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Effect of nitrogen—doped carbon nanoparticles(!N—CNPs ) on nitrogen runoff and leakage loss in paddy fields
HU Wei, XIANG Jian—-hua, XIANG Yan—ci, ZHOU Lian, CHEN Yan

(Institute of Ecological Landscape Remediation and Design, Hunan University of Science and Technology, Xiangtan 411201, China )
Abstract: A field experiment was conducted from May to December 2016 in Changsha County, Hunan Province, China, to determine the ef—
fects of nitrogen—doped carbon nanoparticles(N-CNPs) on nitrogen loss in runoff and leakage in a paddy field. The results showed that the
application of N—CNPs led to significantly lower runoff of NH;—N, and leakage of NO35—N. Compared with the urea treatments, during the
first natural rainfall runoff after base fertilizer had been applied, the 15%0N—CNPs treatments decreased NH;—N concentrations by 30.33%
in runoff and NO;-N concentrations by 27.22% in leakage water within seven days after fertilizer application. The results of monitoring for N
loss with natural rainfall runoff indicated that, with 15%¢N-CNPs application, total nitrogen(TN ) loss from the paddy was 8.15 kg+hm™
throughout the rice growing season. It accounted for 4.08% of urea—N applied. Furthermore, The loss amount of total nitrogen decreased by
20.02% under the condition of adding 15%0cN—-CNPs into urea compared with urea treatments. The results of monitoring for nitrogen loss
with leakage indicated that, with 15%0N-CNPs application, leakage TN loss from the paddy was 16.59 kg+-hm™ throughout the rice growing
season. It accounted for 8.30% of urea—N applied. Lastly, 15%0N—-CNPs application decreased by 34.73% compared with that of urea, and
TN loss with runoff and leakage in 15%0N—-CNPs treatments decreased by 5.67% and 15.70%, respectively, compared with 5% dicyandi—
amide treatments. Collectively, the application of N—CNPs can be effective in reducing nitrogen loss from paddy fields and promoting pollu—
tion control of agricultural non—point source pollution.
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R AECH Z PR R AR T KV LI R R X A
PRI EERAE, BRI E] 3.8%H1 5.3%. WM
i A0 Y AR W 2 RV X, AR R R A L N
A MR A 3 A R Aot e P 4 ), A
R TLRHEX JEITK IR 7= A 05 Y XU 3
AL i 2 R A T R B2 A AN T sk HH R 25 T b
WEPE AR NS T S AR ME S B R FHAA KRR 7N
N S VARSI TR M TET 3 O Lt AN S VA X R S
¥ RAR GRS, N H AT R IR S Yy 5L
AR R EF A S, AR, R
FRIINE B 1 RIS Ze i AR T (N-CNPs ) BEA %L
Hiu s il PR 2 AR LA Wk PR 2R AR 21 08 17 FAAER
REBRA RIS . H AT, W B H AR 4
P F N-CNPs X JR 2 UL A A 5 il (R 338 A8 3C
L N=CNPs JRxd 42, 2R I e b DX 0L PR AT e A
B, 3E A HH Rk SR80 PR 2R Bl it N-CNPs X4k HI &
REWANBIRIR B0, B N-CNPs jiti /K F5
HH i) S 2 AR AL RITB T2 % 14 BB, AU Al DAk A &L
R AR AR AR TG YRR AR A

1 #efnA*E

1.1 58 =R

HH ARG T 2016 4F 5 % 2016 4F 11 ] £E Wi/
BRI BT BT (28.12°N,113.36°E) 47,
TR H T FE XCRAE B B 7K 58 1200~1400 mm, 435
TERE R 17.2 °C, TR/ 274 d, 4F H BEES %L 1663 h, J&
T IUAL [ R P 2 XU A, -3 R T i AR
Y& & A E . IR I T KA B2 (0~20 em)
435 pH {4 5.72( &7k=1:5) , A HLJF % & 51.06 g
kg, AT H 4.29 g kg B A (NHI-N) &% i 26.95
mg kg, ISR (NO;-N) & 6.35 mg-kg ™',
1.2 iK5i& it

