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Effects of substrate improvement on nitrogen removal in winter and soil-plant stoichiometric characteristics
in reed ( Phragmites australis ) area of a riparian zone

FU Zishi'?, LIU Fuxing"?, WANG Junli"*", QIAO Hongxia'?, BI Yucui'?
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Agriculture, Shanghai 201415, China)

Abstract: We explored the effects of substrate improvement on nitrogen removal in winter and soil-plant stoichiometric characteristics in
the reed ( Phragmites australis) area of a subtropical riparian zone in a reed wetland simulation experiment using the riparian soil substrate

as the control. Wetland N removal in winter, C, N and P contents, and their stoichiometric ratio in soil and plant organs were determined
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following addition of different substrates (gravel, gravel + biochar, ceramsite + biochar and modified ceramsite + biochar). Substrate

improvement enhanced N removal from the reed wetland in winter. Gravel addition increased NH;—N removal efficiency by 8.3 percentage

points (P<0.05). Gravel+biochar addition increased both TN and NH;—~N removal efficiencies by 8.9 percentage points(P<0.05). Substrate

improvement increased soil TC, TN and TP. These increase were significant with gravel + biochar addition (P<0.05). The three treatments

involving biochar addition were conducive to root C fixation and plant N absorption. Ceramsite +biochar and modified ceramsite +biochar

addition promoted plant growth. There was a certain correlation between soil and plant stoichiometric characteristics, and the relationship

between soil with stems and roots was greater. Compared with the effect of plant characteristics, N removal by reed wetlands in winter was

more easily affected by soil stoichiometric characteristics under different substrate additions. These results conclude that proper substrate

improvement can enhance N removal in winter, increase soil nutrients and promote plant growth in the riparian reed area of a subtropical zone.

Keywords : substrate; riparian zone; reed wetland; nitrogen; stoichiometric characteristic
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Figure 4 Plant C,N and P stoichiometry of leaf, stem and root
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Table 2 Nutrient distribution of plant in the system units(g-pot™)

. AbPH Treatment
F845 Index #H Organ
DS1 DS3 DS4 DS5

YR M Leaf 13.9+3.2h 18.6+7.0ab 12.8+4.2h 16.7+5.2h 24.243.2a
Dry weight 2£ Stem 97.9+22.2ab 94.6+5 2abc 63.0£13.3¢ 114.8+34.4a 73.3+15.7bc
2 Root 138.5+38.7ab 117.3+20.9h 124.5+8.8b 129.6+18.6b 172.6+19.0a
4 Total 250.3+29.4a 230.4+22.0ab 200.3+11.2b 261.1+49.7a 270.1+31.9a

C I Leaf 6.2+1.4b 8.2+3.1ab 5.4+2.0b 7.3%2.1ab 10.5+1.3a

2% Stem 43.4+9.5ab 41.6+1.7abc 27.7+5.6¢ 50.9+15.0a 32.4+7.6bc

H Root 54.6+17.1b 44.1+7.8b 51.6+4.1b 56.3+10.2b 75.8+9.3a
S Total 104213 4abc 93.9+8.8hc 84.7+4.0c 114.5+22.7ab 118.7+14.9a

