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KGHARERAERMEEL. AR T ER WAL NO HREER, 55K N 4.34 kg/hm’ 1 N 2.65
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Effects of low rate nitrogen application on Brassica chinensis growth and N losses
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Abstract: Understanding N-cycling in the soil-plant-atmosphere system is essential to maximize nitrogen use efficiency
(NUE) and optimize nitrogen budget for crop production. Most researches on N loss and its environmental consequence
mainly focused on the soil cultivated with field crop, however, few researches were carried out on the vegetable field.
This study aimed to the effects of N fertilization on the fate of nitrogen and green cabbage ( Brassica chinensis) growth.
A field and a microplot experiment were combined to investigate the changes of green cabbage yield, NUE and nitrogen
losses subjected to a low rate application of N fertilize. Labeled "’ N technique, enclosure method, and acetylene inhibi-
tion-soil core incubation technique were used to measure total nitrogen loss, ammonia volatilization, denitrification loss
and nitrous oxide emission, respectively. Results showed that yield and N uptake capacity of green cabbage increased sig-
nificantly due to the application of nitrogen fertilizer. NUE was 46.8% and 39.4% at rate of N 75 and 150 kg/ha, re-
spectively. The increase of ammonia volatilization was negligible mainly due to low soil pH (5.38) . Denitrification loss
(N 4.34 kg/ha)and N,O emission (N 2.65 kg/ha) in the soil without nitrogen supply were rather high, and it was not
affected by the application of nitrogen. Total recovery of applied N at rate of 75 and 150 kg N/ha was 103% and
91.3% , respectively. The majority of residue >N concentrated on 0—20cm layer, indicating fertilizer nitrogen losses
were small, which coincided with the results of low ammonia volatilization and denitrification losses.

Key words: green cabbage ( Brassica chinensis) ; nitrogen use efficiency; nitrogen losses
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/N 3E (Brassica Chinensis) RiRM , 13 H B /HX
FSN M XRR AR TAREREENNERE.
AREFARUR L HAERREOEW, UG H
it A 4R (ALK 4
1 MRSk
1.1 RBigit

REAMFERTWARTHAREBAERE
FEH, T BASHL, HETEEINRSERN
2.26%, 2R &8N 0.152%, K ¥l B (Nmin)
27.88mg/kg, A XX P 45.9mg/kg, B ¥ K 115mg/kg, pH
5.38,

2002 4F Bk X # 47 H B D XX B, /X EH R
43m?, 3 3 ML xR CRREEE , (U B4 ,No &

R), BRIRRIBEAE, KE N 150 kg/hn,
N150 /R ) FIE R (JRE ,N 75 kg/hm?,N75 £R),3

KRES ENXKAHY ., 428 HIEARHER,
fEIRAE — KA, BEIE i BEBR 45, & 4 P,0, 80
kg/hm?, $7 A S E AL, FI &N K,0 80 kg/hm’, /b
HRAMNEHNE.S ATHEH,9 A 18 HEM,
J R R - BE S5 B AR, T BRBE X 2 20em. EAE B
B9 60 % 15 JiK AE #UiE 5 # 8, 40 fEBTE, ZE 9 A 28
HY T KB

BREAMWMAGRTFIREG K, UERLET
BRI 3~4d EEFEK 1K, KEULREBE LR
HE
1.2 BR5EF*

1.2.1 "NEAMNEHXRER RARTESE8N
5.22%MARICIRE#HITHE AR, K 50ecm(K) x
40em(FE) x 40em(F ) M X HEHE # + 1 ZE 10cm B
b XA EEESAEMERA RS DK
AL BREAREE 4 BNER. BIRE B DEFR
Mo b FRAH R IR AR W e S BT E
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SEBRYE KEFBEAHOBEM 1 TRASE, K
20—40 .40—70 1 70—100cm + E L E M 5 £+
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1.2.2 k5 N0 Hir HZ R HFER L
B3Rk, RA PVC M BHE/E R 15em (15cm #Y 8
BAEMN WEPOA —BRRIL(ARKEEE), 81
WP HEAINAARI 2em IAGHRLEBEMH
15em KR L4, L HBEVLRBE, LR A M H
#H,—HAA 10 ZHREE, 5 —HARK, HER
HHESE 24h, B S M 2HE S KR 3 fl X 20mL
SEEA 1ISmL WESHP, WHZNSHT. BT
SHhiE BAMZ R ERED LHEBERBRIER
HlE RS KENBSEASTR,

