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(Citrus sinensis L.) Fruit by Regulating
Antioxidant Enzymes During Storage
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Summary
The effect of brassinosteroid (BR) on chilling injury of Washington Navel orange
(Citrus sinensis L.) fruit was investigated. BR at the concentrations of 0.75 and 1.5
ppm effectively reduced chilling injury of Washington Navel orange fruit during five
months storage at 3°C, and BR at 1.5 ppm showed the best effect. BR treatment also
reduced the lipid peroxidaion and peroxide hydrogen content of peel and pulp during
storage. Results of physiological response in orange fruit showed that BR induced
the activity of antioxidant enzymes including catalase and peroxidase. These results
indicate that the elicitation of an antioxidant response in orange fruit by BR may
be associated with chilling injury alleviation. Moreover, BR maintained the orange
quality by decrease of lipid peroxidation and peroxide hydrogen content. The present
study is the first evidence that BR enhances orange fruit tolerance to cold stress and
therefore fruit quality.
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Introduction
Chilling injury (CI) is a primary postharvest problem for
orange (Citrus sinensis L.) and many other horticulture crops
during storage (Wang, 1993; Manners et al., 2003; Zhang and
Tian, 2010). Washington Navel orange fruits are susceptible to
CI during storage below 5°C (Syvertsen, 1982), and the main CI
symptoms are surface pitting, browning, discoloration and decay
(Schirra et al., 2005; Gualanduzzi, 2009). Several promising
methods have been developed to alleviate CI symptoms of orange
fruit. These include postharvest physical treatments with UV-C
(Odriozola-Serrano et al., 2007; Slaughter et al., 2008), modified atmosphere packaging (Mannerset al., 2003), temperature
conditioning (Obenland, et al., 2012), and chemical treatments
with plant growth regulators (Montesinos-Herrero and Palou,
2010; Schirra et al., 2005; Skog and Chu, 2001).
Brassinosteroids are considered to be a class of plant polyhydroxysteroids and have been recognized as a new kind of phytohormones that play an essential role in plant development (Bishop
and Koncz, 2002). Extensive studies have revealed that brassinosteroids are essential for plant growth and development since
they regulate a range of physiological processes, such as stem
elongation, root growth, vascular differentiation, leaf epinasty
and reproduction (Fujioka and Yokota, 2003; Kim and Wang,
2010; Sasse, 2003). The potential of brassinosteroids for enhancing chilling resistance of plant cells has also been evaluated. He
et al. (1991) reported that brassinolide improved the greening
of etiolated leaves at lower temperatures in light and promoted
the growth recovery of maize seedlings following chilling treatment. Xia et al. (2009) studied the brassinosteroids levels in cucumber (Cucumis sativus) through a chemical genetics approach
and found that BR levels were positively correlated with the tolerance to cold stresses. Recently, abscisic acid has been shown
to be involved in brassinosteroids-induced chilling tolerance in
suspension-cultured cells from Chorispora bungeana (Liu et al.,
2011). However, to the best of our knowledge, some information is available on the effects of brassinosteroids applied after
harvest on CI of horticultural crops such as tomato (Aghdam,
2012). These results were consistent with Zhu et al. (2010), who
found that BR significantly delayed jujube fruit senescence and
maintained fruit quality.
The objectives of this study were to evaluate the effects of BR
on chilling injury, lipid peroxidaion content, peroxide hydrogen
content, and the induction of antioxidant enzymes, such as catalase (CAT) and peroxidase (POD), in Washington Navel orange
(Citrus sinensis L.) fruit during storage at 3°C.

Materials and methods
Washington Navel orange fruit and treatment
Washington Navel orange (Citrus sinensis L.) fruits were
harvested at commercial maturity from a commercial orchard
in Kerman, Iran, and transported to the laboratory on the same
day. Orange fruits without wounds or rot were selected based on
uniformity of size and absence of physical injury or disease. The
harvested fruits were disinfected with 1% sodium hypochlorite
(v/v) for 2 min, washed, and dried in air. Subsequently, they were
randomly divided into three groups. Two of the groups were immersed in aqueous solution containing, respectively, 0.75, and
1.5 ppm of BR for 5 min, based on our preliminary experiments,

and the third group was immersed in distilled water for 5 min
and served as a control. All fruits were enclosed in plastic boxes
with polyethylene film bags to maintain the relative humidity at
about 95% and stored at 3°C.

