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Abstract

SHIRANI RAD, A. H. and A. ABBASIAN and H. AMINPANAH, 2013. Evaluation of rapeseed (Brassica napus
L.) cultivars for resistance against water deficit stress. Bulg. J. Agric. Sci., 19: 266-273

Among abiotic stresses, drought stress is one of the most serious detrimental factors affecting the growth and production
of the oil seed canola plant (Brassica napus L.) in arid and semi arid regions worldwide particularly Iran. Identification of crop
cultivars tolerant to drought stress will allow more extensive use of lands characterized as marginal because of water shortage
in arid and semi-arid areas. To evaluate the effects of water deficit stress on some qualitative and quantitative characteristics
of canola cultivars, this experiment in a field trial carried out as a split-plot design based on randomized complete block design
(RCBD) with four replications at the experimental farm of Seed and Plant Improvement Institute, Karaj, Iran. Tow irrigation
levels were applied in main plots and subplots, which consisted of split application of cultivars at 23 levels. Cultivars differed
significantly with respect to seed yield. Zarfam and Elvice cultivars under stress condition had the lowest seed yields. The per-
cent reductions at recommended cultivars were 5.51% for Elvice and 11.04 % for Zarfam, in plants grown in stress as compared
to control. Overall, the results of this study suggested that, Zarfam and Elvice cultivars would be important for breeding pro-
grams designed for water-stress environments and in identifying drought-tolerant lines under arid and semi-arid conditions.
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Introduction

Water deficit is one of the most significant stresses of
agriculturally important crops, affecting growth, develop-
ment and yield (Micheletto et al., 2007). Significant yield
losses in crop species due to drought are expected to in-
crease with global climate change as temperatures rise and
rainfall distribution changes in key traditional production
areas. In Iran, water is a scarce resource, due to the high
variability of rainfall. The effect of drought stress is a func-
tion of genotype, intensity and duration of stress, weather
conditions, growth, and developmental stages of rapeseed
(Robertson and Holland, 2004). Water deficit in plants may
lead to physiological disorders, such as a reduction in pho-
tosynthesis and transpiration (Sarker et al., 2005; Petropou-
los et al., 2008). For example, water deficit decreased the
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oil yield of rosemary (Rosmarinus officinalis L.) and anise
(Pimpinella anisum L.) (Singh and Ramesh, 2000; Zehtab-
Salmasi et al., 2001). By contrast, water stress had a posi-
tive effect on pepper (Capsicum annuum L. var. annuum)
by increasing the phenolic capsaicinoids (capsaicin and di-
hydrocapsaicin) and thereby increasing pungency (Estrada
etal., 1999). Therefore, the reaction of plants to water stress
differs significantly, at various organizational levels, de-
pending upon intensity and duration of stress, as well as
plant species and its stage of development (Munns, 2002).

In the water deficit condition, tolerance genotypes hav-
ing more ability for adapting that this is excellent factor for
them. In contrast to the cultivated Brassica napus, the ge-
netic diversity of its relatives may provide useful genes for
improving this tolerance (Shaheed Siddiqui et al., 2008;
Hosseini and Hassibi, 2011).
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Although water stress caused a significant reduction in
the growth and oil yield of citronella grass (Cymbopogon
winterianus Jowitt.) per acre, oil yield expressed on the
basis of plant fresh weight increased, with the severity of
the water stress response varying with cultivar and plant
density (Fatima et al., 2000). Seed yield can be primarily
limited even by the relatively short period of soil moisture
shortage during the reproductive development (Ahmadi
and Bahrani, 2009; Shirani Rad and Aabbasian, 2011).
Water stress and high temperature can reduce crop yield
by affecting both source and sink for assimilates (Mend-
ham and Salsbury, 1995). Content of oil yield has the high-
est importance in production profitability (Robertson,
Holland, 2004; Shirani Rad and Aabbasian, 2011).

