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The growth of clonal plant Hippophae rhamnoides L. ssp. sinensis in response to
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Abstract: In order to maintain the stability and persistence of clonal population, clonal plant can make good use of
favourable patches or avoid adverse patches by clonal plasticity regulation if the environment conditions are changed.
Meanwhile the fitness of population is improved. The adjusting mechanism of clonal plasticity includes external mechanism
and internal mechanism. However, researches about clonal plants growth regulation mainly focus on the external
mechanism. In order to understand the intrinsic mechanism of clonal growth regulation of Hippophae rhamnoides L. ssp.
sinensis, growth and biomass increment in response to Exogenous Phytohormone, IAA in combination with CTK, was
studied by 3 x3 regression design. The results showed that, (1) the regularity of growth traits in response to the amount of
Phytohormone showed the convex surface models. Each growth index has a maximum value. The growth was improved as the
increasing of amount of IAA and CTK in front of maximum value, and the growth was decreased as the increasing of amount
of TAA and CTK in back of maximum value. (2) The regularities of different growth indexes in response to the amount and
ratio of Phytohormone had some differences — the higher amount of IAA was advantage to the height growth of stem, the
higher amount of CTK was advantage to the diameter growth and crown width growth, the nearly amount of IAA and CTK
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beneficial to the accumulation of population biomass. (3) The growth potential of Hippophae rhamnoides L. ssp. sinensis was
plenty developed when the amount of Exogenous Phytohormone was feasible. The individuals were tall and the amount of
daughter ramet was increased. It was beneficial to not only population improve the lock-in and occupation and utilization to
environment resource but also advance the ability of exclude other plants invading. When the amount of Exogenous
Phytohormone was too high or too low, the individuals were short and the amount of daughter ramet was reduced to be
beneficial to weaken the competition among individuals. This result provided clue to the internal adjusting mechanism of
clonal growth. (4) The best amounts and rations of IAA and CTK, reasonable Phytohormones ranges and op-curve lines
were gained based on Phytohormone effect equations of different growth index. (5)The increment of daughter ramet was not
only significantly related to diameter increment and crown width increment but also highly related to population biomass. It

showed the individual growth and daughter ramet generation were accelerated by the feasible amount of IAA and CTK.

Key Words: exogenous phytohormone ; growth effect; best amount; best ratio; Hippophae rhamnoides L ssp. sinensis
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2 MH5RHE
2.1 XEAR

YRR T AR 7Bt ( Elaeagnaceae ) Y iRJE ( Hippophae ) , 52 J& i JFiR F 2B e £ B 92K, H
YRR A 5 4 VDB E R 85% LA B o HAE KRB B LA W B A S AR K T R T L 24 R
SEBTIR AR, HATE e B B B AT SRR A R B SRR AR AR R R, ASE AN [ G S TR R K o

AER A KRR MMM RRR ST, Hp, £ RKFE05W-3-2 8 (indole-3-acetic acid) , 455 1AA,
B BV R AR HEAE K I R E O 6B 2L IR I (6-Furfurylaminopurine ) , 455 CTK, £ B 2 1 52
T4 2

2.2 H[ERL *1 MERERBRT
2.2.1 ﬁﬂﬁ ﬁi 1_ Table 1 The design of Ph);)hormone experiment p
N " Lo _ PUEIRS HERKEIAA M5y CTK
RIRF 3 x3 IR, R E =KF.9 Mt Treat mumber  (mg/L) S (me/L)
B, BE R Sen B R " tkm b K3 A4 1 TAA 0(0) CTKO(0)
'/, B m2 5, R0, 2 1AA 0(0) CTK 1(150)
2.2.2 MEHS) 54 3 IAA 0(0) CTK 2(300)
N s N § 4 TAA 1(200 CTK 0(0
H TR R IH R , H 6] HE5 7 BB T 74 (200) ©
b 3 1 [33-36] R 3 KT 5 IAA 1(200) CTK 1(150)
4@%%%LJ&4T&1+ o _‘L/\l N 9‘5: 6 TAA 1(200) CTK 2(300)
WEEH - TMXHAAR. DRI MK (FE2),H 7 TAA 2(400) CTK 0(0)
ANRALE S BREEVR . BER SR PR MRS, 8 TAA 2(400) CTK 1(150)
B4 ) TAA F CTK JB & ¥ WO 4 Bk R 17 o 1AA 2(400) CTK 2(300)
5, 2005 4E7 ABEHET 1 1K,2006 45 AmEHET 5 K
(P& 5dmE1 k).
x2 HERAWHEHZ
Table 2 Field arrangement of Phytohormone experiment
i H Item HH [E)iX % HEF Field arrangement
BEHEI 1 2 3 4 5 6 7 8 9
BEEI 4 5 6 7 8 9 1 2 3
BELEN 7 8 9 1 2 3 4 5 6

