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Abstract | Addition of organic matter is considered one of the best approaches in crop production to improve
soil fertility and productivity. Like jantar and moringa are rich in plant nutrients and becoming popular in
farming community as a green manure. An experiment was conducted for evaluating green maunuring of
moringa and jantar along with inorganic fertilizers to enhance the yield and quality attributes of autumn
maize at Agronomic Research Farm, University of Agriculture, Faisalabad. There were two factors, green
manuring (No green manuring, moringa green manuring and Jantar green manuring) and different levels
of NPK fertilizers (no fertilizers, 50% of RDE, 100% of RDF). The experiment was laid out in Randomized
Complete Block Design with split plot arrangement in triplicate run. Results from the experiment revealed
that both the factors significantly affected all the parameters under study while their interactive effect was
non-significant. Among green biomass incorporation treatments, maximum plant height (168.34 cm) cob
length (16.32 c¢m), number of grains per cob (410), 1000-grain weight (200.22 g), biological yield (16.63 t
ha'') grain yield (5.75 t ha™) harvest index (34.22 %) and grain protein content (8.56%) was obtained with
(moringa green manuring).While Among fertilizer levels (100% of RDF) produced maximum plant height
(189.02 cm) cob length (18.21 cm), number of grains per cob (438.7), 1000-grain weight (216.57 g), biolog-
ical yield (17.79 t ha'!) grain yield (6.99 t ha) harvest index (39.37%) and grain protein content (8.78%). It
can be concluded from above results that along with 100% of RDF, moringa can be used as green manure and
incorporated into the soil to enhance the maize productivity.
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Introduction wheat and rice. Many products like starch, corn syr-
up, alcohol, acetic acid, lactic acid, corn oil, dextrose,

Maize (Zea mays L.) stands as an imp ortant sta-  corn flakes, cosmetics, waxes and tanning material
ple food of the world. It is ranked third after are obtained from maize. Its whole grain contains
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about 72% starch, 10% protein, 4.8% oil, 8.5% fib-
er, 3% sugar and 1.7% ash (Chaudhary, 1993). The
yield of maize in Pakistan is very low as compared
to other maize producing countries. The low pro-
duction of maize in Pakistan is attributed to water
shortage, improper selection of hybrids, less optimal
plant population in the field, low organic matter and
imbalanced use of fertilizers. Among these reasons
the most important are low organic matter and inju-
dicious use of inorganic fertilizers (Oad et al., 2004).
Continuous application of chemical fertilizers alone
deteriorates the soil health and environment through
leaching, run off, emission and eutrophication (Oad
et al., 2004). To increase the organic matter and soil
nutrients green biomass is incorporated into the soil.
Mostly there are two types of crops i.e leguminous
and non-leguminous which can be incorporated as
green biomass into the soil, (Deksissa et al., 2008).

In non-leguminous crops jantar (Sesbania aculeate) is
used for biomass incorporation into the soil. Mostly
legume green biomass adds more C into the cropping
system as compared to inorganic fertilizers (Garrity,
1989). Moringa (Moringa oleifera) also belongs to
non-leguminous family and is treated as a very ben-
eficial tree with various benefits. It has a profile with
maximum nutrients. Its stem, leaves, twigs, flowers,
and roots all the parts are concentrated with differ-
ent micro and macro nutrients. Being a rich source
of nutrient and growth regulators, it is not only being
used for plant growth enhancer but may also be used
as a green manure crop, water purifier, fodder for ani-
mals, as human diet and to cure diseases (Foidle et al.,
2001). Its application enhanced 1000 grain weight,
biological yield and grain yield (Azra et al., 2012).
Application of moringa also increased the maize yield

from 60 to 120 sacks ha (Price, 1985).

No similar study has been carried out to see the mo-
ringa effect when it is incorporated as green biomass.
Considering the facts mentioned above of jantar and
moringa biomass incorporation a field experiment
was carried to see the effects of moringa and jantar
incorporation on the maize yield.