Evaluation of chilling injury (CI)
The symptoms of CI include surface pitting and browning.
The CI index was determined according to the method described
by Obenland et al. (2009). Grade levels were classified as follows:
grade 0, the orange fruits are unaffected; grade 1, less than 25%
of the fruit area shows CI symptoms in the peel; grade 2, 25–50%
of the fruit area shows CI symptoms; and grade 3, more than
50% of the fruit area shows CI symptoms.
The CI index is calculated using the following formula: CI
index (%) = (CI Grade ×number of fruit at this level)/(highest
level × total fruit number) × 100. Three replicates for each treatment were performed, and each replicate contained 25 fruits.

Measurement of lipid peroxidation content
Lipid peroxidaion content was determined and expressed as
malondialdehyde (MDA) equivalents, according to the method
of Rajinder et al. (1981), with slight modifications. Pulp and peel
tissue (4.0 g) from orange fruit were homogenized with 20 mL
of 10% trichloroacetic acid and then centrifuged for 10 min at
5000 × g. One milliliter of the supernatant was mixed with 3 mL
of 0.5% thiobarbituric acid (TBA) dissolved previously in 10%
trichloroacetic acid. The reaction mixture solution was heattreated for 20 min at 95°C, quickly cooled, and then centrifuged
for 10 min at 10,000 × g to clarify precipitation. Absorbance at
532 nm was measured and subtracted from the nonspecific absorbance at 600 nm. The amount of MDA was calculated using
an extinction coefficient of 155 mM−1 cm−1 and expressed as
mM g−1 of fresh weight (FW).

Assay of antioxidant enzyme activity
Pulp and peel samples were obtained from orange fruits at
each time point during the storage at 3°C. Pulp and peel tissue
samples (4 g) with 0.1 g PVPP were homogenized in 10 mL of
ice-cold PBS (25 mM) containing 1 mM EDTA. The homogenate was centrifuged at 12,000 × g for 20 min at 4°C, and the resulting supernatant was collected for the enzyme assay (Egley
et al., 1983).
Catalase (CAT) and peroxidase (POD) activities were analyzed according to Xing et al. (2011) with a slight modification.
The reaction mixture consisted of 2 mL sodium phosphate
buffer (50 mM, pH 7.0), 0.5 mL H2O2 (40 mM) and 0.5 mL
enzyme extract. The decomposition of H2O2 was measured by
the decline in absorbance (A) at 240 nm. CAT specific activity
was expressed as U·kg−1 of FW, where U = ΔA at 240 nm per s.
For POD determination, 0.5 mL enzyme extract was incubated
in 2 mL buffered substrate (100 mM sodium phosphate, pH 6.4
and 8 mM guaiacol) for 5 min at 30°C and the increasing absorbance measured at 460 nm every 30 s for 120 s after adding
1 mL of H2O2 (24 mM). POD and CAT activity was expressed
as U.mg protein-1, where U = ΔA at 470 nm per s.

Hydrogen peroxide assay
The assay for H2O2 content was carried out by the procedure described by Prassad (1996). Fresh tissues (2 g) were homogenized with 10 ml of acetone at 0°C. After centrifugation
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for 15 min at 6000 g at 4°C, the supernatant phase was collected.
The supernatant (1 m1) was mixed with 0.1 ml of 5% titanium
sulphate and 0.2 ml ammonia, and then centrifuged for 10 min
at 6000 g and 4°C. The pellets were dissolved in 3 ml of 10% (v/v)
H2SO4 and centrifuged for 10 min at 5000g. Absorbance of the
supernatant phase was measured at 410 nm. H2O2content was
calculated using H2O2 as a standard and then expressed as μg/g
on fresh weight basis (Prassad,1996).

A

Data analysis
All statistical analyses were performed with SPSS version
13.0 (SPSS Inc., Chicago, IL, USA). Data at each time point were
analyzed by one-way ANOVA, and mean separations were performed by Duncan’s new multiple range test. Differences at P
< 0.05 were considered significant. Each treatment consisted
of three replicates and the experiment was repeated six times.

Results
Effect of BR on CI of orange fruit
The effect of BR on CI of orange fruit during cold storage is
shown in Fig. 1. In the untreated control orange fruit, CI symptoms (surface pitting and browning as shown in Fig. 1) occurred
one month after storage, and the CI index was as high as 39.1%
five months after storage in control oranges (Fig. 1). In orange
fruit treated with BR, CI symptoms occurred 45 days after storage (DAS).

