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M H AR R A K S 0K R UK IR RIS R TR R WY, R R 2 T AT I, 455
RTIREK D &R FETTBH K B TE R —FMER R B T

R  TCIB IR BT R PR 7 5 A A

XS :1000-0933(2009)08-4147-10 HESFHES:Q945 LHRFRIRAG: A

Reducing variable hierarchical vector analysis of correlations between Robinia
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Abstract ; In order to investigate relations between Robinia pseudocacia and environmental factors and find out the important
influencing factors, we obtained data of growth of R. pseudocacia under three soil water conditions, that is favorable,
medium drought and serious drought soil water condition, which respectively hold about 70% — 80% , 50% — 60% and
30%— 40% of field water capacity and we also employ indicators from three levels —environmental factors, physical
changes, and the growth situation to test and observe. The data was analyzed in a Hierarchical vector way. The results
showed that the soil effective supplying water and temperature played important roles in this process. When the water
content changed from favorable to medium drought or to serious drought, the influence of the environmental factors
(including water, temperature etc. ) on potentials leaf water and water use efficiency ( WUE) was deepened gradually, but
other physiology has no obvious changes. While photosynthetic rate, transpiration rate and WUE of R. . pseudocacia were
inhibited seriously. The total biomass of R. pseudocacia decreased remarkably. Water content of soil affects the survival and
growth of R. pseudocacia obviously. In conclusion, the growth of R. pseudocacia has close relation to water content of soil,
effective supplying water of soil and temperature etc. Therefore, our result approved reducing function hierarchical vector

analysis is a reasonable method.
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HIBR( Robinnia pseudoscacia) AJEH £ mJFH T AWM KA PR B NERZH ERATHERZ —,
# g — i SR fr e A A, B VR S K A - ST T R, A B 5B R MR b R SR B %
FEHR AR AR, O B K L AR AR B SE B B, EX BGE A IR BIAK LR ATUKSCRBL R 5 E
BEMEM. BIILTER EREERREEERK ERRRF, A TRRAS R RERGEE™ HETF
HUBR HORE K PERRIR , 1o 180 FOMR A BE A R T P B AP K 23 5 ik, BRI R kB T
MRHLERI K 73 AR A IR, SRR A K2 2R, 3 AR AT B B R R B T R AR /N, KT B 2 T
W RRERESRB . N T FRMR K T BB E Tk IR 248 X AR 2 254 T T2 B
oo BIFRERY, K5 (LR LHKD) MEMKAK B OLE LAY LT RAG BN,
TIPS K PR IR AR AR o BRI, 2K AR A = S — e T i TRk T R X, U E 2
PURE MW —RIB DT TEXT R SRR RS B AR SRR A T HR R, 7 A R L3k 20 2648 T IR
A PR AR R, 3 TR R B R IR TR R AR B R AR 3 AR A B R

BARETFHIS AR A B R 5B F 6 R, B — il BAEU T ILFEH AR
(1) RZ B 5e F 280 i i 6] 5 25— S8R B — 18085 B — 18 A B AR S Ak [ 3P BEAT T H R A SO PR 1R
BRAGEEME. FXLE HERTRERSHERE, AW EB AU 277 T8 8, P58 R 7 4 A B, R
HARBR R GRIERIR R, MR AR R SHHAEBIERRRHARR . BT, X T 2288 4 H KR
9, FEA PIUMIRMT BE TR o 2B b, M A 3R AR 1 5 PR IR 6] 9 56 R th o FE B R R HE Y
XL , L RIAR S AT | B ATEA RHRER RS ENTZ ER KRR, 4RI AR, (2) REHBIFIEE
FEF RS b, EEBFUASE SHEY AR . Kb b, IS E SoR i Y AR, AR 9 A A iR
MY AR B AARIRTS , DL BRSS9 AR B A K 3 N2 RIS IR SE ) £ 05, (3) 33
XA A B SR, AR A B AR K B R, FEAE SR AR BE R SR R B sR B RORR K HIR , TR ZE SR EAT]
2 BARTT W B — MR BRI R BRI R R o

