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摘摇 要摇 研究了 2,4鄄表油菜素内酯(EBR)对氯化钠胁迫下黄瓜幼苗叶片光合作用及抗氧化
系统的影响. 结果表明: 与对照相比,氯化钠胁迫导致黄瓜幼苗叶片超氧阴离子产生速率、过
氧化氢和丙二醛含量、细胞膜透性显著升高,净光合速率、气孔导度、蒸腾速率、胞间 CO2浓度
显著下降,幼苗生长显著受抑. EBR 可提高黄瓜幼苗叶片超氧化物歧化酶、过氧化物酶、过氧
化氢酶等抗氧化酶活性,降低超氧阴离子产生速率、过氧化氢和丙二醛含量及细胞膜透性,维
持良好的光合性能,从而促进幼苗生长,有效缓解氯化钠胁迫造成的伤害.
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Abstract: This paper studied the effects of 2,4鄄epibrassinolide (EBR) on the photosynthesis and
antioxidant system of cucumber seedling leaves under NaCl stress. As compared with the control,
NaCl stress increased the leaf superoxide anion production rate, hydrogen peroxide content, malon鄄
dialdehyde content, and cell membrane permeability while decreased the leaf net photosynthetic
rate, stomatal conductance, transpiration rate, and intercellular CO2 concentration significantly,
and inhibited the seedlings growth significantly. Applying EBR could increase the activities of leaf
superoxide dismutase, peroxidase, and catalase, decrease the leaf superoxide anion production
rate, hydrogen peroxide content, malondialdehyde content, and cell membrane permeability, make
the leaves keep a higher photosynthetic rate, and thus, promote the seedlings growth, being able to
effectively alleviate the damage of NaCl stress.
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摇 摇 土壤盐渍化是农业生产及生态环境所面临的严

峻问题[1] . 目前,全球约有 20% 的耕地受到不同程

度的盐害威胁[2],而我国有 10%的耕地属于盐渍化

土壤[3],另外,随着设施栽培面积的迅速增加,我国

的土壤次生盐渍化问题日趋严重[4] . 研究表明,盐
可通过渗透和离子胁迫及营养失衡危害植物正常生

长[5-6],土壤盐分过高会引起植物体内抗氧化系统

失衡、膜脂过氧化加剧、蛋白合成改变,从而导致其

光合性能下降、生长发育异常乃至死亡[7-10] . 因此,
如何有效缓解盐害胁迫一直是广大学者研究的热点

领域.
油菜素内酯是 20 世纪末被发现的一种新型植

物激素,其作用不同于以往的五大类激素[[11] . 大量

研究表明,科学使用油菜素内酯能有效改善高

温[12]、重金属[13]、干旱[14]、低氧[15]等不良环境下植

物的抗氧化性能,减少其膜脂过氧化程度,从而促进

植物 的 光 合 作 用 及 干 物 质 积 累, 减 轻 逆 境 伤

害[16-17] . 吴雪霞等[18]研究表明,外源油菜素内酯能

显著提高盐胁迫下茄子种子发芽势、发芽指数及抗

氧化酶活性,促进种子萌发和幼苗生长,增强茄子的

耐盐能力. 束红梅等[19] 研究表明,油菜素内酯可提

高氯化钠胁迫下棉花叶片超氧化物歧化酶(SOD)、
过氧化物酶(POD)、过氧化氢酶(CAT)等抗氧化酶

活性,减轻叶片膜脂过氧化程度,缓解盐胁迫对棉花

叶片的伤害. 宋士清等[20] 研究表明,油菜素内酯能

显著降低氯化钠胁迫下黄瓜幼苗的盐害指数和死苗

率,提高其壮苗指数. 另外,油菜素内酯还可通过改
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善植物的光合性能及硝酸还原酶活性来缓解盐对植

物的危害[21-22] . 然而,有关油菜素内酯在提高植物

抗盐性方面的研究报道仍较少. 为此,本文研究了

2,4鄄表油菜素内酯(EBR)对氯化钠胁迫下黄瓜幼苗

光合及抗氧化系统的影响,以明确油菜素内酯对氯

化钠胁迫下黄瓜幼苗的保护机制,为利用油菜素内

酯减轻作物盐害提供理论依据.

