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Studies on the spatio-temporal variations of soil NO; -N and appar-

ent budget of soil nitrogen I . Winter wheat

ZHOU Shun-Li. ZHANG Fu-Suo, WANG Xing-REI‘l (Department af Plant Nutrittems China Agri-
cultural Umversiey . Beljing 100034, China)d. Acta Ecologica Sinica.2001.21011). 1782~ 1789.

Abstract: Nitrogen fertilization is a key factor of improving crop yield and quality, yet it i~ also a danger-
ous source of water and air pollurion. In field ecclogical system. the negative effects to environment com-
ing from the Nitrogen fertlizer (N[) application in maize, rice and vegetable are paid close attention. but
in wheat rarely 1aken into account. In order 1o find out the cffects of Nf 1o environment and improve Nf
use cificiency in winter wheal . the spatio-temporal variations of soil NOS -N and apparem budger of soal N
were studied in high-yield condition.

A Z-year [ield trail was conducted at Wugiao Research Station, Wuqgiaa county. Hebel Province in
1997~ 1999. Because of the identical trend in the 2-year’ results and the limit of paper space. only the re-
sult in 1998~ 1999 was discussed here.

The ¢xperiment was laid out in a split-plot design. 5 doses of nitrogen were in the main plot and 6
genotypes were represented in the subplot with three replications. The 5 doses of nitrogen was G. 80,
180. 270 or 360kg/hm’. and the 6 genotypes was 915091 {early maturity, moderate-spike ). IHengsh 1
1011 (medium maturity. multi-ear). 93021 (medium maturity, moderate-spike) . 6029 (medium maturity .
big-spikc). Shannong 45 {medium maturity , moderate-spike) and Taishan 021 (late maturity, big-spike .
The soil texture is a salted light loam sail but which turns elammy at decper layer (abaut 136--170cm) and

1= a fine sandy leam soil ar the layer of 170 ~200cm depth. Nf was divided as 2 split applications (5054
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basal + 50% at elongation stage. by broadcasting). The basal was applicd together with 138kg P.O)./
hm-. 108. 5kg K.()/hm?, 30kg ZnSO,/hm? belore ploughing, During the life winter wheat was given 3 irri-
gations (at re-greening stage. elongation stage and 12d after flowering ) except the | irrigation befo-e
ploughing.

So1l samples were obtained from all plots at 4 growth stages [ sowing. clongation (before
[ertilization ). flowering and harvest_ in 20cm increments 1o a depth of 100cm, but in genotype 815087,
95021 and Tai shan 021 the samples of 200cm depth were taken at 3 growth stages (sowing . flowerning and
harvest ) and it was divided as three layers from 100cm to 200em (100~ 130cm, 130~ 180cm and 160~
200cm ). Mixing samples of multi-boring per plot were taken with a soil auger and the sample was finzen
immediately. The determination steps of soil muneral N (1. e. Naw s Including NO7 -N and NHY -ND as {ol-
lows; defrosted—=mixed the sample fully and then sifrted it with a 2Zmm-sieve—10g of cach sample were ex
tracted with 0. 1L of 0. 0lmol/L. CaCll. on a horizontal shaker for 0. 5 hour—tiltered—=N . were determined
using an auto analvzer (TRAACS 2000), At the same time xoil water rontent of each sample was deter-
mined . too.

Plant samples were taken three times (at elongution. flowering and harvest stage). All the samples
were killed at 103 C for 0.5 hour and dried a1 70 C. Total plant N was analyzed by the Kjeldahl digesnian
method.

The estimating method of apparcnt budget of so1ll N (ABSN).; aftcr revicewed relevanm studies. Zhu
Zhao-Liang showed that the increment of mineralized soil N after fertilization is approximatcely cqual 10 the
bictogical fixed rate of fertilizer N. So hased on the assumnption, the caleulating formula of ABSN as {oi-
lows

ABSN = (Total amount of ariginal Np. + Rate of applied N+ Rate ol mineralized N) — (Total amourt
of residual N.,.. + Rate of uptake N by crop+ Rate of fixed N) = (Total amount of original N.,, 1 Rate of
applicd N)Y— (Total amount of residual N,..+Rate of uptake N by crop)

The results of s0il Nua indicated. during the growth period of winter wheat the difference of soil
NH; -N content amang soil lavers was smaller under different Nf level. while the change of soil NO-N
content (SNC ) was very distinct . so only the spatio-temporal variations of soil NO; N was discussed here.

