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Effects of Returning Nltrogen by Biochar Loadlng on ' Paddy Growth 4 -Root
Morphology, and Nltrogen Use Effic1ency e o~
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Abst’;act Building a nutrient channel between eutrgphic_ wa'ter ‘and agricultural fields could reduce nutrlent input into fields and
alleviatg eufrophication by returning nitrogen. In order tosdefermine the feasibility of returning nitrogen by biochar loading, a rhizobox
experiment was conducted with two nitrogen applied methods, namely SN (‘applied nitrogen by nitrogen fertilizer solution) and BN
(applied nitrogen by nitrogen-loaded biochar). The results showed that BN, in comparison with SN, decreased the biomass and
nitrogen uptake of the aboveground paddy by 16% and 14% , respectively, increased biomass root-shoot ratios by 25%-27% , and
reduced nitrogen recovery use efficiency. Two nitrogen application methods affected the length and volume of paddy adventitious roots.
Paddy underground biomass and nitrogen uptake were positively correlated with soil ammonium content, whereas paddy aboveground
nitrogen uptake was negatively correlated with root tips. It was suggested that the paddy biomass and nitrogen uptake would be
influenced when nitrogen was applied solely by nitrogen-loaded biochar. However, no affinity and no significance in nitrogen use
efficiency were found for plant uptake between chemical nitrogen and biochar-loaded nitrogen. Additionally, biochar promoted soil
mineral nitrogen content for further plant uptake. Therefore, biochar could be used as the carrier for returning nitrogen from waterbodies
to fields. The replacement rate of chemical nitrogen fertilizer is the key to influencing plant growth and needs future study.

Key words : biochar; nitrogen loading; nitrogen returning; root morphology ; nitrogen use efficiency
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FERAEY B 5 53 PR . el 57 % 1 o R K Ak
FOr S IR, SCBLIRGER R, 2
WD A 3R 3 B A Ak R A KR R SR
i

e 2 A0 R HE TS e, R B
HEMLIFHA RT3, Wi BRKARE & 524k m)
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AHF 5T A - e A VLIRS T A i Ay
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DN 3 3k, & S A N 2 KR, AR R
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IR LB M AL, #HEZIRE 18 em, & H
AEKAERHE, BHEIE TR A AL BT an T . A L
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M. JEbe)s, KBRFRm Ky, HH 0.5 mol-L™'
HCI, 0.1 mol-L~" NaOH #RIZHLIH Ve, FH 25
TARERZ R, BT (80°C) Eia &, 3T 40 H I
(0.25mm) , & M. AV B R E T - Sk
503.10 mg-g™'. BA 12.52 mg-g™ ' HAEAE 1. 82
mg-kg ™' AEASA 3. 00 mg-kg ™', pH 8.9, LR
(BET)7.37 m*-g™".
1.2 AYIRAZRNGE

AWFFEAERTH TSR [, 5% 200 mg-L ™'Y
SACEL AN R SRR, Ry T o A o T 3K
AAEHHEP Y Jerm), EIFCN ARIEFEE N 10%
A L E M. TRV IR 1 g ARk
100 mL ¥ W& B BC LA, fidl 24 h Jead g, KT
48 h. AW BAZR M EE (LN ) E i A 2
mol - L™ GRAL A VA W VR B T BRI, R (3.40
0.41)mg-g™".

1.3 gt

AR T 2017 4E 6 ~8 ALETLIE RO B2 B
KA.

IR AB IR RRA TR E R T, K8 FH K 25 em,
PE 20 cm, 20 em B PVC MJE*E%’@(FH?#?UK
FERRAE ) , FLBEHE 53 X B4 X AR 2K (i A
HEKAL) . B 4 AP EIE LS A (JESN
Pric S LB ) T BRI (SN) 5 AR LUED)
A AREIE AN (BN) 5 ARLAE W90 43 531 FH S8 4k
BT WR BAE)  80 3 R VR B S N (SN vs. BN,
Hrft SN vs. BN SN M {fi FHGE LB S WM, SN vs.
BN BN S ffi FHAE 4 e 1 408 M ) 5 JCAEA N (CK).
SR GARAR o3 XN [R] X0 45 5 = A 25 5%, AT
FE SN K& BN AbHEF 3 5115 B 53 X A 43 X PR AR
FCINE 1), BRARAE M AR 3 ANEE, it
18 MHRAS. -

