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Growth, nutrient uptake and yield of direct seeded rice as influenced by
weed management practices

LEKSHMI SEKHAR', AMEENA M.2, NIMMY JOSE? ano SHALINI PILLAI P.*
College of Agriculture, Vellayani, Thiruvananthapuram 695 522, Kerala

Received: October 2023; Revised accepted: August 2024

ABSTRACT

A field experiment was conducted during the kharif seasons of 2018 and 2019 at the College of Agriculture,
Kerala Agricultural University, Vellayani, Kerala, to evaluate the effect of herbicides and herbicide combinations
(both premix and tank mix) on the weed management, growth, nutrient uptake and yield of direct seeded rice
(DSR). The experiment was laid out in randomized block design with three replications. Nine weed control treat-
ments were used, including sole application of three herbicides (cyhalofop butyl @ 80 g/ha, bispyribac sodium @
25 g/ha, fenoxaprop-p-ethyl @ 60 g/ha), five herbicidal combinations (premix of penoxsulam 1.02% + cyhalofop-
butyl 5.1% @ 150 g/ha; tank mix (TM) of cyhalofop butyl @ 80 g/ha + carfentrazone ethyl @ 20 g/ha, TM of
bispyribac sodium @ 25 g/ha + cyhalofop butyl @ 80 g/ha, TM of bispyribac sodium @ 25 g/ha + fenoxaprop-p-
ethyl @ 60 g/ha and stale seedbed with TM of glyphosate @ 800 g/ha + oxyfluorfen @ 150 g/ha at 15-20 days to
knock out weeds followed by TM of cyhalofop butyl @ 80 g/ha + carfentrazone ethyl @ 20 g/ha at 3—-4 stage of
weed), and hand weeding (HW) twice at 20 and 40 days after sowing. Weeds removed 27.72, 4.61 and 67.95 kg
of N, P and K/ha, respectively at 45 days after treatment application (DATA) under unweeded condition in direct
seeded rice. Herbicidal treatments enhanced grain yield by 23.89 to 58.84 % and herbicide combinations in-
creased grain yield by 56 to 59 % compared to the unweeded control in direct seeded rice. Tank mix combination
of bispyribac sodium @ 25 g/ha + fenoxaprop-p-ethyl @ 60 g/ha and bispyribac sodium @ 25 g/ha + cyhalofop bu-
tyl @ 80 g/ha and premix combination of penoxsulam + cyhalofop butyl @ 150 g/ha recorded higher nutrient up-
take and grain yield (5.03, 4.76 and 4.79 t/ha, respectively) and were on par to HW twice. Unweeded control
recorded the lowest pooled grain yield (2.07 t/ha) and uncontrolled weed competition resulted in 59.95 % reduction
in grain yield in direct seeded rice.

Key words: Crop competition, Herbicide combinations, Herbicide interactions, Nutrient removal, Nutrient

uptake, Yield reduction

With global grain demand projected to double by 2050,
the challenge lies in substantially enhancing rice produc-
tion, given its status as the world’s most important food
crop. This semi-aquatic annual grass from tropical Asia,
plays a vital role in global food security being one of the
most important staple foods for more than 3.5 billion
people all over the world (CGIAR, 2023). India is the sec-
ond largest producer and consumer of rice after China,
contributing 21% of the global rice production (APEDA,

Based on a part of Ph.D. Thesis of the first author submitted to
the Kerala Agricultural University, Thrissur, Kerala in 2022
(unpublished)

2Corresponding author’s Email: ameena.m@kau.in

'"PhD Scholar, **Professor, Department of Agronomy, College of
Agriculture, Kerala Agricultural University, Vellayani, Thiru-
vananthapuram 695522, Kerala; *Professor, M. S. Swaminathan Rice
Research Station, Kerala Agricultural University, Moncompu
688 503, Kerala

2021). In Kerala, it is grown in an area of 1.91 lakh ha with
total production of 5.87 lakh tonnes and productivity of
3070 kg/ha during 2019-20 (GOK, 2022). However, the
productivity of rice, particularly in direct-seeded systems,
faces significant challenges due to weed infestations.
Weeds are one of the major biotic constraints, causing sig-
nificant yield reductions and economic losses in direct
seeded rice. In direct-seeded rice systems, where rice seeds
are sown directly into the field without transplanting,
weeds can establish and proliferate more easily, posing a
greater threat to crop yields. As the weeds emerge concur-
rently with rice and farmers are rarely able to use standing
water to inhibit weeds in the early stages of growth, the
risks of crop yield loss due to competition from weeds in
direct seeded rice (DSR) are greater than in transplanted
rice (Chauhan and Johnson, 2010).

Even though DSR eliminates the need for labour-inten-
sive and costly transplanting, it is also associated with
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increased weed pressure. Weed growth caused 52.2% re-
duction in grain yield in the wet direct seeded rice
(WDSR), as reported by Umkhulzum and Ameena (2019),
and highlighted the importance of keeping the field weed-
free at critical periods of crop growth. The unfavourable
environment caused by weeds throughout the crop cycle in
the weedy check plots in dry DSR resulted in shorter
panicle length and lower thousand grain weight as reported
by Chaudhary et al. (2018). Weeds dominate the crop habi-
tat and limit yield potential due to their adaptability and
rapid growth and show dynamic spatial variations both
within and across fields, along with temporal fluctuations
during and between seasons. Thus, the potential benefits of
direct seeding must be weighed against the risks posed by
increased weed pressure (Ameena et al., 2024). Therefore,
it is important to manage weeds effectively in order to
maintain soil fertility and ensure sustainable crop produc-
tion. According to Singh et al. (2018), the annual loss of
rice grain yield in India is estimated to be more than 15
million tonnes due to weed infestation. Weeds can have a
significant impact on nutrient removal in agricultural sys-
tems, leading to soil nutrient depletion and decreased soil
fertility over time. This can lead to reduced crop productiv-
ity, increased costs for fertilizer applications, and lower
farm profitability (Kumar et al., 2024). Weed competition
in wet direct seeded rice limited the availability of nutrients
to the crop, negatively affecting growth and yield charac-
teristics, leading to increased competition and ultimately
reduced rice yield (Reddy and Ameena, 2021a).

The use of herbicides has emerged as a key strategy for
controlling weeds, offering a reliable and efficient means to
reduce weed pressure and minimize yield losses. Despite
the benefits, relying solely on single herbicide applications
can be insufficient due to the diversity of weed species and
the potential for herbicide resistance development. Herbi-
cides has become an inevitable practice in DSR due to the
enormous and extensive population of weeds, coupled with
the paucity and high cost of labour for manual weeding,
despite concerns about weed shifts, herbicide resistance
and environmental trade-offs. A variety of herbicides have
been used to control weeds in the DSR, though chemical
management methods focused on a single herbicide may be
ineffective due to their limited weed control spectrum. To
address these challenges, the tank mix application of her-
bicides has gained attention. This approach involves com-
bining multiple herbicides with different modes of action in
a single application. By doing so, it targets a broader spec-
trum of weeds and reduces the likelihood of resistance de-
velopment, enhancing overall weed control efficacy. Tank
mix applications provide several advantages, including
improved weed management, reduced labour and opera-
tional costs, and better crop safety. This method is particu-

[Vol. 69, No. 3

larly beneficial in direct-seeded rice systems, where timely
and effective weed control is crucial for ensuring optimal
growth and maximum yield (Arya and Ameena, 2016).
Herbicide mixtures are regarded as effective tools for cost-
effective weed control in intensive agriculture, and herbi-
cide combinations (both tank and proprietary mixtures)
broaden the weed control spectrum with a single applica-
tion (Yogananda et al., 2022). Using two or more herbi-
cides may become a component of a more effective and
integrated technique in the future to achieve better control
of complex weed flora in DSR. Herbicide mixes will help
to avoid the resistance problem and weed population shifts
that are always a concern when using a single herbicide
(Duary et al., 2015). Tank mixing of appropriate herbicide
formulations is a potential economic approach for dealing
with weed shift, herbicide resistance and broad-spectrum
weed management. In this context, the present study aimed
to evaluate the effectiveness of various weed management
practices, including herbicides and herbicide combinations,
in reducing weed competition and improving the growth,
nutrient uptake, and yield of DSR.

MATERIALS AND METHODS

The experiment was carried out during the kharif season
of 2018 and 2019 at the Integrated Farming System Re-
search Station in Thiruvananthapuram (8° 47' N latitude,
76° 96' E longitude; 40 m above mean sea level) under
Kerala Agricultural University. The soil of the experimental
site was sandy clay loam in texture under the typical
tropofluent, deep riverine alluvium with a pH of 4.84 (very
strongly acidic) and 5.56 (moderately acidic), respectively
during 2018 and 2019. The soil was low in available N
(225.8 kg/ha during 2018 and 175.6 kg/ha during 2019),
high in available P (32 kg/ha during 2018 and 29 kg/ha
during 2019), and K (450.9 kg/ha during 2018 and 377.6
kg/ha during 2019), as well as organic carbon (1.55% dur-
ing 2018 and 2.18% after flood with silt deposition during
2019).

The plot size of each experimental unit was 5 m x 4 m.
The rice variety ‘Uma’ (MO-16) was directly sown in the
field at a seed rate of 100 kg/ha. The crop was managed
uniformly, except for weed control. The experiment com-
prised nine weed control treatments, including the sole
application of three herbicides, five herbicidal combina-
tions, and hand weeding (HW) twice at 20 and 40 days
after sowing (DAS). The herbicidal treatments were
cyhalofop butyl (CB) @ 80 g/ha, bispyribac sodium (BS)
@ 25 g/ha, fenoxaprop-p-ethyl (FPE) @ 60 g/ha, premix of
penoxsulam 1.02% (PS) + cyhalofop butyl 5.1% (CB) (6%
OD) - commercial formulation @ 150 g/ha, tank mix (TM)
of cyhalofop butyl (CB) @ 80 g/ha + carfentrazone
ethyl (CE) @ 20 g/ha, TM of bispyribac sodium (BS) @ 25
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g/ha + cyhalofop butyl (CB) @ 80 g/ha, TM of bispyribac
sodium (BS) @ 25 g/ha + fenoxaprop-p-ethyl (FPE) @ 60
g/ha and stale seedbed (SSB) with TM of glyphosate @
800 g/ha + oxyfluorfen @ 150 g/ha at 15-20 days after
land preparation to knock out weeds followed by (fb)
TM of cyhalofop butyl @ 80 g/ha + carfentrazone ethyl @
20 g/ha at 18 DAS). For season long weedy conditions, an
unweeded control was also maintained. Weed management
was done as per the treatments.

All the herbicide treatments were applied at 18 DAS,
when weeds reached the 3—4 leaf stage. The spray volume
used in the study was 500 L/ha, and herbicides were
sprayed with a hand operated knapsack sprayer fitted with
a flat fan nozzle. In stale seedbed treatment, the fields were
drained and weed seeds were allowed to germinate for 15
days, fb chemical weeding with TM of glyphosate 41% SL
@ 0.8 kg/ha + oxyfluorfen 23.5% EC @ 0.15 kg/ha at 15-
20 days after land preparation. After broadcasting the pre-
germinated rice seeds uniformly in puddled field (direct
seeded rice), the tank mix combination of cyhalofop butyl
@ 80 g/ha + carfentrazone ethyl @ 20 g/ha was sprayed
at the 3—4 leaf stage of the weeds and HW was carried out
as per the schedule. Weed density and dry weight were
measured at 15, 30 and 45 days after treatment application
(DATA) using a 0.5 m % 0.5 m quadrat placed randomly in
each plot. The weeds were pulled from a randomly selected
0.25 m? area, then dried in an oven at 65°C until reaching
a constant weight, with the dry weight recorded in g/m? for
each treatment. Weed-control efficiency (WCE) represents
the degree of weed reduction achieved by the weed-control
treatment and was calculated using the formula provided
by Mani et al. (1973).

Nutrient removal by weeds at 15, 30, 45 DATA and the
content and uptake of major nutrients by the rice crop at
harvest were analyzed by standard procedures (Jackson,
1973). The removal of N, P and K by weeds was calculated
as the product of the content of these nutrients and the dry
weight of weeds sampled and expressed in kg/ha. The nu-
trient uptake of rice was calculated as the product of nutri-
ent content and the plant dry weight and expressed in kg/
ha. For calculating grain yield, grains from each plot, after
winnowing and cleaning, were weighed separately and re-
corded the fresh weight. The grains were dried to 13%
moisture content, weighed and expressed in kg/ha. The dry
weight of straw from the plot area of each treatment was
recorded after sun drying for three consecutive days and
was expressed in kg/ha. All the data were analysed through
analysis of variance (ANOVA) using standard variance
techniques, as suggested by Gomez and Gomez (1984).
Weed data were subjected to square root transformation
[N(x + 1)] before statistical analyses to improve the homo-
geneity of variance. Treatment means were separated using
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the critical difference (CD) at 5% level of significance
(P<0.05).

RESULTS AND DISCUSSION

Effect of weed management treatments on growth pa-
rameters of rice

Growth of the plant is characterized by plant height,
number of tillers, number of panicles and dry matter pro-
duction (DMP). The growth of plants under the treatments
that showed phytotoxic symptoms too recovered within
one week after application and did not influence their fur-
ther growth. All herbicidal treatments resulted in taller
plants with higher tiller production compared to unweeded
control during both the years in DSR (Table 1). Herbicide
application reduced weed competition during the early
growth phase by providing better access to resources, re-
sulting in an increase in height compared to the unweeded
control, where severe weed infestation was observed. The
absence of weeding led to a reduction in plant height rang-
ing from 6.61% to 14.36% in wet seeded rice. The signifi-
cantly lower plant height recorded in the unweeded control
during both years might be attributed to the severe compe-
tition from weeds, which resulted in poor resource use ef-
ficiency and inferior growth attributes. Under direct seeded
lowland conditions, Sahu (2016) reported a 14.25% reduc-
tion in plant height in the unweeded control. The lower
plant height in the early stages of stale seed bed fb chemi-
cal weeding may be due to the delay in germination caused
by the application of oxyfluorfen, which is adsorbed on to
the organic matter in the soil. The strong adsorption of
oxyfluorfen in the top soil layers (0-2 ¢cm) and organic
matter was earlier reported by Devi et al. (2015) and
Ameena (2015).

At harvest, the highest number of tillers/ m? (336) was
recorded in BS @ 0.025 kg/ha + CB @ 0.08 kg/ha during
2018, which was statistically equivalent to BS @ 0.025 kg/
ha + FPE @ 0.06 kg/ha, PS + CB (6% OD) @ 0.15 kg/ha,
BS @ 0.025 kg/ha and HW twice at 20 and 45 DAS.
Unweeded control produced the fewest tillers, 203/m? in
2018 and 197/m? in 2019 (Table 1). Due to severe weed
competition, the number of tillers/m? in the unweeded con-
trol was reduced by 37.72% compared to HW twice at 20
and 45 DAS. When compared to the unweeded control,
herbicide combinations increased tiller production per unit
area by 32 to 40%. Tillering capacity reflects the ability of
plant to effectively use space, light, and nutrition, and it
ultimately contributes to yield.

Higher number of panicles/m? of 304 was recorded in
HW twice at 20 and 45 DAS and PS + CB (6% OD) @
0.15 kg/ha during 2018 and registered an average of 308
and 307 panicles/m?, respectively during 2019. This was
statistically comparable with BS @ 0.025 kg/ha + FPE @
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0.06 kg/ha, SSB fb chemical weeding, BS @ 0.025
- e e o e S kg/ha + CB @ 0.08 kg/ha, BS @ 0.025 kg/ha and
21923 2 St 9gzanl CB @ 0.08 kg/ha + CE @ 0.02 kg/ha with the aver-
SR 2 {3z & KRusSYo age number of 301, 275, 272, 264 and 255 panicles/
= m? respectively during 2018. Due to severe weed
P y g
& & " . )
E Sy competition, the number of panicles/m? in the
- oo o+ e o e~ e— o o unweeded control was reduced by 66.64% compared
= Je o odz =2 ggoeg S = to HW twice at 20 and 45 DAS. Herbicide combina-
SIS € =& o N = I X < . . . .
Tl Tx & Fow »w FEaIT -~ tions resulted in 59-67% increase in panicle produc-
tion per unit area as compared to unweeded control.
Weed management practices had a significant in-
fluence on the total DMP of crops. Data analysis on
% =8 § E E § § E 3 g ; E pooled DMP revealed that HW twice recorded
E higher DMP (946.58 and 1015.6 g/m?) and was
g g
ClE found to be on par with BS @ 0.025 kg/ha + FPE @
S -2 0.06 kg/ha, PS + CB (6% OD) @, 0.15 kg/ha, and BS
Z g >
& | c e v o ga - emogoa @ 0.025 kg/ha + CB @ 0.08 kg/ha during both the
S|8 & 8§85 8 [SSE2d9x years (Table 1). With the exception of CB @ 0.08 kg/
ha + CE @ 0.02 kg/ha, application of herbicide com-
binations resulted in a 33% increase in crop DMP
when compared to sole application of herbicides.
N o —— © e~ 0 This could be due to better weed control in thgse
S|I8&E & 88 8 [/828<yF treatments due to less competition for resources like
o | « E space, light, and nutrients. The DMP of a crop is
2 z % determined by the ability of plant to photosynthesize,
§ 8- which is influenced by leaf area, nutrient uptake, and
g Xlge v we 9 gognn " favourable environmental conditions (De Datta,
?;3 QIAm & oo 0 A6&8o0tq 1981). Lower crop DMP in CB @ 0.08 kg/ha + CE
3 @ 0.02 kg/ha could be attributed to increased weed
; competition and failure to control many weeds as a
2 result of the antagonistic response. Unweeded con-
§ g 238 2 83 g 283322 trol had.the lowest total DMP (351.31 and 358.19 g/
S a - - -0 = m?), which was comparable to CB at 0.08 kg/ha.
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§ 2 (Mani et al., 2023). Among the various weed man-
8 2 agement practices used, HW achieved higher grain
g ~ ; yield (5.20 t/ha) and recorded a 60.19% increase in
;‘ 8 P 2 —3“ grain yield over the unweeded control in DSR. When
= 3 L, sE8E Esg 2 = Z compared to the unweeded control, herbicidal treat-
& 2% 2922:2993% 3 S ments increased grain yield by 23.89-58.84%. BS @
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Table 2. Effect of weed management practices on grain yield and straw yield of direct seeded rice

Treatment Grain yield Straw yield Pooled yield
(t/ha) (t/ha) (t/ha)
2018 2019 2018 2019 Grain Straw
Cyhalofop butyl @ 0.08 kg/ha 3.26 2.17 4.51 3.58 2.72 4.06
Penoxsulam + cyhalofop butyl (6% OD) 4.55 5.03 6.06 6.27 4.79 6.18
@ 0.15 kg/ha
Cyhalofop butyl @ 0.08 kg/ha + 3.68 4.20 4.99 5.65 3.95 533
carfentrazone ethyl @ 0.02 kg/ha
Bispyribac sodium @ 0.025 kg/ha 3.76 4.19 5.64 5.26 3.98 5.45
Bispyribac sodium @ 0.025 kg/ha + 4.37 5.14 5.92 6.09 4.76 6.00
cyhalofop butyl @ 0.08 kg/ha
Bispyribac sodium @ 0.025 kg/ha+ 4.76 5.30 6.12 6.37 5.03 6.25
fenoxaprop-p-ethyl @ 0.06 kg/ha
Fenoxaprop-p-ethyl @ 0.06 kg/ha 3.20 3.12 4.52 4.30 3.16 4.41
Stale seedbed fb chemical weeding 4.02 4.74 5.52 5.89 4.38 5.72
unweeded control 2.13 2.01 3.88 3.42 2.07 3.66
Hand weeding twice at 20 and 45 DAS 4.93 5.47 6.84 6.79 5.20 6.82
SEm+ 0.17 0.23 0.17 0.22 0.19 0.18
CD (P=0.05) 0.88 0.91 0.84 0.76 0.70 0.53

DAS, Days after sowing

The plots treated with CB @ 0.08 kg/ha + CE @ 0.02
kg/ha (3.95 t/ha) had the lowest grain yield among the her-
bicide combinations, owing to the lower crop DMP.
Among the herbicidal treatments, sole application of CB at
0.08 kg/ha and FPE at 0.06 kg/ha resulted in significantly
lower grain yield (2.72 and 3.16 t/ha). Weed infestation
caused by ineffective control of BLWs and sedges, as well
as increased nutrient loss by weeds, resulted in lower crop
yield. The unweeded control had the lowest grain and
straw yield. Seasonal weed competition in the unweeded
control reduced grain yield in DSR by 56.77 in 2018 and
63.13% in 2019, when compared to the treatment with the
highest grain yield. Weed infestation was heavy and un-
abated, resulting in very severe competition and inoppor-
tune exploitation of growth factors, which may have re-
sulted in lower yields in unweeded control. Reddy and
Ameena (2021b) reported a 59.75 % reduction in grain
yield due to weedy check in rainfed lowland wet DSR.

The hand weeded treatment yielded more straw (6.82 t/
ha), which was comparable to the herbicide combination
treatments BS @ 0.025 kg/ha + FPE @ 0.06 kg/ha (6.25 t/
ha), PS + CB (6% OD) @ 0.15 kg/ha (6.18 t/ha), and BS
@ 0.025 kg/ha + CB @ 0.08 kg/ha (6.00 t/ha). These treat-
ments increased straw yield by 46.33, 41.44, 40.77, and
39.0%, respectively, when compared to the unweeded con-
trol. This could be attributed to increased tiller production
as a result of better crop stand and lower competition. The
unweeded control generated lower straw yield (3.66 t/ha).
The reduced tiller count and poor crop stand in the
unweeded control may have resulted in lower straw output.

Herbicide combinations produced higher grain yields

than single herbicide applications, increasing grain yield by
16-28% when compared to BS alone and by 56-59%
when compared to unweeded control. Lower crop-weed
competition in herbicide combinations compared to sole
application during both years may have resulted in higher
yield due to improved control of complex weed flora. Rice
plants in vigorous stands have an advantage over weeds,
resulting in increased growth, allometry, yield components,
and, ultimately, yield.

Effect of weed management treatments on nutrient up-
take by the crop at harvest

Nutrient uptake of the crop is a function of grain yield,
straw yield and its nutrient content. Weed management
treatments had a significant impact on total NPK uptake by
crop at harvest. Among the herbicide treatments, BS @
0.025 kg/ha + FPE @ 0.06 kg/ha, PS + CB (6% OD) @
0.15 kg/ha, and BS @ 0.025 kg/ha + CB @ 0.08 kg/ha had
the highest crop nutrient uptake (Table 3). These treatments
were statistically comparable to hand weeding twice,
which had the highest total nutrient uptake in both 2018
and 2019. This was due to improved crop growth param-
eters as a result of lower weed count and weed DMP.
Higher grain and straw yields were achieved in these treat-
ments due to broad-spectrum weed control, which resulted
in less nutrient depletion by weeds, and therefore, greater
nutrient uptake of the crop. As a result, the supply of car-
bohydrates to plant organs increased, which may have re-
sulted in higher DMP. Reduced crop-weed competition at
all stages of plant growth provided a favourable growing
environment for the crop in the hand weeded plot, which
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may have resulted in higher nutrient uptake. Nanjappa and
Krishnamurthy (1980) demonstrated an inverse relation-
ship between rice crop nutrient uptake and weed nutrient
depletion.

Crop nutrient uptake was the lowest in unweeded con-
trol, with 42.39, 3.99, and 38.05 kg N, P, and K/ha
recorded, respectively (Table 3). CB at 0.08 kg/ha and FPE
at 0.06 kg/ha recorded lower nutrient uptake, both by
grains and straw, and were found to be on par with
unweeded control during both years. Among tank mix ap-
plications, CB @ 0.08 kg/ha + CE @ 0.02 kg/ha had the
lowest K uptake, with 90.51 in 2018 and 108.60 kg/ha in
2019. Rigorous weed infestation might have curtailed the
nutrient recovery by crops in unweeded control. The appli-
cation of the herbicide combinations led to minimal weed
presence during the critical period and resulted in superior
grain yields, increased dry matter production, enhanced
crop NPK uptake, and reduced weed NPK removal in di-
rect-seeded rainfed lowland rice (Reddy and Ameena,
2021b).

Weed flora and effect of weed management practices
on weed control efficiency

The experimental field was infested with various weeds,
including Leptochloa chinensis, Echinochloa colona,
Isachne miliacea, Sphenoclea zeylanica, Bergia capensis,
Monochoria vaginalis, Limnocharis flava, Ludwigia
perennis, Alternanthera philoxeroides, Lindernia sp.,
Cyperus iria, Cyperus difformis, Fimbristylis miliacea and
Marsilia quadrifolia. The field was dominated by grass
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weeds and the number of broad leaf weeds and sedges
were comparatively lower. Tank mix application of BS @
0.025 kg/ha + FPE @ 0.06 kg/ha registered the least count
of grass weeds at all stages and registered 100, 96.89 and
92.97 per cent reduction in weed count over unweeded
control at 15, 30 and 45 DATA in DSR (Fig. 2). Amongst
the weed management practices, higher weed control effi-
ciency (WCE) of 96.80, 98.56 and 92.84% were recorded
in HW twice at 20 and 45 DAS, respectively at 15, 30 and
45 DATA. In DSR, tank mix application of BS @ 0.025
kg/ha + FPE @ 0.06 kg/ha was equally effective as HW
twice at 20 and 45 DAS with WCE of 96.55, 98.20 and
89.70%, respectively at 15, 30 and 45 DATA (Fig. 1). This
might be possible because of the efficient management of
a broad spectrum of weeds by the combined action of her-
bicides with different mode of action. Combining herbi-
cides with different modes of action effectively controls the
weed flora.
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Fig. 1. Effect of weed management practices on pooled weed con-
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Table 3. Effect of weed management practices on crop nutrient uptake at harvest
Treatment N uptake P uptake K uptake
(kg/ha) (kg/ha) (kg/ha)
2018 2019 2018 2019 2018 2019

Cyhalofop butyl @ 0.08 kg/ha 70.22 50.21 5.55 4.78 60.84 56.62
Penoxsulam + cyhalofop butyl (6% OD) 140.74 109.75 13.16 12.22 147.97 139.48
@ 0.15 kg/ha
Cyhalofop butyl @ 0.08 kg/ha + 107.22 82.33 9.44 9.16 90.51 108.60
carfentrazone ethyl @ 0.02 kg/ha
Bispyribac sodium @ 0.025 kg/ha 113.64 68.89 9.61 8.04 110.43 107.22
Bispyribac sodium @ 0.025 kg/ha + 136.68 111.17 11.83 12.54 142.42 138.04
cyhalofop butyl @ 0.08 kg/ha
Bispyribac sodium @ 0.025 kg/ha + 147.54 137.31 14.25 14.11 153.52 147.84
fenoxaprop-p-ethyl @ 0.06 kg/ha
Fenoxaprop-p-ethyl @ 0.06 kg/ha 81.44 61.34 7.66 5.67 67.00 59.21
Stale seedbed fb chemical weeding 114.88 86.84 10.25 9.79 118.10 110.76
unweeded control 50.58 34.21 4.50 3.47 39.07 37.04
Hand weeding twice at 20 and 45 DAS 162.68 164.62 15.33 15.64 172.44 172.26

SEm+ 11.4 7.3 1.1 0.8 8.4 9.9

CD (P=0.05) 29.4 25.3 3.6 3.9 34.0 29.5

DAS, Days after sowing
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Fig. 2. Effect of weed management practices on weed count at criti-
cal period of crop weed competition

Effect of weed management practices on nutrient re-
moval by weeds

Nutrient removal is a function of total weed DMP and
nutrient content, and it reflects weed competitiveness,
which limits nutrient availability to the crop, instigating
yield reduction. Weed management practices statistically
influenced nutrient removal by weeds at 15, 30, and 45
DATA. Nutrient removal followed the same pattern as
weed DMP. The removal of N, P and K by weeds was no-
ticed more in unweeded control irrespective of the crop
growth stage and depleted 27.72, 4.61 and 67.95 kg of N,
P and K/ha at 45 DATA (3). This could be attributed to the
higher DMP of weeds. Singh et al. (1999) observed that
throughout the season, weeds depleted 35,15 and 45 kg/ha
of N, P and K respectively, whereas the rice crop in a
weed-free environment had an uptake of 60, 26 and 80 kg/
ha N, P and K respectively.

Stale seedbed fb chemical weeding had the lowest
(zero) NPK removal by weeds at 15 DATA during both
2018 and 2019. However, the treatment failed to continue
the trend due to increased weed population and higher
DMP by weeds, especially BLWs and sedges. The hand
weeded treatment, tank mix combination of BS @ 0.025
kg/ha + FPE @ 0.06 kg/ha, BS @ 0.025 kg/ha + CB @
0.08 kg/ha and ready mix formulation of PS + CB (6%
OD) @ 0.15 kg/ha had the lowest nutrient removal values.
These treatments correspondingly reduced N, P, and K re-
moval by 92.35, 89.72, 85.22 and 82.31%; 89.15, 88.28,
74.74 and 73.90%; and 95.33, 93.49, 89.85 and 89.23%
when compared to unweeded control (Fig. 3). This might
be due to the efficient control of a broad spectrum of
weeds, which resulted in low weed DMP and hence low
nutrient removal. Among the herbicide combinations, CB
@ 0.08 kg/ha + CE @ 0.02 kg/ha registered the highest
removal of major nutrients, which might be attributed to
the inefficiency of the treatment to control Monochoria
vaginalis.

It can be concluded that the herbicide combinations pro-
vided superior growth, nutrient uptake and yield of DSR.
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Fig. 3. Effect of weed management practices on nutrient removal
(pooled) by weeds at 45 days after treatment application

The tank mix combinations of bispyribac sodium @ 25 g/
ha + fenoxaprop-p-ethyl @ 60 g/ha and bispyribac sodium
@ 25 g/ha + cyhalofop butyl @ 80 g/ha and the ready mix
formulation of penoxsulam + cyhalofop butyl (6% OD) @
150 g/ha provided more effective management of a broad
spectrum of weeds compared to the individual application
of bispyribac sodium in DSR.
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ABSTRACT

A two-year field experiment was carried out at experimental farm of BCKV, Nadia, West Bengal during kharif
seasons of 2019-20 and 2020-21 to study the effect of combined application of coated urea and organic manure
on performance of rice. The experiment was laid-out in a randomized complete block design with four replications
and treatment comprised 5 treatment combinations, such as T,, control plot (without N); T,, 100% recommended
dose of nitrogen (RDN) through neem-coated urea (NCU); T,, 75% RDN through NCU + 25% RDN through FYM
(farm yard manure); T,, 100% RDN through polymer sulphur coated urea (PSCU); T,, 75% RDN through
PSCU+25% RDN through FYM. The results showed that 75% RDN through PSCU+25% RDN through FYM re-
sulted in maximum growth attributes, viz. plant height (110.8 cm), maximum number of effective tillers per square
meter (416/m?), highest dry-matter accumulation (DMA) (740 g/m?), leaf area index (LAI) (4.47) and crop growth
rate (CGR) (6.56 g/m?day), highest yield components like panicle length (23.5 cm), panicle weight (9.95 g), num-
ber of filled grains/panicle (113), test-weight (21.3 g) and maximum grain yield (4.79 t/ha) and straw yield (5.53 t/
ha). Similarly, maximum amount of total nutrient uptake by crop (99.7, 40.1 and 208 kg/ha NPK), protein yield (418
kg/ha), gross returns (X 71.8 x 10° /ha), net return (X 52 x 10%/ha) and B: C ratio (2.73) were noticed under T, treat-
ment. Therefore, it is advisable to implement a comprehensive nutrient management strategy T, (75% RDN
through PSCU + 25% RDN through FYM) in rice cultivation. This approach enhances growth, yield, nutrient
absorption, and quality, ultimately boosting agricultural productivity, profitability, and sustainability.

Key words: Nutrient acquisition, Organic sources of nutrients, Productivity, Profitability, SCU

Rice (Oryza sativa L.) holds significant importance as a
cereal crop, both in India and globally. It serves as a staple
food grain for over 50% of the global population. India,
specifically, boasts the largest rice cultivation area span-
ning 46.38 million ha, making it the second-largest pro-
ducer worldwide with a production volume of 130.29 mil-
lion tonnes (mt). The average productivity in India stands
at 2.81 t/ha (Gol, 2022). In the state of West Bengal, rice
cultivation covers approximately 5.8 million ha, resulting
in a production of 16.6 million tonnes and with a 2.60 t/ha
productivity, which is far below the national average. Vari-
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ous reasons for low productivity are cultivation of long-
duration local cultivars, non-availability of seeds of high-
yielding varieties, low solar radiation, high incidence of
insect-pests, diseases and weeds, and poor N management
(Gounda et al., 2023). Rice is a well-established cereal
crop, having high nutrient requirements, particularly for N.
Effective N management is a crucial aspect of modern
farming practices. The growing global population is driv-
ing an increased demand for rice, posing challenges for
sustainable rice cultivation practices. One crucial aspect of
rice cultivation is optimization of fertilization practices to
ensure not only high yields but also environmental
sustainability (Shahzad et al., 2019). Traditional fertilizers,
such as ordinary urea, have been widely used in rice culti-
vation. However, the efficiency of N use in cereals, espe-
cially heavy feeder crops like rice, is often compromised
due to various losses associated with ordinary urea. These
losses include NO,” leaching, NH, volatilization, and
denitrification, which collectively result in reduced N use
efficiency (Sun et al., 2020). One promising approach to
mitigate these losses and enhance N-use efficiency is the
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use of coated urea. Coated urea involves encapsulating the
nitrogen-containing granules with a protective layer (sulfur
or polymers), acts as a barrier, allowing for slow or con-
trolled release of nutrient into the soil (Rehman et al.,
2022). This controlled release not only minimizes N losses
(leaching, volatilization, and denitrification) but also en-
sures a sustained and steady supply of N to the plants, op-
timizing nutrient uptake (Kumar et al., 2024). The slow-
release characteristics of coated-urea ensure a sustained
supply of nitrogen to plants over an extended period, align-
ing nutrient availability more closely with the crop’s de-
mand. This not only reduces the need for frequent applica-
tions but also minimizes the risk of environmental pollu-
tion. Additionally, the controlled release allows for better
synchronization between nutrient availability and the vari-
ous growth stages of the rice plant (Samant et al., 2023).
The importance of organic manure in sustainable agri-
culture has also been widely recognized. Organic manure
serves as a rich source of essential nutrients, providing a
balanced and diverse array of elements necessary for the
healthy growth of rice plants. Unlike synthetic fertilizers
that often supply a limited set of nutrients, organic manure
contains macronutrients, such as nitrogen, phosphorus, and
potassium, as well as micronutrients like zinc, copper, and
manganese (Karki et al., 2023). This comprehensive nutri-
ent profile ensures that rice plants receive a holistic and
well-rounded diet, reducing the risk of nutrient deficiencies
and promoting overall vigor. Organic manure, derived from
plant or animal sources, contributes to soil health, enhances
microbial activity, and provides a diverse range of nutrients
essential for plant growth. Organic manure acts as a micro-
bial stimulant, fostering the growth and activity of benefi-
cial microorganisms in the soil (Pathak et al., 2023). Or-
ganic manure stands as a cornerstone for sustainable rice
cultivation. Its multifaceted benefits, ranging from nutrient
enrichment and soil structure improvement to environmen-
tal sustainability, make it an invaluable input in modern
agricultural systems. When used in conjunction with syn-
thetic fertilizers like coated urea, organic manure has the
potential to synergistically enhance the overall nutrient
availability to plants (Rehman et a/., 2022). Thus, the com-
bined application of coated-urea and organic manure pre-
sents an intriguing avenue for improving the growth, pro-
ductivity, profitability, and nutrient acquisition of rice.
While individual studies have explored the effects of
coated urea or organic manure on rice cultivation, there is
a noticeable gap in the research regarding their conjoint
application. Understanding the interactive dynamics and
potential synergies between these two fertilizers is crucial
for developing holistic and sustainable fertilization strate-
gies for rice crops. In this context, a field experiment was
conducted for two consecutive years to investigate the im-
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pact of conjoint application of coated urea and organic
manure on growth, productivity, profitability and nutrient
acquisition of rice.

MATERIALS AND METHODS

An experiment for two years duration (2019-20 and
2020-21) was conducted at the D-Block farm of BCKV,
Nadia, West Bengal. The experimental site is situated at a
latitude of 22°98°N and longitude of 84°42°E, with an al-
titude of 9.50 m above mean sea level (MSL). This region
has hot, sub-humid to humid climate. The temperature
reached a maximum of 34°C in the month of May and
minimum temperature got down to 23°C in the month of
October during the crop growing season. The site receives
an average annual rainfall of 1440 mm. The soil sample
were collected before sowing of kharif rice and analyzed
therefore. Soil of experimental site was clay loam in texture
having bulk density 1.45 Mg/m® with a neutral soil reac-
tion, low levels of organic carbon (0.49 percent) and avail-
able N (205.3 kg/ha), high level of available P (28.8 kg/ha),
and medium level of available K (175.5 kg/ha). The ex-
periment was laid-out in a randomized complete block de-
sign (RCBD) with four replications and treatments com-
prised of five treatment combination such as T, Control
plot (without N); T,, 100% RDN through neem coated urea
(NCU); T,, 75% RDN through NCU + 25% RDN through
FYM (farm yard manure); T,, 100% RDN through polymer
sulphur coated urea (PSCU); T,, 75% RDN through PSCU
+25% RDN through FYM. The 21 days old rice seedlings
of ‘Satabdi’ variety were transplanted on June 20%, 2019
and June 7%, 2020 respectively, with crop geometry of 20
cm (row to row), and 10 cm (plant to plant spacing). The
recommended dose of fertilizers for rice was 150 kg N/ha,
80 kg P/ha, and 60 kg K/ha. The nutrients were supplied
through NCU (46% N), PSCU (36% N), SSP (16% P,0,)
and MOP (60% K,0) and FYM (0.50% N, 0.25% P,O, and
0.50% K,0). The prescribed treatments for rice cultivation
involved the application of the full amount of farmyard
manure (FYM), phosphorus (P), and potassium (K), along
with half the dose of nitrogen (N) prior to the transplanting
of rice seedlings. The remaining 50% N was administered
in line with the recommended treatment schedule in 2-
splits during the vegetative stage, and the remaining N split
equally—25% at the early tillering stage and 25% at the
panicle initiation stage. The harvesting of rice was con-
ducted on October 9, 2019 and October 18, 2020 respec-
tively. The recommended cultivation practices were fol-
lowed throughout the crop duration. The observations for
growth and yield attributes were taken from the standing
rice crop. From the 5 tagged plants of rice, plant height was
recorded from the ground to the tip of the panicle by meter
scale (cm). Leaves of these plants were also used for
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calculation of leaf area with the help of leaf area meter
(Model LI-COR-3100) and the leaf area index/plant was
calculated by using the following formula:

Total leaf area/plant (cm?)

LAl = >
Ground area occupied/plant (em?)

The culms, leaves, and panicles of the above mentioned
collected samples were separated, air-dried in the shade,
followed by drying in the hot-air oven at 70 °C till a con-
stant weight was obtained in gram. This dry weight was
used for the calculation of mean crop growth rate. The
mean crop growth rate was worked out with the following
formula, it expressed as g/m’ground area/day.

W, — Wy /1

CGR= ( T,— T, )(E)
Where,

W, and W, are dry weight (g) of plants at time T and T,

respectively

T,- T, is the interval of time in days

S is land area (m?) occupied by plants

When the rice reached harvest stage, the tillers in one-
meter-square area were counted and expressed as tiller
number/m?. Five panicles were chosen at random, and the
grains from each panicle were counted, averaged, and rep-
resented as the total number of grains per panicle. Number
of filled grains/panicle from randomly selected panicles
were counted. Mean of five panicles was arrived and ex-
pressed as number of filled grains/panicle. Thousand grains
were drawn randomly from the composite sample of grain
yield obtained from each of the net plot area, weighed and
expressed as test weight in gram. Manual labour was used
to harvest each plot’s net area. The product was exposed to
sunlight. Plot-wise threshing of the bundles was then done.
The grains underwent separate winnowing, followed by 4
days of cleaning and sun-drying. Separate weights were
recorded for grain, straw, and chaff. Grain and straw yields
have been reported @ 14% moisture content. Samples of
grain and straw were prepared for nutritional analysis.
Samples were first dried in an oven at 65°C until a constant
weight was reached. After that, they were ground in a
Willey mill fitted with stainless steel blades. The amount of
N (%) in grain and straw was estimated using a modified
Kjeldahl technique. Using a UV-VIS spectrophotometer set
at 420 nm, the vanadomolybdophosphoric acid yellow
colour technique was used to measure the P content of
grain and straw. The K concentration in grain and straw
was determined by flame photometer. Nutrient uptake was
calculated by using the following expression:

N uptake (kg/ha) in grain/straw = [% nutrient in grain/
straw x grain/straw yield (kg/ ha)]

The N content (%) was multiplied by a conversion fac-
tor of 6.25 to estimate the protein content in the grains.
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This conversion is derived from the nitrogen content,
which typically constitutes 16% of rice protein. Cal-
culating protein yield was done using the following
formula:

Protein yield (kg/ha) = Protein content (%) x grain yield
(kg/ha)/100

The total value of the output was quantified in monetary
terms, and determined using the following formulas:

Gross returns (3/ha) = Value of the grain (3/ha) + Value
of the straw (3/ha)

Net returns (Z/ha) = Gross returns (3/ha) — Total costs
(R/ha)

B: C ratio = Net returns (3/ha) /Total cost (3/ha)

The data generated from the characters under study for
both the year was analyzed using Fisher’s method of
ANOVA as described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Growth parameters

The results showed that maximum plant height (110.8
cm), DMA (740 g/m’) and LAI (4.47) were recorded in T
treatment which was statistically at par with T, treatment
and significantly better than remaining treatments. The
highest value of CGR (6.56 g/m*/day) was noticed under T
treatment which was significantly higher than T, and stood
at par with other treatments. It might be due to slow release
of N from coated urea over time owing to its protective
coating, providing a sustained supply of nitrogen to the
plants. This helps in maintaining a consistent nutrient avail-
ability throughout the plant growth cycle, which is essen-
tial for optimal growth and development (Rehman et al.,
2022).

Yield attributes and yield

A maximum number of tillers/m?(416), panicle length
(23.5 cm), panicle weight (9.95g) and 1,000-grain weight
(21.3 g) were noticed under T, followed by T, treatment.
The maximum number of filled grains/panicle was ob-
served under T, which were statistically at par with T,, T,,
T, treatments and significantly higher than T,. Similarly, T,
resulted in significant improvement in grain yield by 103%,
straw yield by 90% as compared to other treatments re-
spectively. It might be due to wide range of essential nutri-
ents in organic manure besides nitrogen, such as phospho-
rus, potassium, and micronutrients. The addition of organic
manure alongside coated urea helps in supplying a bal-
anced range of nutrients to the plants, ensuring that their
nutritional requirements are adequately met throughout the
growing season (Sun et al., 2020). The release pattern of N
from the PSCU enhanced the test weight due to larger car-
bohydrate assimilation and steady nutrient translocation to
the panicle from other organs (Sun et al., 2020).
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ABSTRACT

Field experiment was conducted at Periyanarkunam, Bhuvanagiri Taluk, Cuddalore District during Kuruvai 2021
and 2022 to study the effect of different herbicidal weed management on growth, yield and economics of drum
seeded rice (Oryza sativa L.) variety ‘ASD 16’. The experiment was conducted in randomized block design with
four replications. The treatments comprised of six weed management practices and are made up of a combination
of herbicides (pre-emergence, early-post and post-emergence herbicides) with hand weeding, which was com-
pared with unweeded control and twice hand weeding on 25 and 45 DAS. Application of bensulfuron methyl 0.6%
+ pretilachlor 6% GR @ 660 g a.i./ha PE fb metsulfuron methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS fb hand weeding on 45 DAS recorded the highest weed control efficiency of 77.55 and 74.23%
during Kuruvai 2021 and 2022 respectively, growth attributes at 60 DAS viz., plant height (96.82 and 91.79 cm),
tillers/m? (367 and 343) and dry matter production (8.01 and 7.78 t/ha), yield attributes like productive tillers/m?
(319 and 312), filled grains/panicle (100.64 and 98.42), grain yield (6.19 and 6.11 t/ha) and benefit cost ratio (2.78
and 2.49) during Kuruvai 2021 and 2022, respectively over bispyribac sodium 10% SC @ 25 g a.i./ha PoE on 20
DAS fb hand weeding on 45 DAS (farmers practice). Hence, it is an efficient weed management practice and an

economically feasible method for achieving the maximum growth, yield and economics of drum seeded rice.

Key words: Bensulfuron methyl+pretilachlor, Bispyribac sodium, Drum seeded rice, Yield

Rice (Oryza sativa L.) is a staple food crop accounting
major share in the total food grain production. In India, rice
occupies 43.90 million hectares with a production of
114.45 million tonnes and productivity of 2.61 t/ha (Direc-
torate of Economics and Statistics, 2022). In Tamil Nadu,
production and productivity under rice is 2.21 million hect-
ares, 8.07 million tonnes and 3.65 t/ha respectively (DES,
2022). Direct seeded rice refers to the process of growing
rice crop by directly sowing seeds in the field rather than
by transplanting rice seedlings from the nursery (Yadav
et al., 2018). Direct seeded rice required less labour and of-
fers the advantages of quicker and easier planting, toler-
ance to water deficit which resulted in higher profit besides
reduction in carbon footprints (Avasthe et al., 2023 and
Yadav et al., 2020). Drum seeding of rice offers many ad-
vantages: its light weight, easy to transport, gender-neutral,
and addresses labor shortages. It allows for sowing larger
areas quickly, ensures uniform spacing, reduces production
costs, and boosts returns on investment. However, the con-
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Technical Officer and Corresponding author, Weed Science, Regional
Plant Quarantine Station, Chennai 600 016, Tamil Nadu

trol of weeds in drum seeded rice is a challenging task for
effective crop production (Suganya, 2023).

Herbicides are essential for weed management, offering
timely, effective, economical, and practical control. Select-
ing the right herbicide, dose, and method at the right time
is crucial for managing weeds and increasing crop yield
(Singh et al., 2023). Single herbicide applications are often
insufficient due to diverse weed flora and potential herbi-
cide resistance. Therefore, sequential applications of pre-
and post-emergence herbicides, combined with hand weed-
ing, or using tank-mix or ready-mix herbicides with differ-
ent modes of action can control a broad spectrum of weeds
and delay resistance (Gogoi and Deka 2023). New-genera-
tion herbicide mixes reduce usage rates, minimize crop
injury, lower application costs, and lessen residual buildup.

Bensulfuron methyl 0.6% + pretilachlor 6% GR is a
new generation pre-emergence herbicide mix that effec-
tively controls perennial and annual weeds in rice. Its
granular formulation simplifies application for farmers.
Triafamone 20% + ethoxysulfuron 10% WG is a recent
herbicide providing excellent weed control, enhancing pro-
ductivity, and saving time and labor. Weeds mainly ob-
served it by leaves and metabolized to inhibit acetolactate
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synthase (ALS), crucial for amino acid biosynthesis.
Metsulfuron methyl 10% + chlorimuron ethyl 10% WP
offers long-term weed management in rice at low doses and
costs. Bispyribac sodium 10% SC, a post-emergence her-
bicide, effectively controls major grasses, sedges, and
broad-leaved weeds by interfering with ALS synthesis.
Early weed control in drum-seeded rice through pre-emer-
gence and early post-emergence herbicides prevents weed
seed germination and growth, avoiding weed seed bank
development. Subsequent weed flushes are managed with
post-emergence herbicides and hand weeding. This study
focuses on the response of new-generation herbicide com-
binations on the growth and yield of drum-seeded rice.

MATERIALS AND METHODS

Field experiment was conducted at Periyanarkunam,
Bhuvanagiri taluk, Cuddalore District during Kuruvai 2021
and 2022. The field is geographically located at 11°46'
North latitude, 79°49' East longitude at an altitude of +5.79
m above mean sea level. The weather of the experimental
site is moderately warm with hot summer months. The tex-
ture of the experimental field soil is clay loam with pH
(6.80), EC (0.18 dS/m), Available nitrogen (236.42), phos-
phorus (20.63) and potassium (305.30) kg/ha. The experi-
mental design adopted was randomized block design with
four replications and a gross plot size of 5x4 m. The ex-
perimental period for Kuruvai 2021 was 26 May to 12 Sep-
tember 2021 and for Kuruvai 2022 was 24 May to 10 Sep-
tember 2022. The treatments comprised of T, - unweeded
control, T, - twice hand weeding on 25 and 45 DAS (days
after sowing), T, - application of bispyribac sodium 10%
SC @ 25 ga.i./ha PoE on 20 DAS fb hand weeding on 45
DAS, T, - application of bensulfuron methyl 0.6% +
pretilachlor 6% GR @ 660 g a.i./ha PE fb metsulfuron
methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS, T, - application of bensulfuron methyl
0.6% + pretilachlor 6% @ 660 g a.i./ha PE fb metsulfuron
methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS fb hand weeding on 45 DAS and T, - ap-
plication of triafamone 20% + ethoxysulfuron 10% WG @
60 g a.i./ha early post-emergence (EPoE) on 12 DAS fb
metsulfuron methyl 10% + chlorimuron ethyl 10% WP @
4 ga.i./ha PoE on 25 DAS fb hand weeding on 45 DAS.
The field was ploughed to fine tilth and made to puddled
condition. Rice seeds at the rate of 40 kg/ha were soaked
in water for 24 hours and stored in gunny bags for 24
hours. The seeding drums were filled with the pre-
germinated seeds up to three-fourths of its capacity and
sown in the field with a spacing of 20 cm between the rows
and 10 cm between the plants of rows. The short duration
rice cultivar ‘ASD 16’ was used as test variety for the ex-
periment.
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A fertilizer schedule of 120-17-27 kg N-P-K/ha, respec-
tively was applied. 50% N, full dose of P and 50% K were
applied as basal. The remaining 50% each of N were top
dressed in two equal splits at active tillering and panicle
initiation stages. The balance 50% of potassium was top
dressed at panicle initiation stage. The fertilizer materials
used were urea, single super phosphate and muriate of pot-
ash to supply nitrogen, phosphorus and potassium respec-
tively. As per the treatment schedule, the pre-emergence
herbicide, bensulfuron methyl 0.6% + pretilachlor 6% GR
(ready mix) @ 660 g a.i./ha was broadcasted. The
granular herbicide was applied with dry sand @ 50 kg/ha.
The early post emergence herbicide, triafamone 20% +
ethoxysulfuron 10% WG (ready mix) @ 60 g a.i./ha was
applied on 12 DAS and the post emergence herbicide
metsulfuron methyl 10% + chlorimuron ethyl 10% (ready
mix) @ 4 g a.i./ha was applied on 25 DAS and bispyribac
sodium 10% SC @ 25 g a.i./hawas applied on 20 DAS.
The post emergence herbicides are Acetolactate Synthase
(ALS) inhibitors and calculated quantity was mixed with
water (@ 500 L/ha and sprayed through knapsack sprayer
fitted with flood jet nozzle. A thin film of water was main-
tained at the time of both liquid and granular herbicide
application. Two hand weeding were done on 25 and 45
DAS. The unweeded control plots were maintained
unweeded throughout the cropping period.

