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Ko WEAERERFANNENRLEA L 5% 4, BEEFEZAREE, BRERERELS
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Preface

Zenia insignis Chun. , also known as Rendou tree, Renmu, and Kantou tree, is tall decidu-
ous tree species of Caesalpiniaceae family. It is widely distributed in Guangxi, Guangdong, Hu-
nan, Guizhou, Yunnan, and Vietnam, which belongs to national key protected wild plants of sec-
ond class and has been listed as Near Threatened (nt) species by the World Conservation Union
(ICUN) since the wild resources are endangered. The type specimen of Z. insignis was first col-
lected in Lechang city, Guangdong province that was subsequently identified as new genus by the
famous Chinese botanist professor Chen Huanyong, which is of great scientific value for studying
evolution relation between Caesalpiniaceae and Papilionoideae.

Z. insignis is usually used as a fuelwood and timber species mainly in Guangxi. In the
1980s, the professor Chen Yongmi of Central South Forestry University had conducted a series
studies on Z. insignis that was used as fast-growing timber tree in Hunan, Hubei, Jiangxi, Zhe-
jiang, and Fujian etc. At the beginning of this century, Z. insignis was extended on a large scale
in Southwest China. Previous studies on Z. insignis are concentrated in the introduction and culti-
vation field, whereas the physiological ecology and genetic improvement field is a blank space. Z.
insignis has many obvious advantages such as strong adaptability, fast-growing, and coppice re-
generation, which facilitates the extensive uses in many fields. Studies, exploitation and utiliza-
tion of Z. insignis are great of importance to species structure adjustment in forest regions of
southern China, rocky desertification control, afforestation, development of industry material and
bio-energy forest, and revitalization of the forestry economy.

In the last two decades, improved varieties selecting and breeding in fast-growing tree species
has obtained remarkable achievement. Poplar ( Populus sp. ) exhibits irreplaceable fast-growing
and high-yielding capability in the plain, floodplain of rivers, and coastal shoal in North China.
With the introduction and selecting and breeding of Eucalyptus in tropic and sub-tropic regions in
south China, fast-growing industry material forest began to rapidly extend, which pushed the
process of integrating production of timber, pulp, and paper. Both poplar and Eucalyptus are not
suitable for the southern subtropical bill land in China, however, affecting the construction of fast-
growing and high-yielding forest base.

To select and breed fast-growing industry material forest species suitable for mountain land in
Zhejiang and guarantee the sustainable development of wood processing and edible fungus re-
sources industries in Lishui, Zhejiang, we have been investigating, surveying, and introducing
fast-growing species since 2002 of which the Z. insignis is the emphatically introduced and stud-
ied one. In 2003, seedling and forestation experiments were carried as part research contents of
Lishui graveness scientific project “key techniques of definite cultivating industry material forest of
short rotation and high-yielding”. In 2005, “research on introduction and breeding technology of

Z. insignis, a rare and fast-growing industry material forest species” project has been listed as a



science and technology plan project in Zhejiang Province. In 2007, Z. insignis was extended as
the main species included in the Zhejiang science and technology plan project “selection, breed-
ing and test of new timber tree species with special arts and crafts”. Furthermore, studies, ex-
ploitation and utilization of Z. insignis in Hunan, Guangxi, and Fujian were also carried out.

For the past several years, we have performed series studies of Z. insignis on habitat survey,
introduction tests, rapid reproduction technology studies, regionalization forestation, cold-toler-
ance physiology, photosynthetic characters, microscopic analysis, and genetic diversity analysis.

The research result of genetic diversity, introduction, and cultivation ofZ. insignis finished
by the contributors of this book was approved by the expert group in January, 2009. The expert
group suggested that the research result encompassed genetic diversity, introduction and cultiva-
tion of Z. insignis, and had important directive significance to exploitation and utilization of Z.
insignis. In addition, the project first investigated genetic diversity, cold-iolerance physiology,
and photosynthetic characters, and the research result reached advanced international standards.

