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Effects of organic and mineral fertilizers on
nitrogen utilization and losses

SUN Yajie, WU Wenliang, LIU Yuanqging. MENG Fangiao”

(Beijing Key Laboratory of Biodiversity and Organic Farming/College of Resources and Environmental Sciences,
China Agricultural University, Beijing 100193, China)

Abstract In order to elevate the tomato yield, nitrogen losses by ammonia volatilization and N, O emissions under the
different types of N fertilizers, a tomato plot experiment was carried out on three equal amount of nitrogen fertilizer
treatments,i.e. ,manure (M), Urea (U) and combined application of manure and chemical fertilizer (MU) and two
control treatments,CK (plant with no fertilizer) and CKN (no plant and no fertilizer). The results indicated that there
was no significant difference of yield among M, MU and U treatments. Compared with U, the NH; volatilization of M
treatment reduced by 62% and N, O emissions 53% . Compared with MU, the NH; volatilization and N, O emissions of M
treatment reduced by 57% and by 69 % ,respectively. The amount of residual N fertilizer in the soil was in the order of M
(64.9%) > MU (36.7%) > U (23.7%) and there was significant difference among them (P<C0.05) . Considering of
the nitrogen loss and crop yield, it was concluded that the organic fertilizer ensured high tomato yield and decreased
nitrogen loss, which could be used as technical extension in tomato production. Due to the complexities of climate
conditions,crop and fertilizer types, more comparative studies of environmental impact and crop yield of combined
application of organic with chemical fertilizers need to be undertaken to further optimize the intensive vegetable
production.

Keywords nitrogen; tomato; N, O emissions; NH; volatilization
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Fig. 1

Dry matter of the tomato for the different fertilization experiment treatments
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Table 1 Total nitrogen content for different parts of the tomato and NHI
ik B R/ Cg/ %D 2%/ (g/ %D M-/ g/ D R/ (g/ B HCER A 5/ Vo
Treatment Root Stem Leaf Fruit NHI
M 1.68+0.20 ¢ 1.92+0.11 ¢ 2.4+0.11 ¢ 2.574+0.20 b 30.3+2.5a
MU 2.01£0.18 ab 2.574+0.09 b 2.874+0.16 b 3.27£0.22 a 30.6+3.7 a
U 2.4840.38 a 3.02+0.12 a 3.5540.09 a 3.8240.19 a 28.1+4.0 a

TE P BUE A P (AR R (n=4) o RIFVNG FREFR RIS AL B #2255 (P<<0.05),

Note:Data are means==SE (n=4), Different lowercase letters indicate significant differences among treatments.
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Fig.4 Soil N, O fluxes under different fertilization treatments



5 430

PNHEZN A6 . A HILAE AR A RE X 73R 7 1 80 3R ) A B 45 2k B 52 il 43

2.3.2 EHN,O RARHIKEARLIK R K
MBS BT LA M A7 HLAE AT A HE B (MUD Ak 21

2500
H oy

% % 2000t

- =

= =

3 T

= T 1500

iz I

o E

= E

Z 2 1000 ¢ c
= <

\.Tém

Eék; 500 + d i
z.

ANFHER} 4L PE Different fertilizertreatments
o CKN(AHEENE , AFEY) ; No fertilizer and no plant)
CK(ANiti U8 , FHAEAEY) ; No fertilizer with plant)
= M(F HLAE ; Manure)
o MU2AHLE+1724LHE ; 1/2Fertilizer+1/2Manure)
o U(LHE; Fertilizer)

