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ABSTRACT

A field investigation was conducted during 2023-24 and 2024-25 at the instructional farm, Rajasthan College
of Agriculture, Udaipur, to evaluate the combined influence of tillage and weed management practices on
the growth and quality attributes of maize (Zea mays L.) under the sub-humid conditions of Southern
Rajasthan. The experiment was laid out in a split-plot design with four tillage practices viz., conventional
tillage (CT), conventional tillage with residue (CT+R), zero tillage (ZT) and zero tillage with residue (ZT+R)
in main plots along with three weed management strategies i.e., atrazine + tembotrione (500 + 120 g ha-1) as
post-emergence (PoE), atrazine 500 g ha-1 as pre-emergence (PE) followed by hand weeding at 35 DAS and
weedy checkin subplots. The results revealed that tillage systems did not significantly affect crop growth
rate (CGR), relative growth rate (RGR). However, weed management exerted a marked influence, with
atrazine 500 g ha-1 as PE followed by hand weeding at 35 DAS producing the highest CGR and RGR, closely
followed by the atrazine + tembotrione tank mix treatment. Further tillage and weed management didn’t
not exerted significant influence on chlorophyll and protein content in maize.
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Introduction

Maize (Zea mays L.) is a globally important cereal
crop, serving as food, feed, fodder and industrial
raw material and plays a vital role in food and nutri-
tional security due to its adaptability and high yield
potential. In 2023, global production reached 1,162
million tonnes from 197 million hectares, averaging
5.9 t ha-1 (Our world in data, 2025). In India, maize is
cultivated on 12.02 million hectares, producing 42.28
million tonnes (3.51 t ha-1) with kharif maize covering
83% of the area and yielding 2.94 t ha-1. In Rajasthan,
maize occupies 1.01 million hectares, contributing
2.69 million tonnes at 2.67 t ha-1 (Upag, 2025), sup-
porting nutrition, livestock feed and industrial uses.

Maize productivity is constrained by biotic and abi-
otic factors, among which tillage and weed manage-
ment are critical. Tillage influences soil structure,
porosity, aeration and moisture, affecting seed ger-
mination, root growth and nutrient availability.
Conventional tillage creates favourable seedbeds
but can degrade soil health through erosion and or-
ganic matter loss, whereas conservation agriculture,
involving minimal disturbance, residue retention
and crop diversification, improves soil quality, wa-
ter-use efficiency and long-term productivity. Re-
duced tillage, however, can favour weed prolifera-
tion by altering seed bank dynamics and species
composition. Weeds compete for nutrients, water,
light and space, causing yield losses of 30-100% de-
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pending on infestation and crop stage. While herbi-
cides are effective, overreliance leads to environ-
mental risks and resistant biotypes making inte-
grated weed management essential.  The interaction
of tillage and weed management significantly influ-
ences soil properties, weed dynamics, crop growth,
yield and quality. Integrated strategies combining
tillage, cultural practices, residue retention, crop
rotation and judicious herbicide use are necessary to
optimize maize productivity.

Materials and Methods

A two-year field experiment was conducted during
2023-24 and 2024-25 at the Instructional Farm,
Rajasthan College of Agriculture, Udaipur on clay
loam soil with good drainage and a mean bulk den-
sity of 1.38 Mg m-3. The soil was slightly alkaline (pH
7.9-8.0), medium in organic carbon (0.61-0.63%), ni-
trogen (262.64-273.46 kg ha-1), phosphorus (17.40-
18.53 kg ha-1) and high in potassium (315.34-319.12
kg ha-1). The experiment was laid out in a split-plot
design with three replications. Four tillage practices
were assigned to main plots: conventional tillage
(CT), conventional tillage with residue (CT+R), zero
tillage (ZT) and zero tillage with residue (ZT+R). In
CT, the field was ploughed twice, harrowed and
planked, whereas CT+R included incorporation of 3
t ha-1 of chickpea residue from the previous rabi sea-
son. ZT involved no soil disturbance, with
glyphosate (41% SL) applied at 1.23 kg ha-1 one
week before sowing to control weeds, while ZT+R
included residue retention. Subplots comprised
three weed management treatments: atrazine +
tembotrione (500 + 120 g ha-1) PoE, atrazine 500 g ha-

1 PE fb hand weeding at 35 DAS and weedy check.
Weed management treatments were applied as per
subplot assignments using a hand-operated knap-
sack sprayer. Atrazine + tembotrione (500 + 120 g
ha-1) was applied at 15-20 DAS on 2-3 leaf stage
weeds, while atrazine 500 g ha-1 as PE was applied
within 24 hours of sowing, followed by hand weed-
ing at 35 DAS. The weedy check plots received no
weed control measures. Maize (PHM-3) was sown
at 60 × 25 cm spacing using a happy seeder and fer-
tilized with 90 N, 40 P2O5 and 30 K2O kg ha-1. Crop
growth rate (CGR) and relative growth rate (RGR)
were calculated from dry matter accumulation be-
tween 30-60, 60-90 DAS and 90 DAS- at harvest us-
ing standard formulas. Chlorophyll content was
measured from five randomly selected plants per

plot using a SPAD meter at 25 and 45 DAS. Grain
protein content was determined by multiplying per-
cent nitrogen with 6.25 (A.O.A.C., 2002).

