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Research progress on tissue culture techniques of Anoectochilus roxburghii

Yang Cheng-hang, Li Xiao-ting, Yuan Jian-zhen, Ma Qing
(State Key Laboratory of Grassland Agro-ecosystem, College of Pastoral Agriculture Science and Technology,
Lanzhou University, Lanzhou 730020, Gansu, China)

Abstract: Anoectochilus roxburghii is an herbaceous plant which is used as a Chinese herbal medicine and orna-
mental plant, with high economic and medicinal value. In this paper, the recent studies of tissue culture tech-
niques of A. roxburghii are summarized regarding explant selection, minimal medium usage, induction of cal-
lus and bud, multiplication culture, and influencing factors. Seeds, nodal segments, stem apices, stems, and
leaves are commonly used as explants for tissue cultures of A. roxburghii. Tissue culturing and regeneration of
this species mainly relies on three approaches: Firstly, by using a protocornrlike body, with hormones and
genotypes being the main influencing factors; secondly, culturing by differentiation from stem segments into
buds, with cytokinin and auxin having synergistic effects; and thirdly, by callus differentiation, using the stem
pieces and stem segments, as the explants can differentiate into a large number of adventitious buds; here, 6-
BA plays a crucial role. In general, light conditions and natural organic matter are important factors to consider
in the tissue culture of A. roxburghii. The aim of this paper is to provide an evidence-based protocol for rapid
propagation of A. roxburghii, as well as to lay a foundation for protection, utilization and industrialization of
A. roxburghii.
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Table 1 Tissue culture fast propagation route of Anoectochilus roxburghii
Channel Explant Reference
Stem segment [25]
Protocorms differentiate into buds . Seed, middle stem node [21]
Nodal stem segments [30]
Induction of clustered shoots with nodal stem segments
. Blade, stem pieces [13]
Callus differentiated into buds Stem segment [28]
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Table 2 Protocorm and shoot induction rate Anoectochilus roxburghii plants of different origins
Hormone concentration/(mg *+ L™")
Origin of explant 6-BA NAA KT Induction rate/ % Position Reference
Yong’an, Fujian 3.0 0.2 1.0 84.6 [12]
Nantou, Taiwan 3.0 0.2 1.0 96. 4 Shoot [12]
Yulin, Guangxi 3.0 0.2 1.0 66.7 [12]
Yongfu, Guangxi 2 0.2 42.9 [25]
Minqing, Fujian 2 0.2 — 31.4 Protocorm [25]
Taiwan 2 0.2 — 0 [25]
2.2 KT, 4.3,
, \ 2.3
(13.33] [16.39] [16]
(7 , ,
) , MS )
[34] 6-BA 1.0 mg+ L' MS , 60 % ,
(ZT) . L]
35 7T (P<C0.05) ) ,
, 0.
6 mg e+ L™ . . ,
6-BA NAA .
, 6-BA/NAA 6~ ,6-BA  2,4-D.NAA.KT
10 ,
TS 3, ] . 6-BA 6-BA>2,4-D>NAA>KT.
NAA 1.0,2.0.,0.5 0.25 mg « L1, 3.0
. 28] ,6-BA ZT mge+L '2,4D.,1.0mg+ L "' 6-BA,0.5 mg+ L'
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Table 3 Anoectochilus roxburghii bud proliferation medium
Explant Optimum proliferation medium Proliferation coefficient  Reference
1/2MS+4.0 mg + L' 6-BA+0.4 mg+ L™' NAA 5. 00 [36]
1/2MS+1.0 mg « L' 6-BA+0.1 mg+ L™' NAA 2.00 [33]
1/2MS+2.0 mg + L' 6-BA+0.2 mg « L™! NAA 4. 30 [36]
Nodular segment MS+2.0mg+ L' 6-BA+0.5 mg+ L' NAA 1.67 [17]
1/2MS+2.0 mg+ L' 6-BA+0.5 mg « L' NAA 6. 60 [5]
1/2MS+2.0 mg + L' 6-BA+0.5 mg + L™! NAA 4. 46 [7]
Shoot tip 1/2MS+3.5mg+ L' 6-BA+0.2 mg+ L 070 .
NAA+0.6 mg+ L' ZT+0.5mg+ L ' KT
Lol , 6-BA NAA s
; 6-BA  NAA S
1 . 6-BA  NAA 1 S
, KT , s
L71 3 s [47-48] .
2.4
L22] 3 7 . \ [46.49] 3 \ \
, s
0.5 mg+ L '"NAA. 4.0 mg+« L' IBA 0.1 ol
mg *+ L '6-BA, 3ge Lt 100 g« L' ;
, 97 %5 , / ,
6-BA . s
. bl NAA , 3:1 S Tanaka %
, 3geL! , o
NAA Ll ,
(P>0.05) ™, ; wl, LED .
, lge L™ , .~ 3 LED
s ,
’ (s3] o ~ ’ ’
3 ,
, a
3.1 b
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Table 4 Factors to promote the growth of the tissue culture seedlings of Anoectochilus roxburghii
Factor Material Reference
20% 20% Coconut juice [18]
20% 20% Banana mud [38]
Organics 20% 20% Potato mud [61]
2% 2% Peptone [5]
(2 000~5 000 1x)Light intensity(2 000~5 000 1x) [46]
Light conditions Blue light [56]
Basic medium MS+3% MS+3% Sucrose [25]
o b
4
b
b b
A b
(ROS) ,
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, , (CAT) (SOD)
[66]
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[63] [71]
b

