
World Journal of Agricultural Sciences 4 (S): 908-913, 2008
ISSN 1817-3047
© IDOSI Publications, 2008

Corresponding Author: Lekhanath Paudel, Department of Natural Resources and Environmental Sciences Alabama A&M
University, Normal, Alabama, 35762,

908

Influence of Timing of Herbicide Application on Winter Canola Performance

Lekhanath Paudel, Udai R. Bishnoi, George O. Kegode and Ernst Cebert1 1 2 1

Department of Natural Resources and Environmental Sciences Alabama A&M University,1

Normal, Alabama, 35762,
Department of Agriculture, Northwest Missouri State University, Maryville, MO 64468-6001,2

Abstract: Canola (Brassica napus L.) is an important source of vegetable oil for humans and canola cake is a
nutritious  feed  for  animals.  However,  weeds  are  one  of  the  major  constraints  in  canola  production  in
the  southeastern  regions  of  the  United  States  causing  loss  upto  50  percent  in  yield. Control of weeds
in spring canola has been reported but research on weed control in winter canola has not been well
documented. Therefore, research experiments were conducted from 2005 to 2007 to evaluate the effects of
herbicide application timings on canola performance. Results showed that pre-emergence timing of trifluralin
@ 1 kg ai ha  resulted 496 kg ha , 411 kg ha , 502 kg ha  higher canola yield as compared to control in 2005,1 1 1 1

2006 and 2007, respectively. Pre-emergence application timing of trifluralin gave 79% less weed biomass than
control plots. Increasing weed density and weed biomass significantly reduced the canola yield whereas
increasing plant height increased the canola yield significantly. This study revealed that herbicide application
timing significantly reduced weed biomass and increased canola yield.
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INTRODUCTION Canola grown in the United States is predominantly

Canola (Brassica napus L.) is a member of the Dakota, Minnesota and Montana. North Dakota produces
Brassicaceae family. Canola’s origin dates back to an over 90 percent of the US canola crop. In 2007, it
oilseed crop grown in the 13  century called rapeseed. produced 0.6 m mt valued at $245.5 million. The totalth

Although this crop was cultivated centuries ago, United States crop that year reached 0.7 m mt and was
rapeseed was not used extensively until World War II valued at $266 million [1]. However, the current acreage
when it was  found  to  be  an  excellent  lubricant  for and production of canola is inadequate to meet the
steam engines in ships. The first edible rapeseed was domestic demand of canola oil in U.S.A. The United
developed in Canada in 1956 and the “canola” name was States has to import over 80% of its canola seed
registered in the late 1970s [1]. The term “canola” is a requirement from Canada [3]. Import of canola oil can be
registered trademark of the Canadian Canola Association reduced or avoided by growing winter canola in the
which is derived from Canadian Oil Low Acid. Thus, southeastern U.S.A [4].
canola refers to new cultivars of rape seed that produce Like winter wheat, canola can be doubled-cropped
oil with less than 2% erucic acid content and meals with with summer crops with even higher economic return than
less than 30 mmol of aliphatic glucosinolates per gram [2]. wheat [5]. However, among the major limitations of canola

Canola is now second only to soybean as the most production in the southeastern U.S. is competition from
important  source  of  vegetable  oil  and during the past the weeds causing 50% loss in yield [6]. In a study,
20 years use of canola oil has surpassed peanut, Jennifer et al. [6] reported that weeds have reduced
sunflower and cottonseed [2]. Worldwide production of canola yield upto 77 to 91%. Research reporting on weed
canola was 47.6 million tons in 2006/2007 and US shared control in winter canola is almost non existence for the
1% of this global production. Canola is extensively southern states. Therefore, to develop efficient weed
produced in Canada, Europe, China and Australia and to management system for winter canola this study was
a limited extent in the United States [3]. undertaken to determine  the effect of pre-plant, pre-

the spring type and is grown in northern states of North
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emergence and post-emergence application timing of Pre-emergence application of trifluralin was applied
herbicide on agronomic characteristics and their September 21 in 2005, September 30 in 2006 and October
relationship to canola yield by simple linear regression. 8 in 2007. Post-emergence application of sethoxidim was

MATERIALS AND METHODS Canola was harvested on June 5 in 2006, june12 in 2007

Field experiments were conducted to determine the
effect of application timing of herbicide on winter canola Data Collection: Canola height. Height (cm) was
performance.  The  field  experiments were conducted at measured from 5 randomly selected plants from each plot
the Winfred Thomas Agricultural Research Station, at physiological maturity of crop. The height of these 5
Hazelgreen, (latitude  34   55’ N, longitude 86 35’ E and plants averaged over all four replication have been0 0

