Influence of an increase in

temperature and decrease in
rainfall on canola production
at Langgewens and Tygerhoek

INTRODUCTION

There are two main production areas for canola in the Western
Cape with different climatic conditions, namely the Swartland
and southern Cape (Lombard & Nel, 2007, Lombard, Strauss &
Smerenburg, 2008). Canola is produced for its high food quality ol
and is the major oilseed crop in the Western Cape. There are three
production factors that are of economic value, namely vield, oil and
protein percentage.

The production potential in the Swartland is mainly influenced by
four factors: total rainfall during the growing season, sail structure,
depth and water-holding capacity (mm) (Anonymous 1985b and
Anonymous 2008). Short rotation systems are followed in the
Swartland (Hardy, 2007).

The production potential in the southern Cape is mainly influenced
by the mean rainfall during the growing season, percentage
stone fraction, and depth of the scil (Anonymous 1985a; Hardy,
2007, Anonymous 2008). The potential production season in the
southern Cape is longer than that of the Swartland due to rainfall
that is distributed over a longer period.

For this study two representative localities were selected namely
Langgewens in the Swartland and Tygerhoek in the southern Cape.
The Swartland, with its typical Mediterranean climate (dry summers
and wet winters), has the highest rainfall during the months of April
to September. During the trial period, Langgewens received 81.5%
of its rainfall from April to September, compared to Tygerhoek
(50.6%). Rainfall can be highly variable within season, with
periodically hot dry periods in autumn and spring (Hardy, 2007).

Temperature influences all chemical and physical processes of
plants. The diffusicn of gases and the movement of water through
the plant hasten with an increase in temperature. Temperature
affects most biochemical processes including the activity of
enzymes and their stability (Arnon, 1992). Higher temperatures,
moisture stress and long days hasten maturity. These factors in
combination can severely affect the formation of pods, seeds per
pod, seed size and oil content (Canola Council of Canada, 2003).

The importance of canola as a rotation and cash crop in the Western
Cape is undeniable, even more so in recent years where sustainable
production has been key. The prediction for the Western Cape is an
increase in temperature and decrease in rainfall (Johnston

& Hewitson, 2009; Conway, 2008). The question can thus be
raised: what will the impact be on the yield of canocla? Will there
be response differences between the three genotypes, and is the
viability of the industry possibly at stake?

MATERIALS AND METHODS

Crop performance data taken from the Western Cape Department
of Agriculture cultivar evaluation programme and corresponding
weather data (ARC - Soil Climate and Water; SA Weather Service)
were used in the analysis

Normal agronomic practices were followed to control weeds,
insects and plant diseases. Plant nutrition was applied according
to recommendations received from the Elsenburg soil laboratory.
A randomised block design with three replicates was used at each
site. The plot size was 5m by 21m (10.5m2).

The following values were calculated for four years to investigate
the reaction of Australian cultivars in the Western Cape: mean post-
anthesis temperature, minimum temperature (50% flowering and
60 days thereafter), maximum temperature (50% flowering and
60 days thereafter), post-anthesis heat units and in-season rainfall
(planting until 60 days after 50% flower) (Hocking, Kirkegaart,
Angus, Gibson & Koetz, 1997; Si & Walton, 2004).

Physiclogical maturity date was not collected in this study and
is a limitation. In the data set, the mean temperature, minimum,
maximum temperature and heat units were calculated for the
period 50% anthesis to 60 days after anthesis.

Pearson correlation coefficients and linear regression analysis were

used for the data 2004 to 2008. Since 2004, enough cultivars of
a genotype were included in the national cultivar programme to
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divide them into developmental groups, early and medium for this
study. Linear regression analysis was applied for the relationship
between early and medium development for 2004 to 2008 at
both locations for all three canola genotypes. These relationships
were examined on the basis of genotype (development group) x
locality. Pearson correlation coefficients were used to determine
the significance of correlations between selected variables and
seed vield.

Influence of temperature on yield

Results: Langgewens

Later flowering genotypes are exposed to higher temperatures
during flowering and the seed-fill period is shorter as result (Farré,
Robertson, Walton & Asseng, 2002; Robertson, Holland & Bambach,
2004; Si & Walton, 2004; Aksouh-Harradj, Cambell & Mailer, 2006).

" In the local study the influence of minimum, mean and maximum

daily temperature on seed yield was evaluated. The correlation
coefficients between yield and temperature are given in Table 1.

