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Effect of adding nitrogen-doped carbon nanoparticles( N-CNPs) on soil nitrogen loss and base irons in red soil
HU Wei, XIANG Jian-hua, XIANG Yan-ci, ZHOU Lian, CHEN Yan

(School of Life Science, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: Indoor simulated leaching approach of soil column was used to study effects of nitrogen-doped carbon nanoparticles (N-CNPs )
with urea on nitrogen loss and base irons from red soils. The results showed that the rate of nitrogen loss decreased with the increased of N-
CNPs after the red soils were leached with simulated acid rain 4.38 in pH, and the nitrogen loss rate under 15%0 N-CNPs treatment was only
49.45 percent of the urea treatment. After leaching, the rate of nitrogen loss was no significant different between 5% N-CNPs treatment and
5% DCD treatment. As applying N-CNPs, the amount of exchangeable bases in leaching water was lower than that in the CK1 treatment, the
content was characterized by Ca?**>Mg*>Na*>K*, the base saturation and the soil pH were decreased, and there was a positive correlation
between base saturation and the application content of N-CNPs. The result of correlation analysis showed that the applying of N-CNPs was
the main reason which reducing nitrogen loss by improving of the base saturation and the soil pH value.

Keywords: nitrogen-doped carbon nanoparticles(N-CNPs ); red soil; nitrogen loss; base saturation
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HEAL G, 72 HoS \NO, &5 T U T 75K P E 4
JE AL LA S A i S e A A 55 N U 2 22 A
T H RGN, (B EIB AR T — R R
HESERARE, BTGB SRk B e b . A SO
RN AR S A S EARE SIPOE I iN 1Y)
TR R IRV 25 F T B AB A4k AN AL 1~ (N-CNPs ) Fic it JR
K RN R SR AR I A - SR B A Y
AR LUUIR B B 2R i A KA T SRS R TR
FITEAE RAESE RN FABL], W HE) BB AR KA T
VRS — T B SIS RGP e d

1 #MRERZE

1.1 A

B R B W e B R 2% AR B Akt 0~20
om )2, SR X Ry AT RS 2 G A X, AR LA
TR, LRSS AL -k 4 K
it + SIBR 72 M R B AR R 3k 0.5 mm i & FH . 135
A HLF 13.59-kg?, 4 N 1.7 g-kg™, 4> P 0.23 g-kg™,
4K 6.9 g-kg™, Bilifi# N 35.7 mg-kg™, #%% P 19.0 mg-
kg™, &% K 39.6 mg-kg™, 1 1% pH 5.65, {1 fH &5 1
e tE 20.75 cmol kg™, A+ HEE BRI A 24.53%,
TR PR (5 N 46% ) LA K H LA Ak 410 1 500 RUsUIE
DCD( % N 66% )34 443 #r4liif 57 , N-CNPs it md )
FoR AW PR Be SRt AR AR I R SRR, LA
AR FNFIEB 2, RN B2, A&
B2t l 6.72%(at) .

1.2 RB&igit

6 B N B 2 (CKO) | Bt R 25 (CK1) LR
FH+5% XU H L (CK2, 5% 4l A i | 4 L,
i) R ZE+1%N-CNPs(T1) JiR 2 +5%N-CNPs(T2) I
JR % +15%cN-CNPs(T3)3t 6 b, 440 FH 3 R &
2o BRIk an T .

K —UAEREAE 75 58, AR 2 (R & i 46%)1E R
ALK, i FH iy 200 mg N-kg™ 4, BHEAE L
1Kg. B St b PRI B RNE RN S B A A 43 ) 5 At
THER A5, S8 2R (AR 75 mm. 5 400
mm PVC &) J5 =1 F 281K v, i 22 36 31 fe K H ]
Rk, B ERHET I FE T E R R R
I, SR IER AR 25 °C, MXT IR EE AR R N
85% ; FH /- AT 4l IR AN A R 42 9:1 SHe e il A55-451 IR R B
W, FZM 2012—2014 R PRI XS K pH 4R
P LK pH {2k 4.38, T HHE SRS 3
d JFhG, RS d ks —k, BUORE R &y 110

mL, kiR 240 10 mL-h, ks 6 U, BRI
TR ZYHH 2T 150 mm [ 7K (2012—2013 453
X 3 PRk ) . WETHTRRE 24 h RIS =
[i] el R R A T AR T s ok
M2 SR SO S AE I 12 h NIETR E 4
% 250 mL £ 5 RIS L5 dU5 B AR s IR 8 H KT
Ja .
1.3 fEERUE