234 m altitude), Alabama during 2005, 2006 and 2007 crop reported.
growing  seasons.  Soil at the experimental site is a
Decatur silty clay loam (clayey, kaolinitic, thermic rhodic Number of Branches: It was measured  as  branch
paleudults). Sites were selected based on the dense numbers of 5 randomly selected plants from each plot at
infestation of winter weeds such as ryegrass (Lolium physiological maturity of crop. The branch numbers of
multiflorum), henbit, (Lamium amplexicaule) primrose these 5 plants averaged over all four replication have been
(Oenothera laciniata), poorjoe (Diodia teres) and vetch reported.
(Vicia  sativa).  Before  planting, the experimental area
was  limed  and  fertilized based on soil test. Fertilizers Number  of  Pods:  It  was  measured  as  pod  numbers of
were applied as: N: P: K: 135: 95: 45 kg ha . One third of 5 randomly selected plants from each plot at physiological1

nitrogen fertilizer was applied as basal during seeding time maturity of crop. The pod numbers of these 5 plants
and two third was applied at green up in the spring averaged over all four replication have been reported.
(March). Phosphorus and potassium fertilizer was applied
during land preparation in fall. Planting was done by Weeds  Density:  Number  of weeds was counted from
using 6 row-planters with each row 19 cm apart in 5.2 m two of the established quadrats of 0.19 m  at physiological
long and 1.2 m wide plots. All recommended cultural maturity of canola. The number of emerged weed
practices for canola production were uniformly followed seedlings within each quadrat were counted and averaged
during all years of experiments [8]. and were reported as number of plants 0.19 m . Emerged

This experiment consisted of five weed management seedlings were removed from each quadrat after they had
treatments: Weedy (W), Weed free (WF), pre-plant been counted.
application timing of herbicides (PPI), pre-emergence
application timing of herbicides (PRE) and post emergence Seed Yield: The center 4 rows of each plot were harvested
application timing of herbicide (POST). Each of these by use of a combine. The harvested seed yield from both
treatments  was  replicated  4 times in randomized quadrats was added into the yield of each plot. The
complete block design. Trifluralin as PPI was applied @ harvested seed from each plot were cleaned, weighed and
1.0 kg ai ha  trifluralin as PRE and sethoxidim as POST the final yield per treatment have been reported as kg ha1

were applied using a back pack hand held and at 8.5% adjusted moisture.
compressed-air sprayer (Teejet Spraying Systems Co,
North Avenue, Wheaton, IL 60189) calibrated to deliver Weed Biomass: At physiological maturity of canola, all
herbicide  at  1.0  kg a.i ha . Weedy plots were the weeds were dried at 38  C until constant weight. The1

maintained by allowing all weeds to grow and weed free total dry weight of weeds from two quadrats of a plot was
check treatment were maintained by keeping plots free of expressed as weed biomass in kg ha .
weeds manually.

Each experimental plot was 1.2 m wide and 5.5 m long Statistical Analysis: All the data recorded for various
and had 6 rows each planted at 19 cm apart. Canola cv. canola plant or weed characteristics were subjected to
Jetton was seeded in well prepared seedbed with a drill analysis of variance to test significance treatment effects
row  planter  at a seeding rate of 5 kg ha  on September by using the General Linear Model (GLM) procedure of1

20 in 2005, September 29 in 2006 and October 7 in 2007. Statistical Analysis System [9]. Data for weed density and
Pre-plant application of trifluralin was applied September weed biomass taken from quadrats of 0.19 m were
19 in 2005, September 28 in 2006 and October 6 in 2007. subjected  to  log   (x+1)   transformation   for  analysis

applied in March 15 in 2005, 2006 and 2007, respectively.

and June 9 in 2008, respectively.
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and analysis of variance was done on the data as
suggested by Bartlett [10] but means were shown in m .-2

Transformation   did   not   change   interpretation,  thus
in results, data from non transformed are presented.
Treatment means were separated using Fisher’s protected
LSD test at 5% level significance (P<0.05) and the results
are presented by year since year õ treatments were
significant. Regression analysis was done by using
statistical analysis software. Yield, dependent variable,
was regressed on the independent variables (height, weed
density and weed biomass) to quantify their relationship
and estimation.

