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ABSTRACT

The study assessed the impact of crop establishment methods and potassium management practices on maize
productivity, growth and physiological parameters. Three crop establishment techniques, viz. Raised bed planting
RBP, Zero tillage (ZT) and Conventional tillage (CT) and 6 potassium management options, including combina-
tions with potassium-solubilizing bacteria (KSB) were assessed. Results showed that RB planting consistently out-
performed ZT and CT in grain and straw yields, dry matter accumulation, and leaf area index. RB enhanced grain
yield by 6.5% and 15.2% compared to ZT and CT, respectively. Potassium management, particularly 100% K com-
bined with KSB, significantly improved all measured parameters. This treatment achieved a 19.1% higher grain
yield than K (control) and 4.6% over 100% K alone. It was also increased dry matter accumulation and leaf area
index by up to 33.2% compared to K (control). The integration of RB planting with 100% K + KSB led to superior
canopy development, efficient nutrient utilization and improved harvest index, showcasing their combined potential
for sustainable maize production. These findings underscore the importance of optimized agronomic practices in
achieving higher yields and resource efficiency in maize cultivation.
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Zero tillage

Maize (Zea mays L.), known as the “Queen of Cereals,”
is a crucial crop globally, contributing significantly to food,
feed and industrial sectors due to its numerous uses. Maize
farming faces several challenges, such as slow growth and
inefficient input use (Hasanain et al., 2024). Traditional
maize farming faces challenges like soil compaction, soil
resistance, low water retention, low water use efficiency,
poor nutrient use efficiency, multiple deficiencies, weed
pressure and climate change (Hasanain et al., 2024). Maize
production faces challenges such as inadequate fertilizer
recommendations, multi-nutrient deficiencies and a mis-
match between crop demands and fertilizer inputs. Re-
search in the Indo-Gangetic Plain (IGPs) shows farmers
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often overuse nitrogen and underuse phosphorus, neglect-
ing micronutrients like potassium and sulfur, hindering
maize yield optimization (Bamboriya et al., 2024).

To improve maize productivity in India, a comprehen-
sive approach to planting techniques and K management
strategies is needed. Sustaining maize productivity in the
maize farming systems of the IGPs requires addressing the
mismatch between crop demand and farmers’ fertilizer
practices (i) typically applying excess N, (ii) suboptimal P,
and (iii) neglecting K. This will close the productivity gap
between the potential yield (6.0 t/ha) and the average
farmer’s yield (3.1 t/ha) (Hasanain ef al., 2024). Planting in
raised beds and using zero tillage have become sustainable
substitutes for traditional tillage. Zero tillage reduces soil
disturbance, improves organic carbon levels and facilitates
faster crop establishment, making it beneficial in inten-
sively cultivated regions like the IGPs. Raised-bed planting
is an advanced technique that involves growing crops on
elevated beds with furrows for irrigation and drainage
(Kumar et al., 2020). Raised beds enhance water use effi-
ciency, prevent waterlogging and improve soil aeration,
promoting healthier root systems, nutrient absorption and
better crop residue incorporation (Hasanain et al., 2024).
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Inadequate K fertilization of high-yielding maize crops
degrades soil health in addition to producing yields that are
below potential (Jangir et al., 2023). The development of
several efficient nutrient management strategies has made
it feasible to improve the efficiency of K fertilizer or K use
in maize farming (Sattar et al., 2019). The techniques in-
volve incorporating microbes like potassium solubilizing
bacteria (KSB) that possess solubilizing minerals, making
them accessible in soil solution.

This research hypothesizes that integrating planting
techniques and KMOs will significantly enhance maize
growth and productivity, thereby alleviating the argumen-
tative impacts of climate change compared to conventional
maize farming systems prevalent in the region. The specific
objectives of the study are: (i) to evaluate the effect of
KMOs on maize growth within a planting techniques in
comparison to conventional farming methods; (ii) to en-
hance the yield of maize under planting techniques+
KMOs of maize farming in the North-western IGPs of
India.

