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Effects of 6-BA and Zeatin on the Fruit Sugar Contents and Invertase
Activities in Red Globe Grape during Fruit Development
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Abstract: Red Globe grape was used to study the effect of 6-BA and zeatin on sugar accumulation and
invertase activities. The results showed that the contents of sucrose, glucose, fructose, total sugar and
invertase activities in Red Globe berries treated had almost parallel changes as those of control during
fruit development. Compared with the control,the contents of sugar in treated berries was significantly
higher at different degree at the harvest time. , the result of 6-BA treatment at 30 mg per litre was
most prominent,and zeatin diluted for 200 times was little less, With the treatment of 6-BA and zeat-
in,not only the content of sucrose and the activities of invertase were increased at the early stage,but
also the the steady rising of glucose and fructose at the middle and later stage was maintained. Conse-
quently, the invertase activities influenced by 6-BA and zeatin may be responsible for the accumulation
of sugar during the development of the grape berries.
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ERAFELETRREARAIF G AMZE
HEEAEK-BHHELE RWERER 6 aE
LR 41 % % (Vitis vinifera cv. Red Globe) £ R
AMBTEN 1 mX4 m, HRRE. ABRAH
6-BA.EXEAFIME LB EZHEARAR M
BRI HRBEARERAT. KT 2006
4 5~9 AT, 3L 5 AN H, K A LY 6-
BA 7%, i 3 1M E: 10 mg/L(A1).20 mg/L,
(A2).30 mg/L(A3), B4R 200 fEEXRER
B, LAE K Ab BT B (CKD , M B R —1T,
HEE S 30 B AR H B LU 10 B — /DK,
BEHLX AR BEE 3 K., FERLARS A A
27H).#E3d(6 B 4 H).fE/F10d(6 B 11
H )X R 5 B 5B — K ), BLA A T L
R.E\BEHARE, BIEEEH AL 80~100 4, £
PR B 6~10 8, /= B # HI7E 7~10 kg, H A+ # M
EH|, hEEN6H 25 HFHEMR 10 d RHE—
KOERHEREE 8 A 27 HER , REHNE
WEbke E P T3 AR 5~6 MRBE LR
RN SRR E, SR B 50 AL, B KLU &
BHIIR 30 B, WA R GEAKEFEALRE,
F—40CkFEPEH,
1.2 BELEHIE

HEME AR R E S B R AR M
B, 3 BUBRE S, G 2 KIRFRIME.,
1.3 HUMmEENNE
1.3.1 Bk tRR B8 Nielsen" | FHE
£ ER BRHEER 3R, BREE 2 KIKY
. BAIABEERRL g R, A S mL WX HE
WY W (0. 1 mol/L B9 B M & rh ¥ pHT. 5,
5 mol/L MgCl,,1 mmol/L EDTA,0. 1% # % Z
§2,0.1% Triton X-100), (KR FTHEBES K, —
4°C %44 F 10 000 r/min B.0> 15 min, b 3 ¥k 8
A 10 mL ZVERE, VA 4 mL #EBUE AR
1R, AHEEBRERFZE 10 mLfERBERK.
1.3.2 ¥ H#4LE(ND BRO0.1 mL BEHEBM
AH 1 mL R BIHE (L% BERE 0. 1 mol/L B M wh
¥ PH 7.5,5 mmol/L MgCl,,1 mmol/L EDTA)
FE34CKE 1 h/E, UBEKH 5 min & E RN,

RA3.5——WMEARENEEFHESE; AW
MR KA, WA EERITER
B R, R B EE, B4 mg
gl +«h 'FW,

1.3.3 miE34s(AD B 0.1 mL BEAK
A 1mL KB RHE,0. 1 mol/L REER R mhill
(pH 5.5) 1, #E 34'C TR 1 h FH K&, LA K
# 5 min & 1F R, HABRER L.

