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 ABSTRACT

Organic fertilizers and concoctions have variable nutrient contents as well as  
effects on soil properties, growth and yield of the crops. A split-split plot in a three-
factor factorial study (2 x 5 x 3), arranged in randomized complete block design 
was conducted to evaluate the effects of soil types, organic fertilizers and 
concoctions, and rates of inorganic fertilizers on the chemical properties of acidic 
and neutral soil, growth, yield and nutrient uptake of Pak Choi. Nutrient contents of 
reformulated vermicast, IMO , fermented plant juice, and fish amino acid were 6

determined.  
Significant interactions were observed among the three factors for total N and 

total P in Pak Choi. Total N in plant was highest in acidic soil added with IMO  at 50 6

% rate of inorganic fertilizer. This was significantly different from neutral soil in 
which the highest total was noted with the addition of 100 % inorganic fertilizer. 
Total P was found significantly highest in acidic soil with IMO  with no significant 6

effect in neutral soil. IMO  alone showed significant improvement in all of the plant 6

parameters gathered for the rates of inorganic fertilizer, Pak Choi applied with 100 
% inorganic at 100 % exhibited superior performance. The addition of IMO  and 6

reformulated vermicast resulted in a significantly higher total N in soil. Moreover, 
available P and exchangeable K were significantly higher in neutral soil while soil 
pH significantly decreased with the addition of 100 % inorganic fertilizer. On the 
other hand, FAA resulted to a significantly higher microbial respiration. 

Keywords: organic , concoction, Pak Choi, acidic soil, neutral soil

INTRODUCTION

      Vegetables are an important and substantial source of food that significantly 
contributes to the quality of human diet as it provides a variety of nutrients. The 
significant nutritional contributions of vegetables to the human diet are vitamins A 
and C as a source of iron and calcium needed by the human body (Tagotong & 
Corpuz 2015). Pak choi (Brassica campestris L. ssp. chinensis var. communis) is a 
leafy vegetable that originated from South China (Larckom 2007). These leafy 
greens are full of health-promoting nutrients, including a wide array of vitamins 
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and minerals (Lottenberg et al 2010).
 This leafy vegetable grows in a well–drained-soil, friable and rich in 
organic matter. However, in the Philippines, about 31% of the total area is classified 
as acidic (Garrote et al 1986) which restrict crop production. Acidic soils are soils 

of low-pH that are usually associated with low insoluble salts, have highly 
weathered clays and contain predominantly resistant parent materials 
(Sylvia & Williams 1992) such as ultramafic rocks with high iron oxide (FeO) 
content. The best way to amend soils with low nutrient content is the 
addition of organic fertilizer sources. 
 Vermicast is a type of organic fertilizer composed of organic waste 
broken down into a homogeneous product of high nutrient content by 
different earthworm species (Suthar 2009). Aside from farm wastes, 
organic bio-inputs are being formulated to be used by farmers such as 
fermented plant juice (FPJ) and fish amino acid (FAA) which are known to 
promote the growth and development of vegetable crops. FPJ is made of 
plant materials mostly leafy vegetables mixed with molasses and 
functions as a natural growth enhancer making the plant leaves greener 
and grow faster. The nutrient content of FPJ would depend on the type of 
plant materials being utilized, mostly contains appreciable amounts of 
phosphorous, potassium, calcium and magnesium (nutritionvalue.org). 
FAA is a source of natural amino acid from gills, scales, and bones of big 
trash fish mixed with molasses which could serve as a good source of 
nitrogen, phosphorous, potassium and micro nutrients (Abbasi et. al. 2003) 
that can be used as foliar fertilizer, root hormone and food for 
microorganism. 
  Application of bioinoculants containing soil microbes mostly fungi,  
bacteria,  and  actinomyces is another beneficial way of supplying nutrient 
and/or stimulating plant growth. Indigenous microorganism (IMO) contain  
consortia  of beneficial  microorganisms  that  are collected and cultured 
from soils to use as bio-fertilizer for the plant (Reddy 2011). The study of 
Umair et al (2020), revealed that Aspergillus, Rhizopus, Trichoderma, 
Alternaria, and Penicillium species were abundant in IMOs. These 
microorganisms increase the availability of nutrients to host plants 
(Vessey 2003) and increase the water-holding capacity, making the plants 
have sufficient or enough water all the time.
 Most organic farm growers are now using FPJ, FAA and other 
fermented concoctions along with organic and biofertilizers as the source 
of nutrients for their crops and proved enhanced crop growth and yield 
(Tagotong and Corpuz 2015). However, minimal studies have been 
conducted on assessing the chemical properties and nutrient contents of 
this fermented concoctions which led to enhanced plant growth; thus, this 
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MATERIALS AND METHODS

