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Effects of nitrogen application on the characteristics of mineral nitrogen leaching in purplish soil and spring
maize yield in Sichuan

LIU Mingpeng', XU Kaiwei', XIAO Hua', CHEN Xiaohui’, PENG Dandan', LU Junyu’, CHEN Yuanxue'

(1. College of Resources, Sichuan Agricultural University, Chengdu 611130, China; 2. College of Resources and Environment, Fujian
Agriculture and Forestry University, Fuzhou 350002, China; 3. Ya’an Agricultural and Rural Bureau, Ya'an 625000, China)

Abstract: The aim of this study was to explore the effects of different nitrogen (N) applications on the characteristics of soil mineral
nitrogen leaching during spring maize season and changes in maize yield. A field experiment was carried out with five different N
applications (0, 90, 180, 270, and 360 kg - hm™, represented by No, Noo, Niso, Nazo, and Nig, separately), using spring maize as the test
material. Soil N leaching dynamics during maize season were measured by underground leaching in—situ monitoring, and spring maize yield
and N fertilizer utilization efficiency were analyzed. The results showed that nitrate (NO5—N) was the main form of mineral N leaching in
upland soil during spring maize season, and accounted for 90%~91% of the total mineral N loss. Nitrogen leaching peak occurred 1~3
weeks after base fertilization and top fertilization at the seedling stage, which was the key period to take measures to prevent N leaching.

Significantly different effects on mineral N leaching were found between different N application rates. The leaching of mineral N increased
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exponentially with increased N application, following this order: Nss (70.46 kg« hm™) >Na7 (39.65 kg - hm™) >Ny (26.33 kg« hm™) >Nop
(18.55 kg hm™)>Ny(6.54 kg+hm™). The apparent N leaching rate first decreased and then increased with increased N application. The

minimum N apparent leaching rate was 10.99% under N5 treatment, which was reduced by 1.27 and 6.76 percentage points compared with

those of Naz and Nig treatments, respectively. The grain yield of maize significantly increased with increasing N application (<0.05) and

then reached a plateau stage when the N rate exceeded 180 kg« hm™. The apparent use efficiency of N fertilizer reached the maximum

under Ny treatment, which increased by 14.50~27.75 percentage points compared with other treatments. In conclusion, the application of

180 kg - hm™ could be considered the optimum N rate to obtain stable maize grain yield, maintain fertility, and achieve the lowest soil

mineral N losses in the study area, ensuring stable yield and saving fertilizer.

Keywords : Sichuan; spring maize; nitrogen leaching; yield; nitrogen use efficiency
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Figure 4 Dynamic changes of NHi=N concentration in soil leacheate
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Jit 90 kg RIS LAY NOs-N iR 3E it 22 5 F BT |
T FEH Niso A BREAIR , 7F Naoo i B IEAE

NHi-N 3k i (] 7) 5808 E T3 ko
L A 1.03~5.26 kg-hm™, 5K T NO-N ik ok i
(P<0.05) , 156 B 5 b & bk 2k 2 2R 380 NOS-N; ANt
R ZBARACY a3 FaE . NHI-N B3k at i
WX R 08 | 2 e TG N, 3X AT RE 55 R AN R oK
F IS (B O o RV NHE-N I 2R 2 K /IR BN Nago>
Na270>N 150> Noo>No, No Noo . Niso Fl Nazo 85 Naeo b FH 43 5] [
£ 71.76% .47.86% .39.33% F117.95% ., £33 90 kg-
hm 2 &UE L Noo . Niso  Nazo Fl Nago 20 FH NH;-N 9k 2k 123 1]
H911.20,0.43,1.07.0.90 kg~ hm™, £ 4 FFEF T}
I FAHA Niso b PR AR A

M2 2 AT LA ), Bl 5 i & 3 , 47 o A8 AU
et B E RN (P<0.05) , T RUIE I K 6 5 Je b s
TR PR 0 2 I AR it B F ULtk 2k K 1

2018

NHI-N k26

NH:-N leaching loss/(kg+hm™)

TE Naoo 0 FRIR B d5 5, 43 3110 67.13 kg - hm > (17.69% )
H173.79 kg-hm™(17.81%) , Niso A0 BT AUIE R WLk 2%
BIRFN AR, N 10.21% .11.78% ., #5152 KH i A A
W i A A TG (1 8) R B, fe 8 A
B ik BN 2K F (P<0.01, R*=0.957 6) , B i 248
ER =) R e ) | ERE il ey < ko

