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Study on reproductive characteristics of Pinus tabulaeformis
f. shekannesis populations in Ziwuling region
of the Loess Plateau
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Abstract: [Objective] The study was done in order to characterize reproduction ecology of Pinus tabu-
lae formis {. shekannesis populations and to produce some theoretical basis for reasonable exploitation and
utilization. [Method] Reproductive age,fecundity table and the environmental factors of P. tabulae formis
{. shekannesis populations in different natural habitats,and 12 plots(shade slope,semi-shade slope and semi-
sunny slope) located in the better sections of growth and development were investigated through compre-
hensive investigation in concentrated distribution area of P. tabulaeformis {. shekannesis populations in Zi-
wuling region of the Loess Plateau. [Result) (1) The values of Ar, s Armxsand Apc of P. tabulae formis {.
shekannesis populations were 18,130,48 and 112 years respectively; The values of Ar,,, and Ar were cloudy
slope > semi-cloudy slope>>semi-sunny slope,and the values of Ar,., and Apc were Semi-sunny slope >

semi-cloudy slope > cloudy slope; (2) The results showed that 3 populations had potential to produce
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seeds,and the higher yield occurred in the population located in the shade slope; The most cones appeared
on the upper foliage of the tree, and the south and east aspects of the crown; (3) The fecundity table
showed that reproductive ability and value took on low — high — low tendency with age increasing,and
the booming of cloudy slope and semi-cloudy slope were 50— 90 years and the booming of semi-sunny slope
was 30—50 years; Furthermore, P. tabulae formis {. shekannesis population in cloudy slope had the longest
life span and the greatest fitness; (4) According to the principal components analysis(PCA) of the main en-
vironmental factors,the human disturbance (0. 984) and water content of soil (—0. 974) were the most im-

portant factors. [Conclusion]) Site conservation and classification management based on different habitats

should be carried out in the future for the P. tabulae formis {. shekannesi.

Key words: Pinus tabulae formis {. shekannesis population; reproductive characteristic; reproductive

age;cone sand seed;fecundity table
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Table 1 Statistics of environmental factors in different habitats
FE AT I TR AR
Num Environment factor Shade slope Semi-shadeslope Semi-sunny slope
1 WG/ m Altitude 1232~1 289 1240 1310~1 350
2 B[] Slope face Jb N mw RE
3 B /° Slope degree 9~23 26 5~17
4 Y7 Slope site #1 |- Middle Up 1 Middle F Up
5 WHBHIEE/ % Coverage 90 75 80
6 Tr K2 3% B/ Y% Coverage of tree layer 80 50 0.65
7 WE A )R 35 BE / Y% Coverage of shrub layer 27 30 15
8 B2 3 5 / Y% Coverage of glass layer 27 20 15
9 J& 5 5 2 S5 / em Thickness of humus 2.62 1. 20 2.80
10 i% pH {8 /p\HF’value of soil ) , ) 8.22 8.58 8. 48
11 iﬁﬁ%ﬁ“[‘ffﬁ & (0~20 ecm) /(g + kg™!) Organism content of 3.7 14 32
12 K& (0~20 em)/(g + kg ') Water content of soil 167. 2 149.2 164. 9
13 FhEFE/ (B + dam™?) Mean density 112.5 65. 25 52.16
14 NN TR EE Intensity of human distuebance 0 1 0.5

3 4R 5
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Table 2 Reproductive age P. tabulae formis {. shekannesis population in different habitats k=
H: 1525 A Habitat Armin Armax Ar Apc
B3 Shade slope 25 129 61 104
I Semi-shade slope 24 107 47 63
A BHYE Semi-sunny slope 18 130 35 112
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FEANTR A BE it A 22 5% P B A 104 48, 2 B 33

Oy 63 AR RPN 112 4F,
3.2 AEAERKBKREMBE LHNSHRE
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Jit ok B9 A9 R A 3 S AR BROR A B e A R T ) B AN
I7 568 )22 19 73 A s Je P CIET 1,2



5 10 o

O.% East; B & South;
Bl.79 West; BJ.Jt North

0.4r1

R Ll

Rate of cones

LRI

FA 3 F %
Shade slope Semi-shade slope Semi-sunny slope
i3l
Population type

P O[] A= 05 S o e R R TR R 5 L 9 90 A A )
Fig. 1
of different P. rabulae formis {. shekannesis populations

