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Nitrogen Leaching and Associated Environmental Health Effect in Sloping

Cropland of Purple Soil

CHEN Wei-liang'*, GAO Yang’, LIN Yong-ming”®, ZHU Bo*, XU Ya-juan’, YU Gui-rui’, WU Cheng-zhen®
(1. College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Key Laboratory of Ecosystem
Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing 100101, China; 3. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 4. Institute of
Mountain Hazard and Environment, Chinese Academy of Sciences, Chengdu 610041, China; 5. College of Forestry, Central South
University of Forestry and Technology, Changsha 410000, China; 6. Key Laboratory for Forest Ecosystem Process and Management of
Fujian Province, Fujian Agriculture and Forestry University, Fuzhou 350002 ,China)

Abstract: In this paper, we monitored different forms of nitrogen(N) transported by the subsurface flow under three different natural
rainfall events and different fertilizations and conducted an associated risk evaluation on environmental health, which provides scientific
basis for controlling N non-point pollution and establishing a reasonable fertilization system in purple soil area. The results showed that
there were different forms of N transport by subsurface flow under different rainfall events, where in dissolved nitrogen (DN) accounted
for about 53. 74%-99. 21% , and nitrate (NO, -N) accounted for about 35. 70% -93. 65% of DN, and especially under the moderate
rainfall, NO; -N could reach 84.09% -93. 65% of DN. The different N fluxes were the highest under moderate rainfall among different
rainfall events, in which the flux of total nitrogen (TN), DN, particle nitrogen (PN ), ammonia (NH, -N) and nitrite (NO, -N)
reached 737. 17, 711. 12, 26.06,12.70 and 0.46 mg-m~*, respectively, and the NO; -N flux was as high as 686. 12 mg-m ™’
showing a huge potential threat on groundwater health. Through the risk assessment on N pollution for groundwater quality, we
concluded that the straw returning could be used to effectively alleviate the N leaching and groundwater N pollution; especially, the
combined application of organic and chemical fertilizer could effectively mitigate the groundwater pollution, improve soil fertility and
increase crop yield.

Key words : subflow; rainfall; fertilizations; nitrogen transfer; purple soil
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Fig. 1 Schematic illustration of runoff plot structure on sloping cropland of purple soil in YAS
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Table 1  Different fertilizations in sloping cropland of purple soil

Jit AL 5 Jit AL o Jit AL J5Re

RKIE(OM) #£3%30.0 t-hm => (3.0 kg-m ) , K E{L T 40%

i H (RSD) INEFEFF 0. 6 kgem 2
i FEHUE(NPK) . (NP A2 U R A 58 0 Pl DX 32 i FH A B R S 5 ol T SRy o ol IR 5 , Bt FH koA 90

- (NP kg-hm =2 (14 P, 05 1) 3 VIR AU, 2061 36 kg-hm = (14 K,0 1)

i it A F - AL AL B it F12.0 t-hm 2 (1.2 kg-m~2); ZAE 90 kg-hm =2 (0.009 kg-m ~2-B# FE & #0. 052 94
HHLAE 40% (OMNPK) kgem~2) ; BEAL 54 kg-hm ~2(0. 005 4 kg-m ~2-iFBERRES 0. 045 kg-m ~2) ; AL 36 kg+hm 2
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FFF AL B Bt ( RSDNPK )
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KR I Il I j\Y
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Table 3 Weight value of Nitrogen in subsurface flow under different fertilizations
) i i T
R R 2 A " - - " = - " . -
NH, -N NO; -N NO; -N NH, -N NO; -N NO, -N NH," -N NO; -N NO; -N
CK 0. 356 0.3266 0.3174 0.407 6 0.3362 0.2561 0.098 4 0.1878 0.1878
NP 0.3149 0.3527 0.3323 0.4926 0.1865 0.3209 0.1283 0.070 1 0.070 1
NPK 0.356 7 0.3195 0.3239 0.462 6 0.2667 0.2707 0. 106 6 0.136 6 0.136 6
oM 0.2332 0.403 6 0.363 1 0.6253 0.1586 0.2161 0.2025 0.217 0.217
RSD 0.2559 0.3021 0.4419 0.4205 0.3189 0.260 6 0. 189 0.1979 0.1979
ARANIE] WA 3 72 Al i 2k A 0 R S (07 B AN R). A
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Fig. 2 Variation of subsurface flow under different rainfall intensity and different fertilizations
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Table 4 Water quality classification of subsoil water in different fertilizations under different rainfall
S AL b P I I m I\Y \ eSSl
CK 0.8137 0.5249 0 0 0 1
NP 0 0. 002 2.7747 0.848 4 0 I
R NPK 0 0.001 4 2.2052 1.098 1 0 I
oM 0 0. 147 5.9611 0.0195 0 I
RSD 0.7545 0.1559 0.0736 0.0492 0 1
CK 0.0229 0.2128 0.0029 0 0.2627 \
NP 0 2.2037 0.59717 0 0.4926 |
AT NPK 0.3593 0.4554 0.017 4 0 0.4626 A%
oM 0 2.26 0.1317 0.004 1 0 I}
RSD 0.8137 0.5249 0 0 0 1
CK 0.1882 0.0012 0 0 0.098 4 1
NP 0.1937 0.0167 0. 0053 0. 000 3 0.1283 |
RAETH NPK 0.4778 0.068 1 0 0 0.106 6 I
oM 0.384 8 0.2676 0.000 8 0 0.2025 1
RSD 0 0. 002 0. 001 0.848 4 0 1

