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Abstract: To investigate the interactive effectof different concentration levels and times of application of
Moringa leaf extractas a foliar spray on sunflower, a field experimentwas conducted atAgronomic Research
Area, University of Agriculture Faisalabad, during spring season of 2011. The experimental design was
Randomized Complete Block Design (RCBD) with splitplot arrangements. Different concentrations of Moringa
leaf extract (0%, 5%, 10%, 15% and 20%) were sprayed at different times (25, 40 and 55 days after sowing (DAS))
and a control treatment was kept for comparison. The results indicated that 20% Moringa leaf extract (B )4

sprayed at 40 DAS (A ), improved all  agronomic  parameters  and  finally  gave  the  highesteconomic  yield2

(2.96 tha ). The same treatmentalso significantly increased the achene protein contents (29.48%) as well as1

achene oil contents (41%). Thus a foliar spray of 20% Moringa leaf extractat40 DAS notonly increased the
economic yield butprotein and oil contentof achene were increased. 
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INTRODUCTION prolongs lifespan, increases number of roots, stems and

Sunflower (Helianthus annuus L.) is one of the most increases yield by around 20-35% [9]. Moringa has also
important oil seed crops in the world. Due to its been reported to significantly improve soil  fertility if
significantshare in vegetable oil production, sunflower used as a green manure [10]. Ithas been reported that
has emerged as an economically important crop [1]. improvements in crop growth and yield results from the
Climatic, edaphic and managerial factors affectthe growth influence of zeatin which is a plant growth hormone from
and yield of sunflower drastically, but insufficient plant the Cytokinins group [11]. Moringa is increasingly
nutrition is the key factor which results in significantly becoming popular among communities in the world for
lower crops yield [2]. Crops yield can be increased with uses such as a food supplement, as a weaning food in
plantgrowth regulators which are exogenously applied children and for medicinal purposes [12]. The use of
directly to a target plant to improve quality and yield [3]. Moringa for agricultural purpose to enhance seed
There are many natural sources used to extract PGRs [4]. germination, growth and yield of sunflower has notbeen
Among these Moringa has gained a lotof attraction in the tested. In the wake of increasing global prices of inorganic
scientific community. Moringa is the sole genus of fertilizer, land and water pollution arising from the use of
Moringaceae family [5]. Moringa oleifera L. is widely inorganic fertilizers and the contribution of inorganic
distributed in the Pacific region, sub- tropical regions [6] fertilizer to climate change, there is a need to investigate
and in WestAfrica [7]. The charisma of Moringa leaf juice the effectof Moringa leaf extract on seed germination,
is a substance called zeatin which is natural planthormone growth and yield of crops [13]. 
[8]. Moringa (Moringa oleifera L.) has been reported to This field study was designed with the dual objective
provide human, livestock and crop nutritional benefits [9]. of assessing the suitability of different concentrations of
Moringa accelerates growth of young plants, strengthens Moringa leaf extractas a foliar spray as well as different
plants, improves resistance to pests and diseases, times of application on sun flower in field conditions.

leaves, produces more and larger fruits and generally
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MATERIALS AND METHODS LAI = Leaf area/ Ground area 

To investigate the interactive effect of different Crop growth rate (CGR) was calculated by following
concentration levels and times of application of Moringa the method of Hunt[14], 
leaf extractas a foliar spray on sunflower, a field
experiment was conducted at Agronomic Research Area, CGR = W2-W1/T2-T1
University of Agriculture Faisalabad, during spring
season of 2011. The climate of the region is subtropical to Where W1 and W2 are the dry weights of firstand second
semi-arid. The experimental area is located at 73.09° East harvestat times T1 and T2 respectively.
Longitude, 31.25°North Latitude and at an altitude of 183 Harvest index (HI) was calculated as suggested by
m above sea level. The experiment was laid out in Hunt [14],
Randomized Complete Design with split plot arrangement.
Time of application (25, 40 and 55 DAS) of Moringa leaf HI = Economic yield/Biological yield × 100
extractwas kept in main plots, while different
concentrations (5%, 10%, 15% and 20%) of Moringa leaf Statistical Analysis: Data collected were analyzed
extractwere placed in sub plots. statistically using MSTAT-C, a computer package for

