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Effect of 4-HPPD inhibitors on weed dynamics, growth,
and yield of pearl millet (Pennisetum glaucum) in a custard
apple (Annona squamosa) based agri-horticulture
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ABSTRACT: This study aimed to explore the effects of different weed management strategies
on pearl millet production and its economic viability during the Kharif season of 2023 at
Banaras Hindu University, Mirzapur. The experiment was conducted with ten treatments,
which included various herbicides and mechanical methods. At 60 days after sowing (DAS),
Atrazine 1.0 kg/ha followed by hand weeding (T,) showed the best results, significantly
reducing weed density and dry weight compared to other treatments, with the weedy check
performing the worst. T, also resulted in the highest weed control efficiency, panicle length, and
grain yield. Other treatments such as Pendimethalin 1.0 kg/ha fb 1 HW (T,) and combinations
with Tembotrione 100 g/ha and 2,4-D 0.75 kg/ha also showed good results, though T, remained
the most effective. Economic analysis suggested that T, offered the best returns, making it a
viable option for enhancing pearl millet productivity in this region. The results support
informed decision-making for sustainable and efficient crop management in the agro-climatic
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1. INTRODUCTION

Agroforestry can be typically characterized as
'agriculture with trees' or, more broadly, as a land use
strategy with conscious integration of woody
perennials into primary agriculture crop and livestock
farming systems; to create multiple benefits, including
soil conservation, enhanced soil fertility, reduced
erosion, and provision of additional income from tree
products, conservation of biodiversity, increased crop
and livestock productivity, and better livelihoods.
Agroforestry practice in recent times presents itself as
an extremely desirable means of sustainable
agriculture essential for proper nutrition and food
security for an ever-growing population and
especially for a densely populated country such as
India with a head count of 1428 million. As a result,
agroforestry has grown in popularity and now covers
43.3 million hectares, a rise of over 4.21 million
hectares (9.69%) between 1990 and 2020 (FAO,
2020). The current area under agroforestry in India is
estimated as 25.31 million hectares or 8.2 percent of
the total reporting geographical area of the country. As
such, on average, 14.2% of total cultivated land has
agroforestry in one form or the other, with states such
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as Uttar Pradesh having an area of 1.86 million
hectares under agroforestry (Dhyani et al., 2013). The
common belief'that planting trees or greening the earth
is the ultimate solution to environmental issues
emphasizes an important part of ecological
conservation. However, the challenge of expanding
forested areas is made more difficult by the limited
availability of land. To tackle this issue, tree-based
farming practices such as agri-horticulture and
agroforestry offer practical alternatives for increasing
tree cover. The agri-horti system significantly boosts
returns per unit of land, particularly during the early
stages of horticultural fruit trees. Fruit tree-based
agroforestry involves the intentional and simultaneous
association of annual or perennial crops with perennial
fruit-producing trees on the same land unit. Both the
tree and crop components support each other by
creating favorable conditions for growth, leading to
efficient land use and better economic returns
compared to sole crops during the early phase of
orchard establishment. This interaction is
complementary and beneficial under rainfed
conditions. Due to the relatively short juvenile phase
of fruit trees, their high market value, and their
contribution to household dictary needs, fruit-tree-
based agroforestry is highly popular among producers
worldwide. Custard apple (Annona squamosa L.) is a
significant fruit tree in the agri-horti system. It is
widely distributed throughout the tropics and is
primarily a desert fruit, usually eaten fresh. The
vitamin C content is notable (35-42 mg per 100
grams), slightly higher than in grapefruit. The tree also



provides thiamine, potassium, and dietary fiber in
significant amounts. It is a good source of firewood,
with light yellow sapwood and brownish heartwood
that are soft, lightweight, and weak. Green fruits,
seeds, and leaves possess effective vermicidal and
insecticidal properties, while the leaves, shoots, bark,
and roots have reported medicinal properties. Many
crops are grown in the alleys left between tree rows
and pearl millet is one such crop. The Poaceae family
encompasses pearl millet (Pennisetum glaucum L. R.
Br. emend. Stuntz), a crucial food grain crop in India,
ranking fifth after rice, wheat, sorghum, and maize.
India and Africa are responsible for 90% of the world's
pearl millet production, and it constitutes about 10%
of global food grain output. In India, pearl millet,
commonly known as bajra or bajri, is valued for its
affordability and nutritional benefits. Its grains are
rich in carbohydrates (69.4%), protein (12.1%), fats
(4.3% to 5.0%), minerals (2.0% to 7.0%), and sugars
(2.4%). Itis also easily digestible and a good source of
vitamins such as thiamine and riboflavin, providing
significant energy (Pal ez al., 2019). Weed infestation
is a major challenge for pearl millet cultivation, as
weeds compete with the crop for moisture, nutrients,
space, and light, leading to reduced yields and
increased production costs. Banga er al. (2020)
reported an average yield loss of 55% due to severe
weed competition, especially noticeable during the
crop's early development stages. Effective weed
management during this critical period is essential to
minimize competition and optimize yield. Therefore,
this study aims to evaluate how different weed
management strategies impact pearl millet's
production, weed dynamics, and economic viability
during the summer growing season.

