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Abstract | Weed infestation is considered a significant yield reducing factor in maize yield around the world
as well as in the south Asia. Integrated weed management (IWM) is recommended to reduce our reliance on
synthetic herbicides and sustainable maize production. In this study, different tillage regimes and various allelopathic treatments were integrated for weed management in spring planted maize at Agricultural Research
Station, Swabi (KP), Pakistan during spring both years 2014 and 2015. The experiment was laid out at silt
loam soil in Randomized Complete Block Design (RCBD) with a split plot arrangement having three (03)
replications. Different tillage regimes namely minimum, conventional, and deep tillage regimes were assigned
to main plots (Factor A) and various allelopathic plants [Sorghum {Sorghum bicolor (L.) Conard Moench.},
Sunflower (Helianthus annuus L.) and Parthenium (Parthenium hysterophorus L.)] residues as surface mulches
and their water extracts integrated @ 15L each +atrazine @ 0.125 kg a.i ha-1(1/4th of the recommended dose)
was assigned to sub plots (Factor B). Data were recorded and analyzed for dry biomass (g) of total weeds 60
DAS, leaf area (cm2), leaf area Index (%) and Stover yield (Kg.ha-1). Integration of tillage regimes and various
allelopathic treatments had significant effect on tested parameters. However, the efficacy of surface mulches
was more pronounced than atrazine foliar application @ 0.50 kg a.i ha-1 and allelopathic plants water extracts
combined with atrazine @ 0.125 kg a.i ha-1. Data obtained for the interaction effect (tillage x weed control
treatments) showed that maximum stover yield of 12426 kg.ha-1 was recorded in sorghum +sunflower +
parthenium (S.M) each @ 6 Mg ha-1 at 3-4 leaf stage of maize under conventional tillage regime. Hence it
could be considered as an alternative to atrazine @ 0.50 kg a.i ha-1 (recommended dose) for weed management
in spring planted maize. However, further studies are suggested to investigate the phytotoxic effect of these
plants’ residues on soil microbial activities.
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Introduction