2 BREA

2.1 RRAEEGESSRREUHERY
T

ERTAEKIE S WA R R R
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% 6-BA RAEMRE B KA R RE LAY
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Fig. 1 The changes of sugar contents and invertase activity in Red Globe berries

% 6-BA MBI RELPHABEHTMHES HEES6 14~16.9%), HERLHAHGBA
BOEA—-B . ZEECHPHEABESEEE MAEOOXBRABEEMNE-NNEE, B3 RE
BMBREERA HERTREBHEBESENE & 42.6%0~77.5% B HERLRIUHHFEHE
FHREAT., RMEHCBEETS,6-BALE  EWAK, NEELH,6-BA & B x mf % L i
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Table 1 The changes of sugar contents of Red Globe berries treated with 6-BA and zeatin

BAEER/N it | H i Date/(d/month)
Sugar contents Treatments 25/6 5/7 15/7 25/7 4/8 14/8 27/8
-2 ] Al 0.20CD 0.11CD 0. 27bc 0. 21be 0. 44bed 0.58CD . 0.66¢cd
Sucrose A2 0.21C 0.12C 0.29b 0. 22ab 0. 46be 0. 60ABC 0. 67bc
A3 0.24AB 0.16AB 0.32a 0. 26a 0. 49ab 0.63AB 0. 69b
B 0.25A 0.18A 0.24d 0. 18cd 0.52a 0.67A 0.72a
CK 0. 18E 0, 10CDE 0. 23de 0. 17cde 0.41de 0. 45E 0. 64cde
HEs Al 0, 26be 0. 41bc 0. 98bc 1.21CD 2,.27CD 5.39DE 6. 59CD
Glucose A2 0.27ab 0.43b 1.07b 1.31C 2.53C 5.53CD 6. 71BC
A3 0.29a 0. 46a 1.21a 1. 48AB 3.05A 5.98B 7.19A
B 0. 29a 0. 39¢d 0. 93bed 1. 15CDE 2.81AB 5, 76BC 6.98AB
CK 0. 25cd 0. 38cde 0. 81de 1.65A 2. 20DE 6.79A 6. 40E
3 Al 0. 28ab 0. 33ab 0. 82D 2.87CD 4.74CD 5.52E 7.44CD
Fructose A2 0. 27abe 0. 31bc 0.95BC 3.06C 4.95BC 5.77CD 7.69BC
A3 0. 25¢d 0.29d 1. 06 AB 3.40B 5.51A 6.35B 8.32A
B 0. 27abc 0. 32be 1.15A 3.84A 5.26AB 6.06BC 8.01AB
CK 0.29a 0. 34a 0. 69E 2. 55DE 3.95E 7.51A 7. 20DE
o Al 0. 74bc 0. 85¢d 2.07BC 4.27CDE 7.45CD 11. 49DE 14. 69CD
Total sugar A2 0. 75bc 0. 86¢ 2,31AB 4.59C 7.93BC 11. 90CD 15.07C
A3 0.78b 0.91a 2.59A 5.14AB 9.05A 12.96B 16. 20A
B 0. 83a 0. 89ab 2.32AB 5.17A 8.59AB 12, 49BC 15.71AB
CK 0. 73bed 0. 82e 1.73CD 4.37CD 6. 56E 14, 75A 14, 64D

T HERIREEMFHE, I RA Duncen’s itk MR, KEFHRR P < 0.0, NEFHHER P <0.05, &2FM.
Notes: The values are the average of triplet and they were adopted Duncan’ s New Multiple Range Test (different small and capital letters

means significant at 0. 05 and 0, 01 levels), The same as table 2.
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SZEREABE REPHEBIBERL R
BRSO AR B E R, B AR REHE
EwmE/NBETA 25 HZEHmMERE, ERK
Bk BORMH B X IR 12. 7% E B RS
BE5% 6-BA b BHRLEA - EAH
F A2(20 mg/L)F1 A3(30 mg/L)PAL# 2 8] ,{H
ERRLEABRE T RELEKCPRBENRRE
RRD,

