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Path analysis of the impact of environmental factors on daily
consumption of tomato of supplying nutrient solution using
negative pressure in greenhouse

ZHANG Fang'? ,ZHANG Jian-feng”, QIAO Xiao-jun',XUE Xu-zhang' ,WANG Li-chun', CHEN Xiao-li' ,LI You-li'
(1. National Research Center of Intelligeni Equipment for Agriculture, Beijing 100097, China;
2. Department of Hydraulic and Hydropower Engineering, Xi’ an University of Technology, Xi’ an, Shaanxi 710048, China)

Abstract: A experiment was conducted to explore the correlations between the daily consumption of tomato of
supplying nutrient solution using negative pressure in greenhouse and the related environment factors such as air rel-
ative humidity, air temperature and solar radiation intensity under different leaching time and volume with supplying
nutrient solution using negative pressure with Pearson correlational analysis method, and direct and indirect actions
of environmental factors on tomato daily consumption with path analysis were also analyzed. A regression model for
the daily consumption of tomato of supplying nutrient solution using negative pressure in greenhouse was established.
The results showed that the daily consumption of tomato had significant linear correlation ( P<0.05) with environ-
ment factors, including strongest positive correlation with daily average solar radiation intensity and daily maximum
solar radiation intensity, and strongest negative correlation with daily maximum relative humidity. Daily average
solar radiation intensity was the main decision factor of the daily consumption of tomato with the decision coefficient
45.7% , and daily effective accumulated temperature was the main limiting factor with the decision coefficient being
—459.6%. The square value of the regression coefficient between the simulated and measured tomato daily consump-
tion was 0.965. The regression model established by using the main environment factors could better simulate the daily
consumption of the daily consumption of tomato of supplying nutrient solution using negative pressure in greenhouse.

Keywords: negative pressure irrigation technique; environmental factors; greenhouse; tomato; daily con-

sumption ; path analysis
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1. Water supplying disc; 2. Water outlet; 3. Pipe of controlling pres-
sure; 4. Airway pipe; 5. Pressure sensor; 6. Connecting pipe; 7. Nu-
trient solution storage barrel
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Fig.1 Principle diagram of nutrient solution supplying

device with negative pressure
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1. Nutrient solution supplying device with negative pressure water suppl-
ying disc; 2. Controller; 3. Connecting pipe; 4. Tomato plant; 5. Sub-
strate; 6. Potted container; 7. Drip irrigation pipe; 8. Solenoid valve;
9. Nutrient solution storage barrel for leaching
2 FkIMREEMKERETEE
Fig.2 The schematic diagram of the supplying device and

leaching device with negative pressure
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s 7 T
1. Tomato plant; 2. Hand valve; 3. Connecting pipe; 4. Discharge hole;
5. Water supplying disc; 6. Collection container; 7. Ground
B3 ZBFFRHBRBETHIETER
Fig.3 The generalized schematic diagram of the potted

container and collection of drainage
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Table 1 Pearson correlation coefficient of tomato daily consumption based on supplying nutrient
solution using negative pressure and environmental factors in greenhouse
TiH Item ET RH ... T ean I ean VPD, on RH.. T s I RH ;. GDD I, K.
ET 1 -0.400"" 0.679"* 0.874** 0.702"* -0.568"* 0.452** 0.878"* -0.260" 0.575"* 0.574 0.800" "
RH e 1 -0.310" " -0.456" " -0.523"" 0.478" " -0.445"" -0.459"" 0.937* *-0.138 -0.156  -0.022
Tovean 1 0.506** 0.749"* -0.378"* 0.732** 0.568"* -0.193 0.659" "  0.655"" 0.671""
Lcan 1 0.547** -0.437"" 0.465"" 0.967"" -0.372"" 0478"" 0.481*" 0.517""
VPD,,oun 1 -0.695" " 0.450"* 0.586"" -0.290" 0.437"" 0.433"" 0.541""
RH,,,, 1 -0.161  -0.453** 0214 -0.165  -0.167 -0.362""
T o 1 0.547** -0.466"" 0.470" "  0.468" " 0.287"
L 1 -0.371%* 0.528"*  0.529"" 0.539"*
RH,;, 1 -0.090  -0.111  0.114
GDD 1 0.999" " 0.667 "~
1 1 0.656" *
K, 1