Figure 1. Effect of brassinosteroid (BR) on chilling
injury of Washington Navel orange (Citrus sinensis L.) fruit
during storage under low temperature. (C: control fruit; B1:
brassinosteroid 0.75 ppm; B2: brassinosteroid 1.5 ppm).
Note: Means followed by same letter are not significantly
different at P<0.05 according to Duncan’s multiple range test.

Moreover, the CI index in BR-treated fruit was significantly
lower compared to the index in control fruit. Among all the treated fruit, BR at 1.5 ppm was the most effective in alleviating CI.

Lipid peroxidation and H2O2 content
Lipid peroxidaion content has been used as direct indicator
of membrane injury, which is often associated with CI. As shown
in Fig. 2A and B, a continuous increase in lipid peroxidaion

Figure 2. Effect of brassinosteroid (BR) on peel (A) and
pulp (B) lipid peroxidation of Washington Navel orange (Citrus
sinensis L.) fruit during storage under low temperature. (C:
control fruit; B1: brassinosteroid 0.75 ppm; B2: brassinosteroid
1.5 ppm). Note: Means followed by same letter are not
significantly different at P<0.05 according to Duncan’s multiple
range test.

content was observed, both in control and in the treated orange
fruits stored at 3°C, although the application of BR to oranges
significantly delayed the increase of lipid peroxidaion during
storage. At the end of the storage period (Day 150), the lipid
peroxidaion content of samples treated with BR at 1.5 ppm was
significantly lower compared to the lipid peroxidation of control samples. This pattern was observed both in peel and pulp
of orange fruits (Fig. 2A and B).
Changes in H2O2 content of orange fruit are presented in
Fig. 3A and B. The initial H2O2 content was low (10.1 – 12.06
μg.g FW-1) in peel and pulp of orange fruits. In general, H2O2
content increased as storage time increased. At the end of the
storage period (150 DAS), the H2O2 content of BR-treated samples and control samples was (17.2 and 34 μg·g FW-1, in the flesh,
and 19.7 and 41.2 μg.g FW-1 in the tissue) respectively (Fig. 3A
and B). The increase of H2O2 content in the control groups was
much higher than that in the BR-treated oranges. H2O2 content,
is as an indicator of membrane integrity (Xu et al., 2009), and
our results show that membrane integrity was maintained as a
result of BR treatment.

Effect of BR on induction of antioxidant enzymes
As illustrated in Fig. 4 and 5, BR treatments at 0.75, and 1.5
ppm (especially 1.5 ppm) induced the activity of CAT and POD
enzymes in orange fruit stored at 3°C. CAT and POD activity
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A

Figure 3. Effect of brassinosteroid (BR) on peel (A) and pulp
(B) H2O2 content of Washington Navel orange (Citrus sinensis
L.) fruit during storage under low temperature. (C: control fruit;
B1: brassinosteroid 0.75 ppm; B2: brassinosteroid 1.5 ppm).
Note: Means followed by same letter are not significantly
different at P<0.05 according to Duncan’s multiple range test.

Figure 5. Effect of brassinosteroid (BR) on peel (A) and pulp
(B) peroxidase activity of Washington Navel orange (Citrus
sinensis L.) fruit during storage under low temperature. (C:
control fruit; B1: brassinosteroid 0.75 ppm; B2: brassinosteroid
1.5 ppm). Note: Means followed by same letter are not
significantly different at P<0.05 according to Duncan’s multiple
range test.

showed a similar pattern during storage in both peel and pulp
(Fig. 4 and 5). In control and BR treatments activity of CAT and
POD enzymes peaked at the end of the storage period (150 DAS).
Both enzymes in oranges treated with BR at 1.5 ppm showed
higher levels compared to controls during the entire storage
period. All BR treatments induced a higher CAT and POD activity than that in control fruits (Fig. 4 and 5).

B

Discussion

Figure 4. Effect of brassinosteroid (BR) on peel (A) and pulp
(B) catalase activity of Washington Navel orange (Citrus sinensis
L.) fruit during storage under low temperature. (C: control fruit;
B1: brassinosteroid 0.75 ppm; B2: brassinosteroid 1.5 ppm).
Note: Means followed by same letter are not significantly
different at P<0.05 according to Duncan’s multiple range test.

