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Abstract 
The effect of effluents from biodigestion of pre-treated rice bran in combina-
tion with two types of animal manure on dry matter yield of Amarathus viri-
dis was investigated using two pre-treatment methods: Soaking in ordinary 
distilled water and boiled in distilled water at 100˚C. The pre-treated rice 
bran and animal manure were mixed (w/w basis) to give carbon to nitrogen 
ratio of 35:1 and 37:1 prior to loading into the digester to make eight different 
treatment combinations as follow: 1) Cow dung with no rice bran (NRB + 
CD); 2) Raw rice bran + cow dung (RRB + CD); 3) Soaked rice bran in ordi-
nary distilled water + cow dung (SRB + CD); 4) Boiled rice bran + cow dung 
(BRB + CD); 5) Poultry manure with no rice bran (NRB + PM); 6) Raw rice 
bran + poultry manure (RRB + PM); 7) Soaked rice bran + poultry manure 
(SRB + PM); 8) Boiled rice bran + poultry manure (BRB + PM). Samples of 
different treatment combinations were collected before digestion, both the 
samples and resultant effluents were subjected to elemental analysis using 
AAS. The effluents from the biodigestion of these combinations were applied 
at two rates (80 and 150 kg N ha−1) to 3 kg air-dried and sieved soil samples (0 
- 20) cm in the greenhouse, control (0 kg N ha−1) and reference pot with NPK 
fertilizer at the 80 kg N ha−1 were arranged in a completely randomized de-
sign replicated three times. Amaranthus plants were introduced into each 
treated pot, left for four weeks before harvest, dry matter yields were record-
ed. Results of chemical analysis of raw materials and effluents obtained after 
biodigestion revealed the presence of all plant nutrients in both the raw ma-
terials and resultant effluents though the former had higher values in some 
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nutrients than the effluent, for examples treatment combination of CD, the 
values for organic carbon (42.85%), Ca (3.41%) and Mg (0.61%) were higher 
than in the resultant effluent for CD, a similar trend was observed with other 
treatment combinations. Drastic reduction in heavy metal concentration was 
observed after digestion, Pb content in the raw materials for poultry manure 
reduced by 94.7% in the resultant effluent from BRB: PM thus making the ef-
fluent a better soil amendment. Raw chicken manure was richer in the nu-
trients needed for optimal crop growth however, raw cow dung had the high-
est. The amendment of effluent from boiled rice bran with poultry manure at 
150 kg N ha−1 significantly increased the dry matter yield of Amaranthus viri-
dis over control pots, NPK pots and all other amendments thus making it a 
good alternative to NPK fertilizer. 
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1. Introduction 

Conventional farming has played an important role in improving production of 
food to meet human demands through intensive application of inorganic ferti-
lizers [1]. High cost and scarcity of inorganic fertilizers in developing countries 
led to renewed interest in the use of unorthodox organic materials as nutrient 
sources for crop production especially Amaranthus viridis. Application of NPK 
and urea fertilizers is a normal practice in amaranthus production, however, 
previous reports revealed the negative impacts of continuous application of these 
mineral fertilizers both on soil properties and the environment [2]. The use of 
easily available and cheap agrowastes by vegetable farmers in peri-urban areas 
ensures the sustainability of vegetable production, more balanced crop nutrition 
and environmental sanitation. These agro wastes include animal wastes such as 
poultry manure and cow dung, and other plant residues [3]. However, huge 
quantities are needed to meet up the nutrient needs of many crops thus reducing 
its wide application. Therefore, there is a need for a low-cost technology for bet-
ter utilization. Rice bran (RB) is the most abundant agricultural residue in rice 
producing countries around the world and one of the major by-products of the 
rice milling process. It constitutes about 20% of the paddy by weight [4] and is 
very rich in plant nutrients [5] [6]. Rice bran when ploughed into the soil takes a 
long time to decompose because of its high C:N ratio [7]. Rice farmers in Nigeria 
usually result to open burning to manage the huge quantities, this method is ac-
companied by a lot of environmental hazards. 

Recently, research attention in tropical countries has shifted to the utilization 
of effluents from biodigestion of organic materials to improve soil fertility and 
yield of crops. Previous reports showed evidence of increased crop production 
by using effluent from biogidestion of organic materials [8]. [9] recorded in-
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crease in dry matter yield of radish through the application of effluent from bio-
digestion of organic materials. However, there is limited information on the use 
of effluents from the rice bran and its effects as soil amendments to improve 
yield and nutrient uptake of crops. Therefore, this study was conducted to inves-
tigate the effect of effluents from the biodigestion of pre-treated rice bran and 
animal manure on the Nutrient Uptake and Yield of Amaranthus viridis. 