1摇 材料与方法

1郾 1摇 供试材料与试验设计

试验于 2012 年 4—5 月在安徽科技学院实习基

地的温室内进行,以‘津春 2 号爷黄瓜品种为材料.
试验采用单因素随机区组设计,幼苗两叶一心时定

植,5 d 后进行各处理. 共设对照(CK)、氯化钠胁迫

(N)、氯化钠胁迫+EBR(NB)3 个处理. 用 1 / 2 Hoag鄄
land 营养液(pH 6. 3依0. 1)培养,其中,对照营养液

不额外添加氯化钠, N 和 NB 处理营养液添加

70 mmol·L-1 氯 化 钠, 同 时 NB 处 理 叶 面 喷 施

0. 01 mg·L-1的 EBR 溶液. 幼苗培养、定植及处理

后生长期间的温、湿度和光照管理按文献[23]进

行. 每处理 24 株,设 3 次重复,处理后第 8 天测定株

高、叶面积、鲜质量和干质量等营养指标,并选取第

4 片真叶进行相关生理指标的测定.
1郾 2摇 测定方法

营养指标按陆晓民等[23-24]的方法测定;CAT 活

性按照 Dhindsa 等[25]的方法测定;膜透性参照李合

生[26]的方法测定;SOD 和 POD 活性、丙二醛含量、
超氧阴离子产生速率、过氧化氢含量参照陆晓民

等[27]的方法测定;光合参数采用 Li鄄6400 光合仪,使
用开放式气路,于 9:00—11:00 测定,设定叶室温

度、光强、参比室 CO2 浓度及相对湿度分别为(25 依
1) 益、1000 滋mol·m-2·s-1、(380依10) 滋mol·L-1、
60% ~70% ,选择植株生长点下数第 4 片展开叶进

行测定[23] .
1郾 3摇 数据处理

用 Excel 2003、DPS 7. 05 软件处理数据,采用

Duncan 法进行差异显著性检验(琢=0. 05).

2摇 结果与分析

2郾 1摇 油菜素内酯对氯化钠胁迫下黄瓜幼苗生长的

影响

由表 1 可以看出,黄瓜幼苗在氯化钠胁迫下生

长受抑,其株高、叶面积、植株鲜质量及总干质量等

营养指标均较对照显著下降,仅分别为对照的

73郾 8% 、64. 4% 、67. 5%和 72. 8% ,而氯化钠胁迫下

叶面喷施 EBR 后,黄瓜幼苗株高及地上部干质量均

比单纯氯化钠胁迫有所增加,但差异均不显著,黄瓜

幼苗叶面积、鲜质量、地下部干质量及总干质量却分

别比单纯氯化钠胁迫处理显著提高了 21. 8% 、
24郾 0% 、23. 5%和 17. 2% . 可见,叶面喷施 EBR 有利

于黄瓜幼苗生物量的积累,缓解了氯化钠对黄瓜幼

苗生长的抑制程度.
2郾 2摇 油菜素内酯对氯化钠胁迫下黄瓜幼苗叶片抗

氧化酶活性的影响

与对照相比,氯化钠胁迫处理的黄瓜幼苗叶片

SOD 和 POD 活性显著升高,分别增加了 45. 1% 和

68. 4% ,而施加 EBR 后黄瓜幼苗叶片 SOD 和 POD
活性较单纯氯化钠胁迫处理显著提高了 22. 5% 和

21. 6% ,而 CAT 活性也比对照和单纯氯化钠胁迫处

理分别提高了 34. 4% 和 27. 3% (图 1). 可见,叶面

喷施 EBR 可提高氯化钠胁迫下黄瓜幼苗叶片的抗

氧化酶活性,从而增强植株对逆境的抗性,对植株起

到有效的保护作用.
2郾 3摇 油菜素内酯对氯化钠胁迫下黄瓜幼苗叶片超

氧阴离子产生速率和过氧化氢含量的影响

从图 2 可以看出,氯化钠胁迫下黄瓜幼苗叶片

活性氧代谢失衡,其超氧阴离子产生速率加大,比对

照提高了 58. 1% ;同时其过氧化氢含量也比对照显

著增加,增幅为 56. 4% . EBR 处理的超氧阴离子产

生速率、过氧化氢含量均比对照显著增加,但增幅比

表 1摇 EBR 对氯化钠胁迫下黄瓜幼苗生长的影响
Table 1摇 Effects of EBR on the growth of cucumber seedlings under NaCl stress (mean依SD)

