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ABSTRACT

The effects of treatment methods on the nutri-
tive value of cotton seed cake (CSC) for laying
hens were examined. Olympia laying hens (n =
96) were assighed randomly to a 2 x 3 factorial
combination of fermented or unfermented CSC
supplemented with enzyme, Vitamin E and fer-
rous sulphate over a 4-week feeding period.
CSC was incorporated at 15% in the diets. Re-
sults showed no significant differences (P > 0.05)
in feed intake, body weight gain and egg weight
due to treatments. However, hen-day egg pro-
duction was significantly reduced (P < 0.05)
among dietary treatments compared with the
control. Layers fed on unfermented CSC + Vi-
tamin E and unfermented CSC + FeSO, had the
lowest (P < 0.05) values for packed cell volume
and haemoglobin. Treatment differences in red
blood cell and white blood cell were not sig-
nificant (P > 0.05). Serum concentration of total
protein among dietary treatments was lower (P <
0.05) than the control, while albumin and cho-
lesterol values were similar (P > 0.05) for all
treatments. Generally, activities of alanine and
aspartate aminotransferases increased (P < 0.05)
among CSC dietary treatments compared with
the control diet. The interaction between CSC
form and additives had no significant effect on
any of the parameters. The results of this study
indicate that the treatment methods employed
for CSC could not significantly improve its nu-
tritive value for egg production at 15% level in
the diet of laying hen.

Keywords: Cotton Seed Cake; Haematology;
Serum Constituents; Laying Hen

1. INTRODUCTION

One major limiting factor in the expansion of egg pro-

Copyright © 2010 SciRes.

duction enterprise is the high cost of feedstuffs such as
soybean meal, groundnut cake and fish meal. This has
made egg production expensive, thereby worsening the
intake of protein sources by the populace of developing
countries. One approach to reduce pressure on conven-
tional protein ingredients is greater utilization of alterna-
tive sources of dietary protein alongside other strategies.

Cotton seed cake (CSC) is a by-product of the cotton
processing industry. The cake is rich in protein (42%)
but it contains gossypol which has been recognized since
the turn of the century to be toxic to animals [1,2]. In
monogastric animals, gossypol interfered with protein
digestion, bind lysine (making it unavailable) and re-
duced growth rate and productivity [3,4]. There is an-
other problem as the cake contains a high level of fibre,
perhaps 23% because undelinted seeds are used in the
processing [5]. This high fibre content has limited the
extent to which it can be used in the diets of poultry
which lack the appropriate enzymes capable of degrad-
ing fibre [6,7].

Currently, CSC is used by feed millers in Nigeria at
7.5% inclusion level with ferrous sulphate supplement to
inactivate gossypol in balanced layers feed. This chemi-
cal is usually not available to local farmers at farm sites.
It becomes imperative therefore that simple treatment
method be found that will overcome the gossypol and
degrade the high fibre in CSC so that its nutritive value
could be enhanced. Vitamin E is an antioxidant that pre-
vents the damage of free radicals at the cellular level [8].

This study was designed to investigate the effective-
ness of enzyme, vitamin E and ferrous sulphate treat-
ments in improving the nutritive value of CSC for laying
hens.

2. MATERIALS AND METHODS

Cotton seed cake was obtained from a feed miller in
Ilorin. Samples (20 kg) of the cake were placed in a dou-
ble layer polythene bag, tied up and placed in an empty
plastic drum, sealed and fermented for a period of 7 days.
Thereafter, the fermented cake was removed and sun-

Openly accessible at http://www.scirp.org/journal/AS/
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dried for 3 days. The fermented and a batch of the un-
fermented cake (20 kg) were used in preparation of the
diets described below.

Seven isonitrogenous (18% crude protein) and isoalo-
ric (2623 kcal/kg ME) experimental diets (Table 1) were
formulated by incorporating fermented or unfermented
CSC at 15% and supplemented with enzyme, vitamin E
and Ferrous Sulphate (FeSO,) at 0.01, 0.03 and 0.20%,
respectively in a 2 x 3 factorial design. Maize soybean
meal-based diet was used as control. The enzyme prepa-
ration (Allzyme) derived from Aspergillus niger contains
amylase, beta-glucanase, cellulase, pectinase, phytase,

protease and xylanase activities. The level of enzyme
supplementation was chosen according to manufacturer’s
recommendation.

Ninety six hens of the Olympia strain that had been in
lay for 10 weeks were purchased from a commercial
poultry farm in Ilorin. The birds were individually caged
in a poultry pen which was illuminated at night and were
randomly assigned to the dietary treatments. The trial
lasted for 4 weeks. Feed intake was measured daily and
body weight weekly. Records of egg production per cage
swere kept daily throughout the experimental period. All
eggs laid each day were weighed individually.

Table 1. Composition of the experimental diets (%).

Unfermented Cotton Seed Cake Fermented Cotton Seed Cake Control

Ingredient 1 2 3 4 5 6 7
Maize 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Wheat bran 12.64 12.62 12.45 13.14 13.12 12.95 15.85
Soybean meal 12.50 12.50 12.50 12.50 12.50 12.50 27.50
Cotton seed cake 15.00 15.00 15.00 15.00 15.00 15.00 0.00
Fish meal 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Blood meal 3.50 3.50 3.50 3.00 3.00 3.00 0.30
Oyster shell 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Bone meal 3.00 3.00 3.00 3.00 3.00 3.00 3.00
*Premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25
DL-Methionine 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Lysine 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Salt (Nacl) 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Enzyme 0.01 - - 0.01 - - -

Vitamin E - 0.03 - - 0.03 - -

FeSO, - - 0.20 - - 0.20 -

Chemical Composition (%)

Crude protein 18.08 18.10 18.30 18.07 18.05 18.20 18.00
Crude fibre 5.36 5.31 5.32 5.34 5.30 5.34 4.71
Ether extract 4.01 4.01 4.01 3.92 3.92 3.92 3.89
ME (Kcal/kg) 2623 2623 2623 2625 2625 2625 2624
Lysine 1.17 1.17 1.17 1.19 1.19 1.19 1.22
Methionine 0.52 0.52 0.52 0.53 0.53 0.53 0.49

*Provided 1.5 mg retinol, 25 mg cholecalciferol, 16 mg a-tocopherol, Img menadione, 0.8 mg thiamine, 2.4 mg riboflavin, 14 mg nicotinic acid, 4
mg calcium D-pantothenate, 1.4 mg pyridoxine, 10 mg cyanocobalamin, 0.4 mg folic acid, 0.02 mg biotin, 120 mg choline chloride, 0.62 mg zinc
bacitracin, 36 mg avaten, 40 mg Mn, 18 mg Zn, 0.8 mg Cu, 0.09 mg Co, 20 mg Fe and 0.04 mg Se kg™ diet; "Determined values except for me-
tabolisable energy (ME), lysine and methionine which were calculated from the published (NRC, 1995) compositions of the ingredients used.

Copyright © 2010 SciRes. Openly accessible at http://www.scirp.org/journal/AS/
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At the end of the experimental period, four hens were
randomly selected from each dietary treatment, fasted
overnight and blood samples collected from the wing
vein. Blood was collected into bottles containing EDTA
anticoagulant for haematology and clean dry bottles for
serum constituent analysis. Serum samples were sepa-
rated by centrifugation at 1600 x g for 15 min. and
stored at —20°C. The whole blood was analysed for
packed cell volume (PCV), haemoglobin (Hb), red blood
cell count (RBC) and white blood cell count (WBC)
using standard haematological techniques [10]. Serum
total protein, albumin, cholesterol, alanine amino trans-
ferase (ALT. EC 2.6.1.1) and aspartate amino transferase
(AST, EC 2.6.1.1) activities were measured using com-
mercial clinical investigation kits (Wako, Osaka, Japan).

3. STATISTICAL ANALYSIS

Data collected were subjected to a two-way factorial
analysis and Duncan’s multiple range test to determine
the significant difference at the 0.05 level [11].

4. RESULTS AND DISCUSSION

Laying performance of hens was affected by dietary
CSC treatments at the end of the feeding trial (Table 2).
There were no significant differences (P > 0.05) in feed
intake, weight gain and egg weight due to treatments.
However, hen-day egg production was significantly re-
duced (P < 0.05) among dietary treatments compared
with the control. The highest egg production (56.7%) in
CSC diets achieved by hens fed fermented CSC + en-
zyme was lower (P < 0.05) than the control (67.00%).
Layers feed consumption and body weight gain were

unaffected by treatment methods, probably because the
fermentation process and the additives used in the diets
were unable to cause appreciable reduction in the gos-
sypol level. The feed consumed by the layers appeared
to be principally used for body maintenance. This view
is similar to that reported by Olorede and Longe [12]
that hens can use feed or metabolizable energy intake to
fulfill maintenance requirement, thereby leaving little for
egg production. In general, the decrease in egg produc-
tion observed with dietary treatments of CSC might be
the consequence of residual effect of gossypol that binds
with the cake’s protein thereby making it unavailable to
the hens for egg production. The marginal improvement
found with the fermented cake + enzyme may be attrib-
uted to the combination of fermentation process and en-
zyme degradation of the fibre that made nutrients avail-
able to the birds. This is in agreement with Babalola et al.
[7] who reported improved nutrient availability to pullet
chicks fed B-xylanase supplemented castor seed meal
diet.

The haematological values are presented in Table 3.
For all treatments, PCV and Hb were lower than the
control with the exception of fermented CSC + enzyme
which had similar PCV value with the control. No sig-
nificant differences (P > 0.05) were observed for RBC
and WBC. The decreases in PCV and Hb values in hens
fed diets containing unfermented CSC or fermented CSC
+ Vitamin E, or ferrous sulphate, suggest inadequate
nutrient utilisation in the hens. This may be partly due to
the residual effect of gossypol on blood variables. A re-
duction in haematological parameter has been reported
by Apata [13] and Rinchard et al. [5] in chicks and fish
fed diets containing high levels of legume seed meal and
cotton seed meal, respectively. However, Mitruka and

Table 2. Performance of laying hens fed diets containing different treatments of unfermented or fermented cotton seed cake (CSC).

Feed intake

Weight gain Hen-day Egg

Dietary treatments (g per hen day™) (g per hen day™) production (%) Egg weight (g)

Unfermented CSC + enzyme 83.0° 3.4 45.7° 54.6°
Unfermented CSC + Vit. E 86.7" 3.5 44.3° 54.4°
Unfermented CSC + FeSO, 81.0° 2.9° 43.5° 53.2°
Fermented CSC + enzyme 85.8° 3.9° 56.7" 56.7°
Fermented CSC + Vit. E 82.5° 3.1° 53.1° 56.4°
Fermented CSC + FeSO, 78.6" 3.4 52.8" 55.0°
Control 106.5° 5.6° 67.0° 60.1°

FXA NS NS NS NS

SEM 72 1.1 6.4 3.8

Values in a column with the same letter do not differ significantly at P < 0.05. NS = not significant; SEM = standard error of means; F = test in-

gredient form; A = additives

Copyright © 2010 SciRes.
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Table 3. Haematological values of laying hens fed diets containing different treatments of unfermented or fermented cotton seed

cake (CSC).
Dietary treatments PVC (%) Hb (g/dL) RBC (x 10'%/L) WBC (x 10°/L)

Unfermented CSC + enzyme 24.0" 8.1 437 9.67
Unfermented CSC + Vit. E 18.0° 43" 3.50 11.30
Unfermented CSC + FeSO, 18.5° 5.1° 4.09 10.85
Fermented CSC + enzyme 27.0° 7.8 4.00 12.20
Fermented CSC + Vit. E 20.0° 6.0™ 4.03 9.97
Fermented CSC + FeSO, 22.3° 7.1%® 4.10 9.60
Control 30° 9.1 4.90 9.10

FxA Ns Ns Ns Ns
SEM 1.6 0.41 0.19 1.02

Values in a column with the same letter do not differ significantly at p < 0.05; PCV = packed cell volume; Hb = haemoglobin; RBC = red blood

cell; WBC = white blood cell; Ns = not significant; F = tests ingredient form; A = additives; SEM = standard error of means

Table 4. Serum biochemical constituents of laying hens fed diets containing different treatments of unfermented or fermented

cotton seed cake (CSC).
Dietary treatments T(()rtzllnrz)rﬁie)i n (Aml E;IEEI) (E}rlr?rlrfs;;rj))l ALT (IUL") AST (IUL’l)

Unfermented CSC + enzyme 23° 53 1.8 8.67° 118°
Unfermented CSC + Vit. E 26 6.0 2.5 12.00° 116°
Unfermented CSC + FeSO, 22° 5.5 1.5 20.00° 216
Fermented CSC + enzyme 24° 5.0 1.5 19.33¢ 163°
Fermented CSC + Vit. E 27° 5.3 1.5 19.33° 163°
Fermented CSC + FeSO, 26 5.3 2.1 13.67° 134°

Control 31° 4.0 1.1 4.00° 90°

FxA Ns Ns Ns Ns Ns
SEM 1.08 0.67 0.90 1.06 13.86

Values in a column with the same letter do not differ significantly at p < 0.05; AST = aspartate aminotransferase activity; ALT = alanine ami-

notransferase activity; Ns = not significant; F = tests ingredient form; A = additives; SEM = standard error of means

Rawnsley [14] reported 7.00-18.6 g/dl as normal values
of Hb in chickens. Thus, a range of 4.3-5.1 g/dl obtained
in this study for unfermented CSC + Vitamin E, or FeSO4
fell short of the range consistent with good layers health.
Of the serum biochemical constituents, total protein
among dietary treatments was lower (P < 0.05) than the
control, whereas the ALT and AST were higher (P < 0.05)
than the control (Table 4), with no significant differ-
ences (P > 0.05) observed in albumin and cholesterol
values for all treatments. Decrease in serum total protein
concentration irrespective of the treatment method cor-
roborates the inadequacy of these simple technologies in

Copyright © 2010 SciRes.

improving the nutritional quality of this feedstuff espe-
cially at the level of inclusion. The increase in serum
ALT and AST activities indicate release of the ami-
notransferases from cytoplasm to blood stream which is
probably due to liver and/or other tissues damage. A
similar observation has been reported by Muhammad
and Oloyede [15] for chicks fed femented Temialia cat-
tapa seed meal-based diet.

In conclusion, the results of this study show that the
different treatment methods employed for CSC could not
significantly improve its nutritive value for egg produc-
tion at 15% level in the diet of laying hen.

Openly accessible at http://www.scirp.org/journal/AS/
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ABSTRACT

In several plant species, lesion-mimic mutants
simulate the disease-resistance response in the
absence of pathogens. Interestingly, some of
these mutants confer broad-spectrum resistance
to diverse pathogens. We previously demon-
strated that the HLP (hypersensitive-like phe-
notype) mutant of bread wheat (Triticum aesti-
vum L.) exhibited spontaneous hypersensitive
response (HR) in the absence of any pathogen
input. However, when HLP plants showing HR
phenotype were challenged with leaf-rust (Puc-
cinia triticina) they were more resistant than
plants of the mother-line of comparable devel-
opmental stage that did not show spontaneous
HR, suggesting that the HLP mutation may
confer enhanced resistance to the fungus. In
this paper we validate the aforementioned find-
ing in several wheat genetic backgrounds. Two-
way crosses were performed among the HLP
mutant and eight wheat commercial stocks, and
third backcross progenies with and without
spontaneous HR were challenged with leaf-rust
to investigate the response to the fungus.
Backcrosses to cv. Sinvalocho M.A., the mother-
line, and cv. Purplestraw, highly susceptible to
leaf-rust attack, were used as controls. Third
backcross progenies of cvs. Sinvalocho M.A.,
Purplestraw, Buck Guarani and Pro INTA Impe-
rial bearing spontaneous HR phenotype were
more resistant to the fungal pathogen than third
backcross progenies that did not carry the HLP
mutation. Other four wheat stocks were as
healthy as the HLP mutant. As expected, back-
cross to the mother-line demonstrated that the
HLP mutation conferred an additional resistance
to the already healthy performance displayed by

Copyright © 2010 SciRes.

the mother-line at adult plant stage. The intro-
gression of the HLP mutation conferred heigh-
tened leaf-rust resistance and caused no kernel
weight reduction on the backcrossed progenies.
Taken together, these data validate the direct
use of this type of mutations in disease-resis-
tance breeding.

Keywords: Hypersensitive Response;
Lesion-Mimic Mutant; Puccinia Triticina,
Wheat Commercial Stocks

1. INTRODUCTION

Plants have evolved several defense mechanisms to
overcome pathogen attack. One of the most common and
effective defense responses in plants is the hypersensi-
tive response (HR), which results in localized cell death
at the site of pathogen infection [1]. Mutants have been
identified in several plant species that spontaneously
form localized areas of dead tissue resembling those
seen in the HR. In these class of mutants, hereafter re-
ferred to as lesion-mimic mutants, disease symptoms or
HR cell death occur in the absence of pathogens.

Several lesion-mimic mutants have been identified
and characterized in Arabidopsis: acd [2-4]; dll [5]; him
[6]; len [7]; Isd [8]; ssi [9,10]. The LSD1 gene coding for
a novel zinc finger protein functions as a negative regula-
tor of plant cell death. Interestingly, the Isd1 mutants
were resistant to the bacterial pathogen Pseudomonas
syringae and the oomycete Peronospora parasitica [11].
The HLM1 gene encodes a cyclic nucleotide-gated chan-
nel that is permeable to K™ and Na* ions and is activated
by cGMP and cAMP. The him1l mutants also exhibited
increased resistance to a virulent strain of Pseudomonas
syringae pv tomato [6].

An underlying agronomic feature of some gramina-

Openly accessible at http://www.scirp.org/journal/AS/
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ceous lesion-mimic mutants is that they confer broad-
spectrum resistance to different pathogens. Mutations of
the barley Mlo gene conferred expression of a lesion-
mimic phenotype which provided resistance to all known
races of the fungus responsible for powdery mildew
(Blumeria graminis f.sp. hordei). However, barley seed-
lings carrying the mlo mutation showed enhanced sus-
ceptibility to the rice blast fungus Magnaporthe grisea
[12], and resistance genes ml-05, ml-06, and ml-10 were
responsible for grain yield reduction in chromosome-
doubled haploid lines of barley tested in a disease-free
field trial [13]. In rice, some lesion-mimic mutants dis-
played enhanced resistance to pathogens: cdrl, cdr2 and
cdr3 exhibited heightened resistance to M. grisea [14],
spl4, spl5-1, spl5-2, spl7, spl10, splll, spll2, spll3,
spl14 and Spl15 conferred non-race-specific resistance to
rice blast and bacterial blight [15,16] and ebr3 showed
increased resistance to M. grisea and the bacterial
pathogen Xanthomonas oryzae pv. oryzae [17]. Co-seg-
regation analyses of blast and bacterial blight resistance
and lesion-mimic phenotypes in segregating populations
of spll7 and Spl26 demonstrated that enhanced resis-
tance to the two diseases was conferred by mutations in
the lesion-mimic genes [18]. The wheat mutant M66
showed enhanced resistance to powdery mildew and
yellow and brown rusts although its yield was 50% that
of the control, (cv. Guardian) [19-21]. Conversely, the
HLP mutant of wheat that exhibited spontaneous HR
lesions showed also heightened resistance to leaf-rust
(Puccinia triticina) and similar yield to that of its mother
line (cv. Sinvalocho M.A.) [22]. Because enhanced re-
sistance coincided with the presence of spontaneous HR,
the HLP mutant was backcrossed to different wheat ge-
netic stocks and challenged with leaf-rust to genetically
validate the phenomenon.