Soil Sample Collection, Preparation, and Analysis

      Bulk surface samples (0-20 cm depth) of acidic and neutral soils were collected 
from two different locations inside Visayas State University, Visca Baybay City, 
Leyte.  The samples were air-dried, pulverized and passed through a 4-mm sieve. 
One (1) kg of soil sample from each soil type were set aside for initial determination 
of soil chemical properties (Table 1) and the rest were prepared for bagging.

Table1. Initial Chemical Properties of the Soil

Preparation and collection of Organic Fertilizers

     The methods for plant and fish extracts preparation were adapted from the 
manual of Organic Agricultural Production used by the Technical Education and 
Skills Development Authority (TESDA), Philippines. Reformulated vermicast (RV) 
and IMO  on the other hand, were obtained from the mass production of organic 6

fertilizers produced by a project funded by DA BAR Philippines.
     The products of fermentation (FPJ and FAA) and the organic fertilizers were 
analyzed for their total N (%), total P (%) and total K (%) contents (Table 2). 

Table . Chemical Properties of Organic Fertilizers and Concoctions 2

*FPJ, FAA – undiluted concoction; RV, IMO  – amendment to water ratio is 1:2.56

Experimental Design and Treatments

        A pot experiment carried out in a split-split plot three-factor factorial study (2 x 
5 x 3), arranged in randomized complete block design (RCBD) with three 
replications was conducted at the Department of Soil Science (DSS) screenhouse 

PROPERTY 
SAMPLES 

ACIDIC NEUTRAL 

pH (1:2.5 soil to H2O) 5.84 6.75 

Soil Organic Matter (%) 2.79 1.90 

Total N (%) 0.10 0.10 

Available P (m g kg-1) 0.74 31.74 

Exchangeable K (cm olc kg-1) 0.10 0.80 

 

O rganic  
Fe rtilize r 

pH  (1 :2 .5  
so il-w ate r 

ratio ) 

T o ta l 
O rganic  

m atte r (% ) 

T o tal 
N itro ge n 

(% ) 

T o tal 
P ho spho ro us 

(% ) 

T o tal 
P o tassium  

(% ) 

RV 6 .77 16 .36 0 .76 0 .10 N A 

FP J 3 .97 N A 0 .39 0 .04 4 .01 

FA A 4 .15 N A 1 .32 0 .19 5 .76 

IM O6 7 .81 7 .28 0 .73 0 .15 N A 
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at VSU, Visca, Baybay City, Leyte. There were thirty (30) treatment combinations 
and three (3) sample plants in each treatment per replication. These were the 
following: Main Plot (Type of Soil) S1 – Acidic, S2 – Neutral; Sub - plot (Source of 

Organic Fertilizer) F0 - no fertilizer (NF), F - Reformulated vermicast (RV), F  - 1 2

Fermented Plant Juice (FPJ), F  - Fish Amino Acid (FAA), and F  - IMO ; Sub – sub 3 4 6

plot (Rate of Inorganic Fertilizer - based on Recommended Rate) R  – 0%, R  – 50 % 0 1

and R  – 100 %. Pots were spaced 10 cm between plants and 20 cm between rows.2

Cultural Management Practices

      A total of two hundred seventy (270) polyethylene plastic pots (5 x 8 in) filled 
with air-dried soil equivalent to 2 kgs oven-dry weight basis, 135 pots for each soil 
type were used. Each pot was labeled properly according to its corresponding 
treatment. A week prior to transplanting, organic fertilizers (RV and IMO ) were 6

incorporated into designated pots. These organic fertilizers were applied at a rate 
-1of 5 t ha . 

      Meanwhile, Pak Choi seeds were allowed to germinate in a seed box and pricked 
into seedling trays four (4) days after emergence. After two weeks, seedlings were 
transplanted in each pot.
     Thirty mL each of FPJ and FAA were mixed with 1 L of clean water in separate 
containers and applied by drenching on the surrounding soil at approximately 50 
mL per plant 2 times a week after transplanting (WAT) until harvesting (OAP, 
TESDA).

