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Abstract: MADS-box genes are a super family, which can form different polymers to mediate the development
of floral primordia and floral organs. The important one of MADs-box genes, SOC1 [suppressor of overexpres-
sion of cytochrome oxidase 1], determine the flowering time. The MADS-box transcription factor, SOC1 con-
tains four different functions domains: MADS, I, K, and C. The K domain controls the homologous or heterolo-
gous protein polymer formation. The I domain could stabilize the MADS-box proteins binding the DNA. In or-
der to control the floral development, MADS-box proteins can form different complex. Visible difference in flo-
ral timing is demonstrated in Phyllostachys violascens and Arabidopsis thaliana. A. thaliana is certain in floral
timing while Phyllostachys violascens is not. Though we cannot compare the difference in floral timing with the
difference in SOC1 complex formation, it is still interesting. MADS-box genes such as SOCI containing four
different functions: MADS, I, K and C, control floral timing. To determine whether SOC1’s from different

species demonstrated similar patterns in forming a complex, this study analyzed the differences of polymer for-
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mation for SOC1 that originated from Phyllostachys violascens and Arabidopsis thaliana using a yeast two-hy-
brid assay. Results of the assay showed that the full-length AtSOC1 gene from A. thaliana formed strong homo-
polymers with the I and K domains being the main regions for formation of the interaction. However, the full-
length SOC1 from Phyllostachys violascens (PvSOC1) did not form a homodimer. Thus, even though the K pro-
tein domain could form a homodimer, the presence of the I protein domain disrupted the dimer meaning the 1
domain could be a key factor in SOC1 polymer formation; the role of the I domain in floral timing should be
verified with a plant transgene study. [Ch, 5 fig. 2 tab. 29 ref. ]
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Mg, RTINS REPY, SOCT FHAE N MADS-box G — 0, RER 4G A £k, Hik
WA CRAMERMRERERETNES S, ERAT RS ESER, e m=, 7565 W
wEH, SOCT Rz CO WL, [t SOC1 i e F CO, SR FM CO (il Rk fE et T
i SOCT 335, BLAMIIREERJC Y SOCT W] LUGE & CO %% 3k AR #R T 2 A JFAE° . SOCT S 136 1k
A2 BT X E 1 FT MR, B AMEM P IFEN, FT M FD B[R 4E Al LI s SOCT L 1 %
KU SOCT Hitish i) A JE T MIKC BV SR 7, H 258950k MADS & 7R 55 5 M DNA 454 %
BE AW, I B A EE A BRI R R ) ek SOCT 1 C A & F IR 5F 19 motif 2544
B HLABAS R MADS S5 R340 AR T, o sl ol K 25 R 3 5 i A0 B AR VS Y T 4G R
i, SOCI AALREHE 5 AGL24 U L 508 — 4K, B B IF MR S5 ORMEHE ALY, MRS AE N R & R
(GA) W HESE R TFAE 0 MW TP IE A SRR IE , WA MY T AT Phyllostachys violascens , JF
TEBT AN G, W R, BIFEERE R, LT BT, 4559088 R R Y5 T
Arabidopsis thaliana F¥ AL RV 28 BAG 6@ E o S5 AT P8I RG IT HFAE B U RRAE W] e AN R), R 4B & 1+
SOCT fEix 2 iy rh ¥ 8 ok L B2, I H PvSOCT 1685 A7 7 AE ok B v i/ S T 90 26 0P 5% o AV M IF SR
SOCIT Xf FF A6 it o] Z FEVEAE B b, X SFRATT 40 i A7 4Bl RE T SOCT 78 2 RAKTE i 77 1T 2 75 A7 76 22
5o BRI R MR R 5 ¥, A0 B3RS AL T S FE R PuSOC12VFT AtSOCT, [l i Ah 7t 2 AN JE R 4 K 1)
PRERE AU A2 20, R IERE AU 38 1, A B T8 BT 5 2R BRIRAS 1 22 53 o 38 ol 49 S S () 45 A Sl 0 5 A
M, B E T L R L TR A A S X — PP SR, X TR SOCT R E T AT AL RS T R
BEFAE S R R S AR T, 4R AL T — 1 SE I BR A

1 M5 &*

1.1 SR

WEFE T F A R B 5256 5 M P 1Y & JF 16 35 77 R 5 P AR A 1Y) RFA8 LI BT AR B R O . ArSOC1
FEIFACR B AT M ITAE . 250 MR B R, B BERBOTAE TR AT A s I i =k . nh . JEE AR 4
21, MW ARG, L5 A i E-80 C& .

1.2 RNA §J32EX#0 cDNA B 3%

WA AL UERAL AL T A5 LU TR A, R RS I, MR4E SAZ B AR (RNA ) $2 303 (Trizol %) 42 BUAH
Y SUR A FES RNA, DL 10.0 g« L7 {0 Bt IE B EE I v 1k 4 RNA #0457 &4 5 2K FH PrimeScriptT™M #£7
RNA [ 5%, R0 cDNA T 25 B i) s b o
1.3 PuSOC1 F1 AtSOCT1 EE =&

HR A 2 AR W AR {5 B 0 (NCBD) Hr AN I BRI IT AeSOCT J7 5 F1 52 56 & 45 B 1) B AT PuSOCT T35
Witgly (1), RAEEHEX N (PCR) VY1 H R B, RIWIEFR: ¢DNA 2.0 wL, 10x PCR £
3.0 pL, =ML B A A H IR (ANTPs)3.0 wL, B F#F5194 1.5 pl, LB 5 /K4 E 30.0 pl. 3

BOBHBE B L PRSI ) R BRI, B H B R B, 4l Ak S 07 3% 4 5] pMD-19 (simple) 284K |, %%
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NEZ 2540 DHS o 5 FIBE 26, PCR B60iE, 4R BUTCRL 26 15 A4 9 23 w1
1.4 PvSOC1 #1 AtSOC1 Kl BB F 51 494
K H BioEidt i fF: %} PuSOC1-like JE A Fr 51 it 47 #13% , NCBI h BEAT & SR 5 9 XS 1L, 454 DANman
B, #EAT PuSOCT-IKC (/> MADS ZE #4188 73 ) 2 HE R 17 51 [ Pk 20 A
1.5 PvSOC1 #n AtSOC1 B & i E#a

KRR ET I (1), f SOCT FERE B % A8 F1 XWEEDPEFTAMSIY
AR, XERY Y4 B s A pGADT7 (AD-Active do- Table 1  Primer sequences used in experiment
main ) fl pGBKT7 (BD-Binding domain) /& o &, %% A 519 4 B 19175 (5'—=3")

75 A1 DHS o, BV 297 [ 45 Tk T 7 30 . AtSOC1-100 GGAATTCCATATGGTGAGGGGCAAAACTCA
PRI, Lt GEILAD D KR 03 AT
A YIST A AHI09 S 2 AT, 3 VR A 2t D5t A1SOC1-001  CGGGATCCTCAGCTGACTCGATCCTTAG
RN G SR (SD/-Leu I SD/-Trp) 9B FF AL E 0 30 T o0y 000 (GGGATCCTCACCACTTTTCAGAGAGE
BR 3~5 d, PRECRSCRETE B TR I PCR B00E . 4,5001-003  CGGGATCCTCACTTTCTTGAAGAACAAG
PH P 5 o B R TR VA AE & A X-a-Gal MBRBEEE TR puSocM-F CGCGGATCCTAAGTCCTTCGCGTATGT
AT B OBOE WS PRI, o AD R0 BD #AK I PuSocM-R - CGCGGATCCTAAGTCCTTCGCGTATG
SFH, Pel FHPEXT R . 30 ClEgs, WIS HE BE M 8 PrSocMIK-R  CGCGGATCCTAACTTTCCCCGTAAATC
RV PuSocKC-F  CCGGAATTCGCAAAGAAACTTGAAGCT
1.6 PvSOC1 %1 AtSOC1 £ Bk 43 #i 4l PuSocKC-R  CGCGGATCCTAAAGCATGGTTAGCCC

22 3 o i 1 BB ¥ 55 W T W AD-PYSOCT/AISOC]  TPS%CF  COGGAATTCTGCAAGAATCAGCTTACG
(5% BD-PYSOCI/ASOC1) 4 51 55 BD-PvSOCI/AISOCI PuSocC-R -~ CGCGGATCCTAAAGCATGGTTAGCCCG
(AD-PvSOCI1/AtSOC1), BD(AD)ZS #2238, 4> BIMREL 10.0 pL (5, 600.0 pL (%58 4 5% #: %] (YPDA)
WAR TR RGF7, 100.0 WL 1% % WU A 76 [7) B k20 52 B4 R A 68, % R (SD/-Leu-Trp) Y5 SR 10L |, 30 CHE %
3~5d, PEIBCH TR AR M AR SR &R SD/-Leu-Trp o5 5%, W 10.0 wL ¥ 38 W, AU TE S A X-a-Gal 1 4
fift (SD/-Leu-Trp-Ade-His ) [& A 55 7 L 3555, WEJE & o, Qi S A s e 748 ik W] & A A0 BAE FTTE B —
RIRLEH
1.7 PvSOC1 #1 AtSOC1 AR &M E M E H R NE S A

¥ PvSOCL #1 AtSOCT 73 it M, 1, K1 C 4 DA A&k, a4 M, MIK, KC 1 C A [F 45
o S ) P B XU A AR, s (36 1), 4kl PCR P2 ¥y 2 WU 5 43 9% A AD 1 BD #4425,
%% A\ DHSou, T WA P PE e %, $RIUTTRL . R LiAc # 4k, PEG3350/DMSO il %5 %32 A5 40l . %%
ABERETE Eh 2, TEAHN A BRBE 5 R E 8555 , PRI b BRI R 46 A i BLi Ko
1.8 #MEBEAFBHFEEERNNS BESH

W AN ) 25 4 ol 1 B XU AR AR AR 58 B 37, AE SD/-Leu-Trp K5 %ML B i e % G 4K, JFAE & A X-a-Gal 1y
SD/-Leu-Trp GR35 IR FE AT B A o Ry ilE— 2D L 945 2R, 4 SD/-Leu-Trp B3 = 1L E Pk i i >k
(%) 5 5 [ I 76 SD/-Leu-Trp+X-a-Gal #5337 L E#EAT A KRS M7, WA BRI A KRS

2 HEREGAMN

2.1 PvSOC1 #1 AtSOC1 BRI K BREY & 118 & 17

AT 25 K B R UE P AT 45 S22 W] . AT RN SOCT JE R F 9 A A6 25 S tE R B 7 B vh e 1 F0 C
iR, RRIAEY P T a5 22 e K, KA 10~20 N EIERRA K . 40, C &5 MR AR <7
PEE 2, 2K ESEREE ) o 1A C 254 3802 [ 2 A AR PR AFPE ) K S5 5] 1),
2.2 44 PvSOC1 #1 AtSOC1 B #iE 1 & BE S

SLIGZE AT AT R . AT PvSOCT FILETIF AtSOCT FBNAELE [ G & M (1 2A) . B8 £
RUKSH AR EW . BT PvSOCT S H G AFEAMAEAER, 1M ASOC1 ZE i —RAEIME, HHMHE
YEAT (K 2B FiEl 2C) .
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AtSOCT  [|reervernnns TKPVSERIMQHL

AR n WLER s GIGTSSIE qnqmcm‘EEnﬁnmqnx um?; 90
PvSOC1 . .NISSKTVQQDIEQ ) KLEESSIE: A SLHSTRGE VTKLRQKEMTMLKDNEDAR 92
BrSOCI  +-revnnn SKPVSEEIMOHE GI6S sm: QIEQOIIKSVKCHR ml\axmqnx um* 90
CsSOC1 . .TRNKQQPTEQIMOHE HAS GLAS QIERQAIKSVSNIRAIANY TAQLKEKGKVVEAENTRE O3
FvSOC1 nqumns:qnvnqn AT SHTQ DRV sr.cx. EVEQQMIRSVNTIR AT (A NVTK DIEQLKEKER IPTAENERDT 95
GMSOCT  weerveenn- VIRSDEQMMOHL'WE m ; mms QIEQQIIRSVS HVR A WVYKI I DQLKEKER AfY AENARAC ()
MdSOC1  ---....GPTHKVEVEQYVQHL sn: S EJLEN LDSSPVEIAEIS SQRIRSIR SIS B! QHKARERTMLOEDAQTR 93
S1SOC1 GRARETTTVDKS TRLEKYVENL HET IIIS 16S snnﬁmsmmﬁ- FXBIESIKAKERLALQONASAR 100
TeSOCT - . TRTKPSEQIMQLLSTE DILATVSR; GLGSSTLEIMLQIBQQIAIRSVS SIR DIEQLREKEXVMARENARYC O]

VvSOC1 mmxmxn@qnﬂﬂm«m}:}nﬂxsmmamsasuzqqnqq-ﬂzsvss:uﬂn[}m}znqmnu@mm]c 94

Consensus Cali i 8 k k ele eklg C rkq e

AtSOC1  BRWS.H............... ESEVWS . NKNQEST. GRGDEESSPSSEVERQ) SSRK........... 136
PvSOC1  GKeRN.Q...... LTLVISAPHTVAAQDENPDQUN . . DIMDVETE ... ... m’;xuxsnmrmnm 150
BrSOCI  BRWS.H............... EIEVWS . NKNQES . .GRGDEDSSPSSEVER( [ R 135
CsSOC1  BECGM.E............... VOGS . . . . KEQPE. nmnnsnswsnvmmgxmxnmmQu. : 145
FvSOC1  BKCDALQ............... QRQPY....IEQRE. HLAYNESSTSSDVEIR RRSRH.......... 140
GmSOCI BQYGI.Q............... PQPAT. .. .xnm.:qrmssrss:vmmﬁ ............. 131
MdSOC1  BECCA.K.PREFSPQEKRASASVSNER . AGASASAPINYRSQSSHSSEVDIDMTOMGARC . ... ... .. 154
SISOC1  EWCGLREMLSESASAPEPIPAPPSTEP....AQSKE. Rclcsqsusmunﬁgmm ........... 159
TcSOCI  BKCGM.Q............... PWQGS . .. . KEQKE . NVPCDESSPSIDYETRIARI{EPJERRTKCELL . .. . ... 138
VvSOC1  BRCGY.Q............... PYQAP....NQENE.TLPSAERSQNSDVSTDIFIILIEGRAKRLLIGN . .. . . 143
Consensus ! ligp

A: PvSOCIMIAtSOC 154 3 M 45 14 s i 1, 45 I AW FEMADS (M), 1, KMIC&i#Ik. B: J 0

SER SRR E IR L . At $U W FFArabidopsis thaliana; Pv: § YYPhyllostachys violascens;
Br: 3 #Brassicarapa; Cs: & T-Citrus sinensis; Fv: W % %Fragariavesca; Gm: KNEGlycine
max ; Md: ¥ HMalus domestica; Sl: & fiSolanum lycopersicum; Tc: 0] 0] # Theobroma cacaos
Vv: i % Vitis vinifera.

A1 T & A RR Y SOCL E 3 2 k877 44 1t

Figure 1  Structural diagrams and amino acid sequence alignment

2.3 E1) PvSOCT 7 [E 45 13 W Zx 32 43 47

PoSOCT FE R AS [ 25 4 3ol fie B A2 58 5236 1T 41 .- AD/BD-M/MIK/KC/C AR A7AE F 0 15 e L4 (161 3B),
AN [F) 45 Fy R0 4% 52 36 T 1 PvSOCT i iy KC 25 SR AEAE ARG, B SAHTAER s M, MIK A1 C 4544
BUERABA TR, B 3C S BHYES B IRAL (18 3).
2.4 #EF AISOCT FREILMIB M AR S

AtSOCT FERE U2 S A R S5 AR IS 00 7 = A5 MU T AN A7 e B B IS PE LR (18 3A) 5 RV SE g
ASOCT & KRAFTEAR EAE L, BEIE WUIR) U5 2 B0k, (H2 B MO C g5t B R 9 2 RIK LR &
s KC ZR 0 F B A EAR AT, 12 TAF7ER MIK 25449 30 B o] DUB 2 RIRIRZS, R A M ELAR
H(ELS)

ik
AW FE LA B I AR A W) 55 47 AW T AR 3R S 78 5 X %, &1 PvSOCT Al AtSOCT i
TTWFFE . RS AETFAE I R, ASOCT EF] FEAMKALMER . AtSOCL i i3 A1 H & T WA 6] 1) 2 K
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A BK-PvSOCI AtSOCI1 BK vector BK-53 BK-Lam

-Leu

SD/
-Trp
-Len
-Ade
-His
+X-a-
Gal

Ax T IR LR RE A BOE AT D, 3L BT X BK/AD vector, BK-53, BK-Lam fi
AD-T; FHYEX} IR PcLo B: MEREXA4AC 5296 SD/-Trp-Leu-Ade-His+X-a-Gal & 4 5 Vi .
1.AD-PvSOC1 5 BK vector ;{244 ; 2. BK-PvSOC1 5 AD vector ® 244 ; 3.AD-PvSOC1
5 BK-PvSOC1 Z4%¢; 4.AD-AtSOC1 5 BK vector 2448 ; 5. BK-AtSOC1 5AD vector 4%
i 6.AD-AtSOC1 5 BK-AtSOC1 2458 . C: Bt R 20 7. B ¥E %f | 41 AD-T 5 BK-53
FeAT s 8. Bk X 40 AD-T 5 BK-Lam 2442 .

A 2 PvSOCI #= AtSOC1 & # & fo B W 2 X £ %

Figure 2 Analysis of transcriptional activation and polymerization for PvSOCI and AtSOC1

B # 5 Ji Al MADS-box #e 3¢ [ 7 BUE A & & Yok 71 LR Wp s g s ik, R R4 4B 0 2
AR S AYIEN], 4575 T PvSOCT Fil AtSOCT {9 2 RARAFAEZE Sk UM, BERERUR S %
M. ASOCL A Bl R M EAE T, 2 BIR I — R A, X — 45 R 5 SCHR[ 24 ROE /Y — 20 il ad A [ 254
S ALY — L AT C AR SR AR 19 MIK 2544 B BEJE B Rl U — SR A, KC 2544 58OA R 2 AR B4
Mo B HE, ASOCT EZIREFALAY S 1A K 45#y38 . 7350, A A B K 45 IRAE MADS 4% 5[4
TEA PRI . K 458 3 NFik bRy K1, K2 f1 K3 Z5#i8, i3 26 5 K P A9 2 3L 18 A (UL BE
g WrE B B AR — RAR BRI I, 38 RE S AIE E —SE T AEJE P S U SRR AR . BE A K& A e Y B L
G K AL IR AT LAGE ik AP3 AL PT S Y8 — SRAAC ) T J0 D I 981 35 A4 B IO R 0 (Rl I K 54 sk 7 A ) 0t A
PR R A A AT A B MADS ZKF R AR RE 5 45 € 19 DNA AR BL45 5 T8 Al [l P el 3 57
IR RS, BUE S5 AR MADS RGP I E AR = R A, (B2, K S Mt KR ek, HREw (e
HE MADS G5 N 03 0 BAS il 4% R 2 2% 0 o SR A, 9 T AR PN R AR B A I R o 2278

XF AT PvSOCT HEAT B BE WU S8 52 8, S R L. R4 PvSOCT A 5 8 st Im] IR — R 4k, (H 2 7E
MADS F1 C £ Ay 3 [/] if 8k 2 9 00T, KC S5 R 30aT RUE B[Rl I8 — 3 4, S5 Mg ds K J2 32 28 1 TR AL o
7 PvSOCT FULH T AtSOCT BEBE XUR ALY HEAT XS HL (K 2), Z55R A BL: 51 PvSOCT il AtSOCT £
R FEMREIN 2T DA TSR 294 20~30 R TRA A, X LE R B MRAN XTI AR T
B A S5 R B 1 45 M A (U RR % 5 B % S I 7 25 & DNA, iR Re % 242 3F A & — RMIE i) 1E
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C ADvector AD-T PcL

-Leu

BK vector BK-53 BK-Lam

A: AtSOCT AN[F] 2 4 35 5 0% 46 0 5
B: PvSOCI A [R] &f #4458 E 3 90 5
C: BRI A 1 B BH P e R 4.

B 3 PvSOCI F= AtSOC1 R ) 45 ¥ 38% & & 8% 2 4 g el
Figure 3 Yeast two hybrid system to detect the transcriptional activation among different domains in PvSOC1 and AtSOCI, respectively
A B

AD

4D pysoct M MIK KC € Empty PvSOCI MIK  KC C  Empty

A, B, CAHID 454 PvSOCI
AN [R] 45 ¥4 38 55 11 MADS,
MIK, KC #1C 5 HAh 45 #y
W AR A RS SE G, 1
SD/-Leu-Trp-+X-a-Gal 5%
FEIL L &£ S .

B4 PvSOCI REZMRE OGS RE R LR S RAESH

Figure 4 Yeast-two hybrid assays to analyze the domain polymerization in PvSOC1

%= 2 PvSOC1 #1 AtSOC1 RE &S WX HE R B
Table 2 Summary of the yeast two hybrid

PvSOC1 M MIK KC C AtSOC1 M MIK KC C
M N N N N M N N N N
MIK N N N N MIK N Y N N
KC N N Y N KC N N N N

C N N N N C N N N N

LI PvSOCL [ & HAEFN AtSOCL [H & HAEL B AT AR . A& B WA E] ZRIIB G 5 & LG RTE IR I — 2R 1k .
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E, F, GHlH 7%l AtSOC1 1)
AN & #3888 1 MADS, MIK,
KC A1 C 5 Mo Ath 25 1) 380 a5 1 % B
MAAL LY, 7E SD/-Leu-Trp+
X-a-Gal [ 57 F7 ML 1 6 {0 [ V.

HS5 AtSOCI R 4 M3 & & B R 4 KB RS

Figure 5 Yeast-two hybrid assays to analyze the domain polymerization in AtSOC1

FT 220 AL RRIF BN e — 2 W], PvSOCT A1 AtSOCT H i T 551 25 SRR A, 3 il 22 57 kA5 T g
72 PvSOCL il ASOCT JE WA i) R ACR A 19— A~ L= . Rk, H475 88T SOC1 & 1 15 i
Z R L2z, 2515 PySOCT 7E TR 17 A8 W15 7 o i 1 S D REAR SC I, i 75 i 5k e 1R )
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WE: &L R Pinus massoniana KB & G (AQP), A AMGEEFE T FMa L XX BEATHH., RAE
45 3 B 6B 4 XL (RT-PCR) 24 2 5 A1 A 48 45 (cDNA) K 38 B it 3 5 (RACE) o i 2 B B b K il & &
B R KRR E RS B4 XS (RT-PCR) A 47 3£ F 2 Abi T 890 B ALK . % R LIS — A B RN KBS
E kB, 4% PmPIPl(GenBank % % % % KF582038). s B cDNA 4% A 7] % 1301 bp, @45 867 bp 4 % %
Tk AR, 99 bp 49 5 K sk BiF K F= 335 bp 69 3 Kok EIFK . %A 288 MAAMA L, HFFh 3086 kD,
F w5 (p)8.48, PmPIP1 5 i X Spinacia oleracea (2bSfA) /K8 :8 % &G 4 My 404k, PmPIP1 &4 6 A35 X, A At
WAEE G (MIP) R kfE 5 53], &% & ERF 55 HINPAVIFG Ao 2 A R 17 4 Bk M - 1 2 UBR - 7 U8 (NPA) £R < ik
B PmPIP1 X/ & B A £ % & (PIPs) L ik, 598 @& = 45 Picea abies K@i RO R R F4% X R KL, FARMEDE
95%. qRT-PCR A% PmPIP| % F % it i5 § K ik . BRA PmPIPL ¢ B+ 6 T 0% AQP KB oy %4k, R it
#l PmPIPL A B THA LT B RN FF bt s, B84 1439
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Cloning of the PmPIP1 gene from Pinus massoniana and its

expression with drought stress
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Abstract: The aquaporin (AQP) gene plays an important role in plants adapting to abiotic stresses. To predict
the AQP gene function and provide basal data for mechanism of Pinus massoniana’s drought resistance, the se-
quence characteristics of the AQP gene from P. massoniana were analyzed and its expression profiling was
studied after drought-stress treatment. The AQP gene was cloned using reverse transcription-polymerase chain
reaction (RT-PCR) and rapid-amplification of complementary deoxyribonucleic acid (¢DNA) ends (RACE).
The expression of the AQP gene was then performed using quantitative reverse transcriptase-polymerase chain
reaction (qRT-PCR). The full-length ¢cDNA of the AQP gene from P. massoniana, designated PmPIP1 with a
registered number in GenBank KF582038, was obtained. Results of the sequence analysis showed that the size
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of PmPIP1 was 1 301 bp, containing an 867 bp open reading frame that encoded 288 amino acid residues with
30.86 kDa molecular weight and an 8.48 isoelectric point, a 99 bp 5" terminal untranslated regions (UTR),
and a 335 bp 3’ terminal UTR. The PmPIP1 3D structure had a strong similarity to Spinacia oleracea (2b5fA).
PmPIP1 exhibited a typical structure with six transmembrane domains, and had the consensus sequence HIN-
PAVTFG of membrane intrinsic protein (MIP) family and two highly conserved peptides Asn-Pro-Ala (NPA).
The evolutionary analysis revealed that PmPIP1 shared a 95% identity with Picea abies and belonged to PIPs.
The PmPIP1 expression patterns with drought conditions showed that drought did induce PmPIP1. In conclu-
sion, cloning of the PmPIP1 gene from P. massoniana enriched the plant aquaporin gene database, and the
qRT-PCR analysis indicated that the PmPIP1 gene may be involved in the response related to drought stress.
[Ch, 8 fig. 1 tab. 39 ref.]

Key words: botany; Pinus massoniana; aquaporin; cloning; expression

JKGH T AR (AQP) J2 45 40 IR - 58 PE PRk Hh = 85U 18 K o F R G i2 B E . B 1993 4F Maurel 45
WAL FG It Arabidopsis thaliana W53 #8155 1 MHEYIKALE R y-TIP Dok, CEME . AR . 2@, 3)
YRR S LT BT £ i R AQPR R, AR ST O FIKAE Oryza sativa™55 AQP JE[H] ) B 5%
BORNTERE . MARAGHE R A WA AL, 5GP SRR 4 FhEAY . BN AESR A (PIP), W
BENAERR 1 (TIP), 4598 8 F1 (NIP) K /NgaerE IR P 2 1 (STP) 0 AQIP Ji 5 R T8 (¥ I P £ 2 11 (MITP)
K, BAREEK . Wl ANy B SIRE, AR X K 3 AN 2 0 e i AL ol 2 AR, B
Fe¥A Pinus massoniana P& A RE ol . A L 7 LEE AR @SR 0 RARRE, Ok B R O e 3R
MR R Z 2 DR SCF 5 B AA MBI IE 2 248 P AEMRACRIE BOR ™ L B AL 2 RS R S
AR AR AR T N TMRA KR A D, I AR W A SRR A A T R R S
MARIEFE AR KB — N REENSIEHE T 5wl SR PU RS P LR LR R s, e R 5
AT FHLHIRA o m 8 & 3, Hrb, /KliE & 8 PIPs WA 5L K AEAEY) T 50y T IR pL i o
SN EEM R, A A RA A, i H s v SRR AR Y, S 5 AR Y ihaa i
N o CUI Z5PVR Bt F 3k VIPIPL (400 g IT 3% 5 T AR BT 5268 01 . ZHOU 48 2 52 3R B /INZE Triticum
aestivum TaA QPT(PIP2) 13 & [ (PEG) b G ik & 1, TEF R Solanum lycopersicum Wi & 32 ik
[ RESE SR T HP M. HAT, DR K E A PIPs 3L B M e 24K WHFFEHGE . Wik,
Xof b AR /Kl 1 AR PIPs 5 PRUgEAT SOl I o0 B HAE T 52 38 T a2, Oy B R AT P Ak IR A
i P R AR AT A P A A TR BT R

1 AR5 7

1.1 et

ARG RN R KR VALY AR, & 17.2 em, HE R4 B R
(27 em x 18 cm x 25 cm), % V(HHE):V (WHP)=9 : 2 RGN, B B (LR IEAHX & K52 70% + 5%)
A B8 (- SEARXT S 7K iy 40% + 5% )2 ASAE PR B R GE ok FR i R 4R AR E K B AR R T
N . T 5E s 0, 3, 5, 10, 15, 20, 25 d 70 25 mHGlAr, TG BIIE 2 BR gl - A A
Y, WRR TR, A T80 C, 1E Ny SEm 2t E i 5 A Wik =X 5 (qRT-PCR) 1 i3 44 L
1.2 FHik
1.2.1 E a4 (RNA)G IR 2 M Plant RNA Reagent 5 RNAprep pure Plant Kit 35 B 43 47 .
122 B#AR L ARG E A Y AR B A0 (NCBD B h CARIE 1 AQP JEH T 41, Bl Jf
I M1 5 M2(5% 1), 3k45 PmPIP1 JEF e v B R4 R4k =X S (PCR) S & % (25.0 pl): B4R
L0 L, 5144 1.0 pL, MasterMix 12.5 pL, F#K 9.5 pL, PCR B &M HZEYE 94 °C 3 min, 2EHE
94 °C 30s, Bk 48.7C30s, ZEM 72 °C 1 min, 35 MEH, JG2EM 72 °C 10 min, 70 A BIEM |,
it 5'-RACE $: %1514 GSP1, GSP2 #il GSP3(3 1), £ I8 5'-RACE system for rapid amplification of
cDNA ends BB, 47484 H 5L 5 0 77 41 o it 3'-RACE Fe 5 tE5 9 M3 5 M4 (£ 1), 28 3'-Full
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RACE core set with prime Script™ RTase UiH], § 3 H A 3E 3/ 550 . wildE S rEg|9 M5 5 Mo (3%
1), Bk PmPIP1 3% R B A0 A% B A% 2 (cDNA) 2K 551 . PCR =) B le W BEIC ik, RAMT T )
TAHRE 4, #% DNA Purification Kit 37 £ 358 W JE4T I 010k, 5 pMD18-T Vector 4%, 4k K Jn ik
% 8 Escherichia coli DHSou JFAZ AN UM, i PR se e 1, 3% bt il FESL AW 58 b A IR Bl A7
Wy

x1 PoPIP EERERREERNSY

Table 1 PCR primers used to the cloning and expression of PmPIP1

519 1975 5'—3' TEH

M1 GGNGGNCAYATAAAYCCNGC R RIS e

M2 GGNCCNACCCARAADATCCA

GSP1 CTCCCAAGCACTGACA

GSpP2 CAGCCCGGGGCAGAGACAGA 5'-RACE ¥" 1% 5" K ¥ J5 5]
GSP3 GCCAAGAACAGCCCAAAGGT

M3 CATCACTGGAACTGGCATCAACCCTG 3'-RACE ¥ 7 3" K ¥ 5 41
M4 GCTGCCATCATCTACAACAAGTCTCG

M5 ATGGAAGGAAAAGAAGAAGACG 4K cDNA §7 34

M6 CTAGGAGCGAGTTTTGAAGGGAATG

185-F TTAGGCCATGGAGGTTTGAG 1 N bR

18S-R GAGTTGATGACACGCGCTTA

UBC-F AGGATCATCAGGATTTGGGT

UBC-R GATTTATTTCATTGGCAGGC

M7 TAACCCAGCAGTGACCTTT Kzl PmPIP1

M8 TCCCACAATCTCAGCACCC

123 Faladr W45 R R DNAStar #E47 9F 45, I 5 6 B B R A Y EOR{E 2 b0 (NCBID £ 4 it
17 R ¥R 51 b X HE A 2 T H (BLAST) Hexf, # ] ProtScale Sever #0473 41 £ 11 26 K /g K ¥ 5 FIH] Ex-
PASy ProtParam tool 7153 85 [ 4 45 AL s #1701~ 4 5 A A TMHMM 000 5 [ DX 5 ] Signal P 000455 ik 5
F ] SWISS-MODEL il = 2% 454 ; F] 1] DNAMAN R4 3EA47 285 1 53T 51 1 22 15 LG I 4 6 PR ) 3R 456
HEAEH

124 AR KZE M BRI M7 F1 M8(E 1)1EN RT-qPCR 514, M 18SHIZ K (UBC) (5
DRy AR EE B, 4T RT-qPCR e, #4533 i PCR KW AR 5 S 25l B TR 128 77 31 52
iz (super real premix plus)10.0 wL, 1E. 514458 0.6 nl, ¢DNA #ifg 0.5 pl., HEHZE/K 8.3 pl, &{k
1120.0 pL, #HFF 95 C 1 min, 95 C 10s, 60 C32s, I35 AJFH, BRI X RIA &R R
28T LB R SPSS16.0 F A # AT BAR Ge it o3 b, U5 2253 (ANOVA) BEHR 4317 25 55 b 38k

2 HERGAH

21 LSE# PmPIP1 &£[F cDNA £ KT E

LA cDNA Jg#id , FH 5198817 PCR 9784, K45 1 4> 458 bp [ h(a] i BL (B 1A) . FEdLIE a1,
AT 5' 0 5 3"y PCR 4744 . 250 R . 5'-RACE 7 520 bp Z45 345 1 455874 (18 1B), 3'-RACE 7£ 460
bp 4 3A% 1 %554 (B 1C), PCR =W &l . 8. 54 WP & PiE:, k15 PmPIP1 3L H 75 .
R AE PmPIPL R A0 HERYE, #E17 3R 2K PCR Y731, 76 867 bp Zi 45 3k4% 1 45y, K/NSPHES 21
PmPIP1 3 5 1) 52 4 TF B R /N—30 (B 1D) o FEAME S B 2 7 E SE 4 38 ) 9 5 pF Bt SR — 3k, B3k
B %% 5 GenBank, %5524 KF582038, X PmPIP1 3 4= KB 9143 BT 228 . 4K ¢DNA 24 1 301 bp,
& 1 AR IR EHE 867 bp, 5/ A AERIIEIX 99 bp, 3" AKuGIEFEEX 335 bp, 7E 100 bp 4b % 3k bk
T ATG, 964 bp b % B4 1 % 1% F TAG, #4if% 288 >4 5 (&l 2)., FJH NCBI {1y BLAST %}
PmPIP #4786 R SF I (B 3), 455 7R : PmPIPL 4 1 4> MIP {57 X . PmPIP1 {14 % 522 5% B 7E
MIP VEE X P 5 MIP 25 (4R 57 X7 510 56 42—, AT LAHEN PmPIP1 3 PR 2 /Kl i 85 (3L KR — B .
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A B
2000 bp
2000 bp
1000
750 1000
750
500
500
250
250
100
100

2000 bp 2000 bp
1000 1000
750 e
500 500
550 250
100 100

A. A B M: DL2000; 1, 2: e B vk K .

B.5" -RACE Hi3k "l M: DL2000; 1: 5’ -RACE/™* ).

C.3’ -RACE H1yk & M: DL2000; 1: 3’ -RACE "%,

D. ¢cDNA 4 K3 M: DL2000; 1, 2: PmPIP1cDNA 4K ¥.

B 1 sigtiticdicsg R
Figure 1 Agarose gel electrophoresis results

22 HYIEBRESW

ProtParam /3 H7 2 H] PmPIP1 45 |94 T4 0 30.86 kD, FEiS 4 5k 8.48, Ik ([ AR & i i &
)2 FE R e H &R Gly (G)FIN AR Ala(A), 439k 36 f134 4~ AR ARSI 3091, J& TRE
EH ., 4 Signal P oM, BAAESIKUIEN S, BB ME A WIES I E M . ProtScale 3 B IV #5128 8 (1 4F
AR A EE, BRI AKM: . Predictprotein 75 PmPIP1 & &4 1 MKH T cAMP and cGMP
FE B A S 2 DN ER AR C BERRIL O o5 . 3 K AR vk I B 1L 1 5 10 A~ A 8 e Ak 17
Mo M C V215 S E B DB 5 R4S G % DIAE G, N-S S I Ak — R A 2 — A 2l vk 1 ik
FEFI— AR AE B, I AE R X7 5 AT 585 PmPIP1 845 X R % V),

iz H TMHMM Server 4%} PmPIP1 #E 47 25 I X 3, 82 Hh 22 ik i 109 280 = 1k 127.431 43, H
HAG /Kl 8 8 Y 6 A B IX (TMT~TM6) , BRI i) 5 4~ %K 3 (Loop A, B, C, D, E)i##z,
A, CHEARTEAMMMESS, B, DN, CoRun#E AL T 41 ML B (181 4), TM2 A TM3 Z [], TMS &
TM6 Z[H], A& A 1A KT BNl 2 BR- N Z B2 Asn-Pro-Ala(NPA) fR<F45#4 4k, NPA &R, JL
SFRTA  MIP 2 B 4544k, PmPIP1 BLAT 57 /K G JE 2 1 C 3R F1 E BRI RHE T 51 (GGGANXXXXGY
1 TG/TNPARSL/FGAAT/NI/VEF/YN) DL KK 3 38 B BA 5% 14 15 BE P ~F (1) EXXXTXXF/L #Lot, X 5040
W LA 7K B 2 DI RE Y APIPL D)6 XY 2 1R 7 41 g B — 3. N R 53 2R, C R 9 P2
W2, TG HY)KIE A 1 PIPLE R B 0L 1) N-sid< . C-3i i A Re 2, B, 40N PmPIP1 55X J& F PIPL
R

¥ PmPIP1 5 O 0 HoAth RS 47 /K 38 38 28 (AT L IR 7 91 2 J L Xt o0 i, S50 . PmPIP1 540
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TTGATCACACATTCATTCATTCTGCAT TTGCTGCACTATTT TGGCT TTGTT TCGACTGAGT TCAGACAGTCTCGGAATCCTCTGGTTCTTTGTGTTGAA
100 ATG GAA GGA AAA GAA GAA GAC GTT AAG CTC GGG GCG AAC AAG TAT TCC GAG AGG CAG CCG CTG GGG ACT GCG GCA
M E G K E E D vV K L G A N K Y S E R Q P L G T A A
Niij(1~53aa)
175 CAG ACG AGG GAA AAG GAT TAC AAG GAG CCG GGT CCC GCG CCA CTG TTC GAA CCC GGG GAG TTG GCG TCA TGG TCC
26 Q T R E K D Y K E P G P A P L F E P G E L A S W S
250 TTC TGG AGG GCG GGT ATT GCA GAG TTC ATG GCG ACT TTC TTG TTT CTT TAC ATC ACG ATC CTC ACG GTC ATG GGT
51 F W R A G I A E F M A T F L F L Y I T I L T VvV M G
TM1(54~76aa)
325 GTC AAG AGG GCC GAC AAT GTT TGC ACT GGA TCT GTT GGA ATT CAG GGG ATT GCA TGG GCC TTT GGG GGA ATG ATC
76 v KINEESINCTNCEITNEIENG ¢ T A W A F G G M I
AIR(77~90aa)
40() TTC TGT CTC GTC TAT TGC ACA GCC GGT ATT TCA GGT GGT CAT ATT AAC CCA GCA GTG ACC TTT GGG CTG TTC TTG
101 = ¢ 1 vy c v a6 1 s ¢ c [iIEEENNEEIGEE——

TM2(91~113aa) BI(114~133aa)
475 GCC AGA BAG CTG TCT CTG CCC CGG GCT GTG TTC TAC ATG ATA TGT CAG TGC TTG GGA GCC ATC TGT GGC GCT GGT

126 IENNENENENSINENNEINE 2 v F Y M I Cc Q € L G A I C G A G

550 GTT GTG AAG GGC TTC ATG GAA GGC GAG TAC CAA GCG GAC GGT GGA GGT GCT AAC TCT GTG GCT CAT GGC TAC ACC

151 v v x ¢ r u ECEENENGESEEE e
TM3(134~156aa) CIN(157~178aa)

625 BAG GGA GAT GGC TTG GGT GCT GAG ATT GTG GGA ACC TTC GTT CTG GTC TAC ACC GTT TTC TCT GCT ACC GAT GCC
170 NGNS ¢ . G a E 1 v 6 T F v L v y T v r s [HIEEESEE
TM4(179~196aa) D¥£(197~208aa)

700 AAA CGA AGC GCC CGG GAT TCT CAC GTT CCT CTG CTA GCA CCA CTT CCA ATA GGG TTT GCA GTT TTT CTG GTT CAC

200 EONENSINEEINSINSINE v P L L A P L P I G F A V F L V H

775 CTT GCC ACA ATT CCT ATC ACT GGA ACT GGC ATC AAC CCT GCC CGA AGC TCG GGA GCT GCC ATC ATC TAC AAC AAG

26 1 At 1 ¢ 1 S
TM5(209~231aa) E¥(232~256aa)

850 TCT CGT GTT TGG GAT GAC CAT TGG ATT TTC TGG GTC GGT CCA TTC TTG GGC GCT GGC TTG GCA GCT ATT TAC CAC

251 ENMNRNINSNDINS] 2 2w 1 F W V G P F L G A G L A A I Y H

925 CAG ATG ATC ATT CGT GCC ATT CCC TTC AAA ACT CGC TCC TAG AAACAGCCCAGCCTAGCCCAGCATATTGGAGAGGGGGGCTTAAA
276 @ ™M I I R A I P F K T R S %

Sl

TM6(257~279aa) Cuii(280~288aa)
1 011 CTTTAAGGCTGAGAGGTCTGTTAACGCATGTGTATT TGTCGTCTGATAAATGGTTT TACAGGATGGATGATATCCATATATTATGTTT TAAGTGTGATTTA
1111 GGCCAGCGGAAGCCTCTGGCAGATTCTGCTCTCGTGGGCT TCAGTGGAGTGTATTAT TCCTC TGTGTAAAATAATGGACTCT TTGGCTGTTGCACTCAGT
1 211 GGGTCTGTCTGTAAATTTCGTCTTTATCTTCTTTTTTAATGGAAGTTATAGCCAGTGTGGTT!

RN BB s R 2 D SR K OB B A SOK HEIE Y 85 U5 HE B2 i NPA box;
BI5% 8 0 RR 38 ks 7l “*” brid.

