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Abstract 

 

The use of biomass can contribute to improve the soil properties. The objective of this study was to evaluate the effect of fertilization 
with poultry litter biochar in combination with mineral fertilizer on soil chemical attributes, growth and yield components of 

sunflower. For this purpose, a greenhouse experiment was carried out in pots with a capacity of 20 dm3 under randomized design, 

with treatments arranged in a factorial 5 × 4 design with four replicates. The treatments consisted of five doses of mineral fertilizer 

(0, 25, 50, 75 and 100% fertilization recommendation) with NPK (100, 300, and 150 mg kg-1) and four doses of biochar of poultry 
litter, 0; 5% (400 g/pot); 10% (800 g/pot) and 15% (1,100 g/pot) calculated based on the volume of the soil. The results showed that 

fertilization with poultry litter biochar of 400 g/pot, increased soil salinity of the experimental units. Besides, there was a reduction in 

the number of leaves (NL), plant height (PH), stem diameter (SD) and number of achenes for each head (NAH). Fertilization with 

50% of NPK recommendation (50:150:75 mg kg-1) produced the highest growth and yield components of sunflower, compared with 
other NPK treatments. The combination from 50:150:75 mg kg-1 (50%) of NPK fertilization and 1,100 g/pot of poultry litter biochar 

promoted larger head diameter (HD) of sunflower. 

 

Keywords: Biomass; Poultry litter; Helianthus annuus L.; Mineral fertilizer. 
Abbreviations: DAS_days after sowing, ECs_electrical conductivity of the saturation extract, HD_head diameter, K_ potassium, 

N_nitrogen, NL_number of leaves, NAH_number of achenes for each head, P_phosphorus, PH_plant height, SAR_sodium 

adsorption ratio, SD_stem diameter, W100A_hundred achenes weight. 

 

Introduction 

 

The biochar is an organic compound produced by the fast or 

slow pyrolysis process. It can be applied to the soil, 
improving its physical and chemical properties (Lehmann et 

al., 2006). Pyrolysis is defined as the thermal degradation of 

biomass, in the absence or at low concentrations of O2 to 

produce condensable vapors, gases and charcoal. Biochar can 
be produced from different sources of biomass such as woody 

materials, agricultural waste, green waste and manure. 

However, according Coomer et al. (2012), the production of 

biochar from animal waste has higher quality nutrition 
regarding the biochar produced from vegetable waste, due to 

the higher levels of nitrogen. 

The poultry litter is of special interest for the production of 

biochar in Brazil due to the high production around 6.8 
million m3 per year (Corrêa and Miele, 2011). According to 

Sanvong and Suppadit (2013), the poultry litter biochar can 

be effectively used as a fertilizer and soil conditioner, owing 

to its simple production process and low cost. However, it is 
noted that most biochar application efficiency is associated 

with the mineral fertilizer according to their low availability 

of nutrients (Steiner et al., 2007). 

Sunflower (Helianthus annuus L.) is an oilseed crop that is 

attracting interest by farmers due to its high potential for 

biofuel production. It is a very important crop for the 

Brazilian  semiarid  region because of its good adaptability to  

high temperatures, accounting for about 13% of all vegetable 

oil produced in the world (Nobre et al., 2010). Sunflower has 
desirable characteristics, such as adaptation to different soil 

and climatic conditions, short cycle (100 days), good grain 

yield (average 1,741 kg ha-1), tolerance to abiotic factors and 

the oil content in its seeds (38 - 50%) with high chemical 
quality. Apart from that, their grain, the crop residues and by-

products generated in the oil extraction, can be used in animal 

feeding (Nobre et al., 2011). The Brazilian production of 

sunflower crop in 2012/2013 was 110 tons. The Mato Grosso 
State was the largest producer, with 84,700 tons, which 

corresponds to 64.9% of national production and an average 

productivity of 1,671 kg ha-1. In the Northeastern parts of  

Ceará and Bahia states, the average yield of 456 and 400 kg 
ha-1 has been reported (Conab, 2013); however, the ability to 

reach the achenes maximum productivity is related, in part, 

with a suitable mineral nutrition of the plant (Aquino et al., 

2013). 
Due to insufficient available information on application of 

biochar in production systems, this study was set up to 

evaluate the effect of fertilization with poultry litter biochar 

in combination with mineral fertilizer in soil chemical 

properties, growth and production components of sunflower 

cv. Embrapa 122 / V2000. 
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Results and Discussion 

