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N fertilization regulates the response of soil nematode communities to elevated O,

in a wheat field
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1 State Key Laboratory of Forest and Soil Ecology, Institute of Applied Ecology, Chinese Academy of Science, Shenyang 110164, China
2 University of Chinese Academy of Sciences, Beijing 100039, China

Abstract: We evaluated the effects of elevated O, and different N fertilization on soil nematode communities in a wheat field
using the open top chambers (OTC) in National Field Research Station of Shenyang Agroecosystems. The results showed
that (1) elevated O, decreased the root biomass at wheat ripening stage. The interactive effects between elevated O, and N
fertilization changed soil microbial biomass carbon ( MBC), microbial biomass nitrogen ( MBN) and dissolved organic
carbon (DOC) at ripening stage, which were decreased by the elevated O, under low nitrogen treatment and increased
under high nitrogen treatment. (2) Elevated O, and N fertilization did not affect the total nematode abundance. While at
wheat filling stage, nematode functional guilds belonging to bacterivores and fungivores with c-p 4 values (Ba 4 and Fu 4)
were sensitive to elevated O, and N fertilization. At wheat filling stage, the numbers of Ba4 were decreased in the elevated

O, treatments in comparison with control, this trend regardless of N conditions. Following the elevated O,, the functional
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guilds of Fu4 were increased in high nitrogen treatment, while decreased under low nitrogen treatment at filling stage. (3)
Analysis of the ecological indices indicated that effects of elevated O, and N fertilization might change the structure of soil
micro-food web. Following elevated O,, nematode maturity and structural indices were decreased under low nitrogen
treatment and increased under high nitrogen treatment, which suggest that high nitrogen fertilization may relieve the

disturbance of elevated O, on soil micro—food web.

Key Words: Elevated ozone; Nitrogen fertilization; Nematode communities; Wheat field; Open-Top Chamber

S M 24 O, ) Ky — P R B 7 05 ey, BRI TR SO B B R DR IR T, U
UL (NO, ) AP LERE AT R (VOC, ) Fl— LT (CO) BOEAE AL, S ILH4E3k, T T
ML R AL TTRREHORREE LA K R B AR, R0 R NO, I VOC, 2RI ST S8 T /T 0, Wi
TS . AT M O, W RRAE AT H 0.5%—2.5%%) |0, e JE (9 i 35k 2 25 28 B 7 P
I, AR, T O MR TH BTN 1A 5 2 SE IO BF 5 LS T MERE . BT R4 1 FACE
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Ge7= He TE SRS BE LS. 25 421 BT B, JE M O, e BETH 86 P A6 T - M 2 A R Sh K
S L2 ORI , ~ H A SR 0 R B S P 0 P B 2 I IR T e, R
SRR, O, MR T 55 /N2 MR A I BRI, B3 ) 35 T R,

FURAER R K B HET0 2, LM A BB AR R K A B, G SR — s R I
RERS R IRO A 7 M TTZEAR O, LI FE 3 ), BRI A6 5 2 B0 G S50 M0 T L3 o
S A VMR 1 ik, A O, XN A TR BER SN, Watanabe 25V BF5 1T, 0, T BERY I 5 1
{8 ( Castanopsis sieboldii) 1 10 £ ¥ 3 FLI T T , T 40 16 LR IS, 4 1 42 T 3 PR T T 39 3%
Bt

25 TR, O, W I TS AR R R K T 25 R S W OB 2 9P F M L9053, T 00 i e s i
BTSSR . B 45 1 h RS A5 1 T Rk BRI 71 857 4 (FAOE) (BTS2 TR N A T
LI O M FIFRIR] O, 15 s R KRR SY63 Il Y6 (e £ B (P ) HUSA0 , FLATIIREE N IR o
% BRI BRSO, 0, M58 T A EUK TN AR RTRE T4 % B L BARRE L 5 00 AT L ) 0 2 AT
TS MU /A AR B L 5 3 0 T AT 34 3 1 B 23514 60.59% 23.29% .10.7% 43.6% , L
FEROBFIE IR KRR O, T2 SRl T IR - 0k BT X O W HE TH s B S — B RIS 6T 0,9
JE 85 AR UG PR AP0 3 AR PRS0 ek sh iy 4 M v B 19052 30, 76 LM U0
PR 2 T T AT R I A s 2R S S 60 T 0 4, R U WS B AR . 4
fl. ASCRIFF A% (Open-Top Chamber, OTC) V-3, FFIE O, W& T 25 FIAR [ SUILHE FH AT X 428
T M SIS 1000 M08 8 £ 90 53 el 1 FLASAE AT B 488 7 K/ O, T HE T AR ol
RELH K T T 4 75 AR S LB

