ch E B RS 2 AR BATY ISSN 1000-0933
PERRFRHT CN 11-2031/Q

ch EF S HAT

P ERFRESEEET
cta Ecologica Sinica

P E 60 /220 H B HA T
ERHFIR

2011

PEESFFS —_
AR E R 22 B A SRR R 5T Rl
R N tH AR



M C R

" (SHENGTAI XUEBAO)
smepswomis o 31E F3H 2001F2A8 (FAT)
| R

EUA AP BRILLIRT LUK PR B - everererrneerneeeneeeeenns EEE BHES, Y B (593)
“P#%i]‘ﬁﬁﬁ#ﬁ%ﬁ%ﬁ&éﬁfi@&%éﬁ ............................................. ﬁ%/ﬁi,)ﬁ%ﬁ%,ﬁﬁ H B ’% (602)
BA AL R E AR R KA R A A TT A AP e kEE B KEN L (611)
Rl Z 4 R KA A B0 2 1) 4 By A 8 ] R oo Y T N4 B A1 (620)
KA COL RS ot B ZIRH A K B E AL & 209 FRHm e E¥E,EEHZ, X 4 (629)
Bl RALA L) RIT A IR A BAR A A BN oeeeremmeereeennnns T oW, & KT OB, F (638)
FL BRI R A IR KA URAR S D BETE VLB GL - B—, % B GILT,% (646)
jtéﬁi‘giﬂﬁﬁﬁ’f&@i#&‘ ............................................................ Eﬁi#@,%f?}ﬁﬁ,ﬁ{kﬂi,% (654)
FAZ AN O RBA KA S QB E IR e BEF EHE LHE, % (666)
B2 EAAE R AR A PE e BhE, 4R £, F ok, % (673)
ﬁ‘ﬁ?!iii’i&ii%#%f'fiiﬂ‘iﬁﬁ“%%iiﬁéﬁ%" ..................................... e ﬂ’,E ;’%’ﬁ 4%’% (680)
?%?#%?Ez’%"ﬁ#ﬁ%&@ﬁ‘ ................................................... ? ’Q’ﬂ g,ﬁ%?—%’% (689)
P 3 35 Ao AR 3TN 8 T2 3 oy A b 5 A S AR ER R 4G v oo Tr#, FHRE, 3 K, % (698)
LR IR A4 IR R 0 BB BB A A veeeeeeeeeserinrrrrrre e e e e e e & % FAWE ESF,% (709)
AL 4 3R ) R T MR A K S T e TR R EH M (716)
A B AR R R AT AE R L A e s EE FER FEX,% (726)
NaCl #o Na,SO, Mrit F 5 A7 Rl Moot 1 dn ot GEARAB LAY ooveeeeeeneeenes EIE, R, TR, E (734)
BB REE KGR FAIFE R e ﬁi%%,%#lﬁ,%ﬁ%%‘,% (742)
YRt FAR A Db AR H A e T A o8 vvreeerrnnnreereni e Bl A, 0 8, E % (749)
R Qb M R Ay T I K K] oeveverernmeeenee EERWM,ETHEL,BEOE,% (760)
TR S T AR R R L AR R I A e FEH 77 HKE R, R AR (T70)
RATRRE W FAT 8T R 2R ERERIEESHF R eee B OKGHAR, B, % (T77)
BT RRARBARLNEBER BT FEFI e "M, BTR,KAFE,F (784)
GEACIEEEE S MU VS R SO & WA RS & XUECE /L BRI A BFX, EHE,%F (793)
ML LA S A LA LR AN AN BRI YT F e LILH, B 5B, a4 (801)
E BV EARE AM L A DSE 645 [ 4 A weeeevvreeeronreeesiieeeiineeennnnnes mes FARE AT % (812)
BEETE T INA LGP AR IIEL A DFEZL GG A coeeerrrerreeneeen, WL, EAE 4 #,4 (819)
BEARMHME TS E AR AIER GG E B e ?%ﬁ,ffﬁ'ﬁ,?%ﬂ',% (830)
33 FGFER T AT A e E&%,BME?E{:,?%E&,% (839)
T BE B R AR A S IR TR R coeveerrr ﬁ}%él,ﬂ:ﬁ?ﬁ,fﬂj )j%’% (849)
UN AR AALE A RAG AT G oo DK, D F R, F (858)
AR ZAEAZ T DOC 48 TACKT TR - B Fvhy ovveeeeeeenennnnnes BOLHT,E W AW, F (866)
M B 1T AT IR 3 AT R ERE SR TR RARGAE e & F R R R, % (874)
ia) i i