处 理
Treatment

株高
Plant hight

(cm·plant-1)

鲜质量
Fresh mass

(g·plant-1)

叶面积
Leaf area

(cm2·plant-1)

地上部干质量
Dry mass of shoot
(g·plant-1)

地下部干质量
Dry mass of root
(g·plant-1)

总干质量
Total dry mass
(g·plant-1)

CK 22. 5依1. 2a 19. 1依1. 2a 306依22a 1. 09依0. 03a 0. 27依0. 02a 1. 36依0. 04a
N 16. 6依1. 0b 12. 9依0. 8c 197依13c 0. 82依0. 06b 0. 17依0. 08c 0. 99依0. 08c
NB 18. 2依1. 7b 16. 0依0. 6b 240依14b 0. 95依0. 05ab 0. 21依0. 02b 1. 16依0. 06b
CK:对照 CK; N:氯化钠胁迫 NaCl stress; NB:氯化钠胁迫+EBR NaCl stress+EBR. 同列不同小写字母表示处理间差异显著(P<0. 05) Different
small letters in the same column meant significant difference among treatments at 0. 05 level.
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图 1摇 EBR 对氯化钠胁迫下黄瓜幼苗叶片 SOD、POD 和 CAT 活性的影响
Fig. 1摇 Effects of EBR on SOD, POD and CAT activities in leaves of cucumber seedlings under NaCl stress (mean依SD).
CK:对照 Control; N:氯化钠胁迫 NaCl stress; NB:氯化钠胁迫+EBR NaCl stress+EBR. 不同小写字母表示处理间差异显著(P<0. 05) Different
small letters meant significant difference among treatments at 0. 05 level. 下同 The same below.

单纯氯化钠胁迫处理显著减少,其值仅为单纯氯化

钠胁迫处理的 77. 6% 和 83. 6% ,可见 EBR 能明显

降低氯化钠胁迫下活性氧对黄瓜幼苗的伤害.
2郾 4摇 油菜素内酯对氯化钠胁迫下黄瓜幼苗叶片丙

二醛含量和膜透性的影响

由图 3 可知,与对照相比,氯化钠胁迫下黄瓜幼

苗叶片的丙二醛(MDA)含量和膜相对透性分别提

高了 137. 9% 和 152. 1% ,差异显著;而喷施 EBR
后,黄瓜幼苗叶片的丙二醛含量和膜相对透性比单

纯氯化钠胁迫处理下降了 29. 7% 和 19. 6% . 说明

EBR 可减少氯化钠胁迫下黄瓜幼苗叶片膜脂过氧

化程度,降低细胞膜透性,从而提高其对氯化钠胁迫

图 2摇 EBR 对氯化钠胁迫下黄瓜幼苗叶片超氧阴离子产生

速率和过氧化氢含量的影响

Fig. 2摇 Effects of EBR on the superoxide anion production rate
and hydrogen peroxide contents of cucumber seedling leaves
under NaCl stress (mean依SD).

的耐性.
2郾 5摇 油菜素内酯对氯化钠胁迫下黄瓜幼苗叶片光

合作用的影响

由图 4 可知,与对照相比,氯化钠胁迫导致黄瓜

幼苗叶片净光合速率 ( Pn ) 显著降低, 降幅达

41郾 7% ,其气孔导度(gs)、蒸腾速率(Tr)和胞间 CO2

浓度(C i)也显著下降,降幅分别为 68. 6% 、56. 4%
和 33. 6% ,而水分利用率 (WUE) 却显著提高了

78郾 8% . 叶面喷施 EBR 可缓解氯化钠胁迫下黄瓜幼

苗 Pn、gs和 Tr的下降幅度,其比单纯的氯化钠胁迫

处理分别显著提高了 19. 1% 、31. 5% 和 11. 2% ,但
对 C i和 WUE 无显著影响.

