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Maize (Zea mays L. ) is one of the most important
cereal crops grown worldwide for food, feed, fod-
der and many industrial purposes. Worldwide maize
is cultivated on 205 m ha area with 1163.49 m ton
production (FAO, 2023). It is third most important
crop after rice and wheat in India and during 2024-
25 maize was grown on 10.37 m ha with production
of 37.25 m ton and productivity 3472 kg/ha (Depart-
ment of Agriculture & Farmers Welfare, 2024).
Maize is primarily cultivated in rainy season. In north
western plain zone of India where irrigation facili-
ties are available, maize is also grown in spring sea-
son (February - June). Spring maize also has advan-
tages of less incidence of insect pests, diseases and
weeds. But spring season crops face low tempera-
ture in initial growth phase (February) and high tem-
perature, low humidity and more evapo-transpira-
tion during flowering and grain filling stage (April
and May). Low temperature is a sever threat for
spring maize in early growth stages which resulted
in reduced crop growth (Bano et al., 2015). This sea-
son almost remains rain free except few rains there-
fore cultivation is entirely dependent on irrigation.
The major production constraint factors for low pro-

ductivity in spring season are high temperature and
more ET during reproductive phase and very low
rainfall during whole crop period. The extreme
weather conditions during the growing period affects
growth, dry matter accumulations, assimilation re-
serves and partitioning to grains (Bello et al., 2014).
One of the key factors to harvest a good yield is ap-
propriate selection of genotypes suited to agro-cli-
matic conditions. Yield potential of a cultivar de-
pends on its genetic make-up which differs with oth-
ers in making effective utilization of resources and
tolerance to biotic and abiotic stresses. Under same
agronomic practices, the productivity of maize is
largely dependent on high yielding and resilient cul-
tivars (Wicaksana et al., 2022). Hybrid maize culti-
vars have greater yield performance than open-pol-
linated cultivars (Bista et al., 2021). The genotypic
make-up therefore consider to be the important rea-
son for varietal difference for productivity under
same level of management. A cultivar selected for
spring season should possess tolerance to low tem-
perature during initial vegetative stage and high tem-
perature during flowering, anthesis and grain filling
period. Cultivars should also have ability to make

Evaluation of maize cultivars for spring season in Indo-Gangetic plain of India

AMIT BHATNAGAR1*, N. K. SINGH2 and R. P. SINGH3

1Department of Agronomy, 2Department of Genetics and Plant Breeding, 3Department of Plant Pathology,

College of Agriculture, G. B. Pant University of Agriculture and Technology, Pantnagar-263145 (U. S.

Nagar, Uttarakhand)
*Corresponding author’s email id: bhatnagaramit75@gmail. com

ABSTRACT: A field experiment was conducted at G. B. Pant University of Agriculture and Technology, Pantnagar to
find out productive maize cultivars for spring season. A total 12 cultivars (Pant Sankar Makka 5, Pant Sankar Makka 6,
DH 300, Dekalb 9108, P 1866, Ninja, Bisco Champion 61, P 1899, NMH 589, G-0786, AHC-1212 and Pant Sankul
Makka 3) were tested in RBD with three replications. The results showed that Dekalb 9108 produced significantly
more cob yield (10700 kg/ha) and grain yield (8264 kg/ha) than other cultivars but was at par with P 1866, P 1899, Pant
Sankar Makka 5 and Pant Sankar Makka 6. Grain yield advantage in Dekalb 9108 was 33.5, 36.7, 38.2, 39.4, 39.9, 41.5
and 47.2%, respectively over DH 300, Pant Sankul Makka 3, Bisco Champion 61, AHC-1212, G-0786, NMH 589 and
Ninja. The highest net return (  126638/ha) and B:C ratio (2.21) were obtained in Dekalb 9108 which were statistically
more than other cultivars but remained at par with P 1866, P 1899, Pant Sankar Makka 5 and Pant Sankar Makka 6. The
study revealed that Dekalb 9108, Pant Sankar Makka 5, Pant Sankar Makka 6, P 1866 and P 1899 were productive for
spring season in Indo-Gangetic plain.
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efficient use of soil moisture and capacity to with-
stand low humidity coupled with high ET.