1 #MREFE

1.1 50 A
TR0 H S T TR AR A 7S R G B Z B AR AT 583 (41°31N,123°22E ) HiAb T 12 7] S JR A
PR AR, T BB Ve A TR i R B e 2 XU it AR SR 2SR 7—8°C , B IR 24°C . AR RE ST RN 5392.2—
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5643.0 kJ/cm? , AEFEIK i 650—700mm , 4578 K& i 1480—1756mm, JCFEW] 147—164 d, + 3SR K AEE  pH
6.7, LIEAPLRSEN 11.28g/kg, BE S 8 1.20g/ kg, WS 0.41g/kg, HBHE 5 H N 8.91mg/ kg,
1.2 REsT
AR R 6 A2 A g o AR A FF 203 %E OTC ( EA% 300 em, & 280 cm) #E4TiEE , OTC RS T
2010 FFFFURIZITIE T, WEFE O, W T =5 RIS [R] U il FH 7K SF- B — A A/ I - R s e 25 A 1 2 i)
IR BT, A AL, 20508 O % BRAR B [ 4K O, W BEZY 0.04pL/L Fl O, ¥R FEFH AL 38, O, ¥R FE
0. 06wL/L, £ KIS Th; A EALFRE) OTC PH 43 B8 B P A ] SUIE 7K SF- 1) &I Ak B3 2 i % R it 207K S 4
150Nkg/hm? , 27K - RIAS I 56 A AR 0K -, 85 AUK P (225 Nkg/hm?® ) 765 B0 K- 3L Atk _E- 34 it U1 75Nke/
hm? | 38 it ZUIE G B AE Y 50% , it A BR A AR ISEAEATE X — Ui, B AbEE 3 R E R, AR
T2010 4 5 A 14 H I, /NEWORE I8 TS5 W, 0,5 KiE < 7h (9:00—18:00, F KA 1) , 5
ARV EE R TS A Sl 25 A BRI ek FE SR Rt 2 A W), O B R 2 i, ISV EY R /)N
F P I 10,2011 45 4 H 2 HIEFRD A7 25em, FEAHT 225 Ji#k/hm® , jiti ABEAE (P,0, ) 40kg/hm* , £ ATt
(K,0)60kg/hm>, 433 F/NE KA (2011 4F 6 J1 20 H ), /NI (2011 4E 7 A 11 H ) BUEE, 76/ 4R
B, i FHELAR A 2.5em A AL 7E R FEL TR T 5 s ik BURE IR A5 26 ARESS o BUREIRE Sl 0—15em, iR
HUAY S RE S AR SR AR TR A5 A ] SEI6 3B T 4°C VKA T RAE , BES X SR AR SRR B HEAT 0BT I E
1.3 8k
1.3.1  HHEEHELIR AR I E
35 pH (ERHHAIEDE (LK R 1:2.5) s /KA PR AT 0.5 mol/L 1Y K, S0, 3% /K 2R 1:10 =
$& , FIH TOC 3 A ASCI 7 ; Tl A 0 A6 Wy e e BCR Y S8 D5 BE 25 15K, SO, B2 4246, T Micro C/N 43 A {SGHATIN A2
AW Rk R RS R B 0.38 F110.54, 43 NH]-N NO;-N FH# L5 s A U 5E .
1.3.2  TIEZdp iR i S
- R R A B PR CR F R 7, 60°C TR BE G, T 4% 4@ /R SR 5, 48 B 86 o fig i) e el
FE SRS HEIAS Y 3K 4, ST R 100 ¢ 4 Rk UK, AR SL H BEHLIER 100 404 (A2
100 23R RE ), 67 B Pt AT BB S et . Rl c-p JEBE R Il A B9 J 43 4K 4 Bongers' ™ &
Bongers 1'% | ARYRLE A BCE 2T PE AT EE R ARG HR 40 R 4 A5 R 28 RE. AN AR L B A L AW A
AR R/ e B i |
1.3.3  ASEEITHE
1) FEERE
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Koo (i) N | PP AU c-p 1B, £(0) A @ B ARSI BB e PP TS A IR M, i
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4) Ferris %" ¥R LR HL T RE AR 4 AR _L 48 T 4R ot DX ZR 40T 9 7 12 P Ok S e - S s I 5 44 | - 45
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[CE S0 /S EI=100 X (e/(e+b))
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SErbaR A" BI=100 x (b/(e+b+s))
3, b (basal ) R EY) M H A FERE LS, EZHE Ba2 A Fu2 X P20 (RIE4i B 2 R B 2R e op
184 2 (ZETE) se AR EWIM b i 5 8 M0), 245 Bal Al Fu2 S D26 (R 42 i ep (B0 1 FIET
FLRZR T c-p (B2 2 I9EHE) 55 RN I E5H 853, 0 i B A 2R e P R B U e-p
{64 3—5 ML 2R i e-p (H 2—5 I92EHE, b o s XERLAOEEST IR Y kyny, D kon B Y. Ko, B
Wk, k, Rk, A SSHERTS B IR (CHAEAE 0.8—5.0 ZI8]) 1M n, \n, Fl n, WA 2ERERIAINT 22
1.4 Sitodr

