55 44 55 11 S & 7 i Vol.44,No.11
2024 4F 6 H ACTA ECOLOGICA SINICA Jun.,2024

DOI’: 10.20103/j.stxb.202307091479

BRERT AN R =, B RARE, SR SR  RRR iU, U5 R RS SR SR B S IR AR - T R A RS M R
M A= AR 2F 47,2024 ,44(11) ;4831-4843.

YaoQY, SunZ G, Hu XY, LiYJ, SongZ Y, He P F, Xia X C, Wu H H, Fang G R.Effects of enhanced nitrogen load on nitrogen accumulation and
allocation in plant-soil system of Cyperus malaccensis marsh in the Minjiang estuary.Acta Ecologica Sinica,2024,44(11) :4831-4843.

AAFRET AT DN SR EN- LB RER
EREPNISE A

M%k:ja,l,z’%“g‘ ARE 4 §£1’2,§;ﬂ2} 1,2’ i%&?al’z,’ﬁgﬁ?’z,ﬁi/ﬁ”,ﬁ{%%l’z,

o=z 51,2

71 AR

1 HRH TS 2 A W R R IR S PR B U SR = A 350117

2 AR ETE A N A A A T R R S 4B M 350117

3t [ T N A S R ) 5 AN R I 5 3 B M R R s, 4 350215

FEE . R VT3 1 S 524 ( Cyperus malaccensis ) B3 MW FE AT G, 3 T WP AN A S r B SRS ADL S0 38, 83 T AR [ & S K SF R
(NNT XFHRAEFE 0 g N m™ a™' ;LNT R A ALFH 12.5 g N m™ a™' ; MNT & ALFH 25.0 g N m™” a™' ; HNT = &AL H,75.0 g N m™
a” ) MBHLA Y- TR R G A RS A BRI . 25 R R R AU AT A T I 4 (TN) (NH-N R NOS-N & &35 & A4 1 W]
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Effects of enhanced nitrogen load on nitrogen accumulation and allocation in

plant-soil system of Cyperus malaccensis marsh in the Minjiang estuary
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Abstract: The typical Cyperus malaccensis marsh in the Minjiang estuary was selected as the study object. The effects of
enhanced nitrogen (N) load on accumulation and allocation of N in plant-soil system were determined by field N load

experiment which included four N load levels ( NNT, no N treatment, 0 g N m™~ a™'; LNT, low N treatment,
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125 g Nm™”a'; MNT, medium N treatment, 25 ¢ N m™~ a™'; and HNT, high N treatment, 75 ¢ N m™ a™'). Results
showed that the contents of total nitrogen (TN) , NH;-N and NO;-N in soils of different N load levels were greatly altered.
Compared with the NNT, the contents of TN, NH,-N and NO,-N in the LNT and MNT significantly increased and the
increase magnitudes were 9.44% , 3.57%, 11.99% (LNT) and 6.71%, 9.37%, 46.50% (MNT) , respectively. The TN
contents in the HNT increased slightly, while the NH}-N and NO;-N contents declined greatly and the decrease magnitudes
were 9.26% and 40.77% , respectively. The vertical distributions of N contents in soils of different N load levels were also
greatly changed. Except for the HNT, the highest contents of TN, NH,-N and NO;-N in the LNT and MNT were observed in
topsoil. The distributions of TN and NH;-N contents in the profiles were mainly affected by soil organic matter (SOM) ,
while that of NO;-N contents was primarily influenced by plant absorption and its vertical leaching. The TN contents in
organs of plants generally showed leaf>stem>root. Stocks of N in plant-soil systems of different N load levels were much
higher in the LNT and MNT, while the lowest value was observed in the HNT. The study found that the C. malaccensis in
the LNT and MNT might preferentially allocate more N nutrient to the roots and adapt the N enriched environment by
expanding belowground space and elevating belowground biomass, while those in the HNT might adapt the high N load

environment through enhancing “self-thinning effect” and expanding aboveground space.

Key Words: nitrogen load; nitrogen allocation; plant-soil system; Cyperus malaccensis marsh; Minjiang estuary
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1.2 WHRITE
1.2.1 BT

BERRA M ARG G, T 2021 4F 3—12 F JFJ Z8 07 g B4 s B 4BL S0y, A 4400 e 400 2R £ i 44 5 % A
Y-+ IR G R BRSGBCAEE  ARBFSEAE 2021 4F 7 H - T RAE, 4540 YORE, 254 % 1% IX Bl T AU
ANFIR TSR B R AT 50 25.0 g N m2 a™ ' JFHR LI 4 DR AL B, LIBIDUR A ) (1 &
G 7K, BV X BRALBE NNT(0 g N m™ a™") fRE G farkbFH LNT(12.5 ¢ Nm™ a™") FPA M fmf 4L B MNT(25.0
g Nm?a™) MIE A L3 HNT(75.0 g Nm ™2 a™) B RBEALEE & 3 AN E R (5 mx6 m) , 7E%IKIX
XA DTS FEER T NHI-N 1 NOS-N il i 3 ml B0 R — B Bl e R 1:3.3, kg kA7 i, K¢
NH, C1 #1 KNO, ¥ f#7E 10 LKrh &0 30 d 2y, 7/ H EA T
1.2.2  HEACRESIE

