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Effects of nitrogen addition on species diversity of the understory plants in the

Korean pine plantation
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Abstract; Nitrogen deposition is one of the important driving factors of biodiversity change. To explore the effect of nitrogen
addition on the understory plants diversity of the Korean pine ( Pinus koraiensis) plantation and its driving mechanism, we
simulated N deposition with four levels of N addition rate NO ( control treatment, 0 kg hm™ a™'), N20 (low nitrogen
treatment , 20 kg hm™ a™") | N40 (medium nitrogen treatment, 40 kg hm™ a™') and N80 (high nitrogen treatment, 80 kg
hm™ a™") for 6 years, based on the Korean pine plantation in Liangshui National Nature Reserve in Heilongjiang Province.

The results showed that: (1) nitrogen addition significantly reduced the density and coverage of the three functional groups
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in the understory plants, but had no significant effect on the height. (2) The 6-year nitrogen addition reduced community
similarity between control and nitrogen application treatment decreased with the increase of nitrogen application level. (3)
Nitrogen addition significantly reduced the Shannon-Wiener diversity index and species richness of herbs in the Korean pine
plantation. Nitrogen addition had no significant effect on the species richness and Shannon-Wiener diversity index of woody
plants and ferns. Nitrogen addition had no significant effect on the Pielou evenness index of the three functional groups of
herbs. (4) Nitrogen addition had significant effects on the contents of C, N, P, N:P and C :P of herbs. Nitrogen addition
had significant effect on the contents of P, N :P and C :P of woody plants, and it had no significant effect on C :N :P
ecological stoichiometry of ferns. (5) There was no significant correlation between herb diversity and soil chemical
properties. There was significantly positive correlation between species richness of herbs, Shannon Wiener index and
coverage, density of herbs. There was significantly negative correlation between species richness of herbs and plant N
content, and between herb Shannon Wiener index and plant N : P. The 6 —year nitrogen addition changed the species
composition and community structure in the understory plants, significantly reduced the density and coverage of the three
functional groups, and had no significant change on the height, and it only reduced the species richness and Shannon-
Wiener diversity index of herbs. The reason for this phenomenon may be that different species have different nitrogen
utilization characteristics and tolerance, and nitrogen addition causes nutrient imbalance of herbs, changes species
composition and community structure, and affects herbs diversity. The results provide data and theoretical basis for the

sustainable management in temperate forest ecosystems in China.
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ecological stoichiometry
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( Chrysosplenium sinicum ) %%
1.2 SRS AR AN E
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WA Z RIAH B T, FEHLEE 4 AR BENLAL XA, TNl A B 3 B 5 AN ER, DL 20kg hm™ a™'fE
R RAL IR HE % 2 A% R HGEI K 16 5 AR EI o U O, NO (W JEAR B, O kg hm™ ™' ) (N20 (R 44k
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T5 AR JZAEY) (R E <1 m YRR BRIEFARARIEY) ) BFSE DFp A0 (DL B3R o SpkiE AT 4e3 ) |
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( F BB AL Coolpix 45000 1 180° 1 4 R 5% 3k Nikon FC-ES8 ZH i) M- Ifi FUHE £, i £ 15 4 [ 2 76 5 b 1
1.3 mAb ELORHFZK -, Ay ke 6 BEOG B Al 7 A 158 22 I R B R T H R i AT SR 4 . RAE 1Y B8 ] DHP
AL PR B 0°-60° K THA 3 [l A A9 A5 250 T AR 4
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St il AR A 53 B4 (multi N/C 3000, Germany ) >k FHRBEEINE | 285 F1 4 R 2848 (H,S0,+H,0,) filf & J5 , Fl
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WE PN 2mol/L KCL, 13 Lk 105, HALZ= i e B i+
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SRS IR X AR 7 26 (BN TTRRR T R AR MR 4D R T AR S 95% B A IX 18] 1 2 BE ALK 37 5T
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2.1 AU FEA R YR I AR S5 R 22 AR B S

