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Abstract: Organic farming can feed the world. Astonishingly, its more productive than high tech agriculture.
In the present experiment a new composite organic manure which contains twelve organic ingredients traversing
from compost, vermicompost, poultry manure, neem cake, mustard cake, fungal (Aspergillus niger, Trichoderma
harzianum) and bacterial strains, Pseudomonas fluorescence, Pseudomonas aeruginosa, banana peel powder,
coriander powder, pomegranate peel powder, has been used to see its effect on wheat crop production
compared  with inorganic manure with special reference to yield and phenolic acid contents in wheat grains.
The high performance liquid chromatographic (HPLC) analysis revealed that the organically grown wheat had
several times more phenolic acids particularly tannic, gallic, caffeic and ferulic acids than that of inorganically
grown wheat crop. The yield was also higher in organically grown wheat plots than in inorganically grown field.
The phenolic acid contents have been correlated with human health. The advantages of organic farming are
also described in detail. The results suggest that organic farming can be easily adopted for higher yield,
medicinal and nutritional values for human health, ecological safety and soil improvement.
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INTRODUCTION world. Wheat is the most commonly grown cereal in

Wheat is a dominant cereal  crop  in  the  world  [1]. production requires attention to soil fertility, rotational
Its production in the world provides about 250 g per agronomy and grain storage to ensure production quality
person per day [2]. Wheat is consumed in several ways, and marketability. The basis of successful organically
for instance, bread, pasta, macaroni, crackers, spaghetti, grown crop is the fertility of the soil in which it is grown
etc. However, most of the South Asian people use wheat as the soil is the best teacher. Soil fertility is based  on the
in the form of bread of different kinds prepared from wheat physical, biological and chemical components of the soil
flour. It’s an essential ingredient of the daily diet. It environment. Physical soil fertility, biological soil fertility
provides mainly carbohydrates, proteins, minerals and and chemical soil fertility depend on several factors and
antioxidants. are responsible for plant growth and yield in several ways.

Most of the people in the present era are becoming Phenolic compounds are mostly found in plants.
more conscious about the quality of wheat particularly on Humans need them for their health but they are not
the nutritional aspect [3]. The increasing concern about synthesized in human body and therefore their intake is
the organic food is based on health security and plant-dependent. Polyphenols  are  either present in
environmental safety [4]. Keeping this in view, there has plants or  synthesized de novo under stress conditions
been significant increase in consumers’ demand for induced by several means. Phenols also act as
organic foods during the last decade [5]. antioxidants which are needed to detoxify the harmful

Organic farming can feed the world. There is hue and effects of free radicals produced in human body as a
cry for health as affected by the influence of inorganic natural phenomenon. In the present investigation the
farming because of indiscriminate use of inorganic status of phenolic acids in organically and inorganically
fertilizers and pesticides. The application of organic grown wheat seeds has been investigated by High
fertilizers and their effect in wheat crop has been Performance Liquid Chromatography (HPLC) and the
investigated as wheat is grown in several parts of the results are presented here.

Australian organic farming system [6]. Organic wheat
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Table 1: Composition and amount of ingredients
Ingredients Amount (kg)/hectare
Neem cake 375.00
Mustard cake 375.00
Vermicompost 750.00
Farm yard manure 2250.00
Poultry manure 375.00
Cow urine 900.00 L
Banana peel powder 63.00
Pomegranate peel powder 28.00
Coriander powder 28.00
Trichoderma harzianum-1 50.00 L
Pseudomonas fluorescens (Pfu-1) 50.00 L
Pseudomonas aeruginosa 50.00 L

MATERIALS AND METHODS

Field  Preparation:  The  field  was  ploughed  twice  in
the  month  of November after the harvest of paddy
(Oryza sativa). It was leveled and divided into two parts,
each of 100 X 100 m, one for organic farming and another
one for inorganic farming. The inorganic fertilizers, viz.,
nitrogen (@ 120 kg/hect.), phosphorus (@ 60 kg/hect.)
and potash (@ 40 kg/hect.) were added after first
ploughing. The field was laveled for maintaining moisture.
In the second plot the organic fertilizers were added at the
rate shown in Table 1 after first ploughing and laveled as
mentioned for inorganic farming. All the fields were
ploughed thrice before sowing. The field was again
divided into small plots of 10 x 10’ each in both the fields.
The whole experiment was repeated thrice.