80
— -
2 ,
60 F /
P 7=8.145 910" ,
i K R*=0.957 6%*
gé 40 3
= .-
£20 * -
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Figure 8 The relationship between N application rates and

mineral N leaching loss
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Figure 7 Dynamic change of NHi=N cumulative leaching loss
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K2 TAEERETEEREFTHARM 60 cm hAKKERMKEE
Table 2 N leaching loss and loss rate of spring maize at 60 c¢m soil depth of dry land during growth period

under different nitrogen application rates

A0y A3 N 24t N leaching loss/(kg+hm™) U W 2k 2
Year Treatment WA NO-N B A NH-N 575 N Mineral N Apparent N leaching loss rate/%
2018 No 2.40+0.42d 1.03+0.15d 3.43+0.57e —

Noo 13.33+0.64¢ 2.27+0.21¢ 15.60+0.85d 13.52+0.73b

Niso 19.51£3.04¢ 2.29+0.35¢ 21.80+3.39¢ 10.21+1.76b

Nano 30.60+3.66b 3.54+0.48b 34.14+4.14b 11.37+1.40b

Nieo 62.39+5.57a 4.74+0.46a 67.13+6.03a 17.69+1.67a
2019 No 7.84+1.44d 1.80+0.18d 9.64+1.62d —

Noo 18.56+1.28¢ 2.94+0.16¢ 21.50+1.45¢ 13.18+1.25ab

Niso 27.07+2.56¢ 3.78+0.25hc 30.85+2.81¢ 11.78+1.53b

Naro 40.49+7.42b 4.66+0.78ab 45.15+8.21b 13.15+2.91ab

Nico 68.53+8.93a 5.26+0.72a 73.79+9.65a 17.81+£2.55a

T AR R B 5 AN RN PR OR 22 R B (P<0.05) . T T,

Note: Different letters followed by the data in the same column indicate significant difference in the same year at 0.05 level. The same below.

24 AEBREMNEERTERRAEF RN

Y 2% 3 AT, Bl it R LB n,  ROK a
P25 (P<0.05) , Jiti ZHA 1 180 kg hm i , = i E A K
B, AF B ER M (P>0.05) . 2018 4 Nag b H 15 5
B i 7 683.7 kg - hm ™, B 55 T Nygo Al Noyo, =40
PHE] 22 57 .25 5 2019 4R Niso i Bl e iy )7 129 217.6
kg - hm™, B 85 T Noso 5 Nago AbHH, =N AbFRTA) 22 508 i
F o MERRHL AR A R SRR R SRR 3
AR ZNE- YR 2ok AR A 2 Ak
) R B B U I 2 S T I R 3 7E Naso b3
IRF K, 5 H A AR FRAR HE , I8 A R 3 T
14.50~27.75 1A 53 i, 4857 FI) H 2838 06 12.9%~
90.9% , M ENE AL ™ 1 5208 T B,

3 iFig

RAE RIS AR R L | A 7 A P
it 25 PIAH 517, K B it A AU R R e -4 p
BAEZR, S HRRENAZUANFIE XML, At
FEAER R 1E Tk R 3 "R INO-N
(5B AR B 90%~91%) , 5 i AWF5T 45 5
—F, R NHI-N 7E 38 v 5) Bl A 3 15 1A % o A
B A [, LR A AR F NOs-N, 1 5 i
+HEE A SR T NOS-N JE LA 2, HNO--N 5
TR HAS G AR A, 2 51 IR 1 20
PRI, AR 356 v 280 28 U 2 B it 20 79 34 2
SR TS AAE TR (Nago) B UM O B Ttk ok %

R3 FEEERETEERNTERABAAE

Table 3 Yield of spring maize and N use efficiency under different N application rates

= Il 1] FH 222 Pl s i 22K FH 2%

e wm e e N o il
Year I'reatment Yield/(kg-hm™) Nitrogen uptaker/(kg-hm™) efficiency/% productivity/(kg-kg™) rate/ (kg k™)
2018 No 1 044.3+35.5¢ 20.8+3.0d

Noo 2794.7+286.7b 49.5+2.5¢ 31.9+2.8b 31.1£3.2b 19.5+3.2b

Niso 6 969.5+441.3a 119.3+13.8b 54.7+7.0a 38.7+2.5a 32.9+2.5a

Nz 7268.1+318.4a 130.1a+9.0ab 40.5+2.8b 26.9+1.2b 23.1+1.2b

Nseo 7 683.7+391.6a 142.6+5.1a 33.8+1.4b 21.3+1.1c 18.4+1.1b
2019 No 2364.5+79.8¢ 33.1+7.0c