Table 1: Coefficients of correlation for conventional genotype
(early and medium) between yield, minimum, mean and maximum
daily temperature for Langgewens (upper line = early development
group, lower line = medium developmental group)

Conventional Yield ::;Erar?;. Mi:;:pu_m M'icrelinn::.m
Yield 1 -0.78*** | -0.74** | -0.78"*
1 -0.56** -0.50* | -0.66***
Mean temp. -0.78%** 1 0.99*** 0.96%**
-5t 1 ggrs 0.98**+*
Max. temp. ~0.75 0.99%** 1 D920
-0.50* 0.99*** 1 0.94***
Minimum temp. | _q 7g#*+ 0.96%** 0.92%*+ 1
-0.66*** 0.98*** 0.94*** 1

*P<0.05 " P<0.01 ***P < 0.001

Both the conventional developmental groups showed a strong
negative correlation coefficient to temperatures (Table 1). The
linear correlations for the early conventional genotype to minimum,
mean and maximum daily temperature were R2 = 0.61, = 0.59 and
= 0.55 respectively (Figures 1, 2 and 3). The medium conventional
genotype showed less of a response and had R2s of 0.43, 0.31 and
0.25respectively. Thurling & Vijendra Das (1979), Farré et al. (2002);
Robertson Holland, Cawley, Potter, Burton, Walton & Thomas,
2002 and Si & Walton (2004) found that early flowering cultivars
produced a higher seed vyield because the seed matures under
cooler and wetter conditions. Previous studies found a strongly
negative relationship between seed vield and air temperature
(Farré et al. 2002; Morrison & Steward, 2002; Si & Walton, 2004
and Abolfazl, Nassar, Afshin & AMIR 2008).
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Figure 1: Linear regressions fitted between yield and minimum daily



temperature at Langgewens for the early and medium genotypic
groups:

Conventional (early) development y =-416.11x + 6063.4, RP = 0.61
Conventional (medium) development y = -285.05x + 4862, RP = 0.43
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Figure 2: Linear regressions fitted between yield and mean daily
temperature at Langgewens for the early and medium genotypic
groups:

Conventional (early) development y =-294.76x +6614.3, RB = 0.59
Conventional (medium) development vy = -171.14x +4829.5, RD =0. 31

Influence of in-season and post 50% flowering rainfall on yield
Results: Langgewens

The coefficient of correlation for conventional genotype (early and
medium) between yield, oil, protein and in-season rainfall is given
in Table 3. The correlation coefficients between vield and in-season
rainfall for early conventional (P<0.05), medium TT (P<0.001) early
(P<0.05) and medium CI (P<0.001) were significantly correlated.

Table 3: Coefficients of correlation for conventional genotype
(early and medium) between yield, oil, protein, in-season rainfall
and temperature at Langgewens (upper line early development
group; lower line medium development group)

Conventional Yield t[\;iqag_ t(:/lr:'?p m;;‘;?;ﬁn
Tl 1.00 -078*  [-078** [0.44*

1.00 -056  |-0.66* |0.36
Mearitemp.  |.gzges |ump 0.96** |-0.56*

-057* 100 0.98***  |-0.49*
Min temp -078"*  |0.96**  [1.00 -0.70"**

-066™  |0.98**  [1.00 -0.60"**
FSEEEER 0.44* 056 |-0.70** [1.00
rainfall 0.36 -0.49**  |-060*** [1.00
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Figure 3: Linear regressions fitted between yield and mean
maximum daily temperatures at Langgewens for the early and
medium genotypic groups,

Conventional (early) development y =-215.34x +6665.4, RD = 0.55
Conventional (medium) development y = -116,16x + 4686.2, RD = 0.25

Results: Tygerhoek

In this study the influence of minimum, mean and maximum
daily temperature on seed vield was evaluated. The correlation
coefficients between vields and temperatures are given in Table
2. The medium conventional group showed a negative correlation
(-0.51, P<0.05) between yield and maximum temperature. There
were no significant linear correlations between yield and maximum
temperatures (Table 2).

At Langgewens the total in-season rainfall varied (from plant to 60
days following 50% flower) from 198.9mm to 493mm. Tygerhoek
received less rainfall and varied between 126.6mm 349.4mm.
Stored soil water was not taken into account.

Table 2: Coefficient of correlation for conventional genotype (early
and medium) between yield, minimum, mean and maximum daily
temperatures for Tygerhoek (upper line early development group;
lower line medium development group)

Conventional Yield :;i?;_ Mi:;n;m Mitre]if‘r:‘::rm
Yield 1 -0.32 -0.26 -0.03
1 -0.35 -0.51* 0.03
Mean temp. -0.32 1 0.66%** 0.80**
-0.35 1 Q.82 0.80%**
Max. temp. (96 0.66*** 1 on
-0.51* 0.82%+* 1 0.33
Minimum temp. -0.03 0.80%** o1 1
0.03 0.80%" 0.33 1

* P <005, ** P < 0.01,**P <0.00]

* For P <0.05, ** P <0.01, ***P < 0.001

Previous studies have focused on the importance of post-flowering
rainfall (Robertson & Holland, 2004; Robertson & Kirkegaard, 2005).
There is considerable scatter in the data around the regression line
from the effect of timing and intensity of rainfall. The seed vyield
of the early conventional genotype (R2 = 26) showed a significant
increase in seed yield as the in-season rainfall increased (Figure 4).
However, both in-season and post 50% flowering rainfall showed a
positive correlation as the total amount of rainfall increased.
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Figure 4: Linear regressions were fitted between yield, in-season
and post 50% flowering rainfall for the earlya and mediumb
conventional genotypes at Langgewens,