ET UL H B E R AP RS DD R, B 3 Fh K 461 R R IR ZHE b it
FrSE Y LI , A 4R TCE B R B A TEE BT AT, B FE N RIBR BT IS AR AR IP 4R BERL S A BB AR IR, RIS,
WHE BB T, WAESFI R R ERNSE TR Fdhi R BomisfE4F BER . AR T2
Prik o TR A BE AR, 5 2 ER T XIEER T AT EM 00, B 2 ERS. HT&ERSFEE
M5B R/INARE, BT LA #245 B R/ LB (RHE(E LB 247 R BA B R BN B B D K. e M D K&
A X B PRRE R ER N T S, HE KR D REERMABISIRR 2 £ T RSB, 183
BT — A BE AR R R
1 #REFE
1.1 RABAPRHS T 8K s a g 2

AR B R SR LA AR R R , e o R B i ZEAE AR SR Bt 1 AR A o IR
LSRRI EEA L, HERKE N 21. 5% , FARSAF TR A BE 3 KK EEAKS FHET
BETR, KRS HZLRRIKER 70% ~80% (A 4) 50% ~60% (B 41) \30% ~40% (C 4) , 4k
HHHIBCE 20 ~25 FEE AR 3 ~ 4 R, f USRI PER B ARE 2 4k, S B AT
2006 4 3 AFIMEA L4 30cm 15 50em AN AERERHCE T P BB Be K L ARFFHTIE BT 9T B S i
TRBTFI , T B T, iR K . ISR H I iR, R RE I R T FE (KA R 15 kg, B
/N Sg) FRE I T IREKE, FF KA FEH R ISR 5%, N HERR Rz R R R R A AR . B
RS E 10 HHaSH.
1.2 =T H &ITE

(D FEBSRERERNE ABREARKRHE, SR 15d FIZKZ%] B R E R B3 A SRR E KA
1, TR BRI A KR,
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(2) 6B HFE(Pn) MZEBEBHR(Tr) MIE MWERFH R 2 RITE, 28 EFEFHH R TR L
9:00 ~10:00 F Licor-6400 ZIfFE#EAGA{UMRE , AL FIE 5 ~6 F Bk R, O FHIME,
(3) KA FIHZR(WUE) g BMK R = badR (Pn) /28R (Tr) s BUKFI R = £K
FREYE(g)/AKFEFEKE(Ke) .
(HAEKZFRAENNE AKFSAYERXBHESHAEAREY R R, £ XS HR A (10
Hp ) B AR ERB TR ER RS TEM EEM TEZ BB ERI TE. BT TERIE : R
SR EBIRBE AR DB A 10 B, M TFRE, T & B AR BEMRAT T E,
(5) HEAMMKE BFKELBERMNE SRENRAEE, EHRIERELMEENEERS,
A U B O Y H RIEA K & KA R B e 13RS K E S BRKEN B MR N E X
7K B 22 5 B FR I E < IR S5 R e T A R AP 3K o T B0 £ (il rh ik 2 RTEHEAR) 5
SEAEAREUR HE
(6) JGHREREE GREE ARXHEERME  FIH Licor-1600 £35S AL+ EZ& M B2, RIRHE % o
1.3 ZuiEb R g s
Y RERZ PR Z I H F 20 , (B [R5 XA R AR 2 AR AR ], R 5%t [/ —4E
W AR WA . Y AR O SO E I 2 A BRI LAZE A, & AR BRI NS5 A 7 Z A
HEXR, MWAERBRAER, XL ABENEER, 7T UHEHEYNAEREHRERREN3 NER E
AT, ARERER (60 8L, EMRBERZEIMER KRN, TEBOZE, 4/NEB T B
DA SCHR H — R SRR ) A K A S AR TR R B T i
(1) \BSLIsR , BRI
ARG 3 B R —ERIERE TR A GRS T 7E 3 AR T FRE T B LB ASHOK & Ot ARE
TRLEE EXHREE 4 N8R, 3 A2 9 A #A73haK6 .
BB NAETIERR A SCRSE T TE 3 MR R T RRE T MK E HES7KE LG R ZEB R WUE
5 AMERR, N3 A3 9 A#TEhSAN, B2 RERE, TERBEY A KNV R E, QR EREHEK
B UREREMRTE M LETE . SAEYE . BKIFIFHZE6 M85,
(2) B SLJE KA G 2R
F—BREREFEXE ZRABIER N, LR ER - EARERR SEOIEAEE R XR,
RRHA SEHAR SRR, IR NI —F R 5B S8R [ AT A ST, AT BB A S BE AR, 5
HF 5B EIFA —ERINLMERR, L, BIH T BA—E B . 5L, 5 EF—Ex 4 B8R
FEAERZN , Q] S BRI R 56 3R , AR SCIR Y T — R i) & BRI Ik
B Q —i A BBAL R R, T IHBRELALRI RN, X Q HEATAREE AL BTE BB i T B 7R 2 M
i~ % (1)
Kb, M, 9 M5, Q2 Q A, Q 2 Q WIMHE, S g Q trifEz,
WA A (1) AT &7 B AT o R R LA B
A HEFIRFR K E B KR GG A R WUE S NMER XL X, XX, X CH LA B /S
ASE) o X5 AR HAT ERA TR T, TSI T E R (—MRAKHE J5 22 231 STk EE = 85% I,
5E F I — A 3 AN) , A SCRA 3 A
FE R
F,=a, X, +a,X, +a,X; +a, X, +a5 Xs
Fy =a, X, +anX, +ay X; +ay X, +ay Xs (2)