FEULIE 10 ~ 60 min BB FE R —3. [R5 RE
T AN [ i S A 8L P S v 7 U D3 B A [ e R
5 N A FE AR AL AR Bt ( OMNPK ) Ak B398 v 375 7 3
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Dt 5 2 5 88 AN [l it A Ak BT (%) 48 vp 3t = I
A AH 4 5 RO M5 FE RS AFi4 I (RSD ) 5 RSDNPK 4k
B 7 0 3 ) b A W Rt AR A R B, A
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Fig. 3 N transport process by subsurface flow under moderate rainfall



2134 2N 5%

B 35 %

R, N FRIREE 73 51 A 629% 1 85. 6% , )i X 3 L
Tb, F IR EE 2 ik 179% F715% |, [A]4) DN %
LR B WS B S . 4% IR AC PR NH,-N I
NO, -N& R, 7 HI7E 0. 045 ~0. 699 mg-L ™" Al
0.002 ~0.030 mg-L~' Z[EA8 k. HR5RE T RSD
Ab 3R S b R R B R K, TN 7E 2,47 ~7.13
mg- L~ 2Z (a4 Ak T HAY 3 AR AL R TN f e ik
22.88 ~23.68 mg-L~'. ME 3 Al F i, h N &1
A B JCHLAE B 3 (a) F1 3 (e) ], PIFI A HL-

[N T &L S AR BB E R, & IE
DA AT Fn W SR I 200 8, o Ay
HL-JCHLAE B jifi ( OMNPK . RSDNPK ) 4h 3 R [ ¥ 4
(b)F4(d) ) KIESARLE WG W 2942
fe#a# Miks #7346 1 (RSD) 23 F Ay TN, DN 5
NO; -NFRIUESAAH I, 7677 It Jo 2 W 2 BEAR 7
#. NH, -N5NO, -N/35I7E 0.58 ~1.44 mg-L™' 5
0.03 ~1.38 mg-L™ ' R[EJEFAES). BWRE T H
Jiti A Z AL (OM) F= A I TN B s T HA 3
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2k A E . B 4(b) Fl4(d) | &TEERAR Z RS Nt
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Fig. 4 N transport process by subsurface flow under storm rainfall

FERER R 172. 8 mm FIREW T 4 FiA A i
BRI SAR T RZRUE (ES5), £EER
R a4 AHFE. RFAE(OM) LB TN
5 PN YB3 — B[ | 5 (a) ], 17 W5 21
min 48 TN 5 PN ¥ 80— AN 064, 5 51 ik 12. 93
mg-L™'59.77 mg-L~", TN 2=k 1 B ik 70. 6% ~
245.7% , 1M PN ¥4 i1 18 fi5 2 2. A& 2 AE-1L AE B it
(OMNPK) £b T PN 7E7 i J5 80 ~ 120 min A B 2
JGR %, R B 0E B ol 99. 74% . FG AP b B A HER
(RSD) HIERA R i —3, ik sh X518
FRE. FEFF-LIERC AL BE T (RSDNPK) S IES A E
AR F A B —BUE[ K 5(d) ], 7E 42 min £b

