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N YA RIS, Bl A s R, AR AR
ZAEPEXT A A B B R0, ST
Re R, fIHESE SRR KB, KA (Eurya
emarginata (Thunb.) Makino ) 75433 1 HEH 4k,
PETE N B PR PR T3 ) 38 e R AR S AL A LA
W HAEAS;, TREP IR AN, HHERT
Ha)e KK (Abies georgei var. smithii Cheng
et L.) M TR MERAS S5 5 ), vk . 3 g X
H RN, AR A, MRS OfetRkz
FELEXT AL R BRI B2, f il WL, AR R 2
PEHE R T RE MR T £ TR AR b S 7 A — s ]
N, i H AR FEM BT DI Re R . AT
Pl Z2 Rt B 3SR AL A iGE . PRI, ARDF
FELUH 5 T B MR 9 E SRR X Y A 3R
¥ (Pinus thunbergii Parl.) X142, 5 & -2 &E
L2 NI 7 NI O£ 2 S B o L DAl w5 =
FLREA R A SRR T T RE PR . AR AR
KA ERAER 225, USRI 6 1 20 B P AR O
P 5 8 PR LRI ARYE .

1 B KL

WF5E XS TH S i B ks 9 B SR IR X
AP IXEB, X R R XN AR KA O X
e I AR, AP AR 12.9 °C, 4R
Yok 723.2 mm, X H BB 2 121 h, T
FEID 269 d. PRAPIX N EZN BN, E 5 H
X A5 AR (Quercus acutissima Carruth.).
| ¥ (Robinia pseudoacacia L.) 20 i, i 18 32 #k .
MR AT B, R JZ BN R FERE ( Amorpha
fruticosa Linn. ), =4 i A S &5 ( Vitex
trifolia Linn. var. simplicifolia Cham.) . 4 ¥ ¥
( Elaeagnus umbellate Thunb. ) 45, BEAZEAH L
f ( Digitaria sanguinalis (Linn) Scop. ). JPfiZE
¥ ( Carex ovatispiculata Y. L. Chang ex S. Y.
Liang ). #gEH % ( Commelina communis Linn. ) |
W ¥ ( Setaria viridis (Linn.) Beauv. ) . ¥R
kit (Phytolacca americana Linn. ) 5,

2 HERF*®
21 HEEMIZE RIEMmRE

2021 4 9 A 7EW o8 X AT P AN A SRR AR
£ WEETERELT N, HimEn NG 74

FEHb, [B]F% 200 m, “FA7EFE 300 m % & 3 &4
W, HE 21 AN FEHL, FLrp, ARG ML 8
B MAPA-RIRLIRAS PR 7 B BEAA-RER IR SS AR
6 Hr, FEHLNEAAT 20 40 50 4EACHEAN

TR —FEH N B 14 20 m x 20 m 1R DT
FETRAZ, BT X AR T R IE R B AR
2, WO ON AR 2R TR . X AR
FIRE 3 mx A m R A EAR)Z, CRkA
FhmhiRn 2 . B . SRS, TEREDT DU Bl
A B PR 5 MR B R 47 T IE R SRS, SRAR
4 A>T 1) AH [R) I o 0 B R B, AR R A R AR
10 AREFIT, Fit 50 AR, AH2/KIER 405 i,
BN HEARAGRA A . RSB, £
BRI A5 REM T 0~20 cm HIERES, TR
EYNEE= R 7GRS
22 HRLEBSEFRNEITE
221 4betrshaeredkale RAKSEE N 0.000 1 g
) KPR IBCET - Tt , I R 7 SR I R R
1 8 h 5 ARIBCHAR ANt . FH I B it
M (LL ). MR (LA ). KETIRARGH 105 <C
A% 10 min, 7£ 75 °C FHLT 240 Fii o FrECH:
TR, 5 EES YRS 0.25 mm ififF
M, AHFEFRITE AT