W2
 – W1 1

CGR (gm-2 day-1)= ×t2 – t1 A
Where,
W1 and W2= Dry weight of the plants at time t1

and t2, respectively.
t1 - t2 = Time interval in days
A= Unit land area in (m2)

(loge W2 – loge W1)RGR (g g-1 day-1) = t2 – t1

Where,
log e is a natural log
W1 and W2= Dry weight of the plants at time t1

and t2, respectively
Protein content (%) = N content in seed (%) x 6.25

Results and Discussion

Analysis of crop growth indicated that tillage and
weed management practices did not significantly
influence the crop growth rate (CGR) and relative
growth rate (RGR) of maize (Table 1). Among the
weed management strategies, pre-emergence appli-
cation of atrazine 500 g ha-1 followed by hand weed-
ing at 35 DAS produced the highest CGR and RGR,
closely followed by the tank mix of atrazine +
tembotrione (500 + 120 g ha-1) applied as post-emer-
gence. These treatments consistently promoted su-
perior vegetative growth by minimizing competi-
tion for key resources such as light, water and nutri-
ents, which enhanced leaf expansion, canopy devel-
opment and biomass accumulation. The increased
assimilate production and efficient partitioning to-
ward plant growth resulted in greater plant height
and dry matter accumulation across successive
growth stages. In contrast, the weedy check experi-
enced persistent competition, limiting resource
availability, which suppressed leaf expansion,
canopy development and overall biomass accumu-
lation. These observations underscore the impor-
tance of timely and effective weed control in sustain-
ing vegetative growth and establishing a foundation
for higher yield potential, in agreement with the
findings of Deewan et al. (2017), Bibi (2010) and Gul
and Khanday (2015).

Despite the differences in growth parameters,
chlorophyll content and protein content remained
largely unaffected by both tillage and weed manage-
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ment treatments (Table 1). This suggests that the
maize plants were able to maintain optimal physi-
ological functioning under all management practices
and that these traits are relatively stable when envi-
ronmental conditions are favourable. The results are
consistent with previous studies including Wasnik et
al. (2022) and Buczek et al. (2024) which reported
minimal influence of tillage and weed control prac-
tices on chlorophyll and protein content in maize.

Conclusion

Based on the findings, tillage strategies had no sig-
nificant influence on maize growth and quality pa-
rameters. Among the weed management practices,
the application of atrazine 500 g ha-1 as pre-emer-
gence followed by hand weeding at 35 DAS consis-
tently resulted in superior crop growth and relative
growth rates. The integrated use of chemical and
manual weed control effectively reduced weed com-
petition, improved resource utilization and en-
hanced biomass accumulation. However, weed
management practices did not exert any significant
effect on chlorophyll and protein content indicating
stable physiological responses across treatments.
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Table 1. Effect of tillage and weed management practices on crop growth (CGR) and relative growth rate (RGR), chlo-
rophyll and protein content in maize (pooled data of two years)

Treatments CGR (g m-2 day-1) RGR (g g-1 day-1) Chlorophyll content Protein
30-60 60-90 90 DAS- 30-60 60-90 90 DAS- (SCMR value) content
DAS  DAS at harvest DAS  DAS   at harvest 25 45 (%)

DAS DAS

Main plot (Tillage)
Conventional tillage (CT) 11.15 17.29 6.09 0.1351 0.1624 0.3542 31.75 42.38 8.79
Conventional tillage + residue 11.39 17.37 6.31 0.1361 0.1630 0.3556 31.85 42.48 8.86

(CT+R)
Zero tillage (ZT) 11.00 17.23 6.12 0.1345 0.1621 0.3536 31.76 42.40 8.78
Zero tillage +residue (ZT+R) 11.25 17.26 6.18 0.1356 0.1626 0.3546 31.77 42.40 8.85
SEm.± 0.20 0.47 0.11 0.0005 0.0005 0.0010 0.28 0.28 0.06
C.D. (P=0.05) NS NS NS NS NS NS NS NS NS
Sub plot (Weed management)
Atrazine + tembotrione 12.07 19.64 6.00 0.1383 0.1670 0.3633 31.75 42.38 8.77

(Tank mix) (500 +120) g ha-1

as PoE
Atrazine 500 g ha-1 as PE fb 13.13 21.20 7.75 0.1417 0.1699 0.3706 32.05 42.68 8.91

hand weeding at 35 DAS
Weedy check 8.39 11.02 4.77 0.1260 0.1506 0.3296 31.55 42.19 8.79
SEm.± 0.10 0.24 0.06 0.0002 0.0003 0.0005 0.16 0.16 0.03
C.D. (P=0.05) 0.28 0.69 0.16 0.0007 0.0009 0.0014 NS NS NS
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