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co, Him Bl ErfEA 6 A 9 H (EFMAE.7HIH
(##) 8 A9 BUERTH) 9 A 9 HURBH) A 10
A9 BB, HMRE 5 K, B ERE N EF
1168 % 12 B, FRME LW COo, HBAT, L4
43 BT & A B/ X P9 HR g T BRURE 35 B HLIE I 5 150

HIE 0~ 20 em #1214, 2R SR T HIBRHE Y H ik
MEMBZYEDS | mm 0, HTEEENE, A
A 1 R TR R vk T IS M
3,5 - ZEEE K45 B B R 25 1), R0 A AR D 1
k2 ARt MR A ek,

F£1 AWt
Table 1 Experiment design
£ Code AbHE Treatment ¥4 J7  Operation
G B it AR
cK No-tillage with no fertlizer EREREEH T REEMETHREEMES
N B 4 AR ERIHERZERHT BFHAALURIE —~KEHA L8, 4 N 52 kg/hm®, 3% A
No-tillage with N-fertilizer REEHRR(E N46%)
p B R E R ERERHT ,FBEMAB LURIE— KA L%, /4 P05 45 ke/hm?, i
No-tillage with P-fertilizer FBERE RS H R (& P05 17%)
X S 85 51 60 AR EHMERELHT EFHWEHLURE - RERA L%, 4 K0 45 kg/hm’, 3
No-tillage with K-fertilizer RSB R B (& K050%)
NP St E B AL i ENERERBT EFBAEUEE—REBA L%, 4 N 52 kg/hm® i 48
No-tillage with NP-fertilizer P05 45 kg/hm®, AT AE N R R (& N 46% ) BEIE I3 BB (] P,05 17%)
R R EREREEHT EEEAE LR — R EEA LR, 4 N 52 kg/hm® K48
NPK P,05 45 kg/hm® JESE K,0 45 kg/hm? , K FABAE AR K (& N 46%) ,BIE h 1 B @

No-tillage with NPK-fertilizer

B(E P05 17%) , SFIE AT A (F K0 50%)

THCo, R RABSHENE, BEERE
VLB A R 3 R, 2K KT, 248 0k R E % 38
4o BEHH 30cmx30 cmx 60 em(K x T x FH),
JEEHH 35 ecmx35emxSem(Ex B x5F). i
HEAREFSSH/IR BEREFD, EBHE
MK KL, MERBRUEKBEESEY R
B REH A LS om, BB SEE
— AN, SRS R B TR VTR Y, T4 P A K
FH L FIEENSEMKS R ET B, REMTH
HARBITH FRAASKBEEHY, EE/ME.2
#1F 0.10.20.,30 min 1 50 ml SR ESIEEL
BRESEMEEI S LESERESZEN (BN
L THRERHUTHRFE=HEBEIHER),

CO, HEBUAS MG %M E, o, 3 E &t
BARPIITF
F = dc/de(hM,T,)/M,(T, + T)

Ap: FAHEHEE (mg/(n? « h)ode/dt AFEAIR
B A RR R h IREEEE M, IR
BESEANERRET, IRERSTHEE
273.2K; M, AR BESENERER; T h 6+
HRE.
1.3 YEEITSERHHZE

A 4 7 R FH Excel 2003 1 SPSS 10,012 $(8
Gt T RAFTE e MRS 5 KR + 1 A
HHES X R Co, HEMUB BRIt HE

F£2 FAWELELRGEEFHHE

Table 2 The average of soil enzymatic activities on the different fertilizer treatments

23, Wk BEVEN FELER
R b i3} U i ohosoh
Code Treatment rease Alkali-phosphatase Invertase Catalase
(NH, - N mg/(g-24h)) (Phenolic mg/g) [Glucose mg/(g+24h)) (0.1N KMnO, ml/g)
cK BB RHER No-tillage with no fertilizer 2.67¢ 1.25d 3.47b 1.67d
St B AE No-tillage with N-fertilizer 3.27ab 2.21a 4.27a 1.90cd
G BEH I No-tillage with P-fertilizer 2.83¢ 1.68¢ 4.25a 2.35b
K S B # IE No-tillage with K-fertilizer 2.83¢ 1.44cd 3.74b 2.56ab
NP S R BAEACHE No-tillage with NP-fertilizer 3.54a 2.54a 4.60a 2.24bc
NPK B BB ABACH No-tillage with NPK-fertilizer 3.31ab 1.69be 4.60a 2.84a

E:RFNEFF abe d RRFEFEEL 0. KFLNERBEN., TH.
Note: a~ d with the same column represent significant differences at 5% . The same as below.
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2.1 7R[EHEAR AL EE Xt % 5 L A TE Y A9 R0