FErF A (SLA ) =i R/

Forb e (SLW ) =5 /i £

-4 Fi e (LDMC)=-1 5 &/ - o

M5 7K (LWC)= (i i - i it ) /i
fif i x 100%

B I R R FH B TR A — A Jn ARG o
R B BIRIEN A B HyS0,-H,0, T E 435
HIKH A HEPr ek . KEEEIHIE .
BB BESTRZ 1 mol-L'HCI B2 )5, %1 EDTA
Tic 5V A T
222 XM maAmEME LIRS ARAL
G R, 148 C & iR F A IR — A4
T, LHERSE (EC), pHEZK LI
5 BEEfE, kB SR pHiHE, +
M (NOg'N) R K etk e, 14
B (NH,-N) R FHSE B i e kil g, 3
W (AP ) SR NH,F-HCIR 420 5, 44
A (AK) RH CRERHE, G E R
o THEEA (TN). 28 (TP) 41ilPRH HoSO,-
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IRA AT . HCIO,-H,SO, R 5l g, DL FAE . S HBEEVIF RS N ONEEEYIRMA

il B A 3 IR
223 At SR IEART
(1) HE(H (IV) =RA + RD + RFI3 x 100%
K RAGPHXSZ B8 )=RAFh bk 23 iy
WE; RD (FHXTORAE ) =HEAFh ) 35 5 150 Fh
(AT 5 RFCHEGATIEE Y= Ao (8 03 1 4 P i)
(2) FE45%0 (Simpson index, Ds):

Df1—iﬁ
1

( 3) 7 4 -E 44 45 %t ( Shannon-Wiener
index, H):

H = _ipilnpi
1
(4) FEEEFRE (Margalef index, D, ):
(5) P51 8% (Pielou index, E):

S PR RS S ARE L A
23 HEHW

1€ Excel H X e i it 5% M., 2 H
SPSS 24 th [ % ANOVA # I %F 454 a) #4722
M (P<0.05). F|H Canoco 5 H1#%) RDA
S3HT, WD RE MR S AR T A R A
S TR N . 7E Origin 2021 HhifFfT4: 14,

3 ZR5H4

3.1 AR LB EMRE I IhEEMEIR

FER 1 AT JRAAARA AR, K B
TR SRR . FRARAIEZEA (P<0.05), &HA-
RBRIESSAR T B L AR L P 7K o3 B 2 s T R A
SRS SRR -RIRRTR AS AR, T4 B B R T
RN EIAR S FRAA-HIMRIE AR (P <0.05), &4l
ARIRR R R T A 2 FobRor 2R, R R
AT RN -FRPRIE SC AR (P <0.05), TiARAL-
FIMEZ R RS RS —HMES AR E, 1
P. K. Na, Ca, Mg & & 7E /A [F ko2 5 [a] 22 55
NTE

F1 AR LB BRI IhREMEIRFHE

Table 1 Characteristics of needle functional traits of Pinus thunbergii in different stand types

RAR- BRI AR HAR-IRARI AT AR

PSR
432 i H . AL . Pinus thunbergia-Robinia Pinus thunbergia-Quercus
N Pinus thunbergia p e
Classification Type pseudoacacia acutissima
pure forest : )

mixed forest mixed forest
MR LA/cm? 1.40+0.28 a 1.17+0.26b 1.11+0.18b
K LL/cm 1227+ 1.76 a 1041+£1.27b 10.59£0.86 b

8 b A SLA/(cm?g™ 2.67 £ 0.4 2.76 + 0.37 .35+0.1

SRR PR F A ( g’ 67 £0.48b 6+0.37b 3.35+0.19a
Structural functional traits Lhm R SLW/(g-em) 0.38+0.05a 0.31+0.05b 0.30£0.02 b
-4 & LDMC/(g'g™) 0.46 £ 0.05 a 0.46 £ 0.04 a 0.39+0.02 b
M2 k2 LWC/% 5422 +4.71b 53.98+3.60 b 60.55+ 1.86 a

H-h 5 LCC/ (gkg™

430.08 +20.51 a

405.27 +30.97 b

401.95+24.20 b

% & & LNC/ (gkg™ 740+0.81b 7.93+0.82ab 8.24+0.53a

& LPC/ (gkg™) 0.87 +0.07 a 090+0.15a 0.87+0.04 a

1&#%%‘%&4}& . 44 LKC/ (gkg™ 459+0.52a 496+0.71a 475+020a
Chemical functional traits

44 & LNaC/ (gkg™ 0.75+0.34 a 0.77+0.30 a 0.83+0.51a

4548 LCaCl (g'kg™ 583+1.35a 585+ 1.48a 580+ 1.78a

45 & LMgC/ (g'kg™ 154 +0.53 a 1.43+0.58 a 145+0.16 a

E: FATAFNG PR ZER B (P <0.05). FIF.