BS5 AE4LENOZRBHNE

N, O (1 2R HE il & e Fok oy U b3, s/ /by
MU, 3 4~ 4b 3 2 8] 25 57 i 2 (P<<0. 05) . {LE A
HUIEIR IE (MUD N, O 2 FRUHE 80 53 01 2 i Ak e
(U B Bt A7 HLAR (VD AL A 1. 4 FiT 2.5 5. X8
CKN #l CK 1y N, O 2 FUHE 05 A X B ik, H 3%
ZIEIF TR 25 . & 43 HE &R £ (EF) K/
7 MU(0. 52 %) > U(0.32%)> M(0.16%),
2.4 TE-FEMESEHIHEEEZEDHF
HTRAZIEEEMANR.ELE-FMRLE T,
JE I 5% B DA B SR 2R 38 O3 25 A AR TR) (3 2)
MU 5 U 43 NH; #E % EMHI 2 EST M
AEF X T N, O fEC, MU b HR &, % s T U
M AbPE, IR A E A TR R sk
3 E R R EE J1 .3 AR b B b £ AR B A
M>MU > U, B4 HLAE &b B 4 HE fe % [& FF 5 £

Fig.5 Cumulative N, O emissions under different treatments E],‘J//Xj o
®2 AAHEELELTE-BEHEEHREER
Table 2 Nitrogen fate within soil-tomato system in different fertilization treatments
NHARRC NOFRRC e o AR 0 6/ %
=N =N -
At P /g hit/mg fit/mg 5 /mg Percent of fertilizer amount AALFI
Treat- ) Accumulated N, O ) R/%
Yield N left in 4N
ment NH, accumulated Lo eoil NH. N, O NUE
the soi 3 z : .

volatilization fluxes N left in soil
M 16.8+£2.9ab 13.6+£0.9b 4.520.7¢c 1948+76.6 a 0.4840.06b 0.1540.04 ¢ 64.94+3.6a 30.3%£2.9b
MU 22.84+2.7 a 31.84+4.0a 14.8+1.1a 1101£50.8b 1.08+0.26a 0.49£0.07 a 36.71+5.8b 60.9%4.3 a
18} 22.0+2.1a 36.04+1.0 a 9.7+0.4 b 709+99.1c¢ 1.234+0.37a 0.32+0.15b 23.7+1.3¢c 77.6+6.8 a

B HPBUE N T BHE SRR R (n=4) . ARG FRE R IR FBAL 4 AL B 35 22 5 (P<C0. 05),

Note:Data are means =SE (n= 4). Different lowercase letters indicate significant differences among treatments.

3 i i

3.1 BB T L NH, X%

NERHE RIS 45 & A e, AERE A 32 3L
2o 5 ) - M v e A RV B R T R e R
A AR 3 B 1) ) ) 7 A AJF 5 45 A 3 2 4 A Ve
HE I A% B 1) L AH ] 3 2l T a6 vt A B AT BL
I W)t AR NH, B IF A T8 e i g . fi
2 2~4 d JE AU AR R BRI R & 9 NH, oA
W RCHE R 0 . ACHE R b oF A LT 09t A 82 T
Bk H MU 5 U PR 245 & B IF 0 i & %
5o 5 fil APV 5 4R OR R & — .
Matsushima 229 F1 " N 7R 85 F R 70 18 = 1 98 4%
PETR W T A A NE R 2H B AE AN [ B B) B i) NH 4%

¢ 5 A [F A HLAT TS HLAE BC et NH; # % &

A E R B0 AR R g & B AL Ak HE
e K2 A5 Bt TA) B G BT e AL IE 4 3R T
HAHLICHUIE EC it mT DA A RO > 2 48 ki k. WA
PR B o BT, AR 5% % BRARIE 45 2 B 0% (1. 2 00) %5
% X AR IS R B 2 RS R R A B A
it N 5 2 O s it A O =CAR S T ISR B TR, X
NH, 4% i B A — @ i e ms,
3.2 RABZEAEXF LI N,O HEA R
TN, O FE i 5 bt =, 5 +
e S A R R 2 RSO L A ML UNO,-N
Bt DA R K Ay SRS IR Y UNL O Y
Ik Tk v 06 — gt BAE it A B R ST A LR
HAETERR o NH, L fE B AR DK 5 19 38 — KA 81
fr g, AR IE Kb B Y e e L R AE SR 13 KRR TIRER
e B TE IR Al 1) KA AR R A ] DL AR i D) TS HL AR 28