3 pH SR AR A EREIE , KR 1:2.55
TRV IR NHZ =N I NOs =N 75 5 28585 >4 He e
PR 4 A shif sh AL (AA3 B4 fEE ) I 5E ; BH 25
FAcH 1 mol- L™ ZBREE A H ik e, B M VE5
BE WSO G 2 5 #5782 SR P 25 0
FEA A% IR AR 7 2 S 2 (NH3) Bl <00
WA 2% MR A PE SO, fEH O T 0.01 mol -
L BBt R o Sl o
1.4 HEAIE

% H Excel 2007 F1 SPSS 13.0 #cf4: %t a4 7 4b
PHIFVERE R LR 2 7 2243 #1 (one-way ANOVA ) Fl
Z H L (Duncan ) XA [R) Bicds 4 () 261 7 22 S0k e 3
(P<0.05),

2 ER5HMH

2.1 N-CNPs XJjR = FE 138 &R K B0
2.1.1 218 NHI-N ik B sl A28

JAFE 1 A%, N-CNPs (4 i A BH (@ 2728 1 2138
NH: =N S Ak b A, X056 8 d A 4fi PR 2 Ab
CKL i NHi-N S itk I )y 1.54 mg, 2 )
TR T FEFF TP A8 . SN 5%0N-CNPs 4b P T2 F11
TS 15%0N-CNPs 4b B T3 (1) NH; -N bk iz i {42 4l
JRZEALFR CKL IR T 5d, 7655 13 d B IR M H B
435k 3.07.2.56 mg; sl 1%oN-CNPs kb F T1 (i
HILLESS 18 d, bk Hh R BT A W B i e
3.40 mg, ILAT 7SI N-CNPs 4% A 33 #5410 R 25 b 34
CK1 435w i 1.86.1.53.1.02 mg; ki ik 16 245
IF, EJ N-CNPs [ 4540 PR P NHE-N 475 2 3%
T Al R R A3 CKL, AR AL 545 i 5%DCD 11y
CK2 b Al AR
2.1.2 213 NO;-N ke i sh A48k

] 2 Sy A [) 4 B 2T 43 of NO; -N bk 2k 2t A8 £k il
2R . TEAVIRIS I ], ES i N-CNPs 454 Bk % i
NO;-N & B AR RIS 0] F AR (b RLAE , 725
8.d A% 18 d YL T PRI I B TR, LA
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Figure 1 Dynamics of NH;-N leaching loss in red soil
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Figure 2 Dynamics of NO;-N leaching loss in red soil

55 8.d kA AR, T4l PR R AL FAESS 8 d Pk
KBRS ,NO;-N F i Hp 22 T [ U in N-CNPs £
A FRWREE W NO; =N 5 2 5 251K PRt IR K AL B,
LIS 8d Hgf5il, A3 N-CNPs (4R T1.T2 1 T3 H NOs -
N k43518 10.22.9.23.7.71mg, A CK1 AbFHik
{H 11 44.11% 39.86%F1 33.30%, [fii CK2 AbFRIAE 5 T2
I AU 0.26 mg.,

2.1.3 SRR AR AURE

P& 3 & N-CNPs 4b BT 21 3 ip 15 & sh 2528 1k
k. BRAHEALTE CKO b, HiA & i PR35 & 14
TERRUCMIR 56 BT S IR — VK e, 45 DA (L Bt 25 IR Tk
s s R R, BIES 4 O E TR dm
T N-CNPs [ £5 4b BRAF R 2 <4 & 1 3 1 T3t R
Z (CKL) A% 5%DCD 4b P (CK2), fix K 2= {E ik 5
0.50 mg( ¥ i 15%cN-CNPs 4b35 1 CK1 kb3, %5 9d).,
A5 AR S R V(RS AR 5 — W U, 4 % 1
43534 1.00 mg(CK1).0.89 mg(CK2).0.89 mg(T1),

0.84 mg(T2)#1 0.86 mg(T3),
2.1.4 AREEAZ BRBUK
1 RSP ARES AR BRHUR

T BEFRH, N-CNPs [ 7 it X NHi =N \NOs;
-N itk S SRR R = A B AR, #
VRIS ZE R, AAbEE NHi-N ER a4 5
Mt N Y 2.13%(CK1) ,5.02%(CK2) .5.86%(T1) .
5.44%(T2)F1 4.68%(T3), iX#H N-CNPs i in A2
B R IR Z it ALTHESS NHG-N (ke & . (X T
NO:-N Tfii 5 , N-CNPs [ it A 5. 35 P AR IR K A 21
Rk, A% T CKL AbFE Y 60.97 mg, 15%0N -
CNPs /b F1{Z f7 20.08 mg,5%cN-CNPs ¥ fin & 5 5%
DCD %5 i XJ B IR 21 43 NOs -N ik 75 451 2% iy R
S AR o i FH 15%0N-CNPs Ab BE7E 56 10 1] L FH 4
SRR e, 1A F) 3.91 mg, B3 e Tali R £ A FE
5 2 R TS0 5% Ak il 55 DCD AbB; 982D N-
CNPs fit, 20U & R B, B A SR 22 5
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Figure 3 Dynamics of NH; content
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< 1 NHi-N .NO;-N #n NH; EFf %k
Table 1 Accumulation of NH;-N,NO;-N and NH;