Note: Different lowercase letters in the same line indicate significant difference (P <0.05). The same below.
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Table 2 Top 5 species of understory importance in different stand types

SAIN

Pinus thunbergia pure forest

SEAA-FIRRIRAE AR
Pinus thunbergia-Robinia pseudoacacia
mixed forest

RA-IRARIRAE R
Pinus thunbergia-Quercus acutissima
mixed forest

PyFfSpecies BEEHIV/% PFfSpecies HEEIV/Y% YiFh Species EEHAIV/%
I F Digitaria sanguinalis 34.35 I f% Digitaria sanguinalis 41.65 FR ¥ Setaria viridis 32.37
i FH Setaria viridis 14.50 ¥ ¥ Setaria viridis 22.50 T, B Digitaria sanguinalis 27.48
YEE R Carex ovatispiculata 13.34 ik Phytolacca americana 11.14 53 % Commelina communis 8.03
TR Pennisetum alopecuroides 7.08 YIREE TS Carex ovatispiculata 8.97 T FF ikl Phytolacca americana 7.18
¥ Pennisetum centrasiaticum 4.80 S 3H 5 Commelina communis 4.82 GIEEZE L Carex ovatispiculata 6.43

HH I8 1 AT ARR BEAC)Z Simpson $5 5K 30

e BEAA-RARIR SR > BN HIRLIR AR > BN Al
R, HAEA R MRS KA E] 22 7 % (P<0.05);
Shannon-Wiener 15 #{5 Margalef 5 %3 & 81
FEAN -V A AR > PRAN-IRERTR AR > RN AR,
HBIA-HIMLIR AR S B alibk ] 22 7 2 (P<
0.05); Pielou $5 %t 3¢ 31 N S0 -H B TR 24K >
FERA-IRBRIE AR > JEANGEAR, JEAN-FIRE TR ACHR
Fm T HA 2 Fbk oA (P <0.05 ),

o AR

Pinus thunbergia pure forest
o A TIBLR A

Pinus thunbergia-Robinia pseudoacacia mixed forest
= BAA-RRERIR AR

14 Pinus thunbergia-Quercus acutissima mixed forest
a
121 a
ab ab
1.0} 2 le:
oIl ol L
0.8} a a + ‘
b | b 1
06} ¢ b |
04+
02}
0
Simpson  Shannon- Pielou Margalef
index Wiener index index
index

E 1 FAEWSEBRBRRTERZSYT S ST
Fig.1 Characteristics of species diversity in herb
layer of Pinus thunbergia understory in different
stand types

3.3 AEAMHLBEMHKTHTIEREF

HH 26 3 AT : N [FIAR G S AL R AAART 1Y £ 4
pH (2R A E, SBAA-FRERIRASH T i L8k
R T R MR S AR S B AR (P<
0.05); MBAMEIART 1914 NOs™-N, NH,"-N 7 &t
Prow 2w T H A 2R AR 2K (P<0.05),
AK i I T HoAth 2 bk 257 (P < 0.05);
FA-FIMLYE A2 AR R 9 SOC. TN ¥ i 3% 5 T Hofh
2 fibkAr2sRl (P<0.05); +3E TP, AP E4& MK
YRR A,
34 MINEEMREMTHMESHES TERTH
TR

Il 2A AT AR R B R 2 AR 1 RDA
AT — Bl B 55.38%, 4B AR
H 6.06%, 2%y Rt 61.44%, 1%
SOC. NH4*-N. NO;-N 53 LR bR & IEAH
X%, +3# AP 5 Shannon-Wiener $5%t . Margalef

B4, Pielou f8 42 IEAH X, 5 Simpson #5842

kX, +4% EC 5 Simpson 8% . Margalef 1§
B IEA, 5 Shannon-Wiener #5%k . Pielou 45
BEGMAE, 13 pH, AK, TP, TN 5% £k
BRI R AHSE., SOC, TP, AK, NH,*-N fgH
IR T R 2R 22 5

E 2B A1 o REMER S T
RDA 7 A& — B i e 520 69.95%, £ — A ) i
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Table 3 Understory edaphic factors of Pinus thunbergia in different stand types

- AL
5 H q .