Currently, the seed production, introduction, and forestation techniques have matured and
certain progress has been made in the lumber use techniques, but the studies on improved varie-
ties selecting and breeding and physioecological characteristics have just been initiated. In further
work , studies on genetic improvement including fine provenance selection and progeny test should
be carried out. The further studies should especially focus on resistance to low temperature stress
and improve the cold tolerance of Z. insignis by genetic engineering. We hope that the publica-
tion of this book can promote in-depth study and extension of Z. insignis, which makes this tree
species benefit the people.

For the sake of the achievement of this book, Science and Technology Department of Zhe-
jiang Province, some related universities, research institutes, and forest departments assisted.
Professor Sheng Weitong, the State Council advisors and Principal Scientist of Chinese Academy
of Forestry takes time out of his busy schedule to review and preface this book. We tender them
our sincere thanks here too.

As time is limited, some experiments have not lasted long, and the degree of research is not
enough, errors and shortages should exist. Welcome comment and suggestion, therefore we can

improve it in revised edition.

Authors
April 5, 2009
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B1w MEAREYERNT

PIEA (Zenia insignis Chun. ) XAIETEH, EAR, BLW, BHEARAIEAREHT &
KIeA. BMFEARRMA T H. AR, $iE. AN, ZEFB(PEMEREYFIR
fiF, 1980), ZERREEILEBWA M, AR FENAERWBSME . BRAMHBIMA
KR T ARSI X A Y LR TR

FIEA MY E T N BI AT, BRI SR, RTERRSERE
BIEMEAE K E TR WESHEN—BIE, FEBHIERNBRE A EIFH
BAMZEFTBIHMHEXR, BRAMERRENE, BRZEREETRESN), BZ
HEREH TN, BIRFERMER, EKEHE, ARIE, RAMSNEYSERE,

L1 BEIEAKESRHE

WIEAREH KA, HREHERKEE, &20~30m, WAL In; PEREBAE,
BAEERAAR/ANETL; SWEKRSE, BEREREE, JBUREBH; WERl, EF
B, ¥ORMEE, ALoB8H, MINERARE, W%, ~ESHEREY, &
K, K 25~45cm; NHTEEERR 19 ~27 ¥, EAREAE, KEPREEE, K£5~9em,
2~3cm, SENEAREREILR, BREEE, hetk, LEALE, TEEELEAGTFWHEES;
INHARK 2 ~3mm, BHET. BIRERRK, EFHEK, 10 £EGFE, EHE
s, —Mk4~5H, Hat, TEFMNR, K%Y 14nm; TAERERRBEERF; EEML
HEAERABIEERE; B/, KB, &, BHS5, BER, KEE, MAEX,
K 10~ 12mm; ZEMICERREK, BORE, B LM 1 BIEREN; BE4(5), EamsE
HERE, 4K 6mm, 5 1mm; FHEEERKT~9 B, AGHAERE, BKREEF
22k, FHAW, K4mm, HRLHIHER, a6, KAERKERHERE, K 10~
15cm, $E3~3.8cm, HEHLEAM, MHFO0.6~1em; FEEALMHAL, BIERAEFT
7~9%, FHWA BRFME, FrHFERETEK4~5om b, IS5/ ZRMERS ~
6mm, FHFI6.6mm, F4.5mm, K 1.2mm, B, EEE, HBE, FHEALE, B
B, 7~10 AT ERT A, EHEN10 A), BETAHFR(TEEYEK, 1988; B
K%, 1989),

1.2 AIFERM ) FIFE

1.2.1 W

MIERM HPESEMU T EREEYBARERN, THSELERIFFE(ES
FAF) WRMBNK . ARFIREBAIEARILESKENAR, A EHREEFRAR, |
1



ﬁfﬁﬁﬁ*%[ﬂﬂ@ﬂ%%m[ﬁjﬁﬁﬁﬂi%ﬁﬁ*ﬂ%%%ﬁ%fﬁﬁﬁﬁ%ﬂ‘]%ﬁ‘ﬁ(‘, nt
B A A

TR R, WEAMBERAMEN 1 E, THEE. ZAE, TANHI; 4
ERERECU R, “VERR; ARXEAMRTNE, FREMTREAB. REL
SAEESH, BMEE, B2 MERERKAFD. RILERAR. SKILFEEPETE
B, TELRE LVEREMM, RELARERES, REBIAT, HAWBARE, W
OB, BEHELTR, ERARERLOVERR, EETRENAM,; EREK
WA N AR RINE R R E, RELBOKE,; TREEHDRNEHRBIR
T B KB A

