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S 7R F S R 3 49 T 18 R B PR SR A R 5

1 2% 1 2
(1 734000 2 100193)
24
(NP NPK) 43.3% ~ 97.0%
37.3% ~ 40.5% 22.3% ~30.5% 12.8% ~22.9% 5.9% ~9.5%
(MNP MNPK) 211.3% ~277.9% 18.0% ~ 18.3%
16.3% ~ 19.4% 5.4% ~ 8.5% 5.8% ~ 6.6%
(MN MNP)
-38.6% ~—-47.2% 57.8% ~ 59.8% 34.1% ~ 54.1% 8.4% ~
22.3% -36.2% ~ —67.8% 53.1% 29.5% 7.4% ~ 36.4%
S153.6 S158.3
3 1.2
M) (CK) N)
(NP) (NPK)
33.3 m’
[1-4]
24 1982—2006 - -~
2007—2008 /
3~4
5~6
1 120 ~ 180 kg/hm®
26.2 ~39.3 kg/hm’ 49.8 ~ 74.7 kg/hm’
1.1
50%
/ 600 kg/hm’
50%
80% 32.2 g/kg 2.079 g/kg
20.8 g/kg 1.179 g/kg 220.5 mg/kg
0.76 g/kg 0.82 g/kg 105.7 mg/kg 1797 mg/kg 1982—1990
99.1 mg/kg 60 t/hm*> 1991—2005
“ 7z (2012BAD4B04-2)
* (lilong@cau.edu.cn)

(1967—) E-mail: zysnk1967@163.com
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75 t/hm’ NPK  MN MNP  MNPK
1.3 2000—2002
1982 MN NPK
1994—1996 1997—1999
2003—2005 2006—2008 4
1982—2008
1.4 (NPK)
SPSS 15
2
2.1
(MNP MNPK)
= X +
X (2]
79.8% ~
0.40 137.6%
0.50 (D 21.6% ~ 37.9% 12.6% ~
35.3% 20.6% ~23.2%
1982—1984 MN NPK MNPK 3
1985— 6.9% ~ 11.3% 23.1 ~33.3%
1987 NP NPK MNP MNPK
1988—
1990 NP MN MNP MNPK
1991—1993
®1 HAERBRSRIEHEN 2 (Kke/hm?)
Table 1 Crop yield of each rotation period in experimental field
CK N NP NPK M MN MNP MNPK

1982—1984 16 224 + 129.6¢
1985—1987 16 422 + 123.9f
1988—1990 13 678 +202.8f
1991—1993 8556 £ 183.1f
1994—1996 3 044 £179.4h
1997—1999 4 641 £223.6h
2000—2002 5730+ 195.9¢
6464 £224.1h

11307 £266.1gh

2003—2005
2006—2008
1982—2008

17 790 + 362.6d
18 546 + 141.7d
18 184 +217.2¢
12 003 +238.5¢
6230 +233.6g
10 701 + 182.0g
7200 +233.5¢
7028+245.1g
10 803 £ 198.5h

86 066+ 648.5h 108 486+1341.2¢g

20297 £278.5b
21 192+94.5b
23 590 +247.0c
21 673 £269¢
14 711 £257.7¢
19 200 £231.6e
21390+261.2d
20 080 £ 158.5¢
42 490 £294.7¢
204 428 +207.2¢

19 395 +347.0c
21246+ 149.7b
24 886 +227.2b
23 255 +347.0b
16 821 +231.8c
23 550 +225.5¢
22 950£254.7¢c
21 586+218.2d
43 667 £302.0d
216 955+705.6d

16 692+ 197.1e
17 586 £ 104.2¢
20 815+347.7d
14 131+244.7d
8 196 +212.0f
13 470 £300.7f
16 905 £212.2¢
15 865 £247.2f
25 173 £299.5¢

19 485+ 111.6¢
20 367 £ 144¢c

23 532+255.2¢
23 622+276.3b
15170 +£297.3d
21705 +239.0d
22 925+246.3¢c
23226+222.9¢
44 273 £289.6¢