[64-65]
o

b

http://cykx. lzu. edu. cn



(2]

[1]

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

References:
10 . : ,2004 :343-355.

Chen Q H. Flora of Guizhou. Tenth volumes. Guiyang: Guizhou Science and Technology Publishing House, 2004 ; 343-355. (in
Chinese)

. s , . . ,2016(6) :57-59.
Wu M,Ma Q Q,Ling D Y,Xu H Y. Discussion on key cultivation techniques of expensive medicine Anoectochilus roxburghii.
Horticulture & Seed,2016(6) ;57-59. (in Chinese)
Qu X, Huang Y.Feng H, Hu R. Anoectochilus nandanensis sp. nov. (Orchidaceae) from northern Guangxi, China. Nordic
Journal of Botany,2015,33(5):572-575.

s , s s . . ,2015,13(12) :2743-2753.

Jiang F X,Wei P W,Kou Y P,Jia Y.Chen Q B. Study on characterization of the transcriptome of Anoectochilus formosanus
Taiwan. Molecular Plant Breeding,2015,13(12):2743-2753. (in Chinese)

s . s , s s . . ,2013,15(1) :45-49.
Wang ] M.Wang S L..Zhan Q J.Gu L.Kang Z M, Zhang ] R, Lin C Q. Study on condition optimization of tissue culture for
Anoectochilus roxburghii. Modern Chinese Medicine,2013,15(1) :45-49. (in Chinese)

s s s . . ,2014(4) :220-224.

Zhang J C,Zhang C,Chen Q,Lin C H. Industrial status and development countermeasures of Anoectochilus spp. Journal of Fu-
jian Forestry Science and Technology,2014(4) :220-224. (in Chinese)

s s s s . . : ,2011,5(5) . 43-44.

Luo Q G,Ye Y,Jiang J L,Xie C,Li Y Q. Study on tissue culture of Anoectochilus roxburghii. South China Agriculture, 2011,
5(5) :43-44. (in Chinese)

, , . s ) . . ,2016,41(2):
160-166.

Shao Q S,Ye SY,Zhou A C,Wang H Z,Zhang A L.,Xu J W. Current researches and prospects of seedling propagation and cul-
tivation modes Anoectochilus roxburghii. China Journal of Chinese Materia Medica,2016,41(2) :160-166. (in Chinese)

s s s . . ,2016,33(7) :1332-1341.