MATERIALS AND METHODS

The field experiment was conducted at Instructional
Farm Unit 5, ITAST, Integral University, Lucknow, U.P.
(India) during Kharif season of 2022 and 2023, using
maize as the test crop. The experimental site was character-
ized by sandy clay loam in texture with pH 7.2. The soil
was low Walkley—Black carbon (0.36%), oxidizable N
(278.6 kg/ ha) and medium in available Olsen’s, phospho-
rous (18.2 kg/ ha) and potassium (223.0 kg/ha), with humid
subtropical climate. The study followed a split-plot design
(SPD) with 18 treatments and three replications. The treat-
ments included combinations of three planting techniques:
conventional tillage (CT), zero tillage (ZT), and raised-bed
planting (RBP), along with potassium (K) application rates
with potassium solubilizing bacteria (KSB-Strain) (50%,
75% and 100% of recommended K, O/haalone, 75%+KSB,
100%+KSB and K control). The maize crop was sown
under CT conditions, with conventional till sowing using a
maize planter with 22 kg seed/ha at 60 cm row spacing and
25 cm plant to plant spacing. A multi crop planter was used
for no till plot sowing with 22 kg seed/ha at 60 cm row
spacing and 25 cm plant to plant spacing. The bed planter
was used to prepare the bed for maize crop and sown with
22 kg seed/ha, at 60 cm row spacing and 25 cm plant to
plant spacing. Potassium was applied as Muriate of Potash
(60% K) based as per treatment. The seeds were treated
with liquid potassium-soluble bacteria (Bacillus species). It
was applied to maize seeds at a rate of 125 milliliters/ha
using a 5% sugar solution. The seeds were then shade dried
and sown in the appropriate treatment plots. During the
growing season, the 4-5 irrigations were utilized to aug-
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ment rainfall during periods of precipitation. Glyphosate
was applied one week prior to sowing @ 1 kg a.i./ha to
create an optimal weed-free environment for the maize
crop. In CT plots, hand weeding was done at 20 DAS and
in RBP and ZT plots, tembotrione was sprayed @ 120 ml
a.i./ha, 25 DAS. Furadan (Carbofuron) granules were ap-
plied in a whorl pattern to offer defence against borer at-
tacks.

Plants were harvested at ground level along a 1 meter
row length during the knee-high, tasselling and maturity
stage. They were then sun dried and oven dried at 65°C
until they reached a constant weight in order to determine
the above ground biomass of maize. Using a leaf area
meter (Model LI-COR-3100) and the following formula,
the leaf area index was determined at the harvesting stage:

Total leaf area (cm®
LAL = f (cm™)

Ground area (cm?)

The number of days from sowing to 50% silking stage
in DAS was recorded and number days counted in days.

A portable chlorophyll meter, SPAD-502 (Minolta, Ja-
pan), was used to measure the amount of chlorophyll in
maize leaves. The total amount of chlorophyll in plants is
determined using the chlorophyll index (CI). The Cl is a
useful tool for managing nutrients all season long and is a
reasonably reliable measure of plant health.

The cob length, cob girth, number of grains/cob and
1000-grain weight (g) were among the yield variables re-
corded in the experiment and were stated in standard units.
When the maize reached maturity, the grains were sepa-
rated using a sheller and the cobs were manually plucked
from a net plot area. After being picked above ground and
allowed to sun dried in the field for four days, the stover
was weighed at 13% moisture content.

Analysis of the variance (ANOVA) was the statistical
method used to analyzed the data. To determine whether
there was a significant difference between treatments, the
critical differences were computed at the 0.05% level of
probability.

RESULTS AND DISCUSSION

Dry matter accumulation

Among the establishment techniques. RB planting con-
sistently outperformed ZT and CT in dry matter accumula-
tion (DMA) across all growth stages. At the knee-high
stage, RB planting exhibited 3.3% higher DMA than ZT
and 6.3% more than CT. At tasseling, RB planting recorded
a 5.0% increase over ZT and a 6.8% improvement over CT.
By harvest, DMA under RBP was 1.9% higher than ZT and
2.2% higher than CT (Table 1). These results highlight the
ability of RBP to support better crop growth by likely pro-
viding improved soil aeration and root penetration. Potas-
sium management had a profound impact on DMA, with
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supporting enhanced canopy development and photosyn-
thetic efficiency. In potassium management practices,
100% K + KSB recorded the highest LAI across both
stages. At the knee-high stage, 100% K + KSB demon-
strated 28.5% improvement in LAI over K control, 20.6%
over 50% K, and 11.3% over 75% K. At tasseling, 100% K
+ KSB was 5.8% higher than 75% K + KSB and 30.3%
more than K control. The combination of 75% K + KSB
also showed a substantial improvement in LAI over 100%
K without KSB, being 4.2% higher at tasseling. These re-
sults highlight the synergistic role of KSB in enhancing
potassium uptake and optimizing canopy development.
Soil applied potassium plays a crucial role in boosting the
leaf area by activating essential enzymes needed for
photosynthesis and starch production, which in turn pro-
motes leaf growth (Rawat et al., 2022). Potassium also
helps manage water use by regulating stomatal function,
allowing the plant to take in CO, more efficiently. As po-
tassium levels increase, a corresponding rise in LAI results
in better uptake of other nutrients like nitrogen and
phosphorus, leading to larger leaves (Rawat et al., 2016).
Additionally, adequate potassium delays leaf aging, keep-
ing the plant photosynthetically active for longer periods.
Overall, managing potassium effectively is key to maximiz-
ing maize growth and yield, especially in challenging
conditions.

