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REALPE-BER—EWRBERXT , EXRDFIPL 058" (HREE 9 th/o’) MUNE H #793-9" (EEH 704 B/m®) , LD E
HHE 144 kg N/hm' R T EK 5 A N 8(0.90.180.270 1 360 kg/h’ YW EHE/NE PR T BHEWMSEASE . INELR, U
ENEERRUMANMEENEN., SREH . (DSFEEAMEL, EXEHIEHMM/NES 0~ 200em T HEBSHSE AR
2,0~ 40cm .0 ~ 130cm F 0 ~ 200cm S A TR AR WM RN, AHSESEEEN/IREHEBEL X, QORE—FH
&, A HEE AR 360 kg/hm® B E W 0 ~ 130cm F 0 ~ 200cm KAHLE S8, {HTE 90 ~ 270 kg/bn” Z 8], E B BB W AH B,
(3)MEE/DF 180 kg/hm” B , RBBNEHBAZNTREAZHEE AR BRI HA R MY, BFAHE. (D55
MERAR L, B 90 ke/b” RI/NEF-BMNEER/ELE I MERH S, B A 180 kg/bm® ¥ 8 F W0, & 270kg/hm’ 5 180
kg/bm’ CHBE R, FRXBEAEET B EXKME 90~ 180 ke/hm” BEETH .
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Effect of N rates applied to summer maize on soil nitrate content during the

following crop season and winter wheat grain yield in Huang-Huai-Hai Plains

WANG Qi-Xian'*? ,WANG Pu'"" ,WANG Xiu-Ling', ZHAI Zhi-Xi', LIU Yan-Yi® (1. Department of agronomy, China Agricultural
University , Beijing 100094, China; 2. Institute of agricultural information, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3. Qingdao
Extension Station of Agro-technology , Qingdao 266071, China ) . Acta Ecologica Sinica ,2006,26(7) ;2275 ~ 2280.

Abstract ; Continuous applying N at high rate in crop production in China resulted in increasing basal soil N content and decreasing
N fertilizer use efficiency. Moreover, it caused severe underground water pollution in many areas. Therefore, how to optimal use
N fertilizer was facing scientists. There were lots of researches on the nitrate dynamics with N fertilizer treatments during winter
wheat-summer maize rotation system, especially during summer-maize season. Due to high variation of rainfall and temperature
during maize growth season in China, it was difficult to determine the optimal N fertilizer rate applied to maize only by studies on
relationship of maize N requirements and soil nitrate dynamics. The objective of this study was to understand the effect of N rates
applied to maize on soil nitrate content and crop yield during winter wheat growth season.

A field trial with the summer maize-winter wheat rotation was carried out in Huang-Huai-Hai Plain, North China, in 2002 ~
2003. Five rates of nitrogen fertilizer (i.e. 0, 90, 180, 270 and 360 kg N hm~2) were applied to maize with high-yield hybrid

2

“Zhengdan 958” and the population of 9 plants m™~?. 2/3 of the total N fertilizer was applied at sowing stage and 2/3 of that at 10-
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unfolded leaf stage . After maize harvest, wheat as the following crop was planted in former crop plots with cultivar “97-3” and seed
rate of 704 grain m~*. N rate of 144 kg hm™? was applied at wheat sowing. Except for precipitation of 112.1 mm during wheat
season, two times of irrigation with 75 mm at each time were done on April 13, and May 9, 2003, respectively. The trial was
completely randomized design with three replicates. Plot size was 6 m by 6 m. The vocation between maize harvest and wheat
sowing was 15 days.

The soil in the trial field was light salted loam in 0 ~ 130 cm soil layers and loam in 130 ~ 200 c¢m soil layers. There was just
ploughed during the vocation of the cropping system. In addition to N fertilizer, P,0; and K, O were dressed on the day of maize
sowing at rate of 105 kg hm~?and 120 kg hm™?, and on the day of ploughing day at rate of 103 kg hm~2and 75 kg hm~2,
respectively . Soil samples were taken three times (i.e. sowing, shooting and maturity) during wheat season and one time at maize
sowing with a soil auger. The samples were divided into different soil layers in 20 ¢m increment from surface to 100 cm depth, 100
~130 em, 130 ~ 160 cm, and 160 ~ 200 cm at taking, pretreatment and analysis. Soil nitrate was determined by the Salicylic
Acid Colorimetric Method and ammonium by the improved Ninhydrin Colorimetric Method. Considering of the nitrate mobility, we
incorporated eight soil layers into three layers (i.e. 0~ 40 cm, 40 ~ 130 cm, and 130 ~ 200 c¢m) according to soil bulk density.
At crop maturity, grain yield was measured in field and samples were taken at the same time. Total N content was analyzed with
Kjeldah! Digestion Method .