YA AR REM, MR BB T R ERE . REEE ., BRAR. TEE
PURBSME R, 25z B BRSO AR P 412U AR 2 21 (palisade tissue) (Y 1 R 4HREAA
B, REAE, HFIES%, 4EHRK1/3~1/2; BHRAL (spongy tissue) B K, £
WHER, dpRRIpE AR, A RE 1/2~2/3, HRESASRERKAR, FhEMARK
J& (stratum corneum) . 7557 #liffd ( epidermal cell) . JHEBEZH 41 (parenchyma tissue) S Z4EH HL
(vascular tissue) i, BEHAKE, HETREMEERAR, HIREEE, %ER
I8 B R AT RR L B o

1.2.2 &

PEAYGZENBOCLERE, B —ERNERES, SENREMMETE, MK
B, BANMKER, FEENRE LR E RS (glandular hair) , JRB—MH 3 T4
MUZHAR, WE4EME 1A, THARMR 2 1

WAL EMEMSI BRI IR . KERMPE ., REMTHERII—BERE
g, AEERAN, ZETHE, MRFER, TR, XEMTREAT, A%
BUETE MR IR ER, AEEK, HEFIBA, AHIRIBR, MR SH IR, BeiE
FRBEE . PHAREP S (pericycle) . 4 (vascular cylinder) | #E (pith) MBEH L&
(pith ray)4 ¥4y, PR NPEMESNE, HILSHRMBAR. BERANEHERIE
A JRER ( primary xylem) . )4 ] Bz %8 ( primary phloem ) #14:& ¥ B{JZ (vascular cambium)
MR RIS, MAEARFEER, HHBE SIS R (collateral bundle) . ZE ) ] #F
S RTERBE K BER (pith) , M2 EIBHFRRE, MHEIER/D, BB IR 7S
R, MIEWMEEEARA R, ERTIE EEBETPRAEF.

PWIEREMWELHHEBTERZE . WERTEBAREB R BAR . EELRZHK
I B2 (intrafascicular cambium ) F15R (5] JE B /2 (interfascicular cambium) 20 i ; W4 K&
# (secondary xylem ) A HEF T 1) P4 (vessel) . & Ml (tracheid ) MIAGF £k (wood ray) . F
BRI —, WAEBE B (secondary phloem ) fEHE VI AR LA S AR HLBL/S, 2% 4H UK
SHFEARN , FERARETS, &9 %K) B 4T 4E (phloem fiber) o

1.2.3

YHBIEARGAR AT, vTLIE B H R K (epidermis) . FZJ2 (cortex) FIZEE 13 (vascu-
lar cylinder) ( 4EEH: XFRPAE, stele) WA, SIRREHS~6 BHMAR, HRE

KH®, HKMSRAFT, MEHEY, SFaKamR. BREmSRERNHEEA
2



............................................................................................................................................. x 1 t nx*iw#%& 7’

AR, REREEERMEE, SRHEFIFL, HHERKIEE, i8S (pericycle) i1 T4
ERNEINE, HIENERAMRAR. EREEN, 7ERAREREREEARRRS
& (protoxylem) 4HLHizk, HH 5 R, FBNEFEYEL, TUEIREARRFERLESZ
B, % (vessel) HAMH UL, BA E BIBE(pith) FFFTE,

1.3 BFEARRSTE

PFEARRH . B BRI 0 R, HARKIRA R 1934 4] KR8
REN, FEREFLEYFRERBER R, REFME(Chen H. Y., 1946), &R
fiE45 (1991) Xt E Fh FAHY R A R BRI 4y, W3R R T —EIE—D KR
W— s (R R ) B4R (S A EY, EELA T AlEaAKEILX,
WEREREA, JLAFMPTREER. BRARBTA) RICHER 200 ~ 1000m f LA B L
R, LW B B3kt B RRT X BA S RIC T (GRABESE, 2005), E@EBEILREA
viii