Days to 50% flowering

RB planting led to earlier silking compared to other
establishment methods, with a 1.6% reduction in days
compared to ZT and a 4.6% reduction compared to CT
(Table 1). RB planting facilitated uniform emergence and
better resource availability, contributing to early silking. In
contrast, CT recorded the longest duration to reach 50%
silking, likely due to suboptimal soil conditions impacting
early growth stages. In potassium management, 100% K +
KSB achieved the shortest duration to 50% silking, show-
ing a 4.5% reduction compared to K control and 2.4% de-
crease relative to 50% K (Table 1). It also shortened the
silking period by 1.1% compared to 75% K + KSB, dem-
onstrating the efficiency of bioaugmentation in enhancing
potassium availability and uptake. Conversely, K control
resulted in the longest duration to silking, underscoring the
importance of adequate potassium in promoting timely re-
productive development. Potassium (K) is crucial for maize
flowering, influencing both timing and success. Adequate
potassium enhances photosynthesis and growth, leading to
earlier silking and tasseling, while deficiency can delay
flowering and reduce yields. Effective potassium manage-
ment is essential for optimizing production and ensuring
timely reproductive development.
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Chlorophyll content and chlorophyll index

RB planting recorded the highest chlorophyll content
and chlorophyll index (CI) among the establishment meth-
ods, reflecting improved photosynthetic capacity (Table 1)
(Fig. 1). At the knee-high stage, RBP exhibited 4.7% in-
crease in chlorophyll content compared to ZT and 2.8%
higher than CT. At tasseling, RB achieved 2.2% improve-
ment over ZT and a 4.7% increase over CT. CI had maxi-
mum with RBP (15.6) over ZT (15.2) and CT (15.0) re-
spectively. The improved chlorophyll content and index in
RB are likely due to improved soil aeration and moisture
availability, facilitating efficient nutrient uptake and main-
taining leaf greenness. RB planting enhances maize’s chlo-
rophyll content, a crucial factor for photosynthesis and
overall plant health (Harish et al., 2022). The potassium
management significantly influenced chlorophyll content,
with 100% K + KSB exhibiting the highest values (Table
1). At the knee-high stage, chlorophyll content under 100%
K + KSB was 41.3% higher than K control, 30.3% higher
than 50% K and 18.1% higher than 75% K. At tasseling,
100% K + KSB showed 21.1% increase over K control,
13.3% over 50% K and 9.5% over 75% K (Table 1). Mean
of CI (16.2) had reported maximum with 100% K + KSB
(K6) followed by K5>K4>K3>K2 and K1 management
options (Fig. 1). KSB enhances potassium solubility, en-
hancing chlorophyll synthesis and photosynthetic effi-
ciency, while treatments without KSB, particularly K con-
trol, show the lowest chlorophyll values. Potassium signifi-
cantly enhances the chlorophyll content in maize, a crucial
element for photosynthesis and overall plant health
(Mahmood et al., 2024). Studies have found that higher
potassium levels, up to 120 kg K O/ha, lead to increased
concentrations of chlorophyll (Ngennoy et al., 2022;
Mahmood et al., 2024). Potassium enhances photosynthe-

17.0
16.0
15.0
14.0

13.0

Chlorophyll index

12.0

11.0

10.0
T RB CT K1 K2 K3 K4 K5 K6
Fig. 1. Effect of establishment methods and potassium management
on chlorophyll content of maize

CT, conventional tillage; ZT, zero tillage; RBP: raised-bed planting;
K, control; K, 50% recommended dose of potassium, K, 75% rec-
ommended dose of potassium; K, 100% of recommended dose of
potassium; K, 75% recommended dose of potassium + KSB; K,
100% recommended dose of potassium + KSB.
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sis by activating essential enzymes and improving the
uptake of nutrients like nitrogen, which is essential for
chlorophyll production (Rawat et al., 2016). Potassium
management is crucial for maize production, as increased
chlorophyll leads to better growth and higher grain yields,
emphasizing its importance.

