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ABSTRACT 

The current strategy of using organic soil amendments as a sustainable means of soil fertility 

restoration and for increase in yields of broccoli (Brassica oleraceae var. Legacy) planted on 

marginal soils stimulated positive response in plant height, curd diameter, weight per curd, 

marketable and non-marketable yields, pH, organic matter, P, K levels and return on investment 

as observed under screen house in 2016 and 2017 seasons at the vegetable Crops nursery of the 

Institute of Crops Science University of the Philippines Los Banos, Laguna 4031. The 

treatments consisted of four organic soil amendments (composted chicken manure, mushroom 

compost, composted horse manure and vermicompost) applied at the rate of 6 tons/ha and a 

control. These were combined to give five treatments combination and laid out in a 

Randomized Complete Block Design replicated thrice. Results showed a significant effect of 

all the applied organic soil amendments in the two years of study on all the parameters 

recorded. However, composted chicken manure significantly gave the tallest height, heaviest 

curd, largest curd diameter, heaviest weight per curd, marketable and non-marketable yields, 

increased in pH, highest organic matter, P and K levels and highest return on investment of 

179.42% higher than other treatments and the control in both years. It can be concluded based 

on this results that a clear proof of the compatible synergism of broccoli with the four organic 

soil amendments used had been established as a veritable means of sustainable broccoli 

production and marginal soil fertility restoration and management technique. It also 

recommends vegetable crop farmer to use decompose chicken manure level of 6 t/ha in 

combination with broccoli variety legacy in order to obtain higher broccoli yield, restore 

fertility of marginal soils for higher net profit and returns on investment in the study area.  
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INTRODUCTION 

Broccoli (Brassica oleraceae L. var. legacy) is considered a high value vegetable due to 

its relative importance to human health and the economy of farmers involved in its production. 

Broccoli constitutes about 36% percent of the vegetable crops that are found daily on display 

for sale in Metro Manila markets (Aquino, 2012). High value vegetables such as broccoli are 

good sources of vitamins and minerals and contain antioxidants which are important for good 

health, being rich in calcium, folic acid, selenium, potassium, vitamins A and C (Jahangir et 

al., 2009), anticarcinogenic properties, bowel cleansing by the presence of glucosinolates and 

photochemical products that offer an extra protection against heart disease (Rosa and 

Rodrigues, 2001; Keck and Finley, 2004 and Baenas et al., 2012). The total volume of 

production of this crop in the Philippines in the year 2015 stood at 1,959.63 MT from a 
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cultivated area of 184.75/ ha (Bas, 2011). However, vegetable crops farmers are striving 

vigorously to increase their production output per unit area for higher yield and income due to 

the rapid geometrical population increase brought about by the growing consciousness among 

the populace of the benefit of healthiness and wellness which are key to healthy living and 

longevity.  

There is an increased daily demand for organically produced vegetable crops as a result 

of a growing awareness of possible adverse environmental, health and economic impacts of 

agrochemicals on vegetable crops production couple with increases in production failing to 

keep up with daily demand has stimulated interest in the greater utilization of organic soil 

amendments for restoring fertility, rejuvenating, maintaining the soil and fertilizing vegetable 

crops to achieved an increased in marketable yield. Organically grown high value vegetables 

occupy a major part of the fresh produce industry that has experienced strong growth in the 

1990s (Olusola, 2002). Making up an estimated $4 billion in sales in 2000 (PMA, 2000), as of 

then, the organic produce industry was projected to have an increase of 7% annually in sales 

owing to the consumers demand for safe, healthy, flavorful alternatives for their diets (Olusola, 

2002).  

There is a considerable potential to maintain, increase and improve the quality and yield 

of high value vegetable crops such as broccoli through improved cultural practices like the use 

of organic soil amendments (Batt et al., 2008). Organic soil amendments are any organic 

material added and mixed with the soil in order to increase and maintain the soil fertility by 

improving the chemical and physical properties of the soil for the benefit of the crops (Arancon 

et al., 2006b). The application of organic amendments do stimulate the natural cycles that 

ameliorate and enrich the soil where nutrients are released over time for crop growth and 

development (Snyder, 2009). Organic soil amendments increases the soil water holding 

capacity, improved soil aeration and water infiltration into the soil (Davis and Wilson, 2012). 