TE: * IR P<0.05; = * KR P<0.01, ET: HFEWE; RH,, ., : HVFSAARIREE ; T, : HFAS; 1, : B PXRAESREE; vPD,,,

H P B AR IUEZE 5 R, 2 H B AEXIREE 5 T, 0 BRI 10 o H SRR BHRRI SR 5 RH,,,,, - H SBARAEXIREE ; 6DD . H AR 1

HORBHARSTSRERR R K, AW FREL

I, can : average solar radiation intensity; VPD, ..
maximum solar radiation intensity; RH, . :
ty; K,
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Pearson A AT AT A0, 24 H B 3R 5% I AN AR,
et HAEM I 5 & IS IR T A A7 A AR 3 19 AH G 1
ESCANRE W1 150 BH 2% B 5% TR 7 22 o] RO 2 ik H #E
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K HEAR o3 M G — 20 50 A & PR BRI F 1Y B 4%
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MAFERE s HoR R A b 45 PR 58 R 70 e il HFETR
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0.757VPD... —0.059RH - 0.007T, +0.0411, -
0.045RH,. - 0.008GDD + 0.009/, + 4.353K, (9)

ATy 4001, F =159.397(P < 0.01) , i
SYBTARE W 22 BT A S I HL R = 0.965( P

. crop coefficient.

: average vapor pressure deficit; RH . :
minimum relative humidity; GDD; effective accumulated temperature; I, ;

n o
a*

: average relative humidity; 7., : average temperature;

maximum relative humidity; 7', : maximum temperature; [, :

accumulated solar radiation intensi-

< 0.01) (n = 89), BHHEE I HTA B XL,
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-2 A X B (RH,,,,,, )« H P 24 KRR 22
(VPD,...) « B 5@ KBRS EE (1) « H B ARATRT
MR (RH,,,)  H AR (GDD ) F1 H X BH 4 55t 5%
AR (1,) 50 AR E N HEER R R R B
IR (P<0.05) , iX 6 -] £ 2k il H AER i 10 &
SRR TR AR s Hoh ot H R VR 1) 5 K B E R
P2 H KRR R B AR (1) , R B R R 2L
(K,) , K EEA WA H AR (GDD) |

B R AR 2 AR R B E 1, A
KPR Som BERRER (1) % H FEIRCE 1Y B 332 W o 1
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Table 2 Impact analysis of direct and indirect action of environmental factors on direct and indirect action of
tomato daily consumption of supplying nutrient solution using negative pressure in greenhouse
HEH [B) #2342 24X Indirect path—coefficient ?XE"TH Y
P R 1Y \,
TR U EY i1
+ Direct - Decision
. Total effect .
Factors  path— ¢ fact coeffic-
coeffic- RH \ean T ea /1 VPD,\ o, RH, T 1 RH ;. GDD 1, K, o! ac' or jent
. to daily
1ent .
consumption
RH ... 0.261" — -0.001 -0.146 -0.076 -0.056 0.007 -0.107 -0.260 0.227 -0.238 -0.011 -0.400 =27.7
Tea 0.004 -0.081 — 0.162 0.109  0.044 -0.012 0.132  0.054 -1.084 1.002  0.350 0.679 0.5
L can 0.320"* -0.119  0.002 — 0.079 0.051 -0.007 0.224  0.103 -0.786 0.737 0.269 0.874 45.7
VPD,.., 0.145* -0.137 0.003 0.175 — 0.081 -0.007 0.136 0.080 -0.719  0.663  0.282 0.702 18.2
RH,. -0.116** 0.125 -0.001 -0.140 -0.101 — 0.003 -0.105 -0.059 0.272 -0.255 -0.189 -0.568 11.9
T,.. -0.016 -0.116  0.003 0.149 0.065 0.019 — 0.127  0.129 -0.773 0.716  0.150 0.452 -1.4
Lo 0.232* -0.120 0.002 0.310 0.085 0.053 -0.009 — 0.103 -0.868 0.810  0.281 0.878 35.4
RH ., -0.277* 0.245 -0.001 -0.119 -0.042 -0.025 0.007 -0.086 — 0.148 -0.170  0.059 -0.260 6.7
GDD -1.645* -0.036  0.002 0.153 0.063 0.019 -0.007 0.122  0.025 — 1.530  0.348 0.575 —-459.6
1.531*  -0.041 0.002 0.154 0.063 0.019 -0.007 0.123  0.031 -1.643 — 0.342 0.574 -58.6
L 0.521** -0.006 0.002 0.166 0.078 0.042 -0.005 0.125 -0.032 -1.097 1.004 — 0.800 56.2
& 0.188 0.188

