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Bfects o nitrogen fertilizer rate and ratio of base and topdressing on yidd of wheat ,

content o soil nitrate and nitrogen balance
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Abgtract :Application of nitrogen (N) fertilizer isone of the nogt inportant measures that increase grain yidd and inprove grain
quality in winter wheat ( Triticum aestivumL.) production, 9 there is a huge number of investigation experimentsin thisfidd on
the different nitrogen fertilizer goplying regmes. However , currently, dill there exig¢s a serious problem o low nitrogen use
dficiency , especialy under winter wheat high yield condition : unsuitable nitrogenfertilizer often leads to lower income bendit and
the larger accumulation o nitrate in il , bringing potertiad risk to environment. A lot of previous sudies are nogly imvolved in the
dfects of nitrogen fertilizer rate and ratio of base and topdressng on wheat grain yied. Now in wheat production, a shortage dill
isthe dfects o nitrogen fertilizer gpplying regmes on wheat grain yied, N utilization , N baance and resdua il NG -N under
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high yidd fidd. Inorder to explore the optional regme of nitrogen fertilizer application suitable for environment and ecoromy , a
field experiment on the different rate and ratio of base and topdressng of nitrogen fertilizer a the different gronth period of winter
whest was conducted.

Thefied experiment was conducted from the fal of 2003 to the summer of 2004 in Zhongcun village, Longkou city
Shandong province, China. The brown il nutrient corrponernts were: organic metter a 13 1g- kg™ ', and available ritrogen
(N) , phogphorus (P) and potassum (K) a 87.5 mg- kg™ ', 10.49 mg- kg™ * and 84 mg- kg™ *, respectively. Winter wheat
Variety : Jimai 20, typicd grong duten cuitivar currently used localy was sdected for this experiment.

The field experiment of three replicates for each trestment was randomly arranged in a litplot desgn. The mgor plot was
nitrogen fertilizer rate as urea a the three level of 0 kg N per hnf (CK) , 168 kg N per hnf (A) , and 240 kg N per hnf (B) ; sub-
plot was ratio of base and topdressing nitrogen fertilizer & the different development period of wheat , which are /2 1/2 (Al and
B1) ,1/3 2/3 (A2andB2) and0 1 (A3 and B3) . Treatment Bl isaregme applied nowinloc4 regon. Basd N fertilizer , totd
P05 (135 kg hm™ %) and KO (105 kg- hm™?) was applied before sowing; topdresing N fertilizer was a jointing sage. Each
plot Sze was 3 by 8 m. At the three'lesf stage of seeding, plants each plot were thinned to a density of 150 plants per nf. The
date of swing wheat seeds was October 4, 2003 and harvested date wasJune 15, 2004. Totaly , 3 times irrigation (before winter
dage, jointing sage and 28d &ter flowering were taken through whest life.

Two il dteswere sarpled randomy each plot in 20cm increments to a depth of 200cm at five growth sages [ swing , before
winter , jointing (before fertilization) , flowering and maturity] with a il auger and the sanple was oltained &ter mixing and
frozen immediately. The procedure for treating sample was: (1) dfting dter mixing the defroged sanple with a 2mmseve; (2)
5¢g each sarmple was weighted and was extracted in 0. 05L of 0. 01nol/L Cad, on a horizontal shaker for 0.5 hour ; (3) Nminwere
determined usng an auto andyzer (AA3) dter filtering il water content each sanple was measured as well .

Rant sanplestaken at jointing and meturity sage were oven dried at 70 degree up to a condant weight. The nitrogen content
in plant tissue and grain were determined by the gandard mecro Kjddahl digestion method.

It was showed that the anpunt of N accumulation in plant have no dgnificant difference between trestments with goplying
nitrogen fertilizer. Gan yield and grain protein content were al eevated remarkably by goplying nitrogen fertilizer conpared with
thosed treatment CK; there was no dgnificant dfference of grain yidd and grain protein content between treatment A2 and
trestment B2 and B3. However , conpared with those of treatment B2 and B3, treatment A2 increased nitrogen ud ng dficiency and
reduced resdud il NO; -N and N losses. On the condition of the same rate of nitrogen fertilizer , increas ng topdress ng nitrogen
rate clearly eevate grain yied, grain protein content and nitrogen usng dficiency merkedy. The results indicated thet resdud
il NO; -N anount in treatment A1 and B1 accumuated higher than those in trestment CK at 80 100cm and 100 160cm oil
layers a jointing Sage , but that of treatment A2 have no sgnificant difference compared with that of treatment CK a 0 200cm
il layers. At maturity sage, in treatments B2 , B3 and A3 nore resdud il NG; -N were detected than those in trestment CK
in120 180cm il layers, which coud not be absorbed by roots of wheat , and lead to be dwviated easly. But il NQ -N
accumul ation anount in trestment A2 have no sgnificant difference conmpared with that of treatment CK a 100 200cm soil layers.
In condlusion , treatment A2 , whose nitrogen fertilizer rate is 168 kg hm™ ? and the ratio of base and topdresing is 1/3 2/3, had
higher grain yield and grain protein content , and heightened N ud ng dficiency and minimized the risk of NG -N leaching , which
will be one of the nog appropriate nitrogen fertilizer applying regmes in wheat production in locd regon, China.

