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Clonal growth response of Hippophae rhamnoides ssp. sinensis to irrigation

intensity and its hormone regulation mechanism
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Abstract ; Studies of the clonal growth regulation of Hippophae rhamnoides ssp. sinensis have been confined to the external
mechanisms. This aim of this study was to investigate the response of clonal growth to irrigation intensity and the relationship
between the internal mechanism and hormone regulation. With increasing irrigation intensity, the growth capacity, clonal
propagation, and clonal expansion of the ramets first increased but then decreased. This trend was also observed for IAA
(Indole-3-acetic acid ), ZR ( Trans-zeatin-riboside ), and GA, ( Gibberellic acid), and their ratios to ABA ( Abscisic
acid) , while ABA content showed the opposite trend. The growth capacity, clonal propagation, and clonal expansion were
significantly positively correlated with the contents of IAA, ZR, and GA,, and the ratios of IAA/ABA, ZR/ABA, and

GA,/ABA, while significantly negatively correlated with ABA content. Deficient or excessive irrigation lowered the contents
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of IAA, ZR, and GA, and the ratios of IAA/ABA, ZR/ABA, and GA,/ABA and increased ABA content. Clonal growth
potential was inhibited and the populations were small ramets, showing a low quantity ( sparse distribution) and weak
expansion (horizontal root extension and branching). The clone growth was patterned as “guerrilla,” and the population
was prone to presenility. Appropriate irrigation intensity increased the contents of IAA, ZR, and GA,, and their ratios to
ABA and decreased the ABA content, indicating the cloning growth potential. The populations were characterized as having
large ramets, high quantity ( density distribution ), and strong expansion ability. The clone growth was patterned as
“ageregation,” and populations were stable. With increased irrigation from deficiency to adequacy to excess, the clonal
growth was patterned from guerrilla to aggregation to guerrilla in response to the irrigation intensity by regulation of hormone
conditions, and the population stability changed from low to high to low. The change in endogenous hormones, which was

induced by irrigation intensity, regulated the clonal growth pattern, which determined the population stability.
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Table 1 The irrigation intensity of different treatments

HNXAEY 24 K/ HEKHY
§ AKIPBAIE /A g DT 8 PR K
ps:iRzs L WK R/ (kg/a) Irrigation equivalent to Irrigation date
Irrigation - -
No. of treatment . . Annual irrigation local annual average of each month
ntensity . T
for eachplot precipitation
1 0 — 300 AKX
2 3 40500 900 5.10,15.,20,25.30
3 6 81000 1800 5.10,15.,20,25 .30
4 9 121500 2700 5.10,15.,20,25 .30

2.2 IR A S E

H EVD PR ARG R B | SR HORE ) D R AR E MR s B A | DRI Sk SR AR AT T —
st B kAR RE TSR A AN AR RN (R AR R A K ) R, e B RE R b
(WHBE) FARECE RN, sa b BRE 1 R K AR (RS K BE RIS 8 (B B ) 3R, (1) 20 bk (46 BEbk
IR A BT R T BEARKG R 3 BV AR I Wy A iR AR i, (2) sa b S Re J R MR T
B0k B g NX STt sa ke (HTEE) FRR MR ECR . (3) seREY HIURE O R T BRERZ 4R ¥, BN —
A —ZOKHE (IR A BERR ) FF IRl BRERAZ IR D 5 Z B A 1) —GOK PR (TR T — 0K PR ) = 20K AR
(VET ZHKTAR ) SF AR EBIE N M — PR A EE A< B DL R 45 oK AR A S5 50RN 40 R 8, B34 /)N
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=By +B X +B,X°) IR . 2 V=B, +B, X +B, X [ —Br A Y =B, +2B,X =0, Al Kt AP i X = -
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Fig.1 Regression relationships between ramets growth increment and irrigation intensity
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Fig.2 Regression relationships between clonal growth parameters and irrigation intensity
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Table 2 The effect of irrigation intensity on the endogenous hormone content

- . IAA FhE 7R A i GAy it ABA FhE
No. ﬁfiﬁmem [Hiiejtfjfftiif:ity TAA coilil/ ZR coi'tiv GA; Z‘onlenl/ ABA (:oitil/
(ne/g FW) (/g FW) (pe/g TW) (pg/g FW)
1 0 1.22¢ 0.41c 0.05¢ 9.54a
2 3 4.62b 0.54b 0.07b 5.94b
3 6 9.26a 0.92a 0.15a 3.97¢
4 9 4.64b 0.54b 0.07b 5.51b