.« P<0.05, * * P<0.01;6 FARFIAH T,

YEIZRE(K,) #ad H R FHER SR R (1)
I H A RCEUE (GDD) Xt H B =R 5K IE |
] R AR , O FLUE 7 X HORE R Y B
FH AR S 2 7K, A8 A5 8 22 B) 0 AH DG P 3 i, ]
TH RN A G,

H A 3G (GDD) X H FE I 1 L% % W ok
i), i3X 5 Pearson A& Rk H 5 H
FETR I A IEAH AR, (HaxX HUJEH 8 3 2 1 o
R, 55Y A TR R I A — B, B o
H K PH A S i B B SR (1) %o H RE TR AY 1 1) 52 M ]
FEARHRIG X PP S AE D0 ey L8 VR R (K, )
H AR 1) 1F ) 2 i ke 32 SR, B DA H A 0B
(GDD) 1 H R R I B P E ARG

HE& 2 A, EHRA R I B a2 4
s T[] 238 42 R ACEE b, B T IE UAGR AR B
HEW 58 B SF MR (RH,,,,) @1t H K
PHAR SR R (1) X H RE 1 671 1) 5% ke 8 4
FHUBE R 7 5 H ORE R & 2 SO G B ARE
(T o) IVEY) R EL (K, ) XF HAEW S 14 1F 1] 52 1]
JE T F Z SRR OC A EEORIE; H K BH R 5
SR (1., ) % H FEVR I 1 ELHEVE FH AN 43 531 3 o A
WARE(K,) I H S5 KPR SR (1, ) % H #E)
A IE a4 R s e L 5 HORE R AH DGR Y

FE 5

Note: * P<0.05, * * P<0.01;¢ is surplus factor.

TFHE, PR A B A K HA R A
KR (VPD,,,,,, ) B EY R (K, X H AR
FIE IR, (o H R S B S 3 R S K
H i MG (RH,,,, ) 73 58 s VR R E(K,)
H P E R BRSS9 (1., ) T H 35 1o A PR S it 2
(1) X5 B FEIRCEE A4 S ) 2 ) 3 22 8] i A1 56
PRS2 ARG H R il ( 7, ) il AR R
(K, HAFEK B R S 55 S (1,,,,, ) A H S AR AR XS
MEHE (RH,,,, ) XF H AR B IE [ 5200 25 H R
I 2 [ S TE A O A HE A AR 05 H e e K B A A
SRIE (1,,,, ) 385 H B R T H P 249 O BH e 4 52 2
(1) SAHER R BCCK, ) 3 HFERCE A IE 7] 520,
A -5 HAEIR R 2 [ SR 3 TEAR G H e fRAH
XHHE (RH, ;.. ) 1853 H P ROR PR ST R EE (1, ) X H
G Rl Wi S [h A N e g |1 D S Y
T AR HARRE LR S TR TR R,
B R B REVNER . m R RECR 1, R
(K)>R(1,,,)>R*(1,,)>R*(VPD,,,)>R*(RH,,.)
(RH,...)>R*(1,)>R*(GDD) , BEIIEY) R (K, ) Al
PR BRI SR (1,,,,) 739000 F BRI 1 Al
PSR IR 5 H AT OB (GDD) FH K BH 48 55 5
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Fig.4 Comparison between simulated values and measured values of daily consumption
of tomato using negative pressure in greenhouse
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