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A study of wheat-weed
response and economical
analysis to fertilization and
post-emergence herbicides
under arid climatic conditions

Sarita1*, Ishwar Singh2*, Moti Lal Mehriya3 and M. K. Samota4

1College of Agriculture, Agriculture University, Jodhpur, India, 2Directorates of Extension Education,
Agriculture University, Jodhpur, India, 3Agricultural Research Station, Agriculture University,
Jodhpur, India, 4HCP Division, ICAR-Central Institute of Post Harvest Engineering and Technology
(ICAR-CIPHET), Abohar, India
A two-year field experiment was conducted in two consecutive rabi seasons

under arid climatic conditions to examine the effect of different fertility levels

and herbicides on weed dynamics and the performance of wheat (Triticum

aestivum L.). Results revealed that a significantly minimumweed dry weight was

recorded with 75% RDF (Recommended Dose of Fertilizer) (90-30 kg N-P2O5/

ha). Application of 100% RDF (120-40 kg N-P2O5/ha) recorded significantly

higher weed dry weight at 35 DAS (Days After Sowing) (16.50 g/m2) and harvest

(28.15 g/m2), growth and yield attributes i.e. plant height (89.14 cm), crop dry

matter accumulation (300.8 g/meter row length), crop growth rate (17.08 g/

m2/day), leaf area index at 50 DAS (3.06, net assimilation rate 50-75 DAS, length

of the spike (13.36 cm), number of grains/spike (41.52), grain yield (4083 kg/ha),

straw yield (5019 kg/ha) and biological yield (9103 kg/ha) over 75% RDF. This

treatment remains at par with 125% RDF (150-50 kg N-P2O5/ha) except for the

leaf area index at 75 DAS. Among the herbicidal treatments, application of the

ready-to-use herbicides clodinafop-propargyl 15% + metsulfuron methyl 1% @

64 g/ha provided a superior value of weed indices i.e. higher weed control

efficiency (91.30), crop resistance-index, and herbicide efficiency-index, and

lower weed-index (1.91) over other herbicides. This treatment also exhibited

significantly higher plant height (92.33 cm), crop dry matter accumulation

(325.5g/meter row length), crop growth rate (16.49 g/m2/day), leaf area index

(3.15), net assimilation rate, length of the spike (14.28 cm), number of spike/

meter row length (153.0), number of grains/spike (44.52), grain yield (4374 kg/

ha), straw yield (5381 kg/ha) and biological yield (9755 kg/ha) over weedy check

plot, which was followed by sulfosulfuron 75% + metsulfuron methyl 5% @ 32
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g/ha, both of which remained statistically at par with each other except for the

number of grains/spike. The application of 100% RDF and clodinafop-propargyl

15% + metsulfuron methyl 1% @ 64 g/ha recorded higher net returns and

maximum B: C ratio.
KEYWORDS

herbicides - frequency of spray treatment, herbicide effectiveness, weed control (%),
arid and semi-arid climate, fertility
Introduction
Cereals are crucial for meeting the global food demand

created by growing populations, especially in developing

countries where cereals are the primary source of nutrition

and calorie intake (Nikos and Jelle, 2012; Shiferaw et al., 2013;

Samota et al., 2017; Sasi et al., 2021). It is a significant source of

water-soluble protein (Chaquilla-Quilca et al., 2018; Awana

et al., 2020), has a good dietary fiber content (Rasane et al.,

2013; Ciudad-Mulero et al., 2020), and is loaded with vitamins

(mainly vitamin-Bcomplex viz, thiamin, riboflavin, and niacin)

and minerals (calcium, iron, magnesium, potassium, zinc, and

selenium) (Ciudad-Mulero et al., 2021; Kaur et al., 2022). The

soil of India is mostly deficient in Nitrogen, (Mohan et al., 2015),

especially, the loamy sand soils of semi-arid areas in Rajasthan.

The low productivity of wheat in these areas is due to the lack of

availability of phosphorus due to high fixation and nitrogen in

the soil. High wheat productivity can be achieved with the

balanced and judicious use of chemical fertilizers.

Production of the wheat crop is directly impacted by several

biotic and abiotic factors. Among these, the most limiting biological

constraint is the infestation of weeds. The yield losses of wheat vary

between 17-30% annually (Zand et al., 2007; Rao and Chauhan,

2015), depending on the density and flora of the weed (Jat et al.,

2003). Therefore, the management of weeds is a basic requisite for

better wheat productivity (Nazari et al., 2013). A combination of

cultural and herbicidal applications is used to manage weeds in

wheat crops (Chachar et al., 2009; Knezevic et al., 2012). Chemical

control is majorly used as it is a quick, more effective, time and

labor-savingmethod for controlling weeds in wheat (Mehmeti et al.,

2018). The constant use of herbicides acting on the same site led to

multiple herbicide resistance (Singh et al., 2009). A mixture of more

than one herbicide is essential for the effective management of

multiple weed flora. Herbicide combinations improve weed control

efficacy against weed flora (Singh et al., 2011), and also delay

resistance against herbicides (Wrubel and Gressel, 1994).