EXRRLBUREERF TRLEFRYF
PEFCACRE G T, P, 7 A 15 BB — IR (E
U %t B4R 25.0%,8 A 4 H M5 RigE N
BXEER 45. 1%, EEXRKLBEMREL PR
HHRABENERTEANOLTRRE K. &
HORREREIT 7 A 15 HRBIEGMHE, B R
BRBEKF EES 23. 8%, ZERETHE. &
XA E A BAEEITROAHEEXRRLE
MRLFMUERCHEEHEER THRGE
2),

%2 CBAEARLAFERUUERXIAABBFENEL
Table 2 The changes of invertase activity of Red Globe berries treated with 6-BA and zeatin

AL REIE 1 WA B # Date/(d/month)
Invertase activity Treatments 25/6 5/7 15/7 25/7 4/8 14/8 27/8
AL B Al 11.30CD  13.07CD  20.74C  17.60BC  26.39CD  60.41BC  21.32BC
Neutral invertase A2 11.74C 13, 63BC 22.37B  19.88AB  27.94C 64.91B 22. 85B
/(mg+ g~} « h"1FW) A3 12. 35B 15.43A 24.79A  22.77A  30.87AB  75.19A  25.42A
B 13,55A  14.58AB  20.09C  15.54CD  33.22A  52.68D 18.89D
CK 10.45E  12.68CDE  16.07D  13.09DE 22, 90E 42.37E  17.49DE
[4:2:214. Al 43.52CD  59.77D  104.67CD  66.53D 54.82C  60.41BC  47.25CD
Acid invertase A2 46.14C  62,91BC  109.17C  70.57C  56.03BC  64.91B 50.59C
/(mg+g~!+ h"!FW) A3 51,38AB  68.41A 115.37B  75.68B 59.62A  75.19A 56, 96AB
B 55.04A 63. 83B 122.20A  81.37A  57.37AB  52,68D 60. 54A
CK 41,04E  58.39DE  98.69E  63.44DE  53.97CD  42.37E 41, 19E
3 W ® HAE/ R ER TR UEXRELERIE

RELFRAERKBE LBRTFTRENFTEH
HRHEMBE BRREESTHBRREREEKEK
B RAEEBARE, Hd, ERNER SRR
BAREFHEERYT, FHHRLEHR
B AR EEES R EEXBEM, —
FEATRENEERANDER, 5 - EHE
WA MK AERARE AT ARESE,
SHAERFEHRLHERGEEERS,

EHARGEREZA ERLKERYMFEHA 6-
BA.EXELR A—FRELTLRABRELN
BARR RREFA . 5% 24BHWRTE
R KA AESERMBHEBERE,
REBEATS 6BA.EXELABEHNEERET
RELAEAERPNERSE HERFTRELAEK
P UERNEERE RENBRLERERR BEF
MR RERAERTERAFARPFEELET B
AN ZENUARNIHRR. ERLTREENE
REMRLH/ R BIRE 7.040~47. 4%, %
FRFT R 5. 1%~T7. 9% . BEBN BB ER

EXHER 6-BAEXELBRN TRELAK
RELBFHENE IAA #1 ABA KE.EWTE
VR RERTEE, AT R T 8 B A
GRS BRFEH~FTR. B MHE
W5 R BN HAI TR, & 6-BALEX
EUNHENREBRTABRBE/ L. K/ B EE
FXENERLEVERKPNECHHENHY
FHEEA.
6-BA.EXRELABEMBLBASRURE S
HHIREZm A B R LR ABESEThTFE—E
k7. RBREREA.EH6BAEXRELHEST,
BHRLEK KT SR PR RS Q5 A R R
P mES IR RS . RUL 6-BAEXE
AbPE IS R EE 18 B R, il S R (A
WAEGERDRELY AN, X 5& DERD,
EELVIENHRER K. W RELEAFE.
oA, SRS TR I B BT BRI A A AR A B B KT
HBRYFTRERR S, W 15 % B8 K 54
BCATARERRBURKMES RS AR
BEMM MBS, Bk, RE R LR IE I
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HBRMUFHIEHTX—K. BEEENE. B
HHEABADEHEENHASERTRIN
BR.Z6BAEXELBEMNRLFEREEER
BB B S A BIE T b
A—B B RELBEEN TR ESHEESH
EEAFVTHERR.