RESULTS AND DISCUSSION

Effect of Herbicide Application Timings on Plant Height:
The average heights of canola significantly varied from
weedy (W) to weed free check (WF) plot in all years
(Table  1).  Among  the  herbicide  application   timing,
pre-emergence application timing of herbicide resulted in
significantly higher plant height than post-emergence and
pre-plant application timing of herbicide in all years. The
mean height due to and among the various herbicide
application  times  were significantly different (P<0.05).
Pre-emergence application timing of herbicide produced
18.5%, 17.0% and 12.5%, taller plant than weedy in 2005.
2006 and 2007, respectively. Amin et al. [11] observed
similar results due to pre-emergence application of
herbicide in comparison to weedy and other treatments.

Effect of Herbicide Application Timings on Number of
Branches: The average branches plant of canola varied1

from weedy (W) to weed free check (WF) plot and
differences were highly significant in all years (Table 2).
Among the herbicide application timing, pre-emergence
application timing of herbicide showed significantly
higher number of branches in comparison to post-
emergence and pre-plant application timing of herbicide in
all years. Pre-emergence application of herbicide produced
50%, 83% and 133% more branches than weedy plots in
2005, 2006 and 2007, respectively. Similar results have
been reported by Khan et al. [12] and Marwat et al. [13].
They found that pre-emergence application of herbicide
showed highest number of branches plant  in canola in1

comparison to pre-plant timing and post-emergence timing
of herbicide.

Effect of Herbicide Application Timings on Numbers of
Pods:  The  average  number  of pods plant  of canola1

was the  lowest  in  weedy (W) and the highest in weed
free  check  (WF)  plot   and  the  differences  were  highly

Table 1: Effect of herbicide application timing on canola plant height (cm)
2005, 2006 and 2007

Year
-----------------------------------------------
2005 2006 2007
-----------------------------------------------

Treatments Rate (kg ha ) Mean1

W …… 65.3e 64.5e 69.0e
WF …… 81.0a 78.5a 83.5a
PPI Trifluralin  1 68.6d 67.0d 72.3d
PRE Trifluralin  1 77.4b 75.5b 77.6b
POST Sethoxidim  1 71.0c 69.1c 76.2c
Lsd 0.05 0.87 1.55 1.00
W,  Weedy;   WF,   Weed   Free;   PPI,   Pre-Plant   incorporated;   PRE,
Pre-emergence;  POST,   Post   emergence

Table 2: Effect of herbicide application timing on number of branches
plant  in 2005, 2006 and 20071

Year
------------------------------------------------
2005 2006 2007
------------------------------------------------

Treatments Rate (kg ha ) Mean1

W …… 2.8 d 2.4 e 2.4 e
WF …… 6.7 a 5.1 a 6.7 a
PPI Trifluralin  1 4.2 c 3.1 d 3.4 d
PRE Trifluralin  1 5.6 b 4.4 b 5.6 b
POST Sethoxidim  1 3.8 c 3.8 c 4.0 c
Lsd 0.05 0.68 0.41 0.55
W,   Weedy;   WF,   Weed   Free;  PPI,  Pre-Plant  incorporated;  PRE,
Pre-emergence; POST, Post emergence

Table 3: Effect of herbicide application timing on number of pods plant  in1

2005, 2006 and 2007
Year

-----------------------------------------------
2005 2006 2007
-----------------------------------------------

Treatments Rate (kg ha ) Mean1

W …… 20.5 e 17.5 e 21.9 e
WF …… 72.4 a 62.8 a 72.8 a
PPI Trifluralin  1 32.5 d 26.1 d 34.4 d
PRE Trifluralin  1 58.6 b 49.1 b 59.0 b
POST Sethoxidim  1 41.4 c 35.6 c 42.4 c
Lsd 0.05 1.68 1.14 0.88
W,  Weedy;  WF,  Weed  Free;   PPI,   Pre-Plant   incorporated;  PRE,
Pre-emergence; POST, Post emergence

significant in all years (Table 3). Among the herbicide
application timing, pre-emergence application of herbicide
showed significantly higher numbers of pods plant  in1

comparison to post-emergence and pre-plant application
timing of herbicide. The mean pod numbers due to and
among the various herbicide application timing were
significantly different (P<0.05). Pre-emergence application
of  herbicide  produced  185%,  180%,  169%  higher  pods
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Table 4: Effect of herbicide application timing on weed density m  at-2

physiological maturity of canola in 2005, 2006 and 2007

Year
-----------------------------------------------
2005 2006 2007
-----------------------------------------------

Treatments Rate (kg ha ) Mean1

W …… 79.0 a 72.5 a 81.5 a
WF …… 0.0 e 0.0 e 0.0 e
PPL Trifluralin 1 47.5 b 47.0 b 49.0 b
PRE Trifluralin 1 26.5 d 27.0 d 29.0 d
POST Sethoxidim 1 36.0 c 35.5 c 38.0 c
Lsd 0.05 2.50 2.00 2.00

