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Abstract
A field experiment was conducted to study the nutrient uptake, quality
and yield of wheat as influenced by different herbicides on clay loam
soil at Instructional Farm of Rajasthan College of Agriculture, Udaipur
during the rabi season of 2016-17. The experiment was laid out in
randomize block design has replicated thrice. The experiment consisted
of eleven treatments viz. halauxifen methyl ester + florasulam +
polyglycol at 12.76 g ha-1 (T1), metsulfuron + surfactant at 4 g ha-1 (T2),
carfentrazone at 20 g ha-1 (T3), 2, 4-D Na Salt at 500 g ha-1 (T4), 2, 4-D
Ester at 500 g ha-1 (T5), metsulfuron + carfentrazone + surfactant at 4 g
+ 20 g ha-1 (T6), 2, 4-D Na + carfentrazone at 400 g + 20 g ha-1 (T7), 2,
4-D E + carfentrazone at 400 g+ 20 g ha-1 (T8), halauxifen + florasulam
+ carfentrazone + surfactant at 10.21 g + 20 g ha-1 (T9), weedy check
(T10) and weedy free (T11). Among the herbicidal treatments,
application of halauxifen + florasulam + polyglycol at 12.76 g ha -1
recorded significantly maximum N, P and K uptake, protein content and
yield over rest of the weed control treatments.
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Introduction
Wheat stands second to rice under food grain with a production of 99.70 million tonnes from an area of 29.576
million ha with a productivity of 3.37 tonnes ha-1 during 2016-17 [1]. The five major wheat growing states of Uttar
Pradesh, Punjab, Madhya Pradesh, Haryana and Rajasthan contributed nearly 86.0 per cent of the total production in
the country. Punjab has the highest average productivity of 4.70 t ha-1 followed by Haryana (4.40 t ha-1). Rajasthan
accounted for about 10.71 per cent (3.31 m ha) of the national area and 11.10 per cent (12.18 m t) of grain production
with average productivity of 3.67 t ha-1 [2]. Weeds competing with crops for limiting resources such as light, water
and nutrients resulting adversely affect the crop growth and yield by [3] The intensity and duration of the crop-weed
competition determines the magnitude of crop yield losses [4]. Avoiding or reducing crop yield losses due to weed
competition requires the utilization of diverse and effective weed management programs [5]. Among several
constraints of wheat production, weed infestation is a major one [6]. Weed interference is one of the most important
but less noticed factor, contributing towards lowering the yield of wheat. Weeds not only reduce the crop yield,
deteriorate the quality of farm produce but also trim down the market value of crop [7]. Uncontrolled growth of weeds
on an average caused about 48 per cent reduction in grain yield of wheat when compared with weed free condition
[8].

Materials and Methods
The experiment was conducted at the Instructional Farm, Department of Agromomy, Rajasthan College of
Agriculture, Udaipur which is situated at 24035' N latitude and 74042' E longitude. The region falls under the Agro
Climatic Zone IVa of Rajasthan (i.e. Sub-Humid Southern Plain and Aravalli Hills). The average rainfall of Udaipur
is 637 mm, most of which (80-85 %) is received through south-west monsoon during July to early September. The
mean maximum and minimum humidity at Udaipur fluctuate in between 46.0 to 92.14 per cent and 10.86 to 47.0 per
cent, respectively. Maximum and minimum temperature during the experimental period ranged between 20.91 º C to
38.14 º C and 5.64 º C and 19.74 ºC, respectively (Figure 1). There was 3.0 mm rainfall received during the crop
season. The soil of the experimental site was clay loam in texture and slightly alkaline in reaction. It is low in
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available nitrogen (287.5 kg ha-1), medium in organic carbon (0.62%) and phosphorus (23.6 kg ha-1) and high in
available potassium (366.1 kg ha-1). The experiment was laid out in Randomize Block Design and replicated thrice.
Wheat variety Raj.- 4079 was used as test crop. The experiment consisted of eleven treatments viz. halauxifen
methyl ester + florasulam + polyglycol at 12.76 g ha-1 (T1); metsulfuron + surfactant at 4 g ha-1 (T2); carfentrazone at
20 g ha-1 (T3); 2, 4-D Na Saltat 500 g ha-1 (T4); 2, 4-D Esterat 500 g ha-1 (T5); metsulfuron + carfentrazone +
surfactantat 4 g + 20 g ha-1 (T6); 2, 4-D Na + carfentrazone at 400 g + 20 g ha-1 (T7); 2, 4-D E + carfentrazone at 400
g+ 20 g ha-1 (T8); halauxifen + florasulam + carfentrazone + surfactant at 10.21 g + 20 g ha-1 (T9); weedy check (T10);
weedy free (T11). A blanket dose of clodinafop 60 g ha-1 was applied 7 days before application of herbicidal
treatments to control grassy weeds. Weed free plots were completely weed free from crop germination to harvest by
manual weeding. All the herbicides were applied as post-emergence at 32 days after sowing. Ready mix herbicides
were applied as per treatment through knapsack sprayer fitted with flat fan nozzle using spray volume of 500 litre
ha-1 after calibration. Wheat variety Raj 4079 was drilled at 20.0 cm row spacing on 11 th November, 2016 using 100
kg ha-1 seed rate. The crop was supplied 120 kg N ha-1 half of which was drilled in crop rows at sowing while
remaining half was top dressed in two equal splits at the time of first and second irrigation. Protein content in
wheat grain was calculated by Lowery et al., 1951 method [16]. For estimation of nitrogen, phosphorus and
potassium contents, representative plant samples were collected at harvest, oven dried and grind to fine powder and
nutrient contents in grain and straw were estimated as per the method adopted for determination of nutrients content
(Table 1). After threshing and winnowing the grain weight from net plot was recorded and expressed as kg ha -1. The
straw yield was calculated by subtracting grain yield from respective biological yield of each treatment and expressed
as kg ha-1. The ratio of economic yield (grain yield) to the biological yield was worked out and expressed in
percentage [9].