M

aize (Zea mays L.) is an important spring and
autumn cereal crop and ranked 3rd after wheat
and rice in Pakistan. Due to its higher per unit area
productivity and wider range of adaptability it is also
known as “Queen of Cereals” (Kumar et al., 2017).
It contributes 2.6 % to value addition in agriculture
and 0.5 % to GDP (GoP, 2020). In Pakistan, 60 %
of aggregate maize production is used in the poultry
feed sector, 25 % in wet milling and other businesses,
with the remainder utilized as nourishment for human and animals (Reddy and Jabeen 2016). In Pakistan, maize is cultivated on an area of 1413 thousands
hectares and has average annual production of 7.24
million tons (GoP, 2020). Current average yield of
maize in Pakistan is 12 tons ha-1 which is very low as
compared to other developed countries of the world.
Various factors are responsible for low average yield
of maize in Pakistan, however weeds are consider the
most important and yield reducing factor in crops and
especially maize crop. Yield reduction in maize due to
weeds are ranged from 24-83% (Fahad et al., 2014).
. The predominance and competitive ability of weeds
with maize or corn varies due to the geographical location, competitive ability of the variety planted, nutrients availability, availability of moisture, soil type
and soil management.
In Pakistan, on commercial level weeds are still managed through synthetic herbicides because of its economic value, effectiveness and fast action and availability. Weed management appeared an easy job, after
the introduction of 2-4D in 1944 (era of 2nd world
war) followed by its correspondent products having
different mode of actions and specificity, however the
utilization of herbicides was kept under observations
when resistance development of diclofop was reported
in early 1980 at the Oregon state USA. Incongruously, with the passage of time the number of resistance
weeds were increased to different herbicides. Very
recent inclusive survey of Heap (2020) described a
miserable picture of resistance weeds across the globe.
He reported 512 exclusive cases (species x site of action) of herbicide resistance weeds worldwide, with
262 species (152 dicots and 110 monocots) have been
reported in 93 crops in 70 countries. Apart from herbicide resistance in weeds, non judicious application
of synthetic herbicides is considered a potential threat
to environment and health related concerns in humans and animals globally (Khan et al, 2010; Jabran,
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2018). Ecologist are having extremely concerned regarding the undiscerning use of synthetic herbicides.
Recently 38 weed species have now evolved resistance
to glyphosate, in glyphosate resistance crops, spread
across 37 countries of the world infesting 34 different
crops and six non crop situations (Heap and Duke,
2018) which include some worst weeds of the world.
Therefore, primary reliance on synthetic herbicides
has become vague and alternate weed management
techniques are crucial. Non judicious usage of herbicide is lashing agro ecosystems towards decreasing
species diversity and in many situations and leading
to herbicide resistance (Powels and Yu, 2001; Vila-Aiub et al., 2005). Hand weeding is labor intensive,
time consuming and getting more expensive, hence
mostly impracticable. Cultural control is environment
friendly, but result is very slow. The trend of managing weeds through allelochemicals are emerging as a
potential alternative to synthetic herbicide. Several
crops and weeds species are known to be allelopathic
and their chemistry could be used as a tool for sustainable weed management. Parthenium hysterophorus
(L.) (Hassan, 2018, Rashid et al., 2008, Safdar, 2014),
Sorghum bicolor (L.) (Weston and Duke, 2003) and
sunflower (Spring et al., 1992; Macias et al., 2002).
In most recent research, it is reported that Sorghum
bicolor, Parthenium and sunflower have strong allelopathic effects and their water extracts could be further considered for sustainable weed management in
maize (Rashid et al., 2020; Rashid et al., 2022). Moreover, it is also observed that water extract of sorghum,
sunflower and parthenium applied in combination
were more effective than their sole applications, however, were less effective than atrazine (Rashid et al.,
2020; Rashid et al., 2022). Similarly, ( Jabran, 2018)
reported that allelochemicals could not be compared
with commercial herbicide however its integration
with reduced dose of atrazine could provide promising results in suppressing weeds. According to a study,
it is also reported that surface mulches of sorghum,
sunflower and parthenium in mutual combination
under conventional tillage regime reduced the weed
density by 54 % in maize (Rashid et al., 2017).
Tillage is another fundamental tool for weed management. Tillage practices disturb soil, which improves
soil aeration and mineralization of organic nitrogen
and its availability to plant consumption (Halvorson
et al., 2001; Dines et al., 2002). Tillage practices play
a dominant role not only to retard the grow of weeds
but also disturb the soil structure significantly and

hence could be considering an effective weed control tool. (Mohler and Galford, 1997). Keeping view
the important of allelochemicals and tillage for weed
management strategies, the current study was design
to find out the most effective weed control treatment
in relation to different tillage regimes.
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prior to maize seed sowing. Soil samples were collected from top 15 cm soil and analysed for physicochemical properties. The soil was silt loamy with
(15.11, 59.98, 21.6, 0.69, and 0.026) % of Clay, silt,
sand, organic matters and total nitrogen respectively.
Available Phosphorus and extractable potasium was
4.16 and 103 (mg kg-1 soil) respectively. pH value was
7.61 and EC was 0.06 (d Sm-1).

Figure 2: Metrological data 2014 and 2015.

Figure 1: Agriculture research station Swabi, Khyber Pakhtunkhwa, Pakistan.

