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ABSTRACT

A field experiment was conducted during 2009–10 and 2010–11 at Rajasthan College of Agriculture, Udaipur,
to study effect of 5 tillage systems and 3 weed-control practices on weed dynamics, productivity, and to workout
most viable tillage practices in wheat [Triticum aestivum (L.) Emend. Fiori & Paol.]–maize (Zea may L.) cropping
sequence. Weed density, grain yield of wheat, maize and wheat-equivalent yield were found statistically equal in
continuous conventional tillage and adoption of rotated zero tillage in wheat and conventional tillage in maize un-
der wheat–maize cropping sequence. Adoption of zero tillage in wheat and conventional tillage in maize also
proved economically beneficial with the highest net returns ( 73,868/ha) and benefit: cost ratio (2.11) compared
to net returns ( 72,476/ha) and benefit: cost ratio (1: 94) recorded under continuous conventional tillage in both
crops.  Amongst the weed-control practices, use of isoproturon (0.75 kg/ha) in wheat and atrazine (0.5 kg/ha) fol-
lowed by 1 hoeing in maize significantly reduced weed density, dry matter and recorded significantly higher
wheat–maize and wheat-equivalent grain and straw yields than 2 hand weedings and weedy check. Application of
isoproturon (0.75 kg/ha) in wheat and atrazine (0.5 kg/ha) in maize resulted in the highest net returns of 82,749/
ha and benefit: cost ratio 2.41 and proved significantly higher over 2 hand-weedings by 5,876/ha and benefit:
cost ratio 0.43. At the end of 2 cycles adopting zero tillage in wheat and conventional tillage in maize significantly
enhanced organic carbon content by 4.0% over continuous conventional tillage; however, did not influence status
of available nitrogen and phosphorus significantly in soil. The weed-control practices did not influence available ni-
trogen status of soil; however, organic carbon and available phosphorus status of weedy check plots increased
significantly over rest of the weed-control treatments.
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Wheat and maize are the most important integral com-
ponents of food security at global level. Amongst different
wheat-based cropping systems, wheat–maize ranks first
with 1.8 million ha area that contributes about 3% in the
total foodgrain production of India. In Rajasthan, wheat
and maize are grown in 3.06 and 1.00 million ha with an-
nual production of 10.76 and 1.04 million tonnes with
average yields of 3.52 and 1.68 t/ha respectively (Govern-
ment of Rajasthan, 2012). At present soil, a natural re-
source, is under great stress in the country.  Repeated con-
ventional tillage caused degradation of our soil over the

past 50-60 years and much of soil has lost up to one-half
of its native organic matter content (Malik et al., 2006). If
we are to counter the effects of soil degradation caused by
excessive tillage of the soil, we must find and adopt new
methods of tillage. Hence in recent past years, major re-
search thrust has been given to improve or reduce afore-
said technological component without sacrificing produc-
tivity of crop. Zero-tillage seeding is one method adopted
to achieve this goal of conservation. Zero tillage offers the
benefit of saving of fuel, time, labour, retained surface
residue, improve organic carbon (OC), nutrient, reduced
soil water losses, protects the soil from sun, rain, wind and
allows soil micro-organisms, fauna, reduces the break-
down of soil structure, involves protection of the soil com-
paction by machinery and from changes to its chemistry
through acidification or salinization (Bisen and Singh,
2008; Jha et al., 2011). Decline in population of a notori-
ous weed under zero tillage had Phalaris minor set cases
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of acceptance of this technology in north India (Mahajan
et al., 2002) and looks set to become one of the best tech-
nologies after green revolution (Gupta et al., 2011). Fur-
ther, extensive research has clearly established that the
FIRB (Furrow irrigated raise bed) and bed planting is one
of the low-cost sustainable planting systems of wheat–
maize which helps crop to utilize solar radiation effi-
ciently, saves water, reduces crop lodging and reduces
population of herbicide resistant weed like Phalaris minor
(Kumar et al., 2010). Therefore, it seems that diverting
from conventional to zero-tillage, rotated tillage or FIRB-
bed system, there may be change in weed dynamics.
Hence there is urgent need to evaluate tillage and weed
control on productivity of wheat–maize cropping sequence
in southern Rajasthan.