/A 6-BAEKRABY M EHER R TH
BRETARKEEFABPHELBESE, #HEw
RELrBENHRERAN T, BRILESEER
MNBERENTRR S RBTEEEHECEER
MEE, WA EEHRLEBREEZ RS
BB (SS) . WM A B (SPS) . C M ¥ 8§
(HXK) #1 £ 8 8 6 (FRK) Z X @B M a0,
6-BA.EXELBETLEWMT RENBEHERN
54k ,SS.SPS, HXK FRK 35 #4514k , 3 ik i 8
BRELOEIRR EBH - S ETHR.

$EYM:

[1] % ¥.BIK.c-BAEMUAANERERRRESRR
AFERHMAML AR . PEFERLBEZERER,
1999,852-59.

(2] RUMRHEREH. REBFFMEB/OL] LF: R U®
R R E BT 2006,

[3] BHEHR CLH BFH S 6BAMNETLAEANER
[J]. &4 24 ,2003,20(4) ;316-318,

[4] BE% . HIE PRL.F. FABRAAESIBRABER
REEMERRENENHR]. B Z ¥#, 2000, 27
(1):11-16.

[5] Xiao-gang Li,Ling Jin, Jing Ling,et al. Foliar Applications
of 6-BA, Potassium Phosphate,and Calcium Chloride Affect
Pear Fruit Quality[J]. HortScience,2005,40:993-1147.

(6] % ¥.BIK.cBAENGHKEKNDEEMSFRDL
FH ¥R ,2002,19(3) ;153-157.

(7] DK% F EXH BAMAHRLEKERK. AA
s W] B2 4R ,2002,29(4) : 303-306.

[8] # X KAMEPAEKEHA-EXREBMEK H=H
ww[)]). &k%5,2007,46(5) :349-350.

[9] E%#&.T4HM . XEL. BRAFAEKEMERRYM EX
XaEweE RARNER] PERE KF%E, 2001,
6(3):21-25.

[10] HAAR UEMAXXEEMERETHEN. RE. %

¥ EmM] 27 %¥,1977,5(3) :167-170.

[11]  Nielsen TH, Skiarbek HC, Karlsen P. Carbohydrate
metaboloish during fruit development in sweet pepper
plants[]]. Physiol Plant,1991,823ll-319.

[12] EEE.2EL. 700 ZERTOMBERSHXMEH
[J]. © ¥ %48 ,2003,30(1) ;1-5.

[13] B4 . HLB. KRR REFHNEH . RIFERRR
HRE( ] AmER 55 FEY¥¥ R, 2004,30(1):1-
10.

[14] Xiao-Yan Zhang, Xiu-Ling Wang, Xiao-Fang Wang, ez al.
A Shift of Phloem Unloading from Symplasmic to Ap-
oplasmic Pathway Is Involved in Developmental Onset of
Ripening in Grape Berry[J]. Plant Physiology,2006,142;
220-232,

[15] B,k kW MyMmtseREEIRRAAR]
H Y% 8 2005, 22 (2),129-137.

[16] HE®. KK, X% IAA.GA 1 ABA MR &R L
HC mEMASRM B EE)]. @Z %M, 2000,27(1) :6-
10.