Pinus thunbergia
Type

pure forest

FRAR-RUBLIRSTAR

Pinus thunbergia- Robinia pseudoacacia

TR RBRTRAS AR
Pinus thunbergia-Quercus acutissima

mixed forest mixed forest

pH1H pH value 588+0.24 a 587x0.12a 597 +0.04 a
H 5% EC/(uScm™) 40.68 +12.94 b 36.27+11.87b 55.50 +9.18 a
THAE NOy-N/(mgkg™) 3.12+053a 2.37+047b 217+0.28b
AR NH,-N/(mg'kg™) 6.26 +1.65a 422+098b 4.04+0.51b
A AP/(mg-kg™) 18.23+9.552a 13.20+7.47 a 12.66 +3.75a
TR AK/(mg-kg™) 6.69+3.19b 11.56 + 6.05 a 11.42+149a
H Wik SOC/(g'kg™) 727+097b 9.28+2.02a 711+0.50b
2% TN/I(g'kg™) 0.21+0.09b 0.41+0.03a 0.21+0.07b
27 TP/(g'kg™) 0.06 +0.01a 0.06 +0.01a 0.05+0.00 a
0.8F 0.6F
P
AK % A
\\ {

P> TR 5

Q s ©

< o

o o

2 0

x x

< <

-06hL -0.8kL )
-0.8 0.8 -1.0 1.0

Axis-1 (55.38%)
2

Axis-1 (69.95%)

MIEEEIR R T SIS T E T RDA HiF

Fig. 2 RDA ranking of leaf functional traits, understory species diversity and soil factors

it N 2.69%, 2% Bt B R 72.64%.
LL. LA, " C., CarZ 5+ TP, AKZIEAHM
%, HHA R FRAMKE, SLA, LWC & it
H+HE TP, EC 2IEME, SHM N TR
XK. Mg, Na &5+ EC, SOC. NH,-N
BEIEMHE M N&EE5 13 EC, SOC. NH4-N,
NO;-N 2 IEM X, SLW., it K& &5 13 TN,
AP. pH. NH N, NO;-N ZiFA X H P A& &
TN. AP, pH. NH,~N. NO;™-N ¥ EC & iF fH
%, LDMC 544ETN. AP, pH. NH,-N. NO;™-N.
SOC ZiFAX:, SOC. TP. NH,-N . AK feH it
(g e T REMEIR 1 22 57