B 2 PmPIPl 3 P43 82 55 B 3w o9 5 4L 8 5 7

Figure 2 Nucleotide sequence and amino acid sequence of the PmPIP1 gene

TR T AR AL
250 375 500 625
2 uw
NPA 45 ¥y 15
P PE 4 1 Il TE
it K G MIP

B 3 PmPIP1 #8255 69 4% F 45 # 3%,

Figure 3 Conserved domains of nucleic acid sequences of PmPIP1

A2 Picea abies FATH = i [ I, ATk 95%, 12 TM1 TM2 TM3 TM4TM5 TM6
S5 IT, #i4 Vis vinifera, i iR Gossypi- 1.0 —NT_ - -_—E—‘I
um hirsutum, JCHEAERR Quercus petraca, B 5 M'(())i : ‘ - j ( H i
Camellia sinensis, /N YW & £ Musa acuminata, = e \ \ i ‘
WHFE Nicotiana tabacum, [AAEREM) Tamarix albi- 0.2 \\i‘{ | | i‘“.mmw‘ “‘ i n;\:‘ | ‘
Slonum S5 FE 4y 1 ) Y5 3k 83%~87%<§1 5). Hi 0 - ! o~ v | o | -
BE Rl U KGE I8 8 2 R R 4 i 2 A S T B B KA

SETR T B D ST PR AR 4 9, S R 4 /K o TMI~TM6: EREKZ; A-E: HEH.
T EA & B REAE B4 PmPIPl & ¥ K 6 Fnl

){% PmPIP1 ﬁ% iR JJ? il Ej ;H\:ﬁﬁ H Y AQP phs Figure 4 Prediction model for transmenbrane domain of PmPIP1 protein
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¥ I+ Arabidopsis thaliana 93
i % Vitis vinifera 93

JCHE ALKk Quercus petraea 92
5 XM Camellia sinensis 92
/N BT U Musa acuminata 92
W& Nicotiana tabacum 94
HALREN Tamarix albiflonum B 94
?ﬂﬁlﬁfa 2 K2 Picea abies 93
Ly 2 K2 Pinus massoniana 93
Consensus
PR ¥ Arabidopsis thaliana 165
11 7% Vitis vinifera 165
Fili b A% 46 Gossypium hirsutum ) 164
T AL #R Quercus petraea 164
AW Camellia sinensis 164
NS Musa acuminata 164
JH ¥ Nicotiana tabacum 166
1AL M Tamarix albiflonum 166
?ﬂﬁlﬁfa 2 ¥ Picea abies T 166
Ly 2 ¥4 Pinus massoniana 166
Consensus vziqg awafggrmf lvyetagisgghinpavtfgl larklsl ra
L/ IT Arabidopsis thaliana GAGY VKG Il Y [ %11 | I VTVFE I8 TIDAKR MARDS X 237
1% Vitis vinifera \ ,3;=‘|:3vvp:|,r | GGA GLIG ARIRK vINFELTD LRIDS X 237
[ifi Ho A5 1€ Gossypium hirsutum I§ F ¢ ( < ; vIVFE L TDAKRINARDS \ 237
T HAE KR Quercus petraea LI GAGY VKGIg8 Y GGAN ¥ TKGGLIG AETRK YIVFE L TIDAKRINARDS \ 236
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Figure 5 Multi-comparison in amino acid sequence of AQP gene between Pinus massoniana and other plant species
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Identification and characterization of salt-responsive transcription

factors in roots of southern type alfalfa

MA Jin, ZHENG Gang, PEI Cuiming, ZHANG Zhenya
(School of Landscape Architecture, Zhejiang A & F University, Lin’an 311300, Zhejiang, China)

Abstract: Transcription factors (TFs), which can regulate downstream gene expression, play an important role
in plant stress responses. In order to investigate the molecular mechanism of salt tolerance, the TFs of southern
type alfalfa, in this study with 250 mmol - L™ NaCl stress, Illumina RNA-sequencing was performed to evaluate
the expression spectrum of transcription factors in roots of the southern alfalfa cultivar “Millennium”. Then to
verify the expression of four randomly selected genes, Quantitative Reverse-Transcriptase Polymerase Chain
Reaction (qRT-PCR) (three repeated) was used. Results showed 31 907 differentially expressed genes, 2 758
of which showed a difference of over two fold. Among these genes, 199 transcription factors belonging to 38 TF
families were up-regulated and 95 were down-regulated. Genes from the MYB family were observed most, fol-
lowed by AP2-EREBP, bHLH, WRKY, NAC, and GRAS. The qRT-PCR assay of four randomly selected genes
confirmed the results of RNA-Seq analysis. In addition, candidate genes such as MsERF-2b, MsbHLH, Ms-
bZIP, MsC2H2, MsGRAS, MsNAC, MsMGT-3a, and MsWRKY that may be involved in salt stress responses
were identified. This study indicated that multiple TF families were involved in salt stress responses in the root
of southern alfalfa types, and it provided new information for further study of the mechanism of a plant’s re-
sponse to salt stress. [Ch, 3 fig. 3 tab. 36 ref.]
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PR AT s B OB VEVE T o 45 T S IR A SR T W B S, I A N A T, SRR
FOF W R L R R, BN JE SR AL RS A 2 — o BRI, SR I R R L SR A K OF
b S R BT SR AR A R W 30 A5 S I A, AR IR R e SR AL 2 R (RNA-Seq ), X 45 iy
AL FLET S A R BRI TE A AR R AT R S AL e, 45 R AR AR 0L R 6 I 25 S TR T M A
PR, DA B A b P A7 iy TR K A T P A6 e 7 1) 43 AL, R 25 S R v A L Y R S
R, 42w o B S0 AE A T Eh MR B8 Bl

1 M5 *

1.1 ## KR4 E

G P T A AR X 5 1 R BRI 20 e 7 B 5 AE T A Medicago sativa *Millennium” Jy B4 8HT, 4 Fh 15
FRFR IS BN 75% LB # 10 min, SR)5 FHK K BE 3 I, KEVKHIRHL 2 h T 20 CARA N KR
7TdJa, PeEARRK—EUNE RS B ER R [V (AP )V (B R )=3:1], HREERK ZE R 30
QA 250 mmol-L™ SUAL SN 45 7 et AbH, BRI AL O b A 72 h 0% 6 BT M0 TR AL R 418
REFETRAT R
1.2 RNA By BUR % i

FI ] TRNzol Reagent 57 & 73 il 42 HOAd ¥ 5 % BRAE 2 AR RNA, 4@ B0 B4l n & vl W3k 17 . B9
FEA 3 UCALIET Y RNA BERGR G 50 wlo Fr4R IR RNA 28 B PRI 45 4% 5 6 ZE IR R EE I BH
AR F s — AR S , FF R —FEAS Frfe B 2 AR RNA #EAT v i 0 )y
1.3 lllumina M F

i S AT 5 2L BB (RNA) ph A AR B4 4 S8 O R 2 5 Y, o B 1t
SCHE AT Rt A B ARG I X A A4 i 10 SO R L TluminaHiSeqTM 2000 HEATINE . 4 28 fif i
W5 (base calling) I F 7 A2 18 S e P61 18 5% A6 9 IS0 1y 1 080 (raw data) , 23 171 9 45 0 A 28083 (clean da-
ta) . KA reads EXTERE SOAPaligner/SOAP2 YA 08U 43 1 5 2% JE R 41 g2 3 H A& AT LU X
1.4 ZREFERIEEF

I 7 J5 {4 | RPKM (reads per kilo bases per million reads )y 318 5L [H e ik 40, M3 4 JE [H 3 ik 18 (RP-
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KM i) 3155 H AR 40 15 0 B P Y 22 S 3R GA 8. 22 e RIREEOR T 2 5 A B (5% 2 %) YR R e oy 22
SARIRFEH
1.5 ®}*E=E RT-PCR

VLA 5] 35 B i A PR A 5 X6 BEZH AR R RNA A M kL, SR TaKaRa 2 w] ) PrimeScript RT reagent Kit
With ¢DNA Eraser {7 & S 5% 5% 5 8 ¢DNA, AF 2 52 B 92O 5 4 B =X S i (PCRY) e bz BB AR o AR 41 )
J 1 DR 7 45 SR AL PR 4 A~ b W38 % S 72 ], ] Primer Premier 5.0 #3118 6 # PCR 5|
Y(F 1), PIETE GAPDH(GenBank % 5%5 5 MTR_4¢131180) H N2, 51¥WH 5 -GTGGTGCCAAGAAG-
GTTGTTAT-3'F1 5'-CTGGGAATGATGTTGAAGGAAG-3', 4% Kb ¥4 45 3 Y 7 42 48 5 R AR 0 22 3k 1

x1 Wik DGE #E & #1%r qRT-PCR 3|4

Table 1 Primers to detect the accuracy of DGE date by qRT-PCR

E RS Em 519 (53" S i 514 (5'—3")

cds5471 TTAGCTACGTGAATCGACCA CTTCAGATTCAATCCGTCGGAA

cds21593 GTGAATCCGTATGGAGTCGT TCCGGCGAACGAGAGATCGAG

cds53671 GATACAGGCGCGTCATTCAA AGGGCAGCTCGATTGGCTCG

cds12115 GGGAACCTTGGAAGGACCATT ATTGCCAGGCCGAAAGTTCAAG
2 HRGAH

XTU”M?E’J reads 7P HT W] X REAEAS (WT_ck 1) FER B 38 Ak FRAEAS (WT_N1 )raw reads % 7% 5 K15 19
clean reads L4535, VLR cDNA SCHZEA ANy 40 o B T2 3515 1 5000 22 S5 R B (G B Y
B, XTHEFEAS clean reads H T 52.25% A] # 2 % S 4L FR, 47.75%1) clean reads 7R G813 B 2 Xt W (19
Do FhIEhE AL FRFEAS (WT_ND)FEA ) reads {381 OO [A) % BEAEACEE A B AR (3R 2)

&2 DGE #milllF#HiERitHER

Table 2 Statistics of upgraded version of the DEG

X (WT_ck1) A PR (WT_N1)
reads HEHG - i

I A LAl 1% I A Ll 1%
B X B 5 426 577 900 100.00 5427 101 160 100.00
reads 1757 51 54 60 295 310 100.00 60 301 124 100.00
VC B I 3 R 41 19 5 reads %K 31 503 017 52.25 30 538 130 50.64
e LN WA IR A 5092 810 8.45 4 135 861 6.86
AEECBUN T IS5 T 2 1Y reads %X 26 410 207 43.08 26 402 269 43.78
i S DEC 1 I 4 4L 30 253 588 50.18 19 897 850 43.78
Z A 1 VE LY 51 4 1 249 429 2.07 10 640 280 17.65
AVCHCAY &L reads 751 5L 28 792 293 47.75 29 762 992 49.36

22 ZNHERRHLENEHREFHN

R Ak B 5500 B2 B RNA, A2 KR DRI RL B PR 2 W) 58 SC R A 5 00 T o LA 2 S 6 A L4
2% FDR (false discovery rate, FDR){I<0.001 H 25 i 5N KT 2 £ 2% 53 3235 3 4 (DEGs, differen-
tially expressed genes) ) EEEFRME, 2246 AR R 76 250 mmol - L 4L 8403 F 72 h, SL0F] 31 907
LR FRIE TR A TR, X JRREA (WT_ck 1) F14k 6 40 3R A (WT_NT) Z [0 45 2 758 A~ JE[H R 3L
ZESpaRik, o 1 338 A~ DEGs fE4h [l ia i i v 3238 R, 1420 4~ DEGs ik M. Mok, i iisEqe
ERER AR T, SRR T 38 5% 7 K 199 DR 722 Rk, o5 28 R RIB SR
7.72%, Horb FiEZk 104 4, FiESE 95 4,

HPE LT LA Bk R IR R A 22 S m BEAN Y —, 2 S BCRE I 3Rk i A8k 1S A5 LAY, i 22
Sp IR SR R T R B 99.50%  Horh, 323k B CT) I 1~2 B BRI 22 S 3208 B O ) R E R B
f) 24.62%(25.26% ), Fik B (R )P 2~5 f5H9 L & 28.85% (52.63%), ik E(F)IH 5~10 £5 Y 3L H
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11.92% (2.10%) , ik 1 CF) ¥ 10~15 45 Lh F i3 H 4 21.15%
(2000%), ik ECF)IE 15 5L LA EEH (5 0.96%(0.00% )
E 2 AT AR SEAE T A8 AR AR 0 1 2R e R A 38 Aok
B KRN 22 7 K55 o MYB 5 5 I 7 5806 E R AT 8 8500 B
%, Alfin-like, C2C2-Dof, C2H2 F1 SBP % 5% A T 58 % 5k B 434
i, DBP, HB Fi Tify % 5% [N+ Z 5L K 438 T i o HoAh i #%
S F i AP2-EREBP, bHLH, NAC, MADS, Trihelix
1 WRKY %%%%ﬁ%ﬁiﬁ%lﬁ%?ﬁ%%kﬂﬁﬁﬁ%, RS

AT PR, X2 B T %% 55 500 5 R e R e iy o i 45 7 =0
5o
23 ENHERANNEWEFTSREIEERZETER

BESRFAER BT A T, AT LS s o I S PR S
F ik, HEIC &4F 52 bZIP, WRKY, AP2, NAC, bHLH,
DERB, MYB fil C2H2 85§ 5E N F RG22 5 T MY %)+
iR 38 0 28 BN o AR Al BLASTP 45 5 %) 3635 DEGs #E47T M) RevE &,
B BRI RIR (R 3).
357442393), bHLH %% 3% [ ¥ MsbHLH93 (gil357466829) , NAC
657400593) , WRKY #% 5% [ ¥ MsWRKY (gil657385964) , MYB
357476493) J% Trihelix %% 5 [ F MsMGT-3 a (gi1657378410)% |
357481745), bHLH %% 5 ¥ MsbHLH (gil657389916) ,
MsGRA'S (gil357454173, il657390120 Fi gil657400125) ,
657387760) &% Trihelix %% 5% A+ MsTFIIB(gil657378081) ,

MYB

C3H ¥ 5% H 7 (gil357446695) ,

N
(=)

OLFEER BT EER

I[Iu

2~5 5~10 10~15
AL A KL
g e -

A AR S |
F 2R RS T A

Fold change of differentially expressed

~
(e}

[3*}
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Figure 1
genes of transcription factor in the root

of alfalfa under control and salt stress

K B2 A~ E D0 R R A SR N 1 2

R A FE A &0 B R MsERF-RA P2 (gil357464931) fil MsERF-2b (gil

i 5% F MsNAC (gi1657395215, gil
% S F MsMYB (gil657378081, gil
A 9 2 A 40 DREB 4% % - (gil
GRAS % %[+
5 St 7 MsMY B(gil657404698, gil

30 1
O LR AR
24
=
Mgk
=
glz :
6 -
0
T2 5 ERQ D AT ISRl DEE BUNM SO X >
RN IR R
2 g = 5T g T2 §90 A & T z°
=52 27787 5 48 =0z -
< < <= O = ~
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Figure 2 Distribution of transcription factor family in the root of alfalfa under control and salt stress
9
24 ZERFEEEM qRT-PCR RAEEWIE ; OORNA-Seq MQRT-PCR
N T BRI 2 S 2Rk PR B R REAE R AILBE ;
W4 ADRFRIIEN, b 24 ERIER cdsSATIR |_h
cds21593, 2 4 F A cds53671 il cdsI2115, ug% o [
GAPDH(GenBank % 3¢5 5y MTR_4¢131180) N e —6 -
7 aRT-PCR i, %5 R&01. iw/\ﬁtlﬁﬂﬂm ol
GBI R R 223k (L 3), [ 6 5 42 i 9 ol

AL A A — 5, PEH Mlumina I J5 35 75 14 5% 5% 41 50

cds5471 ¢ds21593 ¢ds53671 cds12115

qRT-PCR A 1R 22 R 7R P B (E Y AR 1E 22 (n=3)

3 1) R FEAE

B 3 DEGs qRT-PCR #iE

Figure 3 Validation of DEGS data by qRT-PCR
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Table 3 Salt-stress induced key transcription factors in the root of alfalfa

S 44 SR NCBI % 5t 5 2% AR LA TE R
MsAlfin-like cds22057 2il657396279 1.11 PHD finger and bromo-adjacent-like domain protein
MsERF-RAP2  ¢ds20457 gil357464931 3.64 Ethylene-responsive transcription factor RAP2
MsERF-2b cds5471 2il357442393 5.89 Ethylene responsive transcription factor 2h
MsDREB-1F cds31163 gil357481745 -14.31 Dehydration-responsive element-binding protein 1F
MsbHLH93 cds21593 2il357466829 3.70 Transcription factor bHLH93
MsCBF cds45469 2il357508401 11.08 Inducer of CBF expression
MsbHLH cds54155 gil65737585 15.25 bHLH transcription factor
MsNAI1 cds45202 21357507893 —-13.34 Transcription factor NAI1
MsbHLH ¢ds27955 2il657389916 -12.53 Basic helix loop helix (bHLH) DNA-binding family protein
MsbZIP ¢ds36180 2il657385763 —-13.13 bZIP transcription factor
MsC2H2 cds3915 21657403499 2.33 C2H2 type zinc finger transcription factor family protein
MsC3H cds50915 2il657373674 11.55 Zinc finger CCCH domain protein
MsC3H cds8384 2il357446695 -11.27 Zinc finger CCCH domain-containing protein
MsGRAS cds55904 211657370728 2.81 GRAS family transcription regulator
MsGRAS cds13651 gil357454173 -2.78 GRAS family transcription factor
MsGRAS cds28255 2il657390120 -2.49 GRAS family transcription factor
MsGRAS cds13654 gil657400125 -2.16 GRAS family transcription factor
MsHSFA-2 ¢ds20955 gil357465753 2.74 Heat stress transcription factor A-2
MsHSFA3 cds46442 gil657379447 2.38 Heat shock transcription factor A3
MsCDCP cds48048 2il657380445 11.36 Cell division control protein, putative
MsMYB cds39174 211657382166 -11.90 Myb-like transcription factor family protein
MsMYB cds5693 gil657404680 -11.81 Myb transcription factor
MsTFIIIB ¢ds43910 gil657378081 -9.92 Transcription factor tfiiib component
MsNAC ¢ds20253 gil657395215 10.97 NAC domain class transcription factor
MsNAC cds168 2il657400593 11.71 NAC transcription factor-like protein
MsMGT-3a cds44315 gil657378410 3.88 Trihelix transcription factor GT-3a, putative
MsWRKY cds36713 2il657385964 12.03 WRKY transcription factor
MsWRKY cds8583 21657396734 -13.35 WRKY transcription factor
3 i

FET5 . RS B aa R, AR T i AR S R Y Rk, AR AN R R S A R AR, SRR
B SR AR B ma i, % S el A BE W aa R, OSSR Sk Rk . HiEr, &
Z63iF 52 bZIP, WRKY, AP2/EREBP, C2H2, bHLH, DERB, MYB fl NAC &% 2 H T RGN MR 5 5
TAEY N ER A R A RN AT AE AR . SR E fE AR R AE 250 mmol - LT G ALAM A 72 h B S
i ) ik i 22 F R 8 2 5 DL LRI 2 758 4, R RIBFENT, WEHEF 38 KR 199 4
ST 22 R R, Hoh BE SR 104 4, T SEE T 95 . XK R SAEE TE AR R
TH ] A% A S R TR s O S 52 2

AP2/EREBP & — AN K55 5 T KW, {97 EREBP Fl AP2 45 2 MWD, #F98iFS2, AP2/EREBP
B SRR 5 R B A RN AR R, Bk T 28U T ERFs #5RHTZK%, ERFs 2%
i SR A O B AEAL SR DR 1 2238, R B R R T A8 3 S AR A i 8 GmERFT Fl GmERFo6
A4 & K5 Glycine max PribPEMPTRME . (HEAVRGE . L3k SIERF3 0] [EALH 4 Solanum lycop-
ersicum Xf Eh YT Z M2, AU KB . 28 4~ AP2/EREBP 312 5 5846 15 16 AR 2 0 0 16 ik 368y 28553 72,
Hop 15 A3 B, 13 438 T, AP2/EREBP SEPAEER a2 30 A Nl g, RHHS
5 b Fiy 36 g 10 A R T SRAN ]

NAC # KRN FHEAY LT . W8N A ML MK AR A MERZ WA Yl B k% EE
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PERIN, BRFEUESE , NAC G005 e 5k R 7 76 396 58 Wy 38 1 24 o A7 A8 58 IE S R #E pL i . 2d %3k SNAC
REHR R K Oryza sativa T 5. BRI 20, H ol LR OsPP18 )3 8 45 & LR ™ %
ik AtNA C2 W] FRAIRHL R JF 5 SE DR B i SR M ARG R B, 9 > NAC Fkie st B+ 2 5 30 a0 1 2% 2o
e, Ho 8 AFKE EiM, 1 ARETFH, 789 4 NAC KR FHF b, H gil657395215 il gil
657400593 |4 10 f5 LA I, 3X AT BB 2546 1 18 AR 582 5 R Wy 3 1y 28 3 20 40 A

VENAE YRR A 1 WRKY ZRE St R 7, iR mEEmmeo., #EgEPC
YE 28 A T, BT RS WRKY SR % i PR 78 96 158 Wp 301 1o 225 vh A7 76 4 E B 2 R s Ll . il 3
ik GRWRKY 17 w2 & i AL Gossypium hirswtum X} 15 | @R sz 4", (A3t 3658 OsWRKY45-1 m] [
KRG X i R i i 22 0, ST &I 13 4~ WRKY %4 5 [ 735 I 2 5 40 06 1 75 AR 25 00 07 £k 3 1y 2%
AR, H 10 AFRETW, 3DFRE B, XWKRRE WRKY 5 5% P 2 50 ) (4 32 190638 o 1 HLE 7
KM etk

B P 5 Z B2 1L 5% (basic leucine zipper, bZIP)¥G SRz 0 TEZAY T, IS 5REMY N T
PR E Y . BT UESE ZIP G e S T -8 1 58 W 3i 0 8 T AR AR A R B 2 FhRAE AL . o SRk
OsbZIP23 W] B S $2 5 4 6 UK R A AR X T 5 . mdh i sz 4>, GmbZIPA4, GmbZIP62 1 GmbZIPT8 W]
P R R 2 5 KOG 4R R il me o, 2 2R AR P R D)k S A VA Ms ZIP R 5% B JHHE Nicotiana
tabacum ", O JE WA I BE R LE T b 4R SR AL T AR, ARBFSE AR IR 2 4> DZIP e sk 5 5 Rk
BAEAR R R0 W R, o 1A DZIP 3 5 7 5 BN R B B (gil657385763, 22 A4 -13.13),
HED 3 A~ bZIP %% 53¢ K v Re A 0 TR ¥ 7 2 5 55400 B 4 AR i 1 28 /.

C2H2 AVEFIR B (IR h e B e S T B F R Z — o WS IF A7 176 4> C2H2 R BEFR & 1T,
IKFEA 189 A~ C2H2 HIAFFE B AL 51 o WFoE W] . C2H2 BUAL R H T2 S A4 K & & a4 4
TE Y 2 R A AR AL R . CHEN S8 PYRF ST R B ZPF1T9 1E /KR 1A oy % 38 a6 1 25 v & #E B SR
AT, 1A C2H2 B 5t Fl 1 FE [ F 7 (gil657403499, 22 A dichy 2.33), #fEINX 4> C2H2 4% ¢ K+
A RES 50 B BRI A B . bHLH B g IR ) IZ AFAE TAE Y b, A6 0 % AR AR 4 1 3 17 25 v ke 3]
FEMAEIEN . BRTC S PRI 100 £ bHLH #5510, WF98 KB . 38 B T8 Xt 4k
o360 395 5 7] bHLH %% 5% [ 74 & R, 1 %38 OrbHLHOO01 1 bHLHO2 43 50 AT 14 Tt 7K & F1 48 R 7 ) i 46
3 AT 7 e ARBFSE R B, 17 A4~ bHLH % 5E R F 2 55810 8 T8 MR 2 0 07 £5 e iy 245 ad A, o
12 4323k B, 5 A FRBTIE, 7525335 bHLH #55 H F o, gil657395215 Figil657400593 |- i ik 5]
11 A5RA b, 4 2 4> bHLH %% 53¢ K7 0] g /2 2546 5 18 SR Wraa N 2 op 5 S8 W e i s R - 1A

VENAE YRR 1 GRAS B8 (I R ki B 7, CEBLE IF FUK ARSI 4L 43 5k B GRAS FK %
(M BE R B2 33 AR 57 AP, BFST R . GRAS S 1 5 R 5% 7 A ) B i M vp & 45 T DGR 0
AREFFEH, B9 A GRAS FGEILF AL 51, Hp 3 ANFE LIE, 6 MFRIXTIA, RUHIZAKILF T GER
SEAE T AR R 0 R Bl 36 e L 3 B R A O o AR B SR F KR Trihelix —A/NEGE, T @AM I KN
304, KFEA 314, CAHUEIERD], /NG Trihelix % 53¢ R 75 300 45 1 360 0 17 v o2 2 o 8 O 42 4 1T 220
AR FEA KB 6 4> Trihelix i s P 722 5 3R 3K o FAHUFG i X 7 (HSE) % $i e AR 40 3 85 6t 52 ) Jy 1T ke 45
LEEAE T, AWk B 4 > HSF 5 5 R 280 BRI, WiR 1T HSF 06 1 5% 5 - 7] 45 38
2B T BB — A 1 SR ERAE .

TS24 W R 0 336 5 0 2 07 2 D 4 vy, e S s R TR T L o 9 4 — R 1) 5 300 5 A DG 1 ) i ik TR 11 %
Ik, DT BH 8 i A A % 35S I HE T RE ) o AR ST R RNA-Seq £ AR % 199 MGk 72 505
TSR0 e AR R AR a0 25 e A, AL K 80 S DR 7 i 38 17 225 vl R 2 ) g B L o T e L 5 R R 4
BURIM AN Z L0 BTG B E— B TR A TRIEGE , DT B U A8 75 SR A6 1 7 6 0 388 1 4% AL ) o

4 5 ik
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Chloromycetin effects on pigment content and chlorophyll fluorescence

in Phyllostachys edulis seedlings

WU Xingbo, CHEN Dengju, MA Yuandan, GAO Yan, WEN Guosheng, ZHANG Rumin

(The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Lin’an,
311300, Zhejiang, China)

Abstract: To determine the effects of antibiotics on plant growth, three-year-old Phyllostachys edulis seedlings
were used as experimental materials. Then pigment content and chlorophyll fluorescence with different concen-
trations of chloromycetin (CAP) were determined using a non-modulated chlorophyll fluorometer (Yaxin-1161)
and the JIP-test data analysis method. Results showed that chlorophyll a, chlorophyll b, and total chlorophyll
content of the leaves significantly decreased (P<<0.05) with the CAP treatment. A significant decrease (P<<
0.05) was found with the probability that a trapped exciton moved an electron into the electron transport chain
beyond Quinone A (QA) (ET, /TR,), with quantum yield for electron transport (KT, /ABS), with maximum
quantum yield for primary photochemistry (¢n), and with performance index on absorption basis (PIABS).
This suggested that CAP suppressed leaf photosynthetic characteristics. [Ch, 1 fig. 3 tab. 29 ref. ]

Key words: botany; Phyllostachys edulis; chloromycetin; pigment content; chlorophyll fluorescence
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1.1 K4

e R 3 A BAT AR, 201248 5 A fy, BEHOMR S | m 224y, AERKREL, TWRENE
M AL (ER 25 em) ™, A HOGIRE 7220 8557 . AE R W A Sigma A+, HEEFKET
KR ABER, TR 0.1 mol- L7 (REIR A& T, 000 I 75 Vi B N 25 85 K AR BE , Se 200 W (8 % i) v
AR RN 0.1% 67K Z A 0.01%0t: 3520,
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Table 1  Formulae and glossary of terms for the analysis of the fluorescence transient OJIP
ZHEE E B
ABS/RC PSR F e I MR E
TR, /RC AL N RO A AR 1 TR IR QA Y fE
ET, /RC BN, PR A AR 1 T A Y AR
DI, RC LB L FE TSR Y RE BE
TR, /CS HRL 3G TR AR A H T8 5 QA AYRE
ET, /CS BAAL 2O T AR AR 1 FH T e A 3 1Y AR
DI, /CS FRL 326 TR FE T AT A BE Bt
RC/CS FARL 32 TR P S 0 B R
ET, /TR, AR 0 T T AL 3 B L AL B PR R QA Y A L T S MR 2R
ET, /ABS FH T 7 A 1 7 7
Pro T PFE B & LR
Pr e ROAL 2 RR
PIABS DL E S il 1) 1 E 45 %X
W, K g iyl 22525 o5 (Fr-Fo) 4k i 19 LE Bl
x2 SEZREREMYEMAEBERESBNTN (FHELARERE)
Table 2 Changes of pigment content in the seedling leaves of Phyllostachys edulis under CAP treatment (mean + SE)
b P8/ (mmol - 1.7) MERE ol (mgeg!)  HFSRER b/(mgrg)  BMERR/(mgeg!) REIE DR/ (mg-g) M4 K a/b
X i 3.16 £ 0.27 aA 1.34 £ 0.06 aA 450 + 0.38 aA 0.81 £ 0.05 aA 2.35 £ 0.09 aA
5 2.63 + 0.13 bB 1.24 + 0.04 bAB 3.87 £ 0.15 aB 0.79 £ 0.04 abA 2.12 + 0.08 bB
10 2.29 £ 0.15 cC 1.18 £ 0.08 cB 3.47 £ 0.11 bC 0.74 £ 0.11 bA 1.94 £ 0.05 B

YT NG FREARRIRR 0.05 K E 2L (P<0.05), KEFHEAFE LR 0.01 K- Fig22E 54k (P<0.01),
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1B) o N T L AF M S e O-J-1-P i 445 AR T ARRAE W) i AR IR S, A 1 ARl A2 5Ot 3 22 18 (A [ (Fi=Fo)/
(Fioow—Fo) DHYZAL (I 1C) o A RAL TS, ARXF I ARZOEMmBE M 3 1T 2 A0, 2 507E J A (1S ms),

P %o

80 1.0 0.8
70 o ¢
X
0.8 o6k
60 N o J 'ﬂl
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0.01 0.1 1.0 10 100 1 000 0.01 0.1 1.0 10 100 1000 0.01 0.1 1.0 10 100 1000
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— X} 1R — — 5 mmol-L"! =+ =10 mmol - L

A OJIP FHEEF I (O WREE R FEHME). B F X Fo J3—ALJ5 09 OJIP 2 Sl 4, F Rt IFR 7O E ., C.
AT AT AR 5 658 3 22 (0 A [ (F=Fo)! (Fiom—Fo) 1=[ (F=Fo)! (Fiaom—Fo) 1 (A H) = [ (F=Fy)/ (Fiom—Fo) ] HR) . X Fom R
Mo 0,1, L P45 s SLEE DL SCHR (9],

A1

Variations of chlorophyll fluorescence transients in seedling leaves of Ph. edulis under CAP treatment

Figure 1
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KA X)H (4.7 ms), H X HXFR UK, JAHIRZ o TV X 06 1 06 25 Bt 25 55085 2R B 1) T i
i
23 SEEXNEMHHEILEESHNFIE

Py it ZUEO6IE S ) 12 MR v LU MO AP B Fe i . BOTE S BnT DL A S WA )
LA A EXERER A, HIE S EOT LURT R SRR R, 5 mmol - L7 &R 5 (% 3), TR,/
CS F1 ET, /CS 4¥ 5 L %t BE R BE T 5.4%F1 10.1%; DI, /CS H X & - F+ T 5.4%., ABS/RC, TR, /RC, ET,/
RC 1 DI, /RC 43 B AT BE EFHT 15.0%, 7.5%, 3.0%%1 20.7% ., RC/CS FxtBE T[T 12.8% ., A[a] Hfill
(1 BE T 1 S B0 RC/CS (1975 kL 258 Bl 5 580 25 28 W B8 A 38 I 38 R, 9 P G 25 W B o X LU TR 1 S 800
TR BT T AR ) S 7 O 5 1 R T R K
24 SEEXNBEFEBRIXSERALESHNZMN

ETyABS [zt T G PR L 1538 i it 7 8 st R 40 MPS T ) SEPr e 808 , FEAZ on F1 ET,
[TRy 520 . 5 mmol - L™ 5% AL PG, @w A1 ET, /TR, 20 5 L X} BE R % T 6.2%, 4.5%, PSIIL (1) ET, /
ABS FEXFHRFRE T 10.7%, PIABS Fbxf BB T & T 43.4%), 1 o R FFET 6.2%, H ¢ow, ET, /TR, ET,/
ABS F1 PIABS {175 1k Lt 26 347 I 75 5825 28 Wk B 1 ooy T 46

R3 SERELEEFEMHEHAMHEZIXNASHNTENL (FHELRERE)

Table 3 Variations of chlorophyll fluorescence parameters in seedling leaves of Phyllostachys edulis under CAP treatment (mean + SE)

P AN AL 2 RO S BUE AL T %
papiist 5 mmol - L 10 mmol - L 5 mmol - 1! 10 mmol - L™
ABS/RC 1.80 = 0.08 aA 2.07 = 0.04 bB 2.22 + 0.05 ¢B 15.0 23.3
TR, /RC 1.46 + 0.05 aA 1.57 £ 0.01 bAB 1.65 = 0.05 ¢B 7.5 13.0
ET, /RC 1.00 = 0.01 aA 1.03 + 0.02 bA 1.05 = 0.01 bA 3.0 5.0
DI, /RC 0.33 £ 0.03 aA 0.40 + 0.02 bB 0.43 + 0.02 cC 20.7 31.4
TR, /CS 5832 + 1.12 aA 55.18 + 0.99 bA 53.44 + 0.76 cA 54 8.4
ET, /CS 37.87 £ 0.47 aA 34.03 + 0.81 bB 32.81 £ 0.65 cB 10.1 13.4
DI, /CS 12.41 £ 0.16 aA 13.08 + 0.45 bA 13.48 + 0.21 bA 54 8.6
RC/CS 37.87 £ 1.23 aA 33.04 + 0.14 bB 31.25 £ 0.08 ¢cB 12.8 17.5
[ 0.81 £ 0.02 aA 0.76 + 0.01 bA 0.74 + 0.01 bA 6.2 8.6
ET, /TR, 0.67 £ 0.02 aA 0.64 + 0.02 bA 0.61 = 0.01 cA 4.5 9.0
ET, /ABS 0.56 + 0.02 aA 0.50 + 0.02 bB 0.47 £ 0.011 ¢B 10.7 16.1
Pl 4.81 £ 0.24 aA 2.72 + 0.06 bB 2.01 £ 0.025 cC 434 58.3
W, 0.39 £ 0.01 a 0.39 £ 0.017 a 0.39 + 0.037 a 1.3 1.8

Y ANEFREAR R IR 0.05 7K 22 5 (P<0.05), REFEARFER 0.01 K Y2 54 (P<0.01),

3 itk

M2 WA AR R OEREM . LB AL A2k, YL SRR R A RN, B
ARFEERY . TR LU T R AR E 2 B R i SR . ARSI R &
BRLMIE, BRI R SE a, FERE b ORGSR BT 0 B B AR, O ELAR PR B
W ARG ] A (55 2) o 33T BEA T 5 T 9 S P, — 05T AT RE SR PR g S8 3R RT LA ik 2 Y 708 B AZ RS 1A
HEEM A, AT e R G A O A AT M, ] TS A, HSRE R R
NHRR BE MR 5 55— T T i) B DN R S R AR B R LR OB I 1 M 2R R I R A . 2R a/b 1R
&N, KRR R B AT RO 0 R B o B 2O BRI RO P R, TR IO
ArEREN

KRR . OJIP il 4 AT AR X — 6 g de a1 52200 il =, BUBR =L 50 Ll el si 2l
f AEAR AU . S mmol - LT SR R AL HS , PRV T M A AT L BLIL Y g OJIP,  HLPUAHZOEE Y Tt
X AR R B AR O s PO (F) WM YDE RS0 1 (PS 1) B9t AT L
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BEi BUA RC/CS W/ e, BRE RO PO B8 1232 B2 IO RE, O PO BRI S B A TERE T
IR MR J3E R B B, R R BB B T3 LAY e A PERE B TR E ™, TR, /CS, F1 ET, /CSy 52 235 T I

WEFE W] A 2 30 I L TR B B A L 2 B RERAME, W RS RE,
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Water vapor flux features of an evergreen and deciduous broadleaf

mixed forest in Mount Tianmu area
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Abstract: Evapotranspiration (ET) is an important component of ecosystem water and energy balances, and
subtropical evergreen and deciduous broadleaf forests play an important role in regional water cycles and bud-
gets. To enhance prediction of climate change impact on the terrestrial ecosystem an improved understanding of
the water and energy fluxes between vegetation and the atmosphere is needed. In Mount Tianmu area of Zhe-
jlang Province, a subtropical evergreen and deciduous broadleaf mixed forest observation tower was set up in
December 2012 with a three dimensional ultrasonic anemometer, a H,0/CO, infrared analyzer, and conventional
meteorological instruments for measuring a multi-layer gradient of temperature and humidity, windspeed, and
radiation. Based on data observed from July 2013 to June 2014, water vapor flux features of the ecosystem were
analyzed, and the net radiation responses to water vapor flux were determined. Results showed that annual wa-
ter vapor flux was positive with distinct diurnal and seasonal variations. The maximum monthly water vapor flux

occurred in July with a maximum daily 0.115 g-m™-s7"; the lowest was in January with a maximum of only
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0.029 g-m™-s™". The maximum quarterly water vapor flux occurred in summer, and the lowest was in January.
The annual total ET was 721.25 mm (about 51.5% of the annual precipitation). The annual net radiation
(R,) for this ecosystem was 3 305.65 MJ-m™. Also, R, was the main driving force of ET and was a key factor
in energy balance. Thus, water vapor flux being positive meant that the ecosystem was the source of water va-
por. [Ch, 6 fig. 2 tab. 28 ref.]

Key words: forest ecology; water vapor flux; eddy covariance; typical evergreen and deciduous broadleaf mixed

forest; net radiation; Mount Tianmu
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MR RIEFR MR K . R0 25 6 RIS A B8 7K 43 28 K 3 A FB 3 I VR, AR AR K 43 AR 00 1Y) E R AR AR
AR FERLA — MO X, TRl SO XA BRI B2 N R . HAT, AR B 7 2 BRE E N
JZ I T AR 2 AR G I A RE R SR I, IR AT ARG B8 %07 A B 2 0 [ B
WL P (FLUXNET) #8955 3254 v [0 i b A= 285 28 G LI 19 2% (ChinaFLUX) 2 € 28 F) FHZHOR T )™
LI A E AN R 2 B AR R S R GE P L T 2 A B T Bl A RO R E A O, (R
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58 XA T W VLK B Ll AR AR 28 R G 1 08 6 WL F 52 0 (30°187307~30°2455"N, 119°24'47"~119°
28'27"E), AN 4 284.0 hm?*, T AT, ¥4k 1 506 m, H ki mmF sl 4 261.1 hm?, 5§ 99.5%,
TR 5% 98.1% , MR AR IR KAk 3 711.3 hm?, 5 88.7%; Prakifl 474.8 hm?, 5 11.3%, ¥k
600 m LR LI, 600~1 200 m #1200 m L F MRy . S B O G [ J6 T R
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Wil Cyclocarya paliurus , 47 Platycarya strobilacea, W H Liquidambar formosana, K HARZEF Litsea auric-
ulata FAFEARAE Quercus glandulifera % . #EARF ¥ K Eurya japonica, F:47T Indocalamus tessellatus F1 T4
1t Rhododendron ovatum %5 . 7 Ab, 1A EHHMMIAS Cryptomeria fortunei M, 4x8# Pseudolarix amabilis
MRS ILIAS Pinus taiwanensis BREE, 2082 FPAOE ZR O ARARZEBY . X SEZRMRAE TR R 280 TR E R,
KRBT EER, EHOy I, £JRREY 100 em, pH 5~6, AEVE 2R R 10~20 em, fifkil
ORI B <27 3 e I 5 DX R — el g I VR S AR L (30°207 59N, 119°26"13.2"E) I, 4k 1 139
m, PR 6.6°4 4, Y MmMIE 16 , FEEFAEG /INTEH X Cyclobalanopsis myrsinifolia, 38iEA, /N H
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Figure 2 Mean diurnal change distribution of monthly water vapor flux (2013-07-2014-06)
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Figure 3 Mean diurnal change distribution of quarterly water precipitation (2013-07-2014-06)
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Table 1  Contrast between evapotranspiration and precipitation at every quarter

- i Rk FE

[ 7K &t /mm e f51/% ZE WA/ mm LB/ %
HE 3H.4A.5H 376.1 26.83 207.8 28.82
FES 6 H.7H.8H 581.3 41.47 267.0 37.01
*ZE 9,10 4,11 A 237.4 16.94 162.8 22.57
L& 127, 14,24 206.9 14.76 83.7 11.60

AR 1 401.7 721.3
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Phytolith-occluded organic carbon accumulation and distribution

in a Dendrocalamopsis oldhami bamboo stand ecosystem

YANG Jie', XIANG Tingting', JIANG Peikun'?, WU Jiasen'?, KE Hejia’

(1. School of Environmental and Resource Sciences, Zhejiang A & F University, Lin’an 311300, Zhejiang, China; 2.
Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, Zhejiang A & F
University, Lin’an 311300, Zhejiang, China; 3. Forest Enterprise of Cangnan County, Cangnan 325800, Zhejiang, China)

Abstract: Phytolith-occluded organic carbon (PhytOC) has been shown to have an important role in carbon-
silicon biogeochemical cycling. To understand the characteristics of PhytOC accumulation, different organs
(leaf, branch, and culm), litter, and soil samples were collected in different age stands of 1-3 year old Den-
drocalamopsis oldhami bamboo ecosystems from Cangnan County, Zhejiang Province in December 2014. Then,
silicon, phytoliths, and PhytOC were analyzed with a correlation analysis. Results of silicon, phytoliths, and
PhytOC mass fraction showed that PhytOC content (in g-kg™) of aboveground litter was (4.28)>leaf (3.16)>
branch (0.28)>stalk (0.04). The total accumulation of PhytOC was 22.64 kg-hm™ with an order (in kg-hm™)
of leaf (13.22) >litter (5.74) >branch (2.71) >stalk (0.96). Also, reserve stocks of PhytOC were 1 302.60
kg-hm™ in the 0-100 cm soil depth. A highly significant correlation (P<<0.01, R?=0.96) was found between
silicon and phytolith concentration; a significant correlation (P<<0.05, R’= 0.62) was revealed for phytolith and
PhytOC concentration in plants; and a highly significant correlation (P<<0.01, R?= 0.80) was shown with Phy-
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tOC and total organic carbon in soils. This results shows that the content of PhytOC depend on silicon and
phytolith in plants, and related to total organic carbon in soils. [Ch, 4 fig. 3 tab. 33 ref.]
Key words: forest ecology; Dendrocalamopsis oldhami; phytolith; PhytOC; distribution
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Table 1 Basic physicochemical properties of soil in the experiment

+ZE/lem  +HEEE/(g-em™) pH {# (H;0) FULR/ (g-kg™) B AE/ (mg -kg') AR5/ (mg -kg) BB/ (mg-kg™)

0~10 1.23 5.1 20.23 266.6 11.2 40.2
10~30 1.27 53 10.94 128.9 1.9 259
30~60 1.27 5.5 8.81 87.8 0.6 20.4
60~100 1.31 6.0 7.56 115.2 0.5 17.7
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Table 2 Biomass, concentrations of silicon, phytolith, PhytOC, and PhytOC stock in different aged Dendrocalamopsis oldhami stands

e P Tk T LA ik
wH T/ f?ﬂi; E'f.?]ﬁ)&/ B/ (grkg)  HIRER/(gokg™) R REMR A LR/ % ﬁj:iigfiﬁ m;;;iffj}fﬁ
- 2 229 £192 043 +£0.02 61.75 £6.57 159.11 = 32.75 245 + 141 4.09 = 2.70 9.37 £ 6.13
3 1.73£0.79 043 +0.01 62.71 £ 842 15331 = 14.44 1.48 £ 0.36 223 £0.38 3.86 = 0.55
Ty 3.16 be* 0.43 62.23 b 156.21 b 1.96 b 3.16 a
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Climate changes affecting regional landscape patterns at Xanadu

WU Luyi', YUE Yongjie?, LIU Guohou', GAO Runhong?, SU Zhicheng’

(1. College of Ecology and Environmental Science, Inner Mongolia Agricultural University, Hohhot 010019, Inner
Mongolia, China; 2. College of Forest Ecology Research, Inner Mongolia Agricultural University, Hohhot 010020, Inner
Mongolia, China; 3. State Forest Farm and Forest Park Station of Forest Enterprise, Ulangab 012000, Inner Mongolia,
China)

Abstract: To study the effects of climate change on landscape patterns at sites in Xanadu, wavelet transforma-
tion and remote sensing were used to analyze the climate change rules from 1981-2010 for landscape pattern
dynamics in three different periods: 1990, 2000, and 2010. Results showed that the annual temperature had a
rising tendency over the nearly 30 years with an interannual variation of 0.065 -a™ years. Zone temperature
changes alternated between a low frequency of 30 years and high frequency of 10 years. Annual precipitation
declined slightly with interannual variation of 0.07mm-a™ . The low frequency of 25 years experienced drought;
whereas, the low frequency of 10 years alternated between wet and dry. Dominance of the grass landscape de-
clined on this site. Structural landscape changes included a decrease in grasslands, water areas, wetlands, and
swamps; while farmland, woodland, residential places, and sandy areas increased. For instance, sandy areas in-
creased 9.55 km? in nearly 20 years. Over this 30 year period, climate change was not the dominant factor that
changed the landscape pattern; climate change associated with sandy and grassland areas were greatest. As re-
gional development and relevant eco-engineering being the main factors contributing to reduce stability of these
landscape sites. [Ch, 4 fig. 3 tab. 19 ref.]

Key words: landscape ecology; Xanadu; climate change; wavelet analysis; landscape pattern
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Table 1  Classification convert grassland landscape area in 1990-2010 years

[o)}

P B i Y km?
#hit b N B, e W T M K 3k IERE S RUTR
1990-2000 1.98 2.51 0.36 0.05 0.10 0.19 0.10 0.22
2000-2010 37.84 62.56 20.00 2.37 5.00 7.26 1.01 0.57
1990-2010 133.91 190.99 27.18 8.35 6.49 8.85 7.21 0.33
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HEE 3 RO RS DCAR 1 R 45 A Bt T A F2 WX 1990-2010 £ =& FIEH
BIEMHEER, HEXEERFECH 0992, HIFEES R Table 2 Landscape pattern indices in 1990-2010 years
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ERBRE K, SEEAB R, Shemmg 00 22 172 053

L. 2010 2 469 1.70 0.62
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itk DX DX OB AR D, 80 RIS, R R, KIEHOT R, FRim Ak 1.98 km?, [T 20 a
BB R3S, IR ARIE— B9 K, WA TT BRI IX R K, Ak, PR AR L B, i
7] 37.84 km®, BHFL S a KRN SIE I, BPFEAR S B BRL FE A BORGBE 1E AUE i A B 22,
AR el T AL S TR SR L A AU RO OCOC R, R K BN B0 S 1A R Y
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Table 3 Correlation coefficients of the area of landscape type area and climate factors

M KR/C F 7K B /mm S 24 R/ (m-s7)
B -0.796 0.455 -0.071
7k 45k -0.818 0.422 -0.108
Tt -0.958 0.114 -0.417
ERE RS RiT S 0.514 -0.754 -0.305
b 0.049 0.992 0.782
1o B T B 0.946 -0.153 0.381
L -0.348 0.862 0.475
P S 0.624 0.879 0.999*
£b i Hb 0.992 0.297 0.749
L7 55 5 5 b 0.580 -0.700 -0.229
WS L -0.071 0.994 0.796
YL * FoR P<0.05,

4 ik

1981-2010 4, oo _LARI HE X KR Py 7 ¥ T —R e —% T — MR T i Aed 2, H Ay g+
Wi, HFAE 2015 AFRRRE AR S 4E R X — B T U o S2 R AR R, AT 5T X B0 R A B AEOR b
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Plant community and species diversity in rocky desert areas

of Southern Hunan

WU Linshi, CAO Fuxiang, PENG Jiging, CAO Jiwu, XU Yongfu, DONG Xujie, XU Wen

(College of Life Science and Technology, Central South University of Forestry and Technology, Changsha 410004,
Hunan, China)

Abstract: The diversity of plant species in 21 plots (5 000 km?) from Southern Hunan area was determined by
calculating the indices of species diversity, richness, evenness, and dominance. Analysis included o and B di-
versity analyses with the Simpson (S), Shannon-Wiener (Sy), Cody (C), and Jaccard (J) Index. For rocky
desert treatment and searching the regularities of growth and distribution of plant in rocky desert, applied with
random quadrat sampling method and analysis by synthesis method. Results show there are overall presence of
63 families, 131 genera, and 173 species of vascular plants, 1) This included 15 families, 21 genera, and 24
species of trees; 34 families, 60 genera, and 74 species of shrubs; 32 families, 54 genera, and 63 species of
herbs; 13 families, 22 genera, and 33 species of interlayer. 2) The a shows that rocky desert area with low
species richness (S = 0.796 9-0.936 1, Sy = 2.104 7-3.274 6) and a simple community structure with indi-
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vidual species having a relatively uniform distribution but a higher community diversity. Species composition
for the tree layer was greatest in the potential rocky desert area (S = 3.274 6 and Sy = 0.936 1). At the com-
munity level, most of the trees were in the potential rocky desert. 3) The 8 showed that environmental differ-
ences between different sample plot. The C Index revealed that, form light to severe desert area has different
numbers species, the similarity coefficient of different rocky desert spot decreased. The J Index of different lev-
el rocky shows the maximum is of 7.29 times to the minium. Conclusion which plants species are suitable in
rocky desertification areas, contain the expansion trend of rocky desertification, improve the environment. [Ch,
1 fig. 3 tab. 25 ref.]