Preparation of Different Ingredients of Organic Manure:
Neem (Azadirachta indica) cake and mustard (Brassica
campestris) cake were purchased from market and finely
crushed in a blender before use. Vermicompost, farm yard
manure and poultry manure were also purchased from
their suppliers. Cow urine was collected from cows of a
farmer. Banana peel and pomegranate peel were obtained
from fruit shops, air-dried and finally crushed into fine
powder in a blender separately. Coriander (Coriandrum
sativum) powder was purchased from market. mobile phase methanol: 0.4% acetic acid (80:20, v/v), flow
Trichoderma harzianum was grown in potato dextrose
broth (peeled potato 250 g + dextrose 20 g + 1 l distilled
water) medium for a week at 27°C. The cultures were
separately shaken for a few hours for complete mixing of
the culture uniformally before mixing into the composite
fertilizer. Pseudomonas fluorescens Pf4 was obtained from
Center of Advanced Study in Botany, University of
Madras, Chennai, India. P. aeruginosa was obtained from
School of Biotechnology, Banaras Hindu University,
Varanasi,  India.  All  the  strains  of  P.  fluorescens  were

grown on King’s B broth medium (Protease peptone 200g
+ K HPO .3H O 1.908 g + MgSO .7H O 1.5 g + glycerol 152 4 2 4 2

ml + distilled water 985 ml). The cell suspension
concentration was measured and made 10  cells per ml in8

0.1% carboxy methyl cellulose (CMC) before mixing into
the other ingredients.

Sowing of  Wheat  Seeds:  After  harvesting  of  rice
(Oryza sativa) crop the field was ploughed three times.
The fertilizers were applied in organic and inorganic fields
after first ploughing. The fields were leveled for
maintaining optimum moisture. The seeds (var. HUW 234)
(@ 140-150 kg/hectare) were sown behind tractor in
furrows and again the fields were laveled.

Estimation of Phenolic Acids: One gram of wheat seeds
was macerated in a pestle-mortar followed by suspending
finely  crushed  samples  into 5 ml of ethanol - water
(80:20, v/v). Samples were collected in screw-capped
tubes and the suspension was subjected to
ultrasonication (Branson Sonifier, USA) at 60% duty
cycles for 15 minutes at 4°C followed by centrifugation at
7,500 rpm for 15 minutes. The supernatant was subjected
to  charcoal  treatment  to  remove  pigment,  if any, of
each sample and finally  transferred  into  glass  tubes.
The residue was re-extracted twice and the supernatant
was   pooled prior   to   evaporation   under  vacuo
(Buch Rotavapor Re Type). Dried samples were
resuspended in 1.0 ml HPLC grade methanol by vortexing
and stored at 4°C for further analysis.

High Performance Liquid Chromatography (HPLC) of
the samples was performed with HPLC system (Shimatzu
Corporation, Kyoto, Japan) equipped with two Shimatzu
LC-10 ATVP reciprocating pumps, a variable UV-VIS
detector (Shimatzu SOD-10 AVP) and Winchrom
integrator (Winchrom). Reverse phase chromatographic
analysis was carried out in isocratic conditions using C-18
reverse phase HPLC column (250 x 4.6 mm id, particle size
5 µm) Luna 5µ C-18 (2), Phenomenex, USA) at 25°C.
Running conditions included injection volume (5 µl),

rate 1 ml/min, detection at 290 nm. Samples were filtered
through membrane filter (pore size 0.45 µm, Merck) prior
to injection in sample loop. Tannic, gallic, chlorogenic,
ferulic, cinnamic and salicylic acids were used as internal
and external standards. Phenolic compounds and salicylic
acid present in the samples were identified by comparing
retention time (Rt) of standards and by co-injection.
Concentrations were calculated by comparing peak areas
of reference compounds with those in the samples run
under the same elution conditions.
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Table 2: Phenolic acid analysis of nine ingredients of organic manure by HPLC

Phenolic acid (µg/g)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Manure Gallic Vanillic Ferulic Chlorogenic Cinnamic Salicylic