Ut 55a ARG A RFLE LGN K FH B IER L AAGF ARG Hrlm ooeeeeeeens x| & 3 KTTH (882)
#) ) HYSPLIT AE A 547 & $F T B 3 3 R AT BIHLIE ~ovveeeerrmmneneeeeiinnneen AR, R T, %AW, (889)

HAFIEARSHCN 11-2031/Q * 1981 # m # 16 * 302 * zh = P % ¥70. 00 * 1510 * 35 % 2011-02



He I 2 3R 2011,31(3) :0742—0748
Acta Ecologica Sinica

IZEEMRITERSHEREFHXE

AL R HHA B Ak
(PHAbAARR B R B 25 e BR T #2% 712100)

RE AEVOEIREE T WP R T 5 3 i R A K A5G 2, LU B0 2 Ao v BRAR 62250 L 1h Dy 2P K e B N iR
JE OGRS Lo as SRS 4 7d BEAT 1 YORIEIGE KR AR A AT RAE A0 70 7 AN AR HE 0B 7 AR 5 2R 50 H G BB 1] 9
ARAL SR AT DPS BRAFHEATIE AL [T, ANy S PR A 7 S5 2R S A i 1ty (R A A TS W P 5 DR B I ) 3 2852 Al L A
BB RRAE HOGIR S SIHA BT 2t Rl < By el A0 Gl SRS Hag ik 2 B T o s BRI AR 32, ol R« 2380 SRS H I
AR BIER 3 ATt N R RS HOE A IR I A BN IR] 7 IR AR Z MR LR AR B2, HIBR A R
PRI AR IS T T 3 AR AR RS R e 5 BRI A (Y IR A T 7 BRI RS A K SR B R S A
KIEH MG R,

KRR : Tl 5 R AR I AR s Ot R S A

Relationship between tomato fruit growth and environmental factors under

protected facility cultivation

CHENG Zhihui* , CHEN Xuejin, LAI Linling, TENG Lin
College of Horticulture ,Northwest A & F University , Yangling 712100 Shaanxi, China

Abstract: To provide information for precision management in tomato production under protected environments, the
relationship between environmental factors and fruit growth of facility-cultivated tomatoes were studied and the optimum
range of key environmental variables promoting fruit growth was identified. The temperature, light intensity, relative
humidity and soil temperature at depth of 10cm in tomato cultivation facilities were recorded at one hour interval. The
variation of daily tomato fruit growth were modeled from the data of fruit diameter increase by measuring transverse and
longitudinal diameters of fruit every seven days. Data on seven environmental variables and fruit growth were analyzed, and
a regression model was established with the DPS software package based on stepwise regression of key environmental
variables and tomato fruit growth. It was shown that, the dynamics of environmental factors over time in two plastic sheds for
spring tomato crops was similar. In both cases, there was a gradual increase of temperature, decrease of day/night
temperature difference, and fluctuation of light intensity and relative humidity. In contrast, in two greenhouses with autumn
tomato crops, there was a gradual decrease of air temperature but insignificant day/night temperature difference. Daily
fluctuation of light intensity and relative humidity was similar to that in the plastic sheds in the spring. There was a great
dependency among the seven environmental variables. For instance, the soil temperature rose with elevated air temperature
while the relative humidity dropped with increase of light intensity. Daily fruit growth in the cultivars Fen Guan and Jin
Peng increased dramatically first and decreased afterwards, which, however, fluctuated greatly in the cultivar Zhen Qi. The
key environmental factors affecting daily fruit growth were significantly different among the three cultivation facilities. A
regression model between daily tomato fruit growth and key environmental variables was developed for each of the three
cultivars, Fen Guan, Jin Peng and Zhen Qi. The goodness of fit, as evidenced by the correlation coefficients, which were

0.9866, 0.9107 and 0.9237, respectively; and the F-statistics values, which were 29.32, 9.73 and 7.26, respectively
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for the regression function indicated that this model could be used for analysis and predication of tomato fruit growth with
reasonable accuracy and precision. The optimum range of the seven environmental variables was defined with regard to their

effects on promoting tomato fruit growth.