Yang Y Q,Wang Y.Zhu M L.,Lu Y H. A study on callus induction and plant regeneration in giant reed (Arundo donax). Prat-
acultural Science,2016,33(7):1332-1341. (in Chinese)
s s . 5 R . ,2015,32(1) . 78-84.
Chuan X J,Chen C H,Luo L J. Callus induction of Stylosanthes guianensis cv. Reyan No. 5. Pratacultural Science, 2015, 32
(1):78-84. (in Chinese)
s . . ,2017,38(1) :1-5.
Lu S,Xiong T Y. Establishment of rapid propaga tion for sterile seedlings of Anoectochilus roxburghii by tissue culture. Jour-
nal of Sichuan Forestry Science and Technology,2017,38(1) :1-5. (in Chinese)
, s . . ,2014(5) . 64-68.
Huang S Y.Rong J D,Zheng Y S. Study on tissue culture and rapid propagation of Anoectchilus roxburghii in different ori-
gins. Journal of Southwest Forestry University,2014(5) ;:64-68. (in Chinese)
s , . . ,2017,45(14) :103-106.
Xu Q.Mu L L,Ji A Q. Study on callus induction and seeding differentiation of the rare medicinal species Anoectochilus ro-
burghii. Journal of Anhui Agricultural Sciences,2017,45(14):103-106. (in Chinese)
s . s , , . . ,2016(6) :1491-1493.

http://cykx. lzu. edu. cn



1054

35

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Jin S,Chen Z B,Xia T Y,Ren Z,Yu Y,Mo L L. Study on efficient rapid propagation technology of Anoectochilus roxburghii
plantlets. Lishizhen Medicine and Materia Medica Research,2016(6) :1491-1493. (in Chinese)

s s , s . . ,2008,43(23)
1777-1780.
Meng Z X,Guo S X,Yu X M,Chen X M, Xiao P G. Effect of plant growth regulator on prolifera of axillary buds of Anoec-
tochilus roxburghii. Chinese Pharmaceutical Journal,2008,43(23) :1777-1780. (in Chinese)

, s , . . ,2009,28(10) :19-22.
Feng Y P,Zhang L. P,Wang Y H,Zhang X H. Studies on explant selection and buds induction of Anoectochilus roxburghii.
Seed,2009,28(10) :19-22. (in Chinese)

s s . . ,2012,39(18) :94-97.
Han X H,Wang C L,Duan C H. Effects of different hormone levels on tissue culture of Anoectochilus roxburghii. Guangdong
Agricultural Sciences,2012,39(18):94-97. (in Chinese)

s s s s s . 3 . ,2016,33(10):2012-2018.
Lin Z K,Luo ZZ,Mei L,Liu H W,Wu ] S,Lin X. Study on callus inductions of lvzhou No. 3; A new material of Arundo. Prat-
acultural Science,2016.,33(10):2012-2018. (in Chinese)

s s s s . . ,2012(2) :48-49.

Ding L, Tang H.Wu J L,Li H Q.Bao J. Preliminary study on disinfection test of orchid explants. Inner Mongolia Agricultural
Science and Technology,2012(2) :48-49. (in Chinese)
Nicomrat D, Anantasaran J. A reliable homemade tissue culture protocol for dendrobium orchid cultivation. Applied Mechanics
&. Materials,2015,804 :227-230.

, s . . ,2016,47(11) :1891-1896.
Hu Q M,Huang Y F,Zhang Q W. Seed germination and tissue culture propagation technique of Anoectochilus roxburghii.
Journal of Southern Agriculture,2016,47(11):1891-1896. (in Chinese)

s . s s . . ,2014,27(1) :23-28.
Li H Y.Liu T,Zhang H X, Yang X Y., Yang S. Research progress in rooting mechanism of plant cuttings. World Forestry Re-
search,2014,27(1) :23-28. (in Chinese)

, s , . . ,2012,47(15):1199-1203.
Luo A X,Meng Z X,Chen X M,Guo S X. Seed germination and young seedling propagation of Anoectochilus roxburghii. Chi-
nese Pharmaceutical Journal,2012,47(15):1199-1203. (in Chinese)

s s s . . ,2012(24) :144-146.
Han X H,Luo M Y,Ouyang Z C,Duan C H. Study on the proliferation of protocormrlike bodies in Anoectochilus roxburghii.
Northern Horticulture,2012(24) ;:144-146. (in Chinese)

) ) . . ,1995(1) : 3-5.
Wang J Q,Chen G,Lin L Y. Tissue culture induction of protocorm of Anoectochilus roxburghii. Journal of Chinese Medicinal
Materials,1995(1) :3-5. (in Chinese)

,2013.