2. Materials and Methods 
2.1. Materials 

Rice bran used for this study was collected from Ekiti State Rice Mill Company in 
Ado Ekiti, Nigeria. Fresh poultry manure and cow dung were collected at the 
Teaching and Research Farm of the Obafemi Awolowo University, Ile-Ife, Nigeria. 

2.2. Collection of Soil Samples and Analysis 

Soils samples used for the experiment were randomly collected at 0 - 20 cm soil 
depth from an exhaustively cropped land which had been farmed continuously 
for over four years at the Teaching and Research Farm of the Obafemi Awolowo 
University Ile-Ife located on latitudes 7˚31'N and 7˚33'N and longitudes 4˚33'E 
and 4˚34'E, in the rain forest zone of southwest Nigeria. The experimental soil 
was classified as Iwo series (ultisol) [10]. The soil samples were air dried and 
sieved. The fraction that passed through a 5 mm was used for greenhouse studies 
while the fraction that passed through a 2 mm sieve was subjected to both phys-
ical and chemical analysis in the laboratory of the Department of Soil Science 
and Land Resources Management. The particle size distribution was determined 
using the modified method of [11] described by [12] Soil pH was determined 
using a glass electrode pH meter in 0.01 M CaCl2 solution, [13] and modified by 
[14]. Total N was determined using the method described by [15]. Soil organic 
matter was determined using the method described by [16] as modified by [17]. 
Available P was extracted by Bray-1 method described by [18] as modified by 
[19], Visible Spectrophotometer Model 721, Axiom Mediral LMD. U.K.). Ex-
changeable cations were extracted using 1 N-NH4OAc [20] as modified by [21]. 
Concentrations of K and Na in the solution were determined with the flame 
photometer (PG-FP902 microprocessor model) while Ca, Mg concentrations 
were determined using atomic absorption spectrophotometer PG-AA500FG 
model. The exchangeable acidity was determined by 1 N KCl extraction solution 
[22]. The soil CEC was determined by the addition of exchangeable and exchan-
geable acidity [20] [23] modified by [24]. Micro nutrients contents (Fe, Zn, Mn 
Cu), and Heavy metals (Pb, Cd) were also determined [25]. 

2.3. Pre-Treatment of the Materials 

Two pre-treatment methods were used: rice bran boiled at 100˚C for 30 minutes 
in (BRB), rice bran soaked for 72 hours in ordinary distilled water at ambient 
temperature of 29.6˚C ± 3.4˚C (SRB. Pre-treated rice bran and animal manure 
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were mixed (w/w basis) to give carbon to nitrogen ratio of 35:1 and 37:1 prior to 
loading into the digesters. Eight different treatment combinations were sub-
jected to anaerobic digestion for 16 weeks at the Department of Agricultural and 
Environmental Engineering 1) Cow dung with no rice bran (CD); 2) Raw rice 
bran + cow dung (RRB:CD); 3) Soaked rice bran + cow dung (SRB:CD); 4) 
Boiled rice bran + cow dung (BRB:CD); 5) Poultry manure with no rice bran 
(PM); 6) Raw rice bran + poultry manure (RRB:PM); 7) Soaked rice bran + 
poultry manure (SRB:PM); 8) Boiled rice bran + poultry manure (BRB:PM). The 
mixture was digested for 16 weeks and the digestion was carried out at the De-
partment of Agricultural and Environmental Engineering). The control treatments 
had zero level of rice bran. After the mixing, the digesters were loaded and the 
digesters were then hermetically sealed. The digesters were agitated manually 
twice daily to ensure intimate contact between micro-organisms and the sub-
strate as well as uniform heat distribution. 

2.4. Analysis of Effluent Nutrients 

Effluent samples (digested slurry) were collected for each treatment and ana-
lysed for the following parameters: total nitrogen (TN), available phosphorus 
(P), potassium (K), total organic carbon (TOC), iron (Fe), calcium (Ca), magne-
sium (Mg), zinc (Zn), manganese (Mn) and pH. 

