Journal of Bio-Environment Control, 18(2):142-147, (2009)

Physiological Response, Fatty Acid Composition and Yield Component
of Brassica napus L. under Short-term Waterlogging

Yang-Gyu Ku', Won Park!, Jin-Ki Bang’, Young-Seok Jang?, Yong-Beom Kim®,
Hyun-Jong Bae*, Mi-Chung Suh’, and Sung-Ju Ahn'*
!Department of Plant Biotechnology, Bioenergy Research Institute,
College of Agriculture and Life Science, Chonnam National University, Gwangju 500-757, Korea
?Bioenergy Crop Research Center. National Institute of Crop Science,
Rural Development Administration, Muan 534-833, Korea
*Department of Ginseng and Herbal Crop Research, National Institute of Horticultural & Herbal Science,
Rural Development Administration, Eumseong 369-873, Korea
*Wood Science and Technology, BK21 Program, College of Agriculture and Life Science,

Chonnam National University, Gwangju 500-757, Korea

Abstract.

The effects of short-term waterlogging on physiological responses, fatty acid compositions and

yield components of rapeseed at both the vegetative growth and the reproductive growth stages were
assessed in this study. Waterlogged plants were treated for a period of 10 days at the vegetative growth stage
and 4 days at the reproductive growth stage. The results show that photosynthesis and stomatal conductance
at both the vegetative growth and the reproductive growth stage were significantly reduced during the water-
logging period and after the recovery period. When the plants were removed from water, photosynthesis and
stomatal conductance progressively restored similar values to those of control plants within 2~3 days. Fatty
acid compositions were unaffected by waterlogging treatment. However, yield components (pod number and
pod length) of the waterlogged treated plants at the reproductive growth stage were significantly reduced.
These results suggest that short-term waterlogging may thus influence oilseed yield component.
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Introduction

Brassica napus L. (Brassicaceae), is one of major oil-
seed crops commonly cultivated cereal-growing areas after
the rice harvest in Asia countries, has recently focused
much attention as its seed is the primary source for biodie-
sels. In rapeseed growing regions of South Korea, typical
double-cropping regions are constantly or periodically
received with pootly drained soil condition. In recent, glo-
bal warming has resulted in greater than normal rainfall
during vegetative growth and reproductive growth stages
and also causes waterlogging for several days.

The responses of plants to waterlogging are widely well
known (Bange et al., 2004; Else et al., 2001; Graaini et al.,
2007; Orchard et al., 1985). First of all, waterlogging has
occurred the rapid condition of anoxia and hypoxia in the
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soil, with effects of O, supply, water and nutrient absorp-
tion (Araki, 2006). In addition, waterlogging damage has
been attributed to reduction of plant growth (Issarakraisila
et al.,, 2007; Orchard and Jessop, 1984; Zhou and Lin,
1995), reduction of stomatal conductance, photosynthesis
and transpiration (Bange et al., 2004; Ortuno et al., 2005;
2007), and decrease of seed weight and seed oil content of
rapeseed (Gutierrez Boem et al., 1996).

Under natural conditions, waterlogging induces the
growth and development of the rapeseed plant in the field
for several days, but when the plants are removed from
the water, they recover from the waterlogging stress.
Ortuno et al. (2007) previously reported that the leaf
water potential of the lemon plant’s response to flooding
evidenced a progressive reduction, but when the plants
were removed from the water, the leaf water potential
increased, reaching values similar to those of the control
plants 10 days later. In South Korea, winter oilseed rape
has encountered the period from floral initiation to flow-
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ering to be susceptible stages to short-term waterlogging,
These periods from floral initiation to flowering are
important stage influencing seed production as well oil
compositions. Therefore, responses of plants to short
term waterlogging during vegetative stage and reproduc-
tive stage need and thereafter evidence the normal ability
of plants to recover from root system waterlogging. The
principal objective of this research was to assess the
effects of short-term waterlogging on physiological
responses, fatty acid compositions and yield components
of rapeseed at both the vegetative growth and reproduc-
tive growth stages in the rapeseed plant.

Materials and Methods

Rapeseed seeds (Brassica napus L. cv. ‘Young-San’)
were germinated and grown in the glass greenhouse. Two
principal experiments were conducted in a glass green-
house at the Chonnam National University, South Korea;
one studied the effect of short term waterlogging on
physiological responses at vegetable growth stage, the
other studied the effects of short term waterlogging on
physiological responses, fatty acid composition and yield
components at reproductive growth stage.