W,  Weedy;  WF,  Weed  Free;   PPI,   Pre-Plant   incorporated;  PRE,
Pre-emergence; POST, Post emergence

Table 5: Effect of herbicide application timings on weed biomass (kg ha )1

at physiological maturity of canola in 2005, 2006 and 2007

Year
------------------------------------------------
2005 2006 2007
------------------------------------------------

Treatments Rate (kg ha ) Mean1

W …… 2452.4 a 2528.6 a 2771.8a
WF …… 0.0 e 0.0 e 0.0 e
PPL Trifluralin 1 1082.7 b 1082.7 b 1157.7b
PRE Trifluralin 1 522.9 d 524.5 d 573.0d
POST Sethoxidim 1 894.4 c 894.4 c 994.4c
Lsd 0.05 38.10 58.30 115.80

W,  Weedy;  WF,  Weed   Free;   PPI,   Pre-Plant   incorporated;  PRE,
Pre-emergence; POST, Post emergence

Table 6: Effect of herbicide application timings on canola yield (kg ha ) in1

2005, 2006 and 2007

Year
------------------------------------------------
2005 2006 2007
------------------------------------------------

Treatments Rate (kg ha ) mean1

W …… 267.5 e 202.1 e 274.9 e
WF …… 1146.6 a 807.8 a 1129.4a
PPL Trifluralin 1 528.6 d 468.4 d 527.4d
PRE Trifluralin 1 763.3 b 613.1 b 777.3b
POST Sethoxidim 1 651.9 c 517.c 676.9 c
Lsd 0.05 5.20 4.50 2.65

W,  Weedy;  WF,  Weed  Free;   PPI,   Pre-Plant   incorporated;  PRE,
Pre-emergence; POST, Post- emergence

than that of weedy plots in 2005, 2006 and 2007,
respectively. Similar results have been reported by
Marwat et al. [13]. They found that under Pakistan’s
winter conditions pre-emergence application of herbicide
showed  the highest numbers of pods plant  in canola in1

comparison to other application timing of herbicides.
These  results  are  in  conformity  with   those  reported
by  Thomas  [14]  and  Marwat  et  al.  [13]  who observed
that PRE herbicides efficiently enhanced the yield
components.

Effect of Herbicide on Application Timings Weed
Density: The average weed density observed at
physiological maturity of canola was observed
significantly varied from weedy (W) to weed free check
(WF) plot in all years (Table 4). 

Among the herbicide application timing, pre-
emergence application of herbicide showed significantly
lower  weed  density in comparison to post-emergence
and pre-plant application timing of herbicide in all years.
Pre-emergence application timing of herbicide produced
66%, 63%, 64.4% lower weed density than weedy plots in
2005, 2006 and 2007, respectively. This result was similar
to findings of Amador et al. [15] and they reported that
pre-emergence application timing of herbicides gave good
result  in weed control in chili pepper in comparison to
pre-plant and post –emergence application timing of
herbicides.

Effect of Herbicide Application Timings on Weed
Biomass: The average weed biomass of canola at
physiological maturity varied significantly from W to WF
plots (Table 5). Among the herbicide application timing,
pre-emergence application timing of herbicide showed
significantly lower weed biomass in comparison to post-
emergence and pre-plant application timing of herbicide in
all years. The average weed biomass due to and among
the various herbicide application timing was significantly
different (P<0.05). Pre-emergence application timing of
herbicide produced 78%, 79%, 79% lower biomass than
weedy plots in 2005, 2006 and 2007 respectively. 

The differences in the weed biomass among
treatments  may  be  due to differences in phytotoxic
effect of herbicidal treatments. Pre-emergence herbicide
treatments are indispensable to control many weeds
before they emerge. Similar findings have also been
reported by Tiwari and Kurchania [16]. They reported that
weed biomass is reduced with the use of chemicals and
causes increase the yield [17].