VC 0.3496 0.0444 0.2138 0.4063 0.0337 ---
NK 7.4619 0.3336 2.5133 --- --- ---
BP 19.6186 4.7451 --- --- 0.1573 ---
CU 0.8394 0.5545 --- 0.2935 --- ---
FYM 1.0917 0.4122 0.3394 0.2233 0.0078 ---
MC 15.4039 --- 2.5019 0.6038 0.0357 2.7934
Ps.flu. ---- ---- 18.75 ---- 1.02 7.05
Ps. aru. 3.08 8.32 14.12 ---- 0.15 1.50
T. harz. 12.5 ---- ---- ---- 0.043 ----

VC = Vermicompost, NK = Neem cake, BP = Banana Peel Powder, CU = Cow urine, FYM = Farm Yard Manure, MC = Mustard cake, Ps.flu =
Pseudomonas fluorescens,
Ps. aeru. = Pseudomonas aeruginosa, T.harz. = Trichoderma harzianum 

Table 3: Amount of phenolic acid in organically and inorganically treated wheat samples

Phenolic acid Plot Treatment  Amount (µg)

Tannic acid Plot-1 Pf4-1 5.2652
Plot-2 Cont 4.2617
Plot-3 DH:PG:BP, 1:1:1 24.3339
Plot-4 IOF 13.4697

Gallic acid Plot-1 TH 2.3231
Plot-2 As 2.9030
Plot-3 DH:PG, 1:2 1.7296
Plot-4 IOF

Caffeic acid Plot-1 Cont 0.4121
Plot-2 Cont 0.5511
Plot-3 DH:PG:BP, 1:1:1 0.9888
Plot-4 IOF 0.6551

Ferulic acid Plot-1 C-05 0.3353
Plot-2 Cont 0.6510
Plot-3 DH:PG:BP, 1:1:1 0.4748
Plot-4 IOF 0.2073

Table 4: Comparison of total and average yield (Kg) / plot of organically treated, untreated and inorganically grown wheat

Replication
-----------------------------------------------------------

S.No. Treatments R 1 R 2 R 3 Total Yield (Kg) Average Yield (Kg)

1. Pf 4-1 3.50 3.45 3.73 10.68 3.56
2. Pf 4-2 4.15 3.80 3.63 11.58 3.86
3. C – 05 3.25 3.80 3.45 10.50 3.50
4. PUR – 46 2.80 3.10 2.98 8.88 2.96
5. Trichoderma viride 3.20 3.15 4.63 10.89 3.63
6. Trichoderma harzianum 3.10 2.90 3.39 9.39 3.13
8. DH 3.60 3.15 3.54 10.29 3.43
9. PG 3.25 3.20 4.53 10.98 3.66
10. DH + PG (1: 1) 3.15 2.80 3.95 9.90 3.30
11. DH + PG (1: 2) 4.20 3.75 3.15 11.10 3.70
12. DH + PG + BP (1: 1: 1) 3.20 3.40 3.48 10.08 3.36
13. Control 3.10 3.15 2.93 7.50 3.06
14. Inorganic farming 3.30 2.80 3.59 9.69 3.23
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Fig. 1: Different Views on Organic Farmng

RESULTS In other treatments of mixed ingredients of organic
manure it was observed that the yield was higher in

The HPLC analysis of wheat seeds grown organically coriander + pomegranate (1:1), coriander + pomegranate
and inorganically is shown in Tables 2, 3. The plot-wise + banana peel (1:1:1) while maximum in coriander +
results in organic fields reveal the maximum effect of pomegranate (1:2) compared with inorganic farming while
various treatments in Pfu-1, Trichoderma harzianum, in organic control it was lowest (Table 4).Different views
Psuodomonas fluorescens for gallic acid production in and virtues of organic farming are given in Figure 1.
plot  1.  Coriander + pomegranate peel + banana peel While Father of Green Revolution, Dr. Norman
(1:1:1) in plot 3 for tannic acid (24.3339 µg/g), while in Borlaug says that organic farming cannot increase yield,
inorganic fertilized field, the amount of tannic acid was several others, based on their experimental results, are of
only 13.4697 µg/g. Gallic acid was 2.3231 µg/g. Gallic acid the opinion that it can feed the world. There are eight
was 2.3231 µg/g in T. harzianum treated seeds. It was favorable features of organic farming such as 1. It
maximum in coriander + pomegranate (1:2) treated seeds. increases yield, 2. Improves nutritional property of food
There was   no   gallic   acid   in  inorganic  fertilized grains/vegetables, 3. Increases medicinal properties of
seeds. Caffeic acid was maximum in coriander + plants, 4. Improves soil and plant health, 5. Reduces
pomegranate + banana peel (1:1:1) treated plot seeds global warming by absorbing heat of the atmosphere, 6.
where it  was   little  higher  in  inorganically  treated Imparts social and ecological benefits, 7. Maintains
seeds. Ferulic acid was maximum in control plot-seeds sustainable productivity and 8. Can enhance maturity of
(Tables 2, 3). The data are mean of three years experiment crops by 7-10 days. These features are in contrast to
under similar conditions. inorganic farming.

