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1
Table 1 Different anountsof N, P and K application to cucumber in solar greenhouse kg/hm?
Fertilizer 1 682 1 0 -1 - 1682
N 331 48 264 28 165 74 67 20 0
P05 165 89 132 25 82 94 33 63 0
K20 580 68 462 96 290 34 117 72 0
) 1 699 50X 2X 3 (1)
Y X1, X2 Xs N,
2 P0Os K20
: , LF1= 2 218<
N, POs K20 Foossey= 3 69, , ;
Y= 112 821 16 + 4 692 llX 1+ 414 66X 2+ Fo= 6 Ol7> Fa 01(9 13) = 4 19,
2617 25Xs - 3 467 97Xi- 2 085 66X3 - =
3570 85X3 + 586 50X X2+ 1 861 87X X3+ : (1)
2
Table 2 The experiment treatments and cucunber yield in olar greenhouse
N/(kg: hm"?) P0Os/(kg: hm" ?) K0 /(kg- hm™?)
X1 X2 X3 /
. -2
Na (ng igz )
Amount of Amount of Amount of
Code fertilizer Code fertilizer Code fertilizer
1 1 264 28 1 132 25 1 462 96 118 453 50
2 1 264 28 1 132 25 -1 117 72 102 823 50
3 1 264 28 -1 33 63 1 462 96 112 921 50
4 1 264 28 -1 33 63 -1 117 72 103 284 00
5 -1 67 20 1 132 25 1 462 96 105 832 50
6 -1 67 20 1 132 25 -1 117 72 96 844 50
7 -1 67 20 -1 33 63 1 462 96 101 841 00
8 -1 67 20 -1 33 63 -1 117 72 100 456 50
9 1 682 331 48 0 82 94 0 290 34 110 121 00
10 - 1682 0 0 82 94 0 290 34 91 348 50
11 0 165 74 1 682 165 89 0 290 34 104 707. 50
12 0 165 74 - 1682 0 0 290 34 104 581 50
13 0 165 74 0 82 94 1 682 580 68 100 474 50
14 0 165 74 0 82 94 - 1682 0 100 413 00
15 0 165 74 0 82 94 0 290 34 114 868 50
16 0 165 74 0 82 94 0 290 34 115 146 00
17 0 165 74 0 82 94 0 290 34 113 703 00
18 0 165 74 0 82 94 0 290 34 112 126 50
19 0 165 74 0 82 94 0 290 34 104 344 50
20 0 165 74 0 82 94 0 290 34 112 734 00
21 0 165 74 0 82 94 0 290 34 115 009 50
22 0 165 74 0 82 94 0 290 34 113 641 50
23 0 165 74 0 82 94 0 290 34 114 598 50
21 N 25 58 mg/kag,
[11] [11]
22
X 1> X3> X2 , 2
i) ) 0 ] 3 1

~

3),
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3 106 92 107 12 t/hm”®
Table 3 Partial regression sub-model involving N.P.Os KO
the expermental factors and cucumber yield

Partial regression model

Factor ’ ’
N Y1= 112 821 16+ 4 692 11X 1- 3 467 97X 2 [13]
POs Y= 112 821 16+ 414 66X 2- 2 085 66X
K0 Ya= 112 821 16+ 2 617 25X 3- 3 570 85X 3 23
N,POs KO 0
1 Yaz= 112 821 16+ 4 692 11X 1+ 414 66X 2-
3467 97X i- 2 085 66X 5+ 586 50X iX 2 (2)
= + + 4 -
- 1 682 Q 70 , 98 32 Y @3 1122 821 16+ 4 (292 11X 1+ 2 617 25X s
e 114 41 thm® 070 3467 97X 1- 3570 85X 5+ 1 861 87X iX 3 3
t tv/hm Yy = 112 821 16+ 414 66X .+ 2 617 25Xs-
;1682 : 110 90 2 085 66X 3- 3570 85X 3+ 1699 50X X s (4)
2
t/hm Q 10 : 3 , (3)
Q 37 ; ,
2
’ 106 92 t/hm 0,+Q5+1,+1341 +16809
112 84 t/hm?, 98 32 t/hm? (3)
113 30 t/hm? , 2
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Coding value of the experimental level N
1 N,POs K0 2
Fig 1 Effect curve betweenN, P, K Fig 2 Regonse surface of N and P interaction effect
anount and cucumber yield
, 4
Q 833 Table4 Effect of N and K quantity variation on cucumber yield
Q 584 ! 4 ! Range Factor variation  Yield
4 X 1< Q 833,X 3< Q 584 Nt K1 1
' X 1> Q 833,X 3< Q 584 Nt K- !
N- K1 1
(0 693, Q 197) (a 275, X1< Q 833,X 3> Q 584 Nt K- 1
Q 432) , N- Kt !
X41> 0 833, X35> Q 584 Nt Kt L

