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The clonal growth of Hippophae rhamniodes L. ssp. sinensis in response to
irrigation intensity
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Abstract; The survival, growth, breed and the population succession direction of Hippophae rhamniodes L. ssp. Sinensis is
seriously effected by water for the average precipitation is lack. The annual average precipitation is 500 —600mm at the
suitable distribution area. Hovewer the annual average precipitation is only 200mm and the aridity is 2. 0 —4.0 at the Loess
Plateau, Mu Us Sandland and Feldspathic sandstone zone where are the distribution centers of Hippophae rhamniodes L.
ssp. Sinensis. One of the solving ways are irrigation, so it has the important ecological meaning and guidance meaning of
planting forest that research on the clonal growth of Hippophae rhamniodes L. ssp. sinensis in response to irrigation
intensity. The experiments of different irrigation intensities were done in plantation which included four treats, three
repetitions. The experiment adopted 2 X 2 regression design and took the advantage of Latin layout. It can get the
mathematical statistics repetitions more than 6 times. The irrigation respectively is O times (it is controlled trial), 1.0
times, 1.5 times, 2.5 times of annual average precipitation. The relationships between the growth, biomass, the number of
daughter ramet, clonal indexes and different irrigations were researched. The results showed: (1) Relationship between the
population parameters and irrigation intensity was accord with quadratic parabola. It meant each population parameter has
an certain optimum irrigation intensity, the parameters increased below the optimum irrigation intensity and decreased above

the optimum irrigation intensity with the increasing of irrigation intensity. (2) The optimum irrigation intensities were
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difference among different population parameters. The optimum irrigation intensities of height, ground diameter and crown
width were 4.0 times per month, which was equivalent to 2.0 times than local annual average precipitation. The optimum
irrigation intensities of population and its modular biomasses were 4.0 times per month, which was equivalent to 2. 0 times
than local annual average precipitation. And the optimum irrigation intensities of daughter ramet number and stretching as
well as branching capacity of clonal organ were 3.0 times per month, which was equivalent to 1.5 times than local annual
average precipitation. (3) The appropriate irrigation could not only increase the population growth but also improve the
capacity of clonal propagation, but there was a trade-off relation between population growth and clonal propagation at the
certain irrigation intensity. The increasing of underground biomass was beneficial to promote the clonal breed, stretching
and branching of clonal organ while the increasing of aboveground biomass inhibited them. However, the relationship show
cooperative effect between population growth and biomasses accumulation, between the number of daughter ramet and the
stretching capacity as well as the branching intensity of clonal organ. They jointly accomplished the adaptability adjustment
of clonal breed. (4) To the number of daughter ramet and the foraging growth pattern, it is a continuum of ecological
strategy that the clonal growth in response to irrigation intensity. With the increasing of irrigation intensity, the numbers of
daughter ramet from few to more then to few, the foraging growth pattern from guerrilla type to phalanx type and then to
guerrilla type, population fitness from low to high then to low. This adjustment result of clonal growth has made the
adaptability population characteristics and ecological adaptability strategy to irrigation intensity. Thus these conclusions were
drawn: The less water must lead to drought stress, unfortunately the more water must lead to the temperature and the
permeability decrease. They all inhibit the growth. But proper irrigation can promote the growth of Hippophae rhamniodes L.
ssp. sinensis in Mu Us Sandland where is drought and strong sunlight illumination. In the production practice, the irrigation
can be controlled in 1.5 —2. 0 times of local annual average precipitation. In same time, Hippophae rhamniodes L. ssp
sinensis does response to different soil water resource supplying levels by adjustments of individual size, population biomass
distribution, the number of daughter ramet, stretching capacity and branching intensity of clonal organ. These adjustments
can improve the clonal breed of population and be beneficial to population stability maintenance and clonal growth

persistence.