图 3摇 EBR 对氯化钠胁迫下黄瓜幼苗叶片丙二醛含量和细
胞膜透性的影响
Fig. 3 摇 Effects of EBR on MDA content and cell membrance
permeability of cucumber seedling leaves under NaCl stress
(mean依SD).
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图 4摇 EBR 对氯化钠胁迫下黄瓜幼苗叶片光合作用的影响
Fig. 4摇 Effects of EBR on photosynthesis of cucumber seedling
leaves under NaCl stress (mean依SD).

3摇 讨摇 摇 论

盐胁迫抑制植物生长的原因较复杂[28-30] . 刘国

红等[31]研究发现,油菜植株在 200 mmol·L-1NaCl
胁迫下处理至第 10 天,其光合速率下降 16% ,幼苗

干质量降低 56% ,生长严重受抑. 光合速率的降低

是导致盐胁迫下植物生长受抑的重要原因,维持盐

胁迫下植物的光合性能已成为提高植物耐盐的重要

途径[32-33] . 然而,诱导植物在盐胁迫下光合速率下

降的因素很多,其气孔限制、活性氧水平和膜脂过氧

化程度可直接影响植株光合性能[34] .
盐胁迫下植物叶片细胞结构受损,光合性能下

降[35] . 近年来,有关油菜素内酯的研究[36-37] 表明,
在逆境条件下油菜素内酯可通过有效调节植物的抗

氧化性能,显著降低逆境对细胞亚结构的负作用,修
复逆境对光合机构的伤害,提高其光合性能,从而缓

解植物受害程度[38-40] . 从本试验结果来看,与对照

相比,氯化钠胁迫下黄瓜幼苗叶片超氧阴离子产生

速率、过氧化氢和丙二醛含量、细胞膜透性显著升

高,气孔导度、蒸腾速率、胞间 CO2浓度显著下降,导

致净光合速率显著降低,幼苗的株高、叶面积、植株

干鲜质量等营养指标均较对照显著减少,生长显著

受抑. 盐胁迫下叶面喷施 EBR 能显著提高黄瓜幼苗

叶片 SOD、POD、CAT 等抗氧化酶活性,降低其超氧

阴离子产生速率、过氧化氢和丙二醛含量及细胞膜

透性,有效缓解光合速率的下降,从而提高了氯化钠

胁迫下黄瓜幼苗的叶面积、鲜质量及地下部干质量,
增强了幼苗的抗盐性,促进了幼苗的生长. 另外,本
试验还发现,盐胁迫下叶面喷施 EBR 能显著增加气

孔导度,利于吸收更多的 CO2,而胞间二氧化碳浓度

变化不大,这可能是由于在盐胁迫下喷施 EBR 后,
其光合速率显著增加,消耗了一定的二氧化碳,从而

导致胞间二氧化碳浓度没有显著增加,说明 EBR 并

非完全通过减少气孔限制来提高光合作用。
综上所述,氯化钠胁迫抑制黄瓜幼苗生长,叶面

喷施 EBR 可显著提高氯化钠胁迫下黄瓜幼苗叶片

的抗氧化酶活性,降低其活性氧含量及膜脂过氧化

程度,维持了较高的光合性能,从而缓解了氯化钠胁

迫对黄瓜幼苗的伤害.

参考文献

[1]摇 Chinnusamy V, Jagendorf A, Zhu JK. Understanding
and improving salt tolerance in plants. Crop Science,
2005, 45: 437-448

[2] 摇 Zhu JK. Plant salt tolerance. Trends in Plant Science,
2001, 6: 66-71

[3]摇 Liu J (刘 摇 静), Wang Q鄄X (王庆祥). Influence of
NaCl and NaHCO3 stress on the root system of maize
seedlings. Rain Fed Crops (杂粮作物), 2010, 31
(1): 19-21 (in Chinese)

[4]摇 Gao Q鄄H (高青海), Wang X鄄F (王秀峰), Shi Q鄄H
(史庆华), et al. Effects of lanthanum on the plant
growth and leaf antioxidative enzyme activities of cucum鄄
ber seedlings under nitrate stress. Chinese Journal of Ap鄄
plied Ecology (应用生态学报), 2008, 19(5): 976-
980 (in Chinese)