2.1.1 WsE JREER L —HEMRTKMES B
MBEETER L BEREENREELHEAERS
REH IR, B 1A, SR AR AL 1
PREEEAB M EHE R BEMERENBE,
HERYHI(O A H)KIBAM, WHEW0H9
HRBEESETFEMGCAIR), M ERH
TG AIE &b B 1R 6 9% 1 29 8 T R MEAE b 3 b A AL 2 o
AP B RS RS, AR R E B E A
B 5 80 AT, B8 9 A A B AR B X R BB T M R
EwgsNo UL 8 A 9 HIRY N6, B8 A e A

50

B¢ % Urcase

[NH«=N mg/(g * 24h)]

HHRRBEIE R 4.14 mg/(g-24h) R B IR BC ML B2
$73.97 mg/(g-24h) BAHE A ACAL R 3.93 mg/(g°
24h) AMEBEIE AL B R 3.14 mg/(g-24h) . BG4 AR
¥ K 3.02 mg/(g-24h), 4 B bb A i AE 40 28
39.86% .34.12% .32.77% .6.08% 1 2.03% , 4
VB S 47 R B 055 b % R A G L R 0 BIE T G
B pE RS |5 M AT B S D &b B 4 1 HE R B AR 4k
HF 32.58% .23.97%.22.47%.5.99% F1 5.99%
(FR2) ;A BERE ABHICEE . LHARSR
MEREAHEEFEE, SLAEHE LEARRER
FEE, PRBE REFES R EELHEAERR
BEGK?2),

0O CK
ON
arp
oK
B NP
B NPK

08-09

07-09

09-09 10-09

H 1] Date(M-d)

B1 EENEHtRRRAKE

Fig.1 Effects of urease in different fertilizer with no-tillage

2.1.2 wHUEHHE BEREE LR PRERF N
B AWK 12 B AT 4 4 R MR B TR AL
R BE LERENARNE, B EX YR E
HEEBEHED, LR R R R R
e, B FTRBERRE SR FBER M LA
A}, — AR IA R BT ok R U M L B B KB — RO R
BOEDESE SAMNBEREESET AT
JEUOT AR I o X AR Btk 4, BT LA X 6t
MEGEESEIT THEM ST, B2 85, 8CHER
HHRBEEEAENERENBEENL, BRKE
HAERBHOAIH), KEF0 A9 B
HRBRBEEETERNOHIBLWRTHRER
(T A9 H). Bk, iAE b 2 5 v 5% R B I 1
b A it B b 33 35 4 S ) 2 E 8, 2R ES O e
B EE I N ER R, KR Y B AR EE
KRB AE i 4b B T SR MM AT, i 5 A U
1% T 20 Ha B IE , 48 5 45 A A T B R A U5 484 oo o8 B
B/ AMFEBEHRE TSR AL
e 204 AR L B 4 A B PR AR s R IE 4
PRAHRAL IR 2.03 f5.1.77 £5.1.35 £5.1.34

ML S (R ABIERE. LA AR
JERCHE MBI S AMEAEERBE, B EHE
EXGEAHERRNEE(E2),

2.1.3 E#ik HHBhWELE,ZFETLE
B, FERETHESWY. YREAEVELR
RABEYBEREE M, 08 RSB EHEE
W, R EEE, B3TR, S48
R I 75 1 R T 8 2 SR B A R
BRI EEREEERTHGB A9
H)REIBKREN HELBEYERBBEOAIR)
BIBRAEMETEYH). 8L, AREHA
BHEEER AR LR RS, A
FE BRHEBEAC IR Z , BEK R M4 AL, A MEAE A 3 B
1o 4b ¥ (6] AERE MG V- 205 44 8 . EUBRAE AL G A8
4 10 B S Bt SRR 6 B S R B0 0 A 4 B L R
FEAE AL PE4R B 32.56% .32.56% .23.05% .22.48%
M7.78%(F2); ABERKE. A EEKE. 2
FIE BHBESAEELEEREEE, BiEHE
ERHELABERARE(FK2).
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Fig.2 Effects of alkali-phatase in different fertilizer with no-tillage
g
z s N OcK
E% 8 oN
| =4 "
o : P
i E—:' 4 5 oK
=2 % B NP
# = 2 B8 NPK
g 3 :

t

06-04% 0704

08-09

Fi W Dare(M-d)

B3 HEXEHtNERROER

Fig.3 Effects of invertase in different fertilizer with no-tillage

2.1.4 idfEBs JEAEBEERFETHE.
HAURHEYBRARMO S WY, BREE L HPEAT
[ ISR BE A4 46 , ST o 7 1 T DA R e L S A BR R
iRt ELE T EAEMETTNE
AP, B8R, Bk, TELEMIEEE AN
MEB/NBABEL, B RELBERERTH(S
A98). REIWER, el RIS MEE
P35 85 T A E Ak 2 ; 16 AE 4k 2, 8% 4 AR B e