Plant height was measured from the base of the plants to
the tip of the top most leaf and expressed in cm. In each
plot, four quadrates of 0.25 m? each were placed at random
and the total tillers were counted and expressed in number/
m?, Five hills from each plot were selected from outside the
net plot of each treatment area and harvested by cutting
close to the ground level at 30, 60 DAS and at 90 DAS.
These plants were first air dried in shade and then oven
dried at 80 + 5°C for 48 hrs. The oven dry matter produc-
tion of plant samples was computed and expressed as kg
ha’'. At harvest, four quadrates of 0.25 m? area were
marked in each plot and the number of productive tillers
was counted. After counting the number of productive
tillers/m?, five sample panicles per treatment plot were
separated and grains were counted and used for determin-
ing the mean number of filled and unfilled grains/panicle.
The grains from net plot were cleaned, sun dried and
weighed at 14 per cent moisture content and the grain yield
was calculated, computed and expressed in kg/ha. The
gross and net income/ha for each treatment was worked out
based on the prevailing market rates. The net income was
calculated by deducting the cost of cultivation from the
gross return. Benefit cost ratio was worked out by dividing
the gross return by the cost of cultivation. The data on vari-
ous characters studied during the course of investigation
were statistically analyzed as suggested by Panse and



September 2024]

Sukhatme (1978). Data on weed population and weed dry
matter production showed high variation and hence they
were subjected to square root transformation \(x + 0.5) and
analyzed. Wherever, statistical significance was observed
the critical difference at 0.05 level of probability was
worked out for comparison and the non-significant com-
parison was indicated as ‘NS’.

RESULTS AND DISCUSSION
Weed characteristics
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post-emergence herbicides may maintain weed free condi-
tion up to 35 DAS and the weeds emerged at the later stage
was removed by hand weeding at 45 DAS (Singh et al.,
2023). The highest grasses (98.38 and 106.01/m?), sedges
(66.30 and 70.28/m?), broad-leaved weed population
(46.82 and 48.93/m?), total weed population (211.50 and
225.22/m?), weed dry matter production (138.90 and
146.39 g/m?) was recorded under unweeded control.

80

The predominant weed flora of the experimental field "
was Echinochloa colona, Echinochloa crus-galli among I |
grasses, Cyperus difformis, Cyperus rotundus among 60 d
sedges, Eclipta alba and Bergia capensis among broad-
leaved weeds. Application of bensulfuron methyl 0.6% +
pretilachlor 6% GR @ 660 g a.i./ha PE fb metsulfuron
methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS b hand weeding on 45 DAS recorded the
lowest grasses (21.78 and 27.12/m?), sedges (15.98 and
19.16/m?), broad-leaved weed population (9.73 and 11.77/ o
m?), total weed population (47.49 and 58.05/m?), weed dry
matter production (23.81 and 28.90 g/m?) (Table 1) and the RS~ 1 4w - am -
highest weed control efficiency (77.55 and 74.23%) during
Kuruvai 2021 and 2022 respectively (Fig. 1).

This might be due to pre-emergence application of her-
bicides will maintain weed free condition up to 15 DAS,

50

40 » Kuruvai 2021
u Kuruvai 2022

30

‘Weed control efficiency (%)

20

Treatments

Fig. 1. Effect of chemical weed management on weed control effi-
ciency in drum seeded rice (Oryza sativa L.) during Kuruvai
2021 and 2022

Table 1. Effect of chemical weed management population and dry weight of weed in drum seeded rice (Oryza sativa L.) during Kuruvai 2021

and 2022
Treatment Total grass weed Total sedge Total broad- Total weed Total weed
population population leaved weed population dry matter
(No./m?) at (No./m?) at population (No./m?) at production
60 DAS 60 DAS (No./m?) at 60 DAS (g/m?) at
60 DAS 60 DAS
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
T, (9.94) (106.01) (66.30) (70.28) (46.82) (48.93) (211.50) (225.22) (138.90) (146.39)
98.38 10.32 8.17 8.41 6.88 7.03 14.56 15.02 11.81 12.12
T, (28.20) (35.52) (21.09) (26.57) (13.57) (17.10) (62.86) (79.19) (33.92) (42.47)
5.36 6.00 4.65 5.20 3.75 4.19 7.96 8.93 5.87 6.56
T, (24.90) (31.29) (18.13) (23.28) (11.43) (13.73) (54.46) (68.30) (28.27) (35.30)
5.04 5.64 4.32 4.88 3.45 3.77 7.41 8.29 5.36 5.98
T, (31.80) (41.06) (23.62) (30.49) (15.57) (20.10) (70.99) (91.65) (39.72) (52.24)
5.68 6.45 491 5.57 4.01 4.54 8.46 9.60 6.34 7.26
T, (21.78) (27.12) (15.98) (19.16) 9.73) (11.77) (47.49) (58.05) (23.81) (28.90)
4.72 5.26 4.06 443 3.20 3.50 6.93 7.65 4.93 5.42
T, (25.10) (31.80) (18.47) (23.40) (11.59) (14.68) (55.16) (69.89) (28.67) (36.33)
5.06 5.68 4.36 4.89 3.48 3.90 7.46 8.39 5.40 6.07
SEm+ 0.13 0.15 0.11 0.13 0.09 0.11 0.20 0.21 0.15 0.17
C.D (p=0.05) 0.28 0.31 0.24 0.28 0.20 0.23 0.42 0.45 0.32 0.35

T,- Unweeded control, T,- Twice hand weeding on 25 and 45 DAS, T,- Bispyribac sodium 10% SC @ 25 g a.i./ha PoE on 20 DAS fb hand weeding on 45 DAS,
T,- Bensulfuron methyl 0.6% + pretilachlor 6% GR @ 660 g a.i./ha PE fb Metsulfuron methyl 10% + Chlorimuron ethyl 10% WP @ 4 g a.i./ha PoE on 25 DAS,
T.- Bensulfuron methyl 0.6% + Pretilachlor 6% GR @ 660 g a.i./ha PE fb Metsulfuron methyl 10% + Chlorimuron ethyl 10% WP @ 4 g a.i./ha PoE on 25 DAS
fb hand weeding on 45 DAS and T - Triafamone 20% + Ethoxysulfuron 10% WG @ 60 g a.i./ha EPoE on 12 DAS fb Metsulfuron methyl 10% + Chlorimuron
ethyl 10% WP @ 4 g a.i./ha PoE on 25 DAS fb hand weeding on 45 DAS, PE — pre emergence, EPoE — early post emergence, PoE — post emergence, DAS- days
after sowing and fb - followed by. *transformed value, **original value.
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portion of the nutrients and were dominant followed by %2 gl=33s33 L 2
sedges and broad-leaved weeds. Similar findings were also = 2 = § g
reported by Sangramsingh et al. (2022) and Singh et al. § § g AR EES | %0 §§
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gence on 25 DAS fb hand weeding on 45 DAS (T.) re- HEE T, b g &
corded the highest growth attributes viz., plant height e é Exsn=S6E| EEg
(96.82 and 91.79 cm), tillers (367 and 343/m?) and dry o coEmmeE S35
matter production (8.01 and 7.78 t/ha) during Kuruvai § MEEEE 3 23 ;? 50
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10 kg/ha PE fb metsulfuron methyl 10% + chlorimuron
ethyl 10% WP @ 20 g/ha PoE on 25 DAS fb hand weed-
ing on 45 DAS recorded the highest gross income (117.36
Rs.x10%ha and 105.35 Rs.x10%ha), net income (75.11
Rs.x10%ha and 63.09 Rs.x10%/ha) and B:C ratio (2.78 and
2.49) during Kuruvai 2021 and 2022, respectively. Timely
controls of weeds with timely application of herbicides has
increased the yield, save the money in terms of labour cost
reduces the cost of cultivation and get the higher gross in-
come and monitory benefit returns. Cultivation of rice un-
der direct seeding using drum seeder significantly lessens
the dependency on labour thereby making it cost effective
with timely intercultural operation. The lowest B:C ratio of
1.93 was recorded under unweeded control. This might be
due to the highest weed infestation with the lowest yield.

Thus, it can be concluded that application of
bensulfuron methyl 0.6% + pretilachlor 6% GR @ 10 kg/
ha PE fb metsulfuron methyl 10% + chlorimuron ethyl
10% WP @ 20 g/ha PoE on 25 DAS fb hand weeding on
45 DAS can be recommended to achieve sustainable rice
crop productivity and monetary returns in drum seeded
rice. Future research work must be focused on the develop-
ment of new herbicide combinations with different mode
of actions for broad spectrum weed control. Low dosage
new generation herbicides may also be developed for
effective weed control with minimum environmental
hazards.
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ABSTRACT

Rice cultivation by direct seeding is viewed as both cost and labor-saving practice and becoming popular alter-
native to transplanting. Weeds are a more serious problem in DSR than in transplanted rice. The field experimen-
tal is conducted to evaluate the bio -efficacy of pre and post — emergence herbicides, hand-weeding on weed con-
trol, yield components, yield and their economic feasibility for cost effective weed control in direct seeded rice. The
experiment was laid out in randomized block design with three replications and seven treatments, viz. Pre-emer-
gence oxadiargyl 80% WP @ 100 g/ha, Pre-emergence oxadiargyl 80% WP @ 100 g/ha fb HW at 30 DAS,
oxadiargyl 80% WP (PE) @ 100 g/ha fb Post-emergence bispyribac- Na @ 25 g/ha at 25 DAS, Pre-emergence
oxadiargyl 80% WP @ 100 g/ha fb Post-emergence metasulfuron- methyl + chlorimuron — ethyl @ 4 g/ha at 25
DAS, Pre-emergence oxadiargyl 80% WP @ 100 g/ha fb Post-emergence carfentrazone ethyl 40% @ 25 g/ha at
25 DAS. Weed density under weedy check (WC) situation showed that monocot weeds (grasses and sedges)
were more pre-dominant wherein grasses and sedges constituted 74.80% and 11.48%, respectively, BLWs
14.20% of total weed density at 60 DAS of crop. Amongst the herbicide treatments, application of Oxadiargy! (PE)
@ 100 g/ha fb HW at 30 DAS recorded significantly lowest number of weeds/m2, dry weight/m2. The highest grain
yield (4.02 t/ha) and benefit cost (1.48) were recorded with the pre-emergence application of Oxadiargyl (PE) @
100 g/ha fb HW at 30 DAS.

Key words: Direct Seeded Rice, Pre- and post-emergence herbicides, Sequential application, Weed

density

Rice is an important food crop extensively grown in
Konkan. This is widely planted manually by transplanting
20 to 30-days-old seedlings into puddled soil. However,
transplanting is becoming increasingly challenging due to
unavailability and the high cost of labour and energy, re-
stricted supply of irrigation water, and decline of soil qual-
ity (Chauhan, 2012). Konkan region is narrow coastal low-
land, gets about 2072-3800 mm annual average rainfall. A
major traditional agricultural crop includes rice, millets
pulses among the field crops. Rice is an important food
crop extensively grown in Konkan, which is widely
planted manually by transplanting 20 to 30-days-old seed-
lings into puddled soil. Rice cultivation by direct-seeding

Based on research work carried on during 2019 to 2021 at A.R.S.,
Repoli.
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is viewed as both a cost and labor-saving practice and be-
coming a popular alternative to transplanting. Weeds are a
more serious problem in DSR than in transplanted rice.
Weeds should be controlled before they start to compete
with rice. Minimize weed seed production and seed recruit-
ment in soil. Weed should be removed or controlled before
they set seeds. Ninety per cent loss in grain yield due to
weeds in direct-seeded rice was reported by Zahoor et al.
(2014). However, it is very difficult to control the complex
weed flora observed in DSR with application of single pre-
or post-emergence herbicide (Mahajan et al., 2013). Thus,
effective weed management during early stages of crop
growth promises for accomplishment of higher yields. Al-
though manual weeding is effective, it is costly, tedious
and time consuming. Due to the morphological similarity,
it is often difficult to distinguish some grassy weeds from
rice at early stages and sometimes deficit or excessive soil
moisture may not permit efficient weeding. The scarcity
of man power at critical period of weed infestation is an
important hurdle for timely weeding in rice. Relying on
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herbicides may be the best choice of labour saving technol-
ogy for timely weed control. On the other side, farmers are
also looking forward for the selective herbicides applica-
tion as pre as well as post-emergence to obtain cost effec-
tive management of broad spectrum weeds right from the
initial stages compared to hand weeding. However, in-
creased consciousness about the chemical pollution of soil
and water has widened the scope for exploring the advan-
tage of low dose herbicides such as oxadiargyl 80% WP
(PE) @ 100 g/ha, bispyribac- Na @ 25 g/ha, metsulfuron-
methyl + chlorimuron — ethyl @ 4 g/ha, carfentrazone ethyl
40% @ 25 g/ha, which are very effective against wide
range of weeds. In cognizance of the above facts, the
present investigation was carried out.

MATERIALS AND METHODS

The field experiment was conducted during Kharif sea-
sons 0f 2019, 2020 and 2021, at Agricultural Research Sta-
tion, Repoli, Raigad, Maharashtra. The soil of the experi-
mental site was medium black soils of Konkan with soil pH
was 6.5. It was low in available nitrogen and phosphorus
and high in potassium. The experiment was laid-out in a
randomized block design with three replications and seven
treatments, viz. pre-emergence oxadiargyl 80% WP @ 100
g/ha, pre-emergence oxadiargyl 80% WP @ 100 g/ha fb
HW at 30 DAS, oxadiargyl 80% WP (PE)@ 100 g/ha /b
post emergence bispyribac- Na @ 25 g/ha at 25 DAS , pre-
emergence oxadiargyl 80% WP @ 100 g/ha fb post emer-
gence metasulfuron- methyl + chlorimuron — ethyl @ 4 g/
ha at 25 DAS, pre-emergence oxadiargyl 80% WP @ 100
g/ha fb post emergence carfentrazone ethyl 40% (@ 25 g/ha
at 25 DAS. All herbicides were applied in 500 liter of wa-
ter/ha. These weed control treatments were compared with
hand weeding twice at 20, and 40 DAS weed-free check,
and weedy-check.

Karjat -5 variety of rice was sown by using line markers
at 20 cm row spacing. The crop was fertilized with 100:
50:50 kg/ha of N, P,O, and K, O, respectively. Half dose of
N and full dose of P,O, and K,O were applied at sowing
and remaining dose of N was applied in two split doses at
tillering and panicle initiation. Herbicides were applied
with manually operated knapsack sprayer fitted with flat
fan nozzle. In hand weeding, weeds were removed manu-
ally. Data on weed density and dry weight were recorded
after 20, 40 and 60 days after sowing in each plot in four
quadrats (25 x 25 cm?). Weeds were counted in three cat-
egories i.e. (grasses, broad leaved weed, and sedges) were
removed for recording dry weight of weeds. Weed samples
were sun-dried before oven drying at 70 °C until a constant
weight was attained. Data on weeds were subjected to
square-root transformation (v¥ + 0.5) before statistical
analysis. Yield and yield attributes of rice were recorded at
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crop harvest. Weed control efficiency was calculated based
on weed dry weight.
(WDC - WDT)
Weed control efficiency (WCE) = x 100
WDC

Where, WDC is the biomass of weeds in weedy plots,
WDT is the dry weight of weeds in treated plots.

All the data were analyzed as per the experimental de-
sign, and the least significant values at 5% level of signifi-
cance were calculated to compare treatment means for de-
termining significant differences.

RESULTS AND DISCUSSION

Weed flora

On an average, a weed density of 278/m*was recorded
in the weedy-check plot. The major grassy weeds
observed in the direct-seeded rice experimental plot were
Echinochloa colona and Echinochloa crus-galli and
Ischane globosa while, Cyperus iria and Cyperus difformis
were the dominant weeds among sedges and broad-leaved
weeds viz., Eclipta alba (L.), Commelina diffusa. Weed
density under weedy-check (WC) situation showed that
monocot weeds (grasses and sedges) were more pre-domi-
nant wherein grasses and sedges constituted 74.8% and
11.5%, respectively, however, BLWs 14.2% of total weed
density at 60 DAS of crop.

Weed density

Data pertaining to the weed density and dry biomass at
20 and 60 DAS are presented in Table 1. It was observed
that all the weed-control treatments reduced the weed den-
sity significantly compared to WC. The highest weed den-
sity was recorded in WC attributable to uncontrolled weed
growth. Weed-free check recorded significantly lower to-
tal weed density at 20 and 60 DAS of crop. In case of her-
bicides treatments, at 20 DAS application of all herbicidal
treatments recorded significantly lower weed density as
compared to weedy-check treatment. However, application
of oxadiargyl (PE) @ 100 g/ha fb HW at 30 DAS (T,) treat-
ment resulted in significantly lower weed density of grassy,
sedges and broad-leaf weeds at 60 DAS compared to other
weed control treatments. Among the sequential herbicide
treatments, application of oxadiargyl (PE) @ 100 g/ha fb
metsulfuron- methyl + chlorimuron — ethyl @ 4 g/ha at
25DAS (T,) registered a significantly lower density of
grassy, sedges and broadleaf weeds at 60 DAS as com-
pared to other sequential herbicide treatments.

Dry biomass is the way of expressing weed dominance
in plot. Biomass provides information about the accumula-
tion of growth. The dry biomass of grasses, broad-leaf and
sedges was lower with application of oxadiargyl 80 % WP
(PE) @ 100 g/ha fb HW at 30DAS (T,) treatment com-
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Table 2. Effect of different herbicide on, growth, yield attributes and yield of Direct Seeded Rice

Treatments Growth, yield attributes and yield of rice
Plant No. of Effective Grain Straw Weed Net return Benefit-cost
height tillers/ tillers/ yield yield index over Input ratio on
(cm) m? m? (t/ha) (t/ha) cost (%) input cost
T,: Oxadiargyl 80% WP (PE) @ 86.56 368.33 209.44 2.84 3.39 34.25 9518 1.17
100 g/ha
T,: Oxadiargyl 80% WP (PE) @ 92.79 463.33 259.89 4.02 4.87 6.98 29974 1.48
100 g/ha fb HW at 30 DAS
T,: Oxadiargyl 80% WP (PE) fb 89.11 433.33 240.22 3.56 4.22 17.74 22403 1.38
Bispyribac - Na @ 25 g/ha
at 25DAS
T,: Oxadiargyl 80% WP (PE) fb 94.44 481.06 269.22 4.02 4.81 7.03 29826 1.48
Metsulfuron- methyl+ chlorimuron
— ethyl @ 4 g/ha at 25 DAS
T,: Oxadiargyl (PE) fb 89.71 447.22 248.67 3.66 4.35 15.43 25670 1.44
carfentrozone ethyl 40% @
25 g/ha at 25 DAS
T,: Weed free check (2HW at 95.31 493.89 275.67 4.32 5.18 0.00 34215 1.52
20 & 40 DAS)
T, : weedy (control) 80.57 270.56 146.78 2.05 2.45 52.66 -2250 0.72
S Em+ 0.95 3.72 2.81 0.07 0.08 - - -
CD.at5% 2.92 11.45 8.67 0.21 0.26 - - -
(269.22 m?) were the highest with application of oxadiargyl Economics

(PE) @ 100 g/ha fb metsulfuron- methyl + chlorimuron —
ethyl @ 4 g/ha at 25 DAS (T,) which is at par with treat-
ment T, where oxadiargyl (PE) @ 100 g/hafb HW at 30
DAS was applied. This might be attributed to initial vigor-
ous crop growth restricting the growth of weeds that has in-
directly boosted the plants to record higher growth param-
eters and hence improved yield attributes and yield of rice.

Weed-free treatment (T,) recorded significantly higher
grain (4.32 t/ha) and straw yield (5.18 t/ha) of rice than the
rest of the weed-control treatments owing to better control
of weeds. Among herbicidal and sequential herbicidal
treatments, significantly higher grain yield (4.02 t/ha) and
straw yield (4.87 t/ha) were recorded with application of
oxadiargyl (PE) @ 100 g/hafb HW at 30DAS (T,) as com-
pared with other treatment where as it was at par with
oxadiargyl 80% WP (PE) @ 100 g/ha fb metsulfuron-
methyl + chlorimuron — ethyl @ 4 g/ha at 25 DAS (T,) was
applied. Significantly lower grain yield and straw yields
were recorded with weedy-check (2.04 and 2.45 t/ha, re-
spectively). The enhanced yields under these treatments
were because of the elimination of weeds which helped in
enhancing the availability of nutrients, space, sunlight and
water resulting in better growth and development of crop
plants. Similarly, among the herbicides a lower weed index
(6.98) was recorded in treatment T, where in oxadiargyl
80% WP (PE) @ 100 g/ha fb HW at 30 DAS (T,) followed
by treatment T, (weed index 7.03) was recorded in which
oxadiargyl 80% WP (PE)@ 100 g/ha fb metsulfuron- me-
thyl + chlorimuron — ethyl @ 4 g/haat 25 DAS was ap-
plied. These results conform with the findings of Walia
et al. (2012) and Mahadkar et al. (2015).

Weed free condition recorded higher net profit on input
cost (34215) and benefit cost ratio (1.52) as compared to
other remaining treatments (Table 2). Among herbicide
treatments, T, recorded high net profit (29974) and benefit-
cost ratio (1.48) and treatment T, recorded net profit
(29826) and benefit cost ratio (1.48). Whereas, the lower
net returns were recorded in weedy treatment (-2250) as
compared with other treatments. Similar results of higher
net returns and B:C ratio in direct-seeded rice due to se-
quential application of herbicides were also reported by
Pinjari ef al. (2016) and Haldar and Thakur (2023).

Based on three years of studies it is concluded that ap-
plication of oxadiargyl (PE) @ 100 g/ha fb HW at 30 DAS
and sequential application of herbicide oxadiargyl (PE) @
100 g/ha fb Metsulfuron- methyl + chlorimuron — ethyl @
4 g a.i/ ha at 25 DAS was found to be most effective in
weed control as well as higher returns in direct-seeded rice
during kharif season.
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ABSTRACT

A field experiment was conducted at Vegetable Research Farm, CCS Haryana Agricultural University, Hisar,
Haryana, India to study the agro-physiological, agrometeorological, heavy metals, and quality parameters of wheat
under different fertilizer levels and treated sewage water application on sandy loam soil. Among varieties, signifi-
cantly higher yield attributes viz effective tillers and yield were observed with variety HD 3086 being at par with WH
1105 over HD 2967, WH 1124, and DBW 90. A higher value of agrometeorological indices viz. thermal (2.67 kg/
ha/°C day), helio-thermal (0.77 kg/ha degree day hr), and photothermal (0.23 kg/ha degree day hr) use efficiencies
were found with variety HD 3086 over other varieties. Among fertilizer levels, significantly higher yield attributes
and grain yield were found with 125 % RDF over 75 and 100 % RDF. Significantly higher values of thermal,
heliothermal, and photothermal use efficiencies were observed with the application of 125 % RDF over 75 and 100
% RDF Neither the varieties nor the fertility levels bring any significant variation in normalized difference vegeta-
tion index and canopy temperature. However, varying levels of fertilizer did have a substantial impact on chloro-
phyll content. Similarly, quality parameters viz. hectoliter weight and protein content were not affected significantly
by varieties and fertilizer levels. However, sedimentation value was significantly affected by varieties and fertilizer

levels. Heavy metal concentration was found in wheat grain, but these were within the permissible limit.
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Wheat is considered to be a prominent cereal crop cul-
tivated throughout diverse climatic conditions as a source
of carbohydrates, vital amino acids, dietary fiber, and min-
erals. Wheat grain contains more protein than other cereals
and provides the characteristic substance “Gluten” which
is essential for bakers (Jesal et al. 2024). Rapid population
growth and urbanization, exhaustive water consumption,
and climate change are critical factors for the depletion of
freshwater resources. In the present era, the issue of water
shortage poses a significant challenge due to the global de-
cline in groundwater resources, and the future, may not be
sufficient to meet the growing needs of agriculture and al-
lied sectors (Avasthe et al., 2023). The issue of water scar-
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city poses a significant challenge to crop cultivation in arid
regions across the globe (Barman et al., 2021). Wastewa-
ter in arid and semi-arid areas is a valuable irrigation
source and fertilizing material that contributes to economic
growth and food security. In situations when freshwater is
scarce and the availability of canal water, or high-quality
water is limited, major attention has been paid to reusing
wastewater for irrigation of various crops. Farmers have
explored the use of inferior-quality water as a substitute for
good-quality water in crop production (Dotaniya et al.,
2022). Untreated or poorly treated wastewater can have
harmful effects on soil, plants, and the environment, and be
dangerous to humans. Depending upon the source of
wastewater from city to city (Rattan ez al., 2005), it may
contain high concentrations of salts and heavy metals. The
high concentrations of salts may adversely affect the physi-
ological processes and growth of wastewater-irrigated
plants (Hajihashemi ez al., 2020). Disposing of sewage and
industrial effluents into natural water sources resulted in
soil and water pollution. Hence, proper use of such non-
conventional water resources will be environmentally
sound disposal practices and water augmentation for
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sustainable agriculture in water-scarce countries with rela-
tively minimum pollution of surface or groundwater. Reus-
ing treated wastewater may nourish crops, prevent water
contamination, and lessen the strain on freshwater supplies
(Mishra et al., 2023). Crop productivity increases when
wastewater is reused depending on soil type, climate, crop,
and irrigation practices. Adequate nutrient management is
crucial for harvesting the quality yield. Nitrogenous fertil-
izers play a vital role in yield enhancement, however only
20-50% of the soil-applied nitrogen is recovered by the
annual crops (Singh et al., 2024). Hence, it was hypoth-
esized that the conjoint application of nitrogen fertilizers
with treated sewage water can improve the growth and
quality of wheat varieties grown in semi-arid regions. To
achieve the above hypothesis different varieties were
screened for physiological parameters and quality under
various levels of fertilizers grown under sewage treatment
water.

MATERIALS AND METHODS

A field experiment was conducted during the rabi sea-
son 0f 2020-21 and 2021-22 at Vegetable Research Farm,
CCS Haryana Agricultural University, Hisar, Haryana, In-
dia. The soil of the experimental site was sandy loam in
texture, low in organic carbon (3.5 g/kg), and slightly alka-
line in reaction (pH 7.6). The available N, P and K were
165, 17, and 295 kg/ha, respectively. The experiment was
laid out in split plot design with varieties, viz ‘HD 3086,
‘HD 2967°, ‘WH 1105°, “WH 1124°, and ‘DBW 90’ as-
sisted in main plots and levels of fertilizer, viz. 75, 100, and
125% recommended dose of fertilizer (RDF) in subplots
and was replicated thrice. The seedbed was prepared by
applying canal water, and treated sewage water was used as
an irrigation source for subsequent irrigation. At the sew-
age-treated plant, CCS Haryana Agricultural University,
Hisar campus, the sewage collected from offices and resi-
dential areas was treated with the moving bed biological
reactor method. The bioreactor that separates the sludge
and treated water was designed to treat the sewage with an
aerobic attached growth moving bed process. The proper-
ties of the treated sewage water sample are given in
Table 1.

At the time of sowing half nitrogen and a full dose of
phosphorus were applied as per the treatments and the rest
of the nitrogen was top-dressed after the first irrigation.

Table 1. Treated sewage water properties
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Single superphosphate and urea were used as the sources
of phosphorus and nitrogen, respectively. The crop was
sown on 11" November and 4™ December in the growing
seasons of 2020-21 and 2021-22, respectively using 100 kg
seed/ha. Yield attributes and yield were recorded as per
standard methods. Soil samples collected after crop har-
vesting were air-dried and ground to pass through a 2-mm
sieve and analyzed for heavy metals (Lindsay and Norvell
1978). Hectolitre mass expressed as kilograms per hecto-
liter was measured with the hectoliter weight equipment
having a standard volume of container/beaker, and the
weight of grain was taken on an electronic balance. DS-
sedimentation volume is basically a measurement of the
sediment volume of a wheat flour suspension after it has
been acidified. The sedimentation test is based on the fact
that gluten protein absorbs water and swells considerably
when treated with SDS lactic acid reagent. The extent of
swelling depends upon the quality of gluten protein. It was
determined by the method of Axford et al. (1979), using
sodium-dodecyl sulfate lactic acid reagent (SDSLA). Dif-
ferent agro-meteorological indices and heat-use efficiencies
(thermal, heliothermal, and photothermal use efficiency)
were calculated as per the standard formula. The nutrient
uptake (grain) by crop was worked out by the formula

Per cent N content in grain X grain yield (%)

Nutrient uptake (kg/ha) =
100
The recorded data were pooled and analyzed using the
online statistical analysis package of OPSTAT (Sheoran
etal., 1998).

RESULTS AND DISCUSSION

Agro-physiological parameters: Among varieties, dif-
ferences were found to be non-significant concerning plant
height (Table 2). However, significantly taller plants were
observed with the application of 125 percent RDF over
lower levels of fertilizer application. The variety HD 3086
produced a significantly higher tiller per square meter than
other varieties, however, it was at par with variety WH
1105 with respect to effective tillers. Among fertility levels,
the application of 125 percent RDF produced significantly
higher effective tillers over 75 and 100 percent RDF. It was
found that different varieties did not differ significantly
concerning grain number per spike. Different fertility
levels differ significantly in respect of grains per spike.

Irrigation EC RSC Heavy metals (ppm)
(dS/m) (meq/l) Co Pb Cd Zn Cu Ni Cr
1.44 1.50 0.01 0.08 0.02 0.04 ND 0.04 0.02

ND, Not detected
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Similarly, the variety HD 3086 produced significantly
higher grain yield than other varieties, however, it was at
par with variety WH 1105 concerning grain yield (Table 2).
Correlation coefficients were also calculated, treatment
having a higher effective tiller per plant produced higher
grain yield due to a strong and positive correlation between
effective tiller per plant and grain yield (Fig.1). The effects
of experimental variables are reflected in the form of yield;
hence, yield is the principal criterion for evaluating the ef-
ficiency of various treatments. It is a function of effective
tillers, the number of grains per spike, and test weight. The
use of domestic wastewater has favourably affected the
yield and yield attributes of wheat crops due to its continu-
ous application, which might enrich nutrients in topsoil and
improve soil properties along with adequate nutrient sup-
ply under higher levels of fertilizers that finally result in
higher growth parameters such as tillers and leaf area per
plant. However, the growth may remain retarded when its
supply is suboptimal, which may be ascribed directly to nu-
tritional effects (Kumar et al., 2021). Moreover, nitrogen
concentration is indirectly related to one of the basic plant
physiological processes, photosynthesis, as 70% of the ni-
trogen in plant leaves exists in the chloroplast, and most of
it is used to synthesize photosynthetic apparatus. Neither
the varieties nor the fertility levels bring any significant
variation in normalized difference vegetation index and
canopy temperature. However, varying levels of fertilizer
did have a substantial impact on chlorophyll content. Spe-
cifically, the application of 125% RDF resulted in signifi-
cantly higher chlorophyll content compared to the applica-
tion of 75% RDF. No significant differences were observed
in terms of chlorophyll content between the 100 and 125%
RDF levels (Table 2).

Nutrient and heavy metal uptake: Heavy metal concen-
tration was reported in wheat grain and increased with in-
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Fig. 1. Relation between effective tillers and grain yield

creasing levels of fertilizer but these were within the per-
missible limit (Fig.3a and b). Using treated wastewater for
irrigation over an extended period may bring health con-
cerns to people since it can build up and come into touch
with food directly (Kim ez al., 2015). Heavy metals tend to
assemble in the surface soil due to their limited solubility
and plant uptake. The mobility and availability of heavy
metals depend on plant types, soil characteristics, tempera-
ture, pH, humidity, and organic matter content. Heavy
metal uptake is lower in food crops and roots, whereas
higher in leafy vegetables (Qureshi ef al., 2016). The find-
ings indicated that the application of fertilizer had a consid-
erable impact on the uptake of nutrients N, P,O,, and K O.
The administration of 125 percent RDF resulted in a nota-
bly greater uptake of nutrients compared to the application
of 75 and 100 percent RDF (Table 3). Increased mineral
nutrient absorption or enhanced NPK uptake by wheat
grain was due to improved vegetative growth under the
congenial environment of adequate moisture and nutrients.
Treated sewage water may be high in organic matter and
contain significant amounts of essential plant nutrients
(Meena et al., 2016). Accordingly, continuous irrigation
with treated sewage wastewater is projected to increase the
nutrient pool in soils and plants significantly. When soil is

Table 2. Agro-physiological parameters of wheat as influenced by fertilizer levels under-treated sewage water application (2-year mean)

Treatment Agronomical parameters Physiological Parameters
Plant Effective Grains/ Grain NDVI Chlorophyll Canopy
height tillers/ spike yield content Temperature
(cm) m? (kg/ha) (SPAD) “°C)
Wheat varieties
‘HD 3086’ 97.8 4373 44.7 5222 0.73 47.5 27.3
‘HD 2967’ 99.5 401.3 42.1 4798 0.73 48.6 272
‘WH 1105° 96.4 419.7 42.8 4997 0.72 47.6 27.1
‘WH 1124’ 99.4 370.4 453 4661 0.74 46.5 27.6
‘DBW 90° 97.9 410.4 43.0 4964 0.73 48.5 26.7
CD (P=0.05) NS 254 NS 262 NS 1.4 NS
Fertilizer levels
75% RDF 95.7 380.9 413 4549 0.73 46.7 27.0
100% RDF 98.2 406.4 432 4910 0.72 47.9 273
125% RDF 100.8 436.2 46.3 5327 0.73 48.6 27.2
CD (P=0.05) 2.3 10.9 1.2 181 NS 0.9 NS
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irrigated with wastewater rather than freshwater, the hy-
drolysis activity is greater, which is connected to the micro-
organisms’ breakdown of dissolved organic carbon. In-
creased activity may result in better soil fertility because
90% of soil processes are facilitated by soil bacteria
(Furtak and Gajda, 2017). A significant increase in NPK

content and uptake in wheat and barley crops with the use
of municipal-treated wastewater was observed by Lal et al.
(2015).

Quality parameters.: The smaller the grain size, the
more the number of grains taken per unit volume and more
the hectoliter weight. Neither the varieties nor the fertility
levels bring any significant variation in the quality param-
eters viz. hectoliter weight and protein content (Table 3).
However, sedimentation value was significantly affected
by varieties and fertilizer levels. Higher value of protein
content might be due to higher nitrogen availability in soil
which in turn increased the nitrogen uptake and ultimately
improved the protein (Singh et al., 2024) The sedimenta-
tion value of variety ‘HD 3086’ was found to be signifi-
cantly greater compared to varieties “‘WH 1124’ and ‘DBW
90°. However, there was no significant difference in sedi-
mentation value between variety ‘HD 3086’ and varieties
‘HD 2967’ and “WH1105’. The application of 125% RDF
resulted in a significantly greater value compared to
the application of 75% RDF. However, no significant
difference was observed between the application of 125
and 100% RDF and between the application of 75 and

Table 3. Nutrient uptake, quality parameters, and agrometeorological indices of wheat as influenced by fertilizer levels under-treated sewage

water application (2-year mean)

Treatment Nutrient uptake (kg/ha) Quality parameters Agrometeorological indices
N P K Hectolitre ~ Sedimentation  Protein TUE HTUE PTUE
weight value % (kg/ha/°C (kg/ha (kg/ha
(kg/hl) (ml) day) degree-  degree-
day hr) day hr)
Wheat varieties
‘HD 3086’ 83.6 18.0 19.5 77.6 37.8 133 2.67 0.77 0.23
‘HD 2967’ 75.6 18.7 19.1 77.3 373 13.2 2.48 0.71 0.21
WH 1105’ 84.3 21.3 20.0 78.0 37.6 13.4 2.56 0.74 0.22
‘WH 1124° 70.8 18.2 18.9 78.2 35.6 13.2 2.37 0.68 0.20
‘DBW 90’ 79.8 19.0 19.6 75.1 355 13.1 2.54 0.73 0.22
CD (P=0.05) 8.1 2.1 NS NS 1.8 NS 0.14 0.03 0.01
Fertilizer levels
75% RDF 65.3 16.0 16.0 76.7 35.6 13.1 2.32 0.67 0.20
100% RDF 78.8 19.1 18.7 76.3 36.6 13.2 2.52 0.72 0.22
125% RDF 92.5 22.1 23.6 78.7 38.1 13.5 2.74 0.78 0.23
CD (P=0.05) 6.7 1.1 1.5 NS 1.9 NS 0.10 0.02 0.01
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100% RDF (Table 3). The sedimentation value is well
known for measuring the quantity and quality of wheat glu-
ten (Song et al., 2020), which also provides an idea about
the protein content and bread-making quality of wheat
grain (Bulut et al., 2013). Treated sewage irrigation water
has a high amount of nitrogen in it. However, nitrogen
takes part in many metabolic activities and is a major com-
ponent of amino acids. Hence, the application of treated
sewage water improved the quality of wheat grain in terms
of protein content, sedimentation value, and hectolitre
weight by affecting the flour P concentration and flour and
plant tissue N concentrations.

Agro-meteorological efficiencies: Among varieties,
higher values of agrometeorological indices viz. thermal
(TUE), heliothermal (HTUE), and photothermal use effi-
ciencies (PTUE) were found with variety HD 3086 over
other varieties. Among fertilizer levels, significantly higher
thermal, heliothermal, and photothermal use efficiency
values were observed with 125 % RDF over 75 and 100 %
RDF (Table 3). This might be due to more utilization of
degree day as a heat unit concept of crop and to be greater
vegetative growth (dry matter accumulation and yield)
caused, by increasing fertility levels (Kumar et. al., 2021).
A strong and positive correlation was found between yield
and agrometeorological efficiencies (Fig. 2a, b & c).
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Fig. 3(a). Heavy metals uptake as influenced by wheat varieties
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Fig. 3(b). Heavy metals uptake as influenced by fertility levels

The study concluded that variety ‘HD 3086’ was supe-
rior over other varieties concerning growth, productivity,
and agrometeorological efficiencies when grown with a

higher dose of fertilizer under-treated sewage water appli-
cation under a semi-arid environment.
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ABSTRACT

A field experiment was conducted during the winter (rabi) season 2018—19 and 2019-20 at Khalsa College,
Amritsar, Punjab to find out the effect of soil and foliar application of ZnSO,.7H,0 on zero till wheat. The experi-
ment was conducted in a randomized complete block design with three replications. Treatments were control
(noZn), soil application of 12.5, 25, 37.5, 50 kg/ha zinc sulfate heptahydrate (ZnSO,.7H,0), and foliar application
of 0.5% Zn as one spray at heading initiation (5% ear emergence), one spray at 100% heading (complete ear
emergence) and two sprays at heading initiation and 100% heading with a recommended dose of fertilizer. Results
showed that the soil application of 50 kg Zn/ha with two foliar sprays of 0.5% zinc sulfate heptahydrate at heading
initiation and 100% heading produced the highest yield attributes and grain yield of wheat. Application of 50 kg Zn/
ha with two foliar sprays of 0.5 % Zn at heading initiation and 100% heading registered ~25% higher grain yield
over control. Grain Zn content (41.77ppm) percent increase was 33.9 with 50 kg Zn/ha with two foliar sprays of 0.5
% zinc at heading initiation and 100% heading over control (31.20 ppm).Likewise, application of 50 kg Zn/ha with
two foliar sprays of 0.5 % Zn at heading initiation and 100% heading recorded the highest net returns among the
Zn treatments. Overall, soil application of 50 kg Zn/ha with two foliar sprays of 0.5 % zinc at heading initiation and

100% heading improved the yield, uptake, and profitability of zero-tilled wheat in zinc-deficient soils.

Key words: Grain yield, Soil and foliar spray, Zero till wheat, Zinc

Wheat (Triticum aestivum L.) is the principal source of
food for millions of people particularly in developing coun-
tries. However, wheat grains are often lacking in certain
micronutrients like zinc (Zn), boron (B), and iron (Fe)
which are essential for human health (Nadeem et al.,
2019). Wheat plays a crucial role in providing essential
micronutrients and contributing to 70% of daily calories in
third-world countries. (Cakmak, 2008). Among micronutri-
ents, deficiency of Zn is most wide spread in wheat-grow-
ing regions. Worldwide, about 50% of cultivated soils are
found deficient in bioavailable Zn (Groote et al., 2021).
More than two billion people worldwide are suffering from
several disorders due to a deficiency of micro nutrients.
However, about 1.25 billion population is at risk of Zn in-
adequacy (Kumssa et al., 2015). The continuous cultiva-
tion of nutrients exhaustive cereal crops has endangered
the productivity and sustainability of the cereal-based sys-
tem due to soil degradation, excessive mineral extraction,
micronutrient deficiencies, and higher production costs
(Yadav et al., 2024; Zulfiqar et al., 2020). Applying one
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'Assistant Professor (Agronomy), KVK Kapurthala 144 620, Punjab

nutrient can impact the absorption of others by creating
different compounds in soil and plants (Yadav et al., 2016).
Compared to other cereals, wheat cultivars possess high
sensitivity to Zn-deficiency. Thus, to attain the maximum
yield potential of wheat and improve grain Zn density, mi-
cronutrient management in wheat is an area of research
interest, which needs immediate attention. Agronomic
biofortification of Zn involves fertilizer application by soil
and foliar application (Dhillon and Ram, 2023). Soil appli-
cation of zinc sulfate before sowing is the most common
approach to correct Zn deficiency in crops. Foliar applica-
tion of Zn seems to be an effective method of ameliorating
Zn deficiency and a useful method for enhancing Zn con-
centration in grain. The timing of the foliar spray of micro-
nutrients is an important factor in determining its effective-
ness in increasing grain enrichment of microelements. The
highest concentration of Zn in wheat grain occurs at the
milking stage (Ozturk et al., 2006). The increase in Zn den-
sity in grain is most likely when foliar Zn fertilizers are
applied to late growth stages of wheat such as heading ini-
tiation, 100% heading, milk stage or dough stage, etc. Zero
tillage (ZT) enables timely wheat sowing, saves energy, and
enhances soil health and fertility. Additionally, it leads to a
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different Zn distribution in the soil compared to conven-
tional tillage systems, with higher Zn accumulation in the
rhizosphere due to residue decay (Naresh et al., 2017).
However, there is a lack of information on the effective-
ness of various methods of applying Zn fertilizer to en-
hance the yield, biofortification of grain, and uptake of
wheat under zero tillage systems. Therefore, a current
study was conducted to determine the impact of Zn fertili-
zation on the yield, concentration, and acquisition of Zn
and macronutrients in zero-till wheat.

MATERIALS AND METHODS

Field experiment was conducted during the winter
(rabi) season of 2018-2019 and 20192020 at the Re-
search Farm of Khalsa College, Amritsar, situated at 30°-
36’ N latitude and 73°-54" E longitude at a mean height of
234 meters above sea level. The study site has a hot moist
and semi-arid type of climate with alluvial, medium water
holding capacity of soils. The mean minimum and maxi-
mum temperature recorded during the growing seasons
ranged from 10.2 to 25.2 °C and 10.9 to 24.0 °C, respec-
tively during the year 2018-19 and 2019-20. The average
sunshine hours ranged from 5.1 to 6.1 hr/day. The total
amount of rainfall in growing seasons was 181 and 253
mm, respectively. The soil of the field was sandy loam,
with pH 7.2, EC 0.13 dS/m, organic carbon (0.31%), avail-
able nitrogen (248 kg/ha), phosphorus (17.8 kg/ha), and
available potassium (275 kg/ha). The available Zn in soil
was below the critical level (0.57 mg/kg). The pH was
measured using 1:2 soil and water suspension, organic car-
bon using Walkley and Black’s rapid titration method
(Walkley, 1934), and available potassium using 1N ammo-
nium acetate extractable K Method (Jackson, 1967), avail-
able nitrogen and phosphorus were determined with alka-
line potassium permanganate method (Subbiah and Asija,
1956) and 0.5N sodium bicarbonate extractable method
(Olsen et al., 1954), respectively. The field experiment
consisted of thirteen treatments, viz., T, control (no Zn), T,
12.5 kg Zn/ha + 0.5% foliar spray at heading initiation, T,
12.5 kg Zn/ ha + 0.5% foliar spray at 100% heading, T,
12.5 kg Zn/ha + 0.5% foliar sprays at heading initiation and
100% heading, T, 25 kg Zn/ha + 0.5% foliar spray at head-
ing initiation, T, 25 kg Zn/ha + 0.5% foliar spray at 100%
heading, T, 25 kg Zn/ha + 0.5% foliar sprays at heading
initiation and 100% heading, T, 37.5 kg Zn/ha + 0.5% fo-
liar spray at heading initiation, T, 37.5 kg Zn/ha + 0.5%
foliar spray at 100% heading, TIO: 37.5 kg Zn/ha + 0.5%
foliar sprays at heading initiation and 100% heading, T |
50 kg Zn/ha + 0.5% foliar spray at heading initiation, le:
50 kg Zn/ha + 0.5% foliar spray at 100% heading, T , 50
kg Zn/ha + 0.5% foliar sprays at heading initiation and
100% heading, The treatments were evaluated in random-
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ized complete block design with three replications. Zn was
applied as per the treatments. The soil application of Zn
(ZnS0O,.7H,0) was applied before sowing of the crop, fo-
liar sprays of 0.5% zinc sulfate heptahydrate (21%) (dis-
solving in 500 liters of water per hectare during each spray)
were applied at heading initiation (5 % ear emergence),
100% heading (complete ear emergence), during evening
hours. Wheat variety Unnat (PBW 343) was sown in the
first week of November using 100 kg seed/ha under zero-
till conditions (collecting loose straw manually and without
seedbed preparation) at 22.5 cm row spacing using zero till
seed drill in standing rice stubbles. Nitrogen (125 kg/ha),
phosphorus (62.5 kg/ha), and potassium (60 kg/ha) were
applied at the recommended rates through urea, di-ammo-
nium phosphate, and muriate of potash, respectively. Half
a dose of nitrogen and a full dose of phosphorus and potas-
sium were applied at the time of sowing with zero till seed
drill. The remaining half dose was applied after the first
irrigation. All other recommended packages of practices of
Punjab Agricultural University were followed for the suc-
cessful raising of zero till wheat. Harvested crop produce
from the net plot was threshed manually by beating at a
hard surface. The grain yield was recorded in kg per plot
and expressed in t/ha. Macro and micro-nutrient content at
different growth stages and at the time of harvesting in the
plant was determined by drying the samples in the hot-air
oven at 60°C + 2° till a constant dry weight was obtained.
Nitrogen content in samples was analyzed by using
Kjeldahl’s apparatus and expressed as a percentage. The P
content was determined by using the Vanado-molybdous-
phosphoric acid yellow color method (Piper, 1966). The K
content was determined byusing the flame photometer and
was expressed as a percentage. The Zn content in wheat
grain and straw was determined using Atomic Absorption
Spectrophotometry(AAS). The macro and micro-nutrient
uptake was computed by multiplying the nutrient content
with respective plant biomass and was expressed as nutri-
ent uptake in kg/ha. Economics was computed based on
prevailing market prices of crop produce, inputs, labor, and
machinery rent. The data obtained from a two-year study
were analyzed statistically as per the procedure given by
Gomez and Gomez (1984) using the CPCS1, software.
LSD values at P=0.05 were used to determine the signifi-
cance between the different treatments.

