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Table 1 Basic physical and chemical properties of the soils at the experiment sites

. hip A = A EERiIN Tl A R A
e Sy il ki Sand
. Silt Clay pH Organic AlkalineN Olsen-P NH,O0Ac-K
Soil type ( g kg ) . : . : | .
(gkeg") (gkg") matter (gkg™') (mgkg') (mgkg') (mgkg")
B (EMeRE A 1) 325 252 423 6.2 25.3 128.2 43.9 122
Black soil ( Argi-Udic
Isohumosols )
SRR - b ARG A 796 96 108 6.7 13.2 58.8 13.6 43

+)
Sandy soil ( Udi-Alluvie

Primosols )

1.2 Rt

IR I ] S 2009—20124F, 56 4 H K%
I, ERFE M A Bt R
N3N AENFE AR 0. 168F1312 kg hm™> (
NO. NI68FIN312) . UK HELE hnia NE i) it
Mor=t, REAEEA RGN 2, £4BE
BEARAC A —2, 430100 kg hm™ ( BAP,O;
it ) F1120 kg hm™> ( AK,03F ) , B4 A fg 5L e

—PEREA, HP R AIRE (N46% ) , BEALH
HidHERES (P,05 45% ) MBEIR 4% (N18%),
P,0546% ) , L NEIRE (K,050% ) .
K/ NX T R60 m?, 3REE, BEVLHES.
WA I 5RO P K AR Y D S 335, TS A
FIEEFTIEE AP (60 cm x 26 cm ) , FIAHZR)E M6.5
Tikkhm ™, $EFpJE St BRI B ABR R . 6 H T
AT IET, SRAMWIEE 1B, F10H w1k
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Fig. 1 Precipitation and air temperature at the experimental sites during the maize growing season in 2009—2012
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S
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2 2009—20124F AN [F] 2 e | 45 Ab K = i AR ok I 0 i
Fig. 2 Grain yield and N uptake in different soils from 2009 to 2012
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Table 2 Variance analysis of maize grain yield and nitrogen uptake in the four years relative to treatment and type of soil

AbFETreatments

BRI R
Nitrogen uptake (kghm™)

i

Yield (kghm™)

M + Black soil
KA+ Sandy soil
EPRYear 2009
2010
2011
2012

Jiti & fit Nitrogen 0
168
312
AR S K PF Source of variation SRR Year (Y)
+HESoil (S)
Jiti & & Nitrogen (N )
AEPR x HHEY x S
AEBR x LAY x N

IR A RS x N

PR x 3 x FEAUEY x Sx N

8 623a 158.1a
5911b 103.3b
5 746d 99.6¢
8 890a 168.2a
6 920c¢ 128.0b
7 713b 127.0b
4 663h 73.5¢
8 567a 154.0b
8 572a 164.5a
NS

TE: R A AERR AR TR EREFE (p<0.05) 5 NS: EHBESR (p> 0.05) ; *EREFE <0.05; = ZHK

B3 p<0.01 Note: Within the column of soil, nitrogen or year, data followed by different letters indicate significant differences (p <

0.05) , NS: Not significant (p> 0.05) , *Significant at p < 0.05, ** Significant at p < 0.01

R £ 5 20104F F120124F P 4F A9 5K P~ 4
735198 890 kg hm™H17 713 kg hm™, 20094EF
201 VAR FORFPRLF= ALK, 405105 746 kg hm™
M6 920 kg hm™, A Frla) W A AR LA S = | —
o 5N E LA L, A T DL R R OK
PR, B RIKF83.8%, i A AL (N168A
N312) [] EARFFRL™ BT 22 5 i hnr L
I 25 AR AR AR SR W, e 2 e ) 34 A
PR A i w0 (R2)

- 2T 5 A R 4 22 B AR B R K R
A AR I A B, HP20094F . 20104E 1201 24F
B bR R AR A Y TR+
MAE201 14F, ZERsgm, BEr™ i e 469
kg hm™, B BT X +H7 370 kg hm™, H#H+
KW AR EEES