At sowing SNC was maximum at the top laver. then decreased following soil depth deepened. and
was minimum at the layer of 60~ 80cm depth. Afterward. the SNC increased again following soil deptn
deepened further, and at the layer of 100~ 130cm deptih reached a secondary maximum, then decreasel
again,

The distribution of soil N():» N was different 1n different Nf treatments, and along with wheat grow-
ing. the change of SNC was different, too. Generally, the bigger Nf rute, the higher SNC. The abserp
tion of wheat an soil NQ, -N influenced SNC vialently: at elongation stage soil Ny -N had not been de-
tected at a certain soil layer in genotype 915091 and Shannong 45 in na Nf treatment, At flowering stage
soil NO); -N had not heen detected in more Nf treatments (=2180kg N/hm®). The lower Nf rate. the mor=
genotypes in which soil NOJ -N had not been detected. At harvest stage. in the so01l layer m which soil
N0, -N had not been detected at flowering stage SNC increased because of the transform of other form N.
and the SNC decreased in the layer in which SNC was higher at flawering stage because of the absorption
of wheat. As a results of irrigation. it could he observed that at the layers (10~ 200cm) SNC was in-
creased at flowering compared with ar sowing but decreased again at harvest even in lower Nf treatment
(80kg N/hm?}, There was the possibility that soil NOj -N leached out of 200cm depth soil. The bigger NI

¢ more severe soil NO; -N leaching downward. and correspondingly . the possibility of leaching out
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ol 20Uem depth soil and the total amount all were likely 10 add.

The estimated resulis of ATRSN indicated . even in no Nf treatments there also were soil N surplus be-
fore clongation. in fertilization treatmenis there were soil N =surplus from elongation 1o flowering. too.
But after flowering, soil N{Nu.+fertilizer N) couldn’t satisfy the need of wheat, it appeared deficit. Fol-
lowing N{ rute increased. the apparent surplus amount of soil N also increased and the maximum valuc was
109, 8kg N/hm (0~ 100cm ) or 182, 7kg N/hm™ (0~ 200em .

According to the results, N loss was the main outlet for surplus soil N, and the leaching loss (N(); -
N7y was the main form of soil N loss during winter wheat growih period.

Key words ;winter wheat; N fertilicer rate; soil N{); -N: apparent budger of =01l N
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7K . 7 BN TE (R BUAE A R (90kgN/hm ) AP EE At A S HBFHATHW MR X EL /D EE KB
+RESEN TREERENRRILE T E. R 2m T AR BERX.
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BERSEIEBAEGTTEEMARSIHBERELA EHELTHEAUFTRAHSASTHERM.H
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S T EREMRKEAL 0~ 200emt B, LR BER L LHREES EZHE /MR K
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NQOy-N (mg/kg dry soil} NQO; -N (mg/kg dry soil)
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Fig. 3 The spatio-temporal variations of soil NOJ -N of genotype Taishan(21 under different N-fertihizer level
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0~100cm +A T BEXEXERBTBOTEYSEREE D6 MEANEXEEFYELFTHEEE LA
EMNEWRAREPHRBENEE). FHEEXAKBALE AEF-RTHEHARS:BETE NER 1 & 1
AECLENLACBEARUBER/EFEKMTE . HE S, MAREHERSE . RNMUEHAH~&T
BHER L HEENERRIL ERV-HEBOEAE R HERBRAMKE D, EX/PNEHE~WRY
b JLFRATREENEUBANFRERNNEBESEAMIS) . WL LEATUFD, A HBRAT S
WHRFRRKHEMEERIIBEL N E PR EARNERUL T ERERELE BH L MBEN LB
BeE MFLL EXNTEFHEANAEURR(EEM K vHED . MEREEHENU, FRE .7
HEMBEELCHN T B ERABAABRSELEFTHRENB KRB A A W, T B IE &8 . (W
A, IR.HTHIRAHEERS GBEESHEE 4HRIIFLIRRENRASREAAEHE XL, B
ERIEHEMEN. I NERNRAREM.0~100cm +EK T E—4HBRAXERHAALB (SHERSL
HZ ¥4 199. skgN/hm’,

EZHTESEEI AR BE 0~200cm L& N iTBEHALE RS % 0~100cm L& R TR
HMEERE-BMN. ITREEVNFREBATEHALL N EEN BB . HEGERRAAN SR AR
FECHETELERER). HBER 1R 2P/~ WE - FENRERA.R2BBTE LWIABREL

A ETREHERM . HEMH I LT LRt E S RSB AR T X8 5 &
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Table | Apparent budget of soil N at diff{erent stage in winter wheat genotypes under diffevent N-fertilizer level

HHA R kgNhm) &WH 78 Apparent budget of soil N tkgN/hm )

(renorvpe N-fertilizer level W~ R BB ~H B~ W& e Bk
. Ggwing~clongationElongation~floweringFlowering ~-harvest  Sowmg = Marvest
415041 0 S8 3 T Z94.3 I I '
G v4.7 — 32. 2 -~ 33,1 9. 5
180 4g. 0 ' 6. 3 ~ 43,5 2.3
270 L0 R 2.2 16,3 124 3
350 108, 5 5. 2 22. 0 138, 7
@7 1041 0 16. 7 —81l.7 -2004 - 57.4
Hengshui 4041 a0 70. 3 -156.0 - 0.1 100
180 9G, 3 —2.9 - 27.1 50. 1
270 530 9. 6 - Yion banow
360 108. 2 B3, 22.6 [591.7%
a50721 0 38. & — 8{n 3 - 18. 4 —50. 4
O 1.8 —1g. 1 -48, T — 13.1
180 T8, 2 —11. 1 - 32.4 1%
2710 Q7.2 A, O - Bl.7 90, A
3R Rl. 3 43. § 14. ¢ 145, 2
BHZO i 1.6 — 98, 3 - 47.3 i TRt
Q) 53. 0 1. 5 - B2 -7
180 74. 8 30,0 - {53 36,7
270 #1.5 ar. 7 -R2.03 b U
360 111. 6 139.1 -h7. 8 b
HI A% 45 0 50§ —71.2 -17.7 )
Shannong 45 91} 7006 - 5.3 — 38, 2 EAREY
160 57. 2 8.4 — 7.5 A
270 106, 3 521 -23. 0 1250
360 121. 2 112. 7 -7 5 1674, 7
Ty ol 0 25 1 - 44. 6 530 ] -7y
Taishan 021 Y1) 12, % 18. 6 - 549,43 2
180 q0. 1 20. 2 5% P
270 89. 5 28. & - 20.4 G301
264G QK. & 935 -1 K 1311

