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Introduction

Organic material was the primary source to en-
hance soil structure and production prior to 

chemical fertilizer introduction (Shaharoona and 
Arshad, 2003). The rigorous use of chemical fertiliz-
ers began with the Green Revolution (1950) which 

gained extensive acceptance due to remarkable in-
crease in crop yields as compared to conventional 
organic methods (Braun and Roy, 1983). It initiated 
the era of synthetic fertilizers as a valuable alternate 
due to its ready source of nutrients; farmers desert-
ed the use of organic matter. Previous researches has 
shown that application of synthetic fertilizer, pesti-
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cides/insecticides had decreased soil fertility, inhibit-
ed growth of beneficial microorganisms and caused 
human health hazards (Erisman et al., 2001) and its 
continuous use may cause human health problems and 
environmental issues (Ayoola and Makinde, 2007).

Deterioration of agricultural lands’ physical and bio-
logical health took place because of intensive use of 
synthetic inorganic fertilizers, herbicides and insec-
ticides. Organic farming is a technique of producing 
valued crop yield without causing hazards to the envi-
ronment. The use of organic manures help in enhanc-
ing soil configuration, boosts soil organic carbon and 
bacterial biomass (Suresh et al., 2004). Microorganism 
can help eradicate the hurdles related with the use of 
chemical fertilizers and various pesticides, becoming 
more prominent in organic farming (Higa, 1991). 

As a substitute to agrichemicals (chemical fertilizers 
and pesticides), the concept and technology of Effec-
tive Microorganism (EM) was developed by Profes-
sor Dr. Teruo Higa (1980), University of the Ryukyus, 
Okinawa, Japan, which was helpful in replacing ag-
richemicals. EM is an abbreviation of Effective Mi-
croorganisms also known as beneficial microorganism 
(BM); is a technology that applies effective microor-
ganism i.e. a blend of various microorganisms having 
a revitalizing action on humans, plants and animals 
along with the natural environment (Gomiero et al., 
2011). BM contains mixed culture of various bene-
ficial and naturally occurring microorganisms most-
ly found in food produced by natural fermentation 
process and applied as inoculants to soil to increase 
the microbial diversity which improves soil health, 
growth, quality and yield of crops (Higa and Widida-
na, 1991; Asmatullah et al., 2019). 

EM is ecofriendly as an organic liquid concentrate 
of distinct microbes mutually combined to produce 
beneficial effect on environment (Bhoyar et al., 2013) 
and cost effective due to waste recycling in the field 
promoting germination and growth, flowering, fruit-
ing and ripening in crops (Higa, 2000). EM enhances 
photosynthetic ability of plants, increases efficiency of 
organic matter as fertilizer and nutrients availability 
(Rashid et al., 2016) and develops resistance against 
pests and diseases. It improves soil physical, chemical 
and biological environment and suppresses soil borne 
pathogens and pests (Kumar and Verma, 2019; Jalal 
et al., 2020: Bhoyar et al., 2013; and http://www. pa-
kissan.com). 

According to Bhoyar et al. (2013) the principal mi-
croorganisms in EM are:

1. Photosynthetic Bacteria (Rhodopseudomonas spp.)
2. Lactic acid bacteria (Lactobacillus spp.) and
3. Yeast 

BM is a combination of selected microorganisms 
comprising major portion of lactic acid, bacteria and 
yeast, and small portion of photosynthetic bacteria, 
actinomycetes. Adding BM to field induces microbi-
al activity and enhances decomposition process thus 
improves soil physical and chemical structure and 
properties effecting growth, yield and quality of crops 
(Meihoefer, 2000; Bhoyar et al., 2013). EM when 
combined both with farm yard manure and with syn-
thetic fertilizer gave high yield, improved growth and 
dietary value of mung bean ( Javaid and Bajwa, 2010). 