Key wor ds:nitrogen fertilizer rate; ratio of base and topdresing; whest ; yidd; il nitrate; nitrogen balance
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Table 1 Precipitation and air tempereture during different winter wheat growth period
ltem awing  before Before winter Jointing Arthes's am
winter jointing anthed's meturity
Anunt of precipitation(mm) 82.9 33.3 28 84.3 228.5
PW( %) 36.3 14.6 12.2 36.9 100.0
Accumulation tenperature( Yt =0 ) 649.8 578.7 359 837.6 2425.1
PW( %) 26.8 23.9 14.8 34.5 100.0
PW  The precipitation anount or accumulaion tenperature proportion of each growth period to whole wheat gronth sage
1.2
2003 2004
0 20cm 13.1g- kg * 1.14g- kg * 87.5mg- kg * 10. 49mg:
kg ! 84mg- kg 20
, , , 3
135kg PO , 105kg K.O, , 3
168kg- hm *  240kg- hm™? CKAB 168 kg- hm'? 240 kg- hm? ,
1/2 1/2 1/3 2/30 1 , Al A2 A3 Bl B2 B3 Bl
(N %, 46 %) , (PG5, 17%) , (K0, 60 %)
; ( ) .
2003 10 4 , 3m x 8m =
24nT 150 /", 2004 6 15 3,
(12 1) (4 15 ) 6 4 ), 600nT - hm " *
1.3
( ) ) 20cm 10 0
200cm , 1 , - 20
, ) 2mm 59 3 ,0.0lmol-L* Cad, ( 10 1) ,
30min , AA3 (7.8l ,
( ) , , 70
6’ , @B2905-82( )
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Table 2 Hfects o nitrogen fertilizer rate and ratio o base and topdressing nitrogen on soil NO3 - N accumulation at jointing and maturity stage
il layer
Treatment Jointing sage Maturity dage
0 100cm 100 200cm 0 200cm 0 100cm 100 200cm 0 200cm
CK 63. 68c 83.30b 146. 99c 81.00c 80.92b 161.92d
Al 81.74a 79.17b 160.91b 104.21b 85.13b 189. 34c
A2 63.93c 81.53b 145. 46¢ 111.28b 86.24b 197.53c
A3 63. 68c 80.32b 144.00c 114.49% 112. 30a 226.79b
Bl 89.17a 100. 67a 189. 84a 111.68b 107.32a 219.00b
B2 78.31ab 80.22b 158.53b 128. 48ab 100. 71a 229.20b
B3 63. 68c 81.73b 145.41c 146.18a 113.43a 259. 62a
5% Vaues without the same letters in the same column are dgnificant a 5 % level
, , 84kg- hm *  120kg- hm? Al B1, 80 100cm 100
160cm : 56kg- hm * A2,
, , 160kg: hm™?
B3 A3 B2 120 180cm , 200cm ;
112kg- hm"? 100 200cm ,
56kg- hm’ 2 , 120kg- hm’ 2 , 100 200cm
2.2 -
(3 3
3 ’