[5]摇 Han B (韩摇 冰), Sun J (孙摇 锦), Guo S鄄R (郭世

荣), et al. Effects of calcium on antioxidant enzymes
activities of cucumber seedlings under salt stress. Acta
Horticulturae Sinica (园艺学报), 2010, 37 ( 12 ):
1937-1943 (in Chinese)

[6]摇 Zhang Z鄄G (张志刚), Shang Q鄄M (尚庆茂), Wang
L鄄H (王立浩), et al. The characteristics of active oxy鄄
gen metabolism in pepper leaf cells under suboptimal
temperature, weak light and salt stress. Acta Horticultu鄄
rae Sinica (园艺学报), 2009, 36(11): 1603 -1610
(in Chinese)

2141 应摇 用摇 生摇 态摇 学摇 报摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 24 卷



[7]摇 Sun J鄄B (孙景波), Sun G鄄Y (孙广玉), Liu X鄄D (刘
晓东), et al. Effects of salt stress on mulberry seed鄄
lings growth, leaf water status, and ion distribution in
various organs. Chinese Journal of Applied Ecology (应
用生态学报), 2009, 20(3): 543-548 (in Chinese)

[8]摇 Duan J鄄J (段九菊), Guo S鄄R (郭世荣), Kang Y鄄Y
(康云艳). Effects of exogenous spermidine on reactive
oxygen species levels and antioxidant enzymes activities
of cucumber seedlings under salt stress. Acta Horticultu鄄
rae Sinica (园艺学报), 2006, 33(3): 639-641 ( in
Chinese)

[9]摇 Wu C鄄L (武传兰), Long X鄄H (隆小华), Jin S鄄Z (金
善钊), et al. Effects of NaCl stress on the growth and
chlorophyll fluorescence characteristics of poplar seed鄄
lings. Chinese Journal of Ecology ( 生 态 学 杂 志),
2012, 31(6): 1347-1352 (in Chinese)

[10] 摇 Razavizadeh R, Ehsanpour AA, Ahsan N, et al. Pro鄄
teome analysis of tobacco leaves under salt stress. Pep鄄
tides, 2009, 30: 1651-1659

[11]摇 Shi Y鄄J (石琰璟), Sun Z鄄X (孙仲序), Shu H鄄R (束
怀瑞). Plant dwarfisms caused by deficiency in BRs bi鄄
osynthesis and signal transduction. Chinese Bulletin of
Life Sciences (生命科学), 2005, 17(1): 69-74 ( in
Chinese)

[12]摇 Ogweno JO, Song XS, Shi K, et al. Brassinosteroids al鄄
leviate heat鄄induced inhibition of photosynthesis by in鄄
creasing carboxylation efficiency and enhancing antioxi鄄
dant systems in Lycopersicon esculentum. Journal of
Plant Growth Regulation, 2008, 27: 49-57

[13]摇 Bajguz A. An enhancing effect of exogenous brassinolide
on the growth and antioxidant activity in Chlorella vul鄄
garis cultures under heavy metals stress. Environmental
and Experimental Botany, 2010, 68: 175-179

[14]摇 Fariduddin Q, Khanam S, Hasan SA, et al. Effect of
28鄄homobrassinolide on the drought stress鄄induced chan鄄
ges in photosynthesis and antioxidant system of Brassica
juncea L. Acta Physiolologiae Plantarum, 2009, 31:
889-897

[15]摇 Kang YY, Guo SR, Li J, et al. Effects of 2, 4鄄epibras鄄
sinolide on antioxidant system in cucumber seedling
roots under hypoxia stress. Agricultural Sciences in Chi鄄
na, 2007, 6: 281-289

[16]摇 Bajguz A, Hayat S. Effects of brassinosteroids on the
plant responses to environmental stresses. Plant Physiol鄄
ogy and Biochemistry, 2009, 47: 1-8

[17]摇 Anuradha S, Rao SSR. Effect of 24鄄epibrassinolide on
the photosynthetic activity of radish plants under cadmi鄄
um stress. Photosynthetica, 2009, 47: 317-320