Liu D. Studies on the key techniques of industrial-scale micropropagation in Anoectochilus roxburghii from Daiyunshan moun-
tain in Fujian. Master Thesis. Fuzhou: Fujian Agriculture and Forestry University,2013. (in Chinese)

s s . . ,2013,25(4) :52-54.
Li Y D,Ye H X,Chen L P. Study on tissue culture and rapid propagation techniques of Anoectochilus roxburghii. Acta Agri-
culturae Jiangxi,2013,25(4) ;52-54. (in Chinese)

s s , s . . ,2012,40(22) :11231-11232.
Luo X Q.Meng Q Y.Za L. S,Zhang Z Y.Lu ] J. Study on the induction and proliferation of lustered buds of Anoectochilus rox-
burghii. Journal of Anhui Agricultural Sciences,2012,40(22):11231-11232. (in Chinese)

, s , . . ,2013,3(2) . 72-76.

http://cykx. lzu. edu. cn



(2]

1055

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

He B Z,He G R,Huang M X,Zou S Q. Micropropagation technology of Anoectochilus roxburghii in Fujian Province. Agricul-
tural Engineering,2013,3(2):72-76. (in Chinese)
s s s s . . ,2008,36(10):3999-4001.
Yang B Y,Gao Y Y,Li C H,Luo L P,Cai Q Y. Induction and rapid propagation of Anoectochilus roxburghii protocorm. Jour-
nal of Anhui Agricultural Sciences,2008,36(10):3999-4001. (in Chinese)
,2014.
Zhu M Y. Study on germplasm resource evaluate and rapid propagation system establish of Anoectochilus roxburghii and Ano-
ectochilus formosanus. Master Thesis. Nanjing: Nanjing Agricultural University,2014. (in Chinese)
) s , , . . ,2002,25(1) :3-4.
Huang H L,Liu X W,Wu X S,Lai X W,Zhang S W. Study on seedling inducement from seed of Anoectochilus roxburghii.
Journal of Chinese Medicinal Materials,2002,25(1) :3-4. (in Chinese)
. . . s , . . ,2011,39(10) . 43-46.
Song L. S,Deng W,Wen Z R,Li Y H,Wu L ]J,Qian X X. Bud induction and propagation of wild Anoectochilus roxburghii {from
Libo County,Guizhou. Guizhou Agricultural Sciences,2011,39(10) :43-46. (in Chinese)
, s , . . ,2006,37(5) :506-509.
Liu R D,Guo W J,Lin Z N,Lu X H. Tissue culture and nutrient contents analysis of Anoectochilus roxburghii. Guangxi Agri-
cultural Sciences,2006,37(5):506-509. (in Chinese)
) , s . . ,2010,38(7) :18-19.
Hao L L,Yi Y,Shen G,Zhang X M. Optimization of proliferation culture condition of Anoectochilus roxburghii axillary buds.
Guizhou Agricultural Sciences,2010,38(7):18-19. (in Chinese)
s s s s . . ,2014,27(1) :331-336.
Luo X Q,Shen G,Meng Q Y.,Zhang X B,Zha L S. Study on culture and rapid propagation of Anoectochilus roxburghii. South-
west China Journal of Agricultural Sciences,2014,27(1) :331-336. (in Chinese)
s . s s . . ,2012,36(6):2272-2278.
Kong Q,Yuan S Y,Zhang T X,Zha Y H,Zhang W. Rapid propagation of medical Taiwan Anoectochilus roxburghii. Journal of
Anhui Agricultural Sciences,2008.36(6):2272-2278. (in Chinese)
) , ) s . . ,2013,26(6) :2485-2488.
Yang H L,HuJ F,Xu X Z,He J M,Song S. Study on tissue culture and rapid propagation of Anoectochilus roxburghii. South-
west China Journal of Agricultural Sciences,2013,26(6) :2485-2488. (in Chinese)
s s . . ,2011,40(3) :41-43.
Wang Y Y, Lin X H, Hong X. Studies on explants selection and callus induction of Anoectochilus roxburghii. Subtropical Plant
Science,2011,40(3) :41-43. (in Chinese)
) ) s . . ,2010,38(4) :33-35.
Zhang K Y,Gong N,Qiu Y,Si Q Y. Effect of culture medium on callus induction of Anoectochilus roxburghii. Guizhou Agri-
cultural Sciences,2010,38(4) :33-35. (in Chinese)
, . . ,2011(3) :40-42.
Zhao Y,Guo S X. Study on the root— promoting effect of two species of Anoectochilus roxburghii. Liaoning Agricultural Sci-
ences,2011(3) :40-42. (in Chinese)
, , s . . ,2015(12) :103-104.
Shen G, Liu R,Luo X Q,Zhang X B. Study on the formulation and transplanting substrate of tissue culture medium of Anoec-
tochilus roxburghii. Agricultural Technology Service,2015(12):103-104. (in Chinese)
, . . ,2014,37(1) :14-15.
Sao G Y.Wu Y F. The effect of different components on strengtheming and rooting of Anoectochilus roxburghii in vitro.
Tropical Agricultural Science & Technology,2014,37(1):14-15. (in Chinese)
) . ISSR . ,2011,42(1) :137-142.

