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The practice of technologies for nitrogen emission reduction and efficiency increase in intensive farmland of
Tai Lake region

MIN Ju', SUN Hai—jun’, CHEN Gui’, JIANG Zhen—cui', LU Kou-ping’, JI Rong—ting', SHI Wei—-ming'"

(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, Chi-
na; 2. Nanjing Forestry University, Collage of Forestry, Nanjing 210037, China; 3. Jiaxing Academy of Agricultural Sciences, Jiaxing
314016, China; 4.Zhejiang A&F University, School of Environmental & Resource Sciences, Lin’an 311300, China)

Abstract: In Tai Lake region, we conducted serial experiments to evaluate the efficiencies of following technologies including plantation of
rice with high NUE, incorporation of biochar, optimization the rotation system with nitrogen fixing crops, and mechanical ridging and side—
strip fertilization in vegetable fields, to improve nitrogen use efficiency and mitigate nitrogen losses to the water and atmosphere. Especially,
we optimized the related technical parameters and clarified the efficiencies of each technology. The results suggested that : High nitrogen
use efficiency (high—-NUE) rice cultivars produced 17.4%~27.3%(21.3% on average) less amounts of NH; volatilization from paddy field,
6.08%~44.0% (25.3% on average) less N losses by soil leaching, and 9.18%~28.7% less N losses through runoff on a yield—scaled basis
than the conventional cultivar. Compared with urea input alone, application of biochar pyrolyzed under a relative low temperature (500 °C)
and at a relative low rate(0.5% wt) can guarantee rice grain yield and significantly reduced (P<0.05) the runoff N losses by 13.9%~22.1%,
without increases of yield—scale NH; losses. Optimization the vegetable rotation system with nitrogen fixing crop california bur clover (Medi-
cago hispida Gaertn L.) reduced annual total N leaching losses by approximately 40.0% and increase the economic benefit by approximate-
ly by 29.0%. The appropriate width of ridge is 55 ¢m for mechanical ridging in cabbage plantation. Strip fertilization reduced about 30% N
fertilizer, which saving the cost and increasing the efficiency by 58.3%. Moreover, this technology mitigated the NH; volatilization by more
than 50%. The practices of aforementioned technologies in intensive farmland effectively promote the China national strategy of “Zero
growth of chemical fertilizer use” and the control of non—point source pollution in Tai Lake region.
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Table 1 Nitrogen losses through NH; volatilization, N leaching, N runoff on a unit rice grain basis from the paddy field

55 W3 W23 H1Z11 59/

5 W3 A W23 FIZ1 1 19/

. i N K NH. 4 (+1-) K1 TN TN (+1-) He i
% N rate/ S NH; Increase or decrease proportion/% TN leachine/ TN runoff/ Increase or decrease proportion/%
Rice season b . volatilization/ e o
kg N-hm™ Rice cultivar Ko Nt NHJE% NH. volatilizat kg N-t kg N-t TN &% TN #23%
¢ E 3 volatiization TN leaching TN runoff
A 200 w3 3.26a — 0.72a 0.89a — —
First season w23 2.56a -21.6 0.46a 0.63b -36.7 -28.7
Z11 2.67a -18.0 0.40a 0.80a -44.0 -9.72
270 w3 4.54a — 0.84a 1.13a — —
w23 3.75a -17.4 0.79a 1.03a -6.08 -9.18
Z11 3.64a -19.8 0.69a 1.00a -17.8 -11.8
AR 200 w3 3.74a — 0.68a 0.54a — —
Second w23 2.72b -273 0.45b 0.40a -33.6 -263
season
Z11 2.95b -21.3 0.48ab 0.45a -29.4 -16.8
270 w3 5.3%a — 0.87a 0.63a — —
W23 4.15b -23.0 0.69a 0.49a -20.3 -22.2
711 4.20b =222 0.74a 0.51a -14.9 -18.4