148 833+£274.1f 214 305+268.7¢

21 138+£202.4a
21935+119.2a
26 011 +267.0a
25 075+249.8a
17 447 +£228.5b
25 095+203.5b
24 510£297.1b
26 060 £302.5b
47260£271.8b
234 531+£451.5b

19 809+ 174.4bc
21 989+190.6a
25 673 +288.3a
25260+252.7a
18 200 +262.7a
26 445+284.3a
25266+281.7a
27 602 +290.7a
48 913 +200.6a
239 157+934.2a

(P<0.05)
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2.2
274.0% ~ 277.9% 211.3% ~
244.3% 1982—1990
(NP NPK)
1982—
( 2 1990 104.1% ~
3) 260.0% 94.6% ~191.9% 1991—2005
1982—1990 135.4% ~233.0%
26.2 kg/hm® 1991—1995 32.7 kg/hm® 1996 141.2% ~ 237.5%
39.3 kg/hm? (MNP MNPK)
1982—1990
70.2 kg/hm?  1991—2005
87.7 kg/hm? 1991—2005
252.7% ~ 261.2% 291.4% ~
310.4% 318.0% ~ 330.9%
( ) 242.0% ~ 270.9% 255.3% ~308.6%
43.3% ~ 50.3% 69.7% ~
97.0% (M)
259.1% 114.5%
(MNP MNPK)
INETEER N H & (kg/hm?)
Table 2 P input-output of wheat
CK N NP NPK M MN MNP MNPK
1982—1983 25.6 27.5 40.3 36.7 36.6 39.0 51.8 46.3
-25.6 -27.5 12.0 15.6 103.8 101.4 140.9 146.4
1985—1986 23.3 25.4 44.0 42.8 36.5 40.7 53.0 54.0
-23.3 -25.4 8.3 9.5 103.9 99.7 139.7 138.7
1988—1989 21.9 29.0 47.6 51.0 48.5 48.1 61.8 60.8
-21.9 -29.0 4.7 1.3 91.9 92.3 130.9 131.9
1991—1992 14.1 29.0 49.2 51.8 35.5 52.7 66.7 68.3
-14.1 -29.0 16.2 13.6 140.0 122.8 174.2 172.6
1994—1996 11.2 21.7 60.6 70.5 41.8 63.9 88.0 85.4
-11.2 -21.7 44.4 34.5 221.2 199.1 280.0 282.6
1998—1999 10.8 13.1 39.0 43.7 30.6 42.8 60.2 63.8
-10.8 -13.1 39.5 34.8 144.9 132.7 193.8 190.2
2001—2002 10.6 10.0 45.9 47.0 27.6 46.6 61.9 64.9
-10.6 -10.0 32.6 31.5 147.9 128.9 192.1 189.1
2004—2005 8.7 9.3 48.1 49.3 34.9 52.0 72.4 77.5
-8.7 -9.3 30.4 29.2 140.6 123.5 181.6 176.5
126.2 165.0 374.7 392.8 292.0 385.8 515.8 521.0
-126.2 -165.0 188.1 170.0 1094.2 1 000.4 1433.2 1428.0
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£3 EARBHEHRATHE®Kg/hm?)
Table 3 P input-output of corn
CK N NP NPK M MN MNP MNPK
1984 26.7 25.0 33.6 36.0 29.0 343 37.8 40.6
-26.7 -25.0 18.7 16.3 41.0 35.7 84.5 81.7
1987 26.1 25.8 34.4 37.3 33.4 35.9 39.8 43.1
-26.1 -25.8 17.9 15.0 36.6 34.1 82.5 79.2
1990 22.4 25.0 39.2 43.1 34.5 40.6 479 52.0
-22.4 -25.0 13.1 9.2 355 29.4 74.4 70.3
1993 13.6 14.4 32.0 37.0 219 37.3 413 448
-13.6 -14.4 334 28.4 65.9 50.5 111.9 108.4
1997 5.0 17.6 31.7 44.5 22.0 38.7 459 52.7
-5.0 -17.6 46.8 34.0 65.8 49.1 120.4 113.6
2000 8.2 11.0 335 38.4 37.0 39.8 42.6 47.4
-8.2 -11.0 45.0 40.1 50.8 48.0 123.7 118.9
2003 11.8 11.1 27.8 333 27.5 36.4 40.7 46.8
-11.8 -11.0 50.7 452 60.3 51.4 125.6 119.5
113.8 129.9 232.1 269.7 205.3 263.0 296.0 327.4
-113.8 -129.9 225.7 188.1 358.9 301.2 723.0 691.6
2.3 75 kg/hm®
1982—1990 108 kg/hm*> 1991—
(4 53 2005 135 kg/hm’
1982—1990 50 kg/hm®
1991—1995 62.5 kg/hm® 1996
R4 NERERNF HF (kg/hm)
Table 4 K input-output of wheat
CK N NP NPK M MN MNP MNPK
1982—1983 154.8 203.4 294.8 311.5 304.5 298.2 401.4 389.9
—154.8 -203.4 -294.8 -211.5 —88.5 -182.2 -185.4 -73.9
1985—1986 140.5 189.2 3222 365.5 303.8 415.1 410.3 4543
-140.5 -189.2 -322.2 -26.5 -87.8 -199.1 -194.3 -138.3
1988—1989 132.0 214.2 348.5 432.5 403.1 490.6 478.7 511.6
-132.0 -214.2 —348.5 -332.5 —187.1 -274.6 -262.7 -195.6
1991—1992 85.4 213.9 360.7 439.5 294.9 537.9 516.5 574.5
-85.4 -213.9 -360.7 -314.3 -24.9 -267.9 —246.5 -179.5
1994—1996 67.6 160.6 462.5 598.7 348.0 653.0 681.5 775.9
-67.6 -160.6 -462.5 -399.5 56.0 -249.0 -277.5 -172.7
1998—1999 65.0 96.4 285.9 370.5 254.7 437.0 466.4 536.5
-65.0 -96.4 -285.9 -211.1 -15.3 -167.0 -196.4 -126.5
2001—2002 64.0 73.4 336.4 399.0 229.9 475.8 479.3 545.9
-64.0 -73.4 -336.4 -249.6 40.1 -205.8 -209.3 -126.5
2004—2005 52.5 68.4 352.3 418.0 200.2 531.3 560.7 651.6
-52.5 —68.4 -352.3 -268.6 69.8 -261.3 -290.0 -232.2
761.8 1219.5 2763.3 3333.0 2339.1 4038.8 3994.8 4440.0
-761.8 -1219.5 -2 763.3 -2 260.6 -207.1 —1906.8 -1862.8 -1239.8