1.3.1 KR

PFENRLET TR AR, EBESMAES TR, WP ALK, £ THER
200 ~1000m IS BRI . IRIE, 7E P9 SEA B 4= Y VR 4040 T Bk 9442. 28hm”, &
BRBA 137. 55 Tidk, HREE N 97 442w’ (MBS, 2002), AHERE =S =&HAWL,
R ARMBIEAW T, HMNF49.5m, EFH20m, K41 90m, EFTFHEGR3IN’, &
1@ 21m x26m, BEEL 270 4, ZK 5330/ 2 BRE R 120cm T ( Liguidambar formosa-
na ) ¥R B2 HELE 60cm DL FASRSEARTE BB, ROWHR(FfRE, 2002),

BFARLET FRAOKEH XTI SRR OEDRERE, ARG HEIL, E5E. &
. REFHEZE/NAaf, EURKNE, FE. o8, BEFHIFELA, BEHLH
1 80 ~200m, 7E) ARPELEBE — ST A LR, KBMENFBXOKARRETE; T FL
BAKEWLKX, BEZRHRKMRTESF; EREHEEENNL. HENEE. zBTH
BARGH, RERA AR M A RAR, TR AN (BEB%E, 1997), MW
ERRA IR TR 60hm® (FF 275, 1998) ,

WA RERFARRA ML, REEASERARTXEC RBAFEARSF RS
BREPXE, EHpERO, B, HE, L, K. &7, 85, FT. BESEHNE
iR AT BRSEAR (BRK B, 1989) ., TEMIEEARM S KA X AR 300 ~ 600m
MRS . WAMBES, T WSASEARE S, REEHRAT 2005 47 10 A Lz, fEE
HEARM S BRI A KR 1. 49m, ik 40m,

BIEARLEFR M EE I HERTIEMX ., EF M. FHik. =&, mul, XX, k. #
F. R, PHERRG LS WSS, RH LR ACRIL. LKA B i
BRZE ., TEFGILBER RS AREAR -, MEBKED, BR/MREEE, Hit
TR ERER, ZRHEMEN. EMT. F. k. NS, WK KT
B4 THEIR 450 ~970m( 5 /N4, 1996)

THERERIEARARADI AT, ELVPHKREREBREPX . KEILERS
BRI X EHHE S AICF(EHE, 2003; FIB%, 2006),

3




1.3.2 A8

PR TR X SR KB : R, FTPHKE16.2~22.1C, &
A EHSIR 28 ~29C, RBESIE 39.9C, &XAFHKRIR 10~ 14C, L KE
-5.6C, AHEUR 6000 ~7500°C ; 4F F REtHN 1557.4h, XHAL, KB SEHFER
4620MJ - m™?; SEFETH B 1036.9 ~ 1815. Imm, 4EZE & & 1061. 1 ~2051. Smm, £ W H
HOELHKEF16~21C, 1 AFHSKES5~12T, 7 AFHRR25~30C, ARRE
4000 ~ 6500°C , 4EREFT & 1000 ~ 1500mm, 7E 7] WASEARBE S AL G HEABEER,
EFHSIE 16.3C, 7 A EYRIR 26.2C, WmEBEFHSKER37.5C, 1 AFHSRS.2C,
#aSHRKIE -7.3°C, ABUR 4914C; EMREFE 1480. Tmm, WK NEP, EFEMW
%, THEMKH S 183d, EXEEH 91d, EHEMMEE 83% ; 24 H R
1400. 3h, FHIEAEKE 22d; 4 KMASEH RN 4276M] - m 7 (BRAE S, 1989),

WHEABELM R, FAREHRAKE, BREKE. BIARRRSH XML TN
F; HEUgeaAaREMBEALGKRINE, HERE, SRR, AIUESERS, &
H3%~9% , BEBHEERM, pH6.5~7.6, HRERBE SR 3%~6% ., MFEAREFAKERL
BEH X IR TR M

