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ABSTRACT
Plant released phytotoxins (allelochemicals) have important influence on agro-ecosystem
through their inhibitory effect at higher doses and stimulatory (hormesis) effects at low
doses on crop and weeds. A study to investigate the reaction of wheat and associated
weeds to foliar application of sorghum and moringa water extracts was conducted. Foliar
application of whole plant sorghum aqueous extract (sorgaab @ 18 L ha-1)and 3.33%
moringa extract (14.9 L ha-1) alone and in combination, water spray were foliar applied at
60 or both at 60 and 90 days after sowing (DAS). A control treatment without any foliar
spray was used for comparison. Two sprays of sorgaab (18 L ha-1) at 60 and 90DAS
suppressed total weed density and dry weight by 56.7-58.4% and 59.4-61% respectively
while, lambsquarters and canary grass density, fresh and dry weights by 57.8, 43.2, 73.3%
and 53.1, 60.1, 77.5% respectively at 60 and 90 DAS. The highest grain yield (3.38 t ha-1)
with 35% increase as compared to control was observed where two foliar sprays of sorgaab
at 18 L ha-1 was applied at 60 and 90 days after sowing (DAS). Two sprays of sorgaab at 18
L ha-1 alone and in combination with moringa water extract at 14.9 L ha-1influenced the
yield traits of wheat over control. Conclusion, sorghum and moringa extracts can help to
control weeds in wheat that ultimately help to increase wheat yield.
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INTRODUCTION
Wheat (Triticum aestivum L.) is a

widely grown and consumed cereal crop in
Pakistan. Area sown under wheat
cultivation was 9.3 million hectares with
25.5 million tons of production.
Contribution of wheat to value addition
and GDP is 9.9% and 2.0% respectively
(Govt. of Pak. 2017). Among various yield
reducing factors, weeds are major yield
limiting factor which on average
caused20-40% grain yield losses (Ahmad
and Shaikh, 2003). Different grassy and
broad leaved weeds including wild oat
(Avena fatua L.), canary grass (Phalaris
minor L.) and lambsquarters
(Chenopodium album L.) and field bind
weed (Convolvulus arvensis L.) compete
with crop (Shamsi and Ahmed, 1984).
Weeds are most damaging wheat pests
that reduce wheat growth and yield by
competing for inputs (space, light, water
and nutrients) and releasing phytotoxic
compounds (Gupta, 2004). The chemical
weed control is most effective way to
control weeds in wheat crop as grassy
weeds have mimicry with wheat crop.
Thus manual and mechanical control
methods are not much effective. The rice-
wheat rotation is also a major cause of
increased weed infestation in wheat as it
facilitates growth and seed spread of
weeds. Like P. minor showed increase in
weed seed bank and germination in
puddled rice field as its seed are sensitive
to high temperature (Abbas et al., 2017b)

The repeated and frequent use of
herbicides year after year have develops
herbicide resistance in weeds. Various
alternative herbicides are still effective to
control weeds of wheat in Pakistan after
evaluation of first case of herbicide
resistance (Abbas et al., 2017b). As
chemical herbicides were introduced late
in Pakistan than other developed
countries. However, intensive, repeated
and sole application of herbicides without
integrating with other weed management
strategiesmay lead to crop damage, and
herbicide resistance against other
herbicides in weeds (Jabranet al., 2008;
Farooqet al., 2011; Abbas et al., 2017a).
Recently, wide spread herbicide resistance

has been reported in P. minor
againstfenoxaprop in various locations in
Punjab including Faisalabad, Sargodha,
Gujranwala, Mandi Bahaudin and
Bahawalpur (Abbas et al., 2016, Abbas et
al., 2017a, Abbas et al., 2017b).
Therefore, alternative non chemical weed
control strategies are important to be
tested and optimized to control weed and
produce wheat on sustainable basis. In
addition to evolution of resistance in
weeds, herbicides are major source of
water contamination (Judith et al., 2001).
Low doses of herbicides may cause
herbicide hormesis in weeds that leads to
more growth of weeds and increase the
resistance evolution (Nadeemet al.,
2017). Herbicide residues are also
reported to have toxic effect on human
and livestock (Clarkson, 1995).

