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Plant diversity and soil stoichiometric characteristics of different mixed
forests of Pinus tabuliformis in western Liaoning Province

Jing Shuo, Hu Zhibao, Lin Yang, Wang Hongjiang, Zhang Haokai, Shen Yinan, Hu Fangyuan

(Institute of Agriculture and Forestry in Arid Areas of Liaoning Province, Chaoyang 122000, Liaoning, China)

Abstract: [Objective] To explore the effects of stand types on plant diversity and soil stoichiometric characteristics, and to provide
theoretical references for afforestation and vegetation restoration and reconstruction in arid and semi-arid regions. [Method] In this
study, Pinus tabuliformisxCotinus coggygria (PtxCc), Pinus tabuliformisxQuercus mongolica (PtxQm), Pinus tabuliformisxCaragana
korshinskii (PtxCk), Pinus tabuliformisxPrunus sibirica (PtxPs), Pinus tabuliformisxAcer mono (Pt<Am) and Pinus tabuliformis (Pt)
were selected as the research objects. Based on the investigation of typical plots and the results of indoor experiments, the understory
diversity and contents, stocks and stoichiometric ratios of soil organic carbon (SOC), total nitrogen (TN) and total phosphorus (TP) in
the soil were calculated. [Result] Stand types significantly influence the composition and diversity characteristics of understory shrubs
and herbs. The understory plant species are as follows: PtxQm (39 species), PtxCk (38 species), PtxCc (27 species), PtxPs (27 species),
Pt (21 species), and PtxAm (20 species). The dominant species in the shrub layer consist primarily of regenerating saplings from the
mixed tree species, while the herb layer is co-dominated by Lespedeza bicolor and Carex lanceolata. In the shrub layer, the plant
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diversity index of the PtxQm was significantly higher than that of other stands. The plant richness of Pt is the lowest, but the evenness

index is relatively high. In the herb layer, the PtxCk exhibited the highest plant diversity index, while the Pt showed a relatively high

plant diversity index with no significant difference compared to most other forest stands. The content and stocks of SOC and TN in

mixed forests were significantly higher than those in pure forests, and there was no significant difference in TP content and stocks. The

soil C : N of PtxQm and PtxCc showed no significant differences compared to Pt, while their soil C . P and N . P were significantly
higher than that of Pt.The comprehensive scores of the six stand types were ranked as follows: PtxQm > PtxCc > PtxCk > PtxPs >
PtxAm > Pt. [ Conclusion] Introducing broadleaf tree species into Pt can enhance understory plant diversity and promote soil nutrient

retention. The PtxQm demonstrates optimal performance in terms of species diversity and soil nutrient content, making it an ideal

configuration for ecological restoration efforts.

Keywords: Pinus tabuliformis; stand type; plant diversity; stoichiometry
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41°1022"N) , 4K 589 ~ 598 m, J@& T iR KRk
PR RS E, HAA L P X SRR, Y
Zo . AR, HETREZR XFEALSE,
PSR 8 ~ 10 °C, 4 [£/KE 500 ~ 600 mm,
IR, LR, FERBRSII, F
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1.2

x1 HERER'
Table 1 Basic information of sample plots
JAES A 2%t =) = 9 i
code height /m (grem™) capacity /(g-kg”)  porosity /%
A TR AR AR 7.08 11.15 589 10 1.304+0.03 39.55+1.53 50.7540.89
B TR S BRI A AR 8.61 15.52 598 7.5 1.1240.03 43.77+1.38 48.3040.74
C HEVN S SR U 8.11 13.75 593 10 1.2940.02 38.48+0.79  49.5240.78
D TR LI AR A AR 8.21 15.13 589 12 1.224+0.03 39.01£1.56  47.04+0.98
E AR LA AR S AR 7.03 12.71 589 15 1.274+0.03 41.06+1.15 51.8040.65
F HIEVNZIEAN 7.52 14.56 589 10 1.2040.02 41544122  49.55+0.82
TR PR IR AR P M FA B . The growth data in the table represent the values of Pinus tabuliformis in the mixed forest.
1.3 HEYZHEMTE AP A @
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R, Seit by 1WA 2 R 22 AR
ISR, B 35 B S R AR, 13 AT T H=-Y PP (5)
(RAENT 75 BE (R AR FE (R, BAHRHISE (R =l
PSR W EEE () . RIAEARER po1-3p2 o
HARSHVENMEYEEE (S . Shannon-Wiener i=1
ZHEMEFEE (HD . Simpson fE#AEFEE (D) J=i, )
Pielou $J 2] FEF 5 (J) 4 FhF Ar o 18 A B Hb 1) 4 In§

W FEtE, Ho, FEY) 5 P DR EOR Sk (5D,
HA s HoH A
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AR