TE RSN R IF] 5 N AKF R AN [RIACH i i i) 22 5 1% 2. 257K K- (P<0.05) o

Note: The different letters in the same column indicate a significant difference ( P<0.05) among different rice cultivars under the same N input level.
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Figure 1 Effects of biochar application on the NH;=N,NO;-N

and TN concentrations of surface floodwater of rice growth season
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Table 2 Effects of biochar application on the NH; volatilization and yield—scale NH; losses from rice paddy soils
Ab 3R S KA R NH; volatilization losses/kg N -hm™ B i NHLE e B i
Treatments FLNEI BR BEE ] SF1 TR SF2 2 1 Total Yield—scale NH; volatilization losses/kg -t
CK 1.40+0.67¢ 0.43+0.13¢ 0.62+0.17¢ 2.45+0.55(-)c 0.45+0.10¢
CKU 4.07+0.30b 8.84+1.40ab 2.94+0.19a 15.85+1.28(5.58% )b 2.22+0.17h
SDB500-0.5% 7.92+0.82a 9.56+0.61ab 1.93+0.30b 19.4120.55(7.07%)a 2.50+0.06ab
SDB500-3% 10.26+2.30a 9.03+0.21ab 2.33+0.58ab 21.63+2.99(7.99% )a 2.74+0.22a
SDB700-0.5% 8.90+1.48a 10.54+0.83a 2.00+0.50b 21.44+2.76(7.91%)a 2.65+0.35a
SDB700-3% 10.06+0.88a 8.38+1.40b 1.92+0.46b 20.36+1.84(7.46%)a 2.74+0.25a

TE : R PRGN R NG FREAFRANF b B A S k4 22 508 35K (P<0.05) o $if5 B FAR T Z & H40R 1k it Ny L 491

Notes: The different letters in the same column indicate a significant difference (P<0.05) among the NH; volatilization load under different treatments.

The data in bracket refer to the ratio of NH; volatilization losses to N input in rice growth season.

®3 FEREEXTEEKPERMKKETU

Table 3 The total N leaching loss at the different vegetable growth season

AR A3 LA TN #f4<H TN leaching amount/kg+hm™
Rotation pattern Treatments Total TESKI4:AE3 Celery/Bur clover &35t Tomato P Lettuce
{45 Traditional N1 132.8+24.5a 38.1+6.5a 42.3+5.8a 52.4%5.9a
N2 101.7+12.1b 29.5+4.5h 31.9+7.3b 40.3%3.5b
4k Optimize N1 78.1+12.6¢ 16.243.0¢ 25.3%7.6¢ 36.6=1.6¢
N2 63.0+14.3d 13.9+4.3d 18.2+4.9d 30.9+6.3d

T ESEIAAESE TGRS T A K 05910 - 2009 4E 11 F 24 H—20104E3 J1 30 H ,20104E4 J 15 H—7 /1 25 H ,20104£9 J1 17 H—12 1 20

H o [RISIE A [ 5B 2R A BRI 22 57t 15 5% B35 K

Note: The growth periods of Celery/Bur clover, tomato and lettuce were from Nov. 24,2009 to Mar. 30,2010, Apr. 15 to Jul. 25,2010 and Sept. 17 to
Dec. 20,2010. Values followed by different letters in a column are significant among treatments at the 5% level.

AE TN kR 5 41% T 38%. -5 ok 12 it S0 it A L, e
AR AR OO TN IR & Y BHAR R B e 2

55 NTARFEAH HE, N2 A 3R] i 25 3 e ok RAL G4
EREF — 48 SR ™ & 8™ I8 B 5 5 R
10.4% .9.6% 1 3.6% ; AL Fe AE AL =Tt R B R B
B 1 7= fa B = B AE Y AT 43 B3 13.5% .3.2% Fl
5.5%(F4) . WSS KA  7EH Rt 04k #1
T b e VERE 20 4 B R0 25 8 3 W T R i AR
3, DU b % A 455 2 + 0 it it R A B A i, 3
5.19x10° JC - hm™, 5L G5 VR AR =+ 20 160t 0 Ak 3 AH
L, A BRI A A0S 1.17%10° J6 - hm ™2, e K& 3%
WY g B R 29% o
2.2 HmgR M LR AR

BT R A B B R R A PR A, A
PR I R TR IR R AR R ST s A . K
T8 b DX 35 1 43 2 B S A 90 N it FH R 600~750 kg
N - hm 22" J& 45 il (it 5 35 1800~2250 kg N -hm?, &
T Hb X ARG 22 56 1F 1K & 500~600 kg N - hm™ T ) 3~4
502 it A 38 R AR AE N A 10%~18% B 5 3 E Y
WM, 45%~50% it 2 i A FREE | X P45 128 J ™ H