6 1013

x5 FEXREERAZTHR(Kghm?)

Table 5 K input-output of corn

CK N NP NPK M MN MNP MNPK
1984 176.8 148.4 160.8 182.9 187.4 182.4 201.6 208.9
-176.8  —148.4 -160.8 82.9 794 744 -93.6 -0.9
1987 192.9 153.0 164.2 189.7 205.4 191.1 212.1 222.0
1929  -153.0 -164.2 -89.7 974  -83.1  -104.1 -14.0
1990 147.8 148.0 187.6 218.8 183.8 216.2 2553 267.8
-147.8  -148.0 -187.6 -118.8 758  -1082  —147.3 -59.8
1993 90.0 85.5 153.1 187.5 141.5 198.3 219.9 230.8
-90.0 -85.5 -153.1 —63.0 720 -63.6 —85.2 28.4
1997 32.8 104.3 151.7 225.7 147.1 205.9 244.4 270.3
328  -1043 -151.7 -76.3 124 712 -109.7 13.8
2000 54.4 65.4 160.4 194.8 226.2 211.6 227.1 244.0
—54.4 —65.4 -160.4 —45.4 915 =769 —92.4 40.1
2003 78.3 65.6 133.1 168.8 177.7 193.8 217.1 240.9
-78.3 —65.6 -133.1 -19.4 -43.0  -59.1 -82.4 432
773.0 770.2 11109 13682  1269.1 14053 15775 16847
-773.0 7702 -1119.0 -495.0 4063 5425 7147 -11.2
(MN MNP)
( (NP
) —46.6% ~—47.2% NPK) 37.3% ~40.5%
—38.6% ~ —45.3% 24 15.1%
(K) 2 449.3 ~ 2 577.5 kg/hm’ 12.8% ~ 22.9%
—102.1 ~—-107.4 kg/hm* 6.9% 18.0% ~
18.3% 5.4% ~ 8.5%
—67.8% 133.0 kg/hm?
-36.2% 22.3% ~
70.7 kg/hm’ 30.5% 16.4% ~21.0%
5.9% ~9.5% 23.6%
-27.9% 10.3%
16.3% ~
162.5 kg/hm’ 19.4% 5.8% ~ 6.6%
158.7 kg/hm’
n
[5-7]
2.4 (1-2]
%o=[( -
)/ 1 x 100% ( 6)
(1982—1983 )
17.6% ~ 24.5%
8.2%
(MNP MNPK) %= [( -
9.8% ~ 12.6% ) 1> 100%
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x6 BIBFAER%)