Acetolactate synthase (ALS)-inhibiting herbicides are employed in
02
winter wheat to control broadleaf and annual grass weeds. They are

used extensively due to their low adverse effect on the environment,

low mammalian toxicity, and high efficacy rate (Khaliq et al., 2011;

Reddy et al., 2013). This study aimed to investigate the effect of

adequate fertilization along with herbicidal weed management for

the stable production of wheat.
Materials and methods

Experimental site

Field experiments were performed during two consecutive

Rabi seasons in 2018-19 and 2019-20 at the Institutional Farm,

College of Agriculture- Mandor, Jodhpur, Rajasthan, India to

study the effect of fertility levels and different herbicides on the

productivity of wheat. Geographically, it is located between 26°

15’ N to 26° 45’ N and 73° 00’ E to 73° 29’ E at an altitude of 231

meters (Figure 1). This area comes under the agro-climatic zone

Ia (Arid Western Plains Zone) of Rajasthan. The average annual

rainfall is about 367 mm and the bulk of it is received from June

to September (Kharif season i.e., 85 to 90%).
Observation of meteorological
parameters

The periodical means for weekly weather parameters were

recorded from the meteorological observatory of the

Agricultural Research Station, Mandor (Jodhpur). The mean

daily maximum and minimum temperatures varied between 20

to 28.8°C and 10.1 to 20.0°C, respectively in 2018-19, and the

corresponding values in the year 2019-20 were 15 to 25.9°C and

5.4 to 18.0°C during the crop growing seasons (Figure 2).

The maximum temperatures during the crop-growing

period i.e., 2018-19 and 2019-20, were 28.8 and 25.9°C;

however, the corresponding values for minimum temperatures

were 10.1 and 5.4°C. The annual rainfall was 11.9 mm during the
frontiersin.org
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first year of the crop-growing period, but no rainfall occurred the

next year. The maximum and minimum relative humidity

during the crop-growing period were 68.20% and 20.10% in

2018-19 and 76.90 and 15.9% in 2019-20 (Figure 2).
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Physico-chemical properties of soil and
nitrogen, phosphorus, and potassium
analysis in soil

The soil samples from 0-30 cm depth were drawn randomly

from different spots of the experimental field with the help of a

screw auger to find out the physico-chemical properties and

fertility status of the soil. The results revealed that the soil was
FIGURE 1

Scale Map of experimental location.
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loamy sand in texture, bulk density (1.72-1.77 Mg/m3), particle

density (3.18-3.20 Mg/m3) moderately alkaline (pH = 8.0), and

low in organic carbon content (0.12-0.15%). The available

nutrients initially present in soils were evaluated using

protocols of Subbiah and Asija (1956); the Olsen et al. (1954)

for phosphorus and the flame photometer method of Standfold

and English (1949) for Potassium. The pH and organic carbon

content of soil were also estimated prior to sowing the crop using

Singh et al., 2011 and Walkley and Black, 1964 protocols

respectively. The results revealed a low level of nitrogen

(174.2-175.1 kg/ha), a medium level of phosphorus (20.3-21.0

kg/ha), and a high level of potassium (324.4-325.2 kg/ha) in

the soil.
Treatments followed during field
experiments

Wheat variety ‘GW 11’ was shown at a row-to-row spacing of

22.5 cm using 100 kg seeds/ha. The treatments comprising of

three fertility levels [75% RDF (90-30 kg N-P2O5/ha), 100% RDF

(120-40 kg N-P2O5/ha) and 125% RDF (150-50 kg N-P2O5/ha)]

in main plots and seven different herbicidal treatments

(trisulfuron @ 15 g/ha, sulfosulfuron 75% + metsulfuron methyl

5% @ 32 g/ha, clodinafop-propargyl 15% + metsulfuron methyl

1% @ 64 g/ha, carfentrazon @ 20 g/ha, metsulfuron methyl @ 4 g/

ha, weedy check and weed-free) in subplots were laid out in Split

Plot Design and replicated thrice. Fertility levels were applied

through DAP and urea. At the time of sowing, half of N and a full

dose of P were applied as basal doses. At the time of the first and

second irrigation, the remaining quantity of N was applied as a top

dressing in a standing crop through urea in two equal split doses.
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The post-emergence application of herbicides was done at 35 DAS

as per treatment using a flat fan nozzle and foot sprayer with a

spray volume of 600 liters of water per hectare. Weed-free plots

were weeded regularly to keep them weed-free throughout the

crop pendency.
Weed dynamics study

The total weed density (number/m2) and weed dry weight

(g/m2) were recorded for every treatment with the help of a

0.25m2 quadrate and then converted into m2. Data of these

parameters were transformed using (
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðx + 0 : 5Þp

to compare the

treatments. Weed control efficiency was determined using the

standard procedure suggested by Umrani and Boi (1982).

Weed control efficiency ð% ) =
X − Y
X

� 100

Where,

X = Weed dry matter in weedy check plot

Y = Weed dry matter in the treated plot

The weed index is a derived parameter from the crop yields

obtained across the treatments of weed control research (Yadav

and Mishra, 1982). The following formula was used in

calculating the weed index:

Weed Index ð%) =
X − Y
X

� 100
Where,

X = Crop yield in weed-free plots (kg/ha)

Y = Crop yield in the treated plot (kg/ha)

The herbicide efficiency index was calculated by employing

the given formula as suggested by Krishnamurthy et al. (1975):
FIGURE 2

Weather parameters during the crop growth period (Rabi Season, 2018-19 & 2019-20).
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HEI =
(Yt − Yc = Yt)� 100

(WDMt = WDMc)� 100
Where,

Yt- crop yield from the treated plot

Yc- crop yield from weedy check plot

WDMt- weed dry matter in the treated plot

WDMc- weed dry matter in weedy check plot

The crop resistance index was computed using the formula

given by Misra and Misra (1997):