Yield attributes

Among the establishment methods, the RB planting
consistently outperformed ZT and CT across most yield
contributing parameters (Table 2) RBP recorded 26.8%
higher number of cobs/plant compared to ZT and 35.7%
increase over CT, demonstrating superior reproductive per-
formance. Cob length was highest under RBP, exceeding
ZT and CT by 0.9% and 1.8%, respectively. Grain-filled
cob length also showed a marginal advantage under RBP,
with 1.0% and 3.0% increase over ZT and CT. Unfilled cob
length was lowest in RBP, 11.1% shorter than CT, reflect-
ing efficient resource partitioning toward grain filling. Cob
girth was similar between RBP and ZT, both of which were
10.9% larger than CT. RB planting resulted in 9.8% more
grainscob than ZT and 6.1% more than CT, while grain
yield/cob in RBP exceeded ZT by 6.5% and CT by 15.2%.
RB improves soil aeration, moisture retention and nutrient
availability, leading to better cob development and grain
filling. It optimizes resource allocation, increases grains/
cob and enhances chlorophyll content (Sattar et al., 2019).
The implementation of RB planting and optimal potassium
application significantly enhances maize productivity,
highlighting the benefits of innovative agricultural prac-
tices. Potassium management strategies significantly im-
pacted yield attributes, with the 100% K + KSB combina-
tion consistently outperforming other treatments (Table 2).
Cobs/plant under 100% K + KSB were 51.5% higher than
K Control and 35.4% and 25.4% higher than 50% K and
75% K, respectively. Cob length and grain-filled cob length
under this treatment were 13.9% and 17.0% longer than K
control, respectively, highlighting the positive effects of
potassium sufficiency and microbial activity. Unfilled cob
length was reduced by 15.0% compared to K control, indi-
cating fewer aborted grains. Cob girth and grains/cob also
reached their maximum under 100% K + KSB, with 9.1%
and 4.0% increases over K control. Grain yield/cob was
19.1% higher than K control, further emphasizing the ef-
fectiveness of the synergistic application of potassium
and KSB (Table 2). The study reveals that combining po-
tassium with KSB improves nutrient efficiency, reduces
stress during reproductive stages and optimizes grain for-
mation, thereby enhancing maize yield. High potassium
levels are linked to earlier silking and increased grain yield/
cob and using recommended rates enhances growth and
supports reproductive development. The study underscores

Table 2. Effect of plant techniques and potassium management on yield attributes of maize

Cob length Grain filled cob  Unfilled cob Cob girth Rows/Cob Grains/Cob  Grain yield/Cob

Cobs/Plant

Treatment

(cm) length (cm) length (cm) (cm) (no) (no) (2)

(no.)

Crop establishment methods

Zero tillage (ZT)

124.6 £ 8.1

431.1 +43.5
457.9+45.9
417.5+41.2

145+0.6
143+1.2
13.0+£0.8

143 +0.5
15.5+0.5
13.8+0.5

20.4+0.8 1.60 0.7

22.0+1.1

1.23 +£0.51

132.7+£7.5

1.60+ 0.7
1.80+0.7

222+ 1.0 20.6 0.9

1.56 £0.58
1.15+£0.51

Raised Bed planting (RB)
Conventional Tillage (CT)

1152 +7.8

20.0£0.8

21.8+1.0

0.19 0.17 0.14 1.35 0.21 11.32 4.14

0.15

CD (P=0.05)
K management options

K Control
50% K
75% K

111.3+34
1152 +4.5d
119.2+5.0

122.8+5.4

4743 +£12.7

13.0+£0.1
13.2+04
13.7+0.4
14.1+£0.3
14.6+£0.7
15.1+1.2

143+0.3
14.6 £0.3
14.8+0.3
151+0.3
153+£0.2
15.6+ 0.2

2.00+ 0.2

182+£0.2
19.0+£0.3

20.2+0.5

1.01 £0.33
1.13+0.54

1.22+£0.55

DIFFERENT PLANTING TECHNIQUES AND POTASSIUM MANAGEMENT STRATEGIES

496.5 + 18.6

1.90+ 0.3
1.80+£0.3
1.80+0.3
1.70 £ 0.4
1.70 £ 0.4

20.9+0.4
21.6+0.4

222+0.3

420.7 +21.8

19.8 +£0.4
204+0.4

453.2 +20.7
474 £ 21.7

1.31+£0.12
1.46 £ 0.33
1.53 +£0.51

100% K

128.8+5.4

209 +0.4

22.6+0.3

75% K + KSB

132.5+£5.6

493.2 £ 16.1

21.3+0.4

23.0£0.5

100% K+ KSB

0.14 0.12 0.09 1.21 0.16 9.45 3.25

0.09

CD (P=0.05)

KSB, Potassium Solubilizing Bacteria, Data of 2 years were pooled and presented. Values are means of + SEd
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the significance of effective potassium management in en-
hancing maize productivity, emphasizing the necessity of
strategic nutrient practices in agriculture.