AT Treatments

NH;-N et NHi - (5 506 N b NOs-N ks NH: -

AR NBELE NHo 48280 NH, - 7 8t N ELE B 52k Overall

N accumulation/mg  Percentage/% N accumulation/mg  Percentage/%  accumulation/mg  Percentage/% loss/%
JCIRFEAL PR o B B -
Control check 0.29 3.90 0.57
Al JRZ b Urea 4.54x0.11c 2.13 60.97+0.54a 28.54 6.66+0.13c 3.05 3371
R #+5%DCD
Urea+5%DCD 10.33+0.56b 5.02 24.87+0.94c 10.49 7.05+0.03c 3.24 18.75
IR +1%oN-CNPs 12.00+0.12a 5.86 28.35+0.14b 12.23 7.78+0.03b 3.61 21.69
Urea + 1%oN-CNPs HEES : -3520. . .780. ) )
JKZE +5%oN-CNPs
Urea+5%oN-CNPs 11.17+0.84ab 5.44 24.17+0.84c 10.14 7.96+0.23b 3.70 19.27
IR +15%N-CNPs 9.65+0.32b 4.68 20.08+0.67d 8.09 8.39+0.11a 3.91 16.68

Urea+15%cN-CNPs

T FIFEER 5 AR/ NG - RERZR Duncan B 2 R 22K IR E P=0.05 K B2 Rt 3, T,
Note . Different small letters indicated significant difference among treatments in the same sampling time at 0.05 level.

PRZE R A5 A8/ i B M 35.67%384 /i1%1] 49.98% .,
2.2 N-CNPs X3 4T Eh E B Fibk 5 #n 158 pHERY

A1)

M1 2 n] L, R I, A Ab BRZD S A Ca |

Mg Kl Na*SE 22 48 1 BH 25 3504 ik L A5 Ah Bk
A PR B - Bt o 8.74~10.46 mmol, ki T 1
erh S A PH S - L 17.17%~20.56%, Jiti FH IR %
(CKL)¥f 0 1 2138 5S4 A5 BH 25 - B bk 2% 12, 1 T it
N-CNPs DA 02> 1 it F IR R 5 28 4 A5 BH 2 7 19
kb R, JLEMERE N-CNPs FH 34 s fin, 43
k%] 0.44.0.92 .1.39 mmol, 2% 5153k 3 i 2K
T A A %) DCD e jti PR 2= Ab 33145 B it PR 3R Ak FRHAE
ok BH 8 ik R S/ NMIRREAR, (A2 R B 2. AR
Fh g bk PH 28 7 v bk s Bk B, N-CNPs (14t FH X
FEAR A BH - Aok s/ s 2 s T — I B 1,

4 Tl 524 B 500 B HE R O Ca**>Mg >Na™>Ke
LA 15%oN-CNPs 5 fin it A {41, Ca®* SR ARk 2 1 45 H i
JREAL B 1.28 mmol, [ IR ik 27.92% ; Mgk 2 , 22
{E 0.59 mmol, [# i & 14.30% ;Na * [ i 2 ik 3|
14.27% , K* B IR AR A 6.41%.,

13 2 T, 2 2 KRR IS, 454k 24 1358 pH
{E .CEC {1 BS (¥R I B WY FRE, HrpaliR
b H(CKYL) R d5c K, B i 43 J31) 34 %) 0.94..3.13
cmol -kg™ 1 3.64%., N-CNPs fJ A, /N T 138 pH
{EL .CEC {EL 1 BS {H AT FEMREE, AR i N-CNPs
b ¥ 4= pH {1 .CEC {E 1 BS (HY % = T4l R K
Ab R, HLBEHE N-CNPs L A9 i, 248 b5 TR
R BB A 457N, 24 N-CNPs s il 34 31| 15%of}, 1+ 158
pH { .CEC {E 1 BS A /3% % 5.23,20.27 cmol - kg™
1 24.17% , il 2 5 T )5 b (CKO) AR B, 58 42

