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Abstract: Wheat is one of the most important cereals feeding hundreds of million people around the globe.
Wheat-rice cropping system in Indo-Pak subcontinent causes a delay in wheat sowing and resultantly
significant reduction in yield takes place. Allelopathy may be an answer to neutralize drastic affects caused by
late sowing of wheat. To investigate the effect of different allelopathic water extracts on physiological
parameters, days taken to complete critical growth stages and yield of late sown wheat, an experiment was
conducted during, 2010-11. Experiment was laid out in randomized complete block design (RCBD) with twelve
treatments that were replicated four times. Foliar sprays of moringa, canola, rice, sorghum and sunflower were
applied in two concentrations 1.5 and 3% each at tillering and booting stages of wheat. Although all water
extracts at either concentration increased leaf area indices but T  (3% moringa leaf extarct) gave maximum leaf10

area indices of 1.97, 2.83, 3.76, 4.59 and 5.41 at 30, 45, 60, 75 and 90 days after sowing (DAS) and it was followed
by plots that were treated with 1.5% moringa leaf extract (T ). The maximum crop growth rate (CGR) of 10.15,9

11.33, 12.74 and 13.76 was recorded during 30-45, 45-60, 60-75 and 75-90 days after sowing, were given by T10

(3% moringa leaf extarct) which was followed by T (1.5% moringa leaf extract). Similarly more days to complete9

booting, heading and anthesis growth stages (84, 92 and 97 DAS, respectively) were taken in plots that were
treated with 3% moringa leaf extract (T ), followed by plots that were treated with 1.5% moringa leaf extract (T ).10 9

Finally the maximum grain yield (4.52 t ha ) was obtained from plots that were treated with 3% moringa leaf1

extract (T ) and it was followed by T  (1.5% moringa leaf extract). Thus moringa leaf juice applied as a foliar10 9

spray at critical growth stages has the potential to increase the grain yield of late-sown wheat.
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INTRODUCTION crop has less planting density and tillering capacity [10].

Wheat is a major cereal crop grown all over the world. system in Indo-Pak subcontinent and due to late
It is a staple food in Pakistan like many other countries of harvesting of rice, wheat sowing is delayed. Thus
world. But its production in Pakistan is much less than allelopathy may be an answer to counter and reduce yield
other countries due to a variety of factors such as poor losses caused by late sowing. Allelopathy is the
mechanization [1], late sowing, seed of low yielding phenomenon of interaction between species in which one
varieties [2] suboptimal plant population [3], less and is positively or negatively influenced by the other
improper use of inorganic fertilizers [4, 5] and improper because of certain secondary metabolites released by one
irrigation scheduling [6]. Late sowing of wheat after 15  of of them [11]. Allelopathy has become a novel approach inth

November results in substantial yield loss as less time is keeping the environment safe and to develop a profitable
available for critical growth stages such as booting, and sustainable agriculture [12]. The allelochemicals affect
heading and anthesis due to weather change [7] and crop other plant’s vital processes by activating certain enzyme,
switches to reproductive stage thus less vegetative triggering cell division, enhancing the permeability of cell
growth occurs [8]. Among yield limiting factors, late membrane, boosting the uptake of different ions from soil
sowing of wheat along with imbalanced use of fertilizers solution and ultimately enhance vegetative growth and
result in substantial loss of wheat yield [9] as late sown economic  yield  [13].  Some  plants  leaves   contain  plant