Re = StmmE 2 A 2
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Kb SOAMIRREL N oY ERIM AR B EG P,
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1.4 HERERNE

TEREAFRAERFEIX N, R F X a4 K
FE AL, TR R R IR E AR R B, o 04 ER
JILE 0 ~ 10 cm 1 10 ~ 20 cm + 2 F1# KA JFUR
+ B, FH RS 0 ~ 10 cm A1 10 ~ 20 cm AR
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i=1

RTNZZ(TNixBDI.xDI.XO.l) 9

i=l1

Ryp = Y (TP, x BD; x D; x0.1)
i=1

A Ryoen Rpy 1 Ry A8FE SOC. TN A1 TP fifi &
(thm®) ; SOC,. TN, #1 TP, fX % % i |2 SOC.
TN 1 TP & & (gkg) ; BD,REF i JZLERE
(gfem> ;: DARFEH I ELEEE (em) ; 0.1
AL R

1.5  HIEAIE

(10)

fé ] Excel 2010 F1 SPSS 26.0 % 1 it 47 %
i b3 K Ay s R FH SR 28 07 2 45 B (Two-way
ANOVA) [UE M oy AL 3 R B e Hoss HAEH
Sof LR A T R AE R R R R T E
#r (One-way ANOVA) #l Duncan % & Lt 21T
AN[RI AR oy 880 2 S PEAG 56 R FH 2 B 43 o BT i xet

2 HRERR

2.1 AEHEBGHI A TS TEYIE B A
FHIE
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SRTEHT N o JH R T VR AZ A A 3 A B 1) B
B (0.60) 5 JHAAFT SRIR AR AT 5% B8 5T o
AR T (0.33) , HIFA F A BRI A AR U DARR
A (0.33) MAMAEER (0.26) MHEEEK,
AR ZEAR AL B B R E S s (0.41)
A, B, WA RESEAREZ MR F
BIA MO, HHEEES K. BAES, A
SEEAE 6 M AR B e, EEAR R E
(0.08 ~ 0.17) 5 VAR E BLAE BT A K 3 o 25 OR ¢
BEORAR S, BB 0.12 ~ 030 Z[8); Bk 17
5 FhAR A A, R T A TR A AR A

T2 FEPEAN LA A BRI AT 45

PO

T AR A MR B EE R, 439 0.20 F10.30.
WIMT RN EAREZE RS, SV E
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Table 2 Plant composition and importance values in different stand types

et JRIR i J& i ) S A
Stand type Layer Family Genera  Species Plant species and importance value
A 6 9 9 HERT T (0.60) JHMFABHET (0.14). FAZE Rhamnus davurica (0.06).
s 11 %] Vitis amurensis (0.05)s &A1 Ulmus davidiana (0.05)

A WAREEEL Carex lanceolata (0.29)« #A¥:F Lespedeza bicolor (0.20)+

VNS 13 18 18 R Selaginella sinensis (0.12)~ Ji%E % Artemisia sacrorum (0.09)+
FIF 5 3% Viola prionantha Bunge (0.05)

AR 1 14 15 TR HT (0.21) FFM (0.19)4 %ﬁ%fgfg (()(;.)14)\ A Ziziphus jujuba (0.11).

B .
. WARZEEL (0.16) FHAELT (0.14). J4FEHE (0.13).
AR 12 3 24 T Spodiopogon cotulifer (0.09) W1 HE44H (0.09)
; A FPECTEHT (0.33), M (0.16) BEHTERT (0.14). WAATEHT (0.09)-

c AR ? 13 13 TH[E /NBE Berberis chinensis (0.04)
B 15 25 25 JiHE¥E (0.17) ¥E¥LE} Bidens bipinnata(0.10) J B %L Setaria viridis (0.12)+
e WAL (0.12). HIEET (0.10)

b HEARZ 6 7 7 HAAFEH (0.44). IIATFEHT (0.18)s &2 (0.13). #Fffiy (0.10)« 1L % (0.07)
LN 11 20 20 TR (0.20). EAREESE (0.14). WKL T (0.13). J)Z % (0.08). JI4FEE (0.08)
HEARZ 5 6 6 R4 (0.33) TLAIBREEHT (0.26) LA (0.10). LA BN (0.10). FL4F (0.07)

E - HIFF (0.30). B&F 5 Cleistogenes serotina (0.17)~ WARZE L (0.15)+
HER ? 14 14 TJI4ETE (0.13). JEE (0.04)
HERZ 5 6 6 TMFATERT (0.41). FHir (0.21). L% (0.17)s ERAL (0.17). /MEE (0.02)

F A ; " s TAREE (0.30). JHEE (0.13) FH4EH (0.12). F&T-% (0.09).