http://cykx. lzu. edu. cn



1036

35

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[56]

[57]

[58]

Zhang F S,Guo S X. Establishment and optimization of ISSR reaction system for Anoectochilus roxburghii. Chinese Tradition—
al and Herbal Drugs,2011,42(1):137-142. (in Chinese)

s s , s s . . ,2014,37(4) : 553
556.
Xiao K Q,Lai R C,Lin R H,Wu G H,Zheng W R, Wu D F. Effect of different culture conditions on main chemical composi-
tions of Anoectochilus roxburghii. Journal of Chinese Medicinal Materials,2014,37(4) :553-556. (in Chinese)

, , s . . ,2015(12) :139-141.
Wei C H.Xie Y,Qin J B,Chen Q. Effect of light intensity on the growth and yield of Anoectochilus roxburghii. Northern Hor-
ticulture,2015(12) :139-141. (in Chinese)

s . . ,2012,40(3) :1294-1295.
Tang D H,Cui B L. The research about controlling browning of Phalaenopsis hybrid explants. Journal of Anhui Agricultural
Sciences,2012,40(3) :1294-1295. (in Chinese)

,2014.

Zhang H. The study on reducing somaclone browning rate of butterfly orchid. Master Thesis. Yangling: Northwest A & F U-
niversity,2014. (in Chinese)

s s , s . . ,2013(2) :56-58.
LuZ Z,Tang J] H,Tang L. Q,Fu C,Zhao J. Effect of low light on seedling growth of Anoectochilus roxburghii. China Tropical
Agriculture,2013(2) :56-58. (in Chinese)

, s . . ,2016,22(16) : 25~
26.
Zheng L J,Ma Z Q,Xiao Y L. The influence of different light intensities on the growth and development and the synthesis of
secondary metabolites of Aoectochilus formosanus. Anhui Agricultural Science Bulletin,2016,22(16) :25-26. (in Chinese)
Le V T H,Tanaka M. Effects of red and blue light-emitting diodes on callus induction, callus proliferation,and protocormr-like
body formation from callus in Cymbidium Orchid. Environmental Control in Biology,2004,42(1) .57-64.
Tanaka M, Watanabe T, Giang D T, Tanaka M, Takamura T, Watanabe H. Morphogenesis in the PLB segments of Phalae-
nopsis cultured under LED irradiation system. Horticultural Society.2001,70(S1) :58-75.

. LED . : ,2013.
Liu M L. Effect of light quality on physiological characteristics and quality of Anoectochilus roxburghii. Master Thesis.
Fuzhou: Fujian Agriculture and Forestry University,2013. (in Chinese)

,2015,5(5) :67-72.

Zhou J Y,Ding G C,He J Z,Cao G Q,Li X LL,Bu C Y. Effect of quality on the growth of tissue culture chlorophyll and chloro-
phyll fluorescence in Anoectochilus roxburghii. Journal of Agriculture,2015,5(5):67-72. (in Chinese)

s s s s s . . ,2016,
27(2):112-117.
Chen M X,Wu L B,Cao L.,Wang Z J,Peng D H,Liu Y C. Effect of light quality on growth and main chemical composition of
tissue culture in Anoectochilus roxburghii. China Illuminating Engineering Journal.2016,27(2):112-117. (in Chinese)

s s , . LED . ,2013(1) :46-48.
Liu M L,SuM H,Pan D M,Wang W. The effect of different led light on the growth of Anoectochilus roxburghii. Subtropical
Plant Science,2013(1) :46-48. (in Chinese)