-1      Inorganic fertilizers were applied at a rate of 135-90-90 kg ha  (bpi.da.gov.ph) 
using complete fertilizer and urea. Complete fertilizers were applied at 
transplanting while urea was applied after two (2) weeks. Water was added as 
needed and occasional weeding was done manually. 
   Harvesting was done 30 days from transplanting. Plants were washed 
immediately with tap water followed by distilled water, blot-dried and weighed. 
Shoots and roots were weighed separately. Samples were air-dried for three days 
and placed in the oven for subsequent drying.  Oven-dried weights were recorded. 
Oven dried plant tissues were analyzed for Total N and Total P nutrient contents in 
the laboratory.

Plant Parameters Gathered
 
      Growth parameters gathered include weekly plant height (cm), average number 
of leaves/plant at harvest, total fresh weights (g/plant) of shoots and roots (taken 
separately), and total dry matter (biomass, g/plant) of shoots and roots. For the 
yield components, plants were sorted into marketable and non-marketable at 
harvest and the weights were recorded.
       The healthy and good-sized leaves free from any insect damage were 
considered marketable while small, damaged leaves were treated as non 
marketable. These leaves were sorted out manually.
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Statistical Tool

       Data were analyzed using Statistical Tool for Agricultural Research (STAR). 
Treatments were compared using Least Significant Difference (LSD) Test at 5 % 
level of significance.

RESULTS AND DISCUSSIONS

Growth and Yield of Pak choi

        a) Plant height

 

     Significant differences were noted on plant height between soils such that 

those planted in acidic soils were significantly taller than those in neutral soil as 

well as those applied with inorganic fertilizers. Treatments with 100 % rate of 

inorganic fertilizer and organic fertilizer had significantly taller than the other 

treatments. 

      Significant interaction between the type of soil and rates of inorganic fertilizer 
thwas found on the 4  WAT. Height was significantly taller in plants grown in acidic 

soil added with 100 % rate of inorganic fertilizer and had significant decrease at 0% 

(Fig. 1). However, the 0 % application in acidic soil was comparable to the effects of 

inorganic fertilizer in neutral soil regardless of the rates of inorganic fertilizer 

added. These results showed that the application of inorganic fertilizer at 100 % 

and 50 % rate have comparable effects on the plant height of pak choi.

            

                        Figure 1. Plant height of pak choi (cm)

             at 4 WAT grown in acidic and

               neutral soil as affected by rates

             of inorganic fertilizer application

        a) Number of leaves

     Table 3 shows that there is a significant interaction between soil type and 

organic fertilizers only and none between other the number of leaves of Pak Choi. 

Reformulated vermicast had the most number of leaves developed at an average of 

9.58 which is also to comparable to IMO  applied plants in acidic soil but not 6

significantly different when IMO  was applied to neutral soil, however, effects of 6
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 IMO  were also comparable to the number of leaves developed by plants not added 6

with organic fertilizers. These results could imply that the application of RV and 
IMO  for pak choi can promote high number of leaves as the inorganic fertilizers 6

could. While the application of liquid concoctions (FPJ and FAA) resulted in 
significantly lower number of leaves than those without organic fertilizer.  
Consistently, the application of FPJ and FAA both in acidic and neutral soils 
showed the lowest number of leaves. This could be attributed by the amount of 
concoction added which was 2 tbsp/L of water. The study of Tagotong and Corpuz 
(2015) revealed that the application of 6 tbsp/L of water developed a greater 
number of pechay leaves than those added with only 2 tbsp/L of water.
      The addition of 100 % rate of inorganic fertilizer has significantly increased the 
number of leaves compared to unapplied samples but not significantly different 
with 50 % rate of application.

Table 3. Growth parameters of Pak Choi grown in acidic and neutral soil as affected     
by organic fertilizer and concoction and rates of inorganic fertilizer 
application

    Table 3 continued in next page..
 