Key words: forest ecology; rocky desert; ecological community; « diversity; 8 diversity

A1 A (rock desertification) & 7E BT REE 55 AL SR T, B T ARA G SETE 8, &M
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GETH 2 PR MREC. FX e B aE E
22 RMAAIET*

HREFE 1t 8 A B, o BT RO S R B R L 20 B A3 RS, L A 22 B N R L SR RRAE, Hh R
AP SR ] Ty= (A %o 28 3+ 6 B 25 B R G 39 ) x 10092 318 . R B B F5%0(S), Shannon-Wiener $5
5 (H'"), Simpson 45 %0 (D) KW MY 1 o Z 15 R Jaccard #5850 (C)), Sgrensen 45 %1 (Cs) Fl
Cody 5 %0 & AH P BETS (1) B ZREPE,

3 EREAM

3.1 MEARAMRYFER SR EFIE

SE P A UM R 5 SO BEAL B O SRR, B B AR 1000 m? R b R A o B
ST 4R RAE AL 63 B 131 J& 173 A, H e R 15 BL 21 Jg 24 F, 45 h S0 23.81%),
16.03%#1 13.87%, H:A g5 £ 00 753 BF Fagaceae (3 J& 5 #), 5 XI#k Cyclobalanopsis glauca, 4
HM C. gracilis, &k Castanopsis sclerophylla, 1k Quercus variabilis F1 A Ek Quercus fabri, 577 A B
B 20.83% , o5 HEVE RN 4.76% 5 HEARZ 34 BL 60 J& 74 B, g3 BB 53.97% , 45.80% Fi
A2.77% , B2 A DI AL Verbenaceae [ 43| Vitex negundo var. cannabifolia, 7§ ¥} Rubiaceae
175 A 3 Serissa japonica, ARASF} Gramineae 4641 Bambusa albo-lineata %5 ; ¥EARFHY) I 32 Fl 54 J§ 63
P, 4300 5 B 50.79%, 31.21%F1 36.42%, FhAZ W e RARH(9 & 10 F), HKJE4E Composi-
tae(3 J& 7 F); ZEFEYILA 13 BL 22 J&§ 33 B v EE A AR R R A AL X R AR S AR,
VAR Bauhinia championii 3 . M 4E (o RGO X BEEBEM RS E X, nRE RS A A0 AL s = X 43k
SAMEPREA (R 1),

X B A AL L DX T AR JZ A I R A3 AT, R BTLIK . VAR TR B = EL o T Ak DX e ) 0 3 el 4 A2 44
M3 X, FEIAEAT B 190.98, 133.94 F1 120.69; Wit:fH . BB EILLFE 8 Preroceltis tatarinowii F1#& [ #5
HA R, B K 83.04 5 163.32; WERM WA, AT AL Zanthoxylum armaum, #t3H), M A
Loropetalum chinense , Kl Pyracantha fortuneana Fl i FHAT Grewia biloba iX 5 F ¥ ¥ =& Fr A5 1 4% # Hb
(A B, HALIRTEE 2 rp AL LS A, AT LA IR — i B A AR AR A A R R s %
FEHL i 2T 0, P ORARHEY e 2, A 10 B, JLOOZR SR T R, (R IARRE S
HRMY 22 & B Caryopteris incana; #FAF} Selaginellaceae 1) M ¥ 41 Selaginella delicatula, RAF )22 5
Imperata koenigii, 4§ & Eleusine indica 1815 5 Arundinella anomala, %48 — Fh 45 BHE 91 4L T 00 it
fio HBLX R B0 AT RE -5 A T — & K RHE s 2 WA e A0k By, X5 H A SR AR A
AR R . AU R A o6, BmtEE, TR ESERE, HRRKE, FiEm, X Eg
WRWAHE, WBOKS, PR %o,

TERETE VA A A B0y 173 R 445 ki, Hoh & 10 Fp 2L ERRHMUA 5, RKIKA SR Leguminosae
(11/15), #%7#% %l Rosaceae (6/13), ARAF}(10/11), K#F} Euphorbiaceae (8/10), F 2=F} Rhamnaceae
(5/10) ¢ 33X 5 ABHE g 1 FE A AL AE B ZH SR RFAERE , G op 3 2R A B 2 Rk 2 il ol b DA X 28 AT 1
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Table 1 5 flora species lists in rocky desertification in Southern Hunan

o R V% 4R A B A B Itk
Ir 36
B A+ 75 R BR-AE AT 4190 -1 B V& Preroceltis tatarinowii+C. glauca-Bambusa i W45, ¥, W, #RAER  # 679
. albo-lineata-Vitex negundo var. cannabifolia-Miscanthus sinensis 35%, 3k 300 m =3 116
& 831
a4 55 K A8 AT-KE R-fE 0kl & &2 F R C 1 ﬁ >
a4t T+ B4R AT-AE OR-E &2 A RO Cogracilis -
. , _ o TETLEIERERTAY, AR¥, i S 280
1L4  Castanopsis  sclerophyll-Bambusa  albo-lineata-Xylosma racemosum-Liriope o
o B2 50%, M4k 250 m B 82
platyphylla-Caryopteris incana
& 389
4075 X+ L BE-KT B R AL R e ARl SR C ilis +A bizi T 2!
4 i X+ S IR=R IR iR s AH-A1 9 R e G graciis +ALbizia i
_ : : : o URWEEC, R, i, BRAER O 287
LK kalkora-Bothrocaryum controversum-Vitex negundo-Selaginella delicatula-Pilea o
o 60% , i 350 m I 167
cavaleriel
& 481
4 B2 MR+ R4 R MR- 22 B #E O ibilis+ () ﬁ -
B2 AR+ I RR-E SR M - % - 3 YR Quercus variabilis+ Quercus ) . "
e o o L OMEHS, MM AURE, BE W 310
XU fabric-Vitex negundo-Loropetalum  chinense-Caryopteris — incana-Artemisia o
#50%, 250 m A 214
sacrorum
& 540
T T IX] o+ 1 25 -3 - 2 7 D () -2 4 A - i A v C i T ’!
Z e 2 A L Y S B 5 o ] B2 = 1 )-%T % 18- H R C. gracilis + -
\ L S o T ORCEHORE R, KM, LR, 267
B Sapium rotundifolium-Vitex negundo-C. gracilis (saplings)-Dendranthema in- o
i . i BRAR T0%, gk 280 m A 123
dicum-Oplismenus compositus
& 411

HRARAAERE, SR ARARIA H BRI TR AR v b, ORI o A ) A 3t XA ) DX AR
B S B U 1A 2 RRARE A 32 BHAI 14 BL, 5 T 2R 73.02%, AT Z
PGB BR, UL OB KR Y X R B SRR R 2R A

32 MEAENLEYEEZEERFES T

32,1 e BRACHMAE o AR WIS REVESE BRI AR R A S R 9 B ROV o T
DA b ] A 4 B A TR A B S AN TR i R 23 1, 3 A st T SR B R T e 0 AL M | R A AL
FEd . PR AR . E R AR L AR R AL RE MR AR SR T B R A AL
IR ZAETESE BN 2, OB A AT AR JZ IR K R T AR Bl 5 R R A TR AR X 2 AR
WD, AR IARELRT .

x2 IEEYBEEXRENYMEEE(LMEEERITE)
Table 2 Species diversity on major plant community types (based on important value)

Simpson Z#f  Shannon-Wiener Z  Pielou #J5J &  Simpson {f #

FE A b5 (S
T e ek PRI ey RS BRUw) RO
VEIE A AL T R R 24 0.859 0 25149 0.793 1 0.140 9
2 BIEA B AR AL 2 R 50 0.936 1 3.274 6 0.837 1 0.063 9
3 VRAE AT AL B 2 eV 33 09351 3.066 2 0.876 9 0.064 9
4 A AL B A AL E R R 30 0.824 5 2463 2 0.695 9 0.175 5
5 AT B8 A AL B R R 17 0.906 2 2.537 3 0.895 6 0.093 8
6 i 7 A o B AL R VR 26 0.796 9 2.366 8 0.645 9 0.203 0
7 Sl W A AL 2 B 30 0.893 3 27119 0.797 3 0.106 7
R AT AE R VR 25 0.865 5 2.104 7 0.765 2 0.134 5
wEAEL s

9 R A AL R R 23 0.879 8 2.496 3 0.796 1 0.120 2
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MRV Aoy HT R I 7 A Akt DX A 0 B v 25 A TR B, W R LR 2, Hoh W Fb S
30 ALA S AMREHL, S UEREIBIY 21.74%, HAEEH/NT 35,

MHETE ZREPESETT 4381, Simpson $58 804 0.796 9~0.936 1, JL-F-#5KTF 0.8, Shannon-Wiener +5 %% 4
2.104 7~3.274 6, X RKUISBEVE DR AR BLECN I S), BET ZFEVERCEF o Simpson 5 HUE L RS
YfhF o B A AR, A AL X W o 2H 8 T o BE R R TR 2 AR MK R AR B AR B
TEAT AT IR REVE DA L il o 2, s ey T ICAAE T, 2 R e b KRR 49 X S5 R R T
KRB Z, HRHEARMER SR T RAFr B PR, B H Simpson $5 8t i, 53] 7 0.936 1, Shannon-
Wiener 88U THTS, N 3.274 65 8 B A7 AL FEA 2 TV S B A AR T v B A J2 0 b A SRR X 3%
Z, AEACHBRAVFES Y, X R RS R A A X P Rt =, L2 W0l H R
B, O HE A B A R A KR, SECEE AR R R R TR, KK
FWFFaEEZ, KT E, SEOLEARRYMACE 17 #, H. Simpson #& %R 1% (0.093 8), #J
W A A 3 55 N R Tk Bl A 3 00 5K

MEEFR Z I3 M, TR R ZEUEE PR TE A BT R Z B TE B85 0 AL V& U 6 BRIT AR (2

RFEAR Xylosma racemosum, 1 ¥R ¥ Sapium sebiferum, 1 ¥¥5A Hovenia acerba var. acerba, 1 FRAMH
Celtis sinensis 5 1 #RAMF X, HHRE AN 3.0~4.0 m, HAWREE AL T IR AR LT 200, ] W AT 540 3
e lEBMELL 2 B | RIR AR, X 5 A e RoKRE N 2E . " B R NK” MRUZR A%
P, VW AE A AL TR AR 2 YR =E 5 Bl 24, {H Simpson ZREPEFE %7 (0.859 0), Shannon-Wiener £ £ 14
18 %0(2.514 9) & Pielou $2] FE 45 %0(0.793 1) #R L #m, wT W ¥ £ A1 AL HE % b IR R0 20 IE He 808 2
RIS ZAEVELE o A B RE M HE R 2 BT W) R 2 5 B M TR 2 REVE BRI G A BEAL R B T R R, B AE
AT TEAG T R B0 2 B A A I JBUR R R, BEJS T B R U s B R A T A A St I R VR B R e B
PEFE B BN IR B AR . P FEHb T, R VLK L DR T BEL 0 5 A 4R 38— A~ e 280 g A o BE A ARt AR B
WA 2 BREEAR (BLIF) . 2075 LLRRAT Alchornea trewioides) , 73 Shik A1 %2 B HiAt 5 T AL ) (31 & Pinellia
ternata, X2 Orthosiphon wulfenioides, 75 & & Conandron ramondioides, {1il1=¢ Pilea cavaleriei, %%
Carex siderosticta) , T HTEH, R HRA, I RME. FAJZHEVR 1028 4k G 94 50 2RI 2 bk
AL, EARYIZ 0 1 FEEY), YR RB, REOE I GE WM T R 7% 3 s b g g K, TR
BROE A ARG S, R R A WA X R ARG D, DU R SR A, MRS R —, (AR
M 50 E AR IAETE , WA, — R ERTEAAETP MY . ATRATIIL , o 4 o Bk B ok fE i 15 3
AR, A B A AR OE B D, REVE AR TR, SlRAR SR, B OR AT
P, NIEECEE B,
322 e LEAAMDEEB SHEESN B EFEERERX YA E AR RS R — R, AT LA
PR Ry A e — PR HE A BE 2 AR A R B s R DA S R R e R A TR B AR MR R S VR TEI A
LI 48 B8 I (7] — 3t DX Il A AS ) A 58 b A= W b ) Sl e 32, O[] A 5 ) e — AR B 0 2 A ) el B (1)
A WP LA AR R A, B A A

BRI )R ZREVERD S B ZAE 1, Gl T 00 A A [ 2B S5 18] AR W) 2 FE P i B 2 28 1k o B Z2REETT LA
UL S AN [ A v [8] ) 2H B0 22 5, Jaccard 45 80F0 Cody 45 %73 391l a] LAMAS [ 1) £ 5 S e 1) b 22 4
PR FRBE AR BE 09 3 A A% Jm) S AR AL o K I A A 5t DX 4 JF T A 2 5 4 Ay A R s I U 4
JoSHE AL, e L e A AR I R AR, . e ms e, V. B AE
REdE s V. W A AR o AR 3 A AT L

BEFE3HE 1, ®3 MEARAENREERZE Cody 55+ EMK
AT R 2 B ] A ® g 10 LLE Table 3 Different rock desertification community between Cody index
S RN A AL R (V) G (0 TE T 0L half matrix in Southern Hunan

FEEL(Cy TN Co) # AL F e/ ME, F= A = FE A1 Ak
FEVE 5 AT 0 1 A R R B 1 . Jac-
card $§ %k C; 55 Sgrensen #5854 Cs fr K W34 h 2 2
AEALTEYE (D) 5 5B A B RS (IV), 05k

40.5 40.0 41.5 40.5
26.5 24.0 26.5
25.5 26.0

A B2 Il I v N
|
Il
|
v 235




244 /T N B N = = R 2016 4F 4 J] 20 A

[-r 1-m 1-Iv I-v o I-m n-veo[n-veo M-V Im-ve wvev
Bl ARARELBRMUBER B ZAHERHOLE

Figure 1 Comparison of B8 diversity indices among communities in each series

0.342 5 550.255 1, AT ULIX 2 L HEvR () BRI 22 S b ok o WBTE A AR RE T, ( 1) 5 HAl 4 DREEE AR R
BOAT M, A BL(Cy) e/ o W T BE A AR (V) BOAR LR R 8, RIS e BL e S
MY o BREAAEALEEE (D S5R TR 3 MR X Lo b, S TR 34 R v 7 A AL R 5 LA e 7%
AR BAE 2R B (Cy A Co) AR A 3+ I3 2600, #RO 5 0 J B2 Ay A A v A L I 22 S Pk de ok, 3R W
Wt A7 YA T B R R, AR (L R B B W R . X R A I S ML BT S, A
Ie A1 AR LA v 18] 1Y) Jaccard $5BOR/MHERY . B8 —HE (0255 1) > —F % (0.247 5) > —
F£(0242 7) > AE— FE (0218 3) > E—42 5 (0.208 6) > E—H i (0.197 1) > fE—HW FEE (0.072 9) >
HJE— L (0.072 7) > E— HJE (0.066 7) > i — R % (0.035 0) AT ML: 1570, FEAIRFEE
A BT v X E], AR ZE Jaccard S8 BOE SRR, e RONE/NN 729 1, 25 R, A H
[ 3L Jaccard $5803/NT 0.5, B2 A BAGIETS 5 A BALIE VS RE ML IR AE O PR 0R 25 S ok, RILR
ZE5t 0 1°49"15.91", £h 725 0 0°5057.07", g4k 2o 144 my, 1 BRI {68 [ 7 W0 85 2 U X, fH
AN TR B A Ak IR R VG 5 1] 25 57 2 B R IAE Jaccard #8808 1L 15 Jaccard $8 B0 /N1 R 8 BE— R E B
P R 22 S AR B O 22 BE 92 570 1°10709.767, 2572 5+ 0°25°09", W4k 224008 6 mo X — LK
A LA ST W IR B e AR Jaccard $R U A T — @ USRS, R R 2280, R R RR EE  PEAL R B
) 22 S /s 2z, PRBEIA 22 5Bk o Jaccard SR EUBOR, Cody RECWIFRABEZ ALK, B IXILA
REGR M IREE 22 SR, BRI, BB a4, BCody 5 B 4347 . Cody 5B —JC)m H iy
SRR, HAE MO, R ASHE & AR LB AR S PO . Cody 458 B0 Ty A iy S8, 1
TE—HEJER Cody 8RN, 2 41.5, Wl WAE A BEALRE ARk S A vb, Wb B0 Ja B 7 - 2 8
I AL, R R B e KA S — R E X —ad B Cody 45 Bde/hh, U0 23.5, il T A
WELB—EREG, gAY MR TR 0w T, R P ORIHERRM T 505 WA A 77 58 15
MY, AssbAm B R, BERCIE ARSI BR I PI R T AR A T, bt B B iy 3R R ST
BT — AP T RS R

4 5t

TR 77 AL TR 75 V8 A5 v R SR 45 TR ) 63 B 131 J@ 173 Fh, 5 5% JM A7 55 Ak 3 B 3 25 vh & 9 70 )
110 J& 345 FAH L, BEARFECD T, (ERRHE BRI LB 0, B B 2 (RS [ A 22 00 % 4k
B GR REE. RARSE; MR ZEEAHEL, £ RhEHRE Rosa, 24T )8 Rubus, HRJE Quer-
cus, 7X@ Cyclobalanopsis %, 30 22 5 1 5t 8 0] RE J& U8 R Hb [X Bl 5 ) (0] A8 5, A A 2 3 )T o ™
Hi, REHWFEBCEIET- SR EWIRTER, NMFB TYEEE BB ZERWIER; 53N %
B AL X 34 Bl 61 J& 72 FAEY AR LLY, WEE PR R R AR L, X 5 e A o B A A A
Wi TN B AR, YA AR T e B NI A ., AN TR IE . SEIRARERE A A
b DX P A TE B B R D, NI LAN AR, B i B o B Al A Sy v B 2 R A AL
DX, PRIUL, IR R R A AR B 2 g e i ARl 7 Ak R AL K, AR A R B IR

R A B XA VR L o ZREME TR IE, bR TI7E A BALHE 2 BRI R E B R m A, H
AIBETRER AT 35, WA EEAL., MiARE, Simpson F85CEM F 0.796 9~0.936 1, Shannon-Wiener
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6 2.104 7~3.274 6, KUK PR AR BCER N L), BV 2R . Shannon-Wiener 484
A BEAL R P E R TR, 5B A A AR ™, — M 3.27 B E 2.10, —4
JEM 198 BEZE 051, TREREEZMl, X —25 8 Ui H A sk GE B i B, ik, 2R
X —4E, ZRHEZEA TRTO T KR . 00E X B ST, A4 . 0. NHE%
TEARG TR, MU s, s AN TIH, e R, RSN E e FE | B
1. PRAERREEE, DABTIEK Rk, 2O ARSIy, A A ik

Wit B AT A58 W R AN R R B A ALV (A1 R BT 22 SRk, e W RES R 22 Rk
SR R ORI R T, IR AR I HEFESS 1A, HWRE AR, Ra R4, Cody $5%057
BT U B T A T Ak A el 2 A VA 3 R X — e AR v s AR, BT DA VAR ) I B A 2 B
T Bt 2 2L 0 8 A AR S s A, SRS () I DR A A A S rp B A AR X, B kAR

TERFGE R R B, Xt A O 0 i R AGA L T R, N R A AN TR A 3 A s X Ak T 14 A= 2500
FAERTNRERA WA Y, FIRE G ERZE , 25 BEUSKE 4 ) w4 55 28 4 11 1 A 54 b DX A — RIS v
o, PRl TR E A AL R A TR L ER L AR RIS T A )RR e, RRASZEAR KRR LR
HEE A B A R
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S T A S B MM 4E & AR YD B T R BRI S A
Tww, wR#E, £ E
CRALARL R 22 5 2 B, ST WA ZR I 150040)

TEE: Bm R LA EOFRE, RAZRGXRERARR, AZRTEA6, AEFILE WA G RRF,
Far AP AR R TR ARAT SN BR X R E . B R B AT AR A ) R FM . AR R AR B A AR 69 2 R R 2
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Analysis on phytocoenosis association of tree species composition in

ecological gardens of winter cities

YU Botao, YANG Tiangi, LI Chen
(School of Economics and Management, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: Due to the unique climate in the winter cities, the association among tree species in these cities is
special. Taking Heilongjiang province as an example, this paper surveyed the diseases and insect pests of com-
mon garden tree species, and analyzed the disease and insect pest-resistant ability of different tree species. In
addition, it analyzed inter-specific association of tree species applying x* statistical magnitude and association
coefficient, and conducted research on intra-specific association of tree species as per negative density restric-
tion effect on the same tree specie; and obtained three groups of tree species with good association and strong
resistance to disease, which can be used as the basic plant communities of ecological garden. On the basis of
association research, it conducted research on the optimum abundance of tree species, and obtained two tree
species with significant advantages-Betula platyphylla and Fraxinus mandschurica, which can be used as the
dominant tree species of ecological garden. [Ch, 2 fig. 7 tab. 22 ref. ]

Key words: landscape architecture; winter city; ecological garden; related species; optimal degrees; Hei-

longjiang Province
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B I J SN 10 6 T BOE R s 2 SRR BT S G b AR HE R (RS E A ) i
T G 5 R LR 2 [ 7E AR 2R vl o 2 PR 3R s 0 34 PR 3R AR S, T st AR o ] 1 6 45
BCGRIRES 22 I AR R [ N AT S D O TABL WU AE v A SRR D DG IR BT 5T, A i AR N R AR BT T
T 220 ik, X GEvt i AF IR 5 10 K o R U A v 1) 10 el AR W M 1] 1) S I AR A (8] 114 56 B
W RHEAT TR TE, 45 R R WIAEAE 45 DRREDA, HAPIEMRM A 6 4, HAHKAFTA S 14,
AR AR TS o XA A5 500k R AR A MR SSARREA T TFSE, A9 1 105 ARk X, 115 ER
B, 4 DRI G, XUAP A 9 A AR B, X Bl AR AR AR R AT R, I AR A R b 1
JHIHF B AR B 23 0y S JRTBR Aif L B b R — SRR Bl o G i A 58— R LA AR mR (8 B A A DA DA F 5 )
— X5, ARDA I MR b Z [ (8 SR, X T I i ] RS Ao F BT 5 B R L o R P MR ol A SRR
(0 SR T Y PR B0, B SO RIR S AR G R A LT ) S M Bl PR AR 1) 2

1 M5 *

1.1 RERER

BT DX T R e LA i 2 TR L AR Ul KAz Se gk N o iz IX g T B il & ST kK ) A
WA T 3l /INUE A3 Tk, A B IO SR 1 5 T A 3 U 1 b L R B X, 45°147~45°29'N, 127°29'~127°44'E,
T AR 26 291 hm?, Hoop Al £ 20 383.1 hm?, EMRHB TR 944.3 hm?, R 35K K 80% ., %X )&
Tl XA, BA PR AR, MRS, XFRKMES, BFOW, KEETE, ZEREm
R TR 2.8 °C, Wi — B 5 Bk #]-40 C, M s i Tk 35 °C, FEXEKE N
723.8 mm, FEEFT 6-8 /1, 4 HME N 2473 h, LiHEMY 120~140 d7,
1.2 WHRAE
12,1 gERE A DBIRILAE B, WG/RES . T BT PR A 32 20 el Ao
ST I8 AZ 1095 B S SRR TR AT 5 R AR IR A 1y i, R RN UE A B R Z E R,
T8I 1 50 b Ay PR R VTAR AR [ (R R ) o AR L R KRR A T (BT ) . BRI AR L 4T
N o SRIUE SRR 9 78 2 7 1, AR 4 Bl b v 4 b DX 1 552 B 1 90 326 BB 50~60 A AR A 547 1 241 7]
A, RO IR FE A I N EM AR FE R e 4 NERGE D) R LR AR
Fel bR RS DL ARE A HEAT 1 200 18 A

F1 KARRERLEFRITMIRE

Table 1 Evaluation standard on hazardrating of treediseases and insect pests

A 52 55 S 4 ZERH
+ R E T RAR T 20%; AT R HART 14 K
++ R RAE 20%~50%; T 2538 f5 5 72 1/4~2/4 [ Z 1)
+++ I R 15 5 A 50%~T0% 2 0], 1 25 16 76 2/4~3/4 Jil K 2 [
+HH+ R ZERKTF T0%KHIET-, e KT 34 FK K HIET:

122 BAEZF 2012 4F 6 HAEME LIRS X 7 100 m x 100 m A4S I AE M, o W D0 b 42
M4 43 1 100 4~ 10 m x 10 m BAETy, A 45t B TS AR R PR RO FE M 45 BOR i bric D& A .
X TR AR K FREOR T 60 MR R EAT R I A o X SR A A FR . RIS W g . MR L @RS
G, BERESFGA IR 20 S B EFRIFRIEA X ()T B2 m i £ K8 5L

®2 WABRRERTMIRE
Table 2 Evaluation standard on tree health level

{52 LER/ B3V

0 BTG, BWRWIOE, FEEIET, WHMEER

1 A A, IR EVE, WATER R, A RIS
2 BB, A, A B BT, A WL
3
4

BERAERRL, A0ERRE, HABRIE 6 E
LR, RSB, TORME, HABORMH QAR ERES, A w LS 0 E
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> GRRRE x % Z A B

R S R T T = B (1)
1.2.3 ki & BT SE o7 ok XA RN AR ] DG IR 44 43 £3 2x27%%

BF L G R A A 7 R P A S 7 I B Table 3 2 x 2 contingency table

Gl 2 x 2RI, 3Py a R A B AEAEN W B .
B E: b Fh B AELETT A RAEFEMIRE T o # K

Jy APAET B RAFLERIRETT B d 9 2 MR ARy i a b a+b
TEAEIRE T BB N W RE T BB, 3T 2 x 2 913, x ¢ d crd

{6 X2 B (1 S At e — T are | brd | Neasbiewd

nl|ad-be|-n/27? e e IR e 34K o2 S oL 1 B 2 W s
(arh ) (c+d) (ave) (bad) © JEF n ARG/ BHC, TR F S LR pA, 24 X<

3.84 1f, AIEHCEEG P AP A ST 5 2 3.84Sx°<<6.64 I 2 DWYRP A AE — B RS R 4 =
6.64 If, WyFHIRIAFAESR WE MRS R X* AMFAENE, X —18 45 HAE S B Fh ] A SR B2, RO G
EHEIE R . FIEIE TR T AN . 2 ad>be I, WyFpI] N IERE; 24 ad<<be I, WyHfiE) 7
SIS Sy 2 I S W ) B OCHRE, SR AR IR R A A, Ac BIEECN -1, 1] A Ac B{E BN
T 1, KWW R BA BORIYIESCHE; 25 Ac EBE T -1, KUY F ] HA BRI FOCH; & AcHN

0, FHIH 5220 A I E AR W ad>be, Ac=— 70 wd<be, H d=a,
(a+b) (b+d)

___ad-=bc ad-bc

“(ath ) (atc) (d+b) (d+c) °

124 hAr & B8 o ik TR HETE P9 Bl T (R e A W R A AR B TE TP A R A 0 25
Fomdghr, M EREE SRS B . X T RO EEE I S, i ST R AT AT
A LABA S AR A A B, ZERF S AR BEVE PO EA N, WRG SR LRE . BUE . SEENE
A RV A R A8 AR, B 2E (importance value, [v) 9T A R Ry SR ARHEYE BB L= A XS
2+ AR O 3 B ARG )73 5 E RV T A L= (AH A 22 B+ A X 35 BE A X AT ) /35 Horpr: AHX £
J3E = (AR B A A S B8/ ) — AR 0 A ) A K00 x100% 5 AH X 5 B = (CRE AR 0 109 5 B/ 4 8 0 1) 55
JE)100% 5 AR XF {5 340 8 = i Pl A 1 i) T BERIZRE 5 rp 4384 4% 1 B SR ) 100% 5 HH et 451 B = (2% e 1) 45 5/
JIT A ol 45 =22 1) 100%

2 HR5p4

2.1 EHMEMKMMIBEENZERESN

T PRIE VLA 4 b 1 Bl AR b 52 5 17 D0 B I A, SR 4R 3 O 5 Bel AR b iy e 5 30 B, b H
Coleoptera ZS S #1110 Fh Y 33%, %3 B Lepidoptera 28 EL L 13 5 43%, HABZEFE A 7 F 5 17%, #X
30 B F BN H L FE W BT E A S B, 0508 R vela ochropoda, MU iR KA+ Coleoptera,
W KT B Malacosoma neustria testacea, i K&k W Holcocerus vicarius, i 25 M B Ambrostoma quadri-
impressum, HPHTREEE . BB RAE B I MRS MO E R, PR SR O AT E
FEP A B IX 30 FpofuFep, iR O, TERA S XA 0, SR RA RS 36.4% , 1E K
el KRB, (R R ARF R FER T NS, EEHFERT, SFREERREER,
T LU 4B Rosaceae FHY O T EMCE XS G, 103 T BRI BE R A BT LA W RE o TR
HORRRE A, A R R I B LA, (X Bl ARAS A e IR ™, R RO AR I XU . R &
JEREMRIE TS WO E S HATAEAE ™ BIRTR T AR S ik . AR E IR D, h R EEE L
LG

A Y R B B el MR AR F 12 B, MRERI YO AR AL GE T, RS 6 B, BT T 3
MR 3 Fh, b, SHERRNECD FEAEE A . SO T . RIREEIE . AR . E
o X RN AE T A R BT, AR R AL 3.6%, —H &N, FEAEHRYT), 6

s W ad<<be, Hd<<a, A=
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S DG NYNITTR AN PR D 2 S s

MG S B B , o0 s B B e VI T S R R IGO0, WER 40 T8 X0 A% Tl ) 1R 9 20 B B
FERTAL, TEF WL 17 R Feh, BUrE A AE AR Bl A B HE Betula platyphlla, % 5T 4 Syringa reticulata
var. amurensis, -4t 2% Lonicera ruprechtiana, ¥ %% Phellodendron amurense, {4 AWk Acer mono, “EH%
Tilia amurensis, 5y J&9%5 B 19 B B A WA Saliv, FF M Ulmus propinqua, #i# Ulmus laciniata, 1114
Populus davidiana, g I Tl 22 Fiois HUE RO HT AR 4 55, 78 JE b Del AR T v g ik 20 X & S8 v
FER I, FE AR () 1 Y B SOCTE , BN TR o, KB BIA o 7E HUE O Y R R R A R R D B

BN W S0, TR AT R, BRI, B 8 T B R, R AR Rl C I >
B 2 DU G R BRI 2 TERARL . TR 3 TP, IR AR A8 T8 0 Ay 3 3 1™ ) S A S AR o i

XA A 22 18] (5 H R A RIF ST, AG BRI RS A DB BE, S, FER A, B Qs
Fraxinus mandshurica, [AHE, @AM, I8 Larix gmelinii; @22 25 #E Ribes pauciflorum, #HE Betula
costata, EHL, TEARME

x4 EMEMRELAHMFEREREBLAE

Table 4 Questionnaire for common garden tree pest in cold region

Ui K

Al

K Ml Fraxinus mandshurica T+ + + +
FH Ulmus propinqua ++ + + + "
Wik Ulmus laciniata ++ ++ ++ ++ + + + +
1145 Populus davidiana + + + + i ¥

FI#E Betula platyphlla + +

% T & Syringa reticulata var. amurensis

MR Salix sp. + . ++ + 4 -+

DA Ribes pauciflorum +

BBk Juglans mandshurica ++ " -
HAME Betula costata + n +

B AR 43k Viburnum burejaeticum

FAE 24 Lonicera ruprechtiana +

Y& ¥y Larix gmelinii -+ -+

L4, Tilia amurensis +

51k Quercus mongolica + ++ + +

HHE Phellodendron amurense + + +

B, ARk A cer mono .

YLHT: L AT 8 Jvela ochropoda, 2. P4 AR KA Coleoptera, 3. ¥ K4 M Malacosoma neustria testacea, 4. iy A & 1 Hol-
cocerus vicarius, 5. i 2 ¥ Ambrostoma quadritmpressum, 6. & 5 Gymnosporangium asiaticum, 7. [ #3975 Uncinula
mandshurica, 8. 35 % Capnodium spp., 9. W EK W B Daldinia concentrica, 10. R J& % Heterobasidion annosum, 11.
18 9% Trametes abietis .

22 EEMMFEKLEXRSN

FR A X5 45 Pt 8 A K 7T R0, 7R R L sl g AR D Y S A A6 Rl 28 B, P gRok 16 B, BER 12
Tt o T AP 5 B 18.0~20.0 m, B 35K N 60% , MRF AR B 3.5~4.0 m, B RN
75% . eI DXL B FRBOR T 60 Ry Fh e AT 05T

TEIREG X AT BRI IR ARA 11 R, 2000y JKEhMl, (AR, SIE Phellodendron amurense, 111
¥, BME, Rk Juglans mandshurica, WHE, Ffi, L8, F 1k Quercus mongolica, it ; HEAR 9
oy R =3485 2825 Spiraea trilobata, 75T F, ZRILILMGFAE Philadelphus schrenkii, ¥J%E%: Ribes pau-
ciflorum, FAEZ 4, TF Evonymus sacrosanta, Y225 HE, WE ARSI, W25 Rhamnus davurica, BRp

AARHS . JRE, MAs . AR RO AR S,
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x5 FEHBIAIRNR

Table 5 Status of the plant species in sampling plots

(9] it 4 eS| W% F- ¥ 4% /cm A KR
1 KM Fraxinus mandshurica TR 94.2 20.4 78.5
2 =G4 Spiraea trilobata WEAR 90.7 8.5 75.0
3 1o, KW Ace rmono PN 90.2 10.3 76.0
4 B Phellodendron amurense PIN 90.1 20.0 76.3
5 114 Populus davidiana PIN 85.6 24.2 74.6
6 H#E Betula platyphlla AR 82.5 14.1 79.5
7 # O T4 Syringa reticulata var.amurensis AR 80.7 53 75.0
8 ZRAC LI 4E Philadelphus schrenkii HEAR 80.3 19.6 79.6
9 2K Ribespauciflorum AR 74.9 10.6 75.2

10 ki Juglans mandshurica AR 72.2 22.9 68.3
11 WHE Betula costata AR 60.6 23.7 73.1
12 A Ulmus japonica AR 55.3 12.6 75.0
13 BAEH 4 Lonicera ruprechtiana N 45.6 9.2 73.6
14 % Evonymus sacrosanta WEAR 40.6 15.6 60.6
15 XM 5953 Viburnum sargenti A 40.5 10.6 75.0
16 L4 Tilia amurensis AR 20.3 20.0 78.0
17 5 4k Quercus mongolica TRA 20.3 23.6 68.4
18 K 523 Viburnum burejaeticum R 19.6 9.8 65.3
19 ## Ulmus laciniata FrAR 10.1 23.5 72.6
20 2 Rhamnus davurica HEAR 6.5 23 60.4

22,1 AR FEE NASAR G AR R R AR i AR S R ) xRS 1 A BB A R, AR R IS A A ]
IR Foft ST~ R P T (8T 1) o B T TP e 5 Al b B0 T 1) SR B0, LAY 9 19 ol Fob 22 i) R 77
TEA —E MR, 19 P Bl Z A 28 SRR A7 76 35 1 S, H: rp I 28 1E S IBC 119 22 LU W =5 67 S I 1 Fof
X2 o EMERIK A2 B AR 35 Y TEA G, XA AT RESE i TP 1 D0 IR SS AR S e o M, B B A 5
MR AN, P 3L R R R T TR S PR ) ) i R s AR 9 1) T2 A A, LB H A o £ AN T 4R A 0 - S b 1
JE R A VR R R A BT K, BRI C SRR, (R P Z [R1E e PR 45 W R 3 i S IB, JK
WS PR AR S R AEARL , #R B, R Y, R R AR, R A R A 22 ] [ A7
FER WA I RER, R ENTZ0E. Wid. g5 e S Az e B o, FEIFE
PR M 8, T LA - s D S B A A Rl ER S TR R Z AR BGRB8 TR 5%
PR TRARRIB mdsm, EEPHEAR . Ml 2 AT UE e A2 20 DRRRAREE . 190 ARk 2Z 8] i R 25 55 5 A ¢
e, IESSRIR A R S RO RSO R, HerP A 45 A SRIEHR AR BRI, 40 SO R X s B IE
KR (Ac=0.2)4 9 X, G EXE 4.7%; BF 0ORBA A (Ac<-0.2)F 9 X B8 4.7%. 25
AT HE 2 PRI UE R B OB MR RN AL . Dk, RIERA . RIS AR

BEIE XK, ¥=6.635

—— IEKIE, 3.842<,°<6.635

.......................... G - WE KR, £>6.635
e FIEHR S 3.842°<6.635

(3 MERT S %S

B 1 bAoAy & B 2 2 A

Figure 1 Association constellations between various trees
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Viburnum sargenti; QWb . DT . ZHELM . D, GKMEEI., #5 . A, XLl @6
ARB . MEEHE . PUHE . R,

1
Y 2 W 4.>06
AlK]3 @®0.2<4.<06
iﬁii * 0.05<4.<0.5

5 A —0.05<4.<0.5
@ OIAAO6 W —0.02<4.< —0.5
Y K[ Al Ak %] 7 O —0.6<4.<—0.2
CARARAES A0

9 § C R 2 L 3

O[A[A] A% [ [Fe A [ ]11
WA [ AP A K [ [*[O]12
A AN [ADA[A Dk [k [D%]13
A [ A e [P [k e S5 [A PR [Al14
A I@[A[A[ADTADK]A|A[A@K]15
¥ [ [P [ 9 [ A @[5 [ [ [Tk [ [P [ k|16
* [ APk [Fe R DY [AA A [OOPY e e [A[A]17
K| A[A]APIA[ADR[AA A DA De[3[A K18
A@[ADY X [ @AAABA[ATADE[AA K19
* AKX [AAAKA@AIADKKIAIAIAIAIAK]20

B2 AEAE A ) B R R

Figure 2 Semi-matrix graph of inter-specific association of tree species

AR b 34 56 20 598 I 45 A € HUR Ao JUE b, TR BRI A5 T, AR X TR IR R A
SFERIFRAL S BRI R AR . K ARSI I AR RIS B R 4 ABIF IR FR AL S . DEE . B
BA L EMB OKEREN ., ORI EAE L AR KM, GRBONEM TR, FBAER L Ve AR, &
A RAEZARM T I B BA B i B, TR AL GE A S R G IR . A0 R EJ7 i Eik S
A A B A A R 10 2 T U, X D B A PR AR R R S R M T AR e e A SRR ISR T, A
RAEBA . FBOIBUF I RE AL G, K-S B B B0 B IR SCHR, BB S 5 . K il Mt ry
FEESCHE, OCHOE — M. 3 5 AP A 72 SCI PR I3 R b 2 1) 06 B0 B SROCIR IS . K bl . 1
fe . ONLREE ., RO T ., W KM, BE. BOSTHETEMSAR, HERTRMIIAR, ML
BEJE TR AR . L3R S Ffobs ATE g R 3 0 T3 0L AN A7 AR [ 2 S8 SR, AR 9 5 el A Ao X
o SR B SRR RE ), TR T AR A A 2 T AR R A AR o A ST B Uy K b S e %k
BE . BBEZMIAFAEW] WAEARSC s RIS B B T A Z M AE AR ARG, FEIR R I E HRR KT AR, bk
Rl 10 m, AW, Bt, WEBRGERER, TTABONMAN, R IR P Bk (] B R
U — ARG, AN, MEHH . P, B, RAERL . A, B SE %I
AR, LR RAED AL NTEMHEAR . X S PO ARLERT BE LT R BORE, HA X2 S R
PR 2 SR AR RS0, (ELP 5 22 AR A TR AR B , ARJB X 3 RO SE RN K, T R X o 8 4
B PR RS, AR AR B A) SR K AR R R I A, BE R S MR A A
222 A BEE WA a9 AP ) R BB S AT AR R Bl 22 8] B S IR (FR 2 S B N SRR ), el T [ AR
P Z 6] G IR SE A . A AW AR A DR AT RE S LR A AR T O AT e, FRATTARIX AR AT 0 D 0 % i 45
JOEM B R ) A AL A R R /U N AT R S T 7 o TR R I AR B B A T I e ) A (A
ToAR I S AR ) ) 7 FE A B ) AR A AR B T A MR 2, et T Rl ] A L [ A A7 2 X T R R
] 22800 (A AT A L 24 A el MR, TS JE T T, TR AR b 22 TR AN G B R AT 2l o e, R =2 T8 B PR —
{1 18] S B PR 3 2 TR S L9, AT 3l A G ST A e A o 3l o AR e AN HfE e B, 1 A b X
— R BN, AR PR AR ICAR BN R 2 0 O QT o AR X SR T AR O s, A S
- FH o A 5 i SR R R AR I BBCE A, B R SR, — FORE AR 4z e Je R 4R
PRIEAPRIRCIR S, FEAGT I 1) AT B SR AR G T, FERRARAGTAR IS, [ BRY AR B B RO =5 A, B L A 5% i FY
R TR S, AR b QIR A 3 v e B AR K S 3y i A 2 [ A 18] B — e AE S m LB 20 i G
b Ty T HUE AT HUTE B B I AR e ) RSE WS, O U AT A R R Ao 2 ] 3 R b A Y
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/AR (£ 6) .
* 6 W FhER/NEKE EE
Table 6 Minimum spacing between plant species
R 4 i [A]#E/ (m x m) R Fh 4 P 1A/ (m x m)
1 JK A 1.5 % 2.0 11 R 1.5 x 2.0
2 B 2.0 %20 12 i 2.0 x 3.0
3 e A 2.0 % 2.0 13 R A L 15% 15
4 1 BE 12 %20 14 TF 1.5 % 2.0
5 iiy7 3.0 x 3.0 15 X4 2% 3k 1.5 %20
6 1A 20x%25 16 sl 25 %30
7 BT A 15%x 15 17 e 2.5 % 3.0
8 AL L 12%x 1.5 18 I A 4% 3 2 12x 1.5
9 PN 15x15 19 i 3 5.0 x 4.0
10 GRS 2.0 x 2.0 20 iz 15%x 1.5

23 HEYHENYMEZESN

Vb AR E H LS R G AREE, MRV AL R dhe 3B AR AS R AR AR T, AER T
RIRPER LR b, FF R 2T I AR A SR AR OIS o O S A MR TSR v 45 0 il B AR, (AR AR
HA BRI, K BRS040 20 m x 20 m (FRHERE T 25 A, X &5 FE 5 b i A R A B0 k1 T
Gt ortre MR T ALAL: AE 25 DARUERETS H, EHERIK il A0 B SE AR HEAE AT 2 o0, X 2 AR AR g
L AR REY R, SO RIERER . RREBOR ., ERFMK, AR AR, X
AN L L 356 b 7 PO AR 0 7 PR T 5 A5 A8 BT AT AR o T R W A A R ARV AL T AR X AR
FERPRAS, JF HBHER AR . EA R AR E o TER DT WP e RE 225, BR
5 1 SLANER 2 (L FRAR AR X AR SRER 3~5 (07 S AR SR AE AN AR A o 30K 38 T T i 3ul Tl g Y o 2 36 7
RS BT MK A0, Ke384 D S M Sl el PR TR R T R AR

3 Hib

RSl 14 T 38 0T Sk T L PR e R FE SR E S, Sl Tl PR AR R AR B 4 0 Al AN 2 2 B AR IR IS, b B
ZEFZFRB T EARFAT, WA A SRR B S A K Y s R 5 A G T HLE %
FIAS Fof (] AR LA T RS20 o XL LRI AR A IR AL DAL, AR R BOE 60 DL R AR, B AR I N 2R
JEATAR W ARAAE, RDRE AR Dy e JR T sty 3 Ty Pl AR 1) T b 5 EE R B, AR KR R T 50~60 m A A,
Zea Ao T LAAE TE M el AR A oRi AR, LA T Suk i PEL MRS Aol 14 22 R4 UL B4

M A F SRR VLA B LR 1T RO B AU AT AT, RS T 3 MRS, A A
L LU Bl SE B M B0 75 1 4 AR RRAL &, S O MRS BURL AP I FR AL o . D e, RAERA
M. KM, AR @UKITHE, FIHE MEAHE . BT T OGARR, MEAHE. W, SR
RAEBA o X 3 AURANEL G nT DU D ks bl ARt rb B9 SR A b A7am AR EAT A2 A BEDAR BT A O
2% . (EW TG E DT, BEORFFAE ST AW I B R IE S o AR b 3R W i 25 2 SR Rl AR A HE
TN Bl Z2 Ak T DEAT AR R v S SUAL G, R 2L I R S 1 B G SR B Ao ) H B

A 3o XA ()R Ao 22 ] PR S IPEAE o Al A, A RIS Ao 22 T 47 00 55 J3E T 208007, T Al A o 5 I — g 2
SR IRI, doEE EEE RAR R A  RE, AE— 5 B (R R R, DOR A R M ok . ERY
Foft SCHR BE 23 B A9 JE At b, 38 AR ) B E EAE R BE SR E T IR DL L XA pe S A, oK i enS Eae, wl
LKEIX 2 7Bt o 115 Dy S 3t el DX e bR 98 B ARl 30 2 0 RS o ) 3 87 5 S A AR o 114 52 00 22 S TE AT DG 9
KUK o DRI L AR A0 T B LT B b A T i A 2 AR FR N
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Table 7 Top-5 tree species with important value in experiment quadrat

FEHL i % TN Ff: 4 Lt/ HEE B b W % T
[ 35.52 7K 49 35.66 JK B A 36.33
i # 19.44 1] 31.28 [ 30.25
1 K A 18.63 10 =M 30.67 19 PN 28.43
Log) 12.25 A Bk Atk 28.66 B 26.58
Rt LA A6 10.21 114 25.43 FZ Ak Ak 24.36
[ 36.33 1A 34.36 7K iy 49 31.25
JK It 4 24.35 K A9 33.03 [ HE 28.73
2 ¥ 22.84 11 Bk 26.59 20 L7 24.56
i 15.74 BT 24.99 ARAL 1AL 23.19
R A % ek 15.64 it 20.65 e 19.81
i) 33.75 JK B A 36.25 7K il g 33.49
[ 29.56 ] 3431 [ 30.56
3 Y7} 26.32 12 o 30.09 21 0, A, 27.63
Ak ik 19.31 Bk Atk 25.33 WHE S 24.17
PN 16.54 ESi 21.95 i 19.86
7K il A 35.46 e 32.39 JK i A 29.83
[SFi 32.65 7K it A 27.63 [SFi 24.66
4 W A 4% 3 2k 28.36 13 i 24.33 22 K%k Ak 20.63
1k 4k 24.57 Bk Atk 20.19 % 18.43
;e 19.62 e 18.54 AR 16.91
JK i 42.96 1] 30.56 7Kt 4 31.51
[ 35.4 JK it A 28.86 [ 29.13
5 T 30.62 14 B 26.31 23 ISP N 26.37
WE AR 2% 9 1 25.63 EWN 20.45 B 24.13
1 19.5 B 17.16 Y 22.16
K A9 36.32 JK (i 32.88 SR 34.59
8 AR 30.96 ] 30.69 K ity 49 32.13
6 [ 28.63 15 MM 28.79 24 i 28.34
i 24.19 AR 25.44 B 22.17
E 1 19.56 BT 21.06 o A b 20.19
[ # 32.67 11 HE 37.56 7Kty 49 35.48
JK i 29.88 JK i A 34.11 [ # 30.91
7 s 24.63 16 o A 30.97 25 1 # 27.88
%Ak Ak 19.56 A Bk A5 26.49 EP N 23.18
B 17.36 T 21.59 % B Ak 19.55
K g 36.98 JK 4 31.55
[EF:S 31.36 AR 28.37
8 7} 30.36 17 ] 27.19
T 26.38 i A 2471
0, A 19.56 EJuRS 20.53
1 # 35.56 7K A9 29.55
NI 32.39 11 HE 25.86
9 g 24.36 18 4 20.63
;B 22.56 for 17.56
200 4 19.64 i 14.33
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Soil fauna community structure in Cryptomeria fortunei artificial

stands at different slope elevations in summer

XTAO Jiujin'?, LIN Honggui®, ZHOU Xin', YOU Hua', LI Yun', ZHANG Jian

( 1. Dujiangyan Campus, Sichuan Agricultural University, Dujiangyan 611830, Sichuan, China; 2. Institute of
Ecological Forestry, Sichuan Agricultural University, Wenjiang 611130, Sichuan, China; 3. Institute of Aba Tourism
Economy, Wenchuan 623000, Sichuan, China)

Abstract: Soil fauna, an important component of soil ecosystems, plays an important role in decomposition of
biological remains, affects soil properties, and enhances material recycling and energy conversion in the soil.
Understanding the impacts of slope elevation on soil fauna is essential to achieve sustainable Cryptomeria for-
tunei artificial stand management and biodiversity conservation; therefore, an investigation on soil fauna was
carried out in Cryptomeria fortunei plantations. Three sample plots were set at three slope elevations (Plot [ -
1 088 m, Plot I[-987 m, and Plot I[-830 m). Macrofauna samples (n=3) were picked up by hand in each
sampled slope with the area of 50 ¢cm x 50 ¢cm (0.25 m?). After recording the types of soil fauna, the samples
were put into a container with alcohol and transported to laboratory for detailed classification to family level.
Mesofauna was collected by steel core (r =5 ¢m, » =100 e¢m?) and store in soil fauna sealing black bags. The
collected samples then were transported to laboratory within 12 h and subsequently separated by Baermann
method (for nematodes) and Tullgren method (for mesofauna) over a period of 48 h, respectively. All collected
soil fauna were calculated and classified by microscope, and identified to the family level following Pictorial
Keys to Soil Animals of China. Analysis was conducted using the following indexes: Sorenson, Morisita-Horn,
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Shannon-Wiener, Pielou, Simpson, and Density-groups. Results showed a total of 94 soil fauna orders belonging
to 5 phyla and 13 classes with an average density of 3.46 x 10" individuals -m™ The density and number of
groups in Plot Il at lower elevation are significant higher than that in the rest of two plots (P<<0.05), and
there is no significant difference between the Plots [ and II (P>0.05). Compared to Plots I and II, the
soil fauna density in litter layer and 10~15 cm soil layer of Plot Il is significantly higher than that in Plots [
and II (P<C0.05). The vertical study showed that more than 43% of the individuals was found in the 0-5 cm
layer and more than 72% of the group number was found in the litter layer in each plot. Plot Il had the high-
est soil fauna density for Phylum Nematoda, and Classes Insecta, Arachnida, and Diplura. The Sorenson and
Morisita-Horn indexes showed that slope elevation had a stronger effect on soil fauna density than soil fauna
group type. Also, the highest Shannon-Wiener, Pielou, and Density-groups indexes were found in Plot Il at the
lower elevation. Thus, slope elevation affected distribution and diversity of soil fauna in Cryptomeria fortunei
plantations, and to reserve litter layer is the key to keep the soil fauna diversity. [Ch, 3 fig. 5 tab. 20 ref.]

Key words: soil biology; Cryptomeria foriunei plantations; slope; soil fauna; community structure

TS YVE A RS RGP RSB A AL 22—, AU BRI T () 5 B AR ) 2 AR A
mH SR EIE R . ZF . BB ABERES RGN Y T RIEHREI MY, POl RS
REY TG A R R TP ORT, RAESRGEAWEZIKHFE T PAERNEEYBIEFE T,
SR S OREE . PR VR . b R R AR K DL R R R AR, /N RO A 7 R A — S
JE BT E R R A OK R SR SRS . WIAZ Cryptomeria fortuned £ 2 )1 V4 b X T2 (1 A T35 ARB
Fhz—, BDAHAERD, BT E, MG 2R, A O TAMRERAE X 5 sh P Bk V5 FRAE ks
A HRESS, EEE WA R A2 N AR e sh Wi AR AE M F Y, B, AR5 i AN TR A R
WIAZ N AR L HESh W #E I8 FRAE SEAT I SE , S MIAZ N AR T 82 & B 045 B L300 S At

1 AR5 77

11 WK B AR

S X 03 T A 55 D 1 00 96 2511 e A SO A UT B 52220111 (30° 447 547 ~ 31° 227 097 N, 103°
25" 42 ~ 103° 47' 00" E), JB P Wi 80 IR S04 0%, 1698y 852~1 075 m, R WIS ML 502 4
THR N 152 °C, AR FHMIHEIE 81%, 4T HIMoK R 1 243.0 mm, 43 AR 10242 h,
F1 2600 d. REMHHEN S RIS, TR, pH 6.5-6.8. T AW, fEWRUR SRR
E2IA RTINS, HRIES R, G T, SR IEEI 3 SRRSO R, Hod,
o TR IE o 1 088 m, BES TG4y 987 m, ML TG4y 830 m, 7t REM WD AZ BB T 20 fiE42 70
SRR, RAENEIAML AT SR . R SRR A I 1.