Noo 6 275.7+268.2b 93.0+15.3b 66.6+18.8a 69.7+3.0a 43.4+3.0a

Niso 9217.6+96.7a 164.3+10.1a 72.8+5.8a 51.2+0.5b 38.1+0.5b

Naro 9 085.0+268.8a 171.7£10.3a 51.3+3.9ab 33.6+1.0c 24.9+1.0c

Niso 9 136.5+30.1a 170.6+8.6a 38.2+2.4b 25.4+0.1d 18.8+0.1d
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B3k 8 fe K, B A il 0 Ak P (Nuso) 43 501 S 2 34
167.7% F16.76 1~ F 43 145 (P<0.05) , 5 SUN ZE2f il 58
SRR 56 EARAR WG R E | it A =
A — YO LS A R R A 8 B 160~170 kg - hm™
JEAFREI, 2R RAAE T 2, SHARMK
FEFEE BTt XTPAFEIGRE )2 0~100 em 5 A
TR AI R R, 158 NO;-N FI NHi-N 7% & Fifi
A it S R A S A B A A A E Noso FH Nago LTS
118 NO;-N FI NHi-N A B & (0] T BB 3, X —45
RGH LR EFIM VRS L EEA 3, Ui & A b
3 NOS-N  NHi-N 5% B4 &, K i ZUIE nT g
2351 NOs=N  NHi-N bkt AR DX gt T 7K 22 42
T P A ISR 3 0~100 em + 25 & & B AT iy 22
5, B RIS , 2019 4F 4+ 20 AR & =4 2018454
JITREAR , X 5B M B S 2 A G . I NO--N
T NH-N B 2 R B K o R bk vk 2 082 1381, 2019
AEZ ML BT 43 NOS-N  NH-N 2k f2 45 2018 4E 1
A TGN, H 2019 4F F KA ™ it 5 R A 8 2018 4F
R (P<0.05) , 4 F30~100 ecm )29 NO:-N
FINH-N & HEFEAK . TRAE 0~100 em 12 )2 NHi-N 7%
AR AR IR AR —3, 2018 4F + 3 NHI-N &5 &
TE 40~60 cm 1 )25 H B S P05, Nag R0 PR, 12 )2 40~
60 cm [ NH;-N 7% & 0] ik 18.07 mg - L™, i 3 & T
20194 [A] + 2 NHi-N 7% & (P<0.05) , 1fi 2019 4 NHi-N
o i DU) it A 2 R R I v, BRI AR L D A
NHi-N 52 - SRR B, HAE L )2 v i e RS e fg iy,
1117 P s 1) 4, 7 1 b 4F 22 I 0 R, NHE-N
il 25 TR 20 S bR B R )2 . AR, 7E 40~100 em +
JZRREIE T, B MEWAER , #53 NOS-N ik 5
B NHI-NP FE S BSRAE T, o Jria ok, Rk
152 A W o 49358 43 NHG =N I NO3=N — [ i) R ik 2% , e
ESEAELZENH-N S EZSHEREZ —.

WFoE R, AR MR 5 R K S 2 B 3 0E
AH 2 B TR ANV R 5 | e 1 338 NOS-N T &, — i1 Il
T, 8 2~3 mm FEK AT - BENOS-N T 1 em™, A
T 1 T Rl Z PR HELE T, FORZETE I
Z T, Naoo A0 HH 1Y NO-N ik 2K H 3k 62.39 (2018 4F) |
68.53 kg « hm™ (2019 4F ) , & M itk 2% & 4 )l = i
16.67% .16.86%. K25 55525 45 18 - & kIS FEAE
F14) M T 2% SR 2 B 7 I T A 1 P L X o it R
S 1A 398 20 2R b 2 2 T R R R T i s P T K | it
A.240 kg-hm A0 FE R, 1.2 m 42 19 NO;-N k26 i
15 ATk 43 kg~ hm™, 375 /5 T ANt 2000 BRI 220 120 kg

hm™2 Kb B 77742 R AR AR R LR P B R T R
W LR & B, 78 Z2 N b X, A B IA] 44 NOS—-N ik
P2 5K, R S ARy R TN S IS, K
A3 S AR B NOS—N IR S & SRk A0 19 2.37 ~
5.50 ff , NO3—N Ik 2% e d 5y AT 35 22.5% . AN B0 25 21
AT IR Z ], 3PN 2 5] BE R T 2 W
S LT LR A R TS L X R OK R
2/, AR FOK 2R A KR A 1 640.1 561 mm, K
e K A HE NOS=N ) bk gk, a0 b - 18 Sy
Bt BRI 2 , SRR R B ks,
RISt FE RS A I NNERY NP R e e
(5.7%~9.6% ) , (EAK F 38 155 P 5 b7 1 b 33 £ (16.29%~
30.4%),

