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Sensibility Analysis of Meteorological Factors on Daily Consumption
of Nutrient Solution for Tomato Using Negative Pressure
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(1. Beijing Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China
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Abstract; Negative pressure irrigation technique, which is one of the new irrigation technology for saving
water, was applied to substrate culture in greenhouse. There were fewer researches on the relationship
between the daily consumption of tomato and meteorological factors added to the leaching link in substrate
culture. The daily consumption of plant was affected by the interaction with meteorological factors and by
the sensitivity of the meteorological factors. It was beneficial to develop the system of supplying nutrient
solution and the management methods with substrate culture using negative pressure in greenhouse based
on mastering above relationships. Tomato was used as a material with substrate culture testing for the
condition of negative pressure to supply nutrient solution. The daily consumption of nutrient solution and
meteorological factors, e.g., air relative humidity, air temperature and solar radiation intensity, were
measured. Based on these factors, a multivariate regression model was established and the direct path
coefficient, indirect path coefficient, determination coefficient and total contributions for estimating the
reliability degree of the regression model were calculated by path analysis method. The results showed
that the direct path coefficients of crop coefficient and daily average solar radiation intensity reached a
very significant level (P <0.01). The determination coefficient of these two factors and the contributions
to R” among the factors were the maximum , thus the two factors were the important meteorological factors
on daily consumption of nutrient solution for tomato. From the effect of meteorological factors reduction on
daily consumption value by path analysis, it was indicated that the daily average solar radiation intensity
was the strongest sensitive factors, followed by the crop coefficient and daily maximum solar radiation
intensity.
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Tab.1 Impact analysis of meteorological factors on direct and indirect actions of tomato daily
consumption of nutrient solution using negative pressure in greenhouse
W HEEwR [HEESTREE LY w Ry 1
£ %, %, %3 I x5 % %y Xg % e
L 0.247 -0.003 -0.172 —-0.060 -0.069 0. 025 -0.075 —-0.282 -0.010 -0.400 ™
Xy 0.011 -0.076 0.191 0. 086 0. 054 -0.041 0.093 0.058 0.303 0.679 **
X3 0.376 ™ -0.113 0. 006 0. 063 0. 063 -0.026 0. 159 0.112 0.233 0.874 ™
Xy 0.115 -0.129 0. 008 0.206 0. 100 -0.025 0. 096 0. 087 0. 244 0.702 "
x5 —-0.144 ™ 0.118 -0.004 -0.165 -0.080 0. 009 -0.074 —-0. 065 -0.163 -0.568 "
Xg -0.056 -0.110 0. 008 0.175 0. 052 0.023 0. 090 0. 140 0. 130 0.452 ™
xq 0. 164 -0.113 0. 006 0. 364 0. 067 0. 065 -0.030 0.112 0.243 0.878 **
xg -0.301" 0.231 -0.002 -0.140 -0.033 -0.031 0. 026 -0. 061 0. 052 -0.260 "
Xg 0.451 ™ -0.006 0. 007 0.195 0. 062 0. 052 -0.016 0.089 -0.034 0. 800 ™
& 0. 205 0.205
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Tab.2 Determination coefficient of factors to daily consumption of tomato and total contribution rate to R’

r5 1 2 3 4 5 6 7 8 9

d,; d, d 5 d 5 d 79 d dg d 5 dy d,
e R 0.204 0.182 0.176 0. 147 0. 142 0.139 0.120 0.091 0. 042
A+ Xg X3 %4 X, x5 Xy xg X X,