Crop Husbandry: The seedbed was prepared by means were compared by employing least significant
cultivating the field for 3 times with tractor-mounted difference (LSD) test at 5% probability level [16]
cultivator, each followed by planking. Sunflower hybrid,
Hyson-33, was sown on February 10. 2011 and crop was RESULTS AND DISCUSSION
harvested on June 10, 2011. Sowing was done with the
help of single row hand drill, keeping R × R and P × P Crop Growth Rate (gm d ): The results for crop growth
distances of 75 cm and 25 cm, respectively. Half nitrogen rate are given in the Table 1. The results showed thatthe
and full phosphorus was applied atsowing, while interactive effectof both the time of application and
remaining nitrogen with 1  tirrigation. All other agronomic different concentration levels of Moringa oleifera leafs

practices were keptnormal and uniform for all the extracton plantheightwas significant. As regards to
treatments. Plant protection measures were adopted to interactive effectof time of application and concentration
keep crop free of weeds, insects, pests and diseases. of differentlevels of Moringa oleifera leaf extract, the

Bioassay for Moringa Leaf Extract Preparation: Moringa observed in treatment combination of 20% Moringa
leaf extract (MLE) was prepared by collecting young and oleifera leaf extractwhen applied at40 days after sowing
disease free leaves from Moringa tree. Theses leaves were (DAS) followed by 15% Moringa oleifera leaf
washed  and then frozen for two days in refrigerator at extractwhen applied at40 DAS (A B  The lowest value of
4°C. Leaves were grinded in a manual juicer to extract the crop growth rate (13.23) was recorded in control. These
leaf juice. The juice was collected and filtered by passing findings are also supported by the findings of Fuglie [17]
through a muslin cloth to remove all the green matter. who reported that Moringa oleifera leaf extract
Aqueous Moringa oleifera leaf extract (100 %) was accelerates the growth of young plants, strengthen
diluted with distilled water to prepare solution of different plants, improve resistance to pests and diseases and
concentrations like 5%, 10%, 15% and 20 % (v/v) as increase leaf area duration.
experimental treatments. The leaf extractof Moringa was
stored atroom temperature for future use. Leaf Area Index: The results for leaf area index are given

Observations : All parameters were  taken  by  following the time of application and concentrations of
standard procedures and techniques. Plantleaf area was differentlevels of Moringa oleifera leaf extracton
measured with  the  help  of  digital  leaf  area  meter plantheight was significant. As regards to the interactive
(Model CI203, CID Bioscience, USA) and then leaf area effectof time of application and concentration levels of
index (LAI) was calculated with the help of formula as Moringa oleifera leaf extract, the results also revealed the
suggested by Hunt[14], significant effect. As regards to interactive effectof time of

statistical analysis [15] and difference among treatments

.

2 1

maximum value of crop growth rate (24.06 gm d ) was2 1

2 3).

,

in the Table 2. The results showed thatthe effectof both
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Table 1: Crop growth rate (gm d ) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.2 1

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 13.23 G 13.83 FG 14.00 EFG 13.689 E0

B 5% Moringa leaf extract 14.13 EF 14.80 E 14.80 E 14.578 D1=

B 10% Moringa leaf extract 14.46 EF 16.96 C 16.00 D 15.811 C2=

B 15% Moringa leaf extract 14.60 EF 19.43 B 17.10 C 17.044 B3=

B 20% Moringa leaf extract 15.70 D 24.06 A 16.40 CD 18.722 A4=

Mean 14.42 C 17.82 A 15.66 B

Table 2: Leaf area index of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.
Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 2.90 C 3.00 C 3.03 C 2.97 B0