TIEPRAFEAR AN T AU DS R R IE 23R s T B e AT R O 6 In(X+1) AR E HISE
THEAF SPSS16.0 AT [FERFEIT IR Ty 22 53T ( FIX Ry O, ¥ BE , 24X AN ) |, 3R 0.05 #10.01,

2 ERE5HR

2.1 O &P T i R[] ZRUIE it FH 7K 7% S8R A R 1) 2

O, ¢ BE T2 RS [V BUILHE FHAK ST pH 85 25 0 (NHG-N) AN M b 2500 A2 74k (Shoot) H0EA 772 i
SN (3R 1), T O Vi B T e RIS ] 0N it FH 7K P 1) 32 B A P S 38 5028 T /N 22 8 - S AU A W i i
(MBC) , i E ) A/ (MBN) MUK PEA HLER (DOC) B i (P < 0.05) o FEAREUAMF T, O, M E T i P AR
14 MBC \MBN 1 DOC HJ 5 (P < 0.05) 5 i 7F = AT W A Sk 3, Y b6 O, Wk BE () T i it
WEATIE TN, (RIS, O, I TH iRy i S 5 AN T/ NAZ AU AR ZE ) 2 (P < 0.05) o M, AN [ U it FH K F- Xt
N TS EHEAS AL(NOS-N) Bl A 1 1 3 ), JEiR 2 X B S O, FH Ak 3, e RUAL 3 A A S R
(NOZ-N) &ty TR AL #E,

F1 O, REFSIARRILHE MK T T HEEL ISR

Table 1 Effect of elevated O; and N fertilization on soil physicochemical properties