Biofertigation is the process of applying fertilizer 
with irrigation water while; fermenter is a structure/
technique which ferments organic manures in a tank 
attached to water course and irrigation water pass-
ing through it mixes the organic nutrients of the tank 
with irrigation water. In agriculture farm yard manure 
is used to boost the retaining power of soil, decrease 
the use of synthetic fertilizer, making agriculture 
more economical and environment friendly (Whalen 
et al., 2003; Xiao et al., 2006). Mostly farmers in Pa-
kistan store and stock animal manure along roadside 
or in the field, lying open in air and under sun for 
long duration causing nitrogen present in manure to 
escape as ammonia gas due to oxidative decomposi-
tion process. However, if the same manure is stored 
for a few days in fermenter tank, the microbes in bi-
oaab converts it into amino acids through anaerobic 
fermentation. This fermented material in fermenter 
goes to the field automatically, with each irrigation, 
spreading equally the slurry layer after layer (Hussain 
et al., 2002). 

In 1990 trials of nature farming with EM technolo-
gy began in Pakistan, which was developed at Nature 
Farming Research Center (NFRC), Faisalabad by an 
eminent scientist Dr. Tahir Hussain, and is now avail-
able as EM-Bioaab, EM-Biovet and EM-Biocontrol 
(Hussain et al., 1992; Shaheen et al., 2017). EM-Bi-
oaab is used in agricultural crops along with organic 
manures as alternate to chemical fertilizers (Hussain 
et al., 2002) but organic matters alone cannot act as 
a substitute for synthetic fertilizers, and fulfill the 
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nutrients requirement of plant (Khanam et al., 2001; 
Alam et al., 2005, Namasivayam and Kirithiga, 2010). 
The BM in inoculation with organic nitrogen sources 
decrease expenditure on inputs and boost agriculture 
income (Muhammad et al., 2014). 

The “Establishment and Dissemination of Fermen-
tation Technology for Organic Farming in Khy-
ber Pakhtunkhwa” was initiated in 2013-14 by the 
government of Khyber Pakhtunkhwa (KP) in al-
most all divisions. This activity was also launched in 
Malakand division (Draft PC1, 2013-14). In the cur-
rent study efforts were made to investigate the effects 
of EM-Technology use in inoculation with farm yard 
manure through fermenter for organic farming on 
fertilizers usage and number of irrigations of selected 
crops in Malakand division. No such work is done on 
organic farming evaluation in the study area, so this is 
an effort to highlight the efficiency of EM technology 
via fermenter for organic farming. 

Objectives
1. To study the effects of EM-Technology through 

fermenter on fertilizer use and number of irriga-
tion of selected crops in the study area.

2. To highlight the reasons for adopting EM-Tech-
nology through fermenter in the study area.

Hypothesis
1. H0 =Application of EM technology through fer-

menter has no effect on fertilizer use of selected 
crops.

2. H1 = Application of EM technology through 
fermenter has effect on fertilizer use of selected 
crops.

3. H0 = Application of EM technology through fer-
menter has brought no difference in number of 
irrigation of selected crops.

4. H1 = Application of EM technology through fer-
menter has brought difference in number of irri-
gation of selected crops.

Materials and Methods

Sampling procedure
This study was conducted in Malakand division of 
Khyber Pakhtunkhwa. The research area is geograph-
ically located at 35° N latitude and 72° E longitude. 
Purposively six districts out of seven were selected 
on the basis of installation of fermenter in the area 
by agriculture extension department. In the select-

ed districts of Malakand division 128 farmers using 
EM technology through fermenter were reported by 
the department of agriculture extension. Thus, all of 
128 farmers using EM through fermenter were the 
respondents of the study. When each and every item 
in the universe is selected for the data collection it 
is called as census method or complete enumeration 
survey method. The census method can be used when 
universe is not vast, enough time and finance is avail-
able for data collection and higher degree of accuracy 
is required. 