FREARE R 22 B P<0.05 /K 3 s FHIEFTRERADE 5 TAA . P5|E-3-Z 1% , Indole-3-acetic acid; ZR: EREET , Trans —zeatin—
riboside; GA;:ZREEFR , Gibberellic acid; ABA ;752 , Abscisic acid; FW ; ##f 5, Fresh weight

322 BAER ARG VE K AR R A i

FH % 3 AT UL.TAA \ZR .GA, 5 ABA B LLIETE 3 £ H1 9 A5 K A B 2 ) 22 S AN db 35, LA /K o B8 =22 i) 22
S KN 6 FHEK >3 A5 9 FEHEK S ANHEK (X HR) o & 4 AT DL . B & K B (X)) 3 K IR
PO (Y) 3552 FIF D2 A8 Ak, 77 R 459 50 B SRy A L0 38 LU A S5 R B ) e AWK SR B /N T e P KR
TAA ZR \GA, 5 ABA I LU (B BB HE K 5 BE (3G T b7 55 T B AR B BE  TAA (ZR (GA, 5 ABA WY LU(H A
B KA ; KT KSR TAA ZR \GA, 5 ABA 11 FUAF Bt 2 HE /K B8 B 38 DRI T R o Fly L3R B . B TRE /K i
JERIHE R TAA (ZR (GA, 5 ABA W HU{E e THG B TERRAERE KSR E T TAA (ZR (GA, 5 ABA 1Y HU(E R,

R3 ENREI NIRME L ERZ

Table 3 The effect of irrigation intensity on endogenous hormone ratio

o s -
1 0 0.13¢ 0.04¢ 5.10x107%¢
2 3 0.79b 0.09b 1.24x107%b
3 6 2.37a 0.23a 3.76x107%a
4 9 0.85b 0.09h 1.34x1072b

TR FRRZSTE P<0.05 HIKFR3E , FHMRF R ZRA R
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Fig.3 Regression relationships between the endogenous hormone content and irrigation intensity
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Fig.4 Regression relationships between the endogenous hormone ratio and irrigation intensity

3.3 SRR R SR A A A e N
3.3.1  FEREAE R AR SRR N
(1) ZrBRR/INKT SR Bt 1 1o

% 4 Al 0L 0 bRm i b e iRA K S TAA ZR (GA, & 2 B  E IEASC, 5 ABA

Trrigation intensity/f&%

MiEHR L ESEKBENERXER

é\

ey

WA, hIERI R A iR A KB IAA ZR GA, &R AU E T, BE ABA & A

http ; //www.ecologica.cn



14 4] NS AF b E VDR R A RO P AR JBE B i oA B IR R A B 7

M F R,
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Table 4 Correlation analysis of growth and the endogenous hormones content

9% A HOR B3 MKF W Az b TAA i 7R 5 hE GA, i ABA Fr it
Correlation coefficient and Hei h'tE/J Basal Crown IAA content/ ZR content/ GA; content/ ABA content/
1 *m
significant level e diameter/mm width/m (ng/g F'W) (ng/g FW) (pg/g FW) (pg/g FW)
F475 Height/cm 1.000
iz -
Basal diameter/mm 0.965 1000
e
. o 975" 1.000
Crown width/m 0.967 0.975
IAA Fr 8
. o . o . o 1.000
TAA content/( pg/g FW) 0.808 0.848 0.815
ZR Fr ik
7R content/ ( pg/g FW) 0.695 = 0.728 0.726 0.964 000
GA it 0.671 0.705 : 1.000
GA, content/ (pg/g FW) 0.725 0.965 0.980
ABA & & . o ,
R -0.921*" -0.948 " -0.905 " -0.919 " -0.814"" -0.792** 1.000

ABA content/ ( pg/g FW)
# ok FORAE 0.01 K LRI, * . FIRTE 0.05 K- L2 5 AR

(2) aREZE S T B B ER & i

FHER 5 AT UL . FRREIGE DL R —GUKE R EE KB SR80 KPR B4R TAA (ZR (GA, S 2 3 IE
X, 5 ABA Frip M W ARG, LRI . v 8 A I s B HORE ) B TAA L ZR | GA, & & 34 K b
Th, B ABA 5 2 B3 K TR