IR A e 2RI IX AT, /DX EF 30 m?*(2
mx15 m), £ /N DU JE 18]35 5 40 em, 5& 30 cm I,
BLUC IR LIS 45 X A H3B % 6 AEEE: (1) A
RME(CK); (2) i bR 2 (Urea ) ; (3) W (DCD, 4
RiE 5% )R 2 (5%DCD +Urea) ; (4) {1 N-CNPs
(ZEAE 1%0)BLfiti JR 2 (1%oN-CNPs +Urea ) ; (5) i
N-CNPs(4li %37 5%o) Biifi JR 2 (5%oN-CNPs+ Urea ) ;
(6)7 it N=CNPs (Zi & it 15%0 ) BLjiti R 3 (15%0 N-
CNPs+Urea ), £ 40FH 5 3 U0, /NX A FE AR B AN TR

SR 20 em 120 em, B8 2~3 Hi. B CK AbFEAN,
oA 4% A2k 3 EUNE P R (R4l 3 T ) 9K 200 kg -hm2,
Fﬁﬁﬂ‘ﬁﬁ P,05.K,0 Fﬁ%*ﬁﬁ] ’ ﬁ%”ﬂ‘j 60 kg'hm_2 *ﬂ
100 kg -hm™, Z: BEY b R0 7 2R IE , B AL A S0 —
WA, A AR 40% HEHE , 30% 43 BEAE , 30%
JE o VIR R R BTR A A A B Y AR R —
. N-CNPs B ERHE K2 Y B de fit , bt
IR M JERE, LUK I AR B 248, >R A
WAL, BBAREN 6.72% (5 F i A 57
Fb)o ftal DCD 77 B 28 28wl A = 1 ol A3 (i
Pt 99.5% ) LR ALEL AN A B R PR (AL 46% )
TEBERRES (75 P05 12% ) VEALHR (7 K0 60% ), ki
IKFE LRI C L 6087 (HIRSRE L ). 2016 4F 5
H 12 HEML,6 A 5 HiEEAER A, 6 A 25 HiBjtis
BEAR,9 H 1 HiBMEREAR, 11 H 3 HYgk,
1.3 HRREFMNUE
1.3.1 BHKEERSE

R o2 W RIS 1 D o R AR S K R
RAERFE] . T 2016 46 J1 11 H(7d),6 J] 15 H(11
d),6 J129 H(24d),7 15 H(30d),7 J1 10 H(35
d),8 13 H(59d),8 122 H(784d),9 /1 10 H (97
d),9 A 30 H (117 )47 R4, B 7 A 10 H A EEH
HIANTHEAKSE, HAbE 3528 B SRR ™, 9 30
H 5 Z R ICHTBCA & A H AR BT 7 o SRR, TE4%
AN HEK T CRIEE 8 em )RR ICE R0 5 L Al 2s SR}
0, VR 5 M SR 4E 500 mL KRR, [ B 1 h 5 [ERE
TERRICR 2 YOKME B UCRAER A Be N SR 3 OKFE,
RIS
1.3.2 BIRHCRE

S 25 AT RS eSS B 454 )
MG EHIAT IR, B/NXEE 1 BRI 3
BOACEREHL, B 60 em 441 50 emx50 em 5
JEHR 5 em IR IE L3, FESRIRAT B SME N 20 mm
PVC HEKE W B IR S A B/ NX 55105 TR AT (20
L SRR ) , FFFZ ARSI 3 )54 )2 38, MOKFERS
G H 7 d RE—RBIRB (G 56.70.84 d FA4bT 45
FH ], FH (BB TR D, B AR ) , REE B 45 4b
FUKARRST, D KRS 50 mL KFERFIN , ik
ARG 2 SR TR T — B gk -
1.3.3 JU5E 5k

JKFEF EE(TN) NH; =N H1 NO;-N &= 455 B
T Y SR 4 B 3 s A A A (AA3 Y P ) il
T 5 8 T R FH G2 B 21 =X B e R e (R N R R K
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%5 JDOS) AT ABWI . SAGE TR L, AN BEAb 2
PR E— 1 mx] m K/DRHBE, MUEEZE, & 50
em, 55 30 em, FH 28— k5 %60 B A 2 AR, AR
FER e B, HZ&S —MFH, mEREN 8
em, I 5K AR 7% 5 VK A TR EBE £ 254, 4 100
em, 5§ 30 em, 5 60 cm, TERAF 55 , Bj 1k B 28 FEK i
Ao BEREEA = FRATHESS , 4505 AR oK = B e
BV oKk H AR T, I3 R A AR i .
1.4 #iEAbIE