Figure 1Mean weekly weather parameter during the crop growth period of Rabi 2016-17
Table 1 Methods for determination of nutrients content
Nutrients
Method of analysis
Nitrogen
Nesseler’s reagents colorimetric method
Phosphorus Ammonium vanadomolybdo phosphoric acid yellow colour method
Potassium
Flame photometer method

Reference
[10]
[11]
[12]

Results and Discussion
Nitrogen, Phosphorus and Potassium content and uptake in grain and straw
All the weed control measures tended to improve the nitrogen, phosphorus and potassium by grain and stover
compared to weedy check (Table 2). Nutrient uptake by crop is primarily a function of yield and nutrient content. The
highest NPK uptake was recorded halauxifen + florasulam + polyglycol at 12.76 g ha-1 which might be due to
decreased crop weed competition had concurrently increased in nutrient availability, better crop growth and higher
crop biomass production coupled with more nutrient content. The data reveal that maximum nitrogen, phosphorus and
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potassium content were recorded in the plot weed free (2.10, 0.317 and 0.365 %) followed by halauxifen + florasulam
+ polyglycol (2.085, 0.313and 0.359 %), halauxifen + florasulam + carfentrazone+ surfactant (2.05, 0.313 and 0.357
%) and 2, 4-D E + carfentrazone (2.040, 0.307 and 0.347 %). The statistical analysis revealed that the effect of all
these three treatments were at par. The N content recorded under weedy check was significantly lower than rest of the
weed control treatments (Table 2). A weedy crop resulted in least nutrient uptake. Application of weed control
measures tended to enhance nitrogen, phosphorus and potassium uptake significantly weed free accounted for highest
gains in nitrogen, phosphorus and potassium uptake (55.4, 76.8 and 67.8 %) followed by halauxifen + florasulam +
polyglycol (50.0, 70.4 and 61.0 %), the results of two being at par. Next in the succession were halauxifen +
florasulam + carfentrazone + surfactant (46.8, 69.5and 58.8) and 2, 4-D E + carfentrazone (45.6, 65.9 and 54.6 %)
over weedy check (Table 2). Variation in nitrogen content of wheat straw was registered under the influence of
various weed control treatments. However, the test of significance revealed significant increase over weedy check
was achieved only by three treatments namely weed free (0.35, 0.25 and 1.4 %) halauxifen + florasulam + polyglycol
(0.34, 0.25and 1.42 %) and halauxifen + florasulam + carfentrazone+ surfactant (0.34, 0.24 and 1.4 %) (Table 2). The
increased uptake of N, P and K by crop in herbicide treated plots has also been reported by Devi et al., 2017 [13].
Mitra et al.(2019) [17] reported that lowest weed index and maximum herbicides efficiency index was recorded by
metsulfuron + carfentrazone + surfactant treatment (6%)which was closely followed by halauxifen-methyl +
florasulam+ carfentrazone + surfactant treatment (9.3%). Superiority of this combination in suppressing the weed
flora leading to less competition for nutrients resulting higher uptake of nutrients by wheat.
Table 2Effect of herbicides on nutrient content in wheat grain and straw
Nutrient content (%)
Grain
Straw
Nitrogen Phosphorus Potassium
Nitrogen Phosphorus
Halauxifen+ Florasulam+
2.085
0.313
0.359
0.348
0.250
Polyglycol
Metsulfuron+ Surfactant
2.016
0.287
0.330
0.300
0.200
Carfentrazone
1.907
0.250
0.317
0.280
0.180
2,4-D Na Salt
1.911
0.243
0.310
0.273
0.177
2,4-D Ester
1.962
0.250
0.330
0.283
0.193
Metsulfuron+ Carfentrazone +
2.037
0.290
0.340
0.317
0.203
Surfactant
2,4-D Na+ Carfentrazone
2.020
0.287
0.337
0.313
0.203
2,4-D E+ Carfentrazone
2.040
0.307
0.347
0.327
0.230
Halauxifen+ Florasulam+
2.059
0.313
0.357
0.345
0.240
Carfentrazone + Surfactant
Weedy check
1.751
0.231
0.280
0.243
0.143
Weed free
2.108
0.317
0.365
0.356
0.250
SEm±
0.024
0.005
0.008
0.004
0.004
CD (P=0.5)
0.070
0.014
0.022
0.013
0.011
Treatments

