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Effects of Soil and Water Conservation Tillage on Nitrogen Utilization and
Greenhouse Gas Emissions of Maize in Black Soil

QI Zhijuan'® LI Ao'? ZHANG Zhongxue'> YU Peizhe'”> YIN Zhihao'?> SONG Fang'”’
(1. School of Water and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of Effective Utilization of Agricultural Water Resources,
Ministry of Agriculture and Rural Affairs, Northeast Agriculiural University, Harbin 150030, China)

Abstract: In order to explore the effects of different soil and water conservation tillage techniques on
nitrogen utilization and greenhouse gas emissions in sloping farmland of black soil in Northeast China, a
field experiment was conducted. Seven tillage treatments were set up: transverse slope planting ( TP ),
ridge to the district field ( RF ), subsoiling tillage ( SF ), transverse slope planting + subsoiling tillage
(TP —S), ridge to the district field + subsoiling tillage (RF —S) , transverse slope planting + ridge to
the district field (TP — R), and down-slope cultivation ( CK). Explore the effects of soil and water
conservation tillage techniques on soil nutrient status, greenhouse gas emission, nitrogen absorption and
utilization, and yield of black soil slope farmland in Northeast China. The results showed that during the
whole growth period of maize, soil and water conservation tillage treatment significantly increased maize
yield, organ nitrogen transport rate and nitrogen use efficiency, and some soil and water conservation
tillage measures could also significantly reduce N, O and CO, emissions. Among them, at the maturity
stage of maize, the plant yield of soil and water conservation tillage measures were increased by 3.39% ~
26.43% compared with that of CK treatment, and TP — S treatment had the highest improvement effect.
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For nitrogen use efficiency, soil and water conservation tillage technology were increased by 25.23%
(RF treatment ) ~ 76.98% (TP — S treatment) compared with CK treatment, and the improvement

effect was significant.

For CO, emissions, except for SF treatment, the remaining soil and water

conservation tillage treatments were significantly lower than that of CK treatment. However, for N, O

emissions, TP treatment, TP —S treatment and TP — R treatment were significantly lower than that of CK,
while SF treatment, RF treatment and RF — S treatment were significantly higher than that of CK

treatment. Therefore, it was suggested that the local maize planting should adopt the soil and water

conservation tillage technology of transverse slope planting + subsoiling tillage.

Key words: soil and water conservation tillage ; maize; nitrogen use efficiency; N,0; crop yield
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Tab.1 Field plot test treatment settings
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BEHF + SF AR &L e IR 12 ~
16 cm
P — ﬁﬁ#+f‘r%ékﬁ/f +J‘—7='L§“4 ﬁ;ﬁ#{%fﬁ
(TP—R) 12 ~16 em, F 6 H &K T K805 #1757
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Fig. 1  Daily temperature and rainfall in growth

period of test site
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Fig.2 Soil greenhouse gas emission flux and cumulative
emission under different soil and water conservation

tillage techniques during growth period
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Fig.3 Total nitrogen content of soil under different soil and

water conservation tillage techniques during growth period
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Fig.4 Nitrate nitrogen content and ammonium nitrogen
content of soil under different soil and water conservation

tillage techniques during growth period
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Fig.5 Nitrogen accumulation in single plant organs
under different soil and water conservation tillage

techniques at maturity stage
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2.3.2 fHMRARFLIE MROR

RE iz 0] DL LAl MR 45 5 R4 B s B
1, N 2 ATLLE L BHE T AN R, XF NTE L&
NTCP By ey i 3 . Hh S A R s8R N
30.4% ~54.8% , fix i AL HL A TP — S, e ik 4b B A
CK; RE s XM AR T ik 17.6% ~38.7% , ik
AL B TP — R, e fIRAL By CK, TP — S, TP - R,
TP RF — S RF SF b 3 ff) 5 2 12 32 X7 R 5T ik 25 53
Bl CK 4b B B 97.73% . 119.89% . 64.20% .
99.43% 75.00% .97. 73% ; i (1 5 2 55 32 50 % 43 7
. CK kb3 5 80.26% .50.33% .44.08% .74.67% .
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R @ RIS X FF R 5Tk R
Tab.2 Nitrogen transport efficiency and contribution
rate of nitrogen transport to grain of maize under

different soil and water conservation tillage techniques

%
b B M NTCP
2 i p53

CK 35.2° 25. 61 30. 4" 17.6°
RF 45.6° 42.6° 45.6° 30. 8"
RF-S 53.9° 49.9" 53.1° 35,1
SF 39. 11 49.2° 51.64 34. 8
TP-S 54.0° 55.4° 54.8° 34,8
TP-R 51.9° 54.2° 45.7" 38.7"
TP 40.2¢ 49.7" 43.8°¢ 28.9"