1 HHWEAMEEH
Table 1 Environmental condition of three positions on slope
FEHL BEEE/(°) Bm/(°) g Hb B A 1 /m B YR
Bli 4% Eurya obtusifolia, A\ J& Wk Preris multifida, %75
W Callicarpa giraldii 55
I 15 SE65  IlidbEHE 31°01'23"N, 103°36'45"E 987  JEABRAAER Quercus serrata, 4N, RUZ WK S5

I 18 SE45  HEEHE 31900'SIN. 103°36'45'E  gao LA Iris japonica, JUREK. W ELI Rhamnus lepto-
o ’ phylla, FHE 24 Lonicera pileata 55

| 21 SE25  ILiMiEHE  31°01'36"N, 103°36'42"E 1 088

12 RFAE

T 2013 4 8 F ), TEA[FSAL e £ BAAURIE M2 N AR BE 3 DR, 7EA RN, Jf
JBHIE © AL RS SE N T, H AT PR RCE 3 AEE . BAARI TR A 50 em x 50 ¢m(0.25
m®), SAEYZ . 0~5 ecm 2| 5~10 em )2, 10~15 em J2, F K+ HESh YA B A 5 8 43 B0R T5% 11
LA P RBE, Al 191 S50 4 70 i 70 45 (PXS-1040) T 7p 2R A8 W, FE45 FE 42 RHERI|, 73 0~5
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em JzZ | 5~10 em JZ2 | 10~15 cm JZ2 I35 ] (r=5 cm, v=100 cm®) i T4 _ERECEAE, S Je A 22 47 5
T A (8] 5256 28 43 1) Tullgren s 2} Al Baermann 323 370 85 £ RER 09 3 s . [, 7645 FE S
£ 10 cm x 10 em(0.01 m?) [ B 4 7 Pl B 52 00 2 F A7 40 2, A 3 IR

SEG FEOR R E LR R E KT (R E W s )N (B AR ) (4 2L o
FrE)EP AT RS, B EH . BRSNS EBIT,
1.3 H\HTELE
1.3.1 &b #Eig Z M 1% 20 B &k ] Shannon-Wiener Z2 #£ L4585 (H' ), Simpson i % 45 %0 (C),
Pielou ¥ 5] 45 %5 (J) R B2 -SETEE B (Toe) R Al iR T IE S W HE I8 WO AF1E 5 43 3% 1T Sorensen FlI Morisita-
Horn A {14 28 FIO6H A 1 [ B 7 245 44 R AIE 1) A ADURRE JBE 2R 4 2 PR 8 S i ik
132 XEFMEHRRTFARX S EHEEFHEEFLN 5%, D% B8 10.0% DL F & R #k
B, 5 BE1.0%~10.0% & i WARHE, 5 S8 1.0% LT & N # A 260 .
133 HAEag A br BRI AL BLAN S BT R F SPSS 19.0 Al Excel 2010 #47

2 HREAH
21 TENVHNEHRBEAK

ABFGE b BT RAE BN L s W By 3.46 x 100 Hem™, $J8 T 5] 13 40 94 2K (£ 2), &I
7 A 38 2 Wy 5% B RS BRI G A W A2 v s b sl (B 1) o KRERHEH, 4k HUZM Nematoda il 2 %X Insecta

FARFETE, HA B 5 A UOCR R B IS BEE 72.49% F 14.72% 5 Wk E 44 Arachnida 4
9.31%, =4 Collembola (5 1.19%, X2 Diplura (5 1.14%, H4x 8 ML Y 1.15%, H, #h 1

®2 AREWAMEZHK LTSN WEREEAM

Table 2 Composition of soil fauna community at the different altitudes in Cryptomeria fortunei artificial plantations

- FE 1 e H 1T e T
P Pyt
W/ -m?) {Ar /% WEE/(H-m?) HOp % BRI -m?) H A%
1 %3 %l Pygmephoridae - - - - 66.67 0.10
2 HIEFE Enidae - - 1.33 0.01 - -
3 BHEEL Oppiidae - - - - 133.33 0.20
4 EIR4-F} Bradybaenieae 9.33 0.07 38.90 0.16 - -
5 HBE} Termitidae 33.33 0.25 33.33 0.13 - -
6  #HFl Carabidae 267.97 1.98 33.33 0.13 36.00 0.06
7 WEl Cicadidae 4.00 0.03 5.33 0.02 68.00 0.10
8  JUFl Erythraeidae - - - - 4 666.67 7.14
9 ik Bl Eucleidae - - - - 33.33 0.05
10 KRR Angstidae - - - - 66.67 0.10
11 KEH R Galumnidae - - - - 33.33 0.05
12 K5 Megadrile Oligochaetes 22.67 0.17 90.70 0.36 16.00 0.02
13 %5 H Isoptera - - - - 2 000.00 3.06
14 MR FE Geophilidae - - - - 1.33 0
15 HiwkFRl Atypidae 1.33 0.01 - - - -
16 HrHERl Pieridae 1.30 0.01 - - 166.67 0.26
17 EBREEF Parajapygidae 400 0.03 133 0.01 368.00 0.56
18 4% &F} Phlaeothripinae - - - - 133.33 0.20
19 &Mkl Filistatidae 8.00 0.06 - - - -
20 B MFR} Liocranidae - - - - 1.33 0
21 %Pl Vespidae - - - - 66.67 0.10
22 e AL Seytodidae - - - - 33.33 0.05
23 SR HLF Bipaliidae - - 1.33 0.01 - -
24 IZ{GI2EL Camaenidae - - 2.67 0.01 - -
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Table 2 Continued
s sept Festh 1 Fe 1T Kb 1
/(L -m?) [ % R/ -m?) Jor /% wmE(H-m?) {5 H%
25 4t H Rl Scarabaeidae 1.30 0.01 1.33 0.01 - -
26 EMEWF Heteropodidae - - 4.00 0.02 106.67 0.16
27  FRE4\F} Campodeidae 134.60 0.99 6.67 0.03 466.67 0.71
28 i 1 W B nothroid mites - - - - 1 366.67 2.09
29 kP Lycosidae - - 5.33 0.02 - -
30 KATUWkFl Segestriidae - - - - 1.33 0
31 EWERL Gryllotalpidae - - - - 2.67 0
32 #REWF Nitidulidae 1.33 0.01 - - - -
33 BUJEF} Oonopidae 6.67 0.05 2.67 0.01 68.00 0.10
34 FRERH 5RE Gymnodamaeoid mites - - - - 233.33 0.36
35 &R} Polistidae - - 2.67 0.01 - -
36 IMWAL Linyphiidae 34.60 0.26 - - - -
37 %R Hebridae - - - - 66.67 0.10
38  IKWEElL Cercopidae 34.60 0.26 - - 1.33 0
39 KA F} Kalotermitidae - - - - 66.67 0.10
40  #4 H B} Tenebrionidae - - - - 66.67 0.10
41 T JE kRl Zodariidae 38.60 0.28 2.67 0.01 1.33 0
42 IS WEL Mimetidae - - 1.33 0.01 - -
43 EH B} Cocconellidae 33.33 0.25 100.00 0.40 1.33
44 SFEJFWEFL Gnaphosidae - - 1.33 0.01 1.33
45 #U%Fl Enicocephalidae - - 1.33 0.01 - -
46 FR{KWERL Theridiosomatidae 8.00 0.06 2.67 0.01 33.33 0.05
47 3R Theridiidae 33.30 0.25 - - - -
48  F5kFl Leptonetidae 2.67 0.02 2.67 0.01 1.33 0
49 117 F} Spirobolidae - - 1.33 0.01 - -
50 AR H Lithomorpha 1.33 0.01 73.30 0.29 166.67 0.26
51 @R Porcellionidae - - - - 72.00 0.11
52 M#H Diptera - - - - 666.67 1.02
53 4isk H R} Chelonariidae - - - - 33.33 0.05
54 HH Rl Scydmaenidae - - - - 4.00 0.01
55 BkAR} Poduridae 12.00 0.09 102.70 0.41 24.00 0.04
56 FLZE 4Bl Valloniidae 33.33 0.25 4.00 0.02 - -
57  MiEFEL Tingidae - - - - 33.33 0.05
58 WUl Blepharoceridae 33.33 0.25 - - 1.33 0
59 B AL Microdispidae - - - - 666.67 1.02
60 fhitHFL Lagriidae - - - - 66.67 0.10
61 I®l Culicldae 6.67 0.05 101.30 0.40 - -
62 IR H Scolopendromorpha - - 1.33 0.01 - -
63 iRl Empididae - - - - 400.00 0.61
64 £k Nemata 10 666.70 78.70 23 333.30 93.20 41 333.33 63.27
65 HIZEWRFL Philodromidae - - 82.70 0.33 - -
66 /NN R Hermanniellidae - - - - 200.00 0.31
67 ¥Rl Enchytraeidae 156.00 1.15 144.00 0.58 168.00 0.26
68 kBl Thomisidae - - 5.33 0.02 2.67 0
69 JHE AR} Clausiliidae 1.30 0.01 13.33 0.05 - -
70 iRl Cicadellidae - - - - 1.33 0
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Table 2 Continued
N o R T e 1T 3 1
5 Jent - p .
/(R -m?) { % WwE(-m?) Hoa%e wE(-m?) Ho %
71 W #R} Tenthordinidae - - 1.33 0.01 - -
72 HF} Chrysomelidae - - - - 4.00 0.01
73 R Penthaleidae - - - - 666.67 1.02
74 KIEFF Noctuidae 68.00 0.50 4.00 0.02 34.67 0.05
75 W H R} Pselaphidae - - - - 33.33 0.05
76 WE} Formicidae 873.30 6.44 230.60 0.92 8 753.33 13.40
77 REE} Zoropsidae - - - - 5.33 0.01
78 KA Staphylinidae 66.70 0.49 400.00 1.60 - -
79  BSHWEEL Cryptognathidae - - - - 1033.33 1.58
80 H4RWkF} Pholcodae 1.33 0.01 8.00 0.03 - -
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JEEAESH T HOE, 30 5% Table 5 Diversity indices of soil fauna in Cryptomeria fortunei plantations
ARSI T BEE AR T BT E Shannon-Wiener  Pielou ¥j5)¥:45 %)% B8 Simpson ff 3
BT X MIAZ N TARAS [ B 7+ Bt ke 40)) (o) JEHEHL(C)
S R E R E DR OT L B R . e R 0.99 ab 027 a 586a 063 a
Sy 9 R 2 R Bl 2 W S R B 1T 043 a 0.11 a 8.66 a 0.87 a
N e 153 b 037 a 2146 b 043 a

VA . R A B IS 1R 5N B S ] o BTG
S ook R T L S B by V. R 80 B 5 AN R NE PR R 7 P<0.05 /K722 1 g1t

TR L AR T, X R TR EEAE 3 DAL IR S % R B 5 G R ] (et 1
FNFEH T 5350y 78.7% , 93.2%F 63.3%), %% B AR b & S B A LIRS % Y 25 R R E R
o ARWFFELS R ow , R AR s T 0 2 B B oy & e T 2.2 F% R0 3.9 %, RUAEE M s
KA IR i B AR R B A AR AL R AR . 2SI AR BRI, A5 A RV 2 IR B AL
AT T TAT 8, BRS04 RIS 2R Y Z, 8 BOZ)Z T S TR RRAE
IR i RO AR B BE IS o AR S0 B W], oI J& Morisita-Horn AHRIVE &%k, 62 Sorenson #f
RIPE R K, LR T AR I el g fe v, R PHRE M T FnRe st 11 fa] £ 396 3 4 3 v 5 AE FL A 45 5 0 4 B
o LEESY 2R R, Shannon-Wiener ZFEPEFE B (H' ) Fil Pielou 3 5) 48 0 () ¥4 LARE i I A 5
P A, UEAIAE s IR A S RE SNt E, ARFHNN RN AR, BaAHTzRAES
ARG RAFAERE™; 17 Simpson {3 AR 50(C) LIFEM I f vy, AR ik, X EZ S5k I 1)+ 1)
WA RE 93.2% Lk R, TS SR B F BEAR TP e AN I RE b, AR T ORORE s I Ry A, A
TRBCEE B d5c i AT R e e, L1 203 A 78.7% A 63.27% , 136 BH B % b A~ TR Kb 48 v 78 /D B BE |
FE LA AR RO R K s Rz, BT, HE 00 DL 34 3 i Bog /N1

ARFFE o, B T AR a0 B 0 % AR U AnARE s I, 5k 5 4 39k s o o7 76 R T B Vi 3R 58 Fn Ay
HUTE & B F & MR T A A7 A 50, I LA B Sk =5 B4 R 12 20 DU 25 B0 HE R S 14 0 A R A, D i 39 7 2
ANFARIEAL, RIS, FESHEEI 2 BB 33 057 T s 1 020 e B A o 25 FF M (B] 1 Jaccard A BL 1 HE ST 92 =
W1, Wk rest 1 ke &g, A0 0313, e [ Akeus I &A%, dLA B K 0.138, F£WI&HE
i () Wk B 20 6 B DAAH AR RO RE VR Al B i, X A SE AR 45 SR — 3™ B HU A 45 4%l m) A S B LARE St |
e 5, JEA R 0.556, LIAEHh I Ake s I fIG, 54 80 0.167,

SR E, AW RIS N TR 3 Sl 1V 45 14 REAE X 35 67 14 28 A6 A S5 5 o 7, {HLAS [+
FSHE LIS R AR P R N AT — 25 5, X SRR BRI A TE I M 2 R Ok

4 5% ik

[1] YANG Wanqin, WANG Kaiyun, SONG Guangyi, et al. Preliminary study on biological characteristics of degraded soil
ecosystem in dry hot valley of the Jinsha River [J]. Pedosphere, 2002, 12(4): 365 — 372.

(2] MG, R A AR 5 e JE B R AL x] /N R R SRS W REVE s [T ). R3S R4, 2011, 31(13): 3745 - 3757.
WU Pengfei, YANG Daxing. Effect of habitat degradation on soil meso-and microfaunal communities in the Zoigé
Alpine Meadow, Qinghai-Tibetan Plateau [J]. Acta Ecol Sin, 2011, 31(13): 3745 — 3757.

(3] sk, sK7 B, diskmd, & SO AR RINIL AR MR LR YR B R )] 554k, 2012, 32(20): 6412 -
6421.

ZHANG Di, ZHANG Yuxin, QU Laiye, et al. Effects of slope position on soil microbial biomass of Quercus liaotun-
gensis forest in Dongling Mountain [J]. Acta Ecol Sin, 2012, 32(20): 6412 — 6421.

(4] B, g, kA, 2 ARREIALT A N AR e sh W REvE FRAE [T ], A= 2527 4K, 2010, 21(9): 2367 - 2374.
ZHAO Yu, ZHONG Yu, ZHANG Jian, et al. Community structure of soil fauna in Eucalyptus grandis plantations at
different slope locations [J]. Chin J Appl Ecol, 2010, 21(9): 2367 — 2374.

(5] FE#E F n, HAE, % W PGS 3 N AR e sh W) R e [T ] N5 3R 5E 4 2 41, 2013,



264

TN 3 N = o= R 2016 4= 4 H 20 H

(6]

[15]

19(4): 618 - 622.
LU Changtai, LI Yun, XIAO Jiujin, et al. Characteristics of soil fauna community of three plantations in the Western
Sichuan Basin Border of China [J]. Chin J Appl Environ Biol, 2013, 19(4): 618 — 622.
R, KA, A0 B AR N AR RIS WUV A A RIS RRAE () ). AR 2SR, 2006, 26(8): 2502 ~ 2509.
HUANG Yumei, ZHANG Jian, YANG Waiqin, et al. The characteristics of soil animal community structure in Euca-
lyptus grandis plantation [J]. Acta Ecol Sin, 2006, 26(8): 2502 — 2509.
o R M, SKAE, 0 . B N TR/ NEY L S W SR o A LR LD ] B A A4, 2006, 17(12): 2327 - 2331,
HUANG Yumei, ZHANG Jian, YANG Waiqin. Distribution pattern of meso-micro soil fauna in Eucalypius grandis
plantation [J]. Chin J Appl Ecol, 2006, 17(12): 2327 — 2331.
BESEH, WRSEHE. Pl N AR S5 Sl Wy RV A O AR TR R R S RS (] AR 2 2R, 1990, 1(1): 53 = 59.
LIAO Chonghui, CHEN Maoqian. Secondary succession of soil animal community and its development process in trop-
ical artificial forest [J]. Chin J Appl Ecol, 1990, 1(1): 53 - 59.
T, pE RS PR R S M. JE st BRo ik, 1998.
Froche. o EDE G RSP [M ] JE AT Bha R, 1992.
N, P, AL, A BRI RA R (M. dEat: ol ek, 1987.
BB B r e (ML dE st Rl R, 1990.
fif e itt, S, B, A5, PR AR I S S WA v A A S 2 R R [ ], A2 AR, 2012, 32(12): 3701
- 3713.
HE Xianjin, WU Pengfei, CUI Liwei, et al. Effects of slope gradient on the community structures and diversities of
soil fauna [J]. Acta Ecol Sin, 2012, 32(12): 3701 - 3713.
UL, RMGK, R, G T RUR Gy R i € ) R B b S S W R T R AR S B AR AR [T ] AR AR A,
2011, 31(15): 4385 — 4397.
ZHANG Hongzhi, WU Pengfei, YANG Daxing, et al. Dynamics of soil meso-and microfauna communities in Zoigé
alpine meadows on the eastern edge of Qinghai-Tibet Plateau, China [J]. Acta Ecol Sin, 2011, 31(15): 4385 — 4397.
e R, X R, SR TE . S TR A 7 205 Sz - S B B % SR R AE 3 A [ ). K R AR R AE 4, 2005, 19(2):
53 - 56.
GAO Xuesong, DENG Liangji, ZHANG Shirong. Soil physical properties and nutrient properties under different uti-
lization styles and slope position [J]. J Soil Water Conserv, 2005, 19(2): 53 - 56.
AR, oy W], sk FORT. JERUR RN RS AR Quercus liaotungensis W& PR L[] ], AR5 2% 4, 2008,
28(1): 122 - 128.
QI Jian, MA Keming, ZHANG Yuxin. Comparisonson leaf traits of Quercus liaotungensis Koidz. on differents lope po-
sitions in Dongling Mountain of Beijing [J]. Acta Ecol Sin, 2008, 28(1): 122 — 128.
F IR - BT AT 4, A AR AR g -k, SRFAAR. B R S HE D L v 1y - e Sl WA I A MO 2 AR PRI SE[T ].
e BRI 5T, 2013, 17(1): 47 - 56.
ABLIZ Omar, TURSUN Abdurusul, WU Songlin. Investigation on the community structure and diversity of soil fauna
at the different altitudes of Yamalik Mountain in Urumqi [J]. Life Sci Res, 2013, 17(1): 47 - 56.
H A, BUBERN, 75 A, S5 O R Bk bl 0 Sl W RE v A A B2 R [T ] WU R e e RO S AR R
iz, 2013, 39(4): 421 — 427.
XTAO Jiujin, HUANG Xiaoli, LU Changtai, et al. Community structure of soil fauna in kiwi fruit plantation at differ-
ent slope locations [J]. J Zhejiang Univ Agric & Life Sci, 2013, 39(4): 421 — 427.
FoRYE, ARIKAE, A R S5, UL R IEBk B AR S A [T]. AR AR AE A, 2001, 21(7): 1142 — 1147.
WANG Zongying, ZHU Yongheng, LU Youcheng, et al. The ecological distribution of soil collembola in Jiuhua
Mountain [J]. Acta Ecol Sin, 2001, 21(7): 1142 — 1147.
FRAEWL, A2, EORAL, 45, 10T 8 T8 W1 AU AR AR L e Wl I A 2 R B BE AR A [ ). ZRAEARO R 2 2 4,
2009, 37(5): 51 - 53.
ZHANG Hengming, GU Huiyan, WANG Qingli, et al. Co-occurrence of soil acarina faunal communities changing with
altitude on the northern slope of Laotudingzi Nature Reserve, Liaoning Province [J]. J Northeast For Univ, 2009, 37
(5): 51 - 53.



AR KOF F 4R, 2016, 33(2): 265-271
Journal of Zhejiang A & F University
doi:10.11833/j.issn.2095-0756.2016.02.011

ET GIS #1 RS AL K R R EREE 1T M

FELR?, M, wFE, A M
(L A sooll ko2 A bl AL 50T T4 95505, b 1000835 2. 2B T2 Bt , 3l % 455000)

BE: APEALUR (LA AFRAEFTALIFR)ATFRRIR, RFEHZTE, BRIk, ZTFHERESERN,
IR LA | i&ﬁl%iﬁ\ AAFREIANAED AR LD, HMABEE., K. WE. Wh. KR, BRE, 22
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Habitat suitability evaluation for Amur tigers in northeast China

based on GIS and RS

LI Yacang'?, FENG Zhongke', HUANG Jixia', YANG Liu'

( 1. Institute of GIS, RS, and GPS, Beijing Forestry University, Beijing 100083, China; 2. Anyang Institute of
Technology, Anyang 455000, Henan, China)

Abstract: This article researched the habitat suitability evaluation for Amur tigers in northeast China, which
found the potential distribute area and provided decision-making for the establishment of Amur tiger nature re-
serve and the plan of getting back to nature of artificial breeding Amur tigers. The study area in northeast Chi-
na included the three provinces of northeast China and the northeast region of Inner Mongolia. According to the
principles of stability, independence, dominance, and comprehensiveness, the habitat suitability of Amur tigers
in northeast China was assessed using the three aspects of vegetation, geographical environment, and human
disturbance with vegetation type, vegetation coverage, elevation, gradient, slope direction, water source, resi-
dential areas, and main roads selected as evaluation variables. Data for each variable was collected quantita-
tively using geographic information systems (GIS) and remote sensing (RS). Then the Amur tiger habitat suit-
ability evaluation classification figure was obtained using the Analytic Hierarchy Process (AHP) method to de-
termine the weight of each evaluation factor, and using the fuzzy mathematical model for the single factor
weighted superposition. Afterward, the partitioning of areas was conducted. Results showed that human distur-
bance and vegetation were the main factors affecting the Amur tiger distribution. The study area was classified

as most appropriate (21.97% ), second suitable (16.83% ), generally appropriate (22.02% ), and inappropriate
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distribution areas (39.18%). Thus, the living space that could be appropriated for Amur tigers compared to the
total potential habitat area in the Northeast China was considerable approximately 48.8%. [ Ch, 3 fig. 3 tab.
25 ref. ]

Key words: zoology; geographic information system (GIS); remote sensing (RS); Amur tiger; habitat suitabili-

ty; mathematical model
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Figure 1 Technical route of Amur tigers habitat suitability evaluation
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Table 1  Classification standard of Amur tigers habitat suitability based on single factor
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Figure 2 Evaluation index system of Amur tigers habitat suitability
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Kinetics of Sophora japonica embryo cells in a suspension culture system

CHEN Hongxian, YU Xiaoxiao, WANG Chenyang, ZHANG Min, LIU Zhonghua
(College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: Based on the established cell suspension culture system of Sophora japonica embryos, its kinetics
was investigated. The suspension cell system of S. japonica embryos influenced by inoculum size was studied
with analysis during cell culture of kinetic parameters, such as cell growth; consumption of C, N, and P; as well
as changes in cell fresh weight, dry weight, and flavonoid production at various stages in the culture procedure.
Results revealed that. (1) the preferable inoculum size for suspension cell proliferation was 40.000 g-L™". (2)
The cell suspension culture cycle lasted about 27 d with maximum biomass in dry weight reaching 9.733 ¢-L™
and flavonoid production attaining 53.566 mg-L™". Flavonoid production was semi-associated with cell growth of
the S. japonica embryo being negatively related from 6-12 d and positively related from 12-33 d. (3) From 0-
6 d sugar, N, and phosphate were absorbed quickly; after 12 d they were more than 80% absorbed. Also, NH,*
was utilized faster than NO;~. Thus, proliferation and flavonoid production of S. japonica embryo cells was
closely related to the consumption of sugar, N, and phosphate. This research could provide references for the
scale-up culture of S. japonica embryos cell by bioreactor. [Ch, 10 fig. 25 ref. ]

Key words: botany; Sophora japonica embryo; suspension cell; flavonoids; kinetics; matrix nutrient
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Compost and vermicompost from green wastes as substrates for

vegetable seedlings cultivation

GONG Xiaoqiang, LI Suyan, LI Yan, SUN Xiangyang
(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: To reduce the overuse of peat and to increase the recycling rate of green wastes for vegetable
seedling cultivation, the feasibility of using green waste compost and vermicompost to replace peat as a growth
media was evaluated. Six media were prepared by mixing green waste compost and vermicompost with peat at
different rates by volume including ck (peat), T, (compost), T, (vermicompost), T; (compost + peat at 1:1 V/
V), Ty (vermicompost + peat at 1:1 V/V'), Ts (compost + vermicompost + peat at 1:1:1 V/V'). Thereafter, three
vegetable species with different salt tolerance: cabbage (most salt tolerance ), lettuce (moderate salt tolerance ),
and zucchini  (less salt tolerance) were germinated and grown in the six media. The physical and chemical
properties of the different growing media were determined, and the growth of seedlings was also measured. The
analysis method of subordinate function was used to evaluate the pros and cons of different growing media. All
treatments were replicated ten times, in a completely randomized design. Results indicated that the physical
and chemical properties of T, were all within adequate range for use as a containerized substrate in horticul-
ture. The comprehensive evaluation index for seedlings of T, versus the control were higher with Ty cabbage
(0.52 and 0.33), lettuce (0.52 and 0.49), and zucchini (0.54 and 0.49). Additionally, the cost with T, was
41.56% less. Therefore, this treatment could be used successfully as a medium replacing peat for production of
cabbage, lettuce, and zucchini seedlings. [Ch, 7 tab. 23 ref. ]
Key words: horticulture; green waste; compost; vermicompost; growing substrate; vegetable seedling cultivation
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PL 30%~50% Fe AR e F K+, XK AE Dk 08 Purslane herb, %22 24F Petunia hybrida % M B Coleus
blumei % 3 FhE AL A K BA B ERIEN . RasE IR EY, MEFYWEERLME, ™= miR
I 80% AL s Fl T — HR 4L Salvia splendens 5, HBORIE T2l m BT . HAT, ALK FTH o0
Y R B BT T 24 vh T AR T B SR B O S AR R D, IR HL, RURMG BEZ SR BR T A 4R
HEACE A, DL FH i 51 HE AR AR o PR, A IS FU0KE 2 A 12 53 40 e 3 4 M IS R o s A S 2 o AR b
BUE, BT re i A PRI R 31T H 35 Brassica oleracea, ¥ & Lactuca sativa FIPGH 75 Cucurbita pepo
S 3 AN [ R R e B R R, A R S M SR A AR KR B AR bR A, LU R S S SR
W ELAN RS AR S R R S L LD, e AR 574 B2 IR AL A R R BT iR 15 o

1 AR5 7

1.1 R #

Pl EHENE 25 . S ERAL ST RS M . R RCAE BT ) A0 55 P70 B ) 45 ) B B 593 BH Pl bk & AL 1%
FYIHA G, PR RE KR 1~2 em, B 100 kg MOBRER A ASEA(K 20 m, % 1.5 m, & 0.6 m)J5
AT U AR AL B, HE RS A AR ME AR ) &5 K 98 2 65% 7247, ISR Z K/ LI = 25, 7 d B
HE U, HEACEE A R AR R & KR 65% /i, HENL 60 d 5, EATUGIR /R KEER, &,

P51 ENE ) 4 b 3R R HE AT G SR JIE O R M N A e AN 0] T i 5] A 1 J50) 20 i e S o
A 1L, R R RHE 2 ke 70 B T2 BB AR 47 (1 40.5 em, 58 30.5 em, & 14.5 em) 1, FEHIA 200
g WT A2 Ol A K EY), WM EIKSE 70%, ZIEHARMEAREMA 20 &K 2 5 s (JE
AEFEIR ) HEAT M ASIHMEAL , A A I R I RN SEOK Y, HERFK Y T0% A o M EAL I [A] 2 60 d )5, i
T 1} iz 51 R 961 B, O A e g AT 7

BRI . PRI 2= PT A0 1 Qe B¢, I T AL MBI A FR 2 W

(A Eiv P e = AN S DL s S D 7 R o B < s /P v A L 3 O S & T R 4
S, B LM ER PR A, P I ER R B, P E RO B B i SR AL T ST T B AR
1.2 HBAR

AT 2014 48 11 A 2 2015 4F 1 A A2 JE st ol R s AU ARBH BB A7 IR mlR = it A7 o il 3t i
6 F- AL B X ck(Jenz), Ti(ChF2HEIL ), To(Mnds L), Ty [V (i) V (R H)=1:11, T,[V (H 35
HERE )V (P n)=1:1], Ts[V (58 HERE )V (ML HEAE )2V (P )=1:1:1 ], 24 FE B BAL P o W36 1 FI3k 2,

SEPUIR AL Z )5 73 A 140 mm x 100 mm @ ¥RAE G, 2300 1 B8 EORIDY T 4E 3 G SR
P FREASERT, 1080757, B 10 Y- AbFR S BRI Ah , A PRI 2% 1 5 8 B A B0 it 4% R —
B, BEARIEERIIMNEIRMEA . FEF 60 d J5, FEPLLE &2l 10 MR- A0 B, RIMRICH e, DIE AR
[l AL BRA AR AR« R 0E . R MR RIZE EAR, I A AL B A R
1.3 MEmMBERT %

SERUAE . BALBUE . FRK A B AL B PR I E 2 B R/ NGR R U i s IROXCT R BT 200
mL 3R] (Wo) i, ok W, 33t 24 hJeidskiie Wa, ARUIT 4 hidsmid Ws, fkafe 65 CF
MR, JCRTURE W, % FIIAKITH . BFAE (g em™)=(W=W,)/200;5 S FLEE (%)=[ (W-
W1)x100% 172005 38 25 B (%)=[ (W=W3)x100% 1/200; 7K 25 Bi= 1 FL BT 5 -1 2 il o
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R (RS, pH{EH . & . 2. 2. A s, WK, . 515, 8. 8.
LB GRS BRI B 5 e

4 AE IR SR PR A AE DRI E - G ks A R = 4 bk . AR AR R AR R RO &
BT 2/3 4b) 5 dF5 4l eI it B (B 7 0E4h) s HIREBE 0.01 g HL 7 R F-FR 5 Bk ¥ 5 1) 40 v fif
FERZE G PF i f TR B0 h 1 S5 g s B s SRIIBL R AR & A Fa AR 5 8 s Bl : R ()=
(% Xin )] (Xar=Xoin) o 2 2 B —FEFR M E A, Xoin B e R T ILAE AR 00 B /IME R KA, AR R B AS [
F6 b5 1SR R B BUE AT R NG SR FECF A, BN AR SRS IR 5, (BRI A AR A OB
1.4 HERERHE

SRR K F Microsoft Office Excel 2003 Fi1 SPSS 18.0 i b Ak 4, 47l Z 0 f L & [LE

2 #HREk

21 AEERMELERSH

ML LAUEE: BEAE ck i/, TATRZ, T, LATSHERL, HP TS ck 223 A88
E, Ty, TMTs 5 ck 25 83E, ol WAL P I SN R o ) LA E m, IR s Sk
SERAEE . de BOODT 45 U Ky #ARR BG 5E e KA TN/ T 0.40 g-em™, [, T~Ts Fl ck JE T4 &
Bphb F ARG B o S LB R ALE AL AR A 8, W Tode/h, Ty, T fTs IRZ, ok il Ts 45
K, Hp T, 5k, T 25 8%, SHAMHEZER AR, 7T ULERIL I 71 b 5] i 8 8L B F i <AL
BRI/, LU 2 WA L TR S AL BR A AL B, X 5 MENDOZA-HERNANDEZ 2 'S ff 5 i 5] i JE
YEFR K Cucumis melo T 1 3 245 5 — 3, de BOODT 2555\ Sy FAE KL J57 2L B B2 1 K T 85%, iy i < 4L
BN N 20%~30% . ARERH, 6 AN AbH R FLER EE 24 7F FRAR R 5% KBS L Y, 3l S BT, KT FRAR R 8%
FETEOR, Ty S EARE FE T, A Ah B A BARYE L P o Ty L B R R E AL R B AN A S R T R 2
i i | HE AL A B 2 AN A RBORL T S o BE BT R ALB R y T2 fem, ck, Ty, T, TsikZ, Ts
Ak, Hd T, 5 Ty E 2R EIRFR TR AR R KALBR N R T 60%, R UL 6 >4 R RE K L BR
e BRI P, O L2 i 5] 3 T 3 S5 T, fR K PR A A o e s M S PR K A ) D PR T R L A R
J5 B B SR R g AR

E
Ji

il

®1 TRAERMYELFER

Table 1 Physical and chemical properties of different growing media
¥ RE(grem™) BALBEE/% ESALBR/% FiKfLB/% pHE HEFE/(mS-em™)  FHEFH R/ (cmol-kg")  JEFHIR/%

ck 0.11d 90.04 a 22.60 a 67.44 ab 6.21d 0.26 d 203.0 a 41.01 a

T, 0.18 b 88.37 ab 20.79 ab 67.58 ab 844 a 1.65 b 110.11 e 18.09 d

T, 023 a 85.52 b 11.52 b 7399 a 828b 225a 113.37 de 22.74 cd

T, 0.12 ed 91.14 a 2591 a 6522b 791 be 1.26 ¢ 128.04 cd 28.13 be

T, 0.13 ed 88.71 ab 19.91 ab 68.80 ab 749 ¢ 1.62 b 14727 b 30.20 b

Ts 0.14 ¢ 87.42 ab 21.47 ab 65.94 ab  7.88 be 1.69 b 138.75 be 24.08 ¢
VL s [R50 B8 5 AN () /N 55 30 S g /R A B ) 22 e K 5% 8 35K F- .

Xﬁﬂ‘fﬁ%@i% pH {E%E“H)ﬁﬁ, /E\:q:' Tlfi%, T,, Ts, T, F Ts U”\Z, ck EESLJEE, /ﬂ\:q:‘ T1~T5'§ck
ZESRE . BT pH H E 24 2 TR . —J7 AN [F] I A 0 pH (2R AN, R, YA
[ 2 A B I pH AR ZOR WAV AR 5 55— D5 i, pH AR W F7 o0 A A A0S BRI A& . KR 1E pH (A
N6 AR RO, BB pH W, BE T Fe, W T Cu™, $EE T Zn*, FE T Mn™ 35 KB
VEAL R TCRSR Sy, T pH EAR, — 28t ST R AU RO R AR T Bk 27 AR R AR T AR TR
AR BE BT pH R AE pH 6.0~7.5 YR B, AT UL, B ck Rl Ty £7F & B AR K 55 2 5t pHL (B 225K 58 [
HoR AL B pH (ELHY & T IX — o 4 S0 AU AT 461 M A 35 J5t pHL L i g it PR T B S M I i e 22 A ) A L
ARV YRR, T2 AR T R, R4 v 1 R AL 7 it i) pHL > BT i A A T, B
w, T, Ty Tskz, RO Ts, ok ek, Ti~Ts 5 ck Z5 ok . R 2 b ol i P
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BUbb R BEFE AR, TR A TSRy B, R S SRS EN S, SEEYRE, B
&G AR IN AN JE DAL R A A G o BRARRE PR L /N T 2.6 mSeem ™Y, AT L, A% A
JRAE BRI T BRAE K P o T e 5 R S 5 o 1 P 5 30 e o 1) D D T RE RS , A EC A SRR E i 51 3 A i
R H A LA oL Bl A VT B R R 1) i o R 3 IR A TR, o 051 23 9 A A FLA SO HE
KEFAEEEFRTR, HHAAESERTR S ®Z,

BH S 5 2 bk (CEC) B BRI o5 ek O 1 AR B Bk T ) 2 i RE s AU AR AL HEAC BE ), ok 9 FH 88 7~ 38 e i
FIBGEIR & ftder , Ty, To M Ts R, fRUCH Ty Ml T, Hot ok 5 T-Ts 2253 3% ok 83w T HAb A
UL, KW ck BABRMZhBE S MRrSefeE A BEILRE a5 T ATy A BH B 5 f5 4 1T A0 PR 55
%, UEPHHENL L 22 nh e s AN OR AE BEAL BE Ty B 22, (H HE ML 28 o 35 A R 18 R 0 3R Al RASRAN X — Bl s o
22 AREREFTERESHSN

HIZE 2 af DIFE 2% A0 BEIE RN 5 JR U R B 0 BOA BRI 22 59 0 SRR R 0 B T v fe iy
HR O Ts, Ty T, RN Ty, ok Fefif, ok W& R T H A AR, B A040 S o RO tb Al IR, 308
T, T, M Ts km, T, M TRz, ck ik, 34MMEEREE. . 5. BEREPEEAMIE, 1
EITOM T Bwm, Ty, TofTs Hak, ok &k, 34aE LS BE. ERPrgiE s ZC8 T f T,
B, HRONTs, FR T M Ty, ck i fik, T-Ts395 ck 257 8%E . WBERESEUT fm, KRy
Ty, FRRHM Ts, T3 F Ty, ck Fflk, ck BEMTIHAMAIE, FERESELL T, T, T T, 8w, WEE
l_%ﬂ: ck, Ts&AL, 5 ck TRFEZESR . WS LLT A Tzﬁ%, HRTs, IR Ty f1Ts, ck Hfik,
ck WEMRTHAAB . FEHREFOCKFERSBEARIN T, T TsEm, T, T md, ckfmff. wl
REJRURZ, 5 U ¢ M EG A S M R i 51 S TIES 7= it A B B B R B JRon R i 0 B, RS JR 0 R
o 50 5 e R IS R S A S 4 9% o L 051 B v v 4

x2 TEAERMAENHEEFRTERESH

Table 2 Macro and micronutrient contents of different growing media

e Eeevl S/ A4/ i/ 5/ B/ B/ Hil/ i~ i/
(gkg’)  (gkg’)  (gkg’)  (gkg’)  (gkg’)  (grkg’)  (mg-kg')  (mg-kg')  (mg-kg")  (mg-kg")
ck 8.11 ¢ 0.44 ¢ 139 ¢ 043 ¢ 59.95 ¢ 2.66 ¢ 996.50 d 19.07 d 65.69 b 42.19 d
T, 1472ab 301 a 734 a 234a 13441 a 1007a  3824.03a 3331ab 2366la 24482a
T, 16.44 a 3.01 a 7.75 a 249 a 13195 a 1035 a 372083 a 3576 a 229.49 a 247.05 a
T, 1464 ab 214 b 6.09 b 172b 10251 b 864b  332762c 27.88c 17926a 13732 ¢
T, 13.64 b 1.57 b 5.82b 1.89 b 95.83 b 8.68 b 317401 ¢ 2755¢ 277.59 a 184.53 be
Ts 15.47 ab 322 a 7.02 a 1.88 b 104.02 b 9.12 b 3531.05b  29.11 be 172.62 ab  196.73 ab

YT« RS0 B o AN IR] /N 3 37 B 3R A TR [R] 22 55k 5% 8835 /K- o

23 ARERBEXRDEEKDN

231 REARANHESG AR BRI AT HWEL) R SR M S BT Ty, T, fTs &
FERT ok, FAMENEE T, M Ty 5 ck 25 A8FE . Al REJE UL, i ] 32 I AH b 4 S04 IE ' 5 RE ke 2
M ARKMHEE, UREFRITE, HimfsmyER™ . HESHEERE T M Ts B35 T T, f ck,
T, T, M T, 5 ck 227 A 8E . a8 EEZ Ts A1 Ts 35 a FL B RS FIiE SALBR BE AR, DR O 6 Jo g s o8
A, BAMTHEKRZEERKEE D, HEM T &e, 55 THMAM,; T.kZ, 2&EmT T T,
T, F1 T 5 ck %%ﬁﬁ%o H e i T, A Ts ﬁ%%ﬂ: Ty, Ty, Ts # ck; Ty, Ty, Ts#l ck ZRERAD
o Ty A Ts H i 5 BRI B0 B R, PTREPRCA B T A B R M A R S M A KT 7%, i H pH
AR HAB AL FRALAR (2 1), BFOURARER, MNMEARM T ERK, HERK T, T, T;,
Ts fl ck 2R AEFE, T, BEFAMFHAMBLAR, HiEeime T, M Ts BF & T T, T, Tsfck; T, T, AT,
ok EFARE . RUIMRBIHEACR N 30%~50% 1) 5 50A A TR AE D R . X400 545
F 5 e 451 HENE A A5 A0 50% 5 42 3% Lactuca sativa var. ramosa 4= 4 i FUR B K45 FAH — 3, AT RE R &
Ty F1 Ts A B, Wi 451 ZE AR bE s o, DRI LB BE RO R M S B s B, R E SRt e, A
AT HEARAED R R,
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Table 3 Effect of different growing media on plant growth of cabbage seedlings
pLs Pk i /em 2L 42/mm g4 I /em® MR /em i J5 it /g
ck 1330 d 1.10 b 4.10 be 3943 b 14.89 a 1.11b
T, 13.44 d 1.20 ab 4.30 be 39.23 b 1533 a 0.87 b
T, 15.52 be 1.08 b 4.40 be 50.95 b 15.03 a 091 b
T, 14.57 cd 1.34 a 4.00 ¢ 5539 b 13.99 a 1.09 b
T, 18.81 a 1.25 ab 450 b 103.56 a 951 b 1.69 a
Ts 17.07 ab 1.37 a 5.00 a 101.16 a 16.85 a 1.90 a
BT T B0 AR IS S T /N 9 SO B SRR AR B ) 25 S 0 5% 8 35 K

232 FARARAFBEERY A HRAWMUEL . ek TR, 2HEET AL, HIOE T,

BEMRT T, ToM T Ts, ToMTs 5 ck BRFZER . WEEER, HRABAERES RIS T AT, 2
FMT ck, Ty, LM Ts 5 ck ZRARE . FOMHAEFSERKZERARE . SEMEKE SR T M T,
BHEMTIABLLRE, Ty, Ty, Ts Ml ck ZMIZERARE . Ts, Ty F1Ts 5§ E AR K 46 bn A1 AR ) 48 120 5%

w Tk, T T AT, WA T cko WTREBRIR S, BAR T~Ts BB S w7 SRR B 4, He R —

b ST ER AR A, 0Ty AT B S ARAR S R (R 1), BRI

K, W7 R R KT AR R,
R4 FRERMEESNEERZIT

Table 4  Effect of different growing media on plant growth of lettuce seedlings

=74
n

Wi 5 B B JR LR W, AR TR A

4k 3 Bk 5 /em =5 H4#2/mm R R A Jit i /cm? K fem fuf J5T it /g
ck 16.13 ab 232 a 6.10 a 54.90 a 19.86 a 335a
T, 10.48 ¢ 1.55b 5.10b 26.82 ¢ 16.49 a 1.45 b
T, 13.68 b 1.15 ¢ 530b 29.47 be 15.70 a 1.27b
T; 18.26 a 2.09 a 6.00 a 5885 a 16.60 a 330 a
T, 18.87 a 228 a 6.30 a 55.00 a 17.46 a 4.09 a
Ts 17.30 a 220 a 6.40 a 44.36 ab 20.07 a 342 a

Y]« [R50 Bt I AN TR) /N5 5 307 B R AR B ) 25 57t i 5% 835 K-

233 AREARAGAF AR H RS ALED: HHMERE T, T/ TS5 ck ZRA8E, T M
Ty BHEART cko PUHMZEEHA T, BE ST ck, HABALILY ck 27 AR, PH)H AT AT, 5 ck
ZSARE, HACEY B ET cko WW#HFMERE T, T, Ts5ck Z5A8E, TN T, 2FMLT k.
A5 A PRRE S 7 A RS RN BT ok B RN R o P E AR RO AR bR AR ) T, AL R T B R
Fock, i Ty, Ty, Ts A1 Ts A0 BEIE FRIGART ek, n]AEJR PR Ty A BT A 4k BB AT B Y pH(E A0 A
SR L S A5 A R A R 2 R G SRR ) A B R ) A 2 RO e T R S R 0 i AN RO
g fe e 7R
24 AEERMEHE, REMAHAHERRESZSIEN

FEXT AR AL BRI, GE o B — 38 b FL B AN BE HE Al M S B2 45 A PR BRI SR PR R 22 57 0 AR

x5 ARAERMAHRALEERZMN

Table 5 Effect of different growing media on plant growth of zucchini seedlings

b3 P i /em 2 Hf&/mm A BUA 5t 1 /om? A /em i J5 it /g
ck 1544 a 3.19 be 3.80 ab 109.17 a 16.52 a 345 ab
T, 9.61b 2.76 ¢ 230 e 47.02 c 14.82 a 2.86 b
T, 14.11 a 3.14 be 3.00 cd 86.97 abce 12.68 a 3.73 ab
T, 9.24 b 3.63 ab 3.50 be 65.97 be 1355 a 3.14b
T, 1433 a 3.80 a 4.10 a 106.82 ab 14.43 a 435 a
Ts 13.13 a 3.17 be 290 d 91.55 ab 14.06 a 4.07 a

YW« [R50 Bt I AN TR) /N5 5 307 B R R AR B ) 25 St 0 5% 35 K-
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W75 R BRI B p sk @ sR B0 i, SR 6 D EZEAR (MR . X EA . A8, g . REMAEY
W) MSRE RBUE T IE, TG AN, SRERVI(FR6): HEAET, T, Ty, Ty M Ts LH LA T
W46 805 31 °h 034, 037, 0.39, 0.52 F1 0.61, ¥ F ck(0.33), B ETE T, A0 B A 25 & PE M 48 50 R
0.52, T ck(0.49); T Fl Ts &b PRI LR A VEANF8 L3 1 0.47 F1 048, 38T ck; Ty Al Ts b F 255
WM FEE 5 R 0.24 F10.25, BT ko PU#H M FE T I LR G IFM A8 ECN 0.54, & F ck(0.49), Tii
HoA AL PR 25 A TEN IR BOUMRT ko ZE BRT I, HEE . S E PGS 2 A4 B XA Ty 4 B A 2R R Ptk
Teko KU, Ty ZbFELTRT DAE Ry i . 5 R A i AT R T

®6 AEERMEHE. RENMBEHANERREESTN

Table 6 Comprehensive evaluation on growth and development of cabbage, lettuce and zucchini in different substrates

i) Ak 1 R EHR LR el e} R A ZERIEA R
HiE ck 0.31 0.33 0.37 0.15 0.50 0.31 0.33
T, 0.32 0.43 0.43 0.15 0.52 0.19 0.34
T, 0.50 0.31 0.47 0.21 0.51 0.22 0.37
T, 0.42 0.56 0.33 0.24 0.46 0.30 0.39
T, 0.79 0.47 0.50 0.51 0.24 0.60 0.52
Ts 0.64 0.59 0.67 0.49 0.59 0.70 0.61
B ck 0.42 0.53 0.53 0.53 0.52 0.39 0.49
T, 0.18 0.27 0.28 0.19 0.41 0.12 0.24
T, 0.32 0.14 0.33 0.22 0.38 0.09 0.25
T, 0.51 0.45 0.50 0.58 0.41 0.38 0.47
T, 0.54 0.52 0.58 0.53 0.44 0.50 0.52
Ts 0.47 0.49 0.60 0.40 0.53 0.40 0.48
P ck 0.54 0.50 0.70 0.53 0.27 0.39 0.49
T, 0.19 0.38 0.33 0.19 0.20 0.25 0.26
T, 0.46 0.49 0.50 0.41 0.12 0.46 0.41
T, 0.17 0.62 0.63 0.30 0.15 0.32 0.37
T, 0.47 0.67 0.78 0.51 0.19 0.61 0.54
Ts 0.40 0.50 0.48 0.43 0.17 0.54 0.42

25 HEHMKRAEREAZE

FIRAIE AT ARG F . P=PXCAPxCoo Ho PONIEFUNA 5 P A1 P, 3R A0 s €
Gy g R rp 45 A0 BT AR B Bl o S FOSAS BARR SN ZR 7 B o L, Ty Ab BSE JFOSAS HE ek Ff 41K
T 41.56%, FW] T, ACHREFREAE S M H . S EMPH T A B B AT EE T, B MR AR A,
B, WTRURAEH W S E A R

R7 BEHMEE, SENMAHARBERBAZE

Table 7 Cost of the selected ideal growing medium for cabbage, lettuce and zucchini

i 1 S JIE b BB AR/ (O - 1)

e SV S ” ) — WHUSMH RMUS M BRI FE BT OB M BEBUALAS A X
o kR ATt T /GE-v) R/GE-m?) R % A/(GE-m™) B L 1/%
JIBEAL S BRI BRI
ck P 3 600.00 0 0 0 0 3 600.00 396.00 100.00  396.00 100.00
T, e 3 600.00 0 0 0 0 3 600.00 396.00 50.00 231.44 58.44
ALK Y 120.00 4.00 20.00 120.00 50.00 314.00 72.22 50.00
3 i

Uy A HE NS AU 2 P VAR B 5 JoO LA R G 1) S AL B A LB, T ] 3 IS ey 2 /N RS 55 4 5
Z, e LS o e FUBR AE AL B A AR, EAS N S0%H 125 2] BHAR KL R o i 451 4 JIE 6 Jo A
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X T EHE AL R R B K LB, PROKAPR BT o e S S IES A0 i ] S % i 8 g A9 8 RO R Y
R, (AR pH R A HL SRS HOW T A BRI R 1, A ™ o B TR P S T s 25 53 PR A1 0 R AR A LR
W SR AR 5T pHL (B, I SR RO 5 e e R T Pl %

XHIE ER R w0 H i, To~Ts A BEE n] RUBRAC I o N T i, AR M ER A BB Ts, Ty A0 Ts AR B af
PARRACE 5 L TR, X SR PEAR A va i, A T ol DU AQ YR 5 T T b o 5 A AU o op T 4k
HRDV (A 35 QS )V (P s )=1:1, XF 3 FfA [l i #h v i 5 7 i S RE AR b4l i AL I, 2R ORIy, ML
X B A AR 41.56% , TR GRS 77 v A2 )™ L
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Spatial visibility of green areas of urban greenway using the

green appearance percentage

ZHAO Qing, TANG Honghui, WEI Dan, QIAN Wanhui
(Guangdong Academy of Forestry, Guangzhou 510520, Guangdong, China)

Abstract: To understand the spatial visibility of green areas of urban greenway in urban greenway, the green-
appearance percent was used to determine and analyze green areas of greenway line 1. Through the photos took
by Nikon D800, the green-appearance percent was calculated with Photoshop. Results indicated that 1) the av-
erage total green-appearance percent of greenway of four Guangzhou Districts was 31.9% with Tianhe (38.2%)
> Yuexiu (36.0%) > Haizhu (26.8%) > Liwan (26.7%). 2) Using one-way ANOVA, the green-appearance
percent of greenway in Tianhe District was significantly greater (P << 0.05) than Yuexiu and Liwan Districts.
3) The green-appearance percent of greenway in Yuexiu and Tianhe Districts was between 24.0% and 40.0%;
Whereas, in Liwan and Haizhu Districts green areas were 10.0% to 50.0%. Thus, Yuexiu and Tianhe Districts
were relatively stable providing a sustained, stable green space; but Liwan and Haizhu Districts were unstable
with a discontinuous, sporadic green space. The green-appearance percent cloud be used to ecaluate the visual
impact of various planning and management on urban forests. [Ch, 4 fig. 4 tab. 21 ref.]