Chilling injury (CI) is a major factor in reducing the quality and limiting the storage time of subtropical fruits, including orange. To prevent CI development and extend shelf life, a
number of strategies, including physical and chemical treatments, have been evaluated (Aghdam, 2012; Obenland et al., 2009;
Obenland et al., 2008; Palou et al., 2010; Schirra and D’hallewin,
1997; Smilanick, 2011). In the present study, the plant hormone
BR was applied and the results indicated that BR significantly
reduces CI of orange fruits during storage at 3°C (Fig. 1). Our
finding was consistent with previous reports that exogenous application of BR is effective in protecting seedlings of rice (Fujii
and Saka, 2001), maize and cucumber (Bajguz and Hayat, 2009)
against cold stress. However, to the best of our knowledge, this
is the first report that BR has been shown to have beneficial effects against CI of postharvest orange fruits. CI occurrence is
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often accompanied by oxidative damage, which can be followed
through lipid peroxidaion content, since it is a final product of
lipid peroxidation (Xu et al., 2009). In this study, there was a continuous increase in peel and pulp lipid peroxidaion content in
all fruits, but the application of BR significantly delayed the increase of lipid peroxidaion (Fig. 2A and B). Moreover, the change
in membrane permeability (revealed by H2O2 content) showed
trends similar to lipid peroxidaion content; that is, peel and pulp
H2O2 content increased with storage duration, but BR markedly
delayed the increase (Fig. 3A and B). BR has been considered to
be involved in a network of interacting signal transduction pathways, which regulate defense responses to abiotic stress (Villiers
et al., 2012). Divi et al. (2010) demonstrated that BR-mediated
stress tolerance in arabidopsis shows interactions with abscisic
acid, ethylene and salicylic acid pathways. The mechanism by
which BR induced cold resistance in orange was investigated in
this study. When horticultural crops are exposed to severe abiotic stresses, including cold stress, large amounts of intracellular
ROS (reactive oxygen species) are generated (Gualanduzzi et al.,
2009; Wagstaff et al., 2010). The detoxification of ROS is dependent on antioxidant enzymes such as CAT and POD (Aghdam,
2012; Ding et al., 2007). The increase in these enzymes’ activity
contributes to the adaptation of plants to cold stress and ameliorates oxidative damage such as lipid peroxidation (lipid peroxidaion increase as indicator) and H2O2 content (Aghdam, 2012;
Huang and Guo, 2005). In the present study, we found that the
activity of the two enzymes in orange was induced by BR treatment during the storage at 3°C (Fig. 3 A and B).
Similar results have been reported in previous studies. Verma
et al. (2012) demonstrated that exogenous BR was effective in
promoting in vitro growth of groundnut (Arachis hypogaea) by
elicitation of CAT, POD, APX (ascorbate peroxidase) and polyphenol oxidase. Zhang et al. (2010) reported that BR enhanced
the activity of CAT, APX, and SOD (superoxide dismutase) in
maize leaves, and apoplastic H2O2 in BR-induced antioxidant
defense. We suggest that the BR induction of antioxidant enzyme
activity in orange fruits may be a key factor in lowering oxidative damage caused by cold stress, thus improving the cold tolerance and alleviating CI of orange stored at 3°C.

Conclusion
In conclusion, application of BR reduced CI of oranges stored
at 3 °C and maintained oranges quality as well. The chilling injury,
lipid peroxidaion, and peroxide hydrogen were significantly reduced by brassinosteroid treatment especially at 1.5 ppm. BR
treatment induced cold resistance may be due to stimulation of
antioxidant enzymes and protection against membrane oxidative damage, decreased lipid peroxidation and H2O2 content in
orange fruits. These results may have implications for the use
of BR in managing postharvest CI of other subtropical fruits
stored at low temperatures.

References
Aghdam M S, Asghari M, Farmani B, Mohayeji M, Moradbeygi H.
2012. Impact of postharvest brassinosteroids treatment on PAL
activity in tomato fruit in response to chilling stress. Scientia
Horticulturae 144: 116-120