5

il VUIE ¥ M Caralase
(01N KMnO. mlig)

FAEME R, KR R, KR it
REFRBEACACHE , B0 RAE SR, BT AME
RV 2995 4 PO B - R 4 A MG | 2 06 4 FIE | B R
AE 94 AE A i 0 85 i ROBE 2 A Be S B AE Ab 78 R
69.82% .53.21% .40.55% .34.28% 1 13.67% (&
2) ; TP I AC 7 B 60 AE | 58 G % AE A0 OB AE AT
BERHERAEZERYEE, RERAESAEREL
BERAEE(FR2

ock
oN
ar
mK
B NP
B NPK

08-09
1 ) Date(M-d)

4 BREMNEHIRIECEBmHEM
Fig.4 Effects of catalase in different fertilizer with no-tillage
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2.2 TRIMEAEALE % # LW CO, H M kI % M
FIRY, LMK LM CO, HEHUE B BN E
B2 S S R R R AL AR IR AT LR B R e &
WEF RTHEA I B)XABKE, UEEESH
TH&ES, BMET(6 A9 H)AMREE(10H 9 H)
SIBARN BAE, HEBOE B AU Y T 39.83%
~51.33%; B4k L, RBE 4 IEACME CO, HEBLE B &

K, FOR S BB AC B i | e 8 PE | B HE B AT | B i P
BB, RGeS B K. 43 E co, FHHBGER L
e B AE BT A L R B FE I B B AR L B
B.EREHFESNEAERLHEET 22.91%.
16.18% ,12.73% .9.38% Fl 4.29% ; 55 B 57 AEBCHE
HBEE G AR E R EEAEEREE, B
BEMBEHFESARELEERTEE,

23 TRAEBLESH TN CO, HEREL

Table 3 The Change of CO, emission fluxes with different fertilizer in no-tillage

R A CO, HEBGE# CO, flux(mg/(m®-h))

Code Treatment 06 - 09 07-09 08 - 09 09 -09 10- 09 1
CK EHARHEA No-tillage with no fertilizer 268.57a 371.09a 555.70a 376.87a 277.63a 369.97a
N RBHEEAE No-tillage with N-fertilizer 274.07a 445.97bc  638.30bc  432.87ab 294.19a 417.08bc
P BB HEBEAE No-tillage with P-fertilizer 288.77a  402.0tab  620.48abc  411.87ab 300.32a  404.69abc
K B HHIE No-tillage with K-fertilizer 290. 14a 365.47a 584.33ac 389.32a 299.91a 385.83ac
NP B HBIER I No-tillage with NP-fertilizer 282.78a 447.88bc  678.20bd  436.36ab 303.99a  429.84bd

NPK R BB ILRI A No-tillage with NPK-fertilizer ~ 285.61a 502.67c 717.00d 468.65b 299.71a 454.73d

2.3 THEMEHS COo, HiHpBxH

RGN, FEHES5 L CO, HRERBETE
HFZ(P=0.0042); KBS 5 CO, HEME B EEM X
(P =0.032); A BY R A F i AL BB 5 CO, MK
MRERBE, K08 A IRE S AT L EA
R B CO, HI MBS L mEmmE L Ek
SHEEX Co, HHERMBERANE,

x4 TRWEHS co, HERMARE

Table 4 Correlative coefficient between soil enzymatic

activities and CO, flux

Ein 3. WHEBME B JELEs
Index Urease  Alkali-phosphates  Ivertase Catalase
CO: HHAR ) pire 0.595  0.946"" 0.5

CO; flux

*3: P<0.05; * *: P<0.01.
3 gL ST

1) B AL S I T £ AR HE 0 CO, HEMKE
B, B 3RAEEE R Co, HiBOE B R
RV BRI R M, B B R R M O
BBHHARKE, X—-HERENBHEVLTH
PEBES 1R o+ AR B S Y Y 5 A — B, T 55 B 0
BEREMH T L EREEEE R, HERATHRR:
HEAER N T L RE RS s R TR A Mt
EBAER, ERER RSB A LR ASY I, F et
Wi L ERAEY B REEHEm, #mEmT LR
BETER CO, HBG IR AMEBREKMRA
ERKNERYN FEARNARBBEER RER

W B B K, AR TR R o e 3R DO B
WEKLUBERZNERMBRK KRN EHS,
ISR e 0, S A 0 O S, R R O 3
B A A BRE MR NER T TR
Mits o, 8 co, HEHCBE BRI mELKER
BAERAK BB BB, AMELE YR
T, A5 2R A B K R R 1, DA T 3 B R O
U fent R R AW R K RS BRmR,
FS T LI R,