Potassium
1.427
1.347
1.333
1.333
1.347
1.353
1.350
1.353
1.400
1.267
1.433
0.020
0.060

Total nutrient uptake by crop and protein content
The increase uptake of nutrients by crop under the influence of herbicidal treatments was due to the fact that these
treatments effectively suppressed the growth of both categories of weeds which ultimately lead to increase availability
of nutrients to the crop and their more transaction towards sink i.e. grain. Thus higher nutrient content coupled with
higher crop yield whereas in undisturbed environment of weedy plots, applied nutrient were shared by weeds because
of their competiveness and better root system, thus crop was derived of these nutrients. The data revealed that
maximum total nutrient uptake by weed free plot and it statistically at par with halauxifen + florasulam + polyglycol
and halauxifen + florasulam + carfentrazne + surfactant. Compared to weedy check these treatments increase the N
uptake by 58.2, 52.3 and 49.5 percent, 89.9, 84.9 and 80.0 per cent increase in P uptake and 36.3, 32.9 and 29.8 per
cent increase in P uptake over weedy check, respectively (Table 3 and Figure 2). Compared to weedy check, weed
control through all means under experimentation increased protein content by wheat grain. While highest protein
content was accounted by weed free (13.17 %), its effect was statistically at par withhalauxifen + florasulam +
polyglycol (13.03 %), halauxifen + florasulam + carfentrazone + surfactant(12.87 %) and 2, 4-D E +
carfentrazone(12.75 %) and metsulfuron + carfentrazone+ surfactant (12.73 %) (Table 4). The results are closely
related with findings of Mahmoud et al., (2016) [14].
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Table 3 Effect of herbicides on nutrient uptake by wheat crop
Nutrient uptake (kg ha-1)
Grain
Straw
N
P
K
N
P
K
Halauxifen+ Florasulam+ Polyglycol
107.37 16.14 18.48 25.27 18.16 103.67
Metsulfuron+ Surfactant
99.39 14.17 16.28 20.46 13.65 91.98
Carfentrazone
87.48 11.47 14.54 18.72 12.05 89.18
2,4-D Na Salt
88.04 11.20 14.28 18.40 11.95 89.84
2,4-D Ester
90.76 11.58 15.26 19.02 12.98 90.49
Metsulfuron+ Carfentrazone +
102.26 14.57 17.07 22.39 14.34 95.56
Surfactant
2,4-D Na+ Carfentrazone
101.31 14.40 16.89 21.81 14.14 94.11
2,4-D E+ Carfentrazone
104.40 15.71 17.75 23.05 16.21 95.39
Halauxifen+ Florasulam+
105.29 16.05 18.23 24.89 17.33 101.07
Carfentrazone + Surfactant
Weedy check
71.70 9.47 11.48 15.39 9.08 80.43
Weed free
111.43 16.75 19.26 26.35 18.49 105.98
SEm±
3.42
0.71 0.59 0.39 0.42 2.55
CD (P=0.5)
10.09 2.09 1.75 1.16 1.23 7.51
Treatments

Total
N
132.64
119.85
106.20
106.44
109.79
124.65

P
34.29
27.82
23.52
23.15
24.56
28.91

K
122.14
108.26
103.72
104.12
105.76
112.62

123.12 28.54 111.01
127.45 31.92 113.14
130.18 33.38 119.31
87.10
137.79
3.50
10.32