Key Words: tomato ( Solanum lycopersicum ) ; fruit development; regression model; facility-cultivation; precision

agriculture
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Table 1 Structure measurement of facilities for examination and tomato spaces in row and between plants

i KB 353 ol TR i el FAMATIE TR EE
Facilities Length/m Span/m Height/m Varieties Row space/cm  Planting distance/cm
SRR 1 Plastic shed 1 40 7.5 1.9 e 50 30
SRR 2 Plastic shed 2 25 7.5 2.1 & 50 30
HYEIRZ Solar greenhouse 40 6.0 3.0 i 60 30
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Table 2 Regression equation of fruit increment per day for three varieties

A A5 Xt R F p
Varieties Regression equation Range of X

X,(24.2,29.0), X,(5.3,11.9)
Y =12.0202 - 0. 8183X, +0. 6207X, —

B X5(52.4,79.0), X((14.8,33.8 0. 9866 29.32 0. 0030
et 0. 0666X; —0. 0949X, +0. 6261X, s ( ) Xo( ) 9 9
X, (20.0,24.2)

Y=18. 5443 + 0. 6171X; + 0. 2595X, — X, (12.8,20.5), X,(13.4,31.4)

Bl 1. 4686.X, X, (19.8,23.0) 0.9107 9.73 0. 0101
B3k Y= —9.7259 + 146. 0898 X, — 145.7784X,  X,(9.9,20.7), X,(8.9,18.4) 0. 9237 T 6 0,025
Z ~72.8317X, +0. 0843 X, X,(1.8,7.9), X,(75.6,98.1) ) ) )

3 AND5 AR T X e AR S A B o e AN 19 A R ) AR RO, R 2% A AR R R AR R TR
MR A RS T RE R, 2 XA X AR X RN 1 USRS H 3 RN 0. 6171525 XM X AR X,
RSN 1, SRS H 380 1. 4686, MBIHLFUIARE fh i i 2R S Hf R e KIREE N T4 &, AR 3, x4
A AR Bt i RS A B 2%

®3 ERMRAIHEERANHEEFAS
Table 3 Environmental factors of maxium fruit increment per day for three varieties

il Vi

e Sy X,/C X,/C X,/C X,/C X/ % X, /klx X,/C
By 4.31 21.73 26.72 15.82 10.90 52.68 24.50 21.05
gl 5.00 21.27 25.46 16.33 9.13 61.75 23.47 20.98
2 4.38 20.52 22.65 18.39 4.26 86.23 9.07 24.79

2.3 HIEEIH T Z LG R H SRR OC R

B A% 9 AR i N RS B ARG RO I, WAk 4 R 5 AR 6, TR 1 P24 il AP 2 SR AR OC R 8
15 0. 98 s R4 RS P B URAHSCR BN 0. 945 V1435 22 5 W - X Ui P 220008 15 7 K B 25 11
S, M2 BYBREEIR T ARSESC R MU ST 1 AL, B B ARTEAR [ O SR SR 3REE R AN RO HI N O 3R 22 S AN K
TERKHERY H G % A AP35 R AP 2 i 35 TE ARG RIS R AN 0. 963 H R-F- 3l -5 F R AR 5%
FHON 0. 95 5 P14 22 5 AR SE IR 1 J0 i 38 A 06 5 P00 5 7 Bt 28 SR oG  HSCRBON - 0. 945 F
PRREES F R R TR,

FEMN 1 A2 RS HO i 2 1 IE D P R MG R KON 0. 84 RIGE 22K SRR
HUOE Y ens SRS H 3w 25 A G R 2 BB 1 3 R, A R O - 0. 88, L2 P4 <l
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Table 4 Related coefficients in plastic shed 1 Table 5 Related coefficients in plastic shed 2
AR A2
V;ile X, X, X, X, X; X, X, V;ile X, X, X, X, X; X, X,