As wheat-rice cropping system is the most adapted
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growth regulators that in low concentration can promote height from sea level. Pre-sowing physico-chemical
inhibit or modify growth and development of other plants. analysis of experimental site was done. The experimental
As allelochemicals are produced by different crop plants soil was sandy clay loam during both years with organic
and released into the soil, they have the potential to matter percentage of just over 1.5. The physical and
influence the germination and growth of plant species, chemical properties of experimental soil site are presented
positively or negatively [14, 15]. Sorghum [16] and in Table 1. The climate of experimental location was hot
sunflower are plants with high potential of production of desert climate in Koppen-Geiger classification system with
allelopathic chemicals that have been reported to have average annual rainfall just 300 mm.
positive or negative effects on other plants. The moringa
leaf extract contains a miracle substance called zeatin that Experimental Design and Crop Husbandry: Seeds of
serves a natural plant growth hormone [17, 18, 19] along wheat (cv. Faisalabad-2008) obtained from Ayub
with other micronutrients that are involved in various vital Agricultural Research Institute Faisalabad, Punjab
plant physiological processes [20]. Moringa leaf extract is Pakistan were sown on a cultivated seed bed in 22.5 cm
also known to have sufficient concentration of cytokinin spaced rows using a single row hand drill on 28  of
[21] and gibberellic acid that are vital phytohormones [22]. December 2010. Experiment was laid out in Randomized
When moringa leaf extracts were applied in different Complete Block Design (RCBD). There were twelve
concentrations, they increased wheat growth and treatments in total and were replicated four times. The net
development and ultimately grain yield was increased to plot area was 2.25 m x 7 m (10 lines per plot). Fertilizers as
a great extent and that too with only two foliar sprays of urea, diammonium phosphate and potassium sulfate were
water extracts prepared from different parts of moringa applied at the rate of 120, 85 and 60 kg ha  respectively.
tree such as leaves and bark [23, 24]. It was reported that Half of the nitrogen and full dose of phosphorous and
moringa leaf juice contains plant growth promoting potassium were applied at the time of sowing, while the
compounds [25] that has the potential to give fairly high remaining half nitrogen was applied in two equal splits
germination  if  seeds are primed with moringa leaf juice with subsequent irrigations. The first irrigation was given
[26- 33]. Similarly canola water extract contain a unique 30 days after sowing (DAS) and subsequent irrigations
substance known as brassinolide that is also a plant were adjusted according to the climatic conditions and
growth hormone [34] which accelerates some of the plant needs of the crop.
physiological processes [35]. If these plant extracts are
used in higher concentration then their negative and Protocol for Preparation of Allelopathic Water Extracts:
inhibitory effect on growth of weeds prevails. Similarly Allelopathic water extracts of canola (Brassica napus L.),
other crops water extracts such as sunflower, canola and rice (Oryza sativa L.), sunflower (Helianthus annuus L.)
rice were also reported to have negative or positive effect and sorghum (Sorghum bicolor L.) were prepared by
on the growth of other plants depending upon their following the method suggested by Cheema and Khaliq
concentration [36]. [15]. Disease free and healthy pants (stem and leaves) of

Therefore, this study was designed with aims and all four crops were harvested manually at maturity and
objectives of assessing the comparative efficacy of four then  were subjected to shade drying for few days.
different allelopathic water extracts such as of sorghum, Electric fodder cutter was used for chopping of herbage
sunflower, rice, canola and moringa as well as to and  2 cm  pieces of herbage were prepared separately.
determine the response of late sown wheat to foliar This 2 cm chopped material of each crop was then soaked
applied allelopathic water extracts at tillering and booting separately in clean water for a period of 24 hours, while
stages of late sown wheat. maintaining 1: 10 (w/v) ratio of water and herbage of four

MATERIALS AND METHODS purposes, it was passed through sieves. Then filtrate was

Experimental Soil: To evaluate the response of late sown 20 times. Now the water extracts of all four crops were
wheat to foliar application of rice, sunflower, sorghum and ready to be applied as foliar spray. But before that
canola water extracts as well as moringa leaf juice, a field allelopathic water extract solutions of each crop were
research was conducted at Agronomic Research Area of prepared in two concentrations (1.5% and 3%). After that,
University of Agriculture Faisalabad Pakistan during solutions were stored at room temperature. Allelopathic
winter 2010-11. The experimental location was situated at leaf extract solutions were then applied at booting,
Latitude 31.26 °N, Longitude 73.06 °E with 184 meters heading and tillering stages of wheat.