The natural products and allelopathy
manipulation can be used as possible
strategies for weed control in crops with
positive effect on environment (Singh et
al.,2003; Farooqet al., 2008; Hussainet
al., 2007; Abbas et al., 2017c).The
activity of allelochemicals depends on
their concentration and higher doses
cause growth suppression in many plant
species while low doses stimulate plant
growth (Abbas et al., 2017a). Plants
release allelochemicals by volatilization,
root exudation, leaching and residue
decomposition of their different plant
parts (Farooqet al., 2013). The foliar
spray of these plant released
allelochemicals can be used to enhance
growth and yield of different crop species
when applied at low concentrations
(Abbas et al., 2017a). Numerous crop
plants having allelopathic and weeds
suppressing ability include brassica,
tobacco, alfalfa, barley, clovers,
eucalyptus, sesame, oats, pearl millet,
rice, rye, sorghum, sunflower, sweet
potato and wheat (Farooqet al.,
2011;Cheema, et al., 2003; Abbas et al.,
2017c). These allelopathic crops can be
used to control weeds, among different
method of use, the use of water extract of
allelopathic species alone or in
combination with reduced doses of
herbicides can help to control weeds,



enhance crop growth and yield on
sustainable basis without any negative
effect on ecosystem (Jabranet al., 2015).
The effect of allelochemicals is dose
dependent, recent investigations revealed
that most of the allelochemicals cause
growth stimulation by showing hormesis
when applied at reduced rates (Abbas et
al., 2017d). Moringaoleifera is one of the
potential sources of natural plant growth
regulators that has gained a lot of
desirability among the plant physiologists.
Moringaoleifera leaves are rich source of
zeatina natural and cheap natural source
of cytokinin which potentially enhance the
wheat yield (Fuglie, 2000; Rehmanet al.,
2017). Moringa leaf extract has a number
of plant growth promoters in a naturally
balanced composition i.e. phytohormones,
vitamins, cytokinins, various mineral
nutrients and inorganic salts which will
certainly encourage the plant growth upon
its exogenous application (Yasmeen,
2011). Moringa leaf extract (3%) when
applied exogenously in dilute
concentration as foliar spray increased the
growth and yield of corn, peanut, tomato,
onion, and sugarcane by 20-35%
depending on crop species and application
time (Foidleet al., 2001; Phiri et al., 2010)
confirming it to be good source of growth
promoting hormones and plant nutrients.
There is need for new sustainable and
environment friendly techniques
employing plant allelochemicals could be
investigated. Allelopathy being a natural
phenomenon is environment responsive
and can be operated for weed supervision
and enhancing crop productivity. It has
received world-wide consideration for its
potential in integrated weed management
systems.This study was planned to
evaluate the reaction of wheat and its
associated weeds to combined effects of
foliar spray of sorghum and moringa water
extracts.

MATERIALS AND METHODS
The experimental site was Agronomic
Research Area, University of Agriculture,
Faisalabad (UAF). The research was
conducted during 2009-2010. Experiment
was laid out in randomized complete block