o BT ik 0.361 0.329 0. 144 -0.099 0. 082 0. 080 0.078 -0.025 0. 008
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Tab.3 Impact analysis of reduction of meteorological factors on direct and indirect actions of tomato
daily consumption with path analysis
xl(r”: -0.400) x,(r, = -0.679) xy(r; = —0.874) x4(r}4= -0.702) xs5(r;s = —0.568)
A F 4~
HEE [1) 32 1 Hi% i) 32 1 HEE (i) 2 1 HEE [I8) 52 I Hi% 1) 32 1
9 0.247 -0.647 0.011 0. 668 0.376 0. 497 0.115 0.588 -0.144 -0.424
8( L) 0.015 0. 664 0.375 0. 498 0. 065 0. 637 -0.100 —-0.468
8( £ x,) 0.247 -0. 648 0.377 0. 496 0.120 0.582 -0.143 —-0.425
8( % x3) 0.243 -0.643 0.023 0. 656 0.103 0. 600 -0.139 -0.429
8( % xy) 0.116 -0.516 0. 081 0.598 0.366 0.508 -0.155 -0.412
8 (2 ws) -0.021 -0.379 -0.015 0. 694 0.367 0.507 0. 142 0. 560
8( X% xq) 0.222 -0.622 -0.040 0.719 0. 405 0. 468 0.127 0.575 -0.142 —-0.425
8( % x;) 0.252 -0.652 0. 000 0. 679 0.520 0.354 0. 125 0.578 -0.149 -0.419
8( % xg) -0.076 -0.324 0. 008 0.671 0.387 0.487 0. 056 0. 646 -0.087 -0.480
8( X% xg) 0.331 -0.731 0. 403 0.276 0.423 0.450 0. 066 0. 636 -0.186 —-0.382
xg (g = —0.452) x,(r, = —0.878) xg(rg = —0.260) xo (7 = —0.800)
HF A%
HEE Ii1) 45 01 HEE Ii1) 45 1 HEE Ii1) 45 01 HEE Ii1) 45 01
9 -0.056 0.508 0. 164 0.714 -0.301 0.041 0. 451 0.349
8( &) -0.042 0.494 0. 169 0.709 —-0.086 -0.174 0. 455 0. 345
8( % xy) -0.050 0. 502 0. 162 0.716 -0.301 0. 041 0. 455 0.345
8( £ x3) -0.104 0.557 0. 545 0.334 -0.322 0. 062 0.458 0.342
8 (2 xy) -0.074 0.526 0. 188 0. 691 -0.199 -0.061 0. 445 0. 355
8( % x5) -0.051 0.503 0. 191 0. 687 -0.071 -0.188 0. 463 0.337
8( % x6) 0. 122 0.757 -0.265 0. 006 0. 467 0.333
8( 2 x;) -0.029 0.481 -0.300 0. 040 0.458 0.342
8( 2 ag) -0.025 0.478 0.163 0. 878 0. 450 0.350
8( £ xy) -0.246 0. 699 0. 300 0.578 -0.279 0.019
TEer, (i=1,2,-,9) RREETF (1) 5 %A H AW (y) Z BB, TR,
4 SEATFROGMENHORRSBERON PN FHATHREZ WS
Tab.4 Impact analysis of reduction of meteorological factors on total contribution rate to R’ of
tomato daily consumption with path analysis
e a, £ 7 XF 8 )9 5 7 R i 8 STk e
x| Xy X3 Xy X X x5 Xg Xg
9 0. 042 -0.099 0. 008 0.329 0. 080 0. 082 -0.025 0. 144 0.078 0.361 0.958
8(%x,) 0. 044 0.010 0.328 0. 045 0. 057 -0.019 0. 149 0.022 0.364 0. 956
8( £ x,y) 0. 042 -0.099 0.329 0. 084 0. 081 -0.022 0. 142 0.078 0. 364 0.958
8( 2 x;) 0. 050 -0.097 0.015 0.072 0.079 -0.047 0.478 0. 084 0. 366 0. 950
8( % xy) 0. 044 -0.046 0. 055 0.319 0. 088 -0.033 0. 165 0. 052 0.356 0.956
8( % x5) 0. 048 0. 008 -0.010 0.320 0. 100 -0.023 0. 168 0.019 0.370 0.952
8( % xg) 0. 043 -0.089 -0.027 0.354 0. 089 0. 081 0.107 0. 069 0.373 0. 957
8( £ x;) 0. 043 -0.101 0. 000 0. 454 0. 087 0. 084 -0.013 0.078 0.367 0. 957
8( % xg) 0. 045 0. 030 0. 006 0.338 0. 040 0. 050 -0.011 0. 143 0.360 0. 955
8( % xy) 0.112 -0.133 0.274 0.370 0. 047 0. 106 -0.111 0.264 0.072 0. 888
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IR x, W )45 /E 1 (0. 325) LE v, B 18] 4% 45 T (0. 246)
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Tab.5 Impact analysis of gradual reduction of the least sensitive meteorological factors on direct and indirect
actions of tomato daily consumption with path analysis
%y (r, = —0.400) %, (r, = -0.679) xy(r; = —0.874) xy(r,y = =0.702) xs5(rs = —0.568)
A A~ 5
HEE [ia] 4% il Hi% i) 32 1 HEE (i) 2 1 HEE [I8) 52 I Hi% 1) 32 1
9 0.247 -0.647 0.011 0. 668 0.376 0. 497 0.115 0.588 -0. 144 -0.424
8( % x,) 0.247 -0.648 0.377 0. 496 0. 120 0.582 -0.143 -0.425
T(% x5) -0.024 -0.376 0. 365 0.508 0.134 0. 568
6(% %) -0.096 -0.304 0.370 0.503 0.113 0. 590
5(% ) 0. 422 0.452 0.163 0.539
4( % xg) 0. 447 0.426 0.158 0. 545
3(£ %) 0. 402 0.472
2( % xy) 0. 628 0.246
x6(re = —0.452) %, (r; = -0.878) xg (rg = —0.260) 1y (ryy = —0.800)
A FA~ %
Hi% [ 42 A Hi% [ 42 A Hi% [ 42 Fu Hi% [ 42 Fu
9 -0.056 0. 508 0. 164 0.714 -0.301 0. 041 0.451 0. 349
8( £ x,) -0. 050 0. 502 0.162 0. 878 -0.301 0. 041 0. 455 0. 345
T( 2 xs) -0.059 0.512 0. 195 0. 684 -0.070 -0.190 0. 458 0.342
6(% xy) -0.049 0.501 0. 190 0. 688 0. 457 0.343
5(%x)) -0.027 0. 479 0. 168 0.710 0.411 0. 389
4( % xg) 0. 131 0.748 0.413 0. 387
3(% %) 0. 240 0. 638 0. 463 0.338
2(% %) 0.475 0.325
%6 ELRBOBIAHBRSKATFHENORREBROM DM PHATHREZ WA H
Tab.6 Impact analysis of gradual reduction of the least sensitive meteorological factors on total contribution rate to R’
of tomato daily consumption with path analysis
of [l ) R I B TR
T 0, - - - %.jﬂ@ﬂﬁj: ] Jxﬁmﬂﬁ - - - 2
9 0.042  -0.099 0. 008 0.329 0. 080 0. 082 -0.025 0. 144 0. 078 0.361 0. 958
8(2xy) 0.047  -0.099 0.329 0. 084 0.081 -0.022 0.142 0.078 0. 364 0.953
T(% x5) 0. 048 0.010 0.319 0. 094 -0.027 0.171 0.018 0. 366 0.952
6( 2% xg) 0. 048 0.038 0.324 0. 079 -0.022 0.167 0. 365 0.952
5(% %) 0.053 0. 369 0.114 -0.012 0.148 0.329 0. 947
4(% xg) 0.054 0.391 0. 111 0.115 0.330 0. 946
3(F %) 0. 068 0.351 0.211 0.370 0.932
2(% %) 0.072 0.548 0. 380 0.928
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