2) AHFFTIA N B XS 180 R B B B R
FEREBEIE PR CO, HEUERE MR K BEKZ, 4
FE B/ MBS A B RE G — 2 R T R R
PEBE RO RE REME R IS E R CO, HERGE R, FRERR
i 18 i T 746 S X R B R R, 4R E T AR
AR R K, I T e Xk £ S0 A R e, B R
R 01 R RN O 4 M 5 A SR A
HE R S REME RS VL B 2 B w120 5 B0 i 1 A 488
THHRWEXRBAE dTREANREER RS
— R W SR L 4 ) TR e R O A 3 —
SR AHRABEEREE A FHREN RS
S R W, 5 b b R T RS AR K RE R N T X
BRFENORS MR TR ISR ERRET S
BHLA MK, I T LR BB MBS
U2 R X 490 O 0 4R 3 R B4R A Co,
Hk g AR RAREERERABREER
R KT B R AR , B RUIE X - SR 0% 75 R 6 B
WAT RSB, ATFRG S S0 H S B
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FHEAEFILNE TR XK TH A A L+ 5 &
B MIE R R B SRR i A AR
W A A A AR,

3) ABFFRAN: L EMEEMAREEES o,
HEBEEEFEMRKR, L RBERREMNLE
LEREES CO, HFRBEMAXREADE ., AR
S5EMERAARA R, BREN, TR LR B
SR A B AL RO IR GRS T A B b P R
TLRE 11 FIRE R L SR R A R B 1 O IR AR T
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Effects of different fertilizers on soil enzyme activities and soil CO, emission
under no-tillage on dry land in farming-pastoral zone of northern China

ZHANG Zhi-dong', LIU Jing-hui', YU Qing?, WANG Yong-qgiang',
CUl Feng-juanl , WANG Run-lian!
(1. Inner Mongolia Agricultural University , Hohhot, Inner Mongolia 010018, China;
2. East Cereal and Oilseed Research Centre , Agriculture and Agri-Food Canada, Ottawa K14 0C6, Canada)

Abstract: Soil enzymatic activities and CO, emission of no-tillage lands with different treatments of fertilizers was
determined, analysed and estimated for their effects on soil enzymatic activities and CO, emission under no - tillage lands
in farming-pastoral zone of northern China and their correlations. Valuable data were provided for improving soil quality,
enhancing farmland carbon sequestration, reducing CO, emission and conducting sustainable utilization in dry land re-
gion. The results showed: the soil enzymatic activities and CO, emission in the fertilizer treatments were higher than those
from the no-fertilizer treatment under no-tillage. The increased activities of Alkali-phosphates, Ivertase and CO, emission
was mostly influenced by N-fertilizer, followed by P-fertilizer and K-fertilizer while the increased Catalase activities were
mainly affected by K-fertilizer. The soil enzymatic activities and CO, emission was further enhanced by the combined uses
of NP-fertilizer or NPK-fertilizer. However, K-fertilizer treatment, compared to N-P fertilizer treatment, showed a better
increase on Catalase activity. Conclusively, a highly positive correlation existed between soil CO, emission and Ivertase
and Urease activity while Alkali-phosphates and Catalase activity do not correlate CO, emission.

Keywords: dry farming; oat; no-tillage; soil enzyme activity; CO, emission
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Effects of nitrogen fertilizer rates on yield formation and
nitrogen utilization of winter wheat

ZHAO Xin-chun, WANG Zhao-hui
( College of Resources and Environment, Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: A field experiment was conducted to study the effect of N rate on wheat growth, yield, N accumulation
and uptake and utilization efficiency with an aim to determine the differences of the transfer of dry matter and N from
shoots to seeds at the late stages of winter wheat and the rational N rate. The soil used for the trial was deficient in avail-
able N and thus it had good response to N fertilizer. The experiment included four treatments: control (without N appli-
cation) and addition of 80, 160 and 240 kg N per ha, respectively. During the experimental period, changes of dry mat-
ter of different organs (stem and leaf, ear chaff and seed) and N in the aboveground part were measured. The results
showed that when N rate was adequate, wheat yield was remarkably increased. Application of 80 kg N per ha had the
highest efficiency, and 1 kg N increased 33 kg of wheat grain, almost reaching the highest limit of N function. There was
no significant effect of application of N fertilizer on N harvest index. The biomass of wheat was increased with wheat de-
veloping time, and the peak value occurred at grain filling stage. Wheat took up much higher N from N fertilizer than
from soil. At the same growing stages, the N content or concentration in plants was increased with the rise of N rate while
at the late stages the concentration was declined higher for the higher N rate than for the lower N rate. However, the N
uptake amount was continuously increased until grain filling stage when peak values were reached . Application of N fertil-
izer played a great role for grain to accumulate N and a large part of N in grains was originated from the transfer of N ac-
cumulated in plants during the grain filling stage. Evaluated by N utilization efficiency and its impact on the environ-
ment, application of 80 kg N per ha was the best choice for the soil used in the trial.
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