[17] Perez FJ,Gomez M. Possible role of solube invertase in the
gibbereic aid berry-sizing effect in Sultana grape[J], Plant
Growth Regul,2000,30:111-116,

[18] % H,. ¥ . 2AE. S WHEBREPAHEIRER
HABBEENEA] BZ %48, 2007,34(4). 823
828,

[19] EA#. kAW REAGTHRSSASERR IR
R EmHERS ] PEBECH), 2002, 32
(1):30-39.



6-BA. TAENAROHBRERT TR sy [HEREE .,
BT R RO

= BAEW,  ASKARK, EFH K, XIAO Nian-xiang, YU Song-lin, WANG Chun—fei
F A ] R AR B, B T, 832000

i ik el slISTICPRU]

Y4 ACTA AGRICULTURAE BOREALI-OCCIDENTALIS SINICA

B0 2008, 17(3)

W51 AL 3K

LSR5 BT AR 6-BALERAA) P P ) 2 AT B A S 2 T R 1999

2. ANV AR 25488 T R 29T 2006
3 MR B2 v BB 6-BAXT A A IS O FIE 30T - 244k 2003 (04)
4. EEAE HRE PMIRAL TR AN M O 2 A R S R KOR LB TS TR S ] - [ 2524

2000(01)

5. Xiao—gang Li;Ling Jin;Jing Ling Foliar Applications of 6-BA, Potassium Phosphate, and Calcium

Chloride Affect Pear Fruit Quality 2005

6. FK 5 3 AR 6-BACETI AR (4 4 (RIS 36 A 20 I CHATIE S0 - A4 244l 2002 (03)

T B LA R 500 6-BAXTII A A S A St Sl (i i ) s DHATRIE SC] - i 2244l 2002 (04)

8. MK RERMEERA 15 TORFX Tz E A 39 s DTS- & 25 2007 (05)

9. H oo ATBIIR OCRUL ARAR BB GRARN TOREXS TR A th e 0 L PR s i 9318300 = [ ARl Ky
4 2001 (03)

10. 5RACA LUEH 20 YOO BEEENIE R T B A i Bl RERE . Jekp 1977(03)

11.Nielsen TH;Skiarbek HC;Karlsen P Carbohydrate metaboloish during fruit development in sweet

pepper plants[FP3CHATI] 1991

12, TR BRI 2l SR S (PR R R 5 A DGl G 1 DI FR 32 ] - el 2524 2003 (01)

13, MRt sk 1B s ok Rk SRserbopli iz, QU5 AR 2 HLR 4 DR SO - 2R B 5 0 1A 2 24 4
2004 (01)

14. Xiao—Yan Zhang;Xiu-Ling Wang;Xiao—Fang Wang A Shift of Phloem Unloading from Symplasmic to

Apoplasmic Pathway Is Involved in Developmental Onset of Ripening in Grape Berry[4#hCHiTI] 2006

15, R RKEL; gk RN AR IR I e iRt P S JURR i 2 DRI S0 -l 23 4k 2005 (02)

16. 5[5 ; o S B9 S8t TAA . GAFIABANT 7R 25 L5 1 ACTERI N S A4S I LA TR 3] =l 2254 2000 (01)

17. Perez FJ;Gomez M Possible role of solube invertase in the gibbereic aid berry-sizing effect in

Sultana grape[#P3CHHTI] 2000
18, RHAE YU B ; SEATE A S IR RO IRDH 25 s S LA M M 1) A8 4k DRI S - 20244 2007 (04)

19. Tk gk MG SRR A0 S 515 T 5 A SR VR A R A Y DTS ] - B RFA o
2002 (01)

A e iR (1046)