Fi_ay X, +a,X, +ay X; +ay X, +ass X
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F\\F,, F 05— 800 56 R =W
TR .
X, =b, Y, +b,Y,+b, Y,
X,=b, Y, +b, Y, +b,, Y,
Xy;=by Y, +b5, Y, +b,, Y, (3)
Xy=b, Y, +b,Y,+b, Y,
Xs=bs, Y, +b5, Y, +b5, Y,

Y.\, YO ARE T

LWEH T (1615) TIRA MUK E SUAR SR E GRE AXNEE N LR Z,,2,,2,,Z, Ctr Lt B G
WA R ) R 4 AR BT T

E =cyZ, +cpZ, +e3Zy+cy, Z,
E,=cyZ, +cpZy+cpy Zy +cyy Z, (4)
E, cyZ, +cpZ, +cy3 2y +cyy Z,

E\\E,| E; N — Mo B F R B =M FET L, BOZARE PR B 70 RIS A B AR 7R
RN, AT BEA B R, PRI DR 1 D AR BRAR AR B 1 A R T R AR 4, BRI, B R B
T FE R B R AR T R E T R R,

B, NIRRT ERHE TR RS .

B AL A AT B SR — TR B T R = R R, AR A R BT S R R R X E,

E,. BT BEAR, B TH | TS HEERNFTETRE L, d, = 4/\— B LAS BRI R, A — R
2 A
G g B AR AE R/ BT B R 2B BRI E R D, T2,
A A
D=A—1E2+/\1E3+E1 (5)
HWRREBSE BRI BAEEEERS FERF ERRE(OR) -
/7"\ D _|::i Yl \Y2 \Y3 %%ﬁﬁ%ujﬂ 01 \02 \03 ’
Ay + - 1p-y |, .
e T T A 6
4 DAY, .Y, .Y, E#4r5& : D, = Dcosé, ,D, = Dcos@, ,D, = Dcos6, (7)

e MR AT SRAFFEE 7% % A B AR AR R WA

¥ D, ,D, , DB Y, \Y, Y, B8 X, X, X X, X BIBRE R BUNE X, X7, X5, X, X s ARG 23 5
Xt X5 X BEATARR AT AR o SRR AT AT BR8P X AR B AR A AR BE o

FEA(2) P T8 R a RN, 70 X RIS B2, 2R K (4) S R K o IR/, 204 Z; AR X
HEMS

I, KR AR (S) X FyFy Fft T B, 2B IR Ho

RBRAE KA K BN R WOWMERAL R WAL R) X H 5 W TR TS XA Ao
it AR PR AR B AR A K R B R
2 XRER

KT RIBHIERSEAR EBIEAR AP E H T (46545) IESZ R LK 1 ~ 4,
2.1 IREEIEAR
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U EEAE 6 H 28 A ia, XAfE 5ot GREA K. [HEEE HH0KD & B AT, TIRASAUKE R
B TR EETRET DREMBUKERD . 8683, NEMERE SKOMALKRE, FETETHA
IR o X 4 DIFHENR AT EWA T, GERAE 3 PR, 56— T M2 = E o 1T 22 R FTER R
FRT 92% , FrLAREL 2 D FE I o

