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A study on seedling growth and soil nutrient spatial
variations of Lycium ruthenicum in different habitats

GUO You-yan'?, NIE Hai-song’, YU Hong-yuan', KONG Dong-sheng'**, ZHANG Ya-juan'
(1.Key Laboratory of Hexi Corridor Resources Utilization of Gansu, Zhangye, Gansu 734000, China;
2. Lycium Ruthenicum Engineering Center of Gansu, Zhangye, Gansu 734000, China;
3.Tokyo University of Agriculture and Technology Graduate School of Agriculture, Tokyo 183—-8509, Japan)

Abstract; In order to provide theoretical basis to population restoration and sustainable growth of Lycium ru-
thenicum, we studied the seedling number, growth conditions, biomass allocation, spatial variability of soil
nutrient, and the effect of environment factors on Lycium ruthenicum seedlings growth under various growth environ-
ments. By using sample plot investigation method, the Lycium ruthenicum growth was investigated in various habitats
such as field bund, irrigation canal side, saline sandy soil, and salty land in Ganzhou District, Linze County, Su-
nan County, and surrounding areas of city of Zhangye in 2016. The results showed that the seedlings distributed in
all habitats, and the number of the seedlings in the field bund was the greatest among all habitats i.e. 66.67%,
122.22% , and 215.79% of that in canal side, saline sandy, and salty land, respectively. The growth characteristics
varied among habitats. The seedlings in the field bund were mainly growth in height while that in saline sandy were
mainly the growth in crown. In salty land, the seedlings were mainly the growth in stem diameter. The organic mat-
ter contents in 0 ~20 c¢m soil layer in field bund increased 28.50%, 2.62%, and 10.13%; total N increased
44.08% , 33.16% , and 72.41% ; and available N increased 46.81% , 0%, and 50%, over that in canal side, sa-

line sandy, and salty land, respectively. It is shown that the air humidity and soil moisture contents had significant
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effects on seedling numbers and growth. It is concluded that water management in the seedling stage is an important

mean for the production of Lycium ruthenicum.

Keywords: Lycium ruthenicum; seedling growth; habitat; physical and chemical properties of soil

BIMIAC ( Lycium ruthenicum ) A i BHHIAC , J&
ZBORIHEA A5 e A5 5 RN G 1 B A7 1 e B AT
Yy, RS TR E VG ER M X, e —FP A2 akfk
UK B FEAE R — R B AR R A et
TR RERAL , 76 FE T — S P Ak P 5 T AR SR v,
FEIR BP0 A BRERAE X i X AR FAE S R
GHAEEREXY , AKREKHET, BREMACL LR
2 ABSCA: PR/ 0 M DX DA S M A e A
FEAMEALEN, ATC T BT S Tz
b FUAR SN Je 2240k 1Y) ik BE T R FILF  FRE
AR D, 5B b X 2 s R T A,
METE RS EEAR A R X R T
PR XA M A AT A RO A P R AP LR R
Harsbfr B M & B2 E W E 2T 55, Mk
TRIARMAL IS AT 8D, H 2R T E R
N AR IT R 2R il 2R
PEDEH RGP B & A AR
T AT S AR T B A i R S . AT D SR
Hh e SR SRR A I TR G, WA [) A B8 S AR Y AR IR
GER ER R E AW R A B B W A T Y
T BT XT LA AT, B IO [A) AR 35 R SR A
SR P HRARA e - TR A AR DL, Dy SRR A AL A
WRIZ T R B 2 B R IR

1 B XS S 05805 1%

1.1 ARERER

R DX Tk H M X e B R R B (R
£ 99° 30" 08" ~ 100° 41’ 14", Jt 4 38° 54’ 18" ~
39°25'02") K JH i IX % XS T R T R i O
LV F T IR 1 380~2 278 m, AP HJIRLE 2.8 ~
7.6°C., H B[] 3K 3 000 ~4 000 h, bt P AE 4%
DR NHEAR CEREARSRE BB, 2 XU T AR
MR D, W LB HOIRAATE T b I | 3
fevbHy FhORTEH AT A 725 ( Phragmites com-
munis Trin.) %% 3¢ B9 ( Zygophyllum fabago) . AT
3% ( Lepidium  apetalum ) . 3% B¢ % ( Peganum
nigellastrum Bunge) . 103 24 ( Acroptilon repens (L.)
DC.) VK%L ( Agropyron cristatum ( Linn.) Gaertn. ) ,
AR TR 7 W3R 1,
1.2 figE