S R4 TR FH Agilent 4890D 0 5% (X , 5 3%
KX 7 80 — 100 H porapak Q MY E A, KR
55°C , #2898 B 330°C, ECD #e U, R A3+ ik #
B R A0 U R A AR 1SmL, BRRAE
RS, P’ 30cm’/min,

1.2.3 H¥EXR RABSKTHAEENEEELR,H
2% KR W R, IR AR IR E . B E
X EZ 15em B 15em H BRI , S 15 K/ min
UE,BXEH 9:00~11:00 WE, ZEREENE
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1 TRALEAEEHNF-RAOGEER
Table 1 Yield of and nitrogen uptake by green cabbage

e R E LLEN

Fresh yield N uptake

Treatment 2 2
(t/hm?) (N kg/hm?)
NO 42.2 +11.60 a 63.6 +2.7a
N75 63.5 £+5.64b 102.0 £10.6 b
N150 69.2 £+5.01 b 124.0 +18.4b

¥: FSIAARFERRAERE S BE, TR,
Note :Different letters in the same column mean significant at 5% lev-

el, same as follows.

2.2 WEME
22,1 HER BSULBEERBREHBMGE?2),
EXBAEL, EHAEEEELAENAL, BRE
5 2R B e R RE B 88 hn 3 o s B B R4
MRALENEELZR A AEARHEMN 0.5%,
EERXMERNFEFEREE L E pHEMK. B1 8
NOBRREMBRAEAFRE M T L3 pH A,
HIBEAK, LB 0—Icm RE+E pHEKLHE
6 LI T

H2EZH, EAAEERERERTRE LB
SRR MAMERICHEY N 58 SEOR
B, AW, B B AL B 0—1lem
BRESESEILFRAE FHE, XMW —HIELT
REHREERBLOELE,
2.2.2 RWARKRMNOHH XRIBH.HEE
G, AR IJLFEAEM 0—15cm L HMAERE
B; MEABREE, BB L EMSEASEEMKE

£2 FRALELREIELHE(N kg/hm?)
Table 2 Ammonia volatilization from different treatments

R BAEK 2EFH
After basal After top Whole growth
Treatment . . .
dressing dressing period
NO 1.02+0.110 0.348+0.033 1.37+0.142
N75 1.11+0.180 0.508 + 0.444 1.62+0.624
N150 1.27+£0.111 0.532 £ 0.446 1.81£0.558
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Fig. 1 pH in 0—1cm soil layer during measurement
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Fig. 2 Ammonium content of 0—1cm soil layer

during measurement

WA T A5 B K , 3 EL IS 2 AR 4R 8 B 400
I HE P 3% A5 48 1 48 00 S S AL B % R0 N,0 HE
RIS R BT A AL BB B RS AL 32K A N,0 HERCR B A
—B(F4), REARR P AER 2B R RLR
BH NO R BA T, R4 BB H, LR
15k K F N0 HERL, + 3875 625 54 S BOR A 4L
A N,0 HE BRI 52 45 AT LEAROR 1028 B 4, S A A
R RN 13.8% —63.5% , N,0 HE B B
BN 35.1%~50.5% .
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£3 PMEEEKW 0—15cm TEHSN LB (mg/ke)
Table 5 NO; — N concentration in 0—15cm soil layer during green cabbage growth period

5H Bt HB (B /A ) Sampling date (d/mon)

Item 22/9 2579 29/9 1710 4/10 7/10 11/10

NO 40.23+ 9.32 44.35+14.48 31.61x 5.34 26.18% 5.77 16.63 + 6.42 16.49£9.76 12.99+0.34
N75 44.47+17.36 40.41+13.87 47.35:10.06 44.69+ 4.52 25.42+ 6.76 31.90+ 8.36 31.17+9.11
N150 46.14+11.52 49.08+13.28 40.56+15.77 45.05+10.80 47.82+31.12 48.69 + 4.06 43.18 +3.68

x4 FELABEEHALMEM N,O HH
Table 4 Denitrification loss and N, O emission
from different treatments

AL N,0 HER
s Denitrification loss N,O emission
Treatment
R FH{E
Mean CV% Mean CV%
(N kg/hm?) (N kg/hm?)