Materials and Methods
Experiments were carried out at Agriculture Research
Station Swabi, Khyber Pakhtunkhwa, Pakistan (Figure 1) during spring 2014 and subsequently repeated
in 2015. Swabi city is 340 m above the sea level having Latitude of 34° 06’ 60.00” N and Longitude of 72°
27’ 59.99” E. Climate of Swabi is classified as humid
subtropical climate {(Koppen Cwa) (Figure 2)}. Experiments were carried out at silt loam soil in RCBD
with split plot arrangements having 3 replications
and were comprised of three (03) main plots assigned
to different tillage regimes (MT, CT, and DT) and
12 sub-plots assigned to various weed control (WC)
treatments. Net plot size of each sub plot was 3 m
x 2 m. Both years same field having same locations
for each main plots and sub plots were used. Recommended seed rate of maize @ 25 kg ha-1, row to row
distance of 75 cm and plant to plant distance was 15
cm maintained. Soil of experimental site was analysed
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Operation of different tillage regimes were carried
out on 1st March 2014 and 7th March 2015 respectively. The seeds of maize hybrid “Pioneer 3025” was
carefully sown manually both the years exactly in the
same plot (5th March 2014 and 11th March 2015). All
required cultural practices and inputs (fertilizers and
irrigation water) were applied uniformly to all sub
plots. Allelopathic plant species viz sorghum, sunflower and parthenium were collected, cleaned, and
chaffed into 3-4 cm pieces. Species pieces dried in
over for 72 hours at 65oC (Kenton; KH-120AS) and
then were ground. Plant species powder were saturated in distilled water 1:10 (w/v) for 48 hours. Extracts
were filtered through muslin cloth to obtain respective aqueous extracts (Cheema and Khaliq, 2000). Before application in the site, quarter dose of atrazine @
0.125 kg a.iha-1) was integrated with each water extract treatment. All water extracts treatments, atrazine
@ 0.50 kg a.i ha-1 and atrazine @ 0.50 kg a.i ha-1 were
applied at pre-emergence stage (7th March 2014 and
13th March 2015 respectively). For surface mulches,
the collected plant species pieces (3-4cm) were kept
in labelled bags under shaded area. Mulch materials
were incorporated with each other’s as per experimental treatments and applied in their respective sub plots
on 16th March 2014 and 22nd March 2015 after maize
seed emergence. Data was recorded on dry Biomass
of weeds 60 days after sowing (DAS) (5th May 2014
and 11th May 2015 respectively), leaf area (cm2), (25th
May 2014 and 31st May 2015 respectively), leaf area
index (%) 25th June 2014 and 31st June 2015 respectively) and stover yield (Kg ha-1) was recorded on 25th
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Table 1: Tillage and various weed control treatments details.
Tillage codes Factor-A (Tillage regimes)
MT

Minimum tillage (rotavator + planking)

CT

Conventional tillage {tine plough (twice) + planking}

DT

Deep tillage (chisel plough + tine plough + planking)

WCT codes

Factor-B (Weed control treatments)

T1

Sorghum + sunflower (WE) @ 15L each + atrazine @ ¼th of recommended dose of atrazine (Pre emergence).

T2

Sorghum + parthenium(WE) @ 15L each + atrazine @ ¼th of recommended dose of atrazine (Pre emergence).

T3

Sunflower + parthenium (WE) @ 15L each + atrazine @ ¼th of recommended dose of atrazine (Pre-emergence).

T4

Sorghum + sunflower + parthenium (WE) @ 15L each + atrazine @ ¼th of recommended dose of atrazine
(Pre-emergence).

T5

Sorghum + sunflower (SM) each @ 6 Mg ha-1 at 3-4 leaf stage of maize.

T6

Sorghum + parthenium (SM) each @ 6 Mg ha-1 at 3-4 leaf stage of maize.

T7

Sunflower + sorghum + parthenium (SM) each @ 6 Mg ha-1 at 3-4 leaf stage of maize.

T8

Sorghum + sunflower + parthenium (S.M) each @ 6 Mg ha-1 at 3-4 leaf stage of maize.

T9

Atrazine @ 0.50 kg a.i ha-1¼th of recommended dose alone (Pre emergence).

T10

Atrazine @ 0.50 kg a.i ha-1 or recommended rate (Pre emergence).

T11

Hand weeding 30 days after germination of Z. mays (once)

T12

Weedy check

July 2014 and 30th July 2015, respectively). The recorded data were statistically analyzed (year wise as
well as combined over years) and subjected to ANOVA procedure using Statistix 8.1 software {(www.
statistix.com) (support@statistix.com)}, Means were
separated by using LSD0.05 test (Steel et al., 1997)
(Table 1).

