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Abstract: This study was conducted to determine spatial variability of soil nutrients and crop response to bal—
anced fertilization in a 76. 5 ha rice production area of Jiangchuan farm in Heilongjiang Province using traditional
statistics and geo-statistics. The results showed that soil nutrient limiting factors were N P K and Zn in the study ar-
ea. Significant differences in contents of soil nutrients among 9 fields were found under three grid-sampling scales
(50 m x50 m 100 m x 100 m and 150 m x 150 m) . Whereas insignificant differences in contents of each nutrient
in soil were observed under the three grid-sampling scales. Distinet spatial distribution similarity for each soil nutri—
ent under the three grid-sampling scales was found with relatively high contents in some areas of the study area and
relatively low contents in other areas indicating that status of main soil nutrients under the collective contract system
can be evaluated on 150 m x 150 m grid-sampling scale and it was technically feasible to develop regionalized N
P K and Zn nutrient management at the level of the field in this study area. Regionalized balanced fertilization tech—
niques for high—yield rice production in the study area were developed based on the regionalized soil nutrient GIS
maps and a computerized fertilizer recommendation system. The balanced fertilization techniques increased rice

yield income and nitrogen recovery rate by 4.3% —-11.2% 779 —1 532 RMB Yuan/ha and 12. 6 —14. 0 percent—

age point respectively.
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Tab.1 Experimental treatments
/(kg/hm®) Fertilizer application rate
Fertility category Treatment N ,0 K,O Zn
NPKZn 150.0 60.0 60.0 6.0
Relatively NPK 150.0 60.0 60.0 0.0
high soil fertility NPKZn - N 0.0 60.0 60.0 6.0
165.0 55.0 50.0 0.0
-N 0.0 55.0 50.0 0.0
0.0 0.0 0.0 0.0
NPKZn 180.0 90.0 90.0 6.0
Relatively low NPK 180.0 90.0 90.0 0.0
soil fertility NPKZn - N 0.0 90.0 90.0 6.0
165.0 55.0 50.0 0.0
-N 0.0 55.0 50.0 0.0
0.0 0.0 0.0 0.0
N.P.K  Zn N.P,0s.K,0 Zn .
Note: N P K and Zn denote N P,05 K,O and Zn respectively the same below.
1.4
N.P.K Zn .
2, H,S0,- 3 9
K,CrO, o ( 2)
H,50,-H,0, 9
. ( 4
1.5 (6.3 ~
Microsoft Excel 2003 SPSS16. 0 12.9 hm®/ ) o
GS™ 3.1( Gamma Design ( 4
Software) ArcGIS NO; "N P (35.7% ~
Kriging o 45.7%) K. NH, "N, N
) (NH," N + NO, N) Zn( 12. 8%
~26.0%) pH (
2.1 4.8% ~6.4%) .
2.1.1 2.1.2
Kriging
N.PK Zn( 2). oM
N Zn 3 (50 m x 50 m+100 m o 2 3
x 100 m 150 m x 150 m) N Zn oM