Treatments 
Number 

of 
leaves 

Shoot fresh 
weight 

(g/plant) 

Root 
fresh 

weight 
(g/plant) 

Total dry 
matter 

(g/plant) 

Main plot     

S1 -  Acidic Soil 9.08 8.53 0.22 0.53 

S2 - Neutral Soil 7.88 6.00 0.17 0.42 

Mean 8.48 7.27 0.19 0.48 

Sub - plot     
F0 – No 
Fertilizer 8.66 6.00 0.16b 0.41 

F1 - RV 9.58 9.44 0.20ab 0.59 

F2 - FPJ 7.66 5.85 0.18b 0.40 

F3 - FAA 7.04 4.81 0.18b 0.35 
F4 – IMO6 

 9.45 10.23 0.26a 0.62 

Mean 8.48 7.27 0.19 0.48 

Sub - sub - plot     

R1 – 0% 7.97b 5.04b 0.17b 0.33b 
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R2 – 50% 8.67a 8.15a 0.20a 0.53a 

R3 – 100% 8.79a 8.60a 0.22a 0.56a 

Mean 8.48 7.27 0.19 0.48 

Interaction      
TS x SOF  * * ns * 

TS x RIF  ns ns ns ns 

SOF x RIF  ns ns ns ns 

TS x SOF x RIF  ns ns ns ns 

CV(a)% 19.12 42.82 41.03 28.92 

CV(b)% 13.29 34.21 41.83 30.69 

CV(c)% 13.02 37.40 26.40 28.00 

 

Table 3 continued..

   

*Means with the same letter are not significantly different at 5 % level  of significance

     
       b)Fresh weights and dry biomass

      Shoot fresh weight of Pak Choi was significantly affected by the application of 
organic fertilizers and concoctions both in acidic and neutral soil (Fig. 2).Using the 
reformulated vermicast in acidic soil has significantly increased the shoot fresh 
weights of Pak Choi which was comparable to the application of IMO in both acidic 6   

and neutral soils. Additionally, plants applied with concoctions (FPJ and FAA) in 
acidic soil has no significant difference with plants with no organic fertilizer added 
in neutral soil. This is because of the properties of acidic soil wherein addition of 
soluble nutrients (e.g. inorganic fertilizers) can be easily fixed while organic 
fertilizers contain slow-release nutrients thus, result to significant effects in 
plants. Moreover, Table 3 showed that the addition of inorganic fertilizers, 
regardless of soil and organic fertilizer application was highly significant at 100 % 
but not significantly different with 50 % rate of fertilizer application. 

              Figure 2. Shoot fresh weight (g/plant) of pak
    choi at harvest grown in acidic and
   neutral soil as affected by
   different types of organic fertilizers 
   and concoction
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Roots are responsible for the uptake of nutrients  from the soil. It could either 

be by mass flow, diffusion, or root interception.  They absorb water and nutrients 

and translocate them to the upper ground parts of the plants (Sainju et al 2005). 

The results revealed that the type of organic fertilizer as well as the rates of 

inorganic fertilizer application have independent significant effects on the fresh 

weights of Pak Choi roots. But there was no significant effect on the interaction 

among the three factors (Table 3). Pak Choi plants added with IMO  and RV had 6

significantly higher root fresh weight compared to other amendments (Fig. 3). On 

the other hand, the root fresh weight of plants with inorganic fertilizer at 100 and 

50% rates were not significantly different from each other but significantly heavier 

than those without inorganic addition (Table 3). These results could imply that 

IMO  and reformulated vermicast regardless of soil and inorganic fertilizer 6

application, can promote high fresh biomass and application of 50 % of the 

recommended rate can suffice growth of Pak Choi.

Figure 4 shows significant effects of organic fertilizer addition and its 

interaction with the type of soil on the total dry matter yield of Pak Choi. While a 

significant effect was noted among the rates of inorganic fertilizer application 

(Table 3). Among the types of organic fertilizer and concoctions, it was the 

application of RV and IMO  that increased significantly the total dry matter of Pak 6

Choi in both acidic and neutral soil though not significantly different with No 

(organic) fertilizer, RV  (neutral)  and FPJ (acidic). While application of FAA in 

neutral soil resulted to a significantly lowest weight comparable to No fertilizer 

added in acidic soil. On the other hand, a consistent trend was noted such that 

those added with inorganic fertilizers either at 50 % or 100 % resulted to a 

significantly heavier total dry matter yield compared to those without application.