CRI  =
Crop dry matter in treated plot
Crop dry matter in control plot

� Weed dry weight in control plot
Weed dry weight in treated plot
Growth indices, growth, and
yield parameters

Growth indices i.e. leaf area index (LAI), crop growth rate

(CGR), and net assimilation ratio (NAR) were estimated by

employing the standard formula. The observation of plant height,

spike length, and the number of grains per spike were written down

manually for five randomly picked adumbrative plants from each

plot of respective replication separately, and the yield-attributing

character and yield were also reported. The grain and straw yield

was estimated from the net plot area of the respective treatment.
Protein content analysis

The crude protein content in grain samples was determined

by multiplying respective grain nitrogen concentration (%) by

the factor of 6.25 (Simson et al., 1965).
Economic analysis

To compare the returns of several fertility levels and

herbicides, an economic analysis was performed. Net return was

evaluated by subtracting the total cost of production from the

gross income examined from wheat grain and straw yield. The

cost of urea, DAP, and all herbicides was calculated. The various

production costs including labor (land preparation, seeds, sowing,

weeding, fertilizer application, spraying, and harvesting) and

chemicals (insecticides and pesticides) were computed.
Statistical analysis

The experimental data were recorded from the random

distribution of treatments in three replications and subjected

to statistical analysis. The experimental data were statistically
Frontiers in Agronomy 05
analyzed using the Analysis of Variance (ANOVA) test (Panse

and Sukhatme, 1985). The least significant difference (LSD) was

calculated for the comparison among treatments, where the

variance ratio (F test) was found to be significant at a 5% level

of probability. To create a simple linear regression model for an

explanation using XLSTAT software.
Results

Weed response to nitrogen and
phosphorus fertilizer

Weeds, namely, Chenopodium murale L., Chenopodium

album L., Rumex dentatus L., Asphodelus tenuifolius L.,

Melilotus alba, Melilotus indica, Fumaria parviflora, Cynodon

dactylon L., Launaea asplenifolia and Cyperus rotundus L were

present in the field. We observed that the broad-leaved weeds

were dominated by grassy and sedge weeds.

The study revealed that different levels of nitrogen and

phosphorus fertilization significantly influenced weed dry

weight in the wheat crop field. The maximum number of total

weeds (35 and 50 DAS) was recorded with a fertility level of

125% RDF, with no significant difference in fertility levels. The

notable lowest weed dry weight at all respective stages was

recorded with the application of 75% RDF over 100 and 125%

RDF. 125% RDF results in maximum weed dry weight at 50 DAS

of 17.87 g/m2 and it was significantly higher over 100 and 75%

RDF by 15.6 and 26.1%, respectively. The corresponding

increase in weed dry weight at 75 DAS was 19.12 and 29.55%

(Table 1). ANOVA results for weed parameters in wheat crops

showed that interaction (F x H) was significant (5% probability)

for weed density and weed dry weight at all observed stages.

Fertility levels (N: P2O5) had a significant positive relationship

with weed dry weight with a regression coefficient of

0.113 (Figure 3).
Wheat response to nitrogen and
phosphorus fertilizer

A considerable effect of different fertility levels on wheat

growth and yield parameters was observed viz. plant height

(cm), dry matter accumulation (g/meter row length), CGR,

LAI, NAR, length of the spike (cm), number of spikes/meter

row length, number of grains/spike, grain yield (kg/ha), straw

yield (kg/ha) except for the harvest index during the mean of

experimental years (Table 2; Figure 4). The maximum plant

height (91.71 cm) was recorded with the application of a

125% recommended dose of fertilizer over 75% RDF but,

remain at par with 100% RDF over the years of study.

Application of 100 and 125% RDF enhanced the crop dry
frontiersin.org

https://doi.org/10.3389/fagro.2022.914091
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org


Sarita et al. 10.3389/fagro.2022.914091
TABLE 1 Effect of fertility levels and herbicides on total weed density, total weed dry weight, weed control efficiency, and weed index
on a pooled basis.

Treatment Weed density/m2 Weed dry weight (g/m2) Weed control efficiency
(%)

Weed index
(%)

35 DAS 50 DAS 35 DAS 50
DAS

75 DAS At
harvest

Fertility levels (N:P2O5)
kg/ha

F1 10.34 (122.36)
**

5.71 (50.98) 3.46
(12.91)

3.38
(14.17)

3.81
(17.93)

4.14 (24.72) – –

F2 10.44 (124.79) 5.93 (53.43) 3.89
(16.50)

3.56
(15.46)

3.98
(19.50)

4.55 (28.15) – –

F3 10.69 (130.86) 5.90 (53.83) 3.97
(17.23)

3.78
(17.87)

4.25
(23.23)

4.71 (30.40) – –

SEm± 0.116 0.060 0.043 0.034 0.034 0.042 – –

CD (p=0.05) NS NS 0.141 0.111 0.110 0.135 – –

Herbicides

W1 12.15 (147.67) 10.38
(108.72)

4.27
(18.08)

4.92
(24.03)

5.60
(31.19)

5.86 (34.29) 69.00 23.74

W2 12.04 (145.00) 2.56 (6.22) 4.33
(18.67)

2.74(7.12) 3.18 (9.71) 3.20 (9.87) 91.17 5.07

W3 12.00 (143.94) 2.71 (7.06) 4.10
(16.66)

2.73(7.05) 3.13 (9.42) 3.15 (9.52) 91.30 1.91

W4 12.40 (154.06) 6.86 (46.78) 4.45
(19.54)