®1 REEGEUEE

Table 1 Measurement values of ennvironmental indicators

At AR PR (kg) Soil effective supplying water ARSI (Klx) EE(C) AR (% )
Month A 4 Group A B 41 Group B C 4 Group C Light intensity ( klx) Air temperature Air humidity
3 0.158 0.045 0.044 8387.10 8.1 67
4 0.491 0.381 0.028 9670. 05 14.1 70
5 4.475 3.252 2.108 10300. 46 19.1 70
6 6.633 4.819 3.338 10304. 15 25.2 59
7 7.990 5.672 3.754 9779.08 26.6 72
8 7.599 5.324 3.642 8718.89 25.5 74
9 3.872 2.819 1.746 6787.09 19.4 80
F-H4{H Average 4.460 3.187 2.094 9135.26 19.7 70.3
FrifEZE SD 3.205 2.284 1.596 1269. 61 6.8 6.4

®2 RIREBEREVER

Table 2 Measurement values of Robinia pseudocacia physiological indices

-7k % (MPa) MEKE (%) KA (ngrem s 71
Hy Leaf water potential Leaf water content Photosynthesis rate
Month A B4 C4 A B4 CH Ad B4 CH
Group A Group B Group C Group A Group B Group C Group A Group B Group C

3 1.2 1.6 2.8 60.4 59.8 58.3 16.5 11.5 8.36

4 1.1 1.5 2.5 61.2 58.4 55.9 20.0 14.4 10.5

5 0.8 1.0 1.0 65.6 65.0 64.1 30.2 21.3 14.6

6 0.6 1.3 1.7 65.2 64.0 59.7 60.8 56.9 35.0

7 0.8 1.4 2.0 65.3 63.5 57.8 155.2 105.7 53.3

8 1.2 1.6 2.2 61.7 61.0 58.0 39.5 32.0 17.0

9 1.1 1.7 2.7 61.0 59.3 56.8 23.1 18.6 11.4

-5 Average 1.0 0.97 2.1 62.9 62.9 58.7 49.3 37.2 21.5

trifEZE SD 0.2 0.24 0.6 2.3 2.3 2.7 49.0 33.9 16.6

HAATES AN ELLIREE R, T2 LB E25  There have no significant differents at the repeateded experimental results in each group at

his month

®3 HREEERVEEREFERAEENEE
Table 3 Robinia pseudocacia physiological indices and branch growth rate

FRB A (pgrom s WUE Bizk A KA A (em)

F 4 Month Transpiration rate (g-kg™!) Branch growth rate

A B4 CH Ad B4 CH A B4 CH
Group A Group B Group C Group A Group B Group C Group A Group B Group C

3 7.4 5.4 4.5 2.3 2.1 1.9 1.4 0.0 0.0
4 8.5 6.5 5.2 2.4 2.2 2.0 9.5 10.7 6.4
5 8.8 7.1 5.5 3.4 3.0 2.7 7.7 6.9 5.7
6 9.6 9.1 8.3 6.3 6.3 4.2 3.2 0.3 1.2
7 21.1 18.0 10.7 7.3 5.9 5.0 0.8 0.0 0.8
8 16.7 14.2 8.5 2.4 2.3 2.0 0.2 0.0 1.2
9 10.6 8.7 5.8 2.2 2.1 2.0 0.1 0.8 0.2
-3 Average 11.8 9.9 6.9 3.8 3.4 2.8 3.3 2.7 2.2
i SD 5.1 4.6 2.3 2.16 1.8 1.3 3.8 4.3 2.7

HAATES AN ELLIREE R, T2 LB E25  There have no significant differents at the repeateded experimental results in each group at

his month
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x4 FBRERZEBERSKSFRE

Table 4 Total biomass and total water use efficiency of Robinia pseudocacia

BAEYEME(g)  SKMFAE (g ks ™)