18.55
35.23
0.83
2.46

91.91
125.24
2.60
7.67
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Figure 2 Effect of herbicides on nutrient uptake by wheat crop (kg ha-1)
Table 4 Effects of herbicides on protein content of grain
Treatments
Percent
Halauxifen+ Florasulam+ Polyglycol
13.03
Metsulfuron+ Surfactant
12.60
Carfentrazone
11.92
2,4-D Na Salt
11.94
2,4-D Ester
12.26
Metsulfuron+ Carfentrazone + Surfactant
12.73
2,4-D Na+ Carfentrazone
12.63
2,4-D E+ Carfentrazone
12.75
Halauxifen+ Florasulam+ Carfentrazone + Surfactant 12.87
Weedy check
10.94
Weed free
13.17
SEm±
0.15
CD (P=0.5)
0.44
DOI:10.37273/chesci.CS20510154
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Grain and Straw Yield

The data revealed (Table 5) that minimum gain was recorded by weedy check (4097 kg ha -1). Amongst treatments,
highest yield (5287 kg ha-1) was obtained in weed free plot which statistically at par with halauxifen + florasulam +
polyglycol (5151kg ha-1), halauxifen + florasulam + carfentrazone + surfactant (5117 kg ha -1), 2, 4-D E +
carfentrazone, metsulfuron + carfentrazone + surfactant, 2, 4-D Na + carfentrazone and metsulfuron + surfactant. The
array of increase ranged from 5.5 (under carfentrazone) to 16.6 per cent (under weed free) over weedy check. The
maximum straw produced by weed free plot (7395 kg ha-1) which statistically at par with halauxifen + florasulam +
polyglycol, halauxifen + florasulam + carfentrazone + surfactant, 2, 4-D E + carfentrazone, metsulfuron+
carfentrazone + surfactant, 2, 4-D Na + carfentrazone and metsulfuron + surfactant. It is well established fact that
least crop weed competition during critical phases of crop growth exerts an important regulation function on complex
process of yield formation due to better availability of water, space and nutrient. The results corroborate the findings
of Mahmoud et al., (2016) [14], [15], Chhokar et al.,2015 [18]
Correlation study
In present study, high positive and significant correlation was documented between grain yield and N, P and K uptake
by grain with the corresponding ‘r’ values as 0.96, 0.91 and 0.92, respectively. Similarly, high positive and significant
correlation was also found between stover yield and N, P and K uptake by stover with the corresponding ‘r’ values as
0.97, 0.97and 0.99, respectively (Table 6).
Table 5 Effect of herbicides on yield and harvest index
Yield (kg ha-1)
Grain Straw Biological
Halauxifen+ Florasulam+ Polyglycol
5151
7264
12415
Metsulfuron+ Surfactant
4930
6821
11751
Carfentrazone
4587
6689
11277
2,4-D Na Salt
4606
6743
11350
2,4-D Ester
4630
6726
11356
Metsulfuron+ Carfentrazone + Surfactant
5021
7063
12085
2,4-D Na+ Carfentrazone
5015
6967
11982
2,4-D E+ Carfentrazone
5117
7050
12167
Halauxifen+ Florasulam+ Carfentrazone + Surfactant 5117
7220
12337
Weedy check
4097
6341
10438
Weed free
5287
7395
12682
SEm±
174.70 207.99 252.44
CD (P=0.5)
515.38 613.56 744.70
Treatments

Harvest index
(%)
41.49
41.96
40.69
40.61
40.76
41.55
41.85
42.06
41.31
39.30
41.68
1.18
3.47

Table 6 Correlation coefficient (r) and regression equation (Y = a + bX) between various weed and crop parameters
Grain yield
Total N uptake by crop 0.960** Y= 2083.88+23.47X
Grain yield
Total P uptake by crop 0.914** Y= 3072.46+63.77X
Grain yield
Total K uptake by crop 0.928** Y= 988.18+35.06X
Straw Yield
Total N uptake by crop 0.977** Y= 4544.04+20.14X
Straw Yield
Total P uptake by crop 0.977** Y= 5344.50+56.44X
Straw Yield
Total K uptake by crop 0.993** Y= 3388.01+32.04X
Biological yield Total N uptake by crop 0.997** Y= 6629.20+43.60X
Biological yield Total P uptake by crop 0.981** Y= 8418.13+120.18X
Biological yield Total K uptake by crop 0.980** Y= 4377.88+67.10X

Conclusion
The highest grain yield (5151 kg ha-1) was obtained by halauxifen + florasulam +polyglycol, which was followed by
halauxifen + florasulam + carfentrazone + surfactant (5117 kg ha-1). Maximum biological yield (12415kg ha-1) was
recorded by controlling weeds through halauxifen + florasulam + polyglycol while maximum straw yield was also
obtained by application by halauxifen + florasulam + polyglycol (7264 kg ha-1). The maximum harvest index (42.06
%) was achieved through 2, 4-D E + carfentrazone. The highest protein content (13.03 %) was achieved through
halauxifen + florasulam + polyglycol. The maximum N, P and K uptake (132.64, 34.29 and 122.14 kg ha -1,
DOI:10.37273/chesci.CS20510154
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respectively) was observed by controlling weeds through halauxifen + florasulam + polyglycol, which was found
significantly superior over rest of the weed control treatments.