 

Soil chemical properties after biochar treatments 

 
The application of all poultry litter biochar doses promoted 

the pH and electrical conductivity of the saturation extract 

(ECse) in the soil of the experimental units (Table 1) 

(Richards, 1954), saline soils (pH  8.5; ECes > 4.0 dS m-1). 
However, the increase in the soil pH can promote the 

availability of various chemicals to the plants, while the other 
elements become insoluble, precipitating in the soil. Liesch et 

al. (2010) observed increased soil pH with increasing levels 

of poultry litter biochar after 28 days of incubation, obtaining 

maximum values of 8.87 with the application of 90 t ha-1. 
Likewise, Revell (2011) showed a linear increase of the 

accumulation of soluble salts in the soil with increasing doses 

of poultry litter biochar. 

It is observed also that the chloride, bicarbonate, sodium 
and potassium content had the same trend as ECse, which 

went up by respectively 33.9%, 65.6%, 51.1% and 91.8% in 

relation to the soil without biochar treatments and control. 

However, there was a reduction of calcium and magnesium 
levels in the saturation extract with increasing doses of 

biochar, a fact that has influenced the increase of the sodium 

adsorption ratio (SAR). According to some researchers, SAR 

can promote increased nutritional imbalance, because of the 
difficulty of absorption of calcium, magnesium and 

potassium due to the increase in the proportion of soluble 

sodium in the soil solution. It is likely that the reaction of 

biochar, rich in calcium, magnesium, sodium, potassium and 
organic compounds (generally have a higher surface area) in 

the soil have caused higher cation exchange capacity, i.e., 

increased adsorption of calcium and magnesium, releasing 
the exchangeable cations sodium and potassium from the soil 

solution. 

 

Number of leaves  

 

As statistical analysis, the number of sunflower leaves was 

significantly influenced only by NPK doses at 60 DAS and 

by biochar doses at 30 and 60 days after sowing (DAS). 
Thus, the effect of NPK had a quadratic behavior as can be 

seen in Fig 1A. It is observed that up to a dose of 34.2% of 

fertilizer recommendation (18 leaves), there was an increase 

in the number of leaves of 3.9% compared to the lower dose 
(dose 0). Subsequently from that point, there was a reduction 

of 14.3% compared to the dose of 100% (N: P: K, 100: 300: 

150 mg kg-1) (14 leaves) of the recommendation. The 

nutritional status of the plant, especially after adequate supply 
of N, P and K, are directly related to their growth and 

development because these elements perform functions for 

energy metabolism. Chaves et al. (2014) found positive 

effects of NPK fertilization for this variable, getting 

maximum number of 16 leaves at 60 DAS with the 

combination of 71.2 kg ha-1 N, 120 kg ha-1 of P2O5 and 78.6 

kg ha-1 K2O. Likewise, Adebayo et al. (2010) observed an 

increase in the number of sunflower leaves as a function of 
phosphorus levels, obtaining a maximum number of leaves 

(35 leaves) with the application of 4.8 g/plant. 

The fertilization with poultry litter biochar linearly reduced 

the number of sunflower leaves, at 30 and 60 DAS, of 34.5% 
and 20.6%, respectively, compared with plants grown 

without fertilizer with biochar (dose 0) and the dose of 1,100 

g/pot (Fig. 1B). The highest number of leaves was obtained 

when the plants were grown without fertilizer with biochar 
(19 leaves). Such results may be related to the negative 

effects of salt stress caused by the fertilization with poultry 

litter biochar. According to Oliveira et al. (2013) the 

reduction of the number of leaves functions as anatomical 

adaptation in saline stress conditions reflecting transpiration 
reduction as an alternative to maintain the water absorption. 

 

Plant height (cm) 

 
According to the regression equation (Fig. 2A), NPK doses 

had quadratic effect on the plant height of the sunflower at 90 

DAS, i.e., from the lowest dose (97.5 cm) up to a dose of 

33.3% NPK it was increased by 3.9%. From this point there 
was a decrease of 15.5%, These results show that under the 

conditions of this research the fertilizer recommendation 

adopted for sunflower was far superior to the crop's needs. 

