| sk BRMO%E

A7 SR

P E IR TR A IS N AL B 5

STUDIES ON ECOPHYSIOLOGICAL ADAPTABILITY MECHANISM OF MAIN TREES FOR
VEGETATION RESTORATION IN THE DRY-HOT RIVER VALLEY

\
% o b
. Wiei?s
N

b & thdb b A& A



| ket BeEEOFE

) 7y 1 LR %

IREMFEIEE TSNS

STUDIES ON ECOPHYSIOLOGICAL ADAPTABILITY MECHANISM OF MAIN TRl ES FOR
VEGETATION RESTORATION IN THE DRY-HO'

b B Ak Ak kSRt



REE I

AR THEHARLCRARDLESRRE LR ELIELS, B TFTRTLZ —FHA e AL
WK, FRTHRHRG T RAIEEFRR R T KRN A6 £ F Wi BAH, RAMFB TR
FPiE BAUH) A AL HEAT A P AR R BRI R, ABHNE—HEPM, EEHELT FRTS L2
HARE A G R T RERBAAE T FETRAERRATFIAS SRS A2 A SHFEALRE M
FEMHTREMEARAGERE SO LT, R4 RN THAR IR AR A SE SIS, KB HE
BARTEESFRAE KB MNXLEER,

AHTHATIAM B F AR S F L PN FR ARG AT S L HAMK L FHEARNFRLA
IHARSEE , R THAMEAET ML LEGEE SR,

BB M4 B (CIP) ¥iiE

TR A EEMSRE MR ARG NALHBIR / KEE, BREE. —Iat: hEMAL R,
2015. 12

ISBN 978-7-5038-8245-6
1. OF- 0. O @8- I. OFA—HBE—ESKE—FR N. OXI71.4
i E A A P 51 CIP S 4% (2015) 55 263216 &

YRUEEIH - AR R
TS X KB

Rz - e E ARl 4 i (100009 b5 FE X R 7 5)
1k : http : //lycb. forestry. gov. cn B35 (010)83143519
Rl : A6 5 R E R PR 7

: 2015 4 12 A1 [

2015412 A% 1K

: 889mm x 1194mm 1/16

: 380 %

: 12.5

: 88.00 JT

S WNHDFDAEE
SHEEHN SN



HEIHXERKE A AREELRUMAESHIT B ENE R R, BB IH
KinFHAAR FRARX HLEHFRERERX B FRLHEDRE T K 3R EF XK
WHBERR IHRLAFREAMFNELERACE, IERBARKENRKEERTE
RERMEARREEZENFER K, X RFRR N EAIAREESEFTENKE, B
HTHAAAR—MABNEARTIHE, RETHAALNI N EIEEFPECHEHEN. T F
AWAVIT UL BT HHIFMERIFARAEARENA AWK, TARKETRY
# 13000km’, FHTAESTM, MBPAFEK, ALREATE, @PILEKITH L, T
BABFEAARB, RREKTY L RAHKZNE 2K, Z KERHIAG] 20
KEIRKEEBEMKIESZ2 S HHEXE ERAERER —ERENLFEANKIL
HEEKLIREANEEEY R, EELDITRATALRRRALERT  FHER“ARLT
A, ERA RN ETHEBETHRESHEMNALFR, KET 21 L4 d E XKL
R R ARGE B 2 T 1A B L KA ROK A R P R R AL, IF 3 & T 15 AR
FERF AERNFEMRFERALT LA REAR I K EREARNEL SR E, 4
HTHRAAR, B XML R T 2002 FR BT ERFHCHETE 7w B Ay 7S
RIEAKMEERRERARL TE”, RBEHA S THRT A X - BT LR RS
HHERESERRARTR, WGP BB F0R A LB E 55 TR B BB R BT
W B XU E & A 2011 £ )5 25 oy Ak b 35 AT e BHBE & 30 T #0074 B A oL H K 8 AR
KREAFRL A HENNEERELERR REIATHRETF RN K B ATIK
ETHMANAESHM, EHFREAAFEX 2 - MARIR . OLHE TN QT i E
EMAABFLHERORFET RN @QET M EBESER, ABHERTNN B H®
FIERETEOM@Y , A XBHMARTETE N, FREETERHH . HFH
EHW NN RRAETHA B A G4 IR FA B AR BT I W R0 A 72 A S 4 A
EMFFR. THRASRHNT KRR EIFRRT T KRB N E A 09 22 57 & p
M, RARFBE XM ENNA A B HTHFER REERKERK. th LEER