o TR o AbF Treatment S— — &ﬁm/:Effect __ _
Index Date — A Low N _ R High N KA it & SRR i A
A 0, IR CK R4 0, IR CK 0, N 0;xN
pH TR 7.03+0.11 7.01£0.22 6.89+0.06 7.36+0.09 ns ns ns
AU 6.9420.17 7.06+0.22 6.83+0.10 7.18+0.19 ns ns ns
MBC/ (mg/kg) R 132.62+5.24  199.34+24.13  136.11x11.47  124.57+11.00 # ns ns
AU 116.82+11.13  182.12+14.88  212.61x£3.82  187.53x10.97 ns * *
MBN/ (mg/kg) HEIRHY 19.20+4.23 24.70+3.60 24.29+2.86 18.46+0.84 ns ns ns
R 10.78+2.06 20.92+0.39 24.25+0.00 18.67+1.62 ns * %
DOC/ ( mg/kg) WESW 45.51+3.21 45.39+2.53 54.18+1.40 48.27+2.01 ns ns ns
Y 48.66+2.42 60.69+0.52 58.12+2.22 52.68+3.28 ns ns *
NO;-N/(mg/kg) HEIR 21.43+0.48 21.27+3.68 44.00+5.22 35.91+4.57 ns * ns
WA 25.35£3.95 20.70+3.19 49.17+9.56 36.23+7.10 ns ns ns
NH}-N T 7.2120.21 8.19+0.30 8.26+0.91 7.08+0.08 ns ns ns
/(mg/kg) A 9.27+0.60 10.39+0.72 9.06+0.95 10.12+0.97 ns ns ns
Shoot/g HEIKIN 8.49+1.24 15.09+2.92 10.44+3.44 14.45+2.02 ns ns ns
WA 13.59+1.87 16.38+3.38 13.13+1.51 18.11£3.06 ns ns ns
Root/g TS 0.39+0.02 0.66+0.24 0.45+0.12 0.81+0.10 ns ns ns
B 0.49+0.08 0.61+0.09 0.25+0.03 0.64+0.10 * ns ns

w43 FEOR B MK A P <0.01 F1 P <0.05;ns 278 JC @ 3 P22 5 ; MBC: Microbial biomass carbon = 3Efif 4= 4 4 9 & % ; MBN .
Microbial biomass nitrogen -3 /E #1445 ; DOC ; dissolved organic carbon K MEA LK ; NO3-N: HAE ; NH-N: 2 A% ; Shoot: Hi_L#BA4:
)i ; Root ;. L B im
2.2 O HRZ T FIAS [ ZOAE Tt FH AT %of - e 4 BV 2H R i) 52

Xof SRR B RB SAT 2R , /N 2 I  HEA He SROn v TRER (18 1) R R B A /)
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i 800 |
BB 7= B ig/ 600 -
AT R T RE I 12 4 (32 2) , 0 ; 400 |
HEE L H P c-p (HoM 1—4 YZHEEHR (Bal \Ba2 Ba3 ﬁ 200 -
K 0 L I I |

Fl Bad) , B ECIHLZ HU c-p {20 2 il 4 (I REIT (Fu2 oo pu pove o
1 Fud) R ZF AL P c-p HM 2 F1 3 BOTHREA] (H2 WES I Filling 24 Ripening
FIH3) &4 d Tt c-p [H8 2 F1 4 T HEEH] (Ca2 Fil
Cad) FIZvE L B c-p (H A 5 BIINHEHR (OmS) . GEit
AT EEREW NE RSN B AR L U ) Bad IR E
LR A R Fud DOREHATXS O, ¥k & T s FAS [6] /U Tite
KV BN EURR . S5 X RAR LG AN R B UK T O3k BE s BIRE I T D REA] Bad %R . HLAh, O VR FE S AR
NE R 2E EAE X BRI Fud DIRER AL W50 (P < 0.01) o TERASRIET O WK EEFHE 3G T Fud
HEE s MAEMRASE T, O R BE T i (A B A,

R2 O, REFBMAERILHEHKELREEFNEFEFNEMN

Table 2 Effect of elevated O; and N fertilization on nematode functional guilds and tropic groups