RESULTS AND DISCUSSION

Yield attributes and grain yield

Yield attributes responded significantly to the Zn treat-
ments. Maximum numbers of effective tillers were re-
corded with the application of 50 kg Zn/ha with two foliar
sprays of 0.5 % Zn at heading initiation and 100% heading,
which was statistically at par with 37.5 kg Zn/ha, 25 kg Zn/
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ha with two foliar sprays of 0.5 % Zn at heading ini-
tiation and 100% heading and lowest was recorded in
control where no Zn was applied (Table 1). Among
the Zn treatments, the application of 50 kg Zn/ha with
two foliar sprays of 0.5 % Zn at heading initiation
and 100% heading resulted in a maximum number of
grains per ear. Zn fertilization has been previously
reported to improve yield attributing parameters of
wheat like number of tillers and number of grains per
ear. All methods of Zn application resulted in signifi-
cantly higher ear length as compared to the control
(no Zn). Among the Zn application methods, 50 kg
Zn/ha with two foliar sprays of 0.5 % Zn at heading
initiation and 100% heading produced the longest ear
length spike which was significantly better than 25 kg
Zn/ha with two foliar sprays of 0.5 % Zn at heading
initiation and 100% heading.1000-grain weight rep-
resents the boldness of the grain (Table 1). Applica-
tion of50 kg Zn/ha with two foliar sprays of 0.5 % Zn
at heading initiation and 100% heading was superior
in 1000-grain weight (47.5 g) and noticeably higher
than the rest of the treatments. The application of Zn
might have increased the photosynthetic efficiency
due to improved enzymatic activity and thus might
have increased thousand-grain weight. These results
conform with the findings of Mauriya et al. (2015).
The grain yield of zero, till responded appreciably to
the soil and foliar application of Zn (Table 1.) Signifi-
cant increase in the grain yield, was observed with
the increasing Zn application. Higher grain yield was
recorded with 50 kg Zn/ha + 0.5 % foliar spray at
heading initiation and 100% heading (5.22 t/ha),
which was at par with yield obtained under 37.5 kg
Zn/ha + 0.5 % foliar spray at heading initiation and
100% heading, 25 kg Zn/ha + 0.5 % foliar spray at
heading initiation and 100% heading and signifi-
cantly superior to all other treatments. The minimum
average grain yield was recorded in control (3.92 t/
ha). The increase in yield and yield attributes due to
Zn fertilization might be the fact that Zn plays an
important role in the biosynthesis of IAA and initia-
tion of primordia for reproductive parts. Zn is an im-
portant component and co-factor of several enzymes,
cell division, and elongation, which helps plants
maintain different biochemical activities for better
crop growth, better physiology, more biofortified
grains, and greater yield. These results conform with
those of Faizal et al. (2021) and Dewal et al. (2004).

Nutrient concentration
The effect of zinc application on N, P, and K
contents was found statistically identical; although a

Table 1. Effect of various zinc treatments on yield attributes, yield and economics of zero tilled wheat (pooled data of 2 years)

Additional

Net
return
R x/10°ha)

Ear Grains/ 1000- Grain Gross
grain
weight (g)

length

Effective

Treatment

income over

return
® x 10%ha)

yield

ear
(Nos.)

tillers/

control (%/ha)

(t/ha)

(cm)

m2

42.44
47.80

71.13

3.93
4.06
4.

37.9 38.2

9.2
9.6

10.1

284

Control (no zinc) + NPK (Recommended)

5355

76.74
78.85

318 39.7 39.6

323
331

12.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
12.5 kg Zn/ha + foliar sprayof 0.5% Zn at 100% heading

7467

4991

21

41.6

40.0

52.29 9848

81.23

4.36

41.4 43.6

9.4

12.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

13351

55.80
58.70
63.56

84.99
87.89

92.75

4.54

9.6 40.2 41.8

10.2

339
351

25 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
25 kg Zn/ha + foliar sprayof 0.5% Zn at100% heading

16252
21116

4.69
4.82

47.0

42.4

11.2 441 473

373

25 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

20005
20953
24921

62.45

91.89
92.84
96.81

4.67
4.75

344 9.8 41.1 43.1
5.11

353
372

37.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
37.5 kg Zn/ha + foliar sprayof 0.5% Zn at 100% heading
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63.40
67.36

422 44.8

10.4

44.4 46.9

10.7

37.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

20684
22018
26295

63.13

92.82

4.75
4.

11.1 41.5 43.8

346
365

50 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
50 kg Zn/ha + foliar sprayof 0.5% Zn at 100% heading

85 94.15 64.46

42.4 45.8

11.3

68.74

44.8 47.5 5.25 98.43

11.5

374

50 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

265

0.88
0.32

0.3
1.36

0.4
1.51

0.1
0.78

2.6
8.42

CD (P=0.05)

SEm+
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numerically higher value was observed with the
application of 50 kg Zn/ha + 0.5 % foliar sprays at
heading initiation and 100 % heading. Non-signifi-
cant effects of Zn fertilizations on N,P, and K con-
tents might be due to the application of recom-
mended doses of N,P, and K fertilizers in all the
treatments. The significant increase in N,P, and K
contents with application of Zn was also reported
by Singh et al. (2024). Zn concentration in grains
and straw of zero till wheat increased significantly
with different rates of Zn treatment (Table 2). The
highest concentrations of Zn were recorded in
grain (41.77ppm) with the application of 50 kg Zn/
ha + 0.5 % foliar sprays at heading initiation and
100 % heading, which was 33.92% higher over the
control (31.19 ppm). A similar trend in Zn content
in straw was recorded as Zn content in grains. It
was affected statistically with the various Zn treat-
ments but it increased with all treatments over the
control. The range of Zn varied from 24.52 to
18.15 mg/kg in the straw of zero till wheat. This
might be attributed to the genetic potential of nu-
trient content and acquisition. The acquisition of
nutrients by the crop depends upon the dry matter
production and nutrient content in plant parts
(Yadav et al., 2016).

Nutrient acquisition

Total nutrient uptake (acquisition) by wheat
(grain and straw) was influenced by various Zn
treatments. Total N, P, K, and Zn uptake by wheat
was the highest with the application of 50 kg Zn/ha
+ 0.5 % foliar sprays at heading initiation and 100
% heading, (163.17kg/ha, 23.47kg/ha, 15.21 kg/ha
and 408.31 kg/ha) which was remarkably better
than other treatments (Fig. 1). The lowest total N,
P, K and Zn uptake was recorded in control, where
no Zn was applied. The magnitude of increase in
N, P, K, and Zn uptake with 50 kg Zn/ha + 0.5 %
foliar sprays at heading initiation and 100 % head-
ing was 49.7, 64.0 45.2, and 80.1% in wheat (grain
and straw), respectively, over the control. Zn influ-
enced the growth and grain yields of crops possi-
bly through accelerated uptake and transport of
beneficial nutrients like N, P, K, and Zn in plants.
These results are following the findings of
Chaudhary ef al. (2014). Zn interacts positively
with nitrogen and potassium and negatively with
phosphorus in plants. The improvement in dry
matter accumulation and nutrient contents ulti-
mately led to higher uptake of nitrogen, phospho-
rus, potassium, and Zn (Parshad et al., 2016).
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Table 2. Effect of various zinc treatments on, N, P, Kand Zncontent of zero tilled wheat (pooled data of 2 years)

P (%) P (%) Zn (ppm)

N (%)

Treatments

Straw

Straw Grain Straw Grain Straw Grain

Grain

18.15
20.00

20.21

31.20
32.67

33.01

1.60

0.39
0.40
0.41
0.42

0.044
0.045

30

0.64
0.65
0.65
0.66

1.83
1.85
1.86
1.87

Control (no zinc) + NPK (Recommended)

1.62
1.62

1
32
33

12.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
12.5 kg Zn/ha + foliar sprayof 0.5% Zn at 100 % heading

0.045

33.32 20.41

64

1.

0.047

12.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

21.16
22.20
2431

35.12

65
66
67

1.

0.42
0.43
0.43

0.048

34
33
0.34

0.67
0.68
0.70

1.89
1.91
1.98

25 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
25 kg Zn/ha + foliar sprayof 0.5% Zn at100 % heading

35.81

1.

0.048

40.80

1.

0.053

25 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

23.06
23.31

38.75

1.67

0.44
0.44
0.45

0.050

0.35

0.70
0.71
0.72

1.93
1.94
1.97

37.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
37.5 kg Zn/ha + foliar sprayof 0.5% Zn at 100% heading

39.17

66
1.67

1.

0.051

0.35
0.36

24.29

41.29

0.053

37.5 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

23.74
23.99

24.52

39.81

1.68
1.69
1.69

0.45
0.46
0.47

0.053

0.35

0.73
0.75
0.75

1.95
1.95
2.00

50 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation
50 kg Zn/ha + foliar sprayof 0.5% Zn at 100% heading

40.04
41.77

0.055

0.37
0.37
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0.056

50 kg Zn/ha + foliar sprayof 0.5% Zn at heading initiation

and 100% heading

0.05
0.24

0.05 0.0045 0.0006 0.016 0.04 0.29
NS

NS

0.03

NS*

SEm+

NS 1.14

NS

NS

CD (P=0.05)

NS, non-significant
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Fig. 1. Effect of various zinc treatments on N, P, K and Zn uptake of zero tilled wheat
Economics to combat zinc deficiency. Frontier in Plant Science 8: 1-8.

In the current study, the net returns increased with the
increase in Zn treatments over the control. Net returns
among the Zn treatments varied from I42.44 to 68.74
x10%/ha. The application of 50 kg Zn/ha + foliar spray of
0.5% Zn at heading initiation and 100% heading resulted in
26.29 X x10%/ha additional net returns over control. The in-
crease in the grain yield leading to the higher economic re-
turn is attributable to the improved physiology of plants
with the added Znconsequently enhancing the efficiency of
different enzymes leading to higher yield.

Thus, it may be concluded that soil application of 50 kg
Zn/ha along with two foliar sprays of Zn @ 0.5% at head-
ing initiation and 100% heading produced ~25% higher
grain yield, besides higher Zn concentration and acquisi-
tion by zero till wheat over control (no Zn). Hence, it can
be recommended for quality wheat production in Punjab
under zero-till conditions.
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ABSTRACT

The nano fertilizers are becoming popular in crop production sector due to their higher nutrient use efficiency
and also enhance the productivity and quality while requiring less input and being environmentally safe. In order to
assess the effect of foliar application of nano urea on growth and yield performances of wheat (Triticum aestivum
L.) and to evaluate nitrogen-use efficiency under integrated use of nano urea, this study was undertaken during
the rabi seasons of 2021-22 and 2022—-23 at the Uttar Banga Krishi Viswavidyalaya, Pundibari, West Bengal. The
experiment was laid-out in a randomized block design (RBD) having 13 treatments consisting of foliar application
of water, nano urea (once at tillering and twice at tillering and jointing) and 5% urea in combination with each of
50,75 and 100% of recommended nitrogen doses (RDN) along with a control (without N), and each treatment was
replicated thrice. It was observed that foliar application of nano urea (0.4%) twice at tillering and jointing stages
with 100% (RDN 5,759 kg/ha) was statistically at par with 100% RDN + 5% foliar spray of urea twice at tillering and
jointing stage (5,985 kg/ha) in terms of grain yield, the latter being the highest yielder. Foliar application of either
urea or nano urea by curtailing 25-50% RDN did not brought about superior growth and yield performances. Under
each level of RDN (100%, 75% and 50%), foliar application of 5% urea was a bit superior to nano urea, though the
difference was not statistically significant. However, nano urea reflected higher nitrogen-use efficiency under all
levels RDN; partial factor productivity of nitrogen (PFP,) and agronomic nitrogen-use efficiency (ANUE) values be-
ing the highest under 50% RDN along with two spraying of nano urea (56.76 and 24.50 kg grain/kg N). The treat-
ment comprising 100% RDN+ 5% spray of urea at tillering and jointing stages resulted in the highest net return
(69608 %/ha) and B: C ratio (2.58), closely followed by the treatment comprising nano urea application twice (gross
return, net return and B: C ratio of 109,426 I/ha, 63,748 I/ha and 2.40, respectively) with 100% RDN, being statis-
tically at par with each other. It can be concluded from this two-year trial that only foliar application of nano urea by
curtailing soil nitrogen application to 25-50% resulted in reduced yield performances of wheat; nano urea had pro-
motive effects on yields when it was applied along with 100% RDN.

Key words: Nano urea, Nitrogen-use efficiencies, Profitability, Wheat

Conventional chemical fertilizers are extensively used
throughout the globe for achieving higher yields in agricul-
tural production system. Considering the increasing popu-
lation and diminishing agricultural land, it is becoming
necessary to use chemical fertilizers, especially nitrogen to
meet the growing food demands (Abebe et al., 2022).
Only urea, the chief nitrogenous fertilizer, accounts for
more than 82% of the nitrogenous fertilizers applied to
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crop and globally, 188 million metric tonnes of urea is ap-
plied to crops every year. Though nitrogen fertilization is a
crucial agronomic management technique for improving
the vegetative growth of crops targeting increased crop
productivity, but indiscriminate use has environmental and
ecological consequences (Pachauri and Meyer, 2014;
Mahmud et al., 2021). Again, the nitrogen-use efficiency
(NUE) in agricultural systems has remained low (rarely
exceeds 30-35%) despite prior efforts, revealing that over
half of the N added to agricultural soils may be lost to the
environment globally (Al-Juthery et al., 2021). The scien-
tists, policy makers, industrialists as well as farmers are
concerned about the ill effects and are looking for some
alternate sources. The nano fertlizers are believed to have
the potential for a paradigm shift in agriculture (Bartolucci
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et al., 2022). The nano fertilizers possess more surface area
along with slow and plant response-based release (Raliya
et al., 2018). It can reduce nutrient losses through leaching
and gaseous emissions and thus ensures a sustainable pro-
duction system (Igbal 2020).

IFFCO has developed a new nano fertiliser called ‘nano
urea’ on 5™ June 2021 with an objective to replace or re-
duce the ill effects of urea. The nano fertilizers are any
products that are made up of nanoparticles or that uses
nanotechnology to improve nutrient efficiency in the form
of fertilizers and in crop production sector, it enhances the
productivity and quality while requiring less input, reduc-
ing input costs and environmentally safe (Kiran and Samal,
2021; Kumar ef al., 2021b). The efficacy of IFFCO nano
urea has been tested in various crops in various locations
and the initial studies indicated a possibility of curtailing
fertilizer doses through use of nano urea but the response
varied from crop to crop. In recent times, the use of nano
urea is becoming popular among the farming community,
but its effectiveness in high nitrogen requiring crops are
under question mark.

In eastern plains, wheat (7riticum aestivum L.) is one of
the most significant and primary food crops and has huge
importance in maintaining food security of the country.
Balanced nutrition is the key through which we can im-
prove the production scenario of wheat cultivation. Again,
precision nitrogen management for wheat depends on use
of NDVI sensor, leaf colour charts, decision support tools
like Nutrient Expert which are gaining popularity in sched-
uling nitrogen to wheat crop (Mitra et al., 2019, Singha and
Mitra, 2020; Mitra et al., 2023a). Various field-based stud-
ies (Mondal et al., 2018; Mitra et al., 2023b) indicated
higher nitrogen demand for wheat genotypes (150 kg/ha or
even more) in eastern plains. Nano urea may be a potential
alternative for wheat through which the soil chemical load
can be curtailed. Keeping this in backdrop, this study was
undertaken to assess the effect of nano urea on growth and
yield performances of wheat vis-a-vis nitrogen-use effi-
ciency under integrated use of nano urea.

MATERIALS AND METHODS

The field trial was conducted at All India Coordinated
Wheat and Barley Improvement Project (AICW & BIP)
Block of Uttar Banga Krishi Viswavidyalaya, Pundibari,
West Bengal (26° 19°86" N latitude, 89° 23° 53" E longi-
tude and at an elevation of 43 meters above mean sea level)
during the rabi seasons of 2021-2022 and 2022-2023. The
soil was sandy loam in texture, slightly acidic (pH 5.94) in
reaction, medium in organic carbon (0.67%), low in min-
eralizable nitrogen (171.3 kg/ha) and available potassium
(130.6 kg/ha) and high in available phosphorus (36.7 kg/ha).

The experiment was laid-out in a randomized block de-
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sign (RBD) having 13 treatments, viz. T,, 100% Recom-
mended nitrogen doses (RDN) + water spray at tillering
and jointing; T,, 100% RDN + single spray of nano urea
at tillering; T,, 100% RDN + two sprays of nano urea at
tillering and jointing; T,, 100% RDN + two sprays of 5%
urea at tillering and jointing; T,, 75% RDN + water spray
at tillering and jointing; T,, 75% RDN + single spray of
nano urea at tillering; T,, 75% RDN + two sprays of nano
urea at tillering and jointing; T,, 75% RDN + two sprays of
5% urea at tillering and jointing; T,, 50% RDN + water
spray at tillering and jointing; T, , 50% RDN + single spray
of nano urea at tillering; T, 50% RDN + two sprays of
nano urea at tillering and jointing; T ,, 50% RDN + two
sprays of 5% urea at tillering and jointing and T ,, control
(without N only), each treatment was replicated thrice. As
the effects of one or two applications of nano urea was
tested against 5% urea spraying under each of 50,75 and
100% RDN, the number of treatments was higher. The rec-
ommended N dose was kept at 150 kg/ha following all In-
dia recommendations; while P,O; and K,O were applied @
60 and 40 kg/ha, respectively in all the treatments. One-
third of nitrogen in the form of urea was applied as basal
during final land preparations while rest two-third was ap-
plied in two equal splits at crown root initiation and active
tillering stage. Urea topdressing was followed by irrigation
for assured moisture. The full doses of phosphorus and po-
tassium were applied during final land preparation in the
form of single super phosphate and muriate of potash, re-
spectively. The IFFCO nano urea (liquid) containing 4% N
(500 ml commercial pack @ 240.00) as encapsulated nitro-
gen analogues was used as a source of nano urea. In this
product the particle size is 20-50 nm as per scanning elec-
tron micrography as claimed by IFFCO. The foliar applica-
tion of nano urea was done using 0.4% concentration
(standardised dose for wheat) with a spray volume of 450
L/ha. Foliar spray of urea at 5% concentration was pre-
pared by the addition of urea fertilizer in water (w/v) (50 g/
1 litre). The wheat variety used in the experiment was
DBW 187 (Karan Vandana), a blast resistant high yielding
variety rich in Fe and Zn, recommended for north eastern
plain zone (NEPZ) matures in 115-120 days. The crop was
sown in lines 20 cm rows apart with a continuous seeding
in lines on November 21 during both the years with a seed
rate 100kg/ha. The tiller number and dry matter accumula-
tion was estimated at periodical intervals whereas the yield
attributes were taken at harvest. The entire produce from
the net plot area of 12.8 m? (8 rows of 1 m length with 20
cm spacing) was harvested and weighed after thorough
drying under the sun. Grain and straw yield from that arca
was converted into per unit area basis (kg/ha). The esti-
mated values of partial factor productivity of N (PFP)
and agronomic nitrogen-use efficiency (ANUE) were
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calculated as per formula given by Dobermann (2007):

Partial factor productivity (kg grain/ kg of N) =

Where, Yt = Yield under treatment (kg/ha)

Na = Amount of nutrient added (kg/ha)
Agronomic N-use efficiency (kg grain/kg N)= —
Where, Yt = Yield under test treatment (kg/ha) 0

Yo = Yield under control (kg/ha)

At = Unit nutrient applied in the treatment (kg/ha)
Total cost of production/ha for each treatment was cal-

culated on the basis of existing market rate of inputs (seeds,
fertilizers, micronutrients, herbicides, etc including nano
urea) and wage-rate of the labourers. The gross return was
calculated by considering the output prices of wheat grains
prevailing in the local market. The net return was calcu-
lated by deducting the cost of cultivation from the gross
return/ha. The benefit-cost ratio was calculated as a propor-
tion of gross returns and the total cost of cultivation and on
the basis of benefit: cost ratio, the most beneficial treatment
for the crop sequence was determined.

Analysis of variance (ANOVA) for randomised block
design was done as per the procedure given by Gomez and
Gomez (1984) using SPSS window version 17.0 (SPSS
Inc., Chicago, USA). For pooled analysis, year was taken
as a main factor and the significant differences between
treatments were compared with the critical difference (CD)
at 5% level of probability.

RESULTS AND DISCUSSION

Growth attributes

The maximum plant height (96.8 cm) was achieved with
100% RDN + 2 sprays of nano urea at tillering and joint-
ing (T,), being statistically at par with 100% RDN + 2
sprays of 5% urea at tillering and jointing (T,) and 100%
RDN + single spray of nano urea at tillering (T,) treat-
ments. Spraying of nano urea twice at tillering and jointing
stages along with 100% RDN might be effective in better
release of nutrients which favours the crop growth by in-
creasing the cell elongation. It was noted that the plant
height didn’t reduce to that extent even after curtailing 25
- 50 % of the RDN. However, the lowest plant height (74.8
cm) was noted in the control treatment where N application
was skipped. The results obtained are in conformity with
the findings of Jyothi and Hebsur (2017) and Ehsan et al.
(2021) who found the highest plant height with nano fertil-
izer application in combination with 100% recommended
dose of nitrogen. At 60 days after sowing (DAS), the maxi-
mum tiller number (338/m?) was observed in the treatment
in which 100% RDN was given along with 2 foliar sprays
of urea 5% at tillering and jointing stages (T,) and it was
statistically at par with 100% RDN + 2 sprays of nano urea
at tillering and jointing (T,) (328/m?), 100 % recommended
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dose of nitrogen + 1 spray of nano urea (319/m?) (T,). It
was also observed that 75% RDN along with one or two
sprays of nano urea or even 5% urea also produced similar
tiller number (Table 1). Due to tiller mortality, the total
tiller number reduced a bit in the later part irrespective of
the treatments but the overall trend was similar. It was evi-
dent that reducing the nitrogen rates by 25%, there was 8-
10% reduction in total tiller number but 50% curtailment in
RDN resulted in 15-20% reduction. Nitrogen is essential
for promoting plant’s vegetative growth. Therefore, any
reduction in nitrogen doses revealed some kind of retarda-
tion in growth parameters. However, spraying of nano urea
once or twice was quite effective and similar to that of 5 %
urea spraying which increased nitrogen availability for crop
plants to explore, so there was improved nutrient uptake by
plant cells leading to optimum growth which was reflected
in terms of tiller number. These results corroborated with
the findings of Ahmed and Fahmy (2017) who found that
application of nano fertilizers increased the tiller number.
The treatment consisting of 100% RDN with 2 sprays of
5% urea at tillering and jointing stages also recorded the
highest aerial biomass i.e., 169.8 g/m? at 30 DAS, 635.5 g/
m? at 60 DAS and 1250.1 g/m? at 90 DAS. The results also
showed that the dry matter accumulation in treatments with
100% RDN combined with 2 sprays (T,) or single spray
(T,) of nano urea was statistically at par with the highest
values obtained with recommended nitrogen plus two
sprays of 5% urea. Increased dry matter accumulation at
100% N application might be due to adequate nutrition
obtained from higher nitrogen application levels. The
plant’s vegetative growth was further accelerated by the
use of nano urea or foliar application of 5% urea, as evi-
denced by a higher number of tillers. The results are in
conformity with the results of Martinez et al. (2020). In-
crease in tiller number and leaf area attributed to higher
accumulation of aerial biomass. Spraying of nano urea trig-
gers positive crop response as it improves nutrient avail-
ability in the rhizosphere (Kumar et al., 2021a). Its appli-
cation enhances plant metabolic processes, promotes mer-
istematic activities, ensures higher leaf photosynthetic area
and triggers enzyme for improving growth and yields of the
plant (Preetha and Balakrishnan, 2017). When sprayed on
leaves, it easily gets absorbed and enters through stomata
due to its nano size. Thus, it utilises the dynamics of shape,
size, surface area for better assimilation (Kumar et al.,
2021a) which, in turn, leads to higher growth and yields of
crop plants.

Yield attributes and yield

The number of spikes/m? varied significantly with nano
urea application. The treatment T, (100% recommended
dose of nitrogen with 2 sprays of 5% urea at tillering and
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Table 1. Growth parameters of wheat as influenced by nano urea (pooled data of 2 years)

Treatments Plant height Tiller number/ Dry matter accumulation
(cm) m? (g/m?)
60DAS 75DAS 90DAS 30DAS 60DAS 90 DAS
T,, 100 % RDN + 2 water sprays at tillering 90.51 310 300 295 174.3 5323 1089.4
and jointing
T,, 100 % RDN + single spray of nano urea 92.00 319 312 306 185.2 556.2 1158.1
at tillering
T,, 100 % RDN + 2 sprays of nano urea at 96.80 328 319 314 179.4 607.8 1214.2
tillering and jointing
T,, 100 % RDN + 2 sprays of urea (5%) at 94.80 338 330 324 169.8 635.5 1250.1
tillering and jointing
T,, 75 % RDN + 2 water sprays at tillering 92.00 295 290 282 168.5 490.8 989.4
and jointing
T,, 75 % RDN + single spray of nano urea 93.80 310 297 290 165.2 513.9 1054.3
at tillering
T,, 75 % RDN + 2 sprays of nano urea at 95.30 315 307 300 170.6 540.1 1102.8
tillering and jointing
T,, 75 % RDN + 2 sprays of urea (5%) at 94.40 323 314 310 159.9 589.0 1159.8
tillering and jointing
T,, 50 % RDN + 2 water sprays at tillering 86.30 284 275 267 130.8 431.5 868.3
and jointing
T,,» 50 % RDN + single spray of nano urea 89.50 284 277 272 134.8 466.8 925.8
at tillering
T,,» 50 % RDN + 2 sprays of nano urea at 89.70 295 290 283 133.0 501.4 943.0
tillering and jointing
T ,, 50 % RDN + 2 sprays of urea (5%) at 90.80 302 298 293 134.2 520.8 969.9
tillering and jointing
T,,, Control (No N application) 74.80 228 224 215 108.7 271.9 620.4
SEm+ 2.01 10.3 9.9 10.5 3.9 11.8 23.1
CD (P=0.05) 5.90 30.3 28.9 30.9 11.3 34.5 67.8

RDN, Recommended dose of nitrogen; DAS, days after sowing

jointing) recorded the highest number of spikes/m? (320);
being statistically at par with nano urea application twice
(310) or once (304) with 100% RDN. Foliar spray of 5%
urea at tillering and jointing stage along with 100 % RDN
also recorded the highest number of filled grains/spike
(46.3) though the number of filled grains/spike attained
under the different N scheduling treatments did not differ
significantly except control which recorded the lowest
filled grains/spike (32.7). The results showed that the test-
weight of wheat, being a genetic character, did not differ
significantly by the different nitrogen treatments except
control. The results are in conformity with the findings of
Dapekar et al. (2018). In addition to timely nitrogen sup-
ply, foliar spray of urea might be leading to increased pho-
tosynthetic absorption and translocation of photosynthates
from the source to the sink, which, in turn, might have con-
tributed to an increased number of spikes and grains within
a spike (Kumar et al., 2021a). Nano urea releases nitrogen
twelve times slower than the urea and thus is available for
functional metabolic interaction over a longer period
(Saurabh et al., 2019). Even nano urea spraying before
flowering (as sprayed in jointing in this trial) improves

source-sink relationship and helps in translocation of pho-
tosynthates towards grain (Upadhyay et al., 2023). The re-
sults corroborated with the findings of Bakhtiari et al.
(2015) and Al-Juthery et al. (2018) who found increased
spike number using nano fertilizers. A small reduction in
spike length was observed with the treatments in which
RDN was curtailed by 25-50%. There was increase in
spike length under 100% RDN due to increased apical
growth and meristematic activity.

The treatment T, (100% RDN + 2 foliar sprays of urea
at tillering and jointing) resulted in the highest grain yield
(5985 kg/ha), followed by the treatment T, (100% RDN +
2 sprays of nano urea at tillering and jointing) (5759 kg/
ha), being statistically af par with each other. Following the
similar trend of grain yield, the highest straw yield (8798
kg/ha) was also recorded with T, treatment, closely fol-
lowed by T, treatments, being statistically at par with each
other. Under 100% RDN, one and two sprays of nano urea
brought 4.1 and 14.1% yield enhancement while under
75% RDN, the increase in grain yields was 2.5 and 6.1%
over no foliar application treatment; while 5% urea foliar
application twice resulted in 18.5 and 17.2% yield en-
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hancement over no foliar application. It reflected that for
enhanced growth and yield of crop, foliar spraying of urea
was more efficient than nano urea when soil was supplied
with sufficient nutrient elements as under 100% and 75%
RDN. It was also noted that the yields were almost equiva-
lent when two sprays of nano urea were applied along with
75% RDN, thus saving 25% of soil applied nitrogen.
Again, 5% urea foliar application with 75% RDN brought
about 8.7% yield enhancement over 100% RDN. Foliar
application of urea and nano urea also resulted in yield
enhancement even under 50% RDN, but the magnitude of
enhancement in yields was lesser. With 50% curtailment in
RDN, grain yield reduced by 21% and the reduction was
steeper (26%) under 50% RDN plus 5% urea over 100%
RDN plus 5% urea. The active ingredients in nano fertiliz-
ers are specifically designed to release nutrients in response
to biological demands and environmental stress, thereby
increasing agricultural productivity through improved pho-
tosynthetic activity, growth of seedlings, rate of seed ger-
mination, nitrogen metabolism, and synthesis of carbohy-
drates and proteins (Al-Juthery et al., 2019). The results
showed that foliar application of nano urea twice during
the active tillering and jointing stages, would be highly
beneficial for increasing the grain and straw yields when
soil N levels are adequate. Under sufficient level of soil
nitrogen, both urera and nano urea foliar application was
highly beneficial and impactful for the crop. These results
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are in conformity with the findings of Mehta and Bharat
(2019). The straw yield decreased correspondingly in cases
when the grain yield reduced as a result of inadequate nu-
trition, indicating no obvious impact on the harvest index.
Mehta and Bharat (2019) also found that there was no sig-
nificant difference in the harvest index values among dif-
ferent nitrogen treatments. The grain and straw yields were
largely dependent on soil nitrogen application. Foliar appli-
cation of urea or nano urea could substantiate a portion of
it. That’s why in our trial, both grain and straw yields de-
creased with curtailment of soil applied N. But it was noted
that nano urea or urea foliar application could substantiate
25% curtailment as the yields with 75% RDN plus twice
spraying of urea 5% or nano urea 0.4% were similar or
higher. In all the cases, 5% urea foliar application super-
seded 0.4% nano urea in terms of yields. However, further
curtailment resulted in a considerable yield drop (11-20%)
even with spraying of urea or nano urea. It was quite in-
dicative that nano urea could work efficiently under ad-
equate soil nitrogen and it could not compensate the yields
when soil application was curtailed to 50%.

Nitrogen-use efficiency and production economics

The partial factor productivity of nitrogen (PFP) was
significantly impacted by various nitrogen scheduling treat-
ments (Table 3). The highest PFP was obtained in the
treatment T, (50% RDN + 2 sprays of nano urea at

Table 2. Yield attributes and yields of wheat as influenced by nano urea (pooled data of 2 years)

Treatment No.of  No. of Spike 1,000- Grain Straw  Harvest
spikes/  grains/  length grain yield yield index
m? spike (em)  weight (g) (kg/ha) (kg/ha)
T,, 100 % RDN + 2 water sprays at tillering and jointing 292 42.7 11.08 40.2 5048 7218 0.41
T,, 100 % RDN + single spray of nano urea at tillering 304 43 11.23 40.2 5255 7620 0.41
T,, 100 % RDN + 2 sprays of nano urea at tillering 310 46.1 11.68 40.3 5759 8524 0.40
and jointing
T,, 100 % RDN + 2 sprays of urea (5%) at tillering 320 46.3 11.75 40.5 5985 8798 0.40
and jointing
T,, 75 % RDN + 2 water sprays at tillering and jointing 280 41.9 10.99 39.9 4681 7022 0.40
T,, 75 % RDN + single spray of nano urea at tillering 285 42.1 11.00 40.0 4799 7295 0.40
T,, 75 % RDN + 2 sprays of nano urea at tillering 290 42.8 11.17 40.0 4965 7596 0.40
and jointing
T,, 75 % RDN + 2 sprays of urea (5%) at tillering 298 45.8 11.57 40.2 5487 8449 0.39
and jointing
T,, 50 % RDN + 2 water sprays at tillering and jointing 252 39.9 10.90 39.7 3992 6267 0.39
T,,» 50 % RDN + single spray of nano urea at tillering 255 40.3 10.95 39.7 4080 6568 0.38
T,,, 50 % RDN + 2 sprays of nano urea at tillering 262 40.9 11.00 39.8 4265 6909 0.38
and jointing
T,,, 50 % RDN + 2 sprays of urea (5%) at tillering 270 41.0 11.15 39.8 4406 7049 0.38
and jointing
T,,, Control (No N application) 202 32.7 10.28 36.7 2424 4170 0.37
SEm+ 7.88 1.30 0.06 0.42 160.5 174.1 0.03
CD (P=0.05) 23.1 3.8 0.17 1.22 470.2 510.1 NS

RDN, Recommended dose of nitrogen; NS, Non-significant
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Table 3. Nitrogen-use efficiencies and production economics of wheat as influenced by nano urea (pooled data of 2 years)

Treatments NUE indices Production economics
PFP,  ANUE (kg Costof Gross Net B:C

(kg grain/  grain/ cultivation return return

kg N) kg N) ®/ha) (%/ha) (%/ha)
T,, 100 % RDN + 2 water sprays at tillering and jointing 33.65 17.49 43,950 95,903 51,953 2.18
T,, 100 % RDN + single spray of nano urea at tillering 35.02 18.86 44,264 99,844 55,580 2.26
T,, 100 % RDN + 2 sprays of nano urea at tillering and jointing 38.36 22.21 45,678 1,09,426 63,748 2.40
T,, 100 % RDN + 2 sprays of urea (5%) at tillering and jointing 37.32 22.21 44,107 1,13,715 69,608 2.58
T,, 75 % RDN + 2 water sprays at tillering and jointing 41.61 20.06 43,372 88,940 45,568 2.05
T,, 75 % RDN + single spray of nano urea at tillering 42.63 21.10 43,686 91,189 47,503 2.09
T,, 75 % RDN + 2 sprays of nano urea at tillering and jointing 44.08 22.56 45,100 94,331 49,231 2.09
T,, 75 % RDN + 2 sprays of urea (5%) at tillering and jointing 44.66 22.93 43,530 1,04,246 60,716 2.39
T,, 50 % RDN + 2 water sprays at tillering and jointing 53.22 20.90 42,795 75,843 33,048 1.77
T,,» 50 % RDN + single spray of nano urea at tillering 54.34 22.06 43,109 77,516 34,407 1.80
T,,, 50 % RDN + 2 sprays of nano urea at tillering and jointing 56.76 24.50 44,523 81,033 36,510 1.82
T, 50 % RDN + 2 sprays of urea (5%) at tillering and jointing 51.62 23.22 42,952 83,711 40,759 1.95
T,,, Control (No N application) - - 40,540 46,059 5,519 1.14
SEm(=) 1.84 0.68 - 4,949 4,949 0.04
CD (P=0.05) 5.38 1.98 - 14,502 14,502 0.13

RDN, Recommended dose of nitrogen; NUE, nitrogen use efficiency; ANUE, Agronomic nitrogen use efficiency; PFP partial factor produc-

tivity of nitrogen

tillering and jointing (56.76 kg grain/kg N) which was fol-
lowed by T, (54.34 kg grain/kg of N). It was noted that
100% RDN + 2 sprays of nano urea at tillering and joint-
ing stages recorded much lower values of PFP (38.36 kg
grain/kg N) despite being the higher yielder. The quantity
of soil applied nitrogen in 50% RDN treatments (T,-T,)
was curtailed to 75 kg/ha. As PFP, is the proportion of
yield and N added, the values were much higher in these
treatments. Again, the quantity of nitrogen added through
nano urea was practically negligible as it contains only 4%
(v/v) nitrogen. With such a low quantity of added nitrogen,
yield response was quite good. That’s why nano urea spray
twice significantly increased PFP for each level of N ap-
plication (50%, 75%, or 100%), showing better NUE even
than urea foliar application. The data further revealed that
75% RDN + 2 sprays of urea (5%) at tillering and jointing
recorded the highest ANUE (24.93 kg grain/kg N). Higher
ANUE was due to minimum application, controlled re-
lease, and reduced losses of urea foliar application rather
than soil application. As the ANUE represents the propor-
tionate yield enhancement over control, the values were
slightly higher under urea foliar application rather than
nano urea, being statistically at par with each other. In
general, the NUE indices were higher under lower soil
application treatments due to such huge curtailment in N
application. Nano urea particles can easily penetrate
through cell wall and reach upto plasma membrane and
they also can penetrate through stomatal pores. These are
also translocated through phloem to other plant parts and
metabolically assimilated as per need of the plant (Kumar

et al.,2021a). Precise and targeted application through fo-
liar spraying reduces urea losses and results in better crop
harvest with lesser N application leading to higher
nitrogen-use efficiency (Kumar et al., 2020; Lahari et al.,
2021). Synchronising the nutrient availability as per need
of the crop also helped to improve nutrient use efficiency
(Mitra et al., 2019).

The nano-urea treatments had slightly higher total cost
of cultivation over urea foliar application. Among the treat-
ments, 100% RD + 2 sprays of urea (5% at tillering and
jointing recorded significantly higher net returns (69608 /
ha) and benefit: cost (B : C) (2.58). It was followed by 100%
RD + 2 sprays of nano urea at tillering and jointing which
registered a net return of 63748/ha with a B: C 0of 2.40. Due
to higher yields obtained under these two treatments as
compared to extra cost involvement, it recorded higher net
returns and B:C ratio over the other treatments.

Foliar application of nano urea (liquid) twice at tillering
and jointing stage had promotive effects on yields of
wheat; however, there were no significant differences in
grain yield of wheat with twice foliar application of nano
urea and 5% urea when it was applied with 100% RDN.
Twice application of nano urea proved better than single
application in terms of productivity and nitrogen use effi-
ciency. However, foliar application of nano urea or urea
could not compensate the yield reduction under 50% RDN
in wheat.

It can be concluded from this two-year study that nano
urea had promotive effects on yields when it was applied
with 100% N, quite similar to urea foliar application; but
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simply foliar application of nano urea or urea could not
compensate the yield reduction under 50-75% RDN in
wheat.
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ABSTRACT

A field experiment was conducted at Centre for Research on Integrated Farming Systems, Sardarkrushinagar
Dantiwada Agricultural University, Sardarkrushinagar during 2018—19 to 2020-21 to study the efficiency of differ-
ent incubating material for phosphate rich organic manure (PROM) in wheat. A total of fourteen treatments such as
T,: Control, T,: DAP @ 60 kg P,O, /ha, T, : Rock phosphate @ 40 kg P,O /ha incubated with vermicompost, T, :
Rock phosphate @ 60 kg P,O,/ha incubated with vermicompost, T, : Rock phosphate @ 40 kg P,O,/ha incubated
with FYM, T, : Rock phosphate @ 60 kg P,O,/ha incubated with FYM, T_: Rock phosphate @ 40 kg P,O,/ha incu-
bated with compost, T,: Rock phosphate @ 60 kg P,O,/ha incubated with compost, T,: Rock phosphate @ 40 kg
P,O,/ha incubated with vegetable waste, T, : Rock phosphate @ 60 kg P,O,/ha incubated with vegetable waste,
T,,: Rock phosphate @ 40 kg P,O,/ha incubated with green algae, T,,: Rock phosphate @ 60 kg P,O /ha incu-
bated with green algae, T,,: Rock phosphate @ 40 kg P,O,/ha incubated with cow urine and T, : Rock phosphate
@ 60 kg P,0,/ha incubated with cow urine were evaluated based on growth parameters, yield attributes and yield.
The pooled result of three years experiment indicated that phosphorus source of DAP in wheat (60 kg P,O,/ha)
can be replaced with Udaipur rock phosphate (31% P,0,) @ 198 kg/ha incubated for 30 days with FYM or
vermicompost or compost or vegetable waste (each of 593 kg) or cow urine (593 L) in the ratio of 1:3 ratio as basal

for obtaining higher yield and net returns.

Key words: Cow urine, Farm Yard Manure, Green algae and Vermicompost

Wheat is the second most important crop in India and a
principal source of calorie intake. It has been under culti-
vation in the Indian subcontinent from pre-historic times
and is an integral part of the country’s economy and food
security. Systematic research in the crop has started in In-
dia way back in 1960s through the coordinated system of
multi-location research to cater the needs of diverse popu-
lation. The country achieved rapid strides in wheat produc-
tion during the last four decades resulting in self-suffi-
ciency and surplus production. This has enabled the coun-
try to meet domestic demand from its own production and
reduce dependence on wheat imports. In 1978, for the first
time in the post-independence period, India emerged as a
net exporter of wheat (Chand, 2001). However, feeding
burgeoning population through the next 25 years remains
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an uphill task. Increasing domestic and international de-
mand owing to population growth should meet the future
challenges of food and nutritional security. The country
will have to feed about 1.30 billion people by 2020 requir-
ing 5-6 million tons of additional food grains every year.
India by 2030, will require approximately 100 million tons
of wheat to cover an estimated demand of 345 million tons
of food grains (Annual Report, 2011-12). The country as
per the national policy on agriculture has set a target of 4
per cent growth rate for which high growth in wheat pro-
duction becomes a mandate owing to its importance in
food basket. The growth rate can be achieved by increas-
ing the production and bridging the existing yield gap.
Regional surveys reveal large variation in yield across re-
search farm, farmers and fields attributed to management,
site and season differences. Punjab and Haryana recorded
4.3 and 4.2 t/ha, respectively in wheat production and the
yield gap between farm and potential yield was about 45
and 35 per cent, respectively in those states (Fischer, 2009).
Bhattacharya (2011) estimated 28.22 per cent yield gap |
(difference between potential yield and national average
yield) in India and 57.01 per cent yield gap II (difference
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between potential yield and state average yield) and 0.98
per cent yield gap III (difference between potential yield
and on-farm yield) in Uttar Pradesh. Aggarwal et al. (2008)
found that wheat registered a yield gap of 70 kg/ha be-
tween research farm and farmer’s field.

Phosphorus (P) fertilizers are critical to crop production
and global food security. Strengthening intensive agricul-
tural production will also increase the demand for P fertil-
izers. China produces and consumes 34.0% and 22.5% of
global P fertilizer. The output of high-concentration P fer-
tilizer accounts for 95.9% of the total P fertilizer produc-
tion, mainly as ammonium P fertilizer. However, the P sup-
ply capacity of different soils varies significantly due to soil
properties, P fractions and P fertilizer types, resulting in
different soil types requiring different P fertilizer types. In
calcareous soils, due to the high content of calcium carbon-
ate in the soil, the fixation effect of calcium carbonate on
P is the main factor. In contrast, P is mainly fixed by a large
amount of amorphous iron oxide and alumina in acid soils.
From this, P fertilizer is easily fixed and accumulated after
being applied to the soil. As a result, the availability is re-
duced, resulting in the average in-season P use efficiency
(PUE) being 3.0-21.2%. (Meyer et al., 2020) In addition,
to maximize the effectiveness of all P fertilizer types, cor-
responding fertilization measures should be taken accord-
ing to the characteristics of different P fertilizer types.
Therefore, strategies are needed to improve fertilizer PUE
by matching the soil types—P fertilizer type—cropping
system in P nutrient management. Phosphorus deficiency
can be corrected by applying phosphatic fertilizers, but re-
covery of applied P is notoriously low due to its rapid con-
version to sparingly soluble compounds in soils. Rock
phosphate is a raw material for phosphatic fertilizer indus-
try. Several reports have shown that some species such as
wheat, oil seed crops and legumes are particularly efficient
in using P from rock phosphate through the release of H
(Salim et al., 2013). In the present study a rock phosphate
incubated with different organic media was used to identify
the best inoculated media under P-limiting conditions,
against their P utilization efficiencies from rock phosphate.

MATERIALS AND METHODS

A field experiment was conducted at Centre for Re-
search on Integrated Farming Systems, S. D. Agricultural
University, Sardarkrushinagar, Gujarat, India, during rabi
season of 2018-19 to 2020-21 to study the different incu-
bating material for Phosphorus Rich Organic Manure
(PROM) in wheat. The experimental soil was loamy sand
in texture, alkaline in reaction (pH 7.76), 0.310% organic
carbon, 146 kg/ha available nitrogen and 31 kg/ha P,O,
and 226 kg/ha K O. Total fourteen treatments with differ-
ent source were used, namely viz., T, : Control, T, : DAP @
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60 kg P,O, /ha, T, : Rock phosphate @ 40 kg P,O_/ha incu-
bated with vermicompost, T, :Rock phosphate @ 60 kg
P,0O /ha incubated with vermicompost, T, : Rock phosphate
@ 40 kg P,0/ha incubated with FYM, T, : Rock phosphate
@ 60 kg P,O /ha incubated with FYM, T, : Rock phosphate
@ 40 kg P,0 /ha incubated with compost, T, : Rock phos-
phate @ 60 kg P,0O_/ha incubated with compost, T, : Rock
phosphate @ 40 kg P,O /ha incubated with vegetable
waste, T, : Rock phosphate @ 60 kg P,O_/ha incubated
with vegetable waste, T, : Rock phosphate @ 40 kg P,O,/
ha incubated with green algae, T, ,: Rock phosphate @ 60
kg P,O./ha incubated with green algae, T ,: Rock phos-
phate @ 40 kg P O /ha incubated with cow urine and T,
: Rock phosphate @ 60 kg P,0,/ha incubated with cow
urine were tried in randomized block design with three rep-
lications on fixed site. Rabi wheat seeds was treated with
Azotobactor @5 ml/kg seed. Common dose of 120 kg/ha
nitrogen was applied for all treatments except T .

Udaipur rock phosphate (URP, 31%) used for the ex-
periment was grained and sieved to get size of 74 micron
before incubation. After that, these grained Udaipur rock
phosphate was incubated with FYM/vermicompost/com-
post/green algae and vegetable waste with the ratio of 1:3
(W/W) and with cow urine (1:3 W/V) for the period of 30
days before application under shade. Watering was done
twice in the day and stopped 4 days before using it. This
incubated rock phosphate was applied as basal dose to ful-
fill the requirement of phosphorus. In case of cow urine,
incubated material was mixed with sand for easy applica-
tion at the time of sowing. The representative soil samples
were collected and analyzed for organic carbon, available
nitrogen, phosphorus and potassium after completion of
crop sequence. The cost of cultivation was calculated
based on existing input cost. Net return was calculated by
subtracting cost of cultivation from gross income of sys-
tem. The benefit: cost ratio (BCR) was worked out divid-
ing net return by the cost of cultivation. No severe pests
and diseases were observed during the crop growth; how-
ever, necessary plant protection measures were taken on
need basis.

RESULTS AND DISCUSSION

An experiment was conducted during rabi seasons of
2018-19 to 2020-2021 at Centre for Research on Integrated
Farming Systems, Sardarkrushinagar to study the different
incubating material for phosphate rich organic manure
(PROM) in wheat. The result and discussion is described
on the pooled data of three years.

The plant population found non-significant under differ-
ent treatments. The data on periodical plant height of wheat
as influenced by incubating material of phosphate rich or-
ganic manure (PROM) were recorded at 30, 60 DAS and
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Table 1. Chemical composition of high-grade Udaipur rock phos-
phate before incubation

Sr. no. Parameters URP (31%)
1 P,O, (%) 31.3

2 Ca O (%) 46.0

3 Mg O (%) 1.4

4 R,0, *(%) 1.6

5 L.O.L ** (%) 5.5

6 AL*F** (%) -

7 Particle size 74 micron

* R,0,-Fe,0,+Al,0,+Cr,0,+Other oxides (Source: Soni and Aery,
2002. RSMM Ltd, UDR)

** L.0.1.-Loss on Ignition

**% Al-Acid in soluble

90 DAS are presented in the Table 2. Increase in plant
height was rather slow up to 30 DAS, thereafter; it in-
creased linearly up to 90 DAS. Different incubating mate-
rial for PROM was fails to exert its significant effect on
plant height at 30 DAS, but application of DAP @ 60 kg
P,O//ha (T,) recorded significantly highest plant height
(54.4 cm) at 60 DAS. At 90 DAS, treatment T, recorded
significantly higher plant height (70.0 cm), which was at
par with T, T, and T,,. Number of tillers, spike length,
number of grain per ear head recorded significantly higher
under application of DAP @ 60 kg P,0O/ha (T,), which
was found at par with T, T, T, T, T ,and T,,. Data pre-
sented in the Table 2 indicated that different incubating
material PROM exhibited their significant influence on test
weight. An application of DAP @ 60 kg P,O /ha (T,) reg-
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istered significantly higher test weight (38.50 g), which
was at par with T, T, T, T, T, T, T, and T . This was due
to higher phosphorus availability near root zone area which
increased number of tillers and effective tillers per meter
row length. The results are in close conformity with the
findings of Ditta et al. (2015), Rajeew et al. (2018) and
Chaudhari et al. (2019).