In the first experiment, three-month-old seedlings were
grown in plastic pots (21cm diameter<22cm high) and in
the second experiment, five-month-old seedlings were
grown in plastic pots (27cm diameterx26cm high) filled
with a 2:1:1 v/v/v mixture of bed soil (Heung-Nong Bio
Soil, South Korea), vermiculite, and perlite for 2 weeks
in the glass greenhouse, respectively. Six plants in the
first experiment and four plants in the second experi-
ment were subjected to two different treatments: control
plants irrigated daily during the experimental period, and
waterlogged plants that were treated for a period of 10
days in the first experiment and 4 days in the second
experiment. When symptom of waterlogging damage
was appeared, both waterlogging periods were set. The
pots in which the waterlogging-treated plants were
enclosed and flooded by placing their pots inside larger
pots filled with a 2-cm layer of water over the soil surface
(Ortuno et al., 2007). The waterlogging-treated plants were
removed from the water and separated from larger pots,
then drained and treated as control plants.

Leaf stomatal conductance (mmol m=s™') was meas-

ured using Leaf Porometer (Steady State Diffusion
Porometer, Decagon Devices, Inc, USA). Photosynthetic
rate (umol m~? s™') and the transpiration rate (mmol m™
s7') were employed for these measurements using LCA-4
(ADC Bio Scientific Ltd., UK). In the leaf chamber
(6.25cm?), we attached the third or fourth leaves from the
shoot apex of each plant between 12:00 and 14:00 hours.
Photosynthetic active radiation (PAR) at the leaf surface
evidenced a maximum of up to 1076umol m= 5™, leaf
surface temperature 27+3°C, ambient CO, concentration
350:+5pumol mol™, and the boundary layer resistance (r,)
was 0.8s cm™'. The volumetric soil water content was
measured TDR (Field Scout TDR-300).

Analysis of the fatty acid composition of harvested
seeds was determined the fatty acid methyl esters
(FAMESs) method as previously described (Kim et al.,
2008). In briefly, 0.02mg of dry rape seeds were weighed
and added in 1ml of 5% (v/v) H,SO, in methanol. Each
sample was transmethylated at 90~95°C for one and half
hours. Appropriate amount of Heptadecanoic acid
(C17:0) was added as internal standard. After transme-
thylation, 1.5ml of aqueous 0.9% NaCl was added and
fatty acids were extracted using FAMEs method with
2ml of hexane three times, and analyzed via gas chro-
matography. The oven temperature was ramped from
160°C to 220°C at 2.5°C min™' (Shimadzu, Japan). Fatty
acids were identified by comparing their sample retention
and mass spectra with those of standards.

At harvest, the plant height from the soil surface to the
shoot tip was measured using a flexible ruler. Stem diam-
eter of rapeseed plants was measured at 2.0cm above the
ground using digital calipers (Mitutoyo, Digmatic). Pan-
icle length and pod length were measured using flexible
ruler. Branching number and pod number were counted.
The experiment was designed via a completely random-
ized design with 6 replicates for the first experiment and
4 replicates for the second experiment. The data were
analyzed using the GLM procedure in the SAS package,
version 9.1 (SAS Institute, Cary, North Carolina, USA).

Results

At the vegetative growth stage, the exposure of rape-
seed plants to waterlogging for 10 days was shown in
Fig. 1. From the outset of the waterlogged stress period,
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Fig. 1. Effects of waterlogging treatment at the vegetative
growth stage on photosynthetic rate (A), stomatal conduc-
tance (B), and transpiration rate (C). Vertical arrows indi-
cate the end of the waterlogging period and the start of
the recovery period. Vertical bars represent SE (n = 6).

photosynthetic rate, stomatal conductance and transpira-
tion rate values were significantly decreased in water-
logged treated plants. Up to 10 days after the application
of waterlogging treatment, photosynthetic rates, stomatal
conductance and transpiration rate of waterlogging-
treated plants were significantly less than those of the
control plants (Figs. 1A, B and C). During the recovery
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Fig. 2. Effects of waterlogging treatment at the reproduc-
tive growth stage on volumetric soil water content. Verti-
cal arrow indicates the end of the waterlogging period and
the start of the recovery period. Vertical bars represent SE
n=4).
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Fig. 3. Effect of waterlogging treatment at the reproductive
growth stage on photosynthetic rate (A) and stomatal con-
ductance (B). Vertical arrows indicate the end of the
waterlogging period and the start of the recovery period.
Vertical bars represent SE (n = 4).

period, the photosynthetic rates, stomatal conductance,
and transpiration rates tended to decrease until 12 days
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Table 1. Fatty acid compositions of waterlogged treated plants of Brassica napus L at reproductive growth stage.

Saturated fatty acid

Monounsaturated fatty acid

Polyunsaturated fatty acid

Treatment

C16:0 C18:0 C20:0 C18:1 C20:1 Cc22:1 C18:2 C18:3
Control 65405 19+£01 07+£00 699+30 1.1+£00 04+00 153+£2.1 42+£05
Waterlogging  7.1+03 2.0+£02 07+00 662+18 10+01 04x00 179+1.1 47+04

+indicates the standard error of the mean (n=12).

Table 2. Effect of waterlogged treated plants on yield components of Brassica napus L at reproductive growth stage.