A long-term drought stress effects on plant metabolic
reactions associate with plant growth stage, water stor-
age capacity of soil and physiological aspects of plant.
Achieving a genetic increase in yield under these envi-
ronments has been recognized to be a difficult challenge
for plant breeders while progress in yield grain has been
much higher in favorable environments (Richards et al.,
2002). These differences in drought tolerance may be used
as criteria for genotype selection in different climate re-
gions. Moreover, interspecific differences are observed at
the geographical distribution level. Improvement of pro-
ductivity of rapeseed genotypes under drought stress has
rarely been included in breeding programs (Cheema and
Sadaqat, 2004). In addition, research on drought tolerance
in rapeseed is limited and mostly based on a few geno-
types (Tahir et al., 2006). Many researchers have reported
a marked reduction in the yield of rapeseed because of
drought (Cheema and Sadaqat 2004). There are quantita-
tive differences in drought tolerance in collections of in-
bred rapeseed lines, so it is possible to improve genetically
drought tolerance.

Therefore, the objective of the present investigation
was to survey the effect of water deficit stress on the agro-
nomic characters and physiological exchanges and quanti-
tative and qualitative Characteristics of Canola genotypes
(Brassica napus L.) cultivars. These findings can provide
a good foundation to guide rapeseed breeders researching
the potential of heterosis expression for seed yield in culti-
vars relatively tolerant and sensitive to drought.

Materials and Methods

Experiments were laid out in a split-plot design based
on randomized complete block design (RCBD) with four
replications at the experimental farm of Seed and Plant

Improvement Institute, Karaj, Iran (latitude 35°55'N, lon-
gitude 50°54'E, elevation 1313 m above mean sea level)
during 2008-2010.

Factor A included Two irrigation levels (irrigation after
80 mm evaporation from class “A” pan as control (irriga-
tion during full season) and no irrigation from stem elon-
gation stage) and factor B consisting of winter rapeseed
at 23 cultivars (‘SW0756°, ‘Modena’, ‘Geronimo’, ‘Elite’,
‘Opera’, ‘ARC-4’, ‘ARG-91004’, ‘ARC-5", ‘ARC-2’, ‘Dig-
ger’, ‘Adder’, ‘Milena’, ‘RG9908’, ‘Dexter’, ‘Alice’, ‘Olara’,
‘Ebonite’, ‘Syn-4’, ‘Zarfam’, ‘SLM046°, ‘Okapi’, ‘Orient’
and ‘Elvice’). These twenty-three rapeseed genotypes
were chosen based on their considerable level of variabil-
ity in yield and drought tolerance. Every plot consisted of
six rows of 6 m length with a row distance of 0.3 m. Dis-
tances between plots were 1.5 m.

The water amount used was regularly calculated ac-
cording to the collected evaporation of a Class A Basin
using the equation:

IW/CPE = 0.8,

where IW=the amount of irrigation water (mm) and
CPE=the collected evaporation calculated from evapora-
tion pan (mm). Amount of precipitation was measured by
an udometer and daily evaporation by a Class A evapora-
tion pan.

Seeds were planted 1 to 1.5 cm deep at a rate of 100
seeds m? on 5 October 2008 and 2009. Nitrogen fertilizer
was applied uniformly by hand across all treatments (50
kg N ha™! at sowing in the form of urea (46 % N), 50 kg N
ha™! top-dressed at the start of stem elongation, and 50 kg
N ha™! top-dressed at the start of flowering stages). Other
fertilizers were applied before plowing at recommended
rates (60 kg ha' P O, and 50 kg ha' K,0). Weeds were con-
trolled by application of haloxyfop- R-methyl ester (Gal-
lant Super, 10% EC) at 0.6 L ha™'. Broadleaf weeds were
also hand weeded during the season. Final harvests were
carried out on 10 June 2009 and 25 June 2010.

During crop growth and at harvesting, many character-
istics were measured, including number of pods per plant,
number of seeds per pod and 1000-seed weight. Main stem
length was measured as the plant height. The seed yield
was measured by harvesting 4.8 m? of the central part of
each plot at crop maturity. Oil content was determined by
the nuclear magnetic resonance (NMR). Oil yield was ob-
tained multiplying seed yield by oil content.