Zoat 2014 4E 5 2019 PR AR JZAEY IR A 45 R A, 20 N TAREA 23 1 81 34 B 56 Ry, 5 1
A N BSINR 2 W FR 42 7 A 2 52 SR T 6 4F (1 B I H b 6 R 7E AN [R) AL BT A D04 BE A7 A 1 35
25 (P<0.05) , 3B EESR . FAEEF 2 BK ( Lamium barbatum)) 5% ( Scutellaria pekinensis) | 55 =LK ( Urtica
laetevirens ) M=K ( Urtica angustifolia) WM (FE 1)
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T NO AL BE( P<0.05) , BRASAH Y 1) 35 BE7E N4O F1 N8O Ab BRI K F NO Fl N20( P<0.05) , AAHE ) 1) 55 B 7E
N8O AbFH 4 i KT NO(P<0.05) (& 1), 2014 4EH1 2019 4F, %405 3 NINREREA R R LR H LR
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Bl1 |SAMMARATIREREEYTE .S EMZERRIECFYERERZ, n=15)
Fig.1 The effect of nitrogen addition on the density, height and coverage of understory plants in the Korean pine plantation ( mean+SE,
n=15)
NO: X BRAL B 0 kg hm™2 a™' ; N20 AR AL T, 20 kg hm ™ a™' ;N4O; AL BE 40 kg hm ™ a™' ;N8O A AL T, 80 kg hm ™2 a™' ; AN[Fl/NG Fh)5
IRANRV RN AL B 2 [ 22 5 .35 (P < 0.05) IR F RN 257 A B3 (P > 0.05)
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TESS 1 AR R A IS g v, R R Y 2 R 1k

(R) .Shannon-Wiener ZHEPEFE 4L (H') Fil Pielou ¥ MR a MRt
R (E) R EZL(P>0.05) ;2058 6 AL« =20
o BEAPHG IR BE R I S A KA B0 R A A NdO A 2 | a =
N80 AbBH N K T NO 1 N20( P<0.05) , M ik 25 Al 8 0.04 | 2
KA R A H A B R E %R (P> 3 7N
0.05) Wk BAUAAHIIN E £ LIMIERSE 8 o | .
253 (P>0.05) (K 3), ;éa
2.2 RSN Ak 2 B R RAS A ) A A A A 0

% E@?ﬁ u@ 2014 4 veur 2019

6 IR AL 5 3 pH (B 7E N20 Ab P i 3%
fEF" NO il N40(P<0.05) , i +- 3¢k C N P orkit B It W R ORI AR ) AOBI P A RS2, n=15)
tt@‘ﬁﬁﬁﬁﬁ%?ﬁ/ﬁi@%ﬁgﬁﬁ ( P>0'05) ( %% 2) © Fig.2 Change in Gini coefficient on the asymmetry of different
RIS FEARFARAAED) T C NP AT 774 functional groups plants height with nitrogen addition of
ANEISZIR A IR X BRZEAE YN C N :P A=Z5162%%  understory plants in the Korean pine plantation ( mean+SE, n=
TR AR, ZOR I A Y b No b BRI € F 1)
R F T HAKALT(P<0.05) ,NO F1 N20 4bFfY N
B i FAET N4O F11 N8O AL BH ( P<0.05) ,N20 AbBRA P & i B AK T H AR AL FE ( P<0.05) ,NO 11 N8O Kb F
B N P g KT N20 F1 N4O Zb# ( P<0.05) ,N20 4bHifY C :P 3 5 F NO F1 N8O AbFE ( P<0.05) , A Infk
ARAFEY H,NO Fl N20 ALFRAY P & i 5 I T N8O AL EE (P<0.05) ,N20 AbFE) N : P & & & T H A4 b
(P<0.05) ,N20 Zb¥EfY C:P W25 5 T N8O AbFH (P<0.05) (E 4)