We report in this paper that the introgression of the
HLP mutation into different wheat genetic stocks confers
heightened levels of resistance to leaf-rust and does not
affect kernel weight.

2. MATERIALS AND METHODS

2.1. Plant Material and Backcross Program

A backcross program was performed among the HLP
mutant of bread wheat (Triticum aestivum L.) and eight
wheat cultivars to incorporate the mutation induced in
HLP into the eight different genetic backgrounds. Culti-
var Sinvalocho M.A., mother-line of HLP, and cv. Pur-
plestraw, highly susceptible to Puccinia triticina, were
selected because they have been used for many years in
Argentina as differential hosts in genetic studies involv-
ing leaf rust [23-25]. The remaining six wheat cultivars
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(Pro INTA Don Alberto, Pro INTA Isla Verde, Granero
INTA, Pro INTA Imperial, Buck Guarani, and Klein Ca-
cique) were selected from the large public (INTA) and
private (Buck and Klein) breeding programs because the
average genetic diversity within each of these programs
was very similar to the total genetic diversity present in
the complete Argentine germplasm [26].

Since the mutation induced in HLP controls the ex-
pression of visible and spontaneous HR lesions, its in-
trogression into the wheat genetic stocks was traced, by
the naked eye, simply by selfing the plant receptor and
selecting the HR phenotypes in the plant receptor prog-
eny.

2.2. Pathogen Infection Study and Kernel
Weight Evaluation

A spontaneous leaf-rust infection study was carried out
in the experimental field at the Agricultural Experimen-
tal Station of Concepcion del Uruguay, Entre Rios, Ar-
gentina. There were two sowing dates, 30 May 2006 and
23 May 2007, each with two repetitions. Seeds of third
backcross progenies corresponding to the aforemen-
tioned crosses were sown in the field in 1.2-m rows
separated by 0.2-m. For each cross, natural leaf-rust in-
fection was evaluated by scoring the number of pustules
on the flag leaf of 10 plants that carried the HLP muta-
tion and 10 plants that did not. Evaluated plants were
chosen at random. Results were the means of two inde-
pendent experiments.

The type of infection was also recorded according to
the classification described by Mains and Jackson [27].

The evaluation of the kernel weight trait was per-
formed by using the same experimental design described
for the spontaneous leaf-rust study. Results were the
means of two independent experiments.

2.3. Statistical Analyses

The Mann-Whitney test was used to statistically analyze
the leaf-rust infection response and the kernel weight
trait in third backcross progenies with and without spon-
taneous HR.

3. RESULTS

3.1. Expression of Resistance of HLP
Mutation to Leaf Rust in Different
Wheat Stocks

Preferentially, lesion mimic mutations have been char-
acterized only in the genetic background where they
were isolated. Even though it is highly desirable to know
as well if the candidate mutation is functional in other
genetic stocks different from the original one, knowl-
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edge about this matter appears to be scarce. Moreover,
this information is mandatory to decide whether the mu-
tation is a useful genetic factor to be considered in plant
breeding programs.

In a previous investigation we demonstrated that adult
HLP plants that exhibited spontaneous HR lesions were
more resistant to leaf-rust attack than Sinvalocho M.A.
plants of a comparable developmental stage, indicating
that the HLP mutation, traced by the naked-eye by the
presence of spontaneous HR, was phenotypically associ-
ated with fungal resistance.

In an effort to validate at the genetic level, whether the
HLP mutation also conferred pathogen resistance in
other genetic backgrounds, the HLP mutant was back-
crossed to two wheat controls and six commercial culti-
vars, and field-grown plants of progenitors and third
backcrossed progenies were challenged with natural leaf-
rust infections. Two-way backcrosses to cv. Sinvalocho
M.A., the mother-line, and cv. Purplestraw, highly sus-
ceptible to leaf-rust attack, demonstrated that adult
plants of progenitor HLP exhibiting spontaneous HR
accumulated lower numbers of leaf-rust pustules per cm?
of flag leaf (3.00 + 0.89) that in general terms were also
smaller (infection type 1) than those observed on control
plants of progenitors Sinvalocho M.A. (12.00 + 2.58; U
= 1; P < 0.001; infection type 2-2++) (Figure 1(a)) and
Purplestraw (38.50 £ 4.58; U = 0; P < 0.001; infection
type 2-3) (Figure 1(b)), of a comparable developmental
stage (Table 1, Figure 1). Third backcrossed progenies
derived from HLP x Sinvalocho M.A. cross demon-
strated that adult plants carrying the HLP mutation were
more resistant (4.00 + 2.16 pustules/flag leaf cm?) to the
fungal pathogen than adult plants that did not carry the
mutation (12.75 + 3.09 pustules/flag leaf cm?% U = 1; P <
0.001) and therefore they did not exhibit spontaneous
HR lesions (Figure 1). Accordingly, third backcrossed
progenies derived from HLP X Purplestraw cross
showed that adult plants bearing spontaneous HR phe-
notype were more resistant (4.10 £ 2.30 pustules/flag
leaf cm?) to leaf-rust than adult plants that did not ex-
hibit spontaneous HR lesion (43.40 * 5.15 pustules/flag
leaf cm? U = 0; P < 0.001) (Figure 1). On average, the
accumulation of rust pustules/flag leaf area allowed the
classification of naturally infected plants in two groups.
In one group the number of pustules ranged from 33.92
to 48.55 and it was composed of plants of cv. Purples-
traw and plants of third backcrossed progenies that ex-
hibited no spontaneous HR. The other group was com-
posed of plants of the HLP mutant and plants of third
backcrossed progenies that showed spontaneous HR, and
the accumulation of pustules ranged from 1.80 to 6.40.
Interestingly, to 6.40. Interestingly, not only the latter
group accumulated a small number of rust pustules com-
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Figure 1. Differential response of HLP, Sinvalocho M.A. (a),
Purplestraw (b), and their corresponding backcrossed proge-
nies to leaf rust attack. Note that field-grown plants from HLP
and backcrossed progenies that carry the HLP mutation accu-
mulated less rust pustules than plants of Sinvalocho M.A.,
Purplestraw, and backcrossed progenies that did not carry the
mutation.

pared to the first one, but it also showed a common fea-
ture, i.e., all their members carried the HLP mutation.
Since an elevated number of leaf-rust pustules were de-
tected in the susceptible wheat control, this meant that
the experiments were performed under conditions of
good spontaneous leaf-rust infection (Table 1, Figure
1(b)).

Adult plants of four commercial cultivars (Klein Ca-
cique, Pro INTA Don Alberto, Pro INTA Isla Verde, and
Granero INTA) out of the six cultivars analyzed did not
differ from the response displayed by the HLP mutant to
leaf-rust attack (Table 1); however, flag leaves of cvs.
Pro INTA Imperial (U = 1; P < 0.001; infection type
2-2++) (Figure 2(a)) and Buck Guarani (U = 1; P <
0.001; infection type 2-2++) (Figure 2(b)) accumulated
higher numbers of leaf-rust pustules compared to HLP
(Table 1, Figure 2). Third backcrossed progenies de-
rived from both HLP x P. Imperial and HLP x B.
Guarani crosses showed that adult plants that carried the
HLP mutation were more resistant (4.00 £ 2.58 pus-
tules/flag leaf cm? and 4.25 + 1.50 pustules/flag leaf
cm?, respectively) to leaf-rust than adult plants that did
not carry the mutation (10.50 + 2.64 pustules/flag leaf
cm? U = 1; P < 0.001, and 14.00 + 2.94 pustules/flag
leaf cm?® ; U = 1; P < 0.001, respectively), and thus they
did not exhibit spontaneous HR phenotypes (Figure 2).
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Table 1. Natural leaf-rust infection levels in field-grown plants
of several wheat genetic stocks.

Pustules/Flag leaf

Progenitors (Number cm?)

Mutant
HLP 3.00+0.89

Controls
Sinvalocho M.A. 12.00 £ 2.58
Purplestraw 38.50 £ 4.58

Commercial cultivars

Pro INTA Imperial 13.25+4.57
Buck Guarani 13.50 +£2.38
Klein Cacique 3.10+1.43
Pro INTA Don Alberto 280+1.14
Pro INTA Isla Verde 2.15+£0.93
Granero INTA 2.35+0.90

Notes: Four commercial cultivars were as healthy as the HLP mutant.
Data represent the average of two independent experiments with repe-
titions.
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Figure 2. Differential response of HLP, Pro INTA Imperial (a),
Buck Guarani (b), and their corresponding backcrossed proge-
nies to natural leaf-rust infection. Note that field-grown plants
from the HLP mutant and from backcrossed progenies that carry
the HLP mutation showed less rust pustules than developmen-
tally comparable plants of P. Imperial, B. Guarani, and back-
crossed progenies that did not carry the mutation.
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3.2. Kernel Weight Evaluation

Because wheat is both nutritionally and economically an
important crop worldwide, it is desirable that the muta-
tion induced in the HLP mutant causes no detrimental
pleiotropic effects in agronomic traits that are compo-
nents of the cereal yield. Field-grown plants that were
naturally infected with leaf-rust demonstrated, for each
cross, that no kernel weight differences (P > 0.05) were
detected between plants of third backcrossed progenies
that showed spontaneous HR and plants that did not
(Table 2), indicating that the HLP mutation, traced by
the naked-eye by the presence of spontaneous HR le-
sions, did not have a substantial effect on the kernel
weight of the different genetic backgrounds examined.

4. DISCUSSION

The fact that most lesion-mimic mutations have been
solely studied in the genetic background of the wild-type
indicates that any putative association between the le-
sion-mimic mutation and a genetic trait of agronomic

Table 2. Kernel weight values in progenitors and backcross
progenies carrying and not carrying the HLP mutation.

Plant material 100 Kernel weight (g)

Progenitors

HLP 3.74+0.16
Sinvalocho M.A. 3.72+£0.19
Purplestraw 3.72+£0.21
Buck Guarani 3.82+0.26
Pro INTA Imperial 3.49+0.59
Backcrosses

HLP x Sinvalocho M.A.
(spontaneous HR) 3.75£0.15

HLP x Sinvalocho M.A.
(without HR) 371+0.18

Purplestraw x HLP
(spontaneous HR) 3.70£0.24
Purplestraw x HLP
(without HR) 370023
Buck Guarani x HLP
(spontaneous HR) 384£0.32
Buck Guarani x HLP

(without HR) 348+029

HLP x Pro INTA Imperial
(spontaneous HR) 415£0.22
HLP x Pro INTA Imperial 3.42 +0.35

(without HR)

Notes: The introgression of the HLP mutation, traced by the observa-
tion of spontaneous HR lesions, caused no kernel weight reduction.
Data represent the average of two independent experiments with repe-
titions.
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interest represents a phenotypic correlation that should
be validated at the genetic level by crossing the genotype
that carries the lesion mimic mutation to other genetic
backgrounds and verifying if the genetic correlation be-
tween the mutation and the agronomic trait exists. This
validation is deemed important to consider the direct use
of this type of mutations in breeding programs.

We previously demonstrated that adult plants of HLP
showing spontaneous HR were more resistant to leaf-
rust attack compared with plants of the mother-line of
comparable developmental stage that did not show
spontaneous HR. This finding indicated that the muta-
tion induced in HLP was phenotypically associated with
fungal resistance [22].

In this study we have genetically validated the afore-
mentioned finding by challenging with leaf-rust infec-
tions the backcross-mediated introgression of the HLP
mutation into several wheat genetic backgrounds besides
the mother-line. We have demonstrated that adult plants
of third backcrossed progenies bearing spontaneous HR
phenotype were more resistant to leaf-rust attack than
adult plants of third backcrossed progenies that did not
carry the HLP mutation (Figures 1 and 2). The intro-
gression of the mutation induced in HLP conferred simi-
lar levels of resistance to the fungal pathogen in different
wheat genetic backgrounds. Interestingly, similarity co-
efficient among cultivars used as progenitors ranged
from 0.7784 (P. Imperial and P. Don Alberto) to 0.6296
(Granero INTA and P. Isla Verde), and it was 0.6625 in
the specific case of P. Imperial and B. Guarani (Mani-
festo, pers. comm.), indicating that the HLP mutation
proved to be functionally efficient against the fungal
pathogen in genetically diverse wheat germplasm.

Even though the mother-line of the HLP mutant car-
ries at least two leaf-rust (Lr) genes [25] that may ex-
plain the durable resistance that Sinvalocho M.A. has
shown for decades, the possibility that those genes con-
fer the enhanced resistance observed in plants of third
backcross progenies that showed HR phenotype is fairly
low.

Diseases are a leading cause of crop losses, primarily
leaf-rust that may reduce yield greatly [28]. Currently,
the introgression of disease resistance genes into wheat
breeding programs requires DNA-molecular-marker-
assisted selection to trace those genes in the plant breed-
ing materials. However, because the mutation induced in
HLP controls the expression of visible and spontaneous
HR lesions, its introgression into wheat genetic back-
grounds has the advantage that it can be traced, by the
naked eye, simply by selfing the plant receptor and se-
lecting the HR phenotypes in the plant receptor progeny.
Indeed, this visual method represents a simpler and more
economic way of tracing the mutation, compared to DNA-
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molecular-marker-assisted selection method.

On the other hand, several investigations have dem-
onstrated that resistance mediated by lesion-mimic mu-
tations is accompanied, in most plants, by lower yield,
stunted growth or other abnormal characteristics that
prevent the direct use of these mutations in disease-resis-
tance breeding. Yield of the wheat mutant M66 was 50%
lower than that of the control [19]. Mutagen induced
resistance genes ml-05, ml-06, and ml-10 conferred a
four per cent reduction in grain yield caused mainly by
lower thousand grain weight in a population of 198
chromosome-doubled haploid lines of spring barley
tested in a disease-free field trial [13]. In contrast to the
suppressor of SA insensitivityl (ssil), accelerated cell
death6 (acd6) and Isd6 mutations of Arabidopsis, and to
most spl and cdr mutations of rice, which reduced final
plant height [3,9,15,29] and shorter life cycle [14] and
resulted in a lower yield [16], the mutation induced in
HLP caused no detrimental pleiotropic effects that af-
fected the agronomic performance of the plant [22] and
did not affect kernel weight when it was backcrossed-
incorporated in several genetic stocks (Table 2). The
latter finding, coupled with the fact that backcrossed-
mediated introgression of the HLP mutation in several
wheat genetic stocks heightened leaf-rust resistance vali-
dates the direct use of this mutation in disease-resistance
breeding.

5. CONCLUSIONS

The introgression of the HLP mutation into different
wheat genetic stocks confers heightened levels of resis-
tance to leaf-rust, similar to the reported for the intro-
gression of the mutation into the genetic background of
the mother-line. To our knowledge this is the first report
of a lesion-mimic mutation that enhances pathogen re-
sistance without affecting kernel weight in genetically
diverse wheat germplasm. Taken together, both findings
validate the direct use of this mutation in disease-resis-
tance breeding.
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ABSTRACT

Some physical and chemical properties, mineral
content and fatty acid compositions of kernel
and oils of several walnut types (Biiyiik Oba,
Kaman-2, Kaman-5) were determined. The oil
yields from these kernels changed between
61.4% to 72.8%. The crude fibre contents of ker-
nels ranged between 3.77% and 3.80%. In add-
ition, crude protein contents of kernels ranged
between 7.05% and 8.10%. While the peroxide
values of kernel oils change between 3.18 meq/
Kg and 3.53 meg/Kg, acidity values ranged be-
tween 0.35% and 0.56%. The main fatty acids of
walnut kernel oils were oleic, linoleic, linolenic
and palmitic acids. Linoleic acid contents of ker-
nel oils varied between 49.7% and 55.5%. On the
other hand, oleic acid contents ranged between
20.5% and 26.4%. As a result, the present study
showed the walnut kernels of the researched
species of walnut kernels from Turkey are a
potential source of valuable oil which might be
used for edible and other industrial applica-
tions.

Keywords: Walnut; Kernel; Oil; Fatty Acid
Composition; Mineral Contents

1. INTRODUCTION

Walnut (Juglans regia L) a member of Juglandaceae
family is one of the finest nuts of temperate regions. It is
the oldest cultivated fruit in the world and grown spon-
taneously almost all over Turkey. Fifty percent of pro-
duction is consumed on- form and the remainder is mar-
keted [1-3].

Ripe walnuts are mostly eaten as dessert nuts or used
in cakes, desserts and confectionery of all kinds from ice
cream to Baklava. The walnut plant has a high nutria-
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tional value and high quality wood. In turkey, walnut has
a special value in Turkish foods and is very common in
traditional Turkish foods [2]. Although walnuts are rich
in fat, a diet supplemented with walnuts had a beneficial
effect on blood lipids, lowering blood cholesterol and
lowering the ratio of serum concentrations of low deroity
lipoprotein: high density lipoprotein by 12% [4,5]. Oil
contents of walnut kerrels can generally vary from 52 to
70 % depending on the cultivar, location grown and irri-
gation rate [2,3,6-8]. Most nuts are rich in manounsatu-
rated fat (oleic acid) while walnuts are also high in two
polyunsaturated fatty acids linoleic acid and o-lino-
lenic acids. The major fatty acids found in walnut oil are
oleic, linoleic and linolenic acids [3,5,8]. The fatty acid
profile of walnut oil varies between cultivars. It is im-
portant to a identify these differences in locally grown
cultivars and to identify which fatty acids give the best
nutritional qualities [8,9]. Some fruit seeds such as
cherry, apricot, citrus and apple can be used as sources
of oils. Some seed oils are already used for several pur-
poses: blending with highly saturated edible oils to pro-
vide new oils with modified nutritional values as ingre-
dients in paint and varnish formulations, surface coatings
and oleo-chemicals, and as oils for cosmetic purposes
[10].

The aim of this study was to determine their physical
and chemical properties, mineral contents and fatty acid
composition of some walnut types collected from Kirse-
hir province in Turkey.

2. MATERIAL AND METHOD

2.1. Material

The kernels of some walnut cultivars (Biiyliik Oba, Ka-
man-2, Kaman-5) were obtained by hand processing
from walnuts growing in Kirgehir province of Turkey in
August 2008. Kernels were kept in glass jars until
analyses at refrigerator. In all stages of trials, dry and
mature kernels have been used.
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2.2. Physical Analyses

Shelled weights of walnuts: It was used 25 unit walnut
for each walnut variety. Each walnut was weighted
separately, and average hulled fruit weights for each one
were found.

Shelled diameters of walnuts: Mean diameter of
each hulled walnut was measured by using electronic
cumpas.

Yields of walnuts: Five walnut were used for yield
analysis of each walnut. Yield was calculated as the per-
centage rate to the shelled walnut fruit of kernel weight.

Determination of dry matter: Air dried and ground
walnut samples were waited in incubator calibrated to
105°C for 24 h, and about 10 g samples from each dried
walnut was weighted.