MATERIALS AND METHODS

A field experiment was carried out during winter (rabi)
rainy season (kharif) seasons of 2009–10 and 2010–11 at
Udaipur (23°34’N, 73°42’E and 582.1 m above the mean
sea-level). The soil was clay loam, having pH 7.3, organic
carbon 0.66%, available nitrogen 268.4 kg/ha, phosphorus
19.5 kg/ha and potassium 365.5 kg/ha in the plough layer.
The well-distributed rainfall of 585 and 460 mm was re-
corded during kharif 2010 and 2011. The treatment, com-
bination of 5 tillage systems, viz. Continuous conventional
tillage in wheat–maize (CT); continuous zero tillage in
wheat–maize (ZT); ZT–CT, zero tillage in wheat–conven-
tional tillage in maize; CT-ZT, conventional tillage in
wheat–zero tillage in maize and furrow-irrigated raised
bed planting of wheat–bed planting of maize) (FIRB-bed):
and 3 weed-control practices (weedy check, recommended
practices of weed control in both crops, viz. Isoproturon
0.75 kg/ha in wheat and atrazine 0.5 kg/ha in maize and 2
hand-weeding) were tested in 3 replication in split-plot
design keeping tillage in main plots and weed control in
subplots on a fixed site. The recommended practice of
weed control in wheat–maize cropping sequence of south-
ern Rajasthan, viz.  application of isoproturon 0.75 kg/ha
at 32 days after sowing in wheat and pre-emergence appli-
cation of atrazine 0.75 kg/ha followed by 1 hoeing at 25
days after sowing (DAS) in maize were used as recom-
mended practices of weed control in both crops. The
wheat ‘Raj 4037’ and maize ‘PEHM 2’ were used as test
varieties. During both the years, wheat and maize crop
were sown in first fortnight of November and July using
100 and 20 kg seed/ha respectively. In conventionally pre-
pared field furrow were opened at 23 cm and 70 cm apart
for wheat and maize respectively and seeds were placed at
a depth of 3–4 cm manually. However, in zero tillage, crop
was planted by direct seeding using zero till ferti-seed drill
at 23 cm and 70 cm row spacing in wheat and maize crop

respectively. In FIRB system, beds were opened at 70 cm
and 2 rows of wheat and 1 row of maize was planted on
each bed using tractor-drawn multi-seeder. The wheat and
maize crops were harvested during the second fortnight of
April and October respectively, during both the years.
Thinning of maize was carried out 15 days after sowing to
maintain required plant population. The recommended
dose of fertilizers was given to both the crops. In each plot
grassy weeds, broad-leaf weeds and sedges were counted
from 2 randomly selected area of 0.25 m2 using 0.5 m ×
0.5 m quadrate.  Weed count was expressed as number/m2

and subjected to square-root transformation  to normalize
their distribution. The weeds removed from above men-
tioned 0.25 m2 areas were dried at 65oC to obtain constant
weight and the weight was expressed in g/m2. Net returns
and benefit: cost ratio were calculated on basis of prevail-
ing market prices of inputs and produce.  Crop growth rate
(CGR) and soil status of different nutrient were worked
out by using standard methods for analysis and formula
(Redford, 1967).