Effect of Herbicide Application Timings on Canola Yield:
The average yield of canola varied from weedy (W) to
weed free check (WF) plot and differences were highly
significant in all years (Table 6). Among the herbicide
application  timing,  pre-emergence application timings of
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Table 7: Estimation of parameters to predict yield of canola through simple
regression analysis in 2005

Parameter Standard
Variable df Estimate Error t value Pr > |t| R2

Intercept 1 -2802.85 250.88 -11.17 <.0001
Ht 1 47.82 3.44 13.89 <.0001 0.91

Intercept 1 1071.44 38.13 28.10 <.0001
Wd 1 -53.00 4.17 -12.72 <.0001 0.89

Intercept 1 993.79 41.49 23.95 <.0001
Wdm 1 -0.33 0.03 -10.08 <.0001 0.84

Ht: Plant height; Wd: Weed density; Wdm: Weed biomass

Table 8: Estimation of parameters to predict yield of canola through simple
regression analysis in 2006

Parameter Standard
Variable df Estimate Error t value Pr > |t| R2

Intercept 1 -1905.80 240.12 -7.94 <.0001
Ht 1 34.23 3.38 10.14 <.0001 0.85

Intercept 1 814.34 20.71 39.31 <.0001
Wd 1 -40.23 2.38 -16.88 <.0001 0.94

Intercept 1 749.91 17.14 43.75 <.0001
Wdm 1 -0.23 0.01 -17.39 <.0001 0.94

Ht: Plant height; Wd: Weed density; Wdm: Weed biomass

Table 9: Estimation of parameters to predict yield of canola through simple
regression analysis in 2007

Parameter Standard
Variable df Estimate Error t value Pr > |t| R2

Intercept 1 -3192.15 440.67 -7.24 p<.0001
Ht 1 51.10 5.81 8.80 p<.0001 0.81

Intercept 1 1074.59 37.79 28.43 p<.0001
Wd 1 -50.50 3.98 -12.68 p<.0001 0.89

Intercept 1 984.55 40.43 24.35 p<.0001
Wdm 1 -0.28 0.03 -9.95 p<.0001 0.84

Ht: Plant height; Wd: Weed density; Wdm: Weed biomass

herbicide  showed  significantly higher yield in
comparison to post-emergence and pre-plant application
timing of herbicide. The average yield due to and among
the various herbicide application timings were
significantly different (P<0.05). Pre-emergence application
timings of herbicide produced 185%, 200%, 182% higher
yield than that of weedy plots in 2005, 2006, 2007
respectively. The effective performance of pre-emergence
application  timings  of herbicide was observed on
reduced growth and population of weeds from the very
beginning, which increased seed yield in rapeseed
significantly.  Similar  result   has   been   reported by
Khan et al. [12], Singh et al. [17], Yadav et al. [18] and
Khan et al. [19]. 

Canola Yield Estimation Through Simple Regression
Method:  The  regression  result   between   canola  yield
as  dependent  variable  and  canola   height, weed
density,  weed  biomass as independent variable were
fairly  similar  between  2005  and  2007  but different in
2006 but coefficients of parameters observed highly
significant (P=0.05) in all years. Model also observed
significant relationship among crop characteristics and
yield. Results from the data of 2005 showed that
increasing weed biomass  by  100  kg  ha    decreased1

canola   yield  by 33  kg  ha (Table  7); increasing the1

height  of  a  plant   by   1   cm   also   increased  the
canola  yield  by  48  kg  ha .  Increasing  weed density1

by  5  plant m   decreased  the yield by 53 kg ha .-2 1

Results from the data of 2006 revealed that increasing
height by   1  cm  plant   increased  the  canola yield by1

34   kg   ha    (Table   8).   Increasing   weed  density  by1

5 plant m  decreased the canola yield by 40 kg ha .-2 1

Increasing  weed  biomass  by  100  kg  ha   decreased1

the  canola  yield  by  22  kg  ha .  In  the same way1

results  from the data of 2007 demonstrated that
increasing plant height by 1 cm plant  increased the1

canola yield by 51 kg ha  (Table 9). Increasing weed1

density by 5 plant m  reduced the canola yield-2

significantly by 50 kg ha . Increasing by 100 kg ha in1 1

weed biomass significantly reduced the canola yield by 28
kg ha . Yield values in all three years were different1

possibly because of variation in weather conditions. The
negative sign suggested that increasing weed  biomass,
weed  density  decreased canola yield in all the years. The
different values among the years suggested that yield of
canola fluctuate significantly with the different
environment.

CONCLUSIONS

Pre-emergence timing of trifluralin @ 1 kg ai ha 1

resulted 496 kg ai ha , 411 kg ai ha , 502 kg ai ha1 1 1

higher canola yield in 2005, 2006 and 2007, respectively
and  gave  79%  less  weed  biomass  as  compared to
control. Pre-emergence timing of trifluralin @ 1 kg ai ha 1

produced significantly tallest canola plants (77 cm),
highest number of branches plant (5.2), highest number-1

of pods plant  (56), less weed density (28 m ), less weed1 -2

biomass (540 kg ha ) in comparison to pre-plant and1

post-emergence application timing of herbicide.
Increasing the number of weed density m  reduced the-2

yield of canola significantly.
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