2.3. Chemical Analyses

The some chemical compositions (crude oil, crude pro-
tein, crude fiber, and crude ash, acidity, peroxide value,
refractive index and saponification value) were analyses
according to AOAC [11]. For oil analyses, each samples
was homogenized and subjected to extraction for 6 h
with petroleum ether (boiling range 30-60°C) in a Sox-
hlet apparatus. The extracted oil was dried over anhy-
drous sodium sulphate and the solvent was removed
under reduced pressure in a rotary film evaporator. Oil
percentages were determined by weight difference. Ash
was determined in a muffle furnace at 900°C for 8 h
[11]. The nitrogen content estimated by the Kjeldahl
method and was converted to protein content by using
the conversion factor 6.25.

2.4. Determination of Fatty Acids

Fatty acid composition for walnut kernel samples were
determined using a modified fatty acid methyl ester
method as described by Higil [12]. The oil was extracted
three times for 2 g air-dried seed sample by homogeni-
zation with petrolium ether. The oil samples (50-100 mg)
were converted to its fatty acid methyl esters (FAME).
The methyl esters esters of the fatty acids (1 pl) were
analysed in a gas chromotography (Shimadzu GC-2010)
equipped with a flame ionising detector (FID), a fused
silica capillary column (60 m x 0.25 mm id.; film
thickness 0.20 mikrometere). It was operated under the
following conditions: oven temperature program. 90°C
for 7 min. Raised to 240°C at a rate 5°C/min and than
kept at 240°C for 15 min); injector and detector tem-
peratures, 260 and 260°C; respectively, carrier gas. ni-
trogen at flow rate of 1.51 ml/min; split ratio 1/50 pl/min.
A Standard fatty acid methyl ester mixture (Sigma
Chemical Co.) was used to identify sample peaks. Com-
mercial mixtures of fatty acid methyl esters were used as
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reference data for the relative retention times [13]. Qua-
ntitative analyses of the fatty acids were performed using
the heptadecanoic acid methyl ester as internal standard.
The results are mean values of three replicates.

2.5. Determiation of Mineral Contents

About 0.5 g of dried and walnut kernels were put into
burning cup with 15 ml of pure NHO;. The sample was
incinerated in a MARS 5 microwave oven (CEM corpo-
ration Manufactura) at 200°C. Distilled deionized water
and ultrahigh-purity commercial acids were used to pre-
pare all reagents, standards and walnut kernel samples.
After digestion treatment, samples were filtrated through
whatman No 42. The filtrates were collected in 50 ml
Erlenmayer flasks and analysed by ICP-AES (Varian).
The mineral contents of the samples were quantified
against standard solutions of known concentrations which
were analysed concurrently [14].

Working conditions of ICP-AES:

Instrument: ICP-AES (Varian-Vista

RF Power: 0.7-1.5 kw (1.2-1.3 kw for Axial)

Plasma gas flow rate (Ar): 10.5-15 L/min. (radial) 15
(axial)

Auxilary gas flow rate (Ar): 1.5

Viewing height: 5-12 mm

Copy and reading time: 1-5 s (max. 60 s)

Copy time: 3 s (max. 100 s)

2.6. Statistical Analyses

Results of the research were analysed for statistical sig-
nificance by analysis of variance [15]. This research was
performed by three duplicates with a replicate.

3. RESULTS AND DISCUSSION

The physical and chemical properties of some walnut
varieties (Biiylik Oba, Kaman-2, Kaman-5) collected from
Kirgehir province in Turkey are given in Table 1. The
weight with hull, diameter, hull weight, kernel weight,
yield, dry matter, crude fibre, crude ash, crude protein,
crude oil, saponification, refraxtive index, acidity, per-
oxide value of walnut kernels were determined. Accord-
ing to variance analyses, important differences were
found between physical properties and their weighs and
kinds as statistical, p < 0.01 level.

The oil yields of kernels varied from 53% (Biiyiik
Oba and Kaman-5) to 60% (Kaman-2 cv) of the dry
weight. The oil contents of kernels changed among the
varieties to more than about 60% of each. However, be-
cause of economical value of the oil, these kernels could
be used as potential sources of oils. Biiyiikoba cultivar
had the highest oil (72.87%) content, followed by Ka-
man-5 cv (72.13%) and Kaman-2 cv (61.38%). The
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Table 1. Some physical and chemical properties of walnut kernel and oils.

Walnut types
Properties Kaman-5 Buylk Oba Kaman-2
Weight with shelled (g) 12.96 +1.00b 15.74 +0.02a 13.6326 +0.03b
Diameter with shelled (mm) 36.72 +122b 41.02 +098a 39.79 +09a
Shell weight (g) 6.6882 +0.0la 7.7585 +0.0005 a 4.3256 +0.0lb
Kernel weight (g) 7.815 +0.005 8.9289 +0.02 6.5872 +0.0198
Yield (%) 53 +04b 53 +2b 60 +25a
Drt matter (%) 99.58667 +0.015275 98.58333 +1.440498 99.58 +0.04359
Crude oil (%) 72.13 +4.681047 72.865 +8.619632 61.375 +10.3450
Peroxide value (meq O,/kg) 3.5294 +0.0004 3.1849 +0.0999 3.4482 +0.0103
Crude fiber (%) 3.90 +0.60 3.77 +0.32 3.87 +0.31
Acidity (%) 0.5628 +0.0101 0.35 +0.015 0.5575 +0.01015
Saponification value 114.60 +0.0l a 106.96 +0.01b 102.09 +1.00c
Ash (%) 1.985 +0.431335 1.71 +0.028284 2.525 +1.15259
Crude Protein® (%) 8.10125 +0.055225 7.0489 +1.099834 7.24155 +1.878
Refractive index (nD20) 1.535 +0.0005 1.534 +0.00005 1.537003 +0.0001

’Nx6.25

crude fibre contents ranged between 3.77% (Kaman-5 cv)
and 3.90% (Biiyiikoba). While crude ash contents chan-
ged between 1.99% (Kaman-5 cv) and 2.53% (Kaman-
2), crude proteins of kernels ranged between 7.05 %
(Biiylikoba cv) to 8.10% (Kaman-5 cv). In addition,
kernel weights changed between 6.59 g/unit (Kaman-2
and 8.93 g/unit (Biiyiikoba cv). These results are com-
parable to data previously reported in the literature
[7,16]. Nuts and oils intended to be cooked may require
a low polyunsaturated fatty acid content [17].

Some physical and chemical properties of walnut
kernels and oils are given in Table 1. According to vari-
ance analyses, differences between varieties to saponifi-
cation values were found statistically important at the p
< 0.01 level. While the peroxide values of kernel oils
change between 3.18 (Biiyiikoba) and 3.53 meq/Kg (Ka-
man-5 cv), acidity values ranged between 0.35% (Biiyii-
koba cv) and 0.56% (Kaman-5 and Kaman-2). Refrac-
tive index was determined between 1.534 (Biiylikoba)
and 1.537 (Kaman-2 cv). In addition, saponification val-
ues of kernel oils were measured between 102.09 (Ka-
man-2 cv) and 114.60 (Kaman-5 cv). Differences among
the values of walnut varieties can probably be because of
growing conditions, climatic, environmental conditions
and analytic conditions.

Fatty acid compositions of walnut kernel oils are
given in Table 2. Results showed that the oils of all va-
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Table 2. Fatty acid composition of walnut oils (%).

Walnut types
Fatty Acids Kaman-5 Buyik Oba Kaman-2
[()élf(ljg; 6.5 6.3 6.3
gtfgr(‘)c) 2.6 2.5 2.6
(8 ﬁ;lcl) 264 22 20.5
%é“l‘g‘z‘; 497 53.6 55.5
L(g“ilger;‘)c 143 145 14.8

rieties used in this experiment had higher linoleic and
oleic acid contents. Linoleic acid contents of kernel oils
ranged between 49.7% (Kaman-5 cv) and 55.5% (Ka-
man-2 cv). The proportions of the most abundant fatty
acids (linoleic acid) of the kernel oils varied among dif-
ferent varieties. This proportion was also higher than
that in other fruit seed oils; mahaleb (35.4%), cherry
laurel (53.7%), date pit (49.54%), walnut (13.8-33.0%)
[8,18-20]. Stearic and palmitic acids are the main satu-
rated components in all walnut cultivars. Palmitic acid is
differed in the different walnut cultivars. Its percentage
was found between 6.3% (Kaman-5) and 6.3% (Biiyiikoba
and Kaman-2). These results are in good agreement with
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in fatty acid composition for several walnut kernels
[2,3,5,6-8]. Our results are similar in fatty acid composi-
tion when compared to the values in the literature.

Palmitic, stearic, oleic, linoleic and linolenic acid con-
tents of walnut oil were established as 7.22%, 1.07%,
28.51%, 52.46% and 10.50%, respectively [221]. Ozkan
and Koyuncu [3] found that the contents of the main
fatty acids of walnut genotypes were 5.24-7.62% palmitic,
2.56-3.67% stearic, 21.18-40.20% oleic, 43.94-60.12%
linoleic and 6.91-11.52% linolenic. Zwarts et al. [8] re-
ported as 6.7-8.2% palmitic, 1.4-2.5% stearic, 13.8-33.0%
oleic, 49.3-62.3% linoleic and 8.0-14.2% linolenic acids.
The oleic acid content of walnut oil was lower than that
of walnut oil reported by Zwarts et al. [8], Ozkan and
Koyuncu [3] and Koyuncu and Askin [22]. The walnut
fatty acid composition shows high contents of linoleic
acid and linolenic acid which are beneficial to human
health and linoleic acid and especially linoleinic acid
play important roles for human health regarding the
cardio vascular system [3,4,22].

The mineral contents of walnut kernels were deter-
mined by ICP-AES. The mineral compositions of ker-
nels were summarized in Table 3. Mineral elements
were found to vary widely depending on different walnut
cultivar kernels. According to variance analyses, differ-
ences between walnut cultivars to Ca, Cu, Fe, K, Mg,
Mn, Na and P were found statistically important at p <
0.01 level.

Table 3. Mineral contents of walnut kernels (mg/Kg)®.

Ca, K, Mg, Na and P contents of all the walnut culti-
var kernels were generally found very high. In addition,
other minerals were determined very low. The levels of
Ca of samples ranged between 2462.3 mg/Kg (Biiyiikoba
cv) and 2757.9 mg/Kg (Kaman-5 cv), K contents were
determined between 3478.8 mg/Kg (Biiyiikkobacv) and
5476.2 mg/Kg (Kaman-5). While Mg contents are estab-
lished between 4163.4 mg/Kg (Biiyiikoba cv) and 5488.1
mg/Kg (Kaman-2 cv), P contents of kernels were found
between 2226.2 mg/Kg (Biiylikoba cv) and 2604.3
mg/Kg (Kaman-2 cv). Walnut kernels were found to be
rich in some minerals such as Ca (1108.6 mg/kg), K
(4627.6 mg/kg), P (3621.9 mg/kg), Na (44.7 mg/kg) Mn
(46.3 mg/kg and Mg (1089.9 mg/kg) [23]. Caglarirmak
[2] reported as 280-380 mg/100 g P, 230-340 mg/100 g
K, 81-99 mg/100 g Mg and 67-105.5 mg/100 g Ca in
fresh walnut kernels. Our results were found differences
compared with mineral values reported by Caglarirmak
[2]. These differencies of cultivars minerals may be due
to growth conditions, varieties, genetic factors, harvest-
ing time, soil properties, geographical variations and
analytical procedures [2,24]. Calcium is the major com-
ponent of bone and assists in teeth development [25].
Other elements which may contribute to biological
processes, but which have not been established as essen-
tial are barium, cadmium [24]. The high quantity of po-
tassium, phosphorus, magnesium, and calcium, together
with the small proportion of sodium plus the content of

Walnut types

Minerals
Kaman-5 Biyuk Oba Kaman-2
B 15.114 +1.503°C 11.985 +2.001 13.057 +1.107C
Ca 2757.883 +10.436 B 2462.315 +76.754 D 2637.618 +37.460 B
Cr 1.695 +0.360 C - - 3.323 +2.820C
Cu 5.676 +1.099 C 9.333 +0.801 E 5.944 +0.325C
Fe 18.584 +1.542C 17.875 +1.252E 21.815 +3.514C
K 5476.201 +663.718 Aa 3478.757 +482.96 Ab 5380.995 +160.96 Aa
Mg 4375.513 + 925221 A 4163.363 +368.281 B 5488.101 +218.072 A
Mn 21.991 +4977C 22.201 +1413E 17.585 +0.134C
Mo - - - - 1.671 +0.537C
Na 617.713 +65.545C 667.416 +74322D 833.433 +26.601 C
Ni 1.651 +0.774 C - - 1.915 +4.564 C
P 2241411 +653.820B 2226.221 +230.554C 2604.255 +45318 B
Zn 17.981 +0.523C 20.623 +1.185E 18.353 +4.206 C
aPryveieht, byeantstandard deviation

Copyright © 2010 SciRes. Openly accessible at http://www.scirp.org/journal/AS/




66 M. M. Ozcan et al. / Agricultural Sciences 1 (2010) 62-67

the essential elements as iron, manganese, copper, and
zinc and allows the apricot, as well as the almond, to be
considered as an excellent source of bioelements [26].

4. CONCLUSIONS

The accurate quantification of these analyses has very
important applications for the nutrition sciences, because
fatty acids, protein, oil and mineral contents in particular
seed have a very important effect on health. These re-
sults of the experiment presented have shown that apri-
cot cultivars have some distinctive chemical and physic-
cal properties, fatty acid and mineral content profiles.
Kernels in apricot varieties can be good source oil due to
their abundance in the kernels and their high oil content.
Such utilization of apricot fruits processing wastes could
provide extra income and at the same time help mini-
mize a waste disposal problem. The mineral contents of
apricot cultivar kernels collected from Malatya province
of Turkey were established by ICP-AES. The contents of
most minerals such as Ca, K, Mg and P are at adequate
levels. Mineral elements were found to vary widely de-
pending on different apricot kernels. Apricot kernels
were found to be important sources of nutrients and es-
sential elements. In addition, it is apparent that apricot
kernels are good sources of micro and macro minerals,
and consumed as a food ingredient to provide the human
nutrient.

In this study, Kaman walnut varieties have got stan-
dard walnut properties. When these varieties were grown
modified conditions, it was estimated to be having more
quality. While walnuts have about 13.2 g fruit weight, 38
mm diameter with hull, 6.5 g hull weight, 7 g kernel
weight, 55% yield due to physical properties, as a
chemical properties walnut contained 98% dry matter,
65% crude oil, 2% ash, 7.4% crude protein and 3.75%
crude fiber. The oils of walnut varieties are more yel-
lowish-clear. Mean peroxide value, free fatty acidity,
density, saponification value, refractive index values are
3.2 meq/kg, 0.4%, 13.9 g/ml, 107.5, 1.535 np, respect-
tively. The major fatty acids of walnut oils were estab-
lished as 6.4% palmitic, 2.5% stearic, 23% oleic, 51.5%
linoleic and 14.4% linolenic. The highest minerals were
Ca, Mg, K and P. Walnut is one of important foods need
found in daily diets. High polyunsaturated fatty acid
contents are the most important properties. At the same
time, due to walnut’s nutrition important was thought to
be found between strategic foods in future.
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ABSTRACT

Wheat ear insects in large scale winter wheat
field in Salzminde (Saxsony-Anhalt) central
Germany were evaluated. The present study
aimed at studying the abundance of wheat
blossom midges WBM, Sitodoplosis mosellana
(Géhin), Contarinia tritici (Kirby) and thrips, Li-
mothrips cerealium (Haliday) and Haplothrips
tritici (Kurdjumov). Infestation in winter wheat
during the growing seasons 2007, 2008 and
2009 was evaluated. Three methods were used
to determine population densities and damage
of wheat midges and thrips; pheromone traps,
inspection of ear insects and water traps. A
strong correlation between midge’s catches and
weather conditions was obtained in field ob-
servations. A positive correlation between phe-
romone catches and ear infestation levels was
recorded; it was higher in 2008 than in 2009. On
the other hand, in 2007 there was no synchro-
nization; S. mosellana hibernated emerged too
late to coincide with the susceptible wheat
growth stages. The chemical treatment applied
at 2008 for highly infestation; there were sig-
nificant differences in thrips and midge num-
bers between treated and untreated. Thrips and
midge numbers were lower in the treated than in
control. The high midge populations in water
traps were recorded at growth stages 77-79 and
83 and the low populations were recorded at GS
75 and 75-77. This gives a reliable base for de-
cision making to midges control.

Keywords: Winter Wheat; Thrips; Wheat Midges;
Population Densities
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1. INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most impor-
tant cereal grain crops in the world and it is cultivated
over a wide range of climatic conditions [1]. Yields can
be improved if producers take time to inspect their fields
and control the insect pests during the growing season
[2]. Important pests that may reduce wheat yields are
wheat blossom midges and thrips. The orange wheat
blossom midge Sitodiplosis mosellana (Géhin) and the
yellow wheat blossom midge Contarinia tritici (Kirby)
(Diptera: Cecidomyiidae), have a very patchy spatial
distribution and infestations vary from year to year, be-
cause they have the capacity for extended diapauses and
only a portion of the larvae in the soil develop and pu-
pate each spring, depending on climatic conditions [3]. S.
mosellana and C. tritici cause direct damage by the lar-
vae feeding on developing grain, and secondary fungal
attack by Fusarium graminearium and Septoria nodorum
may occur [3]. During the past decade, infestations of
wheat midge seriously reduced the yield and quality of
wheat in the major wheat-producing provinces in Ger-
many [4,5], UK [6] Canada [7] and Finland [8]. The
highest wheat midge populations can be found in fields
where wheat was grown in previous years and in fields
that are next to them.

Pheromone traps gave a reliable indication of peak
midge emergence, onset of flight and abundance of
midges throughout the season. The wheat plants are
susceptible growth stages (GS) from the flag leaf sheath
opening up to the flowering half complete (GS 47-65),
[10]. Also weather conditions have to be favorable for
the insect to lay eggs within the florets [6,11,12]. The
critical risk factors are the proportion of diapausing
midge larvae that might develop in any given season, the
coincidence between emergence of adult midges and
susceptible stages [13] and the suitability of the weather
during adult midge activity coinciding with susceptible
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growth stages for flight and oviposition [14,15]. A strong
correlation between maximum trap catches and crop
infestation levels has resulted in many studies [3,5].

White water traps are often used to sample migrating
and flying insects. Larvae are caught in their migrating
way from wheat ears to soil at the end of the season.
Insects are attracted visually by colour of the traps and
are then captured in the water. Studies have demon-
strated the preferences of a certain cultivar of insect to a
particular coloured trap, as well as weather condition,
especially rainfall [16].

Thrips infesting cereals are usually found behind the
sheath of the flag leaf, feeding on the stem; however,
leaves, and heads also were attacked [17]. Adults and
nymphs can cause damage and, if present in large num-
bers, may cause the tissue on which they are feeding, to
turn into a silver coloration. The stage of growth at the
infestation time seems to determine the extent of yield
loss [18]. The most important thrips species in the world,
damaging wheat and barley heads are Limothrips cere-
alium (Haliday) and Haplothrips tritici (Kurdjumov).
They are species of wide ecological plasticity, and able
to build up populations with notable individual numbers
in cooler zones of Europe [19-21].