3.70
(13.31)

4.07
(16.12)

4.13 (16.76) 84.85 19.10

W5 12.11 (146.61) 4.22 (17.78) 4.22
(17.44)

3.16(9.50) 3.48
(11.64)

3.69 (13.22) 88.05 9.67

W6 12.03 (144.72) 13.49
(182.67)

4.33
(18.43)

7.07
(49.81)

7.97
(63.47)

10.54
(110.62)

0.00 33.17

W7 0.71 (0.00) 0.71 (0.00) 0.71 (0.00) 0.71(0.00) 0.71 (0.00) 0.71
(0.00)

100.00 0.00

SEm± 0.157 0.076 0.059 0.044 0.057 0.060 – –

CD (p=0.05) 0.444 0.215 0.165 0.125 0.160 0.168 – –

Interaction (F x W) * * * * * * – –
Frontiers in Agronomy
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**Original values given in parentheses were subjected to square root transformation ((
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
(x + 0:5)

p
)) before analysis. Treatments indicated by symbols i.e. F1 = 75% RDF, F2 = 100% RDF, F3 =

125% RDF; W1= trisulfuron @ 15 g/ha, W2= sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha, W3= clodinafop-propargyl 15% + metsulfuron methyl 1% @ 64 g/ha, W4= carfentrazon
@ 20 g/ha, W5= metsulfuron methyl @ 4 g/ha, W6= weedy check, W7 = weed-free.
*significant at a 5% level of probability. NS, Non-Significant.
FIGURE 3

Linear regression analysis between fertility levels and weed dry weight at harvest. These three points denote 75, 100, and 125% RDF levels.
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matter significantly by 14.2 and 16.3% over 75% RDF on a

pooled basis, respectively. Enhancing fertility levels from 75

to 100% RDF was associated with a significant acceleration in

crop growth rate over the seasons of study. The maximum leaf

area index (3.26 at 50 DAS and 4.32 at 75 DAS) was recorded
Frontiers in Agronomy 07
under fertilization with 125% RDF. The highest net

assimilation rate (5.57 g/m2 leaf area/day) was recorded

with 100% RDF (Figure 4). The fertility levels had a

significant positive correlation with crop dry matter based

on regression analysis (Figure 5).
FIGURE 4

Effect of fertility levels and herbicides on net assimilation ratio (pooled basis). Treatment symbols indicated by F1 = 75% RDF, F2 = 100% RDF, F3 =

125% RDF; W1= trisulfuron @ 15 g/ha, W2= sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha, W3= clodinafop-propargyl 15% + metsulfuron
methyl 1% @ 64 g/ha, W4 = carfentrazon @ 20 g/ha, W5= metsulfuron methyl @ 4 g/ha, W6= weedy check, W7 = weed free. The critical
difference (p= 0.05) and standard error of mean between treatments were 1.142 and 0.408, respectively.
TABLE 2 Effect of fertility levels and herbicides on growth and yield attributes of wheat.

Treatment Plant
height
(cm)

Dry matter accumulation
(g/meter row length)

Crop growth
rate (g/m2/day)

Leaf Area
index

Length of
spike (cm)

No. of spike/
meter row length

No. of
grains/
spike

At
harvest

At harvest 50-75 DAS 50
DAS

75
DAS

Fertility levels (N:P2O5) kg/ha

F1 79.81 263.4 9.82 2.64 3.43 10.90 117 35.74

F2 89.14 300.8 17.08 3.06 4.01 13.36 143 41.52

F3 91.71 306.3 17.24 3.26 4.32 13.21 145 41.51

SEm± 1.679 6.2 1.048 0.06 0.08 0.23 2.3 0.58

CD (p=0.05) 5.477 20.1 3.417 0.20 0.26 0.74 7.5 1.88

Herbicides

W1 83.11 261.5 11.60 2.88 3.83 11.56 114 35.33

W2 90.56 321.6 16.30 3.18 4.12 13.00 147 41.18

W3 92.33 325.5 16.49 3.15 4.05 14.28 153 44.52

W4 84.67 271.6 14.83 3.02 3.90 11.72 128 37.32

W5 87.89 295.6 15.99 3.13 4.10 12.72 140 39.82

W6 78.78 227.9 9.95 2.24 3.14 10.06 105 33.96

W7 90.89 327.3 17.82 3.31 4.29 14.11 157 44.97

SEm± 1.809 6.5 1.100 0.10 0.10 0.3 2.7 0.76

CD (p=0.05) 5.099 18.3 3.102 0.29 0.29 0.8 7.7 2.14

Interaction
(F x H)

– * – – – * – –
f

*Indicate the interaction as significant at a 5% probability level. Treatments indicated by symbols i.e. F1 = 75% RDF, F2 = 100% RDF, F3 = 125% RDF; W1= trisulfuron @ 15 g/ha, W2=
sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha, W3= clodinafop-propargyl 15% + metsulfuron methyl 1% @ 64 g/ha, W4= carfentrazon @ 20 g/ha, W5= metsulfuron methyl @ 4 g/
ha, W6= weedy check, W7 = weed free3.3 Protein content and economic analysis in relation to fertilization.
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The number of spikes was significantly influenced by 100