Organic farming preserves and enhances fertility of the soil because it encourages the activity 

of beneficial soil inhabiting microorganisms and minimizes flow of toxic agrochemicals into 

waterways, besides, the soil and ecosystem is maintained healthy while producing safe 

vegetables for consumption (Abdel et al., 2004). Building up or nourishing the soil with the 

use of organic soil amendments is the major concept of organic farming which is highly 

sustainable strategy (Stephens and Kostewicz, 2009).  

Organic soil amendments contain plant growth regulating materials, plant growth 

hormones and humic acids all of which have been found to induced germination, growth and 

yields of several plants (Atiyeh et al., 2002). However, the production of high value vegetable 

crops such as broccoli through the use of organic soil amendments is one among many cultural 

practices that would improve quality of produce and at the same time improve the soil chemical 

and physical structure and maintain a healthy environment for the future generations yet 

unborn. However, adopting organic vegetable crop production systems with low inputs will 

provide greater food security for rural and urban families and are socially and environmentally 

more sustainable (Altieri, 2002). 

Therefore, the objective of this study is to determine the best among the organic soil 

amendments; assess their effects on broccoli growth and yield, soil pH, soil organic matter 

content, Phosphorus (P) and Potassium (K); compared to costs and returns for the production 

of broccoli using the organic soil amendments mentioned. 
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MATERIALS AND METHODS 

The Study Area 

The study was conducted at the vegetable crops nursery of the Institute of Crops 

Science University of the Philippines Los Banos, College Laguna 4031, over two seasons from 

12th January to 12th March of 2016 and 2017 to study the Productivity of broccoli (brassica 

oleraceae L.) under organic soil amendments. Broccoli (Brassica oleraceae variety legacy) 

was sown into nursery beds under screen house and transplanted at three-to-four leaves stages 

to already prepared permanent growing beds outside the screen house. A composite soil 

samples of each replicate were collected before applying the organic soil amendments and after 

termination of the study from a depth of 15 - 20 cm and analyzed for pH, organic matter, 

phosphorus, potassium and cation exchange capacity (CEC) in the Analytical laboratory of the 

Institute of Chemistry University of the Philippines Los Banos, College Laguna 4031. 

Experimental Design 

Results of soil analysis characterize the soil samples as clay loam with pH 5.50 and 5.13, 

organic matter 0.20 and 0.19 g/kg, available P 5.76 and 6.00 g/kg, K 0.30 and 0.31 Cmol/kg 

soil. Total field size was 100 square meters, total bed at the rate of 6 t/ha one week before 

transplanting and sowing, respectively. However, all important cultural and management 

practices such as weeding, watering and hilling-up were carried out when necessary. 

Data Collection and Analysis 

Data were collected on broccoli plant height (cm), curd diameter (cm), weight per curd 

(g), marketable and non-marketable yield (kg/plot), incidence of insect pests and diseases 

during the cropping period. All data collected were analyzed using the equation of Chapman 

and Ayrey (1981) in variance of randomized complete block design in three replicates. Mean 

difference were determined using Duncan’s Multiple Range Test (DMRT).   

 

RESULTS AND DISCUSSION 

Results in Table 1 showed that there were significant differences between the four 

organic soil amendments and the control. However, no significant differences were noticed 

among the organic soil amendments applied, even though, decomposed chicken manure had a 

slightly higher plant height than the other organic soil amendments in both years. Similar trend 

was obtained in curd diameter where significant differences occurred between the four organic 

soil amendments and the control, decomposed chicken manure, though not statistically 

significant, gave higher values than the other organic soil amendments during the two years of 

the study. There were significant differences among organic soil amendments for weight per 

curd in both 2016 and 2017. Decomposed chicken manure had a higher weight per curd than 

the other organic soil amendments in the two years; control had generally the least weight per 

curd. The effect of the organic soil amendments on broccoli plant height, curd diameter and 

weight per curd could be attributed to number of nutrients elements present in the organic soil 

amendments particularly the macro element such as nitrogen, phosphorus and potassium whose 

released add more of these nutrients elements to the soil. The result of this finding is in line 

with that of Buckerfield et al. (1999) and Subler et al. (1998) that organic soil amendment 

contains all the essential nutrients required for crop production.  

