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Effects of Optimal Nitrogen Application on Carbon and Nitrogen
Footprints of Spring Maize Fields Under Shallow
Buried Drip Irrigation in the Xiliaohe Plain
TAI Jicheng, LI Rui» YANG Hengshan, ZHANG Yuqin, ZHANG Ruifu

(College of Agronomy, Inner Mongolia Minzu University , Engineering Research
Center of Forage Crops of Inner Mongolia Autonomous, Tongliao s Inner Mongolia Autonomous 028042)
Abstract: In order to explore the impact of optimized nitrogen application on the carbon and nitrogen
footprint of spring maize farmland ecosystem under shallow buried drip irrigation in the Xiliaohe Plain, a
2-year continuous positioning experiment was used from 2019—2020 in the Agricultural High-tech Demonstration
Park in Horgin District, Tongliao City, Inner Mongolia. The conventional constant nitrogen topdressing with
flood irrigation was used as the control (CK). Two treatments were set up under shallow buried drip irrigation,
constant nitrogen topdressing (T,) and optimized nitrogen topdressing (T,: 70% of constant nitrogen
topdressing), to study the effects of different irrigation and nitrogen fertilizaiton methods on spring maize
yield, economic benefits, carbon and nitrogen footprint. The results showed that compared with CK, the T,
and T, increased the maize yield, while improved the economic benefits of farmland (P < 0.05). Soil
respiration CO, emissions were the main source of farmland carbon footprint, accounting for 43% ~44%.
Chemical fertilizers were the main source of carbon emissions from agricultural production materials,
accounting for 36% ~ 43% of the total carbon emissions from production materials; nitrogen fertilizer

application is the input of nitrogen footprint, accounting for 93 % ~95%. The net carbon values of farmland
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ecosystem under shallow buried drip irrigation had no significant difference between T, and T, treatments,
but compared with CK, both were increased by 23.79% and 32.67% ., respectively. The carbon efficiency of
T, treatment was the highest, which was significantly higher than T1 and CK treatments (P <C0.05). The
nitrogen balance in T, was the closest to zero, which was significantly lower than T, and CK (P<C0.05). The
effective nitrogen input level was the highest in T,, which was significantly higher than T, and CK (P <<
0.01). On the whole, the optimized nitrogen topdressing T, treatment under shallow buried drip irrigation
reduced the carbon and nitrogen emissions of the farmland ecosystem in the Xiliao River Plain, improved the
carbon efficiency and the effective utilization of nitrogen input, and ensured the maize yield and economic
benefits. It is the optimal water and nitrogen management strategy for spring maize in the Xiliao River Plain,
taking into account the high yield, high efficiency and ecology.

Keywords: shallow buried drip irrigation; optimize nitrogen application; spring maize; carbon footprint;

nitrogen footprint
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HUHLARBE PR A 35 N, O— N HE; Sy b R i
h B R WCARAT R IR FF R, R 3 AT A /R
5 FR LA b AR B AL K £ 3 N, O—N HEK 5t
HREE A AR AR i b 93.86%0~95.38%
AR R A (R 3, R A B R %
AR ER A, HAhEMEEE T T,k B R E 2
HEEaE, BB FET T, M CK &4 F (P <<0.05),

X R T Ge i e R E R etk 2R A
T 4 18 A vl e DR il R 22 o A B TS
DR . A7 3R FE 7K S 76 9 1 S b 202 30 55 5 A
FE T HAE 3 E R LAk iE A T, b B AR
K T AL B 2, CK A BRI, 5165108
HE CK AbEEAH L, V3 HE N T A0 BV Py [ & & 3
T 9.10 %6, i 20 0 AH 25 /N A AR A BRI R K
AR 9.33 % IR T fkiB A T, b B E CK
Lb B AE W A AR 10.27% . W A BRI T
26.69 %0 » BAX AR K FHE 5 22.67%

£3 TRELEHANE TG HEE T

AR/ (kg » hm™ %) it R T/ P .
P — ‘ (kg » bm=?) AP/ A ROM
A AERA PUAMEEIE A N.O— N HE i (kg + hm %) K-
VED) 1 A A

