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Table 1 Nutrient content of organic manure
Manure type N (%) POJ(%) K,0(%)
Barnyard manure 0.40 017 0.50
Chicken manure 1.73 225 1.10
Night soil 2.00 L 25 0.93
Soybean cake 7.00 132 2.13
1) [ 14] The data were cited from literature
[14]
2

Tale2 Amounts of excreta from man and animal and their nutrient contents

Amount/ year

Nutrient content (kg t )

Source )

N P05 K,0
Human 0.79 4.62 08 1.75
Pig 0.95 5.40 323 6.63
Beef cattle 7.80 5.12 1 56 3.96
Horse 5.30 6.39 245 4.97
Sheep 0.25 9.10 412 5.08
Poultry — 0.11 Q11 0.06

1) [ 15] The data were cited from the literature

[15]
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3 100 kg D
Table3 Nuirient requirement ( kg) fr production of 100 kg vege able
Crop N P,0s K,0
Cuaimber 0. 21 0.10 Q35
Tomato 0. 31 0.07 0 50
Plant egg 0. 31 0.07 0 49
Hot pepper 0. 58 0.11 Q74
Kidney bean 1. 03 0.05 QR
Celery 0. 31 0.18 Q049
1) [ 16, 17] The data were cied fran the litera
ture [16, 17]
1.3
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Table 4 Annual fertlzer application rate (kg hm™2) on greenhouse vegetable crops
Wucheng Qingzhou
Fertilizer Vear Organic Organic
type Chemical fer manure Total Chemical fer manure Total
N 194 — — — N3 201 1143
1995 1530 568 2 0% 1191 367 1558
196 169 598 2293 2 1% 391 2586
1997 1740 633 2373 228 461 2749
2004 — — — — — —
A verage 1655 600 2255 164 355 2 009
CV(%) 6.68 542 6. 27 41.50 3103 33.92
P05 194 — — — 950 339 1288
1995 2280 958 3238 1337 619 1956
1996 2340 1 008 3348 1976 660 2636
197 2430 1115 3545 2 166 678 2 844
2004 — — — — — —
Average 2350 1 @7 3377 1 607 574 2181
CV(%) 3.21 7. 81 4. 61 35.07 27 63 32.36
K,0 194 - - - 281 26 547
1995 247. 5 752 1 000 599 487 1086
196 1 140 792 1932 517 518 1036
197 1245 836 2 081 553 531 1084
2004 — — — — — —
Average 878 3 1671 438 450 938
CV(%) 62.46 530 35.06 29.07 27. 61 27.91
3500 A B JLHLAE Chemical fertilizer M4 HLAE Organic manure H it Total amount
; 3000 A ?«,
E‘ 2 500 A r g
2 @ 2000 1 é
é g 1 500 A A g
§ 1 000 4 % é
£ a 2
i 500 A % g

0+

T T T T

1994 1995 1996 1997 2004 1994 1995 1996 1997 2004 1994 1995 1996 1997 2004

N P,O, K,0

1 1994~ 1997 2004
Fig. 1 Fertilzation rate in greenhouse between 1994~ 1997 and 2004 in Shouguang
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, 21.33%, 2.82%,
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1957 kg hm™ 2, 3 187 kg hm™ 2, 31%,
453. 0 kg hm™ 3 2004 11%,

5 1997 2004
Table 5 Fatilizaton rate (kg hm™ ?) on greenhouse vege able in 1997 and 2004 in Shouguang

1997 2004
Item N P,0s K0 N P,0s K,0
Organic manure 659 688 42 1155 647 949
Chanical fertilizer 1829 2591 70 1272 1376 1085
Percentage of organic manure ( % ) 26 21 38 48 32 47
Total 2488 3279 1172 2428 2022 2033
Apparent balance 1957 3187 453 1 668 1801 920
Appaent recovery (% ) 21 3 61 31 11 55
2.2
2.2.1 pH 6.1
’ pH ( 2.2.2
6) 25 pH 7. 69, °
pH o 814, so%, 7. 127gk'C ),
’ o 6 %5 6 ’ 9.8 g kg™ '(587 ,
ad4aSa pH s ) 22. 4%
13 a pH 4,317
, pH , ’
. pH % ’
[ 6] , 36 )
a pH " 6.6, 36 a
2.2.3
6 pH (7.
Table 6 pH valie of greenhouse wil in Shouguang 7 :
Age of greenhose ( a) pH Average of pH valie :
! 7% , 205.4 mg kg !
2 7.9
4 7. 93
5 7. % (12 ’
6 8 12 ( 8), ,
7 6.8

Open field 8 14
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Table 7 Nuirient contents in greenhouse soik in different regibrs in Shandong Province

Site Sample mmber OM(g ke ') Hydokzmble N(mg kg™ ) Avai P(mg ke ) Avai K(mg kg™ )
Jinan 10 20 6 128 7 91.6 143. 2
Taian 40 223 143 0 135.0 174. 0
Dezhou 4 17.5 913 7.5 258. 0

Shouguang 11 127 205 4 225.2 30. 7

8 (0~ 20 cm)