Results and Discussion
Dry biomass (g) of total weeds 60 DAS
Statistical analysis of the data revealed that tillage,
weed control treatments and their interaction (Tillage x WC treatments) significantly affected dry biomass (g) of weeds 60 DAS (Table 2). Pooled data
recorded for tillage regimes showed that maximum
dry biomass (567 g) was observed in MT, whereas
the minimum (514 g) was recorded in DT. Lower dry
weight in DT was due to maximum soil disturbance
till 45 cm depth, whereas in MT the soil was disturbed
only till 5-6 cm depth. These results are confirmatory to the findings of who reported that in Intensity
of tillage effect the dry biomass of weeds. However,
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in 2014 maximum dry biomass (711 g) was recorded
in MT whereas during 2015 it was recorded in MT.
this could possibly be due to the fact that unterminated seeds available on topsoil may undergo inside
which have germinated during 2015. Among various
WC treatments, maximum (730 g) was recorded in
weedy check treatment, whereas the minimum dry
biomass (339 g) was recorded in T8. In T10 treatment (atrazine), dry biomass of weeds was (479 g)
which shows that efficacy of atrazine in reducing dry
biomass of weeds were less than T8. Mulches plays an
important role in reducing dry biomass of weeds by
retarding the germination and growth of weed species
through physical coverage of soil. Allelochemicals reported in these mulch materials (Allelopathic plants)
could also be accountable for reducing dry biomass of
weeds through release of allelochemicals by leaching
which could retard the germination and growth of
weed species. Among the interaction means (Figure
3) minimum dry biomass of weeds (84.17 g) was recorded in T7 under DT, hence based on our study objective, T7 {Sunflower + Parthenium (SM)} was the
most effective treatment in reducing dry biomass of
weeds 60 DAS.
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Table 2: Dry biomass 60 DAS (g) and leaf area (cm )in spring planted maize as affected by integration of various
allelopathic extracts and mulch treatments under different tillage regimes.
2

Tillage regimes

MT

CT

DT

LSD 5 %

Weed Control Treatments
T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

Dry Biomass 60 DAS

2014

711 a

684 b

423 b

443 a

Pooled

567 A

564 B

1069 b

1426 a

2141 b

2895 a

1605 B

2160 A

0.35

172.6

386.59

175.82

835 c

586 a

710 B

1366 ce

2758 de

2062 D

817 f

832 d

483 j

461 k

533 i

416 l

914 b

593 g

577 h

986 a

1.37

Tillage ×T

0.00

689

463 d

540 b

452 f

290 j

328 i

246 l

262 k

455 e

366 h

431g

474 c

642 E

678 D

642 E

387 J

395 H

389 I

339 K

684 C

479 G

504 F

730 A

0.49

0.69

0

0

408

1393 cd

1269 df

1251 ef

1467 bc

1393 cd

1598 a

1554 ab

1091 g

1456 bc

1217 fg

871 h

127.7

1327.2 B

0

3005 a

Pooled

0.25

821 e

1487 a

2015

357 c

0.68

514 C

2014

671 c

LSD 5 %

Years

2015

Leaf Area (cm2)

2814 bd

2563 ef

2528 ef

2963 bd

2814 cd

2246 A

2108 CD

1916 E

1889 E

2215 BC

2104 CD

3227 a

2412 A

3018 g

1650 F

3036 ac

2263 ab

2457 fg

1797 h

2295 AB

2261 B

1826 E

1307 G

249.42

138.81

0

0

2680.4 A

area (2412 cm2) was recorded and followed by T8 with
(2295 cm2). T10 (atrazine) treatment leaf area recorded was 2261 (cm2) which was significantly minimum
to those of T7 and T8 treatments. Furthermore, Leaf
area mean value (2680.4 cm2) was maximum during
2015 as compared to (1327.2 cm2) recorded in 2014.

Figure 3: Interaction between tillage and various allelopathic treatments on weed density 60 DAS.

Leaf area (cm2)Plant-1
Analysis of the data showed that Tillage, WC treatments, and interaction between Tillage x WC treatments significantly affected leaf area of the maize
crop (Table 2). Combined data of two years for tillage
factor showed that maximum leaf area (2246 cm2)
was recorded in DT followed by CT with (2160 cm2)
whereas the minimum (1605 cm2) was recorded in
MT regime. Among various WC treatments significant result was shown by T7 where maximum leaf
December 2021 | Volume 37 | Issue 4 | Page 1327

