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Canola is grown mainly as an oil-seed crop, but recently the interest in canola has increased due to its potential as a biodiesel
crop. The main objectives of this paper were to evaluate effects of abiotic factors and seed treatment on canola plant establishment
and pest pressure in the Southern High Plains of Texas. Data was collected at two field locations during the first seven months of
two field seasons. Based on multi-regression analysis, we demonstrated that precipitation was positively associated with ranked
plant weight, daily minimum relative humidity and maximum temperature were negatively associated with plant weight, and
that there may be specific optimal growth conditions regarding cumulative solar radiation and wind speed. The outlined multi-
regression approach may be considered appropriate for ecological studies of canola establishment and pest communities elsewhere
and therefore enable identification of suitable regions for successful canola production. We also demonstrated that aphids were
about 35% more abundant on non-treated seeds than on treated seeds, but the sensitivity to seed treatment was only within four
months after plant emergence. On the other hand, seed treatment had negligible effect on presence of thrips.

1. Introduction

“Canola” (Canadian oil low acid) refers to a wide range of
cultivars among three rapeseed species, Brassica napus L.,
B. rapa L., and B. juncea L., genetically selected to have
less than 2% of erucic acid in the oil and less than
30 µmol per gram glucosinolates in the oil-free meal [1–
3]. In Australia, canola is the third largest winter crop [4]
with an annual production of over 1.6 million metric tons
(http://www.abareconomics.com/), and it is the most impor-
tant oilseed crop in western Canada [5]. In South America,
canola has been proposed as a valuable spring crop [6], and
special emphasis has been given to its potential as a possible
biodiesel crop [7]. In the US, canola is cultivated as winter
crop on the Northern Great Plains [8], and as a summer
crop in the Central Great Plains [9]. Potential advantages of

canola include using it as rotational crop to wheat [10–12],
sorghum [13], and other crops [14]. In addition, canola has
a high capacity of nitrogen accumulation [15] and prevents
nitrogen loss from leaching [2]. Interestingly, Kirkegaard et
al. [16] showed that cattle grazing on a winter canola crop
did not significantly impact seed yields, which underscores
the potential of canola in mixed farming systems. Certain
adapted varieties of canola have shown considerable toler-
ance to freezing and cold stress in the seedling stage [8],
and particularly B. juncea seems to be adapted to dry and
hot conditions [17, 18]. Due to the considerable potential of
canola production in many parts of the world and a growing
demand for biofuels, new regions are being explored for
their suitability regarding expansion of canola production
(including the Southern High Plains). With regard to canola
establishment, many factors have been evaluated, including



2 International Journal of Agronomy

crop rotation [19], seed size and weight [20], seeding date,
and polymer seed coating [21], but few studies have provided
quantitative analyses of how abiotic factors directly affect
canola establishment and about the relationship between
canola plant development insect pest pressures.

The main objective of this study was to provide a
quantitative analysis of how abiotic factors affect canola plant
establishment at two experimental field locations during two
consecutive growing seasons in the Southern High Plains
(northwestern Texas and eastern New Mexico). Growers and
researchers are particularly interested in obtaining more
quantitative information on the value/importance of seed
treatment due to concerns about herbivorous insects and
fungal pathogens on canola seedlings. Consequently, this
study included a specific evaluation of the impact of seed
treatment on both canola plant establishment and insect pest
pressures. With this study focusing on canola establishment,
we only collected data on plant growth and insect pest
communities during the initial seven months after planting.