The use of organic soil amendments in vegetable crop production is on the increase in 

view of the high price of mineral fertilizers and the difficulty in procuring it at the required 

time (Lerch et al., 1990). Organic soil amendments can also increase the water infiltration rates 

of soil by improving the soil structure (Snyder, 2009) further reported that poultry manure is 

http://www.jasd.daee.atbu.edu.ng/


                           Journal of Agripreneurship and Sustainable Development (JASD) 

                                     www.jasd.daee.atbu.edu.ng; Volume 2, Number 2, 2019 

                          ISSN (Print): 2651-6144; ISSN (Online): 2651-6365 

                                                                                                            

177 
 
 

 

the most valuable of all manures produced by livestock and that it has historically been used 

as a source of plant nutrients for soil amendment. 

      Among organic soil amendments, decompose chicken manure when applied correctly 

increases the fertilizer use efficiency and improve the physical and chemical properties of soil 

(Mondal et al., 1990; Sharma et al., 1990; Salim et al., 1997 and Rashid et al., 1999). Okonkwo 

and Chibuzo (2000) reported that the effect of application of 6.4 t/ha and 6.8 t/ha of 

decomposed chicken manure was found to be superior to cow dung as a source of nutrient for 

potato production. Giardini et al. (1992) were of the view that the effectiveness of decompose 

chicken manure depends on its composition, environmental conditions and the crop 

characteristics. Ingrid (2004) stated that, nutrient contents of decompose chicken manure is 

among the highest of all animal manures, its use as organic soil amendment for agricultural 

crops will provide appreciable quantities of all important plant nutrients.  

 

Table 1: Plant height, Curd Diameter and Weight per Curd as affected by Organic 

Amendments 
Treatment  Plant height 

(cm)  

2016          2017  

Mean  Curd diameter  

      (cm)  

2016         2017  

Mean  Weight per curd             

(g)           2016         

2017 

Mean  

Control  15.45b  24.97 b  20.06 b  6.29bc  9.97 b  8.13 b  179.1d  150d  164.58 cd  

Chicken  

manure  

20.16 a  26.90 a 23.53 a  9.90 a  11.5 a  10.97 a  312.83 a  300 a  306.42 a  

Mushroom  

compost  

18.60 a  26.07 a  22.34 a  7.25 b  10.8 a 9.06 a  225.2 b  200 b  212.61 b  

Horse manure  17.73 a  26.50 a  22.30 a  6.96 b  11.3 a  10.65 a  199.36 c  190b c 194.68c 

Vermicompost  18.36 a  27.23 a 22.80 a  7.05 b  11.2 a 9.16 a  190.9d  180 c  185.45 c  

LS  **  **  **  **  **  **  **  **  **  

CV (%)  13.64  19.67  17.65  3.53  5.75  5.25  2.91  14.14  4.26  

Means with the same letter in a column are not significantly different at 5% level by DMRT. 

pH level, organic matter, phosphorus and potassium content 

 

Table 2 presents the results of soil analysis of the experimental site before the 

experiment. The soil is slightly acidic (pH 5.5 and 5.13), low in organic matter, phosphorus 

and potassium. However, after the application of all the organic soil amendments during the 

period of the study, values recorded indicated that pH level was changed to neutral (increase), 

there was a significant increase in phosphorus and potassium content of the soil and 

decomposed chicken manure produced the highest means in the two years of study (Table 2). 