B A B 5E 2 BN A 2 2% it T R v IEUREA
OHMUKAE NZE K ISR SE K AR A
DG K, HOR A 28 58 X AE Y AT B
Mg 34351 N A 2 4% it 7 L5 il 7 2 K3 b Ak I s i
BB RV B ABX 55 Bl 1R 2, SRR
7 8171 H 35 B Z R BUIRAR o8 o 78 H ARSE AL & 3k
I, A AU AR = B e, i i T i S Ve
PRI AL 2 AR R e . Ry R SR BRI T 24 FRBE A AT
A BRARAR MY, 1 Al FB 4 4 T LA R il S R
SR, IR AAE TR 18 3 26 7 U 22 1 FH 9 3 b e L 28
T PR RION AnAe] g ANV AE o ikt , DAFR R TR AR
BE B8 2 S PR R 1 2 R B S AR A, 3 i S A
1) FE TR, AF 5 AT RS 22 0] 4% it A 45 A R il b IX
KSR A 38 1Y 2B 58 FZZE S8 T X R A 3™ &
Sy i = RLy A ) A T
2.2.1 HARFEH

FEA 5% it A BLABCR RE R — IR 4 P it FAE AR &R
— I 5~8 cm TRAL , (5 HE Y S A5 tR A v AN 20 1, T AR
— N S R AL AR A B K
222 HARSEARALR
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Table 4 Vegetable yields and economic benefit at the different growth season

(RS bR

774 Yield/t-hm™

LV

Rotation pattern Treatments T34 63 Celery/Bur clover FFt Tomato BB Lettuce Economic benefit/x10° JC+m™
15 N1 89.5+8.2b 67.9+7.1b 53.242.1b 4.02
Traditional N2 98.8+2.1a 74.4+3.2a 55.1+2.8a 4.38
etk N1 63.5+1.7b 76.1+2.9a 52.7+1.8b 4.82
Optimize N2 72.1%1.5a 78.5+4.4a 55.6+3.2a 5.19

T 15 0k, &AESE3.0 U kg A 1.6 JC-keg ', B 1.2 TG kg o [RGB 5 AN IR 7 BEFR b B R 22 55K 5% KT

Note: Prices of celery, bursclover, tomato and lettuce are 1.5,3.0, 1.6 and 1.2 Yuan-kg ™', respectively. Values followed by different letters in a column

are significant differences among treatments at the 5% level.

2015 4F [ )30 56 15 B 4 44 B . 57 it 0=
TR T8 2B 40t b 38 (N48O+HW ) 5 > 5 L i F L #L
S i 2800 45 i b R (N48O+MW ) ; I EL AL FE T, HL
5 2B £ A B (N340+MW ) 5 Jl AL B R, HLAHGE
7 JBA 2% it A0 B (N340+MN) 5 Hor | > 1t 280 o A
AL B it 0 2 M 340 kg N - hm™ 1480 kg N -
hm™?; T 2B 1A ZE W) 28 58 5 &7 9 R 55 em #1135 em,
2016 4F A 356 4% B T 4 A0 PR A i A6 IE &L (NO+
HW); > 16 20 40 B (N480+HW ) ; i Ak B (N340+
HW ) FIHL A S 22 00 2% it + Dok 2040 L (N340+MW ) o B
ASGEEE 3R FEMLIX ALHES . AR A J it U 2
J AN (N-P,0s-Ko0 1% 78 10%-10%-10%) , 554k
PEATHLAE BB IE AR R 2B e R A 2
N 2.2%) 120 kg N +hm™ 280 kg P05 hm™ (F5EE @ L)
#1280 kg KoO - hm ™ (Bt BR B ) AF HENE— Mt A, K
SETEPE IS /NX N TR 1 IR IRE, L4 200 kg N-
hm™, ORI R A2 A/ X 43 FRE 11, R AT PVC
L )2 Ve 43 R AT 38 <3 I - 3 s # k
2.2.3 HARBER