s s , , . . ,2016,31(8) :839-843.
Luo Y H,Huang M L,Lin B, Ye X X,Zhong H Q. Embryo culture for orchid hybrid crossedbetween beallara marfitch and on-
cidium sweet sugar. Fujian Journal of Agricultural Sciences,2016,31(8):839-843. (in Chinese)
Chen Z Z. Orchid Industry Development and Tissue Culture Plantlet Propagation Project. Paraguay: Extension Division, Min-

istry of Agriculture and Livestock; Marketing Division, Ministry of Agriculture and livestock; Agricultural Science and Tech-

http://cykx. lzu. edu. cn



(2]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

nology Research Institute (Paraguay) ; TaiwanlCDF,2015.
Thorpe T,Stasolla C, Yeung E C,Klerk G J] M,Roberts A,George E F. The components of plant tissue culture media [[ ; Or-
ganic additions,osmotic and pH effects,and support systems. Plant Propagation by Tissue Culture,2007,1:65-113.
s ) , . . (
)+2016(2) :250-256.
Xu L,Chen Z H, Yang X N, Yang L. H. Effect of different organic appendices on protocorm multiplication and seedlings roo-
ting and growth-promoting of Dendrobium of ficinale. Journal of Yunnan Agricultural University (Natural Science), 2016
(2):250-256. (in Chinese)
,2014.
Zhu P. Study on high efficient propagation and cultivation techniques for Anoectochilus roxburghii from chibi mountain in Fu-
jian. Master Thesis. Fuzhou: Fujian Agriculture and Forestry University,2014. (in Chinese)
s s s s s . . ,2014(4) . 7-10.
Zhou R,Kong Q,Xue C LL,Gao W M,Pu L B,Yin Y L. Tissue culture and rapid propagation of wild Anoectochilus in Pingbi-
an. Yunnan Agricultural Science and Technology,2014(4) :7-10. (in Chinese)
s s . . ,1986(1):106-110.
Liu D,ChiJ F,Liu G Y. Exogenous hormone regulation in the organogenesis of tobacco callus. Acta Phytophysiologica Sinica,
1986(1) :106-110. (in Chinese)
,2002.
Wang X H. Tissue culture and endogenous hormone analysis of different explants in rice. Master Thesis. Ya’an:Sichuan Agri-
cultural University,2002. (in Chinese)
Leshem B. Polarity and responsive regions for regeneration in the cultured melon cotyledon. Journal of Plant Physiology,1989,
135(2) :237-239.
Abbasi B H,Khan M, Guo B, Bokhari S A, Khan M K. Efficient regeneration and antioxidative enzyme activities in Brassica
rapa var. turnip. Plant Cell Tissue & Organ Culture,2011,105(3):337-344,
, . . ( ),1989,25(4) . 88-92.
Wang Y F, Wang K S. Cytohistological observation of morphgenesis on tissue culture of Lucium barbarum 1. Journal of
Lanzhou University (Natural Science) ,1989,25(4) :88-92. (in Chinese)
) . POD . ( ),2002,17(1):
64-68.
Zhuang D H,Du H. Changes in peroxidase isozyme activity and soluble protein content in the course of culture for cotyledon of
Brassica pekinensis. Journal of Shantou University (Natural Science Edition),2002,17(1) :64-68. (in Chinese)
s . . ( ).1998.34(3) .
93-99.
Cui K R,Ren H X. The positive correlations between the activities of antioxidant enzymes and somatic embryogenesis during
the period of tissue culture in Lycium barbarum L. Journal of Lanzhou University (Natural Science),1998,34(3):93-99. (in
Chinese)
Meratan A A, Ghaffari S M, Niknam V. In vitro, organogenesis and antioxidant enzymes activity in Acanthophyllum sordi-
dum . Biologia Plantarum,2009,53(1) ;5-10.
Srivastav M. Kishor A,Dahuja A,Sharma R R. Effect of paclobutrazol and salinity on ion leakage. proline content and activities

of antioxidant enzymes in mango (Mangi fera indica 1..). Scientia Horticulturae,2010,125(4) :785-788.

http://cykx. lzu. edu. cn