design with four replications in plots
measuring 7.0 x 2.2 m2.The soil of
experimental field was silty clay loam,
with pH (8.2), organic matter (0.82%),
total nitrogen (0.049%), available
phosphorus (8.79 ppm) and potassium
(168 ppm). The sorghum plant material
was collected from the same location near
the field of experiment. The sorghum
plants herbage was harvested at crop
maturity and chaffed using cutter into
small pieces (2 cm) to enhance the
release of allelochemicals in water, the
pieces were dried under shade. The dried
pieces were soaked in tap water for 24
hours in a ratio of 1:10 (w/v) and extract
was obtained using fine sieve to remove
all straw. The extract was then
concentrated by boiling to reduce the
volume up to 20 times. The moringa
water extract was prepared from young,
healthy and fully grown leaves of moringa
tress. The moringa trees were grown at
same site near the experimental field. The
leaved were frozen for 48 hours. The
frozen leaves were then crushed using a
locally fabricated extraction machine. For
collection of extract it was passed from a
muslin cloth to remove residues (Yasmeen
2011).Nine different treatments including
control (no spray), one water spray at
60DAS, one moringa spray at 60DAS, one
sorgaab spray at 18 L ha-1 at 60DAS, one
sorgaab + moringa spray at 18/14.9 v/v L
ha-1 at 60 DAS, two water sprays at 60
and 90DAS, two moringa spray at 60 and
90DAS, two sorgaab spray at 18 L ha-1 at
60 and 90DAS and two sorgaab +
moringa sprays at 18/14.9 v/v L ha-1at 60
and 90DAS. The concentrated sorghum
aqueous extract and moringa extract were
used as post emergence spray according
to the treatments in the respective plots;
for comparison two control including no
spray and pure water spray were used.
The crop was sown on November 26, 2009
with hand drill, using a seed rate of 125
kg ha-1with 22.5 cm rows spacing. NPK
Fertilizers (120: 110: 60 kg ha-1)in the
form of urea (46%N), diammonium
phosphate (18%N: 46% P2O5) and
sulphate of potash (50% K2O) were
applied to all plots. Phosphorus and
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potash were applied at sowing while
nitrogen in two split (at sowing and at2nd

irrigation). We applied first irrigation three
weeks after crop emergence and following
irrigations were applied according to crop
requirement. All other practices were
uniform for all plots. The crop was
harvested manually with the help of sickle
at physiological maturity. The crop plants
were tied into bundles in respective plots
and kept for sun drying. After sun drying
plots were threshed manually with the
sticks and grain yield per plot was
recording that was further converted in to
t ha-1.
Meteorological Data
We collected metrological data during the
crop growth period from agro-metrological
station located at Department of
Agronomy, UAF(Table-1).
Statistical Analysis
The values of dependent traits were
analyzed statistically by ANOVA and LSD
test was employed to compare the
treatment means (Steel et al., 1997).
Economic analysis
For economic analysis we used the
procedure suggested and improved in
CIMMYT (1988).Considering the economic
importance of treatments, the wheat
production cost, economic analysis and
marginal analyses were also done.

RESULT AND DISCUSSION
Weed density
The experimental site have major weeds
like A. fatua, P. minor and C. album while
some other weeds were less in number.
Data regarding total weed density and
density of each weed are given in Table-2.
Data show thatspray treatments
significantly influenced the density of
associated weeds at 60 and 90 days after
sowing (DAS) than control where no spray
or only water spray were made. The
treatment combination two sorgaab spray
at 18 L ha-1 at 60 and 90DAS suppressed
weed density by 56.7 and 58.4% over
control, respectively, which was
statistically equal to one sorgaab spray at
18 L ha-1 at 60DA and two moringa spray
14.9 L ha-1 at 60 and 90DAS. At 90DAS
significantly minimum weed density was

recorded in two sorgaab spray at 18 L ha-

1at 60 and 90DASthan all other
treatments. Same trend was observed for
the density of P. minor, wild oat and
lambs quarters on 60 and 90DAS of wheat
irrespective to type of weed species.
Inhibitory effect on weed density was due
to allelopathic activity of sorghum
(Sorghum bicolor L.) described by Purvis
et al. (1985). Our results are reinforced
by Cheema et al. (2003) who stated that
combinations of allelopathic water extracts
(sorghum + sunflower + euclyptus each
@ 8 L ha-1) applied at 30 DAS reduced
total weed density in wheat by 21% over
control.  The results reveal that weed
suppressing ability of moringa is less while
sorghum is more. It was due to inhibitory
allelopathic activity of sorghum (Sorghum
bicolor L.) on weed density described by
Purvis et al. (1985). Abbas et al. (2017a)
reported that sorghum allelopathic
potential can help to control little seed
canary grass in wheat. Among various
allelopathic crop including maize, rice,
sunflower and sorghum, the sorghum
showed more herbicidal potential than
other crops. Weed density is major
parameter to measure the weed control
potential of any weed control method. The
ability of current treatments consisting of
sorghum and moringa extract to control
various broad and grassy weeds of wheat
will help to build a sustainable IWM plan.
Weed dry weight
Data in Table-3 indicated that all
treatments significantly affected the total
dry weight of weeds as compared to
control except one moringa spray 14.9 L
ha-1 at 60DAS. Weed dry weight was
significantly lower in one sorgaab spray at
18 L ha-1 at 60DAS as compared to other
treatments including no spray, one water
spray at sorgaab spray @ 18 L ha-1 at 60
and 90DAS, two water sprays at 60 and
90DAS and two sorgaab + moringa sprays
at 18/14.9 v/v L ha-1 at 60 and 90DAS
recorded at 60 DAS. It reduced dry weight
by 61.3% and 35.8% recorded at 60 and
90DASwhen compared to control. Dry
weight recorded 90DAS was significantly
lower in two sorgaab spray at 18 L ha-1 at
60 and 90DAS as compared to all other