Lo M4 fiFARK. % K. XTAO Nian—Xiang. YU Song-Lin. WANG Chun-Fei 6-BAXJ ABRLL % 450k & ik F b b
3 S SRR A BRI A )5 e DI T8 S0 ] - R A 2L F 23 TR 2008, 44 (3)



http://d.g.wanfangdata.com.cn/Periodical_xbnyxb200803049.aspx
http://d.g.wanfangdata.com.cn/Periodical_xbnyxb200803049.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%b9%b4%e6%b9%98%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%81%e6%9d%be%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%98%a5%e9%a3%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIAO+Nian-xiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YU+Song-lin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Chun-fei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e7%9f%b3%e6%b2%b3%e5%ad%90%e5%a4%a7%e5%ad%a6%e5%86%9c%e5%ad%a6%e9%99%a2%2c%e6%96%b0%e7%96%86%e7%9f%b3%e6%b2%b3%e5%ad%90%2c832000%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-xbnyxb.aspx
http://c.g.wanfangdata.com.cn/periodical-xbnyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%b9%b3%3b%e9%bb%84%e5%8d%ab%e4%b8%9c%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-xbnyxb200803049%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%86%9c%e4%b8%9a%e9%83%a8%e5%86%9c%e8%8d%af%e6%a3%80%e5%ae%9a%e6%89%80%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-xbnyxb200803049%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bd%98%e4%bd%91%e6%89%be%3b%e5%bd%ad%e5%a3%ab%e6%b6%9b%3b%e8%b5%b5%e5%ae%87%e7%91%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gskx200304018.aspx
http://c.g.wanfangdata.com.cn/periodical-gskx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%97%ab%e5%9b%bd%e5%8d%8e%3b%e7%94%98%e7%ab%8b%e5%86%9b%3b%e5%ad%99%e7%91%9e%e7%ba%a2%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yyxb200001003.aspx
http://c.g.wanfangdata.com.cn/periodical-yyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xiao-gang+Li%3bLing+Jin%3bJing+Ling%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-xbnyxb200803049%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-xbnyxb200803049%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%b9%b3%3b%e9%bb%84%e5%8d%ab%e4%b8%9c%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gskx200203004.aspx
http://c.g.wanfangdata.com.cn/periodical-gskx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%8d%ab%e4%b8%9c%3b%e5%bc%a0%e5%b9%b3%3b%e6%9d%8e%e6%96%87%e6%b8%85%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yyxb200204003.aspx
http://c.g.wanfangdata.com.cn/periodical-yyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9e%97%e6%b0%b8%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_ny200705020.aspx
http://c.g.wanfangdata.com.cn/periodical-ny.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e5%ad%a6%e4%bc%9a%3b%e4%bd%95%e9%92%9f%e4%bd%a9%3b%e5%85%b3%e5%bd%a9%e8%99%b9%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zgnydxxb200103005.aspx
http://c.g.wanfangdata.com.cn/periodical-zgnydxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-zgnydxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%8f%8b%e6%9d%b0%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-xbnyxb200803049%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Nielsen+TH%3bSkiarbek+HC%3bKarlsen+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1111-j.1399-3054.1991.tb00099.x.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1111-j.1399-3054.1991.tb00099.x.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%83%a0%e8%81%aa%3b%e9%bb%84%e8%be%89%e7%99%bd%3b%e9%bb%84%e6%97%ad%e6%98%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yyxb200301001.aspx
http://c.g.wanfangdata.com.cn/periodical-yyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e4%bf%8a%e4%bc%9f%3b%e5%bc%a0%e4%b8%8a%e9%9a%86%3b%e5%bc%a0%e8%89%af%e8%af%9a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zwslxb200401001.aspx
http://c.g.wanfangdata.com.cn/periodical-zwslxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xiao-Yan+Zhang%3bXiu-Ling+Wang%3bXiao-Fang+Wang%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bd%98%e7%a7%8b%e7%ba%a2%3b%e5%bc%a0%e5%a4%a7%e9%b9%8f%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zwxtb200502001.aspx
http://c.g.wanfangdata.com.cn/periodical-zwxtb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%9b%bd%e6%b5%b7%3b%e5%bc%a0%e5%a4%a7%e9%b9%8f%3b%e8%b4%be%e6%96%87%e9%94%81%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yyxb200001002.aspx
http://c.g.wanfangdata.com.cn/periodical-yyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Perez+FJ%3bGomez+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e7%91%be%3b%e8%8c%83%e5%9f%b9%e6%a0%bc%3b%e5%90%b4%e6%9c%ac%e5%ae%8f%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yyxb200704003.aspx
http://c.g.wanfangdata.com.cn/periodical-yyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%b0%b8%e7%ab%a0%3b%e5%bc%a0%e5%a4%a7%e9%b9%8f%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zgkx-cc200201004.aspx
http://c.g.wanfangdata.com.cn/periodical-zgkx-cc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%b9%b4%e6%b9%98%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%81%e6%9d%be%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%98%a5%e9%a3%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIAO+Nian-Xiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YU+Song-Lin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Chun-Fei%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zwslxtx200803022&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zwslxtx200803022.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zwslxtx200803022&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zwslxtx200803022.aspx
http://c.g.wanfangdata.com.cn/periodical-zwslxtx.aspx