The objective was to determine the abundance of
WBM and thrips infestation in large scale wheat fields
through three monitoring methods to establish economic
thresholds. To address the growers need for monitoring
systems against wheat ear insects to prepare an expert
system should help wheat farmers in dry region in cen-
tral Germany.

2. MATERIAL AND METHODS

2.1. Winter Wheat Fields

The winter wheat varieties Tommi, Manager and Im-
pression were chosen to cultivate in 2007, 2008 and
2009, respectively. These varieties are commonly culti-
vated and with high quality properties [22], they were
sown in sandy loam soil in the previous October every
year in Salzmiinde (Latitude 51°4’N, Longitude 11°55’E)
central Germany. The crop rotation in the experiment
sites was winter wheat after winter wheat and the plots
size was 7.5 hectares.

2.1.1. Monitoring WBM Adults Using Pheromone
Traps
Pheromone monitoring kits were obtained from AgriSen-
se™ (UK). Each trap consisted of a pheromone lure;
Dispenser: Septa; Material: Natural rubber; Packaging:
Individually Sachet Packed; Sachet Material: Foil Lined
Laminate [23]. Two traps were set up when winter wheat
was at growth stages 45 (flag leaf sheath swollen) and
were taken off at GS 77 (late milky) in the studied years.

Copyright © 2010 SciRes.

The traps were placed at the same height as the wheat
ears at a distance of 20 m from field borders and sepa-
rated by 10 m [24,25]. Trap catches were recorded twice
a week. Trapped WBM adults and debris were removed
from the traps; and depending on the density of the
caught insects the cards were changed.

2.1.2. Inspection of Thrips and Midges in Wheat
Ears

Ten ears were collected in method of liner observation
[26] at flowering stage (GS 65) and milky stage (GS 73)
[27] when the most larvae are already practically grown
up, but still not left the spikes, they transported in sealed
bags and stored at —20°C. By mean of a binocular the
numbers of larvae per ear was counted and classified as
S. mosellana or C. tritici and thrips Limothrips cereal-
ium (Haliday) and Haplothrips tritici (Kurdjumov). In
addition, kernel damage was registered as reformatted,
cherviled or cracked.

2.1.3. Surveying WBM Larvae Using Water Traps
The migrated midge’s larvae from wheat ear were
monitored using white water traps as expectation factor
for the following years. The traps consisted of white
plastic dishes; 12.5 cm diameter and 6.5 cm deep. Two
traps were placed on the ground among wheat plants at
milky stage (GS 73) and were taken off at gold dough
(GS 89), and were partly filled with water (200 ml) plus
1ml of detergent (Fit). Traps were examined twice a
week and larvae were counted using a magnifying glass.

2.2. Chemical Control

The wheat midge’s management was conducted by using
Karate (Lambda cyhalothrin), a pyrethroid insecticide, at
a rate of 0.751/ ha [28]; insecticide application was sp-
rayed on 3™ June 2008 (GS 59), and only a 4/5 of the
wheat field was sprayed. Insect populations were sam-
pled before the insecticide application, thereafter, 3, 7,
10, 15 and 20 days after treatment.

2.3. Statistical Analysis

Numbers of captured insects and ear insect’s evaluation
were analyzed by linear model (a repeated measures
analysis of variance (Statistix 9) [29]. Tukey test was
used to compare means of varieties. Significances were
noted at P < 0.05 for all trials. Thrips and midge num-
bers per ear were correlated with infested kernels by
using the Pearson’s correlation coefficient.

3. RESULTS

3.1. Monitoring S. Mosellana Adults Using
Pheromone Traps

Populations of S. mosellana adults started slowly till
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milky stage and the first peak was recorded at GS 73
(1496 midges/trap) in 2007 (Figure 1). In 2008 large
variations in numbers of midges in the pheromone traps
and in time of peak catches were found; the highest
number of males was 173 midges/trap recorded in GS
(55-59) (Figure 2). There was one peak in 2009 (32
midges/trap) at GS 59-61 (Figure 3).

The lowest number of midges werel, 13 and 2.5
midges/trap in 2007, 2008, and 2009, respectively (Fig-
ures 1-3). Coincidence of adult activity and susceptible
growth stages was more obvious in 2008 than in 2009 as
shown in oval shape in Figures 2 and 3. The susceptible
stages of wheat coincided with suitability for flight and
oviposition. There was also a strong correlation between
peak pheromone trap catches and weather conditions,
rainfall and temperature (r = +0.892 and r = +0.742) in
2008 & 2009, respectively. On the other hand, there was
no correlation (r = +0.38) in 2007, possibly because the
midge activity started later than the susceptible stage.
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Figure 1. Mean Sitodiplosis mosellana adults caught in phero-
mone one trapsamd their realtion with temperature and rainfall
in Salzmiinde 2007.
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Figure 2. Mean + SE of Sitodiplosis mosellana adults catches
in pheromone traps and their relation with temperature and
rainfall in 2008. Oval refers to coincidence of adult activity
and susceptible growth stages. Different letters indicate sig-
nificant differences.
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Figure 3. Mean * SE of Sitodiplosis mosellana adults catches
in pheromone traps and their relation with temperature and
rainfall in 2009. Oval refere to coincidence of adult activity
and susceptible growth stages. Different letters indicate sig-
nificant differences.

3.2. Inspection of Thrips and Midges in
Wheat Ears

3.2.1. 2007

3.2.1.1. Total Thrips

In the most important growth stage GS 65&73 there was
significant difference in thrips populations (P = 0.0047)
(P = 0.0484) and (P = 0.0451) in thrips adults, larvae
and total thrips, respectively. The thrips adults were 0.7
and 1.5/ear in the same way. The corresponding records
in thrips larvae were 1.3 and 2.0/ear. The total thrips/ear
were 2.1 and 3.5, respectively (Figure 4).

3.2.1.2. Wheat Midges

There was a significant difference (P = 0.0357) in total
midges between both growth stages (flowering and
milky). Total midges (S. mosellana & C. tritici) were 0.2
and 1.8 larvae/ ear, respectively (Figure 4).

3.2.1.3. Infested Kernels by Thrips and Midges
There was significant difference (P= 0.0391) in infested
kernels (deformated, cherviled or cracked kernels) be-
tween the growth stages 65 and 73, these values were 0.2
and 1.8 infested kernels/ear, respectively (Figure 4).

3.2.2. 2008

3.2.2.1. Total Thrips

Thrips population was 10.0 thrips/ear before the insecti-
cide application, while after 3 days post treatment; they
were 8.8 and 26.0 thrips/ear in the treated and control,
respectively.

In flowering stage (GS 65): Significant differences
were found (P = 0.0083) in the number of total thrips
between treated and control. On the 7" day, thrips num-
ber in control plants were higher than in treated 26.4 and
6.8/ear, respectively; the corresponding numbers on the
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Figure 4. Mean + SE of thrips (adults, larvae & total) and total
midges in two growth stages in 2007. Different letters indicate
significant differences.

10" day were 27.6 and 6.8 thrips/ear (Figure 5(a)).

In milky stage (GS 73): There was significantly dif-
ferent (P = 0.0041) in thrips number between treated and
untreated. Thrips numbers were lower in the treated than
control. They were 6.8 and 31.6 thrips/ear, respectively
after 15 days post treatment; the corresponding records
on 20" day were 18.4 and 34.4 thrips/ear (Figure 5(a)).

3.2.2.2. Wheat Midges

There was no wheat midge larvae recorded before treat-
ment (Figure 5(b)), while 3 days after treatment; they
were 0.0 and 4.4 midge larvae/ear in treated and control
plots, respectively.

In flowering stage (GS 65): There was no significant
difference (P = 0.0672) in the number of midge larvae
(S. mosellana & C. tritici) between treated and untreated
plots. On the 7™ day, midge larvae numbers in treated
were lower than in control 0.8 and 2.0/ ear, correspond-
ingly; the equivalent records on the 10" day were 2.4
and 3.6 thrips/ear (Figure 5(b)).

In milky stage (GS 73): There was significantly dif-
ferent (P = 0.0245) in wheat midge larvae between
treated and untreated. Midge larvae numbers were higher
in control than in treated plants. They were 4.0 and 1.2
larvae/ear, respectively after 15 days post treatment; the
corresponding numbers on 20" day were 4.8 and 2.4
larvae/ear; this mean that treated had an half population
which recorded in control (Figure 5(b)).

3.2.2.3. Correlation between Thrips, Midges and
Infested Kernels

There was significant difference (P = 0.0485) in infested
kernels by thrips and wheat midge. Treated wheat had
lower infested kernels than control plants. There was a
positive correlation coefficient between wheat midge
larvae and infested kernels (r = +0.56 and +0.76) in GS
65 and 73 stages, respectively; while there was no
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Figure 5. Mean * SE of total thrips (a) andl midge larvae (b) in
treated and untreated winter wheat during season 2008. Dif-
ferent letters indicate significant differences.

significantly correlation between total thrips and infested
kernels (r = +0.121 and +0.175) in both stages (Figures
5 (a) and (b)).

3.2.3. 2009

3.2.3.1. Total Thrips

There was a significant difference in thrips populations
in GS 65 and 73; the significant value was (P = 0.0030)
in thrips adults and (P = 0.0484) in total thrips. While
there was no significant difference (P = 0.891) in thrips
larvae between both stages. The thrips adult were 0.3 in
GS 65 and 1.1/ear in 73, respectively. The corresponding
records in thrips larvae were 3.2 and 3.4/ear. The total
thrips were 3.5 and 4.5/ear in GS 65 and 73, respectively
(Figure 6).

3.2.3.2. Wheat Midges

There was a significant different (P = 0.0263) in total
midges populations (S. mosellana & C. tritici) between
GS 65 and 73. The total midges were 0.3 and 0.8 larvae/
ear in GS 65 and 73, respectively (Figure 6).

3.2.3.3. Infested Kernels by Thrips and Midges
There was significant difference (P = 0.0169) in infested
kernels between growth stages 65 and 73, these values
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were 0.3 and 0.8 infested kernels/ear, respectively (Fig-
ure 6).

3.3. Monitoring WBM Larvae Using Water
Traps

3.3.1. 2007

Yellow wheat midge larvae were only recorded on GS
75 (1 larva/trap). S. mosellana larvae were significantly
higher (P = 0.039) on growth stage 85 than other growth
stages. The population densities of S. mosellana were 6,
4 and 13 midge larvae/trap at growth stages 75, 83 and
85, respectively. The last WBM larvae were caught on
growth stage 87-89 (1 larva/trap) (Figure 7).

3.3.2. 2008

Populations of wheat midge larvae (S. mosellana & C.
tritici) were significantly higher (P = 0.0023) on control
than treated. Population density was significantly lower
(P = 0.0353) on the first two stages (75 and 75-77 (18"
& 22" June)) than other two growth stages (77-79 and
83 (26" & 30™ June)). The results indicated that S. mose-
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Figure 6. Mean + SE of thrips (adults, larvae & total) and total
midges in two growth stages in 2009. Different letters indicate
significant differences.
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Figure 7. Mean + SE of red-orange and yellow midge larvae
by white water traps and their relation to temperature and rain-
fall during winter wheat season 2007. Different letters indicate
significant differences.
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llana & C. tritici populations could be divided into two
groups; the high populations were recorded on 26" &
30" June and the low populations were recorded on 18"
& 22" June. Mean of low populations of S. mosellana &
C. tritici 1 and 2 midge larvae/trap in treated and un-
treated plants. Mean of high populations of both wheat
midge larvae were 4 and 12 larvae/trap in treated and
control plants, respectively (Figure 8).

3.3.3. 2009

Yellow wheat midge was only recorded on GS 77 & 87
(1 & 2 larvaeltrap, respectively). Population density of
orange wheat midge was significantly higher (P = 0.028)
on growth stages 83 and 89 than the others. S. mosellana
numbers were 4 larvae/trap in both stages. The last
WBM larvae were caught on growth stage 89 (Figure 9).

4. DISCUSSION

Large variations in adult midge’s humbers caught in the
pheromone traps and in timing of peak catches were found
between years (ca. fivefold) in farm scale studies under-
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Figure 8. Mean * SE of red-orange and yellow midge larvae
catches in treated and untreated plots by white water traps and
their relation to temperature and rainfall during winter wheat
season 2008. Different letters indicate significant differences.
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Figure 9. Mean * SE of red-orange and yellow midge larvae
by white water traps and their relation to temperature and rain-
fall during winter wheat season 2009. Different letters indicate
significant differences.
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taken in Salzminde. This suggests that it is more useful
for farmers to put traps in neighboring fields which were
cultivated wheat in the year. There was no coincidence
in 2007 between wheat midge activity and susceptible
stages of wheat. Therefore wheat plants had escaped
from midge’s infestation, because the hibernated midges
emerged later due to the warm weather in spring; it was
ca. > 10°C as stated by Oakley et al. [12]. In general, in
2008 and 2009 the peak of midge flight synchronized
with the susceptible stage of the crop, it was more ade-
quately in 2008 than in 2009, damage levels tended to be
higher in 2008 than in 2009, because there was correla-
tion between total numbers of males caught during the
susceptible period and infestation as confirmed by Ellis
et al. [30]. Pheromone traps were very valuable in indi-
cating midge’s emergence and for decision making. This
is a significant benefit with other systems for monitor-
ing wheat midges as mentioned by Gaafar and Volkmar
[5,32]

The peaks of pheromone trap catch for the whole sea-
son occurred when the wheat was past the susceptible
growth stage ex. 2007, but for setting the economic
threshold the peak catch during the susceptible period is
more relevant. There was also a strong correlation be-
tween peak pheromone trap catches and temperature and
high rainfall. These results agree with those obtained by
Oakley et al. [6], Bruce et al. [3], Volkmar et al. [31],
Gaafar and Volkmar [32], who studied pheromone traps
in different sites. Routine use of this monitoring method
should eliminate most unnecessary applications of
insecticides, and help assure that the benefits of insecti-
cide applications exceed the cost.

Levels of midge infestation were higher in 2008 than
in 2009 in both methods; evaluation ear insects and
white water traps. This meant that there was a good rela-
tion between pheromone trap catches and midge’s infes-
tation. Therefore, chemical control was applied in 2008
and did not apply in 2007 or 2009 in case of low levels
of midge infestation in 2007 and 2009. In terms of the
impact of meteorological conditions, although soil mois-
ture levels were favourable, weather conditions (tem-
perature > 10°C and 1mm rainfall) in the 2007 season
were warmer than usual, which delayed the emergence
of wheat midges in wheat ears as well as in white water
traps. As a consequence, although the pheromone traps
indicated that WBM had emerged, the time of arrival of
many of the egg-laying females in the crop was not syn-
chronized with the susceptible growth stage. This ex-
plains why there was a poorer correlation between
pheromone trap catches and subsequent infestation in
2007 or 2009 than in 2008. Similar results were recorded
by Ellis et al. [30], who reported that difference in wea-
ther condition between 2004 and 2005 had direct affected
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on wheat midge’s populations.

Although levels of midge infestation were generally
higher in 2008 than in 2007 and 2009, there is evidence
to suggest that the proposed thresholds to the control
decision are a good basis with which to predict the risk
of midge attack. If cumulative trap catches exceed 30
midges/trap/day after heading (GS 59-65), then this in-
dicates an economic risk to the wheat crop and an in-
secticide application may be necessary. The correspond-
ing record in water trap was more than 10 midge larvae/
trap (at late milky stage). As well as for ear evaluation,
three or four maggots per kernel will destroy the kernels
in that ear. Similar results were found by Olfert et al.
[33,10], Oakley et al. [6] and Ellis et al. [30] in Canada
and UK, they confirmed that if one or more adult midges
are observed for every 4-5 heads or 3-4 midge larvae/ear;
insecticide treatment is recommended. An economic
threshold for L. cerealium was 25 thrips/ear, while Lars-
son [18] reported that this value was 35 thripsttiller in
his studies on winter barley. Pheromone traps, ear
inspection and midges captured indicate the class of risk,
while the threshold indicates the need for control.

5. CONCLUSIONS

The sequential sampling plans (pheromone traps, ear
insect’s evaluation and water traps) described in this
paper should provide a method for more efficient midges
monitoring. If pheromone trap catches indicate that a
significant number of adults and suitable weather (tem-
perature is > 16°C and heavy rain is ca. 8 mm) during
the susceptible stage of the wheat crop, need to be
closely monitored at growth stages 47-65 [34]. Ear in-
sects evaluation should be conducted in the milky stage
(GS 73-75, when most larvae are already practically
grown up, but have still not left the spike), while water
traps should be also monitored carefully after the heavy
rain, especially at late milky stage. A strong correlation
between midge’s catches and weather conditions was
obtained in field observations; this gives a reliable base
for decision making to midges control.

6. ACKNOWLEDGEMENTS

The authors want to thank to Dr. H. Hussein (Academy of Science,
Czech Republic) for his beneficial notes on this manuscript, and Dr. N.
El-Wakeil for his help in statistical analysis.

REFERENCES

[1] Varshney, R.K., Balyan H.S. and Langridge, P. (2006)
Genome mapping and molecular breeding in plants.
Cereals and Millets, 1(2), 79-134.

Openly accessible at http://www.scirp.org/journal/AS/




74

[2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

N. Gaafar et al. / Agricultural Sciences 1 (2010) 68-75

Wheat Insect Control Recommendations (WICR). http://
www.utextension.utk.edu/fieldcrops/cotton/cotton_insect
s/pubs/PB1768-Wheat.pdf

Bruce, T.J.A., Hooper, A. M., et al. (2007) Development
of a pheromone trap monitoring system for Sitodiplosis
mosellana, in the UK. Pest Management Science, 63(1),
49-56.

Gaafar, N., Coster, H. and Volkmar, C. (2009) Evaluation
of ear infestation by thrips and wheat blossom midges in
winter wheat cultivars. In: Feldmann, F., Alford, D.V. and
Furk, C., Eds., Proceedings 3rd International Symposium
on Plant Protection & Plant Health in Europe, Berlin,
349-359.

Gaafar, N. and Volkmar, C. (2010) Assessment of wheat
ear insects in winter wheat varieties in central Germany.
Journal of Pest Science (Accepted).

Oakley, J. N., Talbot, G., Dyer, C., et al. (2005) Inte-
grated control of wheat midge: Variety choice, use of
pheromone traps & treatment thresholds. HGCA Project
Report, 363, 65.

Lamb, R.J., Sridhar, P. Smith, M.A.H. and Wise, I.L.
(2003) Qviposition preference and offspring performance
of a wheat midge Sitodiplosis mosellana on defended and
less well defended wheat plants. Environmental Ento-
mology, 32(2), 414-420.

Kurppa, S.L.A. (1989) Wheat blossom midges, Sitodiplo-
sis mosellana Géhin and Contarinia ftritici (Kirby) in
Finland during 1981-1987. Annales agriculturae Fenniae,
28, 87-96.

Oakley, J.N. (1994) Orange wheat blossom midge: A
literature review and survey of the 1993 outbreak. Re-
search Review No. 28. Home-Grown Cereals Authority
London, 51.