R2 HMBRPZHREEEFRRSER LT pH E

Table 2 Base irons accumulation of leaching water and pH value of soil

AbFH Treatments

TR P RS s
Accumulation of exchangeable cation in leaching water

o - ES I A FH S 1 LE Percentage

of soil exchangeable cation/%

RIS L3R L
Soil sample after leaching

Ca*/mmol Mg*/mmol K/mmol Na*/mmol & Total CEC/cmol -kg™  BS/% pH
JIRE AL 4.39b 4.04ab 1.05a 0.65bc 10.13b 19.9b 20.31a 2417a 4.93c
Control check
4li R ZAbFR Urea 4.58a 4.1a 1.09a 0.7a 10.46a 20.56a 17.62c 20.89c  4.71d
= 0,
IR +5%DCD 4.56a 4.03ab 1.07a 0.66ab 10.32ab 20.27ab 17.71c 21.06c  4.76d
Urea+5%DCD
JR 2 +1%oN-CNPs
Urea+1%N-CNPs 4.11c 3.89b 1.04a 0.65bc 9.69¢ 19.04c 19.08b 21.64b  4.98c
JR Z +5%cN-CNPs
Urea+5%oN-CNPs 3.84d 3.72c 1.04a 0.61cd 9.21d 18.1d 19.83ab 22.21ab  5.06b
VR +15%N-CNPs 3.6e 3.51d 1.02a 0.6d 8.74e 17.17e 20.27a 2421a 5.23a

Urea+15%0oN-CNPs
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HEI T PR Z NI AR 21 IE R AL N BH 25 -k st il ]
PEREUN /A 2 bk 26 119 DCD 4b F U 5% 22 1R 1 B 1 1y I
fik pH & .CEC {E 1 BS {EHI1EM .
2.3 N-CNPs ESRERMAM T IEZHIEAEF
GBS

MR 3 MRS H AT LA H N-CNPs 2 5
NH:-N F1 NO;-N k228 b i 52 S e i A o6, 5 &K
R AL R B IE A G, H R R A 56 R B 5]
$7-0.998 ,-0.969 F1 1.00, 3 5 NH:-N k2 28 k5 114
FHSCPE R F) B /K (P<0.05) , 5404 & = 56
PR IR FIHY B 27K - (P<0.01) . N-CNPs Fi & 541 5¢ pH
{B .CEC {E 1 BS {5 %45 Arth £ B H 1 £ M AH G ¢
F,Horp b pH (EAER L1 A A S HE IR B T
EKF(P<0.05), +HEAEHILES pH {H .CEC {H
A1 BS (HSEFE AR A LB THISCE, Hd pHAEYS
AR B B IES A (P<0.05), 5 NH:-N
RIS AR Ak B B T R G (P<0.05 ), £k L1 A
57 R R B IE LA 5 (P<0.05) .
3 iTig

XU SR H AT AR 7™ v i A — B s e 2 il
IR, F S ZR B A R T T EE A A
YRR Rt A SR BRI R ) B R B ARG I 5%
SR i 0 2 B UL B i 25 AR I A A R b
JBUR etz 1 it ) R D/ D DK TR e - 3 o ) i 45 R 2

ik 25%~50%", H [a]ji ] 7~10 kg-hm™ DCD J5 , 2
FEKZ= B rh NOs [k 451 2% 43 I BRI 10%~26% 1
559%~57%", FEAFSEH, N-CNPs ()jifti F [] Ff: 2 B
T AR A IS AR, H 5%0 1 15%of1) it FH 1
53 398 /0 21 3 b AR B kR & ik 60.42% F
67.15%, = T A5 o 5%DCD Jir fik £ iy 59.20%,
[F] IR 7 £ 41238 1 452 o 46 R b T4 K o
WUl A A FH B il R S 222 Xy DCD
SRS NH; Z5 R AH ALY 28 56 (-NH,) R 2 %
(=NH), ®]ffi DCD LURYse 4+ iE X T e E Ak i
A= T R A T 0 A A T, A X L
FERT , P A AR 3R —FhS” iy A2
fh 2, fEAHFSEH, DCD 1 N-CNPs 4b Bk %5 Wi
HAEAS A S AR AL, BRI LS”
RIS 2R, e, N-CNPs RE i 221 38 v iy
BEMR W FLEFEELE T T IS A o &
KK R A 3B 24 U5 1 75 19 N-CNPs H [ A7 4E F
B A FE(-NH,)™, 53 Al B & N-CNPs [i] DCD —#
FAR 3 RS RS R AL 2 — o [, B oK 5
WA S — A 2 A 5 I B B T 1 TR R e A BR
52 TP B AEAE AT BE 2 ol A M sl AR AR 1 R AT (A NHG
NO; &5 ) 78 KR A1 A= AH A9 43 Be b, DT 80AE & AT T7E 2R
B E AT, WRE A B AT R AR A AR R K
FAFE SO 1) 3 R A e R0 g - A re s + 35
IO AR K MR 2 DA R e - I B g