2. Materials and Methods

2.1. Field Locations and Canola Plots. Southern High Plains,
or Llano Estacado, is a region between the Canadian River in
the Panhandle of Texas to the north, the Caprock Escarpment
the east and south, and the Pecos River Valley in New
Mexico to the west, with elevations ranging from 3,000′ to
4,200′. The two field locations included in this study, Halfway
(Texas) and Clovis (New Mexico), are only about 55 km apart
but cropping systems in the two areas are somewhat different.
In Clovis, the dominant crops (in rank order from first
to last) are winter wheat (87,000 ha), sorghum (26,000 ha),
grass hay, corn for grain and silage, alfalfa, cotton, and
peanuts (386 ha; USDA-NASS, 2008 statistics). In Halfway,
the dominant crops are upland cotton (97,000 ha), grain
sorghum (82,000 ha) and winter wheat (40,000 ha; USDA-
NASS, 2008 statistics). In the following, “growing season 1”
refers to canola planted in 2007 and harvested in 2008, and
“growing season 2” refers to canola planted in 2008 and
harvested in 2009. At both field locations and both years,
we planted three combinations of canola variety and seed
treatment (here denoted “canola type”: (1) DeKalb Mon-
santo DKW 13–69 RR (B. napus) in growing season 1 and
DKW 41–10 (B. napus) in growing season 2 with a labeled
rate of 14 mL per kg seed (equivalent to 21.5 fluid ounces per
100 lbs seed) of Prosper FX (Bayer CropScience Inc., Alberta,
Canada), and (2) Wichita (B. napus) with/without the same
labeled rate of Prosper treatment. In growing season 1 at
Halfway, canola plots were planted September 20, 2007. A
treatment plot consisted of eight canola rows planted 12 cm
apart and 8.1 m long (about 110 plants per row). Sixty units
of nitrogen were applied before planting. In growing season 1
at Clovis, canola plots were planted on September 27, 2007.
Eleven rows were planted 15 cm apart and 9 m long (about
130 plants per row). In growing season 2 at Clovis, canola
was planted September 17 and September 23 at Halfway, and
at both field sites we used the same field plot configurations
as in growing season 1. In all combinations of field location
and growing season, we planted treatment plots in a 3-by-8

grid pattern (N = 24 treatment plots) in a randomized block
design, in which three adjacent plots represented a block.
Thus, each treatment was replicated eight times.

2.2. Sampling. All canola samples consisted of individual
plants, which were collected in field plots and transferred
individually to labeled bags. Prior to each sampling event, a
random numbers table (based on replication number, plant
number (always counting from the same end of the treatment
plots), and row number in each plot) was used to select plant
samples from the eight treatment replications. If less than
eight samples were collected during a given sampling event,
then individual canola plants were sampled from different
replicated plots. In growing season 1, we collected 24 samples
(eight from each treatment) biweekly from canola field plots
in Halfway, TX and 12 samples (four from each treatment)
were collected monthly from Clovis. In growing season 2,
27 samples (nine from each treatment) were taken biweekly
from Halfway and 18 samples (six from each treatment)
were collected monthly from Clovis. After returning to the
laboratory, we weighed each plant, counted number of leaves
per plant, and counted and identified all insects per plant
to family level. We counted all insects on sampled plants,
and counts per plant were terminated if more than 100
individuals of a given taxon were found (max = 100). In
this study, we examined two insect variables: “aphids” (all
combined counts of aphids) and “thrips.”

2.3. Data Analysis. Procedures available in PC-SAS 9.2 (Cary,
NC) were used for statistical analyses. Prior to analysis,
all response variables (plant weight, number of leaves,
aphids, and thrips) were submitted to the Kolmogorov-
Smirnov test for normality (PROC UNIVARIATE normal
test) and to a Bartlett test for homogeneity of variances
(PROC GLM with option hovtest = bartlett). Even after
testing several commonly used data transformation options,
all response variables had frequency distributions that
were significantly different from a normal distribution
and significantly different variances (P < 0.05) for the
four combinations of growing season and field location.
Consequently, nonparametric analysis (PROC NPAR1WAY)
was used to conduct analysis of canola plant development
(response variable = plant weight) with data from each
sampling month being analyzed separately and with the
following descriptive variables: (1) “Seed” refers to the origin
of the seed materials with Wichita = 0 and DeKalb = 1, (2)
“Seed treatment”, which refers to whether the seed was treated
with a seed treatment (Treatment = 1) or not (Treatment
= 0), (3) “Treatment” refers to the difference between the
three types of seed material (Wichita with/without seed
treatment and DeKalb with seed treatment), (4) “Field site”
refers to field sites with Clovis = 0 and Halfway = 1, and
(5) “Season” denotes growing season 1 (Season = 1) and
growing season 2 (Season = 2). In both growing seasons and
at both field locations, canola plants emerged in November,
so we conducted separate analysis of monthly plant weight
data from December to April (five monthly analyses). We
used the same nonparametric analysis to examine effects
of the same descriptive variables on aphids and thrips.
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Table 1: F values from nonparametric analysis of ranked canola plant weight (grams).