100%  98.3% ~100.0% ; P K . 3
oM (2.0% ~
22.7% ~ 4.0%)
31.4%  31.3% ~40.0% o 3 N
N.P.K  Zn, 20.1 ~35.0
3 mg/L o
( 2) P (6.1 ~12.0
( 3) 150 m x 150 m mg/L) (12.1 ~24.0 mg/L) 2
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(1.01 ~2.00 mg/L) . 150
o 3 K m X 150 m
(60.1 ~80.0 mg/L)
(80.1 ~100.0 mg/L) 2 ;
(6.3 ~12.9 hm®/ )
o 3
Zn o
2 pH.OM( %) (mg/L)
Tab.2 Average soil OM and available nutrient contents and pH in the 9 fields
under the three grid-sampling scales in the study area
ltem F1 F2 F3 F4 F5 Fé6 F7 F8 F9 Exp. Area
pH 50x50 5.9aab 5.9ab S5.8aab 59aab S58aa 6.2ac 5.8aab 5.9ab 6.lac 5.9
100 x100 5.8 aa 5.9aab 5.7aa 5.9aab 5.8aa 6.1labc 5.9aab 6.1abc 6.2ac 5.9
150x150 5.7 aa 6.0aab 6.0aab 6.0aab 5.7aa 6.5ab 6.0aa 6.0aab 6.2aab 6.0
oM 50x50 2.6aa 2.8abec 2.6aa 3.0ac 2.7aab 2.9ac 2.7aab 3.3ad 2.6aa 2.8
100x100 2.6 aa 29aa 2.6aa 2.9aa 2.7aa 3.1aab 2.7aa 3.4ab 2.6aa 2.9
150 x150 2.6 aa 2.7aa 2.3aa 3.3aa 2.5aa 2.8aa 29aa 3.4aa 2.5aa 2.8
N 50x50 21.7aa 23.4ab 22.9aab 22.8aab 22.5aab 22.4aab 22.5aab 22.0aab 22.5aab 22.5
100 x100 21.4aa 23.5aa 22.2aa 23.9aa 22.3aa 23.9aa 2l.7aa 22.3aa 222aa 22.5
150x150 23.8 aab 22.9aab 22.4aab 266 ab 22.7aab 2l.1aa 24.7hab 23.1aab 22.0aa 23.3
NH," N 50x50 14.7aa 16.9abc 17.4abbc 16.9abc 15.5aa 16.7abb 17.6ac 15.5aa 14.9aa 16.4
100 x100 14.2 aa 16.1aab 18.8 bc 17.7abec 15.3aa 18.2bbec 17.6 abec 15.3aa 14.1laa 16.3
150 x 150 15.2 aabc 17.2 aabc16.3 aabc 19.6 ac  16.8 aabc 14.9aab 18.1abc 16.7 aabc 14.2 aa 16.8
NO;™N 50x50 7.0acd 6.5abed 5S.5aab 5.8aabc 6.9acd 5. 7aabc 49aba 6.5abed 7.7ad 6.1
100x100 7.2 ab 7.4ab 3.4aa 6.3aab 7.0ab 57aab 4.1laa 7.0ab 8.1ab 6.1
150x150 8.6aa 57aa 6.laa 7.0aa 6.0aa 6.2aa 6.6ba 6.4aa 7.8 aa 6.6
P 50x50 14.2 aabc 22.8af 19.6abe 22.7af 16.9acd 13.3aab 16.9ad 12.1aa 15.6abed 17.0
100x100 15.4 aab 24.4ac 24.7bc 24.9ac 16.6ab 16.1aab 17.6ab 10.0aa 15.2aab 17.6
150 x150 15.3 aabc 23.2acd 17.0 aabc 30.4 ad 21.7abed 11.2 aab 15.1aab 10.0aa 17.0 aabec 17.7
K 50x50 79.5aabc 78.5aabl100.6ad 105.2ad 86.6abc 77.0aa 85.2abc 88.5ac 89.9ac 87.1
100 x100 81.0 a a 83.1aa 117.8ac 109.8abc 89.9aa 74 7aa 88.5aa 86.5aa 91.2aab 89.8
150%x150 76.5aa 83.7aa 83laa 123.1ab 102.1aab 72.6aa 90.7aa 82.8aa 9l.5aab 88.8
Zn 50x50 1.3aabc 1.4abed l.Oae .3aab l.4acd Il.4abc 1.2aa 1.5ad l.4dacd 1.4
100 x100 1.3 aab l.4aabc 1.6 ac l.3aab l.4aabc 1.3aab 1.2aa l.4abec 1.4 aabe 1.3
150x150 1.2 aa .5aab 1.5aab 1.3aab 1.4aab 1.5aab 1.2 aa l.L4daab 1.6ab 1.4
(mg/L):N 50P 12K 8 Zn 22:50m x 50 m100m x 100 m 150 m x 150 m
300 80 35 LSD P < 0.05 ;
9 ; 3