2. FESRA. ARFARK. F A B 5. ZHENG Qiangqing. YU Songlin. MENG Feng. XI Wanpeng 6-BA+GA3R 441 L5 K 7
SRR 58 P G R A 1) B2 93] 3] - P b AR 2724122009, 18 (5)

3. IMRA SifERE. B RV S BEHTK SOKERAE PSS RORBIETE LIR30 - IR AR ML F442008 (17)
4. KBS, HERARK. FiX\. ZHENG Qiang-qing. YU Song-1in.MENG Feng 6-BARYTHi%] 5k & 7 i B rpoii A B A 1k il
A S I8 3C] - B R LA 242009, 46 (4)

5. K. MRk REZ B I B A I [ % 2 2 A A T ) 7 20 e AT [ 1838 301 -2004
6. BPEAE. ZHAO Sheng-jian R AT IERE TR A5 452 K T Rk i DI 30— JE AR ML 422004, 8 (3)

7. X7 A7 [ 8. B2k, 4RZE. Liu Yongzhong. He Guofu.Li Qiang. Ji Jiyong [EPK15 i3 HEE: AL BERIRE 53 B
SRS DR SC]-fE AR 2:41 2005, 24/(2)

8. JETFUR. AR KA £ 1 5 o 55 St e S K L0 M T 1k [P 98 3] - Ak LR 962004, 25 (6)

9. FBSFHE. BIRES. Bl B 2%, GUO Shou-hua. YANG Xiao-ling. YANG Qing. ZHAO Xiang-lan AMESODR %54
TR A1 B Bl 5 ) 52 (313830 -850 AR B 7E2008, 26 (4)

10, PhgEAR. AR, F85 . . 26 . BOF5E. Sun Ling jun. Zhao Wendong. Guo Xiuwu.Ma Li.Gao Shenghua.

Zhao Nailiang WRZLAIA% (D' &™) 14CH) 20 BE A I8 L] - b [H R 22 44 2010, 26 (14)

LR, ZR2fom. 58 i, A0 AT R A IR . A P R AR DI P8 30D - 1]
AR AR 2010 (4)

2. SR A, AL, e B AR AR A IR SRR T PR R e DYIRle sc] -y il
AR AR 2010 (4)

3. BB i NAARIG—BAXT (L4 S SIA 10 SR O b IR S8 TR S0 = BRI 2011 (30)

4RI, ASRARK. F R I 6-BA+GABA 40 S SE R A IR oA SR A A S Y 1 (303 1850 - ekl

4R 2009 (5)