This might be ascribed to the flocculating, aggregating and conditioning role of the applied 

organic soil amendments because ammonium-N (NH4-N) is a significant part of total N in 

decomposed chicken manure, which additionally contains uric acid which metabolizes rapidly 

to NH4-N in most soils, and the net result of high NH4-N and uric acid contents in decomposed 

chicken manure waste is that a large percentage of N can be converted to nitrate-N (NO3-N) 

(Sims and Wolf, 1994) as Brassica crops tends to be more productive when grown on soils 

having approximately neutral pH and the ideal pH is 5.8-to-6.5 for mineral and organic soils 

(Dixon, 2006). High amounts of ammonia may be lost if decomposed chicken manure is 

surface applied and therefore should be mixed or incorporated with and into the soil 

immediately (Schilkey-Gartley and Sims, 1993; Chambers et al., 2000). Meanwhile, 

availability of these organic elements to broccoli will enable the crop absorbed much of 
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phosphorus and potassium for root and curd development considering the initial pH, organic 

matter, phosphorus and potassium content of the soil.   

   

Table 2: pH Level, Organic matter, Phosphorus and Potassium content of the Soil Planted to 

     Broccoli as affected by Organic Soil Amendments  

Treatment             pH  

 2016      2017  

       OM (g/kg)  

 2016         2017 

       P (g/kg)  

2016           2017  

      K (Cmol/kg)  

2016            2017  

Control  4.09 5.00 0.20 0.23 5.60 6.02 0.30 0.33 

Chicken 

manure  

 

6.08 

 

6.49 

 

2.25 

 

3.00 

 

6.05 

 

6.90 

 

0.34 

 

0.35 

Mushroom 

compost  

 

5.44 

 

5.47 

 

1.50 

 

1.70 

 

5.55 

 

5.80 

 

0.30 

 

0.33 

Horse manure  5.06 5.07 1.00 1.42 5.90 6.06 0.31 0.32 

Vermicompost  5.90 5.98 1.98 2.00 6.00 6.04 0.32 0.33 

 Initial 

analysis  

 

   5.50 

 

  5.13 

 

         0.20 

 

    0.19 

 

    5.76 

 

    6.00 

 

      0.30 

 

   0.31 

 

Application of any of the known organic soil amendments increased the growth, yield 

and water use efficiency of crops (Sushila and Gajendra, 2000). Decompose chicken manure 

is a valuable source of plant nutrients, it contains easily degradable compounds and by virtue 

of their low carbon and nitrogen ratio it is readily biodegraded when added to soil under 

conducive conditions of temperature and soil moisture (Chambers et al., 2000). Moreover, the 

concomitant release of CO2 with the nutrient elements during microbial decomposition is an 

indication of promising mineralization rates (Abdel Magid et al., 1994). Decompose chicken 

manure are mostly uniform in physical appearance and rich in fibre, ammonia nitrogen and 

moisture (Georgakakis and Krintas, 2000). Therefore, the significant effect of all the applied 

organic soil amendments on this parameters showed that organic soil amendments is a supplier 

of N, P and K in the soil which also increases the phosphate solubilizing bacteria in the 

rhizosphere (Bababe et al., 1998) thereby increasing the absorptive capacity of the broccoli 

crop roots, further indicating that decomposed chicken manure is the richest of all farmyard 

manure and contained higher nitrogen, P2O5, K2O and small amount of fibres and contains all 

the essential nutrient elements required by plants for optimum growth and yield (Madder et al., 

2002).  

 

Marketable and Non-marketable Yield 

 There were significant differences among organic soil amendments in terms of 

marketable yield, and differences were consistent across treatments in both years (Table 3). 

Decomposed chicken manure had the highest marketable yield. Mushroom compost came 

second but its difference from other treatments was only slight (2 t/ha). Regardless of type of 

treatment, decomposed chicken manure and mushroom compost gave higher marketable yield 

compared with other soil amendments and the control (Table 3). For non-marketable yield, the 

same trend as marketable yield was observed. Decomposed chicken manure had the highest 

non-marketable yield followed by mushroom compost in 2016 only; however, a non-significant 

difference was recorded on non-marketable yield of broccoli in 2017. The significant 

differences observed indicated a more efficient use of nutrients released by the organic soil 

amendments by broccoli roots owing to their availability within the root zone for timely 
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absorption, translocation and utilization. Organic soil amendments are multinutrient products 

that can supply primary, secondary and micronutrients, it also improves the structure of the 

soil, enhance water retaining capacity and create favorable conditions for the growth of several 

soil organisms that are friendly to crop production (Singh, 2002).  

