorded the lowest plant 

heights at all the stages of crop growth.  

Significantly taller plant height was observed in the treatment 

which received nitrogen enriched biochar pellets @ 7.5MT 

ha-1(N as AS) + RD of P&K which might be due to the N 

enriched biochar pellets serves as a carbon-rich soil 

amendment, enhancing soil structure and water retention. This 

improved soil condition facilitates better root development 
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and nutrient uptake by the maize plants. Moreover, the 

nitrogen enrichment in the biochar provides a supplemental 

source of nitrogen, a crucial nutrient for plant growth. This 

additional nitrogen supply likely promotes vigorous 

vegetative growth, contributing to taller maize plants. The 

slow-release nature of biochar also ensures a sustained 

availability of nutrients over an extended period, supporting 

continuous and steady growth throughout the different stages 

of maize development (Xu et al., 2022 [7]; Li et al., 2022 [8]; 

Choudary et al., 2021 [9]; Shi et al., 2020 [10]; Utomo et al., 

2017 [11] and Tufa et al., 2022 [12]). 

 

3.2 Number of leaves per plant 

The recorded data for the mean number of leaves per maize 

plant at 30, 45, and 60 days after sowing (DAS) exhibited 

significant variations across various treatments. Generally, the 

tally of leaves per plant displayed a steady and incremental 

rise as the crop matured (Table 2). 

Significant variations in the mean number of leaves per maize 

plant were recorded among different treatments at 30, 45, and 

60 (DAS). Treatment T13 which recived the nitrogen 

enriched biochar pellets @ 7.5MT ha-1(N as AS) + RD of P & 

K fertilizer recorded highest number of leaves per plant Viz., 

8.05, 10.50, and 13.97 at 30, 45 and 60 DAS, respectively. 

However, these values were on par with the treatment T11, 

which was almost as same as T13 with respect to the quantity 

of nitrogen supplied but only differed in nitrogen source i.e.as 

urea. The treatment absolute control (T1) recorded the lowest 

average leaf count per plant at 30, 45, and 60 DAS when 

compared to other treatments. 

In current investigations, significant increase in the number of 

leaves per plant in maize was in treatment that received the 

nitrogen enriched biochar pellets @ 7.5MT ha-1along with RD 

of P & K fertilizer. This outcome was attributed due to the N 

enriched biochar pellets serves as a carrier for nitrogen, 

gradually releasing it into the soil. This sustained release 

provides a continuous supply of nitrogen, a key element for 

leaf development. Further, the synergistic effect of nitrogen 

from biochar and essential nutrients from P & K fertilizer 

creates an optimal nutrient balance for maize plants. This 

balanced nutrition supports robust vegetative growth, 

resulting in an increased number of leaves during the different 

growth stages (Egamberdieva et al., 2022 [13] and Wan et al., 

2023 [14]). 

 

3.3 Leaf area and Leaf area index 

The mean leaf area and leaf area index of maize were 

measured at 30, 45, and 60 days after sowing (DAS), 

revealing significant variations across various treatments. The 

results were presented in Table 2. 

In general, both the leaf area and leaf area index increased 

with the increase in the number of days at which observations 

were recorded. Among the treatments, treatment T13 which 

received the nitrogen enriched biochar pellets @ 7.5MT ha-

1(N as AS) + RD P&K recorded the highest leaf area and leaf 

area index Viz., 201.92, 842.02 & 1801.20 cm2 plant-1 and 

0.31, 1.27, and 2.72 at 30, 45 and 60 DAS, respectively and it 

was on par with treatment T11. The lowest leaf area and leaf 

area index were recorded in absolute control, T1. 

In the current study, treatments that received nitrogen 

enriched biochar pellets @ 7.5 MT ha-1(N as AS) + RD of 

P&K have recorded higher leaf area and leaf area index at 30, 

45 and 60 DAS. This can be attributed to higher nutrient 

availability, good microbial and enzymatic activity through 

improved nutrient retention and availability in N enriched 

biochar amended treatments (Shi et al., 2020 [10]; Utomo et 

al., 2017 [11] and Tufa et al., 2022 [12]). Further, Tufa et al. 

(2022) have observed highest leaf area index of maize (5.56) 

due to combined application of biochar @ 8.0 MT ha−1 plus 

100 kg ha−1 NPS. 