2021 4E 7 A 78 FIRARREHL Y, LI E 50 emx50 em WAL, R Y FI 3RS . o FAEY R
FROREN ) TR0 Gk o RV R, M T AR DR FHAZHE I R AR R 3B 2 A 42D I AS rh i vk
WA 53 AR 25 RISE AR A ICHEAR T Bk BB AR O R A R, SR IR R A R AR A
ftn, RAETRIE R 50 em (Bf 10 em —J2) 3 60 MRS, B 13 ASRIXT S WHES i 100 H i 5 348780

FEI AN 439 1 4 0 (TN & 8 DL S 388 ML (SOC, I £ AR 25 BR JCHLAR ) & % T 2 43 Hr X
(Elementar Vario MAX , 72 ) & ; T A HLT (SOM ) % H 5 SOC 8] 14 250 (0.58 ) #4735 ; NH; -
N FI NO;-N & 7R H 2 mol/L 1Y KC1 IR 5 , 38 4+ 1% 223 31 0 B A (SKALAR-SAN™" fiif 2% ) M 2 ; 1= 48
B KNS T A )R P T R R T 5 s pH 1 EC 43511 5% ] HACH —sensION3 ( 25 [ ) Fl ECTestr117( 2
) JEAEINAE 5 A BE SR SO GRE BE A ( Master Sizer 2000, 35 ) 52 | R EI BRI 4825 . R [R5 kb
RN VR M - AP BT 1 R,

®1 EATEERGTEMTEIEBEUMR

Table 1 Physio-chemical properties of marsh soils as affected by enhanced nitrogen load

e, RO kit e AR
Soil depth/cm Nitrogen load level Moisture content/ % pH Electrical conductivity/ Soil organic mater/
(mS/cm) (g/’kg)
0—10 NNT 57.99+3.68ABa 5.81+0.15Aa 6.18+0.10Aa 27.03+2.19ABCa
LNT 55.43+3.28ABa 5.78+0.48Aa 8.44+0.28Aa 28.43+0.68Aa
MNT 55.05+3.33Ba 6.03+0.30Aa 8.57+0.21Ac¢ 29.64+1.70ACa
HNT 59.58+2.2.54Aa 5.66+0.23Aa 5.77+0.16Ac 28.99+1.65ABCDa
10—20 NNT 52.61+6.48Ba 5.40+0.08Ba 5.27+0.64Aa 21.69+2.74Ba
LNT 50.69+9.93Ba 6.04+0.17Ab 7.72+0.74Ab 21.78+0.30Ba
MNT 55.44+3.94Ba 6.13+0.12Ab 8.02+0.66Ab 23.52+1.83Ba
HNT 56.96+4.76Aa 5.39+0.63Aa 6.09+0.19Aa 25.12+1.89BCDa
20—30 NNT 62.13+10.88ABa 5.77+0.21Aa 7.66+0.77Bab 27.94+0.16ABCa
LNT 66.21+£5.50Aa 5.94+0.13Aa 8.14+0.20Aa 25.62+1.58ABCa
MNT 63.47+9.13ABa 6.00+0.12Aa 8.16+0.28Aab 27.05+1.54ABa
HNT 56.34+5.44Aa 5.88+0.13Aa 6.89+0.62ABb 24.31+0.60BDa
30—40 NNT 58.97+6.14ABa 5.88+0.16Aa 7.60+0.15Ba 28.21+1.62ACa
LNT 66.06+3.66Aa 6.05+0.17Aa 8.33+0.27Ab 27.91+1.68ACa
MNT 68.47+9.69ABa 6.10£0.21Aa 8.39+0.35Ab 31.09+1.16Aa
HNT 68.48+8.24Aa 5.83+0.01Aa 7.76+0.45Bab 32.44+0.84Aa
40—50 NNT 69.53+0.23Aab 5.99+0.05Aa 7.96+0.73Ba 31.73+£0.27Aa
LNT 60.86+4.45ABb 5.94+0.18Aa 8.21+0.08Aa 27.20+0.79AChc
MNT 76.61+£9.44Aa 5.95+0.18Aa 8.31+£0.22Aa 29.52+0.48ACab
HNT 57.49+5.10Ab 6.02+0.30Aa 7.86+1.03Ba 26.44+1.58Db