The data presented in Table 3 revealed that wheat grain
yield was significantly affected due to different incubating
material for PROM during individual years and also in
pooled results. Significantly the higher grain yield and
straw yield of 4,411 kg/ha and 5595 kg/ha, respectively
were recorded under application of DAP @ 60 kg P,O,/ha
(T,) over different incubating material for PROM, which
was at par with T, (4032 kg/ha and 5131 kg/ha) and T,
(4,121 kg/ha and 5325 kg/ha), T, (3,863 kg/ha and 4860
kg/ha), T /(3873 kg/ha and 4,950 kg/ha) and T , (3807 kg/
ha and 4905 kg/ha), respectively. Whereas, significantly
the lowest grain yield of 2,044 kg/ha and 2465 kg/ha were
observed under control (T)). Significantly the higher gross
profit (99,411 %/ha) was registered application of DAP @
60 kg P,O/ha (T,) over different incubating material for
PROM, which was at par with T, (90,909 %/ha), T, (93,072
/ha), T, (86978 %/ha), T, (873613/ha) and T , (85947 3/
ha). Whereas, significantly the lowest gross profit of 45813
3/ha were recorded under control (T,). Same trend was ob-
served for net profit. Significantly the higher net profit was
registered with T, (58,690 I/ha) over different incubating
material, which was at par with T, (48,907 Z/ha), T,
(48,907 X/ha), T, (53,737 I/ha), T, (48,236 I/ha), T

Table 2. Effect of different incubating material for PROM on growth and yield attributing characters of wheat. (Pooled of 3 years)

Treatments Plant Plant Plant Plant Number Spike Number Test
population at height height height of'tillers length of grains/ weight
initial (metre (cm) at (cm) at (cm) at (No.) (cm) spike (2)
row length) 30 DAS 60 DAS 90 DAS

T, 315 15.0 34.9 49.5 52.2 4.58 29.8 29.5
T, 32.6 20.4 54.4 70.0 81.7 8.02 42.8 385
T, 31.4 15.0 41.7 60.5 66.2 6.41 37.7 359
T, 31.8 15.7 44.4 66.0 75.9 7.16 40.0 37.7
T, 31.6 15.3 43.0 61.6 70.5 6.94 38.4 36.6
T, 32.0 16.0 46.2 67.2 76.8 7.62 413 37.9
T, 31.2 15.2 423 62.6 68.0 6.58 37.0 36.6
T, 31.6 15.9 44.5 64.9 73.3 7.18 39.0 37.8
T, 32.0 15.3 42.8 62.9 70.2 6.69 38.7 359
T, 31.6 15.8 453 68.3 73.2 7.19 39.5 37.4
T, 31.1 15.1 41.1 57.2 68.4 6.62 37.6 34.8
T, 31.7 15.7 44.1 64.6 74.7 7.05 39.4 36.5
T, 31.4 15.3 43.5 62.5 72.0 6.67 38.2 354
T, 31.4 16.7 47.0 68.6 78.7 7.50 42.0 38.2
S.Em.+ 0.447 0.47 1.32 1.75 3.06 0.36 1.24 0.69
CDat5% NS NS 3.71 4.95 8.90 1.04 3.60 2.01
CV% 4.68 8.89 8.98 8.32 7.75 8.26 7.27 3.98




280 DESAIL ET AL. [Vol. 69, No. 3
Table 3. Effect of different incubating material for PROM on yield and economics of wheat. (Pooled of 3 years)
Treatment Grain yield Straw yield Gross return Cost of Cultivation Net return BCR
(kg/ha) (kg/ha) (R/ha) (R/ha) (R/ha)
T, 2,044 2,465 45,813 36,031 9,782 1.27
T, 4411 5,595 99,411 40,721 58,690 2.44
T, 3,341 4,251 75,328 40,523 34,806 1.86
T, 4,032 5,131 90,909 42,001 48,907 2.16
T, 3,416 4,444 77,198 38,745 38,453 1.99
T, 4,121 5,325 93,072 39,335 53,737 2.37
T, 3,160 4,126 71,441 38,350 33,091 1.86
T, 3,863 4,860 86,978 38,742 48,236 2.25
T, 3,484 4,464 78,604 40,128 38,476 1.96
T, 3,873 4,950 87,361 41,409 45,952 2.11
T, 3,141 4,123 71,060 40,128 30,932 1.77
T, 3,436 4,596 77,899 41,409 36,490 1.88
T, 3,164 4,307 71,888 38,547 33,341 1.86
T, 3,807 4,905 85,947 39,038 47,264 2.20
SEm:+ 209 268 4,679 - 4,679 -
CD (P=0.05) 609 779 13,605 - 13,605 -
CV % 13.09 12.35 12.52 - 24.96 -

BCR = Benefit cost ratio

(45,952 %/ha) and T, (47,264 I/ha), while highest BCR
registered under with application of DAP @ 60 kg P,O,/ha
(2.44) followed by T, (2.37), Ty(2.25), T,,(2.20) and T
(2.11) in pooled. It might be due to better nutritional envi-
ronment for wheat under incubation of rock phosphate
with FYM and vegetable waste, which had increased the
solubility and availability of phosphorus from rock phos-
phate and yield attributes of wheat. The results are in close
conformity with the findings of Shaktawat et al. (2004),
Mamun et al. (2012), Vyas et al. (2013), Sarkar et al.
(2018), Rajeew et al. (2018) and Chaudhari et al. (2019).

Data presented in the Table 4 indicated that the mean

highest total nutrient uptake by the crop (109.5 nitrogen,
24.0 phosphorus and 99.2 potassium kg/ha) was recorded
with the application of DAP @ 60 kg P,0O /ha followed by
rock phosphate @ 60 kg P,O./ha incubated with FYM
(103.9, 22.5 and 96.0 kg/ha, respectively). Data presented
in the Table 5 revealed that, significantly higher soil or-
ganic carbon (0.364%) was recorded with the application
rock phosphate @ 60 kg P,0O_/ha incubated FYM, which
was at par with T, T, T ,, T, T, T, T ,and T .. In case of
available nitrogen (154 kg/ha) and available potash (236
kg/ha) were recorded maximum with application of rock
phosphate @ 60 kg P,0O_/ha incubated with FYM and cow

Table 4. Effect of different incubating material for PROM on nutrient uptake (kg/ha) by wheat

Treatment Grain uptake Straw uptake Total uptake
N P K N P K N P K

T, 37.09 6.47 12.63 12.99 3.27 31.31 50.08 9.74 43.94
T, 79.68 15.41 27.17 29.83 8.60 72.01 109.51 24.01 99.18
T, 60.99 11.14 20.72 22.26 5.88 54.56 83.25 17.02 75.28
T, 73.63 14.29 24.97 27.28 7.89 67.21 100.91 22.18 92.18
T, 62.63 11.60 21.35 23.30 6.25 58.69 85.93 17.85 80.04
T, 75.84 14.52 25.86 28.05 8.03 70.16 103.89 22.55 96.02
T, 58.29 10.94 19.75 20.88 5.85 55.18 79.17 16.79 74.93
T, 71.26 13.76 24.56 24.36 7.49 65.47 95.62 21.25 90.03
T, 64.41 11.88 22.12 23.54 6.45 60.24 87.95 18.33 82.36
T, 71.07 13.46 24.15 26.22 7.58 68.20 97.29 21.04 92.35
T, 57.31 10.42 19.40 21.94 5.85 56.20 79.25 16.27 75.60
T, 60.95 11.81 20.53 24.52 7.10 63.94 85.47 18.91 84.47
T, 57.06 11.10 19.83 23.22 6.48 60.72 80.28 17.58 80.55
T, 69.70 13.54 23.53 25.00 7.78 65.92 94.70 21.32 89.45

SEm+ 3.89 0.71 1.30 1.50 0.41 3.91 5.26 1.08 5.09

CD (P=0.05) 11.30 2.07 3.80 4.37 1.19 11.38 15.28 3.14 14.79

CV % 13.55 12.84 13.33 13.67 12.75 12.61 12.39 11.36 11.73
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Table 5. Effect of different incubating material for PROM on soil fertility status after harvest

Treatment SOC (%) Available nutrients (kg/ha) pH EC (dSm™)
N P,0, K0
T, 0.252 127 24.37 224 7.78 0.138
T, 0.308 147 40.18 224 7.61 0.140
T, 0.336 148 36.55 227 7.63 0.138
T, 0.357 154 39.54 236 7.71 0.140
T, 0.343 149 38.47 227 7.73 0.138
T, 0.364 152 39.54 233 7.73 0.134
T, 0.329 149 37.62 224 7.80 0.132
T, 0.357 153 39.32 233 7.61 0.133
T, 0.329 149 37.41 230 7.44 0.136
T, 0.336 151 38.69 230 7.45 0.132
T, 0.308 147 38.05 227 7.59 0.137
T, 0.35 151 38.9 230 7.56 0.137
T, 0.322 150 37.83 230 7.46 0.133
T, 0.343 154 40.82 233 7.45 0.135
SEm=+ 0.019 8.3 2.23 9.6 0.09 0.005
CD (P=0.05) 0.054 NS 6.49 NS 0.25 NS
Initial status 0.310 146 31.00 226 7.76 0.138
CV % 9.76 9.62 10.27 7.3 1.94 6.490

Rate of produce and inputs used in wheat

1 Selling price of wheat seed % 20/kg 6  Labour charge % 260/day 11 Compost 0.5/kg

2 Selling price of wheat straw 32/ kg 7  Chlorpyriphos < 450/litre 12 Green algae 3 S/kg

3 Urea 3588/ kg 8  Rock phosphate % 6/kg 13 Cow urine % l/kg
(31 %)

4  DAP 3 24/ kg 9 FYM T 1.5/kg 14 Vegetable waste 3 S/kg

5 Pendimethalin < 540/litre 10 Vermicompost g 6/kg

Available P,0; (kg/ha)

nitialstatus |—————————————— }1.00
T 10,82
TI3 | — 37.53
T — 33.9)
T g 35,05
10— 38.69
T | .41
T 9.3
g
T ————— 3054
T ey 3847
T = 395 4
T i 36.55
T — 10.18
TL e —— 24.37

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

Fig. 1. Effect of available phosphorus on initial soil status and different treatments.
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urine, while available phosphorus was significantly higher
with the application of rock phosphate @ 60 kg P,0O /ha
incubated with cow urine (40.82 kg/ha), which was at par
with treatment T, to T ;. Soil pH (7.44) was observed low-
est under T,, while EC (0.132 dS/m) was lowest under T .

It can be concluded that the diammonium phosphate
(DAP) (60 kg P,O,/ha) can be replaced with Udaipur rock
phosphate (31 per cent P,O,) @ 198 kg/ha incubated for 30
days with FYM or vermicompost or compost or vegetable
waste (each of 593 kg) or cow urine (593 L) in the ratio of
1:3 for obtaining higher yield and net returns.
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ABSTRACT

An experiment was conducted at the ICAR-Indian Agricultural Research Institute in New Delhi during the rainy
(Kharif) seasons of 2021-22 and 2022-23. The study aimed to evaluate the weed control efficiency of low dose
new generation herbicide: tembotrione (34.4% SC) as a component of integrated weed management (IWM), on
zero-till (ZT) and conventional till (CT) maize (Zea mays L.). The treatments were comprised of conventional tillage
maize (M1: CT-M), conventional tillage maize with green manure from preceding green gram (M2: CT-M+GM),
zero tillage maize with residue retention at 3 t/ha (M3: ZT-M+R), zero tillage maize with Sesbania co-culture as
brown manuring (cover crop) (M4: ZT-M+BM) in the main plot and five weed control treatments, viz S1: Un-
weeded check, S2: Pre +1 HW, S3: Pre + Post (tembotrione) @ 120g/ha, S4: Pre+ Post (Premix of Mesotrione+
Atrazine) @120 g/ha, S5: Weed free check (WFC) in the sub-plots were evaluated in split-plot design. It was ob-
served that ZT-M+BM caused a considerable reduction in the population of broad-leaf weed, narrow leaf weed
with sedges and total weeds (28.4% reduction at 60 days after sowing) compared to M1. The results also revealed
that the sequential application of atrazine @750g/ha+pendimethalin @750g/ha(pre) followed by (fb.) tembotrione
(34.4% SC) @120 g/ha (post) among the herbicide options reduced the weeds population (78.5%) and dry weight
(81.3%) significantly than the un-weeded control (UWC). Maize yield attributes were higher in ZT with Sesbania
co-culture (ZT-M+BM) than conventional-tilled treatments (CT-M). The application of atrazine @750g/
ha+pendimethalin @750g/ha (pre) fb. tembotrione @120 g/ha (post) combined with ZT-M+BM resulting in higher
maize yield (6.88 t/ha) which was comparable with that in weed-free check (WFC). The post emergence (PoE) ap-
plication of tembotrione (34.4% SC) @120 g/ha recorded highest weed control efficiency (86.2%), weed control in-
dex (88.1%) and lowest value of weed index (7.04) when applied in the ZT-maize with sesbania as a cover crop.
Therefore, combining zero tillage (ZT) with brown manure (Sesbania), along with atrazine and pendimethalin
(@750g/ha each) as pre-emergence herbicides, and tembotrione (@ 120g/ha) as a post-emergence herbicide is
recommended for effective weed control and high maize productivity in the North-Western Indo-Gangetic plains
(IGP).

Key words: Brown manuring, Cover, Conservation agriculture, Crop, HPPD-inhibitor, Integrated weed
management, Tembotrione

The global adoption of conservation agriculture (CA)
aims for sustainable crop production systems to feed the
worlds growing population (8 billion) and enhance ecosys-
tem services (Giller et al., 2015). CA faces challenges in
crop establishment and weed management, especially un-
der zero tillage (ZT) due to surface residue issues in early
conversion years (1 to 3 years) (Soni et al., 2020). Integrat-
ing diverse cropping systems, advanced weed management
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techniques with new generation herbicides, and improving
the crop establishment methods are crucial for CA-based
maize (Zea mays L.) cultivation. The continuous rice—
wheat system (RWS) also faces weed shift issues, particu-
larly small canary grass (Phalaris minor) in wheat and
Bermuda grass (Echinochloa colona) in rice (Singh and
Singh, 2005). The maize-wheat system, covering over 1.83
million ha under zero-till with residue retention, is advo-
cated for higher productivity (Shekhawat et al., 2021). In
Asia, cropping patterns are rapidly changing due to in-
creased maize demand (Yakadri ez al., 2015). Maize is ver-
satile crop, adapting well to various agro-climatic condi-
tions, and accounts for about 9% of India’s national food
security. It ranks third after rice and wheat as a crucial
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cereal crop (Dass et al., 2018). The rising poultry and ani-
mal feed industries are driving higher maize grain demand
(Shyam et al., 2021; Singh et al., 2018).

Maize productivity in India (2689 kg/ha) is significantly
lower than the global average (5500 kg/ha), indicating a
considerable gap (Singh et al., 2018). Weeds are a major
factor in this yield reduction, posing challenges in conser-
vation agriculture (CA), especially with zero-till drills. This
issue is acute in the Indo-Gangetic Plains (IGP) due to the
scarcity of post-emergence herbicides. Available herbicides
like atrazine, oxyfluorfen, 2,4-D, and pendimethalin mainly
target broadleaf weeds, leaving grasses and sedges difficult
to control, particularly under extreme soil moisture and
labour shortages (Swetha et al., 2015). Tillage modifica-
tions also affect weed seed dynamics, weed seeds are often
concentrated in the topsoil of no till system (Mulugeta and
Stoltenberg, 1997). Weed competition can reduce maize
yields by up to 90% (Dalley et al., 2006), with reported
reductions ranging from 40% to 80% (Reddy and Tyagi,
2005). Herbicides are crucial for weed management in CA
systems (Bhullar et al., 2016). Traditional weed control
involves manual weeding and spading, creating ridges and
furrows 4-5 weeks post-seeding, demanding significant
labour due to the slow initial growth and wide row spacing
(60 cm).

Therefore, this research aimed to validate suitable tillage
methods along with a sequential application of new genera-
tion herbicides such as tembotrione, which has a low appli-
cation rate and operates through a different mode of action
(HPPD inhibitor), or the use of cover crops to reduce weed
growth. Additionally, the study aimed to highlight the ben-
efits of zero tillage compared to conventional tillage prac-
tices.

MATERIALS AND METHODS

Location of experimental site, experimental design
and environmental conditions: A field experiment was
carried out during the rainy (Kharif) season of 2021-22
and 2022-23 at the ICAR-Indian Agricultural Research
Institute (28°08°N latitude,77°12” E longitude and at an
elevation of 228.61 metres (750 feet) above mean sea
level) New Delhi, India, in a split plot design (SPD) with
3 replications, comprising of 4 tillage methods in main plot
and 5 weed-control treatments in sub-plot in maize. The
research farm’s semi-arid climate features dry, hot sum-
mers (May-June) with temperatures between 40° and 45°C,
and cold winters (December-January) with lows around
2°C. Annual rainfall averages 650 mm, mostly between
July and September. The yearly pan evaporation rate is
about 850 mm. Wind speeds average 7.6 km/h in April and
3.5 km/h in October. During the rainy season, relative hu-
midity ranges from over 90% to 45%.
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Treatment Details: The treatments were comprised of
four tillage methods viz conventional tillage maize (M1:
CT-M), conventional tillage maize with green manure from
preceding green gram (M2:CT-M+GM), zero tillage maize
with residue retention at 3t/ha (M3: ZT-M+R), zero tillage
maize with Sesbania co-culture as brown manuring/cover
crop (M4: ZT-M+BM) in main plot and five weed control
treatments, viz S1: Un-weeded check (UWC), S2: Pre
(atrazine + pendimethalin @750g/ha, each) +1 Hand weed-
ing (25 DAS), S3: Pre (atrazine + pendimethalin @750g/
ha, each) + Post (tembotrione) @120g/ha, S4: Pre (atrazine
+ pendimethalin @750g/ha, each)+Post (Premix of
mesotrione + atrazine) @120g/ha, S5: Weed free check in
sub-plots were evaluated. Atrazine @ 750g/ha +
pendimethalin @ 750g/ha as pre-emergence (day after
sowing) and tembotrione @ 120 g/ha as post-emergence
(30 DAS) were applied separately in the needed amount
with 400 litres of water/ha by knapsack sprayer for sequen-
tial application of herbicides. A knapsack sprayer equipped
with a flat-fan nozzle was used to apply @120g/ha of the
ready-mix herbicide (Mesotrione 2.27%W/w + Atrazine
22.7%W/w) at 30 days after sowing (DAS).

Soil quality of experimental site: Soil of experimental
site was sandy loam, with pH 7.5, low in organic C
(0.32%), low in available N (148.4 kg/ha), high in P (30.8
kg/ha) and medium K (256.4 kg/ha). During the winter
season (Rabi), wheat crop was cultivated with the stipu-
lated treatments, and the leftover crop residues were ap-
plied in the subsequent rainy season (kharif) for maize cul-
tivation. Following the wheat harvest, mung bean was cul-
tivated as a green manure crop and then incorporated into
the field as per the designated treatment.

Field Preparation and agronomic practice: The main
plots were prepared in accordance with specific require-
ments, and within each main plot, five subplots were estab-
lished to accommodate various methods of weed control,
so the total plot number was 60 (4 main plot % 5 sub plot
x 3 replication). In the conventional tillage (CT) plots, a
tractor-drawn disc plough was used for ploughing, fol-
lowed by levelling with a planker. For zero tillage (ZT)
plots with residues, the residue from the previous wheat
crop was kept intact, while ZT plots without residues were
left undisturbed. Additionally, a weed-free check was
maintained, involving manual weeding carried out at inter-
vals of 30, 60, and 90 days after sowing (DAS). On the
same day as maize sowing, Sesbania aculeata L., a legumi-
nous cover crop, was broadcasted at a rate of 15 kg/ha.
This cover crop served the purpose of suppressing weeds
during the early stages of maize growth and also acted as
a source of brown manure. On the 30" day after sowing,
the Sesbania aculeata was sprayed with 2,4-D herbicide at
a rate of 0.25 kg/ha. After this treatment, the brown-
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coloured residues of Sesbania were composted. Seeds of
the ‘PJMH-1" hybrid maize, with a growth duration of 100-
110 days, were sown using a 9-tyne zero-till seed drill,
maintaining a spacing of 60 cm between lines and a seed-
to-seed interval of 20 cm. A calculated amount of nutrients,
specifically 120-60-40 kg NPK/ha were applied on the
basis of soil-test analysis in maize through urea, single su-
perphosphate and muriate of potash, respectively.

Observations and statistical analysis: Weed species
were counted from a Im % Im (1m?) quadrat, and density
was given in number/m?® The weeds were first dried in the
sun, then placed in an electric oven set to 70°C until the
weight remained constant. The dry weight was then calcu-
lated as g/m?. For microbial biomass carbon (MBC) and
fluorescein diacetate (FDA) analysis, moist soil samples
were collected from each plot at a 0—15 cm depth in the
flowering stages. The samples were kept moist and tested
for microbial activity on the same day. The benefit-cost
ratio for each treatment was calculated as the ratio of net
returns to the cost of cultivation. The data on yield at-
tributes were taken at harvest from 5 randomly chosen
plants. The data were analysed using analysis of variance
(ANOVA) for a split plot design to determine the signifi-
cance of overall treatment differences using the “F” test
and conclusion was drawn at 5% probability level. To as-
sess weed control efficacy (WCE), weed control index
(WCI), and weed index (WI), the following calculations
were made according to Das (2008):

(Weed density in Control plot - Weed density in treated plot) «

WCE = 100
(%) Weed density in control plot
(Weed dry matter in Control plot - Weed dry matter in treated plot)
WCI (%) = ‘
Weed dry matter in control plot

X 100

Crop yield in contrel plot - Crop yield in treated plot
wi (o) = LE7oP2 b L2 PloY . 100

Crop yield in control plot

Two years data (2021-22 and 2022-23) were pooled
before analysis. The standard error of the mean was calcu-
lated for each case. When the ‘F’ value from the ANOVA
was significant, the least significant difference (LSD) was
computed to test treatment significance. To address data
variability, weed density and dry weight were normalized
using the square-root [V(x+0.5)] transformation before
ANOVA.

RESULTS AND DISCUSSION

Weed population and weed dry matter accumulation:
In the experimental plot, a diverse array of annual and pe-
rennial weeds were observed, encompassing both grassy
weeds and broad-leaved weeds, as well as sedges. Among
the narrow-leaved weeds, Setaria viridis L., Digitaria
sanguinalis L., and Dactyloctenium aegyptium L. On the
other hand, among the broad-leaved weeds, the dominant
species were Commelina benghalensis L., Amaranthus
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viridis L., Trianthema portulacastrum L., and Digera
arvensis L. Additionally, among the perennial weeds,
Cyperus rotundas L. and Cynodon dactylon L., were ob-
served.

The study observed significant differences in total weed
dry matter accumulation (g/m*) among treatments at 30, 60,
and 90 days after sowing (DAS), detailed in Table 1. Ini-
tially, at 30 DAS, the effect of tillage was predominant in
contrast, 60 and 90 DAS, the herbicide application became
notably effective. At 30 DAS, CT-M had the highest weed
dry weight, whereas ZT-M+BM exhibited the greatest re-
duction (10.4%). Similar trends were observed at 60 DAS,
indicating effective weed control with herbicide applica-
tion. Treatment S3 (Pre + Post application of tembotrione)
showed the lowest weed dry weight at 60 DAS (9.8 g/m?),
followed by hand weeding (S2) (24.5 g/m?) and Premix
Meso+Atra application (S4) (25.8 g/m?), compared to the
un-weeded check. These findings underscore the efficacy
of S3 and ZT-Maize + Sesbania brown manure in reducing
weed dry weight significantly at 60 DAS and 90 DAS.

However, the count of BLW was higher (80.7%) in con-
ventional tillage (CT-M) plots compared to zero tillage
(ZT) plots, and also the perennial weed species like sedges
were more abundant in ZT plots than in CT plots (Fig-
ure:1). The grassy weed Cynodon dactylon was most
prevalent in ZT-M+BM among the different establishing
techniques, with 6.5 No./m? followed by ZT-M+R.
Amaranthus viridis was the predominant broad-leaved
weed, and CT-M had the highest number of it (3.3 No./m?),
followed by CT-M+GM and ZT-M+R. Cyperus rotundas
predominated among the sedges, particularly in ZT-M + R
at 19.6 No./m?and ZT-M+BM and CT-M had the lowest
count. The results demonstrate that Sesbania has a smoth-
ering effect as a cover crop, leading to a significant reduc-
tion in weed population at the experimental site. The S3
herbicide treatment, combining pre-emergence application
of atrazine + pendimethalin (each @750g/ha) and post-
emergence application of tembotrione (120g/ha) at 30

49.25 %

- o

Conventional Tillage Zero Tillage + Brown manuring

60

o
=

&
S

Relative weed density (%)
8 g

=5

o

EBLW ®NLW ®Sedge

Fig. 1. Effect of crop establishment methods on weed distribution
pattern in CT-M and ZT-M+BM plot
Where, BLW: Broad leave weed; NLW: Narrow leave weed;
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Table 1. Effect of crop establishment methods and weed management on weed dry weight (g/m?) in maize (Two years pooled data)

Treatment 30 DAS 60 DAS 90 DAS
Crop establishment methods
CT-Maize 7.7(71.2) 4.6(26.2) 7.7(72.7)
CT-Maize + Green manure 7.4(65.4) 4.4(23.9) 7.5(68.2)
ZT-Maize + Residue* 7.6(69.4) 4.2(21.4) 7.2(64.2)
ZT-Maize + Seshania Brown manure 7.3(63.8) 3.8(18.4) 6.9(59.3)
SEm+ 0.1(1.3) 0.0(0.6) 0.1(2.5)
CD (P=0.05) 0.2(4.5) 0.1(2.1) 0.5(8.5)
Weed management options
Un-weeded check 10.0(99.3) 7.2(52.3) 11.4(129.2)
Pre +1 HW 9.0(79.7) 5.0(24.5) 8.5(71.6)
Pre + Post (Tembotrione) 8.8(76.7) 3.2(9.8) 7.8(61.0)
Pre + Post (Premix Meso+Atra)® 9.1(81.6) 5.1(25.8) 8.3(69.0)
Weed free check 0.7(0.0) 0.7(0.0) 0.7(0.0)
SEm+ 0.1(2.2) 0.1(0.8) 0.1(1.8)
CD (P=0.05) 0.3(6.3) 0.2(2.4) 0.3(5.3)

Note: CT, conventional tillage; ZT, zero tillage; * wheat residue @ 3t/ha; PRE, pre-emergence; POST, post-emergence; HW, hand weeding at
25 DAS; Tembo: tembotrione @ 120g/ha; $:pre-mix dose @ 120 g/ha. The data were subjected to square root transformation Vx+0.5 before

statistical analysis. Figures in parentheses are the original values.

DAS, significantly reduced weed density at 60 DAS for
sedges (7.8/m?), narrow-leaf weeds (8.3/m?), broad-leaved
weeds (3.9/m?), and total weeds (22.3/m?) as compared to
the weed density of 30 DAS. In contrast, the un-weeded
control (S1) had weed densities at 30 DAS of sedges (30.3/
m?), grasses (31.9/m?), broad-leaved weeds (18.5/m?), and
total weeds (80.8/m?), which increased further at 60 DAS
(Table 2). This demonstrates that weed populations in-
creased in the un-weeded control but decreased with the
herbicide treatment, highlighting the effectiveness of
tembotrione as a potent post-emergence herbicide.

The sequential application of atrazine @ 750 g/ha with
pendimethalin @, 750 g/ha (pre) fb. tembotrione @ 120 g/
ha (post) outperformed the other weed control techniques
by considerably reducing the number of weed species
(78.5% reduction over the weedy check) in comparison to
S2 and S4. The decreased weed density (Table:2) and dry
matter (Table:1) observed in these treatments could be at-
tributed to the enhanced efficacy and extended impact of
the applied HPPD-inhibiting herbicides. These herbicides
not only curtailed weed growth but also led to a swift ex-
haustion of carbohydrate reserves in pre-germinated
weeds. This depletion was facilitated by rapid respiration,
leaf bleaching, reduced leaf area, and impaired photosyn-
thesis. This finding is consistent with the studies conducted
by Bollman et al., (2008). According to Kumar et al.
(2015), applying tembotrione (34.4% SC) post-emergence
at a rate of 120 g/ha at 15 DAS resulted in a significant
reduction in weed density and higher weed control effi-
ciency.

Weed index (WI), Weed control index (WCI) and weed
control efficiency (WCE): Weed index is a measure of

crop yield loss. Lower weed index values indicate success-
ful suppression of weed growth and competition, resulting
in reduced weed density and dry weight in experimental
plots (Das 2008). Among treatments, S3:(Pre+Post applica-
tion of Tembotrione) with M4: ZT-Maize + Sesbania
brown manure (M4) yielded the best weed index values
(7.04 and 8.37), indicating superior weed control and po-
tential yield enhancement. The results show that the high-
est yield was obtained in the M4xS3 plot, which recorded
a 69.35% increase in yield compared to the un-weeded
control (UWC) (Figure:4). 60 DAS and 90 DAS, the weed
control efficiency (WCE) (Figure:3) and weed control in-
dex (WCI) (Figure:2) were calculated to assess the effec-
tiveness of weed management practices. At 30 DAS, the
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Fig. 2. Effect of crop establishment methods and weed manage-
ment on Weed control index (WCI) at 60 DAS
M1: CT -Maize; M2: CT-Maize + Green manure; M3: ZT-Maize + Residue*;
M4: ZT-Maize + Sesbania Brown manure; S1: Un-weeded check; S2: Pre
(atrazine +pendimethaline @ 750g/ha) +1 HW at 25 DAS; S3: Pre (atrazine
+pendimethaline @ 750g/ha) + Post (tembotrione @ 120g/ha); S4: Pre (atra-
zine +pendimethaline @ 750g/ha) + Post (Premix mesotrione-tatrazine @120g/
ha) § ; S5: Weed free check.
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M4: ZT-Maize + Sesbania Brown manure; S1: Un-weeded check ; S2: Pre
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Fig. 4. Effect of crop establishment methods and weed manage-

ment on Weed index (WI)

M1: CT -Maize; M2: CT-Maize + Green manure; M3: ZT-Maize + Residue*;
M4: ZT-Maize + Sesbania Brown manure; S1: Un-weeded check; S2: Pre
(atrazine +pendimethaline @ 750g/ha) +1 HW at 25 DAS; S3: Pre (atrazine
+pendimethaline @ 750g/ha) + Post (tembotrione @120g/ha); S4: Pre (atra-
zine +pendimethaline @ 750g/ha) + Post (Premix mesotrione+atrazine @120g/
ha) § ; S5: Weed free check.

ment methods (Figure:5). ZT-M+BM (M4) demonstrated
higher values for cobs length, cob girth, cob weight, shell-
ing percentage, number of grains per cob, and 100 grain
weight. On the other hand, the M1: CT-M plot showed the
lowest values for these yield attributes (Table:3). The ZT-
maize with Sesbania brown manuring also exhibited the
highest total biological yield, surpassing CT-maize. Addi-
tionally, the ZT+BM treatment yielded the higher straw
yield. The weed-free treatment (WFC) resulted in signifi-
cantly higher values for cob length, cob girth, cob weight,
shelling percentage, number of kernel rows per cob, num-
ber of kernels per row, and 100-grain weight at harvest
(Table:3). These results were comparable to the Pre + Post
(Tembotrione) and Pre + Post (Premix Meso+Atra) treat-
ments. The treatment receiving sequential application of
atrazine (@ 750 g/ha with pendimethalin @ 750 g/ha (pre)

[Vol. 69, No. 3

/b. tembotrione at 120 g/ha as post-emergence recorded
significantly higher grain yields (6.32 t/ha) after WFC
(Figure:5).
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Fig. 5. Effect of crop establishment methods and weed manage-
ment on total biomass, grain yield, total straw yield and
harvest index

M1: CT-Maize; M2: CT-Maize + Green manure; M3: ZT-Maize + Residue*;
M4: ZT-Maize + Sesbania Brown manure; S1: Un-weeded check; S2: Pre
(atrazine +pendimethaline @ 750g/ha) +1 HW at 25 DAS; S3: Pre (atrazine
+pendimethaline @ 750g/ha) + Post (tembotrione @120g/ha); S4: Pre (atra-
zine +pendimethaline @ 750g/ha) + Post (Premix mesotrione+atrazine @120g/
ha) § ; S5: Weed free check.

Gupta et al. (2018) observed that the highest stover
yield in hybrid maize was attained through a pre-emer-
gence treatment involving a combination of atrazine 50 WP
and pendimethalin 30 EC, each applied @ 750 g/ha, within
24 hours of sowing. With the pre-emergence application of
atrazine 50 WP @ 1.0 kg/ha after 24 hours of sowing, it
was followed by a sequential post-emergence application
of tembotrione 34.4 SC @120 g/ha on 25 DAS. The stover
yield obtained under this treatment remained at par with
two hand weeding done on 20 and 40 DAS. Similarly,
Sharma et al. (2018) revealed that significantly higher
grain and stover yields for maize were recorded under no
tillage conditions, surpassing outcomes from conventional
tillage methods.

Among the weed management methods, S5 (weed-free
check) achieved the highest net returns at 112,320/ha fol-
lowed by S3 (Pre + Post Tembotrione) at 109,230/ha, and
S2 (Pre + 1 HW at 30 DAS) at 97,730/ha. In contrast, W1
(un-weeded check) yielded net returns of 77,530/ha. Al-
though the weedy check had the lowest cultivation costs, it
resulted in the lowest returns due to reduced yields. In
terms of net returns, ZT-Maize + Sesbania Brown manure
(M4) performed the best, with a value of 116,570/ha, fol-
lowed by CT-Maize with 94,320/ha. Among the crop es-
tablishment methods, ZT-maize with Sesbania brown ma-
nuring (M4) achieved the highest net benefit-cost (B:C)
ratio of 3.71, surpassing other methods. For weed manage-
ment, the Pre+Post (Tembotrione) (S3) option had the
highest net B:C ratio of 3.01, outperforming other options
(Table:3). The superior B:C ratios for ZT-maize with
Sesbania brown manuring and Pre+Post (Tembotrione)
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Table 3. Effect of crop establishment methods and weed management on cob length (cm), cob girth (cm), cob weight (g), shelling %, kernel
no/cob, Kernel row/cob, Kernel weight/cob, Seed index and economics of maize at harvest (Two years pooled data).

Treatment Cob Cob Cob Shelling  Karnel Kernel Kernel Seed B:C
length girth weight % row/ No./ weight/ index ratio
(cm) (cm) (2) cob row cob (g) (2)
Crop establishment methods
CT-Maize 13.3 12.7 117.7 72.0 11.7 27.0 83.8 22.8 2.70
CT-Maize + Green manure 13.4 12.9 119.5 73.6 12.3 27.0 86.8 23.0 2.26
ZT-Maize + Residue* 14.6 13.7 123.9 76.0 12.5 28.8 88.0 23.8 2.38
ZT-Maize + Seshania BM 16.1 15.8 130.1 81.6 13.4 29.9 98.5 24.5 3.71
SEm=+ 0.4 0.4 2.5 1.9 0.2 0.6 2.0 0.4 -
CD (P=0.05) 1.4 1.2 8.6 6.5 0.5 2.1 7.1 1.2 -
Weed management options
Un-weeded check 11.5 12.0 110.3 69.2 10.9 25.9 75.8 22.0 2.43
Pre +1 HW 13.7 13.1 119.2 71.6 11.7 26.4 81.8 21.8 2.70
Pre + Post (Tembotrione) 15.4 14.6 126.5 80.6 13.2 294 96.9 24.2 3.01
Pre + Post (Premix Meso+Atra)* 14.8 13.9 122.5 70.1 12.5 27.9 82.3 23.2 2.73
Weed free check 16.5 154 135.6 87.3 14.1 31.9 109.5 26.4 2.65
SEm=+ 0.4 0.4 3.6 2.2 0.3 0.8 2.1 0.5 -
CD (P=0.05) 1.1 1.3 10.5 6.3 0.7 2.2 6.1 1.5 -

Note: CT, conventional tillage; ZT, zero tillage; *wheat residue @ 3t/ha; PRE, pre-emergence (atrazine + pendimethaline @ 750 g/ha each);
POST, post-emergence; HW, hand weeding at 25 DAS; Tembo, tembotrione @ 120 g/ha; ¥:pre-mix dose, mesotrione + atrazine @ 120 g/ha.

BM: Brown manuring (Sesbania)

were due to their higher yields and lower cultivation costs.

Correlation coefficient analysis between weed density
(no/m?) and grain yield (t’ha) in maize: The graph show-
ing the corelation between the weed density (no/m?) and
grain yield (t/ha) of maize at 60 DAS. A negative linear
correlation between weed density and yield in maize crop
suggests that as the density of weeds increases, the yield of
maize decreases in a linear manner. This suggests that in-
creasing the number of weeds has a detrimental impact on
the growth and productivity of maize, because weeds com-
pete with the maize crop for essential resources such as
water, nutrients, and sunlight. As weed density increases,
they consume a larger share of these resources, leaving
fewer available for the maize plants. This competition can
lead to reduced growth, lower photosynthesis rates, and
ultimately, a decrease in the yield of maize. We found the
R? value 0.86 (Figure:6). It clearly suggested that weed
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Fig. 6. Correlation between weed density (no/m?) and grain yield
(t/ha) of maize

biomass accounted for 86% variation in grain yield. The
outcome is backed by the research conducted by Mitra
etal in2018.

Microbial biomass carbon and fluorescein diacetate
hydrolysis activity: Microbial biomass carbon (MBC) and
fluorescein diacetate (FDA) serve as indicators of micro-
bial activity, and these parameters showed significant varia-
tions based on different crop establishment methods and
weed management options. At the flowering stage of
maize, MBC was highest under M4: ZT-maize with
Sesbania co-culture as brown manure (156.01 ng/g soil),
surpassing all other treatments. Similarly, FDA at the flow-
ering stage of maize was also notably higher under (M4):
ZT-maize with Sesbania co-culture as brown manure
(133.78 pg/g soil) compared to other establishment meth-
ods. Among the different weed management options, MBC
at the flowering stage was highest in the weed-free check
(148.65 pg/g soil), outperforming the other treatments. For
maize, FDA at the flowering stage was also higher in the
(S3) Pre+ Post (Tembotrione) plot (116.27 ug/g soil), al-
though not statistically significant compared to the un-
weeded check (Figure:7).

The increased microbial activity in the ZT-maize treat-
ment, both with brown manure and residue retention, likely
contributed to the higher MBC in the soil. Overall, the
combination of organic matter accumulation, reduced soil
disturbance, moisture conservation, carbon sequestration,
and nutrient retention in ZT systems provides an advanta-
geous environment for soil microorganisms, resulting in
higher microbial biomass carbon compared to conventional
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Fig. 7. Effect of crop establishment methods and weed manage-
ment on microbial biomass carbon (MBC) and fluorescein

diacetate hydrolysis activity (FDA) at flowering in maize.
M1: CT-Maize; M2: CT-Maize + Green manure; M3: ZT-Maize + Residue*;
M4: ZT-Maize + Sesbania Brown manure; S1: Un-weeded check; S2: Pre
(atrazine +pendimethaline @ 750g/ha) +1 HW at 25 DAS; S3: Pre (atrazine
+pendimethaline @ 750g/ha) + Post (tembotrione @120g/ha); S4: Pre (atra-
zine +pendimethaline @ 750g/ha) + Post (Premix mesotrione-+atrazine @120g/
ha)¥ ; S5: Weed free check.

tillage practices (Sturz and Christie, 2003). Zero tillage
involves minimal soil disturbance compared to conven-
tional tillage (CT) methods. This preservation of soil struc-
ture and the undisturbed environment create favourable
conditions for soil microorganisms to thrive. The reduced
disturbance allows the microbes to establish and multiply,
leading to higher FDA activity. In ZT systems, crop resi-
dues are left on the soil surface, providing a continuous
source of organic matter. The presence of these residues
enhances microbial activity, as they serve as a readily avail-
able food source for soil microorganisms. More organic
matter leads to higher microbial activity, which is reflected
in the increased FDA levels. Moreover, root nodulation in
Sesbania brown manure leads to increased rhizodeposition/
bioturbation, creating a tilled layer within the soil depths,
which could explain the larger microbial population in the
brown manure (Roldan et al., 2003).

Thus, for effective weed control and achieving high
maize productivity ZT with brown manure, alongside
the sequential application of atrazine @ 750g/ha with
pendimethalin @ 750 g/ha (pre-emergence), and
tembotrione (34.4 EC) @ 120 g/ha may be recommended
in the Indo-Gangetic plains of India.
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ABSTRACT

The maize yield potential is constrained by a diverse range of biotic and abiotic factors, ultimately leading to di-
minished crop yield, and quality. Nitrogen (N)-an indispensable fertilizer element is known to exert an influence on
incidence and severity of these biotic stresses. This paper describes the effect of various levels of N application
and contrasting maize genotypes on weed infestation, maydis leaf blight (MLB) and fall armyworm (FAW) inci-
dence in maize. The field experiment was carried out at ICAR-Indian Agricultural Research Institute, New Delhi
during two consecutive years (2021 and 2022). Treatments comprising 6 maize genotypes (PJHM 1, PC 4, DKC
9167, PMH 13, AH 4271 and Pusa Vivek QPM 9-1) and seven N levels (0, 40, 80, 120, 160, 200 and 240 kg N/ha)
were arranged in a factorial randomized complete block design. Results showed that genotypes with profuse
growth, greater leaf area and higher light interception (PJHM 1, DKC 9167 and PMH 13) had minimum weed inci-
dence and may be considered as a key element of integrated weed management in smallholder agriculture. Dis-
ease severity in PV QPM 9-1 (5.3) was higher than all other genotypes while least in AH 4271 (2.7). The maximum
and minimum pest incidence was observed in PJHM 1 (4.9 and 5.6,) and PV QPM 9- (2.1 and 2.4), respectively.
In general, the total (-9.4%) and broad-leaf weed density (-26.4%) reduced with increasing use of nitrogenous fer-
tilizers, while the application of lower N rates reduced the prevalence of narrow-leaf weeds (34.2%). The early leaf
senescence and poor photosynthetic rate at lower rates of N application decreased the plants immunity against
MLB disease. Oppositely, the increased succulency at higher N doses led to severe FAW incidence in maize over
control. Therefore, the study demonstrates that planting of competitive/resistant genotypes and use of 160 kg N/ha

resulted in relatively less overall burden of biotic stressors on maize crop.
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Maize (Zea mays L.) an essential cereal and multipur-
pose species in the Poaceae family, is widely used for food,
fuel, and industrial applications to make a number of prod-
ucts including maize starch, dextrose, syrup, and flakes
(Singh et al., 2022). Its biological plasticity allows to
thrives well in a variety of climatic and soil conditions and,
therefore, grown under diverse agro-ecologies untouched
by other cereals. Maize is the only cereal crop gifted with
the highest yield potential, and genetic diversity. It is be-
coming a popular crop in India due to its potential use in
ethanol production. It is India’s third-largest basic food
crop in terms of output and acreage, after rice and wheat.
Maize is grown on 9.86 million hectares area in India, con-
tributing 31.5 million tonnes produce (DES, 2021). How-
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ever, the prevalence of various biotic stresses like disease,
insect-pest and weeds has become a potential yield limiting
factor in many maize growing regions across the country.
Among various biotic constraint, interference from weeds
is a major threat to maize productivity. Maize is quite vul-
nerable to weed competition mainly at early crop growth
stages. In maize crop, the potential yield losses due to
weeds can range from 51 to 100%, in the absence of effec-
tive weed control strategies (Ghosh et al., 2020). Of the 61
main diseases affecting maize, maydis leaf blight (MLB) is
the most important foliar disease in most of the maize
growing belts in the world. This massive foliar disease
is caused by ascomyceteous fungus Cochliobolus
heterostrophus (Drechs.), a necrotrophic plant pathogen
that kills leaf tissues and may result in 70% yield losses in
susceptible genotypes of maize (Manjunatha et al., 2019).
Fall army worm (FAW), Spodoptera frugiperda (J. E. Smit)
has emerged as the most devastating pest of maize in the
recent years (Sharanabasappa et al., 2018). Under severe
infection, this voracious pest may cause up to 100%
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yield loss in corn, if control measures are adopted
(Sharanabasappa et al., 2018).

Nitrogen stands as a prominent nutrient that signifi-
cantly influences plant metabolism, development, and
physiology (Kumar et al., 2022). It is intricately linked to
fundamental plant processes, such as photosynthesis,
amino acid synthesis, and the tricarboxylic acid cycle. It is
crucial nutrient for maize since it improves the vegetative
growth, leaf area, leaf production, chlorophyll content,
photosynthesis, yield and overall quality (Bamboriya et al.,
2023). The dose and source of N influence the diversity,
density and proliferation and community structure of crop-
associated weeds (Ghosh et al., 2020). Sub-optimal appli-
cation of N may favor certain weed species and therefore,
increase the herbicide demand (Jha et al., 2017). The N
alters plants ability to respond to biotic stressor, including
attacks from herbivores as it can induce changes in host
plant is morphology, biochemistry, physiology and micro-
climate (Aydogdu and Boyraz, 2011). In general, N poses
a negative effect on plant’s physical defence mechanism
and secretion of anti-pathogen phytoalexins and also regu-
lates the plant ability to bounce back from biotic stresses.
Nitrogen is also known to affect the plants nutrition and
therefore, nutritional supply to herbivores. Hence, a field
study was conducted to study the impact of N fertilizer on
plant biotic stresses in diverse genotypes of maize crop. We
hypothesize that optimizing N dose for different genotypes
will significantly improve the crop resistance against biotic
stresses in maize.

MATERIALS AND METHODS

Field experiments were conducted over two consecutive
years (2021 and 2022) at ICAR-Indian Agriculture Re-
search Institute, New Delhi, India (28° 38°23" N and 77°
09°27" E). The experimental site is situated a in semi-arid
and subtropical climate, with extremes of both cold and
heat. The minimum and maximum temperature during the

Table 1. Characteristics of the maize genotypes
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kharif season was 17.0 and 38.2°C during 2021 and 18.6
and 38.8° C during 2022, respectively. The total rainfall
received during the kharif season of 2021 and 2022 was
1256 and 821 mm, respectively. The mean relative humid-
ity (RH) was 78.1% and 74.2% during 2021 and 2022, re-
spectively. Soil of the experimental site was sandy loam in
texture, low in organic C (0.44 %) and available N (185 kg/
ha) content, medium in available phosphorus (12.8 kg P/
ha) and available potassium (205 kg K/ha), non-saline
(0.65 dS/m EC) and slightly alkaline in chemical reaction
(7.7 pH).

The factorial experiment was laid-out in a randomized
complete block design (RCBD) and replicated twice. The
treatments consisted of six genotypes of maize (PJHM 1,
PC 4, DKC 9164, PMH 13, APH 4271 and PV QPM 9-I)
and seven N levels (0, 40, 80, 120, 160, 200 and 240 kg N/
ha). Genotypes with contrasting nature (differing in matu-
rity, yield potential and N response) were chosen for the
experimental purpose (Table 1). Maize genotypes were
planted on 15" and 9* July during 2021 and 2022, respec-
tively. The seeds were sown at 5 cm depth following row-
to-row spacing of 60 cm and plant-to-plant spacing of 20
cm. In order to protect the crop from seed and soil borne
diseases, seeds were treated with carbendazim 50 WP @ 3
g/kg seed. Recommended dose of P (80 kg P,O,/ha) and K
(60 kg K,O/ha) were applied before planting of the crops
through single-superphosphate and muriate of potash, re-
spectively. The N was applied through urea in three equal
splits at sowing, 30 and 45 DAS. For weed control, atra-
zine @ 750 g/ha was used as pre-emergence herbicide.
Two to three irrigations were applied to maize as per crop
need. The FAW (Spodoptera frugiperda) was controlled by
repeated spray of emamectin benzoate @ 200 g/ha.

The leaf area index (LAI) for each treatment was mea-
sured using leaf area meter (Model LICOR 3000, USA).
The SS1 SunScan plant canopy analyzer was used to quan-
tify photosynthetically active radiation (PAR) interception

Genotype Type Maturity group Yield potential N responsiveness

PJHM 1 Dual purpose hybrid Medium-maturity High yielding Extremely receptive to fertilizer N
(90-95 days) (6.5 t/ha) and can show positive N response up

to 200 kg N/ha

PC4 Composite variety Early maturity Low yield potential Performs better under low input and
(89-90) days (4.5 t/ha) moisture stress conditions

DKC 9164 Hybrid Late maturity High yielding -
(105-110 days) (6.5 t/ha)

PMH 13 Hybrid Medium maturity High yielding -
(97 days) (5.9 t/ha)

APH 4271 Advanced hybrid Medium maturity High yielding -
(90-95 days) (6.4 t/ha)

PV QPM 9-1 Pro-vitamin-A Extra early maturity Yield potential -

rich maize hybrid (75-80 days)

(5.5 t/ha)
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at silking. The measurement of the chlorophyll and caro-
tenoid content was done by acetone method. The photosyn-
thetic rate was measured at silking stage using Infrared Gas
Analyzer (L16400). A 0.25 m? quadrat was randomly
placed between the central rows of each plot to measure
the weed density and species composition of the weeds at
50 DAS. Weed species were recognized and counted and
the data were subjected to square root transformation
{(N(x+0.5)}. The MLB diseases severity was visually esti-
mated using for rating scale. The scale consisted of 9 cat-
egories designated by numerals 1 to 9. Scale 1 represents
nil infection, 2 indicates light infection, 3—4 represents
slight infection, 5 indicates moderate infection, 6—7 repre-
sents heavy infection and 8-9 indicates very heavy infec-
tion. Ten randomly selected plants/plot were evaluated for
MLB and degree of infection was assigned to each plant.
The average of the ten plants was computed and expressed
between 1 to 9. The Davis scale was used to estimate the
FAW damage on the maize leaves. Ten plants/plot were
randomly chosen at knee-high stage and 0-9 score was
assigned to each plant. Zero score indicates no harm, 1-4
represents moderate damage, 5—7 represents medium dam-
age, and 8-9 represents significant damage. By averaging
all of the ten sampled plants, the average damage score per
plot was calculated.

Data were statistically analysed using the “Analysis of
Variance Technique” with SAS 9.3 software. Least signifi-
cant difference (LSD) values at the 5% level of probability
were used to compare the treatments.

[Vol. 69, No. 3

RESULTS AND DISCUSSIONS

Growth and physiological parameters

The growth and physiological parameters of plant de-
pend on the type of genotype. The LAI and photosynthetic
radiation interception were maximum in PHM 13, DKC
9164 and PJHM 1 (Table 2). The genotypic difference in
PAR interception might be caused by potential variations in
genotype’s leaf area and leaf orientation. Chlorophyll con-
tent and photosynthetic rate were substantially higher in
PJHM 1, PMH 13 and AH 4271. PV QPM 9-I registered
the lowest value of these growth and physiological param-
eters. Significant genotype variability in chlorophyll con-
tent, and PAR interception were also reported earlier by
Chikoye et al. (2008).

The data revealed that when N levels increased from 0
to 240 kg N/ha, the LA, intercepted PAR, chlorophyll con-
tent and photosynthetic rate consistently increased. The
lowest total values of all these parameters were found in
control with no N. The reduced LAI and intercepted PAR
at unfertilized plots might be owing to the hampered leaves
production and reduced leaf size as a result of poor plant
growth under severe N stress. The primary cause of low
chlorophyll values and photosynthetic rate in the absence
of N is the breakdown of proteins and plastids, which
slows down or stops chlorophyll synthesis (Choudhary and
Behra, 2020).