4 it
41 ARMSEBEMFMHIIEERERR L

158 (& 7 B M Kz
I REMEIRAE SRS TRAS AR Z T84 AN ) )3

FEmEPN P, AR A 2 (R RAN T Y T RE
TEARTTREA AR R B, SBANEEMAY LA 5 LL ¥ i
Fm T HAb 2 FR RS AR (2 1), LL RGBT LA
PErm LA, X R B 6 A AR T = A s m o) 5k
FEH RN SR TT BRI L3N LL 5 LA SRIREUCE £
FIRER I, BEAA-RARIR SR A SLA B m TH
iy 2 RS2 (1), SLA W LIMR RFERE b
W AR 4 % PR R 3 Y, SLA TERE IR 5 i AR B v
RPN 3k 3 P R AU JORASR TR SRR A 1 A 0 5 B 5
()35 o PE T BT . LDMC i JeAT it F T 2 4 1)
REPEIR, WAE R MM X R BEE R, H S5
SLA G RN, FBFA-RRERIE SRR LDMC I 3
BAG, SLA BEHE (£ 1), al RIS =
R E Y, AL 2 oo FE AR Y SLA S5 AT
% LDMC AT UGRS3 10 H P, RAR-
JIRERIRZE AR LWC B 4w, Xl Be 5 /MY
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SLW 3¢, ki SLW /N, IRk i 2s (B gl g
W, PEMTRE LWC 43P0, SN2 370 B i
L5 S P X6 1L AR TR R PR M A ST A L
bk C & fmAksl, HAFRs & EBEE., C&ht
S ERE 102 MRt A C S EAHL (3741~
646.5 g'kg™" ) PO LRAR, X BT X P EF I
fiti C RESI WA, T C & B4 m — A kX R oA
B 038 PR SR BT, RARLIARER I C S B
T HABAR A (R 1), X ATRE S5 X B
SR oA ERE T, A2 B AR XU 38 B
25| C L AR REAT, R iy 0 e i
I —RGVAEBE IR T C MTHFEA B,
FA-BRBR IR ST i N & & 53 s T BN Al bk
FOSLA g EFqm (£ 1), XBIET SLA 5t
N & B AFLEIEA S R B, i fh24 D RE R BR
C. N &mAb, HAhFR & AR M A ) 2
SR, W LL. LA, SLA Z45HhfetERTEAR
MR R A Z R R B 22 54 (1), v,
ANTRI ARG 2 TR0 BRI I 0 2544 T BE PR B0 5 Wi 52
FALFTIBEEIR o

- g R A B OC R R PP, £
1 TP S 3253 W R FH A, AT B0 Dy g
PEAR A RCAERR, AR5, +HE TP 5 LA, LL 5§
AT RETERAH PR A SR . AR, £
P &5 3Erh NH,-N 567, 5 nT LU R
NH,*-N 5 b4 T g Rk B M & (P<0.05),
5 NH,-N M5 DI REIE R A SLW 7N
MR R A 25, IR 22 BT 9 |
RE . MEYSEZ A S R, JEm ] g
BB RE MR 2 A AR T RE MR S AK
WEMK (P<0.05), AW, TEEATHFIH KILHR
R AR RN, X SRR R
WFIE L5 SRAH ] o
42 AREMSEBEMNKTUFHSHEMERIT LE
el

3 Fh k2 Ry Simpson 185025 7 i 3,
PASE MRS, RN -MRAR IR SS M 5 . Shannon-
Wiener $5%k . Margalef 5%k . Pielou $5 %3 %
R RS- TR S MR, LY I 3 i T R AR A
(P<0.05) (1), BIraibh ™ o EHE
k%, HIHARHRMREERK, BZYFENHE I
Ffr, RECUM YA S ZHEERREORFEI . it
UL, RS IR ZRErE . EEH . s

FREE W T alibk, X5 BTSRRI X R A Al
MR IR ST Pl 22 R 1 R 1F 5% 45 SR % e 2 4510
XA TS BAAE ) Z % o8 25 SR A —
o, 50 E R X L R VD I SRR B TR S AR
THREVERHE A R — 3, X AT e S TR A MG I ek
T EEREHAF R, AR TR TEAR, N
TSR NS, R RS A, =1
SRRN-HIBRIR AR B AR i T RRAA-RR R TR
MR, X AIRE SR REAA DG, MO LB, AR
O3 E ST WA AR SO, TS X Y
SRS IR SR RS 2% B (559 Bk -hm™) (KT
PRAN-FRARIR AR (625 Bk -hm™ ), il e 4
K ERERRA-IRAR T HBE T 404 (Ailanthus altissima
(Mill.) Swingle ). &3k (Albizia julibrissin Durazz ).
F M (Morus alba L.) S5 7- KA, X LEH R 2
WERMAARA L, GHEAEAEAS ], IS EOR T HE
B 2SRRI RTREARE . Wy Fh 2R s n] DU R
R R X AR, T RIS N AP B R B A AR
A1) 3 SR IR ASHART BB B A R T4 B AR N A B A
EIRREE, WEHACR B 09 & R B E T .