and 125% RDF by 24.00 and 22.22% compared to 75% RDF. An

application of 100% RDF significantly increased the spike length

by 22.6% over 75% RDF. On a pooled basis, an increase in RDF

from 75-100% results in a significant increase in the number of

grains/spike by 16.2% (Table 3). The correlation analysis

revealed a negative correlation between weed dry weight and

grain yield at 5%, with a regression coefficient value of -1.175

(Figure 6). The application of 100% and 125% DF significantly

improved the grain yield by 21.0% and 22.1% respectively,

compared to 75% RDF. Corresponding increased due to

application of 125% RDF was 22.1%. Here 22.1% increase in

grain yield due to 125% RDF. On the pooled basis, 100 and 125%

RDF application significantly influenced straw yield by 752 and

841 kg/ha over 75% RDF, respectively. Raising the fertility level
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from 75-100% RDF was associated with a significant

enhancement in total biomass (grain and straw yield) by 1461

kg/ha, however, a further increase in RDF application from 100-

125% did not significantly influence total biomass production.

Regression analysis showed a significant positive effect of crop

dry matter on the grain yield of wheat with a regression

coefficient value of 14.54 (Figure 7). ANOVA for wheat plant

growth and yield revealed that interaction between fertility levels

(F) and herbicides (H) was highly significant (at 5% probability).

There was also a significance (5% probability) between dry

matter and the length of the spike (Table 1).

The fertility levels significantly influence the protein content,

and gross and net returns of wheat over 75% RDF. The average of

the year’s experiments revealed that 100 and 125% RDF

application significantly improved the protein content by 3.8%
TABLE 3 Effect of fertility levels and herbicides on yield, harvest index, the protein content of wheat, and economic analysis.

Treatment Grain yield
(kg/ha)

Straw yield
(kg/ha)

Biological yield
(kg/ha)

Harvest index
(%)

Protein
(%)

Net returns
( /ha)

B: C ratio

Fertility levels (N:P2O5) kg/ha

F1 3375 4267 7642 44.12 9.73 53540 2.32

F2 4083 5019 9103 44.82 10.10 71639 2.73

F3 4121 5108 9228 44.59 10.29 72154 2.71

SEm± 72.5 89.4 132.4 0.49 0.07 1731 0.04

CD (p=0.05) 236.5 291.5 431.7 NS 0.23 5644 0.14

Herbicides

W1 3393 4283 7676 44.19 9.53 55170 2.39

W2 4188 5193 9381 44.60 10.47 75793 2.86

W3 4374 5381 9755 44.76 10.43 80660 2.98

W4 3605 4536 8141 44.26 9.72 60709 2.52

W5 4024 4942 8966 44.86 10.09 72053 2.82

W6 2979 3791 6770 43.97 9.32 44546 2.15

W7 4454 5461 9915 44.92 10.71 71512 2.37

SEm± 85.3 94.8 165.4 0.4 0.06 2180.02 0.05

CD (p=0.05) 240.4 267.2 466.2 NS 0.17 6145.89 0.14
fro
Treatments indicated by symbols i.e. F1 = 75% RDF, F2 = 100% RDF, F3 = 125% RDF; W1= trisulfuron @ 15 g/ha, W2= sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha, W3=
clodinafop-propargyl 15% + metsulfuron methyl 1% @ 64 g/ha, W4= carfentrazon @ 20 g/ha, W5= metsulfuron methyl @ 4 g/ha, W6= weedy check, W7 = weed free. NS, Non-Significant.
FIGURE 5

Linear regression analysis between fertility levels and crop dry matter at harvest. These three points denote 75, 100, and 125% RDF levels.
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and 5.7% over 75% RDF, respectively. ANOVA results showed that

the interaction (F x H) between fertility levels (F) and herbicides

(H) was not significant (5% probability) for protein content in

wheat grain (Table 3).

The highest net return was observed in the application of

125% RDF (72,154 ₹/ha), while the maximum B:C ratio was

recorded with 100% RDF. ANOVA results showed that the

interaction between interaction between fertility levels (F) and

herbicides (H) was significant (5% probability) for net returns

and the B:C ratio (Table 3).
Weed response to herbicides

The study revealed that weed density (50 DAS) and the dry

weight of weeds at all observed growth stages were drastically

decreased in all the herbicidal treatments in comparison to the
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weedy check plot on the pooled basis (Table 1). Among

herbicides, application of clodinafop-propargyl 15% +

metsulfuron methyl 1% @ 64 g/ha gave minimum weed

density and weed dry weight after spray and it was on par

with sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha.

In the present investigation, the post-emergence

application of herbicides exhibited maximum efficiency of

weed control, herbicide efficiency index, crop resistance

index, and lower weed index after a weed-free check over an

unweeded plot (Table 1; Figures 8, 9). The highest weed control

efficiency was achieved by clodinafop-propargyl 15% +

metsulfuron methyl 1% @ 64 g/ha(91.30%) followed by

application of sulfosulfuron 75% + metsulfuron methyl 5% @

32 g/ha(91.17%), metsulfuron methyl @ 4 g/ha (88.05%).