M1 AT L A B S A0~ B AR B8 L S
P TE 2R 1] 0 i) BRCR A B 22 L T 2 B 0 LA T R
mAPGEBKR 2. WIE 2 AT LLE L 3 A AR B
JZ 8] BRR B Y 22 S B/ e R I BEOR 1 2 T
TE AR RE AT B AN [R] < 9 4 AR 0 IO R L AT B
e 12 B ERR BB S 42 B AR 8 2 B IR A KR
IR RO IREO N 52 [H S RAFI I %
B PR B BT PR A 6 R 2 BROR B 5 T A
B A S o T AN RO T S SO
JRBRBOR D 3K R W] B ROE IR A F X T BROR TR A
gk L o A1 A — E R (A A PR AR e R A
LA T E L SR T AE 45 52 19 3 W A A 7 22

Distribution pattern of cones with the crown direction

W 05 LT SR A B R 71
0.7 E. L Upper; .F Lower
0.6
= % 0.5F
Re 04f
B¢ ©
414”:’% 0.3F
“ 02
0.1F
0 .
FH 35 B3 SRk
Shade slope Semi-shade slope Semi-sunny slope
Lt
Population type

B2 O[] Az B A o 3E 2R R AE 8 568 )23 0 1) 43 A0 A% el
Fig. 2 Distribution pattern of cones on crown position of

different P. tabulae formis {. shekannesis populations

3.3 AEAEBEERBERNIKRRERFHFH

7R RE 08 S LR R Y AR A e T BROR BT
—ERRE L RO T A R AT AR A STk
Fb AN [r] S 4 o B 194 1 357 B Ak sk SR 50 R 1 85 (3R
3y AT LI SRR BT L SR BRI
9 e B KA 195 MU bk Fl + B i /s 232 K, e K
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Table 3 Characters of standard strain and the number of reproductive individuals in different
P. tabulae formis {. shekannesis populations plots
r HE R R AL
. Character of e “ F (4 2) B SRR ) "
. hwm o emaero bR bk TORU00 mOESREC ey oo me) e
piiipicd standard strain . . Average No. of
. Plot Quantity of Quantity of . Seed
POpulathn n mb r Jnes . 1 repr()ductlve N { ‘t.
umbe W /m Wi /em cones seed individuals production
Height DBH
11. 0 9.3 50 1432
1 10. 3 8.9 77 2192 7 26 293.9
GRS 8.2 8.5 36 1016
Shade — —
dlope 7.2 9.0 190 5 400
2 6.2 8.1 186 5 140 48 18 0801. 6
5.7 7.2 29 760
13.0 17.0 195 5 600
3 12.0 12.1 140 4 064 38 15 4534.6
12.0 9.1 88 2 536
I B 7.9 10. 2 92 2 640
Shade 4 9.6 15.2 190 5 448 57 23 0428.2
slope 8.8 13.7 141 4 040
9.5 11.6 48 1 384
5 10.7 12. 8 130 3624 20 40 906. 0
8.0 10. 2 40 1128
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4% 3 Continued table 3
TR RR R AT i isrh
8 ) " 3 f 400 m?) 45 S kR H N , .
qpe  fowm Chameerof WHSRRE MR TR 0100 mO SIS b 100 me ) e
. Plot standard strain Quantity of Quantity of & - Seed
Population reproductive .
number cones seed o production
BE/m AR/ em individuals
Height DBH
7.8 9.1 41 1160
S B 6 7.8 9.2 50 1 320 1 36 372.3
Semi- 6.3 6.4 39 1040
shade 10.7 12.7 84 2 384
slope 7 8.1 10. 3 32 872 2 39776.0
9.6 11.6 79 2 168
10. 8 11.5 21 640
8 12.0 11.9 35 920 2 37 032.6
7.3 7.5 9 232
7.8 9.1 41 1160
9 7.8 9.2 50 1320 1 36 372.3
6.3 6.4 39 1 040
P B 8.2 10.7 42 1128
?j:;y 10 8.8 9.3 16 1230 6 44 064. 0
slope 7.2 9.7 49 1314
9.4 9.5 22 632
11 9.8 11.2 24 712 0 55 038.0
11.2 13.7 58 1408
9.2 11.7 46 1 256
12 9.0 13.5 48 1328 1 52 262.7
7.2 9.5 44 1240
R4 AEEBEENMBEYEKRIKRBEMFHMOER
Table 4 Cone number and number yield per individual tree of different P. tabulae formis {. shekannesis populations
b 1 AR R AR BRA L/ iy
Character of (K« ¥k D CRL » B~ D
Fih e standard strain Cone Seed
Population
W /m 4%/ em A B/ ME PN A B/ ME N
d =/ Mean Minimum Maximum Mean Minimum Maximum
gljf{e slope 9.3£2.2 10.9+£2.8 108.8+62.3 a 29 195 3093.641774.6 a 760 5 600
i;rlzfi%h’lde slope 8.4+1.5 9.9£2.2 54.2%22.0b 32 84 1490.7 b+629.5 b 872 2 384
R 8.8+1.6 9.7£2.0 35.9+13.5b 9 58 1037.3 b%340.0b 232 1 408