According to Jahangir et al. (2006) the combination of 120 kg 
ha-1 of N and 75 kg ha-1 of P2O5 promoted height of 

sunflower plants, reaching a maximum height of 62.1 cm. 

Salih (2013) evaluating the combination of different doses of 

N and P in Sudan and found increases in sunflower plant 

height with increasing doses of mineral fertilizer. 

The results concerning the height of sunflower plants 

according to the biochar doses were adjusted to the linear 

model (Fig. 2B), indicating that plant height decreased as a 
function of increasing biochar level at 60 DAS. The lower 

estimated values of plant height for plants grown under 1,100 

g/pot fertilizer were 61.4 cm, which corresponds to a 

decrease of 30.8% compared to the plants receiving no 
fertilization. These results may be related to increased soil 

salinity ECse evidenced by the high values. In addition, 

excess salts in the soil can reduce the nitrogen absorption of 

plants, while the absorbed and retained Cl levels are 
increased, promoting lower growth (Bosco et al., 2009). 

Nobre et al. (2010) and Morais et al. (2011) observed a linear 

reduction of sunflower plants height under salt stress 

conditions. According to Javid et al. (2011), increased 
salinity is associated with decreases in auxin, cytokinin, 

gibberellins and salicylic acid in the plant tissues which are 

involved in plant growth and developmental processes. The 

other treatments of NPK and biochar that have not been 
discussed above showed no significant effect on plant height. 

 
Stem diameter (mm) 

 
At 60 DAS, the stem diameter of sunflower plants subjected 

to fertilization with 0 and 400 g/pot of biochar was 

exponentially related according to regression equations 

(Table 2), (Fig. 3A). In this case, the stem diameter increased 
up to 55.7% dose of biochar (11.68 mm) and 46.8% (10.05 

mm) of the NPK recommendation, respectively. The lowest 

values of stem diameter were observed in plants fertilized 

with 100% of NPK recommendation. However, it is observed 
that the stem diameter of the plants subjected to fertilization 

with 800 and 1,100 g/pot of biochar decreased linearly 

according the regression equations, showing reduction of 

19.38% and 27.5%, respectively, when compared to the 
smaller and higher dose of NPK fertilization. 

The stem diameter at 90 DAS was found to be the best fit 

data to the quadratic model, when plants did not receive 

fertilizer with biochar (dose 0) (Fig. 3B), where dose of 
57.6% (12.47 mm) NPK recommendation increased the trait 

by 34.5%, compared to the smallest dose. From this point, 

there was a reduction of 18.7% compared to 100% dose of 

NPK recommendation. Doses of 800 and 1,100 g/pot of 
biochar affected the linear regression equations.  They  reduced 
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Table 1. Average values of the chemical properties of soil cultivated with sunflower in terms of doses of poultry litter biochar (B). 

Chemical properties in 
saturation extract  

 

Biochar Dose (g/ pot) 

B1 B2 B3 B4 

0 400 800 1100 
pHse 5.98 7.07 7.90 8.28 

ECse(dS m-1) 3.31 7.28 9.50 9.32 

Chloride (mmolc L
-1) 33.32 47.73 50.44 50.43 

Carbonate (mmolc L
-1) 0.00 0.00 0.00 0.00 

Bicarbonate (mmolc L
-1) 2.44 2.95 5.36 7.09 

Sulfate (mmolc L
-1) P P P P 

Calcium (mmolc L
-1) 7.04 7.63 3.82 3.97 

Magnesium (mmolc L
-1) 28.13 35.44 26.98 22.84 

Sodium (mmolc L
-1) 16.98 31.03 37.01 34.71 

Potassium (mmolc L
-1) 4.23 24.11 44.00 51.66 

SAR 4.05 6.69 9.43 9.48 

pHse - pH of saturation extract; ECse- Electrical Conductivity of saturation extract; SAR- Sodium adsorption ratio. 

 

 

 
Fig 1. Number of leaves at 60 DAS in NPK doses function - % (A) and at 30 and 60 DAS due to doses of poultry litter biochar - 

g/pot (B).  

 

Table 2. Regression equations of sunflower stem diameter at 60 and 90 days after sowing (DAS) and sunflower head diameter (HD) 

due to NPK doses and poultry litter biochar. 