NNT . X} FEAb B No N treatmcnt;LNT;{fﬁﬁﬂ‘Iﬂ Low N treatment ; MNT 1 AL Medium N trcatmcnt;HNT:%ﬁﬂ‘IE High N treatment; [E5A[A]
KEFHRRRH R A A A3 N AR R 2Z 025 5 832 (P<0.05) ; RFIARR/ING “F AR A R -+ BAS R AU 57 A b PR 2 8] 25 5 582 (P<0.05)
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Fig.1 Effects of enhanced nitrogen load on TN contents in tissues of marsh plants
NNT; X} #R4b 2 No N treatment ; LNT ; IR &AL B Low N treatment ; MNT ; P Zb ¥ Medium N treatment ; HNT ; 5 & AL BE High N treatment ; A [5] K5
TR AR R R AT KA B8 43 22 [ 22 57 .35 (P<0.05 ), AN JR)/INE 5B TR R0 A [R) R AT K =2 18] 22 53 1.3 (P<0.05)

212 MWHYAERSHiZ

ARV AL B R 281 AF AR H I HNT>MNTSNNT>LNT (& 2) | (BACZE ) AF 76 AL B a7
TR 225 (P<0.05) , MY AF KB MNT>HNT>NNT>LNT( P<0.05) , i SEAG AR AF ZEHH MNT>HNT>
LNT>NNT(P<0.05) ., #HEL NNT,LNT MNT F1 HNT A9 HR 25 Lb 35 S 08 ka3, 38 0 5301 R 5.32% ,39.22% Al
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T IREAR T 13.19% 1 4.38% ,4F MNT FNI3¥EH01 T 37.01%.,
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Fig.2 Effects of enhanced nitrogen load on AF values and root/shoot ratio, root/leaf ratio or stem/leaf ratio for TN contents in tissues of

marsh plants as affected by enhanced nitrogen load
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#2253 (P<0.05), NH;-N &7 0—10 em £ JZ L4 NNT 5, £ 10—20 ¢cm ,20—30 ¢m ,30—40 cm F1 40—
50 em+JZLL MNT f, M 7E 20—30 cm,30—40 c¢m 1 40—50 cm 1 )2 L) HNT H 1K, {H4Y 30—40 cm F
40—50 em )20 NH,-N & 7EAS AL B A AE B 3 25 55 (P<0.05) . NO;-N &5 7E 0—10 cm F120—30 cm
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NNT i, B 20—30 1 30—40 em +J240, HA +JZ A9 NO;-N S e A ) b B[] 40478 B & 25 57 (P<0.05)

FEREE 717 [ NNT A1 LNT /) TN & i3 25 mE s I T 10—20 em H2&EAK, 52 A,
MNT F1 HNT f TN 7t 58 A 2 e RIS BN 5 FEREARAS 4k, NNT LNT F1 MNT /) NH,-N & 534 5 56k
UER AL, H =24 T 10—20 cm T JZBAFEAME. 5ZAH  HNT (9 NH;-N & 2 B 25 B0 hn 5 F
it %, NNT A1 MNT f NOS-N & i3 AR LR AE AR T , — 5 2 S A 35 LNT A1 HNT B9 NO;-N & 53 1
AAEAE RGP AR S, B2 S e AU 3G A8 4k, J5 29 I 2 e 3 s Bt 3 . ARRIALEE T /Y TN & m 8RR
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6.71%F10.24% , 5351, AHL NNT,LNT I MNT 9 NH;-N & 55353500 1 3.57% 1 9.37% ,NO;-N 5 #5353
JNT 11.99% 1 46.50% ; {H HNT [) NH;-N 1 NO;-N & 553l FEAK T 9.26% M1 40.77% . ZHE 2208 i
/N, RJEBREXE TN NHG-N FI NOS-N & ¥ AF a2 2520 ( P<0.01) | T & B ZKF-%F NHE-N Al NOS-N &
HEIFAEN 3 (P<0.01) B8 F R0 (P<0.05) (£ 2) .,
2.2.2 5 IR WA N TUAR ST

TCAYMHT (RDA) 7k (K1 4)  NNT $2 5049 RDA 1 1 RDA 2 4 235334 86.97% . RDA 1(62.81%) 1%,
FTHYRL(ST) WA (C/N) Fil pH; RDA 2(24.16% ) EEACE T LA HLFE (SOM) , 3 TN NH]-N Fl
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Fig.3 Effects of enhanced nitrogen load on vertical distributions of TN, NH;-N and NO3-N contents and their mean values in marsh soil

