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Seed germination performance of Juniperus rigida in different regions of the
Loess Plateau and its relation with ecological factors

LI Tan-bao', ZHANG Ya-fang’, LI Deng-wu*®, WANG Cai-yun®
(1. Northwest Institute of Forest Inventory, Planning and Design, State Forestry Administration, Xi’ an, 710048, China;
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Abstract: In the present study, the biological characteristics of seed germination were investigated for five typical
populations of Juniperus rigida growing in different regions of the Loess Plateau, and their relation with climatic and soil
factors were studied. The results showed significant difference in seed size among the five regions, with Wuchuan being
the smallest with respect to seed length (6.83 mm), width (3.56 mm), and seed weight (25.89 g). Seed length and
ratio of length/width decreased as latitude and soil total phosphorus content increased. Seed weight increased with in-
creased mean temperature in January and July, but decreased with increased organic matter, available phosphorus and to-
tal nitrogen of soil. There was a significantly negative correlation between germination and seed size. Seed germination
differed among regions, with Wuchuan region being the fastest and highest whereas Fugu the slowest and lowest. Germi-
nation rate, germination energy and germination index increased with latitude. Additionally, Wuchuan and Hunyuan are
suitable for growing Juniperus rigida .
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Table 1 Locations and climate factors of the sampling sites of Juniperus rigida
N 1 SN 7 H ¥R %
L Gy SR T pen e e .
o - — TR Average Average Y
ETReS S 233 . Average Average Average annual
. . Altitude temperature temperature L. N Slope
No. Latitude Longitude temperature . . precipitation sunshine hours o
/m o in January in July Jmm h /(°)
/C /%C
we 40°51’ 110°59" 1400 2.6 ~15.2 18.6 352.4 2958.7 60
7L 40°7’ 115°11" 1350 8.8 -8.1 23.6 372.7 2875.0 70
HY 39°49' 113°33' 1210 6.2 -12.0 21.6 426.7 2698.2 60
FG 38°57" 111°4 1150 9.1 -8.4 23.9 448.8 2894.9 65
HL 38°44' 105°55' 1800 -8.4 -14.2 17.8 429.3 3056.4 85

Tl WC: WS EIE; ZL: HLE S s HY: INPYHERE s FG: PRPINAE s HL: TR0, T,
Note: WC: Wuchuan, Inner Mongolia; ZL: Zhuolu, Hebei; HY: Hunyuan, Shanxi; FG: Fugu, Shaanxi; HL: Helanshan, Ningxia. The same below.
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SR E Rl TR 8 IR SE .
TIEANR R AR R A B BRI KT S5 B 1R
o, B REHLBEALIBCRT 5 30 #, AR EAR = RO &
HAR BT IR T G4 RE i
Py~ TRCE 4 RE L BE DL E B 100 KL Ff 5 —
A, EA 8 WK, o BIFREE, T B (E bR 22 55,

B A TR E,
1.3 TEHEMONE

145 pH R W A7 32, A HILJBT R P 5% R B
Fak, AR YLK, 2B MR 6 R A1
BRBTIL (%, 28 U R T A EEV SR
K FBRARY LT -8 4% SR AR Y B T I
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Table 2 Soil factors of the sampling sites of Juniperus rigida

i 2 AHLBT AL AL AL ) s Sl
N 7 pH Organic matter Available N Available P Available K Total N Total P Total K
0.
/(g kg™") /(mg-kg™") /(mg-kg™!) /(mg-kg™") /(gkg™") /(gkg™) /(gkg™)

wC 7.54 69.97 101.34 8.69 285.07 3.093 0.762 20.76
7L 8.09 27.25 70.70 6.23 206.92 1.753 0.574 19.87
HY 8.24 17.12 23.49 3.48 122.55 1.070 0.711 18.35
FG 8.19 12.95 29.85 3.58 82.77 0.910 0.433 20.52
HL 8.08 60.89 99.92 10.93 215.36 2.863 0.5003 22.53