Maximum leaf area during the 2015 could be attributed due to better weed control in T7 and increasing rainfall in April-May 2015 (Figure 1.2).
Among the interaction means (pooled data), maximum leaf area (2938 cm2) was recorded in T7 under
DT regime (Figure 4). Whereas for T10 (atrazine)
treatment maximum value of leaf area (2618 cm2)
was recorded under DT which is still significantly lower than to that of T7 under DT regime. It
should be considered a positive indicator where we
could replace atrazine with T7 treatment under DT
regime as a part of sustainable weed management
strategy.
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Table 3: Leaf area index and stover yield (kg. ha ) in spring planted maize as affected by integration of various allelopathic extracts and mulch treatments under different tillage regimes.
-1

Tillage regimes

MT

CT

DT

Leaf Area Index

2014

1.07 b

1.42 a

1.49 a

2015

2.13 b

2.89 a

3.00 a

Pooled

1.61 B

2.16 A

2.24 A

Stover Yield

2014

2015

8416

7792 b

9830

10884 a

9699

9986 ab

Pooled

8104 B

9843 A

10337 A

LSD 5 %

0.175

0.372

0.17

NS

2393.3

1238

T1

1.37 ce

2.76 ce

2.06 DE

8637 d

9016 a

8826 D

Weed control treatments
T2

T3

T4

T5

T6

T7

T8

T9

T10

T11
T12

LSD 5 %

Years

Tillage × T

1.38 ce

1.27 df

1.26 ef

1.46 bc

1.39 cd

1.60 a

1.56 ab

1.10 g

1.46 bc

1.22 fg
0.88 h

0.131

1.33 B

0

2.81 bd

2.59 df

2.53 ef

2.96 bc

2.81 bd

3.22 a

3.03 ab

2.19 g

3.06 ab

2.42 fg
1.73 h

2.09 CD

1.93 EF

1.89 F

2.206 BC

2.10 CD

2.41 A

2.29 AB

1.64 G

2.26 B

1.82 F

1.31 H

0.254

0.14

0

0

2.68 A

Figure 4: Interaction between tillage and various allelopathic treatments on leaf area (cm2).

Leaf area index
Data analysis of both years revealed that Tillage, various WC treatments, and interaction (Tillage x WC
treatments) significantly affected Leaf area Index
(Table 3). Pooled data of both years (2014 and 2015)
recorded for tillage regimes indicated that maximum
leaf area index (2.24) was recorded in DT followed by
CT with (2.16), whereas the minimum value (1.61)
was recorded in MT. Similar trends were found in
both years of study. Analysis of two years mean data
recorded for WC treatments showed that among all
WC treatments, maximum Leaf area Index (2.41)
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9585 ad

9408 bd

9670 ad

8569 d

9989 ac

10530 ab

10908 a

8812 cd

9368 bd

9191 bd
7113 e

1341.8

9540.8 A

NS

9581 a

10336 a

9169 a

10099 a

10514 a

10155 a

10501 a

9391 a

9864 a

9523 a

6342 b

9583 BD

9872 AC

9419 BD

9334 BD

10251 AB

10342 AB

10704 A

9102 CD

9616 BD

9357 BD
6727 E

1594.8

1032.5

0.04

0.02

9315 A

was recorded in T7, followed by T8 with (2.29), however the efficacy of T10 (atrazine) was very close with
value recorded (2.26). Leaf area index (2.68) during
2015 was maximum as compared to (1.33) recorded in 2014. Among the interaction means, maximum
leaf area Index (2.93) was recorded in T7 under DT
regime (Figure 5). Whereas T10 (atrazine) treatment
showed its maximum value (2.62) for LAI under DT
regime which is still less than that of T7 under DT
regime.
Stover yield (kg ha-1)
Statistical analysis of pooled data showed that Tillage,
WC treatments and Interaction (Tillage x WC treatments) significantly affected Stover yield of maize
(Table 3). Analysis of two years averaged data showed
that maximum value of Stover yield (10337 kg ha1
) was recorded in DT followed by CT with (9843
kg ha-1), whereas the minimum (8104 kg ha-1) was
recorded in MT. Tillage effect was found non-significant during 2014. Among various WC treatments
maximum Stover yield (10702 kg ha-1) was recorded
in T8, followed by T7 and T6 with values (10342 kg
ha-1) and (10251 kg ha-1) respectively. For T10 (atrazine) treatment value of stover yield recorded was

(9616 kg ha ) which is still lower than to those of
T8, T7 and T6 treatments. Among the interaction
means (Tillage × WC treatments) maximum stover
yield (12426 kg ha-1) was recorded in T8 under CT
regime (Figure 6). Whereas at T10 (atrazine) treatment maximum value (10653 kg ha-1) was recorded
under DT regime which is still lower than that of T8
under CT regime.
-1

Figure 5: Interaction between tillage and various allelopathic treatments on leaf area index.