BIAMFCAE I 5 X E B A e AR H b IE K

R 1 AREEREERRMICIHE R TFHAE
Table 1  Environmental characters of Lycium ruthenicum Murr.

populations in different habitats

s RED

L1 TS H

R e @
Environmental Field Canal Saline BT Salty
. land
factor bund side sandy
{ﬁ;ﬁi/m 1529 1456 1389 1406
Elevation
|‘-_f|‘32 i
R/ % 95 30 50 40
Coverage
. A B
JLIRGRBE lux 993 1070 919
Light intensity
AR/ C
. 32 27 23 26
Air temperature
25N /9
L % 26 24 2 20
Air humidity
5 Al B
iiﬁ E7J$E/% 37.91 24.72 14.82 6.9
Soil moisture
pH 8.42 8.46 8.32 8.7

Wil by SR BT A AT A 4 A
() SRR MAC AR ST 4, T 2016 476X 4 B4
FEHE 3410 mx10 m FEEREH, 3 12 A EE e,
1.3 #HihiFE

1.3.1 FEEFHEE T 2016 4F 7-9 HLAw A
KA RE R, GPS 2 FE M 14, 22 e 4
H DHM2 758 XA 08 3 B 00 A A B,
ZDS—10 U AR THI e RE SR BE I 45 4 M bl
PR DL 1 0.5 m Ab B2 SR W KOG EsR B
F YR SE B E] 4710 : 00-16 ¢ 00, 4EFE 2 h M 5E —
W, TESFEH T X A4 H 3 A~ 0~20 em 1 )2
T ) - 3B i, A3 (105°C ) Ml -3 & vk it

1.3.2 AW HEE 2016 4F 8 A fEFEE R T
YN TR B AC S AR, gt S AR A, T
P R BE | AR RIEE I, A% 2 gk A SR A AT
= b T R 5T 1 L AR 0 2, e e 3 e R SR A AT AR
e8RS AR P R R G T I B R S A, SR
AT AR A% AR A T TR, A R RS, A T
[]—AE B8 A R A SO , TR A5 A3 A DX S A 1
By SPAR SF R R R

133 £AGHAHETRAE FERANA BN B ERE
HAT HIBEE 3 4N 1~3 a A= IR MDA B AR ERR
RAE R, e SE 0 5, A4 [ S0 0 e i, o
AR ZE M=y, AE 80°C AR T EEE,
Sy SIFR R BERRGNT T W) ST L, A I R — A 5 b ]
— AR S A T AR W RO SR ILE R R X
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I BAY R, Ay E = EH 45y
TR i MROEL B = T B A M
AR,
1.3.4 B3gmaciom e AR 0 -
B 0~20 em . 20~40 cm 40~60 cm AP REE 1+
FE PR, R E MO AT bR i BRAR 1 53
B ) e 354 & & 38 A HLT A K
B A ARAE R, R EhIE R
S ] DDS-307 Y HL G4 5E
1.4 HELE

A i SPSS 16.0 #A#E4 7 4b 3, H Origin
8.0 2z [&l,LSD LT 2 H AL,

2 iR

2.1 AE4EERWICHEBSISE

ML ] VA AN R AR B8 2447 B A A 5
AT A, AR H S ) SRR M AT S AR R R 2,
T ER BT 1 S A P B D . R HBIE 1~3 a 7=
BRI AR S AR EZR B E (P<
0.05) , A% H b3 A= 55 50 A A A K B R 1k
Vb Ml R BT M 43 B 3G 66. 67% ., 122. 22% |
215.79% , #5455 1~3 a 4= BT S A AU Y
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0.05) . 1~3 a ABRMIC AR W BT 4 DA R
PR SERAL YD S K IR S A T HBIE . 1~3 a
A SRR MRS SR 1 TEIRAE 4 AR E L) >
IR >R > 4% FH I, Fh Ak Vb b A 5 1 B SRy
FOSEA Wt 5 A A B 2 5 i 2 (P<0.05)

%1 1 $ 5t Seedling number/100m”