2.3 FAERE S5
2.3.1 AEKENE
A B SR P B AR R %, 2005 48 7 A 34T T AJE A, 2006 45 9 AJR#HITER AL, BIiTER
1R AR TR R A K R I 0E , B (2006 4EET S A & - 2005 4RR ) B AE K &) /2005 4ERT I BAE K E
2.3.2 HEYENE
TR b b AE 0 B 0 R AR AR T, H T AR I R 2420 IR IR T B AR E IR . &5, K
& 2006 420 A= 5 HOE iR R [ 56 3R 45 2005 “E YR . AR5 TR AY EHIE
AV EHSIE = (2006 FEAEY) & - 2005 4EAE Y& ) /2005 4EA4 )&
2.3.3 R HTRERIESL
HRIE R0 45 R AT [BH A, BV AT 45 B BR8N 7 72
Y= a+bl+cC+dl’ +eC* +fIC (1)
K, a—f HNFREEREL Y HE B, I MEKZAR,C hRSHEHE,
RYEX AR , SR PR 4 R AT 617 B R 3R RS BN A0 AT, 3R R R A B RO R b R G A
B R
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3 MIRGR
3.1 BEHBITE

R 3 AT, e AR R AR K B IR SR AR B ER, M A Y B E SHME BB B E MR,
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Table 3 Regression equations between growth traits index and Phytohormone dosage

AR AMRIE R MR IR R AR FR B P BEKUE
F

Growth traits index Phytohormone effect equations Correlation Significant level

A IR Y =17.179 +0. 261 +0. 41C -0. 0009/ -

Height increment 0.002€? +0. 0003/C 3378 0599 0.1l

AR Y =12. 488 +0. 2231 +0.37C -0. 0006 -

Ground diameter increment 0.001C% -0.0002IC 2.96 0.404 0.017

b R Y =11.689 +0. 1681 +0. 348C —0. 0006 /> —

Crown width increment 0.001C% +0. 00002IC 2.439 0.372 0.042

FREAE Yy R IR Y=12.543 +0. 3187 +0.317C -0. 001 -

Biomass increment 0.001C% -0.0002IC 10.63 0.903 0. 000

X X
5 el 5 6094
£ £
5 2
= 26 E 24152
= ;oo
2 @3
Q
T -9 FENI0 300
= 300 S M
gé “ \(&é\’ g 569 200@\6\%
[ .
£ 00 100 <% g " 400 1o &

267 _ S & 267 133 A

R 1AM/ 0 % ERF 1AA 5
; mg/L) U s IAA/(mg/r)
N\ W
B 1 WA R R i T 2 bR EYRRR i T
Fig. 1 Response surface plots of height Fig. 2 Response surface plots of ground diameter
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Fig. 4 Response surface plots of crown width Fig. 4 Response surface plots of population biomass
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FKHERERE ETE TR, UWRAREIGIES IAA WSCR B, Bl TAA B R A KB IR R KEN
35.96% ; Wi AL K B IEIK E 35. 96% Z A, W R AL R BIM IR BEE TAA TR ROBG N b 4 s A I B3 iR
BE 35.96% 2 J5 , Wim A KBRS AA FIBH T R, mR4E7F S 5l CTK RRCRE LS
il TAA BIRCR I

x4 ERERIEFERRILFE
Table 4 Single-factor effect equations of growth traits index

— ét - ét %
o KPR R BORERR et e BRERR
Growth traits index Single-factor tion Highest growth Single-factor tion Highest growth
i als mde gie-tactor equatio increment/ % c-lactor equaho increment/ %
W%i§¢é Y =17.179 +0. 261 - 0. 0009/ 35.96 Y =17.179 +0.41C -0. 002C* 38.19
Height increment
P
i&ﬁ:ig,llﬁi . Y =12. 488 +0. 2237 - 0. 0006/ 33.21 Y =12.488 +0.37C - 0. 001C? 46.71
Ground diameter increment
ﬁ'ﬁ&ig'll& . Y =11. 689 +0. 1681 — 0. 0006/ 23.45 Y =11. 689 +0. 348C - 0. 0012 41.97
Grown width increment
R B L b Y =12.543 +0. 3187 -0. 0012 37.82 Y =12.543 +0.317C -0.001¢? 37.67