2.5. Greenhouse Experiment 

The effect of effluents generated from the biogas production on the growth of 
Amaranthus viridis was tested in the greenhouse of the Faculty of Agriculture, 
Obafemi Awolowo University, Ile-Ife. Three kilogrammes of air-dried and 
sieved surface soil were filled into each 7 cm × 19.2 cm × 13.8 cm (height x top 
diameter × base diameter) pot. The pots had perforations underneath to prevent 
water logging and ensure soil aeration. The pots were arranged in complete 
randomized design, control pots and reference pots (80 Kg N ha−1 NPK fertiliz-
er) were included to make a total of 10 treatments. The effluents were incorpo-
rated into the soil at application rates of 80 and 150 kg N ha−1 two weeks prior to 
sowing of Amaranthus viridis. All were replicated thrice to give a total of 54 pots 
labeled and arranged in a completely randomized design. The pots were mois-
tened to and maintained at 70% of the soil’s field moisture capacity and the ap-
plied treatments were allowed to undergo incubation for a period of two weeks. 
Seeds of Amaranthus viridis were sown into each pot and thinned to two stands, 
one week after sowing (WAS).  

2.6. Plant Analysis 
2.6.1. Determination of Plant Dry Matter and Moisture Content 
The edible portions of the Amaranthus viridis (Leaves + Succulent stem) were 
harvested after four weeks, kept in polythene bag and immediately transported 
to Soil Testing Laboratory of the Department of Soil Science and Land Resources 
Management. The harvested plant samples were oven dried at 60˚C until a con-
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stant weight was obtained. The percent dry matter was determined according to 
[26]  

Weight of Dry Sample 100% Dry matter
Weight of Fresh Sample 1

= × . 

The percent plant moisture content of the plant tissue was determined using 
the expression: 

( ) ( )Weight of Fresh Sample Weight of Dry Sample 100% water content
Weight of Fresh Sample 1

−
= × . 

2.6.2. Determination of Nutrient Uptake 
The nutrients in the plant samples were extracted using wet ash digestion me-
thod. Nitrogen content was determined using Kjeldahl method as described by 
[15]. Other nutrients (P, K, Ca, Fe, Mg, Zn, Mn, Pb, Cr, Cd, Ar, Ni and Hg) were 
determined using method as described by AOAC [27]. The nutrient uptake was 
determined according to [26]. 

( )

( ) ( ) ( )
Dry matter weight gm

moisture %
wet weight gm wet weight gm

100%
 

= − × 
 

 

( )dry matter weight kgkgDry matter yield
hectare area of Harvested land

  = 
 

 

( ) ( )

kgNutrient removal
hectare

dry matter yield kg hectare concentration %
100%

 
 
 

×
=

 

2.7. Statistical Analysis 

The data obtained from anaerobic digestion was subjected to two-way analysis of 
variance (ANOVA) to determine variation in properties. Where significance was 
indicated, the means were separated using Duncan’s New Multiple Range Test 
(DMRT) at 5% significance level. However, greenhouse experiment data was 
subjected to one-way analysis of variance (ANOVA) and means were separated 
using Duncan’s New Multiple Range Test at 5% significance level. The statistical 
analysis was performed using the GLM procedure of Statistical Analysis System 
[28] software. 

3. Result and Discussion 
3.1. Physicochemical Properties of Soil 

The physical and chemical properties of the soil used in the study were pre-
sented in Table 1. The soil was loamy sand in texture with pH of 6.5 indicating a 
slightly acidic condition. Total N (1.0 g∙kg−1), organic carbon (17.3 g∙kg−1), 
available P (7.46 mg∙kg−1) and exchangeable Mg (0.18 cmol∙kg−1) were below the  
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Table 1. Pre-planting physical and chemical characteristics of soils. 

Parameters Mean values 

pH (1:1 soil to water) 6.5 

Total N (g∙kg−1) 1.0 

Total organic carbon (g∙kg−1) 17.3 

Available P (mg∙kg−1) 7.46 

Exchangeable cations (cmol∙kg−1)  

Ca2+ 0.34 

Mg2+ 0.18 

K+ 0.50 

Na+ 0.30 

CEC (cmol∙kg−1) 1.40 

Exchangeable Acidity H+ (cmol∙kg−1) 0.09 

Micronutrients (mg∙kg−1)  

Fe 0.16 

Zn 0.10 

Mn 0.08 

Cu 0.06 

Heavy metals (mg∙kg−1)  

Pb 0.01 

Cd 0.01 

Particle size distribution (g∙kg−1)  

Sand 105.5 

Silt 838.0 

Clay 58.0 

Textural class Loamy sand 

 
critical values for soils of Southwestern Nigeria according to [29]. Similarly, mi-
cronutrient contents were below the critical values for optimum crop production 
[30] thus indicating the low fertility status of the soil. 