Data collection and analysis
For data collection, the farmers were interviewed us-
ing a well-developed and pre-tested interview sched-
ule. Statistical Package for Social Sciences (SPSS) was 
used to analyze the data and results were presented in 
counts and percentages. For eliciting the difference 
brought by EM technology in fertilizer use and num-
ber of irrigations of the selected crops, a paired sam-
ple t-test was used. The formula used is given below;

Results and Discussion

Provision of EM-Bioaab 
EM-Bioaab has incredible ability to compost all 
types of crop residues, FYM, green and poultry ma-
nure, sugarcane filter cakes and even any biodegrad-
able material through fermentation process to a high 
quality bio-fertilizer in few days. Bioaab is placed in 
a room or in dark with closed lid avoiding sunlight. It 
can be used up to one year or till no bed smell. 

EM-Bioaab is a microbial mixture that can convert 
organic manures and residues to a high quality bi-
ofertilizer (Hussain et al., 2002) which is available 
with agro input dealers. Data regarding provision of 
Bioaab solution to the farmers is presented in Table 
1. Agriculture extension department provided Bioaab 
solution to majority i.e. 120 (93.8%) farmers while 
8 (6.2%) farmers purchased it from market. Simi-
lar findings were reported by Ali and Haider (2012) 
where agricultural inputs like modern machinery, 
seed and Bioaab with means 2.733, 2.689 and 2.574 
respectively were provided to farmers by agriculture 
extension department. 
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Table 1: Provision of EM-Bioaab solution to the farm-
ers.
Districts Provision of EM-Bioaab Total (%)

Extension Depart-
ment No. (%)

Purchased from 
Market No. (%)

Swat 25 (19.5) 2 (1.6) 27 (21.1)
Malakand 28 (21.9) 2 (1.6) 30 (23.4)
Lower Dir 23 (18.0) 1 (.8) 24 (18.8)
Upper Dir 12 (9.4) 1 (.8) 13 (10.2)
Buner 23 (18) 1 (.8) 24 (18.8)
Shangla 9 (7.0) 1 (.8) 10 (7.8)
Total 120 (93.8) 8 (6.2) 128 

Table 2: Farmers training of making Extended-Bioaab 
solution.
Districts Training of 

Extended-Bioaab 
solution

Total (%) If yes training 
provided by

No (%) Yes (%) Ext. Deptt. Any 
other

Swat 2 (1.6) 25 (19.5) 27 (21.1) 25 (19.5) 0
Malakand 0 (0) 30 (23.4) 30 (23.4) 30 (23.4) 0
Lower Dir 1 (.8) 23 (18) 24 (18.8) 23 (18) 0
Upper Dir 0 (0) 13 (10.2) 13 (10.2) 13 (10.2) 0
Buner 2 (1.6) 22 (17.2) 24 (18.8) 22 (17.2) 0
Shangla 0 (0) 10 (7.8) 10 (7.8) 10 (7.8) 0
Total 5 (3.9) 123 (96.1) 128 (100) 123 (96.1) 0

Extended-Bioaab Solution Training
The BM-Bioaab purchased from market is the “Ba-
sic BM-Bioaab” and the one prepared by farmers by 
extending the Basic Bioaab is the “Extended BM-Bi-
oaab” (Hussain et al., 2002). To extend one liter Basic 
Bioaab, take 30 liter volume clean plastic can and add 
20 liter water to it and now put one liter molasses to 
water and mix it thoroughly. Now add one liter Basic 
Bioaab, shake it and close the lid to place the can for 
three days in a room. After every 24 hours open the 
lid to release the gas. Now 22 liters of Extended-Bi-
oaab prepared by you is ready, which is as influential 
as Basic Bioaab and can be used within two weeks 
(http://www.pakissan.com). Table 2 presents data re-
garding training for preparing Extended-Bioaab and 
it indicates that only 5 (3.9%) farmers had no training 
regarding preparation of Extended-Bioaab, whereas 
123 (96.1%) farmers were trained by extension de-
partment for preparing Extended-Bioaab solution 
which upgraded their knowledge and skills. Ali and 
Haider (2012) obtained similar results where all re-
spondents got training from extension workers and 

claimed that the trainings helped them in updating 
their knowledge about modern technology. 