22 EREKHIEIEZRUTHLE

AN A R EVE R R TP LR AR R
wibm (KE3) £, B+ BEFRETRS L, FF
Y4k 435 82 kg hm 137 kg hm ™, 4EPR i
HR EOKEMEN LA RFUT L, Hrh2010
AERN20124E55 5, 43079 kg hmH163 kg hm™;
201 14ERZ, K57 kg hm™>; 20094E &K, K
39 kg hm™, AEFRFN A (1438 BAE F G52 0
HIERFFUT L, HF20094EF1201 14 P 28
] TG & 25 5, M20104E 20124+ B & &+
WA+
23 EFRYREFELIET RAZXE

2009—20124F F K #E A R R 5 150
R E (K4) Bon, BERES TR+,
AEOF 35+ e T AU AR B R B A 135.4 kg hm A
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K3 2009—20124F KA 1350 | A9 AR R fb it

Fig. 3 Apparent N mineralization rate in 2009—2012 relative to type of soil
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Fig. 4 Soil residual of mineralized N after harvest in 2009—2012 relative to type of soil

93.1 kg hm™, AFFR & 25 5 i T K% VR IR & Pl gk
Jo H T R AR B, HA20094E 4147 kg hm ™,
B E R T20104E . 201 14EF120124F, 334 m
44 kg hm™, BEFMEE R BN, FREEERR B
Weak e HHED R B RN, o it AUk
-2 461 kg hm™, N168FHIN3 1240 435K 115
kg hmH1167 kg hm™, 45034 /188% M 173%. +
SR ite 2R A 38 A 3 R GRS 4 TR
FRER, Hoh M4 N168ALFE -5 AN i 40 Ab 3 7] G 5%
25, MRS+ N1684NHH i 3 w5 T ANt AU HE
24 EREEERZRPHTRAMK

2009 —20124F EKEFEEKZN LIEAR
A (R3) Wox, BEMAL M, AR

b K (57.0% ~85.2% ) , fEMBIN,,,
R A6 AT 7 LA N (4.8% ~ 15.1% .
10.0% ~27.8% ) , HEHERAEERBE, B
A B N RO AT AR A ) R A T Y
10.1% ~ 15.1% F118.7% ~27.8%, & T XAb
+ 4.8% ~7.9% F110.0% ~ 16.4% , {E% % 0%
J7 L, WO JE T 5T AR B ORI AL R SROULA R Y BE
Jite 2R A B 0 T, (ER O [ - SRR 1
B4 5, Mt E M 168 kg hm BN E 312
kg hmfF, 2B UGREH AR B IN152.8%,
1 RES A A3 IS5 .4% 5 B 4 2R R W5
111.9%, 1 KED 238y el 535 162.5% . 4%
MHERKEMNARZFHEEN (R3) B, £T5F
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Table 3 Nitrogen balance in the spring maize monocropping system in 2009—2012 relative to type of soil ( kg hm™)
A Ws +
AEAD Year I F Ttem Black soil Sandy soil
NO N168 N312 NO N168 N312
2009 A HEHAN input
1.ANEN fertilizer 0 168 312 0 168 312
2 %A HHETCHLAN,,, at sowing 178 178 178 70 70 70
3. A Z W At Apparent N mineralization 39 39 39 39 39 39
B4 ATotal input: 14243 217 385 529 109 277 421
B. ZEHi N output
4 AEWIIEN removed by grain and straw 145 176 182 23 28 44
500385 JCHL AR AN, at harvest 73 160 263 85 148 151
6. 8 FE LW Apparent N losses 0 49 84 0 101 225
HELAN surplus (5+6) 73 209 348 85 249 377
2010 A HEHAN input
1LAEN fertilizer 0 168 312 0 168 312
2 %A HHETCHLAN,,, at sowing 73 160 263 85 148 151
3. W ZE G L Apparent N mineralization 118 118 118 40 40 40
B4 ATotal input: 14243 191 446 693 125 355 503
B. A ZEHi N output
4 VEMI LN removed by grain and straw 125 215 237 66 192 176
5O IR LA TR N, at harvest 66 115 174 59 70 115
6.8 F LWL Apparent N losses 0 117 283 0 93 212
AEAN surplus (5+6) 66 231 457 59 163 327
2011 A HEHAN input
1.AEN fertilizer 0 168 312 0 168 312
2. %0 HHETCHLAN,,, at sowing 66 115 174 59 70 115
3K 0 L Apparent N mineralization 63 63 63 52 52 52
B A Total input: 14243 129 345 549 111 290 479
B. HZEHiHEN output
4 VEMIMILN removed by grain and straw 72 147 153 75 149 172
5MOGRIE EHLAIR BN, at harvest 57 120 167 36 9] 148
6. A FE LA Apparent N losses 0 78 229 0 50 159
HELARN surplus (5+6) 57 198 396 36 141 307
2012 A HEHAN input
1.AJEN fertilizer 0 168 312 0 168 312
2. 3 W HHETHLAN,,, at sowing 57 120 167 36 91 148
3K EH LR Apparent N mineralization 109 109 109 17 17 17
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2 T A ISR AU T VR K i M R 2 A 1 52 451
gk
A R
B4y Year I H Item Black soil Sandy soil
NO N168 N312 NO N168 N312
B A Total input: 14243 165 397 588 53 275 514
B. A ZFEHitHN output
AAEPIEN removed by grain and straw 69 194 185 15 131 169
5.0k G TCHLAFE BN, at harvest 97 127 321 38 73 77
6. A FE F WA Apparent N losses 0 76 82 0 72 268
RBAN surplus (5+6) 97 203 403 38 145 345
2009—2012 A HFE AN input
1.AMEN fertilizer 0 672 1248 0 672 1248
2.4/ - HETCHLEN, ,, at sowing 178 178 178 70 70 70
3. A & W L i Apparent N mineralization 328 328 328 146 146 146
BB A Total input: 14243 506 1178 1754 216 888 1 464
B. A ZEHitHN output
ANEPLIEN removed by grain and straw 410 732 755 179 500 561
5O TEHLE TR N, at harvest 99 127 321 38 73 77
6. A EF WK Apparent N losses 0 320 678 0 315 827
BELAN surplus (5+6) 97 447 999 38 388 903