B — AW, b R BE . TN (66.30% ) . PN
(117.37% ) FINO; -N(117.47% ) , iiNO, -NIHt i |
Ft 28 52 £, M 0.015 mg-L7" I F+ £ 0.44
DN 5 NH," -N & & 1922 A AH X722, 53 51
7E1.65~1.90 mg-L™" 5 0.95 ~1.39 mg-L ™' X |f]
Ak, KREEFTHEEE OM ALFE R TN 5 PN S E7E/
21 min B#%E%E/ﬁ\:é‘% 3 ﬁ‘ffﬁﬁﬁﬁﬁﬁ, 43 9 ik
14.42 mg-L~"fI11.26 mg-L~".
2.3 A[FESRRH

5 G R B T 9 B S S AL BN AR S
A 1B G5 B T (NPK > NP > OM > RSD >
CK) . %M (NPK > OM > RSD > CK > NP) Al K

mg-L~".
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Fig. 5 N transport process by subsurface flow under heavy storm rainfall

(OM > NP > RSD > NPK > CK) , /~ [7] |4 TR 968 JF X} 4%
Jita A Ak 3 v 2R i o 25 S R R
AL (NPK | NP) 5 5t 2 (OM) 4b B R (1)
REM L E A . Jr 28 R s, K
T TN T AN [ it IS %o G0 A S 3 R ) 22 5 (O
5 FRARIC)  H BT HE WA B, A E R
JERE RN N U i 0l SRR T > KB
> FR RN, H B RN O B R 0 R b R L
FIR RN 3R N i A ol S 2 R E R
H:TN 1.67 ~7.02 mg-m™>, DN 1.33 ~ 5.08
mg-m >, PN 0.33 ~3.27 mg-m > HINO; -N 1. 39
~5.23 mg-m >, KR FE NP AL BE R TN fi i
AN 1. 67 mgem ™ B BAK T H &t AR AL BE R
TN W am . 7 — @ R R T, anrp i &
FI N B NPK &b 2 A 60 2= o o o A ey, e i ik
737. 17 mg-m >, i [ 37 [ W A i JE 4b B (CK)
R i E Rl 82. 82 mg-m 2. 4R 9
SRS AN R R 5 BT SRt A ML AR 38R (OM
RSD) TN i fy i 38 2 0 %5 =, 43 0 7T 36 364. 75
mg-m > H1239. 14 mg-m ~>. A [F) 50 B R 45 25
REMN A EEL I N . DN Ak & s T
PN i, AT 35 53.74% ~99.21% , LHLA HNO; -N
(A% o OB AR = E TP B A, Tk 35.70% ~

93.65% , 1M K 2 FF o NH, -N i i 18 & 1 NPK |
RSD Fl CK Ab 3R 43 51 Al &3k 51.25% | 50. 62%
F158.86% , H: t i 18 NO, -N, M NO, -N I # f%
IN250.06% ~1.23% . 3 FlA [a) 5 B R, 2
FRAR I R T I D B A OGP B R A
LTI 2 380 min, 11 4 Hh A U B A 0. 028 ~
0.064 m’ , /= i I BH A A 80 min Y K B W T 4
PR RIS 1.56 ~3.04 m” , Akl T T 37 Ik
KA, AR L i SR AR R A R, —
R 5 8 RN AR DA Bt IR 7 X NO S N
REfE IE— 20 PR L v A, INO, -NFEN
RE R K15 Y (0 38 B A4y, 18 /D NO, -N B #i
HE X T Al T IR 4 A B 9 L — L
2.4 JKINFARFEIEM

Fie A A KT L P8 PR AR (B A5 1 3R
3, E— 2T AN [ 8 R R N A B b K
IKIEZERN(F 4) , N n] B S [ i 38 e TR % it IS
APET b K B R TS YA AR AN R AR B XU, T
FIEFRH N RS FFA B (RSD) ol R /KK BR2E 520 1
e G YRR/, KRBT 5 it A b 2 b R K
FHFReR R T 2 PR R KL (OM) | i
A (NPK | NP) ZbFER b Rk KB T 28, 1T
KR ZE G G KBS B K, R i, 2 R T St b T
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(NPK) S5 AHAE ( CK) 2 ¥ Rk A V28, Ui
A B A T KT SR M R R T Y KR TR
RFINE(OM) . BAhti bl (NP) AL FE R Ay HL R 7K Bl