Bajguz A., Hayat S. (2009). Effects of brassinosteroids on the plant
responses to environmental stresses. Plant Physiol Biochem 47:
1–8.
Bishop G.J., Koncz C. (2002). Brassinosteroids and plant steroid
hormone signaling. Plant Cell 14: S97–S110.
Ding Z., Tian S., Zheng X., Zhou Z., Xu Y. (2007). Responses of
reactive oxygen metabolism and quality in mango fruit to exogenous oxalic acid or salicylic acid under chilling temperature
stress. Physiol Plant 130: 112–121.
Divi U. K., Rahman T., Krishna P. (2010). Brassinosteroid-mediated
stress tolerance in Arabidopsis shows interactions with abscisic acid, ethylene and salicylic acid pathways. BMC Plant Biol
10: 151.
Egley G. H., Paul R.N., Vaughn K.C., Duke S.O. (1983). Role of peroxidase in the development of water impermeable seed coats in
Sida spinosa L, Planta 157: 224-232.
Fujii S., Saka H. (2001). The promotive effect of brassinolide on
lamina joint-cell elongation, germination and seedling growth
under low-temperature stress in rice (Oryza sativa L.). Plant
Prod Sci 4: 210–214.
Fujioka S., Yokota T. (2003). Biosynthesis and metabolism of brassinosteroids. Annu Rev Plant Biol 54: 1371–1464.
Gonzalez-Aguilar G.A., Gayossoa L., Cruz R., Fortiza J., Beza R.,
Wang C. Y. (2000). Polyamines induced by hot water treatments
reduce chilling injury and decay in pepper fruit. Postharvest
Biol Technol 18: 19–26.
Gualanduzzi S., Baraldi E., Braschi I., Carnevali F., Gessa C. E.,
De Santis A. (2009). Respiration, hydrogen peroxide levels and
antioxidant enzyme activities during cold storage of zucchini
squash fruit. Postharvest Biol Technol 52: 16–23.
He R. Y., Wang G. J., Wang X. S. (1991). Effects of brassinolide on
growth and chilling resistance of maize seedlings. In: Cultler
H.G., Yokota T., Adam G. (Eds.), Brassinosteroids – Chemistry,
Bioactivity and Application. ACS Symposium, Ser. 474.
American Chemical Society, Washington.
Huang M., Guo Z. (2005). Responses of antioxidative system to
chilling stress in two rice cultivars differing in sensitivity. Biol
Plant 49:81–84.
Kim T. W., Wang Z. Y. (2010). Brassinosteroid signal transduction
from receptor kinases to transcription factors. Annu Rev Plant
Biol 61:681–704.
Liu Y., Jiang H., Zhao Z., An L. (20110. Abscisic acid is involved in
brassinosteroidsinduced chilling tolerance in the suspension
cultured cells from Chorispora bungeana. J Plant Physiol 168:
853–862.
Manners G. D., Breksa A. P., Schoch T. K., Hidalgo M. B. (2003).
Analysis of bitter limonoids in citrus juices by atmospheric
pressure chemical ionization and electrospray ionization liquid chromatography-mass spectrometry. J Agr Food Chem 51:
3709–3714.
Montesinos-Herrero C., Palou L. (2010). Combination of physical
and low-toxicity chemical postharvest treatments for the management of citrus fruit: a review. Stewart Postharvest Rev 1:1.
Obenland D., Collin S., Sievert J., Arpaia M. L. (2012). Impact of
high-temperature forced-air heating of navel oranges on quality attributes, sensory parameters, and flavor volatiles. HortSci
47: 386–390.
Obenland D., Dennis M., Collin S., Sievert J., Fjeld K., Arpaia
M. L., Thompson J., Slaughter D. (2009). Peel fluorescence as a means to identify freeze-damaged navel oranges.
HortTechnology 19: 379-384.
Obenland D., Collin S., Mackey B., Sievert J., Fjeld K., Arpaia M.L.
(2009). Determinants of flavor acceptability during the maturation of navel oranges. Postharvest Biol Technol 52: 156–163.