 Organic soil amendments mainly composed of wastes and residues from plants and 

animal that supply some nutrients for plants and carbon containing compounds serve as food 

for microorganisms (Madder et al., 2002). Wang et al. (2001) reported that soil organic manure 

improves the structure of the soil directly through their action as bulky diluents in compacted 

soils or indirectly when the waste products of animals or micro-organisms cement soil particles 

together thereby improving the soil structure and increases the amount of water available to the 

crops. 

 The application of organic soil amendments also improves aeration and drainage and 

also encourages good root growth by providing enough pores of the right sizes, thus preventing 

the soil from becoming too rigid when dry or completely waterlogged and devoid of air when 

wet (Martin-olmedo and Rees, 1999). The application of organic sources of nutrients, such as 

decomposed chicken manure to soil is a current environmental and agricultural practice for 

maintaining soil organic matter, reclaiming degraded marginal soils and supplying plant 

nutrients (Ouedraogo et al., 2001). 

 

Table 3: Marketable and Non-marketable Yield of Broccoli as affected by Organic Soil 

               Amendments 

Treatment  Marketable yield (t/ha) 

2016                2017  

Mean  Non-marketable yield (t/ha) 

 

2016              2017  

Mean  

Control  10.75d  8.52c   9.64c 1.05c 0.30a 0.68ab  

Chicken  

manure  

18.77a  17.45a  18.11a  1.86a 0.42a  1.14a  

Mushroom  

compost  

13.51b  11.33b  12.42b  1.40b  0.40a  0.90a  

Horse manure  11.96c  10.99bc  11.48b  1.66b  0.48a  1.07a  

Vermicompost  11.45c  10.88bc 11.17b  1.48b  0.35a 0.92a  

LS **  **  **  **  NS  NS  

CV (%)  3.9  6.59  5.25  2.53  20.98  11.17  

Means with the same letter in a column are not significantly different at 5% level by DMRT, 

NS = Not significant at 5 % level of probability. 

 

Cost and Return Analysis 

This revealed a positive return in all the organic soil amendments applied where yield 

data was taken. However, decomposed chicken manure gave the highest rank in net returns 

(272,900) and return on investment (ROI %) of 179.42% indicating that it is more economical 

to use in broccoli production than the other organic soil amendments and control (Table 4). 

Apart from monetary returns on investment, other benefits such as improvement of the soil 

structure in the study site can be achieved, as sustainable application of the right organic soil 

amendments is known to improve soil structure, as it is fundamental in sustainable agriculture 

(Lampkin, 1990). 
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Table 4: Total production Cost, Gross returns, Net profit and Return of Investment of Broccoli 

Treatments  Total 

Production 

Cost 

Yield (kg/ha) 

Less 10% 

spoilage & price 

fluctuation 

(Php25/kg) 

Gross return 

(Php) 

Net Profit 

(Php) 

Return of 

investme

nt (ROI 

%) 

No fertilizer 132,100 8,680 217,000 84,900 64.27 

Chicken 

manure 

152,100 17,000 425,000 272,900 179.42 

Mushroom 

compost 

148,100 11,180 279,500 131,400 88.72 

Horse manure 151,300 10,330 258,250 103,600 70.69 

Vermicompost 182,100 10,050 251,250 69,150 37.97 

 

Php = Philippines peso. 