2. MATERIALS AND METHODS
Site description

A field experiment was conducted during the Kharif
season of 2023 at the Rajiv Gandhi South Campus,
Banaras Hindu University, Mirzapur, on the
agroforestry farm. The experimental field had sandy
clay loam soil, neutral in reaction (pH 5.64), low in
organic carbon (0.39%), low available nitrogen
(173.51 kg/ha), medium phosphorus (18.65 kg/ha),
and medium potassium (183.22 kg/ha) with normal
electrical conductivity (0.28 dS/m).

Experimental design

The study involved ten weed management treatments,
including pre-emergence application of Atrazine (1.0
kg/ha), Pendimethalin (1.0 kg/ha), Tembotrione (100
g/ha), and 2,4-D (0.75 kg/ha) alone, and combinations
with hand weeding (HW) at 25 DAS. Treatments also
included combinations such as Atrazine 1.0 kg/ha /b
Tembotrione 100 g/ha at 25 DAS, Pendimethalin 1.0
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kg/ha fb Tembotrione 100 g/ha at 25 DAS, Atrazine
1.0 kg/ha fb 2,4-D 0.75 kg/ha at 25 DAS,
Pendimethalin 1.0 kg/ha fb 2,4-D 0.75 kg/ha at 25
DAS, Atrazine 0.5 kg/ha + Pendimethalin 0.5 kg/ha fb
1 HW at 25 DAS, and Atrazine 0.5 kg/ha +
Pendimethalin 0.5 kg/ha fb Tembotrione 100 g/ha at25
DAS. Hand weeding twice (25 and 45 DAS) and a
weedy check were also included. Treatments were laid
out in a randomized block design with three
replications. The pearl millet variety MPMH-17 was
sown on 25th July 2023 at a seed rate of 5 kg/ha with a
row spacing of 30 cm. A uniform dose of 60 kg N + 40
kg P-Os + 30 kg K-O/ha was applied to all plots. Half
the nitrogen dose, along with the full phosphorus and
potassium, was applied as basal at sowing, and the
remaining nitrogen was top-dressed at 30 DAS.

Observations on pearl millet

Grain samples were randomly collected from each
plot. A thousand seeds were manually counted to
measure test weight. Dried ear heads were weighed
and threshed to calculate grain yield per hectare
(kg/ha). Stover yield was recorded after sun drying,
and biological yield was calculated as the sum of
stover and grain yields. Weed density and dry matter
accumulation were recorded species-wise and
analyzed statistically.

Statistical analysis

Growth and yield attributes of the crop were measured
at 60 DAS and statistically analyzed using the
Analysis of Variance (ANOVA) method. Differences
among treatment means were tested using Critical
Difference (CD) and Duncan Multiple Range Test
(DMRT) (Gomez and Gomez, 1984). All statistical
analyses were performed using SPSS (Statistical
Package for Social Sciences), presently owned by
IBM Corporation.

3. RESULTS AND DISCUSSION

Production, weed dynamics and economic viability
of pearl millet under custard apple (4nnona
squamosa) based agri-horticulture system

The application of herbicides significantly influenced
the density and dry weight of major weeds at 60 DAS
under different weed control treatments (Table 1).
Weed management treatments effectively reduced the
density and dry weight of broad-leaved weeds at 25
DAS, except in the weedy check. Late-growing
perennials such as Cynodon dactylon and Cyperus
rotundus, which reproduce through subterranean
tubers and stem fragments, were less affected due to
their inherent resistance to herbicides. Pre-emergence
herbicides like Atrazine and Pendimethalin
successfully suppressed weed germination up to 25
DAS, significantly delaying crop-weed competition.