Weed flora
The important weeds of the experimental site in the

winter (rabi) were grassy weeds, viz. Phalaris minor
Retz., Cynodon dactylon (L.) Pers., Avena fatua (L.);
broad-leaves weeds, viz. Chenopodium album (L.), Che-
nopodium murale (L.), Convolvulus arvensis (L.),
Melilotus indica (L.) All., Parthenium hysterophorus (L.)
and sedges viz., Cyperus rotundus (L.).  In the rainy sea-
son, important weeds noticed were grassy weeds,
Echinochloa crus-galli (L.) Beauv., Echinochloa colonum
(L.) Link., Cynodon dactylon (L.) Pers; and broad-leaves,
viz. Phyllanthus niruri Hook f., Digera arvensis Forsk.,
Commelina benghalensis L., Trianthema portulacastrum
(L.), Parthenium hysterophorus (L.) among broad-leaf
weeds; and  sedges, viz. Cyperus rotundus (L.).

RESULTS AND DISCUSSION

Weed density
 Adopting ZT in both the crops significantly increased

the population of grassy weeds in wheat crop over rest of
tillage systems. At the same time, the rest of the tillage
systems were statistically similar with each other in this
respect. Different tillage systems in wheat–maize crop
sequence had no significant effect on density of broad-leaf
weeds. Adoption of  continuous ZT in wheat–maize
proved statistically  on par with ZT-CT in wheat–maize
cropping and both of these practices enhanced sedges
population significantly over continuous CT, CT-ZT and
FIRB-bed in wheat-maize system. Alike wheat crop, adop-
tion of ZT in both wheat–maize crop rotation significantly
increased the density of grassy weed in maize crop over
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rest of tillage systems. The highest density of broad-leaf
weeds were recorded under FIRB-Bed in wheat–maize
cropping, which was at par with continuous ZT in both
crops and ZT-CT in wheat–maize cropping, however,
proved significantly higher over rest of tillage systems.
The highest density of sedges was recorded with the adop-
tion of continuous ZT in both the crops, being significantly
higher over rest of tillage systems. The improvement in
density of grassy weeds under continuous zero tillage in
wheat–maize cropping might be due to higher deposition
of seed in upper layer of soil (0–10 cm) with no distur-
bance of the top soil. However, under continuous conven-
tional tillage and rotated tillage lower grassy weed popu-
lation could be ascribed to comparatively less number of
seeds of this category on top 0-10 cm layer of soil due to
burying of seed into deeper layer and killing of newly
emerged weeds with repeated tillage operation, viz.
ploughing, harrowing and cross cultivator (Mahajan et al.
2002).

In both the crops minimum density of all 3 categories
of weeds were observed under 2 hand-weedings and appli-
cation of recommended herbicides in both the crops which
were significantly lower compared to weedy check treat-
ment. Under 2 hand-weeding treatment, the lower density
of weeds could be due to removal of 2 flushes of weeds
manually 25 and 50 days after sowing and later on good
numbers of functional leaves might have smothering effect
on the third flush of all categories of weeds could be pos-
sible reason for decrease in density of weeds at 60 DAS
(Bisen and Singh, 2008). On the contrary, little higher
weed density under isoproturon treatment could be due to
its application at 32 DAS, which controls only 1 flush of
weeds. Similarly, in maize, pre-emergence application of
atrazine followed by 1 hoeing at 25 DAS controlled 2
flushes of weeds; however, later on wide spacing of crop
encouraged weed at later stages of crop growth.

Weed dry-matter
 In wheat, the highest dry matter of grassy weeds was

recorded under repeated ZT in wheat–maize cropping sys-
tem, which was significantly higher over rest of the tillage
systems, whereas in maize the density of grassy weeds was
statistically at par in all tillage systems. Contrary, the dry
matter of broad-leaf weed recorded in wheat crop was at
par in tillage system, whereas in maize its highest value
was recorded under bed planting, which was statistically
at par with continuous ZT, ZT-CT in wheat–maize system,
however, proved significantly higher over rest of the till-
age systems. The dry matter of sedges recorded in continu-
ous CT in both crop was significantly higher over rest of
tillage systems.