3.2. Selected Chemical Properties of the Feedstock and Effluent 

The nutrients and heavy metal contents in feedstock and effluents were pre-
sented in Table 2 and Table 3. The results revealed the high nutrient content of 
raw poultry manure compared with other feedstocks, for example, highest values 
in N (4.48%) and P (1.93%) were recorded for raw poultry manure values in 
while raw cow dung had the highest organic carbon, Ca and Mg (42.85%, 3.41% 
and 0.61%, respectively). Rice bran had the highest K value (2.37%). Raw poultry 
manure gave highest Fe (528 mg∙kg−1), Zn (475 mg∙kg−1), Mn (644% mg∙kg−1), Pb 
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Table 2. Nutrient content in feedstock and effluents. 

Feedstock 

Elements 

N P K TOC Ca Mg 

% 

Cow Dung 1.26 1.63 0.44 42.85 3.41 0.61 

Poultry manure 4.48 1.93 1.43 40.15 3.26 0.56 

Rice bran 1.47 1.37 2.37 15.80 0.07 0.48 

Effluents       

NRB:CD 2.51 1.43 0.33 26.94 3.22 0.48 

RRB:CD 2.58 1.40 0.59 24.91 3.06 0.54 

SRB:CD 3.23 1.39 0.37 33.48 3.42 0.52 

BRB:CD 2.85 1.40 0.43 28.55 3.26 0.49 

NRB:PM 3.28 1.83 1.26 33.63 2.92 0.47 

RRB:PM 3.43 1.78 1.25 36.03 2.86 0.43 

SRB:PM 3.48 1.83 1.32 35.99 3.45 0.41 

BRB:PM 3.63 1.78 1.32 37.78 3.78 0.51 

Where NRB:CD = no rice bran + cow dung; RRB:CD = raw rice bran + cow dung; SRB:CD 
= soaked rice bran + cow dung; BRB:CD = boiled rice bran + cow dung; NRB:PM = no 
rice bran + poultry manure; RRB:PM = raw rice bran + poultry manure; SRB:PM = 
soaked rice bran + poultry manure; BRB:PM = boiled rice bran + poultry manure. 
 
Table 3. Micro nutrients and heavy metals concentration in feedstock and effluent. 

Feedstock 

Elements 

Fe Zn Mn Pb Cd Cr Ar Ni Hg 

mg∙kg−1 

Cow Dung 126.25 183.25 391.00 2.84 0.21 3.60 2.93 2.34 2.84 

Poultry manure 528.70 475.10 644.50 24.45 3.06 30.11 12.80 1.95 0.81 

Rice bran 1.11 0.94 3.47 0.18 0.26 0.01 0.01 0.83 0.15 

Effluents          

NRB:CD 12.51 14.54 13.06 1.11 0.11 0.06 0.03 0.02 0.01 

RRB:CD 12.08 14.58 12.87 1.12 0.11 0.03 0.02 0.01 0.01 

SRB:CD 13.49 14.77 13.77 1.19 0.11 0.02 0.01 0.01 0.01 

BRB:CD 12.51 14.08 13.15 1.11 0.09 0.03 0.02 0.01 0.01 

NRB:PM 14.67 15.49 13.62 1.26 0.16 0.03 0.02 0.01 0.01 

RRB:PM 14.72 15.34 13.37 1.22 0.13 0.03 0.01 0.01 0.01 

SRB:PM 15.41 15.35 13.15 1.31 0.10 0.02 0.01 0.01 0.01 

BRB:PM 15.76 15.60 13.72 1.28 0.13 0.01 0.01 0.01 0.01 

Where NRB:CD = no rice bran + cow dung; RRB:CD = raw rice bran + cow dung; SRB:CD 
= soaked rice bran + cow dung; BRB:CD = boiled rice bran + cow dung; NRB:PM = no 
rice bran + poultry manure; RRB:PM = raw rice bran + poultry manure; SRB:PM = 
soaked rice bran + poultry manure; BRB:PM = boiled rice bran + poultry manure. 
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(24.45 mg∙kg−1), Cd (3.06 mg∙kg−1), Cr (30.11 mg∙kg−1) and Ar (12.80 mg∙kg−1). 
However, raw cow dung gave highest Ni and Hg. 