1



AT 8 12 S A S M o 2 B 2538 LRI 7

MEABERRLIE MU —ARIRA(SPAC) PR ERREEH W XRATIBL, B A
fih P OL e 5 AR 2 B ARAE T A O L B R B B HE . A R R
AT T £ S RALH, B R8T L ABER L R R ABAEKEFN
ol F A, DR AL EVLR AT R IR G — AN ENE S S LREL, A THRTA
ERKERBEEBKE, FSERFXBETRMEELGET T &,

AFHLPI0F, F—FEENFT THATLEBREAHARERSAR., £ =N g
THAMBER R T ko FZFRITT THRTA ZEMHBKE M A &R G A EBEASR
W, Z2EQMTXARAETERE2HRHT29REREBRAERARERNE F
FRHANE XN THARMBEARAEBEAERERXAETERRAA, FUELTHTALE
EHBRAMM A ERBESENNH, ELETHRAERANE SR AR, B R T &4
ERKAMETHRBE RN TRPERRANMLEERENFTENBREXRE SRS R
HeREKXENE G RAHNHE A, FLERTHATATERMEKEMA A £E A
BEMNHE, EZ2M T HEAM B A S EKBEESAPAAZEH ZH ST A
FRERTHANAZEMPREAMM LS A RASKSHFERFNMEEHE, £
CERFAERKEE A THARERAAEN UL, EA BT T LR SEE
TER iR R AL R T A EBER AR B, #A\FERTHAL T EHPIKEHF A
AERKFUFR. FNELETRIAZEHBREAANBELNKLE ST, ETERLERS
Wik

A REHA 0 REFRALE X THTABHIKE A XA AT E Eah b 7&K, A
KBEHRTEELHREGRN, EA-EWEENE, PERLBFFER KRR &
HATERFAAR EAEMKELDERRARAEERRABRFRET F L HB, UK
W O TEFKFHAR, PR TREFEF S TR, HF LT X EEHIFRE, UFSE
- REo

&
201549 A9 B



AHUHA KT LBFENLD T THRALEHKERBATRAR, NEZLESFN
AR, RAZRRBRERBANREE LN T &, X THRTILEFKRAEWUEREFE
HTEER THAELZRBENSREL, RARANRETITT THRTL T ZHBKREARH
ETEFRAUTHEBREAKEEURLS, KOEBESHE, #AHANERELE
BREMWHBTT ZRAHN, ANTEARERFNLTRERKRKRAEF TRAL2EHRAE,
METETEREANERAEKENESTFMESL, BHFEFNT THTLEHKE M
WEMEFA, BEEAZEESERRBHFER LG XERKE EEEREAEL T L
NFE o

(1) EEERRENMHRBREKESHE

AR RERRAGERREFERRRUBAMT DL THRTAK 29 f EBHBKEMR
MR EAREBEAEE RAELRADPFHREHR, TRAMEAEALARRENERE
RAXEREAERRNARCERAA LD LSRR, MHETEMHEME, BAEE
HAKEREAERNEREEARRN, EXLASZHSAMMT =, THApERERK
TEABEWHRMER, PUSXBAMRXESXEIENES. SR RABHAKE
MAEEEXERABNTHTER, EFTAMRXEARTREERRBES —H; MEFL
RTEMENmE, HARAEBREAKELZHER, BETEMHEMHTRERRK, W
ETEMEEHTREREZRLES .