                Figure 3. Root fresh weight (g/plant) of pak choi

                               at harvest grown in acidic and neutral soil

                               as affected by different  types of organic

                               fertilizer application 
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              Figure 4. Total dry matter (g/plant) of pak choi
   grown in acidic and neutral soil as
   affected by the application of different
   types of organic fertilizers and
   concoctions

       d) Yield of Pak Choi

     The results showed that the addition of organic as well as inorganic fertilizers 
had significant effect on the marketable yield of Pak Choi. There was also a 
significant effect on the interaction between the type of soil and application of 
organic fertilizer and concoctions. Moreover, an interaction between type of soil 
and rates of inorganic fertilizer was found significant. Figure 5A shows that when 
organic fertilizers were compared, RV and IMO  can yield good amount of produce 6

when added to the soil. Acidic soil produced a significantly higher amount of 
marketable yield compared to neutral soil, although the highest marketable yield 
attained in this study as significantly low compared to the reported average weight 
of Pak Choi. Plants added with RV in neutral soil had significantly higher 
marketable yield compared to plants added with other organic fertilizers. This 
could be because vermicast improves soil aeration, porosity, and water retention. 
The results of several long-term studies have shown that the addition of 
vermicompost improves soil physical properties by decreasing bulk density and 
increasing the soil water holding capacity (Weber et al 2007) and promote healthy 
plant growth (Kumar & Gopal 2015).
    On the other hand, inorganic fertilizer application at 100 % caused significant 
increase of Pak Choi yield but not significantly different with 50 % rate in acidic soil, 
while treatments with 0%  fertilizer in acidic soil is comparable to 50 % marketable 
yield in neutral soil (Fig. 5B). These results also coincide with the results of the 
study of Lazcano and Dominguez (2011) on corn where grain content of the 
marketable ear was high in response to vermicompost and manure amendment 
and 100% inorganic fertilization.
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Figure 5. Marketable yield (g/plant) of Pak Choi grown in acidic and neutral soil 

as   affected by the application of different types of organic fertilizers 

and concoctions (A) and rates of inorganic fertilizer application (B)

Effects of Concoctions and Organic fertilizers on Soil Chemical Properties 

       a) Soil pH

     There are two types of soil based on soil pH used in this study (Table 1), the 

acidic soil with a pH of 5.8 and the neutral soil with a pH of 6.7 moderately based on 

the classification of Landon (1991)

    Statistical analysis showed that the type of soil and the rates of inorganic 

fertilizer as well as its interaction have significant effect on soil pH (Figure 6 and 

Table 4). The pH of both soils decreased significantly when added with inorganic 

fertilizers. As the rate of inorganic fertilizer was increased, soil pH decreased. In 

acidic soil, 0% or no addition of inorganic fertilizer was not significantly higher with 

50% rate but significantly lower to the application of 100% inorganic fertilizer. This 

could mean that addition of inorganic fertilizer in acidic soil at a higher rate (in this 

study it ranges from 4.97 to 5.29 can lead to severe acidity. On the other hand, 

inorganic fertilizer addition in neutral soil has the same trend with the acidic soil. 

However, application of 50 % and 100 % inorganic both resulted to significantly 

lower pH than without inorganic fertilizer addition. Moreover, the addition of 

organic fertilizers had no significant effect on soil pH planted with Pak Choi.

   

BA
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  Figure 6. Soil pH of acid and neutral

      soils planted with pak choi

     as affected by different types of

     organic fertilizer and different

        rates of inorganic fertilizers

Table 4. Initial and final soil chemical and biological properties of acidic and neutral 

soil planted with Pak Choi as affected by different types of organic fertilizer 

and concoctions and rates of inorganic fertilizer application

Table 4 continued in next page..

 

 

Treatments 
Soil pH 

Soil Organic 
Matter (%) 

Total N 
(%) 

Available P 
(mg kg-1) 

Exchangeable 
K (cmolc kg-1) 

Initial analysis 
- Acidic 5.84 2.79 0.10 0.74 0.10 
Initial analysis 
- Neutral 6.75 1.90 0.10 31.74 0.80 

Main plot      

S1 -  Acidic 5.27 1.14 0.12 10.40b 0.57b 

S2 - Neutral 5.84 1.38 0.10 58.37a 1.10a 

Mean 5.56 1.26 0.11 34.39 0.83 

Sub - plot      

F0 – NF 5.63 1.09 0.12 36.27 0.92 

F1 - RV 5.64 1.11 0.11 29.47 0.90 

F2 - FPJ 5.56 1.47 0.11 33.48 0.79 

F3 - FAA 5.49 1.37 0.11 34.57 0.74 

F4 – IMO6 5.47 1.26 0.11 38.14 0.82 

Mean 5.56 1.26 0.11 34.39 0.83 

Sub - sub - 
plot      

R1 – 0% 5.80 1.37 0.11 34.61 0.85 
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Table  4 continued ..