Figure 6: Interaction between tillage and various allelopathic treatments on stover yield (kg.ha-1).

Research findings for different tillage regimes are in
line with the results obtained by (Khattak et al., 2005)
who stated that frequency of tillage is inversely proportional to weed density. With increased frequency
in deep tillage followed by conventional significantly reduced the weed densities of all species possibly
due to destruction of annual as well as perennial
germinated weeds in the soil which ultimately leads
to reduced dry biomass of weed species. Similarly,
(Rashid et al., 2017; Rashid et al., 2019 and Rashid
et al., 2020) also confirmed that reduced weed densities, dry biomass of weed species were observed in
DT (Deep Tillage) followed by CT (Conventional
Tillage) when compared to MT (minimum tillage).
In MT the soil was not tilled to the greater extend
December 2021 | Volume 37 | Issue 4 | Page 1329
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as compared to DT and CT and hence the germination of weed seeds were recorded more. According
to the results obtained by (Cardina et al., 1991) it is
also confirmed that in minimum tillage dry biomass
of weeds could be reduced.

Among the various allelopathic treatments total dry
weed biomass 60 DAS were expressively affected by
all applied treatments as compared to T12 (weedy
check treatment). Our findings suggest that T1, T2,
T3 and T4 (allelopathic extracts in combination with
atrazine @ 0.125 kg a.iha-1) could provide promising
results when compared to T12 (weedy check), however, efficacy of such extracts was found less than that
of T10 (atrazine @ 0.50 kg a.iha-1) in suppressing dry
biomass of total weeds 60 DAS. Results indicated
that efficacy of T5, T6, T7 and T8 (allelopathic plant
residues applied as surface mulches) were found more
effective when compared to T10 and rest of the treatments. However, T10 treatment was more suppressive
in reducing total dry biomass 60 DAS as compared to
T1, T2, T3 and T4.
Less efficacy of T1, T2, T3 and T4 treatments (water
extracts integrated with atrazine @ 0.125 kg a.iha-1as
compared to T10 (atrazine @ 0.50 kg a.i ha-1) could
possibly be due to several biotic and abiotic factors
e.g Light, soil, and temperature etc. (Hoagland and
Williams, 1985). It could also be a possible reason
that activity of various allelochemicals may change
due to soil physicochemical and biological properties during leaching process. Our results are in line
with the findings of (Rashid et al., 2017; Rashid et
al., 2019 and Rashid et al., 2022) who stated that for
various parameters the efficacy of allelopathic plants
water extracts (Sorghum, sunflower and parthenium)
integrated with atrazine @ 0.125 kg a.i ha-1 was less
than that of atrazine treatment applied @ 0.50 kg a.i
ha-1. Furthermore, the significant effect of Sorghum,
sunflower and parthenium plant residues as a surface mulches to reduce dry biomass 60 DAS of total weeds are encouraging findings when compared
to other treatments. The significant effect of surface
mulching could be due to the physical coverage of
soil surface and partially could be due to the reported allelochemicals in these allelopathic plant species. Mulches covered the soil surface and reduced
the penetration of sunlight required for the photosynthetic process of weed species and increase water
holding capacity which ultimately increase the availability of nutrient in soil and the same time retard the