B 5% Moringa leaf extract 3.43 B 3.40 B 3.33 B 3.38 A1=

B 10% Moringa leaf extract 3.43 B 3.46 B 3.26 B 3.38 A2=

B 15% Moringa leaf extract 3.46 B 3.46 B 3.26 B 3.40 A3=

B 20% Moringa leaf extract 3.40 B 3.76 A 3.26 B 3.47 A4=

Mean 3.32 B 3.42 A 3.23 C

Table 3: Plantheight(cm) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.
Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 149.17H 157.47FGH 162.03 EFG 156.22 E0

B 5% Moringa leaf extract 155.60 GH 170.07 CDE 166.43 CDE 164.03 D1=

B 10% Moringa leaf extract 162.07 DEFG 173.20 BC 170.67 CD 168.64 C2=

B 15% Moringa leaf extract 166.07 CDEF 180.57 AB 173.63 BC 173.42 B3=

B 20% Moringa leaf extract 167.73 CDE 187.97 A 181.17 A 178.96 A4=

Mean 160.13 B 173.69 A 170.95 A

application and of differentlevels of Moringa oleifera leaf at55 DAS (Table 3). These results are in agreementwith
extract, the maximum value of leaf area index (3.76) was Jeyakumar etal. [19], who observed more growth and yield
observed in treatment combinations 20% Moringa of black gram when growth regulators were exogenously
oleifera leaf extractwhen applied at40 DAS and itwas applied.
followed by 15% Moringa oleifera leaf extractwhen
applied at40 DAS. The lowestvalue of leaf area index Head Diameter (cm): The results pertaining to head
(2.90) was recorded in control. These findings are also diameter are given in the Table 4. The results showed
supported by the findings of Lone etal. [18]  who reported thatthe effectof both the time of application and,

thatgrowth hormones as gibberellic acid plays a vital role concentrations of differentlevels of Moringa oleifera leaf
in in promoting plantgrowth and development and a extracton head diameter was significant. The maximum
varierty of plantgrowth hormones as cytokinin and value of head diameter (21.40 cm) was observed in
gibberellic acid presentin Moringa leaf juice increase treatmentcombination of 20% Moringa oleifera leaf
plantgrowth and thatis why more leaf area was produced extractwhen applied at40 DAS and itwas followed by the
by the plants as a result of foliar application of Moringa treatmentin which 20% Moringa oleifera leaf extractwas
leaf extract. applied at25 DAS. The lowestvalue of head diameter

Plant Height (cm): Plant height is a key indicator of crops complete confirmation with investigations thatwas carried
growth and yield as dwarf plants resultin lower growth as out by Munoz etal. [20], who reported thatzeatin and
well as yield. Moringa leaf extractin 20% concentration other growth regulators produced an overall increase in
applied as a foliar spray at40 DAS gave the maximum yield of 20-35 % based on data such as the stem diameter,
plantheightof 187.97 cm and itwas statistically  at par  with number of nodules, number of axels, number of flower
treatmentin which 20% Moringa leaf extractwas sprayed buds and number of fruits per flower bud.

(16.40 cm) was recorded in control. These findings are in
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Table 4: Head diameter (cm) of sunflower as influenced by time of application and concentration levels of Moringaleaf extract.

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 16.66 HI 16.40 I 15.46 J 16.17 D0

B 5% Moringa leaf extract 18.40 EF 17.40 GH 17.13 GHI 17.64 C1=

B 10% Moringa leaf extract 18.73 CDE 17.70 FG 17.30 GH 17.91 C2=

B 15% Moringa leaf extract 19.36 BC 18.60 DE 18.20 EF 18.72 B3=

B 20% Moringa leaf extract 19.96 B 21.40 A 19.33 BCD 20.23 A4=

Mean 18.62 A 18.30 A 17.48 B

Table 5: Number of achene plant  of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.1

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 630.33 F 640.33 F 631.67 F 634.11 E0

B 5% Moringa leaf extract 644.33 F 675.33 E 678.67 E 666.11 D1=

B 10% Moringa leaf extract 668.67 E 675.67 E 700.67 D 681.67 C2=

B 15% Moringa leaf extract 722.00 C 736.33 C 725.00 C 727.78 B3=

B 20% Moringa leaf extract 728.67 C 790.33 A 756.67 B 758.56 A4=

Mean 678.80 B 703.60 A 698.53 A

Table 6: 1000-achene weight(g) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 50.31 G 51.78 FG 51.38 FG 51.16 E0