th

1

crops. Water extract was prepared but for cleaning

boiled at 100 °C to reduce the water extracts volume up to
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Table 1: Pre-sowing physico-chemical analysis of experimental soil from
samples taken at 30 cm and 60 cm depths

Characteristics Values
Physical properties 30 cm 60 cm
Sand % 60 58.0
Silt % 18 19.2
Clay % 22 22.8
Textural class Sandy clay loam Sandy clay loam
Chemical properties
pH 7.90 8.00
EC (dSm ) 1.51 1.531

Organic matter (%) 0.69 0.65
Total nitrogen (%) 0.047 0.053
Available nitrogen (ppm) 6.8 6.30
Available potassium (ppm) 115 121

Bioassay for Moringa Leaf Extracts Preparation: Young
and disease free leaves of moringa (Moringa oleifera
Lam.) were collected from moringa tree in nursery area of
Forestry Department of University of Agriculture
Faisalabad Pakistan, for moringa leaf juice preparation.
The collected moringa leaves were subjected to washing
with distilled water after sterilizing and then were frozen in
refrigerator for 2 days. After that manual juicer was used
in order to grind the moringa leaves and leaf juice was
collected in clean sterilized open mouthed jar. All the
green matter from moringa leaved juice were removed by
passing the raw juice through a muslin cloth juice and
cleaned juice was collected in another open mouthed jar.

All the water extracts of four crops and moringa leaf
juice were applied to late sown wheat at tillering and
booting stages with the help of knap sack hand sprayer
which was fitted with a flat fan nozzle. A careful
calibration was performed with water before applying
water extracts of four crops and moringa leaf juice as foliar
spray. For comparison, a control treatment was kept that
was not subjected to any foliar application. Remaining all
agronomic practices such as weeding, irrigation, fertilizers
application etc. were performed according to
recommendations and there was no variation in terms of
farm inputs except treatments. 

Data Collection: All the data were collected by following
standard procedures and techniques.

The values of leaf area indices at different time
intervals were obtained with the help of formula
recommended by Hunt [37]. present in leaf water extracts and these findings in

LAI = Leaf area/ Land area

Crop Growth Rate (CGR) calculations of wheat at
different time intervals were also performed with the help
of formula described by Hunt [37].

where,
W = Dry weight of wheat per meter of land area at the2

time of second harvest
W = Dry weight of wheat per meter of land area at the1

time of first harvest.
T = Time of second harvest 2

T = Time of first harvest1

Statistical Analysis: The recorded data were subjected to
statistical analysis by using analysis of variance
technique (ANOVA-two way) that was employed with the
help  of  ‘MSTAT-C’  computer software program [38].
LSD (Least Significant Difference) test at 5% probability
level was employed to compare the difference in treatment
means and corresponding lettering was used to show
difference in tables of recorded data [39].

RESULTS AND DISCUSSION

Leaf Area Indices: Leaf area is one of the major
parameters which depicts economic yield of crops as
leaves are the natural factories to convert water and
carbon dioxide into glucose in the presence of solar light.
As  leaves  are  the  plant’s  food synthesizing factories,
so leaf area plays a vital role in maintaining appropriate
source-sink relationship and ultimately effects economic
yield. Leaf area indices of late-sown wheat at time
intervals of 30, 45, 60, 75 and 90 (DAS) were recorded.
Data presented in Table 2 showed that leaf area indices
(LAI) were significantly improved by all treatments as
compared to control. The maximum leaf area indices of
1.97, 2.83, 3.76, 4.59 and 5.41 were recorded at 30, 45, 60, 75
and 90 (DAS) respectively, in plots that were treated with
3% moringa leaf extract (T ) and it was followed by10

moringa leaf extract 1.5 % (T ) and canola leaf extract 3%9

(T ) up to 90 days after snowing (DAS). Different8

allelopathic extracts showed an improvement in
decreasing order as moringa > sorghum > rice > sunflower
upto 60 days,while at 75 and 90 DAS the order was
moringa > canola > sorghum > sunflower > rice. The
increase in leaf area indices might be due to cumulative
effect of growth hormones as well as other micronutrient

agreement with Foidle [40], who reported more vigorous
vegetative growth of crops with application of moringa
leaf juice especially due to the presence of a growth
promoting hormone called zeatin. It has been established
fact that moringa leaf juice contains not only growth
promoting   compounds    but    also    many    other  micro
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Table 2: Effect of foliar applied canola, sunflower, sorghum, rice water extracts and moringa leaf juice on the leaf area index of wheat
Days after sowing (DAS)
------------------------------------------------------------------------------------------------------------------------------

