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Effect of simulation N deposition on herbaceous vegetation community in the

plantation and natural forests of Pinus tabulaeformis in the Taiyue Mountain
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Abstract; Human activities have significantly altered global and regional cycles of nitrogen (N) in the last several decades
due to combustion of fossil fuels, intensive agriculture and stock breeding. The amount of human-made reactive N which is
more than the natural production, released into the atmosphere. Nitrogen (N) deposition has been widely considered as an
environmental problem that leads to destruction of ecological balance such as biodiversity loss, base cation loss, soil
acidification, but increases net primary productivity of N-limited forest ecosystems. Greater N deposition has a significantly
effect on productivity, plant diversity and biomass allocation of forest ecosystem. To determine the influence of N deposition
on species diversity, biomass and nutrients of herbaceous vegetation community, for this: 12, 20 m X 20 m plots,

respectively, distributed in the plantation and natural forest of Pinus tabulaeformis were established in the Taiyue Mountain,
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Shanxi Province, since July, 2009. Within each stand, equal numbers of 20 mX20 m plots were treated with four nitrogen
fertilization levels: control (CK, 0 kg N hm™a™"), low nitrogen (LN, 50 kg N hm™ a™') , moderate nitrogen ( MN, 100
kg N hm™ a™") and high nitrogen (HN, 150 kg N hm™ a™') , the different levels of N were added at the middle of each
month in growing season Since 2009. Herb samples were collected and investigated in August in 2012, and the soil samples
were collected in August of 2009 and 2012. The coverage, diversity indices, above—ground biomass, underground biomass,
total biomass and element contents of herbaceous vegetation community and soil physical and chemical characteristics of
different nitrogen levels were analyzed. Results showed that; Nitrogen additions did not significantly ( P>0.05) affect
diversity indices of herbaceous vegetation community in the plantation forest, however, MN and HN treatments significantly
decreased the diversity indices (P<0.05) of herbaceous vegetation community in the natural forest. Jaccard and Sorensen
index indicated that there were significant differences in community composition of herbaceous vegetation between different
nitrogen levels in the natural forest, while that of plantation forest was not significant. The herb biomass showed no
significant ( P>0.05) response to nitrogen deposition in the plantation forest, while HN treatment significantly increased
herb biomass (P<0.05) in the natural forest. The variations of nutrient in root of Carex callitrichos were closely related to
soil physical and chemical characteristics. Nitrogen addition increased total N contents ( P<0.05), but decreased total Mg
contents ( P<0.05) in leaves and roots of C.callitrichos, and nitrogen deposition significantly increased the ratio of N/K,
N/Ca, N/Mg (P<0.05) when compared to the control in the plantation and natural forest of P. tabulaeformis. It was
suggested that external nitrogen addition would affect the species diversity, productivity and elements uptake of herb
community in the P. tabulaeformis forests, however, the impact of N enrichment on the herbaceous vegetation community
may vary with different soil nitrogen saturation and land —use history, and natural forests may be more sensitive to N

deposition.
Key Words: N deposition; herbs; species diversity; biomass; elements content; Pinus tabulaeformis

BT AT AR A TSI i | N TR S 2R AT 1 I iy e 2, DT RAe 1 1 oty ok ol b e K A= AR 28 &R
ik Py FRE e v R IERUKIARIRES A AR AE 25 R 55 LA B A W) 2R S5 5 Th p= AR IR 205 ) N T
W& 11 2Bk A B ARG I R 3, R0 2Bk ( C) BRI RE A 4 i B 3R s i e R i