3 5 EATE . FAREGR 5 —JUK R KB SR8 KR S AR B S i 3 B A OG 100 ] e e 0
LY B a1 HA PRI
3.3.2  suBEAE KM A A e

(1) SyBRAE X LA A

2 6 Al UL Ar b e AR e IR AR K i 5 TAA/ABA (ZR/ABA (GA,/ABA HUAE S 4% 38 IE ARG, i 43
bl e AR SR AR KA BE TAA/ABA ZR/ABA [GA,/ABA FL{H AR KM T,

(2) SuREZE S T Y B 2R HO(E i

FHER 7 A UL FARES DL R — GO AR KBS SR80 KRS B S TR TAA/ABA (ZR/ABA (GA,/
ABA HC(H 2 W) 5 35 1E AR G, Ui BH v B A A e BB HCRE JI B TAA/ABA ZR/ABA  GA,/ABA FUAE 34 K i
7t

4 SRS

WFSE R - Bl VE KSR B K kA e B e R BLRE J1 S THG B TAA (ZR (GA, R LS
ABA B HAESETHIG BT ABA & 5 SG R 5 T 0 bk ARG OB S0l | s FE Y BRE 71 5 TAA (ZR (GA, & it LI K
IAA/ABA [ZR/ABA (GA,/ABA £IEAHX, 5 ABA a2 MM, FEAKBREL/N, IAA ZR GA, &L & 1AA/
ABA ZR/ABA (GA,/ABA fIXIfi ABA 7 & &, sa 2B W 13z 2030, B Lo dk /N Bl (A ffsi ) B i
(IKTARAE AR RSB ) RE 155 A RRAE , 5 8 AR FAE JRy 0 1] < it o " 5 FE /K SR 3E ', TAA (ZR (GA, & i DA I
IAA/ABA ZR/ABA GA,/ABA =11 ABA & s AKX, sa B2 KW AR Lo oy R #5  FREE LA e bR K B £ (4 A
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F6 ERESNEMELEMNEXESR

Table 6 Correlation analysis of ramet growth and the endogenous hormone ratio

N - . Az bR
Ziiitfﬁﬁfﬁff; significant level Heth'tE/Jcm  Basal Crown IAAZABA ZR/ABA CAs/ABA
diameter/mm width/m
W ¥ Height/cm 1.000
H11% Basal diameter/mm 0.965 ** 1.000
S8 Crown width/m 0.967** 0.975 ** 1.000
IAA/ABA 0.762** 0.767** 0.750 ** 1.000
ZR/ABA 0.616"" 0.724"* 0.719** 0.993 ** 1.000
GA;/ABA 0.712** 0.729** 0.715** 0.993 ** 0.998 ** 1.000

R7 EELEYHEENSNIERELENEXES T
Table 7 Correlation analysis between the endogenous hormone ratio and clone breeding dispersal capacity
=K K Gk
HOHLEE AR WAEE KPR ER

1™ -order 1™ -order No. of 1*- Level the

AR R BOR 8.35 PR F- TR

Correlation coefficient and ~ Number of . . TAA/ABA ZR/ABA GA3/ABA
L - horizontal horizontal order total number/
significant level ramet/ R .
root root horizontal %
diameter/mm  length/cm roots/ 2%
FIREE 1,000
Number of daughter ramet/f
— YA R
1*-order  horizontal  root 0.916 ™" 1.000
diameter/mm
—GUKFARKE
1*-order  horizontal  root 0.938 " 0.984 ** 1.000
length/cm
— IR AREL
No. of 1%-order horizontal 0.960 ** 0.942** 0.954** 1.000
roots/ %%
KR EL . . .
) . ) o ) o ) o 1.000
Level the total number/ 5% 0.941 0.983 0.971 0.985
TAA/ABA 0.905 ** 0.869 **  0830*" 0.862"* 0.891 " 1.000
ZR/ABA 0.871"* 0.845"" 0.796 ** 0.818"* 0.874"" 0.993 ** 1.000
GA;/ABA 0.876 ** 0.852** 0.800 ** 0.8317* 0.882 %" 0.993 ** 0.998 ** 1.000

