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Effects of Long-term Different Nitrogen Addition Levels

on Plant Community Structure
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Abstract; We conducted an experiment on 9 years of continuous nitrogen application to explore the effect of
nitrogen addition on plant community structure in Stipa baicalensis steppe, with different nitrogen addi-
tion levels of 0(N0), 15(N15), 30(N30), 50(N50), 100(N100), 150(N150), 200(N200) and 300(N300)
kg + hm™* « a=!'. The responses of community structure and important value, diversity as well as biomass
to different nitrogen addition in 9 years of continuous nitrogen application were explored. The results
showed that: (1) community structure was significantly responded to long-term nitrogen addition with the

lowest species number in high nitrogen application rate, while the highest important value in dominant spe-
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cies under high nitrogen application rate was observed. (2) Plant diversity index in S. baicalensis steppe
was reduced with varying degrees in long-term nitrogen addition. The dominance index was increased with
long-term nitrogen addition with the most prominent value in N300 level addition (P<C0. 05). (3) The
productivity of grassland vegetation (aboveground and belowground biomass) increased firstly and then de-
creased after long-term nitrogen addition. The peak value of aboveground biomass was observed under
N100 level addition, while the maximum value of belowground biomass was appeared at N50 level (P<C
0.05). Root was characterized at 0—10 cm distribution. (4) RDA analysis showed that aboveground bio-
mass of Carex duriuscula and Bupleurum scorzoneri folium were significantly positively correlated with
soil pH (P<C0.05), and Thalictrum sguarrosum and Potentilla bi furca were significantly positively corre-
lated with soil organic matter (P<C0. 05). The community structure in S. baicalensis steppe was greatly
responded to long-term nitrogen addition composition with diversity decreased and changes in community
composition.
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Table 1 The influence of different nitrogen application levels to species composition and importance value
DIREHE iy Fif T {H Important value
Group Species NO N15 N30 N50 N1 NI150  N200 N300
VUIN/REE S S, baicalensis 0.12 0.12 0.1 0.12 0. 14 0.13 0. 14 0.17
EW L. chinensis 0.08 0.12 0.15 0.16 0.29 0.29 0.24 0. 34
B E Koeleria sp. 0.01 0.21 0.12 0.11 - — — —
ZARIE R P AL sibiricum 0.08 0.09 0.05 0. 14 0.08 0.13 0.15 0.09
Perennial
grass WL R BOR P, pratensis 0.01 0.05 - 0. 04 0.07 0. 04 0. 04 0.03
B WA T8 Cleistogenes squarrosa 0.01 0.02 0.02 0.02 -~ — — 0.01
VKB Agropyron cristatum — — — — 0. 04 — — —
HBAE C. pediformis 0. 04 0.07 0.07 0. 04 0.03 0.02 0.02 0.03
Bl IR 2 M i 46 Heteropap pus altaicus — - 0.03 0. 04 0.04 — — —
JRKHINE T, squarrosum 0.02 0.02 0.02 0.02 0.03 0.02 0. 04 0.03
BB Astragalus adsurgens 0.02 0.02 0.03 — — — — —
K114 Asparagus cochinchinensis — 0. 04 — — — — — —
Pt B Bupleurum scorzoneri folium 0. 04 0. 06 0.08 0.03 0. 04 0.03 0. 04 0.02
WM E A Lilium tenui folium 0.02 0.02 0.01 0.05 0.03 0.02 0.02 -
LS Iris ruthenica 0.01 — — — 0.02 — — —
PSR Iris ventricosa — — 0.01 0.03 0.02 — 0.02 0.01
45 5 M. rathenica — 0.02 0.01 0.01 0. 04 — — —
TR Potentilla bifurca 0.03 0.03 0.04 0.02 0.05 0. 04 0. 04 0.07
B AE Sk S, yamatsutanna 0.08 0.05 0.04 0.05 0.09 0.07 0. 04 0.03
At 3k 3 Pulsatilla turczaninovii 0. 06 0.02 0.02 0.03 0.02 0.02 0.01 —
Y& T3 Galium verum 0.03 0.03 0.01 0.05 — 0.01 — —
H A Scorzonera austriaca 0.03 0.03 0.02 0.01 0.01 — 0.02 -
ZARIE IR A Allium mongolicum 0.01 0.01 0.01 0.01 — — 0.01 0.02
Perennial
weeds P4 BEAE Thermopsis lanceolata 0. 04 0.03 0.03 0.01 0.02 0.02 0.03 0.02
WS Potentilla verticillaris 0.02 0.01 0.03 0.01 0.02 — — 0.01
L3 F. sibiricum — — - 0.02 — 0.02 0.02 —
Z B IF Schizonepeta multifida 0.11 — — — — — — —
Z2EWBIN V. multicaulis 0.01 — — — — — — —
K S Cymbaria dahurica 0.02 0.02 — - 0.02 0.03 0.04 -
M) %5 B Tephroseris kirilowi - - - - - 0.01 - -
90k B BR Melilotus dentatus — 0.01 — — - — — —
£k 3% Clematis hexapetala — 0.02 — — — — — —
% Z S Potentilla tanaceti folia — - — 0. 02 — — — —
B ILE S Sibbaldia ad pressa — — 0.02 — — — 0. 04 —
SFEE C. duriuscula 0.12 0.06 0.08 0.08 0.14 0.09 0.11 0.14
BB EWE K Potentilla acaulis — 0.01 0.02 0.02 - — — —
Wi Artemisia frigida — 0.01 — 0.03 — — — —
Ak Allium tenuissimum — — — — — 0.03 — 0.02
— AR AR B E N Veronica incana 0.02 — 0.22 — — — — —
Annual or
biennial herb 433k 3 Chenopodium acuminatum — — 0.02 — 0.05 0.03 0.05 0. 04
K Subshrub  BkAF# Artemisia gmelinii — — 0.15 0.09 — — 0.02 0.05
— A %1 Unknown — — — 0.03 — 0.01 0.01 0.01