APl R N R B A S R G R BRI OC R A A S RS SR DR A AT AR
VEZBPIEE 7~ N JIFELE 25 kg N hm ™ a™ (/K F-500 = KFH 25Ul A PR B, b8 AR 28 R AL AN 2l
AES . ALK N DI S5 11 N WRTRR B AR TR, N TR AN R A2 25 R GE R AR W) 2 REIE P2 A AR — Y
SRR R RPN R 2RO R T A0 Clark 4510V AE 5 [ B R I 1 M R AR O RF O K
B/ A9 N U (10 kg N hm™a™" ) FAE P REOH HCXT BRI T 17% , Lu 2607 76T I MR BT R 52
K AR (150 kg N hma™) B EREAR T AEY ARk, (E2 78 BT B R 52500 1L ok mb 3 4 W i AR A 6 4F
AT AL (35 kg N hm™a™" ) WS, & B0 RO AE ) 2 REVEE A B OF LRV — & R Xt
Mo B4 A A RS R AR 2R AR 2 M), AR R AR A Y TRk A A AR Y
INEEA W ARk, FLH 34 A R A R S A IR —2 AT E AR ST N TR ST G R
M) S B PR R A % TRARRIE AR XM AR ST A, IR MR FOAR R R e AR A S R AR
(TG R, T N TR i 0 o [0 55 A R ) AR S B A T SR AR 3 ST REARBEIE (AR A R B AR AR S
ZRGEXT N TR B g 7 ML B2 AL BRI LAl

TS (Pinus tabulaeformis) J& 3 EREA WP, A0 132, WA 3R B A6 5 et £ i pk b o A ) B9 #%
IR, R T Y e A X A A PR B L KR DB IX AR D PE S AR sz £, BRifES
ERARAL TS R 1200 X R T ZR AR A 25 R G2 AT 55 48020, T AR R B0 A4 A R AR 4
R AR ARG . T 2009 4E 7 H 1ERE LIS A TARFI R SR b, 3511 4 i EUKE, S7EHW . (1) P
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MBI R ALY ZAEE e ST AR DUR SR 2E 5 (2) PIMOAR IS AN R 0K P-4k B 2 ]
AIFASRERS AR ; (3) 5 R ALE KRBV SCH LML e 2R B2 AL (4) T E R e N 5HAb
FROPTCR WE . DUINIR B ATE R AN B0 1 AR B A 250 B AN B TR i A AR AR 2 e AL Y 1
fift, AR ERAE AT SR AR AR 25 R A PSR S PSR

1 #R57EE

11 5T A AN

BTG E A T FE SO S L P8 R 1L RR AR A 25 R G LI T ol ML AR AR 28 112 °01'—112 °157, b4 36 ©
31'—36 °43", FRIXIEIR g 1150—2088 m, T34 1500 m, Hb 50 & L AR 30T Rp 4= il s o L, 25 A0 22 A K
Ao IEEEURAR LA IR DR R R R KU, U2 B R A PR R S AR Y
60% LA I, AEFHIRERT I 662 mm, IR 6.2 °C, HIIE =10 CH4FERUR 2542 °C 4 H 7 2600 h, TCFHE
110—125 d, ¥ (P. tabulaeformis) . iL 2R Bk ( Quercus liaotungesis ) . 1147 ( Populus davidiana ) . F #E ( Betula
platyphylla) JEAS X e BAC A i 5 WK £ 2 B ( Corylus mandshurica) V0§ ( Hippophae rhamnoides ) | %
JilHg ( Rosaceae xanthina ) . 5 ¥ F ( Lespedeza bicolor) 55 ; K254 £ 8 1 & & ( Carex callitrichos ) . ¥ # %
( Diarrhena manshurica) /W25 ( Dendranthema chanetii) \ K K5 ( Anemone tomentosa) 55 ,
12 RS IR R T

2009 4E 7 ATEMFA N TAR(RF) RIS (TE) th o3l e R B R A AR PR RO AR A 257 12 1M20 mx
20 m 1 [ E R, BRI 12 DRSS BRR A - TE N BEIR (] — bR 3R I8, ] — AR, A T35 1] | 3¢
AL, YA, PRUEYI RN B3 — 1k . 2009 4F 8 A X Ir A FERBHEAT T A IR A A iC SRFE BN T A B2 =1 em
B FRAEY R4 M R R RSO IR EERRRRIC . TR TR AL BRAAE TS YR JE (0—20 em) HR
10 A~ HIERE A TR A RS0 3 AT 4007, DU - S AR T, N TR R SR bR 25 Ak SAUAE b A G (i 45 2R
WMk 1 PR, BTEIHA TR, WA A T A AR N R Fh S5 14 50— P75 W o3 i et Mk 26 7 0 i 4
b RS I T R ARAR T TR TR RIS 1 52 2% AR A PAD 2 v, R0 9 A0 1) 0 e PN 32 53 TR TCER s e,
HuA P A I A S