— 2 g SN — N O Vv T <t N 8 2O I T T NN SR =T Y DO O 0T T g o v B 2 T O O FE — BB > >
SR PR EEAR et dar I SB35 L 5255 S8 ERCE 028 TE: £5TEsERTE S
aWrS VnatuoatgA < O aaUJ.l © = Almmwe =) = = — e g .W.oen,Wgna
ST S S s S o S o 0 E s E s S E P EESSE R sS850 C2528E gEFR284TEEE
nlme.w/.nla/ardga.Sﬂa/ﬁrgm ~N==82Zz=75 O 8 5T — =S = b5 = — o =
) - en = bp = O M & 1 R © gxeaa (] nuc.fesnO?.O.lea = Od.l.d Q= '8
ES 2 s B o my gt E S 55222, 8EE853°8EQ T 0825 58S 3R sE 6
=S8 2 0 a<cwm 2 g = £ W o =nn o 2's « = HWSCC,.ebnfa OO _Sfz2o sg 0@
5520 5- 285588 EEE SN2~ JEE 2588558253 SEE5EEL 405,258 &
= 1Z) - — 2h =) = ] =) = 0 - 9] o = -
tk.mwa.m% —2C2ETE5RERET sQ 2233 S 9O0 B89 SEr o s g W BSTELZXE S
0 E « »'g b2 EPBTOoLn 0TS 5 0= S o8 g2n B g 0© EE ST P8, EEES 0 S 9 = g
S8 8oL N EE BB S e S G5 E T g B Eccp, B2 EE 05228 BT
2R E S EONE P B EE NS o NB 2 te2 el 5 b 22502 225888328288 °F%
SN S EERTE~A B8 S s B EcD 2y >R SE ES 2z 08TV g2 S ES2 28cawslNLo
OaD n.m..m rbSdanA.a .msp”d n.mhhnuasa.l Ohd m&u hcum 1@ p.le .UcaDeOO
g 8 eMethA%emAzd/A nwgng/ZS.mVJm%m an.m.mgﬁMd.Momea%ahﬁﬁ o ~
SR ES e Rl PR e PRt PRt AR PP S EESEEECE S S5 ERSEE2RETSRER
‘A1oyeredas uwnjod yoes 10J §0°0>d e LN Aq Surdnoi3 [eonsne)s ueowr o) o)ed1pul s10)9] jduosiodng
- - 9600 €700 00 6€0°0 0t0°0 L2070 900 0200 (S0°0=d) AS1
(6L°L6) (TvD (€vD) (e8TTD) (TvD (TsD ((Z%4)) (zeen
00°0 00°0 F6'6 68°€ 16°€ F9'€ 06'€ 20V ,06'€ 8L'€ 3090 Apaop
(00°0) (00°0) (000) (00°0) (000) (00°0) (000) (00°0)
9¢°LS ¥7'66 001 001 ,00°T ,00°T N 001 00T 001 'SV S PUE GT JE SSUIPIOM PUEH T
(eg€n) (08D 06'1) (6D (16'1) 081 (861 L6'1) 'SV ST BY/S 001 duotnoquid) ¢f
98°LT €9L SL'E 89'1 JLT JL'T 69°1 891 £L'T LT ©Y/S3] "0 UI[EYIOWIPUS] + BY/SY §'( dUIZENY
(0L9) (06°0) (10’ (86°0) (68°0) (06°0) #0'1) (zo'D) 'SVA ST MH |
¥S S ST'88 LL'T LET Ob' Kol 6€°T WLET K3l Kol @/ ey/3Y G0 WI[BYIRWIPUSJ + BY/SI §'( dUIZENY
99°1) (0€D) ((ard] (600 (0£2) (10 S10 (€10 'Svd sc e
19'11 8T'IL 80 J8'1 F81 OL'T 81 J8T JLL'T WwlL'T B8 §L°0 A-H°T ¢/ BY/S 0'1 WIEyRWIPUI]
99'%1) (/)] (([] (68°1) (0z0) 610 (s6'D) (€6'D)
STt 8SHL 96'€ OL'T J81 OL'T 081 WOL'T LT WILT "SVA STIEBY/BY §L°0 A-4°T ¢/ ey/8Y 0'] duizeny
gsn (100 0120 (6£0) (100 00D (S0 (ev'0) 'SVA ST el
¥0'€T €ILL FJOY LT SLT 781 FLT WEL'T 98°1 oS8T ©y|/3 () SUOLIOQUId) ¢/ BY/SY (' UI[EYIOWIPUS]
(Craq)) 08'1) 061 (620 (1s'D (081D (€D (€€
€1'8¢ 8°6L 06°€ LT OL'T J8°T 891 L9T L£8°1 W81 "SVA ST BY/S 00 QuOLROquId) ¢/ ey/SY ('] duiZeny
(€€9) (08°0) (16°0) (£6'0) (06°0) (08°0) (66'0) L6'0)
68°0S 6868 OL'T SET €1 6€T LET WSET YT OF'1 'SVA ST MH T ¢/ BU/S3 (' UI[eyoupud]
(0s°9) (0L°0) (08°0) (08°0) (08°0) (12’0 L8'0) (s8°0)
ST9¢ L0'86 ¥S'T 6€1 FET FET €T pPIeET LET KT 'SVA STIE MH 1 ¢/ ey/83 0'] duizeny
(%) (u/"oN) ()] ()] D (D (D ()]
xapuj Kduanyyd Aysuap Spaam snpunyo.s satads uojf1onp suvydas S1suajpySuaq sIpa1a
PI9AN | [01)U0D PIIAN | PIIAA [BIOL, |SNOdUB[IISIIAI sniadd) viqroydnzg uopoud?) DLIDIYODLY puljmUIO)) snyuvIvULy
(,w /0N A)1sudp paapy SJUdUI)BAL]L,