Sr.# Treatments 30 45 60 75 90
T Control (No spray) 1.30 i 1.69 j 2.38 j 3.13 j 3.80 j1

T Water spray 1.34 h 1.92 i 2.68 i 3.47 i 4.15 i2

T Sorghum water extract 1.5% 1.90 b 2.48 e 3.24 d 4.01 e 4.71 d3

T Sorghum water extract 3% 1.76 d 2.52 d 3.31 c 4.22 d 4.91 c4

T Sunflower water extract 1.5% 1.53 f 2.24 gh 3.09 f 3.87 f 4.57 e5

T Sunflower water extract 3% 1.48 g 2.22 h 2.94 h 3.73 g 4.47 f6

T Canola water extract 1.5% 1.85 c 2.65 c 3.32 c 4.20 d 4.92 c7

T Canola water extract 3% 1.91 b 2.74 b 3.51 b 4.44 c 5.22 b8

T Moringa leaf extract 1.5% 1.94 ab 2.76 b 3.52 b 4.50 b 5.26 b9

T Moringa leaf extract 3% 1.97 a 2.83 a 3.76 a 4.59 a 5.41 a10

T Rice water extract 1.5% 1.64 e 2.30 f 3.13 e 3.70 g 4.36 g11

T Rice water extract 3% 1.68 e 2.26 fg 2.98 g 3.64 h 4.30 h12

LSD 0.05 0.04 0.03 0.13 0.05 0.04

Table 3: Effect of foliar applied canola, sunflower, sorghum, rice water extracts and moringa leaf juice on the crop growth rate (CGR) of wheat (g m d )2 1

Crop growth rate (g m d )2 1

-----------------------------------------------------------------------------------------------------------------------------
Sr.# Treatments 30-45 DAS 45-60 DAS 60-75DAS 75-90 DAS
T Control (No spray) 6.90 h 7.39 h 8.45 i 9.36 h1

T Water Spray 7.18 fg 7.97 g 8.89 h 9.85 g2

T Sorghum water extract 1.5% 7.79 e 8.51 e 9.42 f 10.36 f3

T Sorghum water extract 3% 7.67 e 8.67 e 9.72 e 10.70 e4

T Sunflower water extract 1.5% 7.17 fg 7.52 h 8.51 i 9.43 h5

T Sunflower water extract 3% 7.00 gh 7.30 h 8.36 i 9.41 h6

T Canola water extract 1.5% 8.49 d 9.42 d 10.45 d 11.65 d7

T Canola water extract 3% 9.42 c 10.15 c 11.22 c 12.18 c8

T Moringa leaf extract 1.5% 9.83 b 10.73 b 11.82 b 12.95 b9

T Moringa leaf extract 3% 10.15 a 11.33 a 12.74 a 13.76 a10

T Rice water extract 1.5% 7.28 f 8.21 f 9.24 g 10.37 f11

T Rice water extract 3% 7.64 e 8.57 e 9.61 ef 10.57 e12

LSD at 5% level of probability 0.39  0.76 1.16 0.20

nutrients [30] and thus presence of so many growth 12.74 and 13.76 g m d ) was recorded in foliar applied
triggering compounds, as well as macro and micro 3%  moringa  leaf extract (T ) during different intervals
nutrients are bound to increase the vegetative growth of (30-45, 45-60,  60-75 and 75-90 DAS) and it was followed
crops. As late sown wheat in Indo-Pak subcontinent by  T  (moringa  leaf  extract  1.5%).  More crop growth
suffers a huge loss in wheat yield due to suppressed rate was might be due enhanced leaf area of wheat and
vegetative growth, moringa leaf juice applied as foliar there was more photosynthesis and ultimately more
spray has the potential to increase the leaf area indices of glucose production enhanced the crop growth rate.
wheat and that too in an economical way. Another  reason  that  might  be  asserted behind