AR http://d. g. wanfangdata. com. cn/Periodical xbnyxb200803049. aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e5%bc%ba%e5%8d%bf%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%81%e6%9d%be%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%9f%e5%87%a4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b8%ad%e4%b8%87%e9%b9%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHENG+Qiangqing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YU+Songlin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22MENG+Feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XI+Wanpeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xbnyxb200905058&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xbnyxb200905058.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xbnyxb200905058&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xbnyxb200905058.aspx
http://c.g.wanfangdata.com.cn/periodical-xbnyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e6%8c%af%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%b5%b7%e7%87%95%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ab%a5%e9%87%91%e6%98%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e5%87%8c%e4%ba%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e6%96%b0%e5%ba%86%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ahny200817015&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ahny200817015.aspx
http://c.g.wanfangdata.com.cn/periodical-ahny.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e5%bc%ba%e5%8d%bf%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%81%e6%9d%be%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%9f%e5%87%a4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHENG+Qiang-qing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YU+Song-lin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22MENG+Feng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xjnykx200904022&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xjnykx200904022.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xjnykx200904022&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xjnykx200904022.aspx
http://c.g.wanfangdata.com.cn/periodical-xjnykx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%9b%bd%e8%89%af%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e4%bf%8a%e5%bc%ba%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e7%8e%89%e7%90%b4%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_5706823&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_5706823.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e8%83%9c%e5%bb%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHAO+Sheng-jian%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hebnykx200403026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hebnykx200403026.aspx
http://c.g.wanfangdata.com.cn/periodical-hebnykx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%b0%b8%e5%bf%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%95%e5%9b%bd%e5%af%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%8e%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%89%e7%bb%a7%e9%9b%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Liu+Yongzhong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22He+Guofu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Qiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ji+Jiyong%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hznydx200502025&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hznydx200502025.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hznydx200502025&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hznydx200502025.aspx
http://c.g.wanfangdata.com.cn/periodical-hznydx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%8d%87%e8%b0%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b9%e5%ba%94%e6%96%8c%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_nyxdhyj200406018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_nyxdhyj200406018.aspx
http://c.g.wanfangdata.com.cn/periodical-nyxdhyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e5%ae%88%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%99%93%e7%8e%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%99%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e9%a6%99%e5%85%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Shou-hua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Xiao-ling%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Qing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHAO+Xiang-lan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jjlyj200804006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jjlyj200804006.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jjlyj200804006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jjlyj200804006.aspx
http://c.g.wanfangdata.com.cn/periodical-jjlyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%87%8c%e4%bf%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e6%96%87%e4%b8%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e4%bf%ae%e6%ad%a6%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a9%ac%e4%b8%bd%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%9c%a3%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e6%b5%b7%e4%ba%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sun+Lingjun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhao+Wendong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Guo+Xiuwu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ma+Li%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gao+Shenghua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhao+Hailiang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgnxtb201014041&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgnxtb201014041.aspx
http://c.g.wanfangdata.com.cn/periodical-zgnxtb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%9b%bd%e6%b5%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ad%a6%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e7%a7%80%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8f%b2%e5%9b%bd%e5%ae%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e4%bb%81%e5%ad%a6%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_scnydxxb201004010.aspx
http://c.g.wanfangdata.com.cn/periodical-scnydxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-scnydxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%9b%bd%e6%b5%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ad%a6%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e7%a7%80%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8f%b2%e5%9b%bd%e5%ae%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e4%bb%81%e5%ad%a6%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_scnydxxb201004010.aspx
http://c.g.wanfangdata.com.cn/periodical-scnydxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-scnydxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e6%9d%83%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e9%9d%99%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_ahnykx201130022.aspx
http://c.g.wanfangdata.com.cn/periodical-ahnykx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e5%bc%ba%e5%8d%bf%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%81%e6%9d%be%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%9f%e5%87%a4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b8%ad%e4%b8%87%e9%b9%8f%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_xbnyxb200905058.aspx
http://c.g.wanfangdata.com.cn/periodical-xbnyxb.aspx
http://c.g.wanfangdata.com.cn/periodical-xbnyxb.aspx
http://d.g.wanfangdata.com.cn/Periodical_xbnyxb200803049.aspx

