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Effects of biochar addition on growth and nitrogen absorption of Phragmites

australis under different water and nitrogen conditions
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Abstract: Nitrogen is an essential element for plant growth and is closely related to plant life activities. In most terrestrial
ecosystems, plant growth is limited by nitrogen availability. Therefore, it is important to improve plant productivity in
terrestrial systems by increasing the nitrogen uptake capacity of plants. Biochar is regarded as a kind of " soil conditioner"
produced by pyrolysis of biomass under high temperature and hypoxia conditions. It has attracted more and more attention
because of its important role in promoting crop yield, reducing greenhouse gas emissions and environmental pollution control
in recent years. Most previous studies have applied biochar in dryland ecosystems, but few in wetland ecosystem. Though
biochar has been proved to be beneficial of plant growth and nitrogen uptake, but whether it is influenced by different
nitrogen availability and water conditions is still unclear. Therefore, we conducted a greenhouse experiment to investigate

the effects of biochar addition on the growth and nitrogen absorption of Phragmites australis with three nitrogen additions ( no
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addition, 30 kg hm™ a™", 60 kg hm™ a™') and two water treatments ( inundation and no inundation). The results showed
that: (1) biochar addition promoted the root growth of P. australis, increased the root biomass by 40.5% in the non-flooded
treatment and by 20.1% in the flooded treatment, but have no significant effects on biomass of other parts and total biomass.
(2) Biochar addition could improve the nitrogen absorption rate in the non-flooded condition, increased the nitrogen
absorption rate by 23% in average. Biochar addition also enhanced the nitrogen productivity of P. australis in the flooded
condition by 22% in average. (3) Biochar significantly decreased the soil ammonium-N, nitrate-N and mineral nitrogen
concentrations, increased the soil nitrogen loss, and the effects were the strongest in the non-flooded and high nitrogen
treatments because biochar promoted nitrogen absorption rate of P. australis. There was a significantly positive correlation
between nitrogen absorption rate of P. australis and soil nitrogen loss. Our study shows that biochar has different effects on
growth , nitrogen absorption and utilization of P. australis in different soil nitrogen availability and water treatments, and the
difference may be related to the absorption preference of plants on different nitrogen chemical forms. Therefore, it is
necessary to comprehensive balance soil water status, nitrogen enrichment and nitrogen absorption preference of plants when
applying biochar in field. This result can practically provide scientific support for the application of biochar in the wetland

ecosystem.

Key Words: nitrogen addition; nitrogen absorption; Phragmites australis; biochar; water condition
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Table 1 Carbon and nitrogen concentrations of biochar and soil matrix used in the experiment

SR )Y A LAk BAER A BA
Experimental Total carbon/ Organic carbon/ NH;-N/ NO3-N/ Total N/
material (mg/g) (mg/g) (pg/g) (ng/g) (mg/g)
W ¢ Biochar 909.58+39.43 246.30+0.89 7.68+0.67 2.48+0.92 153.05+£16.94
F eI Soil substrate 12.93+0.55 4.77+0.35 6.75+0.06 14.20+0.78 0.17+0.03

1.2 gt

SR =R B, S PR A W 5B IN (1.5% B INFNTCES AN ), PR K 43 Ab RS K AR 7K ) |3 Fil
REBIMTTIHM,30 kg hm™ a™ F1 60 kg hm™ a™') 3 12 Fpab B R E S ANER ,HE 60 21, Ak
By ARG BN, R A=Wy i 5 LI BT MR A, AN TSI AE Y i AL BRAERIRE S 2l . i K Ak B 45
T IEEK R R 60% IR AF KT, 7E R WKL BRRY LR D 48 E 7 5 em AR HIIC S 280 AR Ic , HE K IpRE K
PLPERITEARICAL ARSI 5 em TREERKIEALTE . MSLIRTT IR S RUES 15 KITIRIESAL, 7 4 WA, 168 15 K
AW AT HIZ i NH,NO, U K NH NOEARAE 10 mL 235 F oK ¥ 5Bl e R ek, SR )5
10 mL K8 7Kk

SCH M 2018 4F 7 H 10 H P4, 5 2018 4F 9 A 23 HESH, F¥4E 75 d, SLBAEdb mt bl K2Rl 13 A PR
Al E AT,
1.3 FeacRESNE
1.3.1 R

WOARI R AR 25, i =380 2 IO, e e FHMEAR 70 CE+ 72 h AR FRE RIS AR A= )
. RMZ RIRG I 50 g 148 AT 3R S W A S A A I
1.3.2 fEbRE