Key words: landscape architecture; greenway; green area; vegetative landscape; green appearance percent;

spatial visibility
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Figure 1 Visual differences of two-dimensional plane and three-dimensional space
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Figure 2 Sample locations of green appearance percentage (part)
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Figure 3 Calculation method of green appearance percentage pixels
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Table 1  List of green appearance percentage of Guangdong greenway line 1
B FRK BFEM BB R 1269 600) -
e s Xk JNHEL % " ” i - L%
1 WX R B RE 85 617 122 528 14 722 33 993 20.23
2 B R B 111 199 111 168 53 557 60 826 26.52
3 B PR R 48 330 167 184 146 742 64 656 33.63
4 X il HEE 74 589 137 992 90 185 82 303 30.33
5 BB T RHEHAR 88 151 127 508 95 605 63 971 29.56
6 FACT S £ s 12 834 8 484 8019 51 596 6.37
7 WK OBEEM N =% 46 639 126 296 137 919 18 894 25.97
8 I BEE B RO 88 069 26 693 99 451 47 252 20.59
9 B BB U 143 657 48 427 40 509 160 568 30.97
10 1 IX PEH T LA el 163 960 138 662 132 441 72 777 40.00
11 WX AR BEAET 166 832 120 554 180 074 73 897 42.64
12 B MR BB KE 46 978 82 644 145 815 108 109 30.21
13 FEX NREH VIR 0 12 359 20 273 90 793 9.72
14 MK WP PR R 81 198 105 272 100 365 97 346 30.26
15 MK WP A 52717 65 219 18 159 53 485 14.93
16 X LT ft K 90 678 118 379 14 713 103 385 25.77
17 MAX WL KTk 140 235 102 790 0 65 972 24.34
18 MK WA AR 55216 67 714 101 156 101 566 25.65
19 MAEX TR R 61 659 150 080 102 725 66 289 29.99
20 MK A 93 657 106 125 99 938 84 968 30.30
21 MK KRN 131 844 112 863 76 413 96 197 32.87
2 KX VRIS AR 52 405 76 264 163 747 94 407 30.47
23 EN LS (RPN i PN | 42 671 120 069 178 661 152 343 38.89
24 KK GITRE %k 56 891 124 592 210 878 105 400 39.21
25 KX EITRGE sk 53 436 83 134 156 791 104 285 31.32
26 KK ITRIE FIT % 75 231 97 870 151 767 195 969 41.02
27 KX ITIRGE B T 171 513 206 628 268 240 187 512 65.68
28 KWK IR B 19 178 125 308 169 473 126 930 34.73
29 KK B IR KE 85 617 122 528 14 722 33 993 24.17
30 WERIK BRI B 111 199 111 168 53 557 60 826 50.27
31 WERIK  HE AR B 48 330 167 184 146 742 64 656 47.28
32 IR AN A BT 74 589 137 992 90 185 82 303 36.61
33 WEERIX NN 88 151 127 508 95 605 63 971 31.33
34 WERIX A 12 834 8 484 8019 51 596 47.50
35 WEERIX AR B 46 639 126 296 137 919 18 894 16.47
36 WEERIX NP T 88 069 26 693 99 451 47 252 30.30
45 e L B8 I T %R A T R 0 8 P2t i ®2 BUEAEH
%{ %_ X %ﬂ @I}k X Zi ﬁ é% ?)n[_, %3 E] /‘] ﬁ:}‘ jﬁ*ﬁ[ T':I_:‘ 10.00% Table 2 Mean analysis of green appearance percer;tag“f: _
~50.00%X 5], VABIZET X AR K & [ K KR PR bR iqf;; 2% i”g'ﬂ
ERIE I SR R U AR E L [ 2 ik B 0.266 723 0.104 574 0 0.029 003 6 0.203 530  0.329 916
APPEROR 22 5 K, s N—F I . B w0267 638 0.056 133 0 0.019 846 0 0.220 709 0.314 566
s 3 R85 ] KX 0381 863 0.124 244 4 0.043 927 0 0.277 992 0.485 733
HEEKIX 0.359 657 0.126 058 3 0.047 645 6 0.243 073 0.476 242
B 0310583 0.113 8862 0.018 981 0 0.272 050 0349 117
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4 Wi ®3 GURBRARFESN
W Table 3 One-way ANOVA of geen looking ratio
ST H 2 IR RS T, WlisgaEay M PR AR A P @t
W N S T 2R L TR X Ji] 0.097 3 0.032 2.909 0.050
KRR, R Aok D0 o 2
HoBiht o ABFITIE RS T s S At —— :
s R H AR B IR 5T, SR DL Gl g LAY 23 (R S DAL T B v, Rl T AR A S sk
1SR A 5 0 M7, A5 204 [ DX 0] LA R [ — D3N 7 24 1] ¢ B il (P A e [ o DAAS [) X dml e 1 25
[F1) 2 b ] A ) 240 0 B (ER U, TRRT IX 0 > VA R [X il > 75 [X ¢ T8 > 75 705 X 43l 5 T B[] — DX d
TE PN ER A ) i Al A RO RRUE R BRI, B DX AR > KT X AR > 75 7 X 4R 0 > I ER IX 4% 0E .

x4 XHREZURSEILR

Table 4 Multiple comparison of regional green appearance percentage

95% {7 X [i]

ik (DI Bk ()X {22 (1) B - e
BT X ~0.000 914 4 0.985 -0.097 550 0.095 721
IHT X KT IX —0.115 139 4* 0.021 -0.211 775 -0.018 504
2R X -0.092 934 3 0.070 -0.193 753 0.007 884
X 0.000 914 4 0.985 -0.095 721 0.097 550
7 X Fi X ~0.114 225 0* 0.038 0221 751 ~0.006 699
N T Bk X -0.092 019 9 0.102 -0.203 320 0.019 280
(LSD) K 0.115 139 4% 0.021 0.018 504 0.211 775
R X 75 X 0.114 225 0* 0.038 0.006 699 0.221 751
T ER X 0.022 205 1 0.687 -0.089 095 0.133 505
T X 0.092 934 3 0.070 -0.007 884 0.193 753
W ER IX 55 X 0.092 019 9 0.102 -0.019 280 0.203 320
KA X -0.022 205 1 0.687 -0.133 505 0.089 095
VL. * FoR BRI R B AT R 005,
EHRFMT, b3 550 X, 0F %
ﬁ“%ﬂ%”&%?—Amﬁﬁﬁ%ﬂﬁ,Lm
PR Sy 224 35K A b DX A 240 0T B30 B R, Gk SR 2 (A A
I N M T e 2 LSk 2 . SR, 7E .
SRITIRSE T, AL RS AR
w4y, SEER B AR 2 ek E, W §
I, Lﬁi%%?ﬁﬁ%”%*ﬂﬁ%T%ﬁ N
VIR TR 2 A0 7 55 A [R) i 3k T 4
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Figure 4 Green appearance percentage scatter plot of regional greenway
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Uk, AR, EAE, FRT, L0

(HTTLARAR R 2 TR B, Wil % 311300)

ME: AW IHANRFETAOTHEEARR, LAERBRLR, RELEMETLEF S @A RMAEA . A A A H
IR AR &S BARRARMH, R R R T RAFE A AR, 3E 7T A BAK & BKAR KA 8 R, 38 A A48
FAoThah . AN M TR Gl F RS, BRI . M B KR &t B RO A R o A A B AR AT A
AAVER, BT ERAHER(AA)E— T &N THERBIA 4 Lo 2R RS RBARESG, FFR LR P AL
AN IAMNAET, RHRRET. BRFEFBERER T DR ARG GEAKFEGH h, R £ LI
300.00 g-kg! ZAMARIER ., AR P RE L 60.0%, LA AEH 004 g, JIAMNE LRAFBHRE WA, £
WA A ZA 80mL B KFEF, £ 71820g-¢', A1 K44 12
KB AMAFERR, BN, BRE; BHER;, $HhTRE
HESES: S781.9 XHIRERG: A MEHS: 2095-0756(2016)02-0295-05

Super absorbent resin from grafting acrylic acid onto bamboo fiber

CAO Lingyan, ZHAO Wenxiang, YU Xiaoying, DONG Congyong, JIN Zhenfu

(School of Engineering, Zhejiang A & F University, Lin’an 311300, Zhejiang, China)

Abstract: This study was conducted to determine the effects of the degree of neutralization with acrylic acid,
the quantity of initiator and acrylic acid to use, whether bamboo fiber should be added or not, and the alkalini-
ty of the water for a super absorbent resin. The super absorbent resin was produced by grafting acrylic acid on-
to bamboo fibers using potassium peroxodisulfate as an initiator. Results showed the optimum grafting condi-
tions as the following: 60.0% monomer neutralization, 300.00 g-kg™ alkalinity from a sodium hydroxide solu-
tion, 0.04 g of potassium peroxodisulfate, and 8.0 mL acrylic acid. With optimum conditions the water absorp-
tion was about 718.20 g-¢™. [Ch, 1 fig. 4 tab. 12 ref. ]

Key words: wood science and technology; super absorbent resin; water absorption rate; graft copolymerization;

degree of monomer neutralization
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T R EEORIEANE, SAP — 40 A UM IR &R . TEMIERCR Mg R R = KK
YRR R LA SR S DU YRR . TR . pH B S A SRR, PN R ORI
2, BREARBA . AL RSP AR B 0157, LEPOURTRE 4§ 55 56 76 158 (1 19 8 403K
PRI I 4 K AR, A IR TF LA AR R oy TR 4R, g S H A AR B I R i — 2
B FRAVMIF IR TR IR A e . D E SR TSR . DR I AR R TR LA 4 R
WK RE . WG T RONIESE], PURSER A RIS, NIRIER . NRIE . R EELF R ML, 51 MM
SR R K R R WK R, B E T B A . BSOS P AR AU AR R AE TR,
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XA PR M e B HL A R o ves MR K MR R O T SR AT T IRSE, AR T DA BRIR AT D 51 A5, AR 4R
BN 22%, NI A 70%, K 16.0 h X —fE T2, il & 7K mik 1050 g-g
(9w OK PER IE AR SR BAS I 5K R K ROK A R SRR T A R, 0 B
70%, T HFE A e K PR AR RE R TR TR, R L K AN AR T R K BT R
FUHRAR, IR REE, ik, & BRSO A BRAGK TR, SEBly K RO RE 2 [ Al K
JER)— DB AT LRV R W R PRI, A AR gER oy, P RMARBRER ., ok
LA RGO R HE L | 2 Rt o0 3RS D A B T o AR R A o A e K AR K
FERE, AU IR AR GRS B ORI T, 3 nT AR AR R K PR K AR A, 3 s i 52 & Thfig . Ak
B AT BN R AR 0 A SRR, B NR T T i B AR ] A T R v R OK PR R, BTSE T AS TR
WA . NMRIR R AIRE . HR (IR . TNABTRERG ) AL . 51 500 A0 0 W R SR AR R

1 #HE5F &

1.1 R AR R LR
L1L1 XA P (RCE WA L AR In T ), PIRER (AA, i i Ak 22 0 A BR A
Al), AR (NaOH, VLIME B AL E0A AR, S8 (KOH, YL B 2# il A R A ),
K (NH;» Hy,O, VLI E Al A BRA ), i BB 81 (KoS,05, FDGAE AR Tl bR 454t ) o
L12 XA HE MYBEEL: FS180-4, Ritm &MU ARA R i+ 40 H, fL12 0.45 mm,
WivE bR KA B PR A Al . BT R BS 2248, d=0.1 mg, &£ FIMiRFE 05 (AL st ) B R A A
L KF: DT 1000, Aol EAULER & ABRA R . KB : 201D FREEE KBS, mE: 220V,
g 1.5 kW, puil EeEs & A R A Al . fEHMaFas . L m AR ARAGBRA A H RGP
85-2 RUH RL#E P4y, BB EECE A A AR . T . WFO-710 26 KU il T4, L2 U
HIRAT . BEENL: 200.0 g FHEA F P 25 HL, A5 . DFT-200, RNk & A RAR . 1§
48 1 250 H2b A i A i
1.2 REH*
1.2.1 #grey g P TR A B PR 6, K5 40 B 90 10 28 B BT TRy, R e e
LSORAF, FFHER e R As b i aE R
122 mok by & I 2 30% 0 Z A AL B (NaOH ), 300.0 g-kg™ A 48 L4 (KOH), 27K (NH;+
H,0)3 Fig i, Hoh &K JE B0, SRS A A8 2 B B8 = 4 £k 300.0 g-kg™ K
VSR
1.2.3 AW RRBERBEAMIEG SR P10 g T, 50.0 mL 4iF KA = O REEH, iE T 85 CHl
201D FRREE IR ACIME S, RIS SRk, (0 WAk, WAL [R] S 60 min, 9 [A) A [f] W7 i A
R, DHER AR RS, LG, BWHIZE 50 °C, [0 0 25 28 th 48 A — & 5 14 R [ o B2 10
PG (— S NGRS 30% B8R 5% 25% 11 2K T A BT A ) F1 0.04 g o G ER 4 51 &), #F17He k3t
BN FEEESS G it (A4hZ0m AR 2 h, BUB RN =Y. $ M=, 76 60 CHy 14
PN TR EE A, P2yl e, 150R 5 @ BORCR & WK B IE ™ & o RGN B G1 &/
K»S,04—280,-+2K*, 2 SO, + H,0—HSO,+-OH, R L5 & WA 1,
1.3 S WRKHIAE Wk 2 E

Y AR BT M5 MK B 1.0 g, A 1.0 LAEAR, JA 800.0 mL Z:gFuk, 7Kk, &
iR R JE 250 H R4S UEK, FLEI 1 min NICOKTHTE, BRI

Wk F (g-g™)= (TR E-T WG BT )/ TR & .

2 HERG M

21 BRHEER (AA) BT 0 R X R 7Kk 4 s IR 7k 2= B 201
HRMIBE FH R 278 TRV TR 5 B R0t AT v RS L O AR o AR S2 6 2R 300.0 g kg™ 19 SR AL BRI T
FINIEIR, FiH 50%, 60%, 10%, 80%5 4 Fivh ML . 555 7 % h Ul W A IR AL IR T 20610 AT
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Figure 1 Graft copolymerization reaction
BB, A OB, HIR KRN 1 R 1 BTG ER B A0 X IR K A B IR 7K 2R B 22
IR o Table 1  Effect of neutralization degree on water absorption of water absorbent resin
PASKTN IR TR I g 60% It , A1y A% Wk #R/(gog) i HE /% Wk (g
W A A B K AR B K B KA, Z A >0 603.2 0 6328
TS BL BT B 19 —COOH it 3% 7 l 7182 50 o2

A AT R WK AR R 0 5 B A T A 2, W WK e B 2 A T . MR R, pH(E A,
Sy A T VPR B SR R R B B AL, AP AR R Y—COOH HEN /b | S B 4 X L A5 3 4 1 i A8 Bk 245
ey, i AR G, SRR, ROV M LR R, AR R R TR, R SRRk R
N
2.2 T b 2 3 W K A3 g W K 2R Y B T

K 50 50k 300.0 g-ke™ AR ALENK TR . 300.0 g-kg™! R AL BRI TR . 250.0 g-kg™! [
K S 3 RPEAE VA VR P R BAR T R, TPORIEE Sy 60% , il £ R KBS . 300.0 g-kg™ A AL B K VA TR
300.0 g-kg™ 1Y &AL B K WL 250.0 g kg™t B K ORI R A IR KR IR W K 3R 4y 0 Ry
718.2, 657.3 F 457.4 g-kg,
2.3 5| &7 R E X0k 7B Bk AR

WK R I 4 2808 A EER AN, EFREAMENTIL, BIRM LA M LEE, L1
SRR IR . RANRERIRABI KRG &%, HohsIZRgI &M 5 REZ8. 51 RS K2R kA
HEER LB Y. R 30% 2 A ALHKIE W, NIRRT MBS 60%, 51 & % 43 51k 0.02, 0.04, 0.06,
0.08 g 25T, il & WKA g o

FH 2 2 Al WK I A 7K R ke £ 2 5| %F AE R EE Rk RE 0
BED] % 30 ] B T 25 2455 %] —  Table 2 Effect of amount of initiator on water absorption of water absorbent resin
AR, #ms & X0 8 RSt VAR (g-g") oK/ (g-g™) || SIRMME (g g")  BokH/(g-g")
TXf[HE‘@ﬁﬂ(%, %IZ{%‘JFH%%J 0.04 g Hﬂ'uﬁ 0.02 597.8 0.06 612.5
KRR TRk B b 31 % TN 004 7182 0.08 783
FRAER A B, TN R . PG R . R E LRG>, AR TR R RO &
A, WRKRAL, BEESI LA RRE N, AR AR, EEYE E b R ROV I A, A AT
PeR LR RN R, WoKEEm . Mol RAMHRERE T 0.04 g- g B, AN AMERE, RN#EE
P, WHIEER, RMAG G, WAKEREK,
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2.4 BKTHKHERH A E X IRk i B TR ok = B9 R 00
W B P RNEE D 60% , BT 2E 0 300.0 g-keg™ B SR ALBNK IR, 51 KGN 0.04 g, 5] %5
TR A 5L 7 A T
VIRIRFIRNA,, SRR T 53 200k 7 B PR X IR KA B R 7K 2 0 B0
-, A BOE ORI T .
able ect of monomer acrylic acid on the water absorption of water absorbent
4.0, 6.0, 8.0, 10.0 mL #Ff7#A R &

RIS AR o 1122 3 8 ATBIROK i o il mok g ) || SRR MR KR (eg)

resin

R i 4 W 7K %l 2 PR AR Y A TR H o 1 AR 40 572.6 8.0 7182
m T FE, NETR A E N 8.0 mL 6.0 623.6 10.0 654.7

I, AR IR K I B4 IR K 3 B 5
2.5 BN S & xR k48 Bg R 7k &= A9 R0

R JH 300.0 g-kg™ A S A b SR K x4 ATHIMNES T XTI KBRS IR 7K 2R B0
W RN, BLH 50%, 60%, 70%, Table4 Effect of bamboo powder on the water absorption of water absorbent resin
80% %5 4 Fft R A o R JH 0.04 g 51 % A /% Wk %/ (g-g™) A /% Wk %/ (g2 )
A BRARNERR 8.0 mL (1 2T A 0 >13:3 0 5304
AR, il ORI (R 4), BTEH il o4 %0 04

B IAATAS (& D) WORPERIR AR 3R o 3R TOMAATED) A2 4CORMAARTED) LB, IAAT )
(14 R KR i ) B 7 3R 0 T R AT Mo ) IR A RS i 1 T 7 3%

3 #i

DA B R B (KoS,05) S 5| KR, AR e A P s B2 1 2 W /K AR i o BV R 2 E B 300.0 - kg™ A 4810 4
KW, NIRRT FIEE Ry 60%, 51 FIHIE A 0.04 g, 51K 5 ARG R InA , BRLAR PN 96 R 1)
it 8.0 mL B IRUK 5, ik 7182 g-gls

PRI 756 T WK B IR B WK SR BRI, I AR T LA R b 58 w3 W KA g ik 32,
WK F R 718.2 g-o, FXT T AU INAT W3 A9 W KA G 55 o

4 5 ik
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= RESH PR RC B R = REME-RE-FER s TR
FREA, & ¥, HEA, XZW, ¥ 9, BEa&
(PIRAll K 25 H AR R B B 45 W T 5000 %, 51 ) 650224)

TE: ARRZSMESRTES EHRERZR AR E-F BTG MUF) R Hre, AR T HTFE (50%)
N B A A At RE (MUF-H), £a#RGEAAMNERAT, @dF 820 CAE)LEMNEREN, LT HREIH
WG R P RS R A R 09 B A Ak, TS Bh B A AAUHUE AR (DMA), 4o b ki (FT-IR) A= 42 % 2k 3k (C-NMR)
EoMFRAEFRL R G EF, EREAW . AT AEE FEH &0 MUF #88, A& R E 57844 & MUF-H
MRS R A AR HM A B A A4, BB E, REKTIRTBENE S 60%, & KMEFR & 5K
FHHRAXE AR AR RN KL REY . FHRE ST B & MUF-H 4 5 88 X 08 2 54 5% A4 g o4 7
PR E, BREERITEN . DA RE>HTEEL R MUF-H MR B AR SA TN RARSAEEER"H L
VA, N RAARHZOGREEFIBEE, B5K5415

KEER: ML TE; ZRELHTE; 2EROGRZRAM-RA-FTEE; FREL; WEHFHRE

FESES: TQ433.4 XEARERD: A XEHES: 2095-0756(2016)02-0300-06

Cold-setting MUF resin adhesive prepared with concentrated fomaldehyde

XI Xuedong, LEI Hong, DU Guanben, WU Zhigang, CAO Ming, LIAO Jingjing

(Yunnan Provincial Key Laboratory of Wood Adhesives and Glued Products, Southwest Forestry University, Kunming
650224, Yunnan, China)

Abstract: To research the influence of high formaldehyde concentrations on synthetic copolycondensation of
melamine urea-formaldehyde (MUF) resin performance, resins from a high formaldehyde concentration (MUF-
H) of 50% and standard concentration (MUF) of 37% were compared. Then glulam was prepared at room
temperature (20 °C) to test its physical and mechanical properties. Also, structural characteristics and thermal
mechanical properties of resins were studied using "C-NMR  (nuclear magnetic resonance), Fourier transform
infrared  (FT-IR) spectroscopy, and Dynamic Mechanical Analysis (DMA). Results showed that the high
formaldehyde concentrations enhanced solid content and viscosity of the MUF-H adhesive, shortened curing
time, and improved shear strength for 60%. The DMA test results revealed that the MUF-H resin also greatly
enhanced the adhesive elastic modulus. Additionally, the "C-NMR analysis indicated that the methylene and
ether bonds of MUF-H resin ware higher than MUF. Thus, the MUF-H system had a higher reaction rate and
crosslinking degree which improved the mechanical properties of the resin. [Ch, 5 fig. 5 tab. 15 ref.]

Key words: forest engineering; high concentration of formaldehyde; MUF; room temperature curing; physical

and mechanical properties
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FAR G K2 # s UF WIRZE A TERE . FEAR T BB HOT 8 T RIS AR, JRBUR B AR R L
H L = R R R R R = R UM - PR R - TP R (MU ) 3248 SR RY i f) sl v v e i 70 = SR Uk g
0 15 IR IEARS i v B 2R K PR A R AR RORE, 3 BRI B T K PR R 5 = SR UM 2 i vl A P AR P R TR
P B IR A K i A TERE s = RO A TR E R PREEH , SR m IR K IS AL RE , fE— &R LB
b AR B £ 7K At 3 AR BA e A 1 g B 20 MO IR AR BURE 23 BT 42% L L VR o TR W) BUBE R
PRI B 0L T, SAegery bk UF ML, w5 i 20 A H e ) 4 DR B 945 9 (UFC) & e iy UF B il 4k
BONEIEVE R, I [, e e B AR, UM SR PR A AR R ARG 23 T A s S 3 R
(50% ) 1 it FH i (37% ) il & MUF B, 5 £E 28 52 o e 20 200 I Xk 45 Bms i g P RE S ), I M &%
LI VI i T

LA R

1.1 sKigfal

RE, srbral, EZGERLEARARAR; =R M, fbra, EER kA ARARAR; H
B, srpral, R 37%, Kt Bum il A B A W A B, R 4 B 50%
ZHA B CARAERARA R BHER, /v, REm 2R L &%k (NaOH), srdral, K
HEAE2E R T BERR, PERRANE VI A BR AT, FKFEAE 15%L0F, %ERF 0.5 g-em™,
1.2 RFEFER

oA T 2 B MUF B S, 7ERREMBE R b B I L4, —Fh LA H ik (37%) 0 ik
B, 0 MUF, 55 —F DL e Jot et 40 50 6 o0 RGO i, i MUF-H, MUF & 1200 e A i
FEAS B0 = DR o A B RE F(37%), W pH 9.2, JHELE 50 °C, & 1 KRR (U), % 1 IR=ERR
e (My); JHEZ 92 °C, 4y pHE % 5.2~5.3, RN E—&ERE, #7 pH EZE 8.7~8.9, fn%h 2k =%
W (My), PRI N K IR A P 100%, S BIE pH {E % 9.0, [ = 45 CH, BN 2 WRE (Uy),
PR 10 min J57E pH 8.0~8.5 Z5 1 T BURHAAF

MUF-H & 120 & B B0 T8, Dlm B 80P g5 m m e, KR el 125 MUF
FHTA
1.3 RESRIE
1.3.1 MAgeg A AW M GB/T 14074-2006C A A4 1 7 77 S HAR G R 56 Jr i ), IS4 g 178 2 A
AE, R FRE . WELES . A
1.32 @ ygraemX 4% GB/T 26899-201 145+ HIAR it ), WA G AT K 1 125 232, ik vk Il
1.3.2.2; RHAJTRE 1A B0 ALHEA T 1B 2 59 D)% B2 0 2 (FE 48 % 5 mm-min™) .
1321 #YLHfdlfE S MERGRE, B AR DM E 1
WA R A R o BB AR B R T e 5 U &, % 30 mm x 25
mm x 10 mm B AR F S T E IR 10 min, Z JFHA L \T\
PUIMEEAL . RXRERI A A T 2S5 R . R & 260 g-m™
(W), TR, BamA: 25 mm x 25 mm, [E L7 K iR
i AR A EARR, 0 R B R AR S 3%, R

=
3

30

Bz

.

%y 1.5 MPa, JUERS A 1 h, FEA4RHE 72 b ST .
1322 #IEFREERIE SRR BN E ) X H %, H% 400 mm 10 pa
x 150 mm x 10 mm HLF 948 BF 0K % 1585 P4 T 2 6L R B 10 FAL: mm

min, 2 J5HCAEGUINE B A6, MR RE . R 3 B i B i) 45 5 g A1 #Bke+EH

[ 1.3.2.1, 204 GB/T 26899-2011( %544 FHE&E LAY, 4r #4740 Figure 1 Bonding test picture of samples
K KRB S, AR RS RS IRARHEREST

133 ## kI (PC-NMR) 547 {XER AL . Bruker Avance 570 Bl AU REILIRIL . AESALRE . IR
A H RS A(DMSO-d6) /= 0], HORE i 100 pum, 755 300 wm i ARZLREAE P i 520 o E 240
kP8 zgig, R DMSO-d6, ZANYck 500~800 Yk, Il ¥ 39 062.5 Hz, & &34 Z WICHK[ 11 ],
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1.34  zeshskid (FT-IR) A AN 261 BB 20 m AR e 21 AR 6 3% 4% Varian 10005 4514 . 34k
PR A, I 400~4 000 em™; FAHERE: 32 K.
1.3.5 3 & #AA AL (DMA) 47 WAL #s . NETZSCH DMA-242; 43 #r#ff: NETZSCH Proteus; |
A R A = A AL, FHEEE 5 Kemin™, J5EE Y5 F R 40~280 °C, M%)y 20 Hz, s
S 15 Ny RS . 50 mm x 10 mm x 3 mm, #AKRKF, EEKE N 0.125 ¢,
2 #RE5H#®
21 BRESHBEEX MUF kijsE A4 aE20m

e T TR A B W ) 4 MUF A i 5 308 R IS o 4 A0 B 1) AR P B B o COeG Joi i 50 P s 3
i A ) MUF AR, LM SR B E R, B EEuEn, 58 TRAARMN A #E; @
o IO 43 5 P I A PR D 4% ) MU WA, LRGBS )40, A R 48 e A R AR 1], 48 i A
R s B T 23 B B 5 30 S R 4 19 MU B Jlig , HLoie 5 F R SR et 20500 TR AT, PRl 30%

®1 SRESHRFENMEEAREERME

Table 1 Influence of high concentration formaldehyde to the basic performances of resins

JB Fof B/ (mPa-s) [ 1k I [R] /s I#i 5 45/ % F B W/ (g-kg™) 176 01/d
MUF 50 89 54.1 2.9 >60
MUF-H 465 63 68.0 2.0 >60

22 BERENHBEX MUF RIS I2 512 20

2 2 R S BT BE XA AT YIRS . A SEIR A R AT U e (DL 43 45 I N SR
A P S O i RE A R R B AR TARBTUIS S, SR 60%, TS I3 A R ¥ 7K 56 JEE B
W K IR R A AR S 0 R s (D feg T Ak 4 PR B TR A MUF-H RS AR I35, A6 35 18 O S A
KRG BER T K, UL MUF-H W Jig BA KORTRE M, B B R A 7K e T 250 ol Je 5 e 88 eI, (EL(EL A S 0 1Y
&, RIEGG, FEI SR B4 RE W A2 B 5 45 M S b AR HE 25K

K2 BRESHPEIKREAEYIREERMN

Table 2 Influence of high concentration formaldehyde to glulam shear strength

JiE F T3 i /MPa AW % 24 h ¥ /K50 EE/ MPa K6 4/% 2 h /K i B2/ MPa ENIEL
MUF 5.12(1.29) 20 6.08(0.58) 100 5.93(0.34) 100
MUF-H 8.18(1.00) 70 5.90(0.35) 40 6.20(0.47) 90

Y] R AE S RO O S 9 MO b e 22

3 XA AR IR . BhoRFI B AR . 45PREN . G MUF W ERA R4 K rEGE, il i
ARV KR AR KR B R AR 00 Z545 3% 2 R BUR A A mI R, VA R TR 0 BB I8 5 ) MUF-H
AR TR 7K BRI5E FP S K fige 1 A5 5 5 B2 T B, AELATD R ORI 5 AR O I JZ AN R LR R 5 T B RS & AR IR 5
D7) i JEE IR ) A i AT A3 e v K il K Ak PR R B R A B U B B e T TR B R
VLA TS b T 8 A R RV O R, (BT R SE A A, HAR REIE A7 6 2ot $ T 23 1] o

®3 BRENUFEMBREAIEXRHZMN

Table 3 Influence of high concentration formaldehyde to delamination rate

B A 24 h % KK B /% | A2 3R E/ MPa 4 h PR /% R AR5k I/ MPa
MUF 0 5.02(0.30) 0 7.86(0.98)
MUF-H 0 8.63(0.75) 0 8.22(1.20)

BERT ;P 5 A S R 2
2.3 #ZHEHR (PC-NMR) 5

WA R A~ 0 R b B R0 T A, AR SR 1T XA Al 2 B, AN [ ik AT AR o o i o5 B9
P 2 AT 3 5] o LA 3 P P Al 5 MUF i i BC-NMR 335 [ e Joi #2080 il % MUF-HL 1) PC-NMR
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WA DUF B (83 mg-keg™) MR XF BT W g AT U IR A SR A BB A R
BUMERI A 20 &5, SRRSO, 1 e F 5 fr 4 2R 3k 4.

B

\‘ L ‘
I | \hd’bJu .l _JUl | MJ‘\%_
180 160 140 120 100 80 60 40 180 160 140 120 100 80 60 40
o2 0 B/ (mg « kg ") o2 i B/ (mg « kg™)
B 2 MUF # “C-NMR & A B 3 MUF-H # “C-NMR % H
Figure 2 “C-NMR spectrum of sample MUF Figure 3 “C-NMR spectrum of sample MUF-H

& B AN R N ), SRR A T RE R . SCH RN B SRl o T S Y AT R B 1 AR X B A
BT AR A R L, LBtk s, AR AR, WM BR . e 4 I DA A A
F S 45 B 1 MUF-H B 15 o 58 B3 B A0 B0k 58.44% , 7 W 3L Mf i 8.73% , Wi W 3L ks 32.01%, Hip =
BT 5 R RIS R LB 9.97% , 4 ALK F] 40.74% . LI 38 HH S 4 i) MUF vp J2 H L35 i
9 55.90%, W HIBEEMREE 17.21%, W H BEEEEE 24.72% , b g5 577 A 1 kG 13.61%, 45 R AR I F)
41.93%, L WiE KM, MUF-H @ s & e iy i 4 %, 10 MUF 987 k6 & it L Bcdir, Ui
A8 I 5 R A R T R A R, R PR O R U R O A 0 B R A R 2 R AT A N, AR 4 R
BT B . MUF-H () 24 58 77 4 5 it MUF AR, U8 B PR R O o 20 B5OK s AN R F AL R R A, Wl R
S H R i oy B AT S R ER SRR B A, ML REEMIE R L A% R E, FEEE
PRI P=A: A A5 R =) . Al MUF-H (%58 356 & 548 MUF i, XA FF 5 0 A s Bk .

2.4 a5 HiE(FT-IR) 4347
2 Bl = REU- R R -F B IR B2 A0 o B T 0 DL IR 4. 2 BE SCHR [ 13-15 6 45 W e e+ B B A 1A 91 g

#* 4 MUF #3ig "C-NMR €25 &E R
Table 4 “C-NMR quantitative analysis results of MUF resins

Gy EEaE ) {21 R/ (mg-kg™) T
MUF-H MUF
SRR :ﬁ—mh 167.0~167.6
—C—NH(CH,.)_ 166.4~166.6
:(‘lfN(CHz_)Z_ 165.4~166.5
K% H,N—CO—NH, 161.0~162.0
H,N—CO—NH(CH,—) 159.2~159.8
(CHy—)HN—CO—NH(CH,—) 158.0~158.6
FRECRP R ) HOCH,OCH, 89.0~90.0
HOCH,OCH,OH 86.2~86.3 0.82 2.17
HOCH,OH 82.4~82.5
g 5 M—NH—CH,—0—CH,—N(CH,—)—U 77.0~78.0 9.97 13.61
M—N(CH;—)—CH;—0—CH,—N(CH,—)—U 74.0~75.0
PP 5L Tk —NHCH,0CH; 72.0~73.0 5.73
T TR B Tk —NHCH,0CH,(NH—/—O0H) 67.0~70.0 22.04 11.11
¥ H I M—NH—CH,0OH / U—NH—CH,OH 63.0~65.0 58.44 55.90
DA —N(CH,—)—CH,—NH— 54.0~56.0 3.93 9.24
—NH—CH,—NH— 46.0~48.0 4.80 7.97

FH CH;0H / —CH,OCH; 49.0~50.0




304 ST N S N N = 2016 424 H 20 H

FSo 2MAE MR T . IR EE S AR TR, I b bl S R R R RO B 2 R, SRR T
HIRE iy B 22 50, i MUF-H 5 MUF 7E2L5MERE I ARMEL, SUR—Seidmansgg 225, Wl 2 fia
JER IR E E BEA LA, DURR EAFEZR 5

&5 MUF #SHILSME IR R

Table 5 FT-IR spectrum peaks belonging

o/em™ & o/em™ S
3 300~3 500 N—H J O—H 4743 1 396 CH; 1t P9 25l 4R 2

2979 CH, fif 4 4% 3 1324 C—N i 454 3h

2 364 C—N =i 45 41 3l 1186 C—O Mg sh

1 675 Bk HE (C=0) il i 4z 3 1010 C—O0—C {45 %3

1577 N—H 25 fif| 4% 3

2.5 S MERE (DMA) 534

S ot 2 A RS AR 19 3 A BOHLBIE BE 20 BT o 2k MUF 305 LK 3 I8 Sy JEURL ) 4 3% i 79 DMA
[, ZE MUF-H 37 A o 43250 1 8 J50RH ) 45 0B 19 DMA . dli 1S e i el £ . (DA 4R
DA e Jo 80P I A 9 11 MUR-HL A I 170 5P 50 2 53 P P o) 2 S i MU A IR R B vy, SR AE 2
WL F Sk MUF-H () 32 e e 2 MUF A5 AR KOl BE R340, 33 5 81018 ) 2= ME AR I AR ) & 5 QRS 2 il
LRI UG [T A i BE BEA RO 22 57, (ELE e P A BT e i a2 381 e RO A il e A 3 T AR O 0 ) [ £
HORMHE, RSl DI E BN RN V™ Ve, 5 EGREIREE AT & Ok
MUF-H 5 MUF #R B B2 42 fb 2 BLAS 3 Ry, PR AR — B 2 JH iR R MU PR RE A RLAE , {HE
WEEAE, AR MUF-H W5 A9 3R EAR R, (HORRER R R SR s, SRR 2R, F
4 40%, T MUF FEBEA S 10% .y B W], g Joa 20 50 TR o 9 = SR UG - DR 3% - Y TRE Y i 0 G
ENERE, (ARIREA B 1R, X S Ok Kbk BRI AW £ . OMUF-H A3 fi i 452 05 3k 51 i (i
Ja e AR, 5 BC-NMR 73 #r P g s i 245 R A — 2, INBERE A AR 2 & 0 i EE 4

17000 -
£13000 MUEF-H
2
i)
. 9000
ki
E 5000 |
MUF-H
4000 3200 2400 1600 800 1000 '
3600 2800 2000 1200 400 40 70 100 130 160 190 220 250 280
o/em™ T/
B4 2 FF MUF 4 fig 69 2x 548 B B S &AM RE 3l & A AURE AR W 22
Figure 4 FT-IR spectra of two kinds MUF resins Figure 5 DMA spectra of synthesis resins
3 Hib

(D3R FH 5 J 7 53450 (50% ) FEY IS 5 R 3 Y IS 4 0 = R T - R 35 - HH I A A i A 50 2 7o T 28 79 i
L BEE, e A E] ] A A AR I R R R D 818 MPa, A LU i PR R i 60%
T 7K A L R S R OGS bR v . A By PC-NMR G307, AT RN R A 43 0T I A
MUF-H B g 19 = 55U 55 bR 3R 3646 5877 ) 0 1 kb B 45 MU &, Ud B MUF-H 4 2% 14 s e B2 A 58 1k
BERETR, NIRRT 12 PERERS N IR R . Did it DMA WL 92 56, 75 60 Jok ik 43 450 % i 46 MUF-H
AR5 N BE W 2 3 5 R Py S, S 5™ i BT A PR RE 5 o I BE T A 1k ) e Y A A A
) MUF-H A i 151 £ 2 5 550 MUF PR 5 0 5 A5 4 ik B WD 2 A7 DR B8 2 ) a0, (FL A7) o P I A
MUF # g4, 5 "C-NMR Jp#fr s MUF-H [ s 10 45 R AW 5



BI3EH 2 i AR e o Y T R v [ R R U - R R - Y I I 1 305

4
(1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

2% Xk

FENGTSE, JG R A R AR i B BIF S BOIR 5 A S iR () ] A TR, 2005, 13(4): 50 - 54.
YAN Shunying, GU Lili. Present situation and research prospect of the urea-formaldehyde resin [J]. Sci Technol Chem
Ind, 2005, 13(4): 50 - 54.
PR AR 2 R JOR P A0 S ) F A L) ). e~ S K 5, 2003(6): 317 — 318
XUE Dong. Preparation of UF resin with low formaldehyde content [J]. Chem Adhes, 2003(6): 317 - 318
ATENE, PhA, JfE, 55, JUR TR AR ARE e 66 700 A9 PRI ST (D). B B A 50 kE s, 2013, 40(1): 30 - 33.
YU Lizhen, SUN Cai, ZHOU Jian, et al. Study on modification of urea-formaldehyde resin adhesives for wood [J]. New
Build Mat, 2013, 40(1): 30 — 33.
DB 22, FRIR. P08 R AR N e 2 500 09 5 AL LD ). ob 2510, 2011, 20(4): 10 - 13.
SHEN Xin’an, ZHENG Su. Synthesis of environment-friendly urea-formaldehyde resin adhesive [J]. China Adhes,
2011, 20(4): 10 - 13.
TEHE. WREEA IR 2R 25 MR et R w9 [) ). sk @Rk 4E, 2013(6): 150 - 151.
FAN Jie. Study on low toxic urea-formaldehyde resin adhesives modifier [J]. J Green Sci Technol, 2013(6): 150 — 151.
BRI T, ARG IR i R0 A . BCOy . T S IM ] dEat: A Tl AL, 2005.
K e, =BT, IMEE. = BT IRIEEA i K76 00 195 [T 1. w9 mOMOlk R 2 4l BSR4 i, 2013, 37(1):
173 - 176.
ZHU Hailong, WU Yuzhang, SUN Weisheng. Synthesis of melamine-urea-formaldehyde resin adhesive [J]. J Nanjing
For Univ Nat Sci Ed, 2013, 37(1): 173 - 176.
=)W, SRR AR, s, A = SR BRI R B R 7R f O [0 1. ORS Afl £ il Ak g g, 2008, 9(6): 29 - 32.
YAN Wentao, ZHANG Yongjuan, ZHANG Xiong, et al. Modification of melamine urea formaldehyde resin adhesive
[J]. Adv Fine Petrochem, 2008, 9(6): 29 — 32.
AL, A, XUBEEE, S5 DRER - = IR - P I 5 5 AR JORY 0] A F ) [ 1. 0 AR R 2~ 41, 2008, 30(4)
12 - 14.
GUAN Shilong, LI Daihua, LIU Panpan, et al. Synthesis of urea-formaldehyde/melamine-formaldehyde composite resin
adhesive [J]. J Wuhan Inst Technol, 2008, 30(4). 12 - 14.
BT, WS, RAE. AWM EES URC: A TE AR ol F DRI A% i R B & e J5 ) [T]. k7™ Tl 2007, 34
(1): 48 - 51.
LI Jianzhang, SHEN Dan, LEI Deding. High concentration formalin and UFC: The trend in the development of UF
resin for wood—Dbased panel [J]. China For Prod Ind, 2007, 34(1): 48 - 51.
FRWEH, T, T, AR R RN B B AR HE X IR A I R 225 R R e B 13C-NMR B ST [ ). AP A
7, 2014, 26(2): 122 - 126.
GUO Xiaoshen, WANG Hui, DU Guanben, et al. *C-NMR study of the effect of molar ratio at alkaline reaction stage
on the final structure of UF resin [J]. China Adhes, 2014, 26(2): 122 - 126.
MERCER A T, PIZZI A. "C-NMR analysis method for MUF and MF resin strength and formaldehyde emission from
wood particleboard. ( Il YMF resins [J]. J Appl Polym Sci, 1996, 61(10): 1687 — 1695.
FEEAS, Fik, 7. PMUF 345 A I i # i 7 vh 2 7 S5 A AR AR R O B FE [T 1. Lm0kl k2 2 4, 2006, 28
(6): 132 - 136.
DU Guanben, LEI Hong, FANG Qun. Structure change of a PMUF co-condensed resin during its preparation [J]. J
Beijing For Univ, 2006, 28(6): 132 - 136.
SorYE, EARNG, A TE, S5 E1 90 MDF J = 5 U o501 IR 19 4 I A9 € & PC-NMR &5 48 §F 55 [J ). AR Tk,
2006, 33(6): 38 — 41.
JIN Liwei, WANG Chunpeng, CHU Fuxiang, et al. The Quantitative "C-NMR Analysis of melamine-modified UF
resin for El type MDF [J]. China For Prod Ind, 2006, 33(6): 38 — 41.
BRI T, E AN, TEAR A, . 3 T = 5RO St R I B IR R 45 4 S PR RE G R M SE () ). AR ok, 2011, 38
(1): 16 - 20.
ZHAO Linwu, WANG Chunpeng, SHI Juanjuan, et al. Study on relations between structure and properties of three
kinds of melamine-modified UF resins [J]. China For Prod Ind, 2011, 38(1): 16 — 20.