W ¥ Tree age/a
& W M8 Field bund B £k 4k 70 Hb Saline sandy
V222 /K %% 121 Canal side i 3ic Hh Salty land

T ARV - Bl AN [ A S5 4 L ) 22 e A 35
(P<0.05) . T,

Note: Different lowercase letters in each age group

indicate significant difference among different habitats at
P<0.05.The same below.
B 1 AREEEBRRATCYHEBERFE
Fig.1 Quantity character of Lycium ruthenicum seedlings
in different habitats
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Fig.2  Growth characters of Lycium ruthenicum seedlings in different habitats
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Fig.3 Biomass allocation of Lycium ruthenicum seedlings in different habitats
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Fig.4 The change of soil organic matter content in
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243 FRAARZRMicEEL LN TN LR
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XF#h Ak Vb A B 4 ) AR 87.63% ., 73. 78% Fil
27.94% , 255 .3 (P<0.05) , 20~40 cm +)2, 36
T AR B 4 1 b i, A SR | 3 AN AR b
YO HbAE B4 380 72.84% 84.91% i1 22.50% , 40
~60 cm )2, EROFFE A B 4 5 B S A SR
b G R R A VD b AR 58 43 3 N 74.24% (79.84% F
65.61%.

244 FRARAARZRMALEALRG TR E
F AN[E A AR AAC A SR AR B A R 2
7)) M A 55 - 3 SR S R R R
SEHEINE AR, A 3 A SR R A S Y
BE T2 A B AT AR 2% 2 b A B A AL
AR T HABASE, 20~40 em + )2, g4 55
TR T w A R ERTRGE M R A b o3 )
HN51.14% 32.96% K1 53.41% , H 75 3% (P<0.05) .

24.5 FREARZRMATLIER LB E R £
I- 3% 4= %( Soil total N/(mg * kg ')
Q40 045 050 055 060 065 070 075
gl
S
£ 20}
S
o
T —30F
v
!
g 40
= =50}
—60

" _a— /< HI My 8 Field bund
—— #h 4 ¥b b Saline sandy

B5 AR4&LEBRRECIEEIENEN

Fig.5 The change of soil total N content in
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Fig.7 The change of soil available N content in

Lycium ruthenicum field

7 SERERAML LA RS m R
HERNZE AR (8] 8) , 0~20 cm .20 ~40 cm 1 )2,
AV Hb A 355 A SO A A o A B e, L
ZREFE(P<0.05), 40~60 ecm + )2, Ml AL B A
AR B e A, AN K R | R Ml R R b VD o3
SN 72.73% 32.96% 11 9.09%

24.6 AEABRZRMAT LB LA T £
F+ HEL9 AU, 25 A 4 A S b AT A M R
P ELA3 AT 3R 2 B i 3 Eh e A B8 ) AR
OB A JE TR B N SE 3G S BEAK, i A A 5
PSR AL 5 o 2 B A )23 R BE A 3 & W AR,
Vb b A 55 45 1 2 BACH & 3 K T A2 HA AR
B HZEREE(P<0.05), 0~20 cm 12, Hilf I
TFNER A M A 5% A 3 kB B fE AR X A VD
I3 AR 67.72% 73.75% 1 84.74% ., 20~40 cm +
2, bbb A 1 - RS AR X U SR R
ER T M A 554 G N 52.67% . 71.89% il 48.69% .,
40~60 cm 2, R4 VD A= B A 358 SR A X
HSEE U300 RNERBTE A 45 53 0 4G N 48.51% , 78.75%
159.49%,

|- 4 4= #h Soil total salt/(cmol * kg ")
10 20 30 40 50 60 70 80
0 T T T T T T T 1

| | |
) o —
S S o

|
-~
S

|- 4% £ ¥ Soil depth/cm

|
©n
S

—60 " N .
—e— /K 211 Canal side
—v— 5% 5 b Salty land

—u— < HI 13 Field bund
—&— # ¥ Hb Saline sandy

Bo ARLERRMICLEEHIENTN

Fig.6  The change of soil total salt content in
Lycium ruthenicum field
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Fig.9 The change of soil available K content in

Lycium ruthenicum field
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A BRI A SR | K R S PR IR T 22 5
S FEORRMACS AR R R 22 5 . BEE AR A1
T, BESRAAC S AR 5 S AR B R R B i D ik 1
SERMIAL A B )€ T RS2 B PR SR A RS2 3 O
LI RTE N AT MR 3305 A A5 o il
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Table 2 Pearson correlation analysis between environmental
factors and seedling number, height, and biomass of

Lycium ruthenicum Murr.