treatments. It suppressed weed dry
weight by 61% over control. The
treatment combination two sorgaab +
moringa sprays at 18/14.9 v/v L ha-1 at
60 and 90DAS also suppressed weed dry
weight by 43.2% over control which was
significantly lower as compared to all
other treatments recorded at 90DAS. Dry
weight of A. fatuva, P. minorshowed the
same trend as total dry weight (Table-3).
It may be due to presence of natural
chemicals in plant aqueous extracts that
plays inhibitory role instead of killing
weeds completely. Our results are
reinforced by the work reported byJabran
et al (2015) who said that crop plants
release allelochemicals that can be used
to control weeds. Abbas et al. (2016) and
Abbas et al. (2017a) who reported
significant reduction in dry biomass of P.
minor with spray of water extracts and
residues of maize, sorghum, rice and
sunflower. The sorghum was more
herbicidal in reducing dry biomass. Weed
dry biomass is major traits to measure the
efficacy of weed control method. The
considerable reduction in dry biomass of
weeds of wheat crop after application of
sorghum and moringa extract revealed
that these extract have penitential to
control these weeds under field conditions.
The findings play important role to build
sustainable weed management plant for
wheat crop.
Wheat growth and grain yield (t ha-1)
Data in Table-4 reveal that growth, yield
contributing traits and grain yield of wheat
were significantly increased with different
treatment combinations.The more plant
height, yield contributing traits and grain
yield (3.38 t ha-1) were observed in T8 i.e.
wheresprays of sorghum extract @ 18 L
ha-1 was applied at 60 days after sowing
(DAS) and minimum were recorded where
no spray was applied. The maximum
increase in growth and grain yield of
wheat achieved in plots treated with two
sorgaab spray at 18 L ha-1 at 60 and
90DAS as compared to control.This may
be due to weed suppressing ability of
sorghum that resulted in less competition
among crop plants and weeds and
ultimately the more reproductive growth.