Factor Dec Jan Feb Mar Apr All months

Seed 0.23 1.85 4.33(∗) 0.27 5.77(∗) 0.77

Seed treatment 0.92 0.92 0.65 0.14 3.87 2.24

Treatment 0.45 0.97 2.19 0.36 3.29(∗) 1.13

Site 16.88(∗∗∗) 0.61 4.41(∗) 1.60 0.62 0.02

Season 15.60(∗∗∗) 45.68(∗∗∗) 66.81(∗∗∗) 71.23(∗∗∗) 102.97(∗∗∗) 170.23(∗∗∗)

Canola plants were planted in September and emerged in November. Plant weight data were collected from December to April in two growing seasons and at
two field locations. ∗: significant difference at the 0.05 level, ∗∗: significant difference at the 0.01 level, and ∗∗∗: significant difference at the 0.001 level.
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Figure 1: Average monthly canola plant weight (grams) over time at two field locations. Canola plants were sampled from Clovis, NM ((a)
and (b)) and Halfway, TX ((c) and (d)) during growing season 1 (2007-2008) ((a) and (c)) and growing season 2 (2008-2009) ((b) and (d)).

Due to insects data violating the assumptions about normal
distribution and homogeneous variance, we divided aphid
densities into three classes (class 0 = plants without aphids
(38% of observations), class 1 = 1–15 aphids per plant (32%
of observations), and class 2 > 15 aphids per plant (30%
of observations)). With thrips only found on 25% of the
sampled plants, we divided the thrips data into presence

(class = 1; 25% of observations) and absence (class = 0;
75% of observations). “Leaves” refers to the number of leaves
per canola plant. Spearman correlation coefficient (PROC
CORR) was used in analysis of the correlation between
ranked plant weight and number of leaves per canola plant.
Multiregression analysis (PROC REG with forward selection
option) in PC-SAS was used to analyze the relationship
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Figure 2: Abiotic conditions at two field locations (Clovis and Halfway) during two growing seasons (2007-2008 and 2008-2009).

between abiotic conditions and ranked plant weight. In
this multiregression analysis, a random number option was
used to randomly select 67% of the data as training data
set, and the remaining 33% for independent validation.
We used a degree-day-type approach but without upper or
lower limits, so for each of the abiotic variables we simply
calculated cumulative values from planting date until day of
plant sampling. In this multiregression analysis, we included
quadratic responses of explanatory variables (in addition to

linear responses), as it was considered possible that canola
plants would show nonlinear responses to abiotic conditions.
The cumulative values of 12 abiotic explanatory variables
included in this analysis were based on daily recordings of
(1) minimum, maximum, and average temperature (◦C); (2)
minimum, maximum, and average relative humidity (%);
(3) precipitation (cm), (4) average and maximum wind
speed (m/s); (5) average and maximum solar irradiance
(KJ/m2); (6) soil temperature at 5.1 cm below surface. In
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Table 2: Linear and quadratic regression analysis of weight (gram) of canola plants.