Treatment Height (cm) Stem dia (mm)  Panicle length (cm)  Branching (no.) Pod (no.) Pod length (cm)
Control 1725+ 5.1 11.7+0.3 90.0+5.0 165+ 1.1 273+0.9 4.1£0.1
Waterlogging 1335+ 5.6 11.0+£0.5 59.0+0.8 11.0+£3.7 93+25 3.7+£02

+indicates the standard error of the mean (n = 4).

after waterlogging treatment. On day 13, these parame-
ters did not differ statistically between the treatments, and
partial recovery was observed.

At the reproductive growth stage, volumetric soil
water content of the waterlogged treated plants was 2
times higher than those of non-treated plants (Fig. 2).
During the experimental period, the volumetric soil water
content reached 60% in waterlogged and 30% in control
plants, suggesting that it may be indicated the stress of
waterlogging. Like vegetative growth stage, photosyn-
thetic rate and stomatal conductance were significantly
reduced in the waterlogged treated plants (Fig. 3). When
the rapeseed plants were released from water contained
bigger pots, photosynthetic rate and stomatal conduc-
tance progressively increased, becoming similar values to
those of the control plants on 3 days and 2 days, respec-
tively. Fatty acid compositions were unaffected by water-
logging treatment (Table 1). However, plant height,
panicle length and branching number of the waterlogged
treated plants were significantly decreased compared to
control plants. Also yield components related with pod
number and pod length were reduced, these reductions
becoming significant rape seed yield (Table 2).

Discussion

These experiments clearly demonstrated that photo-
synthetic rate and stomatal conductance of the waterlog-
ging of rapeseed plants declined sharply as the result of
4- and 10-days of waterlogging both vegetative growth
stage and reproductive growth stage (Figs. 1 and 3). Pod

number per plant and pod length was reduced by short-
term waterlogging (Table 2). These results agree with
Zhou and Lin (1995) that the inhibition of physiological
parameters of rape plants by short-term waterlogging
leads to decrease plant photosynthesis and stomatal con-
ductance, and consequently, to smaller seed yield com-
ponents. When the plants were removed from the water,
the photosynthetic rate and stomatal conductance were
increased, recovering to a level similar to that of the con-
trols by 2~3 days after the recovery period. The photo-
synthetic rate, stomatal conductance, and transpiration
rate after the recovery period achieved values similar to
those of the control plants, which were important for the
survival of rapeseed plants grown in waterlogged
regions. Waterlogged rapeseed plants recovered from
reduced photosynthetic activity may possibly become the
formation of new adventitious roots (Orchard et al.,
1985; Iwanaga and Yamamoto, 2007) and enable the root
system to grow, extend, and survive in waterlogged
regions. Also, a significant reduction in the photosynthe-
sis of waterlogged plants is a consequence of stomatal
closure, whereas the rate of photosynthesis increased pro-
gressively after the recovery period (Yordanova et al.,
2005). The present experiment indicated that the photo-
synthetic rate and stomatal conductance did evidence a
significant relationship during the experimental period.
Thus, it appears possible that stomatal factors may be
responsible for an increase in the photosynthetic rate.
Our visual observation of rapeseed plants revealed no
damage occurring during the waterlogging period at the
vegetative growth stage (data not shown). However,
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Fig. 4. Developing process of waterlogging stress. The more waterlogging progresses, the more damage occurs. Rape plants
grow normally (A) and evidence a 90 degree curvature (B). They were severely damaged at the region approximately 12
cm region from the apical tip (C) and were nearly dead with two weeks after waterlogging (D).

plant height, panicle length and branching number of
waterlogged plants at the reproductive growth stage were
significantly reduced affected by waterlogging treatment
even though stem diameter was similar (Table 2). The
developing process of waterlogging damage is clearly
described in Fig. 4. It is observed that waterlogged plants
appear to evidence more damaged shoot growth which
are severely damaged in a region of approximately 12 cm
from the shoot apical tip, and the plants usually die com-
pletely within 2 weeks. During the reproductive growth
stage, waterlogged rapeseed plants evidenced severely
damaged shoot growth, whereas rapeseed plants evi-
denced no visual symptoms during the vegetative growth
stage within ten days, although physiological responses
including photosynthetic rate and stomatal conductance
were reduced during the two growth stages. Thus, the
short-term period of waterlogging of approximately four
days during the reproductive growth stage severely dam-
aged the growth and development of rapeseed plants.
Short-term waterlogging at reproductive growth stage
had no effect on fatty acid compositions (Table 1). High

oleic acid (C18:1) of the waterlogged treated plants
slightly was lower, but had no significant difference
between treatments. There was also no effect on fatty
acid compositions at vegetative spear growth stage.
However, yield components related with pod number and
pod length may be an important factor with regard to
final seed yield characteristics. Waterlogged treated
plants at the reproductive growth stage were significantly
reduced pod number and pod length, subsequently total
production of rape seed can be significantly reduced.
These results demonstrate that waterlogging at the repro-
ductive growth stage exerted a relatively significant effect
on plant growth and yield components as compared to
those observed during the vegetative growth stage.
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