growth of weed species. Our results are confirmatory
to the findings of Erenstien (2002) who reported that
surface mulch application reduced the dry biomass of
weed species due to allelopathic spectacles. Similarly,
(Kamara et al., 2002) reported his research findings
stating that surface mulches significantly reduce the
penetration of light and disturb the photosynthetic
process in weed species. Apart from the physical coverage, these surface mulches impact the dry biomass
of weeds through the phytotoxic activities reported in
these plant species (Sorghum, sunflower and parthenium). Sorgoleone in sorghum bicolor responsible for
inhibiting the electron transport in both photosynthesis and respiration (Nimbal et al., 1996), phenolics
responsible for reduction of chlorophyll content (Inderjit and Dakshini, 1992), and other compounds like
vanillic and ferulic acids reported in parthenium, sorghum and sunflower plants are responsible for DNA
and RNA synthesis (Baziramakenga et al., 1997).
Among all the treatments encouragingly significant
results for dry biomass 60 DAS of total weeds were
recorded in T8 (sorghum +sunflower + parthenium
(S.M) each @ 6 Mg ha-1 at 3-4 leaf stage of maize)
treatment as compared T10 (atrazine @ 0.50 kg
a.iha-1), T1, T2, T3 and T4 (water extracts combine
with atrazine @ 0.125 kg a.iha-1), T11 (hand weeding)
and T12 (weedy check) treatments.
Size of leaf is directly linked to plant food through
photosynthesis; hence it is considering a basic photosynthetic machinery for the preparation of plant
food. It is also known that higher the area of leave
will prepare more food for the plant, which will be
transfer to other parts of plant body. The classification
of Physiological plant growth is referred to leaf area
index. Higher value of LAI shows higher dry matter content of the crop. Analysis of the data showed
that among the different tillage regimes higher leaf
area (m2) and leaf area index (LAI) was recorded in
DT followed by CT, whereas the lower leaf area (m2)
and LAI of maize plants were recorded in MT. The
reason for higher leaf area (m2) and leaf area index
(LAI) could be attributed to well development of root
which may led to faster flow of water and nutrients
from soil to the maize crop. Our results for tillage regimes are confirmatory to the findings of Tangadulratana (1985) who reported that conventional tillage
was superior to zero tillage regarding the leaf area and
leaf area index (LAI). Similarly, our results are also in
close similarity to the findings of Karunatilake (2000)
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who reported that higher leaf area of maize plants was
found in conventional tillage as compared to no tillage (zero tillage).
Analysis of the data revealed that higher leaf area
(m2) and leaf area index (LAI) was found in T6 (sorghum+ parthenium (SM) each @6 Mg ha-1 at 3-4 leaf
stage of maize)which was significantly higher than T9
(atrazine @ 0.125 kg a.iha-1) and T1, T2, T3, and T4
(water extracts integrated with atrazine @ 0.125 kg
a.iha-1) treatments. The higher leaf area (m2) in T5,
T6, T7 and T8 (all mulch treatments) might be attributed due to effective weed control which provided
favorable condition for leaf developments.
Data recorded for stover yield (kg ha-1) showed that
higher value was recorded under DT followed by CT,
whereas the lowest stover yield (kg ha-1) was recorded in MT. The reason for higher stover yield in DT
and CT could be due to the improved soil aeration
which may allow roots to utilize the available nutrients required for good crop stand. Among the various
weed control measures, all the allelopathic treatments
had significant effect on stover yield (kg ha-1) when
compared to weedy check treatment. Efficacy of T8
(sorghum + sunflower + parthenium (SM) each @ 6
Mg ha-1at 3-4 leaves stage of maize)had promising
effect on weed suppression and thus contributed toward maximum yield of stover. Our results are in line
with the findings obtained by (Nawab et al.,1999)
who reported that mulching increased the stover yield
significantly.

Conclusions and Recommendations
Integration of tillage regimes and various allelopathic
treatments had significant effect on tested parameters.
However, the efficacy of T5, T6, T7 and T8 (surface
mulches) was more pronounced than T10 (atrazine
foliar application @ 0.50 kg a.i ha-1) andT1, T2, T3
and T4(allelopathic plants water extracts combined
with atrazine @ 0.125 kg a.i ha-1). Data obtained
for the interaction effect showed that T8 under CT
(Sorghum +sunflower + parthenium (S.M) each @ 6
Mg ha-1 at 3-4 leaf stage of maize under conventional
tillage) produced the maximum stover yield of 12426
kg.ha-1. Hence it is suggested that T8 under CT could
possibly be an alternative to T10 for sustainable weed
management in maize. Keeping in view the sustainability concept, further studies are suggested to investigate the allelochemicals effect of these selected plant

species on soil microbial activities.
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