Biomass increment

3.2.2 HB

XTEEFR 4 F13R 5 A, CTK F IAA Fo & A i o R AR KBS R 3 9 S8 T Bt TAA BB CTK BBRK
AR EEIR, USSR T TRV . R 5 B AT E H , AN [ AR bR A 48 1 X 19 o 38502 T L g i
MERA—EER . HP BE R IAA Ll F TR B e A 1<, Bim B9 CTK Hu il A 02 2 fe el i A2
K, MJLFHESEH IAA f CTK A TR LD R R,

x5 EREREFRZERESH
Table 5 Interaction effect analyzing of growth traits index

IRefELLHl

AR R R Hpa S R AR RRERE

%mﬁw;fffﬁibi dex The best amount The best amount (iﬁi:f s}iﬁrﬁoﬁi) Highest growth
of IAA /(mg/L) of CTK /(mg/L) (IAA:CTK) increment /%
= IE Height increment 163.57 114.77 1:0.70 61.97
/24 IE Ground diameter increment 157.63 169.24 1:1.07 61.37
TR E Grown width increment 142.92 175.43 1:1.23 54.21
FhEA: Y &Y 0E Biomass increment 144. 60 144.04 1:1.00 58.36

3.2.3 2R FHEIAE

HRAER 6 BB RT A, Bl TAA(KLEE 1.4.7) I8 CTK(AL3E 1.2 3)1EM T, FEE MR HEME K, &
R RIS AR IR 2 & ARk, Hodb D TAA 5% CTK BRI A R B R AR 4 FIbHEE2) .
EPFMERTCHE (3 5.6.8.9) BT , WEUPEAE (LES) AKEBERK, Hi, W5 . bz s iE
A BG4y ) LT BE (A3 1) 3218 T 41.50% 47.60% ,39.90% J 42.65% , th i & IAA(LbFE 4) 185
T 25.50% .27.00% ,30.30% % 19.05% , b ¥jfish & CTK(AbHE 2) %\ T 25% (14.6% ,10.2% F% 17.6% .
SR, B 7K AL (A3 9) WA K EMIER/INEZH MM K., HHUERW, EEMEEAENAKEGHE
HIRHEVER , i Z MR AEN A KEAHBHMEIER. WH , 8 580N K F 5 EFR
3.3 HERBEAEKRIERL

HARKMRE LB (B 5—E 8) Mk 7 /] I, B4 4% LEE— S BAX N E AR TAA CTK
FRHEAMEMAERKE, RN HEATSESE =R E KRS O, IS4 KIE MR A KR, FL% 0A,
OB 5 A trft ir o Bl M X S A B MR FH B X, E— @ WA/, @ A 2 & X e MR A e
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Table 6 Simulation test result of growth traits index
_ P i _
g AkEas s R s i A R
Treatment N /(me/L) /(mg/L) Height Ground diameter Grown width Biomass
reatment xo. m - increment/ % increment/ % increment/ % increment/ %
1 0 0 17.18 12.49 11.69 12.54
2 0 150 33.68 45.49 41.39 37.59
3 0 300 -39.82 33.49 26.09 17.64
4 200 0 33.18 33.09 21.29 36. 14
5 200 150 58.68 60.09 51.59 55.19
6 200 300 -5.82 42.09 36.89 29.24
7 400 0 -22.82 5.69 -17.11 -20.26
8 400 150 11.68 26.69 13.79 -7.21
9 400 300 -43.82 2.69 -0.31 -39.16
400
5 300 S
) )
< 200 b
#® &
& 1068 *®
+ H
0
0 75 150 225 300 0 75 150 225 300
Y5 3K CTK/(mg/L) MBS FE CTK/(mg/L)
B5 RenEsLE E6 HEMETLE
Fig. 5 Yield-equality lines of height Fig. 6 Yield-equality lines of ground diameter
400
g g 300
g g
é < 200
% ¥
R K
- ﬂ-] 100
P 1B 0
0 75 150 225 300 0 75 150 225 300
1435 FH CTK /(mg/L) LS RFE CTK(mg/L)
B7 EiRME~%KE B8 FEEMBNETLE
Fig. 7 Yield-equality lines of crown width Fig. 8 Yield-equality lines of population biomass
x7 EFGEELYVIRMRERILEHE
Table 7 Cut-off points and op-curve equations of yield-equality lines plots
) HRYIE(AB &)
HEARPRIRE S Tangency point of ridgeline/ (mg/L) OP &J5 7 BRAKE(O )
Growth traits index A B OP-line Highest yield/%
4 =4 IE Height increment 102.50 144.45 C =0.35] +56. 35 61.97
#1423 1E Ground diameter increment 185.00 185.83 C=0.321+118.57 61.37
TR E Grown width increment 174.00 140. 00 C=0.411+117.22 54.21
FhEA: &Y 1E Biomass increment 158.50 159.00 C=0.611+56.25 58.36
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3.4 AERPERSEETHREENXER