[18]摇 Wu X鄄X (吴雪霞), Zha D鄄S (查丁石), Zhu Z鄄W
(朱宗文), et al. Effects of exogenous 2, 4鄄epibrassin鄄

olide on seed germination, physiological characteristics
of eggplant seedlings under NaCl stress. Plant Physiolo鄄
gy Journal (植物生理学报), 2011, 47(6): 607-612
(in Chinese)

[19]摇 Shu H鄄M (束红梅), Guo S鄄Q (郭书巧), Shen X鄄L
(沈新莲), et al. Cotton physiology affected by brassi鄄
nosteroid under NaCl stress. Jiangsu Journal of Agricul鄄
tural Sciences (江苏农业学报), 2011, 27(6): 1198-
1202 (in Chinese)

[20]摇 Song S鄄Q (宋士清), Liu W (刘摇 微), Guo S鄄R (郭
世荣), et al. Salt resistance and its mechanism of cu鄄
cumber under effects of exogenous chemical activators.
Chinese Journal of Applied Ecology (应用生态学报),
2006, 17(10): 1871-1876 (in Chinese)

[21]摇 Ali B, Hayat S, Ahmad A. 28鄄homobrassinolide amelio鄄
rates the saline stress in chickpea (Cicer arietinum L. ).
Environmental and Experimental Botany, 2007, 59:
217-223

[22]摇 Ali Q, Athar H, Ashraf M. Modulation of growth, pho鄄
tosynthetic capacity and water relations in salt stressed
wheat plants by exogenously applied 2, 4鄄epibrassinol鄄
ide. Plant Growth Regulation, 2008, 56: 107-116

[23]摇 Lu X鄄M (陆晓民), Sun J (孙摇 锦), Guo S鄄R (郭世

荣), et al. Effects of exogenous 2, 4鄄epibrassinolide on
the leaf photosynthetic characteristics and polyamines
content of cucumber seedlings under hypoxia stress.
Chinese Journal of Applied Ecology (应用生态学报),
2012, 23(1): 140-146 (in Chinese)

[24]摇 Lu X鄄M (陆晓民), Gao Q鄄H (高青海). Effect of
brassinolide on the growth and isozyme expression an鄄
tioxidant enzymes of cucumber seedlings under calcium
nitrate stress. Chinese Journal of Tropical Crops (热带

作物学报), 2011, 32(11): 2104-2108 (in Chinese)
[25]摇 Dhindsa RS, Plumb鄄Dhindsa P, Thorpe TA. Leaf se鄄

nescence: Correlated with increased levels of membrane
permeability and lipid peroxidation, and decreased lev鄄
els of superoxide dismutase and catalase. Journal of Ex鄄
perimental Botany, 1981, 32: 93-101

[26] 摇 Li H鄄S (李合生). Principles and Techniques of Plant
Physiological and Biochemical Experiment. Beijing:
Higher Education Press, 2000 (in Chinese)

[27]摇 Lu X鄄M (陆晓民), Sun J (孙摇 锦), Guo S鄄R (郭世

荣), et al. Effects of brassinolide on the mitochondria
antioxidant system and celluar ultrastructure of cucumber
seedling roots under hypoxic stress. Acta Horticulturae
Sinica (园艺学报), 2012, 39(5): 888-896 ( in Chi鄄
nese)

[28]摇 Fan X鄄F (范希峰), Hou X鄄C (侯新村), Zhu Y (朱
毅), et al. Impacts of salt stress on the growth and
physiological characteristics of Panicum virgatum seed鄄

31415 期摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 陆晓民等: 油菜素内酯对氯化钠胁迫下黄瓜幼苗的缓解效应摇 摇 摇 摇 摇



lings. Chinese Journal of Applied Ecology (应用生态学

报), 2012, 23(6): 1476-1480 (in Chinese)
[29]摇 Xing Q鄄Z (邢庆振), Yu S鄄L (郁松林), Niu Y鄄P (牛

雅萍), et al. Effects of salt stress on photosynthetic
physiology and chlorophyll fluorescence characteristics of
grape (Red Globe) seedlings. Agricultural Research in
the Arid Areas (干旱地区农业研究), 2011, 29(3):
96-100 (in Chinese)