AN IR) RS Bk R A ) U KPS R 43 2 18] 28 57 1. 35 (P<0.05) AR/ INE SB35 AR TR B 43 AR 7] 28 671 205 7K P 22 6] 22 57 5.3 ( P<0.05)
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R2 BHMIBEASESTHNSERFTESN
Table 2 Multivariate ANOVA for the distribution of nitrogen contents in marsh soils
WiH 1 TN NH;-N NO3-N
Items df F P F P F P
A 157K Nitrogen load level 3 2.246 0.099 3.770 0.018* 7.077 0.001 **
+ZWE Soil depth 4 5.827 0.001 ** 22.049 0.000 ** 11.145 0.000 **
kil 7. =AY
ARFKEx LRRE 12 1362 0.226 1.740 0.095 0.676 0.763
Nitrogen load levelxSoil depth
#% P<0.01, * P<0.05
OF 1.0 F
10 NNT LNT
o
SI(P=0.014) SOM
(P =0.002)
EC
O o
2 =
< o
a a
N o
< <
a o)
=4
L o L
o
-1.0 |, , , , -1.0 i . . .
-1.0 1.0 -1.0 1.0
RDA1 (62.81%) RDA1 (60.28%)
1.0F 1.0 F
0 MNT o HNT ©
_ NO;™-N
C/N (P =0.028) pH 3
L NO;™-N L o
° - AB P MC
: NH,*-N =
%0 Q o
= < BD H
5 Q o Q.
a3 R/O o o
< MC = ™ C CN
g =~ SOM
(P=0 d
o
SI(P=0.02) NH,*-N o
o o °
o N ST (P =0.05)
CL (P=0.01)
-1.0L . . . -1.0 b . . .
-1.0 1.0 -1.0 1.0

RDAI1 (59.10%)

B4

RDAI (66.24%)

RARIEE LM TR +18 TN NH-N 1 NO;-N SE5HEEFREWESHENTRIN

Fig.4 Redundancy analyses for soil TN, NH;-N and NO3-N contents with environmental factors and plant ecological traits as affected by

enhanced nitrogen load

EC: L 53 Electrical conductivity; AB:#h I #)# Aboveground biomass; BB : th T 2 #) 1 Belowground biomass; R/0: #25& lb Root/shoot ratio;

CL. 4L Clay ; SI. B30 Silt; SA : ibki Sand ; MC ; 7% 7K i Moisture content ; HE ; ¥k & Height ; DE ; % & Density ; BD : 25T Bulk density ; P-TN . f4) 4>
A Total nitrogen in plants; SOM : H3EHHL Soil organic matter; C/N; % Lt Carbon/Nitrogen ratio
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X} TN NH-N F1 NO;-N &&= A 52 i 3 5 8 7, Hd Btk Rl 44.30% , MNT $2EUA RDA 1 Fl RDA 2
1) R TTRRAIA 80.88% . HirPr ,RDA 1(59.10% ) 3K T SI.SOM #l C/N;RDA 2(21.78%) F 2K T pH,
+HE TN NH;-N FI NO;-N %345 RDA 1 BiFAEER A O, Horol = AE R 2 C/N Fil SOM, —# 1Y
fif BE DT IR 2K 43 501 Ry 28.70% F1 28.70% , HNT $2HLA RDA 1 Al RDA 2 () R 11 TTHk ik 86.66% ., RDA 1
(66.24% ) FEEALFE T SOM;RDA 2(20.42% )13 T CL A1 SI, +3E TN Ml NH;-N & &5 RDA 1 flidyf77e4s
SRAGHEEE, T NOS-N & 4k 15 RDA 2 Bl 77 76 508 0 R SG 1, L oPe 5 G4 I 2 SOM, i 6 5Tk ¢ g
31.90%,
2.3 U far B R IO A ) - 9 R S8 R T R TR

ANV B far A BT R ) - 39 R G ) R M R Bk LNTSMNTSNNTSHNT, Herf 4+ B AU it 2 19 o Eb 2y
BT 92% (£ 3) . AHET NNT MNT 1 HNT, LNT #3800 fe i, fHAN LNT F1 HNT [RIfE7E 3 25 5% (P<
0.05) , LNT MNT FI HNT AU 52 G At it W I T NNT(P<0.05) , HAEAHLL NNT 435I BRI T 28.18% |
16.55%F1 44.87% , ZEVEMAHYIW RS0 0 FE B4k, HAE 4 FhabBEF 19 5 L4308 62.20% ,54.31% ,44.68%
H148.74% , FHHFET NNT, A[FALBE T 25 b IS AG A A9 Z20 i 5 S B (I R A, L v LNT  MINT A1 HNT (14 25 5%
SEA AR RSB R BT NNT(P<0.05) o AHET NNT, M0 EUA% R 7E LNT Fl MNT 252 84 hnja e mi7e HNT N
SRR, BRI HNT BYAR  ZERIH (Y ZU RERE IR 230K, FLEAH LE NNT 23 BB T 11.36% .50.99%
1 51.57% ; LNT RSEA R RS R MR R K, FLEAR LL T NNT FEAR T 47.49%

®3 RAMEEXGTENEY-TERGREERESELL

Table 3 Nitrogen stock and its allocation in plant-soil system of marsh as affected by enhanced nitrogen load

o 4 ) e RS
Wb T B muRs AR e
KT 5iH licd oveground parts A A Plant (0—50cm) Y- RS
. X Roots/ 2 n: Standing litters/ Soil Plant-soil system/
Nitrogen ltems N N subsystems/ )
load levels (g/m") Stems/ Leaves/ (g/m”) (g/m?) subsystems/ (g/m?)
(g/m?) (g/m?) (g/m?)