High temperature during reproductive phase in fact
adversely affect pollen viability, seed set, grain fill-
ing and thus results in reduced yield (Cao et al., 2024,
Lohani et al., 2020). The yield and growth perfor-
mance of maize hybrids varies in different climatic
conditions (Shrestha et al., 2023). Hasan et al. (2025)
also reported that varietal differences can significantly
impact seed weight, which is crucial for overall yield
potential. Pollen grains must synchronize with silks
for optimal pollination, as pollen viability diminishes
within 1–2 days post-anthesis, adversely affecting
kernel filling and yield (Khan et al., 2019). Such ge-
netically elite maize cultivars need to be identified
for complying with the existing environmental con-
ditions of the spring season. So, the evaluation of
maize cultivars in different regions is vital for assess-
ing their yield performance. Therefore, an experiment
was planned with different promising cultivars to iden-
tify suitable cultivars for spring season.

MATERIALS AND METHODS

The field experiment was conducted during the
spring season, 2020 at the N. E. Borlaug Crop Re-
search Centre of G. B. Pant University of Agricul-
ture and Technology, Pantnagar, Uttarakhand repre-
senting the Tarai belt of Uttarakhand. It is situated
at 29Ú N latitude, 79.5Ú E longitude and altitude of
243.83 m above mean sea level in the foot hills of
Himalaya. The climate of the region is broadly hu-
mid sub-tropical with cool winter and hot dry sum-
mer. Weathers conditions prevalent during spring
season 2020 are depicted in Fig.1. During the ex-
periment, the maximum temperature ranged from
22.9°C (8th Standard meteorological week) to 38.8°C
(21st Standard meteorological week) whereas the
minimum temperature varied from 8.4° C (7th Stan-
dard meteorological week) to 23.0° C (21s Standard
meteorological week). The average bright sun shine
duration ranged from 6.0 hours in 8th Standard me-
teorological week to 11.4 hours in 21st Standard
meteorological week. During the crop growing pe-
riod, a total 198.4 mm rainfall was received with in
8 rainy days. Total evaporation was 588.7 mm.

The soil of experiment field was silty clay loam in
texture, neutral in reaction (pH 7.2), medium in or-
ganic carbon (0.72%), low in available nitrogen (224
kg/ha), medium in available phosphorus (18.1 kg/
ha) and medium in available potassium (204 kg/ha).
The experiment consisting of twelve cultivars be-
long to both public and private sectors (Pant Sankar
Makka 5, Pant Sankar Makka 6, DH 300, Dekalb
9108, P 1866, Ninja, Bisco Champion 61, P 1899,
NMH 589, G-0786, AHC-1212 and Pant Sankul
Makka 3) was conducted in Randomized Complete
Block design with three replications. Crop was sown
on 12 February, 2020. One pre sowing irrigation was
given and the field was prepared by three harrowing
and one levelling. The size of sub plot was 5.0 m ×
3.6 m = 18 m2. The furrows were opened by furrow
opener at the distance of 60 cm and seeds were spaced
at 25 cm with in row. A dose of 120:60:40 kg/ha
N:P

2
O

5
:K

2
O was applied through NPK mixture

(12:32:16), urea and muriate of potash. The 25 % of
nitrogen and full dose of phosphorous and potassium
was applied as basal. Remaining nitrogen was ap-
plied in 3 equal splits at 4 leaf- stage, knee height
stage and at initiation of tasseling, respectively. One
hoeing was done in different treatment to control
weeds. One spray of chlorantraniliprole @ 0.3 ml/
litre water was also made to protect the crop from
infestation of fall army worm at knee height stage.
The crop was irrigated seven times and depth of irri-
gation was 5 cm. Crop was harvested on 6 June, 2020.
The plant height was measured at harvest from
ground surface to the ligules of the upper most fully
opened leaf. The date by which 50 per cent of the
plants bear tassel and silk was recorded as date of
50 per cent tasseling and 50% silking. Anthesis silk
interval (ASI) was calculated by taking difference
between days to 50% silking and days to 50% tas-
seling in respective treatments. The number of days
between sowing date and harvesting date were
counted and reported as crop duration in days. At
the time of harvest, the number of plants and cobs in
each net plot were counted and were expressed on
hectare basis. Five cobs were randomly selected from
each net plot. The husk was removed and their length
was measured with the help of measuring scale. The
cobs selected for measuring cob length were also
used for recording cob girth. The girth was measured
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brids was also reported by Ali et al. (2020).

Plant height

Plant height was maximum (156.8 cm) in Bisco
Champion 61 which was significantly superior to
Pant Sankar Makka 6, DH 300, AHC-1212 and Pant
Sankul Makka 3 (Table 1). The significant effect may
be due to the high responsiveness of different culti-
vars to available growth factors, viz, nutrient, solar
radiation and moisture (Jami et al., 2017). More plant
height of hybrids indicates its potential for better light
capture and enhanced photosynthesis, which are es-
sential for maximizing yield (Shrestha et al., 2023).