E1 O, REFASINTERALKEMKF L% BB HK M
Fig.1 Effects of elevated O; and N fertilization on the total

nematode abundance

TRE A M Fe . AbFE Treatment BN Effect
Functional guild and R KA Low N A High N A i LR it &
. Date — —
tropic group R 0, X} & CK R 0, X} & CK 0, N 0;xN
Bal T 1 68+30 31+16 61+50 24+11 ns ns ns
G 63+40 87+58 76+25 52+17 ns ns ns
Ba2 TR 124+8 95450 168+3 15415 ns ns ns
Y 258+51 229451 225+34 214+70 ns ns ns
Ba3 HEI I 5+3 5+3 8+1 4+4 ns ns ns
G 5+3 8+8 8+8 2+2 ns ns ns
Ba4 R 242 21£10 242 5£0 * ns ns
i8] 5+2 24+17 117 10+6 ns ns ns
TN E Lk TSI 199+23 152+56 239+51 188+17 ns ns ns
Bacterivores J G 331+68 349+115 279+73 321+60 ns ns ns
Fu2 HEIZ 64+10 51+25 81+23 6511 ns ns ns
J I 84+8 76+14 132+54 95+6 ns ns ns
Fu4 A 48+17 59+14 132+54 2410 ns ns 5
A 59220 58+41 70+16 72445 ns ns ns
BHWELM TR 112423 110+37 193+64 89+1 ns ns ns
Fungivores B 14319 134+54 15139 16741 ns ns ns
H2 T I 64+39 99+84 122453 52+31 ns ns ns
A 70+40 656618 155+37 148125 ns ns ns
H3 I 220+175 160£22 11237 108+28 ns ns ns
ALY 126+175 30022 14346 15899 ns ns ns
)3 A 2k T 284198 259+65 233+86 1614 ns ns ns
Plant-parasites RS 196+93 271+84 299+140 306+129 ns ns ns
Ca2 HEAZ I 0+0 0+0 0+0 0+0 ns ns ns
e8] 11 00 00 00 ns ns ns
Ca4 TR 3110 37+14 27+10 3245 ns ns ns
JR I 28+17 32+2 47+9 67+33 ns ns ns
Om5 HEAZ I 5+3 5+£5 0+0 2+2 ns ns ns
R E 0+0 0+0 4+4 0+0 ns ns ns
e HEAZ 36+7 42+19 27+10 33+7 ns ns ns
Omnivore-predators R 29+16 32+2 52+11 67+33 ns ns ns
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2.3 O R BE T MIAS [R) UL Tt 7K P 0 £ o A 254 ) 2 il

X HUAEZS IR BB SE SRR I, /N2 HEIRIY] O, 5 T vy AN [] SN it FH 74 1 %o 24 o A 2548 B 52 i)
LA, Herp O R BE T AR 1 IR AUR I B (SR) (K 3) o 1T O, W& TH e AN [R] SUIE it FHZKF- 11
SEHAFHSUE TR AUE R HUE(NCR) RAFAE T, O, ¥ BETHE N T NCR /Y FUfEL, s A1 T, B O,
Y RE T I L2 R AR B o A3 T 3 Z A 0 22 S R 3] 1 S 20K | 3 W A 11 D 32 AT AL 5 2 ik e 1 52 41
il o PELR HUETS K b, O e BE T o AN 5] EAE It FH 7K ¥ B8 28 AT S8 e 1 /N AS E SR A oy AR 6 R
JREABEFE R (MI) FNEEHHEEL(ST) ;5% A b 2% B0 A AR, RIMIR A1 T, O, R BE T A 1 mr A S
M BT, —HBE O WK BE A T i T s , R RE BTt HIBEAS 22 ik O, ¥k B2 T x L Wy il i
2 RIS B0 (BL)  TEA [ AL B R R BE 5 ST AR AR 3,

£33 O REFSIAERICHEAKEX LR ETBLHRZM

Table 3 Effect of elevated O; and N fertilization on nematode ecological indices

- TR — Qb Treatment — _ E eI iffect E—
Indice Date % Low N iR High N R MR SRR
R 0, xR CK A 0, xR CK 0, N 03N

FHEE R 3.55+0.32 3.85+0.32 3.26+0.13 3.69+0.33 * ns ns
Species richness( SR) Y 3.69+0.22 3.26+0.43 3.76+0.32 2.97+0.07 ns ns ns