Weed dynamics
During the maize cropping season, the major weeds

Table 2. Plant growth and physiological parameters of maize as affected by genotype and N levels at silking stage during 2021 and 2022

Treatment LAI Intercepted PAR Chlorophyll Photosynthetic
(%) content (mg/g rate (umole
of fresh leaf) CO,/m?/ sec)
2021 2022 2021 2022 2021 2022 2021 2022
Genotype (G)
‘PJHM I’ 3.79 3.85 59.8 61.6 1.12 1.03 32.6 33.7
‘PC 4 3.77 3.83 52.6 55.4 1.02 0.96 27.1 27.3
‘DKC 9164’ 3.83 3.94 60.3 62.3 1.06 1.02 29.2 30.4
‘PMH 13’ 3.85 3.96 61.6 62.6 1.07 1.04 30.0 29.8
‘AH 4271° 3.73 3.79 58.3 61.3 1.10 1.02 313 322
‘PV QPM 9-I’ 2.84 2.94 46.5 473 0.98 0.94 23.5 252
CD (P=0.05) 0.24 0.13 1.8 29 0.06 0.07 1.7 1.8
Nitrogen level (N) (kg/ha)
0 2.51 2.58 44.4 48.3 0.70 0.55 22.8 242
40 3.06 3.14 51.1 53.7 0.86 0.73 24.4 26.2
80 3.44 3.52 55.0 57.4 0.97 0.89 27.3 28.1
120 3.89 3.97 56.8 59.1 1.13 1.09 29.8 30.0
160 4.02 4.09 61.1 61.0 1.19 1.17 313 322
200 4.19 4.26 63.1 63.6 1.27 1.27 32.8 335
240 4.34 441 64.3 65.8 1.32 1.32 34.1 343
CD (P=0.05) 0.26 0.14 1.9 3.1 0.06 0.07 1.9 1.9
Interaction (GxN) NS * * * * NS * *

LAI- leaf area index; PAR- photosynthetically active radiation
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were Cyperus rotundus, Phyllanthus niruri, Convolvulus
arvensis, Dactyloctenium aegyptium, Digitaria sanguinali,
Amaranthus viridis and Eragrostis tenella. The structure of
the genotype canopy has been observed to influence the
weed density. Among the genotypes, the grassy weed den-
sity was in the order of PV QPM 9-1 > AH 4271 = PMH 13
=DKC 9164 =PJHM 1 > PC 4 while a different trend was
observed for broad-leaf weeds (PC 4> PV QPM 9-1 > AH
4271 >PMH 13 > DKC 9164 > PJHM 1). Sedges counts
did not differ significantly among the genotypes (Table 3).
Total weed density was 9.7-12.1 % lower with genotypes
having higher LAI and intercepted PAR (PJHM 1, DKC
9164 and PMH 13) (Table 3), indicating that these geno-
types were more competitive than weeds and may be a key
element of integrated weed management in smallholder
agriculture. The short stature and poor vegetative growth of
PV QPM 9-1 led to maximum weed density (8.56 and 9.16
weeds/m?). The LAI serves as a valuable tool in forecast-
ing crop losses caused by weeds and is crucial for under-
standing crop-weed competition dynamics. Earlier Jha
et al. (2017) also reported that a crop having a denser
canopy (high LAI) can diminish weed competitiveness by
limiting the amount of light available for weed growth and
development. The correlation analysis also showed that
LAI (r=-0.59) and intercepted PAR (r=-0.73) of maize was
negatively related with total weed density.

The rates of N applications significantly affected the
grassy, broad-leaf and total weed density over control.
Population density of grassy weeds (53.4%) was positively
related with N levels. Moreover, grassy weeds are more
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competitive for applied N due to their greater N absorption
efficiency, hence, they prefered N fertilized environment.
In contrast, N application had negative effect on broad-leaf
weeds as their higher count (up to 35.9 %) was observed in
control plot as compared to 240 kg N/ha. Sedges density
increased with N application up to 200 kg N/ha and de-
clined thereafter. Total weed count was significantly re-
duced (-9.4%) with N fertilization over control mainly due
to enhanced leaf area and greater PAR absorption at higher
N levels.

MLB disease severity

The MLB was the only corn disease seen in the experi-
mental plots. Disease development and severity of MLB
was highly dependent on prevailing weather conditions.
The incidence of MLB was observed during first year only
when higher atmospheric humidity (>75%) and moderate
temperature (17 to 38.2 °C) favoured sporulation, and le-
sion expansion (Manjunatha et al., 2019). During the sec-
ond year of the study, weather conditions (RH< 75 and low
temperature) were not favourable for the disease incidence
to appear.

Disease resistance frequently differs among plant spe-
cies, as various genotypes showcased distinct patterns of
chemical and physical defensive mechanisms. Among the
tested varieties, ‘PV QPM 9-1" was found most susceptible
to MLB disease with the highest MLB disease scale (5.3)
(Fig. 1). Conversely, ‘AH 4271’ displayed the lowest MLB
disease scale (2.7), signifying that this particular genotype
curtailed pathogen multiplication, thereby showcasing

Table 3. Weed density as affected by genotypes and N levels in maize during 2021 and 2022.

Treatment Weed density (Number/m?) at 50 DAS
Grassy weeds Sedges Broad- leaf weeds Total weeds
2021 2022 2021 2022 2021 2022 2021 2022
Genotype (G)
‘PJHM 1’ 4.78 5.13 2.25 2.64 5.09 5.90 7.53 8.26
‘PC 4 4.57 5.03 1.83 2.22 6.91 7.17 8.45 9.06
‘DKC 9164’ 4.82 4.81 2.17 2.56 5.39 5.85 7.56 8.03
‘PMH 13’ 4.77 5.15 2.10 2.51 5.81 5.90 7.53 8.24
‘AH 4271° 4.82 5.19 2.15 2.53 6.69 6.88 8.35 9.00
‘PV QPM 9-I’ 5.26 5.58 1.98 2.37 6.84 6.87 8.56 9.16
CD (P=0.05) 0.3 0.25 ns ns 0.3 0.24 0.22 0.26
Nitrogen level (N) (kg/ha)
0 3.62 3.86 2.37 2.92 7.06 7.66 8.48 9.03
40 4.30 4.52 2.50 2.83 6.72 7.15 8.39 8.88
80 4.46 4.98 2.33 2.68 6.46 6.82 8.15 8.84
120 5.05 5.36 2.09 2.57 6.28 6.24 7.94 8.58
160 5.34 5.64 1.87 2.12 5.67 5.96 7.80 8.44
200 5.49 5.79 1.72 2.18 5.36 5.66 7.63 8.34
240 5.59 5.88 1.67 2.00 5.30 5.53 7.58 8.28
CD (P=0.05) 0.3 0.27 0.34 0.37 0.3 0.26 0.24 0.28
Interaction (GXN) * NS NS NS NS * * NS




296

BAMBORIYA ET AL.

80

6.0

40

MLB disease scale

ee

PIHM 1

chdcd

PC4

00040080 0120 @ 160 200 WM 240

ol

ee
H 13

DKC 9164 PM

A

2a

bb
be

ded
o
Ii “

AH 4271 PVQPMO-1

[Vol. 69, No. 3

MLB 5
y=-2.647Tx + 6.0554
i R1=03756

6.0 L] L]

40 ]

MLB disease scake

0.0

Genotype

Fig. 1. Interaction effect of genotypes and N levels on MLB dis-
ease scale in maize during 2021. Error bars show standard
CITOT.

relative resistance to the disease. Manjunatha et al. (2019)
reported that resistant maize genotypes had greater hairs on
leaf and comparatively lesser stomatal openings over sus-
ceptible genotypes.

In addition to being a crucial nutrient for crop growth
and yield, N has also been recognized to have a direct im-
pact on the infection and severity of diseases (Aydogdu and
Boyraz, 2011). The present study confirmed the positive
effect of optimum N supply on maize defense mechanism
against MLB, in which application of 160-200 kg N/ha
resulted into least disease infection. The disease was more
severe when N was not applied (4.2) or more than 160-200
kg N/ha was applied (3.2). Plants cultivated under N
starved conditions, have poor defense mechanism against
the pathogen (Aydogdu and Boyraz, 2011). We observed a
negative correlation between leaf photosynthesis rate
and chlorophyll content with MLB (Fig. 2). The Cochli-
obolus heterostrophus (Drechs.) is an nacrophytic/semi
saprophtyes facultative parasite that prefers senescing leaf
or produce harmful chemicals to destroy leaf tissue.
Hence, the reduced chlorophyll and increased rate of se-
nescence at N starved condition increased the disease sus-
ceptibility with low N application. Contrarily, the improved
metabolic activities like photosynthetic rate and chloro-
phyll production (Table 2) and reduced leaf senescence at
high N levels might have increased the resistance towards
the facultative parasite (Manjunatha et al., 2019). On the
other hand, N abundance might have increased plant suc-
culence and reduced the cell wall thickness which make
the plant more susceptible to pathogens (Aydogdu and
Boyraz, 2011).

Pest incidence

The FAW is a major pest that feeds on maize crop. Sig-
nificant effect of genotypes and N levels was observed on
FAW infestation (Fig. 3). The average FAW damage score
was 3.5 to 4.0 during 2021 and 2022, respectively. Geno-
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Fig. 2. Correlation between MLB disease scale and chlorophyll con-
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Fig. 3. Interaction effect of genotypes and N levels on FAW inci-

dence in maize (mean of two years). Error bars show stan-
dard error (P=0.05).

type PJHM 1 had the highest FAW damage score (4.9
and 5.6) while, PV QPM 9-I had the lowest damage
score (2.1 and 2.4). The observed resistance of maize geno-
types to FAW could be due to increased defense protein,
greater amino acid and glucose content, and jasmonic acid
accumulation (Wang ef al., 2022). Leaf physical character-
istics like leaf toughness and cuticule structure
might have been the reason for increased resistance of PV
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QPM 9-1 against FAW.

The plant’s ability to defend against pests is significantly
influenced by environmental factors, including N fertiliza-
tion (Wang et al., 2022). Increased rates of N application
from 0 kg to 200 kg N/ha increased the FAW damage in
maize and the damage score remained relatively constant at
200-240 kg N/ha. The lowest level of N fertilization (0 kg/
ha) reduced FAW damage by 50% as compared to the high-
est level (240 kg N/ha). Ample N availability in maize led
to a significant rise in leaf area, N and protein content
which improved leaf quality. As a result, leaf-chewing S.
exigua larvae displayed a preference for feeding on high-
N maize. Earlier, Wang et al. (2022) also found that excess
N application increases soluble amino acids, soluble pro-
tein and soluble sugar consequently, attracted FAW larvae
to feed on maize leaves.

Weeds, diseases and pests jointly stand as a key yield
limiting factor for maize. Genotypes AH 4271, PJHM 1
and PMH 13 showed relatively higher resistance to MLB,
while PV QPM 9-1 had slight tolerance to the FAW, should
be promoted. Crop grown without N or with sub-optimal
doses of N were more vulnerable to severe weed infesta-
tion as well as leaf blight attack. Oppositely, over applica-
tion of N led to heavy infestation of fall army worm. There-
fore, cultivation of competitive/resistant varieties using
optimal N application could be a cost-effective and eco-
friendly approach for biotic stress management in maize.
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ABSTRACT

A field experiment was conducted during the kharif and rabi season of 2 years (2022—-24) at the farm of
agroforestry of Chaudhary Charan Singh Haryana Agricultural University, Hisar to evaluate the impact of different
geometry of poplar on the yield and nutrient uptake of sorghum and wheat under poplar-based agroforestry sys-
tems. The experiment was laid out in a randomized block design with 3 replications. The sorghum and wheat were
sown as per the treatment comprising different spacing of poplari.e. 3mx3m,4mx3m,5mx3m, 6 mx3m,
7 mx3m,8m x 3 m and control (sole crops without trees). The results showed that sorghum (14.02 and 14.48 t/
ha) dry fodder yield and wheat grain yield (5.14 and 5.30 t/ha) and straw yield (7.17 and 7.28 t/ha) were maximum
under control in 2022—-23 and 2023-24, respectively. The yield of sorghum (13.62 and 15.54%), wheat grain
(44.55 and 45.66%) and wheat straw (39.05 and 39.15%) were lower at 3 m x 3 m spacing compared to control in
2022-23 and 2023-24, respectively. The increase in spacing of poplar increase the yield of sorghum and wheat
during both the years of study i.e. least yields at 3 m x 3 m popular spacing and highest under 8 m x 3 m spacing.
However, popular based system yields of sorghum (8.01 and 8.42%), wheat grain (50.18 and 50.00%) and wheat
straw (42.56 and 42.44%) were higher under 8 m x 3 m than 3 m x 3 m spacing in 2022—-23 and 2023—-24, respec-
tively. Similar significant results were obtained in case of nutrient uptake N, P and K as yield of sorghum (143.9,
147.2, 18.3, 19.9 and 31.4, 29.2 kg/ha) and wheat in grain (81.8, 83.4, 13.7, 14.3 and 13.3 14.4 kg/ha) and straw
(26.8, 28.4, 7.5, 8.7 and 64.2, 66.3 kg/ha) under 8 m x 3 m during 2022—-23 and 2023-24, respectively. Hence,
control has significant effect on the yield and nutrient uptake of crops than under agroforestry systems. While,
among all the treatments of poplar-based alley crop systems, spacing of 8 x 3 m the significantly higher green for-

age, and grain yields and nutrient uptake.

Key words: Nutrient content, Nutrient uptake, poplar spacing, Yield

The challenge of ensuring food security and achieving
higher productivity from limited natural resources has led
to the overexploitation and injudicious use of chemical
fertilizers. This misuse has resulted in further land degra-
dation, environmental problems, and low productivity in
the semi-arid tropics of India (Gupta, 2019). Despite India
being one of the leading countries in terms of animal popu-
lation, with 536 million units, milk productivity remains
remarkably low. One major reason for this low milk pro-
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ductivity is the limited availability of green fodder for live-
stock. The country faces an estimated 35 percent deficit in
green and dry fodder due to decrease in the area under for-
age crops over the past 3—4 decades, as farmers have pre-
ferred cereal crops and other cash crops. This deficiency in
forage availability makes livestock rearing more challeng-
ing (Sirohi et al., 2022). The situation becomes critical
during the dry season under rain-fed conditions when no
crops can typically be grown and natural pastures, grasses,
and weeds become unproductive. Farmers resort to feeding
their animals with low-quality hay made from stored crop
residues or travel long distances to gather green grasses or
fodder (Mallikarjun et al., 2018). Agroforestry systems
(AFS) incorporate diverse methods of using trees and crops
for the management of land, and show considerable ben-
efits for the efficient use of agricultural and forest resources
(Qiao et al., 2019). Tree-based agroforestry systems are far
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more economically feasible and environmentally friendly
than mono-cropping systems. Agroforestry systems provide
benefits such as improved water quality, biodiversity, re-
duced soil erosion, increased aesthetic value, carbon se-
questration, and mitigation of climate change (Gurmessa
et al., 2021). Agroforestry is regarded as a cure the ills of
intensive agriculture. It prevents land degradation and
increases site production through interactions among
trees, soil, and crops, restoring soil fertility. Effective
agroforestry systems rely heavily on tree spacing and shape
(Rizvi et al., 2020). Poplar is India’s most effective indus-
trial agroforestry tree species, with annual yield ranging
from 10 to 30 m*/hectare. A poplar-based agroforestry unit
is a huge success in irrigated parts of northern India. This
approach is practical and more economically successful
than several other harvest rotations in India (Sirohi and
Bangarwa, 2017). Selecting suitable forage and cereal
crops that can be integrated with poplar crucial for enhanc-
ing feed supplies for livestock producers and economic
yield for farmers. Sorghum (Sorghum bicolor) and wheat
(Triticum aestivum L.) crop rotations can fulfill the fodder
needs of livestock and productivity as well as address pro-
tein deficiency issues (Kumar et al., 2012a, 2012b). How-
ever, further research is required to determine the best
management practices for these crop rotations under pop-
lar trees. To maintain intercrop productivity and maximize
returns, adopting appropriate spacing for tree species is
crucial in any agroforestry system since intensive agricul-
ture methods have a worsening effect on soil fertility.
Farmers can opt for agroforestry systems that not only re-
plenish soil but also help to preserve crop output. The spac-
ing between and within tree rows was a key factor influ-
encing intercrop productivity (Handa et al., 2019). Ensur-
ing the ongoing intercrop productivity and optimizing re-
turns necessitates adopting appropriate spacing for tree
species in any agroforestry system. The arrangement be-
tween and within tree rows stands out as a critical factor
influencing intercrop productivity (Chaturvedi et al.,
2016). Wider spacing between tree rows led to higher pro-
ductivity of intercrops compared to narrow spacing. How-
ever, soil fertility increased more with narrow spacing,
particularly close to the tree base rather than farther away.
This study aimed to investigate the effect of poplar spacing
on forage production and wheat productivity to identify
suitable poplar-forage crop combinations in sorghum-
wheat cropping system to enhance both fodder and grain
yield.

MATERIALS AND METHODS

The field experiment was conducted during kharif and
Rabi season of 202223 and 202324 at Research Farm of
Forestry (29°10'N; 75°43’E), CCSHAU, Hisar. The experi-

POPLAR BASED AGROFORESTRY SYSTEM IN FODDER SORGHUM-WHEAT 299

ment was laid-out in a Randomized block design with 3
replications. The treatments consisted of 7 spacing of pop-
lar transplanted in 2017. The poplar (clone G-3) was
planted at different spacing of 3m x3m,4m >3 m,5m
Xx3m,6 mXx3m,7mx3m,8mx3m and control (sole
crop without tree). Sorghum-wheat rotation was taken un-
der the different geometry of poplar. The gross plot size for
each treatment varied based on the tree spacing and in-
creased from 81 m?in 3 m x 3 mto 216 m?in 8 m x 3 m
and spacing 5 m X 4 m was grown as control (devoid of
trees) during their respective seasons. Sorghum ‘HJ-541"
was sown during first week of June, while wheat (DWB
187) was sown during first week of November in 2022—
2023. Recommended dose of fertilizers were applied to the
crops as per the recommendation of package and practice
of CCSHAU. Similar, procedure was followed during
2023-24. Within each experimental unit, crop data were re-
corded from all spacings, randomly placed 1 m x 1 m
quadrates. After being sun-dried for 4-5 days, the grains
were accurately weighed and expressed as tonnes/hectare,
as delineated by Rana ez al. (2014).

Nutrient content and uptake: Nitrogen (N), phosphorus
(P) potassium (K) and micronutrients (Fe, Cu, Zn and Mn)
content were estimated by modified kjeldahl method
(Prasad et al., 2006), vanado-molybdo-phosphoric acid
yellow color method (Jackson, 1973), flame photometer
method (Jackson, 1973) and DTPA extractable (Lindsey
and Norvell, 1978) respectively. Nutrient uptake was cal-
culated by multiplying nutrient content with fodder and
wheat yields.

N uptake (kg/ha) in grain/straw = [% N in grain/straw x
grain/straw yield (kg/ha)]

Analysis of variance was performed using the GLM
procedures of the statistical analysis system (SAS Institute,
Cary, NC) for randomized block design. The differences
between treatment means were compared using a LSD test
at P<0.05 (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Productivity of fodder sorghum and wheat

The results revealed that sorghum (14.02 and 14.48 t/ha)
dry fodder yield and wheat grain (5.14 and 5.30 t/ha) and
straw yield (7.17 and 7.28 t/ha) was significantly higher
under the control (sole crops) than other poplar-based in-
tercropping in 2022-23 and 2023-24, respectively in sor-
ghum wheat cropping system (Table 1). The yield of both
crops decreased with increased tree density. The sorghum
dry fodder yield in sole crop was 8% higher than the yield
at 3 m x 3 m spacing in 2022-23, and this difference in-
creased to 8.4% in 2023-24. Similar results were obtained
for wheat crop for both the years. The wheat grain and
straw yields were higher under sole crop which was 33.3,
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Table 1. Effect of different geometry of poplar on yield of sorghum and wheat under poplar based agroforestry system in 2022-23 and

2023-24
Treatment Sorghum dry fodder yield (t/ha) Wheat grain yield (t/ha) Wheat straw yield (t/ha)
2022-23 2023-24 2022-23 2023-24 2022-23 2023-24
Poplar spacing (m)
3x3 12.11£0.39 12.23+£0.45 2.85+0.52 2.88+0.53 4.37+0.43 4.43+0.45
4x3 12.15+2.68 12.27+£2.71 3.33£1.16 3.35+1.18 5.01+0.80 5.08+0.81
5x3 12.39+3.00 12.5143.04 3.59+1.35 3.61£1.37 5.36+0.93 5.43£0.95
6x3 12.53+£3.10 12.66+3.15 3.76x1.44 3.77£1.45 5.54+0.99 5.61+1.01
7x3 12.9243.04 13.08+3.09 4.12+1.45 4.25+1.46 6.03+1.01 6.11£1.03
8x3 13.08+2.80 13.264+2.86 4.28+1.36 4.32+1.37 6.23+0.95 6.31+0.97
Control 14.02+2.32 14.48+2.39 5.14+£1.15 5.30£1.17 7.17+0.83 7.284+0.85
CD (P=0.05) 1.04 1.20 0.42 0.43 0.65 0.67

34.2% and 29.8, 29.9% than 3 m x 3 m in 2022-23 and
2023-24, respectively. This could be due to shade by the
trees, which results in crops receiving reduced light inten-
sity, restricting growth and decreasing agricultural output.
Similar findings were corroborated by Sirohi et al. (2020)
and Lamerre (2017), who showed higher intercrop yields
with wider spacing compared to close spacing. Wider spac-
ing leads to increased photosynthetic activity and crop de-
velopment, resulting in higher productivity. Devi et al.
(2020) and Meena ef al. (2023) also detected a drop in light
intensity in poplar-based agroforestry systems compared to
solo cropping systems, resulting in a fall in intercrop yields.

Nutrient Acquisition

The nutrient uptake of sorghum was significantly af-
fected, more nutrients were acquisitioned under control
than poplar based intercropping system (Figs. 1 and 2). The
N, P, K, Fe, Cu, Zn and Mn uptake of sorghum was 3.12
and 5.53%, 1.30 and 4.43%, 1.30 and 4.43%, 2.41 and
4.15%, 8.47 and 10.89%, 10.26 and 12.24%, 13.03 and
15.59%, 11.70 and 13.77% higher in control than the

"IN 2022-23 =N 2023-24
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8§x3
7x3
6x3

5x3

NPK uptake (kg/ha)

4x3

3x3

=P 2022-23

3 m x 3 m spacing of poplar in 2022-23 and 2023-24, re-
spectively. Under poplar-based system, the highest uptake
was observed in 8 m x 3 m spacing for macro and micro
nutrients and then decreased with increased tree density
during both years. The uptake of macro and micro nutrients
increases from 2022-23 to 2023-24 in both polar-based in-
tercropping and solitary cropping. Similar findings were
previously found by Sharma et al., (2012), that the N, P,
and K content and uptake by wheat crop decreased consid-
erably under a poplar-based agroforestry system when
compared to the control (without trees). They also discov-
ered low quantities of N, P, and K, and their uptake in
wheat plants, along the tree line and then increased with
distance away from the tree line.

The nutrient uptake by wheat grain and straw was ob-
served significantly higher under sole cropping (control)
than poplar based agroforestry system (Figs. 3-4). The nu-
trient uptake by wheat grain for N, P, K, Fe, Cu, Zn and Mn
ranged from 97.14-56.15 kg/ha, 13.70-10.26 kg/ha,
13.27-9.98 kg/ha, 206.78-120.64 g/ha, 36.03-22.23 g/ha,
129.11-82.34 g/ha and 127.37-73.47 g/ha in 2021. While
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Fig. 1. Effect of plant spacing on poplar based agroforestry system on NKP uptake in fodder sorghum
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Fig. 2. Effect of plant spacing on poplar-based agroforestry system on Fe, Cu, Zn and Mn uptake in fodder sorghum
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Fig. 3. Effect of plant spacing on poplar-based agroforestry system on NPK uptake by grain and straw in wheat
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Fig. 4. Effect of plant spacing on poplar-based agroforestry system on Fe, Cu, Zn and Mn uptake by grain and straw in wheat
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the nutrient uptake of wheat straw for N, P, K, Fe, Cu, Zn
and Mn ranged from 29.40-20.98 kg/ha, 7.89-6.99 kg/ha,
72.42-48.07 kg/ha, 610.96-357.47 g/ha, 37.36-25.70 g/ha,
146.63—108.68 g/ha and 344.16-232.09 g/ha in 2021. The
uptake of nutrients by wheat grain and straw increased
from 2022-23 to 2023-24. Among the poplar-based sys-
tem the highest nutrient uptake in wheat grain and straw
was recorded at 8 m x 3 m spacing, which further de-
creased from 8§ m x 3 mto 3 m % 3 m poplar spacing dur-
ing both years of experiment. The wider geometries had
higher uptake of macro and micro nutrients than the closer
spacing of polar trees during both years. Similar were the
findings of Devi et al. (2020) and Meena et al. (2023).
Thus, study concluded that among the poplar-based
agroforestry system widest tree spacing treatment (8 x 3 m)
yielded the highest forage output of sorghum and grain and
straw yield of wheat in two year of crop rotations. Uptake
of macro-and micro-nutrient in sorghum—wheat rotation
under the widest spacing (8 x 3 m) was the most produc-
tive compared to other tree spacing. Intercropping sor-
ghum-wheat with poplar can help bridge the gap between
the demand and supply of green forage and economic yield
in semi-arid regions, promoting a more sustainable and
productive land use system integrated with livestock.
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ABSTRACT

A field experiment was conducted during 2018 to 2023 on ten years old Hardwickia binata Roxb. based
silvopasture system at Indian Grassland and Fodder Research Institute, Jhansi. The treatment consisted of three
pruning intensities of H. binata, viz. 30%, 45% and 60% and establishment of three grasses, viz. Cenchrus ciliaris,
Chrysopogon fulvus and Panicum maximum in association with H. binata. Pruning of branches of H. binata at 60%
intensity recorded significantly higher top feed (TF 1.48, 1.77, 2.23, 2.68 and 3.27 t/ha) and fire wood yields (FW
2.74, 3.17, 3.49, 3.79 and 4.65 t/ha) as compared to 30% pruning intensity (TF 0.93, 1.01, 1.19, 1.55 and 2.08 t/ha
and FW 1.76, 1.90, 1.98, 2.26 and 2.84 t/ha) and 45% pruning intensity (TF 1.21, 1.41, 1.75, 2.15 and 2.59 t/ha
and FW 2.33, 2.59, 2.82, 3.08 and 3.63 t/ha) during 1%, 29, 39, 4" and 5" years of study, respectively. Among
grasses, establishment of C. fulvus in association with H. binata recorded significantly higher dry pasture yields
(7.91, 8.33, 8.66, 8.93 and 9.18 t/ha) as compared to P. maximum (6.19, 6.37, 6.54, 7.08 and 7.41 t/ha) and it was
found at par with C. ciliaris (7.62, 8.15, 8.44, 8.70 and 8.86 t/ha) during 1, 2"¢, 39, 4" and 5™ years of study. Estab-
lishment of H. binata based silvopasture systems on poor shallow soil and degraded land recorded 9.11-15.50%
improvement in available nutrients (N : 12.73%, P : 15.50% and K : 9.11%) and organic carbon (OC 9.47%) in 5%
year of experiment than initial year (N 229.39, P 8.32 and K 214.73 kg/ha and OC 0.584%. Similarly, H. binata
recorded 111.31% higher carbon stock in 5" year of study (23.04 t/ha) as compared to initial year (10.90 t/ha).
In term of monetary return, maximum net return and benefit-cost ratio was obtained from 60% pruning intensity
(¥ 63459/ha and 2.08) followed by 45% pruning intensity (X 50263/ha and 1.91) from H. binata based silvopasture

system.

Key words: Carbon storage, Cenchrus ciliaris, Chrysopogon fulvus, Forage productivity Hardwickia binata,
Panicum maximum, Pruning intensities, Silvopasture systems

Establishment of silvopasture systems on degraded
lands in hot arid and semiarid regions where erratic rainfall
and recurrent drought is the common phenomenon can
play an important role of bridging the gap in fodder supply
during lean period of the year, enhancing fodder availabil-
ity, boost carbon and nutrient in soil and checking soil ero-
sion (Soni et. al., 2013; Sharma, 2014 and Verma et al.,
2023). In silvopasture systems grasses provide green forage
during monsoon season and trees provide top feed during
winter and summer seasons (Kumar ez al., 2017). In
silvopasture systems, canopy management of tree compo-
nents is essential to obtain a sustained yield of under-storey
pasture, top feed and quality wood. Without proper prun-
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ing management, trees develop greater taper and larger side
branches which provide more shade to under-storey pas-
ture and decrease their productivity and also taper develop-
ment of trees and larger side branches produce larger knots
on the stems and reduce the wood quality (Rosso and Ninin
1998). Canopy management in silvopasture systems also
alleviate shade and facilitate penetration of light to under-
storey pasture which improve the growth of pasture com-
ponents than unpruned trees (Thakur and Sehgal, 2000;
Dar and Newaj 2007). Light availability is the most impor-
tant limiting factor for the performance of under-storey
pasture in silvopasture systems particularly where upper
storey perennial forms a dense cover storey canopy (Miah
etal., 1995).

Apart from forage production, silvopasture systems
have the potential to offer many ecosystem services. Glo-
bal climate change caused by rising levels of carbon diox-
ide and other greenhouse gases are recognized as a serious
environmental issue of the twenty-first century. Between
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2000 and 2010, the atmospheric carbon dioxide has in-
creased from 369 to 388 ppm, a 5.1% increase over the last
10 years, let alone 280 ppm in 1850 (Tans et al., 2010).
Removal of carbon from atmosphere and storing it in the
terrestrial vegetation is one of climate change mitigation
options, which compensate the greenhouse gas emission.
Grasses are a major sink of carbon and could absorb large
quantities of carbon if trees are included with grasses and
judiciously managed together in the form of silvopasture
systems. Thus, silvopasture systems plays an important role
in sustainable production through nutrient cycling, soil and
water conservation, microclimate modification and seques-
trating carbon in the form of wood which considered as
potent instrument against climate change mitigation. Evi-
dences are now emerging that silvopasture systems are
promising land use system to increase above-ground and
soil carbon stock to mitigate greenhouse gas emissions. In
India, average sequestration potential in agroforestry has
been estimated to be 25 t C per ha over 96 million ha
(Sathaye and Ravindranath, 1998) but there is considerable
variation in different regions depending upon biomass pro-
duction. The role of land use systems in stabilizing the car-
bon dioxide levels and increasing the carbon sink potential
has attracted considerable scientific attention in the recent
past, especially after the Kyoto Protocol (IPCC, 2007).
However, in addition to production aspects, there is also a
need to quantify the ecosystem services in terms of carbon
storage potential, for reducing carbon emissions for climate
change mitigation. In view of this the present study was
carried out to study the effect of pruning intensities and
grasses on forage productivity, carbon storage, soil health
and economics of Anjan tree based silvopasture systems in
semiarid rainfed conditions.

MATERIALS AND METHODS

A field experiment was conducted during 2018 to 2023
on ten years old Hardwickia binata based silvopasture sys-
tem at Central Research Farm (25°27” N latitude, 78°37° E
longitude and 275 m above mean sea level) of Indian
Grassland and Fodder Research Institute, Jhansi to study
the effect of pruning intensities and grasses on forage
productivity, carbon storage, soil health and economics of
Anjan tree based silvopasture systems in semiarid rainfed
conditions. The soil of the experimental field was sandy
loam, low in available nitrogen and phosphorus and me-
dium in available potash and organic carbon (Table 6). The
region receives an annual rainfall of 906.5 mm and annual
potential evapotranspiration of 1512 mm (Singh ez al.,
2007). The total rainfall received was 1054.6, 714.2, 786.5,
816.8 and 1031.0 mm in 43, 54, 45, 33 and 67 rainy days
during 2018, 2019, 2020, 2021 and 2022 respectively.

There were 9 treatment combinations replicated thrice
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in factorial randomized block design. The treatment con-
sisted of three pruning intensities of H. binata viz. 30%,
45% and 60% and establishment of three grasses viz.
Cenchrus ciliaris, Chrysopogon fulvus and Panicum maxi-
mum in association with H. binata. Green crown length of
trees were pruned once every year as per treatments during
winter season. H. binata trees were uniformly established
in all the experimental plots at 6 m x 6 m spacing and
grasses were established in association with H. binata at
50 cm x 50 ¢cm spacing.

Pruned yields of H. binata were recorded every year as
per treatments during winter season. Grasses were har-
vested by tractor operated side reaper at 15 cm above the
ground surface in second fortnight of September in each
year. Fodder yields of grasses were recorded at the time of
harvesting. Dry fodder yields were recorded in each plot on
the basis of per square meter area and values were con-
verted into tonne/ha. Dry matter yields were computed by
drying 500 g plant sample of each treatment and replication
in hot-air oven at 70°C.

The light transmission by the canopy of the H. binata
under different pruning regimes and grass combinations
was measured by using canopy analyzer. The light intensity
above canopy (1) and at the ground level (I) was recorded
between 12:30 and 1:00 pm. Light transmission ratio was
calculated by the following formula. Measurements were
conducted consequently in the month of August in each
year. The light interception was measured above a canopy
and beneath a canopy of different range grasses near solar
noon when the light is unobstructed by cloud cover (Board
etal., 1992).

Tree, grass, litter, soil and total carbon stock was esti-
mated under various pruning regimes and grasses. Carbon
stock in H. biriata trees was calculated based upon dry
matter content of the tree which was calculated for various
parts of H. binata tree using allometric equations given by
Newaj et al., (2014). Total dry matter of H. binata tree was
calculated by adding dry matter of tree bole, branches,
leaves and roots. The total carbon stock in tree was deter-
mined by multiplying respective dry matter of various parts
with their carbon content as given by Newaj et al., (2014)
and then adding up the carbon stock of all the parts. The
carbon stock was then calculated per hectare basis based
on the tree density (278 trees/ha). In grasses, above and
below ground carbon stock was calculated by multiplying
above and below ground dry biomass per hectare basis
with conversion factor of 0.50 (IPCC, 2006). Similarly, lit-
ter carbon stock was estimated by multiplying litter dry
biomass per hectare basis with conversion factor of 0.50
(IPCC, 2006). Total system carbon stock in H. binata
based silvopasture was determined by adding carbon stock
of tree, grasses and soil per hectare basis. Soil organic car-
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Table 1. Formula and Allometric equations used during study
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Formula & Allometric equations used

Reference

I
LTR (%)= —— X 100
I
0
Where, I = Light intensity received at the ground level
10 = Light intensity received at the top of grass canopy

Board et al., 1992

Tree components

Branch
Leaves

Allometric equations

Bole 0.232 (DBH)>™

0.002 (DBH) ¥

0.0002 (DBH) 51

Root 0.036 (DBH) 237

Soil Organic Carbon stock = [Soil bulk density (g cm?) x Soil depth (cm) x Carbon (%)] x 100.

Newaj et al., 2014

Nelson and Sommers (1996)

bon stock was determined up to 30 cm depth using equa-
tion given by Nelson and Sommers (1996). Soil organic
carbon percentage was calculated using Walkley and Black
(1934) method and soil bulk density was determined using
a specific gravity method given by Singh (1980). The data
obtained from the experiment were statistically analysed
using the F-test.

RESULTS AND DISCUSSION

Growth parameters of H. binata

Pruning of branches of H. binata at 60% intensity at-
tained the maximum height (9.16, 9.83, 10.37 and 11.05 m)
followed by 45% pruning intensity (8.93, 9.55, 10.02 and
10.65 m) during 2™, 3%, 4% and 5™ years of study, respec-
tively (Table 2). While, collar diameter (23.92 c¢cm and
25.64 cm) and diameter at breast height (19.05 cm and
20.57 cm) of H. binata were higher with 30% pruning in-
tensity as compared to 45% pruning intensity (CD 23.62
cm and 25.26 cm and dbh 18.80 ¢cm and 20.21 cm) and
60% pruning intensity (CD 23.40 cm and 24.96 cm and
dbh 18.63 cm and 19.73 cm) during 4" and 5" years of
experiment, respectively. Similarly, canopy spread was also
significantly higher with 30% pruning intensity (4.57, 4.93
and 5.19 m) as compared to 45% pruning intensity (4.31,
4.63 and 4.81 m) and 60% pruning intensity (4.15, 4.41
and 4.3 m) during 3%, 4" and 5" years of study respectively.
Similar result was also reported by Viquez and Perez
(2005). However, establishment of different grasses in as-
sociation with H. binata did not significantly affect the
growth parameters of H. binata during different years.

Top feed and fire wood yields of H. binata

The 60% pruning intensity of branches of H. binata re-
corded significantly higher top feed (TF 1.48, 1.77, 2.23,
2.68 and 3.27 t/ha) and fire wood yields (FW 2.74, 3.17,
3.49, 3.79 and 4.65 t/ha) as compared to 30% pruning in-
tensity (TF 0.93, 1.01, 1.19, 1.55 and 2.08 t/ha and FW
1.76, 1.90, 1.98, 2.26 and 2.84 t/ha) and 45% pruning in-

tensity (TF 1.21, 1.41, 1.75, 2.15 and 2.59 t/ha and FW
2.33,2.59,2.82, 3.08 and 3.63 t/ha) during 1%, 2n¢, 3, 4t
and 5" years of study, respectively (Table 3). Biomass pro-
duction is directly correlated with pruning intensity. Hence,
severely pruned trees tended to produce more biomass as
compared to lightly pruned trees. The reason is that more
foliage was removed in 60% pruning intensity which in-
creased the pruned biomass. Similar results have also been
reported by Zeng (2001) and Palsaniya et al.,; (2012). Prun-
ing results in usage of stored reserve for its growth and
production of leaves this happened because of the exposure
of pruned portion to sunlight and the dormant buds become
active and sprouted into shoots with the available reserves
present in the trees (Muhamad and Paudyal, 1992). How-
ever, top feed and fire wood yields of H. binata also did
not affected significantly by establishment of different
grasses in association with H. binata.

Pasture yield

Pruning of branches of H. binata at 60% intensity also
recorded significantly higher pasture yields (7.99, 8.40,
8.99 and 9.50 t/ha) as compared to 30% pruning intensity
(7.19,7.27,7.38 and 7.60 t/ha) and 45% pruning intensity
(7.67, 7.95, 8.33 and 8.36 t/ha) during 2, 3, 4% and 5%
years respectively. Rai (2006) also found that pruning of
Acacia nilotica and Dalbergia sissoo up to 50% height
gave higher dry forage yield of C. fulvus as compared to
unpruned trees in silvopasture systems. Higher biomass
production under pruned treatments might be due the fact
that pruning of trees facilitated more light to under-storey
pasture which resulted into higher growth and yield. Light
availability is the most important limiting factor for the
performance of under storey pasture in silvopasture sys-
tems particularly where upper storey perennial forms a
dense cover storey canopy (Miah et al., 1995). Among
grasses, establishment of C. fulvus in association with
H. binata recorded significantly higher dry pasture yields
(7.91, 8.33, 8.66, 8.93 and 9.18 t/ha) as compared to
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P. maximum (6.19, 6.37, 6.54, 7.08 and 7.41 t/ha) and it
was found at par with C. ciliaris (7.62, 8.15, 8.44, 8.70 and
8.86 t/ha) during 1%, 2", 37, 4™ and 5™ years respectively.
The higher pasture yields of C. fulvus and C. ciliaris was
due to their adequate plant stands and dense vegetative
growth over the years as compared to P. maximum under
semiarid rainfed condition.

Sustainable yield index

The 60% pruning intensity of branches of H. binata also
recorded higher sustainability yield index (0.56) than 45%
pruning intensity (0.52) and 30% pruning intensity (0.44)
which showed that total productivity of the system ob-
tained from 60% pruning intensity of H. binata was more
stable over the years than 45% and 30% pruning intensity
(Table 6). Similarly, sustainable yield index of C. fulvus
was the maximum (0.54) closely followed by C. ciliaris
(0.52) which indicated that C. fulvus and C. ciliaris were
produced more stable yields over the years than Panicum
maximum (0.45) under semiarid rainfed condition.

Light transmission ratio

Pruning of branches of H. binata at 60% intensity re-
corded significantly higher light interception (41.98, 40.01,
40.53 and 39.47%) as compared to 30% pruning intensity
(25.59,23.81, 32.77 and 24.07%) and 45% pruning inten-
sity (33.79, 31.90, 24.78 and 30.32%) during 2", 3™, 4t
and 5" years of study, respectively (Table 4). The higher
light interception under 60% pruning intensity may be at-
tributed due to lower canopy spreads of the trees which
leads to more penetration of the light to the under-storey
pastures. However, different grasses did not significantly
affect the light transmission in H. binata based silvopasture
systems.

Carbon stock of H. binata

Carbon stock of H. binata was non-significantly af-
fected by different pruning intensities and grasses in 1%
year of study (Table 5). However, in 5 year of experiment
30% pruning intensity of branches of H. binata recorded
significantly higher carbon stock (24.11 t/ha) as compared
to 60% pruning intensity (21.88 t/ha). The decrease in car-
bon stock of H. binata with 60% pruning intensity in 5%
year was might be due to decrease in diameter at breast
height with continuous pruning at severe intensity which
resulted in lower biomass production and ultimately carbon
stock. H. binata recorded 111.31% higher carbon stock in
5™ year of study (23.04 t/ha) as compared to initial year
(10.90 t/ha). Carbon storage by trees is basically a function
of their dry biomass production and tissue carbon concen-
tration (Nair et al., 2009).

Table 4. Effect of pruning intensity and grasses on transmitted radiation and light transmission ratio (LTR) in H. binata based silvopasture system

Year 5

Transmitted
radiation (Lux)

Year 4

Transmitted
radiation (Lux)

Year 3

Transmitted
radiation (Lux)

Year 2

Transmitted
radiation (Lux)

Year 1

Transmitted
radiation (Lux)

Treatment

LTR

LTR

LTR

LTR

LTR

(%)

(%)

(%)

(%)

(%)

Lower

Upper

Lower

Upper

Lower

Upper

Lower

Upper

Lower

Upper

Pruning (%)

30
45

1380.56 332.79 24.07
1404.08

1430.45
22.50

1370.57 337.79 24.78
1387.08

1395.45
28.36

1339.73 318.83 23.81

1356.12
1364.43

1397.42 356.77 25.59

1414.51
1423.18

1282.04 320.90 25.15
1297.72

1305.67
24.94

30.32
39.47

425.93

31.90 451.93 32.77
40.53

40.01

433.32

33.79
41.98

477.32

31.49
31.86

409.31

564.62

564.62

8.

546.36

596.34

416.25

60

0.42
1.26

8.98
27.17

1.15
3.46

92

1.31
3.89

1.51 26.06 8.94
NS

4.49

9.41
27.75

2.28 27.18

NS

13.84

SEm+
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NS

26.97

NS

26.64

NS

NS NS

CD (P=0.05)
Grasses

31.16
31.94
30.76

439.57

1404.95

1413.91

1396.23
22.50

31.58
32.97
33.54

442.90
1.15

1396.22

1429.38

1327.50
28.36

31.01

32.29

32.59
1.31

1423.98 467.79 32.95 1365.19 424.27
1458.32
NS

1352.82
27.18

32.27
33.17

1306.40 421.75

133791
1241.12

C. ciliaris
C. fulvus

453.21

469.54

1398.12 450.99

1296.97

34.05
34.29

495.93

444.05

430.56

441.89
8.

423.25

466.72

3.59
2.28
NS

417.68

P. maximum

0.42
NS

8.98

92

1.51 26.06 8.94
NS

NS

9.41

NS

13.84

24.94

SEm+

NS NS NS NS

NS

NS

NS

NS

NS

CD (P=0.05)
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Carbon stock of grasses

Pruning of branches of H. binata at 60% intensity sig-
nificantly increased carbon stock of grasses (6.22 t/ha) as
compared to 30% pruning intensity (4.98 t/ha) and 45%
pruning intensity (5.49 t/ha) in 5% year of study (Table 5).
The higher carbon stock under 60% pruning intensity was
due to higher biomass yields of grasses with 60% pruning
intensity as compared to 30% and 45% pruning intensity.
Among grasses, C. ciliaris recorded significantly higher
carbon stock (5.57 and 6.28 t/ha) as compared to C. fulvus
(5.03 and 5.93 t/ha) and P. maximum (3.68 and 4.49 t/ha)
in both initial and 5" years of experiment. The higher car-
bon stock of C. ciliaris was due to higher root-shoot ratio
of C. ciliaris as compared to C. fulvus and P. maximum.

Litter carbon stock

30% pruning intensity of branches of H. binata also sig-
nificantly increased litter carbon stock (0.88 and 2.10 t/ha)
as compared to 45% pruning intensity (0.77 and 1.90 t/ha)
and 60% pruning intensity (0.66 and 1.62 t/ha) during 1*
and 5" years respectively. This may be also due higher lit-
ter biomass recorded under 30% pruning intensity of H.
binata as compared to 45% and 60% pruning intensity.
Litter carbon stock was not significantly affected by differ-
ent grasses in 1% year of study (Table 5). However, in 5%
year of experiment C. fulvus recorded significantly higher
litter carbon stock (1.99 t/ha) as compared to P. maximum
(1.74 t/ha) and it was found at par with C. ciliaris in asso-
ciation with H. binata (1.89 t/ha) during 5* year. This was
might be due to higher litter biomass addition in soil under
C. fulvus as compared to P. maximum which also resulted
in higher litter carbon stock.

Soil carbon stock
Soil carbon stock was also significantly increased with
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30% pruning intensity of branches of H. binata (26.88 t/ha)
as compared to 45% pruning intensity (25.31 t/ha) and
60% pruning intensity (22.90 t/ha) in 5™ year of experi-
ment. This may be also due higher litter biomass addition
in soil with 30% pruning intensity of branches of H. binata
as compared to 45% and 60% pruning intensity. C. fulvus
resulted in significantly higher soil carbon stock (22.99 and
25.80 t/ha) as compared to P. maximum (21.92 and 24.41
t/ha) and it was found at par with C. ciliaris (22.11 and
24.88 t/ha) during 1* and 5% years respectively. This was
might be due to higher litter biomass addition in soil under
C. fulvus as compared to P. maximum which also resulted
in higher soil carbon stock.

Total carbon stock

Pruning intensities of branches of H. binata did not sig-
nificantly affect the carbon stock of H. binata based
silvopasture system in 1% year of experiment (Table 5).
However, during 5" year 30% pruning intensity of
branches of H. binata recorded significantly higher total
carbon stock of the system (55.97 t/ha) as compared to
60% pruning intensity (51.00 t/ha). This may be also due
higher litter biomass addition in soil under 30% pruning
intensity of branches of H. binata as compared to 45% and
60% pruning intensity. Total carbon stock of the systems
was also maximum under C. fulvus in association with H.
binata (39.29 and 55.18 t/ha) followed by C. ciliaris (38.51
and 54.16 t/ha) and P. maximum (36.20 and 51.56 t/ha)
during 1% and 5™ years respectively. This was might be due
to higher biomass production and higher litter addition in
soil under C. fulvus as compared to P. maximum which re-
sulted in higher total carbon stock of the systems.

Soil health
Pruning of branches of H. binata found non-significant

Table 5. Carbon stock (t/ha) in H. binata based silvopasture systems as influenced by pruning intensity and grasses

Treatment Year 1 Year 5
HBCS GCS LCS SCS TCS HBCS GCS LCS SCS TCS
Pruning (%)
30 10.98 4.68 0.88 21.85 37.51 24.11 4.98 2.10 26.88 55.97
45 10.72 4.84 0.77 22.93 38.49 23.13 5.49 1.90 25.31 53.94
60 11.01 4.75 0.66 22.24 38.00 21.88 6.22 1.62 22.90 51.00
SEm=+ 0.11 0.07 0.03 0.38 0.48 0.46 0.10 004 0.49 0.62
CD (P=0.05) NS NS 0.08 NS NS 1.39 0.31 0.13 1.48 1.88
Grasses
C. ciliaris 10.83 5.57 0.78 22.11 38.51 22.99 6.28 1.89 24.88 54.16
C. fulvus 11.06 5.03 0.80 22.99 39.29 23.46 5.93 1.99 25.80 55.18
P. maximum 10.81 3.68 0.74 21.92 36.20 22.67 4.49 1.74 2441 51.56
SEm=+ 0.11 0.07 0.03 0.38 0.48 0.46 0.10 004 0.49 0.62
CD (P=0.05) NS 0.22 NS 1.14 1.44 NS 0.31 0.13 NS 1.88

HBCS- H. binata carbon stock, GCS-Grasses carbon stock, LCS- Litter carbon stock, SCS-Soil carbon stock, TCS-Total carbon stock
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Table 6. Effect of pruning intensities and grasses on soil health, net return, benefit-cost ratio and sustainability yield index of H. binata based

silvopasture systems

Treatment Year 1 Year 5 Year 5 Sustainability
Auvailable nutrients (kg/ha) OC (%) Available nutrients (kg/ha) OC (%) Netreturn Benefit- yield
N P K N P K (R/ha)  cost ratio index
Pruning (%)
30 225.19 8.21 211.03 0.571 271.56 9.96 245.61 0.688 39005 1.76 0.44
45 235.81 8.46 219.39 0.601 260.31 9.66 235.65 0.647 50263 1.91 0.52
60 227.17 8.29 213.78 0.581 243.89 9.21 221.61 0.584 63459 2.08 0.56
SEm=+ 431 0.14 4.08 0.008 4.71 0.17 4.40 0.013 1643 0.03 0.01
CD (P=0.05) NS NS NS NS 14.24 0.52 13.31 0.038 4968 0.09 0.02
Grasses
C. ciliaris 226.77 8.26 212.57 0.581 257.19 9.57 233.37 0.637 49869 1.89 0.52
C. fulvus 238.55 8.54 221.78 0.601 266.71 9.78 240.39 0.660 53226 1.93 0.54
P. maximum 222.84 8.16 209.85 0.571 251.85 9.48 229.11 0.621 49633 1.92 0.45
SEm=+ 431 0.14 4.08 0.008 4.71 0.17 4.40 0.013 1643 0.03 0.01
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS 0.02

for available nutrients and organic carbon in H. binata
based silvopasture system in 1% year of experiment (Table
6). However, in 5% year of study available nitrogen (271.56
kg/ha), phosphorus (9.96 kg/ha), potash (245.61 kg/ha) and
organic carbon (0.688%) were significantly increased with
30% pruning intensity of branches of H. binata as com-
pared to 60% pruning intensity (N 243.89 kg/ha, P 9.21 kg/
ha, K 221.61 kg/ha and OC 0.584%). This may be due
higher litter biomass addition in soil under 30% pruning
intensity of branches of H. binata as compared to 60%
pruning intensity. Establishment of H. binata based
silvopasture systems on poor shallow soil and degraded
land recorded 9.11-15.50% improvement in available nu-
trients and organic carbon (N 12.73%, P 15.50% and K
9.11% and OC 9.47%) in 5" year of experiment than initial
year (N 229.39, P 8.32 and K 214.73 kg/ha and OC
0.584%.). Meena at al. (2023) also reported increase in
organic carbon with diversified food and fodder based
cropping systems over initial year. However, establishment
of different grasses did not significantly affect available
nutrients and organic carbon content in H. binata based
silvopasture systems in initial and 5™ years of the study.