AR AR RTI EEY AT, R
NO;-N e B SR S B AR e #  AEiB B s 1~3
DA HE AR 2 i, LR 11 U AR b O AT T
FEAE N v BB IR A, X 5 T A R B 4
AR5, K ETR KT IES K, FEIE
], AT I IE A 25 3 i NOT-N KA bk e, 7E 3 3 ¢
ST I R R A W] IR HEVE A R B 3SR AR R X
- R R E W, Dl RS R R, 45
il U O AR J5 — R P, HO ATt s A
1B B SR I R 5 B A B TR SR AR5 H No . Nao
Niso« Nazo A0 FH A IR BT NO3—N ¥ B {1 55 NagoALb B3
S FEAR 88.61% .75.24% . 71.37% . 44.32% , iX 5 H &
EOUMIE R S IR EEA - RIREIA S B E RS
- HEWR VR NOT-N ¥ B, FL i it 20 12t 284 Jon vy 5 2k
R BTN NOT—N R S i o b K K T Y
TR bR 2 — , BRSO R /K 9 NOs—N ¥ B2 % F 50
mg » L7 R K 28 4 bR v S8 [ A0 7K 48 4 b
(PANO:=-NIT) K 10 mg- L™= i 4 7 B (b R AK i
FRifE) (GB/T 14848—2017) , b FK T 1T . M 28K J5i
NO;-N FR{E 4 2.0.5.0.20.0 mg- L™, AR5 4% b 31
NO;=NF-2ue B2 v, No A5 & T 21T K 7K B b e
NooNiso Nazo T A2 T1 ZEH T KK AR UE , Ngo T 12 TS
H R AKOK AR M, T 24 it &S 21 360 kg hm ™, L2
UCHL KK 45 F 2K S, 32 B8 8 it 2008 mT
LA R A AR M R T NOS—N ¥ B, 42 TH T 7K 7K i .
s IRV SEL RIS e B, AE 2 120 kg - hm 2 5544 T,
oA B Rk 5 K K B (LA NOS=N 1) 8] LA /2 I 25
H R AROK AR , 1 24 it 0K £ 240 kg - hm ™ J5 , kR
TR B T M 2t 7K bk O g 44 db 238, i B it
R MR R N R L S i EE AR, TR
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SR S PR AR A 165 kg hm 2 51E T, K R3¢
BAERS P, 90 em £ 2 - HEWk % KK B (LI NOs-N
T 2 128 R /KoK B bR i, HAEY) 7~ & 5l A
210 kg-hm™ 254 J0 i 35 22 5 (P<0.05) .

AT I 5 5 2% B A K i i i 20 4 o
P27 (P<0.05) , jifi & I 180 kg - hm 25 #E AFE-E1,
AT E R X 5 IR EI IR A5 R 5
FH = S T A2 R IR T AR B0 KR
1) 180 kg~ hm™ 5 , BN F A FH 2 0 2 FEAIK 13.13~
21.96 1 E 3 s, R AR 2 F) 3 I 2 R B 36.1%~
79.9%(P<0.05) , H 13 NO-N S H i R RIS T
B8, X M R 7K e A 1 R . ASHEFE Y Nuso AL R £
K AN FAN FH A oAb b PR 55 14.50~27.75
O3 B ARSFER RGN 12.9%~90.9% , 5 | iRgs RIEA
— . PR X R AR 2, H E R AU S
KM NO=N KRR, 5 i T KR BREh 15 g . Fg
HEEEIE 1998—2001 4FE X 80 Z2 4~ FHaK FEA 6 Wi i 2%
B, A (B K PR R R AR 5 29% 22T 499%,
T K Z B ERER 5 Y . FEE L R, AR A
M Vo 3G 77 ) B 1) 5 BT R A €8 R R ZE BT L 5
IR 25 T8 T 4 5 PR XU (9 A, £ il
(G ER 593 o

4 #ig

(1) FRZFEG FARMER EZIRENHEA,
7O 1 90% LA I, FLIbk 2R iRy e 2 2 Y B AE LI
FAETENES 1~3 A, R Wt NE )3 2 By 42 oK Tt
- 38 MR AR A S R B

(2) Bt L, SR S A S R B
Fm, HA M M IS ARk R R 258 ETt,
W R T H R KK BT G T R O Ak i Ak BT
DL ERRAR R IR R MR

(3) P b it 20 Ak 1 8 3 8 o8 B KR RN I 26, []
BRI 5 @ A Y5 2585 BIAEY - i
MAZMRNE R RTE , A 180 kg-hm™? 1] DL B Fa
7R A H AR R R i () BN, il X A8 FOK iR
NE R
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