/ < N N ;
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[ ! ]
| 7 i L 7 ./ A
| | : s ] —( &
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H : : = 1
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- S EY ewespmmes
“ A

| i : 4 -
’?mh&qﬂzoﬁﬁﬁﬁ%ﬁﬂ?fﬁ
kg potfl (B 2400 kg+hm ) , 45X HR I 17 0] 44 35
6 kg T4 5 XF T LUAEY) ok 1 3 EUOE a8 I AR Y
ARFR (SR , IR R E 1% FEARBRAED
R (S TR INA & 408 mg-pot ', R 81. 60
kg+hm =) 3 XFF UGB ROY 208 i 005 1) b 3
(B HIEERIMEERAE. WE, Z2WINALE
TR ISR (A3 h), BAKEELZES em
. HEWOKRH (2017 4E 6 A 21 H), B4R
FETRERR 1 7B 2 ~3 Bk, BRI KFELH
FgR L . 0T XA, Baknt b
ST AN R AR X 4 2 A A i) 0 2 i [
b BHJE 1 ~30 d & 38 ~60 d, BERMIKRFEK
JEEEE, 31 ~37 d ATHRAE I HEK AL ARV T
FEH 60 d J5 (2017 48 H 19 H ) Wik
1.4 FESCREE, ME KAE A
1.4.1 1By, 15, HEKRES RS

FEARJT 5 60 d, N FH T K = IR R K R,

Fig. 1 _Design gf--‘gtqd treatments and pots
e Lt

53 A AS AR A 1k 43 DX A A9 9 A0 3 B R T 7K R
d. IR AR LU S AR A AR, ITKAE )
b MRS AR S AR IR LA AR A
AL, BETHRFLIE AT 5 VR3S 5 704 i (9 28
PAGr XA LA, BIAS A3 IX AR AR 0 VR T 38 4 ik
R ARER, S XRA VR R 38 534 4 IX gk
TR R 2 AFESL. B RhMTAEAE D b T 356 4 i R
P55, Kt SR I EAE 100 B
ERI4Eh, R 12 h, whUE AR R RO AT L 4
WOkL, (B RAR R AT B IR A 25 B K
e L TR I AS i 1 1 fE AR R
FEG s [RIBTISCEARFE & o0 X A o 1, VR ER
RIS
1.4.2 WREEE

1 $#5 12 ( Epson1680 ) & R & 43 #2 ¥
(WinRhizo Pro 2012 ) X Pk HAR 2 HEh EA 74145 Fn
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jUJ\, PR, RRTE A, MR B s 217 43

K, A RARER(D >0.3 mm) . AR (0.1 mm

<D=<0.3 mm) , 05 FMHR(D<0.1 mm).

1.4.3 {EWEY R, AR MARFHR

ﬁf%iﬁzif‘%\&?ﬂﬁ IR FR A H R R R
7 105°C LA Fi E 30 min FHATR T, RIGHEA
SOCHE Mt T EEHE (24 h). EYHs b T
TR PR E, FEEE 1 7 pot ™', 200 000 7 -hm
e, iefEM b, M &8 T 9 B E ( DMA Al
DMU, t-hm™*; CK 4t ¥ & DMA, 1 DMU,,
t-hm %), B 100 H 5, LK E ZAL (Foss
Scino KT260, China) 4351 % H (& & & (CNA
CNU, kg-t™'; CK ZbFE>A CNA, #1 CNU,, kg-t™').
Rt T (NAR, kg-hm ™) 7 81. 60 kg+hm 2.

YEY b 35 R R (kg-hm 72) .