The result of chemical composition of effluent of different treatment combi-
nations after bio digestion showed higher nutrient content compared with raw 
feedstocks, for example, N content in the effluent CD without rice bran (2.51%) 
was higher than raw CD (1.26%), similar observation was also reported in pre-
vious studies [31] [32] [33]. Among the different feedstocks subjected to bioges-
tion, effluent from poultry manure effluent (PM, RRB: PM, SRB: PM and BRB: 
PM) contained higher amount of TOC, N, P, K, Fe and Zn compared to effluent 
of rice bran and cowdung. Drastic reduction in the micronutrients and heavy 
metal contents of the effluents from biodigestion compared to raw feedstocks 
was observed, thus showing the potential of these effluents as an environmen-
tal-friendly alternative fertilizer for sustainable soil management. For example, 
about 98% decrease in Pb content was recorded for all PM treatments compared 
to the raw sample. In addition, likehoodly of micronutrients toxicity will be less 
pronounced with the effluents compared to application of raw samples. These 
results are in close conformity with previous work by [34]. Result of chemical 
composition of the effluent from bio digestion of combined rice bran and animal 
manure showed the potential of these effluents as a viable alternative to mineral 
fertilizer. Almost all the plant nutrients were present in an adequate amount.  

3.3. Effects of Effluent from Bio-Digestion of Rice Bran with  
Animal Manure Treatment on Dry Matter Yield, Nitrogen,  
Phosphorus and Potassium Uptake of Amaranthus viridis  
Plants 

The results showing the effects of effluents from biodigestion of rice bran and 
animal manure on dry matter yield, nitrogen, phosphorus and potassium uptake 
of Amaranthus viridis were presented in Table 4. Application of effluents from 
different treatment combinations significantly increased dry matter yield of 
Amaranthus viridis over the control pot, highest dry matter yield was recorded 
from pot treated with effluent from biodigestion of BRB:PM at the rate of 150 kg 
N ha−1 and significantly higher than NPK treated pot, this is an indication of the 
potential of effluents from biodigestion of organic materials as viable alternative 
to mineral fertilizer. This result was in close conformity with earlier research 
findings [9] [35] [36] [37]. In addition, no significant difference in the dry mat-
ter yield was observed among all the pots treated with effluents at 80 kg N ha−1 
and NPK treated pot.  

Pots treated with effluents and NPK fertilizer significantly (p < 0.05) had 
higher N. P and K uptake over the control pot. However, highest values in N and 
K uptake were recorded in pots treated with NPK fertilizer while plants har-
vested from pot treated with BRB: PM at rate of 150 kg N ha−1 had the highest P 
uptake. The increased N and K uptake in NPK treated pot over effluents treated 
pots could be as a result its high solubility. The result corroborated the work of 
[38] who reported significant increase in the nutrients content of cucumber leaf. 
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Table 4. Dry matter yield, nitrogen, phosphorus and potassium uptake of Amaranthus 
viridis plants. 

Treatments 
Rates DMY N P K 

(kg N ha−1) g mg∙kg−1 

Control 0 15.01c 8.00l 13.01l 15.76m 

NPK 80 15.88cd 78.61a 78.30e 248.07a 

NRB:CD 
80 14.21f 60.36hi 51.91j 49.36j 

150 15.20c 70.48cd 68.12g 65.85i 

SRB:CD 
80 14.47f 57.22jk 72.66f 20.54l 

150 15.61d 72.52bc 88.74c 49.59j 

RRB:CD 
80 16.42ab 68.96de 82.14d 47.95j 

150 15.81cd 72.66bc 97.62b 67.06i 

BRB:CD 
80 14.53f 65.24fg 57.89i 48.00j 

150 16.00c 71.20cd 68.54g 41.05k 

NRB:PM 
80 14.49f 54.33k 47.29k 164.62h 

150 15.09c 60.34hi 59.56i 183.66f 

SRB:PM 
80 15.80cd 62.56gh 69.37g 208.48d 

150 16.07bc 67.16ef 79.47de 204.81e 

RRB:PM 
80 15.09c 57.60ij 63.90h 180.88g 

150 16.06bc 69.78de 81.13d 211.34c 

BRB:PM 
80 14.52f 62.48hg 76.84e 207.64d 

150 16.65a 75.22b 102.97a 229.58b 

Means having the same letter(s) in the columns are not significantly different at 5% sig-
nificant level. Where NRB:CD = no rice bran + cow dung; RRB:CD = raw rice bran + cow 
dung; SRB:CD = soaked rice bran + cow dung; BRB:CD = boiled rice bran + cow dung; 
NRB:PM = no rice bran + poultry manure; RRB:PM = raw rice bran + poultry manure; 
SRB:PM = soaked rice bran + poultry manure; BRB:PM = boiled rice bran + poultry ma-
nure. 