B 5% Moringa leaf extract 55.34 DE 58.71 BC 53.46 EF 55.84 D1=

B 10% Moringa leaf extract 57.91 BCD 57.18 CD 57.29 CD 57.46 C2=

B 15% Moringa leaf extract 57.77 BCD 60.57 B 59.59 BC 59.31 B3=

B 20% Moringa leaf extract 60.22 BC 68.25 A 58.79 BC 62.42 A4=

Mean 56.31 B 59.30 A 56.10 B

Number of Achene Plant : The results for number of compared to those plants in which there was less1

achene per plantgiven in the Table 5 showed thatthe concentration of cytokinin. Cytokinin is presentin
effectof both the time of application and concentrations Moringa leaf juice and its foliar spray promoted the
of differentlevels of Moringa oleifera leaf extracton number of achene per pod. 
number of achene per plot was significant. As regards to
the interactive effecttime of application and concentration 1000-Achene  Weight    (g):  The results pertaining
of different levels of Moringa oleifera leaf extract, the to1000- achene weight are given in the Table 6. The
maximum value of number of achene per plant(790) was results showed thatthe effectof both the time of
observed in treatmentcombination of 20% Moringa application and concentrations of different levels of
oleifera leaf extractwhen applied at 40 DAS, followed by Moringa oleifera leaf extracton 1000-achene weightwas
756 and 736 in case of 20% Moringa oleifera leaf significant. As regards to interactive effectof time of
extractwhen applied at55 DAS and 15% Moringa oleifera application and concentration of differentlevels of
leaf extract when applied at40 DAS. The lowestvalue of Moringa oleifera leaf extract, the  maximum  value of
number of achene per head (630) was recorded in control. 1000-achene weight (68.25g) was observed in treatment
These findings are in line with Soejima etal. [21], who combination of 20% Moringa oleifera leaf extract when
reported more growth and development of those crops applied at 40 DAS, followed by 60.57g and 60.22g in case
which had more concentration of cytokinin in roots as of  15%  Moringa  oleifera  leaf extract when applied at 40
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Table 7: Biological yield (tha ) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.1

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 7.46 H 7.90 GH 8.45 FG 7.93 D0

B 5% Moringa leaf extract 9.44 CDE 9.33 DE 9.11 EF 9.29 C1=

B 10% Moringa leaf extract 9.66 CDE 9.77 CDE 9.55 CDE 9.66 BC2=

B 15% Moringa leaf extract 9.55 CDE 10.21 BC 9.99 BCD 9.91 B3=

B 20% Moringa leaf extract 10.65 B 12.18 A 10.65 B 11.16 A4=

Mean 9.35 B 9.87 A 9.55 AB

Table 8: Economic yield (tha ) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.1

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 2.25 DEF 2.22 EF 2.19 F 2.22 C0

B 5% Moringa leaf extract 2.34 CDEF 2.66 ABCD 2.63 ABCDE 2.54 B1=

B 10% Moringa leaf extract 2.46 BCDEF 2.74 AB 2.68 ABC 2.64 AB2=

B 15% Moringa leaf extract 2.60 ABCDEF 2.79 AB 2.68 ABC 2.69 AB3=

B 20% Moringa leaf extract 2.71 ABC 2.96 A 2.77 AB 2.81 A4=

Mean 2.4783 B 2.6858 A 2.59 AB

Table 9: Harvestindex (%) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.
Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 29.72 DEF 29.36 EF 28.99 F 29.36 C0