PNA = DMA(t-hm™) x CNA(kg-t™") (1)

CK Ab B 1353 50 R AU (kg+hm %) :

PNA, = DMA,(t - hm™) x CNA, (kg - .)‘

(2)
VEY T 843 /fk;%* = (kg- hm )

PNU = DMU(t hm™2) x CNU(kg t‘l) (})"‘

CK&@%F%QH%%Eﬁ%gMﬁﬁ’

PNU, = DMU (t-hm™) x GNU (kg Y

i) ‘“ﬁ<®
m%%ﬂ)ﬂi = (PNA + PNU!- PNA, - PNU )

(kgs hm'z) #NAR (kg-hm %) x 100%" (5)f

1.4.4 *E%i%%&ﬂﬁﬁ%i%ﬂ”ﬁ%ﬁ &ﬁm*

/—‘/\El

A =

TR AR R SRR R K, IR
Wi 1 (10 mL: 1 g) lWHI(R, L-kg™", R=10) ]
2 mol-L~" KCl {%(@z@d@ 200 re-min ' HEEIEG 1
h, BEEILUE. IR L850 BT (Skalar Corp. ,
Netherlands) U 75 H o & i & A & & ( CMN,
mg-L™") . B KT, MRS KR(M, % ). RERK
EMR R & LB om K (2400 - m)
(kg+hm ™).
+HEH A E = (MN, kg-hm*) =CMN(mg-L™")
XR(Lekg™) x (1 =M) (%) xm (52400 - m)
(kg+hm™?) =1 000000 mg-kg ™' (6)

KCl =42 5 1Y 3 5 8 7oK ik £
W, BRI L 100 B, DGR 7T (Flash EA
1112 series; Thermo Finnigan, USA) M & H A #l
SAEFE(CON, g-kg™).

=

+IEA YL A = (ON, kg-hm ™) = CMN (g-kg™")
x(1 =M) (%) xm (52400 - m) (kg-hm ™) =+
1 000 000 mg-kg ™' (7)
1.4.5 KSR

MK S (R, m), HEZKEESEIEE, 18
W53 ( Skalar Corp. , Netherlands ) Jill 15 H: H
FH K A &5 (CWN, mg-L™").

M K S E B (WN, kg-hm ™) =

CWN(mg-L™") x1000 L-m ™ x

10000 m*+hm > x h +1 000 000 mg-kg™"  (8)
1.4.6 PN R ON E bR

SRR Y KCL IR 52 W LA R T i K 2 8L 8
AL (Foss Scino KT260, China) {H# )5, o &R
BB AA, BUEBLAE 70°CE T R2E5 A, IE R
USSR il - A A U EACI R VA= i
(MAT-251, USA, with analytic error + 0. 02% ) v
S 5 A PR &ﬁFi%#%h43
W) B BRRE €1 4. 3\T5) 19N RS lEVElS

LD SR, TRA SR mﬁmﬂﬁ%
(Mo b | HR B4 T SR (A, JAS AL
A, %). °N ﬁﬁkﬂlﬂ“ﬂi&o 368%,

ﬁﬁﬁ”N
4h%ﬁ$f“j7 fo%.| 9 €
i&é(@“ﬁﬁ&ﬁm@*)lw R (S"N! kg hm 2.4
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(10)
MK N & (WPN, kg-hm ™) = WN(kg-hm ™)

x (A, -0.368% ) (%) +10% (11)
SN ISR (R, , % ) = [ S"N(kg+hm ™) +
P"N(kg-hm™*) + W°N(kg-hm )] +
81.60(kg-hm ™) x100% (12)
P (EIARFRE)) "N 8 (L°N, kg+hm?)
=81.60(kg-hm ™) x (1 -R,) (%) (13)

1.5 Hflasb

Ao L, MR A H T K RO BRI T
# 60 d JFHSRAE, BARGE L, hm® SIS, Xt
SPXARFETT &, AEA A G R TR T R g —
PISE B MRAR R AR, IR pot ™", 200000
7Chm 5B F] hm®. K SPSS (SPSS ver. 16. 0 for
Windows, SPSS Inc. , USA) ' Duncan ¥%} SN, BN
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<0.05), THIXF SN vs. BN A3 {10 AR i 2617
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R BB 5R R K RS A & (A A e R
JH Microsoft Excel B3 88 #7581 HlA.
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Fig. 2 Amount of paddy dry matter and nitrogen assimilation in partitioned and non-partitioned pot conditions
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Fig. 3 Amount of paddy dry matter and nitrogen uptake in the two nitrogen application methods
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Table 1  Root morphology and root activity in the paddy