i LR I

2017 4F 58 22 %

FETEM (NH,),CO, F1 NH,OH, 3% /KJ5 1 5K 4
Wk TH i K 2 R . R A NHL AR HE
LA B AL A . RBELL NH B R T+ 0%
Ve T HP o P A WL T B ok
gt NO; & = R BE Ak 40 B Y B0 20 0
22 ECE R R N A R NLO, B4, N, O Y HE
5 it AT e DA K HEBRE Oy SR R AR+
O E ARSI IR ZE £ Rk AR Y
Y E TR PEE L, T R M RS
BRE T PR O A 5 B0 T S R R 1 i Ak 5%
S Ak 3 R S

JERE 2 0 2 S ma N, O HE i & 9 & £,
Aguilera™ ti 4 38 1 7K 43 5% 1F 19 45 1 A HLIE 1)
Jiti FH AT LADE 2> N, O O HEC. AR B H M Ab BEAR L
FHA 2 ASAEFE B BT T N O W HER ., MU &b
B N, O SBUHE i 2 s T b kb 2L AR 2 0F
FEEER — B AR A HUIE S AT Y S LR
11,2 v e m N O HE R i R 2, g b
oA B N, O (M HERCR B R 0. 126 ~1. 3%,
AR5 v HE R BOTE X — 3 BRI AR . S
A A AL L o R 2 AE e HE il 3R BRI, B2
T AR BF 5T HE ICFR B A D PR
3.3 REEBANREIRELERFANEZW

A5 2 B L A FH AR AR A B (UL MUD 35 5k A2 9
L M A b 2R W 9 AR S AR R A L
HE . Al R G i B T AT BILAE 43 e 12 Bl 25 VE 0 1Y
AR Y AR IR K, FIEE R R R
ARCE IR DR & I R AR s R &Lk
PP Z TR . Evans 50T HE R R FE W IR
G W B A e S RN S R T i
R ZR 1) W WA AN 5% 32 A R 0F A A 9 A D9 ) s 5 4
ST DARR SR & R A, A IR ZE M Bk & A —
E W2 R (H R A A AR 25 0T 7S 4w AA IR A
R B o3 i i 25 S 7E SR R R A A AL . R
B A 25 0 o B K B RUUR T A 1) 3 O A SR S
&, Yuan UV BFSE £ B, 7E & & (300 kg/hm’
(NDEREBEAKTRYRE LT 258 & 21 K/ i
J¥ R A LR A+ 46 B > 1 IE > A HLAE 5 78 o 5] 4 G
R AT WA OLT o B 2 5 it Ak IR i) Ak
PR FLU O AT HILAE + Ak BB Ak B R 2R A5 AL AR Ak
L, ARG g %A IR R AR AR
A5 o PRI SR it A AT AR 9 45 38 007 R R % i T A HLAE

Ab B,

7= VR R 8 50 (NHIL 324 5 £ 43 1ic 31 5
SEEY HE D He A it AR A BE (U MU Fi1 M) 22 1] 22 5
AN, W TR A 25l A BT DL S b B Y
R AK. Evans Z07 8 L R FE A
J S T U3 ] SR S 1 e 32 5 e A A IR OC R . it
SRS [R] 0 B 280 3% 1) 2R S A 8 0 T SR AR, RUIE 1Y
NHT B A% . A3 50 19 e HE Sk — W it A S AE L R
I NHI 78 45 it JE b 31 2 [ A 3 . 0K A 7= H g
ARG 7 il AR B B T W EOIE e T A
F I RIB L,

fli AL RE B 2 A4S 4b 3 (MU, UD & & ) 3R
(NUE) Jg i 3 22 5 . b TR mk o Hm T M Ak
L, AT R KRR R N IR R 0] 35 50 %
DL b ok NORARKAIR N R Z . ol 2906 ~40 %6 A2
A m KA N SRR R N R AR EACR 2200 &
AL X M AR AT B R A T R
X A R B R R AR R T L MR
WSk O A AR R A /N