Ay (20094F ) , AMHFGA & &M0 T, Kb+
(1 L A TR B R IN29 ~ 40 kg hm ™2, BTG
Lo h8.3% ~ 19.1% 5 £ 1E % FE K AR (2010—
20124 ) , MFEEEESAGT, BEHAAR
XD 357 ~ 130 kg hm ™, B4h00Y L4
16.8% ~ 41.7%.,

2009—20124F F K % 1R 4 2 v ZUE i 2= 0 A1)

M= FRER R R (£4) BoR, AFHEER
Fh, BB R - G SRUIE 2 LR FH R e SR Y
WAL, B FH LR E 2R, 4 HIN37.8%F
39.2%; e A% B 2R W45 2K R 24y I i 20 H: A1) 34
PN, A 2 R, KD i R
HRAN2.T%, BEMRTHRL (11.0%) 5 Kb+
(R R H58.2%, mTEBE (51.2%) .

T4 2009 —2012FEAFELIFERB T RAERUF A, KRB, MEX

Table 4 Apparent N recovery by crop, apparent N residual in the soil, and apparent N loss from the system in 2009—2012 relative to

type of soil

HUNE AR

et =i SUSL] ARG R R RNC T
Apparent N recovery
Soil type Treatments (%) Apparent N residual (% )  Apparent N loss (% )
0
g N168 47.9 4.2 47.9
Black soil N312 27.6 17.8 54.6
A - N168 47.8 5.2 47.0
Sandy soil N312 30.6 0.1 69.3
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WFE S KEFHRNEAR L.
3 i TIELHAREEROAEN T ERALEASR