 

3.4 Total dry matter  

Plant total dry matter was determined by uprooting the whole 

plant at 60 DAS. Subsequently, plant shoots, leaves and roots 

were separated, washed, and sun-dried followed by drying at 

65 °C in a hot air oven. The average dry weights were 

recorded in grams (Table 3). 

Among the various treatments, the treatment T13 which 

received the nitrogen enriched biochar pellets @ 7.5MT ha-1 

(N as AS) + RD of P&K recorded the highest total dry matter 

Viz., 74.27 g plant-1. It should be noted that total dry matter 

recorded at 60 DAS was highest in T13 and significantly 

higher than all other treatments. In contrast, the lowest total 

dry matter, root weight and root length were recorded in 

absolute control, T1. 

Significant variations in total dry matter was observed owing 

to different treatments in maize. Notably, the treatment T13, 

which involved the application of nitrogen enriched biochar 

pellets @ 7.5MT ha-1(N as AS) + RD of P&K, exhibited the 

highest total dry matter production (Figure 2). The increased 

total dry matter was usually associated with the higher 

number of green leaves per plant, stem and root weight. 

Nitrogen source significantly impacted total dry matter, 

underscoring nitrogen-enriched biochar pellets and RD of 

P&K’s growth role. This combination provided a favourable 

environment for enhanced nutrient uptake, which 

subsequently translated into increased biomass production. 

The results of the present study were comparable to the 

research findings of Li et al. (2022) [8], Xiang et al. (2017) [15], 

and Banik et al. (2023) [16]. The combined application of N 

fertilizer and biochar can significantly increase the crop N 

uptake and N content resulting in higher leaf photosynthetic 

efficiency, dry matter accumulation and grain yields (Li et al., 

2022) [17]. 

 

3.5 Observations on root distributions  

Root distributions (root length and root weight) were 

determined by uprooting the whole plant at 60 DAS. Root 

length spanning from the primary root to the farthest tip of 

tertiary roots was measured using a linear meter scale without 

damage to uprooted plant (Table 3). 

Among the various treatments, the treatment T13 which 

received the nitrogen enriched biochar pellets @ 7.5MT ha-1 

(N as AS) + RD of P&K recorded the highest root length and 

root weight Viz., 64.73 cm and 6.5 g plant-1 respectively. 

However, the observations on root length and root weight 

were on par with the treatment T11 when compared to the 

other treatments. In contrast, the root weight and root length 

were recorded in absolute control, T1. 

Significant variations in root length, and root weight were 

observed owing to different treatments in maize. Notably, the 

treatment T13, which involved the application of nitrogen 

enriched biochar pellets @ 7.5MT ha-1(N as AS) + RD of 

P&K, exhibited the highest root length and root weight. The 

enhancement of root length and weight was likely attributed 

to improved phosphorus fertilizer availability and solubility, 
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facilitated by the application of nitrogen-enriched biochar 

pellets. Nitrogen-enriched biochar contributed to the 

development of robust root systems, leading to increased root 

length and overall development in maize. The results of the 

present study were comparable to the research findings of Li 

et al. (2022) [8], Xiang et al. (2017) [15], and Banik et al. 

(2023) [16]. Upon, application of biochar, there was increase in 

the root biomass, root length, and root tip number and thus 

strengthening the ability of plants to access resources and the 

effect was more noticeable at elevated levels of biochars 

application (Xiang et al., 2017) [15]. 

 

3.6 Leaf chlorophyll content (SPAD and NDVI) 
The crop optical sensor readings related to chlorophyll 

content and vegetation indices were collected using the SPAD 

meter and Green seeker respectively at three different crop 

growth stages 30, 45, and 60 DAS, and the data were 

presented in Table 4. 

Amid the various treatments, the treatment (T13) which 

received nitrogen enriched biochar pellets @ 7.5MT ha-1(N as 

AS) + RD of P&K recorded higher SPAD values (38.68 & 

67.11 values at 30 and 60 DAS, respectively) and NDVI 

values (0.66, 0.76 and 0.69 at 30, 45 & 60 DAS, respectively). 

These values were found to be on par with the treatment (T11) 

that received nitrogen enriched biochar pellets @ 7.5MT ha-

1(N as Urea) + RD of P&K [(SPAD: 37.16 & 64.85 at 30 and 

60 DAS, respectively) and (NDVI: 0.64, 0.74 & 0.66 values 

at 30, 45 and 60 DAS, respectively)] as compared to 

remaining of the treatments. Whereas, the lowest SPAD and 

NDVI values were recorded in absolute control (T1). 