The maximum reduction in dry matter of all 3 catego-

ries of weeds were recorded in 2 hand-weedings treatment,
which was significantly lower compared to isoproturon
and weedy check in wheat crop. However, in maize the
minimum dry matter of all categories of weeds were re-
corded under 2 hand-weedings, which was statistically at
par with pre-emergence application of atrazine 0.5 kg/ha
followed by 1 hoeing at 25 DAS, and both these treat-
ments proved caused significantly lower weed dry-matter
compared to weedy check. The dry matter is being a func-
tion of weed density followed the same trend in both the
crops (Jain et al., 2007).

Nutrient content and uptake by weeds
Nitrogen and phosphorus content and uptake recorded

from total population of weeds in wheat and maize crop at
harvesting failed to record significant variation under dif-
ferent tillage systems. It might be on account hardy roots
of weeds which easily grow under soil prepared by differ-
ent tillage systems and extract nutrient and moisture from
deeper layer (Kumar, 2000). The data of dry matter of to-
tal weeds recorded at harvest though not presented in
tables but it was statistically at par in different tillage sys-
tem. The Nutrient uptake being a function of dry-matter
followed the same at harvest in both the crops (Jain et al.,
2007).

Nitrogen and phosphorus content recorded in total
weeds obtained under treatment of 2 hand-weedings and
recommended herbicide in case of wheat–maize system
were statistically equal and significantly lower than the
weedy check during both the years. In weedy plots, the
weeds were well established in soil with proper root devel-
opment compared to shallow root in ispproturon, atrazine
+ 2 hand-weedings plot wherein the weeds are of third
flush and unable to extract nutrient from deeper layer of
soil (Kumar, 2000). However, the nutrient uptake, being a
function of dry-matter, followed the trend of dry-matter of
total weeds at harvesting stage in both the crops (Jain et
al., 2007) and thus its accumulation by total weeds under
hand-weeding treatment were significantly lower than the
recommended herbicide application and weedy check in
both the crops

Growth parameters
   Different tillage systems under test did not differ sig-

nificantly for their effect on plant height and crop-growth
rate of wheat. The wheat crop accumulated the highest
biomass under continuous conventional tillage which was
at par with rotated ZT-CT and CT-ZT in wheat–maize but
proved significantly higher over rest of the tillage systems.
However, in maize the highest plant height, dry-matter
accumulation and crop-growth rate recorded in continuous
conventional tillage were at par with rotated ZT-CT and
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FIRB-Bed planting in wheat–maize system but sig-
nificantly higher over the rest of tillage systems. In
general overall improvement in growth under conven-
tional tillage, and rotated ZT-CT, CT-ZT in wheat–
maize system seems to be due to better tilth, aeration,
improved water-holding capacity of soil, better root
growth and its proliferation, which might have pro-
moted growth of leaves by virtue of enhanced cell-
division and increased better interception, absorption
and utilization of radiant energy, thereby resulting in
higher photosynthesis and better CGR and finally
growth parameters (Bisen and Singh, 2008).

Highest plant height in wheat and maize, biomass
and crop growth rate in wheat found under 2 hand-
weedings, were at par with isoproturon and both of
these proved significantly superior to the weedy
check. Whereas in maize dry-matter accumulation
and crop growth rate recorded under atrazine were
significantly higher than that recorded under 2 hand-
weedings and weedy check. The better growth param-
eters were owing to significant reduction in weed den-
sity and dry-matter yield of weeds under treatments of
hand-weeding and recommended herbicides in both
crops, and indirectly it might be on account of results
of better plant growth, greater penetration of solar ra-
diation in the crop canopy, which can be reasoned for
greater rate of photosynthesis and more accumulation
of dry matter and crop growth rate (Singh et al.,
2010).