Table 4 deals with the total yield of wheat grown
organically and inorganically. It is clear from the results DISCUSSION
that while in inorganic field the yield was 9.69 kg but the
higher yield was witnessed in coriander, Pf4-1, Pf4-2, Phenolic acids act like an antioxidant. Antioxidant is
Trichoderma viride, T. harzianum, Aspergillus species an atom doner of an electron to a free radical. If a molecule
and coriander fed fields. In control plot of organic field the has one or more unpaired electron it works as a free
yield was lower than inorganic field. Maximum yield was radical. Any antioxidant delays or prevents oxidation even
obtained in Pf4-1 field. In some of the ingredients of if the antioxidant is present in in low concentration [7].
organic farming (3 fields) the yield was lower than During oxidation free radicals are produced which damage
inorganic field. the  cells. Antioxidants  are  responsible   for   terminating
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the chain reaction by removing free radicals [8]. A number in cucumber and Arabidopsis [27]. Soil application of
of substances act like antioxidants, viz., betacarotene, vermicompost has been found to control Rhizoctonia
vitamin A, C and E and some trace elements such as solani and also improved soil properties with increased
copper (Cu), manganese (Mg), selenium (Se) and zink crop yield [18]. Poultry manure contains good amount of
(Zn). Phenols and several other nonnutrients to plants undigested  protein,   calcium,   phosphorus   and  uric
also serve as antioxidants [9]. acid  [28]. The effects of Pseudomonas fluorescens and

The damage of cellular components by free radicals, Ps. aeruginosa are already known as they improve plant
i.e., Reactive Oxygen eventually prevents the occurrence growth, induce resistance in plants, solubilize
of diseases [10]. phosphates, act as antimicrobial agents and so on.

Several workers [11], [12], advocated that the Studies on the mechanisms of action of other ingredients
antioxidants are basically phenolic compounds, insoluble of the composite manure need further experiments.
bound ferulic acid. Cheng et al. [13] reported that Recently, Crowder et al. [29] have also reported that
phenolic acids, tocopherols and carotinoids are naturally organic agriculture is quite helpful in imparting natural
present in wheat grain and its components vary according pest control.
to growth location Yu et al. [14]. Nitika and Khetrapaul In the present investigation it has been found that
[15], reported that phytic acid and polyphenol contents most of the phenolic acids were higher in organic wheat
were significantly higher in inorganically grown wheat compared with inorganic one. The total yield was also
varieties as compared with organically grown wheats. higher in treatments with various ingredients of organic
However, they did not deal with the individual phenolic materials as compared with inorganic wheat. Based on the
acids under both the conditions [15]. Physico-chemical results of four year data the impact of organic farming on
characteristics, nutrient composition and consumer human beings lies in the following statement:
acceptability of wheat varieties grown under organic and
inorganic farming conditions haves been described by “‘Virtues and faults’
Nitika and Khetrapaul [15]. These workers did not mention ‘Proponents and opponents’
about the details of organic and inorganic ingredients. ‘Lovers and haters’

Vermicompost is one of the ingredients of the present
composite manure. It is a natural organic fertilizer which is Will always stay, but it is the relative efficacy that will
used for all crops without residual toxicity. It is highly rich determine the adoption /or rejection of any one of the two
in nutrients which are relatively slowly released for the by the farmers for human survival.” U. P. Singh.
use by plants. Its chemical characterization and role in
cadmium adsorption has already been advocated [16]. ACKNOWLEDGEMENT
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