% 3 N-CNPs A EfE ERRMKFHEIRIREX I
Table 3 Correlation analysis of N-CNPs contents and major leaching loss traits in red soil

N-CNPs fflit NHi-N 125 Total NO;-N ik Total &Sk a  +HHEpHE HHEHE PO Lk

FRIEdE AR Amount of  leaching amount  leaching amount ~ Total amount  pH value of & Cation exchange /% Base-
the N-CNPs of NH;-N of NO;-N of volatilization soil capacity saturation
N-CNPs F &t 1
Amount of the N-CNPs
NH:-N $5i% "
Total leaching amount of NH;-N -0.997 !
NO;-N #i 4
Total leaching amount of NO;-N ~0.969 0.985
Vo= SR
ATHERE 1.00%* -0.998* -0972 1
Total amount of volatilization
A pH i 0.999* ~0.999* ~0.978 1.00%* 1
pH value of soil
iﬁ“, BT = E=N
.i el %%ﬁdﬁi. 0.924 -0.950 -0.990 0.928 0.938 1
Cation exchange capacity
R H iy
IR LA 0.998* -0.990 -0.950 0.997* 0.994 0.896 1

Base-saturation

% FORBEKF-(P<0.05) ,** FoRil it % /KF-(P<0.01),

Note ; * means significant level(P<0.05 ), ** means very significant level(P<0.01).
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FAUN, S S AR AT fE & N-CNPs 5| & i 4
R A TR DR, AR o I v - 3 s v P 1
TN E A T X — a5 . N-CNPs [t FH AR A
Y T R EMER R - pH A AN 00 N R A
T B ERTE K4S R 3 RS A
T 5 3G pH A 5 UM DG, 5 AR SR R
1B IE AR

REMEIMERESE H P SR, A ER S
BRI 1 mol NH 52235 4E 1 mol H*, i fbAE F fg461k 1
mol NH; Jy NO [ 55 B ikt 2 mol H* 2, [ i PR 25 it
FHJG -3 pH (B35 HBUETHR E BRI R, FEA
WF5E H , N-CNPs Ficjifi fR 25 4038 2538 T TR Js -
58 pH,  H ARV ] 4 8 NHG bR R 43 B
SR AR B Tai R A FE . 13X W] E /& N-CNPs
3 3 SE 7 i A R AR HORe s, 5 1358 pH i
BT BRI TRIRAS IO NHI IR AL T4
KF

AT RAT R G A i TR T T
-8 pH RGN T S &R NH =N RS 5 XU, {5
SV AT RE 25 D R RN IR SR N AR R R
P B, ZFRERICE BRAY AL i 8 0o 1 S KUK
XFF N-CNPs [ ZIEESos RbeA E— 2 14Tt it
FHBR 240 5 3 iR 5 R ML T3 X A 3 — 1R 1k,
M T B i K 2 B0 4 ) A B3 DR R T N-CINPs i
i PRZEXT THEFH R Z A A, [Tk Rtk B
I SRR AL RS 75 B B B T SR M (L

4 Hig

(D EB IR XA RIS R EHA M
SN AEAE 22 5% ,N-CNPs [ il A 23 I 3 KPR 2t A
ZIHENS NHI-N (ke M S A 5, (HAE R &%
fI NOs-N ik &, JHAE ISR 5 N-CNPs #o i i 2
IEAHSE

(2)H B L=t AR T P1 Bl PR K it A L1885 , 7
pH 4.38 AR I Z YOI S5 T, BB S BRI
AP, AP FE R N-CNPs (14 it FF 2 154 i iy 434
T, 0L PR 2R A FEAH b, R R R e K BB A F
49.98%, H:rf 5%N-CNPs ¥/l figik %] 5%DCD f1)
K€ NIER

(3)N-CNPs Jifi )5, -8 sc#adk BH 25 itk 2k i
B R S, BARR I Ca*>Mg*>Na*>K"; [A]
BF, R 8 UG 3% pH {EF1 BS f e, H S5 N-
CNPs 7 in i 42 {2 3 1EAH ¢ (P<0.05)

(4) 135 pH {HA BS {HAY k3 1T RE /& N-CNPs
it 4138 5 5 i 3R R R M AR R R 2 —

S E k-
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