Note: The critical value of soil nutrient fertility evaluation was 50 for N 12 for P 80 for K 2 for Zn. 300 80 and 35 sampling sites were evaluated under
50 m x50 m 100 m x 100 m and 150 m x 150 m grid-sampling scales respectively. Means with the same letter are not significantly different at P <0. 05
by LSD. Means with the same letter ( front) not significantly different for the 9 fields under same grid-sampling scale whereas means with the same letter

( back) within a column are not significantly different for same field under the three grid-sampling scales.

3
Tab.3 CV of average soil nutrient contents under the three grid-sampling scales in the study area (CV %)
Ttem F1 F2 F3 F4 F5 F6 F7 F38 F9 Exp. Area
pH 1.7 1.0 2.6 1.0 1.0 3.3 1.7 1.7 0.9 1.0
OM 0.0 3.6 6.9 6.8 4.4 5.2 4.2 1.7 2.2 2.0
N 5.9 1.4 1.6 8.0 0.9 6.2 6.8 2.5 1.1 2.0
NH, * N 3.4 3.4 7.2 7.7 5.1 10.0 1.6 4.8 3.0 1.6
NO, N 11.5 13.0 28.4 9.5 8.3 4.9 24.6 4.8 2.6 4.6
P 4.4 3.5 19.2 15.3 15.6 18.2 7.8 11.3 5.9 2.2
K 2.9 3.5 17.3 8.2 8.8 2.9 3.1 3.4 0.9 1.5
Zn 4.6 4.0 3.7 0.0 0.0 7.1 0.0 4.0 7.9 4.2
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Tab.4 CV of soil nutrient content under different grid-sampling scales in the study area (CV %)
ltem F1 F2 F3 F4 F5 Fo6 F7 F8 Fo9 Exp. Area
pH 50 x50 6.7 5.5 3.6 3.5 3.8 6.5 5.2 5.6 5.4 5.6
100 x 100 4.7 3.6 4.7 3.9 3.1 4.5 4.5 5.1 6.5 4.8
150 x 150 11.3 5.3 3.5 6.8 2.5 10.0 3.6 3.5 7.7 6.4
oM 50 x 50 7.6 12.7 11.7 11.8 12.7 23.7 17.6 10.7 9.3 16.4
100 x 100 8.5 18.0 12.0 11.6 17.9 28.8 18.5 10.4 8.9 17.9
150 x 150 0.0 9.4 17.8 4.6 17.0 31.2 19.4 7.8 6.9 18.4
N 50 x50 7.6 16.0 9.7 19.1 14.8 17.4 12.7 13.2 8.6 13.9
100 x 100 9.6 10.2 7.8 18.2 13.7 24.1 8.7 10.6 5.5 12.8
150 x 150 0.6 8.6 7.2 22.1 10.6 12.8 13.4 10.4 9.7 12.8
NH, * N 50 x50 11.1 13.4 8.9 20.3 9.1 11.0 11.7 12.8 7.2 13.7
100 x 100 10.9 14.3 4.5 22.6 7.8 10.1 9.4 12.7 5.3 14.9
150 x 150 20.5 17.1 2.5 31.1 1.3 12.7 15.0 17.1 7.9 17.6
NO;”™ N 50 x50 28.2 56.0 41.8 30.4 45.5 61.1 47.5 36.7 29.9 45.2
100 x 100 37.3 50.2 44.0 27.1 36.5 80.5 43.9 29.0 22.0 45.7
150 x 150 37.8 45.7 29.0 15.7 36. 8 63.0 33.3 28.5 35.1 35.7
P 50 x 50 19.9 34.5 24.0 28.3 20.6 29.7 40.2 33.0 28.3 37.9
100 x 100 20.4 43.6 26.2 33.5 24.5 27.4 46. 1 22.3 29.2 44.3
150 x 150 19.0 27.8 4.5 37.8 3.6 33.5 42.7 9.0 39.2 44.1
K 50 x50 19.8 25.4 23.0 15.6 23.3 23.9 25.0 14.3 21.7 23.5
100 x 100 9.7 31.0 14.2 14.6 22.4 30. 4 23.8 10.7 20.8 22.8
150 x 150 24.4 27.6 21.0 5.4 16.9 19.0 33.4 10.5 23.1 26.0
Zn 50 x50 13.6 16.7 14.1 17.2 11.5 16.7 18.2 15.2 16.8 17.1
100 x 100 17.6 21.3 8.0 22.2 11.2 6.4 16.2 12.0 16.7 16.4
150 x 150 11.8 14.3 10. 4 18.9 20.2 9.8 14.9 14.3 18.4 16.5
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Tab.5 Response of site-specific balanced fertilization in rice in the study area
2
/( kg/hm?) . 1/(;%7 i ) ) g /t%
e 1€ m ecovery rate
Fertility Treatment I I il Mean  {rease Income ‘Income for applied N
category increase
NPKZn 9850.0 9875.0 9950.0 9891.7 3.0 17 412. 67 451.20 35.9
Relatively high NPK 9900.0 10350.0 9800.0 10016.7 4.3 17 740. 17 778.70
soil fertility 9950.0 9600.0 9250.0 9600.0 - 16 961. 50 - 23.3
7275.0 6975.0 6850.0 7033.3 13 363.33
NPKZn 9350.0 10650.0 9450.0 9816.7 5.0 16 820. 17 333.70 40. 1
Relatively low NPK 10250.0 10 650.0 10 300.0 10 400.0 11.2 18 018.50  1532.00
soil fertility 9450.0 9350.0 9250.0 9350.0 - 16 486. 50 - 26.1
6050.0 5925.0 6000.0 5991.7 11 384. 17
12009 N.P,05.K,0.Zn 4.355.655.00 15.00 1.90 /kg; N N N o

Note: Price of N P,O5 K,O Zn and rice grains in 2009 is 4. 35 5.65 5.00 15.00 and 1. 90 IMB Yuan/kg respectively. The contributed N from soil
is a total N uptake of rice straw and grain without N fertilizer.

3 o 150 m x 150 m

N.P.K Zn. 3 (50 m x 50 m. :
100 m x 100 m 150 m x 150 m) (6.3 ~12.9 hm*/ )
9 .
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