2 BRMMOAMAIHRERZENERZY( FEIHAERE

F1 FAEGFMEEFT 2014 £51 2019 FOMATHRERZHBEZBURE %
Table 1 The community similarity coefficient under different nitrogen addition in 2014 and 2019 of understory plants in the Korean

pine plantation

aan i LA
J;;Ei Nitrfgﬁe)?f;:iinent NO N20 N40 N80
2014 NO —

N20 62.0 —

N40 52.4 51.6 —

N80 59.7 68.0 59.3 —
2019 NO —

N20 59.6 —

N40 49.8 44.7 —

N80 38.1 40.9 43.1 —

NO: XFIEAL 0 kg hm™ a™' ;N20 IR Z AL, 20 kg hm™2 a™! ;N40: T &AL, 40 kg hm™2 a™! ;N8O . i &AL B, 80 kg hm™2 a™

2.3 FORJZHY A ST A LI 2E M TR P b A 5 e

RIS FA P 38 FE A Shannon-Wiener ZFEVEFS RO T B 2& 520, R A Z R E) ik 1745
PRI F5%F 3= 5 £ A1 Shannon-Wiener ZAEPEF B TTRRR , KB AREY % 58 RS 2= A LI 2= o
Hefigpe 7 AP 5 BEAN Shannon-Wiener ZHEMHREUL 1Y 60% 1 44% (% 3) . WIFh 40 B S w5 BE B2 N
T AR B BIAH G E R (P<0.01) |, Shannon-Wiener ZAEMEFEEC S 5T B N P YIFAE B B AR
(P<0.01) 38 R AHY) N SRR T R0 425 B2 5 1Y 18.83% .61.11% .5.74% , i JE % N P fifR e T
Shannon-Wiener ZHEVEFEEAE 19 20.69% 43.72% 11.47% (3= 3) , ¥ F E &  Shannon-Wiener ZAEMEFEES
THYITERE o 5 A IEAHDCOE R (P<0.05) T SGAEY) N 6 N P 8 B HAIDEOCR (P<0.01) (1 5)
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B3 SO A IHRERZEY YT EE E  Shannon-Wiener £ EFEE1F0 Pielou ¥ 5 IS A (EYE bR EIRZE, n=15)
Fig.3 The effect of nitrogen addition on species richness, Shannon-Wiener diversity index and Pielou evenness index of understory plants
in the Korean pine plantation (mean+SE, n=15)

AENE FREFRIRA R AR INAL B2 6] 22 5 3 (P < 0.05) AR PR 3R 22 5 AR (P > 0.05) ;78 2019 4F PR A 4 B, N40 AbBE N (L
W FHEREA Y, N8O A HE At B — A ARAA ) , 115 H: Shannon-Wiener 2438 801 Pielou ¥5J FEFEHCH 0

3 it

T PRI AL XS BE TR A2 e 2 3 B BOIEA T Y, B R 2% REVE 4500 A AR 84k, NI iR VR M b 2
FEE, BFSE b R BUER —AF AR, 25 A B ) FEA AR RUSE TC I 8 25 1, M ZERE 2R 6 415, B 5 e 220k B 1 386 m
5 it A BTV P AR RE B 2 A2 /0N | Ul it 8L B ) R 2H ORI R T 2840 25 S G R (R 1) o FEAHE ) ~F & AN
Shannon-Wiener Z5FEPEFE 50T 080 | MRS AR AR A9 JC . & A2 1k (A 3), AKX T HAB T EREXT AR
OS2 ;B A BURR  33XRT R 5 AR b DX R ZS A ) W R BRI A B /DA G R AR ) AR50 | I B RS I R i
AIXTIREAE OGRS INSUE LIS N TARREA JZ W Rh 2H 1 K A 30 JRE RRT o B2 I S BRI, el B A IR I 454
MTTTREARAE ) 2 b | ik — 85 5 5 2800 7 IR SRR o 45 SR — 3
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F2 WEHEMTORATHRTBEXFEERNMERIEHORIR ST CPREARERE n=15)
Table 2 Descriptive statistics of soil chemical properties and leaf area index of Korean pine plantation under nitrogen addition ( mean+SE, n=

15)