Materials and Methods

Experiment was conducted on sandy clay loam soil
at Agronomic Research Farm, University of Agricul-
ture, Faisalabad Pakistan. The treatments under study
consisted of green manures i.e. No geen manure (G)),

Moringa green manuring (G2) and Jantar green ma-
nuring (G3) and different levels of fertilizers i.e no
fertilizers (F1),50% of RDF (F2),100% of RDF (F3).
Randomized Complete Block Design with split plot
arrangement having a plot size of 3m x 8m was used
with three replications. A composite soil samples col-
lected at a depth of 30 cm was air dried, crushed, and
tested for physical and chemical properties of soil. The
research field had a sandy clay loam soil, having soil
pH (7.8), O.M (0.45%), E.C (1.6dSm-1), N (0.05%),
P (7.12 mg Kg), K (175 mg Kg?), Mn (2.6mg Kg™),
Zn (0.28mg.Kg). Nitrogen, phosphorous and potas-
sium were applied at the rate of 250, 125 and 125 kg
ha™ respectively. Jantar was incorporated in-sifu and
moringa was incorporated ex-sifu in respective main
plots. Both the green manures were incorporated six
weeks before the time of sowing of maize for proper
decomposition of green biomass. Fertilizers were ap-
plied according to the treatments in respective sub-
plots. Potassium and phosphorus were applied at the
time of sowing while nitrogen was applied in three
splits: at sowing, knee height and tasseling.

Maize single cross hybrid (Hycorn-984) was sown in
75 cm apart rows with hand drill. Plant to plant dis-
tance of 25 cm was maintained at 3 to 4 leaves stage
by thinning. Weeds were kept under control by man-
ual hoeing. In addition to rainfall received during the
growing period of the crop, a total of eight irrigations
were applied as and when needed at different plant
growth stages till the physiological maturity of the
crop. Standard procedures were followed to collect
the data for growth and yield parameters like plant
height, cob length, No. of grains per cob, 1000 grain
weight, grain yield and biological yield, while harvest
index (HI) of each plot was calculated by using the

formula:
H.I = (Grain yield/Biological yield) x 100

'The data collected were analyzed statistically by using
Fisher’s analysis of variance technique and LSD at
5% probability was used to compare the differences
among treatments’ means (Steel et al., 1997). Bene-
fit cost ratio was calculated for each treatment by the
following formula:

BCR = Gross income/Total cost

The experimental data were economically analyzed

by using the methodology described in CIMMY'T
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(1988). The purpose of this analysis was to estimate
the economic returns of each productivity level.

Results and Discussion

Data regarding all the parameters under study showed
that the interactive effect of green manures and dif-
terent doses of fertilizers were not significant. How-
ever, individual effect of different doses of fertilizers
and green manures incorporation was significant.

Results regarding plant height showed that maximum
plant height was obtained when moringa was used as
green biomass (G,) but it was statistically similar to
G, (jantar was used as green biomass) while lowest
plant height was obtained in fallow or no green bi-
omass application (G,). Table 1 also indicated that
in case of different fertilizer doses the highest plant
height was noted where 100% of RDF (F,) was ap-
plied while minimum plant height was observed
where no fertilizer was applied (F)).

The data regarding the effect of different levels of fer-
tilizers and natural green manures on the cob length
is presented in Table 1. Maximum cob length was
observed in G, where moringa was incorporated as
green biomass and it was statistically at par with jan-
tar incorporation (G,) on the other hand lowest cob
length was measured in fallow or no green biomass
(G,). Similarly in case of different fertilizer applica-
tion approaches, highest cob length was observed in
100% RDF (F,) while in F, (where no fertilizers were

applied) minimum cob length was observed.

Table 1 is showed that highest grains per cob were
observed where moringa green biomass was incorpo-
rated (G,) while lowest grains per cob were observed
in fallow or no green biomass applicatied plots (G,).
Similarly results regarding different levels of fertiliz-
ers, F, (100% recommended fertilizers) showed maxi-
mum grains per cob while lowest grains per cob were
observed in F, where no fertilizers were applied.

In the case of 1000-grain weight (Table 1) the high-
est 1000-grain weight value was recorded where mo-
ringa green biomass incorporated (G,) while lowest
1000-grain weight was observed where no green bi-
omass was incorporated. Table 1 also indicated that
highest 1000-grain weight was observed in F, treat-
ment (100% of RDF) while lowest 1000-grain weight

was observed where no fertilizers were applied (F).

Table 1: Effect of green manures (moringa and jantar)
and different levels of fertilizers on growth and yield con-

tributing parameters of maize.

Treatments Plant Cob No.of  1000-grain

height (cm) length(cm) grains per weight (g)
cob

Green manures(G)

G, 141.72 b 14.31b 381.0b  182.68 ¢

G, 168.34 a 16.32 a 410 a 200.22 a

G, 164.00 a 1534ab  401.07a 194220

LSD value 15.91 1.23 7.11 8.06

Fertilizer levels(F)

F, 128.28 ¢ 12.22 ¢ 3543c 163.67b

F, 156.77b  15.54b 399.0b 192.61b

F, 189.02 a 1821 a 438.7a  216.57 a

LSD value 14.56 1.76 19.62 8.26

GxF NS NS NS NS

G,: No geen manure; G2 Moringa green manuring; Gg: Jantar
green manuring; F]: No fertilizers; FZ: 50% of RDF; F3: 100% of
RDFE

Table 2: Effect of green manures (moringa and jantar)
and different levels of fertilizers on growth, yield and

quality parameters of maize.