9w [1edd ur SV (09 1€ IYSIOM AIP PUB AJISUIP PIIAL UO SPUIUIIBIL) JUILIJJIP JO 331 1 dIqeL

84



Weed density  Trendline for weed density R2=0.916 = Weed dry weight - Trendline for weed dry weight R? = 0.95

QT
10
8
8

= [ T
4 e ‘

i ! [Pt 1.
: ¥ T R

- & =
0
1.75 2.00 2.25 2.50 2.75
Yield (kg/ha)

Figure 1. Co-relation between the grain yield (Kg/ha), weed density (no./ m’) and weed dry weight (Kg/m?) at 60 DAS

lower weed index (56.25%), highlighting its superior
performance. This was followed by T2
(Pendimethalin 1.0 kg/ha fb 2, 4-D 0.75 kg/ha at 25
DAS) with a weed control efficiency of 82.45% and a
weed index of 11.61%. Treatments T3 (Atrazine 1.0
kg/ha fb Tembotrione 100 g/ha at 25 DAS) and T4
(Pendimethalin 1.0 kg/ha fb Tembotrione 100 g/ha at
25 DAS) were statistically at par but less effective than
T1. These results demonstrate the significant impact
of integrated weed management on reducing yield
losses and align with the findings of Choudhary et al.
(2017).

Weed management practices significantly influenced
the growth and yield attributes of pearl millet (Table
3). Among the treatments, T1 (Atrazine 1.0 kg/ha fb 1
HW at 25 DAS) recorded significantly higher grain
yield, stover yield, biological yield, and harvest index,
demonstrating its superior efficacy over other
treatments. This was attributed to improved growth
parameters, including panicle length, panicle girth,
grain weight per panicle, and seed index. T2
(Pendimethalin 1.0 kg/ha fb 1 HW at 25 DAS)
performed at par with T1 in several aspects but was
comparatively less effective. The enhanced
performance of these treatments is linked to effective
weed suppression, minimizing competition for
resources such as nutrients, water, and light. The
results are consistent with those reported by Mehetre
et al. (2021). The weedy check exhibited the lowest
values across all parameters, further highlighting the
importance of integrated weed management for
optimizing pearl millet productivity.

Effective weed management is crucial for ensuring
economic viability in modern farming, where
maximizing profit takes precedence over achieving
maximum yield, as noted by Swathy er al. (2020).
Economic analysis of treatments in the pearl millet +
custard apple system (Table 4) revealed significant
differences in costs and returns. Among the
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treatments, T3 (Atrazine 1.0 kg/ha fb Tembotrione 100
g/ha at 25 DAS) and T5 (Atrazine 1.0 kg/ha b 2, 4-D
0.75 kg/ha at 25 DAS) recorded significantly higher
gross returns, net returns, and B:C ratios compared to
other treatments. These treatments proved
economically superior to T1 (Atrazine 1.0 kg/ha /b 1
HW at 25 DAS) due to reduced labor costs associated
with hand weeding, showcasing their practical and
financial advantages. For custard apple, the highest
B:C ratio (10.21) was observed, attributed to minimal
input and labor requirements alongside higher gross
returns, leading to increased net returns. These
findings highlight the economic feasibility and
profitability of adopting T3 and TS5, making them ideal
for sustainable weed management in agro-
horticultural systems.

4. CONCLUSION

The findings of this study underscore the effectiveness
of integrated weed management, particularly the
combination of Atrazine 1.0 kg/ha followed by hand
weeding, in maximizing both yield and economic
returns in pearl millet cultivation. This strategy not
only ensured superior weed suppression and improved
crop growth parameters but also emerged as the most
profitable option among all treatments. Therefore, T1
can be recommended as a sustainable and
economically sound weed management practice for
pearl millet production during the Kharif season in the
agro-climatic conditions of Mirzapur. By
demonstrating that Atrazine 1.0 kg/ha followed by
hand weeding significantly improves yield and
economic returns, the findings offer practical
guidance for farmers aiming to maximize productivity
and profitability. The results support informed
decision-making for sustainable and efficient crop
management in the agro-climatic conditions of eastern
Uttar Pradesh.
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