Crop  Growth  Rate  (g/m /day):  Crop growth rate (CGR) promoting hormone and has the potential to trigger crop2

is an important indicator of crops yield as grain yield is growth rate if applied to crops even in small
directly  influenced  by  vegetative  growth   of  crops. concentration. There is another factor that has the
Crop growth  rate  was  recorded  during  four  periods potential to trigger crop growth rate and that is the
(30-45, 45-60,  60-75  and  75-90 DAS) as presented in presence of variety of micro nutrients such as calcium in
Table 3 depicts the interesting fact that crop growth rates moringa leaf juice and these results are in confirmation
of late sown wheat at each data recoding time were with those of Aregheore [41], who stated the charisma of
significantly improved by foliar application of water moringa leaf juice was a growth hormone named zeatin
extracts  of  all   four   crops   as   compared   to  control which has been reported to play a vital role in plants
(no spray). The maximum crop growth rate (10.15, 11.33, vegetative growth.

2 1

10

9

increased crop growth rate was the presence of zeatin in
moringa  leaf  extract  which  is  a natural growth
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Table 4: Effect of foliar applied canola, sunflower, sorghum, rice water extracts and moringa leaf juice on number of days to complete booting, heading and
anthesis

Sr.# Treatments (T) Days to complete booting Days to complete heading Days to complete anthesis

T Control (No spray) 78.00 de 82.00 e 89.25 cd1

T Water spray 78.25 de 82.25 e 88.75 d2

T Sorghum water extract 1.5% 77.70 e 83.25 de 89.75 cd3

T Sorghum water extract 3% 78.25 de 83.25 de 89.00 d4

T Sunflower water extract 1.5% 78.00 de 83.00 de 90.00 cd5

T Sunflower water extract 3% 78.25 de 84.00 d 89.00 d6

T Canola water extract 1.5% 79.00 cd 85.75 c 90.50 c7

T Canola water extract 3% 80.00 c 87.00 c 90.50 c8

T Moringa leaf extract 1.5% 81.75 b 89.50 b 94.50 b9

T Moringa leaf extract 3% 84.00 a 92.25 a 97.50 a10

T Rice water extract 1.5% 78.50 de 82.75 de 88.75 d11

T Rice water extract 3% 79.00 cd 83.00 de 88.75 d12

LSD value 5% probability level 1.08 1.50 1.91

Table 5: Effect of foliar applied canola, sunflower, sorghum, rice water

extracts and moringa leaf juice on grain yield of wheat. 

Sr.# Treatments (T) Grain yield (t ha )1

T Control (No spray) 3.41 e1

T Water spray 3.47 e2

T Sorghum water extract 1.5% 4.02 cd3

T Sorghum water extract 3% 4.14 cd4

T Sunflower water extract 1.5% 4.05 cd5

T Sunflower water extract 3% 4.01 d6

T Canola water extract 1.5% 4.14 c7

T Canola water extract 3% 4.31 b8

T Moringa leaf extract 1.5% 4.42 ab9

T Moringa leaf extract 3% 4.52 a10

T Rice water extract 1.5% 4.02 cd11

T Rice water extract 3% 4.08 cd12

LSD value 5% probability level 0.13

Days Taken to Complete Critical Growth Stages
(Booting, Heading and Anthesis) (Days): Critical stages of
wheat particularly booting, heading and anthesis play a
vital role towards final economic yield. All allelopathic
water extracts significantly enhanced the days to
complete these growth stages of wheat as compared to
control (no spray). Data presented in Table 4 showed that
the maximum days to complete booting (84 DAS), heading
(92 DAS) and anthesis (97 DAS) were recorded in plots
where 3% moringa leaf extract (T ) was applied and it was10