YRS R MO R GO 5 BT B The result was caleulated according to the determined values ar sowing and har-
Vest slage
3 iFiR
3.1 Z/ A FHE NP EREEN

AT BEFSEEE OE LR N AR RO FEN T LR A FEENNLREZNERE RS
CHAFTHE GBEH. EX E -FHEETHBR BREMERKARHE LRHFPHERN FiRA -~
SARERETAERLS. B4 X -H4RE£HERNM: REAREREN LD REEA LHF 2
Sk APHEL. ~BAEEREYAMEYRR. R EEH RS AR NEETRE LR —
SN — B E AL, A EF A TR U NS RNIE ARK %, BRIIERVGRA X HER A
AR i B AR R PR NS R S T AR E NI EEAM Y. HR
B0 MR bk UL AR A T U B R R R R B R R R, BRI ANER
MEESAET LRS, HEALQEANECRETHAIESR, FRESAERFREFBES L L,
LR FERE T LS A, & 160~200cm 2 BIE EMR A RAEH B T (90kgN/
hm?) . 76 % /D Z 85 16 1+ HORS A A7 B HE 4 R0 R SRR L 3 FLBE 4 Bt 3R BB 09 i o ) PR AT 1) 5 R O
X RSO A HE THAREMES AR LB, RIEWE4 /XA FWE L5 LR
VR Bk L Y KD 160~200em WA RA S EHOBMARELERATHERD 2m LT
BB AT (L A AN BEE R RIS 12d K 3 W HURE 160~ 200em 31 & K W AR
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RO OREMEIE AR L), TR AX)PE-—FEFHRARNEFZAJELRUBIANELKRE
C O EAPEREZAMEAATHER LR a6tk - PLEH R 2D F G HEHLER H
BB S 0k T UL Rl A SBUAE Ab B B b S RO AR L g A b AR b B AN 7 TE A AE BB R 1T B
M~ RTHEGHYE RN REERE T U TEESREBHIAR VHERSIRGANEIBTERY
RESHTEM Im LT EMEH X.
%22 TRAAEARTENZERUIMEAREFFNETNEARAET EO~200cm)
Table 2 Apparent budget of seil N at different stage in winter wheat genotypes under different N-fertilizer level

-t B A (kg N/hm®y _____ﬁ WE 78/ Apparent budget of soil N (kgN/hm-) B

, : M- b IE~— I3 ik v R &
Genotype N-fertilizer level
Sowing - flowering Flowering ~~harvest sowing -~ harvesy
915091 0 2.0 =393 ) 2.7 -
40 68. 8 —3al. 1 377
180 109. 9 18. 2 yl. v
270 103. 0 45. 3 118, &
360 152. 2 3.5 2i13. 6
93021 {) —14. 8 — 2.4 —17. 8
a4 44. 0 —43. 6 . 4
180 77. b —22.1) 3007
270 145, 5 41. 8 133, 8
360 116, G 30. 7 116. 7
&t 021 0 35.6 — 58. 4 2%. 8
Taishan GZ1 90) 74. 3 —35. 1 58,2
180 138, 4 —76. 7 3201
270 124. © 24. 5 1491
360 197.7 — 7.5 189, &

v (0 & 1;5ee table 1.
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CEREMRLEF ANTEIMFRELRE THRIACHER LHANRERGNE " SHE
PR RESPEEREARRSE. REAXHRRER ER ARG Fd T 258 5k 58 1Y 52 0wl BY 1 4~ i 2,
HE &b B & /N 25 HR A B4R V0 A OR) b R R (B R R Ry, KB 2 A/ & B A T AT RE B 2K o Bt
AT HHE . ARG CBIETE R ALK £ L HRE (170-200em) TREIN L HMAERA TS KRR,
FAERL 2m FRMOWEN ZRERATHRETRERAR AN ANER THRENR T LI FAFX
T, MBEFAXHMARGR ASTRFTALENSENTEAE, TREXNERELHA A2/
EERAH - EN S EEGHPAERNFERE D EQEEE RO S50 AR . [/ ALK R
HEAEEBRLROENESBE URENEEBHA KNI RAMNTRER LA ERE» BB ALY
MALEHER.
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