Olfert, O., Elliott, R.H., Hartley, S. and Zeleny, K. (2004)
Forecast of wheat midge in Alberta and Saskatchewan
for 2004, 2003 Crop variety highlights and insect pest
forecasts. Saskatoon Research Centre Technical Bulletin
No. 2004-01, 14-15.

Pivnick, K.A. (1993) Response of males to female sex
pheromone in the orange wheat blossom midge, Sitodip-
losis mosellana. Journal of Chemical Ecology, 19(8),
1677-1689.

Oakley, J.N., Cumbleton, P.C., Corbett, S.J., Saunders, P.
et al. (1998) Prediction of orange wheat blossom midge
activity and risk of damage. Crop Protection, 17(2), 145-
149.

Basedow, T. and Gillich H. (1982) Untersuchungen zur
Prognose des Aufretens Contarinia tritici und Sitodiplosis
mosellana. Il. Faktoren, die ein Schadauftreten der Miic-
ken verhindern konnen. Anzeiger fir Schéadlingskunde
Pflanzenschutz, 55(2), 84-89.

Gries, R., Gries, G,, Khaskin, G, King, S., Olfert, O. et al.
(2000) Sex pheromone of orange wheat blossom midge,
Sitodiplosis mosellana. Naturwissenschaften, 87, 450-
454,

Smith, M. and Lamb, R. (2001) Factors influencing ovi-
position by Sitodiplosis mosellana (Diptera: Cecidomyii-
dae) on wheat spikes. Canadian Entomologist, 133(4),
533-548.

Barker, A.M., Sanbrooke, K.J., Aebischer, N.J. (1997)
The water trap colour preferences of farmland sawflies.
Entomologia Experimentalis et Applicata, 85(1), 83-86.

Copyright © 2010 SciRes.

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Kakol, E. and Kucharczyk, H. (2004) The occurrence of
Thrips (Thysanoptera, Insecta) on winter and spring wheat
in chosen regions of Poland. Acta Phytopathologica et
Entomologica Hungarica, 39(1-3), 263-2609.

Larsson, H. (2005) Economic damage by Limothrips
denticornis in rye, triticale and winter barley. Journal of
Applied Entomology, 129(7), 386-392.

Zawirska, 1. and Walkowski, W. (2000) Fauna and impor-
tance of thrips (Thysanoptera) for rye and winter wheat in
Poland. Journal of Plant Protection Research, 40(1),
36-55.

Andjus L. (2004) The thrips fauna on wheat and on
plants of the spontaneous flora in the bordering belt
surrounding it. Acta Phytopathologica et Entomologica
Hungarica, 39(1-3), 255-261.

Volkmar, C., Schroder, A., Gaafar, N., Coster, H. and
Spilke, J. (2009) Evaluierungsstudie zur Befallssituation
von Thripsen in einem Winterweizensortiment. Mitte-
ilunge der Deutschen Gesellschaft fiir Allgmeine und
Angewandte Entomolgie, 17(1), 227-230.

Anonymous, Beschreibende Sortenliste Getreide, Mais
Olfriichte Leguminosen (groRkarnig) Hackfriichte (auBer
Kartoffeln) (2009) Bundessortenamt, Osterfelddamm 80,
30627 Hanover, 80-131.

AgriSense™ (2007) Orange wheat blossom midge, Phe-
romone monitoring kit. AgriSense-BCS LTD, Treforest
Industrial Estate, pontypridd, South Wales.

Rieckmann, W.,, Block, T., Frosch, M., Heimbach, U., Lein,
K.-Lauenstein, G., Matthes, P., Steck, U. and Volkmar C.
(2001) Deutscher Vorschlag fiir eine EPPO-Richtlinie zur
Priifung von Insektiziden gegen Gallmiicken an Getreide.
BBA 1.35.

Petersen, G. and Heimbach, U. (2009) Ergebnisprotokoll
der 19. Tagung des DPG-Arbeitskreises Integrierter Pfl-
anzen-schutz, Arbeitsgruppe, Schadlinge in Getreide und
Mais. Journal Fur Kulturpflanzen, 61(3), 178-179.
Hubner, M. and Wittkopf, R. (2010) Pflanzenschutzemp-
fehlung des amtlichen Pflanzenschuttz dienstes. Ackerbau
& Gri-nland, LLFG Jahresbericht. www.llfg.sachsen-
anhalt.de

Tottman, D.R. (1987) The decimal code for the growth
stages of cereals, with illustrations. Annals of Applied
Biology, 110(2), 441-454.

Anonymous, List of authorized plant protection products
in Germany with information on terminated authoriza-
tions. Bundesamt fur Verbraucherschutz und Lebensmit-
telsicherheit 56, Auflage 2008.

Thomas, C.R. and Maurice, S.C. (2008) Statistix 9.
Managerial Economics McGraw-Hill/lrwin, More infor-
mation at http://www.statistix.com

Ellis, S.A., Bruce, T.J.A., Smart, L.E., Martin, J.L.,
Snape, J. and Self, M. (2009) Integrated management
strategies for varieties tolerant and susceptible to wheat
midge. HGCA Project Report, 451.

\Volkmar, C., Werner, C. and Matthes, P. (2008) On the
occurrence and crop damage of wheat blossom midges
(Contarinia tritici (Kby.) and Sitodiplosis mosellana
(Geh.) in Saxony-Anhalt. Mitteilunge der Deutschen
Gesellschaft fur Allgmeine und Angewandte Entomolgie,
16(1), 305-308.

Gaafar, N. and Volkmar, C. (2009) Monitoring system of
orange wheat blossom midge, Sitodiplosis mosellana

Openly accessible at http://www.scirp.org/journal/AS/



http://www.utextension.utk.edu/fieldcrops/cotton/cotton_insects/pubs/PB1768-Wheat.pdf
http://www.utextension.utk.edu/fieldcrops/cotton/cotton_insects/pubs/PB1768-Wheat.pdf
http://www.utextension.utk.edu/fieldcrops/cotton/cotton_insects/pubs/PB1768-Wheat.pdf
http://www.llfg.sachsen-anhalt.de/
http://www.llfg.sachsen-anhalt.de/
http://www.statistix.com/

N. Gaafar et al. / Agricultural Sciences 1 (2010) 68-75 75

(Géhin) using pheromone trap in the central Germany. Cecido-myiidae), in spring wheat in Saskat-chewan. Ca-

Mitteilunge der Deutschen Gesellschaft fiir Allgmeine und nadian Entomologist, 117(5), 593-598.

Angewandte Entomolgie, 17(1), 221-225. [34] Pivnick, K.A. and Labbe, E. (1993) Daily patterns of
[33] Olfert, O., Mukerji, M.k. and Doane, J.F. (1985) Rela- activity of females of the orange wheat blossom midge,

tionship between infestation levels and yield loss caused Sitodiplosis mosellana. Canadian Entomologist, 125(4),

by wheat midge, Sitodiplosis mosellana (Géhin) (Diptera: 725-736.

Copyright © 2010 SciRes. Openly accessible at http://www.scirp.org/journal/AS/




Vol.1, No.2, 76-94 (2010)
doi:10.4236/as.2010.12011

Agricultural Sciences

The wonders of earthworms & its vermicompost in farm
production: Charles Darwin’s ‘friends of farmers’, with
potential to replace destructive chemical fertilizers

from agriculture

Rajiv K. Sinha', Sunita Agarwal?, Krunal Chauhan?®, Dalsukh Valani®

isiting Senior Lecturer, School of Engineering (Environment), Griffith University, Nathan Campus, Brisbane, Australia;

Corresponding Author: Rajiv.Sinha@griffith.edu.au
2Home Science, University of Rajasthan, Jaipur, India

®Research Assistant Worked on Vermiculture Projects, Griffith University, Brisbane, Australia

Received 15 April 2010; revised 2 June 2010; accepted 30 June 2010.

ABSTRACT

Earthworms and its excreta (vermicast) prom-
ises to usher in the ‘Second Green Revolution’
by completely replacing the destructive agro-
chemicals which did more harm than good to
both the farmers and their farmland. Earth-
worms restore & improve soil fertility and sig-
nificantly boost crop productivity. Earthworms
excreta (vermicast) is a nutritive ‘organic fertil-
izer’ rich in humus, NKP, micronutrients, bene-
ficial soil microbes—'nitrogen-fixing & phos-
phate solubilizing bacteria’ & ‘actinomycets’ and
growth hormones ‘auxins’, ‘gibberlins’ & ‘cyto-
kinins’. Both earthworms and its vermicast &
body liquid (vermiwash) are scientifically prov-
ing as both ‘growth promoters & protectors’ for
crop plants. In our experiments with corn &
wheat crops, tomato and egg-plants it displayed
excellent growth performances in terms of
height of plants, color & texture of leaves, ap-
pearance of flowers & fruits, seed ears etc. as
compared to chemical fertilizers and the con-
ventional compost. There is also less inci-
dences of ‘pest & disease attack’ and ‘reduced
demand of water’ for irrigation in plants grown
on vermicompost. Presence of live earthworms
in soil also makes significant difference in flower
and fruit formation in vegetable crops. Com-
posts work as a ‘slow-release fertilizer’ whereas
chemical fertilizers release their nutrients rather
quickly in soil and soon get depleted. Signifi-
cant amount of ‘chemical nitrogen’ is lost from
soil due to oxidation in sunlight. However, with
application of vermicompost the ‘organic nitro-
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gen’ tends to be released much faster from the
excreted ‘humus’ by worms and those mineral-
ised by them and the net overall efficiency of
nitrogen (N) is considerably greater than that of
chemical fertilizers. Availability of phosphorus
(P) is sometimes much greater. Our study sh-
ows that earthworms and vermicompost can
promote growth from 50 to 100% over conven-
tional compost & 30 to 40% over chemical fer-
tilizers besides protecting the soil and the agro-
ecosystem while producing ‘nutritive and tasty
food’ at a much economical cost (at least 50-
75% less) as compared to the costly chemical
fertilizers.

Keywords: A Slow Release Fertilizer;
Vermicompost — Miracle Growth Promoter; Rich in
Nutrients; Humus & Hormones; Vermicompost
Induce Biological Resistance in Plant; Suppress &
Repel Pest Attack

1. INTRODUCTION

A revolution is unfolding in vermiculture studies for
vermicomposting of diverse organic wastes by waste
eater earthworms into a nutritive ‘organic fertilizer’ and
using them for production of ‘chemical-free safe food’,
both in quantity & quality without recourse to agro-
chemicals. Heavy use of agro-chemicals since the ‘green-
revolution’ of the 1960’s boosted food productivity, but
at the cost of environment & society. It killed the benefi-
cial soil organisms & destroyed their natural fertility,
impaired the power of ‘biological resistance’ in crops
making them more susceptible to pests & diseases. Che-
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mically grown foods have adversely affected human
health. The scientific community all over the world is
desperately looking for an ‘economically viable, socially
safe & environmentally sustainable’ alternative to the
agro-chemicals.

Vermicomposts work as a ‘slow-release organic fertil-
izer’. With their continued application the ‘organic nitro-
gen’ & other nutrients in compost tends to be released at
constant rate from the accumulated ‘humus’ and the net
overall efficiency of NPK over a period of years is con-
siderably greater than 50% of that of chemical fertilizers.
Our study shows that it can promote growth from 50 to
100% over conventional compost & 30 to 40% over
chemical fertilizers besides protecting the soil and the
agro-ecosystem while producing ‘nutritive and tasty
food” at a much economical cost (at least 50-75% less)
as compared to the costly chemical fertilizers. Study
found that maximum benefit from vermicompost is ob-
tained when it constitutes between 10 to 40% of the
growing medium [1].

The best part is that the use of earthworms and ver-
micompost in farm production provides dual-benefit to
crops. While promoting excellent growth it also protects
the crops from pests and diseases and thus significantly
reduce the use of chemical pesticides.

Several farms in world especially in North America,
Australia and Europe are going organic as the demand
for ‘organic foods’ are growing in society. In 1980, the
U.S. Board of Agriculture published a ‘Report and
Recommendations on Organic Farming’ based on case
studies of 69 organic farmers in U.S. and reported that
over 90,000 to 1,00,000 farmers in U.S. had already
switched over to organic farming [2]. This must have
gone in millions now. Earthworms will provide the an-
swer [3]. They have over 600 million years of experi-
ence in land management, soil improvement & farm
production. No wonder, Sir Charles Darwin called them
as the ‘unheralded soldiers of mankind and farmer’s
friend working day and night under the soil’ [4,5]. Im-

Vermiculture
(Ruaring of Useful E'irth\mrm%)

The
Vermi-agroproduction Tech. ® Vermi-composting Tech.

(Sustainable Food Production) Cycle

Diverting from Landfills))

\ VERMICOMPOST /

(Nutritive Biofertilizer)

Figure 1. The sustainability cycle of vermiculture technology:
from food waste to food again.
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(Food Waste Management-

portance of earthworms in growth of crop plants was
indicated by the ancient Indian scientist Surpala as early
as in the 10" Century A.D. in his epic “Vrikshayurveda’
(Science of Tree Growing) who suggested to add earth-
worms in pomegranate plants to get good quality of
fruits [6].

2. EARTHWORMS: THE SOIL MANAGER

Earthworms restore & improve soil fertility and boost
crop productivity by the use of their excretory products -
‘vermicast’. They excrete beneficial soil microbes, and
secrete polysaccharides, proteins and other nitrogenous
compounds into the soil. They promote soil fragmenta-
tion and aeration, and bring about *soil turning’ and dis-
persion in farmlands. Worm activity can increase air-soil
volume from 8-30%. One acre of land can contain up to
3 million earthworms the activities of which can bring
up to 8-10 tons of ‘top soil’ to the surface (in the form of
vermicast) every year. Presence of worms regenerate
compacted soils and improves water penetration in such
soils by over 50%. [7-9]. U.S. study indicate that 10,000
worms in a farm plot provides the same benefit as three
farmers working 8 hours in shift all year round with 10
tons of manure applied in the plot [10].

Indian study showed that an earthworm population of
0.2-1.0 million per hectare of farmlands can be estab-
lished within a short period of three months. On an av-
erage 12 tons/hectare/year of soil or organic matter is
ingested by earthworms, leading to upturning of 18 tons
of soil/year, and the world over at this rate it may mean a
2 inches of fertile humus layer over the globe [11].
Studies at CSIRO, Australia found that introductions of
earthworms in disturbed lands can vyield substantial
benefits to agricultural productivity and amelioration of
soil degradation.

3. CHEMICAL FERTILIZERS-A BANE,
COMPOST THE BOON:
REDISCOVERING THE VALUE
OF ‘COMPOST’ FOR SAFE
FOOD PRODUCTION

Chemical fertilizers which ushered the ‘green revolution’
in the 1950-60’s came as a ‘mixed blessing’ for mankind.
It dramatically increased the ‘quantity’ of the food pro-
duced but decreased its ‘nutritional quality’ and also the
‘soil fertility’ over the years. The soil has become addict
and increasingly greater amount of chemical fertilizers
are needed every year to maintain the soil fertility and
food productivity at the same levels. There is evidence
that a plateau has been reached in global efforts to in-
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crease the yield per hectare through agro-chemicals. The
early response to chemical fertilizers is ‘levelling off’
after a 3% annual increase 1950-1984. Over the years it
has worked like a ‘slow poison’ for the soil with a serious
‘withdrawal symptoms’. The farmers today are caught in
a ‘vicious circle’ of higher use of agrochemicals to boost
food productivity at the cost of declining soil fertility. The
excessive use of ‘nitrogenous fertilizer’ (urea) has also
led to increase in the level of ‘inorganic nitrogen’ content
in groundwater (through leaching effects) and in the
human food with grave consequences for the human
health.

Organic farming systems with the aid of various nu-
trients of biological origin such as compost (conven-
tional microbial compost or vermicompost made by
earthworms) are thought to be the answer for the “food
safety and security’ in future. Among them ‘composts’
made from biodegradation of organics of MSW (mu-
nicipal solid waste) which is being generated in huge
amount every day all over the world are most important.
The organic fraction of the MSW (about 70-80%) con-
taining plenty of nitrogen (N), potash (K) and phospho-
rus (P) is a good source of macro and micronutrients for
the soil. Also, there is always greater economic as well
as ecological wisdom in converting as much ‘waste into
compost’.

4. AGRONOMIC VALUES OF COMPOST
(CONVENTIONAL OR
VERMICOMPOST)

Composts (conventional or vermicompost) are aerobically
decomposed products of organic wastes such as the cattle
dung and animal droppings, farm and forest wastes and
the municipal solid wastes (MSW). Some believe it is a
‘miracle’ plant growth promoter [12]. They supply bal-
anced nutrients to plant roots and stimulate growth; in-
crease organic matter content of the soil and thus improve
their physical and chemical properties; add useful mi-
cro-organisms to the soil and provide food for the existing
soil micro-organisms and thus increase their biological
properties and capacity of fertility renewal. One ton of
conventional compost may contain 10 Ibs of nitrogen (N),
5 Ibs of phosphorus (P,Os) and 10 Ibs of potash (K;0).
Compost made from poultry droppings contain highest
nutrient level among all compost [13].

There are other agronomic benefits of composts ap-
plication, such as high levels of soil-borne disease sup-
pression and removal of soil salinity. One study reported
that mean root disease was reduced from 82% to 18% in
tomato and from 98% to 26% in capsicum in soils
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amended with compost [14]. Other reported that with
application of compost in vineyards, levels of exchange-
able sodium (Na) under vine were at least reduced to
50% [15]. Biological properties of soil were also im-
proved with up to ten-fold increase in total microbial
counts. Most significant was three-fold increase in the
population of earthworms under the vine with long-term
benefits to the soil.

5. VERMICOMPOST VS
CONVENTIONAL COMPOST

Our studies at Griffith University, Australia has conclu-
sively proved that the indigenously prepared earthworms
vermicompost is ‘exceptionally superior’ over all brands
of conventionally prepared & marketed composts certi-
fied by Compost Australia. Studies confirm that vermi-
compost is at least 4 times more nutritive than conven-
tional cattle dung compost [16]. In Argentina, farmers
who use vermicompost consider it to be seven (7) times
richer than conventional composts in nutrients and
growth promoting values [17,18]. This is mainly due to
‘humus’ content in vermicompost excreted by earth-
worms which otherwise takes very long time to form
humus in conventional composting system through slow
decay of organic matter. The ‘humic acid’ in vermicom-
post stimulate plant growth even in small amount [19].
Vermicompost retains nutrients for long time than the
conventional compost & while the latter fails to deliver
the required amount of macro and micronutrients in-
cluding the vital NKP (nitrogen, potassium & phospho-
rus) to plants in shorter time, the vermicompost does.
Vermicompost also has very ‘high porosity’, ‘aeration’,
‘drainage’ and ‘water holding capacity’ than the conven-
tional compost and this again due to humus contents.
[16].