Reason for opting EM technology through fermenter 
Numerous research studies have established wide 
range beneficial effects resulting from the use of EM 
technology which includes increase crop yield, better 
fertilizer use efficiency, enhanced soil physical proper-
ties and EM’s synergistic effect on nutrient uptake etc. 
(Asmatullah et al., 2019; Prashanth and Reddy, 2014: 
Minami and Higa, 1994; Poonyarit et al., 1993). Ta-
ble 3 represents reasons for adopting EM technology 
through fermenter which includes decrease in ferti-
lizer usage, use FYM effectively, increase production 
and yield by minimizing production cost. 

Table 3: Farmers reasons for opting EM technology 
through Fermenter .
Districts Reason for opting EM technology through 

Fermenter 

Decrease 
the Use of 
Fertilizers 
No. (%)

Use FYM 
effectively 
No. (%)

Increase 
production 
and yield No. 
(%)

Minimize 
production 
cost No. (%)

Swat 27 (21.1) 27 (21.1) 27 (21.1) 27 (21.1)
Malakand 30 (23.4) 30 (23.4) 30 (23.4) 30 (23.4)
Lower dir 24 (18.8) 24 (18.8) 24 (18.8) 24 (18.8)
Upper dir 13 (10.2) 13 (10.2) 13 (10.2) 13 (10.2)
Buner 24 (18.8) 24 (18.8) 24 (18.8) 24 (18.8)
Shangla 10 (7.8) 10 (7.8) 10 (7.8) 10 (7.8)
Total 128 (100) 128 (100) 128 (100) 128 (100)

Fertilizers use of selected crops, before and after use of EM 
technology through fermenter 
The concentration of NPK in soil is increased when 
EM is combined with organic wastes and synthet-
ic fertilizer and maximum increases for N (48.5%), 
P (60%) and K (90%) was recorded when compost 
+ EM, poultry manure + EM and pressmud + EM 
were used instead of no EM treatments (Karim et al., 
1993). They further commented that the increasing 
trend might be due to enhanced microbial activity 
by EM resulting release and availability of nutrients 
to plants. Primarily, EM causes quick mineralization 
of organic materials to release nutrients resultantly 
improving soil fertility (Namasivayam and Kirithiga, 
2010). Prabu et al. (2003) also mention organic farm-
ing system as the best possible solution to overcome 
use of high cost synthetic inorganic fertilizer.

http://www.pakissan.com
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Table 4: Paired sample t-test showing effect of EM technology on fertilizer use of selected crops.
Crops Effect of EM Application on Fertilizer Use Mean Differences t-value (p-value)

Before After
Mean Standard Error Mean Standard Error

Tomato 5.04 .142 2.89 .099 2.151 27.301 .000
Onion 4.52 .104 2.42 0.54 2.103 24.586 .000
Wheat 6.30 .117 5.30 .122 1.000 14.647 .000

Table 5: Paired sample t-test showing effect of EM technology on number of irrigations of selected crops. 
Crops Effect of EM Application on Number of Irrigations Mean Differences t-value (p-value)

Before After
Mean Standard Error Mean Standard Error

Tomato 11.66 .100 10.15 0.69 1.509 22.868 .000
Onion 9.28 0.84 7.60 .112 1.685 27.311 .000
Wheat 5.45 .120 4.25 .136 1.200 15.362 .000

To indicate the effect of EM technology on fertilizer 
use of selected crops, a paired sample t-test is used. 
Table 4 reveals a highly significant (p≤0.01) differ-
ence in fertilizer usage for tomato after the use of EM 
technology through fermenter and on average re-
corded a decrease of 2.151 bags ha-1. Likewise, high-
ly significant difference (p≤0.01) in fertilizer use was 
observed in onion and wheat after use of EM tech-
nology. Onion crop showed average decrease of 2.103 
bags ha-1 while wheat had 1.00 bags ha-1 decrease in 
fertilizer use. Results deduce that appropriate use of 
EM technology, can decrease inorganic fertilizer use 
and thus the null hypothesis is rejected. In Thailand 
same results were reported for a rice experiment by 
Poonyarit et al. (1993). They recorded that one-half 
recommended rate of NPK synthetic fertilizer when 
applied with EM gave rice yield equal to that achieved 
with full dose of chemical fertilizer. Parallel results 
were observed by Karim et al. (1993) in Bangladesh 
where one half recommended rate of synthetic ferti-
lizer + EM were applied instead of full dose of ferti-
lizer. Jalal et al. (2020) also observed increase in maize 
yield and better nitrogen content with the application 
of beneficial microbes with organic and inorganic fer-
tilizer in a 50:50 ratio. 