NNT At 8.32+1.19Ca 24.01+5.03Aa 04620.21Ba 5.8120.00BCa 38.60+6.43a 496.79+4143ab  535.39+47.86ah
Lt/ % 2155 * 6220 *1.19 *15.06 121 #92.79 #100.00

INT Rl 9.26+5.75Aa 15.05+1.64Ab 0.35:0.09Ba 3.05+0.28Bb 27.7147.76ab 540.65+25.69a 568.36:33.45a
it/ % * 3342 5431 126 * 1101 488 #95.12 #100.00

MNT Ak 14.00+3.17Aa 14.39+5.37Ab 0.2620.12Ba 3.55+0.87Bb 32.21£9.53a 520.13+20.52ab  552.34+30.05ab
it/ % * 4349 4468 081 *11.02 #583 #9417 #100.00

HNT bt 7.37+2.21Ca 11.76+2.73Ab 0.22+0.01Ba 4.78+0.22Ca 24.1325.17b 490.05+7.29h 514.18+12.46h
tit/% * 30,54 * 4874 091 *19.81 #4.69 #9531 #100.00

FAIRRRG (A, B, C) Fo MRS AL R A b2 M2 550 % (P<0.05) s RRVNG (o, b) o MRS bR FR SRR 2 22 5 0 B (P
0.05) ; * dHEHITE RGEHITT A s - R BT A I

RI

3.1 UG far B RO b 3 SR A A 5

AR, BAGTHEIRAIET T8 TN & & &4 1 B oo AR EURT Hh &AL 3R AH Lok RE AL By
W30 ABAE m AL H T SR AR (B 3) o B A 2 550 i) 1 08 i) BF 5t 3R Y A0 I U A N T Bz
(Suaeda salsa) T3EM TN FH8>) . Wang 25X CHEH0 OB ST IR 2 IH | 38 B AR I m] 338 el 5% £ 39 i /L&
i, T AR SRR R A S D AR D R EUR AR AL R 1 TN S S % s P AT g
O b R R A A AR A PSR, R 1T S 8O H M R SR A s A G SEBR b A DR A S il
o U A T I S S B AR e B 3 3 R DAL T A v KT SR A Do R R R 58, 2 e Ry
VEFAPY . Gerdol 25X} BT /R BT 25 B S0 8 46 ( Sphagnum) [AWFFE 7, 55 KSR AT U8 e 88 53 fiff o R A
JITED ) BB SR AN R VTR 1 A O 2 B, AR ORI Hh SRR B R T 25 B A 0 43k, T v A L ) e
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PR SERMRIPE RIS S AN AR L BRAL B AR RN h AL B R AR b A P R R R AR A (R 4)
H AT T L e SR I B SR B AT REAS R T4 B 2 i B3R 0 WA T L3 (R 3) , B2 TN 5 4R
o 5 ZANTE] AR B A B R T AR A AR B (JE R R R AL ) P R (K 4) UL
FO SR TR K I AL BR BRAR 19 IR 70 I i n] R ANy, A5 TN 35 A X IR AR
IR AR,

R4 BABHBINEHEY £ A ER I

Table 4 Effects of enhanced nitrogen load on ecological traits of marsh plants

TR oA

;F‘ e A2 o przditd A kva .
%‘J\ Bif7KF 73 C E Belowground Aboveground biomass/ (g/m?) ;L/hijﬁi M b
Nitrogen X Density/ . Standing litter/ .
load Tevel Height/cm (Be/m?) biomass/ 2 i (/m?) Root/shoot ratio
oad leve k/m m

(g/m?) Stem Leaf
NNT 148.44+7.85a 1802.67+259.04a  1112.99+140.23a  2600.85+348.38a 32.96+7.18a 516.11+169.68a 0.42+0.03a
LNT 131.77+6.17he 1269.33+92.53b 1256.63+290.28a  2012.85+113.16a 23.73£1.90a 332.11£17.98a 0.62+0.20a
MNT 129.17+4.86b 1029.33+£202.88b  1303.74+275.05a  1424.85:113.16b 19.47+3.74a 358.88+41.49a 0.90+0.33a
HNT 138.44+10.14¢ 1013.33+174.87b 925.06+297.07a 738.85+113.17h 14.48+0.24b 563.68+180.87a 1.23+0.15a