Among the herbicides, the lowest weed index (WI) of 1.91

was recorded by application of clodinafop-propargyl 15% +

metsulfuron methyl 1% @ 64 g/ha whereas the second lowest
FIGURE 7

Linear regression analysis between crop dry matter (at harvest) and grain yield.
FIGURE 6

Linear regression between weed dry weight (kg/ha) at harvest and grain yield (kg/ha).
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WI (5.07) was observed with application of sulfosulfuron 75%

+ metsulfuron methyl 5% @ 32 g/ha. Similarly, the maximum

herbicide efficiency index and crop resistance index were also

recorded with the application of clodinafop-propargyl 15% +

metsulfuron methyl 1% @ 64 g/ha.
Wheat response to post-
emergence herbicides

The result revealed that the application of herbicidal

management practices significantly improved different growth

attributes i.e. plant height and dry matter accumulation

recorded at the harvest stage, LAI at 50 and 75 DAS, net

assimilation ratio, and crop growth rate between 50-75 DAS,
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length of the spike (cm), number of spikes/meter row length,

number of grains/spike grain, straw and biological yield except for

harvest index during pooled basis (Tables 2, 3; Figure 4). An

application of clodinafop-propargyl 15% + metsulfuron methyl

1% @ 64 g/ha and sulfosulfuron 75% + metsulfuron methyl 5% @

32 g/ha considerably enhanced the plant height by 17.2 and 15.0%

over season-long weedy plot, respectively. Clodinafop-propargyl

15% + metsulfuron methyl 1% @ 64 g/ha application as post-

emergence recorded significantly higher crop dry matter

production over trisulfuron @ 15 g/ha, metsulfuron methyl at 4

g/ha and weedy check to the magnitude of 24.5, 10.1 and 42.9%,

respectively. On the pooled basis, crop growth rate (CGR)

recorded between 50-75 DAS was highest under weed free

treatment (7.87 g/m2/day) and it was at par with all other

herbicidal treatments except trisulfuron @ 15 g/ha and
FIGURE 8

Influence of herbicides on herbicide efficiency index (pooled basis). The vertical bar indicates standard errors. Treatment symbols indicated by
W1= trisulfuron @ 15 g/ha, W2= sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha, W3= clodinafop-propargyl 15% + metsulfuron methyl 1%
@ 64 g/ha, W4 = carfentrazon @ 20 g/ha, W5= metsulfuron methyl @ 4 g/ha, W6= weedy check, W7 = weed free. The critical difference (p=
0.05) and standard error of mean between treatments were 0.42 and 0.15, respectively.
FIGURE 9

Effect of herbicides on crop resistance index (pooled basis). The vertical bar indicates standard errors. Treatment symbols indicated by W1=
trisulfuron @ 15 g/ha, W2= sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha, W3= clodinafop-propargyl 15% + metsulfuron methyl 1% @ 64
g/ha, W4 = carfentrazon @ 20 g/ha, W5= metsulfuron methyl @ 4 g/ha, W6= weedy check, W7 = weed free. The critical difference (p= 0.05) and
standard error of mean between treatments were 0.27 and 0.76, respectively.
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carfentrazone @ 20 g/ha. The highest leaf area index (3.18 at 50

DAS and 4.12 at 75 DAS) was obtained under the application of

sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha while it

was at par with all treatments except triasulfuron 15 g/ha at 50

DAS and weedy check at 75 DAS. The maximum net assimilation

rate (NAR) was recorded with clodinafop-propargyl 15% +

metsulfuron methyl 1% @ 64 g/ha however, it was at par with

all other treatments except triasulfuron 15 g/ha.

Compared to weedy check plots, all the herbicidal treatments

had a positive effect on the number of spikes/meter row length.

Clodinafop-propargyl 15% + metsulfuron methyl 1% @ 64 g/ha,

sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/ha and

metsulfuron methyl @ 4 g/ha were at par with each other over

the study of experiment. These three treatments explicated 45.7,

40.0, and 33.33% increase in the number of spikes/meter row

length, respectively over weedy check. An application of

clodinafop-propargyl 15% + metsulfuron methyl 1% @ 64 g/ha

significantly increased length of spike and number of grains/spike

by 42.0 and 31.09%, over weedy check respectively,. Application of

clodinafop-propargyl 15% + metsulfuron methyl 1% @ 64 g/ha

produced maximum grain yield of 4374 kg/ha which was at par

with weed free (4454 kg/ha) check and sulfosulfuron 75% +

metsulfuron methyl 5% @ 32 g/ha (4188 kg/ha). Similar results

were recorded with straw and biological yield.
Protein content of wheat grain and
economic analysis in relation to
herbicides

The herbicidal weed management treatments significantly

influence the protein content, and gross and net returns of wheat

over an un-weeded plot. Weed-free plot showed notably highest

protein content (10.71%) in grain over rest of treatments

followed by sulfosulfuron 75% + metsulfuron methyl 5% @ 32

g/ha (10.47%) and clodinafop-propargyl 15% + metsulfuron

methyl 1% @ 64 g/ha (10.43%).

The herbicidal treatment enhanced the net return and B: C

ratio as compared to the weedy check plot (Table 3). The highest

net return and B: C ratio were recorded (₹/ha 80,660 and 2.98)

after application of clodinafop-propargyl 15% + metsulfuron

methyl 1% @ 64 g/ha. This treatment was at par with application

of sulfosulfuron 75% WG @ 25 g a.i./ha + metsulfuron 5% WG

@ 2 g a.i./ha (₹/ha 75,793 and 2.86).
Discussion

Weeds’ response to nitrogen and
phosphorus fertilizer

Our result showed that the maximum weed dry weight was

recorded under higher fertility levels over lower levels based on
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year averages. Similar results were observed by Babar et al. (2019).