2.65 £+1.34  50.5
3.26 +1.14 35.1
2.03 £+0.93 45.9

NO 4.34 £2.75 63.5
N75 4.09 +0.57 13.8
NI150 4.14 +£1.48 35.6

223 FAREE HRRLEFE(FES)KRY,NS A
N150 4b 3 ) % IE A I 52 5 46.8% 1 39.4%,
N75 b N150 B9 ZUBE R A Rug 5. WML + 3
RERBET 50%, L+ EBRFREAS RHE 0—
20cm B2 1, 7 20em U FLEHFEN FEH
66, 5.9 R I 50 i AR B UL B A A T 2 A 78 T b
%, BSEBEH, N5 AR EKHEE 100%, EE
VA AEHEL, T NSO HEEBWELETT 90%,
BEKRK 8.7%. HHAARREHT, WA
FEKERBIE S E, LEFRAEEREARBRE, XS
HIE R AWML WAL ESEREYE

%5 UNHFRERHEERZAELHRE
Table 5 Recovery of labeled urea and total nitrogen loss

Y B T BB Soil recovery( % ) B BRE
st Plant recove Total recove Total loss
ry ry
Treatment 0—20cm 20—40cm 40—70cm 70—100cm
(%) (%) (%)
N75 46.8 £ 10.11 53.3+14.0 2.36 +4.08 0.62+0.54 0.81 +£0.80 103.9+7.0 0
N150 39.4+ 2.96 50.0+10.3 0.37+£0.45 0.53+0.56 1.09+£0.24 91.3+7.4 8.7+7.4
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BRI AR R ERNEHZREA, B
MU Y 14 % —529% 58 it [ B4 46 31 2% o Whitmore'®’
BRSNS REY, i L RN KRER

K AR T SRUAR 5 3R st AR PR B, T 33X S8 16D S A A 8

K AEE AR
ARRGREW, it AR LB A 3 5

RERK BT AERERPRESN, EEREER:
B, R R AR E S 2 WHIAH, AT RS T 13
FEE RRETE; HK, K% pH AR,
ATIME T EERRE, FEHRAOVIRA, &
RELWEER G LB TS, pH B H R E
Fo %443 pH & T 7 B, REZE LA KBEER
TRERESE EFARSESHNEASALEN
1% UTF, BELBPEFBERATEERBEEL,
F= ARBFRBEARBERBHLRRNEER
HIE T B ¥R QA AT RN R BR
HRAEE, LTREHE S B WSEE A <M
ERiE, MR+ EHSEASBATRE-"BHF
A i, B {5 LAt PRI 2 0 O BE K 40 MR L gk R
BEEEMTFRBARE, RBARRESRIK
BEEK; MEARNKBRAGT, LEAMSAITR
B R d R — R AR B b 3 ML E
EWLREHRBRA X, RAFHERE L8+



43 ¥ REMEEENDERERMARSKKEW 523

WECRTFHUMERME". NEEEKYE BN
RMEAREAAM NOHKERR , TELR T HEL
568 JBE 32 AT SR R 900 6 e /K X bk 40 L4 s B4
BrBA TR TEXERS, —sprls®
Y, L MEHTREHEF L —HL TFTHE S KER
BAEATFRBARKA N0 HK. B4, XRHE
R BE LR N,0 HERE /Y 1 4%, WL R a4
K N,O HRAIAWMLERIR N N, 51 T
YE R R IS ALV FERBE 7= 2 N,0, T Z % 9 fhl- B
T FFE TR 0.1 ~10 kPa C,H, FHBT T N,0 i#—
BB IER N, , B A 68 09 o w40 1E A s S Ak 4
Xt NO HEBL A BTk . HAT RARASN BERFmM 1k
30 S ¥ B C,H, (5 —10Pa) A RE X 4 B4 4L 7€ F
R MALIE ST N0 HEBU TR, |, MK
REERERY, /NERAEKBE, B R 20cm
TEEHERRBL, BHRAWHRERERE, X
RENAEMEIERNELSHERERKERAK, &
MEALSERABHKS TEMERIEME, F5%
SR 4RI R I R X R o R B Bk
KIEJLF B A R ERMBES) 30cm LT + 2, T BE
RHIRARAKZNAHENHRIE MR E, T
BEREKAXEKMRAEHEHNKSTE. k4,5
JFF - B oKt B B R T RS ERER R BE & AR O AT BB M

B % X w:

(1] RER.XEZE. PEILEREIM]. B THRBEHERY
Rgiat 1992
Zhu Z L, Wen Q X. Nitrogen in soils of China[ M]. Nanjing: Jiangsu
Science and Techonglogy Publishing House, 1992.

(2] Hauck R D. Slow release and bio-inhibitor-amended nitrogen fertilizers
[A]. Engelstad O P ( ed.). Fertilizer technology and use (3rd ed.)
[M]. SSSA, Madison, WI, 1985. 293-322.