Key Words: Hippophae rhamniodes L. ssp. sinensis; irrigation intensity; clonal growth; the number of daughter ramet;

population biomass; clonal organ
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Table 1 The irrigation design
KRB/ IR

Irrigation intensity

A3

Treat number

kB

Irrigation times

BRI B

The total irrigation

RARAFERE KL/ mm

Annual precipitation

H#Ek&/ (kg/H)

Irrigation amount

HEK B ]

Irrigation time

of a month times

1 310 0 0 0 AHEK 0
2 310 2 40 1.0 15H 10
310 3 60 1.5 10.20.30 H 15

5.10,15.20,
4 310 6 120 2.5 25 30 H 20

2.2 HEHII KA

FE ) A B R B FE ML HES | AR T 75 HES TR, AR 2 Ik (B4 LB AN 2 DT T — 1 E R, B
BAEGETT B DRI HAG 6 IWER (B 1, I AER 8 1 IRER) o K, 1 /MNKH 6 Mrifg (L | MR
B v B BAR P E B TAR) (AR 12m x 36m, B FElE (MTHED7) ALY 2m x 6m,
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Fig. 2 The relationship between growth increment of mother ramet and the irrigation intensity
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Table 2 The relationship of population biomass increment and irrigation intensity

_ R W7
el - HR R DA RN
K K K . Correlation Significant Inflection
Biomass increment/ % Regression equations R X
coefficient level point
T4 MR Population biomass increment = —0. 02042 +0. 155% +0. 159 0. 891 <0.05 3.9
P Y
Hi A48 Aboveground biomass increment y = =0.0192 +0. 153x +0. 150 0. 894 <0.05 4.0
HHT A48 Stem biomass increment = —0.0194% +0. 147« +0. 150 0. 888 <0.05 3.9
Y
B4 & Living branch biomass increment y = —0.0184> +0. 140x +0. 129 0. 899 <0.05 3.9
FEA 4 P Dead branch biomass increment y = —0.0232> +0. 188x +0. 221 0. 904 <0.01 4.1
A= 4% Leaf biomass increment y = =0.0212 +0. 166x +0. 170 0.903 <0.05 4.0
i A48 Underground biomass increment y = =0.0204> +0. 155x +0. 159 0. 892 <0.05 3.9
TLlEA B4 Y& Clonal organ biomass increment y= =0.0222> +0. 177x +0. 195 0.902 <0.05 4.0
FEHRAR R PR Root of mother ramet biomass increment y = —0. 0174 +0. 134 +0. 129 0. 897 <0.05 3.9
Ly
3.3 TRRETRRECE N KR B e y=-0334x +1917x - 1381
B A F A E B R (2m x 6m) |, [t H-F #REL a0 L 2= 0.895, P<0.05, Tk 2.9
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A 2.9 W, HIEFEB . FAESER RS B K
WL 3.0 W, A M T A HAE KR 1.5
45 AMEK/INT 3. 0 YR, TR 3 IR B K R 0 > 3 s
(IR K TR L B SR B B ) e ORI AR B g AR

PR3 AN T 75 5 45 MK 5t 3. 0 0, TSR
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iR A K B B I T T e, B SR B AE AR ) J2 1 H3 FHREE(HE) MESEKBENXR
HEE(J% %& TE %%ng( D’(ﬁ H‘Ji‘é.f‘il[lﬁﬁ—FF%o Fig. 3 .Th.e rflatifmshil? between the number of daughter ramet
3.4 ﬁ%%ﬁﬁﬁiﬁxjigjkgig%uﬁlm and the irrigation intensity

TURERRE (KR 2 rp B VDR e S a4 , RIS B SR e ORI kT BB . BRI, Seb e
HHEMEES BRI S R R B SR A ROROUE VI SE . sk 3 AT L. SRR AR B R IR BE A BB L
— iR E R R 28 (y) SR A KRB (v) Z 6 2 828 8k B35 M “RIMA R R, Bl si e as
"B RIS i BE ) AN G0 B B A E /K BRI I SE T e e o ISR T, TR © = 2.9, BRI SRR AR IS
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Table 3 The relationship between clonal growth parameters increment and the irrigation intensity