Days to 50% flowering and ASI

Significant differences were recorded for days to
50% tasseling and days to 50% silking among dif-
ferent cultivars (Table 1). Cultivar G-0786 had maxi-
mum days to reach 50% tasseling and 50% silking
stage (76.0 and 79.0 days, respectively) while Bisco
Champion 61 took minimum days (70.7 and 74.7
days, respectively). Anthesis silk interval (ASI) var-
ied significantly from 3.0 days (DH 300, Dekalb
9108, G-0786 and AHC-1212) to 4.0 days (Pant
Sankar Makka 5, Pant Sankar Makka 5, Bisco Cham-
pion 61, P 1899 and Pant Sankul Makka 3). Geno-
typic differences caused variation in days to 50%
flowering. These findings align with Thapa et al.

(2022), who reported significant differences in an-
thesis among maize hybrids.

Cob length and cob girth

Among cultivars, Dekalb 9108 being at par with P
1866, P 1899, Pant Sankar Makka 5 and Pant Sankar
Makka 6 attained significantly more cob length (15.7
cm) and cob girth (14.1 cm) than others (Table 1).
Genetic makeup and expression of genes are respon-
sible for growth and development of plant under spe-
cific environment conditions. Significant differences
among different hybrids for cob characteristics were
due to their genotypic differences. The variations in
cob girth and cob length among hybrids were due to
genetically induced variation (Khedwal et al., 2018;
Coelho et al., 2020). Significant variations in cob

at three points i. e. bottom, middle and top of the
cob. The average of these three values was expressed
as cob girth. The cobs were harvested manually and
were shelled when grain moisture content was about
15 per cent. Production efficiency was calculated by
dividing grain yield (kg/ha) by duration of cultivar
(days). Irrigation water use efficiency was computed
by dividing grain yield (kg/ha) by total depth of irri-
gation (cm). The economics was computed consid-
ering inputs cost and minimum support price of maize
grain prevailed during year 2024. Net returns were
calculated by deducting the cost of cultivation from
the gross returns. The benefit to cost ratio (B: C)
was worked out by dividing net returns from cost of
cultivation. The data obtained from various obser-
vations were statistically analyzed as per procedure
of Randomized Block Design by using the standard
techniques of Analysis of Variance (Gomez and
Gomez, 1984). Treatment means were compared at
5% level of significance.

Fig.1: Weather parameters during spring 2020

RESULTS AND DISCUSSION

Plant population and number of cobs

Plant population varied from 60.7 to 66.2 thousand/
ha but differences were non-significant among cul-
tivars. Similarly, number of cobs/ha were non-sig-
nificant (Table 1). All cultivars were sown at recom-
mended planting geometry so variations in plant
population did not vary significantly. Since number
of cobs depends plant population hence at par dif-
ferences in number of cobs/ha were also recorded.
Uniform plant population among various maize hy-
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length among maize genotypes were also reported
by Maruthi and Rani (2015).

100-grain weight

Significantly more 100-grain weight (28.6 g) was re-
corded in Dekalb 9108 which was at par with P 1866, P
1899, Pant Sankar Makka 5 and Pant Sankar Makka 6.
Significantly lower weight was in Ninja (23.3 g). Dif-
ferences in 100-grain weight may be attributed to ge-
notypic variations in translocation efficiency of photo-
synthates from source to sink. Grain weight is a geneti-
cally controlled factor and thus variations in 100-grain
weight among different maize hybrids were recorded

(Ali et al., 2020). These results are also in conformity
with the findings of Magashi et al. (2015).

Grain weight/ cob

Grain weight/cob varied significantly where
Dekalb 9108 had significantly more value (130
g) than other cultivars but remained at par with
P 1866, P 1899, Pant Sankar Makka 5 and Pant
Sankar Makka 6 (Table 1). Minimum grain
weight/cob (90.4 g) was recorded in Ninja fol-
lowed by G-0786. Variations in grain weight/
cob among cultivars was due to differences in
cob length cob girth and 100-grain weight. A

Table 1: Growth and yield attributes of maize cultivars in spring season

Treatment Plants Cobs Plant Days Days ASI Cob Cob 100-grain Grain
 (×103)  (×103)/  height to 50% to 50%  (days) length girth weight weight/

/ha ha  (cm) tasseling silking  (cm)  (cm)  (g) cob (g)