The data were analyzed using SAS software (SAS Sys-
tem, 1996) for analysis of variance and cluster analysis
of genotypes based on Euclidean distance, and Duncan’s
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multiple range test (p < 0.05) was employed for the mean
comparisons.

Results and Discussion

Based on variance analysis, irrigation treatments were
significant differences on all of traits except of oil con-
tents; cultivar effects were significant in all evaluated at-
tributes. The combined analysis of variance showed that
except of number of seeds per pod, variety-by-irrigation
interaction was significant under drought conditions and
the differences among the 23 studied genotypes from the
first year to the second year were not similar (Table 1).
Thus, the results of these experiments indicated that the
variety x irrigation interactions are unavoidable in agri-
cultural investigations. The main effect of year was sig-
nificant and showed that mean traits of genotypes across
two years were different (Table 1). Yan (2002) indicated
that, typically, environment (year) explains most (up to
80% or higher) of the total yield variation in multi-envi-
ronment trials, and genotype and G X Y are usually rela-
tively small. The humidity regime was different, but also
other climatic conditions were variable for both of the ex-
periments across years.

In all cultivars, stress at the beginning of stem elonga-
tion reduced plant height. Reduction of plant height could
be due to the reduction in the area of photosynthesis,
dropping in producing chlorophyll, rising of the energy
consumed by the plant in order to take in water and to

Table 1

increase the density of the protoplasm and to change re-
spiratory paths and the activation of the path of phosphate
pentose, or the reduction of the root deploy, etc. (Moaveni
et al., 2010). The lowest and highest amount of plant height
was in ‘Okapi’ (90.2 cm) and ‘Elvice’ (120.5 cm) in water
deficit, respectively (Table 2). It is a general observation
that dwarf varieties over yield than tall ones, they resist
lodging and more efficient in nutrient uptake (Inayt-ur-
Rahman, 2009). The reduction in plant height causes an
increase in grain yield, because of good response to higher
doses of fertilizer and tolerance to lodging under unfavor-
able weather conditions (Olejniczak and Adamska, 1999).
Shah et al. (1990) revealed that the dwarfness in plant
height is associated with earliness in maturity.

Genotypes with having more pods per plant will give
more seed and more oil. Most mean values for number of
pods per plant for 23 genotypes in stress condition (Table 3),
belonged to Elvice cultivar (154.5) and Modena, Digger,
Milena, Dexter and SLM046 had least pods per plant
with 55.6, 52.6, 49.5, 50.2 and 53.8, respectively. Islam
et al. (2004) have reported similar results for number of
pod per plants. Sieling et al. (1997) reported that oil-seed
rape grown after wheat had more pods per plant, due to
an increase in the number of pods on the higher category
branches. Investigations showed that water movement into
leaf depends on existence of water potential gradient be-
tween xylem and leaf, so that reduction in water poten-
tial of xylem decreases water potential gradient between
xylem and leaf. Therefore, number of seed per pod de-

Variance analysis of determined characteristics in winter rapeseed cultivars in combined analysis over

two successive years (2008-2010)

SOV df Plant height, | Number of Number of 100A0—seed Seed yield, Oil content, Oil yield,
cm pods per plant | seeds per pod | weight, g kg ha'! % kg ha'!
Year 1 120799.5%*  523238.3%* 3424 42%* 55.646%*  74529000.3%*%  1074.7%* 7709581.3%*
Error 6 116.799 3123.23 8.932 0.255 957957.6 22.22 140654.8
Trrigation 1 19085.76**  333393.6%* 669.17** 32.976%*  84158609.4** 35.7ns 19905142.5%*
Irrigationx Year 1 1.753ns 3856.84ns 14.339ns 1.693%* 3962420.1%** 173.1%* 2334566.7**
Error 6 37.766 3150.94 3.263 0.046 248432.3 6.237 604/37820
Variety 22 32.944%** 25358.61** 35.013** 1.158** 1300144.4** 4.84%* 299527.9**
Varietyx Year 22 210.363%* 15086.6** 25.516%* 0.624** 524509.4%%* 3.2ns 105786.9%*
VarietyxIrrigation 22 284.426%* 3374.45%* 2.803ns 0.213%* 408024 ** 5.89%* 89645.7*
yarietyxdigation 5 79305%  2043.87%* 3.494 0.126ns  203255.6ns  3.515ns  56310.6ns
Error 264 45.577 233.96 2.353 0.107 192750.2 2.224 47390.9
CV % 5.7 13.19 6.96 7.52 12.44 3.22 13.35