TR 485 L LA it 20 Ak B RN AN it S Ak L 1 22 (R A 7
AbF R FH Excel 2007 F1 SPSS 13.0 44 %5t E4 7
Geit ot IR B, SR FH B R 2R 5 22 43 B (One —way
ANOVA ) H1 Z 5 H 4 (Duncan ) % A [ 548 26 18] 747
2 L (P<0.05) .

2 HERE5SH

2.1 HEZRRAZRENSM TN HiK
2.1.1 FEHARTH T TN W B AR {E

55 Urea AbFEAH b, N-CNPs 19 Jiti F % 42 i o o
TN ¥ B2 B 520 S B0 Je R ARE g iy ka3, BF1
WA Urea AEFRAR (R 1), PL 15%0N-CNPs AbFE A
o], AL S 5 1 U™ (6 A 11 H O, TN iR
A 15.78 mg- L™, %% Urea AbFERFAL T 7.18 mg- 17!, 22
SRR EAKY . BN 40d(8 A 3 H),
TN Y47 0.96 mg- L, J& Urea Ab3HAY 2.59 1%, ANl

FHA N-CNPs ZbFEXF TN ¥ BE B4 5% 0 77 1L 22 5, 1%o0
FH 9 N-CNPs kb B TN ¥ JZ A F 0.22~18.51 mg-
L, 39k 5 g 4.33 mg- L7, 2 TF 5] 15%005 TN
WA T 0.45~15.78 mg- L7, PR FE [ & 3.96 mg -
L7, 23 %8¢ Urea A FRAZ I TN SEH3k B AR T 0.86
mg- L7l 1.23 mg- L™ 5%DCD AbFAR I TN He i
fiX T Urea Ab3H, HAF- 4 AL T 1%0N-CNPs Fil 5%o0
N-CNPs 4b#2 [i] .
2.1.2 TR NHi-N \NOs;-N ¥ AR 1L
MAIKFE AR ) A AR 9 NHE-N 2846 (3 1) 7]
PIE H, FRZ Wt 3G T A NHI-N 3 28 i XU
HKALTE 3 YOEAE(6 A S H .6 A25 HM9 A 1 H)E
(R 1 RART I NH-N ¥ 2 B B T, 3
W Urea A0 FRAZ I NH;-N 2333k 8] 17.12.7.37
4.86 mg- L, L LA Bt ; N-CNPs fig i #F#
RANEE S 10 d DAPIAR 3 NH-N ¥R, HkE
N-CNPs FH i3I0, 72 3 NHI =N ¥ B FEAIC, 76
WM 6 A 11 H ,1%0N-CNPs.5%0 N -CNPs .
15%0 N —CNPs 4b 42 3 Wt NHi-N & &2 53 9l 0
14.22 12,95 F1 11.93 mg L™, %% Urea AbHEFFAR T
16.98% .24.38%#1 30.33%, 2253453 T 8 % K F
(P<0.05);15%cN-CNPs &b ¥ 7 6 J1 11 H .6 J1 29
H#19 J1 10 HA2W i H NHi-N & 2 #:5%DCD 435l
KR T 1.64(P<0.05).1.16(P<0.05)mg* L™ F10.34 mg- L
(P>0.05), KB B4 A0 F8 AR NHi-N Jiisk

12016 FEFHYPEEREPARESERREZH (mg- L)

Table 1 Dynamics of runoff water nitrogen concentrations during single—cropping rice growth season in 2016 (mg-L™")

REES b3 64 11H 6HI15SH 6H2H 7H5H 7H10H 8H3H 8H2H 9H10H 9H30H
NH;-N Urea 17.12+0.46a  1.31x0.06a 7.37+0.37a 0.7120.04a 1.17£0.10c 0.22+0.03b 0.06+0.01cd 4.86+0.43a 0.05+0.01d
5%DCD+Urea  13.57+0.48bc 1.08=0.02b 5.02+0.21b 0.58+0.02b 1.56£0.07a 0.54+0.03a 0.14+0.01b 3.49+0.47bc 0.19+0.04b