Economics of treatments

In term of monetary return, . binata based silvopasture
system gave net returns 350,909/ha and benefit: cost ratio
1.92. Pruning of branches of H. binata at 60% pruning in-
tensity recorded the maximum net return (363,459/ha) and
benefit: cost ratio (2.08) followed by 45% pruning intensity
(%50,263/ha and 1.91) and 30% pruning intensity (339,005/
ha and 1.76) from H. binata based silvopasture system
(Table 6). The higher net return and benefit-cost ratio ob-
tained from 60% pruning intensity was mainly due to
higher under-storey pasture, top feed and fire wood yields

recorded under 60% pruning intensity. However, net return
and benefit-cost ratio was not significantly affected by es-
tablishment of different grasses in association with H.
binata.

Based on the results it can be concluded that 60% prun-
ing intensity of branches of H. binata recorded higher light
interception, production from under-storey pasture and top
feed components, economic return and sustainability yield
index as compared to 30% and 45% pruning intensity in
silvopasture systems. However, carbon stock and nutrients
and organic carbon build up in soil were higher under 30%
pruning intensity in H. binata based silvopasture systems.
Among grasses, C. fulvus recorded the maximum forage
production, economic return, sustainability yield index,
carbon stock, available nutrients and organic carbon in soil
followed by C. ciliaris and P. maximum under semi-arid
rainfed conditions. H. binata being straight growing, hardy
and deep rooted, proved to be a potential tree suitable for
silvopasture system on degraded lands in rainfed areas of
semiarid region. Thus, H. binata based silvopasture system
is an ideal alternate land-use option for degraded lands for
higher forage production, economic return, sustainability
yield index, carbon stock and nutrients and organic carbon
build up in soil under semi-arid rainfed situation.
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ABSTRACT

A field experiment was conducted at CCSHAU, Hisar during Kharif seasons of 2021-22 and 2022-23 in three
times replicated randomized block design. The experiment was comprised of thirteen barnyard millet-based inter-
cropping systems in replacement series with greengram and sesame as intercrop with row ratio of 5:1, 4:2, 3:3,
2:4, 1:5 in addition to their sole crops. Results revealed that the barnyard millet intercropped with greengram was
found superior over sole barnyard millet in terms of different intercropping indices. But, barnyard millet intercrop
with sesame was found uneconomical. The barnyard millet + greengram (1:5) recorded the highest land equivalent
ratio (LER; 1.25), barnyard millet equivalent yield (BMEY; 2977 kg/ha), land use efficiency (LUE; 119.4%), area
time equivalent ratio (ATER; 1.14), relative crowding coefficient (RCC; 1.79), monitory advantage index (MAI;
% 10,756/ha), system productivity index (SPI; 2903), intercropping advantage index (IAl; 34.6), net return
(X 23,111/ha), benefit:cost (1.42) and per day return (¥ 300.3) which was closely followed by barnyard millet +
greengram (4:2). Hence, barnyard millet + greengram (1:5) intercropping system is a suitable option for achieving
higher monetary returns and resource use efficiency as compared to sole barnyard millet under semiarid region of India.

Key words: Intercropping, Barnyard millet, Greengram, Sesame and Row ratio

Millets cultivation spread over 74 Mha of the globe with
the production of millets is 89.17 million metric tonnes
(FAO, 2022). India is the global leader in production of
millet with a share of ~15% of the world’s total production.
In India, millets are cultivated majorly in 21 states over an
area of 12.53 Mha, with production of 15.53 mt and pro-
ductivity of 1237 kg/ha (FAO, 2022). Barnyard millet
(Echinochloa frumentacea) is fourth most important minor
millet, providing food security to many poor people across
the world. In India, it is mainly cultivated in Orissa,
Mabharashtra, Madhya Pradesh, Tamil Nadu, Bihar, Punjab,
Gujarat and hills of Uttarakhand (Kumar et a/., 2000).
Barnyard millet is the minor millet which is emerged as
very essential dual-motive crop for feed and fodder. De-
spite barnyard millet’s excellent nutritional and agronomic
value, the lack of awareness has led this crop to be consid-
ered a neglected and underutilized crop. Low productivity
of millets as compared to other cereal crops is also a rea-
son for low interest of farmers about the millet’s cultiva-
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tions. The intercropping of millets with legumes can en-
hance the economic returns per unit area. Intercropping is
considered the most suitable for sustaining crop productiv-
ity (Buttar et al., 2023). Cereal association with legumes
and oilseeds in polyculture is always noteworthy in terms
of multiple benefits (Singh et al., 2021). Furthermore, mil-
lets are suitable candidates for mixed and intercropping
and offer the sustainable uses of natural resources and play
a crucial role in improving the livelihood security of small
marginal grower of the rainfed areas (Singh et al., 2022).
Intercropping is a beneficial system of crop production
aimed at maximizing production and profits by effectivity
utilizing the nutrients and water, and other resources
(Kumar et al., 2022; Ajibola and Kolawole, 2019). Grow-
ing cereals as sole crop is not a remunerative venture in
present scenario, hence there is need to integrate pulses and
oilseeds in cereals production system to fulfill food and
nutritional demand of rapid growing population (Avasthe
et al., 2023). But success of intercrops depend on ultimate
density, planting date, resources availability, soil and crop
management practices and intercropping models (Kumar
et al., 2022; Singh et al., 2021). Spatial arrangement and
plant population in an intercropping system have important
effects on the balance of competition between component
crops and their overall productivity. It was hypothesized
that the intercropping of barnyard millet with green gram
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and sesame may be robust option for yield enhancement
because of their diverse morphology, growth rate and simi-
lar climatic requirements and such intercropping systems
are quite popular in India. Therefore, current study was
conducted to assess the effect of different inter cropping
combination on farm productivity and profitability under
semi-arid condition of India.

MATERIALS AND METHODS

A field experiment was carried out at CCS Haryana
Agricultural University, Hisar, Haryana, India (29°10° N
latitude, 75°46  E longitude and 215.2 M altitude) during
Kharif season of 2022 and 2023 in three times replicated
randomized block design. The experiment was comprised
of thirteen treatments to evaluate barnyard millet based in-
tercropping systems taking green gram and sesame as inter-
crop with barnyard millet + greengram/sesame with row
ratio of 5:1, 4:2, 3:3, 2:4, 1:5 in addition to their sole crop.
Experimental soil was sandy loam in texture, slightly alka-
line in pH (7.6), low in organic carbon (0.38%), medium in
available phosphorus (21.6 kg/ha), and low in available
nitrogen (198 kg/ha) and available potassium (248 kg/ha).
The maximum and minimum temperatures during the crop
study period were congenial for the growth and develop-
ment of crops. Sowing of sole and intercrops was done at
30 cm row to row distance. In intercropping treatments,
barnyard millet rows were replaced with intercrops as per
treatments in various row ratio of barnyard millet + inter-
crop varying from 5:1, 4:2, 3:3, 2:4 and 1:5. Barnyard mil-
let variety VC 27 was intercropped with green gram (MH
1871) and sesame (HT 2). Crop was fertilized with 40 kg
N/ha and 40 kg P>O°. Half dose of nitrogen along with full
quantity of phosphorus was applied at the time of sowing.
Remaining half quantity of nitrogen was applied at 25-30
days after sowing. Other crop management practices were
followed as per the recommended package of practices.
The economic yield of different crops was converted into
barnyard millet equivalent yield (BEY) based on prevailing
market price. Other input and output prices for economical
calculation were used as given by department of agricul-
tural economics, CCS Haryana Agricultural University,
Hisar. Different indices like the relative yield, competitive-
ness, land use and economic performance of different in-
tercropping systems were calculated and presented based
on pooled analyzed data from two years as follows:

Relative Crowding Coefficient (RCC or K): It is a mea-
sure of the relative dominance of one species over the other
in a mixture. The K was calculated as:

K= (K,, x K))

K, =Y *Z_ /((Ym-Ymi)xZmi)

K, =YimxZmi/((Yi-Yim) xZim)

where Zmi and Zim were the proportions of main crop
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and intercrop in the mixture, respectively. When the value
of K is greater than 1, there is a yield advantage; when K
is equal to 1, there is no yield advantage; and when it is less
than 1, there is a disadvantage.

Aggressivity (A): The aggressivity was formulated as
follows
=(Yim/YixZim) «(Ymi/YmxZmi)

mamcmp=(Ymi/Y mxZmi) —(Yim/YixZim)

Competitive Ratio (CR): The CR gives a better measure
of competitive ability of the crops and is also advantageous
as an index over K and A. The CR represents the ratio of
individual LERs of the two component crops and consid-
ers the proportion of the crops in which they are initially
sown. The CR is calculated according as per the following
formula.

CR =(LER /LER.

maincrop maincrop mtercrop) ( intercrop-maincrop ~ maincrop-

intercrop

intercrop:

CR. =(LER. /LER

intercrop intercrop maincrop

) (Zmaincrop.

intercrop
intercrop-maincrop
bnercrop and Z, inerop ATC the proportional sown area under
inter and main crop in intercropping, respectively.
Actual Yield Loss (AYL): The AYL was calculated with
the following euation.
AYL=AYL

maincrop intercrop

AYL  =((Ymi/Zmi)/(Ym/Zm)) -1

maincrop

AYL  =((Yim/Zim)/(Yi/Zi)) -1

intercrop

Land Equivalent Ratio (LER)
LER =)’ Y,
i ij

Y, = Individual crop yield under intercropping system

Y, = Individual crop yield under sole cropping system

Land Equivalent Coefficient (LEC)

LEC=LAxLB

Where, LA = LER of main crop

LB = LER of intercrop

Area Time Equivalent Ratio (ATER): It considers the
duration of the crops and permits an evaluation of crops on
yield per day basis.

L,xT,+LyxTy
T

Where, L, and L are partial LER of component crops
Aand B, T, and T, are duration of crops A and B and T is
the total duration of the intercropping system.

Crop Performance Ratio (CPR): Th CPR was calculated
with the following equation. The CPR for species X, in an
intercrop composed of species X and Y,

CPRx= Yix/(Pix*Ysx)

Where Yix and Ysx are its yields per unit area (g m*) in
the intercrop and sole crop respectively, and Pix is the pro-
portional sown area of species X in the intercrop.

CPRy=Yiy/(Piy*Ysy)

ATER =
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Where Yiy and Ysy are its yields per unit area (g m?) in
the intercrop and sole crop respectively, and Piy is the pro-
portional sown area of species Y in the intercrop.

Total CPRxy=Yix +Yiy/(Pix*Ysx) + (Piy*Ysy)

Where Yix, Ysx, Pix, Yiy, Ysy and Piy are as defined
previously.

Income Equivalent Ratio (IER): It is calculated by the
following formula.

Net return in intercropping system
IER = u pping sy

Net return in sole cropping system
Monetary Advantage Index (MAI): It is an index which
tells the relative money value of produce under inter-crop-
ping system.
LER -1
LER

MALI = Value of combined yield of intercrop X

Where, LER is land equivalent ratio.

System Productivity Index (SPI): This was calculated
with the following expression

SPI=(SA /LB x Lb) + Sa

Where: SPI =System productivity index,

SA and LB =Mean yield of main crop and intercrop in
sole cropping,

Sa and Lb =Yield of main crop and inter crop in inter-
cropping.

Land use efficiency (LUE):

LUE= (LER + ATER) x 100/2

Intercropping Advantage Index (IAI):

IAI =AYL and [AT .

main crop maincrop ~ maincrop’ intercrop

=AYL

tercrop ~  intercrop

=1IAI + IAI

Total maincrop intercrop

Where, Pmaincrop and P intererop AT€ the commercial value
of main crop and intercrop, respectively

Relative Net Returns Index (RNRI) (Jain and Rao,
1980):

RNRI= ((PiYi) + (PjYj) £ Dij) / (Pi Yii)

Where, Yi - Yield of the i major crop ha!, Yj - Yield of
the j™ intercrop ha’!, Pi - Unit price of the product of i
major crop, Pj - Unit price of the product of j* intercrop,
Yii - Yield of i sole crop ha™! and Dij - Differential cost of
cultivation of ij* crop combination in comparison to i sole
crop.

Barnyard millet Equivalent yield (CEY): CEY was cal-
culated to compare system performance by converting the
yield of non-barnyard millet crops into equivalent barnyard
millet yield on a price basis, using the formula

CEY=Yx (Px/Pr)

where Yx is the yield of non-barnyard millet crops
(q ha!), Px is the price of non-barnyard millet crop (X q')
and Pr is the price of barnyard millet.

The observations recorded during the course of investi-
gation were tabulated and subjected to analysis of variance

techniques as described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Barnyard millet seed yield and inter crop yield: Inter-
cropping of greengram and sesame in replacement series
with barnyard millet has significantly reduced the barnyard
millet seed yield as compared to sole barnyard millet
(Table 1). Irrespective of row ratios, sesame intercrop with
barnyard millet recorded higher seed yield reduction as
compared to barnyard millet intercrop with greengram. Ir-
respective of intercrops, intercropping of barnyard millet +
intercrop in 5:1 and 1:5 row ratios recorded significantly
lower and higher seed yield loss over sole barnyard millet,
respectively. Intercropping of barnyard millet with
greengram was found effective over barnyard millet +
sesame intercropping at all row ratios. Replacement of
barnyard millet with green gram in intercropping with row
ratio of 5:1 to 1:5 reduced the seed yield of barnyard mil-
let by 9.2 to 57.5%, while replacement of barnyard millet
with sesame in intercropping with row ratio 5:1 to 1:5 re-
sulted in 16.7 to 66.1% seed yield reduction of barnyard
millet as compared to sole barnyard millet crop. Higher
sole crop yield as compared to the intercrop under differ-
ent crop combinations under different agro condition was
also reported by Baldev et al. (2003) and Anishetra and
Kalaghatagi (2020). Concerning to inter crop yield, seed
yield of both intercrops in intercropping with barnyard
millet at all row ratios of combination declined signifi-
cantly over their sole planting (Table 1). Barnyard millet +
greengram intercropping row ratios from 5:1 to 1:5 resulted
in 90.5 to 25.5% reduction in seed yield of greengram over
sole greengram crop. Replacement of sesame in with barn-
yard millet + from 5:1 to 1:5 row ratio declined sesame
seed yield by 88.4 to 27.3% over sole sesame crop, respec-
tively. These results were also in conformity with findings
of Padhi et al. (2010).

Barnyard millet Equivalent Yield (BEY). Intercropping
of barnyard millet with greengram and sesame affected
barnyard millet equivalent yield significantly (Table 1).
Among intercrops, greengram as sole and intercropping
with barnyard millet recorded significantly higher BEY
than sole barnyard millets which may be due to its higher
market price and yield obtained compared to sesame.
Sesame as sole crop and intercrop with barnyard millet at
all row ratios recorded significantly lower BEY than sole
barnyard millet crop. Among all intercropping systems,
barnyard millet + greengram (1:5) recorded highest BEY
(2977 kg/ha) (Table 1), which was 26.9% higher than sole
barnyard millet crop. Anishetra and Kalaghatagi (2020),
also recorded significantly higher sesame equivalent yield
with sesame + foxtail millet of 2:4 (703 kg/ha). These
results are also corroborated with the findings of Kiranmai
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et al. (2021) and Choudhary (2012).

Land use efficiency (LUE) and land equivalent coeffi-
cient (LEC): Significant variation among intercropping
systems was found regarding LUE and LEC (Table 1).
Barnyard millet intercrop with greengram with all row ra-
tios recorded LUE more than hundred, which showed
better and efficient use of land as a resource in intercrop-
ping compared to sole planting. Barnyard millet + sesame
intercrop with all row ratios except barnyard millet +
sesame (1:5) recorded LUE less than hundred, hence found
uneconomical. Irrespective of row ratios, barnyard millet
intercrop with greengram recorded higher LEC than barn-
yard millet + sesame intercropping among other intercrop-
ping systems, barnyard millet + green gram (1:5) closely
followed by barnyard millet + green gram (2:4) recorded
significantly higher LUE (119.4 percent) and LEC (0.37).
Higher land use efficiency of lupine +wheat (75:100 ratio)
followed by lupine +finger millet mixtures (75:100 ratios)
was also reported by Yayeh et al. (2014). Higher produc-
tivity of intercropping over sole cropping was also reported
by Kumar et al. (2023).

Land equivalent ratio (LER) and area-time equivalency
ratio (ATER): LER and ATER were significantly affected
with intercropping systems (Tables 1 and 2). Irrespective to
intercrops, LER for barnyard millet crop was declined with
decline in plant population compared to intercrop. Higher
LER for barnyard millet (0.91 and 0.85) was recorded with
row ratio of 5:1 when barnyard millet was intercropped
with greengram and sesame, respectively, which may be
due to higher barnyard millet yield in these intercropping
treatments compared to others. Higher LER for intercrop
(0.82 and 0.71) was recorded with row ratio of 1:5 when
barnyard millet was intercrop with greengram and sesame,
respectively. Intercropping of barnyard millet with
greengram with all row ratios was recorded with LER val-
ues more than one, hence proved more economical than
sole planting of barnyard millet. Barnyard millet intercrop
with sesame in all row combinations except 1:5 recorded
LER less than one, hence uneconomical over sole barnyard
millet crop. Similarly, intercropping of barnyard millet
with greengram with all row ratios was recorded with
ATER values more than one, while Barnyard millet inter-
cropping with sesame in all row combinations recorded
ATER less than one, hence found uneconomical over sole
barnyard millet. Among all the intercropping systems,
barnyard millet + green gram (1:5) closely followed by
barnyard millet + green gram (2:4) recorded significantly
higher LER (1.25) and ATER (1.14). This might be be-
cause component crops differed in utilizing growth and
other resources and converting them into sink more effi-
ciently resulting in higher yield per unit area compared to
sole crop. Anishetra and Kalaghatagi (2020) reported that

Table 1. Yield performance and Land use intercropping indices of Barnyard millet-based intercropping systems.

Land Use  Land Equivalent

Barnyard millet

Land Equivalent Ratio

Biological yield

Seed yield

Treatments

Efficiency Coefficient

Seed Equivalent

(LER)

(kg ha')

Barnyard

(kg ha'')

Barnyard

yield (kg ha') (LUE %) (LEC)

System

Inter

Barnyard

Inter

Inter

crop millet crop millet crop

millet

2345
2659

15179

2345

Sole Barnyard millet
Sole Greengram
Sole Sesame

3352
3095

804
538

1795
2380
2364
2496

0.10
0.17
0.27
0.37
0.37
0.10
0.15
0.22
0.25
0.24

101.2

1.02
1.01
1.08
1.20
1.25
0.97

0.11
0.21
0.43
0.65
0.82
0.12
0.21
0.35
0.52
0.71

0.91
0.81

0.

394
709

13580
1291

76
144
291
458

2,130
1,889
1,535
1,282
997
2,001

Barnyard + Greengram (5:1)

100.0
105.6
115.7
119.4

11668
9703

Barnyard + Greengram (4:2)

65

Barnyard + Greengram (3:3)

2796

0.55
0.43
0.85
0.76

1930
0.

2525

7565
5520

Barnyard + Greengram (2:4)

2977

599

Barnyard + Greengram (1:5)
Barnyard + Sesame (5:1)

Barnyard + sesame (4:2)

87.6

2207
2131

12494 446

62
105
185
286
3

88.0

0.96
0.96
1.00
1.05
0.06
0.02

747

10949
8824

6761

1,781
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2050

61

1237
1759
2303

1,435
1,122
794

Barnyard + sesame (3:3)

94.6
101.2

2076

0.48
0.34
0.03
0.01

Barnyard + Sesame (2:4)
Barnyard + Sesame (1:5)

2096

4859

91

0.10
0.03

5.1
1.7

327
111

0.16
0.05

1289
434

76
25

CD (5%)
SEm (%)
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Table 2. Area Time Equivalent Ratio and Competition intercropping indices for Barnyard millet-based intercropping systems.
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o
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S

-0.35
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-0.01
-0.30
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-0.29
-0.22
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0.31
0.66
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0.45
1.00
0.12
0.04

0.60
0.52
0.68
0.58
0.39
0.71
0.55
0.58
0.55
0.43
0.06
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1.99
2.34
1.91
1.93
2.81
1.48
1.93
1.76
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1.49
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0.18
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0.57
2.52
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221
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0.45
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1.66
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1.13
1.22
1.45
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1.14
0.78
0.79
0.83
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0.10
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Barnyard + Greengram (1:5
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=

0.21
0.07

0.03
0.01

CD (5%)
SEm (+)

(=1
—_
[=}

intercropping of sesame + foxtail millet in 2:4 ratio re-
corded significantly higher LER (1.33) and ATER (1.28)
compared to sole crops. The intercropping systems re-
corded with LER values less than 1.0 indicates the disad-
vantage of intercropping (Dass and Sudhishri, 2010, Habib
etal., 2016).

Relative crowding coefficient (RCC): Relative crowding
coefficient is a measure of the relative dominance of one
species over the other in a mixture. RCC was significantly
affected by intercropping systems (Table 2). Barnyard mil-
let recorded higher RCC values than intercrops at all row
ratios of intercropping except barnyard millet + greengram
(3:3) which shows the higher competitive ability and rela-
tive dominance of barnyard millet over intercrops. Among
all intercropping systems, barnyard millet + greengram at
all row ratios except 2:4 recorded higher RCC values over
barnyard millet intercropping with sesame. Barnyard mil-
let + greengram (3:3) closely followed by barnyard millet
+ greengram (1:5) with significantly higher system RCC
values of 4.89 and 1.79, respectively. Among intercropping
systems, barnyard millet + sesame intercropping with row
ratio of 5:1, 4:2 and 3:3 was found non-advantageous as
RCC of system recorded values less than one, while barn-
yard millet intercrop with greengram was recorded with
system RCC values more than one at all row ratios. Varia
and Sadhu (2011) also reported higher RCC value with
pearl millet + greengram intercropping.

Competitive ratio (CR): Competitive ratio was signifi-
cantly affected by intercropping treatments (Table 2). In
intercropping systems, Barnyard millet recorded higher CR
values compared to intercrops at all row ratios, which
shows competitive nature of barnyard millet over inter-
crops (greengram and sesame). Barnyard millet intercrop
with green gram recorded higher CR values compared to
barnyard millet intercrop with sesame. Regarding relative
competitiveness with barnyard millet, sesame as intercrop
proved more competitive than green gram intercropping
row ratio of 5:1, 4:2 and 1:5, while at 3:3 and 2:4 row ra-
tio of intercropping of Barnyard millet + green gram
proved more competitive than sesame. Among all inter-
cropping systems, barnyard millet + green gram (1:5) fol-
lowed by barnyard millet + sesame (1:5) was recorded with
significantly higher CR (2.81), while maximum

barnyard millet

CR | rerep (0-71) Was recorded by barnyard millet + sesame
(5:1). Similar finding was also reported by Jakhar et al.
(2015).

Aggressivity (4): Aggressivity was significantly affected
with intercropping systems (Table 2). Barnyard millet re-
corded positive A values with all row ratios, while both
intercrops recorded negative A values, which indicated
more dominance and aggressivity of barnyard millet over
greengram and sesame in intercropping. Higher A values
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for barnyard millet recorded in intercroping with greengram
compared to barnyard millet + sesame intercropping
showed that Barnyard millet was more aggressive or domi-
nant with greengram than sesame. Among all intercropping
systems, barnyard millet + green gram (5:1) followed by
barnyard millet + green gram (4:2) was recorded with sig-
nificantly higher values both for barnyard millet (+ 0.68)
and intercrop (- 0.68), respectively (Table 2). Shalini et al.
(2019) also reported that the aggressivity values for finger
millet in finger millet + black gram and finger millet +
pigeonpea intercropping at 3:2, 4:2, 5:2 and 6:2 row ratios
were found negative which indicate that both the pulses
have shown dominance over finger millet. While, Jakhar
et al. (2015) studied the performance of finger millet and
groundnut-based strip intercropping in ratios 6:4, 8:4, 10:4
and 12:4 and found negative aggressivity (A) values for
groundnut which indicated that finger millet has shown
dominance over groundnut. Similar trend was also ob-
served by Ram and Meena (2014).

Actual yield loss (AYL) and crop performance ratio
(CPR): AYL and CPR were significantly affected with in-
tercropping systems (Table 2). AYL R had positive
values in intercropping with greengram and sesame at all
row combinations, while negative AYL intercrop values were
recorded in all intercropping systems with both intercrops.
All barnyard millet-based intercropping systems with green
gram and sesame except barnyard millet + green gram (5:1
and 4:2), barnyard millet + sesame (5:1, 4:2 and 3:3) re-
corded negative values of total AYL. Irrespective of row
ratios CPR barnyard millet was recorded higher in barn-
yard + greengram intercropping as compared to barnyard
millet + sesame intercropping. CPR for barnyard millet was
increased with decline in number of rows compared to in-
tercrop, while CPR for intercrop was increased with in-
crease in number of rows compared to barnyard millet i.e.
from 5:1 to 1:5 (Barnyard millet + intercrop). Among all
intercropping systems, barnyard millet + green gram (5:1)
recorded total AYL value more than one (1.51) and re-
corded significantly higher CPR system (1.59), maximum
CPR barnyard millet (2.52) and CPR intererop (0-99)5 which
indicated an increment of 59 percent in crop performance
in intercropping compared to barnyard millet as sole crop.
Quantification of yield loss or gain due to intercropping
with other species or the variation of the plant population
could not be obtained through partial LERs, whereas par-
tial AYL shows the yield loss or gain by its sign and as well
as its value (Banik et al., 2000).

Monetary advantage index (MAI) and system productiv-
ity index (SPI): Intercropping systems significantly affected
MALI and SPI (Table 3). Intercropping of barnyard millet
with green gram recorded positive MAI values with all row
combinations, while barnyard millet + sesame intercrop-
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ping resulted negative MAI values at all row ratios except
Barnyard millet + sesame (2:4 and 1:5), which showed
relative monetary advantage of barnyard millet +
greengram over barnyard millet + sesame intercropping.
Barnyard millet intercrop with greengram recorded higher
SPI than barnyard millet + sesame intercropping at all row
ratios. Among intercropping systems, barnyard millet +
green gram (1:5) followed by barnyard millet + greengram
(2:4) recorded significantly higher MAI (10,756 ha!) and
SPI (2903) (Table 3). Higher SPI in intercropping systems
was also reported by Gupta et al. (2019) and Ahlawat and
Gangaiah (2010).

Intercropping advantage index (IAl) and relative net
returns index (RNRI): Intercropping systems significantly
affected IAI and RNRI (Table 3). Barnyard millet inter-
cropping with greengram and sesame recorded negative
values of IAI at all row ratios except barnyard millet +
greengram (4:2 and 1:5) and barnyard millet + sesame
(1:5), which showed relative advantage of barnyard millet
intercrop with greengram and sesame with these row ratios.
Irrespective to row ratios barnyard millet + greengram re-
corded higher values of IAI compared to barnyard millet +
sesame intercropping, which showed that greengram is
more advantageous as intercrop with barnyard millet com-
pared to sesame. Barnyard millet + greengram recorded
RNRI values more than one at all row ratios except 5:1,
while barnyard millet intercrop with sesame recorded
RNRI less than one at all row ratios. Among intercropping
systems, barnyard millet + green gram (1:5) followed by
barnyard millet + greengram (2:4) and barnyard millet +
sesame (1:5) recorded significantly higher IAI (34.6) and
RNRI (1.23) (Table 3). The higher IAI is also an indicator
of the economic feasibility of intercropping systems.

Relative economic efficiency (REE) and income equiva-
lent ratio (IER): REE and IER were significantly affected
by intercropping systems (Table 3). Barnyard millet inter-
crop with greengram and sesame recorded negative values
of REE at all row ratios except barnyard millet +
greengram (4:2 and 1:5). Similarly, except barnyard millet
+ greengram (4:2 and 1:5), all intercropping systems re-
ported with IER values less than one, which showed rela-
tive higher economic efficiency and monetary returns of
barnyard millet + greengram (4:2 and 1:5). Barnyard mil-
let intercrop with greengram proved economical as it was
recorded with higher values of REE and IER compared to
barnyard millet intercrop with sesame. Among intercrop-
ping systems, barnyard millet + green gram (1:5) followed
by barnyard millet + greengram (2:4) recorded significantly
higher REE (22.1%) and IER (1.22).

Economics: Cost of cultivation (total and variable) for
barnyard millet intercrop with greengram or sesame inter-
cropping was less than sole barnyard millet crop (Table 3).
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ABSTRACT

A field experiment was carried out during the kharif seasons of 2020-21, 2021-22 and 2022-23 at Kota,
Rajasthan, to study the effect of post-emergence herbicides on productivity of pigeonpea [Cajanus cajan (L.)
Millsp]. The results indicated that the minimum weed density and dry weight, and the highest yield attributes,
yields, and net return of pigeonpea were obtained under weed free plot. All the herbicidal treatments significantly
reduced the weed density and biomass compared to the weedy check. However, application of pendimethalin 30
EC @ 0.75 kg /ha (PE) fb Imazethapyr 10 SL @ 100 g/ha at 20—25 DAS + one inter-cultivation at 50 DAS recorded
significantly higher plant height (1.82 m), pods/branch (22.96), pods/plant (206.3), weed control efficiency (84.39%
at 60 DAS), grain yield (1,868 kg/ha), net return (X 87.66 x 10%ha) and B: C ratio (3.35) over weedy check. This
leads to the 61.73% higher pigeonpea grain yield over the weedy check plot. Hence it can be inferred that the ap-
plication of pendimethalin 30 EC @ 0.75 kg /ha (PE) fb Imazethapyr 10 SL @ 100 g/ha at 20-25 DAS + one inter-
cultivation at 50 DAS is an efficient weed control method for profitable cultivation of pigeonpea in south eastern

Rajasthan.

Key words: Net returns, Pigeonpea, Weed-management, Weed-control efficiency, Yield

Pigeonpea [Cajanus cajan (L.) Millsp] is one of the
major grain legumes of the tropical and subtropical re-
gions. India accounts for 90% of the global pigeonpea area
and 85% of production. Owing to the nature of growth,
pigeonpea is considered a climate-resilient pulse crop in
rainfed conditions. Biotic and abiotic stresses, non-avail-
ability of suitable varieties, and inadequate transfer of tech-
nology are the major factors for the reduction of crop yield
(Kumar et al., 2023). Among these production constraints,
heavy infestation of weeds is one of the major concerns,
especially at early stage of crop growth, when crop has
slow growth rate, and rapid and vigorous growth of weeds
due to enough soil moisture, wider spacing, and favorable
climatic condition after sowing of crops which results in
heavy drain of available nutrients and moisture often
smoother the tender crop and reduce the yield (Shekhawat
et al., 2022). Competitional stress of weeds causes a reduc-
tion in the grain yield of pigeonpea up to 80% (Padmaja
et al.,2013). As pigeonpea is usually grown during the
rainy season, when the manual method of weed control is
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difficult to imply therefore, the chemical method of weed
control is a more feasible, less laborious, cost-effective,
and economical option. Weeds, compete with pigeonpea
for nutrients and other resources and thus the yield is de-
creased (Bidlack et al., 2006). Weed management strate-
gies attempt to limit the deleterious effects of weeds on
crop plants. In pigeonpea, the initial 6-8 weeks period is the
critical period of the crop-weed competition. Effective and
economical weed control may be possible through chemi-
cal means due to the unavailability of human labor at criti-
cal periods of competition and its high cost coupled with
heavy and continuous rainfall in kharif season. Herbicide
and its integration with manual and mechanical methods
can prove more effective and economical (Nimbargi et al,
2021). The use of integrated weed management methods
would make weed control more acceptable to farmers.
Therefore, the present investigation was conducted to find
suitable and economical weed control methods for enhanc-
ing the productivity and profitability of pigeonpea.

MATERIALS AND METHODS
The field experiment was conducted during the Kharif
seasons of 2020-21, 2021-22 and 2022-23 at Agricultural
Research Station, Kota (26° North latitude, 76°-6' East lon-
gitude and 260 m above mean sea level), Rajasthan. The
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study area falls under the humid south eastern plain zone of
Rajasthan. The soil of the experimental field was vertisol
having bulk density 1.50 Mg/m?, pH 7.76, CEC 35 Cmol/
kg, medium in organic carbon 5.4 g/kg, available N (281
kg/ha), available P (22.7 kg /ha) and high in available K
(316 kg /ha). The total rainfall received during the crop
season of 2020-21, 2021-22, and 2022-23 was 499.2 mm,
1370 mm, and 1119.6 mm, respectively.

The experiment was laid out in randomized block de-
sign with three replications. Treatments comprised viz; T,
weed free; T,, weedy check; T,,2 hand weeding at 20 and
40 DAS/ Inter cultivation; T,, pendimethalin 30 EC @ 0.75
kg/ha (PE) followed by (fb) imazethapyr 10 SL @ 100 g/ha
at 20-25 DAS + inter cultivation at 50 DAS; T,
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb chlorimuron
ethyl 25 WP @ 9 g /ha at 20-25 DAS + inter cultivation at
50 DAS; T,, pendimethalin 30 EC @ 0.75 kg/ha (PE) /b
fenoxaprop ethyl 9.3 EC @ 70 g/ha at 20-25 DAS + inter
cultivation at 50 DAS; T, pendimethalin 30 EC @ 0.75
kg/ha (PE) fb propaquizalop 2.5% + imazethapyr 3.7% w/
w @ 50 + 75 =125 g/ha at 20-25 DAS + inter cultivation
at 50 DAS; T, pendimethalin 30 EC @ 0.75 kg/ha (PE) /b
sodium acifluorfen 16.5% =+ clodinafop propargyl 8% @
245 g/ha at 20-25 DAS + inter cultivation at 50 DAS; T,
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb chlorimuron
ethyl 9 g + quizalofop ethyl 50 g/ha at 20-25 DAS + inter
cultivation at 50 DAS; T, , pendimethalin 30 EC @, 0.75
kg/ha (PE) fb chlorimuron ethyl 6 g + quizalofop ethyl 37.5
g/ha at 20-25 DAS + inter cultivation at 50 DAS; T,
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb chlorimuron
ethyl 9 g + fenoxaprop ethyl 70 g /ha at 20-25 DAS + in-
ter cultivation at 50 DAS; T, pendimethalin 30 EC @
0.75 kg/ha (PE) fb chlorimuron ethyl 6 g + fenoxaprop
ethyl 50 g/ha at 20-25 DAS + inter cultivation at 50 DAS
and T ,, pendimethalin 30 EC @ 0.75 kg/ha (PE) /b
imazethapyr + imazamox @ 100 g /ha at 20-25 DAS + in-
ter cultivation at 50 DAS.

Pigeonpea variety ICPL 88039 was sown with the seed
rate of 18 kg/ha at the spacing of 60 cm x 20 cm. The seeds
were sown in the first fortnight of July during experimen-
tation. Basal application of 20 kg N and 50 kg/ha P,0,
were applied through diammonium phosphate and urea for
the requirement of nitrogen and phosphorus. A common
basal dose of zinc sulfate (21% Zn) @ 25 kg/ha was ap-
plied uniformly to all the plots. The required quantity of
herbicide as per treatment was applied with manually
operated knapsack sprayer using a spray volume of 500 L/
ha. Weed density (number/m?) and weed dry weight (g/m?)
were measured from the randomly selected samples at 2
places in each plot with the help of 0.25 m? quadrat at 30
and 60 days after sowing. Weed control efficiency (WCE)
was also calculated based on the dry-matter production of
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weeds. Data on weed count and weed biomass were sub-
jected to square root transformation to reduce larger varia-
tion in original value by using the formula [\/ (x+0.5)]
before carrying out analysis of variance, and comparison
among treatments were made on transformed values only.

The crop was harvested on 25 December 2020, 15 Feb-
ruary 2022, and 20 January 2023. Yield-attributing traits
and seed yields were recorded at the time of harvesting.
The economic analysis of each treatment was done based
on prevailing market prices of the inputs used and outputs
obtained under each treatment. The data obtained on vari-
ous observations were tabulated and statistically analyzed
by using the analysis of variance (ANOVA) and the signifi-
cance of the treatments was tested by F test. Critical differ-
ence (CD) at 5% level of significance was determined for
each character to compare the differences among treatment
means (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Effect on weeds

The weed flora in the experimental field consisted of a
mixed population viz. Echinochloa crus-galli (L.) Beavls,
Echinochloa colonum (L.) Link and Cynodon dactylon
among grassy weeds and Eclipta alba (L.) Hoesk,
Commelina benghalensis L., Amaranthus viridis (L.),
Trianthema benghalensis L. Celosia argentia,
Capsulariaarsiloris L. Phylenthus niruri, Corchorus
olitorious, Alternethera caracasana among the broad leaf
weeds and sedges, Cyprus rotendus and Cyprus iria (L.).
Analysis of the spectrum of weed flora revealed that grassy
weeds are more problematic, constituting 60%, followed
by sedges (25%) and broad leaf weeds (15%) among the
weed population. The weedy check recorded significantly
higher weed population and weed dry weight at 30 and 60
DAS than any other treatment (Table 1). All the weed con-
trol measures resulted in lower weed density and weed dry
weight at 30 DAS and 60 DAS than the weedy check.
However, minimum weed count at 30 and 60 DAS was
observed in 2 HW at 20 & 40 DAS. Among herbicidal
treatments, application of pendimethalin 30 EC @ 0.75 kg
/ha (PE) fb Imazethapyr 10 SL @ 100 g/ha at 20-25 DAS
+ One inter cultivation at 50 DAS, pendimethalin 30 EC @
0.75 kg/ha (PE) fb propaquizalop 2.5% + Imazethapyr
3.7% wiw @ 50+75 =125 g/ha at 2025 DAS + One inter
cultivation at 50 DAS and pendimethalin 30 EC @ 0.75
kg/ha (PE) fb Imazethapyr + Imazamox @ 100 g/ha at 20—
25 DAS + One inter cultivation at 50 DAS recorded sig-
nificantly lower weed density and weed dry weight at 30
and 60 DAS as compared to other herbicidal treatments
being statistically at par with each other about weed den-
sity and weed dry weight at both the stages.

Maximum weed control efficiency was observed at 30
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Table 1. Effect of weed management on weed count, dry weight of weeds, and weed control efficiency in pigeonpea (pooled data of 3 years)

Treatment Weed count Weed dry weight Weed control
(No./m?) (g/m?) efficiency (%)
30 DAS 60 DAS 30 DAS 60 DAS 30 DAS 60 DAS
T,, Weed free 0.00 0.00 0.00 0.00 100.00 100.00
T,, Weedy check 11.4 13.6 5.14 7.95 0.00 0.00
(130.2) * (185.6) * (25.89) * (63.28) *
T,, 2 Hand Weeding at 20 and 2.20 445 1.70 3.49 90.60 80.94
40 DAS/ Inter cultivation (4.86) (19.81) (2.42) (12.19)
T,, Pendimethalin 30 EC @ 5.49 7.13 2.90 3.13 69.46 84.39
0.75 kg ai/ha (PE) followed by (30.2) (50.94) (7.89) (9.81)
Imazethapyr 10 SL @ 100 g ai/ha
at 20-25 DAS /b + 1 Inter
cultivation at 50 DAS.
T,, Chlorimuron ethyl 25 WP @ 6.38 8.48 3.04 4.04 66.05 74.13
9 g ai/ha at 20-25 DAS (40.7) (72.06) (8.73) (16.31)
T,, Fenoxaprop ethyl 9.3 EC @ 6.93 8.01 3.11 3.80 64.44 77.14
70 g ai/ha at 20-25 DAS (48.1) (64.30) 9.17) (14.46)
T,, Propaquizalop 2.5% + 5.31 7.63 3.02 3.48 66.52 80.90
Imazethapyr 3.7% w/w @ (28.2) (58.26) (8.63) (12.10)
50+75 =125 g ai/ha at 20-25 DAS
T,, Sodium Acifluorfen 16.5% 5.06 5.88 2.67 3.08 74.27 85.02
+Clodinafop propargyl 8% @ (25.7) (34.64) (6.62) (9.50)
245 g ai/ha at 20-25 DAS
T,, Chlorimuron ethyl 9 g + 4.94 6.51 2.87 3.64 69.93 79.23
quizalofop ethyl 50 g ai/ha (24.5) (42.50) (7.74) (13.23)
at 20-25 DAS
T, Chlorimuron ethyl 6 g + 6.57 9.01 3.06 4.27 65.72 71.22
quizalofop ethyl 37.5 g ai/ha (43.2) (81.35) (8.86) (18.20)
at 20-25 DAS
T,,, Chlorimuron ethyl 9 g + 6.26 7.84 2.96 3.74 67.90 78.00
Fenoxaprop ethyl 70 g ai/ha (39.2) (61.48) (8.24) (13.99)
at 20-25 DAS
T,,, Chlorimuron ethyl 6 g + 6.71 8.88 3.00 4.05 66.80 74.06
Fenoxaprop ethyl 50 g ai/ha (45.1) (78.99) (8.53) (16.42)
at 20-25 DAS
T,,, Imazethapyr + Imazamox 5.48 5.60 2.95 3.39 68.25 81.82
@ 100 g ai/ha at 20-25 DAS (30.1) (57.76) (8.19) (11.46)
SEm:+ 1.39 1.63 0.49 0.90 1.59 1.11
CD (P=0.05) 2.34 2.74 1.39 2.55 4.48 3.14

Note: Pendimethalin 30 EC @ 0.75 kg ai/ha as pre-emergent herbicide followed by one inter-cultivation at 50 DAS is common from T, to T .
*Data in parentheses indicate the original value of weeds and outside square root transformed values (sq. root of x + 0.5)

DAS under two-hand weeding at 20 and 40 DAS. How-
ever, application of pendimethalin 30 EC @ 0.75 kg/ha
(PE) followed by (fp) sodium acifluorfen 16.5% +
clodinafop propargyl 8% @ 245 g/ha at 20-25 DAS + in-
ter cultivation at 50 DAS gave significantly higher weed
control efficiency at 60 DAS as compared to weedy check
being on par with application of pendimethalin 30 EC @
0.75 kg a.i./ha (PE) fb Imazethapyr 10 SL @ 100 g a.i./ha
at 20-25 DAS + One inter cultivation at 50 DAS. The
lower intensity of weeds at all the stages with these two
treatments having the application of pre, and post-emer-
gence herbicides may be due to readily absorbed through

the roots and foliage, translocated in the xylem and ph-
loem, and accumulated in growing points. It kills the weeds
by inhibition of acetohydroxy acid. Results are in close
conformity with the research findings of Padmaja et al.,
(2013).

Effect on crop

Growth and yield attributes

All the weed control measures significantly increased
growth and yield attributes as compared to the weedy
check (Table 2). Maximum plant height (2.06 m),
branches/plant (10.94), pods/branch (24.22), pods/plant
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(244.4), seeds/pod, and 100 seed weight were observed in
weed-free plots. Among chemical weed control measures,
maximum plant height was recorded with the application
of pendimethalin 30 EC @ 0.75 kg a.i./ha (PE) fb
Imazethapyr + Imazamox @ 100 g/ha at 2025 DAS+ One
inter cultivation at 50 DAS followed by application of
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb Imazethapyr 10
SL @ 100 g/ha at 20-25 DAS + One inter cultivation at 50
DAS. However, among herbicidal treatments, maximum
number of branches per plant were obtained with applica-
tion of pendimethalin 30 EC @ 0.75 kg/ha (PE) fb
Imazethapyr + Imazamox @ 100 g/ha at 2025 DAS+ One
inter cultivation at 50 DAS followed by application of
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb Propaquizalop
2.5% + Imazethapyr 3.7% w/w @ 50+75 = 125 g/ha at 20—
25 DAS + One inter cultivation at 50 DAS. Pods/branch
(22.96), pods/plant (206.3), seeds/pod (3.71) and 100 seed
weight increased significantly with the pre-emergence ap-
plication of pendimethalin 30 EC @ 0.75 kg/ha fb
Imazethapyr 10 SL @ 100 g/ha at 20-25 DAS + One inter
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cultivation at 50 DAS being statistically on par with
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb Propaquizalop
2.5% + Imazethapyr 3.7% w/w @ 50+75=125 g/ha at
20-25 DAS + One inter cultivation at 50 DAS and
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb Imazethapyr +
Imazamox @ 100 g/ha at 20-25 DAS + One inter cultiva-
tion at 50 DAS over weedy check and other treatments.
This might be owing to a significant reduction in weed
density and weed dry weight. Effective control of weeds
with pre and post-emergence application of herbicides
might have resulted in increased growth and yield at-
tributes of the crop, which reduces water and nutrient up-
take by weeds (Shekhawat et al., 2022; Singh et al., 2023).
Severe infestation of weed decreases the growth and yield
attributes in weedy check. These results are similar to the
findings of Nimbargi et al. (2021).

Yield
Different weed management practices had a significant
influence on the seed yield, stalk, and biological yield of

Table 2. Effect of weed management on growth and yield attributes of pigeonpea (pooled data of 3 years)

Treatment Plant Branches/ Pods/ Pods/ Seeds/ 100 seed
height (m) plant branch plant pod weight (g)

T,, Weed free 2.06 10.94 24.22 2444 3.95 9.44

T,, Weedy check 1.37 7.93 13.01 102.4 3.05 8.49

T,, 2 Hand Weeding at 20 and 40 DAS/ 1.95 9.35 2091 196.8 3.65 9.23
Inter cultivation

T,, Pendimethalin 30 EC @ 0.75 kg ai/ha 1.82 9.19 22.96 206.3 3.71 9.23
(PE) followed by Imazethapyr 10 SL @
100 g ai/ha at 20-25 DAS /b + 1 Inter
cultivation at 50 DAS.