ns, * and **: nonsignificant, significant at the 5% and 1 % levels of probability, respectively.
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creased under water deficit stress. Number of seed per pod
revealed that genotype ARC-2 has highest number (25.56)
of seeds per pod followed by SW0756 with 24.59 seeds
per pod, while lowest mean value of seed per pod is 19.2
for Zarfam.

1000-seed weight differed among the test varieties and
was highest in ‘SLMO046’ (Table 3). The reduction in seed
weight was due to reductions in number of seeds plant!
as well as number of seeds pod!Water stress was effec-
tive on sink size, reduced the sources capacity, and caused
reduction of seed weight consequently. Ahmadi and Bah-
rani (2009) expressed that in the water stress during re-
productive stage of rapeseed (particularly flowering and
sacs formation) was a critical period for seed and oil yields
and caused reduction of sacs per plant. Under stress con-
dition, decrease in storage of assimilates in leaves had
reduced the photosynthate supply to the grains of wheat
due to decrease of sucrose and fructan contents of the

Table 2

internodes leading to weight reductions (Kuhbauch and
Thome, 1989). McEwen et al. (1981) reported a decrease
of about 34% in the mean seed weight of the stressed faba
bean plants, compared to the fully irrigated treatment. Al-
though seed weight is a known component of yield, which
reflects relationship between source and sink of photosyn-
thate during pod filling stage, and it is where compensa-
tion for earlier losses of pods may occur, thus enhancing
the final yield (Dantuma and Thompson, 1983).

The yield response to water deficit of different crops is
of major importance in production planning. Water deficit
in crops and resulting water stress on plants affect crop
evapotranspiration (ET) and crop yield. When water sup-
ply does not meet crop water requirements, actual evapo-
transpiration (ETa) will fall below maximum evapotrans-
piration (ETm). Under such conditions, water stress will
develop in plants, which adversely affects crop growth
and ultimately crop yield. However, for a full evaluation

Mean comparison of simple effects for yield and yield components of rapeseed cultivars over

two successive years (2008-2010)

Treatment Plant height, | Number of Number of 1000-seed Seed yield, Oil content, | Oil yield, kg
cm pods per plant | seeds per pod weight, g kg ha'! % ha'!