R AN TARFOR R0 5 T A0 B 3 Y = 22 4K 53 0 37 M 4R 4E

Table 1 Stand and site characteristics of the nitrogen-loaded plots in the plantation and natural forests of P. tabulaeformis

MRAEFAE Stand characteristics SEHAFAE Site characteristics

pidl S S Iy ke
;ji::t L i %E M IR 2R A%a)i(iﬁe A%aﬁiﬁe Aﬁ;ﬁi?e Aﬁa)l‘i%b%le

type Treatment  Forest Densny’)/ Mean A\./erage pH Total N/% K/ P/ Ca/ Mg/
sge/a  (#i/hm’) DBH/em height/m (mg/ke)  (mgke)  (mgke)  (mke)
ANTH XRR 60 858 17.8 13.1 7.61 Aa  0.1116 Aa  211.47 Aa 5.05Aa  3098.33 Aa  176.64 Aa
Planted X4 60 725 21.2 13.8 7.57Aa 0.1015Aa  212.09 Aa 5.06Aa  3013.88 Aa  174.40 Aa
forest TR 60 692 20.2 11.6 7.61 Aa 0.1086 Aa  209.60 Aa 5.09Aa  3096.73 Aa  173.47 Aa
[=E 60 658 20.5 12.4 7.64 Aa 0.1014 Aa  210.63 Aa 506Aa  3108.02Aa 177.47 Aa
KRB XFIR 75 1267 23.9 17.7 7.14Ba  0.1871Ba  214.21Ba 5.73 Ba 3120.72Ba  174.51 Ba
Natural R4 75 1567 20.6 17.8 7.14Ba  0.2010 Ba  215.69 Ba 5.77 Ba 3100.96 Ba  178.82 Ba
forest WA 75 1208 23.5 17.4 7.15Ba  0.1944Ba  218.44 Ba 5.66 Ba 3095.65 Ba  177.40 Ba
EA 75 1225 23.4 19.0 7.15Ba  0.2010 Ba  215.46 Ba 5.68 Ba 3089.12Ba  174.40 Ba

BT RIS B LN TS 0 7 2O AR A R DI A S A TR0, 388 b AC SR A W R 28 T 2 AR e X
FIAA N UUFE R 21.2 kg N hm™a™ (K38 A SR AU TS 5 (H 1 B AU PR A% 3 B8 RIS - 42 Uit R i, 12
A REHSY A 4 AR 3 X B (CKL,0 kg N hma™) IR (LN, 50 kg N hm™ a™") , H & ( MN, 100 kg N
hm™ a™") AR Z(HN,150 kg N hm™ a™" ), RpAPb B E & 3 Ik, ([ CO(NH,) /B AR , 7 6l 5555 F 2009 4
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9 AR TEBAEARK TN (5—10 H) 194 A i a) IR B GBI, #2 BRAL B A 225K ¥ B4
B A T 7R EEE Y CO (NH,,) , T MRAE 20 LK H, LAY W858 28 7 M 4 S B85 et BERE J i i ) A 2
(A7 LA 3l SR NI 4D 7K 3 5 P9 A4 0 bR A 2408 B 1 5
1.3 BoE iR A SR
1.3.1  HUREA 5

7 2012 4% 8 HAERA 20 mx20 m FEJ7 HUAZMEAETEA 1 5 > 1 mx 1 m (9/NEEDT T FREAAE DI RIS 2
B R AERH REARA W A R R A CENR R /INVRE T B B AR A A e I AR AR Pk, A
SOCAMF Pt T 2 HE , Fpx L i, T A RA Y L - 5 R AR (A

AR S VU RE T BB R 2 1 W T B B (C. callitrichos ) W5 FHET 5 B I 3R AR 38 HE AT 03 0 , 9K
J DU I ERFIAR R 42 N P K (Ca Mg, 4= N il >R B (2 KF] VELP 23w -UDK 142 %14 H 8l [GE A
1), 4 P E VB 1L 50k (35 PE 2 A]-Lambda25 848 480 66 ) |, 4> K Ca F1 Mg (930 5 % FH 5
FIM IR (2 PE A -AA700 5) P
1.3.2 T EEAb A I e