T,, Chlorimuron ethyl 25 WP @ 9 g ai/ha 1.74 9.06 20.08 181.6 3.53 8.82
at 20-25 DAS

T,, Fenoxaprop ethyl 9.3 EC @ 70 g ai/ha 1.78 8.71 21.54 186.2 3.42 8.67
at 20-25 DAS

T, Propaquizalop 2.5% + Imazethapyr 1.79 10.12 22.00 207.6 3.80 9.19
3.7 % w/w @ 50+75 = 125 g ai/ha
at 20-25 DAS

T,, Sodium Acifluorfen 16.5% + 1.80 9.52 19.07 181.3 3.42 8.77
Clodinafop propargyl 8% @
245 g ai/ha at 20-25 DAS

T,, Chlorimuron ethyl 9 g + quizalofop 1.79 9.34 19.60 183.0 3.46 8.83
ethyl 50 g ai/ha at 20-25 DAS

T,,» Chlorimuron ethyl 6 g + quizalofop 1.69 9.03 20.24 182.5 3.41 8.72
ethyl 37.5 g ai/ha at 20-25 DAS

T,,, Chlorimuron ethyl 9 g + Fenoxaprop 1.80 9.42 18.63 175.6 3.43 8.77
ethyl 70 g ai/ha at 20-25 DAS

T,,, Chlorimuron ethyl 6 g + Fenoxaprop 1.72 9.51 19.09 181.8 3.36 8.63
ethyl 50 g ai/ha at 20-25 DAS

T,,, Imazethapyr + Imazamox @ 1.90 10.02 21.57 205.7 3.67 8.86
100 g ai/ha at 20-25 DAS

SEmz+ 0.05 0.34 0.71 8.46 0.13 0.13
CD (P=0.05) 0.15 0.95 2.01 23.88 0.35 0.37

Note: Pendimethalin 30 EC @ 0.75 kg ai/ha as pre-emergent herbicide followed by one inter-cultivation at 50 DAS is common from T, to T .
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pigeonpea crop (Table 3). The highest grain (2,116 kg/ha),
stalk, and biological yield were recorded with weed-free
plots. Among chemical weed control measures, grain yield
(1,916 kg/ha), stalk, and biological yield of pigeonpea crop
were found significantly superior with the application of
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb Propaquizalop
2.5% + Imazethapyr 3.7% w/w @ 50+75 = 125 g/ha at 20—
25 DAS + One inter cultivation at 50 DAS, which re-
mained on par with that of pendimethalin 30 EC @ 0.75
kg/ha (PE) (fb) Imazethapyr 10 SL @ 100 g/ha at 20-25
DAS + One inter cultivation at 50 DAS and pendimethalin
30 EC @ 0.75 kg/ha (PE) fb Imazethapyr + Imazamox @
100 g/ha at 20-25 DAS + One inter cultivation at 50 DAS
as compared to unweeded control having lowest yields.
Weed management practices did not influence the harvest
index. The increase in grain, stalk, and biological yield by
the application of pendimethalin 30 EC @ 0.75 kg/ha (PE)
fb Propaquizalop 2.5% + Imazethapyr 3.7% w/w @ 50+75
=125 g/ha at 20-25 DAS + One inter cultivation at 50
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DAS were owing to reduced weed density, weed dry
weight and higher weed control efficiency resulted in
higher pods/plant (Table 1). The minimum yields in
unweeded checks were the results of severe weed compe-
tition. This could be attributed to the effective control of
weeds during critical periods of crop weed competition
which in turn reduced biotic stress (due to weed competi-
tion) and thus, provided weed-free environment for better
growth and yield. These results are in close conformity
with the finding of Patel et al., (2024)

Economics

Economic data (Table 3) revealed that weed-free treat-
ment gave the highest net realization of I 98.26 x10°/ha.
However, among all herbicidal treatments, application of
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb Imazethapyr 10
SL @ 100 g/ha at 20-25 DAS + One inter cultivation at
50 DAS gave highest net return (87.66 x 103/ha) and
benefit-cost ratio (3.35) being on par with pendimethalin

Table 3. Effect of weed management on yield, HI, and economics of pigeonpea (pooled data of 3 years)

Treatment Seed Stalk Biological HI Net Benefit:
yield yield yield (%) return cost
(kg/ha) (kg/ha) (kg/ha) (X x10°/ha) ratio
T,, Weed free 2,116 4,777 6,892 31.09 98.26 2.65
T,, Weedy check 1,155 2,581 3,735 31.23 45.38 1.89
T,, 2 Hand Weeding at 20 and 40 DAS/ 1,794 4,381 6,175 29.04 76.61 2.34
Inter cultivation
T,, Pendimethalin 30 EC @ 0.75 kg ai/ha 1,868 4,392 6,259 30.13 87.66 3.35
(PE) followed by Imazethapyr 10 SL @
100 g ai/ha at 20-25 DAS fb + 1 Inter
cultivation at 50 DAS.
T,, Chlorimuron ethyl 25 WP @ 9 g ai/ha 1,539 3,566 5,105 30.68 63.15 2.12
at 20-25 DAS
T,, Fenoxaprop ethyl 9.3 EC @ 70 g ai/ha 1,593 3,719 5,312 30.60 65.53 2.11
at 20-25 DAS
T, Propaquizalop 2.5% + Imazethapyr 1,916 4,268 6,184 31.74 86.60 2.86
3.7 % w/w @ 50+75 =125 g ai/ha
at 20-25 DAS
T,, Sodium Acifluorfen 16.5 % +Clodinafop 1,644 3,713 5,357 31.22 68.99 2.28
propargyl 8% @ 245 g ai/ha at 20-25 DAS
T,, Chlorimuron ethyl 9 g + quizalofop 1,558 3,495 5,053 31.55 63.63 2.08
ethyl 50 g ai/ha at 20-25 DAS
T, Chlorimuron ethyl 6 g + quizalofop 1,584 3,624 5,209 31.08 65.61 2.16
ethyl 37.5 g ai/ha at 20-25 DAS
T,,, Chlorimuron ethyl 9 g + Fenoxaprop 1,507 3,498 5,005 30.79 59.57 1.90
ethyl 70 g ai/ha at 20-25 DAS
T,, Chlorimuron ethyl 6 g + Fenoxaprop 1,540 3,541 5,081 30.92 62.20 2.02
ethyl 50 g ai/ha at 20-25 DAS
T,,, Imazethapyr + Imazamox @ 1,770 4,187 5,956 30.46 77.09 2.59
100 g ai/ha at 20-25 DAS
SEm+ 70.53 129.3 164.9 0.91 4.77 0.16
CD (P=0.05) 199.12 365 466 NS 13.46 0.45

Note: Pendimethalin 30 EC @ 0.75 kg ai/ha as pre-emergent herbicide followed by one Inter cultivation at 50 DAS is common from T, to T ..
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30 EC @ 0.75 kg/ha(PE) fb Propaquizalop 2.5%
+ Imazethapyr 3.7% w/w @ 50 +75 = 125 g/ha at
20-25 DAS + One inter cultivation at 50 DAS and
pendimethalin 30 EC @ 0.75 kg/ha (PE) fb Imazethapyr +
Imazamox @ 100 g /ha at 2025 DAS + One inter cultiva-
tion at 50 DAS than weedy check and other weed control
measures. The lower net return and B: C ratio in the weedy
check was due to high infestation of weeds resulting in low
weed control efficiency and yield. These results conform
with those reported by Singh and Sekhon (2013); Yadav
et al. (2013) and Singh et al. (2016).

Thus, it can be concluded that pre-emergence applica-
tion of pendimethalin 30 EC @ 0.75 kg/ha fb post-emer-
gence application of Imazethapyr 10 SL @ 100 g ha at 20—
25 DAS + one inter-cultivation at 50 DAS is more produc-
tive and remunerative with effective weed control in
pigeonpea.
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ABSTRACT

A ground-breaking and enduring way to significantly reduce the use of conventional nitrogen fertilizer is to use
nano-urea as a nitrogen supplement. The combination of nano and prilled urea was investigated in this study to
address this issue and allow for a 25% reduction in the recommended urea dosage. Research on rainfed maize
during kharif season 2022-23 was conducted at ICAR-IARI Jharkhand. Twelve different combinations of conven-
tional prilled urea, nano and prilled urea spray were investigated in the study. In the fields, the experiment used a
randomized block design. Different treatments included applying prilled urea as a 2% solution in 150 liters of water
per hectare and nano-urea at a rate of 1250 ml/acre applied twice through foliar application. Results showed that
applying two additional applications of nano-urea along with 75% of the recommended dose of prilled-urea was
the most successful fertilization strategy. This performed statistically equal with both the 100% recommended dose
and the 100% recommended dose with two prilled urea spray applications in terms of yield, and cost-to-benefit
ratio. The study’s findings show that nano-urea can potentially replace at least 25% of the dosage of prilled urea
i.e. recommended, providing a more profitable and environmentally friendly method of cultivation.

Key words: B:C, Conventional urea, Maize, Nano-urea, Nitrogen and Productivity

In the world (comma) maize is cultivated on over 197
million hectares giving 1,137 million tonnes with 5.8
tonnes per hectare productivity (FAO Stat, 2021). In India,
maize covers around 9.86 million hectares and produces
28.5 million tones with 2.89 t/ha productivity. Nitrogen
plays a vital role in crucial plant processes like photosyn-
thesis and protein synthesis and aiding nutrient transport.
Nano-fertilizers show potential by enhancing nutrient effi-
ciency and penetrating cell walls. They could reduce nutri-
ent losses by synchronizing nutrient release with plant up-
take (Lv et al., 2019). Urea-based nanoparticles are now
recommended for agricultural nitrogen supplementation
(Kiran and Chandra, 2021). Recently, in India, IFFCO has
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developed nano-urea, which has been tested at the field
research scale to provide essential nitrogen and enhance
the effectiveness of various crops, including maize
(Upadhyay et al., 2023a). However, limited research has
been conducted on studying the interaction effects of dif-
ferent levels of recommended dose of nitrogen (RDN) with
nano-urea in maize. The standardization of nano-urea for
higher productivity, profitability and economics in maize,
especially under acid soil of Jharkhand in rainfed maize
needs to be investigated. Validation of nano-urea in rainfed
maize under various field conditions is crucial and further
research is required to evaluate how well it can be inte-
grated with other nitrogen sources is a new field of inquiry.

The research was conducted at the ICAR-Indian Agri-
cultural Research Institute (IARI) farm in Jharkhand, situ-
ated at latitude 24°16' N, longitude 85°21' E and an eleva-
tion of 413 meters above sea level. The region experiences
a semi-arid, sub-tropical climate with hot and dry summers
from May to June and mildly chilly winters from Novem-
ber to January. The average annual rainfall and temperature
were recorded at 714 mm and 25°C, respectively. The soil
at the experimental site is sandy loam, slightly acidic, with
organic carbon, available nitrogen, phosphorus, and potas-
sium levels measured at 0.27%, 147 kg/ha, 8.2 kg/ha and
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136 kg/ha, respectively. A randomized block design (RBD)
was used for the experiment with 12 different treatments
that were replicated thrice. The treatments were T, control
i.e. No-Nitrogen(N); T,, 50% of recommended N; T,, 75%
of recommended N; T,, 100% of recommended N; T, No-
N + 2 Sprays of nano-N (NUS), T, 50% of recommended
N +2 NUS; T, 75% of recommended N + 2 NUS; T,,
100% of recommended N + 2 NUS; T,, No-N + 2% prilled
urea spray (PUS); T, , 50% of recommended N + 2% PUS,
T,,, 75% of recommended N + 2% PUS; T ,, 100% of rec-
ommended N + 2% PUS. The hybrid variety ‘DHM-121"
was planted on 19 July 2022, and harvested on 6 Novem-
ber 2022. The planting was done with row spacing of 60cm
and 20cm distance between plants. Soil preparation in-
volved using a tractor-drawn mould-board plough, cultiva-
tor and rotavator, followed by the creation of ridge-furrows
using a ridge maker. The field was divided according to the
layout plan, including irrigation channels. The recom-
mended dose of fertilizer applied was 150 kg of nitrogen,
75 kg of P,O,, and 50 kg of K,O per hectare. Nano-urea
was used at a rate of 500 ml/acre or 4 ml/liter of water.
During sowing, the complete doses of phosphorus and
potassium, along with one-third of the nitrogen, were ap-
plied. The remaining nitrogen was divided into 2-equal
portions and applied at 32 and 50 days after sowing (DAS).
With the first (32 DAS) and second (50 DAS) split of
prilled urea top dressing, nano-urea and prilled urea spray
were applied simultaneously. Keeping T, as base where
RDF was applied, the added cost was ¥521, %1,070 and
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%1,500 with nano-urea spray and 50%, 75% and 100%
RDN, respectively. Similarly, the added cost over RDF
with prilled urea spray and 50%, 75% and 100% RDN was
%-46, 3503 and 3933 respectively.

Different nitrogen levels had a significant effect on cob
length (cm), cob girth (cm), number of rows/cobs, grains/
row, number of grains/cobs, 1,000-grain weight (gm) and
cob yield without husk of maize (Table 1). The highest cob
length (cm), cob girth (cm), number of rows/cobs, grains/
row, number of grains/cobs and 1,000-grain weight (g)
under 100% of recommended N + 2 NUS recorded highest
among other treatments.

The highest cob yield without husk was recorded in
100% of recommended N + 2 NUS followed by 100% of
recommended N + 2% PUS. and 100% of recommended N
The same results were found by Samui et al., 2022. The
grain yield recorded significantly higher in 100% of recom-
mended N + 2 NUS (6.89 t/ha) compared to 100% of rec-
ommended N + 2% PUS rest of the treatments (Fig. 1). An
increase of 9.43 % in yield was recorded with the applica-
tion of 100% of recommended N + 2 NUS over 100% of
recommended N. 75% of recommended N + 2 NUS re-
corded at par grain yield over the treatment 100% of rec-
ommended N (Sarkar et al., 2023). 100% of recommended
N + 2 NUS recorded 66.18, 65.6 and 69.23% increase in
grain yield over No N, No-N + 2 NUS and No N + 2%
PUS respectively. The need-based nitrogen release from
nano-urea enhanced the photosynthesis by ensuring an
adequate supply of chlorophyll-protein complexes which

Table 1. Effect of variable nitrogen sources and doses on yield attributes of maize

Treatment Cob Cob Number Grains/ Number Cob yield 1000- Harvest
length girth of rows/ row of grains/ without grain index
(cm) (cm) cobs cobs husk (kg/ha) weight (gm) (%)
T, 11.07 10.59 9.08 23 208.9 3,843 249.69 29.49
T, 14.64 11.89 11.30 26 294.4 5,405 275.29 32.83
T, 17.99 15.04 12.45 28 346.6 7,154 292.46 35.28
T, 19.12 15.28 12.95 30 388.8 8,616 308.21 37.52
T, 12.64 13.69 9.37 23 2153 3,867 266.23 29.90
T, 15.83 14.84 11.48 27 310.5 5,464 280.54 33.70
T, 19.39 16.00 12.56 29 364.2 7,455 299.70 35.99
T, 19.67 16.86 13.16 31 407.1 8,867 316.25 38.12
T, 12.14 13.22 9.28 23 213.0 3,554 262.29 28.72
T, 15.16 14.26 11.43 26 295.8 5,426 274.65 33.18
T, 18.57 16.01 12.49 29 361.3 7,320 295.75 35.46
T, 19.52 16.23 12.97 31 402.6 8,678 311.21 38.13
SEm+ 0.84 0.96 0.82 1.52 14.82 393.08 14.0 1.95
CpD (P=0.05) 2.46 2.8 24 4.45 43.48 1152.9 41.0 5.72

RDN, Recommended Dose of Nitrogen; NUS, Nano-urea Spray; PUS, Prilled Urea Spray; T, No-Nitrogen(N); T
T,, 75% of recommended N; T,, 100% of recommended N; T,, No-N+2 Sprays of nano-N (NUS); T

9 47
75% of recommended N+2 NUS; T
N+2% PUS; T

> 150

8°

75% of recommended N+2% PUS; T

1’ 122

100% of recommended N+2 NUS; T,

,» 50% of recommended N;
¢ 0% of recommended N+2 NUS; T
No-N+2% prilled urea spray (PUS); T

73
50% of recommended

9 10°

100% of recommended N+2% PUS
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Fig. 1. Effect of variable nitrogen sources and doses on grain yield and harvest index of maize.
(Symbol a, b, ¢, d, e denotes the 5% significant level of difference).

saves from adversity in the crops finally results in im-
proved growth, enhances yield and physiological efficiency
(Babu et al., 2022).

The harvest index (HI) is an important metric that ex-
presses how efficiently dry matter was converted into the
crop’s economic component. The harvest index of the
maize crop differed significantly depending on the level of
nitrogen management. 100% of recommended N + 2 NUS
and 100% of recommended N + 2% PUS had a signifi-
cantly higher harvest index (38.1%) than all other nitrogen
management practices. No-N + 2% PUS had a lower har-

vest index (28.7%), which was statistically similar to No-
N, 50% of recommended N, No-N + 2 NUS, 50% of rec-
ommended N + 2 NUS, 50% of recommended N + 2%
PUS. These findings are consistent with those reported by
Upadhyay et al. (2023Db).

In terms of net returns and B: C which influenced sig-
nificantly by different doses of recommended N with nano-
urea and prilled urea spray. 100% of recommended N + 2
NUS recorded significantly higher over rest of the treat-
ments and it remained at par with 100% of recommended
N and 100% of recommended N + 2% PUS (Fig. 2). 75%
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Fig. 2. Effect of variable nitrogen sources and doses on net return and B: C of maize.
(Symbol a, b, c, d, e denotes the 5% significant level of difference).
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of recommended N + 2 NUS recorded at par net returns
and B: C over the treatment 100% of recommended N.
The results are in accordance with Upadhyay et al.
(2023b).

Based on these results, it can be concluded that the pos-
sibility of increasing productivity and profitability in maize
with use of 2 nano-urea Sprays over and above of 100%
recommended dose of conventional urea with full dose of
P,O,and K,O application. The at par results between grain
yields and economics in 100% RDN and 75% RDN + 2
NUS suggested further, there is a chance for a curtailing of
25% recommended conventional urea with use of 75% rec-
ommended dose of nitrogen through conventional urea
with 2 nano-urea spray at 32 and 50 DAS in maize.
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ABSTRACT

A field experiment was conducted during the rabi season of 2020-21, to assess the effect of different source of
nitrogen on fodder yield, economics and N use efficiency of oat (Avena sativa L.). The experiment consisted of
seven treatments viz. control (no N); recommended dose of N (RDN); 50% N through fertilizer + 50% N through
FYM; 50% N through fertilizer + 50% N through vermicompost; 50% N through fertilizer + two sprays of nano-urea;
two spray of nano-urea and site-specific nitrogen management (SSNM). Results showed that application of 50%
RDN through fertilizer + two sprays of nano-urea produced 58.3 t/ha green fodder which was at par with all other
treatments except two sprays of nano urea and control. However, green fodder yield reduced under two foliar
sprays of nano-urea by 20.7% as compared to 100% RDN (59.2 t/ha). The SSNM treatment recorded the highest
net returns (X 49947/ha) and benefit to cost ratio (1.45) which were significantly higher than all other treatments
except 100% RDN and 50% RDN through fertilizer + two sprays of nano-urea. The nano-urea treatments exhibited
the highest nitrogen use efficiency. The study suggested that 50% recommended dose of nitrogen through con-
ventional fertilizer along with two sprays of nano-urea could be applied in oat to get higher nitrogen use efficiency

without any yield reduction.

Key words: Fodder yield, Nano-urea, Organic manure, N use efficiency

Nitrogen (N) is the most important nutrient for forage
crops. It has great significance due to its role in enhancing
luxuriant vegetative growth, higher biomass and quick re-
generation following cutting or defoliation (Choudhary
et al., 2018). Most N management studies have shown a
linear increase in biomass yield with incremental increases
in N applications (Choudhary and Prabhu, 2016; Finch
et al., 2023). Further, optimum N nutrition improves leaf to
stem ratio, succulence and palatability of forage crops. Ni-
trogen fertilization also influences nutritional value in for-
ages. The majority of farmers apply N through urea. Since
it is easy to use, cost effective and quick nutrient suppliers.
Conventional fertilizers offer nutrients in chemical forms
that are not often fully accessible to plants. Despite the
excessive use of mineral N fertilizer, a huge amount is lost
and/or unavailable to plants. Moreover, sole mineral fertili-
Based on a part of M.Sc. Thesis of the first author submitted to

ICAR-Indian Grassland and Fodder Research Institute, Jhansi, Uttar
Pradesh in 2021 (unpublished)
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zation enhances the decomposition of soil organic matter,
which leads to degraded soil structure and declined soil
aggregation and loss of nutrients through leaching, fixation,
and greenhouse gases emission (Igbal et al., 2019). Addi-
tionally, the use of inorganic fertilizers on soil over long
periods of time may affect its capability to maintain healthy
crop growth and productivity. In contrast to inorganic fer-
tilizer, organic manure has multiple benefits like improving
soil physical and chemical properties, enhanced soil micro-
bial activity (Choudhary et al., 2023). This can improve
soil nutrients availability for crop growth and development.
However, organic fertilizer is quite low in nutrient content
and its nutrient releasing ability is also low to meet crop re-
quirements in a short time, hence the sole application of
manure could not meet the usual intensity of agriculture
production. Organic manure coupled with synthetic fertil-
izers has been confirmed to be a better approach to im-
prove and sustain soil fertility and crop production than the
sole application of mineral or organic manure (Paramesh
etal., 2023).

Several innovations have been done in the area of plant
nutrition in order to improve nutrient use efficiency by re-
ducing nutrient loss. Development of nano-fertilizers is one
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of the important innovations among them. Some beneficial
effects include increase in nutrient use efficiency, better
yield and reduced soil pollution. Applying nano-fertilizers
can also reduce environmental pollution than traditional
chemical fertilizers applied with high rates. Nano-fertiliz-
ers possess unique features which enhance plants’ perfor-
mance in terms of ultrahigh absorption, increase in produc-
tion, rise in photosynthesis, and significant expansion in
the leaves’ surface area (Kumar et al., 2023). The IFFCO
invented and released nano-urea as an alternative to com-
mercial urea. Nano Urea (Liquid) contains 4% (40000
ppm) nanoscale nitrogen particles which have more surface
area (10,000 times over 1 mm Urea prill) and number of
particles (55,000 nitrogen particles over 1 mm Urea prill)
which makes it more impactful. Despite of having numer-
ous advantages of using nano materials in agriculture, the
application and popularity of such inputs is very less. Thus,
keeping these facts in view, an experiment was carried out
to assess the effect of different sources of nitrogen on fod-
der yield, economics and N use efficiency in oat.

A field experiment was carried out at The Central Re-
search Farm of Indian Grassland and Fodder Research In-
stitute Jhansi, India (25°27'N latitude, 78°33’E longitude
and 270 m above mean sea level) during Rabi 2020-21.
The soil of experimental site was clay loam in texture, neu-
tral in reaction (pH 7.2), medium in organic carbon (6.3 g/
kg soil), low in available nitrogen (206 kg/ha) and medium
in available P (11.4 kg/ha) and K (230 kg/ha). The experi-
ment was laid out in randomized block design with three
replications. The experiment comprised of seven treat-
ments T, control (No N); T,, 100% recommended dose of
N (100 kg/ha through fertilizer in 2 splits, half of the dose
at the time of sowing and remaining dose at first irrigation
(25 DAS) as top dressing); T, 50% RDN through fertilizer
+50% N through FYM; T,, 50% RDN through fertilizer +
50% N through vermicompost; T, 50% RDN through fer-
tilizer + two spray of nano-urea; T, two spray of nano-urea
(2 ml/l at 30 and 50 DAS); T, site specific nitrogen man-
agement (SSNM). In T7, 30 kg N was applied at the time
of sowing; 30 kg at first irrigation; and 30 kg N was ap-
plied at second irrigation (50 DAS) when SPAD meter
reading reached < 37. In T3 to T5, fertilizer (50 kg N/ha)
was applied as basal at the time of sowing. However, or-
ganic manure was applied at the time of field preparation.
A uniform dose of 60 kg P,O, and 40 kg K,O per hectare
was applied at the time of sowing. Oat variety ‘JHO-822’
was sown at 25 cm row spacing at about 3-4 cm depth
through seed drill using seed rate of 100 kg/ha. Oat crop
was harvested at 50% flowering stage and weighed for
green fodder yield. In general, four terms are used in rela-
tion to nitrogen use efficiency: Partial Factor Productivity
(PFP), Agronomic Efficiency (AE), Recovery Efficiency
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(RE) and Physiological Efficiency (PE). The following
expressions were used to determine these efficiencies as
suggested by Congreves et al. (2021):

PFP (kg DM yield per kg N applied) = Yf/ Na

AE (kg DM yield increased per kg N applied) = (Y-
Yc)/Na

RE (% of N taken up by a crop) = [(NUf—NUc)/Na] x
100

PE (kg DM yield increased per kg N uptake) = [(Yf -
Yc) / (NUf-NUc)] x 100

Where, Yf and Yc are the DM yields (t/ha) in fertilized
and control (no N) plots, respectively. NUf and NUc are
the amounts of N taken up by oat crop in fertilized and
control plots, respectively and Na refers to the amount of
N applied (kg/ha).

Benefit to cost ratio was calculated by dividing the net
returns value to the production cost in order to determine
the economic efficiency. Data were subjected to analysis of
variance (ANOVA) using SAS 9.3 (SAS Institute, Cary,
NC, USA). Fischer’s protected least significant difference
(LSD) test was used to test the differences between treat-
ment means at P <0.05.

Green fodder yield of oat was significantly influenced
by different sources of N fertilization (Table 1). Applica-
tion of 50% RDN through fertilizer + 50% N through
vermicompost produced significantly the highest green
fodder yield (61.1 t/ha) followed by SSNM which was
doubled than control. Furthermore, green fodder yield re-
duced by 20.7% under two foliar spray of nano-urea com-
pared to 100% RDN (59.2 t/ha). However, 50% RDN—fer-
tilizer + two sprays of nano-urea recorded statistically at
par but numerically different fodder yield as of 100%
RDN. This is possibly due to the synchronous release of N
from the nano-urea following the demand of the crop.
Upadhyay et al. (2023) reported that application of two
sprays of nano-urea in combination of fertilizer may curtail
25% of the recommended dose of N in maize-wheat and
pearl millet-mustard cropping systems. However, Sarkar
et al. (2023) found reduction in the yield of wheat by
28.6% under 50% RDF + two spray of nano-urea.

Integrated use of fertilizer (50% N) and organic manures
(50% N) recorded the statistically at par yield with 100%
RDN through fertilizer alone. Organic manure (FYM and
vermicompost) acts as a substrate for microorganisms
which brings about the transformation of unavailable form
of nutrients present in soil and applied as fertilizer in avail-
able form which are readily utilized by growing plants and
also improve soil condition, favourable for availability of
nutrients to crop (Ma et al., 2020). Therefore, synergistic
effect of organic manure with fertilizer resulted in higher
fodder yield.

The production cost of oat varied from minimum with
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control (¥ 32760/ha) to maximum under 50% RDN
through fertilizer + 50% N through VC (X 49110/ha) (Table
1). The cost of cultivation with 50% RDN through fertilizer
+ two sprays of nano-urea was comparatively higher than
100% RDN through fertilizer due to spraying cost of nano-
urea. The maximum gross returns were calculated in 50%
RDN through fertilizer + 50% N through VC (X 85493/ha)
and minimum in control (X 10267/ha). The higher green
fodder yields in fertilizer treatments also believed to be rea-
son for the higher gross returns. However, the maximum
net returns were computed in SSNM (X 49947/ha). Like
net returns, highest benefit to cost ratio was calculated in
SSNM (1.45) followed by RDN (1.41) and lowest in con-
trol (0.31). Integration of organic manure (FYM and
vermicompost) with fertilizer also increased the cost of
treatment, therefore, reduced the economic returns as com-
pared to chemical fertilizers. Lower benefit to cost ratio
under organic manure treatments mainly because of pro-
portionate returns from manure was less in comparison to
cost involved.

Data on nitrogen-use indices like partial factor produc-
tivity (PFP), agronomic efficiency (AE), recovery effi-
ciency (RE) and physiological efficiency (PE) of oat are
presented in Table 1. The highest partial factor productiv-
ity (188 kg DM/kg N applied), agronomic efficiency (83 kg
DM increased/kg N applied) and recovery efficiency
(175%) were computed with application 50% RDN
through fertilizer + two spray of nano-urea followed by
SSNM. However, maximum physiological efficiency (54.3
kg DM increased/kg N uptake increased) was computed
under nano-urea spray treatment. Synchronizing crop N
demand with fertilizer N supply using SPAD meter-based
N management (SSNM) strategy led to higher AE and RE

[Vol. 69, No. 3

of applied N. In this study, higher PFP and AE under nano-
urea treatments was mainly due to lower N application
without much compromising fodder yield. Foliar applica-
tion of nano-fertilizers can enter plants through the epider-
mis or stomata and then translocate through the apoplast or
symplast pathways, which enhances nitrogen use effi-
ciency. Kottegoda et al. (2017) in field conditions the nitro-
gen agronomic efficiency was 48% for nano-urea while in
the case of urea it was 18% demonstrating that the ex-
pected slower N release by nano-urea resulted in a better
N-efficiency compared to traditional fertilizer. Higher effi-
ciency of nano fertilizer was also reported by Upadhyay
et al. (2023).

Total uptake of nutrients (N, P and K) by oat crop was
significantly (P<0.05) influenced with diverse nitrogen fer-
tilization (Fig 1). The uptake of nutrients is in the order of
N> K >P. In general, N uptake is 6 to 7 times of P uptake.
Significantly maximum uptake of N (194 kg/ha) and K
(150 kg/ha) was recorded in SSNM while 50% N-fertilizer

BN @P OK

250 A

Nutrient uptake (kg/ha)

T T
T T2 3 T4 T5 T6 17

Fig. 1. Effect of different source of nitrogen on nutrient uptake in
oat. Error bar represents LSD at 5% level of significance.

Table 1. Effect of different source of nitrogen on fodder yield and economics of oat

Treatments Green Total Net BCR N Use Efficiency
fodder cost returns returns
yield (t/ha) (R/ha) (X/ha) (R/ha) PFP AE RE PE

Control (No N) 30.7 32,760 43,027 10,267 0.31 - - - -
100% RDN 59.2 34,410 82,833 48,423 1.41 99 46 97 47.2
50% N-fertilizer + 50% N-FYM 56.4 42,793 78,913 36,120 0.84 90 38 75 50.4
50% N-fertilizer + 50% 61.1 49,110 85,493 36,383 0.74 102 49 100 49.6
N-vermicompost
50% N-fertilizer + nano-urea spray 58.3 34,940 81,573 46,633 1.33 188 83 175 47.5
Nano-urea spray* 47.0 34,240 65,753 31,513 0.92 - - - 54.3
SSNM 60.3 34,520 84,467 49,947 1.45 112 53 116 45.7

SEm=+ 2.66 3,722 0.10

LSD (P=0.05) 8.19 11,468 11,468 0.30

SSNM- site specific nutrient management; PFP—partial factor productivity (kg DM/kg N applied); AE—agronomic efficiency (kg DM in-
creased/kg N applied); RE-recovery efficiency (%); PE—physiological efficiency (kg DM increased/kg N uptake increased)
*In this treatment, very minute quantity of N was applied through Nano-urea resulting very high values of PFP, AE and RE. Hence, data was

not provided.



September 2024]

+ 50% N-vermicompost recorded maximum uptake of P
(30.8 kg/ha). Furthermore, control recorded least uptake of
N (89 kg/ha), P (17 kg/ha) and K (75 kg/ha) followed by
two spray of nano-urea. The nutrient uptake in crop is
largely dependent on dry matter accumulation and nutrient
concentration in plant and available nutrient status in the
soil. The uptake increased in aforesaid treatments because
of higher availability of theses nutrient and biomass yield.
Similar results were reported by Kumar et al. (2021).

It can be concluded that oat crop should be fertilized
with 50% recommended dose of N through fertilizer + two
sprays of nano-urea at 30 and 50 days after sowing for
achieving higher productivity, profitability and nitrogen-
use efficiency. However, the findings of the nano-urea need
to be further validated in long term experiments.
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ABSTRACT

A field experiment was carried out to determine the impact of different seed rates and priming strategies on ger-
mination percentage, growth attributes, and yield of wheat (Triticum aestivum L.). The experiment comprised
twelve treatments i.e. surface seeding with no seed priming, priming for 12 hours in water, 1% KNO,, and 1%
CaCl, at 100, 125, and 150 kg/ha seed rates. The results indicated that the highest final germination percentage
(84%) at 10 DAS was found with seed priming with 1% CaCl, at a 100 kg/ha seed rate. The tallest plant was ob-
served with seed priming with 1% CaCl, at 150 kg/ha seed rate. However, number of tiller/m? and dry matter accu-
mulation was recorded maximum with seed priming with 1% CaCl, at 150 kg/ha seed rate, which was 7.27% and
20% higher compared to number of tillers/m? and dry matter accumulation under dry seed surface seeding with
100 kg/ha seed rate, respectively. The highest grain yield (4662 kg/ha) and straw yield (5694 kg/ha) were found
with seed priming with 1% CaCl, at 150 kg/ha seed rate. Similarly, maximum gross (3114851/ha) and net 76884/
ha) returns were obtained in seed priming with 1% CaCl, at 150 kg/ha seed rate but the highest B: C ratio (3.09)
was obtained with seed priming with 1% CaCl, at 125 kg/ha seed rate. Hence, adopting seed priming strategies at

different seed rates can improve the growth and yield of wheat.

Key words: Germination percentage, Growth attributes, Seed priming, Seed rate, Wheat, Yield

Wheat (Triticum aestivum L.) is the most valuable cereal
crop and the primary source of food and nutrition for the
world’s population. India ranked second in wheat produc-
tion with a crop of 112.8 million metric tonnes an area of
32.0 million ha and productivity of 3.56 t/ha. The area, pro-
duction, and productivity of wheat in Bihar are 2.20 Mha,
6.72 Million tonnes, and 2.872 t/ha, respectively (Director-
ate of Economics and Statistics, Ministry of Agriculture &
Farmers’ Welfare, Government of India, 2022-23). There
are different methods of sowing for wheat crops such as
broadcasting, broad bed furrow, dibbling, and surface seed-
ing (Singh et al., 2013). In surface seeding, seeds are
broad-cast on the surface without any field preparation.
Surface seeding is adopted in areas where excess moisture
is present in the soil as there may be issues during tillage
operation and land preparation (Sharma et al., 2024). In
surface seeding, there are high chances of seeding mortal-
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ity as the upper layer of the soil surface becomes dry as
compared to the layers beneath the soil surface resulting in
reduced moisture for the germination of seed. This problem
can be mitigated by increasing the seed rate and adopting
seed priming methods (Ambreen et al., 2021). Seed prim-
ing is a useful technique for achieving fast and uniform
emergence along with high vigor, which leads to improved
crop establishment and yield benefits in a variety of field
crops, including cereals (Abou-Zeid et al., 2021; Paswan
et al., 2023). Moreover, the seed rate of the crop is an im-
portant factor that determines the ability of plants to utilize
available resources (Sheteiwy et al., 2017). To get a higher
germination percentage and wheat yield under surface
seeding, the optimum seed rate with proper seed priming
strategies should be adopted and hence optimization of
these parameters needs to be studied.

The field experiment was conducted at Pusa farm, Dr.
Rajendra Prasad Central Agricultural University, Pusa,
Bihar during the rabi season of 2020-21. Geographically,
Pusa is situated at 25°60" North latitude, 85°76  East longi-
tude, and 51.3 meters above mean sea level. It comes un-
der the subtropical zone and is near the Burhi Gandak
River in North Bihar. The experiment was laid out in a ran-
domized complete block design (RCBD) and replicated
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thrice. There were twelve treatments viz., surface seeding
of dry seed with 100, 125, and 150 kg/ha seed rate; surface
seeding of soaked seed with 100, 125, and 150 kg/ha seed
rate; seed priming with 1% KNO, at 100, 125 and 150 kg/
ha seed rate; seed priming with 1% CacCl, at 100, 125 and
150 kg/ha seed rate. The variety HD 2967 was used in the
experiment. The recommended dose of N: P,O:K,O was
120:60:40 kg/ha. Urea, DAP, and MOP were the sources of
fertilizers used in the experimental field. As a basal dose,
/2 dose of N was added along with the full dose of PO
and K, O, while the remaining dose of N was applied in two
equal split doses of %2 N was applied after the first irriga-
tion and a second split dose of 2 N was applied after sec-
ond irrigation. The soil of the experimental field was low
in available N (195.8 kg/ha), low in organic carbon (0.43%),
medium in available P (21.28 kg/ha), and medium in K
(124.3 kg/ha). Soil pH (8.4) was alkaline in nature.

For seed priming, 1 kg wheat seeds were soaked in wa-
ter, 1% KNO,, and CaCl, solution for 12 hours. The solu-
tion of KNO, and CaCl, was prepared by dissolving 10 g
of KNO, and KClI, respectively in 1 L of water. After soak-
ing of seed for 12 hours, the priming solution was drained
off. Thereafter, seeds were shade-dried until they reached
the original seed moisture content (determined by the seed
moisture meter) which was 12%. Sowing was done manu-
ally as surface seeding in definite rows at 20 cm row-to-
row spacing. Sowing was done with dry seeds as well as
overnight pre-soaking priming seeds with hydropriming,
CaCl,, and KNO, for 12 hours. Surface seeding as well as
seed priming was carried out following seed rates of 100,
125, and 150 kg/ha.

The germination percentage is the ratio of germinated
seed to total seed used for sowing purposes. For estimating
germination percentage count, the total germinated seed-
ling from Im length from each experimental plot was
counted. Then, the germination percentage is calculated
from the ratio of germinated seed to total seed used for
sowing purposes. The germination percentage was calcu-
lated following the first count, second, and third count on
the fifth, seventh day, and tenth day of germination for
normal seedlings respectively. Seedling length is the total
sum of the length of coleoptile and coleorhiza. For calcu-
lating seedling length, five normal seedlings were chosen
from the randomly selected experimental plot, and the
seedlings were uprooted carefully in such a way that the
root of seedlings would not be damaged. The soil is re-
moved from the base of the seedling and the total length of
the chosen seedling is measured at 5, 7, and 10 days after
sowing (DAS) and weighed without drying for taking fresh
biomass. The seedling vigor index indicates the robustness
and hardiness of the seedling to a contingent environment
and other competitive factors. The seedling vigor index
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was determined using the formula given below, which was
suggested by Abdul-Baki and Anderson (1973).
Seedling Vigour Index (VI) = Germination (%) % Seedling length (cm)
Five randomly selected plants from each experimental
plot were taken into observation to estimate plant height
and number of tillers/m? at 30, 60, and 90 DAS and at har-
vest. In the case of dry matter accumulation five random
plants were taken from each experiment plot and cut over
the ground level with a sickle at 30, 60, 90 DAS, and at
harvest. For 48 hours, these plants were sundried. After sun
drying, these plants were dried in an oven at 65°C for 48—
72 hours. Plants were harvested at maturity and the har-
vested net area of each plot was threshed and cleaned to
obtain the produce (grains) from whole biomass. Thereaf-
ter, the grain yield from each plot was recorded in kg per
plot and changed over to t/ha. The harvest index was cal-
culated with the help of the following formula:

Grain yield

X 100

Harvest Index (%) =

Riological (graintsrraw) yisld

The data generated from the field experiment was ana-
lyzed using “Analysis of Variance” (ANOVA) in RBD as
suggested by Gomez and Gomez (1984). The standard er-
ror of the mean (SEm+) and critical difference (CD) at a
5% level of significance was calculated for each character
to compare the treatment difference. Statistical analysis
was performed in SPSS version 16.0 (SPSS Inc., Chicago,
USA).

Germination percentage is an important characteristic
for any plant species because plant stand depends on ger-
mination percentage, plant genotype, and climatic factors.
The maximum germination percentage i.e., 69%, 80%, and
84% at 5, 7, and 10 DAS, respectively was recorded high-
est in seed priming with 1% CaCl, at 100 kg/ha seed rate
(Table 1). This might be due to the activation of reserve
amylase content that acts as a catalyst for the secretion of
hydrolase from the aleurone layer and helps in starch and
sugar reduction. Reduction of starch and sugar helps in
early germination and provides nutrition to germinated
seeds. These results are in conformity with the findings of
Dayal et al. (2023), Khaing et al. (2020), and Sow et al.
(2023).

The analysis of data from various treatments revealed
that the highest seedling length at 5 DAS (95 mm), 7 DAS
(160 mm), and 10 DAS (216 mm) was recorded by adopt-
ing seed priming with 1% CaCl, at 100 kg/ha seed rate
(Table 1). The minimum seedling length at 5 DAS (65
mm), 7 DAS (118 mm), and 10 DAS (175 mm) were found
with dry seed surface seeding at 150 kg/haseed rate. This
was due to the effect of priming which activates reserve
amylase content and helps in early germination as well as
establishment of radicle. It leads to better crop establish-
ment and an increase in seedling length. On the other hand,
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Table 1. Effect of different seed priming methods and seed rate on seed quality parameters of wheat

Treatments Germination Seedling length Seedling fresh weight Seedling vigour
percentage (mm) (mg) index

5 7 10 5 7 10 5 7 10 5 7 10
DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS
T, 60 75 77 70 127 184 980 1,160 1,230 420 952 1,416
T, 59 72 75 67 122 180 920 1,157 1,224 395 878 1,350
T, 57 71 74 65 118 175 870 1,020 1,180 370 837 1,295
T, 64 76 79 90 155 209 1,104 1,185 1,415 576 1,178 1,630
T, 62 74 76 80 141 190 1,017 1178 1,354 496 1,043 1,444
T, 61 72 73 72 133 182 875 1022 1,217 439 957 1,328
T, 66 78 81 93 157 213 1,110 1192 1,422 613 1,291 1,725
T, 65 75 79 85 145 196 1,020 1,180 1,359 552 1,176 1,572
T, 62 74 76 76 135 185 882 1,025 1,220 471 1,065 1,406
T, 69 80 84 95 160 216 1,115 1,205 1,430 655 1,346 1,814
T, 67 77 82 88 148 208 1,035 1,184 1,365 589 1,229 1,664
T, 64 76 79 77 139 189 971 1,150 1,218 492 1,488 1,474

SEm+ 1.02 1.67 1.81 3.32 4.18 6.32 6.98 12.93 13.57 16 29 38

CD (P=0.05) 3.0 4.92 5.31 10.25 12.49 19.02 2048 37.94  39.81 47 87 112

T,, dry seed surface seeding with 100 kg/ha seed rate; T,, dry seed surface seeding with 125 kg/ha seed rate; T,, dry seed surface seeding with
150 kg/ha seed rate; T,-12 hours soaked seed surface seeding with 100 kg/ha seed rate; T, 12 hours soaked seed surface seeding with 125 kg/
ha seed rate; T,, 12 hours soaked seed surface seeding with 150 kg/ha seed rate; T, seed priming with 1% KNO, at 100 kg/ha seed rate; T, seed

> Lgo

priming with 1% KNO, at 125 kg/ha seed rate; T, seed priming with 1% KNO, at 150 kg/ha seed rate; T
seed priming with 1% CaCl, at 125 kg/ha seed rate; T

kg/ha seed rate; T
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with an increase in seed rate a decrease in seedling length
was found in the results. This is due to a rise in amylase
and hydrogenase activity, which augmented starch reduc-
tion that acts as an energy for increasing metabolic activity,
and O, demand of seed. Therefore, with an increased seed
rate, there was more competition for proper O, require-
ments and natural resources. Therefore, seedling length
decreased with an increase in seed rate. These results con-
form with the findings of Sharma ez al. (2022).

Among different treatments, seedling fresh weight was
significantly varied with different seed rates and priming
techniques. Seed priming with 1% CaCl, at 100 kg/ha(T, )
seed rate recorded maximum seedling fresh weight of 1115
mg, 1205 mg, and 1430 mg at 5, 7, and 10 DAS, respec-
tively (Table 1). This was due to an increase in seed rate
and priming chemicals i.e., KNO, and CaCl, which acti-
vate reserve amylase content and help in early germination,
early emergence, better crop establishment, and increased
dry matter accumulation. However, with increased seed
rate there was more competition among the emerging seed-
lings for water, nutrients, space, and other natural resources
so a decrease in the fresh weight of seedlings was ob-
served. The results corroborate the findings of Sneha et al.
(2024).

Seed priming with 1% CaCl, at 100 kg/ha(T ) seed rate
recorded the highest seedling vigor index of 655, 1346, and
1814 at 5, 7, and 10 DAS, respectively (Table 1). The low-
est germination percentage at 5, 7, and 10 DAS i.e., 370,

o> S€ed priming with 1% CaCl, at 100
seed priming with 1% CaCl, at 150 kg/ha seed rate

12°

837, and 1295 was found with dry seed surface seeding at
150 kg/ha seed rate. This was due to higher seedling length
and germination percentage in seed priming with 1% CaCl,
at 100 kg/haseed rate (T, ) compared to other treatments.
Plant height was significantly varied during the experi-
ment period (Table 2). Plant height at 30 (25.91 cm), 60
(68.01 cm), 90 (95.53 cm) DAS and harvest stage (100.53
cm) was recorded highest with the adoption of seed prim-
ing with 1% CaCl, at 150 kg/haseed rate (T ,). The mini-
mum plant height of 20.18 cm, 60.41 cm, 92.81 cm, and
94.33 cm was found under dry seed surface seeding at 100
kg/ha seed rate. This can be due to salt priming with CaCl,
and KNO, combined with a high seed rate. Plant height
increased with increasing seed rate because there was more
competition for space and sunlight in higher seed rate so
plants increased their height for taking optimum sunlight.
Seed priming with 1% CaCl, at 150 kg/ha seed rate re-
corded a maximum number of tillers m?at 30 (242), 60
(306), 90 (362) DAS and at harvest (348). It can be de-
duced from the results that both factors i.e. seed rate and
priming techniques lead to the production of a greater num-
ber of tillers/m? (Table 2). Similar findings were also
reported by Farooq et al. (2017) and Igbal et al. (2020).
Dry matter accumulation is the process of storage of
photosynthates in the different plant parts. It continuously
increases from germination to harvesting. Dry matter accu-
mulates till the vegetative stage and is mainly stored in
vegetative parts after that it is stored in reproductive parts
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Table 2. Growth and yield attributing characters of wheat affected by different seed priming methods and seed rate
Treatment Plant height (cm) No. of tillers/m? Dry-matter accumulation (g/m?)
30 60 90 At 30 60 90 At 30 60 90 At
DAS DAS DAS  harvesting DAS  DAS DAS  harvesting  DAS DAS DAS  harvesting
T, 20.18  60.41 89.27 94.33 227 295 348 330 59 485 690 828
T, 20.95 62.41 91.93 95.87 234 301 354 338 65 490 698 900
T, 2330 65.45 93.0 97.73 237 304 357 342 69 494 704 950
T, 21.09  63.22 92.0 97.67 230 297 353 335 61 489 694 843
T, 21.85 64.82 93.12 98.25 238 305 359 345 71 499 708 998
T, 2470  66.60 94.0 99.63 242 306 362 348 74 503 712 1,004
T, 22.33  65.88 93.40 98.12 231 300 357 339 64 492 697 958
T, 22.09  67.02 94.12 100.13 236 309 361 348 75 503 710 1,000
T, 25.06 67.18 95.41 100.20 240 308 365 353 78 506 716 1,009
T, 22.84  66.20 93.55 98.57 233 304 359 343 69 496 707 985
T, 23.12  67.66 95.42 100.47 243 310 366 352 76 514 724 1,028
T, 2591 68.01 95.53 100.53 245 313 368 354 80 520 733 1,035
SEm+ 0.33 0.57 0.60 0.64 237 256 2.97 2.89 3 7 9 13
CD (P=0.05) 1.00 1.60 1.78 1.88 6.95 7.51 8.71 8.50 9 21 27 39

T,, dry seed surface seeding with 100 kg/ha seed rate; T, dry seed surface seeding with 125 kg/ha seed rate; T, dry seed surface seeding with 150 kg/
ha seed rate; T,-12 hours soaked seed surface seeding with 100 kg/ha seed rate; T,, 12 hours soaked seed surface seeding with 125 kg/ha seed rate; T,
12 hours soaked seed surface seeding with 150 kg/ha seed rate; T, seed priming with 1% KNO, at 100 kg/ha seed rate; T, seed priming with 1% KNO,
at 125 kg/ha seed rate; T,, seed priming with 1% KNO, at 150 kg/ha seed rate; T, seed priming with 1% CaCl, at 100 kg/ha seed rate; T, , seed priming
with 1% CaCl, at 125 kg/ha seed rate; T ,, seed priming with 1% CaCl, at 150 kg/ha seed rate

11°
122

such as grain. Adoption of seed priming with 1% CaCl, at The analysis of data revealed that the highest grain yield

150 kg/haseed rate (T ,) showed highest dry matter accu-
mulation of 80.45 g/m?, 527 g/m?, 733 g/m? and 1035 g/m?
at 30, 60 90 DAS respectively (Table 2). Dry matter accu-
mulation increased with increasing seed rate and with
adoption of various priming techniques because of en-
hanced plant population, and chlorophyll content leading
to more accumulation of photosynthates (Alhammad et a/.,
2023).

of 4.67 t/hawas reported in seed priming with 1% CaCl, at
150 kg/ha seed rate and the lowest (3.51 t/ha) in dry seed
surface seeding at 100 kg/haseed rate (Table 3). It was due
to increased mortality of seedlings in dry seed surface seed-
ing. An increase in seed rate and priming helps in maintain-
ing the optimum plant population as well as the number of
tillers resulting in increased yield. The treatment seed prim-
ing with 1% CaCl, at 150 kg/ha seed rate showed the high-

Table 3. Effect of different seed priming methods and seed rate on yield and economics of wheat

Treatment Grain yield Straw yield Harvest Gross returns Net returns Benefit: cost
(t/ha) (t/ha) index (R/ha) (R/ha) ratio
T, 3.54 4.45 44.05 87,715 53,198 2.51
T, 3.82 4.79 44.40 94,676 59,109 2.66
T, 4.10 438 43.50 98,495 61,878 2.68
T, 3.80 4.36 45.06 93,634 59,117 2.71
T, 3.93 4.83 44.53 97,234 61,667 2.73
T, 4.32 5.27 45.05 106,325 69,708 2.90
T, 4.01 5.16 43.74 99,897 64,490 2.82
T, 4.46 5.52 4471 110,288 73,608 3.00
T, 4.50 5.59 44.59 111,271 73,319 2.93
T, 4.11 4.99 45.15 101,219 65,802 2.85
T, 4.60 5.68 44.78 113,661 76,969 3.09
T, 4.67 5.69 45.02 114,851 76,884 3.02
SEmz+ 0.18 0.27 2.24 4,222 4,222 0.04
CD (P=0.05) 0.52 0.80 NS 12,382 12,382 0.14

T,, dry seed surface seeding with 100 kg/ha seed rate; T,, dry seed surface seeding with 125 kg/ha seed rate; T,, dry seed surface seeding with
150 kg/ha seed rate; T,, 12 hours soaked seed surface seeding with 100 kg/ha seed rate; T, 12 hours soaked seed surface seeding with 125 kg/
ha seed rate; T,, 12 hours soaked seed surface seeding with 150 kg/ha seed rate; T, seed priming with 1% KNO, at 100 kg/ha seed rate; T,, seed
priming with 1% KNO, at 125 kg/ha seed rate; T,, seed priming with 1% KNO, at 150 kg/ha seed rate; T, seed priming with 1% CaCl, at 100
kg/ha seed rate; T |, seed priming with 1% CaCl, at 125 kg/ha seed rate; T ,, seed priming with 1% CaCl, at 150 kg/ha seed rate

11’ 122
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est straw yield (5.69 t/ha). Higher seed rate and priming
techniques resulted in more dry matter accumulation per
unit area and ultimately enhanced straw yield (Kubsad and
Mansur, 2020). Different seed rates and priming techniques
did not affect the harvest index significantly. The highest
harvest index (45.15 %) was under seed priming with 1%
CaCl, at 100 kg/ha seed rate (T, ), which was 3.81% higher
compared to the lowest harvest index (43.50 %) obtained
with dry seed surface seeding at 150 kg/ha seed rate. Har-
vest index mainly depends on crop species and cultivars. In
this experiment, the cultivar was the same so there was no
significant difference among different treatments (Elhag
etal., 2017).