References
[1] DACFW. 2018-19. Annual Report, Department of Agriculture, Cooperation & Farmers Welfare, Ministry of
Agriculture, Cooperation & Farmers Welfare, Government of India, New Delhi.
[2] Commissionerate of Agriculture, Crop-wise Area, Production and Yield of various principal crops Second
Advance Estimates of Kharif 2019 & First Advance Estimates of Rabi 2019-20, Rajasthan–Jaipur
[3] Harper, J. I. 1977.The population biology of plants.Academic Press, London, UK.
[4] Swanton, C.J., Nkoa, R. and Blackshaw, R.E. 2015. Experimental methods for crop-weed competition
studies.Weed Science 63(1): 2-11.
[5] Chauhan, B.S. and Opena, J. 2013. Implication of plant geometry and weed control options in designing a lowseeding seed-drill for dry seeded rice system. Field Crops Research.144: 225-231.
[6] Zimdahl, R.L. 2004. Weed-Crop Competition: A Review. Blackwell publishing 99(2): 131-145.
[7] Hussain, Z., Munsif, F., Shah, S.I.A., Gul, B., Khan, N., Kakar, Siraj-ud-din and Ahmad, A. 2012.Assessment
of weed problems in wheat crop of Peshawar Pakistan. Pakistan Journal of Weed Science Research 18(3): 357366.
[8] Singh, R, Shyam, R., Singh, V.K., Kumar, J., Yadav, S.P. and Rathi, S.K. 2012. Evaluation of bioefficacy of
clodinafop-propargyl + metsulfuron-methyl against weeds in wheat. Indian Journal of Weed Science 44(2): 81–
83.
[9] Donald, C. M. and Hamblin, J. 1976. The biological yield and harvest index of cereals as agronomic and plant
breeding criteria. Advances in Agronomy28: 361-404.
[10] Jackson, M.L. 1973. Soil chemical analysis.Prentice Hall of India Pvt. Ltd. New Delhi.
[11] Richards, LA 1968. Diagnosis and improvement of saline and alkaline soils.United States Department of
Agriculture Handbook No. 60.
[12] Lindner, R.C. 1944. Rapid analytical method for some of the more common substances of plant and soil. Plant
Physiology19(1): 76-84.
[13] Devi S, Hooda V.S., Singh, J. and Kumar, A. 2017.Effect of planting techniques and weed control treatments
on growth and yield of wheat. Journal of Applied and Natural Science 9(3): 1534 -1539.
[14] Mahmoud, S. M., Soliman, F. S. and Elsheik, M. 2016. Combination of halauxifen – methyl + florasulam with
other grassy herbicides against complex weed flora in wheat (Triticum aestivum).Journal of Plant Protection
and Pathology7(5): 315-320.
[15] Progress Report.2017. All India Coordinated Research Project on Wheat and Barley Improvement. Indian
Institute of Wheat and Barley Research, Karnal, Haryana.pp- 11.
[16] Lowery, O. H., Rosenbrough, N. J., Farr, A. L. and Randall, R. J. 1951.Protein measurement with the foiling
phenol reagent. Journal of Biological Chemistry193(1): 265-275.
[17] Mitra B., Barman, R. and Mondal, T. 2019. Control of broad-leaved weeds in wheat under eastern subHimalayan plains. Indian Journal of Weed Science 51(1): 27–31.
[18] Chhokar R.S., Sharma R.K., Gill S.C., Meena R.P. 2015. Herbicides for broad-leaved weeds management in
wheat. Indian Journal of Weed Science 47(4): 353–361.
© 2020, by the Authors. The articles published from this journal are distributed
to the public under “Creative Commons Attribution License” (http://creative
commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original
work, all the articles can be used without any restriction or can be distributed in
any medium in any form. For more information please visit www.chesci.com.

DOI:10.37273/chesci.CS20510154

Chem Sci Rev Lett 2020, 9 (34), 382-387

Publication History
Received
04.03.2020
Revised
26.04.2020
Accepted
14.05.2020
Online
30.05.2020

Article cs20510154

387