Results: Tygerhoek

The coefficients of correlation for conventional genotype (early
and medium) between yield and in-season rainfall are given in
Table 4. The correlation coefficients between yield and in-season
rainfall for early conventional (P<0.05) medium TT (P<0.05) were
significantly correlated. No linear correlation between yield and
in-season rainfall occurred at Tygerhoek (P< 0.05) for the medium
genotype,

Table 4: Coefficients of correlation for conventional genotype (early
and medium) between yield, in-season rainfall and temperature at
Tygerhoek (upper line early development group; lower line medium
development group)



Conventional Yield tt?;. t(:’lrinnp; In;;ii;ﬁm
Yield 1.00 078 |-a78*~ |0.44r
1.00 -056*  |-0.66"** |0.36
Meantemp. | .g7g*  [1.00 0.96"*  |-0.56**
-0.57** 100 0.98**  |-0.49**
Min temp -0.78"  |0.96"  [1.00 QTO*
-066*  |0.98**  [1.00 -0.60**
In-season 0.44* “.0.56*  [-0.70*** [1.00
rainfall 0.36 -0.49*  [-0.60*** [1.00
* For P < 0.05, ** P < 0.01, ***P < 0.001
DISCUSSION
Temperature

The local study was executed under rain-fed conditions with no
control over the timing of rainfall or temperatures. A previous
study found that data will scatter along the line due to timing
of heat and water stress (Si & Walton, 2004). Post-anthesis
development periods shortened with an increase in temperature
and a decrease in rainfall. The consequence of lower post-anthesis
temperature is a longer grain-filling period, according to Farré
et al. (2002); Robertson et al. (2004) and Aksouh-Harradj et al.
(20086). Premature leaf shedding takes place during warm and
dry conditions. Redistribution of dry matter from leaves provides
33-36% of the yield of the canola seed (Hocking et al. (1997).

Variation in response to temperature occurred at Langgewens,
while no linear correlation was found between temperature and
seed yield at Tygerhoek. An increase of 1°C in the minimum
temperature with no difference in rainfall will result in a yield
decline of 13.41% ha-1 at Langgewens. Producers may experience
a decline in yield of 201kg ha-1 based on a yield of 1500kg ha-

1. Although minimum temperature and in-season rainfall
were highly correlated at both locations it is difficult to determine
the relative importance of each factor (Si & Walton, 2004).

A dearth of information on the influence of minimum temperature
on the canola plant is prevalent. Pritchard, Eagles, Salisbury

& Nicolas (2002) found that an increase in minimum daily
temperature affected ocil content negatively (-0.29), (P<0.05)
but the maximum temperatures strongly influenced the seed
composition (0.42) (P<0.001). Australian studies found that
seed yield is negatively influenced by an increase in mean post-
anthesis air temperature (Hocking et al. 1997; Si & Walton, 2004;
Abglfazl et al. 2009). Hocking et al. 1997 and Abolfazl et al. 2009
found a decline in seed yield of 289 kg ha-1 and 303 kg ha-1to
338 kg ha-1respectively, with an increase by 1°C in the mean daily
temperature.

Robertson et al. (2002) and Donnelly & Hume (1998) found
that the vyield difference was greater in the higher-yielding
environments, which may explain the difference in response
between the higher- yielding environment of Langgewens, and
that of Tygerhoek with its lower trial yields. A combination of
factors other than temperature and rainfall alone was responsible
for the reaction in seed vield at Tygerhoek.

Rainfall

At Larggewens the in-season rainfall explained between 36%,
and 44% of the variation in yield (coefficients of correlation).
The results at Langgewens corresponded with what Robertson &
Kirkegaard (2005) found: R2=30, using 42 data sets. The scatter
of the data around the regression line was caused by the effect of
the timing of rainfall and heat stress. In a South African study on
wheat production and rainfall, a correlation of R2=53 was found
(Blignaut, Ueckermann & Aronson, 2009).

No correlation was found between total in-season rainfall
and vield at Tygerhoek. The in-season rainfall was less than at
Langgewens, with more water-stress periods during the mid-
growing season. High-intensity rainfall can cause water runoff or
soil moisture that drains to below the root zone. This variation
results in an ineffective measurement of data (Robertson &
Kirkegaard, 2005). The occurrence of a high stone fraction in
shallow soils at Tygerhoek, with the possibility of stored soil water
at planting, may have contributed to there being no significant
correlation (P<0.05) between in-season rainfall and seed yield.

CONCLUSION
Canola Is produced under rain-fed conditions in the Western
Cape where large scale season-to-season variability in rainfall

and temperature occurs. It is evident that an increase in
temperature and decrease in seasonal rainfall will affect the yield
potential of canola negatively. The timing of water stress and
high temperatures during the growing season complicated the
accurate prediction of the negative impact of these factors.
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