Yield attributes and yields
The  highest test weight was recorded under bed

planted wheat, being significantly higher than rest of
the tillage systems, whereas number of effective
tillers/m2 consequently wheat grain yield under con-
tinuous CT, rotated ZT-CT and CT-ZT in wheat–
maize cropping sequence were statistically at par and
significantly higher over continuous ZT and bed-
planted wheat. The highest straw yield of wheat was
recorded under continuous CT, which was at par with
rotated ZT-CT and CT-ZT in wheat–maize cropping
sequence, but was significantly higher over continu-
ous ZT and bed planted wheat. In maize, grains/cob
consequently grain and stover yields recorded under
continuous adoption of conventional tillage, rotated
ZT-CT and bed planting were at par and proved sig-
nificantly higher over continuous ZT and rotated CT-
ZT in wheat–maize sequence. Tillage systems failed
to record perceptible variation in test weight of maize.
Wheat-equivalent grain and stover yields recorded
under continuous CT was the highest which was sta-
tistically at par with rotated ZT-CT in wheat–maize Ta
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system and proved significantly superior to rest of
tillage systems. The better growth might have devel-
oped each reproductive structures consequently yield
under continuous CT, rotated ZT-CT and CT-ZT (Jha
et al., 2011). Under FIRB planting system, similar
number of plants were accommodated under reduced
area by 33% compared to rest of the tillage systems.
This might have resulted in inter-and intra-row com-
petition for various growth inputs and thus in spite of
good growth of plant, the number of effective tillers/
m2 were very low causing poor yield under FIRB sys-
tem of planting wheat (Kumar et al., 2010).

 In comparison to least value under weedy check,
2 hand-weedings and application of isoproturon in
wheat and atrazine in maize resulted significant in-
crease in of growth, yield attributes, yields and
wheat-equivalent yield. The increase were obviously
owing to better weed control which rendered
favourable conditions like increased availability of
nutrients, moisture, light and other to crop plants,
which resulted in better growth and higher yields
(Jain et al., 2007).

Economics
 Rotated ZT-CT in wheat–maize system fetched

the highest net returns, being at par with continuous
CT, proved significantly better than rest of the tillage
systems. However, the highest benefit: cost ratio was
recorded under rotated ZT-CT in wheat–maize sys-
tem, which was at par with continuous ZT but proved
significantly higher over rest of tillage systems. Ap-
plication of recommended herbicides for both the
crop recorded the highest net returns and benefit: cost
ratio, which were significantly higher over 2 hand-
weedings and weedy check.

Soil properties
At the end of second cropping sequence, the high-

est organic carbon content was obtained under con-
tinuous adoption of zero tillage, which was at par
with rotated ZT-CT and CT-ZT in wheat–maize sys-
tem, however proved significantly higher over FIRB-
bed in wheat–maize system and conventional tillage
in both crops. The tillage systems failed to record
perceptible variation in available nitrogen and phos-
phorus status of soil. Similarly organic carbon and
available phosphorus content recoded in plots of rec-
ommended herbicides for both the crop and 2 hand-
weedings was significantly lower compared to weedy
check. The weed-control methods failed to record
perceptible variation in available nitrogen status of
the soil. Better soil aggregation due to weed residue
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left on top of soil which might have enhanced soil
microbial biomass, consequently organic carbon as
well as available N and P status of soil (Saha et al.,
2010).

On the basis of results it is inferred that in com-
parison to continuous conventional tillage in wheat
and maize, adoption of zero tillage in wheat and
conventional tillage in maize did not alter major
weed dynamics and resulted equal yields of wheat,
maize, system production in terms of wheat-equiva-
lent grain and straw yield and proved economically
beneficial. Use of isoproturon 0.75 kg/ha at 32 days
after sowing in wheat and pre-emergence applica-
tion of atrazine 0.75 kg/ha followed by 1 hoeing at
25 DAS in maize recorded significantly higher
wheat-equivalent grain and straw yields over 2
hand-weedings and weedy check. Practicing rotated
ZT-CT in wheat–maize sequence and weedy check
also improved organic carbon of soil.
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