HRARFHL RN EBRKERZANT 24 £ BH, EE>AHHAE, FRe K.
THEm, BB >EA, F#, EETH. Britk, KRB, AKRE, F2TF. #1£
fEaeRk., B, A, &8 F. kfrdk, BREAS>TEMHE, LEE. AR, L
BR. BRI, ZEL REAROGREABHRAKERS IR ABAHEXRR, NARA
REFH2 MERBEAL> AT, Th, DRAMABHEAKEEXSE4 % OFEABEAE
EPRTERRAMM: AKE, BRI, RRBRELM; OQUHABAAEEHE
TRERAMMALEKIE., LEE, FRET. 26K, LEKR, ORAKRE; QEMAE
BRAEEAN, GEFRETRFRRAMBMZRET ZRRAMMN, L+ ETERR
ARMAZEL, BA. ZHEME, TEAMARHET, BETERRBMMAF LA

1



ﬁ?ﬂ‘ﬂ % BRSSP A 48508 o LR 5

B OREBEAKEERM, eFBETEERAEAMM, PETESRARMREET
EHREARM, HPRETEGRERA A LMK, B, BHl. BHEREK, #E
TEBRAMMAFRAKR, BEEFTH. AL, ArtHEEREN, BETEHEAA
AN R

HRAGANERBEAKESEAKEZEZN " FR" AL T LEKRIRAES, YLEKS
Mg ER, “FEAZEREN, 5AATEREEE L X,

FATFHRHBHEEY, ORRTARATEE RGN ERRE, EADHE, Tk
Bk, EHTHREVLABEENE, ORRTRATEBK, SELGHLS, 7TX10 A
ML A R R BT RN B R LR A2 B35 5] 27. 21, 21.61 F119.35 em’/(em™h), F
B H H 12.11, 7.48 #16.90cm’/(em™h) , FTHFH EAARKBFE K LA A Y th 3 o
M, MARHEFETHEKEBEAURAE 50 FH K,

(2) EEEH 1 E & B A9 I1E R HLH

BRAEABAHBETE, THAZFVURBEFTHAGERAAE, AFHRATE
FlERKE ., FREMEL, FREXFA. TRASZFEXEARB A AEERK LS
. TEMRKAMMH AR ETEAZTTNEORCGEHEA - PAEWEME, £X
SHERBURSAN; ETEMHEHR THRBENE, AZHGERAMFFLEERNE
RUEERRRA, L FRE"BBRERNAAL, £ T HAMEMAR. BHEIFERIEH
B, ZHBERAAA X E I B S A oy 0 S OIS i s AP AR R B Rt
BEFXGERT Y E; ABIHMEI ATENKL AR KE WUE Bt BHRIAN
—FRER Sl %, THH BN MEAERALT WUE B RCEEmRATHA, FE
WUE EZMZEWH T TR, Z—AEFGEALCRENINRME—K; RN, FHL
K, EUEBRRFWVFm hHHAERXRANETHE LAHEMAME, PSIABEMAEF
BE Fmv/Fms X HRF LB R XN HER FvFm A RY, FAMFEFARARRZENPQ 5
Fmv/Fms AR, —REZAH K LF)E T By R oA HR4E, KRB I AARBILF Z
TR A HPR BB WA B R AR oy — 0 SR

LR E SRR At AP A T A S A RS RAK, T #2809 AR Ao BT A 18] Ak 3
Wit—F ok, IWEETHRBENBREERKRINERE,; THAMBERKT XS HKH
RAMEELEERRAARE; REARAERBER, AP AREHFFTERAEAT
FEENEE, MAETRZNENEHRAKEIFERAZAN. HAABRERNFN
MEAFTEHERARENEAT AFES —RNIAR, WAEBREERNF N HEBRT#
RAARILBARAZEFRABARZAZAHEHXANERAER, 5FFANL, #HRANR
MERK K FoARHEFTHEBEABERAD, XUABEFTAANTHENMHL T —
MRANRPRES, ATIRELEEFD, BERAMMEEFRALEFGHF L&
RWAR — B BIEIFEA A TRE T R A KSR R A b 3R = B s .