The leaf chlorophyll content served as an indicator of the 

plant's photosynthesis rate, which was evaluated using SPAD 

and NDVI values. In the current study, the high SPAD meter 

and NDVI readings at different growth stages could signify 

that the maize crop had undergone significant growth and 

development, resulting in an increase in chlorophyll 

production. This can be attributed to the incorporation of 

nitrogen-enriched biochar, which has the potential to mitigate 

nutrient deficiencies. These recordings were found 

statistically superior over absolute control. Moreover, the 

expanded leaf area of maize plants grown in pots treated with 

nitrogen-enriched biochar pellets has the potential to enhance 

photosynthesis. This was due to the greater surface area 

available for light absorption. As a result, there could be 

improved nutrient and water uptake facilitated by heightened 

transpiration rates, leading to an overall enhancement in 

SPAD and NDVI values. Further, the result was in 

acquiescence with those of Pushpakumara et al. (2020) [17], 

Ming et al. (2019) [18] and Harell et al. (2011) [19]. 

 

Table 1: Treatments details of pot culture study 
 

Treatments 

T1 : Absolute control 

T2 : Soil receiving 100% RDN as Urea + RD of P&K 

T3 : Soil receiving 100% RDN as AS + RD of P&K 

T4 : Soil treated with Biochar @ 7.5MT ha-1 only 

T5 : T2 + T4 i.e. 100% RDN as urea + RD of P&K Plus Biochar@ 7.5MT ha-1 

T6 : T3 + T4 i.e. 100% RDN as AS + RD of P&K Plus Biochar @ 7.5 MT ha-1 

T7 : Soil treated with Biochar pellets @ 7.5MT ha-1 only 

T8 : T2 + T7 i.e. 100% RDN as urea + RD of P&K Plus Biochar pellets @ 7.5MT ha-1 

T9 : T3 + T7 i.e. 100% RDN as AS + RD of P&K Plus Biochar pellets @ 7.5 MT ha-1 

T10 : Soil treated with N enriched Biocharpellets @ 7.5MT ha-1(N as Urea) only 

T11 : Soil treated with N enriched Biocharpellets @ 7.5MT ha-1(N as Urea) + RD of P&K 

T12 : Soil treated with N enriched Biochar pellets @ 7.5MT ha-1 (N as AS) 

T13 : Soil treated with N enriched Biochar pellets @ 7.5MT ha-1 (N as AS) + RD of P&K 

Note 
1. RDF: 150:65:65 Kg NPK ha-1 

2. Each pot holds 8 Kg of soil 

3. RDN, RDP, RDK- Recommended dosage of Nitrogen, Phosphorus and Potassium respectively 

4. Nutrient source: N source Urea & Ammonium sulfate; P source: Single Super Phosphate (SSP); K Source: Murate of Potash (MOP) 

5. In RDF treatment, 50 percent N was the basal dose and the remaining 50 percent applied at 30 DAS 

 

Table 2: Effect of different treatments on average plant height, number of leaves, leaf area and leaf area index of maize at different crop growth 

stages 
 

Treatment 
Plant height(cm) Number of leaves Leaf area (cm2 plant-1) Leaf area index 

30 DAS 45 DAS 60 DAS 30 DAS 45 DAS 60 DAS 30 DAS 45 DAS 60 DAS 30 DAS 45 DAS 60 DAS 

T1 27.17 44.03 80.00 5.67 5.33 8.01 134.54 364.51 834.14 0.20 0.55 1.26 

T2 33.25 55.81 95.22 6.29 6.49 9.39 134.79 480.56 1190.22 0.20 0.86 1.80 

T3 33.58 58.59 99.17 5.83 7.97 10.66 141.52 572.30 1415.33 0.21 0.90 2.14 

T4 29.22 48.47 96.00 6.17 7.83 9.66 135.97 552.03 1283.72 0.20 0.73 1.94 

T5 26.97 50.51 99.90 6.01 8.11 10.33 147.15 593.93 1429.53 0.22 0.83 2.16 

T6 28.97 55.76 100.55 6.31 8.28 10.66 159.69 635.97 1433.12 0.24 0.96 2.16 

T7 29.87 45.26 91.80 6.34 6.17 8.66 157.13 470.59 1056.64 0.24 0.71 1.59 

T8 34.65 60.99 105.40 6.99 8.79 11.67 180.13 718.28 1556.41 0.27 1.08 2.35 

T9 34.75 62.13 108.08 7.14 8.97 11.97 182.62 732.93 1604.53 0.28 1.11 2.42 

T10 34.28 57.92 105.33 6.62 8.43 10.97 167.82 691.07 1456.63 0.25 1.06 2.20 
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T11 34.92 65.15 117.84 7.39 9.90 13.67 186.75 791.05 1667.03 0.29 1.19 2.52 