WA ) UTHRE ISR A RRAE , TR A AR R ) T SRAR T VKRR B 0 K TAA (ZR (GA, S iE DL TAA/ABA |
ZR/ABA [GA,/ABA fiKifii ABA {35, sub@ A Kvg Iy 32 21, Fhre Lk B0 (g ) 3 HlRE
55 R RHE, SR A KA SR S T i BT PRI B K R 8 R v R 9 2R T o
A KA Ry, DT 5 T 7 B 3 A3 17 ) e o A K A S 38 2 Wit o R0 SR AR AU e e AL Pl ST DL . 9 K
FEARARIE S R TAA ZR .GA, ABA &L M TAA/ABA ZR/ABA (GA,/ABA KA 078 | B FSAE Ay o 78
LT R AR TR SR IR HIRE T, AR AR SO B R e Y R T p e s A AR R
SR AR AVE RN IR G507 T G A K E Sl %R S BARYE R
TR ERER (38 B BE 7, Herpr, AR K 3 3 A M A 408 i T 2 UK Rl HfESR 3 2 s A iF
R IR TE 1 5 200 43 25 22 300 ek 038 4 e o 3 SRR 0 A= A 00 i, B (et b3k 2 o ok K
FLEKIT HLIRETE A AR H 5 o0 5 2% 30 o 4 J 200 0 2 24 10T ) G N S Wk i A7 22 i, B ek i 4™
M AR A A o S P 58 % TR i o 0306 BB 0 A0 B 40 A Y 0% 400 BEL Lk T 40 i R R L R 2 i fof
Ko, PTG 2R VR R MRS A AR R R U OB TR, MR e K (B B R 4
PRAE el O A sa e B RE T . ARAEASIT ST 45 1 . Bl A HE KRR B A3 K TAA (ZR (GA, i S H 5 ABA 1Y
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FLAE e TH IS B, I ABA S b5 T, PRIUL, KSR BE A /Nl KT AT s i TAA (ZR \GA, F & ) H 5 ABA (%)
FLAE RGN ABA S Th i, MU R A TR B0l e b R 1 32 B30 ] 5 K 5 FE T8 FOI  TAA (ZR \GA, &
HEHS ABA LT R ABA SRR, MO pR AR I e b B0 e HIRE S B e R, R, B
H KRB /NGB - KT S, kA e R A | SRR YRR O 2 - R /N ARk,
SO AL KA SR Bt 22 S i - R R i Y ) SR Ak,

X EG A NN AT I . T S B T R E VDB TAA ZR (GA, S BT T ABA &8 (H%
AR R A A I R AR R R R IR R AR R A 43 2 3R XA A T i A 2H SR
A 43 A 2 L 305 B B ELAT VR VR T LS PR AR 3% L (AR P b 4 e e A T R VT A 1 1 ) 3R 56
E—2B R AMEAE R TR A5 23R A R AR X R [ U B0 bk A T PR B LA I B s
S —J7 1, SERE AR KRR Bk s A A 20 I S, R I PR SE SRR A PR RRR R E MY K 0l RO
SEREA A SR ] T AR LUK B 2 (AR ) JTHERE TSRO RHE AR TR PR R A SR
o7 JE R, 4R S HE R A AR BE 1 TR 38 T, Fo e A KA Je i 1 < e ok A0 DAar iR/ B
(O AFRER ) B HRE 55 N RRIE , P2 T SO R TR R A R A S B Rk R R R AR B BB AR HL
eI NS NN B v el [ (7o /(1 7 S AVA N L= e T 7 1 A U L WA vt NI £ AR
AR T

R B TR KSR A S E VDB VR ZR (TAA ZR \GA, (ABA) B & K U A ARk I R & =
AR AR Se R A BE T, SR A= KRB T D Se ki AR A% SRy, o B A A Ry R A AR A 1 AR v R
A, TEIPEM IAA ZR (GA, & K5 ABA 1Y HLEREARIM ABA & TH e, NI FRAC e pE AR K fE 1, 34m
TR RN, RIAYER B KR iR R RER BERUSIERR MRS HE FERS
IR 7 TR 11 LU 7 o VD s e A A R S L R
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