AU IR (% ) RTH(e) W LT (s) Total biomass Total water use
Different groups Survival rate Root dry weight Branch dry weight . .
increment efficiency
A 2 Group A 100. 00 71.21 £0.21A 90.89 +0.45A 153.13 £0.37A 6.27 +0.42B
B 4 Group B 92.10 55.68 £0.45B 64.72 +0.34B 112.27 £0.43B 6.78 £0.45A
C 4 Group C 43.20 28.03 £0.26C 27.73 £0.28C 47.20 +0.31C 5.66 +0.33C

FHRRCFERFERFEIN T 200, /NER a=0.05 KFE, KE/Ra=0.01 /KFE(SSR £:5;) English alphabets mean the analysis of variances
of same row data in table, small alphabets mean o = 0.05, capital alphabet mean a = 0.01 (SSR test)

A HIREFER I F AL
E, =0.541Z, -0.161Z, +0.506Z, -0.09 Z,
E,= -0.157Z, +0.55Z, -0.007Z, +1.321 Z,

B ZHIREEHEHR Y FE LA A .

E, =0.539Z, -0.163Z, +0.507Z, —0. 089 Z,
E,= -0.154Z, +0.549Z, - 0. 008Z, +1.32Z,

C LHIAEEHEFR I T LAY .

E, =0.551Z, -0.157Z, +0.495Z, -0. 076 Z,
E, = -0.214Z, +0.528Z, +0.074Z, +1.295Z,

M3 BB RBORE , S — E A EER WM E T8 LA SRk BFRE, 8 = 280 A EER
) R Ry R S R BE FIAH R BE (B — E A P i [ BB K, It AUl R K E MR E R EER 1.
FIRAR(5) X 3 #RETH E, M E, #1768 & D,

2.2 AR
M2 FIR 3 AT LUE S, HEE T R B R, K Rt Sk &8 TR Rl @M KA TR, £
AMERA LB EPEE OIS, XA SR RMBERE IR R AR E X, LhHR EB R
R WUE Wyt 6 A8 A4y (H WUE R FZAE6 AT A, N3 MARTRRERE, &0
PRt R BT RN T T RS, H33K X RIAR A 3 A BB,
W5 TA: BAEHR 5 & A F A TAHR T, R B A 4, Bk E SR L h H R R R
RHTHARBOKE ZEBER5EER BEMLE, B4, HKEX,) HEKEX,) SHEHEE(Z,) .
HERFE(X,) SHEARBKE(Z) JRE(Z,) FEBERX,) SHIEAMEOKE(Z,) JRE(Z,) AEE
HHRME, C 4, MKE(X,) 5XEMEIRE(Z,) SLEHE(X,) SHEASHKE(Z,) FEBHEE(X,) 511
BRMIKE(Z,) JRE(Z,) B BEMHM, 7L, ZEARRRRET , AR5 E F XA [ 1 4B RE A
[F e, RIS — 5 B 2k , B — %o — PR 56 2 A P AR S FEL4 P 5% ER o) SR A6 A 3 Py B A R i
ABERRPMECH P EZ  BEER SR E FRHEX R, REMR S5 ERIERMXER BT 5 HiE S
PRREAT BT B F 07, 25 R 7E 3 MR T, B — M ME 2T 2 BT EA KT
92% , I LA R B 2 A~ F 147
A 20 PR AR 3 R AR .
F, = —0.433X, +0. 811X, - 0. 223X, +0. 023X, - 0. 149X,
F, =0.261X, +0. 206X, +0. 263X, +0. 817X, 0. 153X,

B 20 A= B4R bR LA R A
F, = —0.426X, +0. 941X, - 0. 253X, +0. 012X, —0. 284X,
F, =0.265X, +0. 168X, +0. 311X, +0. 812X, -0. 197X,
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C ZH A= PRFE AR £ oA .
F, = -0.266X, - 0. 045X,0. 992X, +0. 869X, +0. 972X,

F, = -0.943X, +0. 979X, +0. 072X, —0. 010X, +0. 216X,
MR R B L AHE RN KE K EE P ETRE T FEAEBIBR MK E(X,), &K
#2(X) BETETRRELT EEEE(X,) , BBHEE(X,) ,WUE (X;) B FZHHER.
FIAAR(S) X F, F F, 3 47 &5 5, B S M & D,
A HATRIRPR A F o s Al .
X, = -0.943Y, -0.023 Y,