APt b3 o3 (ZEANIEIR A) ) F0 MR FR 5320 0l B Ry R, SRS T I8 R 43 A A ( Flash 2000 EA-HT,
Thermo Fisher Scientific, Inc., USA){WU%*E%i&L%ﬂi&?%K%%ﬁO FRHEL 5 g @ii,ﬁﬁ 0.05 M K25047§%§:,71§
Ja 843 Hr{L (AA3; Bran-Luebbe, Hamburg, Germany) & +3EHE S EA SR &=,
L4 HHE 550

FHP AR R i A Wy i ) SR ARG 2 25 AR ) AU, DT AR5 7 35 1 AR WG 38 (NUR , mg
gil d™ ) 23 :

NUR = (ATotal N pool/t) X( (In (Root,, ) —In(Root,;,) )/ARoot)

31, Total N pool (mg) AW A i 5 AEYRIFI ;0 (d) RAAIFE]; Rooty,, () AHSUER I AE ) Y AR 52
AW s Root,, (g) APIERIR RAEY) .

FHPT B8R A i R 2 A W T B S AR AE KR (RGR g g7 d ) L ITFRAUE Y,

initi;

http ; //www.ecologica.cn



3768 JAE = 41 4

T, Biomass,,, () WA EY) &, Biomass, ., (g) APIGAEY & 0 (d) FAERKETE,
AR ENR R T B AP BRI ERBERITEAENRARE T (NP,gmol ™ d7') P,
RGR

N concentration
FUH N concentration HEENEE P ENRA S & (mol/g) .

FHERFRT S e p b S TEHL AR 128 ok s I TOHL A K

TIETEHLE K = B IR LI TR S e x L3 T H i AU+ R W WL AR B -5 597 RO A S
xR
1.5 Bt

FH=RZR 7 229317 (Three-way ANOVA) K5 7K 3, A= Wy e G IR LIS IR 12 = AR A B R =5 RUR I
A AR I A A, Y P<0.05 B A A FREIFETE R 5 25 5 . SR MEAH DG o Bk
PEERRE W MCE RS LR R BUR Z W A SCOE R, BT A Bl or Hr 2R T SPSS 25.0 #EAT, SR A
Sigmaplot 12.531 72

NP=

2 #R

2.1 Koy AR ARVEER IR 7o A P R S

IKAPRE AR AT A WA RN (£ 2, P<0.05) , WK WA ER T T AR A A W AR A )
(K1), AEWsasm B2t 7 PR RMAERK (£ 2,P<0.05) . AIRMBEMEIE T 20EK (£ 2,P<
0.05) o KT FIEA IS 7 2 M A WA B F S AR (3R 2, P<0.05)  fEAR K S 1E T o 35 M AR Yy R
Tl 2R A 38 T TR TS0 5 AEME K AR T, 7 3 I A i e e A T s (P 1)

R2 kG EWRMEFMAESERKER, REREMTERSENZM

Table 2 Effects of water, biochar and nitrogen addition on growth index of P. australis, nitrogen uptake and soil nitrogen concentration

_ Ko e R A
HhR WxBC WxN BCxN WxBCXN
*H+TT Water (W) Biochar (BC) N addition (N)
Traits F F F Fy Fy 48 Fy 48 Fy 8
1,48 1,48 2,48

RENE 5.38" 425" 1.52 0.08 1.14 0.54 0.25
Root mass
=AY
%Jﬂ%i 27.29 """ 0.10 413" 0.13 1.36 0.09 2.57
Stem mass

u N =N

P 6.54° 1.44 1.30 0.02 466" 1.63 2.36
Leaf mass

S
BEYR 17.89 *** 0.10 1.94 0.01 0.60 0.18 0.57
Total mass
e
S 8.41"" 4.26" 11,12 4.15" 0.17 1.65 2.46
N uptake rate
p
R%EEF:JJ 24.35""* 0.41 3.81" 5.02" 1.81 0.20 1.46
N productivity
LIRHAR 39.10 """ 16.93 *** 3.55" 8.35"" 4.39" 3.43% 2.72
Soil NH} ' ’ ' . ’ ’ ’
TSR . - .
Soil NO; 56.91 18.68 7.60 5.50 5.50 4.17 5.28
+HETEHLA s B ; )
.J% . " 28.13 """ 24.39 """ 4.73" 2.20 6.37"" 3.12 5.10"
Soil mineral N
F IR . . . .
%Eﬁl}y‘lﬁi 49.85""" 97.03 *** 4664.89 *** 8.63 " 14.73 " 12.82** 9.31""*

Soil N loss

* 278 0.01<P<0.05; * * F7x 0.001<P<0.01; * * * R/~ P<0.001
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Fig.1 Effects of water, biochar and nitrogen addition on the biomass of P. australis
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Fig.2 Effects of water, biochar and nitrogen addition on nitrogen uptake rate and nitrogen productivity of P. australis
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Fig.3 Effects of water, biochar and nitrogen addition on soil inorganic nitrogen concentration and soil nitrogen loss
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