   *Means with the same letter are not significantly different at 5% level of significance

         a) Soil Organic Matter (%)

 

       Soil organic matter (SOM) is composed of plant and animal residues at various 

stages of decomposition, cells and tissues of soil organisms, and substances 

synthesized by soil organisms (Brady & Weil 2014). It affects many chemical, 

physical and biological properties of the soil (Nelson & Sommers 1982). 

    The neutral soil used in this study was garden soil that was continuously plowed 

for a long period of time. On the other hand, the acidic soil was taken from an 

undisturbed grassland. Continuous use of inorganic fertilizer can lead to soil 

acidity while organic fertilizer addition can buffer soil pH. Based on the statistical 

results of this study (Table 5), the application of different types of organic fertilizer 

materials as well as the different rates of inorganic fertilizers and the interaction of 

these factors did not show any significant effects on the organic matter content of 

the two soils used. Initially the two soils had very low amount of organic matter 

(2.79 % for acidic and 1.90 % for neutral) which did not improve with the soil 

amendments.

       b) Total Nitrogen (%)

       Nitrogen (N) is the most abundant element in the atmosphere and is usually the 

most limiting crop nutrient. Inherent factors such as soil drainage, soil texture, and 

slope steepness impact N - transport and N - transformation processes that limit 

availability to crops or lead to losses. One way to replenish nitrogen in the soil is the 

addition of nitrogenous fertilizer sources and organic fertilizers like compost and 

manure. The organic fertilizers used in this study are nitrogen rich fertilizers (Table 

1). Results revealed that there was a significant interaction between the soil and 

 

R2 – 50% 5.50 1.24 0.11 36.82 0.84 

R3 – 100% 5.37 1.17 0.11 31.73 0.81 

Mean 5.56 1.26 0.11 34.39 0.83 

Interaction      
TS x SOF ns ns * ns ns 

TS x RIF ** ns ns ns ns 

SOF x RIF ns ns ns ns ns 

TS x SOF x RIF  ns ns ns ns ns 

CV(a)% 5.97 137.23 12.26 13.36 12.41 

CV(b)% 3.68 68.19 14.48 33.10 43.94 

CV(c)% 3.81 42.53 10.63 36.67 14.73 
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and the different types of organic fertilizer sources but not with the rate of 

inorganic fertilizer application (Table 4). Figure 7 shows that the unamended 

treatment in acidic soil had significantly the highest total N but comparable with 

IMO  and RV. The addition of RV in neutral soil had the least significant value 6

comparable to FAA added treatments. Although Table 1 shows that FAA contained 

a relatively higher total N among organic fertilizers used its application did not 

result to higher N content in soil. This result could be attributed with the low 

amount of FAA and FPJ added. The study of Tagotong and Corpuz (2015) revealed 

that the three levels of application; 2, 4 and 6 tbsp of FPJ and FAA significantly 

differ with each other. The highest application of 6 tbsp per liter of water gave the 

best result. According to IRRI (1990), increased fermented plant juice application 

serves as an effective dilution to water which subsequently improved the growth 

and yield performance of vegetable crops especially the leafy vegetables. 

       
    Figure 7. Total N content (%) of acid
                                and neutral soils planted with
                   pak choi as affected by
                   different types organic fertilizer
                  and concoctions

c) Available Phosphorous and Exchangeable K

     Phosphorus is a macronutrient with several important roles in the growth and 

development of row crops, but its labile forms in soil are relatively scarce compared 

to those of other major macronutrients (Jain et al 2012), because soil compounds 

and minerals containing P are naturally of low solubility. According to Beegle et al 

(2002), without phosphorus plants would be unable to grow. Phosphorus can help 

increase root growth, stalk strength, crop quality, grain production, and maturity.