Likewise, different economic parameters such as gross
return, net return, and benefit-cost ratio (B: C ratio) are
calculated for different treatments (different seed rates and
priming techniques) for wheat growth, yield, and their at-
tributes. Data presented in Table 3 clearly show that there
was significant variation in gross return, net return, and
benefit-cost ratio among different treatments. The highest
gross return (3114851/ha) and net return (376884/ha) were
obtained under seed priming with 1% CaCl, at 150 kg/ha
seed rate (T ,) because the highest grain and straw yield
was obtained from the same treatment. The highest benefit-
cost ratio 3.09 was obtained with T | as the cost of cultiva-
tion was less under T, ratio was higher under T . These
results conform with Farooq et al. (2020) and Tikait et al.
(2023).

Thus, it can be concluded that the seed priming with 1%
CaCl, at 150 kg/haseed rate is a viable option for sustain-
able wheat production.
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ABSTRACT

Chickpea is a short-stature crop with slow initial growth and limited leaf area development due to which it is
heavily infested with a wide spectrum of weeds. The menace of weeds has increased to such an extent that an ef-
fective weed management schedule has become a necessity. A research study was conducted during the rabi
season of 2021-22 at the Agronomy Research Farm, Chaudhary Charan Singh Haryana Agricultural University,
Hisar, Haryana. Thirteen weed control treatments viz., pre-plant incorporation (PPI) and pre-emergence (PRE)
pendimethalin at 1,000 g/ha, PPI imazethapyr at 75 g/ha and 100 g/ha, PRE imazethapyr at 75 g/ha and 100 g/ha,
post-emergence (PoE) imazethapyr at 75 g/ha and 100 g/ha, PPl and PRE pendimethalin + imazethapyr Ready
mix (RM) at 1,000 g/h and two hand hoeings at 30 and 50 DAS were compared with weedy check and weed free in
a randomized block design and replicated thrice. Among the herbicides, lowest weed dry weight was observed un-
der PPl and PRE pendimethalin + imazethapyr (RM) at 1,000 g/ha respectively. PoE application of imazethapyr
displayed phytotoxicity symptoms like stunting, leaf crinkling, and chlorosis as indicated by phytotoxicity scale
ranging from 1-5. Significantly higher seed yield was obtained by pendimethalin + imazethapyr (1,827 kg/ha) over
other combinations. Therefore, the PRE-application of pendimethalin + imazethapyr (RM) at 1,000 g/ha was the
most suitable herbicide for efficient weed management in chickpea as it not only controlled the diverse weed flora

but also improved seed yield.

Key words: Chickpea, Imazethapyr, Pendimethalin, Phytotoxicity, Weed control efficiency

Chickpea (Cicer arietinum L.) is a self-pollinating le-
gume crop classified under the family Leguminosae. The
average chickpea yield in India stands at around 11.9 mil-
lion tons, grown over 8.8 million hectares with a national
productivity rate of 1.11 tons/hectare (Anonymous, 2022).
India holds the distinction of being both the lead producer
and consumer of chickpea globally. Despite the cultivation
of high-yielding varieties and the adoption of improved ag-
ronomic practices, chickpea productivity remains low. One
contributing factor is the prevalence of weeds in chickpea
fields. Chickpea exhibits slow growth and limited leaf area
development in the early stages, making it a weak competi-
tor against weeds. During the rabi season, broadleaf weeds

Based on a part of M.Sc. Thesis of the first author submitted to CCS
Haryana Agricultural University, Hisar, Haryana in 2022 (unpub-
lished)
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are particularly detrimental to yield compared to grassy
weeds (Baghel, 2018). The major weeds in chickpea are
Chenopodium album, Fumaria parviflora and Phalaris mi-
nor and other minor weed species are Convolvulus
arvensis, Anagallis arvensis, Melilotus alba, Coronopus
didymus and Spergula arvensis (Khope et al.,2011). Hand
weeding and mechanical weed control methods tradition-
ally followed in developing countries like India are becom-
ing expensive due to increased labour wages. The pre-
emergence herbicides effectively control weeds at the early
stage of seedling growth, but weeds germinating after crop
emergence become dominant in the field and cause sub-
stantial yield losses. Gupta et al. (2017) reported that
among the chemical herbicides, PRE application of
pendimethalin 30% EC + imazethapyr 2% EC (RM) re-
corded the highest net monetary returns (320,208 /ha) and
B:C ratio (2.0). Kumar and Sharma (2022) reported weed
control efficiency of 76.2% under application of
pendimethalin @ 1 kg/ha which proves that pendimethalin
had a pronounced effect on weed density. In view of this,
the present study was planned to study the effect of
pendimethalin, imazethapyr, and its RM formulation at
various doses and time of application to find out the best
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dose of herbicide for getting higher weed control efficiency
and yield of irrigated chickpea.

The experiment was conducted at the Agronomy Re-
search Farm, Chaudhary Charan Singh Haryana Agricul-
tural University, Hisar, during the rabi season of 2021-22.
Meteorological data for this season was consistently re-
corded at the CCSHAU Research Farm’s meteorological
observatory. The experimental site, situated at 29° 10" N
latitude and 75° 46" E longitude in Haryana State, India,
has an elevation of 215.2 m above mean sea level. Hisar
experiences a semi-arid, sub-tropical climate with hot, dry
summers and intense cold winters. The range of maximum
and minimum temperature varied between 14.0-41.1 °C
and 3.3-21.2 °C, respectively. The total rainfall received
during the crop growing period was 72.9 mm. The mean
weekly values for morning and evening relative humidity
ranged between 68 to 99 and 17 to 79%, respectively. The
bright sunshine during crop growth period ranged between
0.7 and 8.8 hours. Availability of favourable temperature
and solar radiation proved conducive for growth and yield
attributing characters and eventually to the higher yield.
The total pan evaporation was 67.8 mm during 2021-22.

The soil in the experimental area is sandy loam, with
organic carbon content of 0.5%, available nitrogen at 113
kg/ha, available phosphorus at 11.7 kg/ha, available potas-
sium at 252 kg/ha, and a pH of 8.1. The experiment was
laid out in a randomized block design with 13 treatments
replicated thrice. The allocation of treatments in the field
was random, with the chickpea variety HC-6 planted in
plots measuring 5 m in length and 4.5 m in width. The
treatments involved various herbicides and weed control
measures. The details of treatments are as follows: T,
(pendimethalin 30EC @ 1,000 g/ha applied as pre-plant
incorporation), T, (imazethapyr 10EC @ 75 g/ha applied as
pre-plant incorporation), T, (imazethapyr 10EC @ 100 g/
ha applied as pre-plant incorporation), T, (pendimethalin
30EC + imazethapyr 2% EC (ready mix RM) @ 1,000 g/
ha applied as pre-plant incorporation), T, (pendimethalin
30EC @ 1,000 g/ha applied as pre-emergence), T,
(imazethapyr 10EC @ 75 g/ha applied as pre-emergence),
T, (imazethapyr 10EC @100 g/ha applied as pre-emer-
gence), T, (pendimethalin 30EC + imazethapyr 2EC (RM)
@ 1,000 g/ha applied as pre-emergence), T, (imazethapyr
10EC @ 75 g/ha applied as post-emergence), T,
(imazethapyr 10EC @ 100 g/ha applied as post-emer-
gence), T, (two hand hoeing at 30 & 50 DAS), T , (weed-
free), and T, (weedy check). The field was prepared with
the help of a tractor-drawn cultivator to break up clods and
residues from the previous crop were cleared. Cross har-
rowing and two additional cultivator passes were followed
by planking, creating finely tilled soil for sowing. As part
of field preparation, a standardized basal dose of fertilizers
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(20 kg/ha nitrogen and 40 kg/ha phosphorous through
DAP) was applied. Following the planned layout, the crop
was sown using the pora method on October 30, 2021.
Herbicides were applied with a knapsack sprayer, ensuring
sufficient soil moisture during application. The treatment
plot (T ,) was kept weed-free through manual hand weed-
ing throughout the crop growing period. Two hoeing at 30
and 50 days after sowing (DAS) in T, were performed
using a hand hoe, maintaining recommended spacing and
a weed-free environment. The experimental area experi-
enced no severe instances of insect pests or diseases, and
the plant stand remained satisfactory, eliminating the need
for additional plant protection measures. At full physiologi-
cal maturity, the chickpea crop was harvested using a
sickle, cutting close to the ground in each plot separately.
The harvested produce was sun-dried in the respective plot
until a constant weight was achieved. After drying, bundles
of produce were formed for each plot, and their weights
were recorded. Subsequently, the crop was hand-threshed,
and the seed weight of each plot was measured in kg/plot
and later calculated to kg/ha. The dry mass accumulation of
weeds was documented at 60, 90, 120 DAS and at harvest.
Weeds within a 0.25 m? quadrat were removed, and their
roots were separated, air-dried, and subsequently oven-
dried at 60°C for 48 hours and the dry weight was re-
corded. Phytotoxicity of herbicides was recorded at all crop
growth stages. Phytotoxicity was graded in the scale of 1-
5 (Punia et al., 2015). The weed control efficiency (WCE)
was determined at 60, 90, 120 DAS and at harvest by as-
sessing the decrease in weed dry matter production in
treated plots relative to the weedy check as per the given
formula (Patil and Patil, 1983).

Weed dry matter in weedy check — Weed dry matter treated plot
WCE (%) = x 100
Weed dry matter in weedy check

The data exhibited significant variability in both weed
count and weed dry weight. To attain the assumption of the
analysis of variance, the data for weed count and weed dry
weight underwent square root transformation using the
formula Vx + 0.5, as recommended by Chandel and Yadava
(1984). The data collected on various weed parameters
were statistically analysed with ANOVA using standard
Randomised Block Design and post-hoc test for grain yield
(Gomez and Gomez, 1984).

The experimental field was mainly dominated by dicot
weeds (Chenopodium album, Fumaria parviflora,
Anagallis arvensis). The other weeds infesting the crop
comprised of Convolvulus arvensis, Melilotus alba,
Coronopus didymus, Spergula arvensis and Phalaris mi-
nor. Among the different herbicides, imazethapyr showed
phytotoxicity when applied as PoE @ 75 g/ha and 100 g/
ha, respectively. The phytotoxicity was in the form of
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stunted growth, bushy plant, chlorosis, necrosis, and re-
duced leaf size of chickpea plants. As the crop growth ad-
vanced and approached maturity, the plants recovered but
to a very little extent. Total weed dry weight at 60 DAS, 90
DAS, 120 DAS and at maturity is presented in Table 1.
Amongst the herbicidal treatments, the total weed dry
weight was the lowest under PPI and PRE application of
pendimethalin + imazethapyr (RM) @ 1,000 g/ha and sta-
tistically at par with each other (Table 1). WCE was signifi-
cantly affected by weed control treatments in chickpea.
WCE of a treatment has strong negative correlation with
weed biomass. Maximum weed control efficiency (%) at
60, 90, 120 DAS, and at maturity was recorded with two
hoeing performed at 30 and 50 DAS (86.76, 90.85, 86.36,
80.28 and 76.81%, respectively). Among the herbicidal
treatments, highest weed control efficiency was recorded at
60, 90, 120 DAS and at maturity with PRE application of
pendimethalin + imazethapyr (RM) @ 1,000 g/ha 70.31,
64.77, 61.68 and 56.90%, respectively. Two hand hoeing at
30 and 50 DAS produced significantly lower dry matter as
compared to different herbicide treatments and weedy
check. This might be due to the reduced weed intensity of
one or the other weeds in different weed control treatment.
Unchecked growth of weeds in weedy check resulted in
55.2% reduction in seed yield, compared to weed free plots
(Figure 1). Maximum seed yield (1,968 kg/ha) and higher
value of yield attributes of chickpea were recorded with
weed free treatment which were statistically at par with two
hand hoeing performed at 30 and 50 DAS (1,940 kg/ha)
and among herbicidal treatments, maximum seed yield was
recorded with PRE application of pendimethalin +
imazethapyr (RM) @ 1,000 g/ha (1,827 kg/ha) which was
significantly higher over pendimethalin 30EC @ 1,000 g/
ha applied as pre-emergence, imazethapyr 10EC @100 g/
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Fig. 1. Effect of weed control treatments on chickpea seed yield
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ha applied as pre-emergence, imazethapyr 10EC @ 75 g/ha
applied as pre-emergence by 2.35, 19.27, and 27.59 %,
respectively. Sahu et al. (2023) also reported hand weeding
at 30 DAS led to lowest number of weeds with lesser weed
biomass resulting in higher weed control efficiency
(WCE).

From this study, this can conclude that PPI or PRE appli-
cation of pendimethalin + imazethapyr (RM) @ 1,000 g/ha
is the best option to control dicot weeds in chickpea
followed by PRE application of pendimethalin @ 1,000 g
ha''. Post emergence application of imazethapyr at a high
dose (75 and 100 g/ha) should be completely avoided to re-
duce the phytotoxicity to a minimum. Ready mix is highly
desirable as its PRE application not only controlled the
weed flora but also recorded seed yield of 1,827 kg/ha.
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ABSTRACT

A field experiment was laid out during 2023-24 at ICAR-Indian Agricultural Research Institute, New Delhi to
study the effect of various nutrient management options on growth performance, yield and quality of sugarcane.
The sixteen treatments comprised of organics (biochar, solid digestate, ash and liquid slurry) and inorganic (syn-
thetic fertilizers) sources in integrated form were evaluated in randomized block design with three replications. The
result revealed that a significantly higher plant height (407.8 cm), number of tillers (191 x 10%ha), leaf area
(51,169 cm?), leaf-area index (6.81) and cane yield (91.2 t/ha) of sugarcane were obtained with the integration of
100% synthetic along with 4 t/ha solid digest, which was at par to 100% NP + K through liquid digest, 100% syn-
thetic + 6 t/ha biochar and 100% NP + K through Ash, while the lowest were observed under treatment receiving
organic manure alone i.e. 100% N through solid digestate, might be owing to very slow mineralization process of
nutrients. The former treatments (combination of organic and inorganic nutrient sources) also resulted in better

sugarcane quality in terms of increased °brix reading.

Key words: Ash, Biochar, Brix, Liquid digest, Solid digestate

Sugarcane (Saccharum officinarum L.) is a crop of
global significance, valued for its role in sugar production
and increasingly recognized for its potential in bioenergy
generation. In India, the area, production and productivity
of sugarcane remained at 5.15 Mha, 431.81 MT and 8.31
t/ha respectively (Anonymous, 2022). There exists further
scope to enhance sugarcane productivity by proper nutrient
management. As sugarcane is a highly nutrient-demanding
crop, therefore efficient nutrient management is crucial for
maximizing yield and quality while minimizing environ-
mental footprint. This involves the strategic application of
fertilizers, recycling of nutrients through organic amend-
ments, and the adoption of precision agriculture techniques
to optimize nutrient use efficiency (NUE). Advances in un-
derstanding the complex nutrient dynamics in sugarcane
systems, including the role of soil microbiota and the im-
pact of climate variability, are critical for developing sus-
tainable nutrient management practices that support both

!Corresponding author’s Email: patelanjali358@gmail.com
"Head, (Agronomy), *Ph.D. Scholar, *‘Principal Scientist, *Senior
Scientist, *Scientist, ICAR-Indian Agricultural Research Institute,
New Delhi 110 012

agricultural productivity and environmental sustainability.
The application of balanced N, P and K along with other
essential nutrients, is key for increasing sugarcane yield
and sugar content. However, the current large-scale appli-
cation of N fertilizer in sugarcane production has caused
problems such as low fertilizer utilization, soil acidifica-
tion, compaction, toxin accumulation, and reduced fertility
(Rathore et al., 2021). Integration of organic sources of the
nutrients with available inorganic fertilizers in different
combinations will be helpful for a balanced nutrient supply
to sugarcane crop. In this regard, the secondary product of
the anaerobic digestion, like the slurry, biogas digestate, or
simply digestate are good options. The solid digestate con-
tains organic compounds of both plant and microbial ori-
gin and numerous mineral elements. The N in slurry ranges
from 1.2 to 9.0 kg/Mg fresh weight (FW), and phosphorus
from 0.4 to 2.6 kg/Mg FW. Restoring soil fertility in Indian
soils under intensive agro-ecologies is a major challenge
due to limited availability of organic nutrient sources. The
emerging multi-nutrient deficiencies with the use of high
analysis fertilizers leads to depletion in soil organic carbon
and are mainly responsible for plateauing yield (Mahapatra
et al., 2001). The carbon rich porous and large surface area
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characteristics of biochar aid in moisture absorption and
entrapping contaminates and, as a soil, conditioner, reduce
GHG emissions, and increase soil nutrient availability,
which improves, plant growth and ultimately enhances
farm productivity. Also, biochars and feedstock materials
were chemically characterized for their nutrient content
and several physico-chemical properties (Lima and White,
2017). Similarly, the biogas slurry is leftover slurry pro-
duced by anaerobic breakdown of biogas source substrates
like animal manure or plant debris. Biogas slurry has at-
tracted much interest because of its potential contribution
to recovering soil characteristics and enhancing environ-
mentally friendly agricultural productivity (Mukhtiar et al.,
2024). Ash, the residue from the combustion of organic
materials, contains inorganic nutrients that can be benefi-
cial to soil fertility when applied at appropriate rates. How-
ever, its impact on soil properties and crop productivity can
vary widely depending on the feedstock and combustion
conditions. Therefore, liquid slurry, solid digest and ash
were tested in integration of inorganic fertilizers to quan-
tify the impact on sugarcane yield, quality etc. under semi-
arid conditions.

An experiment was conducted during the year 2023-24
at ICAR- Indian Agricultural Research Institute, Pusa, New
Delhi situated at 28°37°46.2" N latitude, 77°09°43.8" E
longitude, and altitude of 228.6 m above mean sea level.
The experimental soil belongs to the order Inceptisols,
clayey loam in texture, slightly basic in reaction (7.25 to
7.65), medium in organic carbon (0.55 to 0.60%), and low
in available nitrogen (112.9 to 129.6 kg/ha), medium in
available phosphorus (12.6 to 15.7 kg/ha) and available
potassium (187.7 to 201.4 kg/ha). The experiment was laid
out in randomized block design with three replications. The
study comprised of 16 treatments i.e., 100% synthetic,
100% synthetic + 25% biochar (w/w), 100% synthetic +
25% solid digestate (SD) (w/w), 100% synthetic + 4 t/ha
SD, 100% synthetic + 6 t/ha biochar, 100% N through SD,
75% synthetic + 25% biochar (Target N), 75% synthetic +
25% SD (Target N), 75% synthetic + 25% biochar (w/w),
75% synthetic + 25% SD (w/w), 75% synthetic + 25% SD
(Target N) + 25 kg/ha S, 75% synthetic + 25% biochar
(Target N) + 25 kg/ha S, 75% synthetic + 25% biochar
(70% of Target N), 75% synthetic + 25% SD (70% of Tar-
get N), 100% NP + K through ash and 100% NP + K
through liquid slurry. Sugarcane variety ‘Co-0238" was
sown manually in the first week of May, 2023, using 40 g/
ha seeds in rows of 75 cm apart. A recommended dose ni-
trogen (180 kg/ha), phosphorus (100 kg/ha), potassium (60
kg/ha) was adopted and supplemented by the organic ma-
nures according to the treatments. Half a dose of N and a
full dose of P and K were applied as basal, while half of N
was given as top-dressing at 120 days after planting (DAP).
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The statistical analysis of the data was done according to
the procedure given by Gomez and Gomez (1984).

The data regarding growth attributes viz., plant height,
number of tillers, leaf area and LAI (Table 1) indicate that
the integration of bio-char, solid digest, liquid slurry and
ash with recommended doses of fertilizers significantly
influenced the growth parameters. Significantly taller
plants were observed under treatment 100% synthetic + 4
t/ha SD. Data pertaining to number of tillers/ha reveal that
at 120, 150 and 180 DAP, treatment, 100% synthetic + 4 t/
ha SD was significantly superior over other treatments. The
superior performance of treatment integrated with inor-
ganic fertilizer and digested sludge regarding sugarcane
growth can be attributed to the balanced and enhanced
nutrient supply from both synthetic fertilizers and the solid
digest, promoting optimal plant growth. The similar out-
comes in treatments with integration of amendments like
liquid slurry, biochar and ash along with synthetic fertiliz-
ers indicate that organic amendments effectively comple-
ment fertilizers by improving nutrient availability, water
retention and soil health, leading to vigorous plant growth
and tiller production. This result clearly corroborates the
opinion of high fertilizer value of digestate, as a replace-
ment for mineral fertilizers applied to crop (Przygocka-
Cyna and Grzebisz, 2018). Previous studies have found
that biochar can improve the root characteristics of the sug-
arcane seedlings and increase their root-shoot ratio (Liu
et al., 2015, Saurabh et al., 2023).

Cane yield was significantly higher (91.2 t/ha) under
100% synthetic + 4 t/ha SD as compared to other treat-
ments except treatment such as, 100% NP + K through lig-
uid slurry, 100% synthetic + 6 t/ha biochar and 100% NP
+ K through ash. The lowest yield was recorded under
treatment, 100% N through SD (Table 1). The solid digest
might have helped in ensuring better nutrient supply to
sugarcane crop in synchrony to the nutrient demand. Also,
along with nutrient build up, the soil will also develop bet-
ter resilience and overall better soil health will be resulted
under use of these organic sources of nutrients (Przygocka-
Cyna and Grzebisz, 2018, Babu et al., 2023). Similarly,
Gudade et al. (2023) and Verma et al. (2023) showed that
various biochars significantly increased maize yields in
sandy soils and partially reclaimed sodic soils, respectively.
The brix reading was varied to range between 18.4 to 22.2,
with non-significant variation among treatments (Table 1).
However, treatment, 100% synthetic + 4 t/ha SD gave
higher brix value followed by 100% NP + K through lig-
uid digest and 100% synthetic + 6 t/ha biochar. The higher
brix value in above treatments is due to their rapid uptake
and assimilation, enhancing photosynthesis and sugar syn-
thesis. The study observed a strong positive correlation
between cane yield and sugarcane leaf area (= 0.94**) and
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Fig. 2. Correlation between tiller production and cane yield

cane yield and sugarcane tiller count (r= 0.96**) (Fig. 1
and Fig. 2), which suggests that higher leaf area enhances
photosynthesis, providing more energy for growth, while a
higher tiller count increases the number of stalks, directly
boosting cane yield.

Hence, from the above study, it can be concluded that
the integrated application of synthetic fertilizers along with
organic amendments such as solid digest, biochar and lig-
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uid slurry was found to be most effective in enhancing
growth, cane yield and quality of sugarcane.
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Performance of Indian mustard (Brassica juncea) under different intercropping
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ABSTRACT

The field experiment was carried out during winter (rabi) season of 2021-22 on Students’ Instructional Farm of
C.S. Azad University of Agriculture & Technology, Kanpur to assess the performance of Indian mustard under in-
tercropping systems with chickpea, linseed, lentil and pea. The experiment was laid out in Randomized Block De-
sign with 9 treatment combinations replicated thrice. These treatments included Sole Mustard (T,), Mustard:
Chickpea (T, 1:1 and T, 2:1), Mustard _ Lentil (T, 1:1 and T, 2:1), Mustard + Linseed (T 1:1 and T, 2:1), and Mus-
tard + Field Pea (T, 1:1 and T, 2:1). The results revealed that yield attributes and yield of mustard was significantly
higher in sole Mustard and Mustard + Lentil (1:1) intercropping system. The maximum number of branches/plant
(37, 38.33 at 30 and 90 DAS, respectively), siliquae/plant (380), seeds/siliqua (16), test weight (4.89 g), seed yield
(2.89 t/ha), stover yield (6.80 t/ha), biological yield (9.68 t/ha), and harvest index (29.80%) were recorded in T1
(sole Mustard). Among intercropping system T, (Mustard + Lentil, 1:1) resulted the maximum number of branches/
plant (36.75, 38 at 30 and 90 DAS, respectively), siliquae/plant (375), seeds/siliquae (16), test weight (4.84 g),
seed yield (2.53 t/ha), stover yield (5.90 t/ha), biological yield (8.43 t/ha), harvest index (30.03%) and mustard

equivalent yield (2.77 t/ha).

Key words: Chickpea, Intercropping system, Lentil, Linseed, Mustard, Pea, Productivity

Modern agriculture faces challenges such as stagnant
production, declining factor productivity, soil degradation,
inefficient practices, resource scarcity, high cultivation
costs, and low returns to farmers (Kumar et al., 2021).
Besides, per capita land availability is decreasing, intensi-
fying the pressure to produce more with limited space, cli-
mate change adds new threats like drought, storms, heat
waves, rising sea levels, melting glaciers and warming
ocean. Horizontal crop production expansion is impracti-
cal; the key lies in increasing productivity per unit area
through practices like intercropping. To address resource
overuse and sustain productivity, incorporating legume
crops in rotations and intercropping with cereals offers

Based on a part of M.Sc. Thesis of the first author submitted to C.S.
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potential benefits over sole cropping systems. Intercrop-
ping, the simultaneous cultivation of diverse crops in dis-
tinct row combinations on the same land enhances produc-
tivity and quality. Widely practiced in India, especially in
rainfed regions, it aims to optimize land use and inputs
(Ananthi et al., 2017). Successful intercropping depends
on selecting compatible crops and proper planting geom-
etry. The practice reduces risks from pests, diseases, and
adverse environmental conditions, utilizing resources more
efficiently and thereby increasing yields, sustainability, and
resource-use efficiency (Kuyah et al., 2021). In India, in-
tercropping, such as combining mustard with lentils,
chickpea, pea, and linseed, is crucial for efficient resource
utilization in oilseed cultivation, contributing significantly
to the country’s vegetable oil economy. Mustard (Brassica
Jjuncea L.), the second-largest oilseed crop in India, is used
for edible oil in cooking and frying. It’s successfully inter-
cropped with various pulses and oilseeds in diverse agro-
ecological zones, thriving in certain tropical and sub-tropi-
cal regions as a winter season crop (Sharma and Thakral,
2023). Mustard tolerates moderate salinity, preferring neu-
tral pH soil for optimal growth. The by-products of mus-
tard, such as oil cake, serve as both cattle feed and manure.
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The green foliage is used as fodder, and young plants are
consumed as a green vegetable, providing essential sulfur
in the diet. Linseed (Linum usitatissimum L.), also known
as flax, is a significant oilseed crop likely first cultivated in
southern Asia and the Mediterranean region. With high li-
nolenic-acid content (35-66%), linseed oil is valuable for
products like paints, inks, and varnishes (Tripathy et al.,
2024).

Pulse crops are vital in agriculture, as they are rich in
proteins, carbohydrates, minerals, vitamins, and crude fi-
ber, forming a significant part of the diet for a large popu-
lation of vegetarian individuals (Kamboj and Nanda,
2018). Additionally, pulses play a unique role in maintain-
ing and restoring soil fertility through biological nitrogen
fixation (BNF). Their deep root system and leaf fall con-
tribute to conserving and improving the physical properties
of the soil. Chickpea (Cicer arietinum L.) is grown both in
sole and mixed stands due to its diverse morphology and
growth rhythm, suitable for various climates (Das et al.,
2017; Meena et al., 2024). As a cool-season legume, it
serves as a winter crop in the tropics and a spring or sum-
mer crop in temperate regions. India is the leading
chickpea producer, contributing to 77% of the world’s to-
tal production (Raina et al., 2019). Field pea (Pisum
sativum L.) is a crucial pulse crop cultivated over 6.5 mil-
lion ha globally, producing approximately 10.2 million
tonnes. Mature peas are highly nutritious, containing di-
gestible protein (18-35%), starch (20-50%), sugars (4—
10%), fat (0.6—1.5%), cellulose (2-10%), and essential
minerals and vitamins (Prajapati et al., 2024). Field pea
serves multiple purposes, acting as forage for animals in
hay, pasture, and silage, while in semi-arid areas; it is used
for seed and green manure. Lentil (Lens culinaris Medik.),
a major pulse crop, is prominently grown in India, Canada,
Turkey, USA, Syria, and Australia (Laskar ef al., 2019).
Lentil thrives in sub-marginal lands with low inputs, par-
ticularly under water-limited conditions, earning its nick-
name as the “poor man’s meat. Nutritionally, lentil seeds
are valued for their high protein content (up to 30%), vita-
mins, and essential minerals, being low in fat and choles-
terol-free. To maximize returns per unit land area, inter-
cropping of suitable crop with optimum row ratio is cru-
cial. Hence, the experiment was undertaken with an objec-
tive to identify most compatible intercrops and row ratios
for mustard.

The field experiment was conducted at Chandra
Shekhar Azad University of Agriculture and Technology in
Kanpur, Uttar Pradesh, India during rabi season of 2021-
22 on Student’s Instructional Farm (SIF), situated in the
central region of North India’s sub-tropical semi-arid tract
(26°29' 35" N latitude, 80° 18' 25" E longitude). The loca-
tion is Gangetic plain at an elevation of approximately

PERFORMANCE OF INDIAN MUSTARD IN CENTRAL PLAIN ZONE OF UTTAR PRADESH 349

125.9m above MSL. Kanpur experiences a semi-arid cli-
mate with fertile alluvial soil, receiving around 937mm of
annual rainfall, mainly from mid-June to September. Mini-
mum temperature winters range from 2°C to 3°C, with
occasional rain and frost from late Dec. to mid-January and
May and June are the hottest months reaching 44°C to
47°C or higher. Relative humidity ranges from 80-90%
from July to March, decreasing to 40-50% by April end
and staying at 60% up to June. The experimental field soil
is sandy clay loam with specific measurements: pH (7.30),
EC (0.33 ds/m), Organic Carbon (0.43%), available N (215
kg/ha), available P (16.5 kg/ha), available K (147. Kg/ha),
and S (10 ppm). The experiment were laid out in Random-
ized Block Design with three replications, having nine
treatment combinations viz., T, Sole Mustard, T, Mustard
+ Chickpea (1:1), T, Mustard + Chickpea (2:1), T, Mus-
tard: Lentil (1:1), T, Mustard + Lentil (2:1), T, Mustard +
Linseed (1:1), T, Mustard + Linseed (2:1), T, Mustard +
Field Pea (1:1), T, Mustard + Field Pea (2:1). Crop variet-
ies included ‘Azad Mahak’ (Mustard), ‘Uma’ (Linseed),
‘Avrodhi’ (Chickpea), ‘KL-320" (Lentil), and ‘Sapna’
(Field Pea). Field preparation began post-kharif crop har-
vest, involving pre-sowing irrigation for seed germination.
Fertilizers were applied as recommended for each crop and
sowing was done on October 28, 2021, with specified row
ratios and plant spacing in a replacement series for inter-
cropping. Irrigation was provided at branching and pod-
filling stages, with manual weeding and disease control
using Matco (metalaxyl 8% + mancozeb 64%) @ 1.5 kg/
ha. Harvesting was done manually when pods/siliqua
turned yellowish brown having around 38% moisture con-
tent. Harvested plants were sun-dried and brought to the
threshing floor. Threshing was, done by using wooden
sticks, and seed weight was recorded. Stover yield was
calculated by subtracting seed weight from the total bio-
logical yield. Specifically, data were gathered from five
identified plants within each plot. Various mustard-related
parameters, viz., growth and yield were recorded on per-
plot basis. Subsequently, the collected data underwent ap-
propriate statistical analysis following the method detailed
by to evaluate potential significant differences among treat-
ment means. The Least Significant Difference (LSD) test
was employed to compare the treatment means at 5% sig-
nificance level.

The number of branches per plant of mustard recorded
significant differences at 60 and 90 DAS (Table 1). The
maximum number of primary branches per plant of mus-
tard was found in T, (sole mustard). In intercrops the maxi-
mum number of branches/plant was observed in T, (Mus-
tard + Lentil; 1:1), which was significantly higher among
all intercropping treatments. Number of siliquae/plant and
seeds/siliquae exhibited a significant difference among
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Table 1. Effect of intercropping systems on yield attributes of mustard

[Vol. 69, No. 3

Treatment Branches/plant Siliquae/plant Seeds/siliquae Test weight (g)
60 DAS 90 DAS
T, Sole mustard 37.00 38.33 380.00 16.00 4.89
T,Mustard + Chickpea (1:1) 35.84 37.33 360.50 15.66 4.81
T, Mustard + Chickpea (2:1) 35.41 37.08 355.33 16.00 4.75
T, Mustard + Lentil (1:1) 36.75 38.00 375.00 16.00 4.84
T, Mustard + Lentil (2:1) 36.42 37.59 365.66 16.00 4.81
T,Mustard + Linseed (1:1) 35.00 36.34 350.00 16.00 4.36
T, Mustard + Linseed (2:1) 34.33 35.58 344.33 15.66 4.32
T, Mustard + Pea (1:1) 34.00 34.83 339.66 15.66 4.20
T, Mustard + Pea (2:1) 33.00 34.33 335.33 15.33 4.15
SEm:+ 0.56 0.33 3.380 0.263 0.067
CD (P=0.05) 1.692 1.00 10.221 NS 0.202

various intercrops. In mustard, the siliqua/plant and seeds/
siliqua was significantly higher in T , followed closely by
T,. Both T, and T, were statistically at par but significantly
superior over other combinations of mustard intercrops.
However, the lowest results were recorded when mustard
was intercropped with pea (T,). Test weight (4.88) was the
maximum in sole mustard crop, followed by T,, T, T, and
T, which were statistically at par but significantly superior
over rest of the intercrop combinations. However, the mini-
mum test weight in mustard crop recorded where mustard
was grown with pea (4.20 and 4.15 g). The intercropping
system’s effect on yield attributes by optimizing resource
use, managing pests and diseases were more effective due
to modifying the microclimate, enhancing biodiversity,
providing yield stability, influencing competition and facili-
tation among crops, incorporating beneficial crop rotation
effects, and improving overall soil structure. Similar find-
ings were reported by Devi et al. (2014), Patel et al. (2022)
and Singh et al. (2016).

The seed, stover, biological yield and harvest index
(Table 2) of mustard showed significant variations among

Table 2. Effect of intercropping systems on productivityof mustard

the different intercrop combinations. The significantly
maximum yield was produced by sole mustard T, followed
by T,, T,, T, and T, whereas T, recorded the minimum
yield where mustard was intercropped with pea. The inter-
cropping system influence yield by optimizing resource
allocation and interactions among different crops contrib-
ute to a more balanced and resilient agricultural system,
affecting the distribution of yields and overall crop perfor-
mance. The intercrop combinations exhibited notable
variations, with the mustard equivalent yield showing sta-
tistical significance. The highest mustard equivalent yield
(MEY) was recorded in T, (sole mustard) crop, possibly
attributed to its higher yield levels compared to other inter-
crops. Among the various intercropping system, signifi-
cantly higher mustard equivalent yields were observed in
T, and T, attributed to the combination of high market
prices and the superior yields of lentil and linseed com-
pared to other intercrops. These findings align with the re-
sults reported by Devi et al., 2014; Kour et al., 2015 and
Tripathi et al., 2005.

Intercropping significantly influences crop productivity.

Treatment Seed yield Stover yield Biological yield Harvest index MEY
(t/ha) (t/ha) (t/ha) (%) (t/ha)

T, Sole mustard 2.885 6.795 9.680 29.80 2.885
T, Mustard + Chickpea (1:1) 2.499 5.822 8.321 30.03 2.715
T, Mustard + Chickpea (2:1) 2.460 5.731 8.191 30.03 2.567
T, Mustard + Lentil (1:1) 2.532 5.899 8.431 30.03 2.774
T, Mustard + Lentil (2:1) 2.472 5.759 8.231 30.03 2.613
T, Mustard + Linseed (1:1) 2.410 5.615 8.025 30.03 2.755
T, Mustard + Linseed (2:1) 2.390 5.568 7.958 30.03 2.528
T, Mustard + Pea (1:1) 2.400 5.592 7.992 30.03 2.693
T, Mustard + Pea (2:1) 2.370 5.522 7.892 30.03 2.497
SEm+ 0.039 0.105 0.076 0.230 0.043
CD (P=0.05) 0.120 0.318 0.229 NS 0.132
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The study focused on the performance of Indian mustard
within an intercropping system with chickpea, linseed, len-
til, and field pea. The higher yield attributes and yield of
mustard were observed with the sole mustard (T,). How-
ever, in the intercropping system Mustard + Lentil; 1:1
(T4) showed close noteworthy results. These results under-
score the potential of intercropping, specifically the Mus-
tard + Lentil (1:1) system, as an effective strategy to en-
hance crop productivity and economic viability in the cul-
tivation of Indian mustard during winter season.
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ABSTRACT

An experiment was conducted during the winter (rabi) season of 2021-22 to evaluate the effect of integrated
nutrient management on the growth and yield of yellow sarson under guava based agri-horti system. The field ex-
periment comprised 8 treatment, viz., T,, Control; T,, 100% RDF + 30 kg S + 5 kg Zn; T, 50% RDF + 15 kg S + 2.5
kg Zn + 2.5 t/ha FYM+ 2 spray of nano urea; T,, 50% RDF + 15 kg S + 2.5 kg Zn + 5 t/ha FYM+ one spray of nano
urea; T, 75% RDF +22.5 kg S + 3.7 kg Zn + 2.5 t/ha FYM + 2 spray of nano urea; T,, 75% RDF + 22.5 kg S + 3.7
kg Zn +5 t/ha FYM + 1 spray of nano urea; T,, 100 % RDF + 30 kg S + 5 kg Zn + 2.5 t/ha FYM; T,, 100% RDF + 30
kg S + 5 kg Zn + 5 t/ha FYM, was laid out in randomized block design, with 3 replications. The results revealed that
application of 75% RDF + 22.5 kg S + 3.7 kg Zn +2.5 t/ha FYM + 2 spray of nano urea at 30-35 DAS and pre-flow-
ering stage (T,) gave significantly higher growth and yield attributes such as plant height (141.03 cm), dry matter
accumulation (37.76 g/plant), no. of siliqua (142/plant), siliqua length (6.67 cm), test weight (3.43 g) as well as
seed yield (1.49 t/ha) and stover yield (3.54 t/ha) as compared to control. The highest amount of nitrogen, phos-
phorus, potassium and sulphur uptake by plant was also observed in the treatment T,. These findings provide
valuable insights for farmers and researchers aiming to optimize nutrient management strategies and improve crop

productivity in similar agri-horti systems.

Key words: Agri-horticulture, Guava, Integrated nutrient management, Yellow sarson, Yield

The combination of agricultural crops, mostly legume
crops, and perennial fruit crops will give a very good
source of revenue for farmers livelihood as well as promot-
ing its products, making the agri-horti system the most de-
sired system as opposed to other systems that exaggerate
output (Lal et al., 2014). The guava-rapeseed & mustard
based agroforestry approach is considered to be the finest
choice for intercropping. Guava (Psidium guajava L..) is a
fast-growing fruit crop that can be planted throughout the
country, with the exception of higher hills. Whereas, Rape-
seed & Mustard is one of the most important oilseed crops
(Raj et al., 2019). 1t is currently the world’s third most
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important oilseed crop in terms of production and area. It
occupied 8.8 million hectares, with a production of 12.4
million tonnes and a productivity of 1419 kg/ha for 2021-
22 (Anonymous, 2022).

Now a days, use of inorganic fertilizers and pesticides
has become an important tool to increase crop production.
However, a major portion of the applied chemical fertilizer
is lost through the leaching, runoff, emission and volatiliza-
tion which resulted in economic losses and environmental
problems. Integrated nutrient management (INM) plays a
crucial role in enhancing soil fertility and plant nutrient
availability, achieved through the synergistic combination
of inorganic and organic fertilizers along with biofertilizers
(Mohanty et al., 2019). Farmyard manure (FYM) is one of
the important squares of nutrient management because it is
cheap and easy to get which improves the soil physical,
chemical and biological properties (Meena ef al., 2021).
However, a substantial amount of manure is normally rec-
ommended for a long-term and greater soil productivity
(Cai et al., 2020). Inadequate use of organic manures and
fertilizers as well as total reliance on chemical fertilizers
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has been recognized as major barriers to rapeseed & mus-
tard production. The appropriate application of fertilizers
helps to supply all the essential nutrients to plants which
play a critical role in maximizing the yield potential of
rapeseed & mustard. Additionally, crop nutritional defi-
ciencies may be resolved with the use of nanotechnology.
Nano fertilizers, with their unique properties, enhance plant
performance by significantly boosting production through
ultra-efficient absorption (Navya et al., 2022).

With the importance of the combined effect of organic
and inorganic nutrients, present investigation was con-
ducted to study the effect of integrated nutrient manage-
ment on the growth and yield of yellow sarson under guava
based agri-horti system.

The experiment was conducted during the winter (rabi)
season of 2021-22 at the Agricultural Research Farm, Rajiv
Gandhi South Campus, Banaras Hindu University,
Barkachha, Mirzapur, Uttar Pradesh. This place typically
experiences semi-arid to sub-humid climates, with high and
low precipitation, moderate humidity, and seasonal tem-
perature fluctuations. The seed loam sandy loam soil in the
experimental field exhibited low levels of soil organic car-
bon (0.36%) and nitrogen (175.2 kg/ha), but high levels of
potassium (157.68 kg/ha) and phosphorus (18.5 kg/ha).
Both pH (6.5) and electrical conductivity (0.23 dS/m) of
the soil were within the typical range. The experiment fol-
lowed a randomized block design (RBD) with three repli-
cations. The study included eight treatments, namely Con-
trol (T,), 100% RDF(80-40-40) kg/ha +30 kg S+5kg Zn
(T,), 50% RDF+15 kg S+2.5 kg Zn+2.5 t/ha FYM+two
sprays of nano urea (T,), 50% RDF+15 kg S+2.5 kg Zn+5
t/ha FYM+one spray of nano urea (T,), 75% RDF+22.5kg
S+3.7kg Zn+2.5 t/ha FYM+two sprays of nano urea (T,),
75% RDF+22.5 kg S+3.7 kg Zn+5 t/ha FYM-one spray of
nano urea (T,), 100% RDF(80-40-40 kg/ha) +30kg S+5kg
Zn+2.5 t/ha FYM (T,), and 100% RDF(80-40-40) kg/ha
+30 kg S+5 kg Zn+5 t/ha FYM (T,). The gross and net plot
sizes were: 5 m x 3 mand 4 m x 2.1 m, respectively.

After the final field preparation, the seeds of yellow
sarson variety “Pitambari” was sown in furrows at the rate
of 5 kg/ha at a uniform distance of 45 cm between rows
and 15 cm distance between plant to plant, thinning is done
after full emergence to maintain optimum plant population.
The sowing was done in second fortnight of October be-
tween the alleys of eighteen years old guava plantation
(Lucknow-49) which was planted in August 2006-2007 at
spacing 7mx7m. Well-decomposed FYM was applied to all
the experimental units as per different treatment combina-
tions. The field was fertilized with recommended doses of
N: P: K (80: 40: 40 kg/ha) for the rapeseed crop as per the
treatment. The study employed urea, di-ammonia phos-
phate (DAP), muriate of potash (MOP), elemental sulphur
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and monozinc sulphate (MZS), respectively as sources of
nutrients. Half dose of nitrogen and full dose of phospho-
rus, potassium, sulphur and zinc as per treatment were ap-
plied in furrows after mixing with moist soil. The rest half
nitrogen was top dressed through urea after first irrigation.
Nano urea is applied @ 500 ml/acre at initial growth stage
30-35 days after sowing and before flowering.

In each plot, 5 plants were tagged for taking all observa-
tions. Siliquae were picked at nearly 90% of the crop ma-
turity stage. Seed yield was estimated on a per plot basis
and converted to seed yield per hectare in tonnes. Statisti-
cal analysis was made to determine the significance be-
tween the means of treatment and to draw a valid conclu-
sion. Data obtained from various parameters observations
were analyzed statistically by adopting the appropriate
“Analysis of Variance method”. The significance of the
treatment effect was evaluated with the help of the ‘F’ test
(Variance ratio).

The data revealed that application of 75% RDF + 22.5
kg S+ 3.7 kg Zn + 2.5 t/ha FYM + 2 spray of nano urea
(T,) gave significantly higher plant height (141 cm) at har-
vest (Table 1). Increased plant height due to integration of
organic and inorganic nutrients application are in accor-
dance with that reported by Bhari et al. (2000). Signifi-
cantly highest dry matter accumulation/plant (37.76 g)
were observed with application of 75% RDF and 22.5 kg
S+3.7kg Zn+ 2.5 t/ha FYM + 2 spray of nano urea (T,)
over other nutrient management practices. The application
of nitrogen and nano urea increases cell size, resulting in
morphologically increased plant height also found that
improved nutrition taller plants produced better chlorophyll
synthesis, which increased photosynthesis and dry matter
accumulation as a result of more chances for photosynthate
generation (Sharma and Thkaral, 2023). In contrast, the
control treatment, which received no fertilizer application,
recorded the minimum dry matter accumulation due to the
absence of any nutrient supplementation.

Significantly maximum numbers of siliqua/plant (142),
siliqua length (6.67cm) and test weight (3.43 g) were re-
corded in treatment T, which was at par with T, and T,.
Significantly highest seed (1.4 t/ha) and stover (3.5 t/ha)
yield were observed in the treatment T, as compared to all
the treatments. Also, treatment T, recorded significantly
higher biological yield (4.6 t/ha) and harvest index
(29.61%) which were found at par with T, and T,. (Table
1). The increase in seed, stover and biomass production
might be attributed to improvements in growth and yield-
attributing characteristics, as well as enhanced photosyn-
thetic activity. A considerable increase in stover production
might be attributed to enhanced dry matter accumulation
beginning with the early stages of crop growth and lasting
for 130 days under conditions of improved photosynthetic
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Table 1. Effect of INM on various growth, yield attributes, yield and harvest index
Treatments™ Plant Dry matter Number Length Test Seed Stover Biological Harvest
height accumulation of of weight yield yield yield index
(cm) at (g/plant) at siliqua/ siliqua (2) (t/ha) (t/ha) (t/ha) (%)
harvest harvest plant (cm)
T, 123.20 28.27 116 3.40 2.57 0.71 1.87 2.71 26.06
T, 129.40 32.22 129 5.00 3.23 1.08 2.74 3.82 28.18
T, 125.73 29.89 121 3.60 3.00 0.87 2.27 3.13 27.65
T, 127.43 31.38 125 3.77 3.11 0.97 2.46 3.43 28.30
T, 141.03 37.76 142 6.67 3.43 1.49 3.55 4.69 29.61
T, 138.22 35.17 138 6.40 3.37 1.29 3.20 445 28.70
T, 133.41 33.95 129 5.77 3.26 1.17 2.98 4.15 27.81
T, 135.56 34.66 34 6.10 3.37 1.24 3.10 4.33 28.53
SEm+ 2.00 0.41 3.83 0.36 0.06 0.05 0.10 0.17 0.47
CD (P=0.05) 6.14 1.26 11.74 1.11 0.10 0.14 0.32 0.51 1.45

*Treatment details are given under materials and methods section.

efficiency and nutrient accumulation. Singh et al. (2014)
and Meena et al. (2021) also reported the same observa-
tion.

These results highlight the importance of INM and the
use of nano urea in enhancing yield attributes and overall
crop productivity in yellow sarson cultivation.

The INM treatment consisting of 75% RDF, 22.5 kg of
S, 3.7 kg of Zn, 2.5 t/ha of FYM, and two sprays of nano
urea (T,) exhibited maximum harvest index (29.61%) and
biological yield (4.6 t/ha). This treatment was statistically
at par with the treatment involving 75% RDF, 22.5 kg S,
3.7kg Zn, 5 t/ha FYM, and one spray of nano urea (T,),
followed by the T treatment of 100% RDF, 30 kg S, 5 kg
Zn, and 5 t/ha FYM, which also recorded significantly
higher harvest index compared to the other treatments. The
control treatment exhibited the minimum harvest index
(26.06%). The higher harvest index in T, T, and T, could
be attributed to the increased seed and stover yield
achieved through INM.

The maximum nitrogen (56.57 kg/ha), phosphorus (6.85
kg/ha), potassium (42.82 kg/ha) and sulphur (11.59 kg/ha)
uptake in plant (seed + stover) recorded in the treatment T,
as compared to rest of all the treatments. Whereas, mini-
mum nitrogen, phosphorus and potassium uptake in rape-
seed plant (seed + stover) was recorded in the treatment
control. This may be attributed to higher amount of NPK
application, which increase the nitrogen content and uptake
and also have positive effect on the phosphorus and potas-
sium content in seed and stover. The increased nutrient
uptake in the organic manure treated plots could be attrib-
uted to the additional nutrients provided by these organics,
as well as the organics providing a conductive physical
environment that facilitated better root growth and absorp-
tion of nutrients from both native and applied sources,
which ultimately favoured the highest nutrient uptake.
Plant nutrients, particularly nitrogen, phosphorus, potas-
sium and sulphur must be given in a balanced manner. It
could be linked to a healthy root system that efficiently aids

Table 2. Effect of INM on total nitrogen, phosphorus, potassium and sulphur uptake

Treatments™ Total nitrogen Total phosphorus Total potassium Total sulphur

uptake (kg/ha) uptake (kg/ha) uptake (kg/ha) uptake (kg/ha)
T, 23.55 2.71 17.66 3.41
T, 37.56 430 30.22 5.97
T, 29.56 3.37 22.83 443
T, 33.44 3.87 25.55 5.02
T, 56.57 6.85 42.82 11.59
T, 47.86 5.67 37.48 9.33
T, 41.32 4.82 33.34 7.43
T, 44.06 5.20 35.46 8.54
SEm+ 1.41 0.17 1.51 0.34
CD (P=0.05) 4.34 0.54 4.63 1.08

*Treatment details are given under materials and methods section
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in greater nutrient absorption from the soil, resulting in
increased biomass and nutrient concentration, and there-
fore higher nutrient uptake. This finding is consistent with
the studies conducted by Meena et al. (2022).

Thus, it can be concluded that application of 75% RDF
+22.5kg S+ 3.7kg Zn + 2.5 t/ha FYM+ two spray of
nano urea enhance the growth, yield and nutrient uptake of
rapeseed under guava based agri- horti system.
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