AR KOF F 4k, 2016, 33(2): 306-314
Journal of Zhejiang A & F University
doi:10.11833/j.issn.2095-0756.2016.02.017

ETRMBEUSEENRMERE T 5 RIRME G E
BEk, wERE, FEK, KA
CRALARL R BLH TR B, ST WA /RHE 150040)

WE: A7 BTt itk @mey i T Ae R IR BEAT ik A ey o 3], 3B 36 =4E 44 (local binary fitting, LBF ) £ A i
ATTHRANBR, Mt s — A gitey LBF 44, Ppfe LBF A ey hab b, Fam— Aoy R-FEXMEERNLRA, 5
HR B SIN =N ZH MR A A R B A M AR, BSR4 LR LBF B A g 4 Bl sk 5 /34 E i
AR R B K D A B RO, R R AR, RSB RARHOMELR, 2FR%BIE, TF
ETANRBRZERRIE L — B Arf % BARGRM T T/ kR B%, AR B S5 g B 548 x5 o) K-
WACEAE, B 21 & 1415

ERE: AMAFEHRKR; R R @HRG; RHERESE,; LBFER,; KF4£

hE4 S TP391.41; S781.1 XEkARERG: A XEHES: 2095-0756(2016)02-0306-09

Segmentation of wood surface knots and wormholes based on

an improved LBF Model

BAI Xuebing, XU Jingtao, GUO Jingqiu, CHEN Kai
(College of Machinery Electricity, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: To make wood surface defect segmentation faster and more effective, research was conducted to put
forward an improved LBF (local binary fitting) Model with image segmentation based on the Chan-Vese (CV)
Model. The improved LBF Model added a new level set formulation with a linear regularization term, and at the
same time formed a Gaussian function as the kernel function with two local values for fitting energy. Results
showed that the improved algorithm could overcome the segmentation shortcomings in the LBF Model. Also, the
segmentation process was not sensitive to the size or the position of the initial contour. However, the anti noise
of the algorithm was enhanced, and the image could be segmented in non-uniform gray. The experiment showed
that the algorithm completely extracted the wood surface defect images with single and multi objectives, and
level set evolution corresponding to the defect image could be obtained. [Ch, 21 fig. 1 tab. 15 ref. ]

Key words: wood science and technology; wood surface defects; wood image segmentation; LBF model; level set
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b £k AL FIK PSR 9 07 0 s 52 g H, RIK P2 ol BOrE — A 3003 7 R A P o T R AT AR, B KF
AL B R BAR L Z o 1k, IS 2] HFREEEE' . CV (chan-vese ) #7U J&— A& X Ik i) JLA] 35 3l 48
FRREARLT T CV RN REr HR BEAR S A RS, L, LI 4™ 2008 4R 4t T RSF (region-scal-
able fitting ) #5784, B Ja i —{E 45 (local binary fitting, LFB)#EAY . iz AIECV BRI 42 )5 —(HA
RE 12 R O LA e 39 oK EON A% bR R0 AT AZ DX AL RE 2 R REREIZ BR 1Y, TS e ik 1 CV AL
RBR A, REAS 7B M K EAR Y 2 RS LBF LAY LI 18 Jm R A (B A5 8 o E 281075, % Ty R
50555 1 VR A5 R TR X, 5P PR A, ) AR T 30 T i 4 LA S D 8 B 0 (02 8, T L 2 MR P 52 ey
Ko T 3k LBF BRI G, ABFFEAE LBEF JEAil b3S I — A5 00 K- 8 & P i AR 00T, ] i 2 4 1
— BT RS LBE B RUARSY G 19 50k X ARObE R T B BE AT 0, AT (R AR Ak A LR 0 K
FEART SR PG, g ELXS 30 i 6 6 19 R /N FVSE AU, [ I 494 iR AT frg T MR

1 LBF & # 428

1.1 LBF #EIk FE S HEE
LBF 45 78 2 B F — ] 22 X B B RE 2 pRAE TR, i QCR? A KR Y 25 38, 10 Q=R WL K
JEGPG, S BB =S8 Q P — 5 RIRIER A I ZK ¢ LBF BERLAE 2 SOA -

oMo o= B | Kl 0010 P D
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Figure 1 An original image and gray image of the slipknot Figure 2 Segmentation process of the slipknot
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Figure 3 Level set evolution of segmentation process of the slipknot
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Figure 4  An original image and gray image of the wormhole Figure 5 Segmentation process of the wormhole
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Figure 6 Level set evolution of segmentation process of the wormhole
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Figure 7 An original image and gray image of the encased knot Figure 8 Segmentation process of the encased knot
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Figure 9 Level set evolution of segmentation process of the encased knot
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Figure 10 An original image and gray image of the slipknots Figure 11  Segmentation process of the slipknots
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Figure 12 Level set evolution of segmentation process of the slipknots
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Figure 13 An original image and gray image of the wormholes Figure 14  Segmentation process of the wormholes
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Figure 15 Level set evolution of segmentation process of the wormholes
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Figure 16 An original image and gray image of the encased knots Figure 17 Segmentation process of the encased knots
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Figure 18  Level set evolution of segmentation process of the encased knots
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Figure 19 Original images of wood surface under complex background

-

AIEAR3007K, 51.51705s; BikfR4707k, 63.5230s; Ci%kAR400¥k, 56.7720s.
B 20 #ymAeg o R

Figure 20 Segmentation results of block plate
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Figure 21  Level set evolution of segmentation results

HEA 0 0 B0 i 1AL A K, (EL R 43 0 i a] 25 6 72 50.000 0 s P T8 3 523645 H AR B 58 ek #E A9 LBE A5 950 0 L) i
AR B SIS R, XARUR S RTBRBE A ER AT A O, BRAT B B P S e B R AR . A
PRI LAEAT B HAR A9 2081, 3 a] LA T 24 HARIY 205, i ELGH 400 46 48 B 1) R /N A B AN BURR, B
PR , Ay R, 3 BIRHORE o MR X 52 48 55T R B Aiobt IR 0 43 1, AT LA AE b A Hh ekt
LBF #5704 5505 BE 5 H ol s IR AN 52 %35 5 1 A Rk 0 B0 ROk, T HOR S2 IR L B R ALK/ g FR- A
I B8 L A vHE Aty 4 A 0 S BRSBTS R R A4 K

S

(1] M. 2T Gabor 284 iy A M 116k B IR B0 D7k I DFFE[D ] IR 8% AR JEpkall k2, 2010.

WANG Lin. Research on Recognition Method of Wood Surface Defects Based on Gabor Transformation [D]. Harbin:
Northeast Forestry University, 2010.
[2] WANG J, BIERNACKI J M, LAM F. Nondestruetive evaluation of veneer quality using acoustic wave measurements

[J]. Wood Sci Technol, 2001, 34(6): 505 x 516.

(3] 3KFF, BRAESC —FhaS & XM R B G N CV BERL[T . THSEHLM S 81, 2014, 31(3): 214 - 216.
ZHANG Qin, HOU Dewen. An adaptive CV model combining regional gradient [J]. Comput Appl Sofiware, 2014, 31



314 WL R MR R 2016 4 4 J] 20 H
(3): 214 - 216.
[4] DU Xiaojun, BUI T D. A new model for image segmentation [J]. IEEE Sign Proc Lett, 2008, 15: 182 — 185.
(5] s, &G E SR C-V BRI ] R TR SN, 2012, 48(18): 181 - 186.
HE Ruiying. C-V model with edge information [J]. Comput Eng Appl, 2012, 48(18): 181 — 186.
(6] skAfe. 8552 )R 5 R AE BTG Sh e BB RBT S (D], SR HPCRY:, 2011
ZHANG Shaohua. Study on Active Contours Integrating Global and Local Information [D]. Chongqing: Chongging U-
niversity, 2011.
(71 Jst, Al fE L. LBF % 8 48 BR B AL i ket (T ). vHSEPL AR ST, 2009, 45(15): 177 - 179.
YUAN Ye, HE Chuanjiang. Improvement of LBF active contours model [J]. Comput Eng Appl, 2009, 45(15): 177 -
179.
(8] Wik, warif, R T RERA bR E R[] ] b EE BRI A4, 2013, 18(1): 78 - 8S.
PAN Gai, GAO Liqun, ZHAO Shuang. Active contour model driven by local entropy energy [J]. J Image Graph, 2013,
18(1): 78 - 85.
[9] LI Chunming, KAO C Y, GORE J C, et al. Implicit active contours driven by local binary fitting energy [C]//Proc. of
IEEE Conference on Computer Vision and Paitern Recognition. Minnesota:[s. n.]. 2007: 1- 7.
[10] RoK&, ey, PRok. 57 CV M LBF BERY 25 & 1 AR 20 B0 S0k ok 52 5 S B LT 1. 3F 5 LT A5 A
2013, 30(7): 98 — 100.
WU Yongfei, HE Chuanjiang, CHEN Qiang. Research and implementation of image segmentation algorithm based on
CV and LBF model [J]. Comput Appl Sofiware, 2013, 30(7): 98 — 100.
[11] gk Ae a2 e AL IR RSEBERILT ] 8 AL TR 5 R, 2011, 47(24): 160 - 163.
ZHANG Shaohua. RSF model with linear regularization item [J]. Comput Engi Appl, 2011, 47(24): 160 — 162.
[12] ARBGE, E£8WE, KER SERESRRERM T AR )] £ 7R ¥4, 2013, 36(2): 145
- 150.
DAI Shuangyu, WANG Zhifeng, ZHANG Xuedong. Active contour model by combining with local and global infor-
mation [J]. J Univ Sci Technol Liaoning, 2013, 36(2): 145 — 150.
[13] W & T ot iy LBF BRI 4R 3 %1 (). 3H 5 AL S 8k, 2011, 28(2): 25 - 27.
WANG Shunfeng. Image segmentation based on improved LBF model [J]. Comput Appl Sofiware, 2011, 28(2): 25 —
27.
[14] X% FETARE AR O BB HES AR [D ] Kb EBR2HEoR R, 2010.
LIU Xue. Study on Colored Image Registration Based on Feature [D]. Changsha: National Defense Science and
Technology University, 2010.
(IS] RS, BRZAEW. — FlORT 09 3% T )5 3 XS v6 sh A A Y [ ], W g B T opBe sl . A ARBR22 R, 2012, 25

(1): 42 - 45.
XU Haiyong, CHEN Jungang. An ovel local region-based active contours model [J]. Hunan Inst Sci Technol Nat Sct,
2012, 25(1): 42 - 45.



AT KOF F 4R, 2016, 33(2): 315-321
Journal of Zhejiang A & F University
doi:10.11833/j.issn.2095-0756.2016.02.018

orsf g x| Jy e o > sy L Lk
F A e E B EA LAY Bl & A B E 0 B BE
BAE, kM, £ =, H W
(WL J2= e, Wil I 311300)
WE: A REKR-BIRE, AEER A (TEOS) A B, 3-4 K&k A Rk = F 88 Ak (KH-560) 4 18 3% Al ,
FERRMAMN TR AR SR LR &HBERAH, @ide st (FT-IR), B K483k 3k ok 3 (CP/MAS “C NMR) f= X-
HEFTH(XRD) 3T A R BAAR ST RN EIE, BERF-CHE T RGN DAL ERARS, >WHRT BH A
W BB R R MR ES R AR BEE . SREAV . BHEBETEILR e x K pH 4.0, RALIBE A 60
C, A ARG R TR THDMH, NREAREBORRTHREFEEBALFZ LT, BRANGFLETHOETLEA
WAl G MR FEBYARRAE, AEARRTARNEEER RO ERBERE—THLE, BIE2 420
KRR g RPE-03E; B AR
hmE Sy ES: TQ352.2; S7-05 XEkbRAERG: A XEHS: 2095-0756(2016)02-0315-07

Preparation and performance of novel immobilized cellulase

FU Xiaoping, YAO Shanshan, WANG Ying, GUO Ming
(School of Sciences, Zhejiang A & F University, Lin”an 311300, Zhejiang, China)

Abstract: A novel carrier was synthesized by condensation reaction with an acid catalytic action using te-
traethyl orthosilicate and KH-560 as the silica resource and coupling reagent, respectively. The composition
and structure of the carrier were characterized by infrared absorption spectroscopy, “C nuclear magnetic reso-
nance, and X-ray diffractometry. The novel immobilized cellulase was prepared by the crosslinking-embedding
immobilized method. The enzymatic characteristics of the immobilized cellulase were tested and compared with
that of free cellulase. Experimental results showed that the immobilized cellulase maintained higher activity in
the broader ranges of pH and temperature. The Michaelis constant (K,,) of immobilized cellulase (1.58 g-L™")
is similar as the free cellulase (1.40 g-L™"). Thus, immobilized cellulase could have a stronger affinity,
reusability, and storage stability; and could provide a reference for preparing immobilized enzymes to perform
better. [Ch, 9 fig. 2 tab. 20 ref. ]

Key words: cellulase; crosslinking and embedding; immobilized; catalytic property

Bt — 2 A m AL RE T I AR W s R I, AR i i Sl R 22 S 2R A LR 1 ) ORI BE A A X
ATTBERIREAAE o Horh, 2R AE R R — S RE UK 27 4 RIR M 0 i A M i Z 400 B R B AR, BLE Wi e
(9 2 220 73 g AU B0 SR i . D) R A W RN AT 4E A, e NTEMRIAE I, KR
HIWE . SPYER A EORIE T AR AR R R S RS, RS Y Bk Yy, BRI — s L U e
PREELTAER G . 2T 4R F R BUR HUBR b i ORA ORI S AR AT FAE BT IR . ek BRI S
PERIRT AR T 100 42 o™ A 000, Hop—2F LA EIRAFHER R F 4R, S B LT 4R v
M2 B AT RS R R A SRR T AR A S 4E R R BARSC, (R 4k R AR RS RV
ZEAA T IZ N, AR BRI RO AR A, AT A EOR I A U sk e AL &

ks B89 . 2014-04-20; &8 H 1. 2015-06-29

FGIH o WiVLA K R BURT G B3 BT i A ) B B I H (2014R412026, 201111030107)

e NS, W EY B R SE o E-mail: 1940468653@qq.com, @ {5 fE# . #W], ##2, M+, N

HAEYE A BFSE . E-mail: guoming@zafu.edu.cn




316 ST N S N N = 2016 424 H 20 H

Rk, AR B AT AR R WA B SR o0 s, A7 AR E AR A AR R Wk 22 AR Bk, RORIEIN 1A
A, P, SRITFTEA AR A 4 K AT vk oy R HE AT 1 A 4 A 0 A TR
AR CRR A T, W o) A o I8 P 2T Ak 2R o T ) 21 7 A2 P B s A 2 07 T A BRI PRl 2 A
VAT KBS E T R B — B R, BROHAH 98 T R VS L, ROk 2 S A B AU [ AR
kR T 8 AR A P REDIC A [ B A — A OGBREAP IR . O T e AR XA L R AN R AR EE, R
Bl ) MEAL TG P, AT B B0 T AL B AT T T IZ R AR ST, 45 0 22 0 O [T 5 Ao RS A LA
B, JOHLEAAR LA LR ST A W i, A S e A BARRUE TR EL A M SRR . R AR AE A AW ST A LA
GIAT LU BRAT [ SRR 5 52, A IERERR £ 1 (TEOS ) i BR R K fifk 7 4 A A 1B R 3-448 /K H- ik i 49
B = AR AL be (KH-560) 19 46 5 SO A OB B BE B A, I FIZL A6 18 23 18] (A% 1 3% (°C NMR) 73 #r
X555 R AT 65 70 A %) 5 T A E AT S5 A SRAIE 5 i S MR- G Ly 3k i T T A R e, 0 [
AN RO R 27 A SR B S I 2 PR BE o IR AR R AR, T ol o 100 2T 24 3 1] Mg B DR i 1 AR 119 1 28
L MR GE PR AR A AR RSN, BRRE R A BRIE Sy, R H R B s e, ] A
L RS E PR S i 20, X S AT 4 3R ) o R0OF T B A B RO AR 08 3

|

1.1 XA 518

IERERR R (CP Ak 24li, =28.0%, JLIpsmEIRefb =M AR A E) s CBE(AR ifral, =99.7%,
25 5 b AR A BRA ) s R (AR 20 drali, =99.5%, KA ARMABRA F ) 5 3-45 7K H 3 ik 41
P = H SRR 8 (97.0%, 1t i A AL RH Iy A IR FD) 5 R SR 2R 4 R0 (CP fh2fali, [E 254
2 AR A ) s KT AR () BT &= 53 50R 0.6 %, SLgn=E Qi) ; 2F4E5R M (16.67x107 kat -
g, BB D AR AR 3.5- A KB IR (CP fb2z4i, =98.0%, [y fkilila
MR ) A (AR 3 Hrali, =96.0%, PaBfb TG A BRA ) s A R (AR spdrali, =
99.0%, KgAK RMFEFNARAF ) KB (AR pdral, REET K K2R AR A ) 5 Tk R
B (AR Zr#rli, 99.0%, Wil = ik=#ii A RA R ) SE8 K BZEK . ARFAIE IR #A w8 J7  +
#r (DF-101S #Y, th [Pl T ARAEA RS A ) ) 5 H BV R ST 848 (DHG-9123A R, i [F] | iff
— AR IS A PR A ] ) TEH KR 2 B2 4 (SHZ-C &), R I Ui P AR FH AT A 6] ) 3 Zeta
HL AV BORE B 73 BT X (90Plus Zeta B, 3¢ [F Brookhaven 23 7)) 5 {8 HUI A2 4 21 4P S 3% A (IR Prestige-21 Y,
H A Shimadzu 23 7)) 5 X-HHE 75 (XRD-6000 %1, H A Shimadzu 23 &) 5 %8G 4R 3% 4 (AVANCE 11
400MHz %, %+ Bruker 24 6] )5 28400 L4366 EE 1T (T6 R 50 A, b [ At 50 5 A 8 A A8 A BR 9 4E:
NEID
1.2 HERZBEHBHEE"™

25.0 mL IEfERR LB (TEOS) % fif 78 50.0 mL ZFEHr, 40 CHEEMABEHE 5 min, Hi A 50.0 mL 7K 4k
L PE 10 min, N A ZFRA W FR B 2 pH 2~3, FHEZE 80 °C, figdE 1 h; A 5.0 mL B 3-45 K H
T ik 420 3 = AR Al e (KH-560), #5644 hy HEAS 100 CHt 15 h =4 FKIKREE IR R sk iR %ok, 7
M PEEOR , SRIGHEARE 70 CHE 4 h o T, MR aERER, FHUFSRE, 58006k

AARIFEA AR I AR . BRI AR G i 0 B R

OC.H, | o

C,H,0—Si— OC.H, + 4H,0 HO—si —OH+4C,H,0H
OC,H, OH

VAR, T CRRAEMERT , IERERR Z R (TEOS) K, 153K ™).

(|)H olcm 0 0 0 0
HO — Sli—OH —|—H;CO—S|i —(CHZ)ROCHZAA | —0— Sli—O— Sli—(CHz)30CH2_ /__\ + CH,OH
OH OCH, 0 0

| |
L (A) dn




B33 EHE 2 /N s T TR R T 400 ) o o % T AL Tl RE 317

PLKH-560 S50, 5 i ik 20 B8 vh 45 3 i K i 7= B A7 46 5 B, il A 2 o 1 M R AT R B Sk
SRR R BT AR, 12 T R A S R E [ AR BRI
1.3 HNEU-_SUEERBENELRILE

ZLANGIE (FT-IR) 20 Afr R A% B i AR 8 20 AR S35, IRAL B (KBr) F 7 il BE 4145 ik B0 [ oy
4 000~500 cm™,

BC NMR [V AL RETE o0 A 2 SR A B I i 335 (S0 5 77y 1 T R A% i CP/MAAS BC NMIR 35, W8 ) A5
#75.0 MHz, JEff B BEHE 3.8 MHz, J3p##4 4.88 Hz; NWZSHY): ALK,

X-SF AT 5 o3 A SR X-SF AT S Ao A A i S B o Al =0 ek, P T .
10°-min™; FHTEE A 20. 10°~50°; K. 0.02°; HJE/HF: 35 kV/30 mA; Cu™ i,

1.4 FEZEHEOH &

WERIAREL 1.5 g BREL AL REIE R AR, A 25.0 mL pH 5.0 5 1.0 g- L™ £ 4 % Bl i W 1R 0 40
FrEIRZE i, IR T REE 2 h, U8, ARASE B, FH pH 5.0 AYBEIR S 4N -1 B R % v IOk Uk ] 2
TR AR, I 2 [ I T 11 0 8 ity

IFi] 7 A Bl 2 AR T

A
HO“
o NH, NH
A/ N+ HN—(ZF 458 )~ NH,— AT HN-—(ZF 4 %8 - NH—T-A
HO [ OH
NH, NH
Lon
A

e M B RE , FEOCHETORE G o B @R ACIR . HORE PR R S 2T M R U N, BRI T
SIS AR A BRI G AT M R b U R A S R, S AT AE R B A A
1.5 HRAHBRESHF

MG SCHRI16T, 2 M8 m(GOREF4E ) :m (P 57))=1:50, FF AR FLEFAFAE 9.0 moL- L™ B AR B (LiSCN)
W, SRR RS, KB TOKENT 3 dJE, PRI RO SRR 0 B 0.6% I AR T HER I
1.6 HRAHBRBRIE

Zeta FLOLFIURLEE S A, Zeta Mo A J2 R AEIURL 23 BIOR A€ PE RO L ZLHE AR 17, DRI, 90K £F 43 W 1Y
Zeta v L2 FAE 9 K 2T 4E BE 157 75 35 90 R 0 A7 AE SOBLAR K/ I 2R AR o R I A B i 20 B 0.6% 40
KA AEE B 0.06 g-mL™ KIE W, K FH 90 Plus Zeta B Zeta Hi {37 JeRiFE A3 A ACI R FE 5 (A2 K% Zeta
HLA
1.7 EgZMEREME
171 pH A& Fo i AT 4 L R B & M09 %ol B 0.5 g [ 208 AT 29 A 7 40 °C, pH 3.0~8.0 &M F, 2
B5 2.0 mL 6.0 g- L7 {135 B Ik 27 4 32 40 (CMC) ¥ 180 A0 44 K 2F 4 38 (NCC) I ik A7 e S Bz, e Bz 20
min, SRS RS (FPA) M E WS, 2558 pH RO B 45 (9 B2 o K (] 2 7t A0 90 2 W7 40~80 Gl
JEHE M A pH 5.0 & F T, 73515 2.0 mL 6.0 gL CMC ¥ A1 NCC #5347 Mg fe S B2, S 20 min,
05 T, 2 UL B X TR 1 PR
1.7.2 of Y il oy < SUA) A e Ao SR AR ST b e ST ffg 2T A 3R I 0N AN 2T 4k R U B 20045 2.0 mLL 6.0
g- L CMC # A NCC ¥ 7E 40 °C, pH 5.0 BT, SN 20 min, FAR RN 6 U, MEME, %%
it 1) AR R o K T 4 2 (] 2 2T 48 3R e A A AT AE 4 CCURRE N, B8 7 d BUE R 0.5 g A1 E fL i
T B AEAE 40 °C, pH 5.0 & AF T, 2055 2.0 mL 6.0 g- L™ J {21 4k 22 4 (CMC) 35 M 90 K 27 4k R
(NCC)ZEATREIR ST, I B, 25 5 Tl ) o A S 1
17.3  of 4 B o RO B89 RTINS R 4E K s g o on) 5 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 ¢g-L"
(1) CMC A NCC AT S, 20 min J5, 23 BIEZ S 955 2, 5, 8, 11, 14, 17, 20 min & {FF
T TR, S O3 3R ) ) R0 TR E PR B R 1T, R R DL AR R R FROT R AR PR 8 K, 1



318 ST N S N N = 2016 424 H 20 H

2 ZmERLW®

21 FHBEEHRM BRI

LA 203 (FT-IR) 20 Hr &5 B 1 s o f B 1 a] L. o) 7= ) — S8 Ak ek R o 21 7
3 650 cm™ 4L HRAE —OH AYAFAEML 04 ; 75 1 110 A1 1 100 em™ &b 30 A 45 AE e e 4 5, Sl Si—O Fil
C—O B AE W i s 1) 75 B 53 B AY 5 76 798 1 800 em™ Kb Sy B4 480 JE AR A AE W e i 5 7 2 940 em™ 4b,
() 77 ) o —CH— 1) SRR AR S0 06, R o AR AT I R A W S0, 136 B vl ) 5 9 — S ik R 156 7)) KH-560
SEIL T AR RRIBE , DAXT TR A9 434, R AR A ) R o A R

FEREAAR R PC NMR B R0 Br 25 R 2 i o BB 2 AT 4 0~50 mg- L™ [A]f7 7L 58 i 24
g 1:2:1 ) PCAF S0, U] A UR BE B UK & A R—CH—R 4548, 1 50~80 mg- L™ 7775 "C 5 5 0%,
UL TR A C—O0 MIAETE, 5 H bR B BRI A — AL AR S AR A 150 ] R o A U o

B ) XA 5 (XRD ) 23 A R an &l 3 plros

100
A RE
80
- ik
S 40 — IR
20 R
AR AL
0 I | 1 1 \llpo J L 1 Il Il | 1 J L | \ﬂ \J_ | J
4000 3000 2000 1000500 250 200 150 100 50 0 —50 0 10 20 30 40 50
o/cm! p/(mg-L™") 20/(°)

Bl FrEFp=atmfAR B2 ARAKG CPMAS °C- B3 P EZHEEREAEG
#H4K 8 IR #% NMR & X-SF & AT B i
Figure 1 IR spectra of the intermediate and Figure 2 CP / MAS “C-NMR spectroscopy of ~ Figure 3  X-ray diffraction spectra of

the carrier intermediates and the carrier intermediates and the carrier
H 3 s, AR, BRI T L.
X =S 1 (ExSAS,) o (1)

A X REEEE, S, g X-SF A7 5 18135 Hh 45 i X
WAL,k OAARZIE R T, S, O XS R AT S AT 3 R AR

S5 X AR

x1 ERBBNERE

Table 1 Degree of crystallinity of intermediate and the carrier

Hi N PR KA FASEC) 500 /%
P 3 AR 56 SBIE W PR B B X A ARE 0.10 10~50 46.30

KA, HE] = 45 G N 46.30% , JETR B IILE e — s 0.10 10~50 4354

An i 43.54% , (LS A 98/, UGB B I ) KH-560 1 fin

A ] = ) A R I 25 A IR TE R R o 2R AT 2RI, B A AR AR TR R RE S R M R
22 EHBRFEHHEEARMMRETHTEZERMELE

221 aHARF GG E HEIYORGHERR FHRE SHANSMERNE 4 FiR. HE 400
Wl 9K e R (R A AE 105 nm BUS B K AE, 9K EF 4 R (0 PR AR 4ok RS, R/ .

222 Zeta wAnegm g — OGN, XETFARGUKRR T, Zeta LS XP(EAE 30 mV LA E B RS E M
B, ARR B T AUORRL T RRLAR RN, BRI P ey 1 B R A R B b, TR S g LR i D A5
(1) Zeta FLALZLEXTEMRAS . A TAEH Zeta HLAZACINAS Jr il 8 A A0 K EF 4E 1) Zeta HLNZ-29.72 mV, 1]
AR E MEBLT .

223 B RAERE pHALWEE o 2F 4k 2 [E 20 F1iF 25 B3 7€ pH 3.0~8.0 B N 5 40 51 5 CMC ¥
WA NCC W N, I 5 18] 280 It A0 e 2 e iR 0GPk, &5 R W S B 5 al . gk CMC %,
W& NCC %, [ 2k i fils pH [ #04 pH 4.0, 3% 25 1 fi& pH (AR 4 pH 5.0, CMC 5 2 #IES
it (1 52 10 R B R A NCC iy, AT RE R R Ry 1 7] 44 A £ 4 5 V005 TR A R Rk B N K G oK, L JBTAE K/




B33 EHE 2 /N s T TR R T 400 ) o o % T AL Tl RE 319

AYIE), HIL, KPS CMC B AR B0 s R AR 2 NCC B 4

224 B RACHE: R ERE G E LR [E A R 2 B TE 40~80 CHYYE [ N AT pH 5.0 1 & 1FF
43905 CMC R NCC ¥ IR N, 0 7 3] 288 g A0 O 8 i ) 36 1, 25 SR AnEl 6 i . Bl 6 AT T6ig
IEY) e CMC A, 382 NCC W, 1 2R 1) Jcdh i B4R Oy 60 °C, it B9 i 1Y il i B #8850 °C, 13 B
5] 5% T 2650 U0 2 T A O 0 ) R R P o SR TR R T A R T i ) R B X 2T 4E R R A — o 1 AR
A, (0 A R WIS, BT S R I, A RRRUR I T A A

100 - 1.0 1.0

90 |- 0.9 0.9

80 - < 0.8 <08
0 2 07F = W ENCCHE R 507
568 BT 0.6 | —o— [ & NCCHIE 52 0.6 ,
i 50 | = | —— WECMCHE = = pin
& 40 | = 0.5 —o— i 5 (L CMCHE I% % 0.5 [l 5 (L CMCHETS

30 | g 041 g 04 °

20 0.3t 0.3 4

10 | 0.2 0.29

0 | | | | J 01 | | | 1 | 01

50 100 150 200 250 3 4 5 6 7 8
HE4%/nm pHH 7/C
B4 HEREIFERE BS pH -85k 6 ¥k 6 5 Y

Figure 4 Graph of relationship between number  Figure 5 Effect of pH value on the Figure 6  Effect of tempertature on the

and the particle size distribution enzymatic activity enzymatic activity

225 B RACEEGE EALN A OB [ AR 2R AE pH 5.0 A1 40 T T 5 CMC %5 NCC ¥l R
N, DU [ A T R U0 2 B S PR o EE BT AR R, RSO O B R, AN e AR 6 Ik, 4h
U T, mET A Zad 6 WR NG, [ 2 E XTI CMC ¥ R B 06 PR & T NCC i, 2R [
X T CMC ¥ RCA S 4r ) B2 R o BTS2 20 T B AT e Jt DX R IS 8 A0 i0F A B5E o AR iy fL
55 [ 288 e A A R ST G LA U0 25 T 2 R 0 A o 2 A v 1 I i 2 1, A 73 A0 5 R o 28 A I 15 B T 51
WA, B W FE R D, SR TG P R AR

22.6 AL FEEGAERAL M ORI BRI B REAAAE T 4 CROUKAR I, BB 7 d, DE LIRS, &
28 d, ZRWE 8, WK 8 n[Hl: 28 dJ5, TIRIEY & CMCIFWK, b2 NCC M, [ 45 i 1 il % 4 40
fo T ST, U P [ AR R U0 S A LT A RS T o KR PR A I R T R A G A AR R [ 2l D) S &
P IMER AL, HEHT AP S IR TE T [ 5% 1 50

227 YEEERRE RGN TEREE . pH E K EVE B E E B ST, R B X T AR SN R A
AR o v BEARIC I, A s I 1) 38 52 I U 0 e ) 3 oo sl 398 M, i sz 7 JYG ) W JRE A 5 1
T, BN BE IS UNE ,  JRS AV BE R 0 B — e (B, R0 R A B e KRR o R EE (S 1S
it S5 7 3R 28 v ] 45 0GR B OK IR R4 i

_ Vx[S]
YTKA[S]° (2)

K@) v ARPBHER, VR R, (SRR, K, ORERE R, K, (555 T80 50
J3E 3K ) d5 RS2 R B — 2 I TR R SIS BE o K R RRR IR B, B B S IR A
BERITERT, AR A K, (AN, [ — PS5 AN R R SR K (B AN R o K, B AT 30 0L 3 S Bk -5 IS 4
MRS RN Ko (R, RUEAI /b Ko B/, RWIER R K FRT5 R w9 20 [ i B %, 4530

1 _K, 1 I
v oV s Tv e 3)

JH Tt 27 T 256 ) (R0 RO TS W e BE (R BBV IR, R, S5 R 9 TR 9 Mgk 2, 45 %0, FES
CMC ¥ A1 NCC ¥ A FH I oK B H 501 o 1.58 g+ L7 A1 2.36 g+ L' WiF iS5 CMC % A1 NCC % i
TEFB K R H E 3R 1.40 g- L7 A1 212 o- L7, R B [E 2006 5 9 10 26 F0 0 300 B A BT/, AT g R




320

¥R

LR AN B NN 2

2016 44 7 20 H

DR Dy [ 8 T vl i AR O B AR L, i T
Fit 55 DV A0 ) B2 i L, A A i I 2 R

R2 HEBSEENEBHXKEH

Table 2 K, value of free and immobilized cellulose

AN . 2 RO A5 B0 27 4 2 Wk CMC ) 3 A B () JHE R Knllel?)
4 . . AL Y % =171. . . .
JIHRS NCC RS, TREIR Dy gk PRI RO I 0
NSNS . N N { %‘, /‘/‘Ji y= 0dx+ /0. . .
LT YRV TR TR AR Bk B gk g sk, 1
$Eﬁ%mﬁﬂﬁfLﬁw*f%k Tm? [ 27 42 2 i (CMC)  y=84.726x453.662  0.997 1 1.58
NCC BRI/ AL, FERBURII CMC g s (oMC)  y=65.577046693 09936 140
A B SO 25, SRIA SR A BT/
L0 —— mtncoms MO —— sraNcensin 280 1 —a— i ENCORG i
0.9 -\ —* BEEMLCMCAFE 0.9 —o— [l 3E (ENCCHE % —o— [ 5 AENCCH i
—— i BICMCHE i 240 F —— W BCMCHEF
o 08T It 72 ALCMCHE I —e— | 5E ALCMCES
i 200 B
=071 -
et E L
?06 ;1@
=05+ >
S 120 |
Eoal
0.3 | 0.3 80 |-
02 1 1 1 1 | 02 | | J 40 | | | | | | | | J
1 2 3 4 5 6 14 21 28 0.102 0.4 06 0.8 1.0
BE N HEK td [SI /(g <L™
A7 EpeyE A AR B 8 Bagfk R AE Tk B 9 Lieweaver-Burk %
Figure 7 Reusability of cellulase Figure 8  Storage stability of cellulase Figure 9  Lieweaver-Burk curves
3 £

27 4 R WO RLAR 70 A 72 105 nm ZeAy, $RIEAOREFHER PN ; Zeta LA H-29.72 mV, L]

AN 2T A RV WO E PR o R T T 6 1) 2T 24 3R 1 28 W 1) il 1 BB 15 28 4 3R i v T A P B i 4 R R ]
TR TRYE IR WAL LT AE R A, R AORETAER, I Al R AT At S I iy dee fIE pHL{EAR O pH 4.0 2247,
AR EHAR Y 60 C, HUlr B HER R 10 °C, F W[ 480 i FARCUE PR T B o e oh, I i i B 52 A
JEVPE Rk JRRG R 1 5 90 2 TR AT A R I i v o 0 ] A P K PR R L 0 Y AR R, R WL SR
(14 235 M 77 5 9 5 AT EE AT T 0/

4 5FE

[1] DONG Zeyuan, ZHU Junyan, LUO Quan, et al. Understanding enzyme catalysis by means of supramolecular artificial
enzymes [J]. Sci China Chem, 2013, 56(8): 1067 — 1074.

[2] CARPITA N C. Update on mechanisms of plant cell wall biosynthesis: how plants make cellulose and other (1,4)- B-
D-glycans [J]. Plant Physiol, 2011, 155(1): 171 — 184.

(3] JAF5HH, AR, GRS AP RRITT] 9854, 2004, 25(3): 114 - 115.
ZHOU Xiumei, XIA Liming. The application of cellulase in bio-finishing of cellulosic fabrics [J]. J Text Res, 2004, 25
(3): 114 - 115.

(4] ALRHI, BRALIE. 2F 48 2 07255 3T T g B FH AR T [0 ). S FRAO R 524k, 1994, 25(1): 79 - 82.
REN Daming, CHEN Zujie. The application of cellulase in vegetable juice processing [J]. J Shenyang Agric Univ,
1994, 25(1): 79 - 82.

(5] TEWA, M50, KR, 2R 4E R B 7E R AU A P a0 L) ). P ET I TR, 2005, 34(2): 38 - 41.
WANG Shuncai, XIAO Baoqing, ZHANG Qiang. Application of cellulase in waste paper deinking [J]. China Mine
Eng, 2005, 34(2): 38 - 41.

(6] ZAeAr, SKIGIE. M 1) 18 € 1k 75 2 S i FT R R o8 ik Je [T ). Ak ik Jge

2013, 32(10): 2467 — 2474.
LI Cuncun, ZHANG Guangya. Research progress of site-specific immobilization of enzymes and application [J]. Chem
Ind Eng Progr, 2013, 32(10). 2467 - 2474.



B33 EHE 2 /N s T TR R T 400 ) o o % T AL Tl RE 321

(7]

(8]

[10]

[14]

PFHFE, MU, Abmbesk, S G E A TCHLER AR DF S R LT ] LA S, 2011, 34(5): 11 - 16.
MIN Dandan, HE Wen, DU Xiaoyong, et al. Research progress of inorganic materials used as enzyme immobilization
carrier [J]. Shandong Ceram, 2011, 34(5). 11 - 16.
KA, BT, RE—, % EEASEAR R RERD] AR E R, 2011, 11(22): 4386 -
4397.
ZHANG Leilei, WANG Guning, ZHU Suiyi, et al. Recent advancement of enzyme immobilized technology [J]. Progr
Mod Biomed, 2011, 11(22). 4386 — 4397.
B, JFIERE, BEIS. IERERR Z R VA E-BERL ] 2 5¢ ME-Si0, Z- AL RHT ). P R 224, 2012, 33 (3):
313 - 319.
CUI Shaowei, TANG Zhenghua, GE Jianfang. Preparation of chitosan-SiO, hybrid composite material via tetraethy loxy
silane sol-gel process [J]. J North Univ China, 2012, 33(3): 313 — 319.
BWIEE, e, B, F @AY T SIO, SRR AT ST SR [T ). A HLEE R RE, 2009, 23(4): 265 -
268.
LIAO Mingxia, LI Ye, YANG Hui, et al. Research on SiO, carrier for entrapment of biomolecules [J]. Silicone Mat,
2009, 23(4): 265 - 268.
DiEE, RYEE, g, & SEARMES A ] e rmd, 2011, 74(1): 10 - 15.
LI Jin, SONG Xijin, XU Jiayin, et al. The encapsulation of single protein [J]. Chem Rep, 2011, 74(1): 10 - 15.
PNETE, RARSR. W B A2 Ik A AL Bk 18 5 AL TR 5 MR 5 () ). 0 g Besidie . A ARBRE AR, 2013, 22(3):
82 — 88.
SUN Yuying, ZHANG Jiquan. Comparative study of crude enzyme immobilization by cross-linking and entrapment
methods [J]. J Huathai Inst Technol Nat Sci Ed, 2013, 22(3): 82 — 88.
WRZE, 2RIk, EOC. A PR SABEK I . AR B I RO )] A T8 Rk Rt 2010, 38(1): 110 - 111.
CHEN Kui, LI Bogeng, ZENG Guangming. Influence factors of hydrolysis and condensation of organic silicon oxygen
alkyl [J]. New Chem Mat, 2010, 38(1): 110 — 111.
A, AL, WETE, AL y-Bi TN AR = W AU R A 0 X g oK AR A e SR R A S R ISR [T ). TEALER Tl
2014, 46(4): 33 - 36.
LI Feng, LI Hongqgiang, LAI Xuejun, et al. Suface grafting modifecation of nano-sized silica with 3-mercaptopropyl
trimethoxysilane [J]. Inorganic Chem Ind, 2014, 46(4). 33 - 36.
WY, R, B, % CORIEER S M KH-560 4 B mR [1]. /L T3k, 2012, 31(6): 1263 - 1273,
LEI Ming, WANG Yan, ZHAO Hao. Study on the reaction of typy C silica gel and KH-560 coupling agent [J]. Chem
Ind Eng Progr, 2012, 31(6): 1263 — 1273.
A, WA, IR, S MERZZKIERE LG 90OR T A0 4 ] MR R 5 TR AR, 2012, 30
(2); 287 - 290.
WANG Xiaolei, DAI Weiguo, HE Jianxin, et al. Electrospun nanofibers from TSF aqueous solution [J]. J Mat Sci &
Eng, 2012, 30(2): 287 - 290.
MURDOCH C, REEVES K J, HEARNDEN V, et al. Internalization and biodistribution of polymersomes into oral
squamous cell carcinoma cells in vitro and in vivo [J]. Nanomedicine, 2010, 5(7): 1025 — 1036.
5K i . £F AE R WG I E Jr (1], Engy, 2002, 28(8): 38 - 40.
ZHANG Ruiping. Activity determination of cellulose [J]. Dye Finish, 2002, 28(8): 38 - 40.
GUAN Zhengjun, LUO Qian, CHEN Xi, et al. Saline soil enzyme activities of four plant communities in Sangong
River basin of Xinjiang, China [J]. J Arid Land, 2014, 6(2): 164 — 173.
ROBINSON K L, de PAZ-BANEZ M V, WANG X S, et al. Synthesis of well-defined, semibranched, hydrophilic-hy-
drophobic block copolymers using atom transfer radical polymerization [J]. Macromolecules, 2001, 34(17): 5799 —
5805.



AT Ak KOF F 4R, 2016, 33(2): 322-329
Journal of Zhejiang A & F University
doi:10.11833/j.issn.2095-0756.2016.02.019

E TR tiE SN EEREENBEREIAS
B8, B A, R, EARE

(1. WPV AR 2 Al 5 S B2 24 B8, WL W22 3113005 2. Wi VLA AR R 2 W7 VL A8 4 7™ fh il o i R 4%
AW E AR A, Wi G2 311300 5 3. Wiyl A&MR Y 58 TR, Wil i 311300; 4. Wil
MR 2 Wi MOl R RE DN 5 15 B EER R 98 N SE IR %, WYL I % 3113005 5. Wil R MR 2% B 2R
Mol gz s, Wil s 311300)

WE: AT FIAMRE Castanea mollissima ¥Rk 8 3h ik, AT A TR AERRGB IR LA T %
& 6K R Antaris [T 2 ot & He 3 41 9P R 3 ALK B 70 A B A8 R A= 110 A48 % 4R 69 3 40 9h k3% (1 000.00~2 50000
nm), WH T R R R kAT AR R RS 0 e, BB RN — AT 09 X B ik 7 ok B AL F 22 ST % (Ran-
dom Frog)#2 JL 55 4 4% & A0k e 45 40k K X %, e A TAF IR Kk 2 A4 T A AR R AR ) 89 4 3k ) = -k
FI5 5 # 4R (PLS-LDA) Ao i = - #H @ FAL(LSSVM)BEA . R 27 Z454 EA L F T # (SNV) 4 2 Ao
REALF ok Hok Ak ik 0 23 ANAFAE I K T 22 LS-SVM BEA af b fb R th, AR AL AT X Sk 09 R M | A i Am 3R B OE A
55 % 092, 1.00 &2 95.00%, MALF X TAR KB L EZGHERF, FURBAHBR, & ELTUARZHR
Aop A FE ARk R, B4 K3 A 22

KRR 2 Bk BE; MAFREE; RAOSR-ELEQTN; BRI R-ERAA S MR
RES S S123; 5664.2 XHARERG: A XEHS: 2095-0756(2016)02-0322-08

Chestnut browning detected with near-infrared spectroscopy and

a random-frog algorithm

ZHENG Jian'?, ZHOU Zhu***, ZHONG Shanmin'?, ZENG Songwei**

(1. School of Agriculture and Food Science, Zhejiang A & F University, Lin’an 311300, Zhejiang, China; 2. The Key
Laboratory for Quality Improvement of Agricultural Products of Zhejiang Province, Zhejiang A & F University, Lin’an
311300, Zhejiang, China; 3. School of Information Engineering, Zhejiang A & F University, Lin’an 311300, Zhejiang,
China; 4. Zhejiang Provincial Key Laboratory of Forestry Intelligent Monitoring and Information Technology, Zhejiang
A & F University, Lin’an 311300, Zhejiang, China; 5. Research Center for Smart Agriculture and Forestry, Zhejiang A
& F University, Lin’an 311300, Zhejiang, China)

Abstract: To develop a calibration model for rapid, accurate and nondestructive detection of chestnut browning
with peeled chestnut Castanea mollissima by using near infrared spectroscopy technology. Seventy normal
chestnuts and 110 browning chestnuts were prepared, and their diffuse reflectance spectrums were collected in
the wavelength range from 1 000.00 to 2 500.00 nm. Spectral pretreatment methods, including standard normal
variate (SNV), multiplication scattering correction (MSC), first derivative (FD), second derivative (SD), and
detrend, were used and compared first. Then random-frog algorithm was applied to select effective wavelengths
(EWs) from the SNV pretreated spectrum. Afterward, a partial least squares-linear discriminant analysis (PLS-
LDA) and a least squares-support vector machine (LS-SVM) model were established to classify the browning
Wekn H B 2015-04-16; &1 H 4. 2015-09-07
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chestnuts based on EWs, and the results were compared based on sensitivity, specificity and accuracy. For the
validation set, the sensitivity, specificity and accuracy obtained by EWs-LS-SVM were 0.92, 1.00 and 95.00%,
respectively. The results were better than those of full-PLS-LDA model, full-LS-SVM model and EWs-PLS-
LDA model. Also, the random-frog algorithm effectively selected important wavelengths and simplified the dis-
crimination model improving precision and recognition speed. The overall results demonstrate that random-frog
algorithm is a powerful tool to select the efficient variables, and EWs-LS-SVM is excellent for the spectral cali-
bration. [Ch, 4 fig. 3 tab. 22 ref.]