A i AL H Nitrogen treatment »
Factor NO N20 N40 N80

-3 pH i Soil pH 5.32+0.18a 5.06+0.25h 5.30£0.37a 5.17+0.32ab <0.05
LR Soil C (g/kg) 101.32+44.06 63.75+17.06 90.38+31.75 61.36+37.60 0.09
F A% Soil N (g/kg) 11.84£3.40 12.56+5.31 11.83+5.62 12.76+5.09 0.97
+-4E 4 Soil P (g/kg) 3.60+0.81 3.730.76 3.49+0.98 3.80+1.17 0.93
T HERH A A Soil NO3(mg/kg) 9.75+6.28 4.30+4.16 10.90+8.47 6.35+4.43 0.09
+HEEE S A Soil NHS (mg/kg) 8.85+3.86 9.70+2.39 9.10+2.84 8.40+2.70 0.74
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- Hem A Soil C:N 8.75+4.57 5.33+2.61 9.75+4.43 5.42+8.30 0.25
Rk L Soil C:P 28.17+11.35 17.21+6.63 30.21+8.76 16.61+22.46 0.15
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R3 AMAIREREMHESULETRE FE . EZE TEUFERSEXEYFEE(R) Shannon-Wiener ZiEIEH (H') BRI E ST
Table 3 Hierarchical partioning analysis between ecological stoichiometry, density, coverage, soils chemical properties and species richness

(R) , Shannon-Wiener diversity index (/') of herbs in the Korean pine plantation

-+ R FAAEY) Herbs it F + 4 Soil
Factor R C N P N:P C:P Density Coverage pH
R 0.6 1.37 5.74* 3.27 5.07 3.69 61.11"" 18.83 " 0.92
H' 0.44 2.43 9.48 8.04 11.47* 3.15 4372 20.69 ** 1.02

# P<0.05, * = P<0.01, * % * P<0.001

MW E IR AL B T MR RTEAS A A A AR B N TR 1 AR S R R E AN Y
Mﬁ)uT?FE%%ﬁET&F S e T AR A A BRARRR T , SRt PR R S B A5 SR M R B3R
L, JRHRE NP S ] DU SR A E B DT AU IS A R e A S Ak R, A

S A Z REE R IR BT PIRP AR .

1) BN KRR I + A A2 P, 348 = A 2 bk, 3 AR R AR R T A ) 2 R
RIS R HA SR 57 ﬂc,Fﬁ%i&%*_fﬂmﬁ‘?ﬁ%i’éﬂﬂ,%%ﬁﬁz?&ﬁ%i%&ﬁiﬁzij(,%ﬁl‘lﬁ,lﬁgﬁ
T B PR ZRE RGO RIS A SRR B, 6 AR RN R HER C N P S LY TC W
FHEF (R 2) I 15 pH (AR (BF A it ZUAR B2 (0 3G X Fh AR AR 13 R RE PR O - S B R Ay I
TR TAHEY), 3553 BT S ZE v 2 AR N— 53, PRI me AN BBa Bt - 33 v ml PP R0 3 A % ALY
A 38 hn, 34175 3804 43 vp ] PR R B AN 1 35 s o n] BB R TSR AR TR] A 1 52 2= i /K B 22 1 I ]
R B R 7K ] 1 -3 rpa] PR, A& AL B 3] I R R N B o R WSO 2 DL R A 5 v
A ZFEPEREIR IS .

2) WFFEHEIR IR AFE Y B C N P AR R R A MUE AR E W A1 E e 2B w4 2
FEPERD?) S RIR R R0 R AR AT, SR T Z R B AA e 22 0 AR 4 3 6 AR A
A A1 6 ﬁiﬁ—‘*ﬁ%ﬁ%ﬁﬁﬁﬁ%fiﬁ%ﬁ%ﬁ,EIEH@%M‘@?%%@%%TE@&%@E%,ﬁﬂﬁ 4
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Fig.4 Effects of nitrogen addition on the ecological stoichiometry C :N :P of understory plants in the Korean pine plantation ( mean+SE,

n=15)
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Fig.5 The relationship between N, N :P, density, coverage, and species diversity of herbs in the Korean pine plantation
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