Explanatory variable Parameter T value P value

Intercept 126.05134 1.38 0.1697

Precipitation (mm; linear) 0.76082 2.06 0.0402

Minimum daily relative humidity (%; linear) −0.43443 −6.56 <0.0001

Maximum daily solar radiation (KJ/m2; linear) 0.04336 6.59 <0.0001

Maximum daily solar radiation (KJ/m2; quadratic) −1.07E−07 −5.71 <0.0001

Maximum daily wind speed (m/sec; linear) −1.66063 −4.43 <0.0001

Maximum daily wind speed (m/sec; quadratic) 0.00036 3.45 0.0006

Maximum daily temperature (◦C; quadratic) −0.00083 −3.18 0.0016

The multiregression analysis was based on forward stepwise selection of linear and quadratic effects of 11 explanatory variables to ranked training plant weight
data from two growing seasons and two field locations (N = 412). The vertical sequence of explanatory variables reflects the descending order of selection
(contribution to regression fit).
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Figure 3: Seasonal dynamics of insect pests on canola plants. We assessed average density of aphids ((a) and (b)) and thrips ((c) and (d)) on
canola plants during growing season 1 (2007-2008) ((a) and (c)) and growing season 2 (2008-2009) ((b) and (d)).
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Figure 4: Average (s.e.) canola plant weights in response to grouped counts of aphids (a) and thrips (b). Aphid counts were divided into
three classes (class 0 = plants without aphids (38% of observations), class 1 = 1–15 aphids per plant (32% of observations), and class 2 >
15 aphids per plant (30% of observations)). Thrips data were divided into presence (class = 1; 25% of observations) and absence (class = 0;
75% of observations). ∗: significant difference at the 0.05 level,∗∗: significant difference at the 0.01 level, and ∗∗∗: significant difference at
the 0.001 level.

Table 3: F values from nonparametric analysis of grouped densities of aphids and thrips on canola plants.

Aphids Dec Jan Feb Mar Apr All months

Seed 0.90 17.23(∗∗∗) 13.33(∗∗∗) 4.14(∗) 1.22 15.89(∗∗∗)

Seed treatment 1.42 30.71(∗∗∗) 26.43(∗∗∗) 2.71 1.36 20.20(∗∗∗)

Treatment 0.78 17.42(∗∗∗) 14.29(∗∗∗) 2.40 0.86 12.28(∗∗∗)

Site 4.58(∗) 1.32 9.81(∗∗) 0.49 2.67 12.65(∗∗∗)

Season 10.03(∗∗) 2.38 1.59 5.78(∗) 17.91(∗∗∗) 4.98(∗)

Thrips

Seed 0.55 0.69 2.51 0.06 0.08 1.35

Seed treatment <0.00 0.04 1.92 2.25 <0.00 1.63

Treatment 0.37 0.60 1.49 1.23 0.05 1.01

Site 0.10 1.72 3.61 0.61 1.31 0.08

Season 8.78(∗∗) 18.69(∗∗∗) 9.76(∗∗) 70.81(∗∗∗) 86.68(∗∗∗) 13.83(∗∗∗)

Canola plants were planted in September and emerged in November. Insect data were collected from December to April in two growing seasons and at two
field locations. Aphid counts were divided into three classes (class 0 = plants without aphids (38% of observations), class 1 = 1–15 aphids per plant (32% of
observations), and class 2 > 15 aphids per plant (30% of observations)). Thrips data were divided into presence (class = 1; 25% of observations) and absence
(class = 0; 75% of observations). ∗: significant difference at the 0.05 level, ∗∗: significant difference at the 0.01 level, and ∗∗∗: significant difference at the
0.001 level.

this multiregression analysis, we also included linear effects
of: (1) Month of sampling (1–6), (2) “Treatment”, which
refers to whether the seed was treated (Treatment = 1) or
not (Treatment = 0), and the four of the explanatory variable
described above (Seed, Treatment, Field site, and Season).
Finally, nonparametric analysis (PROC NPAR1WAY) was
used to analyze the relationship between grouped counts of
aphids (class 0–2) or thrips (presence/absence) and canola
plants ranked by weight.

3. Results and Discussion

3.1. Canola Establishment. In total, 618 canola plants were
collected during two growing seasons from two field loca-
tions. The crop stand was heterogeneous with considerable

variation in plant weight among randomly selected plants.
For instance, February 18, 2009 we collected 24 canola plants
from field plots in Clovis, and plant weights ranged from
5.3 to 179.1 g (average 41.4 ± 9.4 S.E). This within-sample
variation in plant establishment has profound implications
for quantitative assessment of crop stand overall and of
evaluations of specific factors, such as seed treatment and
insect pest pressures, because it means that significant
difference between treatments can only be demonstrated if
the sample size is very large. As a consequence, we were
unable to use parametric statistics for the data analyses, as,
even after attempting several data transformation options,
the data sets violated basic assumptions about normality and
homogeneous variance. It was beyond the scope of this study
to develop any type sampling plan, but the heterogeneity of
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crop stand presented here certainly would support such an
effort.