AMWFFEIR I, A EEXT IRAL PR | + 489 19 NH -N Al NOS-N & AR A A Z AL B 0 B3, (B 78 &5
FACHL R AR (K 3) . FHOPMRALFET NH;-N Fl NOS-N 5 5238 i i J 8 3= 229y 1l . — Je 5 Pl
AbFER NH;-N T NOS-N (s A AR i A G, PR A i A 1008l 9 260, 78 e A WL bk 2k B b2 Ak
J& AR Y — R e H g Y R T RE S AR A A S A KO R T R R A G, it
SECE PR NH,-N F1NO;-N S m . IR oK S o e i e SE TR M O I 5 IR 6 I, /U I e 35 4 i T
TR ER Y BRTAERH L SR AR ST R K B AR UL B A A TR AR AR e R AR
H, FEE AT NH-N AT NOS-N & it i 3 ARy R B T B8 = 28 i b 3 I A FR B 6, ©fF
5T 2 e ) R A KT AT AR E 3 B RUVE 0 X I A5 T 5 e 26 B 10 b, - 9 7 v U A KT
A A R A R LS 1 Y NH-N R NOS-N 50 B 7 U A U FH I R il 5 Ui A B S
A, NOS-N AT Ry i EAE PR UL AS AR SR 3 T, o B i ) 398, I 0 — B4 35 . Cartaxana 855X BRI I3
B ER IR UUR Y (BIF5E & B0, NOS-N 1A Hin Ak R A6 AR T 416 T 58 2 19 S 0 e 9, W e AR 0 1 e i e okt
R Munoz-Hincapié 25X i 22 2245 LT MR ITRM) BB 5338 & R, B NH-N & B (380, 52 ms oA F IR
5, A NHG-N 2 SR AR B R IR S22 S n R 8 R 6 B 45 3 7K 719 NH-N g AAS[H AT 358
NH, ¥ %, 1 FLiA 0] S50 NO, NOj kAR 540 it 1 rp RO B8 32 8 JCHLAL RE 5 9270 B9 B 8T 4
PR TE DR S HE 7K S5 T R S Rk A R L A2 48 B A6 0 oy v (B (AR 8K 3l ) 35 A Ak o B, DA T 32 B
AR T LR e e A R Y SO R A R I A - IR AR R e Y 8,07,
S* I HS W 5 5 SRR ER 45 A i 0k 1 35 RS LR THAE IR RO 1 N, , i e S BUb A R 21 Sebr I
AW IR AL BT A4S NH,-N Fl NOS-N & 5t R i) 5 70 i B 8 8 1 TN & i, 1 /s LA 3 NH-N
FINOS-N 55 55 (8 B AR U vl 350 40 L TN 5 & 0 B (IR 1 i (181 3) o A58 P NH-N Hil NOS-N & it AE IR A
b UL BT 1 B S B0 DA R A A e AL BT Y RRARGA T R S U N5 T I A A R G B
A RST80T TG | 2R | B R A T AR R e O R N A Y
G I FIF A i A 4 sk o] $2 8 HEE ASC I A T 1 S BCE LR L B IE R, o
FOTCHLZE E 1 0 S A2 7o 7K T 190 RS 3 2 158 5 0 R B S A it e b 0 S B0 R A
F0, (A5 TEHL S i PRI

AHFFEIRFE I, Bk e R AL ERAN, X R R AL R A9 TN NH;-N AT NOS-N % &7 0—10 em + )2
1, MAE 10—30 em +JZHAR, X — 75 1 A A5 00 11019 U AT G, BRUR R AR AME R R 2D TR Z
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38 55— AT RES AR AR B A AR R B KXo b R AR R AR VR FE A G, F T R S B — R A
TR 2 3, SES AT T R)2 18 TN NH-N 1 NO;-N S BR A E N — )7 105 R 2 3] iy kb
BT Hiy Fe % A A3 i S VA AR AV AN BH R A G s 55— 5 T S5 % A 3T 3R)2 3 i I e A 45 kst B0
o ABFFEH, 3 10—30 em )2 TN NH:-N Fl NO;-N £ 554 14 J58 R T 68 55 06 40 AR 2 %5 28000 W i 1)
B, HTHEMIEEMRR EZEEPTE 0—30 cm W, M7E LR B E N, MR R LRI i R TR AN
Witteiz s B2 R I S 8RR S R SRR, (A5 A, X IR PR A N R R
(30—50 cm) [ TN 1 NH,-N &ty 238 hng s ] f8 5 H 32 SOM 434 52 A 5¢ . AT bR,
[FZALEE T SOM 5 TN 5 NH;-N ¥ 7E IEA G OC &R |, HIHAE AR ZUR =5 A BT A A DG M 34 38 1) I 2 K -
(P<0.05) (%£5), A#BFEH , RRIEAH FHRIE L ER) SOM &k m (R 1), M SBERR L )ZHH
TN Al NH;-N & B IRE0 R . SLbr b Bk RDA 43H7 9 2R, SOM 2520 3 TN Fll NH-N & /A i £ %8
T, BN, AR AR AL BT T2 3 b %S TN R NH -N 2 5 7] Rt 5 BTE R K A 51T iy 3
BRI R IOHL AR 8 T TR B T Ak S v S SO TR R ORI B ARBISE R, R R
H IR A AT AL B R 3R)2 R B TN R NHG-N S 500 (181 3) |, it A — 38 1 B R 2R 2 b i &
AREW A . G2, B AL T B NH-N &8 7E 0—50 cm T2 2 AVEML, X — -5 FiR R &
FACFET M AU AR 2, L R B R 2 HHOh 0 NH-N S EAR S AREA X (B 3) 05—, i+
NH;-N #ff 1F H a7 , 5y 6% S AAI B, P abt (i A5 2 B0 2 38 b () 2 T BB A &, NI BOL & 1 bl + )2
TREEREINmBEAL . R R A B R NOS-N & & 19 1 B AR b &2 2%, (A R DL R 2+ (0—10
em) Fe e, AR A 4)Z (10—50 em) ¥HAK, FRIZ LEPAYEGE NOS-N & & F 2 5AU R h i A MK &
NO;-N(NH;-N 5 NO;-N % A Feffil Ry 1:3.3) A1 ¢ ; M HA + 2 AR NOS-N & & —J5 T A G 5 AR & 9%
WA C, 55— TS5 NO; AN 5Bk - 498 e R W o i e &2 bk 2k B VR 2 6 i FARBRS IR, 7 A
Oy, BUIE oK TR, i e ) NOS-N OB T RE R /K 70 10 LM O 28 TR 2 R ) 8, p b S 35cH 7 1 0
P P SRR AR A
®5 FERKFKETEHTELR(TN) NH;-N.NO;-N S ESBE U E FHIHAXME