Number of irrigation of selected crops, before and after use 
of EM technology through fermenter 
A paired sample t-test was carried out to highlight 
the outcome of EM application on number of irri-
gation of selected crops. Results in Table 5 reveal a 
highly significant difference (p≤0.01) in number of 
irrigation for tomato after EM application through 

fermenter and showed 1.509 decrease in number of 
irrigation on average. Likewise, highly significant dif-
ference (p≤0.01) in number of irrigation was observed 
in onion and wheat after EM technology. Onion re-
corded on average 1.685 while 1.200 decreases in 
number of irrigations were observed in wheat. Hence 
it was accomplished that use of EM through ferment-
er decrease the number of irrigation of selected crops 
as water holding capacity of soil is enhanced due to 
addition of EM to the field. Thus we reject the null 
hypothesis of no difference in number of irrigations 
of selected crops after EM use through fermenter. Li 
et al. (2021) and Strunecky et al. (2021) reported that 
biochar has the capability to increase water retention 
ability of soil and thus can improve crop productivity.

Adding FYM through fermenter
It is clear from Figure 1 that majority farmers (116) 
reported adding FYM to the field without ferment-
er as time consuming while only 12 farmers reported 
adding FYM through fermenter as time consuming. 
The reason behind it might be that mostly farmers 
of the area have limited number of livestock and has 
difficulty in bringing FYM manure from far flung ar-
eas which is time consuming. In addition, 116 farm-
ers reported adding FYM and its incorporation in 
the fields as much laborious without fermenter and 
opined that without fermenter FYM is not properly 
incorporated and distributed in the field. Ferment-
er is the best method for applying FYM was report-
ed by 116 farmers against 12 farmers who reported 
adding FYM without fermenter as the best method. 
However, 12 and 55 farmers reported FYM applica-
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tion through fermenter as time wasting and laborious 
whereas, 43 farmers responded unequal distribution 
through fermenter technology. 

Figure 1: Line Chart Graph of Differences of Adding FYM With 
and Without Fermenter.

Conclusions and Recommendations

The main focus of the study was to highlight the ef-
fect and use of EM technology on fertilizer use and 
number of irrigation on the selected crops in the 
study area. It was accomplished that the extension 
department provided EM-Bioaab to the farmers and 
motivated them to adopt it and also provided train-
ing to the farmers in making Bioaab solution. The use 
of EM-Technology through fermenter minimized 
the fertilizer use and numbers of irrigation were also 
decreased in selected crops. Adding FYM through 
fermenter saved time, less laborious and distributes 
FYM equally in the field resulting better soil struc-
ture and enhanced water holding capacity. Organic 
farming should be promoted to control the unwise 
use of synthetic fertilizer. It is recommended that ex-
tension department should promote and impart EM 
technology to the farming community of the prov-
ince to achieve the benefits of increased production, 
decrease in fertilizer usage and number of irrigations 
and to minimize environmental and health hazards. 
Agriculture extension department should organize 
more training regarding use of use EM-Technology 
and FYM through fermenter in other areas of the 
province as well. Extension and research institutions 
should motivate and aware the farmers about the ad-
vantages of organic farming. The study recommends 
adoption of EM technology; therefore comprehen-
sive policy should be made and implemented by the 
government so the farmers could achieve its benefits.

Novelty Statement

This study provides insights into the benefits of or-
ganic farming especially the use of EM technology 
through fermenter and its effect on application of 
fertilizer and number of irrigations on selected crops.
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