553

PR GE AR - R e SN [ DAL A B o1 A R e S AR S TR AR SR 141
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HRPEATHEZE . B Fh 1B T S0°CHIE N 1% HYBRIR &
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5% FIAE R TRV TR B 25 min, YRS CT 20°C ~
25°CHYZE NP 60 d, T 4°C FICHF 40 do Bl 17k
THATRE I 40 15 R L, 85 R LE T 20°C Ok
JEIEAN 8 h GHE 16 h PREF B IR A b, J 9% 60 do
RV, idsf o R0, it aR ik
RO RN R AR AR 0= 20,

(1) HEZFE(%) = (B EMFH/Z K F/F 58
) x 100% ;

(2) Bk (%) = (K253 e i i & b1
B/ ST S0 x 100% ;

(3) KEME (G, %) = > (6,/D,), X, G,
NES ¢ BRI 2R, D, ARG & 2 H L
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K Excel 2003 #4758 % M Ge i, FI T SPSS
18.0 GEit B A4 HEA T AH S R B i 43 AT o e 45 o b o
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INESHVES o B A FRER RO/ MRS HEi &
FRIEREAT AR S0 AT , 20 M oM A R AR S 1K
ANHIAHSENE o 33 25 ke B A A 7 R T
S PR RERT R 5 0 BT, 20 A 45 ARl R A A
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2.1 MFESHNER

XF 5 AN RS FRAE 0 Fh T R TE R T
Lo TR E SRR T 25 0, A5 R L3R 3.tk
3 AL A TR EE B R ) 25 S A S, SR
i TR E SR B X (R 22 5%, SeitFh
TR A - bR AE 22, I X0 R R) 22 55 Wk 3
PRI T 2 5 b, 25 3 LR 1. i 1B 1 AT
A X B 7 de K, P4 K 6,83 mm, BE 3.56
mm, TR H O 25.89 g; il I A A f /)y, P K
6.12 mm, % 3.50 mm; & 22 IR iR, T
REEE M50 21.19 g F121.18 g
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Table 3 ANOVA of seed characteristics of Juniperus rigida from different sampling sites

N . tFVNEI B EFVNISBL
btk o . BHRRE), BN

. Mean square Mean square F

Characters Average value Standard deviation o
between groups within group

FFIK Length/mm 6.47 0.52 1.397 0.206 6.780" *
9% Width/mm 3.50 0.30 0.058 0.094 0.618
FhFR SE L Aspect ratio 1.86 0.20 0.074 0.038 1.954
TR E Thousand-seed weight/g 23.62 2.39 41.154 1.661 24.777" "

He*xa=0.05Z70E; *» xa=0.01 25K EE, T,

Note: * a =0.05, significant difference; * * a =0.01, extremely significant difference. The same below.
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Fig.1 Multiple comparisons of seed phenotypic characteristics

of Juniperus rigida populations
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Fig.2 Seed germination of Juniperus rigida from

different sampling sites

2.2.3 AAFFHREH XS GMLE B
F 4 FAL TR SRR TE L IEARDSG, S5 A F10
FHOC, SR TR e EO ARG, A 2 R A
}0.932° . -0.909" . —0.981" “ Fl —0.991" * ;
T L SRR AR, 5] R TR 5L

O & % Germination rate B ilij /K % Germination energy
Ok % 4§ % Germination index

3 AEMEHEROMFHERER BLABREFEYHNESR
Fig.3 Seed germination rate, germination energy and germination

index of Juniperus rigida from different sampling sites

2.3 AEMXARTHFRHESESEFRMEXE
2.3.1 REREENNTHIEL ZA4E BT 048 %
M RS AL R R AR (-0.9207 );
PR S A BER AR (- 0.979" ), 1 5 4F
RoERR = IEAH G (0,925 ) s TRIEE 5 1 B IEAHG