PR ¥ YR/ em HTHIRERR/em 4 IR/ em
Environment Seedling Seedling Seedling
factor height base diameter crown
Elevation/m 0.826 -0.899 -0.648
skl s
Coverage/ % 0.717 -0.834 -0.212
R
Light intensity/lux ~0.637 0668 0.757
g
Air temperature/°C 02 ~0.793 ~0.778
23T .
Air humidity/% 0.991 -0.961 -0.291
BRI/ .
Soil moisture/% 0.998 ~0.977 ~0.357
TaEE A
Soil salt content -0.828 0.736 0.287
/(emol - kg™")
ABLBT
Soil organic matter 0.064 -0.194 -0.179
/(g keh)
ARA
Available N -0.835 0.828 -0.234
/(mg - kg™")
AR
Available P -0.865 0.797 0.109
/(mg - kg™")
AL
Available K -0.756 0.751 -0.357
/(mg - kg™")
pH -0.533 0.553 -0.628

. o# % FIR P< 0.01,df=9,

Note: * * indicate significant level at P<0.01,df=9.

¥ B2 8K ( Quercus variabilis ) B 55 Fl A e L X
SCREH ( Xanthoceras sorbifolia)) BB 5T 45 A

PRI PR 25 1) 22 7, AN TR) A B8 1) R SR A A 5 A
R IBUAS [R] 10 A= SR LA Ny PR A EH il 35 4=
S5 ) SR SRARAC S AR i ey B R T A A 95, 1 B805TE i
A S ) PSR S A P AR KT A AR B i R
Ut A B 1) SRR AR AT S AR R IR O T A A B
UL 7E7K 43 70 /2 0 A2 B8, SRR M AT 4 i 2 T
Z I IREA B BE I ARG ARG R B AR 3 F
WA, ROR AL 4 AT R AR K
Ziegenhagen %5 BREFIZED VErpiE gl 52%
BRI T RN R, EEESHER
PR AR AR SR A R &y T R RO R R 1Y
3, RBUE Z /G RBER, AR T4 K,

ST R RIS S AR B b b 5 R A T
J 73 BCAN 8, A FH b 160 A= 5 17 P R A v 52 A o B
ZIAEYERAS] T EEr 0 AR AT H A R AR
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Table 3  Ratio of contribution and component value

of different environment factors

B FHF 1 Fgr 2 FW5r 3
Environment factor Component 1 Component 2 Component 3
@%}i -0.887 0.404 0.224
Elevation/m
G -0.695 0.544 ~0.470
Coverage/ % ’ ’ ’
e
ARG 0.561 -0.823 -0.091
Light intensity/lux
Ul 6 6
Air temperature/ C 0.749 0.610 0-260
SO
Air humidity/ % -0.997 -0.011 0.074
TS K _
Soil moisture/% 0.993 0.103 0.060
A i
Soil salt content 0.864 0.306 -0.401
/(cmol + kg™")
AHLBT
Soil organic matter 0.021 0.837 -0.547
/(g ke)
HHA
Available N 0.878 0.405 0.256
/(mg - kg™")
AR
Available P 0.907 0.374 -0.196
/(mg - kg™")
AL
Available K 0.807 0.500 0.315
/(mg -« kg™")
pH 0.594 0.618 0.516
HRAEA Eigenvector 7.466 3.249 1.285
SR . 62.217 27.073 10.710
Component correlation/ %
LSS 62.217 89.290 100.000

Accumulative correlation/ %

ALK 2 A R AR TIRAR, XU R
FIRCL S A T 300 o T 2 A 7 R WA o A B A Ak
AL VDH FRHEOTE M AR B s R R AR
BIRMAL R T oA A 5 AR R B 3840
AR IR R 0 A2 K LLGE B T R 3R B8, Asb-
jornsen ST SAFAEOAG I T R RIMBIESEE
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PV A3 ) S AT A 22 5 AR H S AR SR AN [R]
JEABL AR A SR S e T A A B X
HizAEBRRE A RKH KR, b HA5E 0
~20 em T2, BIERE S T HMAES X 5i%E
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