SW0756 117.9 c-i 151.2d 24.59 ab 4.19h 3293 d-g 46.03 b-¢ 1517 e-h
Modena 122.9 a-d 78.16 jkl 22.88 cde 4.22 gh 3923 a 46.64 a-e 1833 ab
Geronimo 124.4 ab 145.7 de 23.94 be 4.37 c-h 3817 ab 46.77 a-d 1773 ab
Elite 122 a-e 96.79 h 21.76 d-h 4.59 be 3931 a 47.16 abc 1850 a
Opera 109.4 j 149.1 de 22.14 d-g 4.58 bed 3251 e-h 45.94 cde 1488 fgh
ARC-4 116.4 f-i 91.16 hi 22.42 def 4.26 fgh 3462 b-f 4549 ¢ 1560 c-h
ARG-91004 115.4 ghi 132.8 f 24.18 b 4.47b-g 3587 a-e 46.4 b-e 1656 b-f
ARC-5 113.6 ij 72.6 klm 21.64 e-h 4.68b 3777 abc 46.14 b-¢ 1736 abc
ARC-2 1254 a 163.1¢ 25.56 a 4.24 gh 3430 c-g 45.92 cde 1561 c-h
Digger 1134 82.5 ijk 22.94 cd 438 c-h 3328 d-g 46.33 b-¢ 1534 d-h
Adder 117.1 d-i 139.2 def 21.34 f-i 431 e-h 3293 d-g 4549 ¢ 1495 e-h
Milena 121.5 a-f 62.56 m 20.64 hi 4.32 d-h 3593 a-e 46.68 a-e 1675 a-e
RG-9908 123.3 abc 138.5 ef 22.04 d-g 4.56 b-e 3727 abc 46.03 b-¢ 1711 a-d
Dexter 118.7 c-i 81.1 ijk 21.36 f-i 4.37 c-h 3733 abc 4771 a 1766 ab
Alice 116.5 e-i 141.8 def 20.56 hi 4.22 gh 2933 h 47.23 ab 1384 h
Olara 120.9 a-g 88.67 hij 21.67 e-h 4.55b-¢ 3614 a-¢ 45.78 de 1658 b-f
Ebonite 122.4 a-d 144 def 22.17 d-g 4.23 gh 3880 a 46.29 b-¢ 1796 ab
Syn-4 115.1 hi 71.56 klm 23/20 ij 4.32 c-h 3922 a 46 b-e 1805 ab
Zarfam 115.4 ghi 120.1 g 19.2j 4.998 a 3310d-g 46.59 a-e 1534 d-h
SLMO046 119.3 b-h 66.76 Im 21.34 f-i 4.52 b-f 3634 a-d 46.25 b-¢ 1670 a-e
Okapi 113.5j 1779 b 21.05 ghi 3.681 3450 c-f 45.94 cde 1574 c-g
Orient 116.3 f-i 75.28 kl 22.43 def 433 c-h 3222 fgh 46.22 b-¢ 1482 fgh
Elvice 125.1a 196.6 a 21.05 ghi 3831 3088 gh 46.81 a-d 1437 gh

Mean followed by the same letter(s) in each column (between to horizontal lines) are not significantly different (Duncan 5%)
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of the effect of limited water supply on yield and produc-
tion, consideration must be given to the effect of the lim-
ited water supply during individual growth stages of the
crops. The response of yield to water supply is quantified
through the yield response factor, which relates relative
yield decrease to relative ET deficit (Doorenbos and Kas-
sam, 1979; Peji¢ et al., 2009). Lawler and Comic (2002)
expressed that in the water deficit stress conditions, reduc-
ing of dry matter can be due to reduction of cell turgor
pressure and chlorophylls. Sangtarash et al. (2009) re-
ported that the water deficit stress condition decreased dry
matter of individual plant and photosynthetic rate because
biochemical restrictions in of water deficit condition, and
reduced photosynthetic pigments, especially chlorophylls.
Lowest rate of seed yield in stress conditions in ‘Modena’
(2342 kg ha') and the highest in the normal condition of
irrigation at ‘RG-9908” (4555 kg ha'') were obtained (Table
3). Wright et al. (1995) compared compatibility of Bras-
sica napus and Brassica juncea in water stress conditions.
Results showed that both species decreased yield.

Significant difference in oil content was observed be-
tween treatments at water stress. With the comparison of
interaction of cultivar and irrigation, control irrigation
was found that Modena had the highest percentage of oil
content with average 47.95 %, and the highest oil content
under drought stress conditions belonged to Alice (47.52
%) (Table 3). Mailer and Cornish (1987) determined that
oil content fell from 36.9 to 31.4% when high tempera-
ture occurred during the post anthesis seed development
in canola. Jensen et al. (1996) found that under low evapo-
rative demands (2-4 mm day™) oil and seed yields were
not influenced by soil drying. Under high evaporative de-
mands, (4-5 mm day") oil and seed yields were signifi-
cantly decreased.