TaHe8 Nirate contenis of soils in open field and greenhouse n Shouguang

Item Number of soil samples Range of soil nirate content (mg kg™ ) Average of soil nirate content (mg kg™ ')
Open field 3 30 1~ 45.5 39.9
Greenhouse 36 39 5~ 4310 200.9
( 7, . 360.7mg kg !
, 25.2 (3,
mg kg™ ', 4.0~ 342. 1 (r=0.502%*%  n= 35)
~1
mg kg ( ) 16. 8 900
~1 =
mg kg, 13. 4 }‘D 800 v=37.23x+99.4] ¢
( 2, = 700 r=0.502
Ew o0 f
— =
. (r g g 500
0.550 , n= 35) SR 400 |
| 12] z B 300 F
50 mg kg ! I
’ - lmg & > 3 100
130 mg ke " R S
0 2 4 6 8
600 r
o y=33.01x-391 i Age of greenhouse (a)
2 500 r=0.550 PY
o0 *
E
:g w 400 * 3
% ﬁ ¢ * Fig 3 Relationship of greenhouse age with soil available K
o B
L™ 2.2.4 9 0~
£ 20c m 154.3 ~ 698.3
<
. mg kg™, 337.9 mg kg™,
s 154.3 mg kg™ ',
HHiE Age of greenhouse (a) 36. 7%
) 0~ 20 cm 27. 2~ 156.0
~1 -1
Fie. 2 Relationship of greenhouse age wih soil available P mg kg ’ 67.8 mg kg ’
50.4% , 14.9 mg kg ',

B

(7, [20]
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[12]

Tale9 Contents of water soluble Ca and Mg in greenhouses soil n Shouguang
Ca® Mg+
Site Depth( an) (mg kg 1) (mg kg™ 1) Greenhouse age( a)
Nanfan Luocheng town 0~ 20 154.3 14.9 Open field
Nanfan Luocheng town 0~ 20 357.3 71.8 5
Liugult Luocheng town 0~ 20 1.0 ®.3 5
Liuguli Luocheng town 0~ 20 ®8.3 .3 1
Nanfan Luocheng town 0~ 20 276. 1 76. 8 1
Nanfan Luocheng town 0~ 20 203.0 3.7 5
Liuguli Luocheng town 0~ 20 476.6 6.9 1
Sanyuarzhu Sunji town 0~ 20 182.7 2.7 7
Liugult Luocheng town 0~ 20 251.7 156.0 1
Qianwang Gucheng town 0~ 20 385.7 131.3 5
Sanyuanzhu Sunji 0~ 20 £30.4 4.1 1
Nanfan Luocheng town 0~ 20 251.7 .9 7
Liugul Luocheng town 0~ 20 359.6 4.3 4
Livguki Luocheng town 0~ 40 24.8 s 4
Liuguln Luocheng town 40~ 60 315.3 50.3 4
Liuguli Luocheng town 60~ 80 288.3 9.5 4
Livguki Luocheng town 80~ 130 23.9 27.2 4
0~ 20 em Average of 0~ 20 cm soli layer 337.9 67.8
Range of wntent of water soluble Ca and Mg 208.0~ 698.3 27.2~ 156.0
CV (%) 3.7 50. 4
2.2.5 [12]
4, ,
P P
3
P
:: 0 i i Greenhouse , 199 ~
- 14 1 r 2 ¥ [ Open grain crop field r 1997 N 943~
gﬁ' :” 2288 ke hm™> P20s 950~ 2 591 kg hm™ 2> K,0
S& s 281~ 1245 kg hm 2, 2004
o 4
2 i
i b mn [ e ,
ke @ A 197 1957 kg hm™ 2 3 187
JG# Element 2 _a
kg hm 453.0 kg hm ~; 2004

Fig 4 Micronutrient contents (mg kg™ ') in greenhouse soil in Shouguang
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EVOLUTION OF FERTILIZATION RATE AND VARIATION OF SOIL NUTRIENT
CONTENTS IN GREENHOUSE VEGETABLE CULTIVATION IN SHANDONG

Liu Zhaohui Jiang Lihua Zhang Wenjun Zheng Fuli Wang Mei Lin Haitao
(Sol and Fertilizer Institute, Shandong Academy o Agricultural Sciences, Jinan 205100, China)

Abstract Shandong Province is the main vegetable producing region in China, with its greenhouse coverage account ing for
nearly 50% of the country’ s. In the period from 1994 to 1997, the mean annual fertilization rate on greenhouse vegetable in
Shandong was N 1 351 ke hm™ 2 P,05 1 701 kg hm™ ? and K,0 539. 6 kg hm™ %. In camparison with the application rate in
2004, the application rates of nitrogen and phosphorus fertilizers decreased, but of potassium fertilizer and organic manure irr
creased significantly in 2007. Apparent balance of soil nutrients showed that soil N, P and K was gaining by a large margin. Re-
gardless of high fertilization rates, fertilizer recovery rates were still quite low. The apparent fertilizer recovery rate of nitrogen,
phosphorus and potassium was 21.33%, 2.82% and 61.34%, respectively, in greenhouses in Shouguang City in 1997. Soil
H in the greenhouse showed a declining tendency as compared with that in the open field, while the content of organic matter a
reverse one. The content of soil available nitrogen varied sharply fran area to area, averaging 205.4 mg kg™ ', and the content
of available P had a similar tendency and averaged 225.2 mg kg™ ', showing an obvious build-up effect and an extremely positive
relationship with greenhouse age (r= 0.550" , n= 35). The highest content of available K was up to 369. 7 mg kg™ ', which
also demonstrated an obvious build up effect. The older the greenhouse, the higher the content of available potassium ( r=
0. 502", n= 35). The content of soluble calcium was 337. 9 mg kg™ ! in the surface soil, and the content of soluble magnesium
was 67. 8 mg kg . Generally the content of soil trace elements, except boron, in the greenhouse was higher than in the open
field, respedively.

Key words Greenhouse vegetable; Soil; Fertilizer application rate; Available nutrient; Trace element