      The results of the study revealed no significant interactions on the three factors 

considered (soil type, organic fertilizers, and rate of inorganic fertilizer addition). 
-However, Figure 8A shows a significantly higher available P in neutral (58.37 mg kg

1 -1) than in acidic soil (10.40 mg kg ) regardless of the type of organic and rate of 

inorganic fertilizer application. This result is due to the high P fixing capacity of 

acidic soil. As a result, the proportion of crop uptake as a percentage of applied P is 

very low due to rapid conversion of applied soluble P forms to Fe and Al 

Phosphates, which are less soluble P compounds (Mortvedt et al 1999).
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Crop growth and quality are influenced by K supply in the soil. It is always present in 
+soil and in plants as the K  cation because there are no complex chemical and 

microbial reactions (IPNI 2019). The results revealed a similar trend on the 

exchangeable K with that of available P such that only the soil type showed 

significant difference on the amount of exchangeable K of the soil planted with Pak 

Choi. Likewise, there was no significant interactions noted among the soil types, 

organic and rates of inorganic additions. Regardless of the addition of different 

types of organic fertilizers as well as the different rates of inorganic fertilizer added, 

exchangeable K of neutral soil is significantly higher than the exchangeable K 

content of acidic soil (Fig. 8B). This could be attributed to the inherent 

exchangeable K content of each soil which was relatively lower (0.10 cmolc/kg) for 

acidic than neutral soil (0.8 cmolc/kg). Besides, neutral soil/garden soil was taken 

from a cultivated area.

kg-1 -1  Figure 8. Available P (mg ) and Exchangeable K (cmolc kg ) of acidic

      and neutral soil planted with pak choi as affected by different

                       types of organic fertilizer and rates of inorganic ferrtilizer     

application

Effects of Concoctions and Organic fertilizers on Plant Tissue of Pak choi Grown 

in Acidic and Neutral soils

        a) Total N (%)

      Nitrogen (N) occupies a conspicuous place in plant metabolism system.  All 
vital processes in plants are associated with protein, of which nitrogen is an 
essential constituent (Massignam et al 2009). This study revealed that there was a 
significant interaction between organic fertilizer and rates of inorganic fertilizer 
and also significant interaction of the three factors (Table 5). Figure 9 shows that 
the application of organic fertilizer in combination with inorganic had a significant 
effect on N uptake of pak choi. Application of IMO at 50 % inorganic resulted to 6 

significantly highest N uptake which is comparable to the addition of FAA alone 
(0% inorganic) while reformulated vermicast at 0 % inorganic had significantly the 
lowest total N. 
   Additionally, the effects of organic fertilizers and the rates of inorganic 
application were specific and varied between soil types. Figure 10 shows the 
significant effect of the interaction between soil type, types of organic fertilizer and 
the rates of inorganic fertilizer application on total N uptake of Pak Choi. It was 
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observed that in acidic soil, IMO  showed the highest significant increase of N 6

uptake at 50 % rate of inorganic fertilizer but not significantly different when not 

combined with inorganic (IMO  at 0 %). However, no significant difference was 6

shown in neutral soil except for the application of FPJ with 100 % inorganic which 

had the lowest N content this was similar to the addition of reformulated vermicast 

alone (at 0 %) in acidic soil. 

   Figure 9. Total N (%) of Pak Choi as affected by different types of organic fertilizer  

and concoctions and rates of inorganic fertilizer application

Table 5. Nitrogen and phosphorous uptake of Pak Choi grown in acidic and neutral 

soil as affected by organic fertilizer and concoctions and rates of 

inorganic fertilizer application

Table 5 continued in next page..

  
A B

 

T re a tm e n ts  
T o ta l N  (% ) T o ta l P  (% ) 

M a in  p lo t  
  

S1 -  A c id ic  S o il 
 

4 .6 8 0 .4 5 

S2 - N e u tra l S o il 
 

4 .5 7 0 .3 5 

M e a n 
 

4 .6 3 0 .4 0 

S u b  - p lo t  
  

F0 – N o  F e rt iliz e r 
 

4 .5 8 0 .3 9 

F1 - R V 
 

4 .3 3 0 .3 8 

F2  - F P J 
 

4 .6 4 0 .3 7 

F3 - F A A 
 

4 .6 7 0 .4 2 
F4 – IM O6 

 
 

4 .9 1 0 .4 4 

M e a n 
 

4 .6 3 0 .4 0 

S u b  - s u b  - p lo t  
  

R1 – 0 % 
 

4 .5 7 0 .3 8 

R2 – 5 0 % 
 

4 .7 7 0 .4 2 

R3 – 1 0 0 % 
 

4 .5 5 0 .3 9 

M e a n  
4 .6 3 0 .4 0 

In te ra c tio n  
  

T S  x  S O F  n s n s 

T S  x  R IF  n s n s 
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Table 5 continued..