X, 1.00 X, 1. 00

X, 0.80 1.00 X, 0.88 1.00

X, 0.94 0.55 1.00 X; 0.93 0.65 1.00

X, -0.65 -0.08 -0.88 1.00 X, -0.48 -0.01 -0.77 1.00

X 0.02 -0.31 0.18 -0.35 1.00 X -0.15 -0.36  0.03 -0.35 1.00

X, -0.56 -0.13 -0.68 0.72 -0.75 1.00 Xe -0.69 -0.42 -0.78 0.68 -0.41 1.00

X, 0.98 0.74 0.94 -0.69 -0.01 -0.52 1.00 X; 0.96 0.78 0.95 -0.59 -0.12 -0.61 1. 00

Y -0.77 -0.36 -0.88 0.84 -0.47 0.76 -0.73 Y -0.73 -0.59 -0.73 0.47 -0.28 0.85 -0.68

2.4 FHRIARIE IS A TR

ASCEAFR] 7 ADERGEIN 15 WA R S H A AR R, 2 AR S R BRI iZ AT N 11 A2 1L BE
PR IR M SRS H 3 8 RN B IR TR e T2 280 249 [R5, & A A e i 8 1 BV R, ez, 2
BRI R BAR/ N IZIRIE DR 1 AR AT X SRS H 3 R 29 PR AN R, B3R5 R A 7 R S A ROl BT
AR A WA, A3 3 At A SR S A R i ERA L IR - BB ], ERRpm iy R XS {H/ N T45 T 0.5,
SRFCPEE AR 22, A3 RN AR R IS B LR 7
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Table 6 Related coefficients in solar greenhouse Table 7 Suitable range of environmental factors about varieties
a =3 =}
s X, X, X, X, X X, X, ”'?ﬂf X,/C X,/C X5/ % X¢/klx
Variable Varieties
X 1.00 s 26.3+1.5 65.9+10.5
X, 0.95 1.00
; 8.2+2.1 72.3 8.6
X, 0.93 0.78 1.00 =l
X, 0.27 0.55 -0.10 1.00 P 5.4+£2.3 87.8+6.6 8.9+3.2
X -0.67 -0.75 -0.50 -0.53 1.00
X 0.73 0.81 0.54 0.55 -0.94 1.00
X, 0.92 0.79 0.96 -0.02 -0.50 0.57 1.00
Y 0.77 0.70 0.75 0.12 -0.43 0.50 0.61

3 FieE4ie

T AR SR RN ARG 32 Z2 A R 22, gl PN R i, 2R S8 A A2 B P F0 A JHA 4 B B S B A Kty
28 AR A B 2R AN SRRERIRE (S e S A P DR T R R R AR A B DG T T B
FEIREE PR X R S A R A RE ML, 2 SR S A R T i BB IR 3 DR A PSR Rl 57

KT AR T RS A R B W45 18, — A D Sl D' o 1 o, ) £ 8 39, g ok SR 5 A
RO X AR A S — B, BRI AT 2 TR — IR R S0 Z IR A TR R AT, SRR 1A
IEE N Z (LR AN ELRE N AR L2969, 5 T 23058 R 1 X 2 i 2R S AR R 23 5 2 b ok ILARGE . A SOk
1IN i 33 ) SRR H IG5 P9 22 A5 TR 1368 3 0 R S i A R B 2R B B2 M EA T 1 B0 AR F
G, IFHENT T OGP EE PR F AR B X 3 A at ot SR S H B SR 0 [l RS Sy T T 7 S IREE R 0] B 7
ARG IR A B SRS H i AR OGO R, AR 7 BRI IR 1 2 I 7 vy BE AR AR . ASBIF S B 22
AN 22 A AT AR S A R B R PR X AR BT AR RIS R LA TE i PG S r i DR b, £ Bt A AR 35
A, WEE NG R 2E ALK PREEACRKEE H LI 2 S8 L AR i R S AR I, R B E AR U 2 v RO MR L 58
IR BR TR AR SR, ARWETEIE T T 3 T Al R S AR O B PR T
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