Treat-
ments

Biological Grainyield Harvest Protein
yield (tha?) (tha™) index (%) Content (%)

Green manures (G)

G, 15.07 b 454 c 29.79b 8.23b
G, 16.63 a 5.75a 3422a 8.56a
G, 15.83 ab 517b 32.13b 8.50a
LSD value 0.923 0.40 3.43 0.18
Fertilizer levels (F)

IF 13.49 ¢ 3.61c 26.90b 7.97b
1B 16.26 b 4.86 b 29.87b 8.53a
I, 17.79 a 6.99 a 39.36a 8.78a
LSD value 1.004 0.48 3.89 0.30
GxF NS NS NS NS

G: No geen manure; G,: Moringa green manuring; Gy Jantar
g{;g; manuring; Flz No fertilizers; Fz: 50% of RDF; F3: 100% of
RDE

'The results presented for grain yield (Table 2) showed
that maximum biological yield was observed where
moringa incorporated as green biomass (G,) while G,
showed lowest biological yield where no green bio-
mass was incorporated. Similarly in case of different
tertilizer application approaches highest biological
yield was observed in F,(100% recommended dose of
fertilizers) while lowest biological yield was observed

where NPK was not applied.
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It is indicated that maximum grain yield was observed
in G, where moringa was incorporated as green bio-
mass while G, showed minimum grain yield where
no green biomass was incorporated. Regarding ferti-
lizer levels impact, highest grain yield was observed in
F, treatment (100% of RDF) while lowest grain yield

was observed in I, where no NPK was applied.

Harvest index of maize linked with different types
of green manuring (Table 2) showed that the high-
est harvest index was found in G, where moringa
was incorporated as green biomass while G, showed
minimum harvest index where no green biomass was
incorporated. Meanwhile, in case of different doses
of fertilizers F, (100% of RDF) treatment showed
highest harvest index and lowest harvest index was

observed where no NPK was applied.

Maximum grain protein content was noted in G,
(moringa green biomass incorporation) that was sta-
tistically at par with G, treatment where jantar was
incorporated as green biomass while lowest grain
protein content was noted in G, (no green biomass).
It was also showed by Table 2 that maximum grain
protein content observed in F treatment (100% of
RDF NPK) that was statistically near to F, while
lowest protein content was observed where no NPK

was applied.

Table 3: Effect of green manures (moringa and jantar)
and different levels of fertilizers on benefit cost ratio of

maize.

Treatments G.L T.C. N.R BCR
(Rs.ha') (Rs.ha') (Rs.ha)
Fallow No fertilizer 99960 69702 30258 1.43
50% of RDF 129800 96866 32934 1.33
100% of RDF 185268 124068 61200 1.49
Moringa No fertilizer 126270 86402 39868 1.46
50% of RDF 169775 113566 56209 1.49
100% of RDF 220160 140768 79392 1.56
Jantar  No fertilizer 109250 87602 21648 1.24
50% of RDF 144460 114766 29694 1.26
100% of RDF 214140 141968 72172 1.51

G.L.: Gross income; T.C.: Total Cost; N.R.: Net Return; BCR:
Benefit cost ratio.

Data regarding cost benefit ratio and net return (Ta-
ble 3) showed that highest net return was observed
in F,G, (100% of RDF and moringa green biomass
incorporation) on the other hand lowest net return
was measured in G,F, where jantar biomass was in-

corporated without fertilizer application. The high-
est cost benefit ratio value was also obtained in G,F,
treatment while lowest BCR value was obtained in
G,F, treatment.

'The reason for maximum plant height with green bi-
omass incorporation and inorganic fertilizers might
be due to the reason that moringa is a tender plant
and decompose rapidly which made the nutrients in
available form. Moringa also contain zeatin in large
amounts which enhanced the cell division in plants.
'The higher plant height might have been at the ex-
pense of nitrogen that could have been fixed by the
jantar crop. Nitrogen in combination with P and K
significantly influenced the vegetative growth and
plant height. Nitrogen plays an important role in en-
hancing the vegetative growth and gives plant a lush
green color and enhance the photosynthetic ability
of plants. So plant height was increased in regard to
increase in NPK levels. Our results are in agreement
with those of Fuglie (2000), Magsood et al. (2001),
Ayub et al. (2002), Sharar et al. (2003) and Anjorin et
al. (2010) who reported that green biomass incorpo-
rationa and fertilizers increased the plant height.