Agric. conspec. sci. Vol. 79 (2014) No. 2

113

114

Bahareh GHORBANI, Zahra PAKKISH

Obenland D., Collin S., Sievert J., Fjeld K., Doctor J., Arpaia M. L.
(2008). Commercial packing and storage of navel oranges alters
aroma volatiles and reduces flavor quality. Postharvest Biol
Technol 47:159–167.
Odriozola-Serrano I., Hernndez-Jover T., Martﻱn-Belloso O.
(2007). Comparative evaluation of UV–HPLC methods and
reducing agents to determine vitamin C in fruits. Food Chem
105: 1151–1158.
Palou L., Smilanick J. L., Montesinos-Herrero C., ValenciaChamorro S., Pérez-Gago M. B. (2010). In: Slaker D. A. (ed.),
Novel approaches for postharvest preservation of fresh citrus
fruits. In: Citrus Fruits: Properties, Consumption and Nutrition.
Nova Science Publishers, New York.
Prassad T. K. (1996). Mechanisms of chilling-induced oxidative stress injury and tolerance in developing maize seedlings:
changes in antioxidant system, oxidation of proteins and lipids,
and protease activities. Plant J 10:1017-1026.
Rajinder S. D., Dhindsa P.P., Thorpe T. A. (1981). Leaf senescence:
Correlated with increased levels of membrane permeability and
lipid peroxidation, and decreased levels of superoxide dismutase
and catalase. J Exp Botany 32: 93-101.
Sasse J.M. (2003). Physiological actions of brassinosteroids: an
update. J Plant Growth Regul. 22: 276–288.
Schirra M., D’hallewin G. (1997). Storage performance of Fortune
mandarins following hot water dips. Postharvest Biol Technol
10: 229–238.
Schirra M., Mulas M., Fadda A., Mignani, I., Lurie S. (2005).
Chemical and quality traits of ‘Olinda’ and ‘Campbell’ oranges
after heat treatment at 44 or 46_C for fruit fly disinfestations.
Lebenson. Wiss. Technol 38:519–527.
Skog L.J., and Chu C. L. (2001). Effect of ozone on qualities of fruits
and vegetables in cold storage. Can J Plant Sci 81:773-778.
Slaughter D. C., Obenland D. M., Thompson J. F., Arpaia M. L.,
Margosan D. A. (2008). Non-destructive freeze damage detection in oranges using machine vision and ultraviolet fluorescence. Postharvest Biol Technol. 48:341–346.
Smilanick J. L. (2011). Integrated approaches to postharvest disease
management in California citrus packinghouses. Acta Hort 905:
145-148.
Syvertsen J. P. (1982). Dehydration of freeze-damaged oranges.
HortSci 17:803–804.

Verma A., Malik C. P., Gupta V. K. (2012). In vitro effects of brassinosteroids on the growth and antioxidant enzyme activities in
groundnut. ISRN Agron. 10: 356–485.
Villiers F., Jourdain A., Bastien O., Leonhardt N., Fujioka S.,
Tichtincky G., Parcy F., Bourguignon J., Hugouvieux V. (2012).
Evidence for functional interaction between brassinosteroids
and cadmium response in Arabidopsis thaliana. J Exp Bot 10:
335.
Wagstaff C., Bramke I., Breeze E., Thornber S., Harrison E., Thomas
B., Buchanan- Wollaston V., Stead T., Rogers H. (2010). A specific group of genes respond to cold dehydration stress in cut
Alstroemeria flowers whereas ambient dehydration stress accelerates developmental senescence expression patterns. J Exp Bot
61: 2905–2921.
Wang C.Y. (1993). Approaches to reduce chilling injury of fruits and
vegetables. Hort Rev 15: 63–132.
Xia X. J., Wang Y.J., Zhou Y.H., Tao Y., Mao W.H., Shi K., Asami
T., Chen Z., Yu J.Q.(2009). Reactive oxygen species are involved
in brassinosteroid-induced stress tolerance in cucumber. Plant
Physiol. 150: 801–814.
Xing Y., Li X., Xu Q., Yun J., Lu Y., Tang Y. (2011). Effects of chitosan coating enriched with cinnamon oil on qualitative properties of sweet pepper (Capsicum annuum L.). Food Chem 124:
1443–1450.
Xu W., Peng X., Luo Y., Wang J., Guo X., Huang K. (2009).
Physiological and biochemical responses of grapefruit seed
extract dip on ‘Redglobe’ grape. LWT –Food Sci Technol. 42:
471–476.
Zhang A., Zhang J., Ye N., Cao J., Tan M., Zhang J., Jiang M.
(2010). ZmMPK5 is required for the NADPH oxidase-mediated
self-propagation of apoplastic H2O2 in brassinosteroid-induced
antioxidant defence in leaves of maize. J Exp Bot 61: 4399–4411.
Zhang C. F., Tian S.P. (2010). Peach fruit acquired tolerance to
low temperature stress by accumulation of linolenic acid and
N-acylphosphatidylethanolamine in plasma membrane. Food
Chem 120: 864–872.
Zhu Z., Zhang Z., Qin G., Tian S.P. (2010). Effects of brassinosteroids on post harvest disease and senescence of jujube fruit in
storage. Postharvest Biol Technol 56: 50–55.

acs79_17

Agric. conspec. sci. Vol. 79 (2014) No. 2