Pant Sankar Makka 5 64.4 64.4 149.8 73.7 77.7 4.0 15.2 13.7 27.5 112.7
Pant Sankar Makka 6 63.0 63.0 147.4 71.0 74.7 3.7 15.2 13.7 27.7 117.8
DH 300 61.5 61.5 144.3 75.0 78.0 3.0 14.6 12.9 23.8 101.9
Dekalb 9108 61.0 61.0 156.2 71.0 74.0 3.0 15.7 14.1 28.6 130.0
P 1866 63.7 63.7 154.7 69.0 73.0 4.0 15.4 13.9 28.4 125.5
Ninja 64.2 64.2 152.9 75.0 78.0 3.0 13.6 12.2 23.3 90.4
Bisco Champion 61 66.2 66.2 156.8 70.7 74.7 4.0 14.6 13.2 24.3 94.9
P 1899 60.7 60.7 153.9 74.0 78.0 4.0 15.2 13.7 27.6 116.3
NMH 589 63.0 63.0 152.4 73.0 76.3 3.3 13.6 12.3 23.6 92.6
G-0786 63.2 63.2 153.4 76.0 79.0 3.0 13.6 12.4 23.8 91.9
AHC-1212 63.5 63.5 142.4 69.0 72.0 3.0 13.5 12.3 23.4 96.4
Pant Sankul Makka 3 63.2 63.2 139.6 66.3 70.3 4.0 13.7 12.4 23.8 96.6
SEm± 1.5 1.5 3.0 0.2 0.2 0.1 0.2 0.2 0.5 7.1
CD (5%) NS NS 8.9 0.5 0.6 0.4 0.6 0.6 1.4 20.8

Table 2: Yield, water use efficiency and B:C of maize cultivars in spring season

Treatment Cob Grain Shelling Stover Biological Harvest Irrigation water B:C
yield yield  (%) yield yield index  use efficiency ratio

 (kg/ha)  (kg/ha)  (kg/ha)  (kg/ha)  (%)  (kg/ha-cm)

Pant Sankar Makka 5 9543 7243 75.8 11926 21469 33.7 206.9 1.82
Pant Sankar Makka 6 9744 7328 75.2 11852 21596 34.0 209.4 1.85
DH 300 8257 6189 75.0 11630 19887 31.1 176.8 1.41
Dekalb 9108 10700 8264 77.2 13704 24404 33.9 236.1 2.21
P 1866 10620 8159 76.9 13333 23953 34.1 233.1 2.17
Ninja 7379 5613 76.0 9333 16713 33.6 160.3 1.18
Bisco Champion 61 8002 5978 74.7 9778 17780 33.7 170.8 1.32
P 1899 9851 7395 75.1 11407 21259 34.8 211.3 1.87
NMH 589 7740 5841 75.4 9629 17369 33.6 166.9 1.27
G-0786 7941 5905 74.4 9926 17867 33.2 168.7 1.29
AHC-1212 7833 5926 75.8 9852 17684 33.4 169.3 1.30
Pant Sankul Makka 3 8036 6047 75.2 10222 18258 33.0 172.8 1.35
SEm± 509 382 0.8 553 722 1.6 10.9 0.15
CD (5%) 1504 1129 NS 1633 2131 NS 32.2 0.44
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similar result was also obtained by Duchok et

al. (2021).

Cob and grain yield

Dekalb 9108 produced significantly more cob yield
(10700 kg/ha) and grain yield (8264 kg/ha) than other
cultivars but remained at par with P 1866, P 1899,
Pant Sankar Makka 5 and Pant Sankar Makka 6
(Table 2). The yield advantage in Dekalb 9108 was
33.5, 36.7, 38.2, 39.4, 39.9, 41.5 and 47.2% over
DH 300, Pant Sankul Makka 3, Bisco Champion 61,
AHC-1212, G-0786, NMH 589 and Ninja, respec-
tively. Yield attributes such as cob length, cob girth
and 100-grain weight directly contribute to cob and
grain yield. Significant differences in such yield at-
tributes led to statistical differences in cob yield. Raut
et al. (2017) and Bista et al. (2021) noticed signifi-
cant differences for yield attributing traits among
genotypes which strongly support the present find-
ing. Grain yield of maize depends on number of cobs
per unit area and grain weight per cob. In this study
number of cobs/ha were at par but grain weight/cob
varied significantly. Therefore, differences in grain
yield were due to significant variation in yield at-
tributes such as cob length, cob girth and 100-grain
weight. Thapa et al. (2022) also reported that cob
length is a direct contributor to grain yield. Dekalb
9108, P 1866, P 1899, Pant Sankar Makka 5 and Pant
Sankar Makka 6 had higher value of grain weight/
cob as a result of more cob length, cob girth and
100-grain weight than other hybrids and therefore
recorded more grain yield. These results confirm the
findings of Khan et al. (2019).