F 2009 4F 8 A FA] 2012 4F 8 A FAIHEATRAE, ZERIRMAN TR 12 TN, BBRR KD Z , &
AFETT A HLS A 0—20 em 145, BB ASAHAM LY )5 2 mm G &0, 0 3 pH (B H A
2, e 1 mol/L SRR HE (K HHeh 2.5:1) L J5 FH pHS-3C BB I FR BE b A T 5, - 398 sk 0 I
PR - KBTI A R0ES A 8508 R F W o Y6 G BV (6 B PE A FI-AA700 7)) I | 4 S8 300 i
FHERSRPLLL 83K (£ E PE A Fl-Lambda25 BY 28403 O EET) T, 1 18 4 0k 1 o 46 1R 0 1 U A vk
e >
1.4 FARb 3550

M RIEST R 2.12.2 (http ://www. R-project.org/ ) B vegan fLi18H o ZHPEFEEL, fF5 Shannon-Wiener 45
70 \Simpson 850 Inverse Simpson o5 YR FEE)E S Pielou 555K,

Shannon-Wiener 54§ H' ==X P InP,
A, P, =Ni/N Ni F i BAMREC, N R BT e e o) B A Wi i AR B A
Simpson F5 %X D=1-X P}
A, Py B ASAEOS s L IMAR RO HE
Inverse Simpson T84 D' =1/ Z P;
Pielou 345 BEH8 4k E=H/H,,
P H 2B MBI TP ZHEERR R H N I R ZAE TR 5L H,,, = InS (S JHEVE TP A EFIED) |
B ZHEVEFREL
Jaccard F54 C,=c/atb-c
Sorensen T84 . S,=2¢/a+b

A a Fb S PIATEIS BOPIFREL, ¢ A TR A AL,
FIIF SPSS 18.0 FAF B AN ZR J7 22431 ( ANOVA ) 254 LSD 3543 B FL 3R 36 AN [R) /UK - AR M | Hb |
YRS EHTE R (C. callitrichos ) MR T E i M I HALPE R 22 5% . FH Sigmaplot 10.0 21l Kl 5%

2 EREHH

2.1 AEEKF ARG Z R

FEIE R Z R R A RS BB ARIE . BR T R A 4 = Inverse Simpson ( P<0.05) F8E(LIAL,
Jit B N AR A Z PR A8 B T B & 5200 (P>0.05) (R 2) .

R 2 ], il 00T R AR R A B V8 A ) 2 BRI 7R A2 B BB B2 1) | Shannon-Wiener 3§ 44, Simpson 8 %% .
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Inverse Simpson $§ %41  Pielou ¥J5) BEFR AU | 35 FE Y B A /K -3 ¥ 2 3058 SR LTk s rh & B 2 R8T
Shannon-Wiener 5 %X . Simpson 850 Inverse Simpson B VUM EEE S(P<0.05),MEBABEFEEIKT
Shannon-Wiener 54 . Inverse Simpson % ¥IFhF & S(P<0.05) ,

F2 AIRMRARLERKFENEREE SEERE (P IHbRERE)
Table 2 The species diversity of herbaceous vegetation community in the plantation and natural forests of P.tabulaeformis ( mean £SD)

AR - AR HL WVERIEE WREEE SRR

s Aib B R . . w5
Shannon- . Inverse Species Pielou )
Forest type Treatment X Simpson . . . Coverage
Wiener Simpson richness evenness index

NTHk RF popiist 0.98+0.10 Aa  0.45+0.04 Aa  1.83+0.13 Ab 10.67+1.53 Aa  0.41%0.03 Aa 0.65+0.14 Aa
R4 1.13£0.02 Aa  0.50+0.05 Aa  2.00+0.19 Ab  11.67+2.52 Aa  0.47+0.04 Aa 0.56+0.08 Aa
A 0.87+0.08 Aa  0.41+0.05 Aa  1.71x0.13 Ab  9.67+2.31 Aa  0.39+0.05 Aa 0.57+0.12 Aa
A 1.13£0.43 Aa  0.47+0.11 Aa  2.43+0.23 Aa  11.33+0.58 Aa  0.47+0.18 Aa 0.61+0.08 Aa