T12 34.05 54.59 104.67 6.78 8.60 11.33 176.79 700.00 1534.48 0.26 1.04 2.32 

T13 36.04 68.53 123.03 8.05 10.50 13.97 201.92 842.02 1801.20 0.31 1.27 2.72 

S.Em± 0.79 1.29 1.56 0.18 0.17 0.24 4.66 15.62 40.02 0.01 0.02 0.06 

C.D @ 1% 3.11 5.11 6.15 0.70 0.66 0.96 18.44 61.8 158.31 0.02 0.09 0.24 

Note: 

T1: Absolute control, T2: 100% RDN as Urea + RD P&K, T3: 100% RDN as Amm. sulfate + RD P&K, T4: Biochar @ 7.5MT ha-1 only, T5: 

Biochar + 100% RDN as Urea + RD P&K, T6: Biochar + 100% RDN as Amm. sulfate + RD P&K, T7: Biochar pellets @ 7.5MT ha-1 only, T8: 

Biochar pellets @ 7.5MT ha-1 + 100% RDN as Urea + RD P&K, T9: Biochar pellets @ 7.5MT ha-1 + 100% RDN as Amm. sulfate + RD P&K, 

T10: N enriched Biochar pellets @ 7.5MT ha-1 (N as Urea) only, T11: N enriched Biochar pellets @ 7.5MT ha-1 (N as Urea) + RD P&K, T12: N 

enriched Biochar pellets @ 7.5MT ha-1 (N as AS), T13: N enriched Biochar pellets @ 7.5MT ha-1 (N as AS) + RD P&K. 

 

 
Note: 

T1: Absolute control, T2: 100% RDN as Urea + RD P&K, T3: 100% RDN as Amm. sulfate + RD P&K, T4: Biochar @ 7.5MT ha-1 only, T5: 

Biochar + 100% RDN as Urea + RD P&K, T6: Biochar + 100% RDN as Amm. sulfate + RD P&K, T7: Biochar pellets @ 7.5MT ha-1 only, T8: 

Biochar pellets @ 7.5MT ha-1 + 100% RDN as Urea + RD P&K, T9: Biochar pellets @ 7.5MT ha-1 + 100% RDN as Amm. sulfate + RD P&K, 

T10: N enriched Biochar pellets @ 7.5MT ha-1 (N as Urea) only, T11: N enriched Biochar pellets @ 7.5MT ha-1 (N as Urea) + RD P&K, T12: N 

enriched Biochar pellets @ 7.5MT ha-1 (N as AS), T13: N enriched Biochar pellets @ 7.5MT ha-1 (N as AS) + RD P&K. 
 

Fig 1: Average plant height and number of leaves of maize as influenced by various treatments at 60 DAS 

 

Table 3: Effect of treatments on total dry matter, root length and root weight recorded in maize at 60 DAS 
 

Treatment Total dry matter (g plant-1) Root length (cm) Root weight (g plant-1) 

T1 29.77 28.83 1.60 

T2 36.96 49.62 3.00 

T3 48.86 53.00 4.28 

T4 44.65 54.63 3.77 

T5 51.52 53.90 4.65 

T6 56.51 55.63 5.41 

T7 35.17 46.47 2.26 

T8 58.70 59.67 6.10 

T9 56.94 60.72 6.36 

T10 46.44 57.90 3.60 

T11 63.70 63.50 6.44 

T12 52.01 60.37 3.44 

T13 74.27 64.73 6.50 

S.Em± 0.70 0.82 0.12 

C.D @ 1% 2.77 3.19 0.48 

Note: 

T1: Absolute control, T2: 100% RDN as Urea + RD P&K, T3: 100% RDN as Amm. sulfate + RD P&K, T4: Biochar @ 7.5MT ha-1 only, T5: 

Biochar + 100% RDN as Urea + RD P&K, T6: Biochar + 100% RDN as Amm. sulfate + RD P&K, T7: Biochar pellets @ 7.5 MT ha-1 only, T8: 

Biochar pellets @ 7.5 MT ha-1 + 100% RDN as Urea + RD P&K, T9: Biochar pellets @ 7.5 MT ha-1 + 100% RDN as Amm. sulfate + RD P&K, 