VE < ) 9 B8 5 AN R/ S B 7 b B 22 5 .3 (P <0.05)
T,
2.4 FERHEHK

ANTFIK AR HEAEROR T K 7 o S A
3 Fian. M3 W LLE Y RF b B i Fl A7 45 A
REE 34 B /o) B A ab R (R 3.89%  ~
15.00% 5 3.25% ~ 13.42% . k0550 i1 7 3] K AR
oM RF 4b# TP — R 4b ¥ SF 4b ¥ TP 4 ¥ CK 4k

®3 FEAKIRFBHERATERTEMHRRBRIEL
Tab.3 Yield components and harvest index of maize
under different soil and water conservation tillage

techniques

T T
G AR R . o *

(kg-hm™%) (kg-hm~2)  F5%
CK 20.0°" 889.0*" 11318.5°  24902.1"  0.455
SF 18.7** 882.7" 11702.3°  25310.3" 0.462°
RF 18.0"  819.4" 12535.8"™  26512.4™ 0.473"
RF-S  20.7" 929.4* 13190.1" 26185.8"> 0.504"
TP 20.0" 886.7" 13713.5"  27733.1°  0.495°
TP-S  19.4 900.7" 14 309.9" 27737.6*  0.516°
TP-R  18.0" 846.0™ 14 034.9" 27 806.8*  0.505"

TP —S Zb ¥ RF — S Zh ¥, K [R] &b B K = &
B /N R CK g2 SF 4b 3 RF 403 RF - S
AbFE TP 4b3E TP — R AL TP — S 4b ¥, CK Ab ¥R %5
Hofth K A+ O/ F5 BF 7 40 B &2 4 ) B K 3.39% |
10.75% \16.54% 21.16% 24% 1 26.43% , A~ [
A0 B A AR B 22 S B, Horh TP — S b i 3k 4
B R B HAB AL PR = 2. 18% ~13.41%
2.5 @EMAME

RNEA 7RO VR ZR WOBOR A R WOk 48 2L
10 I R R R AR bR, AN A K O
PESS X BRI R R R4 T &,
M4 T LA TP — S b BRI A 7= 30 b e, 45
IR A PR AR AR Ak B A A 3 RIS A 7 R 3 4R
3% ~26% o X T A FEWIHOE, 45K LB
YEAL B T8 AL B, TP — S TP — R (TP RF — S|
RF \SF 4b#i%¢ CK Ab #4351 42 75 76. 98% .52.30% |
47.33% 39.04% .25.23% .28.55% , T A Z Ik
A E, N BIMIRAR K S TP — S Ab B TP — R Ab 3
TP kb3 \RF — S 4b ¥ RF 4b 3 SF 4b 8 CK 4b 2,
TP — S 4b 3 43 5] 1p Hofd A 3842 7 22. 90% (27, 46%
32.37% .55.78% .66.75% .99. 13% , & F} % F i
Fo

x4 FAEKEITGREFHERRATERREFARE

Tab.4 Nitrogen utilization efficiency of maize under

different soil and water conservation tillage techniques

kg/kg

b B NPE NUE NHI

CK 45,2749 0.543¢ 0. 3451
RF 50. 143" 0. 680" 0.441°
RF-S 52.760 0.755° 0.519"
SF 46. 809! 0. 698 0.412°
TP-S 57.240° 0.961° 0. 687°
TP-R 56. 140° 0.827" 0.559"
TP 54. 854" 0. 800" 0.539"

3 itig

TEF [, BB 2 N ol A 7 i £ 2
Pl Z— K R T o T B R R IER R,
IR AV b M A 7™ g 0 e VR A I T, AT 2 W A 4 %
TR0 B WO R, Xk A 9 7 DL B ARl A 7 A 2
Ve R RN K A AR B BR AT LR T
THEUR AT, I L e AR B 2 IR Ay, TEXT K
AR AT LU R i g [ S IS 5 3 8
LR B PRI W T OB A D7 5 i
AR A 23 308 A BRI 1 U R BAE W 7 43 (8 WA
PR R O AR I K R R R
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