Since oil yield was obtained through multiplying oil
content by seed yield and magnitude of changing oil con-

Table 4

tent in modified rapeseed cultivars is low, therefore seed
yield has the greatest effect on oil yield. Through breeding
and selecting of cultivars for achieving high seed yield,
high oil yield can also be achieved. In all tested cultivars,
water stress reduced oil yields (Table 3). Highest oil yields
rate in ‘Modena’ (2154 kg ha) of control condition and
lowest rate of oil yields (1139 kg ha') in ‘Alice’ variety
in stress conditions was seen. Among the tested cultivars
in this experiment, ‘Elite’ showed minimum reduction in
the oil yields that can be cause of more tolerance of this
cultivar to water stress. Sinaki et al. (2007) for determina-
tion of the effect of water deficit stress at different growth

ARG-9100 7
ARC-58
Adder 11
ARC-29
Milena 12
SWO756 1
Dexter 14

Alice 15
SLMO46 20
Opera s
ARC-46
Digger 10
Orient 22
Zarfam 19
Okapi 21
Elvice 23
Elite 4
Syn-418
Olara 16

G imo 3
RG-9908 13
Modena 2
Ebonite 17

|_|_|:J |_I_I_I|IIIIIIJ°

Fig. 1. Dendrogram resulting from cluster analysis
of genotypes based on stress tolerance and
susceptibility indices for grain yield in normal
and stress condition

Correlation coefficients between characters calculated from twenty three rapeseed cultivars over

two successive years (2008-2010)

Characters P S | pods por plant seeds per pod | weight. g | kg b |Oil content, %
Number of pods per plant 0.54%* 1

Number of seeds per pod 0.6%* 0.52%%* 1

1000-seed weight 0.49%** 0.16ns 0.41%* 1

Seed yield 0.67%* 0.33* 0.59%* 0.66%* 1

Oil content 0.31%* 0.08ns 0.12ns 0.35% 0.32%* 1

Oil yield 0.67** 0.32* 0.57** 0.67** 0.99* 0.42%*

ns, * and **: nonsignificant, significant at the 5% and 1 % levels of probability, respectively.
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stages of canola reported that at the time of occurrence of
stress, oil concentration and the oil yields decreased.

A significant positive correlation between the oil yields
and other traits observed (Table 4). Chaudhary et al. (1990)
reported that grain yield has related to harvest index and
caused increasing of dry matter and oil yields. Seed yield
in plant has most positive direct effect on oil yield. Hos-
seini and Hassibi (2011) reported same results.

Cluster analysis has been widely used for description of
genetic diversity and grouping based on similar character-
istics (Golestani et al., 2007; Golabadi et al., 2006; Malek
Shahi et al., 2009; Souri et al., 2005). As it appears in Fig-
ure 1, the genotypes were classified in three groups with
low intra- and high extra-group similarities.

Conclusions

It should be possible to improve seed yield and drought
tolerance in the rapeseed breeding programs by select-
ing within segregating populations. Successful breeding
programs focus initially on yield enhancement under non-
stress conditions, but should also incorporate genes that
improve seed yield under drought (stress) conditions. As it
was shown in the results of this study, water deficit stress
had a negative effect on most of the morphological fea-
tures under study. The selection of cultivars can increase
quantity and quality yields of rapeseed under drought
stress, which perform well over a wide range of environ-
ments. Consequently, our findings may give applicable ad-
vice to farmers and agricultural researchers for manage-
ment and proper use of irrigation in farming of rapeseed
under drought regions.

The overall performance of the genotypes for yield
indicates that under Stress, Zarfam and Elvice cultivars
are superior to all other cultivars. Hence, they can with-
stand low levels of water regimes. The higher tolerance
of Zarfam and Elvice cultivars to water shortage may be
related to their lowest intrinsic growth rate and stomatal
control of gas exchange.

Majid and Simpson (1997) reported that low water
condition might be attributed to increased senescence of
leaves, which reduced photosynthetic rate thus causing
low yield. Further investigation should address photosyn-
thesis, water use efficiency, stomatal conductance and
growth under water deficit conditions. Additional research
should be done to elucidate possible adaptive mechanisms
such as osmotic adjustment, leaf ABA levels and morpho-
logical characteristics, which may enable field capacity
(FC) to survive under water deficit conditions.
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