®5 AREEMEESHERAXTESR

I 26, 1 T KA RTG P de—E K. R, A
e NP ARBE(IT 26)  NPK ZbFEXS LR /K KI5 Yeii
R AR I B K152 (V).
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Table 5 Nitrogen flux by subsurface flow under different fertilizations in different rainfall

e Fﬁiﬁ‘Jﬁ&J‘ g Herh s At TN DN PN NH,' -N NO; -N NO; -N
/min /m’ /mg-m'2 /mg-m'2 /mg'm_2 /mg-m’z /mg-m’2 /mg-m’2
CK 0.841 82.82" 75.66° 7.16" 5.38" 67.05¢ 0.25°
NP 0.577 523.02* 497.95" 25.07° 7.23% 489.79" 0.32%
P 160 NPK 0.79 737.17* 711.12° 26.06° 12.7° 686. 12¢ 0.46°
oM 0.499 197.85" 187.49¢ 10. 36" 5.59" 179.23¢ 0.38°
RSD 0.84 91.11" 90. 14° 0.97¢ 6.65% 76.61¢ 0.23*
CK 0.064 4.53" 3.59¢ 0.94* 1.02¢ 2.99¢ 0.1*
NP 0.055 1.67° 1.332 0.33° 0.09° 1.39® 0®
e i} 380 NPK 0.037 7.02¢ 3.76% 3.27° 0.95¢ 3.448 0.09°
oM 0.028 6.2* 5.08" 1.12¢ 0.55° 5.23¢ 0.04*
RSD 0.045 6.17° 4.69° 1.47° 1.65% 4.39° 0.04*
CK 1.557 119.61° 99.62° 83.28° 70.4° 42.7° 0.43%
NP 2.34 280. 58" 232. 18" 82.75¢ 108.79* 164.6% 1.08*
KIET 80 NPK 2.043 180.03" 178.61" 99.21* 92.27% 80.77% 0.44*
oM 2.053 364.75° 337.73° 92.59° 69.07° 287.57° 1.13®
RSD 3.043 239. 14" 219.69" 91.87° 121.06* 112.9% 1.69°

1) a,b,c %5 a=0.05 BEKF

3 g

3.1 N[t AT i Uk 25 SRR

ATl AR A BT 9 rh R ) R R i e R 2R R
. RIS SR R I SR R AR F AL (OM) Sk
KB - AL BT ( OMNPK ) , 2 5% & OM, OMNPK
SREFF-AL AT it ( RSDNPK ) 19 Uk Y o e A8 b
— 3, TR L O AR AL B S R R a2 S
BN EI B A SEE. X BT W T [ SRR R R4k
AR R R o R R AR e B D e
FERETR A0 T 48 (0 bR 2 A 0 45 SR e s
FREEtE AR A T 5 25 5 5 e A i R 38R 0 1) B
WL BRI R O — B AR b, — i T
FHHUIE(OM, RSD) X 140 Bk (25 (9 5L i), 42 e 4
DOV g 2 W it FH A LR AT ) LR R 19 0. 053 ~
0.25 mm TR HLY T (POM) B FL 2 it A HL
NEAAE T B AP R AR e e 1) 2B 55—
1A, A HLAE A it FH e 44 =5 138 C/N Lb, 380 - e &
FE D R R AR R )it A Ak B i
S b 7 T R TR I M0 A D9 o R X
b A B R T 2 5 R U AR A
R ARG OCTE , A 24 5 TR E AL F FH % b it
EEN O pANENTN 3 ANOTITE 17 BN S DAy | R 1 Bl ==
MNEWREAT S i KA Rk, B2, GHUIES

THUIE T A ZE W 2= 522 E N R LA ER NS
3, M 2 U5 3 B A HL-JCHLAE BiC it BB A% A 20 %
fil R B,
3.2 R[RIFERT &N Al 2
AR A5 0F T 2 R A A B B 25 5,3
YR I P 2 R = 30 D I e, R IR 2, R R T
B, VAR R = R 2L ) 7 — 8 R g AR
it AHEAE (CK) AR B R R R4S PR 5 T
V18 38 A A B A, P 5 R 5 B A L U I
(NP) AbFEF A9 5. v o 5 F5 #1348 B (RSD) 4b
PR A Z AR, I CK AR IR &, {3 PN i
ik, A 0.97 mg-m >, 3X AT GEEAEFF LB T — 22 1Y
ORI A& (PN) S 25CH G B, TR 5 fE i 5%
L0+ A HLICHILIC I X A R ER 14 52 Wi Hh -t A5 10 A 3
ghE0L, BETNSRIE NP AbHL R (&K s 5K, K F CK
ARFER B AU L X ] B DT A K O,
REEBRACT IR 13 78 i 3 W Bk -+ 39 9 3
LA A AN TR]56R J3E A T 45 08 2 U 2R 1 43 A R AE
SE R, O i T REME B DN 78 K Hh B
B 7280t 7] PN — AR rh i i B iE B o # v
— AT A 3 L o Ak S bt R AT RS, O
AR A T A B 7 1458 1 (438 40 A R AS W it 2
IKHIFREZ R ). TR R R
PRFNE(OM) b FEF Z 38 &, Joh TN 5
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NO; -N 43 5 & ik 364.75 mg-m™> Fl 287.57
mgem X FEIEH TR MR T ARG LR AT
Gy R K R, DTG 2R 2R i W] B S 0. Gburek
VRS R Rk RN | AT A
LR A .
3.3 AF UL KRB A EE R