CK 0.272 335 0.95 1.6540.09b 254.14+11.50ab —83.74411.47b  0.75-+0.03b
2019 T, 0.272 335 0.95 1.8540.07a 277.27+12.70a —60.804-12.64b  0.82-£0.04ab

T, 0.272 245 0.95 1.4740.07b 228.03+14.27b  —19.67+14.26a  0.92740.06a

CK 0.272 335 0.95 2.0640.15ab  247.104+15.15b  —91.19+15.02b  0.7340.04b
2020 T, 0.272 335 0.95 2.344-0.14a 288.94+9.19a  —49.6849.19b 0.8540.03a

T, 0.272 245 0.95 1.9040.11b 229.24+3.80b  —19.4743.87a 0.9274-0.02a

24 RHEZFUEHH

FH2% 4 AL A b3 sl ss R T, >T, >CK,
HOP R R TR T, AN BC W 22 1L L 4
1B CK 55 20.50 % H1 15.08% . 4 & 3%k 25 45 b Bt
FAE PR GEE AR R BN T, > T, >CK, A A it AL
T ARMEHE T AL e igvE CK AR IR 2 T 3% 45 1 in
32.92% s RILVE AL Al T A0 ¥R T, AbFR 4Pk Ak
% o 25 5 BT A B CK $#5 31.08%,

x4 TRELERBEZFHNE

Gl f‘jﬁ'ﬁ(ffi( fﬁ*ﬂﬁizﬁ/ %‘?f??ﬁﬁfi’/
(JCL+hm *) Gtehm ?) G+ hm ?)
CK 18659.28+325.36b 7680 10979.284325.36b
2019 T,  22483.68+858.12a 7890 14593.684-858.12a
T, 21473.52+728.04a 7080 14393.524728.04a
CK  28641.10£826.12b 7680 20961.10+826.12b
2020 T, 33469.66+1052.28a 7890 25579.66+1052.28a
T, 31981.004+1458.76a 7080 24901.00+1458.76a
3 Wi
3.1 EBRXMKBAESRESHK.REITR N

N 5ty 2 3 ) B A oK 7 X SRR B R
oI 0 41X ZKORR P JE R DX K B IR P S H 4

IR BRI TR G O N S R X ORI R AT
2 Bt 2 IR AT BIR A 485 0, 5% Y5 G T U R, R R
TAVE F AR S5 T GE B TR S AR S Y AR T
FEVS R g T B EORSE R EYT .
AR 9 58 i BRI TR 2 6 K [T BA A G L 3] 7 Ji 0 DX
XoF G T i B AR S T N R O R T R A T
P B T IR VE T AR K R v 0 A B AR AL
il o AR SO VL E % E R R R OR AR AR S RSk
HE RN [ 2 AT T WE S, H AT, DA B A 0 £ B R
BTRE T R AR H AR 2SR G0 T A0 Y BT R T
F1O HE NSRRI A AR TR R R = AR B
T HE ik 220 1AM AR 77 BEORHBE A 14 TR] 42 e HE i L K
KA . V3R HE Iy X 5 1L e i v )y LA L, 16
Ji 2R A W A S A 7 R s DT ik 22 5 T4 AR
SAm B e HARRRE = 1 T 03 5 3R 1 v 55 34
L 114 W % A1 T R R T I R R 7 i A G i
i 1,400 ~6.2 Y0 s HE I 7K ] 250 23 e JHL G E A e 2
TR 44.8%~51.7 % . UK [ R e S 3 R T AR
Y ZAE IR A WEoE ) 3 B, W it 2 5 o
SRR TRANG PR RN A AL R A A R L B A A Ak B Al Al T