Table 6 P utilization efficiency

N NP NPK M MN MNP MNPK
1982—1983 - 24.5 17.6 6.5 8.2 12.6 9.8
1985—1986 - 35.6 333 7.9 10.9 14.3 14.8
1988—1989 - 35.6 42.1 13.9 13.6 17.0 17.0
1991—1992 - 309 349 3.7 13.5 15.6 16.3
1994—1996 - 37.0 46.5 7.6 16.0 18.0 17.3
1998—1999 - 33.0 39.0 10.0 16.9 18.5 20.0
2001—2002 - 45.7 47.1 10.0 20.9 20.4 21.6
2004—2005 - 49.4 50.1 14.6 24.3 24.8 26.8
- 37.3 40.5 9.2 15.1 18.0 18.3
1984 - 16.4 21.0 8.6 13.3 10.5 12.8
1987 - 16.3 222 10.9 14.4 11.4 14.1
1990 - 27.1 34.6 13.6 22.3 18.7 22.1
1993 - 26.9 22.6 8.5 26.1 17.6 19.8
1997 - 18.0 343 5.0 24.0 17.0 21.1
2000 - 28.7 349 29.6 32.8 19.0 21.9
2003 - 21.3 28.3 18.7 28.8 17.8 21.5
- 22.3 30.5 13.4 23.6 16.3 19.4
®71 HEAAE (%)
Table 7 K utilization ratio
N NP NPK M MN MNP MNPK
1982—1983 - - 16.7 4.5 47.9 49.4 30.0
1985—1986 - - 41.3 - 43.0 40.8 41.8
1988—1989 - - 84.0 253 65.8 60.3 51.6
1991—1992 - - 62.9 - 65.6 57.7 79.2
1994—1996 - - 68.3 - 47.1 54.2 52.0
1998—1999 - - 56.6 - 56.0 66.7 59.8
2001—2002 - - 41.9 - 51.6 52.9 50.0
2004—2005 - - 44.0 - 66.3 77.2 71.4
- - 53.1 - 59.8 57.8 52.3
1984 - - 22.1 24.6 20.0 37.8 23.1
1987 - - 25.5 38.1 24.9 44.4 27.8
1990 - - 31.2 - 26.5 62.7 38.6
1993 - - 27.6 - 33.6 49.6 30.0
1997 - - 49.5 - 40.2 68.8 41.7
2000 - - 23.0 48.9 38.0 49.5 29.4
2003 - - 23.9 33.1 45.1 62.4 37.9
- - 29.5 18.3 34.1 54.1 33.1
(MN MNP) 53.1%  29.5%
57.8% ~ 59.8% 34.1% ~ 54.1% 52.3% 33.1%