RIS AT EE R AT WL (58 8) , THRECE N I 5 A2 A e 0 A I B 08 2 AR B3 (B AR G SR AR D B
R 22 3 TEAR SR, W R 5 A 3t AR SR A B 1R 3t A S -5 R A ) B B R T R B i I A
BEIEMR, HIaRM SEE R IAA A CTK AR BE AT hisd B YRR & IR A K, SR fe 2t Ta ke TR ™= A2

®8 ERERERSEETFHREENBXSH

Table 8 Correlation coefficient between growth traits index and the amount of daughter ramet

THEENE  WEE WA IR FEIENIE R YRR

R AR KRESE

Growth index Test parameter Daughter ramet ‘ Height Grormd diameter G‘rown width ‘Biomass
amount increment increment increment increment
FHREGE IR Pearson Correlation
Daughter ramet increment Sig. (2-tailed)
4 =4 IE Height increment Pearson Correlation 0.326
Sig. (2-tailed) 0.392
AR IR Pearson Correlation 0.805** 0.668 *
Ground diameter increment Sig. (2-tailed) 0.009 0.049
e W i Pearson Correlation 0.820** 0.623 0.952**
Grown width increment Sig. (2-tailed) 0.007 0.073 0.000
pLiysdacty/h el Pearson Correlation 0.707 * 0.763* 0.905 ** 0.882**
Biomass increment Sig. (2-tailed) 0.033 0.017 0.001 0.002
* o B FEMR; « BFEHK
4 FiR5itie

Wt R AR 2 T AP B DR A IS, S AN A 0 R B B A R A, PR R C R B AR
B3 AHARME ARSI . 8005 2, H E R R X EER R R 2 ppIE i s 408 3K, BEE ¥
R AR RN AR AER S IR 2 BLSEHE G /N F B A KAEAR I IR A — NI E . I(E LART, A2 K
TEPRIE IR RE TAA CTK B M RTTHR s WL UG , A K AR PR iR Bl TAA (CTK FB R KT T . FEHJR
A AT A SN TR — R Y BT BR BB B, i AR A5 R 1 R Bl s o A ) 9 28 T PR B
AR BRI A A, O A R BRI DR 77 o pl s AT L - o DA KA PR I S R R T A 6
RAFEH/R RS, I AR R AT MR BEH AR K G R B R R AR K R &4
RASHRX PR AN R BB A B —E 25 . Hob, BOR A TAA HUBIA A TRt m A, BOm Y
CTK EL@iA A TR A R IR AR K o 3R BT TAA 5 S4B 395 K7 e | 386 98 T A 43 A= 24 435 sh Ao
AR TR T 378 A 4K 5 CTK BSR40 M 43 SR A 43 A 41 S0 3l SR HEMZE A R ), B8] v st 42 el
RA R W R A R o

TERETARECR I 1B -5 R RS AR A K B R AR IEAR SR, B R B9 CTK B ) T ek 7
PREGF=H o AHIFEEE RIER ] AP FF R BRI L& B BB 0L , R A RIS IS8 58 0 48 T MR K
BN A B B TR, AR TR R AR X AR 5T BEUR B o 38 AA 5 3R R HE R A R R AR B BE ST 5
HWE AR R EURE, o EBRARERAE R BN, B BOR DN, TR B A R, XA
THIS AR AMEZ B TS . BRI FEAR RIMEMER AR OLT , B UBRAE e S A e ke 4
K TEHRAR A 1R e R B 5H 2 (] (5 AU , AT B [ 4 A 28538 R SR LABR R AR R 5 o

ERAEE BRI T TR R T P YRR SR AR A IR Y B N ZEAL] , (7R A 7 SR P A TR B E IS E R
B RHBCL . RIEABIFEER , AR AR PR & B A XA 1R RS B i 2, 78 1 DX 3 P F 33K
R BN AR REA 25t e v B VDR A2, A 2 DX 3 )8R P B A A R A B o S T i AR TR
o RN, FEHRBEBIRARIEOT , BAEGHR HREMA —E R Est. MIERER L (0P L) R,
HA 2 TAA CTK R 7E OP 28 b IR A S AR A0 AT A5 IR 19 A I &, BIBe i BB LA e /N AR 3R A5 3%
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REEREE. BB, A7 i UAREA R E BAR AR BR M M ok w s R BCEL . 228 R AR,
ATTELNARIA RIS i TAA FERIEHEMH R AE R AR, KRR IS SEAT T R4 2EAE ; 2B B3 AR, AT A CTK
% FH B AR RE IR T A 4 6 9 DA i i e e S B8 i , A R T R HEAR T ORI R R BT B IX
PR R AL LG , AE AT DLREAR B |38 5 18 AN 6 B2 TR 3%, 17 EL BB Bl 1 R A B R i3 E AR, %
KUUR/DHIBR B FIRRKIIRAT o
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