B 5% Moringa leaf extract 31.02 CDEF 35.16 ABCD 34.79 ABCDE 33.66 B1=

B 10% Moringa leaf extract 32.62 BCDEF 36.75 AB 35.52 ABC 34.96 AB2=

B 15% Moringa leaf extract 34.43 ABCDEF 36.97 AB 35.52 ABC 35.64 AB3=

B 20% Moringa leaf extract 35.88 ABC 39.14 A 36.61 AB 37.21 A4=

Mean 32.73 B 35.47 A 34.29 AB

DAS and 20% Moringa oleifera leaf extractwhen applied extracton economical yield was significant. As regards to
at25 DAS in complete confirmation with Kato etal. [22], the interactive effectof time of application and
who reported thatzeatin imparted more green color to concentration levels, the results also revealed the
plants which means more chlorophyll and ultimately more significant effect. As regards to interactive effectof time of
photosynthesis occurred and thus more vegetative and application and concentration of differentlevels of
reproductive growth took place due to zeatin. Moringa oleifera leaf extract, the maximum value of

Biological Yield (Tha ): The data pertaining to combinations A B (20% Moringa leaf extract applied at 401

biological yield is given in the Table 7. The maximum DAS). The lowestvalue of economical yield (2.19 tha )
value of biological yield (12.18 tha ) was observed in was recorded in control, in complete  confirmation  with1

treatment combination of 20% Moringa oleifera leaf Al-Hussein and Rida [25], Ambler etal. [26] and Anderson
extractwhen applied at 40 DAS, followed by 10.65 etal. [27], who reported more yields of a variety of crops
tha and 10.21 tha  in case of 20% Moringa oleifera leaf with application of growth regulators and zeatin.1 1

extractwhen applied at25 DAS and 20% Moringa oleifera
leaf extractwhen  applied  at55  DAS.  The   lowest value Harvest Index: The data pertaining to harvest index is
of  biological  yield  (7.46  tha )  was  recorded in control. given in the Table 9. The data showed thatthe maximum1

These results are in line with Lashari etal. [23] and Lockett value of harvest index (39.14 %) was observed in
etal. [24], who reported more growth and yield of crops treatment combination of 20% moringa leaf extract applied
thatwere sprayed with zeatin. at 40 DAS. The lowest value of harvest index was

Economical Yield (Tha ): The data pertaining to [28] and Yun etal. [29], who reported more economic yield1

economical yield is given in the Table 8. The data showed along with vegetative growth of crops thatwere sprayed
thatthe effectof both the time of application and with zeatin and other growth regulators as cytokinin and
concentrations of differentlevels of Moringa oleifera leaf gibberelic acid.

economical yield (2.96 tha ) was observed in treatment1

2 4
1

recorded in control. These findings are in line with Price
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Table 10: Achene protein contents (%) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 23.423 G 24.200 FG 23.663 G 23.762 D0

B 5% Moringa leaf extract 25.593 EF 26.163 E 25.957 E 25.904 C1=

B 10% Moringa leaf extract 26.890 CDE 27.297 BCDE 27.003 CDE 27.063 B2=

B 15% Moringa leaf extract 26.813 CDE 27.770 BCD 26.503 DE 27.029 B3=

B 20% Moringa leaf extract 28.757 AB 29.487 A 28.013 ABC 28.752 A4=

Mean 26.295 A 26.983 A 26.228 A

Table 11: Achene oil contents (%) of sunflower as influenced by time of application and concentration levels of Moringa leaf extract.

Time of Application
----------------------------------------------------------------------------------------------------------------------------------------

Concentrations 25 DAS (A ) 40 DAS (A ) 55 DAS (A ) Mean1 2 3

B = Control 33.317 G 34.513 FG 35.653 DEF 34.494 D0

B 5% Moringa leaf extract 35.417 EF 38.387 B 35.540 EF 36.448 C1=

B 10% Moringa leaf extract 36.433 DE 38.203 BC 36.467 CDE 37.034 BC2=

B 15% Moringa leaf extract 37.387 BCD 39.053 B 35.877 DEF 37.439 B3=

B 20% Moringa leaf extract 38.330 B 41.050 A 36.503 CDE 38.628 A4=

Mean 36.177 B 38.241 A 36.008 B

Achene Protein Contents (%): The results for REFERENCES
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