Kamiab et al. [22] emphasized that low canola estab-
lishment and germination are major problems in arid and
semiarid environments, such as the Southern High Plains.
Based on correlation analysis, we found a strong positive
correlation between ranked plant weight and ranked number
of leaves per canola plant (N = 618, Spearman correlation
coefficient = 0.736, P < 0.001). This is important, as it
suggests that plant growth can be predicted quite accurately
based on simple counts of leaves as part of routine crop
scouting programs of canola fields. Facing the above-
mentioned crop stand heterogeneity, we showed that there
were no consistent significant effects of Seed, Seed type, and
Treatment, on weight of canola plants, while there was a
highly consistent and significant effect of Season and also
of Site (Table 1). For the entire sampling period combined,
only seasonal effect was significant among the examined
descriptive variables. Based on ranked plant weights, canola
plants were about twice as big in growing season 2 compared
to growing season 1 (Figure 1). Regarding effect of field
location, average ranked canola plant weights of plants from
December–April were about 15% higher at Clovis compared
to Halfway. Canola plants were already about twice as large in
December 2008 compared to December 2007. With similar
plant size difference between the two growing seasons at the
two field sites, it appears that regional abiotic conditions
allowed better canola plant establishment in growing season
2 compared to growing season 1. With significant effect of
season in all months and a significant effect of site in two
months, it appeared that establishment of canola plants was
driven almost exclusively by abiotic conditions, while source
of canola seeds, and seed treatment had only negligible
effects on crop establishment. Abiotic conditions generally
showed larger variance across growing seasons than between
the two field locations (Figure 2).

In the multiregression analysis of the ranked plant weight
training data set (66% of the data selected by random) we
obtained a highly significant regression of ranked canola
plant weight in the training data set with seven abiotic
factors as explanatory variables (df = 7,405, adjusted R2-
value = 0.501, F value = 61.96, P < 0.001). From this
regression analysis, the parameters suggested that (Table 2)
(1) cumulative values of daily precipitation were positively
associated with ranked plant weight, (2) cumulative values
of daily minimum relative humidity and maximum temper-
ature were negatively associated with plant weight, (3) there
was a positive linear plant weight response to maximum
solar radiation but also a negative quadratic response, and
(4) there was a negative linear plant weight response to
maximum wind speed but also a positive quadratic response.
Thus, it appears that there may be specific optimal growth
conditions regarding cumulative solar radiation and wind
speed. Drought stress and high temperature are often cited
as the major causes of yield reduction [8, 12, 17, 23, 24].
Thus, our model exercise corroborates results from studies
published elsewhere and revealed that a wide range of
abiotic variables appear to affect, positively or negatively,
the establishment of canola plants. Using the parameters in

Table 2 and the independent validation data, we obtained
a significant correlation between observed and predicted
transformed canola plant weight (df = 1,214, adjusted R2-
value = 0.475, F value = 185.49, P < 0.001).