Stover Yield

Dekalb 9108 being at par with P 1866 recorded sig-
nificantly more stover yield (13704 kg/ha) than other
cultivars (Table 2). Significantly lower stover yield
was noted in Ninja followed by NMH 589. The varia-
tion in stover yield was due to varietal differences
(Jami et al., 2017).

Biological yield

Maximum biological yield (24404 kg/ha) was ob-

tained in Dekalb 9108 which was significantly higher
than other cultivars except P 1866 (Table 2). Bio-
logical yield was minimum in Ninja (16713 kg/ha)
followed by NMH 589. Biological yield is sum total
of cob yield and stover yield. Cultivars which pro-
duced significantly more cob and stover yield had
significantly more biological yield. These results
agree with Bishta et al. (2021).

Shelling percentage

Data presented in Table 2 show that shelling ranged
from 74.4% in G-0786 to 77.2% in Dekalb 9108 but
cultivars failed to show statistical differences. Non
significant differences in shelling percentage indi-
cated that ratio of grain to cob was same in all culti-
vars.

Harvest index

Harvest index is the ratio of grain yield to biological
yield. It tells the photosynthetic efficiency of a crop
for transformation of assimilates into the economic
yield. Data in the Table 2 indicated that different
cultivars responded non significantly for harvest in-
dex. These results are in agreement with those of Ali
et al. (2020) who reported that harvest index was
non-significant among maize hybrid.

Production efficiency

Fig.2: Production efficiency of maize cultivars in spring

season
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Fig.2 elucidated production efficiency of different
cultivars in spring season. Data revealed that Dekalb
9108 being at par with P 1866 P 1899, Pant Sankar
Makka 5 and Pant Sankar Makka 6 had significantly
more production efficiency (71.9 kg/ha/day) than
other cultivars. The lowest production efficiency was
noted in Ninja (48.8 kg/ha/day). Production effi-
ciency is ratio between yield and crop duration which
is affected directly by grain yield and inversely by
duration of crop. Every cultivar had same duration
(115 day) because sowing and harvesting dates were
same for all cultivars but these varied for grain yield.
Thus, only differences in grain yield caused varia-
tion in production efficiency. Olasehinde et al. (2023)
also noted differences in production efficiency of
different maize cultivars.

Water use efficiency

Crop faced high temperature and high ET with low
rains during late vegetative phase and reproductive
stage. These factors led to more irrigation require-
ment. Significantly more irrigation water use effi-
ciency (236.1 kg/ha-cm water) was noted in Dekalb
9108 which was at par with P 1866, P 1899, Pant
Sankar Makka 5 and Pant Sankar Makka 6. (Table
2). The lowest irrigation water use efficiency was
recorded in Ninja (160.3 kg/ha-cm water). Irrigation
water use efficiency is directly related to grain yield
and inversely with amount of irrigation water ap-
plied. All cultivars were irrigated equal in frequency
(7 times) and with same depth of irrigation (5 cm).

Thus, amount of water application in all cultivars
was equal i. e., 35 cm. Therefore, cultivars with more
grain yield attained more irrigation water use effi-
ciency. These results are in the lines of Fandika et

al. (2020).

Economics

The cost of cultivation was same (  57238/ha) in all
hybrids because of same level of inputs (Fig.3). Gross
return followed the trend of grain yield and signifi-
cantly more gross return was recorded in Dekalb
9108 ( 183876/ha) followed by P 1866 (  181536/
ha). The highest net return ( 126638/ha) and B:C
ratio (2.21) were also obtained in Dekalb 9108 which
were statistically more than other cultivars but were
at par with P 1866, P 1899, Pant Sankar Makka 5
and Pant Sankar Makka 6. The monetary advantage
in Dekalb 9108 over DH 300, Pant Sankul Makka 3,
Bisco Champion 61, AHC 1212, G-0786, NMH 589
and Ninja was 46160, 49330, 50786, 52024, 52500,
53926 and 58989/ha, respectively. The lowest net
return and B:C were obtained in Ninja. Differences
in gross and net return were due to differences only
in grain yield because cost of cultivation was same
in all cultivars. Cultivars with more net return had
higher value of B:C.

CONCLUSION

The productivity and profitability of Dekalb 9108
were the highest in spring season and this cultivar
was at par with Pant Sankar Makka 5, Pant Sankar
Makka 6, P 1866 and P 1899. Based on this study
these promising cultivars may be suggested for cul-
tivation in spring season in Indo-Gangetic plain.
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