The findings of the trial showed the nitrate content in the 0 ~ 200¢cm soil profile significantly increased during wheat season
when N fertilizer applied. In the 0 ~ 40cm, 0 ~ 130cm and 0 ~ 200cm soil profiles, the nitrate content increased with the
increment of N rates from wheat shooting to maturity. The higher the soil nitrate content, the more amount soil N increment caused
by N fertilizer. The O ~ 200 cm inorganic amount in zero N fertilizer plots significantly decreased at wheat maturity by comparing to
that at maize sowing, while that in the 360 kg hm~2 N fertilizer plots significantly increased. The 0 ~ 200 c¢m soil inorganic
amounts in those plots with N rates of 90 kg hm~? to 270 kg hm™? little decreased after one maize season and one wheat season.
The wheat plant N amount, grain N amount and grain NUE all slightly increased with increment of N rate when the N rate is less
than 180 kg hm ™. In comparison with zero N treatment, the 90 kg hm~’ treatment slightly increased the grain yield of winter
wheat and that of maize plus wheat, but the 180 kg hm~? treatment significantly increased it. The grain yields in the 270 kg hm™?2
plots and those in the 180 kg hm ™2 plots had no significant difference. Se, the N fertilizer at rate of 90 ~ 180 kg hm™~? was optimal
under trial conditions .

Key words: winter wheat ( Triticum aestivum L.); N fertilizer rate; soil nitrate content; grain yield
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JEF R 3R E F kS RIEA AR BRI KE,
1 #REFE

AR T 2002 ~ 2003 SEEMILE RHFELRH#1T. ELDE-EER—-FEFBRMEEKXT , KT 2002 4
HTEEXRAIERE, WREXBERERE/NMX LRAR —-FAMELNE, #ITLANERR,

EXRRETFHENAO T REAFAE  PHERAH L, BB LR, FVESE 1.0 mg/g, 2R (N)0.7 mg/
g, FAEEL(N)65. 2mg/kg, R BE(P)17.1 mg/ke, EAX 4 (K)74.9 mglke, #1771 F %MK L, pH 8.21, EXAL KR
# 0.90.180.270.360 kg/hm’ 3£ 5 MR, LRI X AT 3 REE,/MRKEHN 6 m x 6 m; Bl & F A
B oS8, AR FEE 9 B/’ . BMIEAEXRAXA=MSERIE, AHAX AR %, HIEAMKRE,BIE(LL P,0;
3,105 kg*hm™ ) FI#PAE (LA K, 0 31,120 kg-hm ) FERB R — K HEHEA . HER BIRBEF Y 1/3.10 & 2/3 4
B, B RAMBRBER %K N GRREHNE, BERARE, BIEHT B ANITIFREE,

INERE P, ZXFR/PKERAH KGR =REEA, B %A KB EEREURK/DNE R &P
“93-97,10 A 18 B ¥, HLIB, A 704 ¥k/n’ s 1R K 15ke BHR 4k 15kg BRI 10kg FREREE 1kg, FTH JE
BHCHESP I8 144 kg N/hd ) £ EME, AHEERBKWEM L, RAFF KEBREX,F—-K4HA 138,
HKSHOB(FEFE ~ EERPZE), BKEK 75mm, L/PEHREEK 112.1mm,