RIRM TF papitst 1.39£0.16 Ba  0.60+0.08 Ba  3.17+0.22 Ba  12.00+2.00 Ba 0.57+0.12 Ba 0.44+0.04 Bb
R4 1.19+£0.18 Bab 0.56+0.08 Bab 2.68+0.47 Bab 9.67+0.58 Bb  0.53+0.02 Ba 0.36+0.06 Bb
RFA) 0.96+0.24 Bb  0.48+0.04 Bb  2.02+0.53 Bb 8.00+1.00 Bb  0.46+0.10 Ba 0.44+0.06 Bb

% THN 0.98+0.04 Bb  0.56+0.04 Bab 2.27+0.19 Bb 5.67+0.58 Bc¢  0.59+0.03 Ba 0.59+0.05 Ba
RF: ALK Plantation ; TF ; ARk Natural forest; KB FHEFRAF#RS, A AT Plantation, B: KIRMK Natural forest; A[A)/NG FHEF R HH
RIS A E FK -2 8] 22 573 B3 (P < 0.05) ; SD:Standard deviation

2.2 AFRAEIKTZIE) A B AR % AR LR H8 5L

RO RE S DR LE R, (AN [ Z AR AL ™ A 25 57 . N TR R SR MO [R] K1 2 8] ) A
BEVE Jaccard $EEUAN Sorensen F8 A0 I —EUEAL . N TAAA R E K Z B B9 EARBEYE Jaccard $5%E0H1 Sorensen
FEEA KW BN, T B SAREKCT Z R BARER AR RURE B K, % BRSIREUKT s JUKE Z T BA i U
AU R/ . RIRMAR R BOK 2 (8] B A EEYE Jaccard $8 U Sorensen 48504 B Kk 3, & &K FE 5 H &
IRV 2Z B BEAS T T AR DL RE Je K, 25 it R0/ ~F- 55 0T R 2 TR R AS B 9 AR BURE 240, L ool BRI UK T 22 [
AR ARIE BN (£ 3) .

F3I ATHAMRAMRARERAKFEEZR Jaccard FEEH Sorensen FEH
Table 3 Jaccard index and Sorensen index of herbaceous vegetation community of different nitrogen level in the plantation and natural forests

of P.tabulaeformis

o s68 e %18 R A R
Forest type Index Treatment Control Low nitrogen Moderate nitrogen High nitrogen
ANTHRF Jaccard X g —

{28 0.440 —

FR 0.545 0.583 -

X 0.440 0.481 0.481 —
KIRMK TF papit —

iR 0.265 —

TR 0.379 0.346 -

e 0.286 0.348 0.647 -
ANTHRF Sorensen Xif 1R —

IR 0.579 -

PR 0.706 0.737 —

A 0.579 0.650 0.684 —
KIRM TF PO —

fRA 0.419 —

PR 0.550 0.514 —

[=E ) 0.444 0.516 0.786 —
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2.3 ARRIEKFEA B A FAEY R b Ay R YR
Jit SR % AN Ti) o e 0 A e T L i A R ) it RO N TR AR AR i MR A
Y40 B E R (P>0.05) (K 1) .

X CK BSR4 LN hEMN [ HEHN

20 =
ATH RAHR t
L5 |- =
E
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87 10 -
A
2
m
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Ke ]
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K ]
K :
0 Jo% 0% Va X
2 I 2 g 2 I 2 i g
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5 g ) &b
2 2 2 2
(=} > o -
o o
< m < A

E1 AIMMRAMRAERKTEHERM FEYE MTENE SEWE CPHEARESE)
Fig.1 The above-ground biomass, underground biomass, total biomass of herbaceous vegetation community of different nitrogen levels in
the plantation and natural forests of P. tabulaeformis ( mean +SD)
RIF/NG FHEFR AR R B 22 7 8 3 (P< 0.05)

LT WA AR KT ) A b AR i 3 2 T A UK T (P<0.05 ) IR 2 T X R
(P<0.05) , PR XTI AR Z B350 835 22 5 (P>0.05) , #5 i RU/K - B9 FEAR M A= e A EE xR 2 384
T 92.6% 44.5% 457.6% , FAML T Y EEEE RO KT B93GI02 T m ka3 i /O FLAC A Wy i (9 {2 i
YEH B (P<0.05) , £l B /KT R REAS M A= ) A LT REG3 5038 0 T 29.2% ,46.5% 287.6% . 5 %1 fEAH
P, i UL BT B SR Y RN T 424.7% , 22 573 0.3 (P<0.05) s IRAKL I T A QAW I I T 62.9% , %
SBE(P<0.05),