(NPK)
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22.3% ~ 30.5%
18.0% ~ 18.3% 16.3% ~
16.7%  22.1% 44.0% 19.4%
49.5% (MNP) 12.8% ~ 22.9%
(MNPK) 30.0% ~ 49.4% 5.9% ~ 9.5%
71.4% ~77.2% 23.1% ~ 37.8% 37.9% ~ 5.4% ~ 8.5% 5.8% ~
62.4% 6.6%
36.4%  7.4% 57.8% ~ 59.8%
8.4% ~22.3% 10.0%~  53.1%
16.3% 34.1% ~54.1%  29.5%
[8-12] 7.4% ~ 36.4%
3 4
24
(NPK),
(NP NPK)
43.3% ~97.0% 1982—1990
1991—2005
79.8% ~ 137.6%
21.6% ~ 37.9%
12.6% ~ 35.3%
211.3% ~ 277.9% 20.6% ~ 23.2%
(1991—2005 ) 6.9% ~ 11.3%
255.3% ~ 310.3% 23.1% ~33.3%
(MN  MNP) —38.6% ~
—47.2% (NPK) -36.2% ~
—67.8% (MNPK) (NP NPK)
-27.9% 37.3% ~ 40.5%
15.1%
[13] 22.3% ~
30.5% 23.6%

37.3% ~ 40.5%

16.3% ~ 19.4%
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(MN  MNP) 57.8% ~ 59.8% [6] , : , .
34.1% ~ 54.1% L3 ’
NPK 53,19 2000(4): 364-369
(NPK) AR ] , : M].
29.5% 52.3% ,2000: 142-184
33.1% [8] , , , , , ,
[
,2009, 18(5): 1 949—1 955
[9] , , , , , )
[1] : — M]. : [7].
, 1998 , 2006, 23(2): 375-379
[2] . M]. : , [10] , , )
1998 1. ,
[3] , , , ) . 2002(3): 23-25
(1. , 2002(6): [11] ) [M].
14-19 , 1999
[4] ) (1. [12] ) ¢ I , 1984(3):
, 1995(1): 1-9 134-138
[5] , . [13] . M].
[7. ,2001(4): 6-10 : ,1995: 95-118

Budgets of Phosphorous and Potassium as well as Fertilizer
Use Efficiency in Farmland of Hexi Corridor Based on
Long-term Field Experiment

SUN Ning-ke', LI Long®", SUO Dong-rang', WANG Qian’
(1 Zhangye Academy of Agricultural Sciences of Gansu Province, Zhangye, Gansu 734000, China; 2 College of Resources and
Environmental Science, China Agricultural University, Beijing 100193, China)

Abstract: The study on input-output budget and fertilizer use efficiency of P and K nutrients was conducted in a 24-year
long-term field located in Hexi Corridor by the nutrient difference method. The results showed that P nutrient input was always
greater than output, which was the positive budget. The average surplus rate of chemical P fertilizers continuously applied as NP
and NPK was from 43.3% to 97.0%. The total P average utilization rate of wheat and corn was 37.3%—40.5% and
22.3%—30.5%, respectively, the short-term P use efficiency increased by 12.8%—22.9% and 5.9%—9.5%. The average surplus
rate of combining application of organic manure and chemical fertilizers (MNP, MNPK) was 211.3%—277.9%. The total P use
efficiency of wheat and maize was 18.0%—18.3% and 16.3%—19.4% respectively, which increased by 5.4%—8.5% and
5.8%—6.6% higher than the initial test. The measures of continuous organic fertilizer application and moderate reduction
chemical fertilizers were rational balanced fertilization method. The input of K was always lower than the output of crop uptake,
it was the negative balance of K. Long-term application of organic fertilizers (MN MNP) could not balance soil K, the average
deficit was —38.6%— —47.2%. The total use of K in manure and the fertilizer rate of wheat and corn crops were 57.8%—59.8%
and 34.1%—54.1% respectively, compared with initial trials which increased 8.4%—22.3%. K fertilizer average deficit was
-36.2%— —67.8% by continuous chemical K application. K fertilizer use efficiency of wheat and maize was 53.1% and 29.5%
respectively, which increased by 7.4%—36.4% than initial trials. It was the necessary measures to increase chemical fertilizers
application on the basis of organic manure.

Key words: P and K nutrients, Surplus rate, Deficiency rate, Fertilizeruse efficiency
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