1.1 +EHERKRESSWHTE

RETFEFERBMIN,A/DEBHB RIPG A NBE)ARBBE(6ASHE)ERET 4 L HAER,
BPRERREN 2R, BR2EIREL, EHSALHA L4457 8 B (0 ~20cm,20 ~ 40cm, 40 ~ 60cm, 60 ~
80cm, 80 ~ 100cm, 100 ~ 130cm, 130 ~ 160cm, 160 ~ 200cm ) BUEE , IR F S B A B R 48 A &#E TkHEFRE,
S REABENT HEARBERE HEPIHETSERS, FREN20 g # + F 180 ml BRI, A 1 mol/L #J KCL ¥
W 100 ml,BY% | h, HEBREAIEIKEE SBERFLZKGERAEZRNE; B, WE L ESKE, B3
WIS, FIBS R -R BRI W NO; NS B, 7E 530 nm FEOG; BB IE LG W NH N §
B, 625 om FHf,

%83 -3 NO, -N B HE5R, L 20em LR AR TTRER K, BEREEZN L REAE LEILEAN
WEMBITT LEEIHALHE, 5K 0 ~ 40cm. 40 ~ 130cm Fl 130 ~ 200cm 3 3 MNEHITHR . T EILTHA(N,L)
H NO; -N 5 NH; -N ZFl, TR EWER = 138 New - 138 N 7o
1.2 HYHERRESHHHTE

(DFYERE BPREBRRRESRIOBR, BRKO0.5n, EXEFBRESFE B, TRVH . MHE
AR B /N X & BUE B 30cm, BT BB BUIR B Ak B 5 0 BERR B LU 461, BB /D I B 43 5 2% 10 ok, FTBURE X
MEKRESTETREF DB EFE,

(WF=5%F HELHREE In® #K, 8/ 2 MRS, WEL/NELFRFE; B ERELREIRE /N
X 98] 347, #H LW =&,

GHGLANTE HYAHEERNSESEYRALHENRNERAE " NE., REMAERMAE
FAREERTE, BRIEMAR=EYNFTEEETHRAR/MEA SR x 100%. BEFEBHE = AR
ARB/AEYRAR x100%

2 RE58m
21 AREEARERABTA/NZEERBLIEHRSASTENEL

HE 1A, SAHEAML, EXXERGHESERM/PIES 0~200cm THEHHBSEIE HEABZAERFH
B, NEEMHH,ERRN 0~ 40em LEHSASEEL WAL ;R 90 kg/hm’ # 40 ~ 130cm F1 130 ~ 200cm
TEMSRASEYHAEER N, BAREE; R 180 kg/hm” A + E X L HE & 90 kg/hm® B B 38 0 ; ZE HE &
180 ~ 360 kg/hm’ Z [A],40 ~ 130cm + EMA RS EEHER BN 8 E#H,130 ~ 200ecm LBHESASEE
ARGERZHERAHE, M0~ 130cm f 0 ~200em F +FE ,FEHE BN, L EBESEASTEYEN K
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Fig.1 Effect of N rates applied in summer maize season on soil nitrate concentration during winter wheat season

ANERH L FEREEEIEMN,0 ~ 40cm .40 ~ 130cm 1 130 ~ 200em =B HIEMS A S BHEM, Kb, &0
~40cm + 2, B R B/ T 180 kg/hm® BF ,FEE A E N, THHE RS EHMAHE ; A 270 kg/hm’ B
180 kg/hm” B EW AN, 7E 40 ~ 130cm + 2, HERE /N T 180 kg/hnd” B}, FEMER BN, T EHEES RSB B
s HE L 270 kg/hm® H 180 kg/hm” 3EANARHA B, 7E 130 ~ 200em + B, B & & /D T 270 kg/hm® B, Bl e &L & 1
t, T EWSESEMMAEE ,BHER 360 kg/hm” H 270 kg/hm® 1B ZE ., M 0~ 130em iFu 0~200 cm B +
RE BERARYN, TEHESAIEDEEN,

NE gk AT, B B 0,0 ~ 40cm .40 ~ 130cm 1 130 ~ 200ecm =+ EESE S B Y #E M, 7 0~ 40cm
#0130 ~ 200cm B2, fE R B/ T 180 kg/hm’ B FEER A B M, t HHSASENENHE  HAB KT
180kg/hm” B ,FEE ME R B, SRS B MAHDE . £ 40 ~ 130cm £ 2, MG R E 8 m, B A R,
H A 90 kg/hm’ L AR IMEZE . M 0~ 130cm 710 ~ 200cm +IEWSASEE, A 90 kg/hm”® L AKE
A B 180 kg/hm’ LLHER 90 kg/hm” ¥y 8.3 M,