3.4. Effects of Effluent from Bio-Digestion of Rice Bran with  
Animal Manure Treatment on Calcium and Magnesium  
Uptake of Amaranthus viridis Plants 

Positive significant (p < 0.05) effects of the effluents and NPK treatments over 
control pot were recorded for Ca and Mg uptake in Amaranthus viridis as pre-
sented in Figure 1. 

3.5. Effects of Effluent from Bio-Digestion of Rice Bran with  
Animal Manure Treatment on Heavy Metal Uptake of  
Amaranthus viridis Plants 

The result showing the uptake of heavy metals in Amaranthus viridis as  
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(a) 

 
(b) 

Figure 1. (a) Calcium uptake of Amaranthus viridis plants; (b) Magnesiun uptake of Amaranthus viridis 
plants. 

 
influenced by the application of effluents from different treatment combinations 
was presented in Table 5. Extremely low values in all the heavy metals studied 
further support the potential of using effluents from biodigestion of rice bran 
and animal manure as viable fertilizer compared with mineral fertilizer. 

4. Conclusion 

The study revealed the high plant nutrient status of effluents from biodigestion 
of rice bran with animal manure, extremely low amount of micronutrients and 
heavy metal too showed the potentials of using these effluents as a viable alter-
native to mineral fertilizers. The positive impact of the effluents on nutrient up-
take and yield of Amaranthus viridis observed further confirmed its suitability as 
a good soil amendment. This study confirmed the effectiveness of effluent from bio 
digestion of rice bran with animal manure as a low cost, environmentally friendly  
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Table 5. Heavy metal uptake of Amaranthus viridis plants. 

Treatments 
Rates Pb Cd Cr As Ni Hg 

(kg N ha−1) mg∙kg−1 

Control 0 0.0002 0.0002l 0.0001c 0d Nd Nd 

NPK 80 0.0002i 0.0002l 0d 0d Nd Nd 

NRB:CD 
80 0.0004g 0.0006h 0d 0d Nd Nd 

150 0.0007c 0.0008f 0d 0d Nd Nd 

SRB:CD 
80 0.0004g 0.0006h 0.0001c 0d Nd Nd 

150 0.0009c 0.0007g 0.0002b 0d Nd Nd 

RRB: CD 
80 0.0012b 0.0013c 0.0002b 0.00001c Nd Nd 

150 0.0015a 0.0019a 0.0003a 0.00004b Nd Nd 

BRB:CD 
80 0.0002i 0.0003k 0d 0d Nd Nd 

150 0.0005f 0.0006h 0d 0d Nd Nd 

NRB:PM 
80 0.0003h 0.0005i 0d 0d Nd Nd 

150 0.0003h 0.0008f 0d 0d Nd Nd 

SRB:PM 
80 0.0003h 0.0004j 0.0002b 0d Nd Nd 

150 0.0004g 0.0004j 0.0002b 0d Nd Nd 

RRB:PM 
80 0.0008d 0.0010d 0.0003a 0.00001c Nd Nd 

150 0.0012b 0.0016b 0.0003a 0.00006a Nd Nd 

BRB:CM 
80 0.0005f 0.0006h 0.0002b 0.00001c Nd Nd 

150 0.0009c 0.0009e 0.0002b 0.00006a Nd Nd 

Means having the same letter(s) in the columns are not significantly different at 5% sig-
nificant level. Where NRB:CD = no rice bran + cow dung; RRB:CD = raw rice bran + cow 
dung; SRB:CD = soaked rice bran + cow dung; BRB:CD = boiled rice bran + cow dung, 
NRB:PM = no rice bran + poultry manure; RRB:PM = raw rice bran + poultry manure; 
SRB:PM = soaked rice bran + poultry manure; BRB:PM = boiled rice bran + poultry ma-
nure. 
 
fertilizer over mineral fertilizer for the production of Amaranthus viridis. This 
will ensure food security at a sustainable level.  
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