Table 5 Correlations between TN, NH;-N or NO3-N contents and physicochemical factors in marsh soils as affected by different nitrogen

load levels

) B

level ftem Clay silt Sand density content conductivity matter Nlm’,gen
ratio

NNT TN 0.249 0.038 -0.109 0.449 -0.002 0.735*" 0.420 0.589 * -0.585 "
NH;-N -0.128 -0.578 0.469 0.633" -0.324 0.553" 0.200 0.496 -0.118
NO3-N -0.409 -0.797 ** 0.722** 0.313 -0.041 0.025 -0.260 -0.215 -0.440
LNT TN 0.171 -0.219 0.107 0.795 ** -0.003  -0.108 0.828"*  0.815" -0.465
NH;-N -0.026 -0.444 0.337 0.598 -0.113 -0.610" 0.434 0.673 ** 0.123
NO3-N -0.208 -0.492 0.431 0.408 -0.291 -0.396 0.322 0.279 -0.017

MNT TN 0.021 -0.274 0.196 -0.078 -0.318 -0.380 -0.130 0.132 -0.830 **

NH;-N 0.016 -0.459 0.334 0.460 -0.451 0.027 0.205 0.518 " -0.126
NO3-N -0.420 -0.679 ** 0.639 0.280 -0.369 0.299 -0.040 0.099 -0.216
HNT N 0.170 -0.358 0.209 0.186 -0.039 0.132 -0.011 0.716 ** -0.224
NH;-N 0.427 -0.003 -0.136 0.177 -0.420 0.076 0.318 0.560 * -0.093
NO3-N -0.391 -0.646 ** 0.605 * 0.215 0.000 0.128 0.135 0.274 -0.193

#% P<0.01, * P<0.05

3.2 RO HE SR XY R R I R TR
ABFFERM], AR A AT B AP 4% 25 B B0 TN & B AR R B i > 25 AR, U 2 /A 2 R AR SR
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B AHCHIR WA RIZEMZE RS SR SR, YA VE M SRR E | 20 MR I I I 1 35
A, BAE s ZFDCEAE A MR A ROTR | T2 590520t S Pl A AR A S 2000 S %,
ACARE Y R A AR T R R IR . ARSI 7 0y, IE AR A I A A A R e, ]
H B A ER R TR R, A A DG A TR R AR AR s B rp R e TN S R AR
HY TN S B, R A] A ) BAL BT A8 AR LA SCBAR AR I LA ZE I BT AAIE (L 2) o

AL L BRATAAL BT AR AY TN & DL R s IR AL BN 2509 TN & S AR T 0 JRAL FRAL , oAl b BT
KA E TN S 4 XA EE (B 1) o Horp IREAE BT AR AR TN & & 2 5240 81+ I b i 4
R BT A A (NH-N+NO3-N) S i A O (Kl 3) , M 22 AL IRy TN 7 5 7] A 5 AR ALZS 58 J1 AN 1 DA S B 45
ARG R i iz 2 g G, X AEAF AT AR AL BT ZE Y BAIR AF DL SR ZE M LT IESE (1 2) . 75
Hb R AL BT ZE AT TN 7 i 2 5 IR0 T AR R 220 A - S rh I ) RR s 2 i o O X
TR U ABeRS AF, RBER AR 260 O PFIES: (1 2) . 52 R, AL iR R A iy
9 TN & B AGE (1)  Hsh  A&UE R U H R SR Wias (K 3) , BBHZA BT e 52 i 1 HE )
AR RR BRI A KR TR AR, PR b R BT B m T AR i (R 4) LIRSS Y
R T MR (2R > 1) (K] 2) 7E—E BB BN AT FR A B iR