— MBI R A LA X 9 A 4 A A KO e
W A BRI . Bl R a HLAE T Ay R
Jei R T TT LA AL A A 5 e R T s R i R R
WA AR T AR ST AR A UE ] T X

— i,
4 £ g

B X DR 315 0 6 0 28 i v 7 R IR PR 85 75 e Oy £
A FAR B NE AR B, 4 I B i S A )™ rp ol i
KRR . AL 19 BT 5 45 2R LW FL AT B 2R >
Z B ) R R i (77, 6 %0) o {H D NH, HE il f%
oo No O HE T A T A8 v A1 i JHG Al 453 2
B, SR R R R A A LIS A B
3620, BN ZEF el 3 HIA HUAE L B 7 AT RAAR
TR 5 1A T b0 A 24 R R A AR AN - e
B AR AL T AR AKCF L T LU S 4 5 3 i AR B
ST RN . 5 DO AR R T HHER A
B ol i IS 225 SR A A0 0 3 3l P 3 5 T — 2P 2
& HAM AT T HEAT 56 0E

S %3k References

(1] e AR A IR 52 58 3 5. o 16 &2 31 4F % [ M. 2015.

http://www. stats. gov. cn/tjsj/ndsj/2015/indexch. htm



5 430

PINTHEZAS 45 -

AT LA A B X 058 7 5 2 3% T A B A 2k ) 52 i 45

(2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

(12]

State Statitics Bureau China Statistical Yearbook, 2015 M.
http://www. stats. gov. cn/tjsj/ndsj/2015/indexch. htm
e s, sk am 8. 5C T AL A R i % (1], A B 3BT, 2003,
12(2):192-197

Ju X T,Zhang F S. Thinking about nitrogen recovery rate[ J].
Ecology and Environment ,2003,12(2) :192-197 (in Chinese)
RIER L SORF. R E AR RS RGP AR 06 AT LM,
B VLI 5 R A 1992

Zhu Z L. The Cycle and Balance of Nitrogen in Agricultural
Ecosystem [ M ]. Nanjing: Jiangsu Science and Technology
Press,1992 (in Chinese)

Crutzen P J, Mosier A R, Smith K A, Winiwarter W. N,O
release from agro-biofuel production negates global warming
reduction by replacing fossil fuels[ J . Atmospheric Chemistry
and Physics ,2008,8(2) :389-395

de Vries F T, van Groenigen ] W, Hoffland E, Bloem ].
Nitrogen losses from two grassland soils with different fungal
biomass[ J]. Soil Biology and Biochemistry,2011,43(5):997-
1005

Mecswiney C P, Snapp S S, Gentry L E. Use of N immobilization
to tighten the N cycle in conventional agroecosystems|[ ] ].
Ecological Applications,2010,20(3) :648-662

Choi W, Jin S, Lee S, Ro H M, Yoo S H. Corn uptake and
microbial immobilization of '"N-labeled urea-N in soil as
affected by composted pig manure[ J]. Plant and Soil , 2001,
235(1):1-9

SRS MR A B BT N2 O HEBC A2 [T ], it 2B &
B ,2002(1) :46-49

Zou ] W, Huang Y. Effect of agricultural management practices
on N;O emission of farmlands[ ] ]. Rural Eco-Environment ,
2002(1) :46-49 (in Chinese)

R LD BRI, 2258 4E L 5k &2 HERLG ) B 90 5% DR X o 1 &
B CO2 M N2 O HERCHYSE ML . R lk 36 58 B2 24 4. 2005 (5)
83-88

Dong Y H,Ou Y Z,Li Y S,Zhang L. Influence of fertilization
and environmental factors on CO; and N;O fluxes from
agricultural soil [J]. Journal of Agro-Environment Science,
2005(5) :83-88 (in Chinese)