These findings are supported by the work
reported by Cheema and Khaliq (2000)
who were of the view that sorghum
contains several allelochemicals which
could be effectively used for managing
weeds in wheat crop.Foidleet al. (2001)
said that moringa leaf extract is loaded
with ascorbates, phenols, potassium,
calcium etc. which are being used as foliar
applied plant growth enhancers. Abbas et
al. (2017a), revealed that water extracts
of different plants have potential of
enhance crop growth and yield at their low
doses. A field study was conducted to
study the allelopathic effect of various
crops including sorghum on major weed of
wheat (little seed canary grass) and wheat
crop (Abbas et al., 2017c). Results
showed that sorghum allelopathy was
helpful in controlling little seed canary
grass and enhancing yield of wheat. The
wise use of sorghum extract at optimum
time can help to inhibit weed growth and
enhance crop growth, like the same dose
may be toxic for weed species due to its
early growth stage while hormetic for crop
species due to more age of crop plants as
weed emerge after first irrigation (Abbas
et al., 2017a). The effect of weed control
plan on crop growth and yield is important
to consider as crop yield is ultimate goal
of any grower. Many weed control
strategies are reported to put harmful
effect on crop. The present finding
revealed that the weed control treatment
were not only effective in controlling
weeds but were also effective to enhance
growth and yield of wheat crop. The
possible increase in wheat yield might be
due to less competition weeds or hormetic
response to wheat to sorghum and
moringa extracts.
Economic and marginal dominance
analysis
The efficacy of any production system can
be best evaluated on the basis of its
economic suitability for the farmers.
Economic and marginal analyses of
present studies were carried out to
determine the best treatment combination
which not only provide proper control to
the weeds but also enhance the
production of wheat crop.
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The economic analysis (Tables 5 and 6)
show that one sorgaab + moringa spray
at 18/14.9 v/v L ha-1 at 60 DAS was best
treatment with highest net benefits of
Rs.69640 with 1400.6% marginal rate of
return followed by one spray of sorghum
water extract at of 18 L ha-1 at 60DAS
with Rs. 62637 net benefits and
1660.59% marginal rate of returns.
Results clearly show that there is an
alternate opportunity for farmers to
enhance their production by minimizing
the weed population (58% over control)
and dry weight (61% over control) and by
increasing the wheat grain yield (35%
over control). This opportunity is the use
of aqueous extract of allelopathic crops
which suppress the weeds growth and
development process. Moreover, moringa
water extract contains a number of plant
growth regulators that positively affected
the growth of crop plants.
So it is concluded from our studies that
integrated use of sorghum and moringa is
effective to control weeds in wheat crop
with positively effective on wheat growth
and yield. Farmers should think about this
new allelopathic revolution to minimize
the per acre cost and to protect their
environment from vulnerable effects of
toxic chemicals. For the sustainability of
chemical control method and
environmental safety use of alternative
weed control and crop enhancing methods
are important.
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Table-1. Weather data at the experimental site during course of experimentation.

Month Temperature (0C) Relative
humidity

(%)

Rainfall
(mm)

Sunshine
(h)Maximum Minimum Mean

November 25.7 10.8 18.2 64.7 0.7 06.3

December 22.1 7 14.5 64.4 0.0 06.6
January 16.2 6.0 11.0 62.0 0.8 4.1
February 22.0 9.5 15.7 62.7 11.9 6.6
March 30.4 16.5 23.5 57.5 8.8 8.7
April 38.4 21.4 29.9 36.8 1.3 9.0

Note: Data collected from the meteorological station, Agronomy Department, University of
Agriculture, Faisalabad, Pakistan.

Table-2.Effect of foliar application of sorghum and moringa water extracts on total
weed density and density of 3 test species on 65 and 95 DAS of wheat.
Treatment Weeds density (No. m-2)

Total density
(m-2)

Little seed canary
grass

Wild oat Lambsquarters

65 DAS 95 DAS 65 DAS 95 DAS 65 DAS 95 DAS 65 DAS 95 DAS
Control (no Spray) 73.25a 65.50 a 47.25a 42.00a 21.25

ab
15.75a 4.75ab 7.75a

One water spray at
60DAS

62.50b 63.25ab 44.50a 37.50a 19.00
bc 15.25ab 5.00ab 7.25a

One moringa spray
at 14.9 v/v L ha-1 60
DAS

34.75de 49.25cd 40.25a 32.00b
22.25a 14.25ab 4.00ab 6.25ab

One sorgaab spray at
18 L ha-1 at 60 DAS

33.75e 38.50e 24.50c 24.25c
8.50d 6.75d 2.50cd 4.75bc

One sorgaab +
moringa spray at
18/14.9 v/v L ha-1

at 60 DAS

42.00cd 42.25de 31.50bc 22.25c

7.00d 8.50c 3.75bc 4.50c

Two water sprays at
60 and 90DAS

59.75b 55.00bc 43.75a 38.00a
19.50bc 13.75b 5.25a 7.50a

Two moringa spray
14.9 v/v L ha-1 at 60
and 90 DAS

35.07c-e 43.50de 40.75a 23.75c
18.25c 6.25d 3.75bc 5.00bc

Two sorgaab spray at
18 L ha-1 at 60 and
90 DAS

31.75e 27.25f 24.00c 17.75c
8.25d 5.50d 2.25d 3.75c

Two sorgaab +
moringa sprays at
18/14.9 v/v L ha-1 60
and 90 DAS

43.00c 38.50e 32.25b 20.00c

6.75d 6.50d 4.00ab 4.00c

LSD0.05 7.97 10.13 7.74 7.5
2.40 1.59 1.27 1.71

The means in the same column marked with same letter are not differed significantly at the
5% confidence level.