Key words: cash forestry; NIR spectroscopy; browning; random-frog algorithm; least squares-support vector

machines; partial least squares-linear discriminant analysis; chestnut
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FELE A 0.75, B4R AR 2 000, LS-SVM J& Xt 28 it 345 ] f2 ML (SVM) (1) —Fh st , %005 ¥ % M e/
TRRALNE RGN PR R, DISRAR— M Dy B 2 SVM TR B S 2R Y 2 YRR TR R, DT
TR, BA R, AR R ™ %07 i AR M W ShR i A S B gt ) 5 e 45
fE=S (), 78I %S TA) R 3 doe 0 DR S R, 3 6 T 245 g XU, die /0 A D DU i o R 3 R B S 80 0T ik R I
PR RO B AR AE S (R g N AR, RS Mercer 510 19 BREC T AR A% ek B0, W T 4 DR R B,
1 A% R E (RBF) W 1 512, iz SCR H RBF 2 R EE 2 LS-SVM 73 25 ge A% R4, JF DL — 28 X
BRI 45 5 PR 18 5 (grid search) Mg R4 & 25 B 1 ¢ LAK RBF RS 4 g0
1.6 EEFH
BBV FE AR 0 BURRAE | RSk L SO ASGER R HOE X (3) ~ (SR,

UBNME= 10 /( tp +fN): (3)
Festh= i /Cin+ fo) 5 4)
BOETIER (%)= tp+tx)x100%/ ( titintfitfx) o (5)

KB) ~ KOV 1o, tn, fo, NBIFRARERYE . B BBHERB A . 356 H B B A BH M 43
AR FRAE A AR JE AN IE B M . BURRME L RS DL AR IE A R, U A T AR AR R R A
B A P27 Y9 4E Matlab 2010a (The MathWorks Inc., ZE[E ) Fig 47508,
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2 HREHHN
21 ELCBETHENER

TG AT R SRR A 180 4>, R 1 45t T ilkEm) x1 HERNESESHER
s, NFELTHRLEL.: BRENSIELSY Table 1  Morphological properties of the samples
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Figure 1 Chestnut samples Figure 2 Histogram of brown chestnut in various degrees
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Az (detrend) , —Br A (FD), i FE(SD), 20U AL IE (MSC) S5 J7 3 Xt 5 b e i 2E 47 i Ak
HIf >R A] PLS-LDA st FIHIBERL, S5 RN 2 Pron . 3R 2 Wl 0. SNV kb B 7 /Y PLS-LDA KEHY fi
T, ZBER XS REAE . DA BB 43 5 0.90 L2 0.92, B R & T B8, sk, £
BT IE S5 6 TE P BT 35 RS s W ME SR I e S R 308 1.00, g T—Fr 80, B S8, 20
AR IE A TS BIAL BT 5 ORI 5 WA IESE | AR AR A4 B AR 00 5 Ol 94.13% 1 95.00%, & T
FoAb LA OETE UL BT 35 03X W] SNV FAL BUA ) T 0655 PR 32 AXA o A i DL R O >R B 3R 058 25 P 3R 5
B MR T, AT DA SRR B PO BE ) AR . PR, 7R SCHSR A SNV AR BRSO AT AT

%2 FRENEHAIETLE PLS-LDA AR %R

Table 2 Classification results based on PLS-LDA with different preprocessing methods and full wavelengths

BT ETFHR A Bl A el
R ey T %1% R R p /%
none 16 0.89 1.00 93.33 0.89 1.00 93.33
MSC 6 0.85 0.98 90.00 0.86 1.00 91.67
SNV 16 0.90 1.00 94.17 0.92 1.00 95.00
FD 6 0.86 0.98 90.83 0.86 1.00 91.67
SD 4 0.88 0.98 91.67 0.89 1.00 93.33
detrend 15 0.89 1.00 93.33 0.89 1.00 93.33

2.4 HBERKMIERE

K B AL ik 53 2% (random-frog ) Xif 4 % BOGTE AT AP IR R b 9. W THEMLF B 2 5 T3 R
% (MC) AR, BRISITIZE G 22 5. B TUDRENLIE R s, 55 206817, JEXT g RiETr 41t
R I BT REPLE I 100 3, DL 100 Ya 1745 R P BE AR Ry S AR AR BRI PR ARk A, 45 R
E 4 s B4 R RER A8 S I BR B R AR LU/, AR/ NI A8 s R LUK . K i
R MR BT HE Y, LU O Sy A, 2R R e ORI AT 23 D EAE R IE K, IKIR
J 1 078.06, 1 028.45, 1 029.68, 1 081.21, 1 077.61, 1 183.90, 1 029.27, 1 020.36,
1 080.76, 114520, 118336, 112434, 111997, 103296, 1 12142, 103296, 1 098.62, 1 028.05,
1 162.66, 1 120.94, 1 145.71 #1 1 182.82 nm, 41K 3 i/~ . £ 1 020.00~1 200.00 nm 3 B3 [ 19,
1 020.00 nm Fff iz >y 25 1 B N—H SR 4a 4R 3l 1) — 24t , 1 030.00, 1 .060.00 nm Btz Ay e s v N—
H S 45 R sh 1 254y, 1 .080.00 nm Ry 35 FF ki h C—H, C—C 4 45 = 3h 1 — 2547, 1 143.00
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Figure 4 Selection probability of each wavelength averaged over 100 runs of random-frog algorithm
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nm A 75 ko C—H B 4 4R 2 9 —9effmialy, 1 152.00, 1 195.00 nm Sy H B e C—H S 45 8% 5l i) — 9%
e >, AR AR A R BB AL . BR . TR, R . AR . X L) AT
5 C—H ., N—H 8L K& O—H 856, Fit, Brikfeari & nT DL mob 52284 28 f5 k. AR 3
WA LLE 2 BT SRR AE I BEORETT T /K 43 1 s W Sc g, 0t/ 1 7K 4 BRI 28 F BEA-48 AR U ) T3 o
25 HWEMWEISILE

P21 23 ANFRAEJE K (effective wavelengths, EWs) T BOG 5 S8 1E A A, 43512k H PLS-LDA L)
S LS-SVM # 57 4 75 B SR UM ASEAY . 3% 3 25 8 T R 23 SRR AR I K 1) 6 i 500 r A R P S5 S .
T HRRAE K I AR (G B, 36 3 IR 45 TR 42 B BE (full wavelengths, FWs) i iy #2458 70 (1 45
Ho I3 LIE 23 ANFRAE K 5088 ir it EWs-PLS-LDA #5516} A% 1F 46 1) f0U8: (0.92) & F FWs
-PLS-LDA HERI () [F] 254845 (0.90) , {H4R¢ 5P (0.98){IKF FWs-PLS-LDA FL 7 [y [7] 25 45 45 (1.00) , 51 1E #ff
ZAA, R 94.17% ; MR ] Tk 48 £ da ik, EWs-PLS-LDA #5051 &2 M (0.89) ik T° FWs-PLS-
LDA 58 1) [F 254545 (0.92), 5 51 IE Rt F#E MK N 93.33% ., FWs-PLS-LDA #E AU f] 1 557 g &, 6
R EHFECR 16, 382 THRE BRI 23 N ER O AN P4, B R %, 23 MFIER K
4 T i EWs-LS-SVM BLRY, Joip J& A IE 4R A & M4, L AgUs% % (0.92/0.92) , 45544 (1.00/1.00),
JIE % (95.00%/95.00% ) ¥ /5 F FWs-LS-SVM #E5U (1 [A] e 48 br o %4587 5 FWs-PLS-LDA #RUAH LG, X
R E A B TN &5 S AR . A T EWs-PLS-LDA #%) | EWs-LS-SVM #1285 BLug £, Ji 5 o] §E Jt PLS-
LDA FUAEIb B el rp g 2R MEAH 2 3 2, T LS-SVM I AT LI A 4 B4 v i AR e e e, AT 35
L) WEORRILESE S

3 AEABEFENER
Table 3  Results for different methods

Ay SN ﬁi% T e Lﬁ% N
B sttt  IEERA%  ERIEEs B stk IERR/% S5 A /ms
FWs-LS-LDA 16 0.90 1.00 94.17 67.53 0.92 1.00 95.00 18.08
FWs-LS-SVM 0.90 0.98 93.33 9.73x107°* 0.89 0.96 91.67 25.06
EWs-PLS-LDA 9 0.92 0.98 94.17 15.21 0.89 1.00 93.33 9.78
EWs-LS-SVM 0.92 1.00 95.00 3.09x10° 0.92 1.00 95.00 9.55
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Bibliometric analysis and visualization map analysis of

bamboo cultivation literature

WANG Xueqin
(Library, Zhejiang A & F University, 311300 Lin’an, Zhejiang, China)

Abstract: Literature on bamboo cultivation from the Web of Science core edition between 1980 and 2014 was
analyzed with bibliometric methods. The CiteSpace Il software was used to conduct a visualization map analysis
of authors clustering, research institutions clustering and keywords co-occurrence from the document co-citation
perspective. The results indicate that: (1)China, India, Japan and the United States of America are the main
nations researching bamboo cultivation; China has the absolute advantage and holds a dominating position in
this field. (2)Chinese Academy of Science, Zhejiang A & F University and Chinese Academy of Forestry are
the institutions with the most outputs in bamboo cultivation research, Chinese Academy of Science has the most
extensive international cooperation and influence; these institutions are taking an international leading position
in studying bamboo cultivation. (3)Most scholars conduct research on tissue-culture, micropropagation, plant
regeneration, in-vitro flowering, somatic embryogenesis, gene and cloning, growth pattern and factors. (4)
Genome sequence, phylogenetic, identification of gene are the new focus and direction for the future research.
[Ch, 7 fig. 6 tab. 7 ref.]

Key words: bamboo; cultivation; bibliometric analysis; mapping knowledge domain; visualization analysis; re-

search focus; research front
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Pk X TALUEE . BRI AR AW H 2SR, A ST Y AR TR R bR, T
T FIX—E S EIR I R AR A . T N2 ERIEFE R AT TR S5 R O F a4, S BHF N 5L
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TSR BT RE, X Web of Science 1.0 AR USSR ) 1980-2014 4F 8] % 3¢ 19 06 TAT F 3R B0 58 19 SCik 647 1T
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AR FREE AR A . AR R TR
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(SCI-E) . b 78U, &2 FREE M sCik, 2m &S mir a4, DO RE A K R ,
il E# &KL . (“Bambusa” or “Bambusoideae” or “Phyllostachys*” or “bambussoides” or “bamboo*” or
“Nandina domestica” or “Dendrocalamus latiflorus” or “Dendrocalamus barbatus“ or “Acidosasa edulis” or
“Pleioblastus amarus” or  “Qiongzhuea tamidinoda” or “Pseudosasa longiligula” or  “Dianthus fragrans” or
“Oligostachyun lubricum” or “Dendrocalamopsis oldhami” or “Dictyophora duplicata” or “Arundinaria for-
tunei” or “Lingnania wenchouensis” or “Podocarpus fleuryi” or “Pseudosasa amabilis (MCclure) Keng {7 or
“B. textiles” ) and (cultivation or cultivating or culture or plant* or grow* or breed* or foster* or propagation
or Micropropagation or Reproduction or flower* or proliferation or gene* or genome*), [R g 1E &4 7B,
AR BOHE 2 0 B 11 9 A A (1980-2014 48 ), AR I [A] O 2014 4F 12 J1 12 |, $hAT K R 345 SOk
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Table 1 Main institutions of bamboo cultivation output ( more than 4 papers published)
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WA MR 2 Zhejiang A & F University (H[E) 2002-2013 19
o [ ROl BR2= i 52 e Chinese Academy of Forestry (H[E ) 2008-2014 16
7R 5t K 2# Tokyo University (HZA) 1990-2014 10
E[ R RL 2 5 Tk BF 98 Bl 55 45 Council of Scientific Industrial Research India (E[1JE ) 1990-2014 10
WL K2 Zhejiang University (H1H) 1998-2011 9
[ B3 A7 78 # s International Center Bamboo Battan (H[H) 2008-2013 6
AL 38 K 2% Hokkaido Uiversity ( H 7<) 1996-2011 6
W B 22 K LR 22 WF 58 B Institute Fundamental Studies (37 HL %) 1997-2007 5
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Figure 3 Nation distribution of bamboo cultivation papers Figure 4 Average citations per paper of each institutions (more

than 4 papers)
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Table 2 Main journals of bamboo cultivation research (more than 4 papers published)

T4 WO PA LTSNS CHAS RS ) JCR) A3 IX
Plant Cell Reports 11 2.936 Plant Sciences (Q1)
Forest Ecology and Management 9 2.667 Forestry (Q1)
Plant Cell Tissue and Organ Culture 9 2.612 Plant Science (Q1)
Cell Biology (Q4)
In Vitro Cellular Developmental Biology Plant 8 1.162 )
Developmental Biology (Q4)
Journal of Plant Research 7 2.507 Plant Sciences (Q2)
Botanical Review 7 2.208 Plant Sciences (Q2)
Botanical Bulletin of Academia Sinica 6 0.720(2006 4F J5 iz P) A& @ i 5% ) Plant Sciences (Q3)
Hortscience 5 0.855 Horticulture (Q2)
Plant Systematics and Evolution 5 1.154 Evolutionary Biology (Q4)
Plant Sciences (Q3)
Annals of Botany 5 3.295 Plant Sciences (Q1)
Scientia Horticulturae 4 1.504 Horticulture (Q2)
Plant Species Biology 4 1.327 Eeology (Q3)
Plant Sciences (Q3)
Journal of Tropical Forest Science 4 0.667 Forestry (Q3)
Journal of Plant Biochemistry and Biotechnology 4 0.810 Biochemistry & Molecular Biology (Q4)
Scientia Horticulturae 4 1.504 Horticulture (Q2)
Molecular Phylogenetics and Evolution 4 4.018 Biochemistry & Molecular Biology (Q2)
Journal of Tropical Forest Science 4 0.667 Forestry (Q3)
BMC Plant Blology 4 3.942 Plant Sciences (Q1)
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Table 3 Main authors of bamboo cultivation ( more than 5 papers published )

w3Ge R
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LI Dezhu (1 [2) 2001-2013 BB WHFH . ZERE . Bt 9 14.44

YANG Hangi (H [ ) 2007-2014 o[ Ol Bk 25 BF 5T B HAETE . A, BmEFF 8 7.38

TATA fig J5 #F 55 it TATA Ene
SAXENA S(E1E) 90 4 {tH1-2011 S MY kb s e 6 14.17
Resoures Institute (EJJF)

RAMANAYAKE S M S D

1997-2007 87 1L 2% F SR RL £ B ST B SR AE . -
CL eSS o L2 R Al B2 B 5T B ik % 1
PENG Zhenhua (1 [5) 2008-2013  hE AR BE REFH] . RERE 5 175
FRANKLIN D CHRFIE) — 2008-2013  #5 /R ik /R 0K KN TTAE 5 44
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9 FIE3C,

WA TE N Bg IR EUR 2 1 — i SCHR & 55 [E %435 Veblent T 1982 4F K K14 Growth-pat-
terns of Chusquea bamboos in the understory of Chilean Nothofagus forests and their influences in forest dy-
namics — 3CCF R LB RE Nothofagus MHp Chusquea 77 (14 A4 K20 I LR AR Bl S22 52 ), % C#is|
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bamboos (Bambuseae; Poaceae): a multi-gene region phylogenetic analysis of Bambusoideae s.s.{IE L2 KA
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. T EEEBER) PENG Zhenhua T 2010 4EF1 2013 4 A& R 10 5 TATF IR A58 1Y 2 5 SCE 40 51 ik
4 a 5| AR HESS 2 PSS 3 0, JuHIJE 2013 5 &k R84 N The drafi genome of the fast-growing non-
timber forest species moso bamboo (Phyllostachys heterocycla) {TBAT Phyllostachys heterocycla P A= 1K 1) Kt
PRI F & )—3C, 2013 4EF1 2014 4F B85 | R 38 7 YR 13 U, 2 B AT SCRR Hp 25 48 FIOCAE 05 1 IR
B, Wo2ir 2 a g AR BRI, SR TAT O S r [ M o 5 /M AT 2 Rl 4 a 9¢
FURREOF I HER 4 CLR R TAT TR K 2 i SOk /5 25 R R INER, —RERERZ R Z MK
2£1¥) VEBLENT F 1982 4E & 3 1 i 44 N Growth-paiterns of chusquea bamboos in the understory of Chilean
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Table 4 Top 10 articles of bamboo cultivation papers being cited
HE# (= B EH g R GEIR/S U/
Growth-patterns of chusquea bamboos in
(R EVE YN Bulletin of Ulletin of the
the understory of Chilean Nothofagus
1 VEBLENTTT  University of Colorado ) Torrey Botanical Club, 96
forests and their influences in forest
() ) 1982, 109(4): 474 — 487.
dynamics
YAMAMOTO S, ) Natural disturbance and tree species
X 111 2% Okayama ~ Journal of Vegetation Science,
2 NISHIMURA N, coexistence in an old-growth beech-Dwarf 60
University ( H 4% ) 1995, 6(6): 875 — 886.
MATSUI K bamboo forest, southwestern Japan
SUNGRAEWS, FRMIBRIC 2 University N hyly of the woody bamb
ROR = Universit; on-mono ol the woo amboos
STAPLETON C Jh ety Py v ~ Journdl of Plant Research,
3 of Dublin Trinity(%Z /K  (Bambuseae; Poaceae): a multi-gene region 44
MA, SALAMIN 2009, 122(1): 95 - 108.
) phylogenetic analysis of Bambusoideae s. s.
N %
SINGH A N, Biomass, net primary production and Forest Ecology and
4 SINGH] S DI eI #Z K2 impact of bamboo plantation on soil Management, 1999, 119(1/3): 40
S redevelopment in a dry tropical region 195 - 207.
High-throughput sequencing of six bamboo
ZHANG Yunje, ETHOUEpHT seduenaing
) ) chloroplast genomes: phylogenetic Plos One, 2011, 6(5):
5  MA Pengfei, LI s ERMEBE o 38
Desh implications for temperate woody bamboos  €20596
ezhu
(Poaceae: Bambusoideae )
DR B U
N Somatic embryogenesis and in-vitro Plant Cell Reports, 1994, 13
6 ROUT GP Regional Plant Resource 37
flowering of 3 species of bamboo (12): 683-686.
Centre (E[J &)
CHAMBERS S
) ~ Micropropagation and invitro flowering of  Plant Cell Tissue and Organ
M, HEUCHJ  B{q T k2% University
7 the bamboo dendrocalamus-hamiltonii Culture, 1991, 27(1): 45 — 37
H R, PIRRIE A of Aberdeen, (%[ )
munro 48.
LEE AW C, TR FEARRF Selected physical and mechanical-
Forest Products Journal,
8 BAXS, Clemson University (3% properties of giant timber bamboo grown in 36
1994, 44(9): 40 - 46.
PERALTA PN [H) south-carolina
_ Canopy tree development and undergrowth
TAYLOR A H, WA MTRK¥% Forest Ecology and
bamboo dynamics in old-growth Abies-
9 HUANG,JY, Penn State University Management, 2004, 200(1/3): 36
. Betula forests in Southwestern China: a
ZHOU S Q (FEHE) 347 - 360.

12-year study

Nothofagus forests and their influences in forest dynamics (R L BREM P Chusquea 1T A KA N H:
FARBREN 1AW ) o ISR B S IO R i 1 ST s 00— R e 56 [ 2 47 1 JR N 52 R~ 1Y Taylor 25
T 2004 4F % K8 4 K Canopy tree development and undergrowth bamboo dynamics in old-growth Abies-
Betula forests in Southwestern China: a 12-year study({EH [ PG Fg J5 6 MER B2 K11 56 J2 A3 A 4 FEE AR AT 1)
I 125FRHEFE ). ZICWRE 4 IR E G 1e S, X 2 RAT 7 AR KRS 8l ) 2 ik e g ARk
SCHR— EAFLEZ BTE, M T AERMTREAB SIS HONE, WRIT T8 E KBS LB =D
LANTEMWI IR o A — R AT I TE A ST W LR AR X 4H 55 T 2011 4R R R 1844 Oy Season-
al soil CO; efflux dynamics afier land use change from a natural forest to Moso bamboo plantations in subiropi-
cal China (K IR BATHRANRLLE h B #07 J5 7 A 0 b R 28 46 F5 0 28 30 7 0 g — S R ik 3 g 4 i
FE)o I 2013 AEHETI 6 U, 2014 AR5 10 o 3R SCE A e LR TAT TR AR S0 k1Y,
e R TFAT TR OR T AR AR, FERETE NS AR AR s, ROEREAT TR 5 — 4
BT o AU AR5 | AL 9 SR R ARG T 4L . SR . sebe . REERE . T4
KSR PR S BIRRCRS . Rk, TTRENSRGEkRE . EW4 . wkE, 111
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Table 5 Top 10 papers cited more than 15 during 2011-2014

AT T LK

(= S AEE L 2 KR
2011 2012 2013 2014
1 SUNGKAEW Non-monophyly of the woody bamboos
S, STAPLETON N (Bambuseae; Poaceae): a multi-gene Journal of Plant Research,
BRI 2 ) . i 3 7 12 12
CMA, region phylogenetic analysis of 2009, 122(1): 95 - 108.
SALAMIN N % Bambusoideae s. s.
2 PENG
Genome-wide characterization of the BMC Plant Biology,
Zhenhua, LU
Tineti U i & B 25 B biggest grass, bamboo, based on 10, 608 2010, 10. doi: 10.1186/ 6 7 6 8
ngting,
ene putative full-length ¢cDNA sequences 1471-2229-10-116
Lubin %
3 PENG
The draft genome of the fast-growing non-
Zhenhua, LU R ber bamb Nature Genetics, 0 0 . s
EFl4=BE  timber forest species moso bamboo
Ying, LILubin ’ P ) 2013, 45(4): 456 - 461.

e (Phyllostachys heterocycla)

Growth-patterns of chusquea bamboos in

Bulletin of of the Torrey
) _ the understory of Chilean Nothofagus .
4 VEBLENTT FZ £ K4 Botanical Club, 1982, 109 3 6 3 8

forests and their influences in forest

) (4): 474 - 487.
dynamics
Canopy tree development and
5 TAYLOR A Forest Ecology and
=AW WAN  undergrowth bamboo dynamics in old-
H, HUANG J N . ) Management, 2004, 200 8 5 3 4
AR growth Abies-Betula forests in
Y, ZHOUSQ i (1/3): 347 - 360.
Southwestern China: a 12-year study
6 LEEAWC, Selected physical and mechanical-
BAIX S S . o i bor barh Forest Products Journal, | 4 p g
, K5 FR K properties ol glant timber bamboo grown
? P g. £ 1994, 44(9): 40 - 46.
PERALTA P N in south-Carolina
7 DASM, N Generation and characterization of
Bose WF5% it . . .
BHAT- ) SCARs by cloning and sequencing of Annals of Botany, 2005, 95
Bose Institute ) 3 4 7 2
TACHARYA S, CEE) RAPD products: a strategy for species- (5): 835 — 841.
3z
PAL A specific marker development in bamboo
Biomass, net primary production and Forest Biology and
8 SINGH AN, Dlg#hliren)y .
) impact of bamboo plantation on soil Management, 1999, 119(1/ 8 5 1 4
SINGH J S R _ . i
redevelopment in a dry tropical region 3):195 - 207.
B R
9 GRATANI L, ~ Growth pattern and photosynthetic
University of Flora, 2008, 203(1): 77 -
CRESCENTE M N activity of different bamboo species 5 3 6 3
Roma (& K 84.
F, VARONE L ) growing in the Botanical Garden of Rome
10 LIU Juan, Seasonal soil CO, efflux dynamics after
) Forest Ecology and
JIANG Peikun, _ land use change from a natural forest to
AN T NS Management, 2011, 262 6 10
WANG Hailong, Moso bamboo plantations in subtropical
) (6): 1131 - 1137.
ZHOU Guomo % China
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o AWEFE R 5 [ 18 F7 28 7K K% (Drexel University ) # 24 {5 B il AL & 52 . 48 N7 % Bk 55 (CHEN
Chaomei) {81 & (5T JAVA ¥ G 1 Citespace I {5 5 o] 9040 7 FH AR g A B 55 09 rTARAL T2, DA
Web of Science 1% .0 UEUHE FE K 2 Y 19802014 4F ¢ FA7 T4 35 1 233 5530k EEAS, 38 ] Citespace
I, IWSCRRI BB R M, -4 T PR UR I VR R . BIFFTHLAG . R DG B i) 2 3 1) mT 4
TS
31 XmIEEBRENT

L SCHRAE 3 AR A, AT LA T A SCBRAE 3 30 0 e 4 5 | 56 R iU R W 28 K3, — DR AR wt
FE 07 T AR I 0 — R DA B AT T OB o 7 CiteSpace I 4K {F S 18T, W45 715 45 ¥E 4% author, 3 i) >f i 1k
& SCHR pr A (title), 4 %2 (abstract), ¢ 8 18] (descriptor) Fl 5 i& £F (identifiers), 55 1k i £ B% 12 48 &
(pathfinder) &5, BG4 4 top 50, ¥ E Time Scaling [H{H A 1, ia17 CiteSpace I A5 8 T
BT FRILT AR G IR ZAMEF RIEHE, BRIBK, RHTHEHAREE SRS, 2R
Pomi, S WHE T ERKRMIMILA IR B SR/ B T SRR R SR SCL Uk 2 b, RURZ
(1 3 B2 S P S ZE N, 45 1 A 2 TR % R R T A 3 22 IR DR et . T A o SRS TR 3 T LUS By
BHIF A B T f# 5 8 CAF5E 7 10 A 3 00 BIF 50 3 1A LA B At AT 22 T ) S BB

NS BT B R B AT LA B RFE B LI Dezhu 1 = R0 B 24 BF 58 BE 1) YANG Hangi 5] 40
ML | G R R G R B BT M AE S BE; DA B E BRAT 4120 GAO Zhimin 5| S5 f 47T 3L 5
Gy FUE RS M R BB . XIUAMEB R IAECR, 4L, R T X S o8 48R 4L W58 A B
B, CHRIEAE =AM X R Z
32 EXRMHARMBSHT

CiteSpace ] K45 B (AN 5 v [E] 5 78 ) & 3R 16 SCECEE Bt (] L AE 56 19 R /N B €8 TR v B 0L B 7
Ko PILETY S %S Country 5 Institution, HABZE AL, 2717 CiteSpace Il 5, 1530 [E 6 Fis A AT
FREGHET I E KA B . Ho, BUE A ARERE R, AT L S LR/ SRR

Bo Zher

g, 4 NS
e - £BEQPLES R CHINA

Benhua Fel Fei¥ag,8hing Zhang
Jian Gao
Yan Yu

_ Ronglunaheo mu% .ti EPel Lin ’ ~ ' asmuChinese Acad Sci -

jifgen Ruan Minguan D1
TE Weerawardene Shengwo - _
e SMBD Ramanayake floTen extt R L= N\
o dtibwage Fs by oUSA ~ "
s ? - ~“(CINDA™ _
Aok T ot F [\ - — S ¥
MasChisatboToseu /g AN

Kinukg s T AndiayNge - — %\

BS #FHZBAITGELEREADE 6 4T HFH L EF M E
Figure 5 Author cluster map of bamboo cultivation Figure 6 Countries and institutions cluster map about bamboo

cultivation
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Figure 7 Keyword co-occurrence map of bamboo cultivation
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Table 6 Top 29 key words of bamboo cultivation research ( frequency =7)

Pt IR K oK ] IR K Pt BB R
bambo, bamnusa 62 propagation Z % 11 micropropagation P 5 27
rice /K FE 10 regeneration 42 20 gbssi gene Ghssi %t 9
Poaceae AR A& F} 19 bamboo flowering /7T FF 1 8 Arabidopsis\A rabidopsis 18
thaliana )/ 7+

munro 5 F 47 8 in-vitro {4 4 17 tissue-culture 2 23 1% 73 8
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Progresses on flower bud differentiation and flower opening in

Osmanthus fragrans

WANG Ying, ZHANG Chao, FU Jianxin, ZHAO Hongho
(School of Landscape Architecture, Zhejiang A & F University, Lin’an 311300, Zhejiang, China)

Abstract: Osmanthus fragrans is one of the most important ornamental plants in China. Due to the difference in
the requirement to the conditions of environmental factors between flower differentiation and flower opening,
these two processes are relatively independent in this species. Combining the previous references on flower bud
differentiation and flower opening with our researches, we summarize the progresses on flower bud differentia-
tion and flower opening and their environmental factors, and then simultaneously analyze the corresponding
mechanism, hoping to provide an overview and useful information for approaching researches. Flower bud dif-
ferentiation of one-blossom genotypes (at autumn) of O. fragrans is finished under relatively high-temperature
at summer, and the relative low-temperature treatment can promote this process. The flower differentiation of
autumn-blossom in multi-blossom genotypes is similar with the one-blossom ones, however the mechanism of
other-season blossom is obviously different. Flowers open only after the receptivity of a certain amount of chill-
ing at autumn. The sensitivity difference to chilling requirement among different genotypes leads to the varia-
tion of flowering time. [Ch, 2 tab. 31 ref.]

Key words: botany; Osmanthus fragrans; flower bud differentiation; flowers opening; environmental conditions;
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Table 1~ Flower bud differentiation process of different cultivars in Osmanthus fragrans

10
il BEE B% ok
" KA HF NME (B (BEER B Fi ) '
6 H24H THI15H- 7H29 H-
7 1-8 7 8 7 15 T 3 3
4ok g TAISH TAEH AISH L e B3 3]
4 1 it -5 7 A F41-8
EmAt . 6ATE 1AW 7HPB A T AT P8R 44A 4]
A% AT
» 6 Ak =
L ek 6 A Thy B 7THB TH26 $H B 8 A E3IAH 5]
ANHSREE 6 70 ) 7AW TATH 8 J1 b F A 341 6]
7 09— §H F-TF 8 A t-
. ) 64+ 7
HEE S Ad Y Y w0n Ly OTEN (7]
6 H K -7 .
WkFiREE 6 i o 7 1) THMH TH26H  SHAFH SAdH  E3 A 5]
A 6 A Jic -7
R 6K . THEM T AN 8 71 8 A R4l 344 6]
7 0 ¥ - 8 H F-TF 8 A t-
5 6 1~ 7
Fh: A o o oLy OTEN [7]
51 15-27
Sl 7 A 7 A ik 8 11 $hTFH ASAA 8]
6 5 15- 6 123 H- 6 /1 27-30 6 J1 28-7 /1 7/ 6 H-8 7)1 15 H-

b i 3 9
L’Efftunﬁ’ 2 H TH6H H 2 H7H 9H3H i IH []
6 H19- 6 H27T H- 7 A 14-17 7TH20H- 7 A 26 H-

e E 7 16-30 T 3 9
P f 26 H 7A15H H s F'8H19H 9H6H 3 9]

11 RFSURTH R H 5L
A REEAEAEZE 7 AR A9 30 73, AN TRIRGESEASHA ], EAEZF 73 (0 ff R 45 252 1) I 18] A5 BT AN ] o KR
IIIETEE N AL 9 AE 28 S0 AL B R 238y 7 AN RIS R CEVED) A . FERF Al . /NAE - Ail) . T



342 TN 3 N = o= R 2016 4= 4 H 20 H

AL AR . AE AR . HERE A A IR ME RS 0 AR 0 (32 D7 etk g, HAE——18m
o, BB RS, JETE . ME . RS B A, G S M (SRR R F
B,

AN [F) it ol A 2 0 T ) TR AS ) G AT BT AT o 5 58 28 BORE G k— S R 9 46 28 2 Ak FR AT 9T )5 A
H, HotktaT 6 ANA, 7T HWIEBAEF RS, 7S EAB NS EIE R EEIE, 7 AP ES
AV S5, 7 A TR 8 HhAIE O K s, m JERatE” N4 Hharns 8 s
B, DIl 4 A~ HSS CEAAREE MTEZE N 6 A TR IR A ik, 9 A WIS P B B 3 A4
AP ZEETYCHEEIE 4 A AR A e wiia i, 9 H R aIEsa, it 6 N2 H o R s OREA
[F] S AP RE 6 NS FPAE ZE AL )G . AR T 5 AR R A R o 4e 8, 9 A algs o, imt4y s
ANH o XU SEWFGEIN R TCIe AL 2 P PEAEAE ZE /b N 6 H bR JFIR, £ 8 ARSI 9 AW R, ¥y
WERREE 3 MR R E B G T

BT AR NMEST LR, LR WS THE R —NeFd, Tk s
b, (HI- LA, MIfEZyme | R o4k, Eopfbicth; SA P A ER EHESR, K, 8TH
srAbig, AR Ft, BRZR) 9 ARIR—IF AR RS HEFEIEAR —8, AFRNE A EAILTR
B R

JRUERTRHLIX . AR AL 2 A — R 1 25 5, (E2 LB IR SR A A6 25 0 AR R e S 0 28 0
WEFH R BRE, EBFHVHE R /A ARt 28 pr iy, B i b e B B B Be e e, IRt
UEB AN ELVE AR AL A 2 AL A 2 — o DR, AR A6 28 40 A0 I 16 F 85 N T0U ot 43 A 41 28 40 i ) ik
45 N5y 24 AR BE A A8 7 IR 0, BIAEAT N M X A4 S RN 6 H B A IR i AR ZF 31k, 2 8 AR
N9 AWISER, FiE 34 H .

12 MEMNEEEFIUNRE

PUZERE R L 1 a REIT 2 A6 FLAG T HAT SR 00 PR R . OC F Uk 2R o0 fb il b, 2R
FUE BR 2 MO EE T DU ZE A B R AL R AL 2 o At A, T 6 T A 2R B A8 2F a0 A AL T R AR A S A G i
0, PR E R AEZE T, B3R (SRR A ) i A8 e PR A A 245 1) T AR R B AR [R] 5 Bk 2R
(A6 28 3 AL T AR R PR 5 BB S AR — B0, A UL TR JAE 2, N 6 AR ATEZE bk, £ 9 A%
B, T TR T IR TG AT 5 i HAth ZR Y 1 78 ZE AL A TF AR R B RO TR, 7 O A R T A i T
WA, HALT HA SAH,

R CREGE BRTRELBIN, BRAEL . EMERZRIE, EENMALRK, L
M TR AN LAERCRIEWIBR T SRR AR W5 m IR A CH B 2R AR T ), s — KL
B P WA IRAE ZF, (A — i AP i TP AL 2 B B 2 T AR AR G M, 3X 2 284628 iy o0k Fe SRR EE AR T,
VIRTEBEAEG , BWNE SR AERE M AR, A, TEM IR E e ZE, RATEIO AT
)58 AL ZE 404k 5 T 2R T8 T il ) IR AR R 70 S A A A A fe e Tot s bR s it A 10 B B 2R BB
B, AE R AR A TR L, BT, A EARE 1A . TR RS AR
T, WA RAES N 6 ARSI EE 8 A™, Wik, EZFEE MM E R LTSRS KEHEA
(], R A2 R AN ) 08 8 28 43 A AL 43 428 11 o
1.3 AESMPEFHL

AR AL AR RS 22 RN, (BAERS ] _EASAR K, DRI A 45 H B A6 09 5L 5T 46 F i T
W AR TSR NS R SRATE 6 HIRE R R ik, HEEALT
b, e et g, e 6 AR 7T AW, 7 H EAISEIAEAEE Mk, T A hA) sE I AE AL
Mol 8 WIS srfh, 8 AL TE R, 8 AP FaEsE kT /M EE B
BT AL AR 008, 6 HR S8 A oAk, WAE ¥ a4k ITE 7 3 BRI G 58 s, 7 H va) Fs fg 43 i) 58 i
TAEACEZFAE M 704k, 8 A By 2= rh A A6 R AEIE o fb e i, 8 A R A BRSSP S E e k|,
T AE e 3% % 7 110 45 A8 3+ D0 B A1k, B RS & B B A S TIAES . EE LT ZHFMN IR
ZZ, NN R G Rl OAE 28 43 A 2E R i A AN ] 32 28 2 i T i Al BB 5 5 AR SR 0 R I B 1 508 P A )
B, BT SR EIREAE O A R AT SE AL Ak, TR A [R) AR AR 0 R I N R B T AR e



BI3EH 2 EOBEAE . REAEAEZE O A AR TT T I i 343

PRAG TR [ A Fof Xl 3 S ) SRR AN ]
1.4 FEEANKEF K

FEAE B A FR IR IOV R GE—— M4 v bk, RIVREPE S5 Ik S bR 100 3ok b A A 4 0 80 P A ok AE 2 oAk
Ja S BRME S (9 A 7 AL WAk s b R HE P i b 22 ) BEAS A X, AT BE TR R IE ) A6 A5 2 RS S ) AE
R, EME RS 19 A T A W] R R 22 501

AR COAERE GO B R B AL 1SR, MR AR SE A T ROE B I ME RS R IE W AR SR L FERE
FFGrs WA PHE MESEO R R I BN 2 N5k, HORIP B, mndSk T hAfma,
2 Rk, BeAAESk  AERERI T R AR REE R CMURFER R MERE R IR S A R
VANGGR, a4k 8e K 7 RS BE R MERE s T 2R kE IOMERS RS 0 B 2 R, dRSER HN 2
Froeasr e r Rk, TR P ILE B AR RS S S WERE ORI T R SRR 6 AR Rl TR M
MK AEERT, 6 A EBCA XA, MK FAAEVRNESR . aTFEN e RERET A
DAL OB B R — SR, S ARSE A T S B R MERE s A FRY CEaE e’ R
BEORT CRERRE OMERE O BRI BN 2 SR, BB N, misggkmRAES, B2 it
IR, WAL L BT 5 A fE . XU 2758 i Fe A [P 0 it A i) FE 25 20 A )5, 0 2 Rk il 19
AR R B 22 SRR T0 B AN, o3 A T S TG T8 v P a2 P 49 R 25 PN 7 05 T A 2 03 1Y
DR JEIE, B EBEAT AT, PITEAERY 2 A0 B 0 BB RS TR I R MERE s MR AER 2 o
B BB A T AT L, SR HIE 2 DR AR L I 1 A2k
1.5 #FAUERENXE

S A IR R . AUFTERBL, e 22 FE2F 70 A ad B v R AT (Rl 5 3 mT LA kLA
— RO A B A AR AL, AT O AE 25 7 A AR BEP SR RE 20 IR AN L RE B 75 AL 19 AR e A, (e ik
P E SR L REG AR A K, R 27 TR el fe b — RPN A MR AL e, (2 HERE A A9 4E 25
oAt e BEAEAE MY AR AR R R RS 5 BRI AFEZF 70 LB B, BEE B LT 9 ARISEAGE M, 12X —id
T P Ah S PR i B2 T T R K — B ) AR R A R K F o XIS S A RS N R AR
AOME . HESE M CA MR AR VERT, /SRR B MFERERE | MERS 1 01k Kk T AT BEAE B AR I A
SRR e T CFAREET RO AR B 1 R AR M L E SO R A R T . AR A BE, AT
R (IR T 5 I PRI ) RER R e HEAEAE “HRITAE M E¥e3” MFEZF ik, HIX M ekl 2 b
EACZF M ACRR BRI W ot o PG, AR AR ZF 20 A 0 BRI I B O O R RR B 2K, (EUAR I L RE 2 fie
PEAEZF AL AR o

2 BAAETT R R P F IR A

21 IFMERE

BEAE R B o B LB, AR A ARAEI O 9-10 H, FEWIA, —&h 5~8 d, fEAFFfmt
58 TR I X 7 N D 7 A 11 B 2 ¢ N TR L S 0 QDS Sl N TR LS AR 12 i 21 R S
2 W SRR, A ZFIPEMNRE, RAER — OO e, BTA A8 A 7 RO it
FEHEAR — 50, MR RAE P AR UIT AL AR LAT 10 AW JEZF W00, BBRET . T, %
R AR wIAEN . BRI REAE . BEAERIM RN . AT A B R E U S A
. O ERIP, RAEERE, BOGBIRHE, OWEN. HHOT, BEZR, AFKE
Ho QBN EIFRERK, HORE, ReWE, HFER; OBRERY. ERTHREa, Hig
P, EHCERIF, FRBWNEL, LR RBE; OFEY. EWEBEN, LETEL2TH
P EHIEH R b, AR A A WG B S R G M b R DA R R I ], DA R R AT
AR LS T A B G, BRI TFel] . SR FIRI . pdE) . mAe R e
M A7 T 45 P B B B AE 2 i R BRI BRI, T AR AR T I AE LS, B R MG
I AL 28 R B R B R e A7 B R AF PRI AR B T SRR b, AR AR s [ TSR R RE AY S R B
S, S TR] I3 AT BE A S USRS I ), DRT T A ] 93 0 6 S (RLAE AN ) 28 10 IO AR 40 552 B 1 0
s ik . ORRS: ZERSMUGY 2 5 85 257 2 Ik, 2R mBRE s BkoE , OB 6 25 Bk




344 /T N B N = = R 2016 4F 4 J] 20 A

50% LA b BIERIEEAE AR W R JK, FERT MR AN H A QWSE M BBk ZEAR S KK,
WM 6% Fr 56 05 1B00% 5 3 T WA AN NG R JZ Ak 1 AR (R T A, (R INEE AR R B B s 4
4 30% L4 E B A6 ZE TR 7 AR A I PR 2 M e 1. AERTZ 1 R ke . GRRAEI] . R 187 T ih 4> B4
fifr, /NMEAEBTI R AR, MO H AR B A K s B,/ NE T R WL, A S AE 2R
Feflik 2] 30% LA b 6T 3~5 do @FIRW: R A2 /NMEB LTy B, HEeIME & & 584,
NPT 4R R BHE 0, (EAR SRS R e ik TP, MRS AEZE M LBk 3] 30% L) o BT 42 R
EAHENBTIAE ., FERTZ 1 do QWA . B4 15%IF i (FEKITFRR B T —2F ), KREB AL T2 M AR
B, EER, TR, MR AEENMTE . @BAEN . 50%LL s eTti. OEzl. 1%
ERIFL, AEEFER, AW, K emiegief . 25, AL R e T 46 V%
22 THAMKIREEGE

IR 2 A AN SR AR 2 o A R AR B B 25 5, SRR T AR R T A . TS bR b, HEAEAE
TS — BN RRIR L R, T8 250 AL FNAETE ORGSR ST, 6 28 001k 58 UG A6 1 TR 30T B IR 1 31 55 2%
o BUANRIAHSCRT IR BT, AR . AR EE . B BRI BE I 7 X A AL i A A7 B S s (3 2) 1) 7
XSGR, IR EEWELTF N ESFH T, KX Lt Ry wEZ, Rl RGP R 7
1986 47 $2 R AL A0 S L D i K J, ¥ 5 48R0 I R A e i 2 IR B B DI A oG . a0 AR
FEAEF AL S TR B A OC, RRAE AR 2R PR A B AR . 255 D FEAE T 18 5 T B A B
FONMIOE, IR BB ERAVRACE SR, RIS R R ER AR, P T — LR
B b H OB R A W IR IS T R I R M X RE AR RK ZE T AR I R A T, DR EERETTAE I
5 IFAEHT B B AR A BRI R, TEAERT 4 a8 1 J5 72 e (IR B R 8 A R F R, JU ORI I
AL A R S AR R 22 AE 18.0 CLLF Y, FEFEIE ABAEHT, FIZUM S sh AR F IR [,
TEAE TG B BB T 2 SR B, AR HETFAE, BRK I RN GER FFAE . S A% A 550 R A0 Tl
U 10 a(1995-2005 4£) 9 A b, . THMFERE . FEKE . FEWHE PR ERAVIR . P AT
VB RE DL S REAE BRAC A i W Gk, R AP WAL A3 W 25 G IR - X AR AR BT A 52, TA k58 M e A6 %
I EESLHF &9 AP E. 9 A FYEMRSEM 9 A LA FYEMAR. K&
S5 3 AT 19972007 AR 7 7E fl 4e B 3G B FAE FE 0 5 ORI e AL, DA SRR/ NAEAE RS B
9-10 AWz G S B VA OC, 22.0 CRIET A RBREE . F R ESED . 8 A% S C J5 311
s S RIR 2 5 W s ARG TR AE Y 2 N B ER, JFERT 5~7 d KR AL 5
K

B, FELETF AL FT ARG A A R A e SR AR X I B XA AL M FF 6 B T EE R, ERIER
G55 RERE S Bl AT X A8 1) 46 3 5t B e S sy ) T
2.3 A[E ML ISR

WG, HERERIEMBEEZG, BB 25 SRR AT 0 o, RN
BRIAEZF R K, #EATGE; T2 fg , SRR B R AN A% 27, AN [] b PR A6 A6 2 0 A0 DA B AE &
O T N G R SR - N L 0 R P T = 2 A 1 B N R ) I Y 0 =
AL AL TE UG, SRKEE— R E RS R W it Z e A ek, 1 LA 2y i AL 2 % AR K R R
Frk, B, s AR EF REEARE SRR,

SO0 LT AF R BTN b DX LR 2 Al 5 MR 28 R R AR I AR R AR e R — 22 5, Horbn
B R AR N IFAEHT 10 d P RALT 26.0 °C, HEAR /N T 24.0 °C, J5E NIFIERT 10 d 1973
fKF 23.0 C, HEAE/NTF 200 Co EEFHHE>SYN LGHIX FAREE" FFEH TR — &7 19.0~
21.0 C, “HREREE EFTE 17.0~19.0 Co FEHMHIK,  BOEAET A CRAREET wIIE A TE B E A
K, FERIAEM CMERA W CRURED R 15 dy CRUERER WIERY AR AR o B B 10 d )
SERRE 23.0 C, R H AR <22.0 °C, R XAEARZ T 3~12 d FAREERIAE, 204 H SRR 10
d W R e fE 23.0~25.5 °C, [A]EF H F- 4 AH X W5 88% i 2 /E 3 d (45 3 )DL b, #EX HHIZ 51
12 d RAREERIAE;  CMRERAE WIEM R br 24 H IR 9 d W 3l PR e 20.0 °C, [AIET H I
<195 C, R XIEbrIG 4~12 d WA ik, 58049 H&EAVR 9 d 3 #8E 78 20.0~21.5



BI3EH 2 EOBEAE . REAEAEZE O A AR TT T I i 345

C, [Fm HFB AR 88% %2 7E 3 d(f345 3 DRI L, EXHBIZIEH 6 d WIAREERIE" . #ik
SEUTRH R i B BRI A TUEIIET 1~2 d SR SRR =244 °C, RO . CHERE 53
iR =20.1 C, C“WRdRAET  CeEE @ E3iGIE=20.1 C,

LR BRI, BKEEIE Ah Bl A DU AL S i Bl Bk 2 A8 A8 28 70 A6 58 R AE I TF IR ZERRBR PR B 26 1, JHerp
PR — B ] A AR ORI 0 2 X 5, [a] i — (Il 7 2 A 1 — Bt o) A BE R HE AR I, X — R EATE
CAE— L8 Bl LA PN AR BRI LSS UE o 3 — I 39T PR A 0T 388 R 5 2 o B 2 1 WU 5 2 3k — 2B W 5 i A
Sco TR, AN T 0l R Y SRR BE A TR R AR L P e Bl B R AR 8 I ] IR AT i AN [ o

K2 AEAMXEEEPSE. BENXR

Table 2 Relationship of flowering time of Osmanthus fragrans with temperature and humidity in different geographic regions

WX WAE Gy s G5 Pimtid - 2% 3k
WAL 1991-2000 RECHE: P2l 26.0 C, HRTRART 24.0 C 10 [10]
WAL/ 1991-2000 EEkH: PR 23.0 C, HfRURALT 20.0 C 10 [10]
VLIRF T 2000-2005 H:fE  SFHEEARSRIE <8.0 °C 7 [12]
TLHFFRM 1956-1984 FLLE: BT 10 d 3R <23.0 C, HHRMAR<22.0 C 3~12 [11]
1999-2003 FEHT 10 KV-H TR 23.0~25.5 °C, HAF- 44 62 1 88% L) F154: 3 d L | 12
LA SN 1956-1984  BRsE: EHT 9 d FH A <20.0 C, HRAMSIR <195 C 4~12 [11]
1999-2003 FERT 9 V-7 20.0~21.5 °C,  HAF- MR B 88% L) 15423 d L 6
JTVEEkE: 1997-2007 - WIRFEFE A, ARSI 22.0 C, Rk 2~8 [25]
i 2004-2009 HERHE S SRR & Z )5 SR 19.0~21.0 C [26]
IR 2004-2009 HEARE: B BILE &2 S SR 17.0~19.0 C [26]

PUNFRYT 1970-2009 RAE  SFHAE<27.0 C, HEMAHE <240 C, BiffFKkRE=647 mm, WH>6d 10 (28]
PUNIFRYT 1970-2009 MekE S <23.0 C, HEMAHE <200 C, BiffFKksE=41.6 mm, WH>5d 10 (28]

3 Hi

FEAE R FEZF AL BEAS S R T LU AR A . /NAE Il . FE=S A . FEmE AR L HERE 1k
SRS CGRALMESS) 70 (155 6 i DUBAEER A ZITEMBLE, Bk (SRR R ) 4625 7 AL A1l
TP AEHFE 5 HAM 49 T AERF PE W AN [R), AK R 48 28 0 A RO AERS IR S5 RO SEAR — B, FERTIN M IX
RIS RHE TN 6 ] A ALEZE 04, 2 8 JIREN 9 AWISE, Piklit 3 1 o AN A e 2
A HERE IS A AN [) 2Rl T A B B R AR AR DA Sl A U P E AN TR s A 2 ARl . A
X180 B A BB 25 PF SR IR BEOR , (EURGH G L B 8 5 (8 BE AR ZF A o AN TR P01 4 e ok 78 28 o A A7 AE —
M2e 5, EERITEMER GRAGMERS ) M M MR & b JOIR R v S Al J2 PR b B, AL RT3 BN AE
Fe o A B MESE o AL X R BN R S, HZ e 3% 25 5, WESE AW A R B B35 A T

AL e AL ZF 7k e , AR TS B A IE IR B 2R PF o o, RO IR B L5 5 ) Bk i) S AE T
(b BEACAE AR S AR TP IR AT — R A RE IR o AN [ i ok 0T e ) BB AS [ JSCAE 39T 1) g o AE
IR B AR XHIR RS BT T, BRI FERERE v] 20 R BR 0T . Toe i) . R . IR . wI4E
W BRI SE T A

HEL) 14 B AE 7 A AR T B R P AL — B AR AR I AT 50 A9 T A AR 20 REAE A AE 28 AL F4E
JFHCREA H it B 5 AR R R, A W SR AR A R 15 [, HEM RS\, A ARSI
Al LRI AN TR AE 2 o A RAETT L o TR, SR ABIEFEAS [R] S 0L o o 4 4E 25 0 A6 FAE T il B
PR LR SN TR, AUE BT T ix s — e 2 A Y R DA R IR, ok
X A A DRt B 0 A b O AR 13 R AL SRS