 Stem Diameter at 60 DAS (mm)  
Biochar (g/pot) Equations R2 Mean 

0 Y = 7.3487+ 0.1559*x – 0.0014**x2 0.8763 10.08 

400 Y = 8.7411+ 0.562x – 0.0006*x2 0.6252 9.28 

800 Y = 9.2338 – 0.0179*x  0.6711 8.34 

1,100 Y = 9.085 – 0.025*x  0.4099 7.83 

 Stem Diameter at 90 DAS (mm)   

Biochar (g/pot) Equations R2 Mean 

0 Y = 8.1634+ 0.1497x – 0.0013**x2 0.8830 10.81 

800 Y = 11.461 – 0.0263**x  0.7565 10.14 

1,100 Y = 10.939 – 0.0352**x  1.0000 9.18 

 Head diameter (cm)   

Biochar (g/pot) Equations R2 Mean 

0 Y = 6.3268+ 0.1139**x – 0.0009**x2 0.816 8.54 

1,100 Y = 7.2476+ 0.0721**x – 0.001**x2 0.799 7.28 
(**), (*) significant to (p≤ 0.01) and (p≤ 0.05); Y = head diameter (cm);  x = NPK doses (%). 

 

 
 

 

Fig 2. Sunflower plant height at 90 DAS in fertilizer doses function (%) (A) and poultry litter biochar (g/pot) at 60 DAS (B). 

B 

A B 

A 
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Fig 3. Stem diameter at 60 (A) and 90 DAS (B) in function of NPK doses (%) and biochar (g/pot). 

 

 

 
Fig 4. Sunflower head diameter depending on NPK doses (%) and poultry litter biochar (g/pot). 

 

 

 

 

  
Fig 5. Number of achenes per head (NAH) in NPK doses function -% (A) and poultry litter biochar - g/pot (B). 

 
Fig 6. Hundred achenes weight (W100A) as a function NPK dose (%). 

 
 

A B 

A B 
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The stem diameter by 22.9% and 32.2%, respectively, when 

compared to lower and higher dose of NPK recommendation. 

Regarding the plants that received the dosage of 400 g/pot of 

biochar, as regression studies showed, there was no 
significant effect on stem diameter being reached an average 

value of 10.4 mm, a fact related to the effects of salt stress, 

such as those mentioning earlier. 

 

Head diameter (cm) 

 

There is an apparent significant interaction between the NPK 

doses (factors) × Biochar doses on head diameter (HD) (Fig 
4), according to the regression equations (Table 2). We 

observed increase in the head diameter up to the dose of 

63.3% (9.9 cm) and 36.0% (8.55 cm) of the NPK 

recommendation with 0 and 1,100 g/pot of biochar dose 
respectively. The smallest estimated value was observed in 

plants fertilized with 100% of NPK recommendation. 

Plants that received the dosage of 400 and 800 g/pot of 

biochar (according to regression studies), showed no 

significant effect on head diameter being reached average 

values of 8.9 and 7.7 cm, respectively. As for the growth 

variables, sunflower head diameter was also significantly 

reduced with the application of biochar mainly due to 
increased soil salinity. According to Nobre et al. (2010), 

increased salinity causes a reduction in water availability to 

the plants and consequently the reduction of sunflower head 

diameter. 
 

Number of achenes for head 

 

As the regression equation shows (Fig. 5A), there is a 
quadratic effect on the number of achenes for each head 

(NAH) on the basis of NPK doses. The highest value was 

observed at a dose of 51.6% (430 achenes) of the 

recommendation dose, which promoted an increase of 32.4% 
compared to the lower doses. It is also noted that from this 

point, there is a reduction of 28.5% in the number of seeds 

per head, compared to the plants receiving 100% of NPK 

recommendation. Such results are related to the larger 
sunflower head diameter (HD) obtained near 50% of the NPK 

dose recommendation. The major sunflower head diameter 

favors the increased formation of flowers and, in turn, also 

more achenes. Pivetta et al. (2012) found a significant 
positive correlation between number of achenes in head and 

sunflower head diameter, showing that an increase of a 

variable will result in increasing the others. According to 

Jahangir et al. (2006) the combination of 120 kg ha-1 of N and 
75 kg ha-1 of P2O5 promoted greater number of achenes per 

head obtaining an average of 341 achenes. Centeno et al. 

(2014) found a linear increase of the total number of achenes 

with increasing nitrogen rates, obtaining the greatest results 
with the dose of 150 mg kg-1. 