W 285 CK SN BC SN vs. BN SN SN vs. BN BN
S 12. 44a 9.00b 13.00a 8.61 13.91*
KK X 10°/m b -2 AAPER 5.61a 4.81a 5.63a 3.67 5.67"
FATAEAR 1.87a 1. 44a 1.85a 1.58 3.36*
RIER 4.97a 2.75b 5.52a 3.37 4.88*
M 0. 60a 0.43b 0.61a 0.43 0.68*
Y, T AR 0.05a 0.05a 0. 04a 0.03 0.05
g FATAZAR 0. 06a 0.07a 0. 06a 0.05 0.10
AER 0.49a 0.31b 0.51a 0.35 0.53*
pE¥| 0. 48ab 0.35b 0.70a 0.23 0.53*
R/ b -2 AR 0.01a 0.00b 0.01a 0.00 0.00
& HAEAR 0.02a 0.02a 0.03a 0.01 0.02
AGER 0.45a 0.33b 0. 66a 0.22 0.51°*
=¥ 1.24a 1.08a 1.06a 0.90 1.29*
B X 10° /b Y3 AAR 5.93a 5.06b 4.87ab 4.20 5.98*
FHATAEAR 0. 04a 0. 04a 0.05a 0.04 0.06*
AGEAR 0.0la 0.0la 0.02a 0.01 0.02
SFH AR/ mm 0.31a 0.31a 0.32a 0.32 0.31
WEIE I/ ng- (g+h) ! 261.79a 127.19b 241.84a _170.17 2437707

1)AF CK, SN B BN LTI 4 STHUR SRR A58 o007, /N5 400 i 46 AL M 563 P2 ST R ) — 5 e e 9 A
%F SN vs. BN AR K UM T A MR R T  REBEEATAM7 , 17 505 25 52 i~ o,

(P {4 ' 4 o
; I %0 ¥ 1 #
(a) WA ! O filfst (b) He A4 i .
6 L \ E . INE[S 1T 70 | E
1_‘0 5 L E Tj 60 |- A i §§
54 b £ % N ! %
] f \\ ]
& : & 40 - N ! \
£ 5 | o £, o& A\ \
A ; - 20 B § ! \
0 ! 0 § E §
SN BN  SNvs.BN SNvs. BN CK SN BN  SNvs.BN SNvs. BN

SN BN SN BN
El6 IHEMSERRSERSE

Fig. 6 Soil nitrate and ammonium nitrogen content

2.5 WA AR R PRI UB IR E ISR LA THK. L wF

DI RIS A E I 57% ~62% TE#k A T4 VB K T K3 RPN & (%
60 d JEBAREEAE 3 VEMIURIR TR 10% 1 2), RINBAM A= By 7 2k B % 75 20 (SN vs. BN
w, DT 1% BAEEmE AR, HA31% ~35% 4K  BN)ER— YA NI =N (BN) A#E +
ARG I W, AR AR B RWREE, HERACN B LR R i, BRI
RZ W H AR A, IR ERON S FKE

R2 EWBRAHNGERD
Table 2 Fate of >N adsorbed by biochar

HEICN AFRF P NY

i H J-3erh YEH) HH K H [l i ik
/mg-pot ! /mg-pot ~! /mg-pot ! /% /mg-pot ~!

BN 46.35 5.74 0. 64 64. 62 28.87

SN vs. BN BN 50. 60 5.30 0.56 69. 20 25. 14

1)BN, n=6; SN vs. BN BN, n=3; 2)K¥EHE-EY KB TEAPRBNA N GIAE B, Wk ASNFEL
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Table 3 Correlation analysis among the rondltlons of paddy growth (aboveﬁ‘pund and unﬂerground parts) ,

=

rdot morphoulgy and soil mineral nitrogen content

o

g U imiiﬁ fi#ﬁf% A A ﬂﬁ?%ﬁé}i%i bR A R R

BN 3 o1 WA 013 — —

R A A R 0.33 0.54" 0.86 " —

wK 4 ~0.31 ~0.26 0.57* 0.25
REmH ~0.34 ~0.32 0.46 0.22
HLRFR -0.09 -0.19 0.67* 0.35

LIS Ve -0.20 -0.51* 0.33 0. 06

W AR 0.04 -0.10 -0.01 0.02
EMRBR 0 A A& & 0.17 0.45 0.58* 0.63"
MRPR 8 A A A i 0.31 0.48 0.57" 0.62"

1) % R P<0.05, * *FmR P<0.01
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