X, =0.960Y, +0.262 Y,
X, =0.391Y, +0. 798Y,
X, =0.06 Y, +0.993 Y,
X, =0. 678 Y, +0. 4567,

B 4 A FHEAR A T AT .
X, = -0.895Y, -0.059 ¥,

X, =0.947Y, +0. 2817,
X, =0. 388Y, +0. 7717,

X, =0.099 Y, +0. 987 Y,
X, =0.621 Y, +0.371Y,

C AR A 1 Al .
X, = -0.266Y, -0.943 Y,

X, = -0.045Y, +0. 979,
X, =0.992Y, +0. 0727,
X, =0.869Y, -0.01 Y,
X, =0.972Y, +0. 216,

RIEFREE E T E A B2 D, FI AR (6) F(7) Xt D #4735, HFRAAR(3) H (£ T4
b ) AT RIHKE(X,) , HEKE(X,) R ER(X,) , 2B HER(X,) ,WUE (X;)5 AR IR0 T
WE X" X7, X7 X4 X7 RGN X5 X AT A T, S5 R R S,

K5 HBERIINESHERFEZRHRAUENEXRE

Table 5 Corelative coefficients between observation values of physiological indices and estimated values of environmental factor

#H 5| Different groups X5 X1 X, 5X72 X;5X/3 X, 5 Xx/4 X;5 X/5
A 0.193 0.761* 0.757* 0.869 " 0.384
B 0.003 0.283 0.505 0.803* 0.193
C 0.264 0.004 0.459 0.687 0.326
* P<0.05

5 R EEERKD AT RIBZINE R H 24800, A GRS 1% B B AR B K, BT LA AR BER B
HHEARES WIS A TR EZE S MEIR LA BEZR PR TR T MISLZ IS H 200858, A FR I
R ME S NS R T B EE— e R B ER HERRLEEZR . BJETET,
SIS 29t — P45 e 5 MER ERIRREZR T .

AR (S) XL 2 F R #7618 H, DESERAE R RE W BT
2.3 AREIER

M3 B AR EREIERERE4 AMS A, HEAGERR/D, 1 H 5K 0 58 5T R,
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KEWERD . SEEKSFEHEL, EPETREAETET, 505 TR 18.78% #130.7% , BifAKE
R RS A AL S A IR AL R, 5 A B AR E B B M . FIAAR(6) AR &ERK G

WE W S5EMERSERME H ZEFKIARZE. RIZERKNRBET A8 7 10 5 4 K g
BT 1 2 5, UG AR BEE AR AL 5 B BZERL A A K B AR b ) LB K/, RIZEBK,
Wi B AR FRFE AR AR LSRR A A K e B AR R B AR K TS S R T

IKAME B ZA , cos0 = 0. 348 ; R EET RIS, cosf =0.147 ,“E T RHHKMT ,cos0 = -0.102, FH
IKGFERMFMT 5 MNMERISR R SRR A K B AR I m o, BB R R R A K, BT R 4&M4
T, Sk K B AR L p 3L M R BV RS AR B R AT E TR T, Behd 5 AN B AR M AE b
Ja A GRAE KGR, BRI —E MR

R R B AR R B Y B i T Rl N — BB, R4 FLER, & RS KRN TR,
MARMNMERKFEPRTE EFTETHREE, HRTEMEHTTEYRIANEE LIRS TERAE,ET
BT, ARE LA 7R E T2 T 5w, S HAKS TR, 5 3 Fab 22 8 12 S8 Bk 82K,
FUTE T Rl T RIRAR A KO ZE AR K2 2 B, (H 25 A R Z B AR K . 7838 BK 4 8
FOKEMEPETEAM™ETRETM1.49.2.93 %5, EEEKS FREYESFZRFETRERNETET
191.36.3.24 £, FEMTHZERER IR BEKTE. FREFAKEMSAEYENSHRMIEKGTEEZ
[E1) 25 DA 9% , (B RIAR B4 B K 20 R FE R U S v B T R iy, B T 5 T MR, S S D B T 45 1
A -3,
3 &g

IR LIS R GRS, FT LA AT LR SR

() AR ER 7, REER L BIEERMOKEARE, MEME T 2ME, ZmiEHBE
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