The results of the number of sunflower achenes per head, 

as function of biochar doses, were better adjusted to the linear 

model (Fig. 5B). As the regression equation shows, there is 
35.7% reduction in the number achenes per head, when 

compared to the doses 0 and 1,100 g/pot. The number of 

achenes per head varied 296-440 units. The increase in soil 
salinity due higher doses of biochar also affected the number 

of achenes per sunflower head. Accordingly, Rhoades et al. 

(2000) reported that the effects of salt stress manifest both the 

development and production of crops, mainly reducing the 
development of the fruit, like symptoms of water stress. 

Centeno et al. (2014) found linear reduction in the number of 

sunflower achenes with the increase of the EC of irrigation 

water. 

Hundred achenes weight (g)(W100A) 

 

For the hundred achenes weight (W100A) (Fig. 6), best fit of 

the data to the quadratic model can be observed; thus 
reaching the maximum point at the dose of 39.8% of NPK 

recommendation, corresponding to an increment of 9.5% 

compared to the lower dose. The hundred achenes weight 

varied from 3.9 to 4.9 g; however, these values are lower than 
those reported by Jahangir et al. (2006) who observed 

variation from 5.0 to 5.7 g, and maximum values obtained 

with combination of 120 kg ha-1 of N and 75 kg ha-1 of P2O5. 

Nobre et al. (2011) found linear effect of nitrogen 
fertilization on this variable, and the plants subjected to a 

dose of 125 mg kg-1 obtained hundred achenes weight of 4.9 

g. Banerjee et al. (2014) reported that the combination of 50 

kg ha-1 100:50: NPK promotes the hundred achenes weight 
(5.6 g). According to Amorim et al. (2008) there are 

significant effect between seed yield, head diameter, 

percentage of normal seed and thousand grains weight. 

 

Materials and Methods 

 

Plant material and location of the experiment 

 
The experiment was carried out under greenhouse conditions 

at the Agricultural Engineering Department of the Federal 

University of Campina Grande, Paraiba State, Brazil (35º  53’ 

31” W, 07º 13’ 11” S; 547 m asl) from September to 
December 2014. The climate is the Csa type according to the 

climate classification Köeppen, which is mesothermal 

climate, sub-humid, with hot and dry period (4-5 months) and 

rainy season autumn to winter. In the period from September 
to December 2014 the temperature ranged from 18.9 °C to 

28.5 °C and the relative humidity ranged from 82% to 77.5% 

(Aesa, 2014). The sunflower cultivar used was Embrapa 122 / 

V2000 bred by Embrapa. 
 

Experimental design and treatments 

 

The treatments were carried out in a completely randomized 
design, in a 5 × 4 factorial experiment (five mineral 

fertilizing (NPK) doses and four poultry litter (biochar doses) 

with four repetitions, comprised of 80 experimental units. 

The treatments of mineral fertilizing corresponded to 0; 25; 
50, 75 and 100% of NPK (100:300 and 150 mg kg-1) 

fertilization for testing in greenhouse according to Novais et 

al. (1991) and four poultry litter biochar doses corresponded 

to 0%; 5% (400 g/pot); 10% (800 g/pot) and 15% (1,100 
g/pot), calculated based on the soil volume (Jien and Wang, 

2013). The NPK sources used were urea (salt index=75), 

monoammonium phosphate (MAP) (salt index=30) and 

potassium chloride (KCl) (salt index=115) respectively, 
being applied in the treatment with 100% recommendation 

1.41 g of urea, 13.64 g of MAP and 5 g KCl. The MAP was 

applied every seven days from 25 days after sowing (DAS). 

The KCl was applied at 30; 45 and 60 DAS and urea was 
applied at 50 DAS. The biochar was incorporated into the soil 

and allowed to incubate for a period of 20 days. A foliar 

fertilizer was also applied at 40 DAS, using Ubyfol® 
(micronutrients) at a ratio of 0.5 kg of leaf fertilizer for 100 

liters of water. 