 

 Organic soil amendments increase the nutrient status of a soil, which leads to increase 

in yield of crops (Hatchet, 1987). The work of Muhammad et al. (2005) on the effect of organic 

soil amendments and inorganic fertilizer on growth and yield of rice found that, among organic 

sources of nutrient applied, decomposed chicken manure at 20 t/ha gave higher benefit cost 

ratio (BCR) value of 1:69 than that of farm yard manure at 20 t/ha which had a benefit cost 

ratio of 1:45. When decomposed chicken manure was applied under field conditions at 8.2 t/ha 

organic carbon mineralization of 50% was obtained (Abdel Majid et al., 1993) and that further 

increase beyond 8.25t/ha is not advisable and may lead to unnecessary monetary losses. 

 Soil fertility is a dynamic concept which is influenced by climate and cultural practices 

(Abdel et al., 2004). Organic soil amendments affect plant growth and yield by improving the 

physical and chemical properties of the soil which in turn influence growth and yield (Azad et 

al., 1998). Organic soil amendments has potential to supply most of the nitrogen and sulphur 

and half of the phosphorous taken up by crops from the soil and also supply most of the cation 

exchange capacity (CEC) of acidic and highly weathered soils. Organic soil amendments are a 

more complete plant food as opposed to inorganic fertilizers because they provide almost all 

the essential nutrients as well as trace elements and restores the pH of soils which have become 

acidic due to heavy use of chemical fertilizers (Lerch et al., 1990). 

 Benefits derivable from organic soil amendments are improved soil physical properties 

when applied to heavy or sandy soils and the fibrous portion of the organic soil amendments 

having high carbon content promotes soil aggregation which in turn improved the permeability 

and aeration of clay soils and the ability to absorb moisture which also helps in the granulation 

of sandy soils and consequently improves the soil water holding capacity (Moore et al., 1995). 

Organic solid waste simultaneously contributes to the physicochemical and nutritional aspects 

of soil fertility in addition to supplying major nutrients particularly N, P, K and some micro-

nutrients (Sorensen et al., 1998). Application of decomposed chicken manure and sunflower 

residue as form of organic soil amendments produced high reduction in macro pores values 

and the highest increase in micro pores at the same time and that organic residues addition to 

loamy sand soil significantly changed bulked density and soil pores size distribution especially 

micro pores in a positive direction towards maximizing the ability of loamy sand soil to retain 

and conserve irrigation water against rapid loss by percolation and that addition of organic 
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wastes to loamy sand soil gradually increased soil water retention at both 0.1 and 15 bars which 

represent field capacity and permanent wilting point (Shaaban, 2006). 

Sludge organic matter and organic compost enhance soil water retention capacity as a 

result of modifying its bulk density and soil porosity (Shaaban, 2006; Clark et al., 2000; Kay, 

1998 and Gregorrich et al., 1997). Treating sandy soil with organic manure decreased macro 

pores which increased micro pores and as a result hydraulic conductivity decreased and more 

reduction was obtained by increasing the application rates (Kotb, 1994). After 4 years, yields 

were higher in farms with a history of organic management than in conventional farms. 

Therefore, medium to long-term organic management positively affects crop productivity 

(Bulluck et al., 2002). 

 

CONCLUSION AND RECOMMENDATIONS 

 The results of this study however showed that, application of all the organic soil 

amendments at 6 t/ha significantly affected all the observed parameters of broccoli crop, soil 

organic matter content, soil pH, P and K levels, net profit and returns on investment observed, 

decomposed chicken manure significantly produced highest growth and yield means, soil 

organic matter content, soil pH, P and K levels, net profit and returns on investment means. 

Generally, the performance of broccoli when subjected to varying organic soil amendments at 

6 t/ha, was better and higher under decomposed chicken manure during the two seasons, 

compared to other treatments and the control. Based on the result of this study, the following 

recommendations were made: 

1. The use of decomposed chicken manure at the rate of 6 t/ha in combination with 

broccoli variety legacy by vegetable crop farmers in the study area in order to obtain 

higher broccoli yield, restore fertility of marginal soils and higher net profit and returns 

on investment.  

2. Further research on marginal soil fertility restoration and broccoli crop production using 

these organic soil amendments or other organic soil amendments as source of nutrient 

is also recommended. 
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