HELRAME I E M 25 R R, R
AU W 5 5 T I S VS 5/ 5 & s 2R )
8 623 kg hm™, BEEH T L (5911 kg hm™)
(F2) o MIRMETT 207 F WY, 4 R b A0 4 1
TR BE 1 45 R e & B 80Ul R EY R 25 5
H i Ziadi % -20] M CambourisZf 2t MBI 98 22 B £
b AR . PROKBE SRR 1Y - ekl [ ERAE Y
W R 4 o ASHIFE v At A B A R XURD - 5 i 4 )
REEF L (F1) o AN EL I GEY 5
S AR BE D M E R bR, ARER R, Bt
At AL B PR S N6 215 kg hm™, BEET
KAr+ 193 115 kg hm™, Luce: 2 g e o
HERURE 5 1) - e L B E 9 = B O v . F
FLRIN, AFEBR W E R E K i, 2T 5 (2009
AE) FE R (201 14F ) %0, 20094EHI20114E £
K= B EINT20104E M20124F (%2) , [
AEPR S 4 HE ISR ) 52 BRI 3 R R R OK R
20094 T 5 (AEF MBEAKRIH206 mm ) 145
PR, 52 RIEROKRE T 22 S se ), AR it A
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Effect of Soil Type and Nitrogen Application Rate on Yield of Monocropping
Spring Maize and Nitrogen Balance in Crop Field

FENG Guozhong' WANG Yin' YAN Li' MI Guohua® GAO Qiang'’

(1 College of Resources and Environment Sciences, Key Laboratory of Jilin Province Commodity Grain Base Soil Resources
Sustainable Utilization, Jilin Agricultural University, Changchun 130118, China )
(2 Center for Resources, Environment and Food Security, College of Resources and Environmental Science, China Agricultural

University, Beijing 100193, China )

Abstract  [Objective] Jilin Province is a major maize producing area and a key commodity grain
production base of China. In the province, monocroppingof spring maize prevails in various types of soils.
However, it is still not so clear how type of the soil affects yield of the crop, nitrogen mineralization and
nitrogen residue in the soil and apparent loss of soil nitrogen from the maize monocropping system. Therefore,
this study was performed to explore effects of the same nitrogen fertilization strategy in different types of
soils under the maize monocropping system in an attempt to provide a certain basis for optimization nitrogen
management. [Method] Based on a long-term fertilization experimenton the spring maize monocropping
in Jilin Province, multi-factor variance analysis was done of the data of the recent four years of the long-
term experiment to determine effect of the soil, in terms of soil type, on N balance in the soil-crop system
in Northeast China. During the four years, maize was monocropped in black soil ( Argi-Udic Isohumosols )
and sandy soil ( Udi-Alluvic Primosols ) and applied with three rates of N (0 kg hm™, 168 kg hm™and 312
kg hm™, separately ) under the same climate condition. Maize yields were monitored and soil samples
analyzed for N mineralization rate, N residue and apparent N loss. [ Result] Maize grain yield varied with
type of the soil and in the range of 6 469 ~ 10 106 kg hm™ (8 623 kg hm™ on average ) in black soil and in the
range of 1 386 ~8 196 kg hm™ (5911 kg hm™) in sandy soil. Furthermore, grain yield stability also differed
sharply between the soils. In the four years (2009—2012 ) , variation coefficient of the yield in black soil
was 13.4% and in sandy soil 59.1%. Obviously the crop in black soil was more stable in yield than that in
sandy soil. Total N mineralization rate was 328 kg hm™ in black soil, 2.2 times that in sandy soil. As affected
by soil texture, the total residue of mineralized N residue in the 0 ~ 100 c¢m soil layer after harvest of the
crop was in the range of 99 ~ 321 kg hm™ in black soil, much higher than that (38 kg hm™ ~77 kg hm™) in
sandy soil. Apparent N loss did not varied much between black soil and sandy soil applied with N at a medium
rate ( 168 kg hm™) and was 320 kg hm™ and 315 kg hm™, respectively. However, apparent N loss increased
significantly or by 111.9% and 162.5%, or by 358 kg hm™ and 512 kg hm™, respectively in black soil and
sandy soil. The apparent N loss in sandy soil reached up to 827 kg hm™, which was remarkably higher than
that in black soil. [ Conclusion] Due to differences in soil texture and nutrient supplying capacity, soils of
different types would differ significantly in maize grain yield, N mineralization rate, accumulated N residue
and apparent N loss. Therefore, type of a soil should be taken into consideration in optimizing N fertilization
management.

Key words Maize monocropping system; Soil type; Grain yield; Nitrogen mineralization; Nitrogen

balance
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