It might be attributed to the ample availability of nutrients for

weeds under the influence of higher levels of nitrogen and

phosphorus fertilization resulting in better vegetative growth,

expansion of leaf area of weed plants, accelerated photosynthetic

rate, and better inception of solar radiation which ultimately

increase the dry weight of weeds. Chauhan et al., (2017), and

Ashrafi et al. (2010) also reported similar results and revealed a

notable increase in weed dry matter with a successive increase in

nitrogen levels up to 120 kg/ha. Many researchers reported that

applied fertilizer gave more benefits to weeds compared to wheat

crops as weeds were more competitive than crops for nutrients

(Carlson and Hill, 1986; Blackshaw et al., 2003). Blackshaw (2005)

observed a lower dry weight of weed recorded from the control

plot where no fertilizer was applied and vice-versa.
Wheat response to nitrogen and
phosphorus fertilizer

Our results showed that the maximum wheat plant growth

and yield attributing characteristics were recorded with the

application of fertility levels with 100 and 125% RDF during

both years of the experiment. Tomar et al. (2017) and Singh et al.

(2018) also observed that the use of a higher dose of NPK/ha

considerably enhanced the plant height, the number of spikes,

dry matter accumulation, and leaf area index over a lower dose

of nitrogen and phosphorus. The reason behind the higher

growth and yield is nitrogen and phosphorus nutrition at

optimum and higher RDF levels, which might have increased

root length and root area (Popovic, 2015; Leghari et al., 2016;

(Chopra et al., 2017), resulting in the better uptake of other

nutrients (Bloom, 2015; Hemerly, 2016). This efficient

absorption and utilization of other minerals might have

favored the vigorous growth of crop plants (Ahmad et al.,

2009; Rafiq et al., 2010) under a high fertility level followed by

the optimum level of fertility. If nitrogen is applied in too little an

amount, then it directly minimizes the crop yield while an excess

amount of nitrogen also negatively affects the plant and this

concern gets well defined in crop production (Magistad et al.,

1945). Since phosphorus is a component of nucleic acid, phytin,

and phospholipids, its higher uptake led to better growth of the

plant, eventually leading to yield improvement (White and

Veneklaas, 2012). Similar results were observed in different

studies (Samimi and Thomas, 2016; Singh et al., 2018; Babar

et al., 2019; Gupta et al., 2019).
Protein content and economic analysis in
relation to fertilization

Nitrogen supply enhanced the accumulation of nitrogen in

wheat grains, which increased protein content (Rodriguez-Felix
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et al., 2014; Mariem et al., 2020), but an over-dose application of

nitrogen decreased protein content. Makowska et al. (2008)

found a positive correlation between nitrogen dose and protein

content in durum wheat grains. The reduction in protein content

was thought to be the result of the lesser availability of nutrients.

The nutritional quality of the wheat seeds is dependent on the

growing conditions, soil fertility, fertilizer practice, water

availability, genotype, grain handling, and storage conditions

(Jayas et al., 2008; Carson & Edwards, 2009; Popovic, 2015).

Rahim et al. (2010) and Shahbazi and Nematollahi, (2022) found

that with an increase in phosphorus fertilizer, there was an

increment in the protein content of wheat grains.

The economic results obtained in the present study were found

to be similar to the study by Sharma et al. (2018) and Tiwari et al.

(2017). The cost of this treatment was comparatively less than its

additional income, which directs more returns to this treatment.

Our results were also comparable with the results of Gupta et al.

(2007) and Niamatullah et al. (2011) on the wheat crop.
Weed response to herbicides

In the present investigation, the post-emergence

application of herbicides exhibited maximum weed control

efficiency, herbicide efficiency index, crop resistance index, and

lower weed index after a weed-free check over an unweeded

plot, probably because of the inhibition of acetolactate synthase

(ALS) by the application of clodinafop-propargyl +

metsulfuron methyl as well as sulfosulfuron + metsulfuron

methyl, which performs as a catalyst for the branched-chain

amino acidsbiosynthesisi.e. valine, leucine, and isoleucine

(Meena et al., 2019), and is thereby responsible for the

higher potency of clodinafop-propargyl + metsulfuron

methyl and sulfosulfuron + metsulfuron methyl in selectively

killing both narrow leaf weeds and broadleaf weeds. In the

weedy check plots, the weed dry matter enhanced up to the

harvest of the crop, which might be because of the aggressive

nature of weeds and better adaptability to environmental

conditions. Many studies (Deshmukh et al., 2020; Choudhary

et al. (2021); Kien et al., 2016) have reported a similar pattern

and showed that clodinafop-propargyl + metsulfuron-methyl

was superior in reducing the density of weeds and total dry

weight of weeds as compared to weedy check plot. This might

be due to the mixed application of herbicides, showing both

foliar and soil activities against weeds that interrupt cell

division by inhibiting the ALS enzyme and as a result,

blocking amino acid biosynthesis; hence, the weed plants

undergo selectively (Chand and Puniya, 2017; Meena et al.,

2019). This mechanism diminishes the phloem transport in the

weed plants with dwarf growth consequently the cell division

ceases and leads to the gradual death of the plant, and thus

better control of both dicot and monocot weeds by minimizing

their densities and total weed dry matter (Chand and Puniya,
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2017; Barla et al., 2017). Another reason might also be due to

the only use of a single herbicide being limited efficacious in

controlling weeds as compared to their pre-mix utilization.

Similar results were also obtained by Bharat et al. (2012);

Kumar et al. (2012); Singh et al. (2015); Sudha et al. (2016);

Chaudhary et al. (2017), and Meena et al. (2017).