1.3.3 BEREHME

PSR K RMREEAR F T i WA B RN, A 5T bR o gt i Ak, T
R B 4 Y R T A K SR T R TR AR R (RO, 1996) . EIEAKE
SR, WIERI G ESME SN LAY E T, RESEHLRESR, BHHE
YHEL, RERRYE, NAENEAEEEANS BRAPX, BXRASRE. RFE
(Ailanthus altissima) . $& M % ( Aphananthe aspera) . P )1 #p (C. vandervoetians) . Ul/K 1
( Chinamomum micranthum) . 3 X4k ( Cyclobalanopsis glauca) %5 18.AE B B /N BEIE 40 A6 (5K
WEIREE, 2003), EAKEMBX, FFEAFEEHILEF R, BEREYRERS, HME
B, REALWE. ETHREHILEKOEER 80 ~ 120m HWIENFH, BAFAKWE
BN 78.37, REMLEF, WERBBEM; B%E4HMLIARA (Euphorbiaceae) . FRARF
(Caesalpiniaceae) . %%} (Rutaceae) . TPl (Rosaceae) RN =, BFALRHA
B, JARVEICER A KA # X AR IEAR YR W 2 A SE R - 1§41 5 (Adenanthera pavonina
var. microsperma) — ¥R ( Celtis sinesis ) BE¥% . B — #8 K F 4 ( Photinia davidsoniae) — &
REBREETE FISRSEAR ~ FMRT - RSELE (Sterculia lanceolata) B (BUEBE, 1997), BEEME
BRAWT,
1.3.3.1 FRE4Rg

PSEARREE AL RFI R LR E . IR Ek DA fAE 2 A2 1L 1. Sh® #K
wgiit, HEERMEY 99 fr, K@ AEY 92 M(EBEFAS | EARIBF, AT
P, BEAS22 Fh), BRISHEY T R, AYHESE, URE . ERWESERE, ERS
LRSSy, URBREMESHEY . FENTEARMEIBIENR, HEBLaT .
. 8% ( Sinosideroxylon wightianum) . £ 7% ( Osmanthus fragrans) . # & K ( Boniodedron
minius) %, FESMMXARRE, HABRMBEER, RBAFEARS, UBEEFXE. &
KA. EHEAR(Pistacia chinensis ) 55, i P4 RPN LIAMRE . ¥ERS (Ficus spp. ) . RFEES
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RZ.
1.3.3.2 BHEIMR

FRAE R BH 1L ELK O SEAR BE I8 A M R AT 2R 3G BLRI B, B LAR AL Y
¥, wEFEYKZ., B EE, BTEM—-FEEHEYRLY. RXEAEEF, PREMFL
20% , HrEn AR E TGRS, HHR 52:48, INSRLZFEY) S 25% , R AL
Mk 12% , WEHURERS N E. BERMLFHEY & 23% , DESK T, BEZFEY
IR EGMA R T, HPURSKRENS, T FEYNZHEZE . 3R, BREK, A
(Lycoris radiata) . ¥#5HE ( Ophiopogon japonicus) . B&ZE (Amorphophallus rivieri) %, i b %
F—AEAE R B 3.

SRR ESET AL, BTREEARREEETE, LRERE, HmEH I8
%, RECATRAFASRRE, BAEYBEE

SRS ARE H AP R 15 TR B R R bR B R Y SRR AR R AR L, R/ NEY
M, FEEH, K LERK, BT R T RRRERR,
1.3.3.3 BEEWN

PIARE RZAR R E, BEAIANFARRE ., EARNELR, FARBEXAS
ATWATER: FERARE 12~22m, BREAFERI, BEBLE. MW, BEARSE;, TR
FRARF 3 ~8m, AW SR RNE, WBSELE, FXHE. 8 (Sinosideroxylon peduncula-
wm) . HEAEF, ARTHREWHBE, FARRNEE—Z, ERZHEHY S 2m LUTF,
BEEWHEZRTARRE RN THESEN., HYHEEEAR BE S AN ( Tarenna de-
pauperata) . ¥ & 4% ( Tricalysia dubia) . B} ¥ [ ( Clavsena excavaia) . f1 A W ( Mallotus
repandus) . 5Bk ( Boehmeria nivea) . 2175 1L BR¥F (Alchornea treuioides) . %70 Bk ( Bauhinia
championi) . 4P NG ( Sageretia rugosa) 3, URFARERGW, EEZEY — KBS
80cm LAF, # WAHYFAHE E R (Carex spp. ) . Y (Ophiopogon spp. ) . BREKHK (Ada-
ntum spp. ) . ¥ (Selaginella spp. ) . J&E ZE (Amorphophallus rivieri) DL K 1= 2 R ™ # 1) 4h
[