1%oN-CNPs+Urea  14.22+0.71b  1.27+0.02a 4.65+0.15bc
5%0oN-CNPs+Urea 12.95+0.68bc  1.08+0.03b 4.11+0.20cd
15%0N—-CNPs+Urea 11.93+0.73¢  0.93+0.03c¢ 3.86+0.12d

NO;-N Urea 1.41+0.14a  0.51+0.04a 1.07+0.06a
5%DCD+Urea 1.18+0.04b  0.35+0.01b 0.89+0.02b
1%0N-CNPs+Urea  1.23+0.05ab  0.37+0.01b 0.90+0.02b
5%oN-CNPs+Urea  1.18+0.07b  0.36+0.02b 0.88+0.03b
15%0N-CNPs+Urea  1.20+0.03b  0.36+0.01b  0.90+0.02b

TN Urea 22.96+1.0l1a  2.10+0.05a 11.31+0.44a
5%DCD+Urea 17.26+0.49b  1.83+0.03b 8.92+0.27b
1%0N-CNPs+Urea  18.51+1.08b  1.94+0.04b 8.29+0.27bc
5%0N-CNPs+Urea  15.12+0.76¢  1.83+0.02b 8.08+0.16bc
15%coN-CNPs+Urea 15.78+1.05¢

0.72+0.03a  1.09+0.06¢ 0.32+0.03b  0.04+0.01d 5.32+0.31a 0.04+0.01d
0.56+0.01b 1.36+0.09b 0.30+0.05b 0.09+0.02¢ 4.03+0.27b 0.12+0.02¢
0.54+0.01b 1.62+0.08a 0.59+0.07a 0.28+0.03a 3.15+0.34¢ 0.29+0.03a
0.23+0.02a 0.16+0.04a 0.19+0.03a 0.19+0.03a 0.85+0.14a 0.13+0.02a
0.15+0.02¢  0.16+0.01a 0.06+0.02b 0.12+0.01bc 0.57+0.05b 0.06+0.03bc
0.20+0.02b 0.17+0.0la 0.02+0.02¢ 0.11+0.0l¢ 0.62+0.04b 0.05+0.03cd
0.21+0.03b 0.17+0.0la 0.05+0.03bc 0.14+0.01b 0.58+0.04b 0.08+0.04b
0.16+0.02¢  0.16+0.01a 0.04+0.02bc 0.08+0.01d 0.63+0.05b 0.03+0.04d
1.60£0.04a 1.31£0.12¢ 0.37+0.08¢c 0.29+0.03¢ 6.52+0.46a 0.26+0.02c
1.44+0.06b 2.03+0.19b 0.70+0.09b 0.46+0.03b 5.31+0.54d 0.35+0.03b
1.61+0.01a 1.59+0.13¢ 0.41£0.05¢ 0.22+0.0lc 6.16+0.36b 0.24+0.01c
1.49+0.02b 1.53+0.18¢c 0.43+0.04c 0.26+0.02¢ 5.76+0.21c 0.26+0.04¢c
1.57+0.03¢  7.44+0.26c 1.39+0.03b 2.67+0.11a 0.96+0.05a 0.56+0.04a 4.82+0.32¢ 0.45+0.01a

T FIE(n=9) J5 19/NG 5 BER R 2R A BRI 22 5235 5% 3K Tl

Note: Different letters(n=9 ) indicate significant differences at 5% level among treatments. The same below.
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AL FHEACKRE, FHZR P AR
NO;-N JEAAFTE(FR 1), iR 50 H], NOs -N & K
{H 1 BUAE Urea SEFRAYEE 1 IR WM, (U 1.41
mg- L™, KT NHi-N &&; % T Urea ZbFH, N-
CNPs F1 DCD yjii FH e o 2 /2 F  NOs-N &
2, HA s 1 IR 15%N-CNPs Fl 5%DCD 4k
AT SRR T 14.7%F0 15.9% ; A~ [R] i N-CNPs 4k
AR NOs-N SR ARRI B 25
2.1.3 FEHAEH TN $#15:

2016 4 2 A A 1A i) 81 B2 W AN T HEAK 3
AT 9 AR, AT TN SR Z5 5 (£ 2)F W, 5%
N-CNPs.,15%0N-CNPs &b 3 TN #5125 5 43 %1 A 8.00
kg+hm™ 1 8.15 kg-hm™, (& B2 /K 23 it 240 2 (200
kg-hm?)[) 4.00%F1 4.08% , % Urea A FHY /L 2.19 kg+
hm? 1 2.04 kg -hm™2;5%0N-CNPs 4b ¥ TN i 2 5l 5
flF 5%DCD Kb, 22 53R 8] T B K F-. v WLAERS
H Hr L it N-CNPs fg i 35 /0 PR R 2 it 7 5 1 S 1
P AR TN #5155, 2 ik 5 5%olA 11k, %o Hil ek
ZRWMRR TR 5%DCD ¥ 5RO . &b
FE AR TN 425 Hh B LASERESA R R dse s, i E2 ol
52.39%~59.30% , 4 BEAL IR 22, o LL29°831.43%~

&2 2016 FHEFFEEAE

38.67% , FEAEHAEIAE T TN Fi e /b, i LWl 8.94%~
10.47%.

MBI AR TN B Ak (B D wT%n,6 1 11H |
6 J129 HA19 A 10 H ¥ MR 0 E K7,
it A ] B IS [] S 4~9 d, 3 YR P23 4% Ab B TN 2 4
HEEIk 4.26~6.25 kg-hm™?, 2y 22 TN Bk
[ 55.27%~61.88% ; 4> BENEJ5 A2 2 k™= (7 H 5
H RN IR 121.5 mm, S 5256 1A (8] 45 K B H R RN
&AL TN #5120 1.08~1.36 kg hm™, %75 T43
BENEJSEE 1 O™ (6 J 29 H ). N-CNPs [t FHBE
R TIRE MG 1~2 AR TN B8, LA 15%0
FHESCR A, 3 YO IE 5 098 AR T TN 12k
1A Urea Ab3H 68.73% .61.68%F1 73.84% , % 5%
DCD AbFRHLREAR T 0.26.0.18 F1 0.07 kg-hm™ , 4y
BERE S 25 16 d(7 F 10 H ) BRI B A A THEK
PR, 15%N—-CNPs 40P TN #5126 755 1.12 kg+hm™,
J& Urea ZbFRAY 2.03 £%, HUF A 2 ™7 (8 3 H .8
A 22 H) UL KLBENE S A5 2 o™ (9 H 30 H),
15%0N—-CNPs Zb A4S T Urea ACPRIFIAERBLH T 38
TN 5 5 B 0 JXURG: , L DR B i FES ) g s ) 4, 4%
A FRAE I TN 526 i SVA A T ALK
22 BHEREARRKRENSH TN ik

4Z. 3
7im

INEES

Table 2 TN loss amount during single—cropping rice growth season in 2016

. . FENE I B ST EENL I B FEAE B Bt
st 2% TN ik GHERLL% 2o TN 43 % TN # %% TN 1
S fi/kg-hm™ ’ (=R PS 5 TN /% (RN PN E TN H/% (=R ES 5 TN Hi/%
%/kg'hm’2 %/kg'hm’2 %/kg'hm’z
Urea 10.19+0.22a 5.10 6.04+0.20a 59.30 3.20+0.067a 31.43 0.94+0.02a 9.26
5%DCD+Urea 8.64+0.17¢ 4.32 4.77+0.10bc 55.25 3.08+0.13ab 35.65 0.79+0.02bc 9.10
1%oN-CNPs+Urea 8.96+0.21b 4.48 5.10+0.20b 56.87 2.98+0.06h 33.19 0.89+0.01ab 9.94
5%coN—CNPs+Urea 8.00+0.15d 4.00 4.39+0.13¢ 54.86 2.77+0.08¢ 34.67 0.84+0.01b 10.47
15%cN-CNPs+Urea ~ 8.15+0.21cd 4.08 4.27+0.21¢ 52.39 3.15+0.05a 38.67 0.73+0.01¢ 8.94
O . 114
> 0 1 Urea 0
Bl 5%DCD+Urea 120
2 1%0oN-CNPs+Urea 100 _
5%coN—-CNPs+Urea E
B 15%0N-CNPs+Urea 180
R Ar AR | =
[ R 160 g
| m
-
- . T
i S P S i SN .
07-10 08-03 08-22
B A -H)
1 2016 FREFBHEZR INMAERETE