KL Leontopodium leontopodioides (0.08)
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0.05) FM R, WX TP & & F 6k & A HAk 2t
B RERW . AF LR 2 WA 2
Z5t (P> 0.05) , FKEEAR 7L E R =N,
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Table 3 Comparison of understory plant diversity in different forest stand types

JZIK Layer 287 Stand type FEES E2 cxich 0 A ETR% D )%
A 4.114035b 0.3620.08 ¢ 0.1640.04 ¢ 0.2640.05 ¢

B 7.00£0.78 a 1.55+0.10 a 0.734£0.02a 0.824+0.02a

N C 4224+0.40b 0.8240.10 b 0.4340.06 b 0.5840.07 b
Shrub layer D 411+0.35b 0.89+0.14 b 0.46+0.07 b 0.64+0.08 ab
E 4114+035b 1.06+0.10 b 0.5640.05 b 0.76+0.04 ab

F 3.11£039b 0.9240.14 b 0.5340.07 b 0.7940.10 a

A 6.3340.67 be 1.424+0.12a 0.6840.04a 0.7940.03 a

B 7.8940.79 ab 1.66+0.14 a 0.7440.04 a 0.83+0.04a

PN C 9.11+0.54 a 1.68+0.12a 0.7540.04 a 0.76+0.04 ab
Herb layer D 5.7840.83 ¢ 1324+0.15a 0.65+0.06 a 0.80+0.04 a
E 3.6740.69 d 0.8240.18 b 0.4240.09 b 0.5940.12 b

F 6.0040.47 be 1.5140.09 a 0.7240.03 a 0.854+0.03 a

T AEVNG FRERORAFM S A 2 7 3 (P < 0.05) , FIE.

Different lowercase letters denote significant differences (P << 0.05) among different stand types, the same below.

T4 HOLBNTIERE TEF M ENRNERGTEN
Table 4 Two-way ANOVA on the effects of stand type and soil depth on soil nutrient characteristics

ALK Ece-d e Tttt At 3R E
= Organic Total Total Carbon Nitrogen Phosphorus xRz Tkt L EELL
Factors carbon / nitrogen/  phosphorus / storage / storage / storage / CIN C:P N:P
(g'kg™) (g'kg") (g'kg") (t'hm”) (t'hm”) (t'hm”)
X 5.7753%*%* 6.672%** 0.278 5.088** 6.849%** 0.600 2.862* 2.382 1.818
Y 2.533 0.958 0.008 0.851 0.004 0.445 2.810 0.613 0.143
XXY 1.083 0.569 2.659 0.936 0.370 2.716 1.417 1.070 1.287

T X AORMOIRM, Y FORHIHERIE; * AR P < 0.05 IRFENE, ** LR P < 0.01 [EFNE, X8 P < 0.001 M8FEE.
X represents stand type, Y represents soil depth. * indicates significance at P << 0.05, ** indicates significance at P << 0.01, and *** indicates significance at P <

0.001.
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£S5 TEHSAEEE SOC. TN, TP FEFEE RLFITEL
Table 5 SOC, TN and TP contents, stocks and stoichiometric ratios of different stand types

oy A BB e i Tfiti EKi gy Tiefits

et Organic Total Total Carbon Nitrogen ~ Phosphorus iz L T b HWELL
Stand carbon / nitrogen /  phosphorus / storage / storage / storage / CIN C:P N:P
type (gkg ) (gkg") (gkg) (thm?) (thm?) (thm?)

A 30.05t426ab 1.98*0.16a 0.26+0.02a 77.38%t421a 5.12+0.15a 0.68+0.03a 15.12+093 ab 113.3+4.65ab 7.51+0.20a
B 34.17£5.85a 1.74%+0.19ab 0.25£0.02a 75.14+1.98a 3.85£0.09b 0.54+0.01a 19.55+0.57a 138.93+585ab 7.11£0.29a
C 2147£3.04abc 1.39+0.16b 0.28+0.03a 5551+4.17b 3.59%£0.12b 0.72+0.11a 15.45+0.99 ab 84.21+21.86 bc 5.35+1.10 ab
D 23.08%£246abc 1.54%0.17ab 0.25+0.04a 57.18+£3.48b 3.79+0.25b 0.63+£0.05a 15.08+£0.31 ab 90.87£1.71 abc 6.0310.15 ab
E 18.02+£1.73bc 1.26+0.15b 0.31%£0.08a 46.02+191b 3.22+025b 0.81+0.22a 14.48+1.37b 63.58+12.74 bc 4.62+t1.21 ab
F 1195+1.14¢  0.76+0.09c 0.27%£0.07a 28.71+1.16c 1.82+0.12¢ 0.65+0.13a 16.03=1.64ab 46.53+691c 3.03£0.65b
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