Semi-sunny slope

TE « [ 51 B 5 bn A [ 18 385 328 B v ) 22 53 4 25 (P<Z0. 05)

Note: The different letters indicate significant difference between populations after one way ANOVA (P<C0.05).
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A B D PR AR A S R A e e L R AR
AR 45 S L B T ol R B A7 3 3 (BPE T2 30) A B il
FO LR SRR 0 o 38 A 20 ) A B 0 2 AT LA EDUL B e H Ao
HETE A AR I AL A2 S A AR AR DL o [ AR A0 AR 58 )
Al DU A AR (R VN B () A R
B R AR QO AR X J 8 CT R0 RE T A i 18] (o
BB FESH.

BRI A 355 S P R 7 A o B A B T Rk 5

JIioR o 2T R R B R O 610, 362, K W B
— HACRR B AT LU 5 610. 362 5 N BLHE R
0. 096, ¢ W] B Iz 8 A% Fof HF 222 8 SRS B I 2 A R
RTFETH F BRI 1. 101, BE WY 12 FF A 2
W L PFN L 1. 101 AR LA 2 e 1< 5 BT 49 A g ¢
FARHAE A A 22 R B OR 290 67 4F s MhRE 4% i) (8]
HIE B T AR T AR — A B B A AR M58 946
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Table 5 Fecundity of P. tabulae formis {. shekannesis population in shade slope

Ag%\iiss x L, b, Ly b, x ol * b,
I 5 0. 507 0 0 0
il 15 1 0 0 0
i 25 0.277 376 85.352 2133.8
I 35 0.033 3196 105. 468 3 691. 38
vV 45 0. 009 6 392 57.528 2 588.76
Vi 55 0. 005 8 366 41. 83 2 300. 65
VI 65 0.005 8 460 42.3 2 749.5
Vi 75 0.005 10 058 50. 29 3 771.75
X 85 0. 005 8 468 42.32 3 597.2
X 95 0. 009 5 734 28. 67 2 684.7
X 105 0.028 3 948 110. 544 11 607.12
XI 115 0. 005 2 068 10. 34 1189.1
i 125 0.019 1 880 35.72 4 465

7 (Note) : Ry =610. 3627,
P B 3 A 35 S W B R A B B A B T 3R L AR JEIBR 35 R % 1. 127, 16 B 32 Fp BE N R 9E b o DA
6., ZFPREGE GG %R 424, 532, 3 B 49— AL Fh BE 1127 A5AE JUART G008 K 5 21 B 3 2R 55 S 4 B 1

Al DA A 424, 532 i

=0.096,A=1.101,T=66.811,t=7.22,G=58 946,

sINELIIR Ry 0. 12, R WIFT AR S IR 29 0 51 4F 5 Ml e 47 ik 1] L3 | 24

P SRS TR B2 U HORZS BRI I A ROR T AR T- 4 O 6 4R 1 DIk — A B B A SRy 43 680 KLFf T,

RO FIAWEMRMBNERENR

Table 6 Fecundity of P. tabulae formis {. shekannesis population in semi-shade slope