T — FORZALELR JC A Al

Note: — indicates no this species in the treatment
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Table 2 The influence of different nitrogen application levels to species diversity of the plant community
R ARG A Z/KF N application level/(kg « hm * + a ')
Index Year NO NI5 N30 N50 N100 N150 N200 N300
. 2017 0.1540.01c  0.2040.0labc  0.1640.01c 0.1740.01bc  0.23%£0.02a 0.2240.02ab  0.25%£0.01a 0.2640.02a
¢ 2018  0.14+0.01d 0.237+0.0labec 0.19+0.01d  0.20+0.02d 0.29+0.01a 0.287+0.0lab  0.24740.0labc 0.26740. 05abc
, 2017 2.3940.06a 2.1840.07ab 2.24740.07a 2.2840.03a 2.1840.11ab 1.97+0.04bc  1.86740.02cd 1.66+0.02d
" 2018  2.41£0.0la  2.20+0.03a 2.1740.03ab  2.104£0.10ab 2.0140.04b 1.7540.07c 1.752£0. 05cd 1.6140. 16d
2017 0.7540. 00a 0.7240.0lab 0.744+0.03a 0.7140.0lab 0.6940.02abc 0.6740.02bc  0.64=40.02cd 0.6140.02d
F 2018 0.7740.01a 0.7340.03a 0.69+0.00ab 0.68+0.02ab 0.64+0.01bc 0.6040.03bc  0.6040.00bc 0.5740. 03¢
2017 4.1040.01a 3.6240.05bc 3.7540.07b 3.5240.03c 3.4740.09¢ 3.2640.05d 3.1340.03d 3.1040.03d
b 2018 4.5240. 14a 3.4440. 25b 3.5240.12b 3.3240.00bec  2.5240.08d 2.7940.14cd  3.1740. 20bc 3.0240. 08bed

HECORBBEIREG H . ZREEAE B0 E. 50 BEFE R0 D. F 5 B2 48 80 A [l /NS 88 3605 R[] b 18] 22 573K 0. 05 & 2 K (P<<0. 05) . T[]

Note:C. Evenness index; H'. Shannon-Weiner; E. Pielou evenness index; D. Species richness index; Different normal letters indicate significant

difference between different treatments at 0. 05 level (P<C0.05). The same as below
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Table 3 Effects of different nitrogen addition levels on the underground biomass of different soil layers in plants
e +J2 Soil depth .
Treatment 0~10 em 10~20 em 20~30 em 30~40 em 40~50 em Total
NO 1070.77467.82b 596. 70+ 124. 58a 317.20+46.72a 302.90£33. 84a 257.40419. 26ab 2544, 97418. 34b
N15 1 207.274246. 33b 632.674101.08a 353.60+100. 18a 328.03£38.07a 317.63£32.03a 2839.20418. 78ab
N30 1215.07460.67b 499, 63442, 60a 482.73442.60a 333.274129. 22a 314, 17425, 48a 2844, 87+22. 82ab
N50 1427.40446.59b 811.204119. 45a 495. 30428. 90a 328.90£58.78a 287.73418.33a 3350.53413.51a
N100 1 460. 33+189. 06ab 601. 474104, 84a 503.10£147.57a 345.8+81. 64a 297.27422.07a 3207.97416. 74ab
N150 1 815. 23443, 04a 749.67+38.37a 266.07+25.51a 276.47410. 30a 137.37427. 29b 3244, 80+9. 95a
N200 1 456. 00429. 76ab 721.93=+31.37a 306.80+21.55a 270.837+25.83a 221.437443.51ab 2977.00418. 67ab
N300 1423.934148.27b 708.074118.42a 286.00+11.08a 217.10£38. 41a 217.97455. 94ab 2853.07423. 33ab
R4 KHEERNTERERFHIM
Table 4 Effects of different nitrogen levels on soil environmental factors
A~ = i Al 7 i 75
Trgtlr%em ()rgaﬁniﬁ{]‘r?l\;ttcr Soilan:l;iﬁurc Total N/é(%" ke 1) (J)Esl)‘fnﬁfii Av%lﬁfb%lqi}( pH
/(g kg D) /% g X8 /(mg « kg™ 1) /(mg + kg™ 1)
NO 49.9142.52a 11.16+0. 56b 2.174+0.12b 2.697+0.07b 134.70+4. 54c¢ 7.30+0. 05a
N15 50.3640. 54a 10.96+0. 56b 1.8240.17¢ 2.332£0.30b 116.7444.59¢ 7.29+0.03a
N30 50.5941. 76a 12.31+0. 70ab 2.50%£0.08a 2.7140.18b 118.6144. 70c 7.26%0.27a
N50 51.1643. 16a 11.24+0. 40b 2.307+0. 13ab 2.407+0.17b 120.06+10. 42¢ 7.05+0.03ab
N100 51.8041. 69a 12.96+0. 12ab 2.3840.09ab 2.9640.17b 134.74=+5. 37bc 6.71+0. 10bc
N150 50. 584+ 1. 85a 12.64+0. 30b 2.05+0.10b 2.36740.43b 137. 5544, 42bc 6.67+0. 04bc
N200 52.0840. 64a 12.48+0.67b 2.427+0. 14a 3.16=+0.05b 157.99+3.01b 6.59+0. 08¢
N300 52.1942.95a 13.90+0. 64a 2.68+0.09a 4,83+0.70a 251.57+11. 2a 6.4540.08d
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8. T. squarrosum;9. C. pediformis
Fig. 2 RDA ordination map of aboveground biomass

and environmental factors of plants
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