In case of cob length green biomass incorporation
might have supplied the nutrients for a longer time
due to continuous decomposition. Nitrogen in the
soil is built up and availability of phosphorous is
also enhanced due to which vegetative growth was
enhanced. Due to enhanced vegetative growth cob
length also influenced greatly. Application of NPK
fertilizers might have provided the essential nutri-
ents to the plants when these were needed at vegeta-
tive growth stage which ultimately increased the cob
length. Our results are in agreement with Kaul et al.
(1994), Magsood et al. (2000), Munda et al. (2007)
and Khan et al. (2008), who reported that green bi-
omass incorporation and increased amount of NPK
fertilizers increased the cob length significantly.

The reason for increase in number of grains per cob
with green biomass incorporation (either of moringa
or jantar) and inorganic fertilizers application might
be due to the in time availability of mineralized nu-
trients. Rapid decomposition of moringa and its rich
nutrients profile might be the reason for higher num-
ber of grains per cob where moringa was incorporat-
ed. Inorganic fertilizers applied at different amounts
might have enhanced the vegetative growth which
ultimately effected the fruit development. During
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grain development nutrients are required essentially.
Inorganic fertilizer fulfilled the requirement at grain
formation stage so number of grains was higher. Our
results are in agreement with Sreelatha and Padma

(2009), Rasheed et al. (2004) and Oktem et al. (2005).

Among various parameters contributing to the eco-
nomic yield of a crop, 1000-grain weight is of prime
importance. It directly relates with the yield of the
crop. Moringa is said to have rich nutrient profile
and ability to decompose rapidly. Zeatin is a growth
hormone in moringa which enhances the cell divi-
sion and help in fast growth and development in ear-
ly stages and in accumulation of photosynthates in
large amounts. This ultimately resulted in better de-
velopment of grains with higher weight. Application
of NPK fertilizers has positive effect on 1000 grain
weight. It might be due to the easily available nutri-
ents through inorganic sources. Plants can easily up-
take the required nutrients from these sources. Maize
showed a positive response to the increasing level of
NPK fertilizers regarding 1000 grain weight. Our re-
sults are in accordance with Itnal and Palled (2001),
Mahmood et al. (2001), Foidle et al. (2001) and Jay-
prakash et al. (2005), who reported that incorporation
of green biomass and application of inorganic fertiliz-
ers has positive effect on 1000 grain weight.

'The reason for maximum biological yield is due to the
rapid decomposition of moringa. Organic acid pro-
duced by decomposition process released the nutrients
which are taken up by the plants for better growth.
Nitrogen also plays very important role in vegetative
growth. As moringa is rich with all essential nutrients
and growth hormones like zeatin so has positive ef-
fect on biological yield. Our results are in agreement
with Mehboob (2011) and Kamran (2011) who also
reported that green biomass incorporation enhanced
the availability and uptake of nutrients and in this
way increased the biological yield. Similarly applica-
tion of recommended dose of NPK fertilizers played
their pivotal role in enhancing biological yield. Hanif
(1990) also disclosed same observations regarding
tertilizers application.

The maximum grain yield was might be due to the
continuous and ample supply of nutrients throughout
the cropping season especially in grain formation and
grain filling stages. These results are also in agreement
with Codjia (1996), Asghar et al. (2010) and Azra et
al. (2012), who reported that incorporation of green

biomass and application of NPK fertilizers increased
the grain yield in maize.

Harvest index increased with incorporation of green
biomass which indicated that green manures devel-
oped a positive source to sink relationship. Better bi-
ological yield gave better economical yield. Similar
effect was with increased amount of inorganic ferti-
lizers. Our results are in agreement with Mkhabela et
al.(2001), Khaliq et al. (2004), Sharar et al. (2003) and
Memon et al. (2007) who reported the same findings
regarding harvest index.

Grain protein contents are directly related to the
amount of available nitrogen. Green biomass incor-
poration enhanced the availability of nitrogen for
plant uptake which ultimately increased the protein
content. Similarly increased amount of inorganic ni-
trogen enhanced the grain protein content. Our re-
sults are in accordance to Talgre et al. (2009).

Conclusions

The study suggested that moringa being rich in nu-
trients and plant growth hormones can be used as a
green manure along with 100% of RDF, to increase
the maize productivity and net economic return.
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