[30]摇 Xia Y (夏 摇 阳), Liang H鄄M (梁慧敏), Wang T鄄M
(王太明), et al. Effects of NaCl stress on Ca, Mg, Fe
and Zn contents of different apple organs. Chinese Jour鄄
nal of Applied Ecology (应用生态学报), 2005, 16
(3): 431-434 (in Chinese)

[31]摇 Liu G鄄H (刘国红), Jiang C鄄Q (姜超强), Liu Z鄄P
(刘兆普), et al. Effects of salt stress on growth and
photosynthetic traits of canola seedlings. Journal of
Ecology and Rural Environment (生态与农村环境学

报), 2012, 28(2): 157-164 (in Chinese)
[32]摇 Fan H鄄F (樊怀福), Guo S鄄R (郭世荣), Jiao Y鄄S (焦

彦生), et al. The effects of exogenous nitric oxide on
growth, active oxygen metabolism and photosynthetic
characteristics in cucumber seedlings under NaCl stress.
Acta Ecologica Sinica (生态学报), 2007, 27 (1):
546-553 (in Chinese)

[33]摇 Li J (李摇 军), Gao X鄄H (高新昊), Guo S鄄R (郭世

荣), et al. Effects of exogenous spermidine on photo鄄
synthesis of salt鄄stressed Cuellmis sativus seedlings. Chi鄄
nese Journal of Ecology (生态学杂志), 2007, 26
(10): 1595-1599 (in Chinese)

[34]摇 Liu J鄄X (刘建新), Hu H鄄B (胡浩斌), Wang X (王
鑫). Alleviative effects of exogenous nitric oxide on root
growth inhibition and its oxidative damage in rye grass
seedlings under NaCl stress. Bulletin of Botanical Re鄄
search (植物研究), 2009, 29(3): 313-319 ( in Chi鄄
nese)

[35]摇 Karim Y (克热木 · 伊力), Hou J鄄T (侯江涛),
Maihemuti (买合木提), et al. Effects of salt stress on
photosynthetic characters and chloroplast ultra鄄structure
of almond. Acta Botanica Boreali鄄Occidentalia Sinica
(西北植物学报), 2006, 26 (11): 2220 - 2226 ( in
Chinese)

[36]摇 Li KR, Feng CH. Effects of brassinolide on drought re鄄
sistance of Xanthoceras sorbifolia seedlings under water
stress. Acta Physiologiae Plantarum, 2011, 33: 1293-
1300

[37] 摇 Hayat S, Ali B, Hasan SA, et al. Brassinosteroid en鄄
hanced the level of antioxidants under cadmium stress in
Brassica juncea. Environmental and Experiment Botany,
2007, 60: 33-41

[38]摇 Fariduddin Q, Yusuf M, Chalkoo S, et al. 28鄄homo鄄
brassinolide improves growth and photosynthesis in Cuc鄄
umis sativus L. through an enhanced antioxidant system
in the presence of chilling stress. Photosynthetica,
2011, 49: 55-64

[39]摇 Lu X鄄M (陆晓民), Sun J (孙摇 锦), Guo S鄄R (郭世

荣), et al. Effects of brassinolide on the leaf mitochon鄄
dria and chloroplast ultrastructure and photosynthesis of
cucumber seedlings under hypoxia stress. Chinese Jour鄄
nal of Applied Ecology (应用生态学报), 2012, 23
(8): 2205-2211 (in Chinese)

[40]摇 Almeida JM, Fidalgo F, Confraria A, et al. Effect of
hydrogen peroxide on catalase gene expression, isoform
activities and levels in leaves of potato sprayed with ho鄄
mobrassinolide and ultrastructural changes in mesophyll
cells. Functional Plant Biology, 2005, 32: 707-720

作者简介 摇 陆晓民,男,1969 年生,博士,副教授. 主要从事
设施园艺及蔬菜生理生化研究. E鄄mail: luxiaomin88@ 163.
com.
责任编辑摇 张凤丽

4141 应摇 用摇 生摇 态摇 学摇 报摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 摇 24 卷