THRPBOFE G R ET TR G 8 RZ 2 A F 5 K o A8 B R 5 R A g
GHEERABERENER, METHABEOME, FTEMAZEREEGRAPHE
BEAABRARNE . MEERA, REKLARNTEMMATAS, FLEERREE

2



REEFAE-NHAAEHHAT, EXMHBRECOLGHEERNERMTR; KL LE
WHBNETHEFTRAENRE., 5HREKBRH, ORAARFNFLEEE,
MEAHHERRE A RE. ETHALRERENERANTHRLE R AKE
BEWEE, TLENRENAATH2RAGREFE N ERES . EEANTERHER
RS ABRBETHRET W KB ARG, EFRERMRERMMAETHENH AW
#lo TERABATSHBAMMETZNELEER, ABEERASFAKE, £
FERMEFEATEARKER, TERAAEBKEAAANEBERLBEGAAER
X

ETEHEfEnTRBENE, AFHGERMHBLEERFAGE, HE;, £THHE
MRl BEFERENE, $HEEXIREERESIH L. RCAMERARAETZEY
AeRAE-—REIFHAFERARAGFLARAFAHEIZEER. THHEN MRS K
TRARMNERZ &, FRRTERLARANNES K E, ROKRE, £ETHAMEMWE
MTAMEBRANEERENETHENBEE, RARBEH T AEERIILRF KD
MAILRFE S ARHLE, TAEEAEERNHETRENMF LFELERER AW
FERF. REAZIRTUFRALRAAZZERNAEGRABK £,

(3) ERXEHREMMENERGIEMN

EEREGEE AR RGO HRAARAUMAXR, HALEEE, kDA
FRE, ABEERARLREMKEHR Y EERUECHKEATRTAERKAL
B B BT IR, LR R AR SR AT R T

X8R THRAR; ABEK; LEA1EH; £Kk; Bk



ABSTRACT

Taking tree species for vegetation in Jinsha River dry-hot river valley locating the up segment
of Changjiang River as study object, in the view of ecophysiology, this paper deeply studied the
characteristics of water consumption by transpiration, photosynthesis and water physiology of the
main tree species through potted plant trial and plantation survey. Aiming at the special environ-
ment that changes from dry to dry and hot then to wet weather in one year, this paper systemati-
cally analyzed adaptation mechanism of ecophysiology for tested tree species. The practical growth
condition of tested tree species was surveyed. Based on the index of ecophysiology and growth,
the comprehensive index was built to scientifically evaluate the adaptation quality of tree species
for vegetation restoration, and provide theoretical and practical base for ecological forestation in

the Valley. The main conclusions were below,

(1) Characteristics of water consumption by transpiration of main tree spe-
cies for vegetation restoration

Characteristics of water consumption by transpiration of 29 tree species for vegetation restora-
tion in Jinsha River dry-hot river valley were firstly systematically analyzed through potted plant
weight method. Under the normal water condition, the daily changes of water consumption by
transpiration and transpiration rate of different seedlings presented typical single peak distribu-
tion, and with the drought stress getting deep, the peaks of water consumption by transpiration
and transpiration rate moved up. For the absolutely most tree species, the dry and hot stress
make the range of daily change of water consumpation by transpiration get smaller, and one-peak
types have the trend of transition to two-peaks type. The water consumption by transpiration in
day time of seedlings decreased with the decline of soil water content and water potential, but the
rate and extent of decline was different for different seedlings. With the soil drought stress getting
deep, transpiration rate of seedlings gradually decreased, and at the early stage of drought stress,
the rate ofdecreasing was more big, then had the trend of degression during the anaphase.

According to the quantity of water consumption by transpiration in whole day, the tested tree