 *Means with the same letter are not significantly different at 5 % level of significance

b) Total P

      Phosphorous plays an important role in the cellular energy transfer and storage, 
respiration, photosynthesis (Usuda & Shimogawara 1993), and as a structural 
component of nucleic acid and membranes (Ragothama 1999). At the early stage 
of plant growth, adequate supply of P is required. 
      Results of this study revealed that the type of soil and the interaction among the 
three factors (type of soil x different types of organic fertilizer x rates of inorganic 
fertilizer) had significant effects on the total P in Pak Choi. On the interaction of soil 
type across different types of organic fertilizers and rates of inorganic fertilizer, 
each of the treatment did not show significant difference. Total P in pak choi 
planted in both acidic and neutral soils did not differ significantly with each other. 
The effects on total P among organic fertilizers was observed when combined with 
inorganic fertilizers which also vary between soils.   
    On the interaction between the type of organic fertilizer across each type of soil 

and rates of inorganic fertilizer, in acidic soil (Fig. 10), the single effect of organic 
fertilizer was noted in no inorganic fertilizer application (0 %) in which the highest 
significant value was exhibited by the addition of  IMO  as well as FAA. However,  6

the P uptake of plants with IMO  is not significantly different when combined with 6

50 % inorganic. While the lowest significant P uptake was with the application of 
FPJ combined with 100 % rate of  inorganic applied in neutral soil as well as its sole 
application in acidic soil which is not significantly different with RV. This result 
could be attributed with the inherent nutrient content of these organic fertilizers, 
FPJ having the relatively lowest total P content (0.04 %) and RV with 0.10 % while 
FAA contains the highest total P content (0.19 %) followed by IMO  (0.15 %) as 6

reflected in Table 2. Therefore, without the addition of inorganic fertilizers, IMO  6

and FAA could enhance P uptake of Pak Choi especially in acidic soil. 

 

S O F  x  R IF  * n s 

T S  x  S O F  x  R IF  
* * 

C V (a )%  1 2 .4 5 1 8 .8 2 

C V (b )%  1 6 .4 7 3 7 .1 1 

C V (c )%  
1 2 .9 4 2 0 .3 1 
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.

   Figure 10. Total P (%) uptake of pak choi
         grown in acidic and neutral soil
         as affected by different organic
         fertilizers and concoctions and
         rates of inorganic fertilizer
         application

CONCLUSION

Based on the results of the study, the following conclusions are drawn:

1. The chemical analysis of the organic fertilizers and concoctions used in 

this study revealed the following results: the pH of the organic fertilizers 

ranges from extremely acidic (3.97) to strongly alkaline (7.81). The total N 

contents were from medium (0.39 %) to very high (1.32 %). Total P contents 

were very low and total K was 0.0004 % for FPJ and 0.0006% for FAA. The 

organic matter contents of reformulated vermicast and IMO  were 6

considered high at 16.36 and 7.28, respectively. 

2. The application of organic fertilizers and concoctions has no significant 

effect on soil organic matter content. IMO  and reformulated vermicast  6

increased total N but these were not significantly different to treatments 

without organic application. Available P and exchangeable K were not 

significantly affected by organic fertilizer and concoction. 

3. Application of organic fertilizer alone has no significant effect on the total 

N uptake of Pak Choi but the combination of IMO  and 50 % rate of 6

inorganic fertilizer showed significant increase of N uptake. Likewise, sole 

addition of IMO  has significantly increased P uptake of Pak Choi in acidic 6

soil. On the growth and yield of Pak Choi, IMO  and reformulated vermicast 6

had shown significant higher values mostly in acidic soil and in 

combination with 50 % rate of inorganic fertilizer. Therefore, application of 

reformulated vermicast and IMO  in combination with 50 % recommended 6

rate of inorganic fertilizer when grown in a favorable environment and 

good soil conditions can enhance nutrient uptake and growth and yield of 

Pak Choi.
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