Table-3.Effect of foliar application of sorghum and moringa water extracts on total weed dry weight and dry
weight of little seed canary grass, wild oat and lambs quarters on 60 and 90 DAS of wheat.

Treatment Dry weight (g m-2)
Total dry weight Little seed

canary grass
Wild oat Lambsquarters

65 DAS 95 DAS 65 DAS 95 DAS 65 DAS 95 DAS 65 DAS 95 DAS

Control (no Spray) 62.47 a 50.82 a 27.97 a 77.50 a 24.47 a 15.22 b 10.02 a 6.02 a
One water spray at 60DAS 48.42 b 44.65 b 26.05

ab
68.45
b 23.70 ab 13.95

bc 9.09 ab 5.75 a

One moringa spray at 14.9 v/v
L ha-1 60DAS

26.27
cd

51.92 a 24.30 b 81.75
a 21.62 b 20.47 a 7.72 c 4.30 b

One sorgaab spray at 18 L ha-1

at 60DAS
24.16 d 32.60 c 14.10 c 37.97 c

9.97 c 8.70 e 5.02 d 2.52 c

One sorgaab + moringa spray
at 18/14.9 v/v L ha-1

at 60 DAS

32.49 cd 42.15 b 16.17 c 39.20 c
12.12 c 9.17 de 4.62 d 2.10 c

Two water sprays at 60 and
90DAS

46.50 b 53.250  a 26.17 ab 64.30 b 24.22 a 13.68
bcd 8.72 bc 5.62 a

Two moringa spray 14.9 v/v L
ha-1 at 60 and 90DAS

27.55 cd 44.30 b 23.82 b 29.07 d
21.60 b 10.37

cde 8.00 bc 3.85 b

Two sorgaab spray at 18 L ha-1

at 60 and 90DAS
25.35 cd 19.80 d 14.97 c 20.67 e

11.00 c 5.92 e 5.35 d 1.35 d

Two sorgaab + moringa sprays
at 18/14.9 v/v L ha-1at 60 and
90DAS

32.72 c 28.85 c 16.37 c 27.30 d
11.45 c 7.05 e 4.45 d 1.90 cd

LSD at 5 % probability Level 8.48 4.88 3.16 4.68 2.23 4.67 1.09 0.70
The means in the same column marked with same letter are not differed significantly at the 5% confidence level.
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Table-4.Effect of foliar application of sorghum and moringa water extracts on agronomic parameters of wheat.

Treatment Plant
heig
ht

(cm)

Number
of fertile
tillers m-2

Spike
lengt

h
(cm)

No. of
spikelets
per spike

Number
of grains
per spike

1000-
grain
weigh
t (g)

Biologic
al yield

(t ha-1)

Grain
yield
(t ha-

1)

Harve
st

index
(%)