Figure 1 TN loss amount and rainfall water depth from each runoff event during rice growth season in 2016
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2.2.1 FHHBHWE T TN W E A

Kl 2 WAE B IR T TN W ShA A ik, & b3
BRI TN e B 3 528 A AR BL, BENE Fn 43 BENE
T 7 d A2 A7 B TN e g v 06, i F PRkl g, AR
(ALK TBRARIE A5 63 d B s FEAE b JT ), IR e
Z R ICM HH /DK, TN W EEZ AT, 4R 7 d 5
HILE 4, Urea A0 BRIB IR /K TN ¥ JE AT 0.89~58.83
mg- L™ 2], 45 15.51 mg- L™ B it 5%DCD 4k 3
RIHEIF R EANB IR TN W ERCR , L5 EA T
1.75~44.54 mg- L' Z 0], ¥{H K 12.43 mg- L' Bl jiti A~
[ FH 5 N-CNPs BRI T 7% H B I TN W, 15%0
FEREER K, HE 8T 3.50~28.85 mg- L™ Z ],
PIE R 1034 mg- L™, % Urea AbFRFEAL T 33.3%, %
{EAST, FAREE 253K T 50.1%.
2.2.2 FEHB IR NOs-N Ml NHi-N ¥ E Ak

T BRI NOs-N F1 NHi-N ¥ BEEAEMiIE 5 7~
10d Py H B, O v B3 B T %, it N—CNPsffi
fI% T AT NOS-N Wk B2 (I&13) #2517 NHi-N i
BE(E 4), B H)E4S 7 d, 15%N-CNPs Zb38 NO;-N

7C
| ~#Urea

HePE(31.92 mg- L)% Urea AbFH(43.86 mg- LK T
27.22%(P<0.01), fii 1%cN-CNPs ZbBRAY AKX T5.46%
(P>0.05), B AR T 5%DCD 4b 3 (11.39% , P<
0.05); NHi -N W AH B0 7E JE R it A S i 26 7 d, 15%0
N—CNPs ZbF NH;-N %3 (2.69 mg-L*) %5 Urea ZbFH
(1.88 mg-L™) M T 0.81 mg-L™, Bl ik 43.09% (P<
0.05), Fouk 2 B S th N-CNPs BUIIA2x
BB R A HE NHI-N R RS — 4518 .
223 FIHB R TN ik

TN B R (& 5) R, S4B TN BiR
12 AT A Urea>1%0N—-CNPs>5%DCD>5%0N -
CNPs>15%0N-CNPs; 15%0N—-CNPs Fii jifi jR 2 TN 1 s
SR 16.59 kg -hm™, (il (&L & 1 8.30% , %5 Urea
A FRYE /D 8.83 kg -hm™, B IR IA F 34.73% , % 5%DCD
AP/ T 3.08 kg-hm?, 2% FHiA % i EK T,
5%0oN-CNPs 4b B TN & B &8 5%DCD /b 1
0.95 kg-hm? (HZES AR E . N TN Bin RBUEHER
B AP Sy BN ABEAEE IS 15 d N
PP A S Bl R AR gz . R A4 BE

~&5%DCD+Urea

6c§ T 1%N-CNPs+Urea  ~#+5%N—CNPs+Urea

SC‘?:-_--'.-- 15%0N-CNPs+Urea

4c1.g-:-.

1% FEAN(40%) m

30k W
R

TN ¥ /mg- 1"

'wg‘_;m SYBEAL(30%) A,

42

35

63

B K E/d
B 2 2016 FRFREMEBBER/A TN REHSE

Figure 2 Dynamics of leakage water NH;—N concentrations during rice growth season in 2016
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Figure 3 Dynamics of leakage water NO;-N concentrations during rice growth season in 2016
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Figure 4 Dynamics of leakage water NHi—N concentrations during rice growth season in 2016
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