ANFIE S R K B AT R 1  F v, AS )
JEE b S 0 1, T K K BT, 0 MR 7K R TG G AU
TR RIS R R ASAFIA T (RSD) fhth Rk 2515 0 1
TG Y RS/, KR T 5 it A A 3 b b 7K
FKHIREIA T —2K , X BB R T RN IR 5,
b FEAE B AR K Y R T BRI, 1 R 0 R 43 R
IR B AR T, I HL I A M 3% 5 T il — )2 Bl
T3 W 7K 5 35 2] 498 1 K BB AT ASUA 2030 43 W 7K
A HHEE S, o B IR RN 5 i I
IR A S PP i X SRR R A R B i
M2 T 7K R T e KU 35 /N, (R KR R
AR A 1l 7K U385 Y AU B 2 1 .
R P NPK S5 AHEAE (CK) AbH At F /K /&
15 YL AU S A 2t SRR, Lt TCH LI AE R RN 250
Ty LT K s ARG G, AR K AL (OM) Ab B
TR K B R TG Y KU RS AT A FH (RSD) Ab 3
R, IR TR FIC EE 5 sh Y 3E1E, 5
T2 TR 7K ORI 5 S 4 BG5S AR A T ¥ et K
R FF A8 FHAE — 2 I T BERS AT % B 1 R 7K B4 v s
BT, — 7 T R U SR A AL I R e AR
T, o — 7 T REAE A RS 1k - 558 ph R Kz
T A /K 30 2 1 T s B b A 75 e [ el e
TR R R AR 3R K 2 TS Je KU 45
AN, AHFEFRE A — 2 B R BR P, a0 L3R40 AN
LUl R AEY TR R, X454 HLAL-TCATLIE B it S A5 5
TRERS W A PR R, AR A MTEEAE Y 1
FEABIESE T3k — £, FF H ik 2 505 I M SC R 9% F
— A A LT ML AT T it 3 3 4 v R R RS0
NI REA A48 22 Fysi /D R Rk k. (HAE RT3 2 38 K
S, AR 2 W 4 5 O it o J LD 55 HE D A A s 114
[ VD RE ST, AT 28 M 15 Y I RO BR AR, P LR %
K HIX A HL-TCHUIE F it 75 I T % .
ERRH] BT, NPK Zb B4 M T /K /R 15 Yealy
SR A XU B Bk e NP AREEAG (T 28) KAFZ(V 2K),
XYL —E PN T A IR AT RE AR R R k. Bz,
A T 7l AL 5 3850 2 28 9k 2t 14 o DA o Jak) b R K T
e (EAH ARy =AY e BE WAL O L A HLEXT
Hi T 7K G TS Y KU 114 5 ) 558 Bt A A DL B AN T S

AR, A HL-JCHLIE ROt 7E A1 il B2 i O A A
REAS A F4E EAE FH  T) R i 75 4% 2% 37 1) i S il 32 LA
i AW AE AL R A AR 7 PR

4 @
(1) ATRIBREERERT R 45045 5% 0 1

SN B i Bl R ) R 3R WA b i 1 R
A0 DN FLE 4 53.74% ~99.21% , i “ =&,
NO; -NH H ik 35.70% ~93. 65% , Jt HAE b i 5
TR T53k 84.09% ~93.65% , i it A HLIE fEA &k

(2) /N [) A TR 58 B T 45 1 2 R0 38 i o o 4%

SO A& E R TN, DN, PN, NH, -N Al

NO, -Nfi 3 43 5l i ik 737. 17, 711,12, 26. 06,

12.70 1 0.46 mg-m >, 1fij NO; -N % 1 i & & i8

686. 12 mg-m XA 5% X LT 7K A58 1 B K5

PLGY

(3) FEFTI4 HH BEAE A R fifk R it AR A X

KK BTG GAR O , AR Bt B S E R KI5 G

A HIL-TCHLIE BT i B 98 e M T KK BT 5 e IF ik

g I T H Y.
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