“oqom “oy

Note" t " increase” | ". decrease” - ". no change
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24

dy:/dx1= 4 692 11- 6 935 98x. (5)
dyz/dx2= 414 66- 4 171 32x: (6)
dys/dxs = 2 617 25- 7 141 10xs (7)

+1682,+1
’ y 3

Yield

0

P= &t = hm™)

W5 K F 4 64

Coding value of the experimental level

3

Fig 3 Border yield effect of N, P and K on cucumber

3 ’

5

107 403 26 kg/km?
Table 5 Frequency distribution of the variable valuew ith cucumber yield higher

3
lich)
25
;+1682,+1 0,
1, 0,0,
290 34 kg/hm?,
kg/hm?
125
107 403 26 kg/hm?

5%, 5
X1 Q 652 1 175, X
Q 374,X s Q 179 Q 701

95%
22

than 107 403 26 kg/km? in the experiment scheme

(E M itscher-
[14] 3

5°= 125
N, POs K20
264 28,82 94
114 045 30

2

107 403 26 kg/hm?

L evel X1 X2 X3
- 1682 0 1 0
-1 6
0 6 8 11
1 10 6 9
1 682 6 1 1
W eighted average Q 913 0 Q 44
Standard error Q 133 Q 191 Q 133
95%
Distribution range at level of 95% Q652 1175 SASER S Q179 Q701
6
3 Table 6 Application anount of N, P and
31 K in different treatments kg/bm?
2 , 2005-07-11 Treatment N P05 K20
’ B 0 164 63 0
22 37mg/kg, 101 15mg/kg cK 285 26 140 59 406 67
1 1 3 2
A, B, 7 ’
(CK) 3 ’ 3 ’ , 3 A >
, ( 6 CK> B, (P< Q 01)
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7
Table 7 Cucumber yield of different treatments kg/hm?
Yield 5% 1%
Significant Significant
T reatment 1 2 3 o
Repeat 1 Repeat 2 Repeat 3 A verage Sk s N

A 71964 25 69 527 57 69 081 82 70191 21 a A

CK 64 503 60 63 827 45 63 293 46 63 874 84 b B

B 56 927 27 57 218 89 57 091 35 57 079 17 c C
4 1

237 6 g/kg , ,
[13]

N, POs K0 N > , ,

K @ > P@ 5 3 )
114 045 30 kg/hm? ,N,POs KO ,
264 28,82 94 290 34 kg/hm”®
N,POs KO )
237 6 g/kg
[ ]
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Function of organic acids in heavy metal tolerance
mechanisn in hyperaccumulator

ZHU Yan-xia,W E|Y ou-zhang,Y E Zheng-qian,Y ANG Xiao-e
(College d Enviromental and Resource, Zhejiang U niversity, H angzhou, Zhgjiang 310029, China)

Abstract: The contamn ination of heavy metals in fils isa seriousproblem. O rganic acids such as citric,
oxalic and/or malic acid, are mportant metal chelators in hyperaccumulator. A reviev is given on the par-
ticipation of organic acids in the absorption, trangort and accumulation of heavy metal tolerance mecha-
nisn in hyperaccumulator and existing probleam s in the recent studies and development propects in the fu-
ture

Key words organic acid; hyperaccumulator; heavy metal; tolerance m echanisn
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Construction of mathematic model for solar greenhouse
cucum ber balanced fertilization in the sandy land

M U Da-wei', ZOU Zhi-rong’, WANG L an-ying’
(1 College d H orticulture,N ortw estA & F U niversity, Yangling, Shaanxi 712100, China;
2Agricultural College, Inner M ongolia A gricultural U niversity, H uhehaote, Inner M ongolia 010019, China)

Abstract: By meansof quadratic component rotational design, the experimentw as conducted in order to
get an optimized fertilization scheme for high yield cucumber production A matheanaticmodel involving the
N, P, K and cucumber yield was established by computer optimization under the condition of sandy land
w ith a sand content of 237. 6 g/kg Based on themodel, the paper analyzed the effect of single factor and in-
teraction of N, P, K, themarginal yield and the optimal fertilizer application U nder this il condition, the
result show ed that the anount of N, POsand K20 for the highest yieldw ere 264 28, 82 94, 290 34 kg/hm?
and 114 045 30 kg/hm? regectively.

Key words sandy land; solar greenhouse, cucum ber cultivation; balanced fertilization; m athem atic mod-
el