followed by T (moringa leaf extract 1.5%) as shown in9

Table 4. As ate sown wheat grain yield is hit the hardest
due to short vegetative growth period, moringa leaf juice
applied as foliar spray has the potential to increase the
days taken to complete booting, heading and anthesis
stages of wheat. Though the presence of zeatin which is
growth promoting hormone of cytokinin family and macro
as well as micro nutrients presence in moringa leaf juice

has been established by different researches, but the
substance which lengthens growth stages is known yet.
These results are in complete agreement with those of
Jeyakumar [42], who stated more vigorous growth due to
application of micronutrients that are present in moringa
leaf juice extract and because of these drastic effects
caused by late sowing of wheat may be neutralized.

Grain Yield (t ha ): Wheat grain yield is sum total of all1

agronomic  and  physiological  factors  which determine
the  quantity  of  grain  obtained  on  per hectare basis.
The maximum wheat grain yield (4.52 t ha ) was given by1

T  (moringa leaf extarct 3%) and it was followed by T10 9

(moringa leaf extract 1.5%) as shown in Table 5.
Significantly higher wheat yield was obtained as there
were more vegetative and crop growth rate that ultimately
increased the economy yield and thus reducing the yield
losses incurring due to late sowing of wheat to a great
extent and these results are in confirmation with those of
Shahid et al. [36], who stated that moringa leaves are rich
in zeatin and thus can be used as a natural cytokinin
source to increase the crops yield. The matter of fact is
that moringa leaf juice contain macro, as well as micro
nutrients along with growth promoting hormones which
enhance the leaf area of wheat and more leaf area was
instrumental in increasing the crop growth rate of late
sown wheat. Another vital factor which has increased the
grain yield of wheat is the longer days taken to complete
important growth stages such as booting, heading and
anthesis. As comparatively shorter duration of vegetative
growth period in case of late sown wheat reduces grain
yield of late sown wheat, moringa leaf extracts applied as
foliar spray in 3% concentration at tillering and booting
stages of wheat has the potential to give a fairly high
grain yield of wheat as compared to other treatments. 
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CONCLUSIONS 6. Iqbal,  M.A.  and A. Iqbal, 2015. A study on

Thus it can be concluded that 3% moringa leaf extract plains of Pakistan and drip irrigation as a future life
if applied as a foliar spray at critical growth stages of line.  American-Eurasian  J.  Agric.  Environ.  Sci.,
wheat such as tillering and booting increases the wheat 15(2): 184-190.
yield up to 33% as compared to control treatment. As late 7. Shahzad,  K.,  J. Bakht,  W.A.  Shah,  M.  Shafi  and
sown wheat results in substantial yield loss due less N. Jabeen, 2002. Yield and yield components of
tillering capacity and reduces vegetative growth period, various wheat cultivars as affected by different
application of 3% moringa leaf extract as a foliar spray sowing dates. Asian J. Pl. Sci., 1(5): 522-525.
enhances the days taken to complete these vegetative 8. Shah, W.A., J. Bakht, T. Ullah, A.W. Khan, M. Zubair
growth stages along with accelerated crop growth rate and A. Khakwani, 2006. Effect of sowing dates on
and thus significantly higher grain yield is obtained yield and yield components of different wheat
despite the change of climatic conditions at early growth varieties. J. Agron., 5(1): 106-110.
stages of wheat. Moringa leaf juice is quite simple to 9. Donaldson, E., W.F. Schillinger and S.M. Dofing,
prepare with eco-friendly essence, however there is a dire 2001. Straw production and grain yield relationship in
need to conduct more research in order to adjust the winter wheat. Crop Sci., 41: 100-106.
concentration of moringa leaf extracts for foliar spray and 10. Lloveras,  J.,  J.  Manent, J.  Viudas,  A.  Lopez  and
to determine the more beneficial timings of its application. P.  Santiveri,   2004.   Seeding   rate   influence  on
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