Earthworm participation enhances natural biodegrada-
tion and decomposition of organic materials from 60 to
80% by promoting the growth of ‘beneficial decomposer
aerobic bacteria’ in the waste biomass. The quality of
compost is significantly better, rich in key minerals &
beneficial soil microbes. It is also disinfected and free of
any pathogens as the worms release anti-pathogenic
coelomic fluid in the waste biomass [20]. In fact in the
conventional aerobic composting process which is ther-
mophilic (temperature rising up to 55°C) many benefi-
cial microbes are killed and nutrient especially nitrogen
is lost (due to gassing off of nitrogen). Some studies
found that while the conventional compost was higher in
‘ammonium’, the vermicompost tended to be higher in
‘nitrates’, which is the more bio-available form of nitro-
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gen for plants [21]. They also found that vermicompost
has higher N availability than the conventional compost
on a weight basis and the supply of several other plant
nutrients e.g. phosphorus (P), potassium (K), sulfur (S)
and magnesium (Mg), were significantly increased by
adding vermicompost as compared to conventional com-
post to soil. Study found the NPK value of vermicom-
post processed by worms from the same feedstock (cattle
dung) significantly increases by 3 to 4 times. It also en-
hances several micronutrients [22].

Studies have found that if 100 kg of soil organics
(with say containing 2 kg of plant nutrients) are proc-
essed through the earthworms, there is a production of
about 300 kg of “fresh living soil” with 6% of NPK and
several trace elements that are equally essential for
healthy plant growth. This magnification of plant nutri-
ents is possible because earthworms produce extra nu-
trients from grinding rock particles with organics and by
enhancing atmospheric nitrogen fixation. Earthworms
activate this ground mix in a short time of just one hour.
When 100 kg of the same organic wastes are composted
conventionally unaided by earthworms, about 30 kg com-
post is derived with 3% NPK [11].

Although the conventional composting process is com-
pleted in about 8 weeks, but additional 4 weeks is re-
quired for ‘curing’. Curing involves the further aerobic
decomposition of some compounds, organic acids and
large particles that remain after composting. Less oxy-
gen and water is required during curing. Compost that
has had insufficient curing may damage crops. Vermi-
compost do not require any curing and can be used
straightway after production. It retains nutrients for long
time and while the conventional compost fails to deliver
the required amount of macro and micronutrients in-
cluding the vital NKP (nitrogen, potassium & phospho-
rus) to plants in shorter time, the vermicompost does.
[12,23]. This was also verified by us [24].

6. SOIL PROTECTIVE COMPOST VS
SOIL DESTRUCTIVE CHEMICAL
FERTILIZERS

Upon successive application, all composts condition the
soil with rich population of ‘beneficial soil microbes’ &
and ‘essential nutrients’ thus reinforcing its natural fer-
tility, whereas, the chemical fertilizers destroy the bene-
ficial microbes and impair the natural fertility of soil
while also affecting soil pH and porosity. Composts work
as a ‘slow-release fertilizer’ whereas chemical fertilizers
release their nutrients rather quickly in soil and soon get
depleted. Nitrogen and phosphorus particularly are not all
available to plant roots from the conventional composts in
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Table 1. NPK value of vermicompost compared with conven-
tional cattle dung compost made from cattle dung.

Nutrients cétct)lrigol;?g Vermicompost
1 N 0.4-1.0% 2.5-3.0%
2 P 0.4-0.8% 1.8-2.9%
3 K 0.8-1.2% 1.4-2.0%

Source: Agarwal [22]

Table 2. Comparison between nutritive values of the end
products of conventional composting and vermicomposting
systems (CNP in %; Others in mg/100 gm of compost).

Conventional

Parameter Composting Vermicomposing
Total Carbon (C) 9.34% 13.5%
Total Nitrogen (N) 1.05% 1.33%
Available o 0
Phosphorus (P) 0.32% 0.47%
Iron (Fe) 587.87 746.2
Zinc (Zn) 12.7 16.19
Manganese (Mn) 35.25 53.86
Copper (Cu) 4.42 5.16
Magnesium (Mg) 689.32 832.48

Source: Jadia & Fulekar [25]

the first year because N & P in organic matter are resistant
to decay. Nitrogen is about one half effective as compared
to chemical fertilizer, but phosphorus & potassium are as
effective as chemical fertilizers. However, with continued
application of compost over the years the ‘organic ni-
trogen” (N) from the accumulated ‘humus’ (through a
long decay process) tends to be released and the net
overall efficiency of nitrogen (N) over a period of years is
considerably greater than 50% of that of chemical fertil-
izers. Availability of phosphorus is sometimes much
greater [12,26]. But vermicompost releases nitrogen (N)
much faster and even after single application as ‘humus’
is directly excreted by worms and they also mineralise
nitrogen from the waste organics to make it bio-available
to plants. The net overall efficiency of nitrogen (N) is
considerably greater than that of chemical fertilizers [27].
All compost (including vermicompost), are produced
from some ‘waste materials’ of society which is con-
verted into a ‘valuable resource’. It is like ‘killing two
birds in one shot’. More significant is that it is of bio-
logical origin i.e. a ‘renewable resource’ and will be
readily available to mankind in future. Whereas, chemical
fertilizers are made from petroleum products which are
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‘non-renewable’ and a ‘depleting’ resource. While in the
use of compost the environment is ‘benefited’ at all stages
- from production (salvaging waste & diverting them
from landfills and reducing greenhouse gases) to appli-
cation in farms (adding beneficial microbes to soil &
improving biochemical properties), in the use of chemical
fertilizers the environment is ‘harmed’ at all stages - from
procurement of raw materials from petroleum industries
to production in factories (generating huge amount of
chemical wastes and pollutants) and application in farms
(adversely affecting beneficial soil micro-organisms and
soil chemistry). And with chemical fertilizers, there is yet
another problem. A significant amount of ‘nitrogen’ (N)
is lost from the soil due to oxidation in sunlight. Studies
indicate that upon application of 100 kg urea (N) in farm
soil, 40-50 kg gets oxidised and escapes as ‘ammonia’
(NHs,) into the air, about 20-25 kg leaches underground
polluting the groundwater, while only 20-25 kg is avail-
able to plants [16]

Properties of Farm Soil Using Compost Vis-a-vis
Chemical Fertilizers

Suhane [16], studied the chemical and biological
properties of soil under organic farming (using various
types of composts) and chemical farming (using chemi-
cal fertilizers - urea (N), phosphates (P) and potash (K)).
Results are given in Table 1.

7. ADVANTAGES OF USE OF
VERMICOMPOST OVER
CHEMICAL FERTILIZERS

The biggest advantage of great socio-economic signifi-
cance is that the food produced is completely organic,
‘safe & chemical-free’. Use of vermicompost enhances

Table 3. Farm soil properties under organic farming and che-
mical farming.

Chemical & Organic Earmin Chemical Farming
Biological (Usg of Com ostsg) (Use of Chemical
Properties of Soil P Fertilizers)
1) Availability of
Nitrogen (kg/ha) 256.0 185.0
2) Availability of
Phosphorus (kg/ha) 505 285
3) Availability of
Potash (kg/ha) 4895 4265
4) Azatobacter
(1000/gm of soil) 17 0.8
5) Phospho Bacteria
(100,000/kg of soil) 8.8 3.2
6) Carbonic Biomass 273 217

(mg/kg of soil)

Source: Suhane [16]
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size, color, smell, taste, flavour and keeping quality (sto-
rage value) of flowers, fruits, vegetables and food grains.
Studies indicate that vermicompost gives 30-40% higher
yield of crops over chemical fertilizers. Of greater agro-
nomic significance is that the minerals in the vermi-
compost are ‘readily & immediately bio-available’ to the
plants. Chemical fertilizers (and also manures) have to
be broken down in the soil before the plants can absorb.
Vermicompost also has greater ‘water holding capacity’
due to humus contents and hence reduces the require-
ment of water for irrigation by 30-40%. Use of chemical
fertilizers require high amount of water for irrigation.
Another big advantage of great economic & environ-
mental significance is that over successive years of ap-
plication, vermicompost ‘build-up the soils natural fertil-
ity’ and also regenerates a rich population of earthworms
in the farm soil from the cocoons which further help
improve soil fertility and subsequently lesser amount of
vermicompost is required to maintain a good yield and
productivity. On the contrary, with the continued appli-
cation of chemical fertilizers over the years the “natural
fertility of soil is destroyed’ and it becomes ‘addict to
chemicals’. Subsequently greater amount of chemicals
are required to maintain the same yield & productivity of
previous years. More uses of agro-chemicals to boost
food productivity are in fact a ‘self-defeating’ proposition.

8. EARTHWORMS IMPROVES
TOTAL PHYSICAL, CHEMICAL &
BIOLOGICAL QUALITY OF SOIL

Earthworms are regarded as ‘biological indicator’ of soil
fertility and a ‘soil conditioner’. They lead to total im-
provement in the physical (soil porosity & softness),
chemical (good pH and essential plant nutrients) and
biological (beneficial soil microbes & organisms) quality
of soil and land where they inhabit. They swallow large
amount of soil with organics (microbes, plant & animal
debris) everyday, grind them in their gizzard and digest
them in their intestine with aid of enzymes. Only 5-10
percent of the chemically digested and ingested material
is absorbed into the body and the rest is excreted out in
the form of fine mucus coated granular aggregates called
‘vermicastings’ which are rich in NKP (nitrates, phos-
phates and potash), micronutrients and beneficial soil
microbes [28].

9. EARTHWORMS & VERMICOMPOST:
MIRACLE PLANT GROWTH
PROMOTER & PROTECTOR

Earthworms vermicast is a highly nutritive ‘organic fer-
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tilizer’ rich in humus, NKP (nitrogen 2-3%, potassium
1.85-2.25% and phosphorus 1.55-2.25%), micronutrients,
beneficial soil microbes like ‘nitrogen-fixing bacteria’
and ‘mycorrhizal fungi’ and are scientifically proving as
‘miracle growth promoters’. [29-31]. One study reports
as high as 7.37% nitrogen (N) and 19.58% phos-
phorus as P,0s in worms vermicast [32]. Another study
showed that exchangeable potassium (K) was over 95%
higher in vermicompost [16]. There are also good
amount of calcium (Ca) and magnesium (Mg). Vermi-
compost has very ‘high porosity’, ‘aeration’, ‘drainage’
and ‘water holding capacity’. More important is that it
contains ‘plant-available nutrients’ and appears to in-
crease & retain more of them for longer period of time.
A matter of still greater agronomic significance is that
worms & vermicompost also increases ‘biological resis-
tance’ in plants (due to Actinomycetes) and protect them
against pest and diseases either by repelling or by sup-
pressing them [1,34,35].

9.1. High Levels of Bio-Available Nutrients
for Plants

Earthworms mineralize the nitrogen (N) and phosphorus
(P) and all essential organic & inorganic elements in the
compost to make it bio-available to plants as nutrients
[36]. They recycle nitrogen in soil in very short time
ranging from 20 to 200 kg N/ha/year & increase nitrogen
contents by over 85% [37]. After 28 weeks the soil with
living worms contained 75 ppm of nitrate nitrogen (N),
compared with the controlled soil which had only 45
ppm [38]. Worms increase nitrogen levels in soil by
adding their metabolic & excretory products (vermicast),
mucus, body fluid, enzymes and decaying tissues of
dead worms [39,40]. Lee [41] suggests that the passage
of organic matter through the gut of worm results in
phosphorus (P) converted to forms which are more
bio-available to plants. This is done partly by worm’s gut
enzyme ‘phosphatases’ and partly by the release of
phosphate solubilizing microorganisms in the worm cast
[42].

9.2. High Level of Beneficial and
Biologically Active Soil
Microorganisms

Among beneficial soil microbes stimulated by earth-
worms are ‘nitrogen-fixing & phosphate solubilizing
bacteria’, the ‘actinomycetes’ & ‘mycorrhizal fungi’.
Studies found that the total bacterial count was more than
10%%gm of vermicompost. It included Actinomycetes,
Azotobacter, Rhizobium, Nitrobacter & Phos-phate Solu-
bilizing Bacteria ranges from 10?-10° per gm of vermi-
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compost [16].

9.3. Rich in Humus: Key to Growth and
Survival of Plants

Vermicompost contains ‘humus’ excreted by worms
which makes it markedly different from other organic
fertilizers. It takes several years for soil or any organic
matter to decompose to form humus while earthworms
secrete humus in its excreta. Without humus plants
cannot grow and survive. The humic and fulvic acids in
humus are essential to plants in four basic ways — 1)
Enables plant to extract nutrients from soil; 2) Help
dissolve unresolved minerals to make organic matter
ready for plants to use; 3) Stimulates root growth; and, 4)
Helps plants overcome stress. Presence of humus in soil
even help chemical fertilizers to work better [43]. This
was also confirmed by other study [44]. One study
found that humic acids isolated from vermicompost
enhanced root elongation and formation of lateral roots
in maize roots. Humus in vermicast also extracts ‘tox-
ins’, *harmful fungi & bacteria’ from soil & protects
plants [19].

9.4. Rich in Plant Growth Hormones

Some studies speculated that the growth responses of
plants from vermicompost appeared more like ‘hor-
mone-induced activity” associated with the high levels of
nutrients, humic acids and humates in vermicompost [21,
45]. Researches show that vermicompost use further
stimulates plant growth even when plants are already
receiving ‘optimal nutrition’. It consistently improved
seed germination, enhanced seedling growth and devel-
opment, and increased plant productivity significantly
much more than would be possible from the mere con-
version of mineral nutrients into plant-available forms.
Some studies have also reported that vermicompost con-
tained growth promoting hormone ‘auxins’, ‘cytokinins’
and flowering hormone ‘gibberlins’ secreted by earth-
worms [16,47,48].

9.5. Enzymes for Improving Soil Nutrients &
Fertility

Vermicompost contain enzymes like amylase, lipase,
cellulase and chitinase, which continue to break down
organic matter in the soil (to release the nutrients and
make it available to the plant roots) even after they have
been excreted. [30,31]. They also increases the levels of
some important soil enzymes like dehydrogenase, acid
and alkaline phosphatases and urease. Urease play a key
role in N-cycle as it hydrolyses urea and phosphatase
bioconvert soil phosphorus into bio-available form for
plants.
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10. EARTHWORMS REDUCE SOIL
SALINITY & IMPROVE FERTILITY
OF SODIC SOILS

Studies indicate that Esinea fetida can tolerate soils
nearly half as salty as seawater i.e. 15 gm/kg of soil and
also improve its biology and chemistry. (Average sea-
water salinity is around 35 g/L). Farmers at Phaltan in
Satara district of Maharashtra, India, applied live earth-
worms to their sugarcane crop grown on saline soils ir-
rigated by saline ground water. The yield was 125 tones/
hectare of sugarcane and there was marked improvement
in soil chemistry. Within a year there was 37% more
nitrogen, 66% more phosphates and 10% more potash.
The chloride content was less by 46% [27].

Ansari [49] studied the production of potato (Solanum
tuberosum) by application of vermicompost in a re-
claimed sodic soil in India. With good potato growth the
sodicity (ESP) of the soil was also reduced from initial
96.74 to 73.68 in just about 12 weeks. The average
available nitrogen (N) content of the soil increased from
initial 336.00 kg/ha to 829.33 kg/ha.

11. EARTHWORMS PROTECTS PLANTS
AGAINST PESTS AND DISEASES &
SIGNIFICANTLY REDUCE USE OF
CHEMICAL PESTICIDES

Earthworms are both ‘plant growth promoter and pro-
tector’. There has been considerable evidence in recent
years regarding the ability of earthworms and its vermi-
compost to protect plants against various pests and dis-
eases either by suppressing or repelling them or by in-
ducing biological resistance in plants to fight them or by
killing them through pesticidal action. The actinomycetes
fungus excreted by the earthworms in their vermicast
produce chemicals that Kill parasitic fungi such as Py-
thium and Fusarium [34]. Another study confirmed that
application of vermicompost reduced the damage by
stripted cucumber beetle (Acalymma vittatum), spotted
cucumber beetle (Diabotrica undecimpunctata) on cu-
cumber and larval hornworms (Manduca quinquemacu-
lata) on tomatoes in both greenhouse and field experi-
ments [50].

11.1. Ability to Induce Biological Resistance
in Plants

Vermicompost contains some antibiotics and actinomy-
cetes which help in increasing the ‘power of biological

resistance’ among the crop plants against pest and diseases.

Spray of chemical pesticides was significantly reduced
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by over 75% where earthworms and vermicompost were
used in agriculture [13,16].

11.2. Ability to Repel Crop Pests

There seems to be strong evidence that worms varmi-
castings sometimes repel hard-bodied pests [1,33]. Stu-
dies reported statistically significant decrease in arthro-
pods (aphids, buds, mealy bug, spider mite) populations,
and subsequent reduction in plant damage, in tomato,
pepper, and cabbage trials with 20% and 40% vermi-
compost additions [34]. George Hahn, doing commercial
vermicomposting in California, U.S., claims that his
product repels many different insects pests. His explana-
tion is that this is due to production of enzymes “chiti-
nase’ by worms which breaks down the chitin in the in-
sect’s exoskelton [17].

11.3. Ability to Suppress Plant Disease

Studies reported that vermicompost application sup-
pressed 20-40% infection of insect pests i.e. aphids
(Myzus persicae), mearly bugs (Pseudococcus spp.) and
cabbage white caterpillars (Peiris brassicae) on pepper
(Capiscum annuum), cabbage (Brassica oleracea) and
tomato (Lycopersicum esculentum) [51].

Studies have also found that use of vermicompost in
crops inhibited the soil-born fungal diseases. They also
found significant suppression of plant-parasitic nema-
todes in field trials with pepper, tomatoes, strawberries
and grapes [34]. The scientific explanation behind this
concept is that high levels of agronomically beneficial
microbial population in vermicompost protects plants by
out-competing plant pathogens for available food re-
sources i.e. by starving them and also by blocking their
excess to plant roots by occupying all the available sites.
This concept is based on ‘soil-foodweb’ studies pioneered
by Dr. Elaine Ingham of Corvallis, Oregon, U.S.
(http://www.soilfoodweb.com).

Edwards and Arancon [27] also reported the disease
suppressing effects of applications of vermicompost, on
attacks by fungus Pythium on cucumber, Rhizoctonia on
radishes in the greenhouse, by Verticillium on strawber-
ries and by Phomposis and Sphaerotheca fulginae on
grapes in the field. In all these experiments vermicom-
post applications suppressed the incidence of the disease
significantly. They also found that the ability of patho-
gen suppression disappeared when the vermicompost
was sterilized, convincingly indicating that the biologi-
cal mechanism of disease suppression involved was
‘microbial antagonism.

Studies also reported considerable suppression of root
knot nematode (Meloidogyne incognita) and drastic
suppression of spotted spider mites (Tetranychus spp.)
and aphid (Myzus persicae) in tomato plants after appli-

Openly accessible at http://www.scirp.org/journal/AS/



http://www.soilfoodweb.com/

R. K. Sinha et al. / Agricultural Sciences 1 (2010) 76-94 83

cation of vermicompost teas (vermiwash liquid) [52].
They are serious pests of several crops.

12. SOME KEY STUDIES SUPPORTING
SOIL FERTILITY IMPROVEMENT
AND GOOD CROP PRODUCTION
BY EARTHWORMS AND
VERMICOMPOST OVER
CHEMICAL FERTILIZERS

There have been several reports that earthworms and its
vermicompost can induce excellent plant growth and
enhance crop production.