) . S M N O HEBURFAE | 7 4E & 42 K L% D 3%
[DJ. dtmt s o el B 2 e, 2014

Yan H L. The characteristics, sources and impact factors of
N;O emissions from vegetable fields [ D]. Beijing: Chinese
Academy of Agricultural Sciences Dissertation, 2014 (in
Chinese)

XULT A e R L 850K . 4 Bobk. A3 607K S R B JE AL I e X 22
H e Rk s [T ], 2Bkl B4, 2012,40(12) - 7119-
7122

Liu H M, Pang F M, Lai X, Yang D L. Effect of nitrogen
fertilizer rate and combined application of organic manure and
chemical fertilizer on soil ammonia volatilization in winter-
wheat field[J]. Journal o f Anhui Agricultural Science ,2012,
40(12):7119-7122 (in Chinese)

Banerjee B, Pathak H, Aggarwal P. Effects of dicyandiamide,

farmyard manure and irrigation on crop yields and ammonia

[13]

[14]

[16]

(171

[18]

[19]

[20]

[21]

[22]

volatilization from an alluvial soil under a rice (Oryza sativa
L)-wheat (Triticum aestivum L) cropping system[]]. Biology
and Fertility of Soils,2002,36(3):207-214

RS AR EEE B e AT AR B E NS FAHE
75 o0k i B e R p s ) . VLV Rl R 2 24, 2010,
32(5):881-886

Cao C G,Li C F,Kou Z K, Yang ] H,Wang J P. Effect of N
source and Tillage on NH; volatilization from paddy soils[ ]].
Acta Agriculturae Universitatis Jiangxiensis, 2010, 32 (5)
881-886 (in Chinese)

R A 2 3, Tk, T R S R I T i 1 LR Y
[J]. 324, 2011,48(5) 1 1090-1095

Zhou W, Tian Y H,Cao Y S, Yin B. A comparative study on
two methods for determination of ammonia volatilization[ ] ].
Soil Science s2011,48(5) :1090-1095 (in Chinese)

Zheng X,Mei B, Wang Y, Xie B H,Wang Y S,Dong H B, Xu
H,Chen G X,Cai Z C,Jin Y.Gu J X,Su Fang.Zou J] W,Zhu J
G. Quantification of N> O fluxes from soil-plant systems may be
biased by the applied gas chromatograph methodology [ ] ].
Plant and Soil ,2008,311(1/2):211-234

Mosier A R, Halvorson A D,Reule C A, Liu X J. Net global
warming potential and greenhouse gas intensity in irrigated
cropping systems in northeastern Colorado [[J]. Journal of
Environmental Quality ,2006,35(4) :1584-1598

Montemurro F. Are organic N fertilizing strategisgies able to
miprove lettuce yield, use of nitrogen and N status? [J].
Journal of Plant Nutrition,2010,33(13):1980-1997

Sturm M, Kacjan-Marsi¢ N, Zupanc V, Bracic-Zeleznik B, Lojen
S, Pintar, M. Effect of different fertilisation and irrigation
practices on yield, nitrogen uptake and fertiliser use efficiency
of white cabbage ( Brassica oleracea var. capitata 1.) []J].
Scientia Horticulturae ,2010,125(2) :103-109

Cameron K C,Di H J,Moir J L. Nitrogen losses from the soil/
plant system:A review[ ] |. Annals of Applied Biology 2013,
162(2):145-173

Matsushima M, Lim S,Kwak J,Park H J,Lee S I,Lee D S, &
Choi W J. Interactive effects of synthetic nitrogen fertilizer and
composted manure on ammonia volatilization from soils[ J].
Plant and Soil ,2009,325(1/2):187-196