species could be classified to four sorts: Acacia mearnsii De. Wild. , Eucalyptus globulus Labill.
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> Acacia auriculiformis A. Cunn. , Leucaena leucoephala * Salvador’ , Cupressus duclouxiana
Hickel. , Sophora xanthantha C.Y. Ma > Carallia longipes, Eucalyptus camaldolensia Dehn. |
Cupressus lusitanica Mill. |, Eucalyptus urophylla S. T. Blake. , Ficus racemosa L. , Casuarina eq-
uisetifolia , Dodonaea viscose (L. ) Jacq. , Acacia glauca (L. ) Moelichl, Sabina chinensis (L. )
Ant. , Ligustrun lucidum Ait. , Phyllanthus emblica L. , Nerium indicum Mill. , Ziziphus mauriti-
ana Lam. > Acacia mangium, Tephrosia candida DC. , Schleichera oleosa lour. , Albizia kalkora
Roxb. , Bombax malabaricum DC. , Pinus yunnanensis Franch. According to the mathematical re-
lationship between transpiration rate in day time and soil potential, systematical classification
method was applied to devide 29 kinds of tree species into four sorts: (Dhigh transpiration rate
and middle drought sensitivity tree species, including Casuarina equisetifolia, Ziziphus mauriti-
ana Lam. , Ficus racemosa L. and Sophora xanthantha C.Y. Ma; (2)sub-high transpiration rate
and weak drought sensitivity tree species, including Bombax malabaricum DC. , Tephrosia candi-
da DC. , Dodonaea viscose L. , Acacia glauca L. , Albizia kalkora Roxb. , Azadirachta indica A.
Juss and Cajanus cajan (L. ) Mill. 3)Sub-low transpiration rate tree species, including middle
drought sensitivity type and weak drought sensitivity type, the former have Pinus yunnanensis
Franch. , Tamarindus indica L. , Acacia mangium, Cupressus duclouxiana and Phyllanthus em-
blica L. , the latter include Eucalyptus camaldolensia and Schleichera oleosa lour. (4)Low transpi-
ration rate tree species, including strong drought sensitivity type, middle drought sensitivity type
and weak drought sensitivity type, in which, strong drought sensitivity type include Nerium indi-
cum Mill. , Eucalyptus globulus Labill. , Acacia mearnsii De. Wild. , Eucalyptus urophylla S. T.
and Carallia longipes, middle drought sensitivity type include Leucaena leucoephala * Salvador’ ,
Cupressus lusitanica, Ligustrun lucidum Ait. , Acacia auriculiformis A. and Sabina chinensis
(L. ) Ant. , Jatropha curcas L. belongs to weak drought sensitivity type.

The phenomenon of “sleep at noon” of water consumption by transpiration and transpiration
rate of seedlings is controlled by the condition of soil water, while soil water siress takes place,
the phenomenon of “sleep at noon” appears at once, which is independent of drought stress from
atmosphere.

Whether dry and hot season or wet season, the day and night change of trunk sap flow densi-
ty of Azadirachta indica A. Juss had strong law, and presented one wide peak. When the envi-
ronmental changes from dry and hot season to wet season, the trunk sap flow density of Aza-
dirachta indica A. Juss got decreasing, the maximum of daily changes of sap flow density for five-
year-old Azadirachta indica A. Juss respectively arrived to 27. 21, 21. 61 and 19. 35 em’/(em™h) ,
the average values of daily changes respectively were 12. 11, 7. 48 and 6. 90cm’/ (em™h). Water
consumption by transpiration of individual stem in dry and hot season had great passivity, howev-
er, water consumption by transpiration of individual stem in wet season presented initiative and

balance quality.

(2) Adaptation mechanism of main tree species for vegetation restoration

Through discussing the photosynthesis law of tested tree species in dry season, dry and hot



season and wet season, this paper studied the effect of different altitude region, different slope lo-
cation, different mixture mode and different water condition on photosynthesis of tree species.
The daily changes of leaf water potential of main tree species for vegetation restoration all had an
obvious peak in different seasons, and absolutely most tree species presented one-peak concavity
distribution. At the stage of dry and hot stress, the peak time of daily changes net photosynthesis
rate of most tree species moved up, the phenomenon of “sleep at noon” of photosynthesis got
weaken or not obvious, while dry and hot stress was relieved and wet season came, most tree spe-
cies presented typical one-peak or two-peak curve again. The daily changes of transpiration rate
of tree species were identical to net photosynthesis rate.