PR A W Bl 2 R S 4 % U A
SRUN AN TR S AR 1 3G ML B i i
T H A AR 43 268, H Shannon-Wiener 45 %1 |
Margalef $5 %k . Pielou #§ %t . 3 &5 T H At Ak 43
FA (1), X 5BETE sl R —8,
13 SOC & i HHH B 75 ) Z HEVEFE $ 2 B A
XK, IXATRESEFH TAEBE SRR (B i TR R A 3K
J7, RBR IR TR T YT, F3S0C
ik L, ErEE R, 4 AK 5 2R
PR B EA L (P<0.05), A5k, +1E
AK SRR EMEA DG, TEVETR e MR DL ey A
ZREENT BN AK S i SRR, HERE
PERT R, WTRBULHALAR T iRh e pEaeqik, i
BT K LRI BEAR T WA Z ARG, R+
1 AK AT DIRAEART B9 b 2464 . 3 NH "N
NO;-N XA T ¥ Z A W E o m (P<
0.05), X Uil IR R WM 2 H 25
M PR, X SRR IR A R — 3

5 %%

5% X N 3L 2 B AR R AR 14 7} 318
327, SRR RO LR, AR A O
PR SCUNRIRE . MEBnESE ., DRI, AREIAK
ORISR FRANEE O DIRENEAR . MR Hrh et
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MOF BRI TR —E i, 25 D RErEIRAH
BT A DI RETE IR Sh B PR Y SN, AL, TR
PA-FURRIR SR TP ZHEPERG R, PRAA-RBRIR SR
AT [] T PR A AT OB SR, T AR AR S TR
P -TRRR TR SSMATXGH b5 i) T PR s USRS, TR ASARTE
AR TR EAT PIFP Z R R AR E T . MRITRY
AL LR G5 BRI AL | AR R T3 TR0
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Effects of Different Stand Types on Leaf Functional Traits,
Understory Species Diversity and Soil Nutrients

REN Yi-wei', ZHONG Xiao-ying', YI Hua-peng', CHANG Yao?

264025, Shandong, China; 2. College of
830046, Xinjiang China)

(1. College of Resources and Environmental Engineering, Ludong University, Yantai
Geography and Remote Sensing Sciences, Xinjiang University, Urumgqi

Abstract: [Objective] To explore the needle functional traits, understory species diversity and understory
soil factors of different forest types (Pinus thunbergia pure forest, Pinus thunbergia -Robinia pseudoacacia
mixed forest, Pinus thunbergia -Quercus acutissima mixed forest) for providing basis and reference for the
construction and management of Pinus thunbergia in the coastal shelter forest. [Methods] Based on Pinus
thunbergia in the coastal shelter forest of Muping, Yantai, the needles and understory 0~ 20cm soil
samples of Pinus thunbergia were collected, and the understory species diversity was investigated. The re-
lated functional traits of needles and soil physical and chemical properties were measured, and the under-
story species diversity index was calculated. Also the effects of understory soil factors on needle function-
al traits and understory species diversity were analyzed by RDA. [Results] (1) Different stand types had
significant effects on leaf structural traits such as leaf area (LA), leaf length (LL), specific leaf area (SLA),
specific leaf weight (SLW), leaf dry matter mass (LDMC) and leaf water content (LWC), while only C and N
contents were significantly affected by leaf chemical traits. (2) Different stand types had significant effects
on understory vegetation diversity indexes. Simpson index was the highest in the Pinus thunbergia -Quer-
cus acutissima mixed forest, Shannon-Wiener index, Margalef index and Pielou index were the highest in
the Pinus thunbergia -Robinia pseudoacacia mixed forest, and all indexes were the lowest in the Pinus
thunbergia pure forest. Digitaria sanguinalis and Pennisetum alopecuroides were dominant in each com-
munity. (3) Different stand types had significant effects on soil EC, SOC, TN, NO3™-N, NH,"-N and AK.
(4) SOC, AK and NH,*-N had significant effects on leaf functional traits and understory species diversity,
while TP and NO;-N had significant effects on functional traits and species diversity, respectively.
[Conclusion] Under the experimental conditions, the functional traits of Pinus thunbergii needles and the
diversity of understory species under different stand types have certain responses to the understory soil
factors. The construction and management of shelterbelt should comprehensively consider the role of
stand type, understory vegetation and soil nutrients.

Keywords: Pinus thunbergii; mixed forest; leaf functional trait; diversity of species; edaphic factor
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