(CK) ,

0 100cm
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Table 3 Nitrogen balance during different wheat growth period (kg- hm™?)
Trestment
ltem
CK Al A2 A3 Bl B2 B3
Fom sowing to jointing
(A) Nitrogen input
(1) Nitrogen fertilizer rate 0 84 56 0 120 80 0
(2 Initid Nmin 237 237 237 237 237 237 237
3 Net minerdization 25 25 25 25 25 25 25
(B) Nitrogen output
(4) QCop uptake 129b 152a 148a 128b 158a 153a 127b
(5) Resdud Nmn 133a 139% 135b 133b 156a 144ab 135b
(6) Apparent losses 0d 55b 35¢ 1d 68a 45h 0d
From jointing to meturity
(A) Nitrogen i nput
(2) Nitrogen fertilizer rate 0 84 112 168 120 160 240
2 Initid Nmin 133a 13% 135a 133a 156a 144a 135a
(3) Net minerdization 85 85 85 85 85 85 85
(B) Nitrogen output
(4) Qop wtake 97c 117b 125b 142a 112b 125b 148a
(5) Resdud Nmin 121e 167cd 178c 175¢ 189b 209a 21la
(6) Apparent losses od 24c 29c 69b 60b 55b 10la
* 5% Vaues without the same lettersin the same row are dgnificant a 5 % leve
4 - b
, 347kg- hm™? ,
, , 167 211kg:
hm 2, 240kg- hm " * 168kg- hm™? ,
4 (kg- hm™2)
Table 4 Nitrogen balance during the whde wheat growth stage (kg- hm™?)
Treatment
ltem
CK Al A2 A3 Bl B2 B3
(A) Nitrogen i nput
(@] Nitrogen fertilizer rate 0 168 168 168 240 240 240
(2 Initid Nmin 237 237 237 237 237 237 237
(3) Net minerdization 110 110 110 110 110 110 110
(B) Nitrogen output
4 Qop wtake 226b 269a 273a 270a 270a 278a 275a
(5) Resdud Nmin 121d 167¢c 178c 175¢ 189b 209 211a
(6) Apparent losses Oe 79c 64d 70cd 128a 100b 101b
5% Vaues without the same lettersin the same row are sgnificant a 5 % level
2.3
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Table 5 Hfects o nitrogen fertilizer rate and ratio o base and topdressing nitrogen on nitrogen using eficiency
Total N - Agorome
Trestmert abomtion (kg-hm-2) N harvest index ( %) dficiency of N fertilizer
r rption (kg: hm in 0 (kg grain- kg~ 1) PRE (%) &RE (%)
CK 226.17b 76.43c — — —
Al 268.67a 75.60c 4.36b 25.30ab 18.02b
A2 272.72a 80.97ab 4.92a 27.71a 28.%4a
A3 270. 38a 81.20a 4.27b 26.32a 27.80a
Bl 270.11a 75.47c 2.43d 18.31d 12.91c
B2 278.15a 79.22b 3.55¢c 21. 66¢ 19. 7%
B3 274.82a 82.02a 3.49c 20.27¢c 21.12b
5% , ; (%) =( -
)/ %100 %; (%) = ( - )/ x 100 %; Vdues

without the same lettersin the same column are sgnificant & 5 % leve , the same as below; PRE( %) = [totd aboveground plant N accumulation in the plot
received N fertilizer-total aboveground plant N accumuletion in grain in the zero-N control ]/ nitrogen fertilizer rate x 100 %; GRE ( %) = [total N accumulation in
grain in the plot received N fertilizer-total N accumulation in grain in the zero-N control ] /nitrogen fertilizer rate x 100 %
5 , 6
Table 6 Hfects o nitrogen fertilizer rate and ratio o bas and

topdressing nitrogen on grain yied and protein content

, Kernd yield Protein content  Protein yield Harvest index

et s (% (kg hm'?) (%

CK 7325.57e 13.45d 985. 29d 46.38ab

’ Al 8057.21c 14.37c 1157.82c 45.78bc
168kg- hm™? , 1/3:2/3 A2 A2 8151.71ab  15.44ab  1258.62eb 46.55a
A3 8042. 85¢ 15.56a 1251. 47ab 46.13b
B1 7909. 80d 14.69¢c 1161. 95¢ 44.27d
2.4 B2 8177.21a 15.36b 1259. 09ab 45.50c
B3 8162.54sb __ 15.6la 1274.17a 46.72a

6 , , , A2

B2 B3 , , A2
, ) , A2>A1>A3,B2>B3>Bl1,

, 168kg- hm™? , 1/3 2/3 A2
3.1
[11 15] ,_
[16]
[17] . P
Jame Lloveras 200kg- hm ,
(18]
84kg- hm'? 160kg: hm* ,
B1 B2 B3 A3, 120 180cm 168 kg- hm’ 2

1/3 2/3 A2, 0 100cm , 100 200cm



3668 26

100 200cm , )
3.2
1 [8.,19 ,20] , 75
150kg- hm™? , , : 300kg- hm™*
[21] , 55
[22]
, A2 , :
3.3
==l , 240kg- hm"? , 5:5 B
160kg- hm™? , 55 ,
[6]
A2 B2 B3 ; ) ’
168kg- hm ? 1/3 2/3 A2 3 , ,
240kg- hm™?
0 200cm
, , 168kg: hm? , 1/3 2/3 A2
0 20cm 87.5mg- kg * ,
0 20cm 80mg- kg ' : :
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