T10: N enriched Biochar pellets @ 7.5 MT ha-1 (N as Urea) only, T11: N enriched Biochar pellets @ 7.5 MT ha-1 (N as Urea) + RD P&K, T12: N 

enriched Biochar pellets @ 7.5 MT ha-1 (N as AS), T13: N enriched Biochar pellets @ 7.5 MT ha-1 (N as AS) + RD P&K. 
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Note: 

T1: Absolute control, T2: 100% RDN as Urea + RD P&K, T3: 100% RDN as Amm. sulfate + RD P&K, T4: Biochar @ 7.5MT ha-1 only, T5: 

Biochar + 100% RDN as Urea + RD P&K, T6: Biochar + 100% RDN as Amm. sulfate + RD P&K, T7: Biochar pellets @ 7.5MT ha-1 only, T8: 

Biochar pellets @ 7.5MT ha-1 + 100% RDN as Urea + RD P&K, T9: Biochar pellets @ 7.5MT ha-1 + 100% RDN as Amm. sulfate + RD P&K, 

T10: N enriched Biochar pellets @ 7.5MT ha-1 (N as Urea) only, T11: N enriched Biochar pellets @ 7.5MT ha-1 (N as Urea) + RD P&K, T12: N 

enriched Biochar pellets @ 7.5MT ha-1 (N as AS), T13: N enriched Biochar pellets @ 7.5MT ha-1 (N as AS) + RD P&K. 
 

Fig 2: Effect of treatments on leaf area and total dry matter in maize at 60 DAS 

 

Table 4: SPAD and NDVI values recorded at different intervals of maize crop growth as influenced by various treatments 
 

Treatment 
SPAD Values NDVI values 

30 DAS 60 DAS 30 DAS 45 DAS 60 DAS 

T1 27.82 27.07 0.41 0.46 0.35 

T2 27.93 36.48 0.42 0.53 0.42 

T3 32.73 40.07 0.45 0.55 0.47 

T4 32.83 44.58 0.50 0.56 0.50 

T5 34.23 46.17 0.58 0.62 0.55 

T6 35.57 46.62 0.59 0.64 0.56 

T7 32.97 45.52 0.51 0.58 0.51 

T8 36.67 51.47 0.61 0.67 0.63 

T9 36.90 52.35 0.62 0.73 0.64 

T10 33.48 46.13 0.52 0.61 0.52 

T11 37.16 64.85 0.64 0.74 0.66 

T12 35.90 48.83 0.60 0.65 0.62 

T13 38.68 67.11 0.66 0.76 0.69 

S.Em± 0.41 0.73 0.002 0.02 0.01 

C.D @ 1% 1.61 2.89 0.02 0.04 0.04 

Note: 

T1: Absolute control, T2: 100% RDN as Urea + RD P&K, T3: 100% RDN as Amm. Sulfate + RD P&K, T4: Biochar @ 7.5MT ha-1 only, T5: 

Biochar + 100% RDN as Urea + RD P&K, T6: Biochar + 100% RDN as Amm. Sulfate + RD P&K, T7: Biochar pellets @ 7.5 MT ha-1 only, T8: 

Biochar pellets @ 7.5 MT ha-1 + 100% RDN as Urea + RD P&K, T9: Biochar pellets @ 7.5 MT ha-1 + 100% RDN as Amm. Sulfate + RD P&K, 

T10: N enriched Biochar pellets @ 7.5 MT ha-1 (N as Urea) only, T11: N enriched Biochar pellets @ 7.5 MT ha-1 (N as Urea) + RD P&K, T12: N 

enriched Biochar pellets @ 7.5 MT ha-1 (N as AS), T13: N enriched Biochar pellets @ 7.5 MT ha-1 (N as AS) + RD P&K. 

 

4. Conclusion 

Overall, the outcome of the present study is that application of 

biochars in different forms had positive effect on the growth 

parameters, root distributions and leaf chlorophyll content in 

maize at different stages. Among the different forms of 

biochars studied, the nitrogen enriched biochar pellets @ 7.5 

MT ha-1(either Ammonium sulfate or Urea) along with the 

recommended doses of P & K fertilizers performed much 

better and therefore keeping this in view it is suggested to 

take up field trials on this aspect to acquire in-depth 

information before utilizing nitrogen enriched biochar pellets 

in agriculture as a slow releasing nitrogen resource material 

for sustaining the crop production. 
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