2 HuE K U E R 0.65+0.03 0.56+0.04 0.57+0.03 0.68+0.02 ns ns *
Nematode channel ratio (NCR) i 0.69+0.02 0.71+0.07 0.69+0.02 0.62+0.01 ns ns ns
I FE AR WA 2.3420.07 2.79+0.09 2.58+0.11 2.36+0.08 ns ns *
Maturity index (MI) A 2.2420.02 2.2620.13 2.3920.00 2.42+0.18 ns ns ns
T2 A 2 A B 4 R 2.70+0.17 2.72+0.21 2.55+0.12 2.68+0.19 ns ns ns
Plant parasite index (PPI) Y 2.7120.12 2.6620.24 2.6220.16 2.600.23 ns ns ns

EE R IR 65.59+3.04 79.89+4.35 69.84+9.03 54.47+4.81 ns ns *
Structural index (SI) WG 49.40+8.05 59.41£3.17 63.84+3.05 56.85+16.10 ns ns ns

[EE S W) 58.44+12.00  53.13x11.17  45.15+14.57  40.54+6.49 ns ns ns
Enrichment index ( EI) WP 45.59+10.20 54.40£14.30  53.61%6.16 49.37+7.36 ns ns ns
BRI WERH 23.00+5.08 16.40+4.00 24.76+8.45 34.28+3.39 ns % *
Basal index (BI) B 36.39+7.77 26.18+5.18 25.65+3.43 30.14+9.45 ns ns ns

3 itig

O, /R — it A A 0 2 DR, L B s vl 5 A ) 1 A AR fE . B RO 9E 6 W, O, mT LA s
R B S AL AR, 05 F R L2 BRI R, AT R AP LT % 4 1 W AL B 7, 22 1 0 skl A 4 A4
K, I i AR BRAE R R P A 2B IR T I | e R AR A R R O, — 5 T A XA
BB, BRI R AR 0 AR K 58— T e A R A K, AT /0 b i R SRR B, AR
WFFE B, O 1 B TH i B B AR 1 /N2 A AR A= W i Kasuirnend ' 48 Hy, O XA 9 3L R 35043 1952 00 1
BRI X b 1 E A s L O, TH R BENS BB FRAIRAR A it . AT, O, TR i BEAS MU /K AL & W AR &R 11
AYHE R TR AR 2R A A K DA R T L AR AR

R Z R R M AR R G T A S RGN AL, AR 6 A 1815 19 [R1 AR 9 LAY 75 0 FIAR 2
Ay I A A B 4 s e g S5 A 2R R T R KA O M BE B T i AR AR A, R - R
Yy BB RS T A LR A A 2R AR, FRATT AT 2 BT, O, vk B 8 ARUAR ] R0 it FH 7K S B9 58 B A
FH 3500 T /NFE L £ 48 MBC MBN 1 DOC 1% 2, FEARAZ&ME T, O, W B TH i B AIK T £ 4 MBC,
MBN Fl DOC FY & £ I 78 85 2% A F T 28 B0 0 A S A B3 %, Larson 267 #F 58 & B4 -1 O, W Ry
0. 054 mol/mol B, & 77 AR AR - 58 1% T4 28 W0 A= 1 i Wk (95 C/g) B2 bb X R Ak B o 4 398 F A i itk o5
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(T0pg C/g) MH-FZEZESARE, AR, 5XF A A L, O W TH R B TR T/ E R AR & I
1, MR 2R 43 WA ) A - HEIE R A P 4 R R AR AR g it A ARG T sk 35 4>, 1 R A W AR A mT LURI AR R 38 )
FIAE D 875 D R FLRE R IR B3l W A= 15 T s A i LRI 138 TR ol /D7 S B8O W A i 02> | 3k st —
AR T 14 MBC \MBN 1 DOC ()& f REAR . = AU, — 5 TR T — S804 T LB it A B
FAENEE, WO BB AT, 53—, R AR TN B M i 2 E IR, A R 2 A
AW (CANAEY) ) AL AR O T R R SR A K T A O 2, Bt VIR, RS T A A A Y
Ko, PETRHEPIAR 2 A K AR 200 I 25 7 A S ) | AT 6T - S3EA80 A 7= A TR e S iy R R 27 RS R B
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