BN , 22570 5, AR L P AR L BT R WL XA R R
A HILIE A M Bt o 2 53 el b e 4 R s ) . K AR R
2F4R . 2010(5) :199-203

Ge SF,Jang Y M,Peng F T,Fang X J,Wang H N,Dong M X,
Liu J C. Effect of chemical fertilizer application combined with
organic manure on ammonia volatilization in spring in apple
orchard[ J]. Journal of Soil and Water Conservation, 2010
(5):199-203 (in Chinese)

I 2 R Rk AR T L R IR B AR VL AN AR R R
it 77 O e Rk p g [T AR AR 24, 2001, 16 (2) .
83-86

Cao B,Li X H,Zhang L.,Zou G Y,Gao X Z,Zhao C J. Effect of
different basal-dressing application methods on soil ammonia
volatilization from wheat field[J]. Acta Agriculturae Boreali-

Sinica ,2001,16(2) :83-86 (in Chinese)



46

0 RS I A N S

2017 4F 58 22 %

(23]

[24]

[25]

[26]

[27]

Lee K,Bong Y,Lee D,Kim Y, Kim K. Tracing the sources of
nitrate in the Han River watershed in Korea, using §'° N-NO;
and 8'*O-NOj values[ ] ]. Science Total Environment s2008,395
(2/3):117-124

Wang Y., Hu C, Ming H, Oenema O, Schaefer D A, Dong W,
Zhang Y M, Li X X. Methane, Carbon dioxide and nitrous oxide
fluxes in soil profile under a winter wheat-summer maize
rotation in the North China Plain[J]. Plos One,2014,9(6):
98445

TR AR A R 5 SR A AR AL (DL dE s
thE R KR, 2013

Wang H F,Study on the production mechanism and influencing
factors of greenhouse gas in different land use of red soil [D].
Beijing: China Agricultural University,2013 (in Chinese)
FEYE AT R R R AR R R L HELD]. db gt b E RO KA
2013

Yan Y, The characteristics of greenhouse gas emissions in
different crop rotation systems on North China Plain[ D],
Beijing: China Agricultural University,2013 (in Chinese)

Qin S P, Wang Y Y,Hu C S,Oenemab O, Lia X X, Zhang Y
M, Wenxu Dong W X. Yield-scaled N2 O emissions in a winter
wheat-summer corn double-cropping system[ ] ]. Atmospheric

Environment ,2012,55:240-244

[287] Tellez-Rio A, Garcia-Marco S, Navas M, Lopez-Solanilla, E

[29]

[30]

[31]

[32]

[33]

[34]

Tenorio J L, Vallejo A. N, O and CH, emissions from a fallow:

wheat rotation with low N input in conservation and
conventional tillage under a Mediterranean agroecosystem/[] .
Science of the Total Environment ,2015,508:85-94

Zhang Y ,Sheng J,Wang Z,Chen L, Zheng J. Nitrous oxide and
methane emissions from a Chinese wheat-rice cropping system
under different tillage practices during the wheat-growing
season[ ] ]. Soil and Tillage Research ,2015,146:261-269
Aguilera E, Lassaletta L, Sanz-Cobena A,Garnier J, Vallejo A.
The potential of organic fertilizers and water management to
reduce N;O emissions in Mediterranean climate cropping

review [ J . Agriculture, Ecosystems &
Environmen ,2013,164:32-52

EANE S AR EE T, 4RSS0, JH kA, KA. AP
HUAEHHE G bt I X bt 35 398 N O HE i i 52 mm LT 1. A 9 8
25 AR R ,2012(5) . 1073-1085

Hao X Y,Gao W,Wang Y J.Jin ] Y,Huang S W.Tang ] W,

systems: A

Zhang Z Q. Effects of combined application of organic manure
and chemical fertilizers on N;O emission from greenhouse
vegetable soil [ J 1. Plant Nutrition and Fertilizer Science,
2012 (5):1073-1085 (in Chinese)