M KA R B ] 5 7 7 AHRZ L BEKE TG
Clonal wthn étt ind Regression Correlation Significant Inflection
o’ growth patier maex equation coefficient level point

— LR F AR BONIE 2

Increment of number of first order clonal organ y=-0.051c" +0.296x -0. 198 1000 <0.01 2.9
— RO FORL B A y= —0.2224% +1.277x - 0. 902 0. 999 <0.01 2.9
Increment of diameter of first order clonal organ : : :

SRR B R X

Tncrement of total length of clonal organ y=-0.222x" +1.277x -0. 902 0.999 <0.05 2.9

’ _
SERERRE S BB IR y= —0.051%% +0.296x —0. 198 1. 000 <0.01 2.9

Increment of bifurcation grade of clonal organ

3.5 HERSEHIERR

HIR 4 FTA: 0 EAEY RS S T ARSI MK RECY - 1.0; THREE IR E B R E R E
WEOBRE ST YRR B SRR E AR i B AR YRR B R B AR TAREE 5T
B E BREURGIESE IR =E PR Z A 2R B E MR dIaR I A T A Y & o oy %t
RSSO . Horb, 30T AR W 2 R A T 2 e R B AR A K e B AR B B SE AR A A, b b AR
58 o T R I 300 ) o e BB A R e e e Y S A B RIS, T ARECR  Te R e B S AR ) B e R A
SIS B 2 18] B P R AR

F4 ERKEEEMBEXXER
Table 4 The relationship between growth and propagation

T A -
sy T RERE e
. = Z 4
2 Ay KRS the ratio of gy g o TAEER o BIREE o EAR
. aboveground The number of The total The bifurcation

Growth indexes Test parameter . underg-round

biomass . daughter ramet length of grade of

. biomass

increment . clonal organ clonal organ

ncrement

Hi b A 4 E 3 The ratio of Pearson Correlation
aboveground biomass increment Sig. (2-tailed)
1 A= My 5] The ratio of Pearson Correlation —-1.000**
underground biomass increment Sig. (2-tailed) 0. 000
THEE Pearson Correlation -0.358"* 0.358*
The number of daughter ramet Sig. (2-tailed) 0.012 0.012
TS B B AC B The total Pearson Correlation —-0.650** 0.650 ** 0.883**
length of clonal organ Sig. (2-tailed) 0. 000 0.000 0.000
TElERS B 48K The bifurcation Pearson Correlation -0.384** 0.384** 0.999 ** 0.901 **
grade of clonal organ Sig. (2-tailed) 0.007 0.007 0.000 0. 000

* % P<0.01; *P<0.05

4 gSie

o BV B R 0 e T RR R SRR K B SRR T MBS RE S O
XK R R T YU, , NS5 5 M W WK L B RO K 22 56 TR e 8,
SHCHIRA MK BN R BRI KRR E o KRG T FEMK SR ER , 0B 2 MO W2 Mk O B
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R _E Tt s HE KB o T S M K TR BE I, Fh e 2 B30 1 Bt 8 7K 558 J3E 38 T T o X — A8 ML A5 T 1
A B AT A S TR — R BT BREE ST R . X TR BRI KRR E
MBLRVPHMTE , TIREOKLRXI G BT R8T K 7 2 bR 900 B @ E 1, P
P oL 2 P E VIR A S B o BRI, 7K oA R BROK g3 2t 25 3 2 1 R R 9 A R B, 3 4 98 7K
T BEAR 2 Hp B YBRAE K42 R PR ) e RE BB RE )