3240 55 cm B ZE 40 H (N480+HW . N480+ MW Al
N340+MW ) (7 5 #B i % 55 T 35 em %% 2240 FE N340+
HW , [7] %5 it A 45 14 F 55 om 96 2B Rt A 0 AT LA i
FRE R AR/ 15.4% (K 3) . S5 B
JIEE b B N480+HW A L, AL Ak ke 28 ] 2% it AR Ak B
N340+MW 0] LAFE IS /D 309% 1k I8 & A FE il E AR IE K
FIZEF . 254 DA 45 S mT DU 45 50 5 HLAGES 28 i
250t NE 4 A TE R b X 2 R K 2R 47,55 em
ZB5E 0 M E A S

EGAN it AT ZRO6) B A B L it FH AT LA 3
T R B WG N 15.4~86.9 kg N-hm ™, &
F A% G it B 5 2 N48O+HW Ab B, 45 45 & 1 2 | Ny
101.5 kg N-hm™, i S A G 1Y 16.9%. N340+HW it
FH A S 35 R L2 N 61.3 kg N-hm™, Ho A B AL 55 it HE

90r .

e
Hio

751

H o

60+
ast
30+

P74 Yield/t-hm™

N480+HW  N480+MW  N340+MW
Kb FH Treatments
[ FpAS ) NG P RAR R A A B ) 22 573k b 7K (P<0.05) o, &1 4[]

The different letters indicate a significant difference (P<0.05) among

N340+MN

treatments. The same as figure 4
3 AEAETRKERNTE

Figure 3 Yield of Chinese cabbage in different treatments

75 U S R PR 40.2 kg - hm™, 25 B U820 it AR
G (i NG B L e e NE S 2 (e 7 s
N340+MW &b ¥ 2 4% & 455 N480+HW Fl N340+HW 4b
BRI AR T 70.5% F151.1% , 22 B BB AL 28 0 45 i
F AT S 2 R APR A T b DX S A 2R 1 2 47 A 401 % (1]
4),
2.2.4 B

TER BB AE S5 F S, S50 N TR 7 X HH
EE , AL S 28 0 45 it A AT J8 2 R AR A 7 AR (2 5)

1201 a
T 100 I
Z's |
ﬂﬂﬂ% -
gz 801
sy b
o=
WeE
Wiz 40f c
== T
§ S 2l d
0
N480+HW  N340+HW  N340+MW  NO+HW

Ab P Treatments
4 FRINESEL

Figure 4 Ammonia volatilization in different treatments
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Table 5 Economic profit comparisons in different treatments

piEL] ekt 2% B % NT5% FHH afi A1) il
Treatments Fertilizer cost/JG *hm™ Machine cost/JG-hm?  Labor cost/JG *hm™ Profit/JG - hm™ Net profit/f[] *hm™  Profit increase
N480+HW 22473 — 3600 45627 19 554 —
N340+MW 18 879 2000 51838 30959 58.3%
N340+HW 18 879 — 3600 43324 20 844 6.6%

NO+HW 10 153 — 3600 25 848 12 095 -38.1%

WA PUEHHE (BN 2.2%)0.6 G kg, ALHEH KR (N=P205s-K.0=10%~10%~10% )4 JC - kg™ FSEEBEALANAR (P,0s=12%) 1 JC kg™, FRER B KE (K.0

=50%)4JG-kg" s KAFEM 1.290 kg s N T84 K 100 7€,

Note: Price of organic fertilizer (N 2.2%) is 0.6 yuan - kg™, price of chemical fertilizer (N-P,0s—K,0=10% —10% — 10%) is 4 yuan - kg™, Calcium
Magnesium Phosphate Price (P,0s = 12%) is 1 yuan-kg™', Potassium sulfate price (K;O = 50%) is 4 yuan - kg™'; cabbage price is 1.2 yuan -kg™'; labor costs

100 yuan per day.

554 PUAL G2 it I A0 B N480+HW AH Ft , N340+ MW 4b
BRI D 30% T RE R FH L B 23 b sk 20 HE R} i AR 5 A
3594 5t , TN BRI 55 8l ) AR A 1600 0. 7 R
A= 77 A (4 [T , N340+MW Ab BB 3515 % KR ™
L AR R . S G R T X N48O+HW A EL , #L
28 A0 2% it I N340+MW 420 3 i 1) 31 4 /111 58.3% ,
SEBRT ORI Ml X 5 R K 1S AR A R ) I D it ek
HERE 3K
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