2.2 EEXRAFAHBAENZEREHLEXTNREERTLHZ T

WFE 1R, EXEEEXNE ERMERD 0~ 130cm 0 ~ 200cm +HEEHE (A, SR S&SAZM)
RENTAEABREW, &3 —-FEKRM—F/NER, FHER 0 ~ 40cm 1 40 ~ 130cm T T HLE N, 451
4 89.6 kg/hm” F1 217.0 kg/hm” ,{B B F 130 ~ 200cm + I HLE I L 513.1 kg/hm®,0 ~ 200cm + 1F TTHLE 3L 8
4 206.5 kg/hm’ o 5 HLRIE] , Hi L 360 kg/hm’® O ~ 40cm F1 40 ~ 130cm + ETHLE 53 FI% 2 83.9 kg/hm® F1 61.0
kg/hm’ ,{H B F 130 ~ 200cm + 38 TCHLE 3 Hi0 433. 1 kg/hm® ,0 ~ 200cm + /2 TTHL A 1 fin 288.2 kg/hm® . #E & 90
~270 kg/hm” JEE N, EREXT 0 ~ 130cm 1 0 ~ 200em TEENB R T BHWEWAHE
23 AEEEARBEREBTLA/NERERESHAHE %1 BEXKEMBNEIRENIMEAMLTROLM

=) Table 1 Effect of N rates applied to maize on soil inorganic supplying

M 2 M, B E K MG B, RN E amount during summer maize-winter wheat rotation (kg/hm’)

0~40cm 40~ 130cm 130 ~ 200cm 0 ~ 130cm 0 ~ 200cm

HARRRA R R R R, MR T 180 kg omm 70T 07w 107 H0em 07 en 0~ 20

hm2 N,%%ﬁﬁﬁ%ﬁﬂﬂ, E %ﬁ?*ﬂ %%igﬂuxfﬁ N rates Soil layer Soil layer Soil layer Soil layer  Soil layer
AT 708, BRI RARRR [ o 0 e we
ERMAHEE., SHEE 90 kg/hm® FIAERAR L, 180 4.2c¢ -19.6c -248b 46c -20.2b
ﬁ270 kg/hm2 Wﬁﬁﬂiﬁﬁﬁﬂﬂﬁﬂ,ﬁﬁﬁﬂ% 270 29.7 ¢ -50c -453b 24.7¢ -20.6Db

360 83.9a 61.0b -433.1a 144.9b -288.2a
REIAIE B ; HEA 360 kg/hm’ BY 48 # B B FF R
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FE Y MR 270 kg/hm® M AR B, {B LA R 180 ke/hm’ B E 1 hN, H P M & 360 kg/hm’ ¥ B R B 2 5
i 4 270 kg/hm® F1 180 kg/hm® 0 4.2% 1 7.2%

BEE ERM AR, NEREBHERTH, L, MEAR/NT 180 kg/hn’ 87 B R B M, NERFE
BREETHRAEE  MA 270 kg/hm” /0N E R B BUE LR 180 kg/hm’ TH8.4% , X7 B E, MEHER
B, NERRAEHARE N, BERAHAE.

24 EEXARAMAEERMELNERZEREHREYZBIOR WA

BEEKERREM, NERFRR(EKE R MEERENOFREZ(NEFBENEXRTRZ
L, EFERFR A KR 14%) %M (B 2), AERA/NERB=RABAELSTHRK, 25 HK 5.74 vhn®
15.4 thm' e SARMERA L, HER 90 kg/hm® /N 7= B AR BB M, BRHEE . HA 180 kg/hm” H/N %
EREMBESAEHEAEEEEMM, 25555 6.01 vhm® F 16.05 vhm' ; HER 270 kg/h” HIFIF= R 5 180
kg/hm* THEZEH . MR 360 ke/h” BEME B 7= LHR 270 ke/hm’ BEH N, BIEFBERAALR,