Agﬁffﬁzss x L, b, Ly b, x ol b,
I 5 1 0 0 0
il 15 0. 056 0 0 0
ik 25 0.023 2184 50. 232 1 255.8
v 35 0.033 4032 133. 056 4 656. 96
\ 45 0.013 5292 68. 796 3095. 82
Vi 55 0.013 5 376 68. 888 3 788. 84
VI 65 0.003 5 880 17. 64 1 146.6
Wl 75 0. 003 6 720 20.16 1512
IX 85 0. 005 7 392 36. 96 3 141.6
X 95 0.005 4 284 21. 24 2017.8
Xl 105 0.003 2520 7.56 793.8

7 (Note) : Ry =424. 532,71,

4 BH 3 2 5 e

=0.12,A=1.127,T=50.43,t=5.78,G=43 680,

PARPRE AT TR AR R LR A R RIG A A2 1. 223, UL WZ AP AE N B B 3k

To BRI BE RO 372, 12, KW —EACRRE DL 1L 223 %A LA G0 K 5 2 B e A S5 S A o

T LLIEAE 372, 12 £%

s N ELIE R 0. 201, R WIE BYTARF BRI R 29 0 30 4F b ik in 47 ik 1e] 2 3g 1

FH e S A o 2 B RO S BRI I A SRR TRE TS 2008 4 4R 1 DR — AR Y B ARG AN 7 420 RiFh T,
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Table 7 Fecundity of P. tabulae formis {. shekannesis population in semi-sunny slope

Agﬁf\?ﬁlss x L, b, L. b, xel, 0,
1 5 1 0 0 0
1 15 0.118 840 99.12 1 486.8
Il 25 0. 085 1295 110. 075 2 751.875
v 35 0. 045 1925 86. 625 3 031. 875
Vv 45 0.035 1 855 64.925 2 921.625
Vi 55 0.015 385 5. 775 317.625
I 65 0. 005 280 1.4 91
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Age class x L b Lo+ by a0,
Vil 75 0.005 350 1.75 131. 25
IX 85 0.005 385 1.925 163. 625
X 95 0 0 0 0
X 105 0 0 0 0
I 115 0 0 0 0
Al 125 0.005 105 0.525 65. 625

## (Note) : Ry=372.12,r,,=0.201,0=1. 223, T=29. 46,:=3. 448,G=7 420,

3.5 IR A F XS HA T B 4 5E 1 B0 S 0

PR S5 PR 20T S A ol B 4 A B ) LA R
T WIRA A R B S WA R B AR IF ST SR 2 e B
10 AN FH X 7 ) R 858 DX 3R 4T J2 o0 o 7 » 23 B 245
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Table 8 Principal components analysis of environmental factors for P. tabule formis {. shekannesis population

i AT ETTa T 2
Num Environmental factor Component 1 Component 2
1 #k Altitude —0.382 0.924
2 i Slope site 0. 646 —0.763
3 3 1) Slope face 0. 896 0. 444
4 B Slope degree 0.941 —0.338
5 F 4K Ay & (0~20 cm) Water content of soil(0—20 cm) —0.974 0.225
6 + 3 pH { pH value of soil 0.909 0.417
7 JE s 2 JE BE Thickness of humus —0.902 0.433
8 YERAFHBESE B Mean density of P. tabulaeformis {. shekannesis population —0.613 —0.790
9 SARE /% Coverage —0.933 —0. 361
10 N KT 58 EE Intensity of humandistuebance 0.984 0.178
ik %/ % Component devotion 70.552 29.047
2t Ttk %/ % Accumulative devotion 70.552 99. 599

i 2 8 AT, Ak T 0 B A 97 far 1t R 0. 984,
& B DR 2 52 ) S5 B I ARE A B 1) i 3 B I T R )
K5 138K 4 & By B fer 5 — 0. 974, 2 5 i 4
Pl B A B B4 e B R OO S e R L ok A, R
(0. 941) , BB FA BE (—0. 933) \iEK (0. 924) | Ji 5 i
JZJERE(—0.902) F1 5 pH {4 (0. 909) By 17 fif £ 1
B X SO X AN R AR R B A
SO PRI R A 5 5 Y I 2l B bR oy O BRI - 4
K B R TSR RE I R PR R R

4zt B

Yo S A Aol BE A B A 8 B4 43 B 88 B L S A Fh BE 1)
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