BB YL RS RO M X K SR B e L AR R B IR (EA A 1 (BHR) i iR K
MR —EER. Ho Al KE LAY ER RN SR KR LMY T S E KRR 2.0 (&
HEEKA.0 W), TFARECE el e B REMAE ST e MEas B I B B 0 B U /K 3 JBE 290 2 T A st AR 3 ek
BH LS E(EEAREKS.0 ) o AHFITHARE, XA R (BER) AT 0T, SRR - i 53
TAEYEN S YRS TAREER D R SE R  E B R B RS B AR A [ 2 2 B B
HASR, T T A=Y BB S TR EE LR U R4 B B K BERI SE R A B 0 B B 2R B IEARR (R 4) .
RIS W S A (r = 0. 537) W SO IE (r = 0. 578) e 55EiE (r =0.417) JER SR YR (r =
0.395) (P <0.01) , AR s as B MK E S THREE RSB MRS THREE RS E B RE SR
WE BRI A 2R B EEAR (K)o BBt al W . o B a4 Y 8 2 o e AR R
ROMAEREMAYR) 5 EFAFAECINFAREE MBS B RHIE) Z R U . B2, A KPR Z 1] 51
PERZ EMRBI P RISE R o B, BRI S T 2 M RoK R R 2.0 fF0F, M KE EY BN R
i, (H AR SE R A BE ) S an B SR BE T e R 2 B SR BE A D AR 5 MK R BE A X5 T S st AF 3 ek
B LS A, SR RIEAE ) O E M AE ) AR IR BIROK , (HAN R AR R R K B AE B R R
Tt

EIRGRR I AR R K BRGNP T, b B YR 2 AR/ R R A MR A B L TR AL
B ERESE M BE ) FEREAR B S5 R SR Ak i 7, 3 R R W R O RS E R T B R K
#E1 IE4N Harper 3 1, HIPIRPBEDABE TS AR A: K BB A TR A ST XSRS At SR ™ o Hovb, BT R
AR ECE AR BB MRS o TREERB S i rO R HI0 T KSR TS & BB , B 7 4 A ik
o LIPS 223 R, THREBOR S0 R A KA R I TR R (THRE ) AR TR 4 55
RIGLIE FIF T, 4R R AP R R AR R R BIBE T 5 T HRECR A i S B HL AR AR SR i ) T o5 20 (1
PREEBE/N) , B R AT AR BOR B S 6] P9 o JE 3RO BE A WU, 76 1) T3 S e R N B iR Z RT3 5
TERERG T RRIBCEAEA M AR SE BESNGEE A A AE BT BER R . ARIEATTITEE R, b B U B TR AR 5
REARE LM AE S TORER B 0 BOR B S HEK R B R TR AR R, RIX LU SR EE HE K IR BE B B ST e
W o LA I : AT BRESCE B LS A M JR T 5, o 0 B X R 7 B B 9 i 7 — A AR 5 0 5 A i
8o BEH KSR BE MR, TR i /NBIER B/, A i Joy ol i o 0 e 2 O SR AT 20 ™ P B 81 i
B MRS G BE /N EIRF /N e X P e A K YR A5 5R ,  rp B U OE BRI AR
RPAE B A S IE R XS o EAEX AR A X SR SR 1 i AR o, Fh R 207 A R R B0 2 [ 48 H ASUA , DAC TG 4
FRFhRE AR e M R e B IR A o

£R LRI, U BRE R A X T K B BE R B R B Ik . EUA TR EUK N B RNEBLRY
38 HHE KA AT LA RE H B YDA K, T L RE A 3 i AR B S B SR AR T , A R TR AR B MR A S B R X
VEAERS o (HAE—RE MK IR , Rl AR K5 TR SO 2 A A AR, A KPR 22 1) SRR 22 6] B A
BRRINE o X SEEE AR AR F I VD A T B A A TR T X 3, T EL T D o E YR S B A A 4R IS
%o RIEABIFGER , L7 AR K R B 7R S AE R K B 1. 5—2. 0 fF 2 [l o, AZRBE i
28 BB AR, O T ARECE 25 B R SCEM A, TR 2K B B 9 0 1 K B 2. 0 4 AR AR W 2
B HIREA AR, T RS B R AR R BB IR, TR A SR B 1 S M AR R K B 1.5
Briff X AR P, PRV 4s R i B ARl 3 i AR GO S i B e bt R AR AR A T B, R R A BBk
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