Productivity

Grain yield, straw yield and harvest index were signifi-
cantly influenced by different crop establishment methods
(Fig. 2). RB planting recorded the highest grain yield, dem-
onstrating 6.5% increase over ZT and 15.2% improvement
compared to CT. The enhanced grain yield under RBP can
be attributed to better soil aeration, reduced compaction
and improved water management, which likely facilitated
optimal root growth and nutrient uptake. Straw yield under
RBP was also the highest, exceeding ZT and CT by 7.8%
and 13.9%, respectively (Fig. 2). The elevated straw yield
indicates superior biomass accumulation under this system,
likely due to the favourable growing environment and ef-
ficient use of resources. In terms of harvest index, RB
planting showed 1.3% and 2.6% improvement over ZT and
CT, respectively indicating a more efficient partitioning of
assimilates towards grain production (Fig. 2). Raised bed
planting improves crop productivity by balancing vegeta-
tive and reproductive stages, increasing maize yields and
optimizing grain development by allocating resources and
boosting chlorophyll content. RB planting enhances crop
growth by reducing soil compaction, improving water man-
agement and increasing grain yields, making it a valuable
practice for maize cultivation. Potassium management
practices significantly affected grain yield, straw yield and
harvest index, with the combination of 100% K + KSB
proving to be the most effective (Fig. 2). Grain yield under
100% K + KSB was 19.1% higher than K control and
showed significant increase of 13.6%, 8.2%, and 4.6%
compared to 50% K, 75% K and 100% K, respectively
(Fig. 2). The improvement is attributed to the synergistic
effect of potassium solubilizing bacteria (KSB), which

16.00

BGY (Vha) BSY (Vha

14.00

12.00

10.00

8.00

Grain and straw yield (t/ha)

CT T RB K1 K2 K3 K4 K5 K6

Fig. 2. Effect of establishment methods and potassium management
on grain and straw yield of maize

CT, conventional tillage; ZT, zero tillage; RB: raised-bed planting;

K, control; K, 50% recommended dose of potassium, K, 75% rec-

ommended dose of potassium; K, 100% of recommended dose of

potassium; K, 75% recommended dose of potassium + KSB; K,

100% recommended dose of potassium + KSB.
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improves soil potassium availability, promotes nutrient
uptake and supports key physiological processes. Straw
yield followed a similar trend, with 100% K + KSB sur-
passing K control by 18.2% and showing increases of
12.7%, 8.9% and 4.5% over 50% K, 75% K and 100% K,
respectively (Fig. 2). The study indicates that enhanced po-
tassium availability and enhanced microbial activity have
significantly enhanced biomass production. Harvest index,
reflecting the efficiency of assimilate distribution towards
grain was also highest under 100% K + KSB, showing a
7.7% increase over K control and increments of 5.2%,
2.4% and 1.2% compared to 50% K, 75% K and 100% K,
respectively. The study suggests that optimal potassium
dose and microbial inoculants improves maize grain and
straw yields, enhancing growth, leaf area index and yield
potential through innovative farming methods. The use of
RB planting and proper potassium application significantly
boosts maize productivity, highlighting the advantages of
innovative farming methods (Ju e al., 2021; Rawat et al.,
2022).

The study reveals that effective maize growth and pro-
duction can be enhanced through proper planting methods
and potassium management strategies with RB planting
consistently outperforming ZT and CT. RB planting im-
proved grain yield by 15.2% compared to CT and 6.5%
compared to ZT with potassium management significantly
impacting maize performance. The synergistic approach
led to significant increases in grain yield (19.1%) and straw
yield (18.2%) compared to the K control. The study sug-
gests that combining RB planting with 100% K + KSB is
a sustainable method for enhancing maize productivity and
resource efficiency. Sustainable agriculture viz; raised bed
planting and potassium management strategies to improves
yield, soil health and nutrient cycling, but future studies
should explore long term effects on crop resilience, soil
fertility and system level sustainability.
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