Choudhary et al. (2021), Deshmukh et al. (2020), and Raj

et al. (2020) reported similar results and revealed that pre-mix

post-emergence use of clodinafop-propargyl + metsulfuron-

methyl 0.06 + 0.004 kg/ha and sulfosulfuron + metsulfuron-

methyl 0.03 + 0.002 kg/ha showed higher efficiency of weed

control, herbicide efficiency index and lower weed index. The

better weed knockdown capacity of clodinafop-propargyl 15% +

metsulfuron methyl 1% @ 64 g/ha and Sulfosulfuron 75% +

metsulfuron methyl 5% @ 32 g/ha against complex weed flora

could be ascribed as the reason for remarkable weed indices,

namely, enhanced efficiency of weed control and lower weed-

index as well as higher herbicide efficiency index and crop

resistance index by the application of these herbicides over

other herbicidal treatments (Meena et al., 2019). The sole

application of registered less WCE, HEI, CRI, and higher WI

these results was supported by Khaliq et al. (2011) and Kumar

et al. (2012).
Wheat response to post-
emergence herbicides

Rana et al. (2017) observed that clodinafop-propargyl 20 g/

ha + metsulfuron methyl 4 g/ha and sulfosulfuron 20 g/ha +

metsulfuron 4 g/ha considerably increased the height of the

plant and crop dry matter accumulation LAI (Kumar et al.,

2018) by crops over the weedy check. Choudhary et al. (2021)

and Deshmukh et al. (2020) were revealed that the post-

emergence usage of sulfosulfuron 75% WG @ 25 g a.i./ha +

metsulfuron 5% WG @ 2 g a.i./ha showed significantly higher

wheat productivity (3.57 t/ha). Yadav et al. (2019); Raj et al.

(2020), and Tiwari et al. (2017) also found that the use of

herbicide clodinafop 15% + metsulfuron methyl 1% 400 g/ha

recorded the maximum yield and yield attributing characters.

The better crop growth of wheat under these treatments was due

to full suppression of mixed weed flora growth resulting in

ample availability of growth-inducing factors like moisture,

space, light, and nutrients that led to better plant growth

higher LAI, and yield attributes and therefore higher wheat

yield. During the peak vegetative and developmental phases, the

crop experienced weed-free conditions due to reduced crop-

weed competition. Better establishment of crop plants under

good herbicidal management practices might have influenced

the root growth and the total absorption area (Fayed et al., 2018),

resulting in a higher uptake of nutrients and influencing food

production in leaves as well as its translocation in the sink

(Meena et al., 2019).
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Similarly, clodinafop-propargyl 15% + metsulfuron methyl

1% @ 64 g/ha exhibited a relatively higher knockdown effect on

mixed weed flora owing to the inhibition of ALS enzyme-

debilitate amino acid biosynthesis selectively killing the weeds

and minimizing crop-weed competition for space, light, and

nutrients, which conjointly led to excellent growth and yield

attributes in wheat, arising a higher wheat yield and protein yield

over other herbicidal combinations (Dass et al., 2016; Barla et al.,

2017; Meena et al., 2019; Rasmussen, 2004; Chaudhary et al.,

2017). The application of a single herbicide resulted in minimum

grain and straw yield in wheat due to poor weed control and

higher competition between the crop and weed (Rajpoot

et al., 2018).
Protein content of wheat grain and
economic analysis in relation
to herbicides

The findings of Choudhary et al. (2021) revealed that the

post-emergence application of sulfosulfuron 75% WG @ 25 g

a.i./ha + metsulfuron 5% WG @ 2 g a.i./ha significantly higher

protein yield. In general, WFC plots attained better growth due

to the elimination of narrow leaved weeds and broad leaved

weeds in addition to better availability of growth factors. They

showed superior yield attributes and consequently higher wheat

yield, protein content, and protein yield in WFC (Dass et al.,

2016). An unweeded check plot creates unfavorable conditions

leading to poor uptake of nitrogen and lowering the protein

content of grain (Pandey et al., 2006).

Our economic results are similar to the results of Deshmukh

et al. (2020), they showed that the highest net monetary returns

and B:C ratio (64356 /ha, 3.69) were registered with application

clodinafop-propargyl + metsulfuron-methyl 0.06 + 0.004 kg/ha

followed by sulfosulfuron + metsulfuron-methyl 0.03 + 0.002 kg/

ha at 35 DAS (62162/ha and 3.40). The findings of Choudhary

et al. (2021) also supported the findings of the present study.
Conclusion

The highest weed dry weight was obtained with 125% RDF

compared to lower levels of fertility; however, optimum levels of

nitrogen and phosphorus should be used to minimize weed flora.

The post-emergence use of clodinafop-propargyl 15% +

metsulfuron-methyl 1% at 64 g/ha at 35 DAS was more effective

on complex weed flora than the other herbicides in wheat crops.

Clodinafop-propargyl 15% + metsulfuron-methyl 1% at 64 g/ha

significantly decreased weed population and weed dry weight. We

also recorded a superior value of weed indices i.e. higher weed

control efficiency, crop resistance index, and herbicide efficiency

index, and lower weed index over other herbicidal treatments.

Clodinafop-propargyl 15% + metsulfuron-methyl 1% at 64 g/ha
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reported significantly higher growth, yield parameters, and grain,

straw, and biological yield in addition to higher protein content in

grain. The highest net return was also recorded with this

herbicide. Sulfosulfuron 75% + metsulfuron methyl 5% @ 32 g/

ha was another effective herbicide to manage complex weed flora

in the wheat field.
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