TS, AL R BT BN - 0.989" " |~ 0.894" FlI
~0.950" ;Wi & %5 ] &3 e & 2R BT A O, A
KRBT RN 0.897 F1 0.9417 ;W K H 5 Kk 2R
B ARG AHOC R 0.9817 7

R4 FEBRHREFFHRFESHFRNHBEXSH

Table 4 The correlation between seed germination and seed sizes of Juniperus rigida from different sampling sites

(0.934%),5 7 A ¥R IEA 5 (0.982" * ) s B & %
SE A I (0,997 %), 1M 5 4F [ I 67k 5%
(-0.926" ); Wi &3 e K ZF AR B0 5 46 BE IEAH G
(0.919" .0.954" ),

R Ff ¥ /mm b9/ mm FrFR i TR/ g
Characters Length Width Aspect ratio Thousand-seed weight
% % Germination rate -0.909" -0.346 -0.989" " -0.236
B &%\ Germination energy -0.981" " -0.714 -0.89%4" -0.058
KGN Germination index -0.991" " -0.628 -0.950" -0.218

x5 ARAMRHRFHFHESSIRERTFHEXSN

Table 5 The correlation between seed characteristics and climate factors of Juniperus rigida from different sampling sites

. 1 A5 7 H ¥ 24T H BEAT AL
e s I=h
62N i EZ3 S 5213 ii ,J{:m Average Average ﬁ;lg%ﬂ(g Average annual
Characters Latitude Longitude Altitude verage temperature  temperature verase sunshine
temper ature . . precipr tation
in January i July hours
7K Length -0.920"  -0.501 0.194 -0.197 0.396 0.213 0.747 0.411
Fh 795 Width -0.386 -0.427 0.252 -0.136 0.240 0.065 0.087 0.765
FhF R FE L Aspect ratio —0.979"*  -0.413 0.080 -0.151 0.401 0.265 0.925" 0.121
FRiE Thousand-seed weight — —0.177 0.687 -0.785 0.841 0.934" 0.982" " 0.369 -0.652
W & # Germination rate 0.997" " 0.514  -0.199 0.287 -0.272 -0.127 -0.926" -0.173
B & # Germination energy 0.919" 0.652  -0.363 0.376 -0.223 —0.024 -0.702 -0.546
K 2FFEEX Germination index 0.954" 0.523  -0.264 0.265 -0.364 -0.169 -0.770 -0.39

2.3.2 REBLREARATHIES LER-FMAEE SHEVUEBRAMEI(-0.965" "), 58 & 2R
H2% 6 T AL FP K5 2R A (-0.977° 7 ); A (= 0.890° . —0.939% ) ; B & # 5 4 # 1F A
FFRIEH S 2B AL -0.886" ) F F TR B 3£(0.935 ) ; REFFEE S B IEAI (0,965 ),
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Table 6  The correlation between seed characteristics and soil factors of Juniperus rigida from different sampling sites

AL

LEXN . HRLA A LR LR X gl

Characters pH 2ﬁif Available N Available P Available K Total N Total P Total K
FhFK Length 0.549 -0.272 -0.156 0.013 -0.519 -0.260 -0.977"" 0.527
FPF 9 Width -0.137 0.185 0.350 0.328 0.064 0.210  -0.727 0.740
FIFRBELL Aspect ratio 0.772 -0.465 -0.408 -0.184 -0.724 -0.467 -0.886" 0.282
TR H Thousand-seed weight 0.682 -0.965*  -0.846 -0.89%0" -0.792 -0.939"  -0.365 -0.634
B &% Germination rate -0.742 0.363 0.328 0.078 0.655 0.369 0.842 -0.345
i & % Germination energy -0.444 0.093 -0.004 -0.190 0.381 0.085 0.935" -0.664
K HEFREL Germination index - 0.603 0.263 0.145 -0.049 0.511 0.246 0.965" " -0.525
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