%2 FANEXBARNEELNERRRRSHAHLM D &/# Wheat 8 B EH+% /% Wheat+maize
Table2 Influnces of N rates applied to maize on N accumulation and
utilization by wheat
AR HAFRRE MERREAR EHBRE FEEEMAR

N rates Plant N amount Grain N amount N transfering Grain N use
(kg /hm*) (kg /hm?) (kg /hm?)  efficiency (%) efficiency( % )

¥R E(vhm?)
Grain yield
b

—
N
(=]
L L L

0 170.01 ¢ 108.98 b 64.1 a 0
) 171.12 ¢ 109.13 b 63.8a 0.17a 0 ;035*”;:& 3;0 360
180 180.00 be 111.40 b 61.9a 1.35a N rate applied to summer maize
270 202.21 ab 114.59 ab 56.7 b 2.08 a H2 EEXREBEYEERENEYRS=RNEE
360 215.08 a 119.41 a 55.5b 2.90a Fig.2 Effect of N rates applied to summer maize on grain yield of winter
wheat and summer maize
3 Wit

MREH HAEEEMMEXFLE LI EBRSAANLIEARE" . BHAE (400 kg/hm’) B + B SR
EREE M AR (170 kg/hn’ ) BERIN" . HER 90 ~ 270 keg/hm’ FEH B3 I E E R 0 ~ 2m HIEAE
ARE EREREENRERESEEY , AR P, EEROARBAR, AREER T L/NEEFATS /N
R+ EESEEEER ENARSHEMI0~200ecm T HBSHEBEHBLMXE, B y(LHEBSH
ER)= 0.189x(FEEE) +168.63,R=0.942" . S AR, HERERAY LN ESLHARSE T KB
ML ELTIEAREBEEZEREMFEXR, BEREL T 93.7 kg/hm” 8,0 ~90cm + 2+ E RV EARE RN
BE,BIHEF MARSHELINEARERELMEXR(r=0.857" ), EFRRBEHGT, EXERE (R
EHEFAR/NT 180 kg/h” B /N ER BB AAREBWE WO AHE, KEREAHEHN 0.17% ~
2.90% . XKW, EL/NEFKEEBBEARAECRPHAERE (144 kg Nhm® ) BB E NEMNRAENEALT
K, EXRBHEAX DERERWHTEE RN,

ARABRKRY, AHEAALHE 0 ~200cm + LV AL BLEETRIERAYERERS, NEFBARIELTE
BB AL 90 ~ 270 kg/hm” AV BB BERHE , BEN/IEF=RARELTF,ER 90 kg/hm’ L AH
A MAHE , MR 180 keg/hm” LA HE R B F W0, HE A 270 kg/hm” 5 180 kg/hm” T HI B 2 7 ; i & 360 kg/
o HELHVBHAE ERE  BELET LR 270 kg/hm® BER N, XAHEEHEEARES HEMHSAK
BRI FE, BIEEEY A B4 KB %, Devienne BF Zil N, EHRE ALK, W EB R R IK 70% ~80%" .
BEml, K ABRHARICHE SR EAMT KGR, AR, ELX/NEFRATKEREARN , EEZEXK
KRR, + AR K B 8 508, MR 90 ~ 180 kg/hm” AIRERBEM , XA L/ NER HBERTH™=4E
HABEW AL KE, NS 12 25 RA" BB REN,
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BEEAARRA , L EMESR—EH#A Im UTLE EYRAEHEEEEKHMH, B TEx
HEE & 90 ~ 270 kg/hm’ B {f 120 ~ 200cm L EHE AN RE LA A H 50 ~ 95.4 kg/hm®™™ , HHIBZE R
RAEYRKEESHETEHRICHSANMAREEEFAXY, MENEAREAELEER, XHH
REKWRERERXLUSMEEHSEN PEAUBEYRET T, 2ARBER, L NELEKBHATR
BMASERERE , FRATEHSASENREER XUAABSESERAMN T, BFESAMRNERE,
T UERBERRN ", B4 AEELRNEASRERS, URREEESSHMEEE TR
HYMAERNSE BRRE KRS TRESARER , £NEFKERERERZTEERE Y AER, T
BEHTEFE AALAHEA RETE,
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