4 5FE ik
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Research progress on molecular regulation mechanism of grain

weight formation in wheat

WEI Wei', GUO Jialian', WAN Lintao®, XU Linfeng®, DING Mingquan', ZHOU Wei'

(1. The Key Laboratory for Quality Improvement of Agricultural Products of Zhejiang Province, School of Agriculture
and Food Science, Zhejiang A & F University, Lin’an 311300, Zhejiang, China; 2. The Crop Technical Extension
Station of Kaihua County, Kaihua 324300, Zhejiang, China; 3. Zhejiang Wuwangnong Seeds Science Research Institute
Co., Ltd., Hangzhou 310020, Zhejiang, China )

Abstract: Grain weight (GW), a quantitative trait determined by several genes, is one of three key wheat yield
components and is sensitive to environmental variation. Researchers at home and abroad have done many stud-
ies on the genetic traits and molecular regulation mechanism of GW formation, and have made some research
progress. How to make innovations to improve unit yield of wheat based on the existing research is an important
work for the researchers. In this study, the latest research progresses on components, genetic traits, genetic
mapping of QTLs (quantitative trait loci, QTLs), candidate gene cloning and molecular regulation of GW in
wheat were reviewed, and then the problems of existing research and the future research direction involved in
our recent research were also sorted out and discussed. In order to get a comprehensive knowledge about the

molecular mechanism on the production of GW, researchers should pay more attention to three key items. First-
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ly, the variation of hormone in the development of GW should be concerned and measured. Secondly, GWAS
(genome-wide association study, GWAS) together with high throughput sequencing should be adopted to exploit
SNP  (single nucleotide polymorphism, SNP) markets conferring to some special agricultural trait. Finally, the
candidate gene should be mapped based on SNP marker-assisted selection in the mapping population, and then
the candidate genes should be cloned and their function in the regulatory network involved in the formation of
GW should be covered. This work will provide a good reference for further research. [Ch, 1 tab. 52 ref. ]

Key words: crop genetics and breeding; wheat; grain weight; yield; molecular regulation; review

/N Triticum aestivum & FZ M EAVEY) . A ROEEC . BRE L) KOobr F 2 /N2 77 i ) =285
7= P S = B 2 TP R 51 B 8 ST R /N 27 RO (W Rt o /N2 R B N S AR S 1Y 5 AR
I ERPRE ML I R, ZIREEI R AN WA /N R, 7R RO R SRR A M RTR R
BLE A o N P R AR A EEVEM . HAT, BSE/NERIEIE RSN (B REER  RE . KA.
AR AN TR A3 ) AP P (A A A AR AL R I DR R R X AR ATT ) TR T ORI ST, U — ik
E R 353 R s N2 R AR, 5 HA KR VEY W £ oK Zea mays, /KF Oryza sativa %5 — 5 EEYAIEL,
WA AR A . L, /NZERLEE TR A 43 1 R AL 8 A X S o AR SO A R R R AR
REAE ORI MR 35 A% 07 (quantitative trait loci, QTLs ) 9 35t £ 5 v Rk R e B DA Kok 5108 A HY) 43
PR 45 AT S T SR 2538, R RMIF N R IR AR SIS %

1 TR E AR E R R R

INZE R E A7 2SR ECE HIR R L RLTE L R R SRR MR A AS [ 8 43 A
TE VAT ALY JORE T 1) 3 AN AR B2 SR T W SRR AT T AT R, ANZERIK | R 5E 34 5 E LA A
FIEM KR, MM KRR IR 58 > R JE >R K50 BRILZ A, W58 A 53X R R B o 5 1)
KHREIAT T 3. EEESVHIR LI, ML TR . BTSRRI, FrRi AR R /N 22 b 5 AH OC M fie
i, X5 BRESEGHELLO &8 SR 45 A — 30, vl 0L, Rk, RiTE . RIJE | R 48 #0 J2 hr 21 1) 22
MRE R,

2 NFERE QTLs W 2 L 047

2.1 QTLs EfLRIBER

N /N R A R R A A T A R 0, R S IS R R . HAT, FTNEREE
WAL EALH AR AR AR R, 55 1 B ArERER, an F BER . Fos BEIR . 10152 (back cross,
BC) Je = A HEMA; 25 2 R K AMEREIR, W #E 4 g 52 & (recombinant inbred line, RIL), Jiif% 8 4% {4
(doubled haploid, DH) Az /T %5 %L K 28 (near isogenic lines, NILs). %FXFASFEABFZE H bR, BF5E A G A
AN TE A B AR R X H AR QTLs #7815 0 A o 1 TR BIRFIA Y 22 S DL RS ki S8 I IR R K £, fiff
73 QTLs 5@ (i g Ry nl te ke 25 . HET, W HGE 9 50 E 2 A SR QTLs iz s i fE /& 1Y 21
FUufafh B4 DU )] Weizmann B2 g FELDMAN 2082095238 246 T8 6 a IF MBS & T 2 B 405D
58 /2 b B Bethlehem  (BL) 1 v [ £ (Chinese Spring, CS) 4 5 55 19 B A 2 ki) 22 9 (0 (KR 5 4 3%
(chromosome arm substitution lines, CASLs), )@t 4%> CASL HEH %F 5 i S A 5 B 4= 2 ki /N3 347
AAL, SRIG DR R B WA 20k 6~7 W IAIZE, fefa B AS 1R, B AR S & 40 R 35t 15 5 25 0 2 & 1
B> CASL KB A 2 Ri/NFE A e e (48 23 ) 5 | A B [R)— AR B /N 22 st A% 5 serh, XFF AT DAG S B A
2 RN Y R B BE DR ATk S I, T e S At e (0 AR DR B T, DA 3 3 X B — B
ARBEATHSTORFE B o IR EM RS 2 054 (CS T BL) 2238 Fir QI 0, BEAR LU JH 2 Mgt A% 77 5%
Z AR K CEEAR L BB Fy BEARSE R S i G R 8 %, HHA I NILs, [R5k 2 4%
I HERRPE A A58 F FERRT NILs Z (0], 1 A1 e 2 A okH I B 1 /8 | B 82 415 A& (recombination sub-
stitution lines, RSLs) 5 % FAH W ) CASL 5 X3 {4 (ditelosomic, DT)#FFT 1 YRZe28 A0 2 Ykl 58, 4 fa) 45
B FARICR AR R 1 e AR i BEHF AT L, ARG H 3¢ 3 IR RSLs AR 5¢ 2 A8 58 . A1 RSLs AH b
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(18 50 DR R R A7 A 1 445 6 0] DAFN NILs AH42 R8T RSLs A 22 (4 #E & 22 b NILs 28 %) — 26, fE& 5L
5 % R L& CASLs T £ 19 Fy Al RSLs €& B2 & BURIE 07 T — 4S80 169 FOR i Bt 1k 36 R 21 2B 408 I,
HUES G I SE N Ppd-B1 J&: 2BS YL (AR b — 38 Bl ik LN e ik ), IS L E
CASLs A4+ ir Gl 22 (14 1 [ B (o6 B ARSE R ATt fL e i TS AR . HA, fE& L5 = IEAE R &
CASLs 1Y F, A RSLs K541 (i 7E 3A, TBS Fl 4AL Yo (AR F H 5/ B9 1 324 QTLs.
2.2 QTlLs B Kk EIERAL

BB BEAF 5% b o 3 A 1Y) 32 B0 vk 0 QTL AR B RO ME A0 M o FE/NZZ = i) =B R v, R E Y
it AR AR H B2 st i Pl s st AR e B IR RO, , A4 B DR 5 5 AL (9 e Ay A
R 5 R B8 B I PE R, s A% 1ok 59%~80% , T ki i Je fir feobr S O B S bR . HAT, NN & F
L% T R B B R L R S AR IR L TR E Y QTLs E L TARJEIF T T 2 iFgE . Al AT
VR [ TR A o 45 F) BB R 1 QTLs b AT e R B, /N2 3 ML 4L (A, B I D)AY 21 e (mik b
150 A 5 5 ORL R S A B ARG QTLs (3% 1), BRESEGHELLO % 7'F1 GEGAS 455 5 /N 22 i 1 4%
P 2 2 () 0 06 R 3 L 4 N 22 K FURE B 1 8 45 DT AR 5 b ST, 40 i El R TR A 322 QTL
i 57, GEGAS %5 PR 1 Hig e > W 58 BT CREASARE 58 ) T 55 () a8t AL AH OG5 &3, KB 5 TR
ETEA 0N PSS A B T e o YA E i L VA B £ % NP T o I S T AP N < A o ) e |

£1 fik. RERNTRE QTLs WiEE T

Table 1 Genetic location of QTLs involved in grain length, grain width and thousand kernel weight

PEAR RAA A QTLs ALY A 278 3Lk
T#.E  Renan x Récital 9 1D, 2B, 2D, 3A, 5B, 6A, 6D, 7A, 7D [23]
CS x SQ1 11 IBL, 3DL, 4A, 4BL, 4DL, S5AL, 5B, 5DL, 6BL, 7BS [10]
Rye Selecionl11 x CS 3 1A, 2B, 7A [11]
AK Karma x 87E3-S2B1 6 2B, 2D, 3B, 4B, 4D, 6A [12]
Trident X Molineux 3 6A, 6D, 7D [13]
Rye Selection x CS 10 1A, 1D, 2B, 2D, 4B, 5B, 6B [14]
MN98550 x MN99394 4 7A, 5B, 2A, 6B [15]
Chuan3505 x Shannong483 4 1D, 2A, 5D, 6A [16]
Pk 10 x &% 14(DHLs) 5 2DL, 3AS, 3DL, 6BL [22]
Ning7840 x Clark 7 1B, 4B, 5A, 6A, 7A (4]
Heshangmai x Yu8679 10 1A, 1B, 2A, 2D, 3B, 4A, 4D, 5A, 6D, 7D [17]
Seri M82 x Babax 6 1B, 1D, 4D, 6D, 6B [18]
RAC875 x Kukri 6 1D, 3D, 5B, 7A, 7D, 6A [19]
Drysdale x Gladius 7 2B, 2D, 3B, 4A, 6A [20]
R AR x HOkL 5 1B, 2B, 2D, 3B #17B [2]
W7984 x Opata85 2 5B, 5D [7]
AC Reed x Grandin 1 4B (7]
Chuan3505 x Shannong483 5 1A, 1B, 2B, 4A, 4B (4]
Sk 10 x &% 14(DHLs) 3 1B, 7B, 6B [22]
Heshangmai x Yu8679 1 2A [17]
Rye Selection x CS 6 1A, 2B, 2D, 5A, 5B, 5D [14]
Drysdale x Gladius 2 2B, 6B [20]
RLgE AR x HOkL 5 1A, 2A, 2B, 2DL, 5DL [2]
W7984 x Opata85 1 1B (7]
Chuan3505 x Shannong483 3 2A, 5D, 6A (4]
Sk 10 x &% 14(DHLs) 3 2B, 2DL [22]
Heshangmai x Yu8679 16 1A, 1B, 2A, 2B, 3A, 3B, 5A, 5B, 5D, 6D [17]
Rye Selection x CS 9 1D, 2B, 2D, 4B, 5B, 5D [14]
Drysdale x Gladius 5 2B, 2D, 3B, 6A [20]
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I EL A A5NT BIL A PR St A e S35 H DR ) w5 0 e o s B H 24 T T

R e Hhy 22 2 P A RO PR AR o S L BT RS R W/ 2R EE QTLs 1Y 38 A% 7 (01 2 52 36 85 1) 72
Wi 5 BE D5 3R E Y BLAE 2 8 QTLs 7E AR FREE AR AF T RIARATEE , (e 7E— L IR P GRS A5 I 21 1M
TE T3 b —F IR SR E 22 SR MAF BT A B e /N )™ i PR ) 18 A A8 (3 52 28 D) 38t 2 20 1z B
P, a3z ARV RSOV (455 A PR 22 T LR i TR A B 2 R A TN ) i B . (R, AR AN TR
AL AT AR A5 M BB RN QT Ls AT 38 A5 € (0 255 5 73 M RE A8 5T L i 73 B 240 QTLs Z [ 1y 67 %
T A EL AR AR, DA T S 4 T o AR EE QT Ls )38t A% 4R AiE K LA R PR - 22 18] 4 1 FH AR AE

3 NERER KN T ENH

31 NENEFHEXEENERES BT

PG A ) /N ZE A BT AR KRS L FOREE s AR e R 2% BRI H AT e @ /N
LT T % V) DG I FLE 7 b 5 X B BB AT 58 A A BT 1) SE PR RGN AR 22 o T AR X 40 /K e v I 2R
FEHE SRR AL, 33X Ry /N FERLE Y B A TR R AR AL AT SR A T R S

EUHT, /N2 0 T T B DG 3 R 1 5 e 5 T RE A AT T2 B2 R S8 RS R T . — 2238 B 15 AR i A
KW FEB 5 55— SRR R M & B R A A DG i S R o I 0 1R A A AR R IR AL I (AGPP) , Wl ¥ 1
TE B I (SSS) FNYE #4332 il (SEB) J& 3 A~ S5e Sl UE SE 45 kb S M i A= 0 5 e, FUR S5 /N R E B
G285 VTR G HK 17 DG Bl il B PR 24 TR0 8 45 0 X /N 22 M R TV oy R R R il O MR AR SRR W, AGPP, SSS
F1 SEB (14 [ 15 1k F AW IR AE /N 22 FFAE )G 20~25 d, H AGPP F1 SSS W& PEA/N S HiE M & & & iF
o, SEB {&YER/NG SCHEVER & E L . FEWEA 5L A (sucrose synthase, SUS)J& J) — ik 55 RE7E IE
By A e R Pk R A e B L . JTANG S5 PO5g B T M N2 2 M R LY R S S R
TaSUS2, R4 TaSUS2-2B i i b 55 ik [5] [8] 1Y) 22 5 (Hap-H 1 Hap-L)JF & 1 1 A3 @ ¥EbRic, S
& ¥ Hap-H 5 T B0 55 % IR OG0y /0N 22 00 5T Bl ) J B0 e S PR o % 9% 12 4 4 £ i R A
fiti (ADP-glucose pyrophosphorylase, AGPP) 2 4 il #5 4) 14 Ay JE 05 70 3E M3 15 B 114 5% Bt PR Sk 7, e 77 2 -
1-BE R A1 ATP JE JSUE 83 & B ELEE IR o AGPP Sty K/ BE 41 i) S 0 DU SR A, b B /N Sk J2: A Ak
WA, CIESE AGPP 3P ETR 5 IR FL A0 M€ 8 (195 s b 33K A GPP K& X 1) % 5L DUK Rt B FFRLARL G, T
FLE W ER N, HET, CAES@E/NE Pk T AGPP £ W) cDNA, Horfr B /NF 2 A5 (1% 25 R 7 o7 T 4
iR TA, TB M TD b, AR IL AL S . DRSS R JFAESE 20~25 d /NEEFFRLT AGPP fiff i
Phfemr, MREL R AGPP G 4 35 56 v DA = e a2 &

FE/NZEFFRLAN L K B A3 A AH CSE R I DI REF 9, S 45 & 7K R GS3 (glutamine synthetase I1-
I, GS3)JEHFHN RN R R 2 F g EST J¥ 41, DB T /N GS3 FE[H; Hogm it i 2 5L 1R 5 41 Fil K
FEARAAMEAR =, DR SR A AR < X8, R T B 22 R 411 A8 1 /NZZ2 RILs XF GS3 JE A 5k hL
R/NFURLEE Y 5C R IATEE BT R, GS3 H/NERFRIACEE | BERE . RLJE SO E 45 R R 1 AR G M1 1A 3
FIKF o FEK RS EIESE GS3 3 I a4k N 1 £ %) R T R R RIORE EE S N A Y
TaGS3 JEH Y T RE T e 55 /K R 09 2 A AHA R/ R AL

SU 452 ][] 5 e e £ R A /N 22 vh S e A B T TaGW 2 (grain weight 11, GW2)JEDN, H5 %3 N 5
FANZE YA AREE SRR RE 5 FFAE TaGW2-6A SR W) JE 8 T IXIUE I T 2 4 SNP i . WFsE k8. H
H 1A~ SNP 57 a5 55 FF R A4 KL 58 FHURE B AT I 385 0 QI HEIY TaG W2 JE 5 3l X 38 119 28 45 1 BB 23 5 1
5 DRl ) 2 3 T X /N A2 R EE (T L™ AR S o A% 1RO G X o B 1 o R RN 22 5 RORL /N TaGW 2 A5
P EE AT FE G LR R B, 2228 OB/ N A GBI 1) TaGW2 JEHAE 977 bp 4bA5 1 A4S T B 5k 14 A {12 5k
PUEEPE AT 28 0k 5 X TaGW 2 SEPH 4 it 1) S 5L R 17 51 1) — R 5 AL TN & 0, FLA R R 5k 61~103 X I A7
LA~ GW 2 [T BRI g 5 A 8, &l (i TaGW2 JE R B2 RIEFERF IR . KAE (9 GW2 5 K #5658
AIAILTEN S GW2 SE it 4 i 1 Fh B3 72 RiEEE S 52 FZ 40 008 DR, 5w 8 22 7K Rk s 250 5 200 1 1)
HH M REARRLTE ™ . I TaGW?2 S AE/NE h DI BE W] AR 5K RS GW2 JER B i T REAHAL, XF /N2 i
R B R IR . MA S8 BU 38 /N7 v ovn e T 4 i RE A% AL TaCW1(cell wall bound invertase,
CWI) JEH , IbIER 4K 3676 bp, &4 7T MNINEFHM6 NN ETLLL 1A 1767 bp BIFFCLRSHE .
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e TaCWI-AT 37 5 (2547728 5 TaCWI-Ala Fl TaCWI-A1b JT & T 1 % 5 b B EARIC CWI22 A1 CWI21, il
TEXF 2 41 B A /INAE AR SRR 2 A E AR KRR R R, CWI22 P84 (% 402 bp 5t 5 i TORLEE %5 V)
FHOG, i CWI2L T4 3 i 404 bp 54 SR TR E 2 UIAH O . 40 ML BE 25 5 %% AL (cell wall bound inver-
tase, CWI)F LAF7E 540 fIRE E e e sirh, Xk G mMiah RIEEHELE/EN . fEEXK
. CWI I P R AR 9 28 A28 (R 7E F WRERLIE 1 B BT Rz 2B < B A2 2], ik s 58 HUAT I8 AR 1/
59 CWILER P RERMALE AR, I MECH A NBIREAR ., /NEE TaCWT I B R 4506 55 F A%
(53 FHLH A5 A 1 T 3 — 2D b 58 3%
32 INENEEEHHERBRESER

Y N TR B T AL HE A K & (indole-3-acetic acid, TAA), 75% % (gibberellic acid, GA), 4ijifi4y
Z4 & (cytokinin, CTK), 7% BZ (abscisic Acid, ABA), Z 4 (ethyne, ETH), 5% HsHE R H (iso-propyl
alcohol, iPA)SE, WM ERTEMEY A KA T IR h 455 EL M REAEN . OF90RV . APk R 3
RFRLEE /N 3 B RFRL (R ) W3R B~ R 5 s s /N2 R A T 25 S s R I S A AE R R
MZY, TEAFRIRAE . WM& MOCHEE . B2 A A 3RIK . MAR 8 L B/ A A5 o 2 v R 1 A
Xof 7N KEARL P 5t T it SO ) 2 v R T P R PR T

TAA Z5EMm /N EREPR NP E SR . R IR TAA ] USRI ) 1 5 AL 0% -
AA K6 7 ) ) R RL I S A S CHAE FERL TP I R A0 A B 2 e RV D o RS8R0 . N TR TAA Bk
JE [ D A B SR TR S IR AE DG OC R 5 TAA SE ok 4% 2 UG A S P, S R A 43 e BB DA T 388 in /DN 2 R L
TEM LR, B R (CGA) Al Rk /N2 85592, A6 /N2 W SR 0 W i 7% 23 38 ) LA W) db 398 o Aok 45, 3 i 42
F 7, WHEELER S8598 1, 7EFFRLE Bl B N TR TAA 5 GA MRIERFF R R B MAK T &, 5
L (1 38 K B DDA OGP MR AE /N R R R B SRR R GA R TAA SR R[4 A 3L R 2 5 kR0 T4 o3 i 1
F, AL SR I B o CTK i e 3 15 IR 2L A0 A 19 43 LA S B sz e /N 22 ki, pE9E R 2K fe
ANANAZE CTK 3G PE B SR s FERFRL R B RO00 459 CTK 5 1< 8 55 IR 3L 41 4% A7 BE 77 DA 1T 52 W AR 08 5 e
i, EFREFDODIRERY] . EERIE O T RFLAEE SR I ABA O s i, 45 U0 2L 200 B % VB R B I
o FE/NZNFRLHES AT, TR ABA (19 55 5 X FF R0 IR o B e B AR AR T, 300 O o o) £ R
St ABA 35 JIOFFARLVE S 1) S (FLR 0 A DR I A B )% ) AR R e A T AR O N IR
W IR R A AR5 R B, AP RLHR GA3/ABA Bip [A] & AE FH 8 b & I DUFF RIS S B . BFgR R B : 767D
22 WL A0 43 A 1 TS0 A0 B N 1Y iPA R ABA S R o B 1Y TPA UK — s B BE B AT DA i R L 4 i
a4k, NI IORF R A AR FR ™, PR R B 0, PRS2 R R 0 G T, PRI iPA KRR,
[AEf GA, ABA Fl TAA A/KFEFw, mIbnl I GA, ABA, TAA FliPA 75 X707 2% ok 7 vp ot P W) A A
HE/NFZRFRIRE IR P s J P R AR S B B B B 1) — R AR, AR AR AR AR A T AR K S R
SO A HE SR S BRI B . WFIE R B . TE/INZZE HE SR AT I AR 20 A A i 70 B S R ek E
AT BB HF R R 18 R A G RV R A S BTG R 1 B A R BEE S TR AT R, dEE
B R REIE m e, (ERRPRLIE IR AR, R R AR . R R DR R T LA - Y A 5 OBE PR TR B AR
E IR, DI U 7E RS T P A ORI R R R R

4 HFEFAERE

EHT, ¥ R/ KLY B4 T R S BB R B 58 85/, s Z AR R IR . BUARGE i QTL 434
FEARENL T — o R AL, (HAR AT SR AT BE A B0 UE 5 XA F1 T AR A 98 48 58 A5 B I AR
B, MR R IIRE , ST o0, nRELT 3 404 8B 18 b /N 32 i 5598 B4 8 s AL A
fE oy . OG54 O A /N 22 38 1% 1 B RS (5 B, A 42 3% [N 41 € 1% 49 BT (genome-wide association
study, GWAS)H ARk — 5 F & 5 1R 25 D) AH SC I i) B A% 17 1R 2 A5 AR L (single nucleotide polymorphism,
SNP); &5 GVERIBEREAT 270 55 JL DR (0 SC G PR 4 BT, 0 8 b T e ik R B Y, JF R AT s B N )
REARAT . GWAS J& — i Jk T3 B A >k UM 4 Fhil Z (R s e LD 5 MR Z R OC Rk, )
12 B P AL 24 R E A DG M R RS . HAT, A GWAS M R C KR 28 7 5
AR BERTERE . Tom it . AR B L VM O i L O S Ak T RE AE AR VDA DGR 1 SNP i 811
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TEE KA LA 54 WA -2 7 W 2 8 M SC R Y SNP 7 5t Bl 32 30 ok 0, I GWAS 2 Br i R B 78
ANZE RIS N 2 A SRR AR RE L SR AR B R LG AT B Tl M S IR DD AR S A SNP
B, R TR R TE 8% 5 i F bR e e 6 R L K o3 T4l B B R B R e 8 B, RThE
R H I A% B A DR Y v I 5 D RE R AT OB S AR B D G, R GWAS SR BE— 240 5/ 2 ki
IR VISR IR SNP ARic, AR IR 0 A AR ie 19 B AR S (R SR IR EE AT 5 o7 01 5 [ H A 3k [
I AR P AT AR Ay /N F2 R o A i S 5K PR A 1 R T B (D45 A fe sl ek WU B AR A 5 S 4 RNA
FP AR LI FBOAR , A e T S SR R AR AR Z ) s RACEAZ ] S AR A Z (6]
BFEZEFRIERMIENMER, 456 LRS00 B /N6 s e B I, S/ A L i
Oy FURPEALE o e m e R 2 RNA IR AL 3 EOR m] LAAE Bef se B AL )P 0 a4 &, B sE iy
mRNA H A ME AR EEGER, RPN RAMZIL, Hal IS0 E 8 fEm, o Ealfe, BEE
P e R G DY B S T AR HAT, CAEKFRE S IR IT Arabidopsis thaliana™ 5 A AE Y is
SEITUHE A, 38 3k 73 A 2 e DR AR 2 B PR PR =2 ) SR A (A R A TR PR 2 ) 2 75 S R R I, 42 4
FUBRFE DR LA R H AR R Y b1 Ui 98 1 S I B ) 48 90 o IR, 5835 3 ) g 208 000 50 AR 2 T g AT /1N 22k
FIY > T IR R 5 — DR e . QR /N R E R R F SRR A KRR R UIMOG RE Ak
ANFFHE 3 A EEAM R E R R E AL ENZ UL B A E KRS B, Yk EE s 1
PEEAL AT 5T 3 2 S A ) Al g I 2 KRS PR, TN E TR R 5 B IR R o3 R A AL
ARSI XA S o PG, FEOFSE AR op AT /N R G A i A Al PSR . M . IR SF %
SR NI RO AN 0 T I AL AT 20 B B AT, A RE MRE (A L 1) /N 2 b E I B 1 SR P AL A o
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¥EINFS 2 BISRRIEEE PCR il 77 AR E AL
T #, #F5, REAX, AT, K K, BME, i, REE
(VLA AR R 2 SR 2 Be, WiiL i 311300)

BE: ¥ A 2 2 (porcine circovirus 2, PCV2), 2 B % Sus scrofa domestica #9 —#F %4& DNA 5% &, & 5 —FF
Peig . RAAEN Tk, T PCV2 R EHe fFkfmkmMbrEw €%, H4EPCV2ORFRZ ARFEFE, &+ T R
R F R A B4 X R (PCR) G 4, #1 A SYBR Green 1F 4 5 e 4t 2 7 —#F 2 4ml PCV2 49 PCR ik, %R
R A KRB R G TR T L MIAF R, M6 AR M AR E 10" B 0 DNA, AR % k2t
34 4y PCV2 Fa b6 JR AR A SEATH M, Al A A F 4 100%, 81 2 & T4:@ PCR 7 %469 50.0%, B, AAFREIe
PCV2 5 af 3¢ & 2 & PCR A& M 7 ok 2 3% ok 9 69 TR b7 e d2 H) B — A A 2dg el T A, B 4 & 4 % 26
KEWR: FHHF; H; BEFBEEF2AE; £ RAEEEPCR
RE S S: S852.3 XHEREE: A NER/S: 2095-0756(2016)02-0357-07

A real-time PCR method for detection of porcine circovirus 2

YU Jing, LAO Xiujie, CHEN Yanyong, HE Xiaojiang, DAI Bing, ZHAO Ayong, WANG Xiaodu, SONG Houhui
(School of Animal Science and Technology, Zhejiang A & F University, Lin’an 311300, Zhejiang, China)

Abstract: To develop an accurate and rapid detection method for disease screening and prevention with porcine
circovirus type 2 (PCV2), a single-strand DNA virus that infects pigs, primers targeted to the ORF2 fragment
of the PCV2 conserved region were designed. A real time polymerase chain reaction (PCR) method was devel-
oped using SYBR Green as a fluorescent dye and serial dilutions of ORF2 recombinant plasmid to construct a
standard curve for an absolute quantification. Results showed that the detection limit was obtained with 10
copy DNA per microliter. This method exhibited 1 000 times higher sensitivity than conventional PCR, only
specific identification of PCV2, and better repeatability with the less than 2% variation coefficient of intra- or
inter-assay experiments. A total of 34 PCV2 positive clinical samples were confirmed using this real time PCR
method, demonstrating 100% agreement in comparison with the conventional PCR having only 50% agreement.
This real time PCR method could provide a valuable tool for PCV2 prevention and control. [Ch, 4 fig. 4 tab.
26 ref. ]

Key words: zoology; porcine; porcine circovirus 2; real-time PCR
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IR P9 8 (PCV ) 4324 PCVL FIPCV2 &5 2 FpL AL, e 13 Z5 /AL, 4% A ORF1 Fil ORF2 % 2
A FEERFF R ENE . ORF1 &5 PCVL A PCV2 41 )5 38 R W 9 25 B, HoAS SR/, [
ik 85%; il ORF2 JLPH & PCV2 M B Z P I, it i Ko 1 (Cap 81D, HAESKK, M
B PCV Z [ AAFAEHUR A W, B PCVL Al PCV2 A8 4 S Mk S B B0 8, I 78 I R AG: ) wp B 5
T RIFMER . BT ORF2 B8R4 5, Al LB e o | okt PCV (1) 2 IR B AT 58, Eh
PCR J7ik %52 PCV2 [ EH LY, JLT ORF2 (X B3, AR M BEF: ORF2 1E % 51 Wit
MBI . A EEEE NN (PCR)JrIA AT . 7 8 . PRl . SUK, eIz i, HIEE R
BH I 11 520 15 G i ok s AR SR A7 AE o PCV2 [ HTIRAG I , AR FES S v 0 by, (ERR AN AS B B, FRZE
K. 5228 PCR, 83X PCR SFH A, BAWAT LIARR S0y R, HRERHNGEE &, SH90
SEHE PCR ik, AURMERM , SURMER . ERE M . & BRI )@ B 28008, 2 7 K I 0 = 22
Jrike B, A A S 98t i PCR BEAR M g gt . R PCV2 (1905, DAE B 55 56 =5
I R e PCV2 (1 S s i A

1 AR5 7

1.1 RN IE R fm

PCV2, 1% 958 (PRRSV, lelystad virus), J&20/Nj 7 (porcine parvovirus, PPV) IR & Ji 8 (CS-
FV, hogcholera virus ) 45 18 #% t # YLACAR R 22 Sh Wy #0007 B2 2 5 4 AR SEge == /A7 o 19 Oy kAR R B BT
I 5 2SR BHE T R AT BR S T (R . S . 11 4y BHE S ARE A 4 155 B XoF B phy A 0 A6 3 s (A
B EA I B ARAT BRA A, fFR . B IE) S,
1.2 St 5&/K

ORF2 j& PCV2 [y FZ e i 5L, & EZH T PCR Y09 3L 1™ #id4li GenBank A7 1) PCV2
ORF2 3£ ¥ 5, BEF Primer 5.0 #CfF %3t ORF2 3N 4 K v le . %58 PCR DL 52 3% % 5 i PCR 5
Y, il BLAST X HAF AT 0. 5100 Bl A A TRA RS, 519F I E 1,

x1 ZBHEASY

Table 1 Primers used in this study

EIEZE3i EIEZEq S SIMF5I(5'—3") i/ PNUNLY
ORF2-F ATGACGTATCCAAGGAGGCGTTAC
ORF2 i |9 702
ORF2-R TTAAGGGTTAAGTGGGGGGTCTTTAAG
o qP1 GAGCAGGGCCAGAATTCAACC
LPOLE R 5 149
qbP2 AACASCCGCCTCTCCCGCAC

1.3 PR & 5%

By B ORF2 F Bt 5 pZERO-blunt #4435 5%, %1 KW ¥4 B Escherichia coli DH5a, U 41
JEkL, FEHEATINT o FH AN YOG BT I  FAL FORL A RO D(260) F1 D(280), 1153 H 5 41Tk i) 5
DU, FHEASY Dilution i 544 B4 F 41 SRR BE S 10 45 D1 - wL™', FRaEAT 10 f5 86 BERG B, LA10°, 107,
10°, 10°, 10*, 10°, 10%, 10", 10°#5 D1« wL™" O A5 DUEOM: BEAE AR R AR , —20 CHRAE & . TR T it
W (g-L7) =D(260) x 50 (g-L™) /1 000 x HEASHR B RBEAT L

P DUROHE A $0UE (P DL - w) = ORI BE (g ™) x BT ofs 4 25 5 3 / 20 ks T ok
1.4 SRR ATEERMNFHE

S 96 Hk PCR SRR 20 pL iR &, AW F : SYBR® Premix Ex Tag GC(2 x)10 uL, qPI
(10 pmol-1.1)0.4 L, qP2(10 pmol-L.71)0.4 wl,, ROX Reference Dye I11(50 x)0.4 L, XZ&E/K 7.8 wlL,
B 1 wL, PCR P 144544 95 CHIAME30s, #95°C 10s, 60 °C20s, 72 °C 30 s, #4740 MEH,
1.5 FREM&MNE

VLEE AL BOR bR i it , 64T 10 506 BEAR B, B 10°~10° 8 D1 - ™" Bk AR A , IR Ak 1) 52 B 52
E i PCR MR R JoRE Jy dEAT R, [ B3 28 (0T BE, RS Fn o S 2s (IR BRSO 3 A AT EE . DR
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BObeHs TUBOh « B, RERBIELCCOM D y BRI M2, , 23y PCV2 ¢ A2 ik PCR el B bRaft i 2%
16 EE%ETE PCR A HMWEEM N

X ) L B 1667 M DNA 10% 10° 1 107 §5 DU+ L 59647 4 1 Bt iy T A2 10 o REASHT 3 47
T (AT, SBT3 WA LI T A2 ) RPBF 1 C LT3 . bl 2 RS 52 3 BGIEAT 4007
17 SBMERESES R

BORPE BT - R IR0 BB W A, 4) PSRt L, W3 ML PCR 5 92 9605 it PCR 19
SR 22 . SERE AN BT« T A S 10 52 B O 5 R PCR 7 % B0 I R 8 98 I 56905 72 (PCV2)
FEAINE R (PPV), 500575 4 (CSEV ) A% 06 T 4 (PRRSV ) 5 4 DNA (5 cDNA) TR, 72 1% 7
S
1.8 IEREEARE R

X RAENG 34 By BB St AT R . A B DNA, 1B iR a7 107 vath 47 K

2 HER G

2.1 kR RALH B

L PCV2 DNA A, ORF2 4K 5% ORF2-F 5 ORF2-R Al M M3 Bl B2
AT PCR 448, [ 9 A Be K/ 702 bp, 34 4% #) pZERO-blunt
Bk L, IF A L YD B AT SR Y, B A B
3 8 B/ S 00— 80, 7200 4L TR0 TE A () 1),
WP 25 5 5 H 0 B A5 4 — B, HhR AL, JF R
Fifeoh 108, 107, 10°, 10°, 10%, 10°, 10%, 10', 10°#£ 01 -pul' 9
A F A SR A AR
22 RPNk ESE PCRTEMSENES

DL 6 T 2L 5RO B A SO AT oA 0 0 A L AR 4
PCV2 § 31 2 %%, B4 A B bR 2%, #5008 (x) 5 A B
PR B (C) 2 1] (92 P 5 R 2 k50 (1 2C) Wy C=-338 x  A. ORF2JEIN S (A 1ZORF2JT BL,
lev + 3598, JLAIHN-338, HUCRE(RN 1, RIEHMEN Sy powpll, Bih T A b, 2,
R PERE R LT . PCR MY IR 97.6%, HEWS#eee  BALTORM LKD)
it PCR IR I Z S 100 5 D1 - pl', 47 34 dh 27 (& 2A) B 1 ORF2 3} W %A &M ki
AR Z AR A), PHPERE & CAEISFE 33 LT, BHMEXTHEAE Figure 1 Clone of ORF2 and verification of
SR, BT R 10, B, WA Gk 33 i recombinant plasmid
S TP R R BE M RE B L, B CoS33 AT R B L €33 M B . v i il 28 40 7T LA e
HEP= M TE W PE , 2 AT TS S LR S B A i 54 B . AR ST IR AR 2k (] 2B) KR AE
WP, T, (4 (5T % ) 7E 86 CCAEAT, FRWIRKE Ry HE . Hh b AT LA UE W1 A B 9% 2 7. (9 52 I 900 O o it
PCR ¥l PCV2 J5 52 2l {5, Al T J5 8L 920 404 -
2.3 RPN E PCR A M E S AT

ST MR R AR R . O T RIE AR ST S I S SOk i PCR (B, TR
[F H 4 b o A DNA 10°, 10° i 102 4% 01 - L™ 74100 T AP T6 . 3 BhBERR 10 3 Wk HL PY (35 2) Rt i
(F£3)BEEBMA CAREHARR 05, BFRENT 2%, 4R Z Ik AaBEmE T,
24 RN

PCR 414 55 th BB BAE , 2 s, S8 A P R IR o BRI, AT A IR 5 8 S 1 52 B 96 0k
% HE PCR J7 k4 LA AT, 25 W1 (18 3): 2 SCit 35658 i PCR &I, 1A PCV2 16 C, H 18 /&
A7 U S B TR 1 /NPT EE (PPY), R R (CSFV), J U5 L5 2 (PRRSV) 45 B
CAHYIRT 33 SURY 8, B MHIE, DL S5 SAEW . ASBFST d o 19 52 96k i i PCR il PCV2
(7 B S R L R LR T IS S0 BRRE S 4

2000
2000bp 500
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Figure 2 Development of standard curve of real-time PCR method

9¢ 6 8 SPCRI £k
y=—3.381X1gx+35.98, F B F H97.6%

1 1

®2 EMAAXEEPCRAENHANEE
MREHER

Table 2 Repetitive experimental results of intra-assay of

real-time PCR method

*x 3 ZHKAEE PCRAERMHMEBIES S
WHER

Table 3 Repetitive experimental results inter-assay of real-time

PCR method

PO ®mE 1 WmE2 EmE3 PHME bk ﬂ{‘}a' R Rl WmHE2 WAE3 PHME bRk EFI%
/% 5/%

107 2972 29.63 2895 2943 042 1.43 107 2293 22,60 2241 22,65 0.26 1.16

10° 26.03 2593 2570 25.89 0.17 0.65 10° 2649 2599 2576 26.08 037 1.43

10* 2263 2254 2235 2251 0.14 0.64 10* 2992 29.69 29.02 29.54 047 1.58

2.5 HEMESHT

BB S PE A G I 7 9 ) R B, D, FRAT0 A 1 il PCR RIS 7t % it PCR X 2
MO AU . AR B I ad PCR A 9708 Z68 I BAR M B O 10° #5 D1 - L™, i S I 2t € it PCR
JPEAERERR L 10" 35 DL w7 (B 4) A 973, gt 3R WA Sei 25 it PCR G PCV2 1) U He
i PCR A Sk 1000 ff5 o LSRRI . A TS H 7 19 52 5Ot € it PCR AL PCV2 19 J7 3k U
XS
2.6 I RE ARt

ey R f A 0 A ) BT B o A WIS AT T A B R B 1) 34 A iy, HL v B R A i 30
T, BAYEREGD 4 03, Gl 4G I 2 B 5 PCR RGN 7 347 45 5 0 50.0%, S 980 it PCR K INAT &
9 100% (3% 4), HAHH R RE i 1998 DO 10'~10° #5 01 w7 DL ESERIRW] . ASHFFEHE S B9 S 96 RE B
PCR ¥l PCV2 J7 3k He il PCR J7 3k RGO W, RESE 2l & 4 5w ORI, L RE A 5 5 20 B A f 19
T BE B
3 i

IU R0 B 36 3 7T A S R BT 0547 3% 2 R SRR 2R A IR (PMWS) ML S B2 28 5 B i £ 5 ik (PDNS),

B A PEIRSEPE I 58 (PNP) , FEWF I IE LR AE , VA2 B10E 00 SEFRBEAT | OB AR A7 1Y S5 R B (CT) R A2
5 TG 5 45 g = 1O i AR 2 3 U 4 SR B 3 PCV2 BHAE A k 100%, R8T 4w ik 30% . H
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Figure 3 Result of specific analysis Figure 4 Results of sensitivity analysis
x4 mREmRENER
Table 4  Analysis of clinical samples
38 PCR S8 8 7 PCR
Bl K B I " — = RS
PR (B ) T %1% FH P (B ) F545 %1%
[ 15 19 0 7(12) 36.8 19(0) 100
i 11 4 6(9) 66.7 11(4) 100
Bt 30 4 13(21) 50.0 30(4) 100

A, % PCV2 5IASE I 2 Wi i . BORALEE L RO WS 5 A B 19 Bl 16 UF 58 8 ASTE . PCV2 5| %9
FR P07 T T A Y, (H R S AR AN AR

PCV2 5 E 595 112 W 32 B R A G RAEAR © 8 B A FN SE 0 12 55, X S 71 is W gl Rk, (1
FEIF R . TAERR, SCBRAR = R LI R FH s e, X Ty 5k I DRI YL A 112 T 4 4 1 IR
Mo N TP S ), SCR S TF R T R A SR . ELISA L SR 4 i 40 PCR 45 ik T A T
PCV2U2N 0 G R IR, H B B0 B 2-dCap-ELISA HT A I ) & A2 A PCV2 i BT AR . A2
FRR A AS FLRET B 22 F/Z MR, (R B Ed AR A B, PRI gE SN ks Y. MBARY 1L
120 0 [ PR T P A AR G iU AR A R I PCV2 B 5 ik, BRFRSME . BRUEE . A REHMRE, HiE
WARAFAE B AR B R 1) R, I AF Sk, SEm 9256 E & PCR J5 ¥k e B A 0 7 i i b FH , ik — B4R 5 TG
D) AR, AT R B ]

ABFSEARYE PCV2 ORF2 JEPRE T2 9% 658 B PCR 314, ORF2 4tk # AR 72 & M (Cap), %
E A SRR A S PR, BLAE 2 AN S R (PCVL I PCV2) Z (81 TG 38 S R PE, 246 I
BEDUAR KT RAF PR >, Bk, ORF2 &k PCR %5 PCV2 (& L, 505 05 % P i 4l ORF2
Wit TagMan SZiF5¢ 6@ & PCR 514y, @57 17 PCV2 K Jy ik, H RS m ik 3] 4.53 x 10> $£ 01 - pl,
1117 B4 45 55 1 Tag Man SE 28 % 5 5 PCR J7 1 18 S ARAS T B2 4y 5.06 #8 D1 - wL', 1if SYBR Green I Real-
time PCR #6000 J5 2% (1) R AL FEATE 10~100 45 01 - pl", L5 PCR ARSI 75 2345 00 SR 4403 $¢ 5 100~1 000
g2

AT ST 1 SISOk E B PCR RS PCV2 (1) 5 % AR A5 X Ak F WG AR A8 R A TR I, ol i
R IR YT A4S 52 ST I ] o AR g S I SE SO E B PCR Jr vk 53538 PCR AH L, R HE S T 1000
£, RE iR 3E SEI 98Ot B PCRISS 22005 PCV2 (1 R UE AL . B UE, SEit 9k & PCR Jrik
R g% A &, Ir e AR R E A IR R B o (HE, AR S HE ST Y SE i) SOk & PCR Kl PCV2 11
TEEEMARE RIS, ASEREE, SRKBDCEHRRESESENESE TR, WA, AR5
N7 SE R S E B PCR A AT RAXF PCV2 BEAT WERA 2 5, WG 56 1 5 0112 W R 1 43 2 B 1R 4 4R AL
TEEM K
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Quantifying Botryosphaeria dothidea infection causing canker

disease on Carya cathayensis using real-time PCR

ZHU Zhixiang, SHI Haojie, LEI Feibin, ZHANG Chuanqing
(School of Agricultural and Food Science, Zhejiang A & F University, Lin"an 311300, Zhejiang, China)

Abstract: Canker disease caused by Botryosphaeria dothidea is the most important disease that threaten the
production of Chinese hickory and has the significant characteristics of “latent infection”. Therefore, the de-
velopment of a quantitative detection technique of B. dothidea in hickory plants is the prerequisite for its fore-
casting and scientific management. In this study, specific primers were respectively designed based on the con-
served regions of EFla gene of B. dothiaea. Results of both real-time PCR and common PCR showed that the
specificity and sensitivity of EFRT-F1/R1 was good primer pair. A band of 230 bp could be stably amplified by
the primers EFRT-F1/R1. Further study displayed that this real-time PCR technique is more sensitive (more
than 100 fold) than the common one. Our molecular detection technique will provide scientific basis for fore-
cast, and management of hickory canker disease. [Ch, 6 fig. 8 ref. ]

Key words: forest protection; comker disease; real-time PCR; specific primers; genome DNA
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B, mEN], B, MEE, X, KN (16.8~26.4) wm x (7.0~10.0) pm, HIAZHE T8 Y 4 6 5
HEFEN 3 A TAE AT, DIELRERASURERL, BA 0208 RERED . TRE
AL TR, ] AR T AR 4-5 A A RERI AR, WURSE B BURERE A FF G AT B R, A
AR IE AN BT . SR LA TR0 1 0T L AR L DR B e 0 % L AR T e e A T
e AR A A L E B X I SE B A E i R A WA =X N (real-time flurescent quantitive PCR) 4
AL DNA H 1) 7 BafF AT 52 Bk, 78 PCR R & il e 128 625 6 W i sl 3 DB IR e, sz ke
UL B SO R SRS DNA =5 SOE b, 38 i K 56 % 5 5 i A8 fb ok Wl PCR s i 72, M
7 3 B e H 09 38 A S 5 i PCR AR R 7L 59 35 1 v K H0 o 1 o 0 5 O R ZE RREE, DA AR
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striiformis PEAT TR, FHAGIRCR A N B o A5 0 ST 1 S 28O E i PCR ORI Jr i Rg 0% FH T 18
I LA AR A PV AR AR G 0T PN B 5 B, O T AU SR TR, R S0 R 0 B B A A R S

1 M5 7 &*
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PR R IR TR, 4T 2014 4 8 3 4 H R B WL b2 il B i LAz Bk, Jf &
i 2SR A E,

1.2 Wzt TERHE DNA SXmLZkEk R EMEY S EEH DNA fIRE

iR A TAY TR (i ) A B2 ) AR 7 1) 0 1 35 PR 20 DINA sl iy 12 380790 60 42 BT 3 5 187 DNA (42
B2 ORI & U A5 ), IR0 A% A " ZE 77 1) Ezup A1 356 41 DNA fli32 5050 & () $2 BU
o LLIAZ R AR S T A (26 ) e R TR 2 DINA (4 7 9k 2 B & (o FH UG ) o Herb 32 OIS LU A Bk A
PR BT A A ) SR 2 DNA B, T A AR i B BE LT 5~10 4E A i LA A AR = TR R A iz, B
PRIL 1.7, BT DNA K5 B T-20 CORAZA% .

1.3 Witk & miwE 7 s Wi it

2 22 4 % e E T EF1o(GenBank: HM176506.1, elongation factor 1 alpha (EF)) &K 4 741, {di
Beacon Designer7 3545 BT I Ak T I ik A R ¥E5 14 . EFRT-F1(5' >TTTGCCTTATCACTCTCT <
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30 NMER; 72 CHEMH 5 ming, PCR =¥ & i W R 1.5%B IE HEEEL 7K (140 V, 14 min), Zad R4k
CEE(EB)e )5, HIRRE 2200 B 14 2 50 %
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G R BT B RE B, FZ S I #EA 7530 PCR 9731 5 52 586 & PCR 971, %5 19 i R
(SR R AN AER) 1.4 Bk ) .
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W I AZ BT J 9% 7 DNA J§ EASY Dilution (TAKARA) & 5 J5 88 FE A6 B8 ([F] 1.5 BFiR ), e =519
{#i F} CFX96™ real-time PCR Detection System (Bio-Rad) #4752} 28 62 & PCR 71, TE 3 1k, H Excel
PR bRl 2K
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1.7 LM% EE PCREERINUEMERTHNFEESE
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Figure 2 Melting curves of real-time PCR amplification of

89 45 7 M ok B 9

. . . . Botryosphaeria dothidea based on primer pair
Figure 1 Specificity of the selected primer pair EFRT-F1/R1

EFRT-FI/R1
to Botryosphaeria dothidea
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Figure 3  Sensitivity of PCR detection using primer pair pair EFRT-F1/R1
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Figure 5 Standard curve developed by using 10-fold dilutions
of DNA of 100.0-100 000.0 pg-L"
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