12.1. Cereal Crops

Glasshouse studies made at CSIRO Australia found that
the earthworms (Aporrectodea trapezoids) increased
growth of wheat crops (Triticum aestivum) by 39%,
grain yield by 35%, lifted protein value of the grain by
12% & also resisted crop diseases as compared to the
control. The plants were grown in a ‘red-brown earth’
with poor nutritional status and 60% moisture. There
was about 460 worms m [53]. They also reported that
in Parana, Brazil invasion of earthworms significantly
altered soil structure and water holding capacity. The
grain yields of wheat and soybean increased by 47% and
51%, respectively [54].

Some studies were made on the impact of vermicom-
post and garden soil in different proportion on wheat
crops in India. It was found that when the garden soil
and vermicompost were mixed in 1:2 proportions, the
growth was about 72-76% while in pure vermicompost,
the growth increased by 82-89% [55]. Another study
reported that earthworms & its vermicast improve the
growth and yield of wheat by more than 40% [56]. Other
studies also reported better yield and growth in wheat
crops applied with vermicompost in soil. [57-59].

Studies made on the agronomic impacts of vermi-
compost on rice crops (Oryza sativa) reported greater
population of nitrogen fixers, actinomycetes and my-
corrhizal fungi inducing better nutrient uptake by crops
and better growth [60]. Another study was made on the
impact of vermicompost on rice-legume cropping system
in India. Integrated application of vermicompost, chemi-
cal fertilizer and biofertilizers (Azospirillum & phospho-
bacteria) increased rice yield by 15.9% over chemical
fertilizer used alone. The integrated application of 50%
vermicompost, 50% chemical fertilizer and biofertilizers
recorded a grain yield of 6.25 and 0.51 ton/ha in the rice
and legume respectively. These yields were 12.2% and
19.9% higher over those obtained with 100% chemical
fertilizer when used alone [61]. Studies made in the
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Philippines also reported good response of upland rice
crops grown on vermicompost [62].

12.2. Fruit Crops

Study found that worm-worked waste (vermicompost)
boosted grape yield by two-fold as compared to chemi-
cal fertilizers. Treated vines with vermicompost pro-
duced 23% more grapes due to 18% increase in bunch
numbers. The yield in grapes was worth additional value
of AU $ 3,400/ha [63]. Farmer in Sangli district of Ma-
harashtra, India, grew grapes on ‘eroded wastelands’ and
applied vermicasting @ 5 tons/ha. The grape harvest was
normal with improvement in quality, taste and shelf life.
Soil analysis showed that within one year pH came
down from 8.3 to 6.9 and the value of potash increased
from 62.5 kg/ha to 800 kg/ha. There was also marked
improvement in the nutritional quality of the grape fruits
[27].

Study was made on the agronomic impacts of vermi-
compost and inorganic (chemical) fertilizers on straw-
berries (Fragaria ananasa) when applied separately and
also in combination. Vermicompost was applied @ 10
tons/ha while the inorganic fertilizers (nitrogen, phos-
phorus, potassium) @ 85 (N)-155 (P)-125 (K) kg/ha.
Significantly, the “yield” of marketable strawberries and
the ‘weight’ of the ‘largest fruit’ was 35% greater on
plants grown on vermicompost as compared to inorganic
fertilizers in 220 days after transplanting. Also there
were 36% more ‘runners’ and 40% more ‘flowers’ on
plants grown on vermicompost. Also, farm soils applied
with vermicompost had significantly greater ‘microbial
biomass’ than the one applied with inorganic fertilizers
[7]. Studies also reported that vermicompost increased
the yield of strawberries by 32.7% and also drastically
reduced the incidence of physiological disorders like
albinism (16.1%-> 4.5%), fruit malformations (11.5%
- 4%), grey mould (10.4% —> 2.1%) and diseases like
Botrytis rot. By suppressing the nutrient related disor-
ders, vermicompost use increased the yield and quality
of marketable strawberry fruits up to 58.6% [64].

Studies made on the agronomic impact of vermicom-
post on cherries found that it increased yield of ‘cherries’
for three (3) years after ‘single application’ inferring that
the use of vermicompost in soil builds up fertility and
restore its vitality for long time and its further use can be
reduced to a minimum after some years of application in
farms. At the first harvest, trees with vermicompost
yielded an additional $ 63.92 and $ 70.42 per tree re-
spectively. After three harvests profits per tree were $
110.73 and $ 142.21 respectively [65].

12.3. Vegetable Crops

Studies on the production of important vegetable crops
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like tomato (Lycopersicum esculentus), eggplant (So-
lanum melangona) and okra (Abelmoschus esculentus)
have yielded very good results [27,66-68]. Another study
was made on the growth impacts of earthworms (with
feed materials), vermicompost, cow dung compost and
chemical fertilizers on okra (A. esculentus). Worms and
vermicompost promoted excellent growth in the vegeta-
ble crop with more flowers and fruits development. But
the most significant observation was drastically less in-
cidence of ‘Yellow \Vein Mosaic’, ‘Color Rot’ and
‘Powdery Mildew’ diseases in worm and vermicompost
applied plants [69]. Study was made on the production
of potato (Solanum tuberosum) by application of vermi-
compost in a reclaimed sodic soil in India. The overall
productivity of potato was significantly high (21.41
tons/ha) on vermicompost applied @ 6 tons/ha as com-
pared to control which was 04.36 tons/ha. The sodicity
of the soil was also reduced and nitrogen (N) contents
increased significantly [49]. Study was made on the
growth impacts of organic manure (containing earth-
worm vermicasts) on garden pea (Pisum sativum) and
compared with chemical fertilizers. Vermicast produced
higher green pod plants, higher green grain weight per
plant, higher percentage of protein content and carbohy-
drates and higher green pod vyield (24.8-91%) as com-
pared to chemical fertilizer [70].

Studies made on the effects of vermicompost &
chemical fertilizer on hyacinth beans (Lablab purpureas)
found that all growth & yield parameters e.g. total chlo-
rophyll contents in leaves, dry matter production, flower
appearance, length of fruits and fruits per plant, dry
weight of 100 seeds, yield per plot and yield per hectare
were significantly higher in those plots which received
vermicompost either alone or in combination with
chemicals. The highest fruit yield of 109 ton/ha was re-
corded in plots which received vermicompost @ 2.5
tons/ha [71].

12.4. Herbage Production

A study was made on the impact of earthworms on soil
properties and herbage production in a field micro-plot
experiment in Ireland. Study site was reclaimed after
industrial peat mining, and seeded with perennial rye-
grass and clover. The presence of earthworms had little
effect on herbage production in the first year. But total
herbage yield was 25% greater in the second year and
49% greater in the third year in plots receiving annual
topdressing of cattle slurry with earthworms compared to
similarly-treated plots with cattle slurry but without
earthworms. Ironically, no effect of earthworms on her-
bage yield was detected in plots receiving chemical fer-
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tilizers only [54].

The conclusion drawn from such study is that it is the
earthworms in soil which matters in plant productivity
and not the organic manure (cattle slurry) alone. In the
first year, it took the earthworm to restore and condition
the disturbed mined soil. However, the cattle slurry
(dung) provided the necessary feed materials for the
worms to act with vigor and excrete nutritive ‘vermicast’
in soil which promoted higher herbage yield in the sec-
ond year (25%). In the third year, the worm population
in soil increased significantly leading to higher excretion
of vermicast, higher soil fertility and higher plant pro-
duction (49%).

In a bucket experiment they found that the cumulative
herbage yields over a period of 20 months was 89%
higher in buckets with earthworms added with cattle
manure as compared to those without earthworms but
only with cattle manure, and only 19% higher in buckets
receiving exclusive chemical fertilizers. These results
were as compared to control.

13. OUR EXPERIMENTAL STUDIES
SUPPORTING EARTHWORMS AND
ITS VERMICOMPOST AS SUPERIOR
CROP NUTRIENT OVER
CONVENTIONAL COMPOST &
CHEMICAL FERTILIZERS

13.1. Cereal Crops

13.1.1. Farm Wheat Crops (Agriculture
Research Institute, Jaipur, India)

This facility was provided by ARI at Jaipur, India. Re-
sults are given in Table 4.

Key Observations, Findings and Discussion

In the farm experiment the highest growth and yield in
wheat crop was achieved where reduced dose (3/4) of
chemical fertilizer (NPK- 90:75:60) were supplemented
with full dose of vermicompost (@ 2.5 tons/ha. Although
vermicompost alone can work as “driving force’ but when
chemical fertilizers are added as ‘helping hand’ it can do
even better. However, the total yield of the grain (grain/
ear) as well as the ear length of crops grown on vermi-
compost were as good as those grown on full doses of
chemical fertilizers (NPK- 120:100:80).

13.1.2. Farm Wheat Crops (Rajendra Agriculture
University, Bihar, India)

This facility was provided by RAU, Pusa, India under a

collaborative research program. Cattle dung compost

was applied four (4) times more than that of vermicom-

post. Results are given in Table 5.
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Table 4. Agronomic impacts of earthworms, vermicompost vis-a-vis chemical fertilizers on farm wheat crops.

Shoot Length Wt. Of. 1000 .
Treatments (cm) Ear Length (cm) Root Length (cm) grains Grains/Ear
(In grams)
1. Vermicompost (@ 2.5 t/ha) 83.71 13.14 2351 39.28 325
Earthworms (1000 Nos.)
2. In 25 x 25 m farm land 67.83 9.85 18.42 36.42 30.0
NPK (90:75:60) (Reduced Dose) +
3 VC (Full Dose) (2.5 t/ha) 88.05 13.82 29.71 48.02 34.4
4 NPK (120:100:80) (Full Dose) 84.42 14.31 24.12 40.42 31.2
5. CONTROL 59.79 8.91 12.11 34.16 27.7

Source: Ph. D Thesis (Reena Sharma [72]); University of Rajasthan, Jaipur, INDIA; Key: VC = Vermicompost; N = Urea; P = Phosphate; K = Potash

(In Kg/hectare).

Table 5. Agronomic impacts of vermicompost, cattle dung
compost & chemical fertilizers in exclusive applications & in
combinations on farmed wheat crops.

Treatment Input/Hectare Yield/Hectare
1) CONTROL (No Input) 15.2 Q/ha
2) VeT\i/‘é’)mpOSt 25 Quintal VC/ha 401 Q/ha
g’gnf;gs'f ('g‘g‘g) 100 Quintal CDC/ha 33.2 Q/ha
F;‘r)tifigggi(cg'ﬂ NPK (120:60:40) kg/ha  34.2 Qrha
5) CF +VC NPK 12?(36 Q0 koha 438Qmma
oorscpe  NPK2060:40)kgha oo

+100 Q CDC/ha

Source: Sinha et al. [27]; Key: N = Urea; P = Phosphate; K = Potash
(In Kg/ha)

Key Observations, Findings & Discussion

Exclusive application of vermicompost supported
yield comparable to rather better than chemical fertiliz-
ers. And when same amount of agrochemicals were sup-
plemented with vermicompost @ 25 quintal/ha the yield
increased to about 44 Q/ha which is over 28% and nearly
3 times over control. On cattle dung compost applied @
100 Q/ha (4 times of vermicompost) the yield was just
over 33 Q/ha. Application of vermicompost had other
agronomic benefits. It significantly reduced the demand
for irrigation by nearly 30-40%. Test results indicated
better availability of essential micronutrients and useful
microbes in vermicompost applied soils. Most remark-
able observation was significantly less incidence of pests
and disease attacks in vermicompost applied crops.

13.1.3. Potted Corn Crops (Griffith University,
Australia)

Study 1: This was designed to compare the agronomic

impacts of earthworms, vermicompost & worms with
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chemical fertilizers on corn plants. Results are given in
Table 6.

Key Observations, Findings and Discussion

Corn plants with earthworms and vermicompost in
soil achieved very good growth and were better over
chemical fertilizers studied until week 19. While the
plants on chemicals grew only 5 cm (87 cm to 92 cm) in
7 weeks those on vermicompost grew by 15 cm (90 cm
to 105 cm) within the same period. But plants with
earthworms only (without feed) failed to perform. Most
significant finding was that plants on vermicompost de-
manded less water for irrigation.

Study 2: This was designed to test the growth pro-
moting capabilities of earthworms added with feed ma-
terials and “vermicompost’, as compared to ‘conventional
compost’. The doses of vermicompost & conventional
compost were ‘doubled’ (400 gm). Crushed dry leaves
were used as feed materials (400 gm). Results are given
in Table 7.

Key Observations, Findings and Discussion

Corn plants with vermicompost in soil achieved rapid
and excellent growth and attained maturity very fast.
Plants in soil with conventional compost could not
achieve maturity until the period of study (week 14).
Plants with worms (provided with feed) performed better
than those of conventional compost. A significant find-
ing was that when the dose of vermicompost was dou-
bled from 200 grams (Study 1) to 400 grams (Study 2), it
simply enhanced total plant growth to almost two-fold
(from average 58 cm on 200 gm vermicompost to aver-
age 104 cm on 400 gm vermicompost) within the same
period of study i.e. 6 weeks. Corn plants with double
dose of vermicompost achieved maturity in much shorter
time. However, our subsequent studies on potted and
farmed wheat crops showed that once the ‘natural fertil-
ity’ of the soil is restored with vermicompost application
it no long requires higher doses of vermicompost subse-
quently to maintain or enhance productivity [27].
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Table 6. Agronomic impacts of earthworms, worms with vermicompost vis-a-vis chemical fertilizers on corn plants (average growth

in cm).

Treatment 1

Treatment 2

Treatment 3

Parameters Studied ((:NO:II-; ';l?tl)_ Egﬁ;;}gg (RISSI\;IS SOIIl:JIIE):sTCIEIEZ'\é:?CSAL SQS-I\I;ITC%ONT Fl’\g)ssjlr'
(Without Feed) (200 gm)
Seed Sowing 29™ July 2007 Do Do Do
Seed Germination 9" Day 7" Day 7" Day 7" Day
Avg. Growth in 4 wks 31 40 43 43
Avg. Growth in 6 wks 44 47 61 58
App. Of(ll\ﬁl]ablvelee;r)). Organ None None Male Rep. Organ Male Rep. Organ
Avg. Growth in 12 wks 46 53 87 90
App. Of 'zﬁ?q\;:(e E‘;p‘ Organ None None None Female Rep. Organ
Avg. Growth inl15 wks 48 53 88 95
(App. Of Male Rep. Organ)
App(]ﬁt/vl\ll(e\l,\é g:orn None None None New Corn
Avg. Growth in 19 wks 53 56 92 105
Color & Texture of Leaves Pale & thin leaves Green & thin Green & stout leaves Green, stout & broad

leaves

Source: Sinha et al. [27]

Table 7. Agronomic impacts of earthworms (with feed), vermicompost vis-a-vis conventional compost on corn plants (average

growth in cm)

Parameters Studied

Treatment 1 Earthworms (25)

With Feed (400 gm)

Treatment 2 Conventional
COMPOST (400 gm)

Treatment 3
VERMICOMPOST (400 gm)

Seed Sowing
Seed Germination
Avg. Growth In 3 wks
Avg. Growth In 4 wks
App. of Male Rep. Organ (In wk 6)
Avg. Growth In 6 wks

Avg. Growth In 9 wks

App. of Female Rep. Organ
(In wk 10)

App. of New Corn (In wk 11)
Avg. Growth In 14 wks

Color & Texture of Leaves

9" Sept. 2007
5" Day
41
49
None
57
64

None

None
82

Green & thick

Do
6" Day
42
57
None
70
725

None

None

78

Light green & thin

Do
5" Day
53
76
Male Rep. Organ
104
120

Female Rep. Organ

New Corn

135

Deep green, stout, thick &
broad leaves

Source: Sinha et al. [27]

13.1.4. Potted Wheat Crops (Griffi
Australia)

This was designed to compare the agronomic impacts of

vermicompost with conventional com
fertilizers on wheat crops. Results are g
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th University,

Key Observations, Findings & Discussion

Wheat crops maintained very good growth on vermin-

post & chemical
iven in Table 8.

compost & earthworms from the very beginning &
achieved maturity in 14 weeks. The striking rates of seed
germination were very high, nearly 48 hours (2 days) ahead
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Table 8. Growth of wheat crops promoted by vermicompost,
conventional compost and chemical fertilizers

Treatments Week 1 Week 5 Week 10 Week 12
1) Control 17 22 26 26
2)CC 17 31 32 32
3)CF 16 36 39 43
4)VC + EW 19 39 43 47

(VC 500 gm; EW 25 Nos.; CC 500 gm; CF 5 gm x 3 times; Av.
Growth in cm); Key: CC = Conventional Compost; CF = Chemical
Fertilizer; VC = Vermicompost; EW = Earthworms Source: Sinha et al.
[27]

of others and the numbers of seed germinated were also
high by nearly 20%.

Plants were greener and healthier over others, with
large numbers of tillers & long seed ears were formed at
maturity. Seeds were healthy and nearly 35-40% more as
compared to plants on chemical fertilizers. What they
achieved in just 5 weeks, was achieved by others in 10
weeks. More significant was that the pot soil with vermin-
compost was very soft & porous and retained more mois-
ture. Pot soil with chemicals were hard and demanded
more water frequently [27].

13.2. Vegetable Crops

This was designed to compare the growth impacts of
earthworms, worms with vermicompost and chemical
fertilizers on egg plants. Results are given in Table 9.

13.2.1. Potted Egg Plants (University of Rajsthan,
Jaipur, India 1998

Key Observations, Findings and Discussion

Potted egg-plants grown on vermicompost with live
earthworms in soil bored on average 20 fruits/plant with
average weight being 675 gm. Whereas, those grown on
chemical fertilizers (NPK) bored only 14 fruits/plant
with average weight being only 500 gm. Total numbers

of fruits obtained from vermicompost (with worms) ap-
plied plants were 100 with maximum weight being 900
gm while those on chemicals were 70 fruits and 625 gm
as maximum weight of a fruit. Interestingly, egg-plants
grown on exclusive vermicompost (without worms) did
not perform as with those with worms, but were signify-
cantly better over those on chemical fertilizers.

13.2.2. Potted Okra Plants (University of
Rajasthan, Jaipur, India 1998
This was designed to compare the growth impacts of
earthworms, worms with vermicompost and chemical
fertilizers on okra plants. Results are given in Table 10.
Key Observations, Findings and Discussion
Potted okra plants grown on vermicompost (with live
worms in soil) bored on average 45 fruits/plant with av-
erage weight being 48 gm. Whereas, those grown on
chemical fertilizers (NPK) bored only 24 fruits/plant
with average weight being only 40 gm. Total numbers of
fruits obtained from vermicompost (with worms) applied
plants were 225 with maximum weight being 70 gm while
those on chemicals were 125 fruits and 48 gm as maxi-
mum weight of a fruit. Again, okra plants grown on ex-
clusive vermicompost (without worms) did not perform
as with those with worms, but were significantly better
over those on chemical fertilizers.

13.2.3. Potted Tomato Plants (Griffith University,
Australia 2009)

This was designed to compare the agronomic impacts of
vermicompost & worms with composted cow manure
from market & chemical fertilizers on tomato plants.
Results are given in Table 11.