AFRIRFRI R AR A L S A - 19 R G A 0 LA R 92% ; ZERAEY W R G AE
B AR LAY R GRS R LI T 44% (£ 3) , mAGE T YRS AR E (R ZE i)
(8 U S TR AR ST A R 1) A ek 0 2 v T P IR UL B ( P<0.05 ) | R R AT i 5 v 8L B0 Ao 2 A AS R T A A=
KA, SEhr b, X IR R P AR A AL BAR 1L, 5 AU G S5 0F S AR RO AR & V25 T AR b EOR TRl AR
Yre a2 A TR (3R 4) o BR BB 1 HASEA AT 0 ZGd 2 0 2517, 3 30448 TN NH;-N Al
NO;-N & REAC (& 3) , T LI AT S B0 S SRR B (BN H,S) T4 s e JBE 1) 2 i SR A A 4
SRR FRERE R TR AR A A w2 P RE R A, 5 30E AL R A ST
Aiti A et DA KT Al A R B S v T A A 3L AR ) W R 2 DA KOS [R] B 1) A st PRl b B b A= i
A S A T AR AR AN i, S RRALEAR L, rP IR AR B T AR bR 5 3 B A ) A R AIR A AR e L A 7
P PE—E PR 1N AT B 43U B 6000 i 1 5 R T 4 M i SR BRI T B XA 4 2 7 AR R R e, L
A B B R ST et P RE X AR AR A A AN RIS I R Syt e RS I AR A v TR BE NH-N AT BUE R
PR ZE TR oAy | WX 23 X AE) 7 A — 5 00 2 AR T, DT 52 i 3% 40 W W 1 BB T, 3 T 4o o 2R K
B P KT AL M K Scirpus validus ) BOTFFEI 5 B, R IBEAE 7K AR BURE 1, TSI
AR TEE L S 23 AR AR R W WS 3% 4 R BB 0 LA B2 AR % [ I R B 33 0 ik, DTG 5 B8ORE W) 7 7 2 A, 41 o HC A=
K AR AR B A B AP UA B A I A AR B ST A A ZE R AR A i DL A )
R GE AU R IR, T T A AR LE AR AR AU R B R (3R 3, 4) , UL W fE R AL BT
AR BT Z AL B4R AR AR | 300 5 SR S R L 2 R RT0E onv  A p a 19%) 0 Ok 1 Hh AR L B ey PR
Hough-snee %5 (5T IR & B, 2255 ( Carex obnupta) 1575 37 F & WA/ P38 5 38 0 F A= & 109 7 AR5
A B M5 5> 5P R EAE A E e ZUG B 3 5 A A Rk iR AREE L | S G AR R DA R U e 3 B
B B M AW B A DL A R SR I R (R 3, K 4) BRI e = AL
BN A AT BRI SR F BN, SRR SR, | s TR) (HEnAR ) 59 07 Ok N AU R, VI
VLA IR R R B RS A A T B R B L ( Carex lasiocarpa) FHHFZE BE I REAR, HHH F 2%
B R T R R A

4 g

(D) ANFE S A EET 145 TN NH;-N F1 NOS-N Zr& 4 A4 1A k2, AH b A3, i IR AU B R 1Y
TN NH;-N 1 NO;-N &0 @3, = 2403 R A TN S0 A, M H NHI-N F1 NO;-N &84 i %1%,
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(2) AR AT AL BT R & i T BRI R A T Ak, B AL B AN PR B R 9 TN
NH,-N F1 NO;-N & 7ER)Z R M, AFELAH T 1580 TN Fl NH;-N & 501 £2252 SOM 152, 1
NOZ-N £t 43 A 2 232 A P W ORI 2R (4 5 )

(3) RAMTHG SR ST T A R85 B 1 TN & BB ARR I > 2551, BRARAAL B R A AY TN & 5 DL
FRAAE B T 2509 TN B AR F 0 B BEAN A AR B R 425 B 1Y TN & b2 i T IR AL 3

(4) AS[F RS far A 35N AR - - 308 3R 0 1 RN e AR A P (IR LA 3 A v, i 8 R A R I, R AU Y
A B A AL BT RS IR B 1 U R AP ST A PR U it i v IR U B SRR T e S e A T
T 2 AR TR AE KA K

(5) JE AR IR A AT S50 B AT BEHE T 2 I AL A L 45 A R | 3 ok i b 2 ) RO = 1 R A= 9
N iNpIE e SUVEZ S AT (ER =Y Ny o7 Y ol N NI 2B T Pl & Wy GIAMIE (B U £ 113 M end a1 L= S T
WEE,
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