WIABE R BEARRE, FIEFEHYMROR, HEAEYFHEEE, S8
¥ 23% , B LAY A K BE( Paederia scandens) . 45 F ( Trachelospermum jasminoides) | Bf
#i%j (Ampelopsis delavayana) . ¥[8 ( Millettia reticulata) . BJjC. ( Stephania spp. ) %, M4
MY ZRE LY, WA DB AERRR T ERAE A ERBRISHY), IHEK (Dry-
naria fartunei) . K ( Microsorium punctatum )%,
1.3.3.4 EXEFAS

SRR B IR W SEH MR AREBE N B RERERE, HAEH
FEFAR, BEH. TRYWMYE, BTEBRME, fE D —HEEMRMELE.
BAEEE, B, KT (Radermachera sinca) , AR, FMSE, WEA —EHEW LER
K, . TEYR LGN, BRERENRTENIEME, RUREEREESGHARK
Y, MAEACHER, BEMAY KN BIRERISIRE R, BOVAH X 0 5CE a7k
- R SRS B

AR TR IEARRE MR, AR, SAHBRZIANERE, SHEER
BFARKEM, WEMNELREGER, SWAAREENLZE ARG
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1.4 FWIEARS|FHER

PIARLREFEH ZWE—TBHRF 7520 4 80 FRBKEFNHTHRABA
J5, WigE. Wb, YOV, WL, AEEE. SR, JE. LS. WL ZEARMERSHET
B MRERE (B FE%, 1989), BEj, C&5IFEIARILRLE N31°26' W) H =
£ WREHMEAEIE B, % 700m, MR TIRMKBIEARTEL TR S DL
BT RREEAS AR, AP JE R B A T P T P R R AR Ll X R B T BRR AYE L AR )
(BB, 1989; BENI%, 1992; X K%E, 1996; BRRH%, 1997; B HE%,
2004; WIFFLLE, 2005; EJ7F5E, 2005) . FHWFIFEFLLER L 1,

FL1 BIEKR5 REIEHR
Table 1.1 Introduction and cultivation of Z. insignis

5l i FIFET RFpit HEREN
i 3 S HWHR(m) (4F)

=4 E105°02' N31°26' 500~600 1984 Il BREKRY
WdLEME E109°29'  N30°16’ 700 1992 il RBHETE
IHES E113°51'  N27°37 112 |0 -9 6 CHINER, HIBAEHE
HWEHE E119°54"  N27°157 1988 i) EKBT, WEET 600m RGN
BEE® E118°09' N25°04 2001 autiii] ALY, KT
BB R E111°54’ N27°48' 120~440 1983 P R T 300m IRARFE
BEEE Ll E112°12°  N25°35' 1988 il TEXEER 270m UL F AR BT

1988~1992  JHEVR WABMKESEARE
1988 ~1992  WiEREE 4KRY
1988~1992  JTHEYR WAREHF
1988 ~ 1992 WHEE £EKER
WIT2®  E119°29'  N29°11’ 1988 W BIE3 R, KRR RET
2004 UM AM%RE, BEREERER
2005 BREE SMEALRE, EREERKER

B2 E112°21' N28°36'

iR kW E109°45°  N27°50' 76

WITLEE7K  EI119°55° N28°27' 230

HYRERAREERE SIRBAEAERNER, FIFHEEBNE TR IR AAR
TENPE R/ D BB . MR “ RIS R, F- Mg A RIS, LHE
SUREFE T RALRERS R IR RRE, MRS RIS HHE T M2 R SRS R T
X BB, NEHTIMBERE, BERMARAIAT I FRIRAET. H,
FRIRAITE S YIML, FESBIEAR 0T | PR 15 e AR R R DR [RIRE

1.5 BW{IEARERKME

HIEAMERZ TR I BAFEAIRNMEERET RIS BEERRFTHE
& BB, WEMMTRAFIARMERAIHERZENE, BHEMGHI IETE
REGHE, AMERTTFRMGE & ERE K