N i} Leaf 0.29+0.02h 0.35+0.13b 0.37+0.14b 0.35+0.08b 0.58+0.04a

24 Stem 1.10+0.26a 0.95+0.07ab 0.70+0.11h 1.19+0.28a 0.72+0.11b

H Root 1.25+0.38b 1.17£0.18b 1.33+0.27b 1.50+0.31b 2.000.11a

J Total 2.64+0.31b 2.48+0.30b 2.39+0.12b 3.04+0.19a 3.30+0.11a

P i Leaf 0.02+<0.01bc 0.01+0.01c 0.02+0.01hc 0.03+0.01b 0.04+0.01a

2% Stem 0.06+0.02a 0.04+0.01ab 0.03+0.01b 0.05+0.02ab 0.03+0.01b

2 Root 0.13+0.08a 0.12+0.05a 0.14+0.05a 0.12+0.06a 0.13+0.07a

J Total 0.21+0.07a 0.18+0.06a 0.19+0.04a 0.19+0.05a 0.20+0.06a
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S-TC: +IERRAH,S-TN: TR R &, S-TP: HIEL S &, S-C/N: TR A M, S-C/P: HIERRE L, S-N/P: HIEAME L, L-C. i il & i,
L-N: MR R &, L-P B & i L-C/N M B HE , L=C/P < I R L, L-N/P 2 I U L, St—C 2 2505 & i, St=N : 25 & i, St-P - 250 &

i, SI=C/N  ZEHRA L, St=C/P: ZEBRBE L, St=N/P: 22 A W LL , R—C: MR & i R-N AR & i

R-P: AR 5, R-C/N AR A HL , R-C/P AR BB L

R-N/P: HEAEWELL, Rl * P<0.05,%** P<0.01
S=TC:Soil total carbon content; S=TN:Soil total nitrogen content; S=TP:Soil total phosphorus content; S=C/N:Soil C/N ratio; S—C/P:Soil C/P ratio; S—N/P:
Soil N/P ratio; L.—C:Leaf C content; L—N:Leaf N content; L—P:Leaf P content; L—C/N: Leaf C/N ratio; .—C/P:Leaf C/P ratio; L-N/P:Leaf N/P ratio;St—C:Stem
C content;St—=N:Stem N content;St—P:Stem P content;St—C/N:Stem C/N ratio; St—C/P:Stem C/P ratio; St—N/P:Stem N/P ratio; R—C:Root C content; R—N:
Root N content; R—P:Root P content; R—C/N: Root C/N ratio; R—C/P:Root C/P ratio; R—N/P:Root N/P ratio. The same below. * P<0.05,** P<0.01
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Figure 5 Correlation between soil and plant C,N and P stoichiometry

W AE B SINER A BR A A R+ A R
DA o W o+ A 40 e b A 4 3 R R A Tl R 38—
AR TN A R AOR o BR A+ A ) Ak
PP P TR M TN 25 BR R (8.9 N H 43 45, P<
0.05) , Bk A1 (8.3 1> A 73 s ) F kAT + A W) ok (8.9 A
A3 S b BR O EHR E T IR M NHI-N A 25 B R (P<

0.05) . BIFFEFRMT, R A1 X 2R R BT BE 0 AH X s,

EAEAMIFTE R, NI A i o Ak B P 0 S80S R A
U AT RERY IR IAAT < B — , R B AN 2 I SR Y
FERAR T T R YR A - R A
PEFIUSS 28 = B B US I in 1 &5 (9 3l B 1 ,
TSR K I s ¥ i AR LA AR AR FR - T AR
TR PR IRE™, AT ] 22 X 9 3 Jd 202020 )™ H R Wi
5=, 5 BRI L, B A AR A JLARTFEE R T BE i

ISR
wo

WWW.QEs.0r9.CN




m@g 174

bodllE7 SRkl 542550 1 HF
1.0 1.01
S-TC
o L-C
r(NO:-N) St-N/P
> 2 |
NH:=N
2 s [ s-cp
sep R-CN
S-TN
r(TN)
—10 L 1 1 1 1 —] 0 Co I L L
-1.0 1.0 -1.0 1.0
RDA1 RDA1

r(TN) 324 TN B8, r(NHI-N) « JilHh NHL-N L BR R, r(NO:-N) : 3 NO-N ZiBk%.
SRR A 2R R A A BRSOV A R RHE P HT 10 B4R bR
r(TN) : Wetland TN removal ;7(NH;=N) : Wetland NH:=N removal ; 7(NO3=N) : Wetland NO3=N removal.

Soil-plant stoichiometry selection the top 10 explain indicators of simple term effects for mapping
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Figure 6 Redundancy analysis between wetland N removal with water index and soil-plant stoichiometry
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