284 K PR R

o5 35 4%

P B G R A 2R P X IR 23 90 R Y IR A
JH 5 10 T /0 B 2 A K oy O 7% e B v A R A
MR ARAL T e R S B AR S RO R R
UESG5 7 W) R B (H 0 B i 2 = BURL W R A Bk
7K R T R ARG 0 RE Pt R TR 5 A A L AR I
HEWR LS PR O AR T B T AT AR T
I 5 D B AR I o 3 PR R TR B AR L R R TR R K
Oy kAR A KN . ARBER RS T T AR
Az 7 BB HE ORI A AR By [ Bk A 45 SR R T R
HETR TR T, Ak BR B B R T A% S8 CK AR FE L &
S T A TR E AR v K I AR AR B OK T
e 32 RN T W) O A 3 N AR e Y RN 4
34 T ] o AR R (L[RSS5 Y
ABE A& A A Ml A 7 o e i A G 8 R R R o
BRI AES R G AT AT 45 R A
TR 2B A L O A R I T B A
I R I A N, O HERK X AT RE S T
R At R e el D SRR IR R
32 MRABENREESRER.EEITH RN
BRAACHH R AR KRR AR 2 A A B A
o BB T ok A DA L ke s e R o v 7
Wiz 5y BE R A HEAE L. A AR AL A
PERE T R s R AL &, i O/ N R 65 Hrxt
T A B B RS A OEA T R R R
BRI AN 75 2t 252 M VR 0 SR WM T R
HE S5 F AT S A B e 33 RO A 1] At 2 i 30 A ot
PABACE W BR R . BP9 W KR35 ] — ik
Tt 238 AR TS IR, BT A 20 A 2
25 RN E L RGE A v 712 B e i ™ i P, R
JIE 23U 3Bt T AR AR 7 0 P R s D' A A e S0
AR RT 4R e v T AR AR AR R M R R
O3 3~4 PGB A— YR A R4 R 9,300 ~
182007, SALGL I HEA L IR THWE N H B A T, 4k
BN T BRI AU AE A T, A B T Bk HE A, X AT
RE-55 48 Ab BRAR BE £ A LA — K SR04 B X A2 Xf
IR TR HE A R R AN R AT G, AWEST T, L
CO, BRARMUE % R Gk SR8 EERR . (5 HE 4390 ~44005
FCUACNEFIALBR BE Dt HE O 1% 28 GEe A i 5 BRI
ik 38%0~40%0 3 H AT 25 R AL, FERAE
FT CO, HF i Pt 2 5 549 3 i 8 0, CO, HERC A 3 i 5F:
AN TR A S e BRI o DR g A S R HE T AT RE 2
R o 114 A 0y 1] o PO AR A B HE . TR b
A% TH SNG4 o 7K ORI P8R S R A A KA 1
AR GERHE I B B . AT A R R FEAA R
il AR T L R A 1 R I A R 5
L TE RN N, O HETSC 32 AT REAE i T e 8 I o
IR R THB AL 4 2 R =
AR THE RS AR AL VR P B 44 S i

Y AFT NO A S HE . IR R Z N, O fFik

fihy AR I el R A AT DA REAR N, O HE ik .

i AR 30 v A N i P 3 B AR 3 L 93.86 06 ~

95.38 %0, BEWI AL HE Tt HI 2 B B KA AR S R AL

EIEIE ORI . R LS R ZUIE A B

K FNEREE 52w A B2 i S A B AR S R G R BR Fr

A LA AE A PP R HE ORI S S AR B 5 4

REW], &M AR A8 0 U, R AR AR

I HE AL IE A T, b B A R P B 4k R

S X R B A AUIE it ] AT LAY i 28R A6 BR L 9 0 A

R HE RO PRI A5 G AR T AR AT RS K

s
PR HE T TOA T, Ak BEA M A% ST 18 9 CK b

TR TE A e K 7 A 0 R IR 8 A 28 5 AR (P <<

0.05) 3 AH 7] it 260 T o Ve JHL 7 8 1% 0 188 o 2 v e

(B BB VA AA ROR) K- FR R -85 0 B 3%

225 R R T ICALE A T B S H EB A T b

HAR L BARA A R KP4 5 12.20 %6 A R 1 i

FEAIK 67.65 00 PR C 8 22 57 . N L TR 9 T
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