3.2. Insect Sampling and Identification. All insect sampling
methods are associated with some level of bias, but in this
study we decided to use whole plant sampling. Clearly,
this approach may have negatively affected counts of flying
insects, but it should be emphasized that most of the
sampling was conducted in the winter months with com-
paratively low ambient temperatures and therefore reduced
insect mobility. Several aphid species are known to infest
canola, including cabbage aphids (Brevicoryne brassicae L.),
turnip aphids (Lipaphis erysimi Kaltenbach), and green
peach aphid (Myzus persicae Sulzer) [4], and all of these
species were found in this study. Often, individual plants
were found to have more than one aphid species and with
sometimes more than 100 aphids in different development
stages on a single plant, it was decided not to distinguish
among species. Throughout the two consecutive growing
seasons (2007–2009), a total of eight different insect taxa
were found on developing canola plants at the two field
locations: aphids, greenbugs (Toxoptera graminum Rond.),
thrips, diamondback moth larvae (Plutella xylostella L.), flea
beetles, clouded plant bug (Neurocolpus nubilus Say), lady
beetles, and pirate bugs. As already mentioned, insect counts
of a taxon on a given plant were terminated if more than 100
individuals were found, but still 7,039 insects were identified
from plants in growing season 1 and 9,020 in growing season
2. Western flower thrips (Frankliniella occidentalis Pergande)
were by far the most abundant thrips species, but other thrips
species have been reported on canola and may have occurred
in small numbers, but they were not detected in this study. In
growing seasons 1 and 2, aphids accounted for 95% and 92%
of total insect counts, respectively, while thrips accounted for
3% and 6% in the two growing seasons. Aphids were found
on 62% of the sampled canola plants, while thrips were only
present on 25% of the sampled plants. King et al. [24] found
L. erysimi to be a serious pest on canola, and their density
was not affected by drought stress. Moreover the authors
show that high density of aphids could induce economic
damage on canola because they reduce growth of the plant
and decrease leaf water content. At both field sites, aphids
became progressively more abundant during the initial seven
months after plant emergence in both seasons (Figures 3(a)
and 3(b)). Although aphid densities were higher in growing
season 2 compared to the previous year, the seasonal patterns
were quite similar at the two field locations and for the
two growing seasons. We found considerable variation in
average thrips densities both between field locations and
across growing seasons, but these pests appeared to be most
abundant in March and April (Figures 3(c) and 3(d)). As
there is a considerable variation in the effect of drought
stress and global warming on pest population depending
on species and host plant (e.g., [25–27]), it is crucial to
know which factors influence their density on canola. Based
on the nonparametric analyses of insect counts divided
into classes, we showed that (Table 3) (1) aphids responded
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strongly to seed materials in the months of January and
February and for the entire sampling period while thrips
appeared to be unaffected by seed materials. Regarding
aphid responses to seed materials (seed, seed treatment, and
combination of seed and seed treatment), the average rank
of thrips density for the entire sampling period was highest
on Wichita with seed treatment and lowest on DeKalb with
seed treatment. (2) Aphids showed a Site effect in the first
months of sampling, while presence of thrips was similar
at the two field locations. For the entire sampling period,
ranked aphid counts were about 25% higher at Halfway
compared to Clovis. (3) There was a strong and consistent
seasonal effect on presence of thrips in all months and for
the entire sampling period. For the entire sampling period,
thrips presence was about twice as frequent in growing
season 2 compared to growing season 1. Aphids showed a
less consistent seasonal response but they were significantly
more abundant in growing season 2 compared to growing
season 1. Our analysis highlighted that thrips and aphids
do not seem to respond equally to the agro-ecological
conditions associated with canola cropping systems in the
Southern High Plains. Especially, aphids responded to seed
treatment and were about 35% more abundant on non-
treated seeds. However, we also found that both insect
pests were significantly associated with large canola plants
(Figure 4). That is, using ranked plant weight data and
grouped insect count data, we conducted nonparametric
comparisons and obtained significant trends with both pests
being more abundant on larger canola plants (P < 0.05).
We suspect that larger canola plants are proportionally more
attractive to both pests, and/or large canola plants are able to
sustain larger pest populations than smaller plants.

4. Final Remarks

Challenges associated with early establishment of canola
were underscored by the present data, in which canola plants
grew significantly better in growing season 2 compared to
growing season 1. Based on independent validation of multi-
regression analyses, we have provided a better understanding
of which abiotic variables appear to determine not only
early establishment of canola plants, but they also influence
the abundance of key canola pests. We demonstrated that
precipitation was positively associated with ranked plant
weight, daily minimum relative humidity and maximum
temperature were negatively associated with plant weight,
and that there may be specific optimal growth conditions
regarding cumulative solar radiation and wind speed. The
outlined multiregression approach may be considered appro-
priate for ecological studies of canola establishment and pest
communities elsewhere and therefore enable identification
of suitable regions for successful canola production. We also
demonstrated that aphids were sensitive to seed treatment
but only within four months after plant emergence, while
seed treatment had negligible effect on presence of thrips.
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