 

Soil analysis 

 

Each experimental unit consisted of a plastic vase filled with 

20 kg of soil with the following chemical characteristics 

according to the methodology of Embrapa (2011): pH (H2O) 
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= 6.4; Ca = 2.10 cmolc kg-1; Mg = 2.57 cmolc kg-1; Na = 0.06 

cmolc kg-1; K = 0.14 cmolc kg-1; H + Al = 4.05 cmolc kg-1; 

O.M. = 4.8 g kg-1; P = 4.6 mg kg-1; pHse (saturation extract) = 

5.8; ECse = 0.22 dS m-1; SAR (sodium adsorption ratio) = 
0.75;  Cl-se= 1.0 mmolc L

-1; CO3
2-

se= 0.0; HCO3
-
se= 1.2 mmolc 

L-1; Ca2+
se= 0.25 mmolc L

-1; Mg2+
se= 1.50 mmolc L

-1; Na+
se = 

0.70 mmolc L
-1; K+

se= 0.19 mmolc L
-1. 

 

Biochar analysis 

 

The biochar was produced from conventional pyrolysis 

process using chicken litter waste (450°C × 0.5 hours × 
atmospheric pressure) having as chemical attributes, 

according to the methodology proposed by the Embrapa 

(2009): pH (H2O) = 10.1; N = 42.31 g kg-1; P = 32.56 g kg-1; 

K = 48.56 g kg-1; Ca = 57.75 g kg-1; Mg = 12.40 g kg-1; Na = 
14.37 g kg-1; Fe = 137 g kg-1; Cu = 812 g kg-1; Zn = 700 g kg-

1; Mn = 862 g kg-1. In order to analyze the salinity of biochar, 

the following empirical methodology was adopted: 12.5 

grams of biochar was mixed in 125 mL of distilled water in 

polyethylene tube with a drain partially closed by cotton to 

prevent the loss of biochar. The drained liquid was 

chemically analyzed. The results were: pH (H2O) = 9.39; 

E.C. (dSm-1) = 8.87; P = 56.9 mg L-1; K = 9.6 mg L-1; Ca = 
3020.2 mg L-1; Mg = 88.4 mg L-1; Na = 465.1 mg L-1. 

 

Conduct of the study 

 
Three sunflower seeds (cultivar Embrapa 122 / V2000) were 

sown on October 19, 2014 directly in the pots at a 5 cm 

depth. Ten and twenty DAS, seedlings were thinned to two 

and one plant per pot, respectively. During the experimental 
period, the cross-pollination, cultural treatments and 

phytosanitary control were made. 

Irrigation was performed daily using rainwater. The applied 

water volume (Va) was measured using the water 
consumption by the plants in 100% ETr, according to Eq.1, 

being obtained from the difference between the mean weight 

of the container in conditions of maximum retention of water 

(Pcc) and the average weight of the containers in the non-
saturation condition (current weight) (Pa) divided by the 

number of containers (n). 

  n

PaPcc
Va




                              

(1) 

After the experiment, in the extract saturation the chemical 
elements contents and CEse and pH values were determined 

according to the methodology proposed by Embrapa (2011). 

At 60 and 90 DAS, the plant height (PH) and stem diameter 

(SD) were evaluated. The number of fully expanded leaves 
(NL) with minimal length of 3 cm was evaluated at 30 and 60 

DAS. 

When the plants reached the harvest stage the following 

production components were evaluated: head diameter (HD 
number of achenes per head (NAH), hundred achenes weight 

(W100A), considering only viable achenes according to the 

methodology proposed by Brasil (2009). 

 

Statistical analysis 

 

The experimental data was analyzed by ANOVA using F test. 

In case of significance of the interaction between factors, 
affected polynomial regression analysis was carried out. In 

cases of no significant interaction, the isolated effect of 

factors was done through regression analysis, when it had a 

significant effect. The F-test was adopted at 5% of 
probability for all analyzes. All analyses were performed 

using statistical software SISVAR (Ferreira, 2011).  

Conclusions 

 

The fertilization with poultry litter biochar from 400 g/pot 

and higher triggered soil salinity of the experimental units 
and reduced the growth and production components of 

sunflower, in which the reductions in the number of leaves 

(NL), plant height (PH), stem diameter (SD) and number of 

achenes for each head (NAH) were observed. Fertilization 
with 50% of NPK recommendation (50:150:75 mg kg-1) was 

the best treatment and promoted the growth values and 

production components, when compared with other NPK 

treatments. The combination of 50:150:75 mg kg-1 (50%) of 
NPK fertilization and 1,100 g/vaso of poultry litter biochar 

produced larger head diameter (HD) of sunflower. 
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