2.4 iR HIEBRALE AR AL

FHEL XS IR, 38 pH L EACER A 8085 A RCE 1 e AR I A LT R i 1 o i ARG, T 4 R e B A AR
PLGUITREE S A nr s (A A 0 & A B B 0 A8 Ak, I ELAH L 2009 4R AR IC(E, s A58 A 4K
B AR B R A B N R A SR BRI (£4)

2.5 AREAKFHFEHFEREHRTE & &

2 S TR AL BT E 0 F B AR DT R S A, 4 N AE N MR SR MRS 1 8 R i i AR iy
B B RKCE 3G R BT S R R R R Z 8] 3 2 5 (P<0.05) , N TRt 20K F- 19 4 N 5 i
AH LT RRAFFIHEAN T 23.0% \35.9% 64.1% , KIRBRI £5 it B A B 4 N 5 AH Lo B4 0138 1 61.1% |
83.8% .96.9% , N\ T MARSS it ZUKF A4 N Al HL X A3 T 21.8% . 21.8% 41.0% , KR PRAR 45 )it &
T4 N & iR Lo B3 i 1 50.6% ,56.6% .59.1%
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Table 4 Soil physical and chemical characteristics of different nitrogen levels in the plantation and natural forests of P.tabulaeformis (mean +SD)

F4 AIHRMRARAERKFHLEBUMER (FYEARMERE)

o b o @xﬁl%’ﬁ Exﬁl’ﬂﬁ ﬁxﬁl'ﬁ 5 ﬁxﬁl@i
5 - PH - Available K/ Available P/ Available Ca/ Available Mg/
Forest type  Treatment Total N/%
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
ANTAHRF oy 7.2120.02 Aa 0.1224£0.0023 Ad ~ 219.52+0.10 Aa 5.04+0.10 Ab 3105.88+3.98 Aa 191.660.10 Aa
KA 6.74x0.05 Ab 0.1312£0.0010 Ac ~ 208.84+0.15 Ab 5.22+0.15 Ab 2660.61+11.58 Ab 176.730.15 Ad
A 6.75+0.05 Ab 0.1445£0.0210 Ab ~ 201.7720.20 Ac 5.23+0.20 Ab 2633.97+0.20 Ac 180.16+0.20 Ac
BA 6.6120.03 Ac 0.1492+0.0010 Aa 195.25+0.12 Ad 5.78+0.12 Aa 2758.44+20.89 Ac 188.17+0.12 Ab
KRB TF Xt iR 7.1620.04 Ba 0.1871£0.0153 B¢ 205.22+0.30 Ba 5.6620.21 Ba 3231.42+0.30 Ba 173.07+0.30 Ba
A 6.47£0.12 Be 0.2528+0.0010 Bb  190.00+0.21 Bb 5.52+0.21 Ba 2925.22+0.21 Bb 167.02+0.21 Be
A 6.68+0.10 Bb 0.2628+0.0100 Bb ~ 185.41+0.11 Be 5.69+0.10 Ba 2825.66+0.11 Be 168.07+0.11 Bb
A 6.48+0.10 Be 0.2884+0.0100 Ba  180.78+0.12 Bd 5.72+0.15 Ba 2725.66+0.12 Bd 160.04+0.12 Bd
- G s RE hE OB
3.0
PN FARBRRT
N
£
iz
=]
%5
RE RERAR
£
2
[sa)
C
R
>.4
>‘4
<
<
>.4
:.:

B2 AIMMEIAMRAEERKTEERFEEMRTESECFHMHERMEZE)
Fig.2 Element contents in the leaf, root of C.callitrichos of different nitrogen levels in the plantation and natural forests of P. tabulaeformis
(mean £SD)

P 7E N TR A 2t it it 207K - A 38 i S B i ka4, R TR /UK =2 1) 22 53 3% (P<0.05 ) |, it UK
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Fig. 3 N/P, N/K, N/Ca, N/Mg of leaf and root of C.callitrichos of different nitrogen levels in the plantation and natural forests of P.

tabulaeformis ( mean £SD)
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