[3] S ERLELIM].2002.
Chinese agricultural yearbook [ M]. 2002.

(4] sk, KBS KEE. FTHERESTRHRERRELE >
[M]. JE5T: i Bk K 2 o A AL, 2001,
Li X L, Zhang F S, Mi G H. Fertilizing for sustainable production of
high quality vegetables [M]. China Agricultural University Press,
2000.

(5] Skeps HEM, KT, E0F. RELFRHEAES R T A
MG RMAE]. EYERSIER¥H, 1995,1(2): 80
-87.
Zhang W L, Tian Z X, Zhang N, Li X Q. Investigation of nitrate pol-
lution on ground water due to nitrogen fertilization in agriculture in
North China[J]. Plant Nutrition and Fertilizer Science, 1995, 1(2):
80-87.

(6] MEF. BEREKBPERSEZANSRFNRFRER
(D]. o BB 2 BB 5T 4 B 19 L2438 3, 2002.
Xiong Z Q. Quanlification of fate of N fertilizer and environmental im-
pact on rice/wheat rotation system [D]. Ph D Dissertation, Graduate
School of Chi Academy of Sci . 2002.

[7] Eichner M J. Nitrous oxide emissions from fertilized soils: summary of
available data[J]. Journal of Environmental Quality. 1990, 19: 272-
280.

[8] Neeteson J J, Carton O T. The environmental impact of nitrogen in
field vegetable production[J]. Acta Hort. 2001, 563: 21-28.

[9] Whitmore A P. Modeling the release and loss of nitrogen after veg-
etable crops[J]. Neth. J. Agric. Sci. 1996, 44: 73-86.

[10] HeZL, Alva AK, Calvert DV, Banks D J. Ammonia volatilization

from different fertilizer sources and effects of temperature and soil pH
[J1. Soil Sci., 1999,164(10): 750-758.

[11] DuanZ H, Xiao H L. Effects of soil properties on ammonia volatiliza-
tion[J]. Soil Sci., Plant Nutr., 2000, 46(4): 845-852.

[12] Delaune R D, Patrick W H. Urea conversion to ammonia in water-
logged soil[J]. Soil Sci. Soc. Am.Proc., 1970, 34: 603-607.

[13] Antonio V, Jose A, Diez L M, Lopez V. Nitrous oxide emission and
denitrification nitrogen losses from soils treated with isobutylenediurea
and urea plus dicyandiamide[J]. Biol. Fert. Soils. 2001,34: 248
257.

{14] Limmer A W, Steele K W. Denitrification potentials: Measurement of
seasonal variation using a short-term anaerobic incubation technique
[J]. Soil Biol. Biochem., 1982,14: 179-184.

[15] Ryden] C, Lund L J. Nature and extent of directly measured denitri-
fication loss from some irrigated vegetable crop production units[J].
Seil Sci. Soc. AM. J., 1980, 40: 505-511.

[16] Mulvaney R L, Kurtz L T. Evolution of dinitrogen and nitrous oxide
from nitrogen-15 fertilized soil cores subjected to wetting and drying
cycles[J]. Soil Sci. Soc. Am. J., 1984, 48: 596-602.

[17] Patten D K, Bremner ] M, Blackmer A M. Effects of drying and air-
dry storage on their capacity for denitrification of nitrate[J]. Soil Sci.
Soc. Am. J., 1980, 44: 67-70.

(18] BAW,FEXL,Ove Emteryd, F. TEIZEHEX B3 1M N,0
KERERMER(I]. TRBXRLIFFE,2002, 20(2): 28-31.
Liang D L, Tong Y An, Ove E et al . The effects of wetting and dry-
ing cycles on N,O emission in dryland[J]. Agricultural Research in
the Arid Areas, 2002, 20(2): 28-31.

[19] Klemedtsson, Svensson S H, Rosswall T. A method of selective inhi-
bition to distinguish between nitrification and denitrification as sources
of nitrous oxide in soil[J]. Biol. Fert. Soils, 1988, 6: 112-119.

[20] Muller C, Sherloxk R R, Williams P H. Field method 1o determine
N,0 emissions from nitrification and denitrification[ J]. Biol. Fert.
Soils, 1998, 28: 51-55.

[21] E#FRDFE. BHEERZH PO EmMEFHI]. LK,
1997(2) : 80-83.

Zhuang S Y, Sun X T. Fate and balance of N fertilizer in vegetable
fields [J]. Soils, 1997(2) : 80-83.