Ding W, Cai Y. Cai Z, Yagi K., Zheng X. Nitrous oxide
emissions from an intensively cultivated maize-wheat rotation
soil in the North China Plain [ J]. Science of the Total
Environme, 2007,373(2):501-511

Zhang Y, Liu J, Mu Y. Pei S, Lun X, ChaiF. Emissions of
nitrous oxide, nitrogen oxides and ammonia from a maize field
in the North China Plain[J]. Atmospheric Environment ,2011,
45(17) :2956-2961

W/ RRE S B A L R0 . B S, TR X, sl AR Bl UNE A R B

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

FoK A8 CHy Ml N2 O HER sz mg L) 1. P E R L%, 2011,
41(1):117-128

Hu X K, Huang B X, Su F,Ju X T, Jiang R F, Zhang F S.
Effects of nitrogen management on methane and nitrous oxide
emissions from summer maize soil in North China Plain[]].
Science China : Chemistry, 2011,41(1):117-128 (in Chinese)
Gao B,Ju X,Su F,Meng Q F,Oenemab O, Christiea P,Chen X
P, Zhang F S. Nitrous oxide and methane emissions f{rom
optimized and alternative cereal cropping systems on the North
China Plain: A two-year field study[]J]. Science of the Total
Environment ,2014,472.112-124

20 BRI L 2555 98, So H B. KA AL IEHLAC A} T it % -+ ¢
A 2 e R R S Dy s e LT 1. v [ ARl A2, 2008 (1)
144-152

Li J.Zhao B Q,Li X Y,So H B. Effects of long-term combined
and mineral fertilizers on soil

application of organic

microbiological properties and soil fertility [ J ]. Scientia
Agricultura Sinica ,2008(1) :144-152 (in Chinese)

Evans R D, Bloom A J, Sukrapanna S S, Ehleringer J R.
Nitrogen isotope composition of tomato ( Lycopersicon
esculentum MillevT-5) grown under ammonium or nitrate
nutrition[ J]. Plant.Cell & Environment »1996,19(11).1317-
1323

Yuan Y,Zhao M,Zhang Z,Chen T, Yang G, Wang Q. Effect of
different fertilizers on nitrogen isotope composition and nitrate
content[ J]. Journal of Agricultural and Food Chemistry ,
2012,60(6):1456-1460

Cabello M J,Castellanos M T, Tarquis A M, Cartagena,.M C,
Arce, A, Ribas, F.

translocation of nitrogen applied at different growth stages of a

Determination of the uptake and
melon crop (Cucumis melo 1.) using "N isotope[ J]. Scientia
Horticultural ,2011,130(3) :541-550

Brito . M, Monteiro ] M, Mourao I, Coutinho J. Organic
lettuce growth and nutrient uptake response to lime, compost
and rock phosphate[ J]. Journal of Plant Nutrition,2014,37
(7):1002-1011

fap A A R R AN R KOS 2% 1 5 B 4% S AT RE N R
B9S2 [T, B AR 25241 . 2000(2) £ 235-239

He H,Zhao S W, Chen G L. Effect of different watering and
fertilization on N utilization efficiency[ ] ], Chinese Journal of
Applied Ecology.2000(2):235-239 (in Chinese)

Geisseler D, Horwath W R, Joergensen R G, Joergensen R G,
Ludwig B. Pathways of nitrogen utilization by soil
microorganisms: A review[ ] ]. Soil Biology and Biochemistry ,
2010,42(12) :2058-2067

Horvath L,Grosz B, Machon A, Tuba Z,Nagy Z,Czobel S Z,
Balogh J, Peli E, Foti S Z, Weidinger T, Pintér K, Fithr E.
Estimation of nitrous oxide emission from Hungarian semi-arid
sandy and loess grasslands;effect of soil parameters, grazing,

irrigation and use of fertilizer[ ]]. Agriculture, Ecosystems &

Environment +2010,139(1/2) :255-263
FAE AR, ER A