Key Observations, Findings and Discussion

Tomato plants on vermicompost & vermicompost
with worms maintained very good growth from the very
beginning. Number of flowers and fruits per plant were
also significantly high as compared to those on agro-
chemicals and conventional compost. Presence of earth-
worms in soil made a significant difference in ‘flower
and fruit formation’ in tomato plants. This was obviously

Table 9. Agronomic impacts of vermicompost, earthworms & vermicompost vis-a-vis chemical fertilizer on growth & development of

egg plants.
Av. Vegetative Av. No. of Av. Wt. of . Max. Wt. of One

Treatments Growth (In Inches) Fruits/Plant Fruits/Plant Total No. of Fruits Fruit
Earthworms (50 Nos.) +

1. VC * (250 gm) 28 675gm 100 900 gm

2. Vermicompost (250 gm) 23 525 gm 75 700 gm

Chemical Fertilizer
3. (NPK) (Full dose) 18 500 gm 70 625 gm
4. CONTROL 16 425 gm 50 550 gm

(N.B. Value of vegetative growth was taken that was achieved on the 90" day of the study, while the fruiting was estimated from the 45th day & end-

ing with over 120 days); Source: Sinha et al. [27]; Key: VC = Vermicompost
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Table 10. Agronomic impacts of vermicompost, worms with vermicompost vis-a-vis chemical fertilizer on growth & development of

okra plants.

Treatment Grﬁ\\//\}t\r{e(%it?;igﬁes) foit?/%ugfu F/?Z}t\?//&g;t Total No. of Fruits % \Ii\:‘tict)f o
Y e
2 VeEranigongp;ost 296 36 42 gm 180 62 gm
s Cumleier g 2
4. CONTROL 25.6 22 32.gm 110 43 gm

(N.B. Value of vegetative growth was taken that was achieved on the 90" day of the study, while the fruiting was estimated after 45" day and ending

with over 120 days); Source: Sinha et al. [27]

Table 11. Growth of tomato plants promoted by vermicompost, vermicompost with earthworms, conventional compost (composted
cow manure) & chemical fertilizers (All seedlings measured 5 cm; Average growth in cm).

Chemical Fertilizers

Composted Cow Vermicompost Vermicompost (250 gm)

Parameters Studied Control (5 gm x 3 times) Manure (500 gm) (250 gm) + Earthworms (50)
1).Avg. Growth in 2
Wks. 10 10 10 e .
2). Avg. Growth in 4
Wks. 30 “ % ® ”
3). Number of
flowers (Wk.5) 8 o 10 2! .
4). Avg. Growth in 6 40 70 51 118 125
Wks.
5). Avg. Growth in 8 48 108 53 185 188
WKks.
6). Number of fruits
oWk 9) 4 16 6 22 27
7). Avg. Growth after 10 50 130 53 207 206
Wks.

Source: Sinha & Valani [27]

due to more ‘growth & flowering hormones’ (auxins and
gibberlins) available in the soil secreted by live earth-
worms. Very disappointing was the results of composted
cow manure obtained from the market with branded
name. It could not compete with vermicompost (indige-
nously prepared from food waste) even when applied in
‘double dose’.

14. VERMIWASH: A NUTRITIVE
GROWTH PROMOTING PESTICIDAL
LIQUID PRODUCED DURING
VERMICOMPOST PRODUCTION

The brownish-red liquid which collects in all vermcom-
posting practices is also productive and protective for
farm crops. This liquid partially comes from the body of
earthworms (as worm’s body contain plenty of water)
and is rich in amino acids, vitamins, nutrients like nitro-
gen, potassium, magnesium, zinc, calcium, iron and cop-

per and some growth hormones like ‘auxins’, ‘cytokinins’.

Copyright © 2010 SciRes.

It also contains plenty of nitrogen fixing and phosphate
solubilising bacteria (nitrosomonas, nitrobacter and ac-
tinomycetes). Vermiwash has great ‘growth promoting’
as well as ‘pest killing’ properties. Study reported that
weekly application of vermiwash increased radish yield
by 7.3% [73,74]. Another study also reported that both
growth and yield of paddy increased with the application
of vermiwash and vermicast extracts [75].

Farmers from Bihar in North India reported growth
promoting and pesticidal properties of this liquid. They
used it on brinjal and tomato with excellent results. The
plants were healthy and bore bigger fruits with unique
shine over it. Spray of vermiwash effectively controlled
all incidences of pests and diseases, significantly re-
duced the use of chemical pesticides and insecticides on
vegetable crops and the products were significantly dif-
ferent from others with high market value.

George [76] studied the use of vermiwash for the
management of ‘Thrips’ (Scirtothrips dorsalis) and
‘Mites’ (Polyphagotarsonemus latus) on chilli amended
with vermicompost to evaluate its efficacy against thrips
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and mites. Vermiwash was used in three different dilu-
tions e.g. 1:1, 1:2 and 1:4 by mixing with water both as
‘seedling dip’ treatment and “foliar spray’. Six rounds of
vermiwash sprays were taken up at 15 days interval
commencing at two weeks after transplanting. Among
the various treatments, application of vermicompost @
2.5 ton/ha with 6 sprays of vermiwash at 1:1 dilution
showed significantly lower incidence of thrips and mites
attack. It registered very low mean population of thrips
and mites as 0.35 and 0.64 per leaf respectively. It also
registered significantly maximum dry chilli yield @ 2.98
quintal/ha. Giraddi et al. [74] also reported significantly
lower pest population in chilli applied with vermiwash
(soil drench 30 days after transplanting, and foliar spray
at 60 and 75 days after transplanting) as compared to
untreated crops.

Suthar [77] has reported hormone like substances in
vermiwash. He studied its impact on seed germination,
root & shoot length in Cyamopsis tertagonoloba and
compared with urea solution (0.05%). Maximum germi-
nation was 90% on 50% vermiwash as compared to
61.7% in urea solution. Maximum root and shoot length
was 8.65 cm & 12.42 cm on 100% vermiwash as com-
pared to 5.87 & 7.73 on urea. The seedlings with 100%
vermiwash foliar spray showed the maximum level of
total protein and soluble sugars in their tissues.

15. AMOUNT & APPLICATION TIME OF
VERMICOMPOST IN CROPS

Vermicompost can be used in any crop and in any
amount as it is ‘completely safe’ for soils and crops in all
amounts. However, several studies including ours, indi-
cate that vermicompost is required in much ‘lesser
amount’ as compared to all other bulky organic fertiliz-
ers e.g. composted cattle dung (cow, horse & pig ma-
nures and sheep & goat droppings) composted MSW and
composted plant residues to promote optimal growth and
yield. This is because they contain ‘high nutrients with
growth hormones’ and are 4-5 times more powerful
growth promoters than all other organic fertilizers and
over 30-40% higher over the chemical fertilizers (NKP).

Study made by Central Research Institute for Dryland
Agriculture, Hyderabad, India have provided a report
which is given in Table 12.

16. THE GLOBAL MOVEMENT FOR USE
OF VERMICOMPOST TO REPLACE
DESTRUCTIVE CHEMICAL FERTIL-
IZERS FROM AGRICULTURE

Worldwide farmers are desperate to get rid of the vicious

Copyright © 2010 SciRes.

Table 12. Recommended quantity and time of application of
vermicompost in some crops.

Crop Quantity Time of Application
1). Rice (Paddy) 1 ton/acre After Transplanting
2). Maize (Corn) 1 ton/acre Last Ploughing

3). Sugarcane 1.5 ton/acre Last Ploughing

4). Groundnut 0.5 ton/acre Last Ploughing

5). Sunflower 1.5 ton/acre Last Ploughing

6). Chilli 1 ton/acre Last Ploughing
7). Potato 1-1.5 ton/acre Last Ploughing
8). Tomato 1-1.5 ton/acre Last Ploughing
9). Brinjal 1-1.5 ton/acre Last Ploughing
10). Okra 1-1.5 ton/acre Last Ploughing

11). Cauliflowers 1-1.5 ton/acre Last Ploughing

12). Cabbage 1-1.5 ton/acre Last Ploughing

13). Garlic 1-1.5 ton/acre Last Ploughing
14). Onion 1-1.5 ton/acre Last Ploughing
15). Grape .
(Vineyards) 1 ton/acre Summer time
. At planting time &
16). Citrus 2 kgltree before flowering
At planting time &
17). Pomegranate 2 kgltree before flowering
At planting time &
18). Guava 2 kgltree before flowering
2 kgltree At planting time
19). Mango & 5 kgl/tree 1-5 years old trees
Coconut 10 kgltree 6-9 years old trees
Trees older than 10
20 kgltree years
20). Cotton 1 ton/acre Last Ploughing

Source: CRIDA (2009), Hyderabad, India [78]

circle of the use of chemical fertilizers as their cost have
been constantly rising and also the amount of chemicals
used per hectare has been steadily increasing over the
years to maintain the yield & productivity of previous
years. Nearly 3-4 times of agro-chemicals are now be-
ing used per hectare what was used in the 1960s. In
Australia, the cost of MAP fertilizer has risen from AU
$ 530.00 to AU $ 1500.00 per ton since 2006. So is the
story everywhere in world because the chemical fertiliz-
ers are produced from ‘vanishing resources’ of earth.
Farmers urgently need a sustainable alternative which is
both economical and also productive while also main-
taining soil health & fertility. The new concept is ‘Eco-
logical Agriculture’ which is by definition different from
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‘Organic Farming’ that was focused mainly on produc-
tion of chemical-free foods. Ecological agriculture em-
phasize on total protection of food, farm & human eco-
systems while improving soil fertility & development of
secondary source of income for the farmers. UN has also
endorsed it. Vermiculture provides the best answer for
ecological agriculture which is synonymous with ‘sus-
tainable agriculture’.

A movement is going on in India, China, Philippines,
Brazil, Mexico, Argentina, Australia, U.S., Canada, Rus-
sia and Japan to vermicompost the organic fractions of
all their municipal solid wastes (MSW) and among the
farmers to vermicompost their farm wastes and use them
as a complete ‘organic fertilizer’ for crops as an alterna-
tive to the chemical fertilizers or supplement them with
highly reduced doses of chemical fertilizers. Municipal
councils, NGOs and composting companies are also
participating in vermicomposting business, composting
all types of organic wastes on commercial scale and
selling them to the farmers. This has dual benefits. Cut-
ting cost on landfill disposal of waste while earning
revenues from sale of worms & vermicompost [17,
27,79]. “Vermicycle Organics’ in the U.S. produces 7.5
million pounds of vermicompost every year in high-tech
greenhouses and sell to the farmers. Its sale of vermi-
compost grew by 500% in 2005. ‘Vermitechnology Un-
limited” in U.S. has doubled its business every year since
1991 [80].

A “Vermiculture Movement’ is going on in India with
multiple objectives of community waste management,
highly economical way of crop production replacing the
costly chemical fertilizers and poverty eradication pro-
grams in villages [81].

17. IMPORTANT FEEDBACKS FROM
FARMERS USING VERMICOMPOST
IN INDIA

Farmers in India are being motivated to embrace ver-
miculture in farming. This is mainly in the States of
Karanatka, Tamil Nadu, Gujarat, Maharashtra, Punjab,
Harayana, Himachal Pradesh and Bihar. Apple growers
in Himachal are using vermicompost on large scale with
very good profit.

A number of villages in the districts of Samastipur,
Hazipur and Nalanda in the State of Bihar have been
designated as ‘Bio-Village’ where the farmers have
completely switched over to organic farming by ver-
micompost and have given up the use of chemical fertil-
izers since 2005. Some of them asserted to have har-
vested three (3) different crops in a year (reaping 2-3
times more harvest) due to their rapid growth & maturity,
and reduced harvest cycle. (Authors takes pride in moti-
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vating farmers in Bihar through personal contacts under
a collaborative research program between Griffith Uni-
versity, Australia and Rajendra Agriculture University,
Bihar).

Some of the important revelation by farmers about use
of vermicompost were

1) Reduced use of ‘water for irrigation’;

2) Reduced ‘pest attack’ (by at least 75%) especially
after spray of vermiwash (liquid drained during vermi-
composting);

3) Reduced ‘termite attack’ in farm soil especially
where worms were in good population;

4) Reduced ‘weed growth’;

5) Faster rate of ‘seed germination’ and rapid seed-
lings growth and development;

6) Greater numbers of fruits per plant (in vegetable
crops) and greater numbers of seeds per ear (in cereal
crops), heavier in weight—better in both, quantity and
quality as compared to those grown on chemicals;

7) Fruits and vegetables had ‘better taste’ and texture
and could be safely stored up to 6-7 days, while those
grown on chemicals could be kept at the most for 2-3
days;

8) Fodder growth was increased by nearly 50% @ 30
to 40 quintal/hectare;

9) Flower production (commercial floriculture) was
increased by 30%-50% @ 15-20 quintal/hectare. Flower
blooms were more colorful and bigger in size;

18. ENVIRONMENTAL-ECONOMICS OF
FOOD PRODUCTION BY
VERMICOMPOST VIS-A-VIS
CHEMICAL FERTILIZERS

A matter of considerable economic and environmental
significance is that the ‘cost of food production’ by ver-
micompost (produced locally on-farm from organic
wastes diverted from landfill disposal at high cost) will
be significantly low by more than 60-70% as compared
to chemical fertilizers (produced in factories from van-
ishing petroleum products using huge electricity) and the
food produced will be a ‘safe chemical-free food’ for the
society. Due to enhanced colour, taste, smell and flavour
of food products farmers gets higher price for their farm
products. It is a ‘win-win’ situation for both producers
(farmers) and the consumers (feeders).

And with the growing global popularity of ‘organic
foods” which became a US $ 6.5 billion business every
year by 2000, there will be great demand for vermicom-
post in future. US Department of Agriculture estimates
25% of Americans purchase organically grown foods at
least once a week. The cost of production of vermicom-
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post is simply insignificant as compared to chemical
fertilizers. While the vermicompost is produced from
‘human waste’—a raw material which is in plenty all
over the world, chemical fertilizers are obtained from
‘petroleum products’” which is a vanishing resource on
earth. Vermicompost can be produced ‘on-farm’ at low-
cost by simple devices, while the chemical fertilizers are
high-tech & high-cost products made in factories [17,
82].

Use of vermicompost in farm soil eventually leads to
increase in the number of earthworm population in the
farmland over a period of time as the baby worms grow
out from their cocoons. It infers that slowly over the
years, as the worms build up the soil’s physical, chemi-
cal & biological properties, the amount of vermicompost
can be slowly reduced while maintaining the same yield.
The yield per hectare may also increase further as the
soil’s natural fertility is restored & strengthened. On the
contrary, in chemical agriculture, the amount of chemi-
cals used per hectare has been steadily increasing over
the years to maintain the same yield as the soil became
‘addict’. Nearly 3-4 times of agro-chemicals are now
being used per hectare what was used in the 1960s.

Vermicompost is able to retain more soil moisture and
also protects crops from pests & diseases thus reducing
the demand of water for irrigation by nearly 30-40% and
pest & disease control by almost 75%. This significantly
cut down on the cost of production. As it also helps the
crops to attain maturity and reproduce faster, it shortens
the ‘harvesting time’. This further cuts on the cost of
production and also adds to the economy of farmers as
they can grow more crops every year in the same farm
plot.

While vermicompost production & use is an ‘envi-
ronmentally friendly’ practices (salvaging waste & im-
proving soil properties), production of chemical fertiliz-
ers is ‘environmentally damaging’ (generating hazardous
wastes & pollutants and greenhouse gases) in its entire
life-cycle, since harnessing of raw materials from the
earth crust, to their processing in factories (generating
huge waste and pollution) and application in farms (pol-
luting soil & Killing beneficial organisms) with severe
economic & environmental implications. Production and
use of 1 kg of chemical nitrogen fertilizer emits 2,500
gm of CO, 10 gm N,O & 1 gm CH,4 Molecule to
molecule, N,O and CH, are 310 & 22 times more pow-
erful GHG than CO,. Earthworms converts a product of
‘negative’ economic & environmental value i.e. ‘waste’
into a product of *highly positive’ economic & environ-
mental values i.e. ‘highly nutritive organic fertilizer’
(brown gold) and ‘safe food’ (green gold). Vermiculture
can maintain the global ‘human sustainability cycle’—
producing food back from food & farm wastes.
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Earthworms biomass comes as a valuable by-product
in all vermicomposting practices and they are good
source of nutritive ‘worm meal’. They are rich in pro-
teins (65%) with 70-80% high quality essential amino
acids ‘lysine’ and ‘methionine’ and are being used as
feed material to promote “fishery” and ‘poultry’ industry.
They are also finding new use as a source of ‘bioactive
compounds’ (enzymes) for production of modern medi-
cines for cardiovascular diseases and cure for cancer in
the making of ‘antibiotics’ from the ceolomic fluid as it
has anti-pathogenic properties. On commercial scale
tons of worm biomass can result every year as under
favorable conditions worms ‘double’ their number at
least every 60-70 days.

If vermi-products (worms, vermicompost & vermi-
wash) are able to replace agrochemicals in food produc-
tion and protein rich worms provide nutritive feeds for
fishery and poultry production it would truly help achieve
greater sustainability in production of ‘safe food’ for
mankind in future [83,84].

19. CONCLUSIONS AND REMARKS

Our studies and those of other learned authors have con-
clusively proved that earthworms and its excreta (ver-
micast) or even its body fluids (vermiwash) have tre-
mendous crop growth promoting and protecting potential
and may work as the main “driving force’ in sustainable
food production while maintaining soil health and fertil-
ity and can completely replace the use of agro-chemicals
from farm production or just require them as ‘helping
hand’ [83,84]. Vermicompost also reinforce plants phy-
siologically to attain maturity and reproduce faster, thus
reducing the ‘life-cycle’ of crops and also shortening the
‘harvesting time’. Reduced incidence of ‘pest and dis-
ease attack’, ‘controlling pests without pesticides’ and
‘better taste of chemical-free organic food products espe-
cially “fruits and vegetables’ grown with earthworms and
vermicompost are matter of great socio- economic and
environmental significance.

In case of fruits and vegetable crops presence of
earthworms in soil make a big difference in growth per-
formance. It looks worms have more positive impacts on
flowering of horticultural crops and significantly aid in
fruit development obviously due to secretion of growth
hormones ‘auxins’ and “gibberlins’ [22,69,85]. No won-
der then, Surpala, in 10" century A.D. recommended to
add earthworms in pomegranate plants to obtain good
fruits.

Use of vermicompost in farm soil eventually leads to
increase in the number of earthworm population in the
farmland over a period of time as the baby worms grow
out from their cocoons. Slowly over the years, as the
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worms & vermicompost build up the soil’s physical,
chemical and biological properties of soil and restore its
natural fertility, reduced amount of vermicompost will be
required to maintain productivity. This is contrary to
those with chemical fertilizers whose amount of use has
gradually increased over the years.

More studies is required to develop the potential of ver-
micompost teas (vermiwash) as a sustainable, non-toxic
and environmentally friendly alternative to ‘chemical
pest control’ or at least its application in farming prac-
tices can also lead to significant reduction in use of
chemical pesticides.

Earthworms are truly justifying the beliefs and fulfill-
ing the dreams of Sir Charles Darwin who called earth-
worms as ‘unheralded soldiers’ of mankind” and “friends
of farmers’. It is also justifying the beliefs of Dr. Anatoly
Igonin one of the great contemporary vermiculture sci-
entist from Russia who said ‘Earthworms create soil &
improve soil’s fertility and provides critical biosphere’s
functions: disinfecting, neutralizing, protective and pro-
ductive’ [86].
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