Control (no Spray) 97.28
e 333.75 d 7.50 e 13.30 e 45.68 d 39.26

d 14.10 cd 2.50 g 17.75 e

One water spray at 60DAS 99.30
cd 348.50 cd 7.55

de 14.05 d 49.08 c 40.97
bc 14.40 bc 2.62

fg
18.18

de
One moringa spray at 14.9
v/v L ha-1 60DAS

97.70
de 350.25 cd 8.04

bc 15.30 bc 52.83 ab 40.68
bcd 14.98 a 2.81

de
18.74

de
One sorgaab spray at 18 L
ha-1 at 60DAS

96.60
e 364.00 bc 7.89

cd 15.40 bc 51.80 bc 41.06
bc 13.35 e 2.95

cd
22.06

bc

One sorgaab + moringa
spray at 18/14.9 v/v L ha-1

at 60 DAS
99.65

c 375.50 b 8.48 a 15.98 ab 53.68 ab 40.23
cd 15.20 a 3.28 a 21.52 c

Two water sprays at 60 and
90DAS

101.8
5 b 347.00 cd 7.31 e 14.98 c 49.43 c 40.48

cd 13.90 d 2.66
ef

19.15
d

Two moringa spray 14.9 v/v
L ha-1 at 60 and 90DAS

105.1
0 a 382.25 b 8.29

ab 15.63 bc 51.85 bc 40.96
bc 14.53 b 3.11 b 21.38 c

Two sorgaab spray at 18 L
ha-1 at 60 and 90DAS 101.9

2 b 403.75 a 8.49 a 16.63 a 55.10 a
42.09

b 14.08 cd 3.38 a 24.00 a

Two sorgaab + moringa
sprays at 18/14.9 v/v L ha-

1at 60 and 90DAS
104.4
5 a 380.75 b 8.08

bc 15.95 ab 52.73 ab 44.61
a 13.38 e 3.09

bc
23.14

ab

LSD0.05 1.86 19.32 0.34 0.70 2.80 1.52 0.41 0.15 1.29
The means in the same column marked with same letter are not differed significantly at the 5% confidence level.



Table- 5. Economic Analysis of Different Treatments in the Experiment.
Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 Remarks

Mean wheat yieldkg ha-1 2500 2620 2810 2950 3280 2660 3110 3380 3090

Adjusted wheat yield 2250 2358 2529 2655 2952 2394 2799 3042 2781
10%  less
to bring at
farm level

Income from wheat yield 53438 5600
3 60064 63057 70110 56858 66476 72248 66048 @Rs.

950/40kg
Gross income

Rs. 53438 5600
3 60064 63057 70110 56858 66476 72248 66048

Cost of sorghum W.E.Rs. 0 0 0 220 220 0 0 440 440

Cost of moringa W.E. 0 0 50 50 0 100 0 100 Rs 50/
spray

Spray application cost 0 50 50 50 50 100 100 100 100 Rs 50/
spray

Sprayer Rent cost 0 150 150 150 150 300 300 300 300 Rs 150/
spray

Total cost that vary 200 250 420 470 400 500 840 940 Rs.

Net benefit 53538 5580
3 59814 62637 69640 56458 65976 71408 65108 Rs.

T1: Control (no Spray), T2: One water spray at 60DAS, T3: One moringa spray at14.9 v/v L ha-1 at 60DAS, T4: One sorgaab
spray at 18 L ha-1 at 60DAS,T5: One sorgaab + moringa spray at 18/14.9 v/v L ha-1 at 60 DAS,T6: Two water sprays at 60
and 90DAS,T7: Two moringa spray 14.9 v/v L ha-1 at 60 & 90DAS,T8: Two sorgaab spray at 18 L ha-1 at 60 and 90DAS,T9:
Two sorgaab + moringa sprays at 18/14.9 v/v L ha-1 at 60 and 90DAS
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Table- 6.Dominance and Marginal Analysis.

Treatments
Total cost
that vary

Net
benefits

Marginal
cost

Marginal net
benefits

Marginal
rate of

return (%)

Control (no Spray) 0 53538 -

One water spray at 60DAS 200 55803 200 2265 132.5

One moringa spray at 14.9 v/v L ha-1 60DAS 250 59814 50 4011 8022

One sorgaab spray at 18 L ha-1 at 60DAS 400 56458 - - D

One sorgaab + moringa spray at 18/14.9 v/v L
ha-1at 60 DAS

420 62637 170 2823 1660.59

Two water sprays at 60 and 90DAS 470 69640 50 7003 1400.6

Two moringa spray 14.9 v/v L ha-1 at 60 and
90DAS

500 65976 - - D

Two sorgaab spray at 18 L ha-1 at 60 and
90DAS

840 71408 370 1768 477.84

Two sorgaab + moringa sprays at 18/14.9 v/v
L ha-1at 60 and 90DAS

940 65108 - - D

Cost that vary = It is the sum of the costs (both costs and opportunity costs) that vary for a particular treatment
Marginal costs = The increase in net benefit which can be obtained by changing from one production alternative to another
Marginal benefits = The increase in variable cost which occurs in changing from one production alternative to another

Marginal benefits
Marginal rate of return = ----------------------- × 100 =   (%)

Marginal costs
D = Dominated treatment = Treatment which has higher costs but lower net benefits;
Rs. = Pak. Rupees