The daily change of water using efficiency (WUE) of most tree species presented a two-peak
or mutil-peak curve in dry March, the peak value of daily change of WUE was made come ahead
with the dry and hot stress getting deep, which was identical to net photosynthesis rate. Inde-
pendent of tree species and seasons, the daily changes of photochemistry efficiency Fv/Fm always
presented the characteristics of descending first then ascending, available photochemistry efficien-
cy of PSTT (Fmv/Fms) was more sensitive to environment condition than Fv/Fm, however, non-
photochemistry efficiency extinguishment parameter NPQ presented convexity distribution of as-
cending first then descending, which showed that the startup of heat dissipation mechanism is an
ordinary strategy of self-protection of photosynthesis organ for tree species in the dry- hot Valley.

The leaf water potentials of tested tree species in Yuanmou County arrived to the minimum in
dry-hot May, with dry-hot stress getting deep, water potentials of different tree species became
more diverse, and the diversity could be relieved with the coming of wet season. The net photo-
synthesis rate and stoma conductance of most tree species were decreased by dry-hot stress. Tran-
spiration rate and water using efficiency of tested tree species had some changes with the conver-
sion of seasons. The control capacity of water losing of tree species had great difference in differ-
ent seasons. The seasonal change direction of transpiration rate of tested tree species had the in-
consistent phenomenon with stoma conductance, so we think the seasonal increasing and decrea-
sing of transpiration rate might be action result of two different controlment form, one was priority
to stoma factor, the other was priority to non-stoma factors. Comparing with dry season, the range
of daily changes of minimal fluorescence parameter Fo was more small in wet season, which
showed that wet environment was benefit to make photosynthesis organ keep a good reaction state ,
consequently improve photosynthesis production, which was identical with the phenomenon that
tree species often had higher net photosynthesis rate in wet season. Wet environment benefited to
relieve the photo restrain by light for tree species in dry-hot river valley.

The sustaining and deepening of dry-hot stress strengthen the difference of net photosynthesis
rate and transpiration between two different altitude region. With the deepping of dry-hot stress,
the effect of altitude region on physiological index of different tree species had great change.
Comparing with relatively high slope location, lower slope location was in favor of making leaf wa-
ter potential, net photosynthesis rate and transpiration rate keep a relative high level, but this im-

proved effect from low slope location was affected by tree species and its action was more obvious
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in dry-hot season. When mixing with Leucaena glauca (L. ) Benth. , Azadirachta indica A. Juss
had the highest net photosynthesis rate, while mixing with Acacia auriculiformis, Azadirachta in-
dica A. Juss had the highest leaf water potential. In dry-hot river valley, adaptive shade was ben-
efit for photosynthesis capacity and efficiency of Azadirachta indica A. Juss, excessive press could
restrict its formal physiological reaction. Irrigation could relieve the dry-hot stress and photosyn-
thesis restrict of tree species in May. The rainfall in dry season increased net photosynthesis rate ,
transpiration rate and water using efficiency of most tested tree species, and the effect on different
tree species had some difference. Rainfall in dry season had important sense for selection and
physiological activity of tree species for vegetation restoration in dry-hot river valley.

At the stage of dry stress turning to dry-hot stress, the photosynthesis restriction of most tree
species became more early and strong. While wet season coming, the restriction extent of net
photosynthesis rate relieved or disappeared. The photosynthesis of 12 tested tree species simulta-
neously had two dominant factors of stoma restriction and non-stoma restriction. The strengthening
of dry-hot stress led to stoma restriction taking place more early, and presenting more non-stoma
restriction. Generally, at the two successive course of dry-hot stress strengthening and relieving,
the photosynthesis of tested tree species experienced two courses: stoma restriction decreasing and
stoma restriction increasing. The improvement of cell photosynthesis activity might be main factor
that caused net photosynthesis rate of tested tree species increased in the morning. High tempera-
ture obviously induced the taking place of photosynthesis restriction that took non-stoma restric-

tion as main factor.

(3) Comprehensive evaluation of adaptability of main tree species for vege-
tation restoration

The comprehensive indexes of physiological characteristics and growth had good correla-tion,
Comprehensive index built by net photosynthesis rate, water using efficiency, transpira-tion rate
and maximal photochemical efficiency of PS I could make a reasonable evaluation for the adapta-

bility of tree species for vegetation restoration. Water using efficiency had good direction.

Keywords: Dry-hot river valley; Transpiration rate; Photosynthesis; Growth; Adaptability
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