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The Influence of Growing Temperatures on Activity and Structure of Tomato Roots Hydroponically Grown
in Wet Atomosphere or in Solution
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Summary

Tomato seedlings were grown in a Wet-sheet culture (WSC), where roots developed in the wet
atomosphere, or in a Deep flow technique (DFT), where roots were submerged in the solution. They
were grown in growth chambers kept at a constant 15,25, and 35 °C . The adaptability of the root
systems in the WSC and DFT to high or low temperature was evaluated by comparing the root activity
and structure of the systems. Dissolved oxygen in the nutrient solution of DFT was above that
normally required for the plants. At all temperatures, tomato plants in WSC grew larger than did those
in DFT. The bleeding rate of xylem sap on cut stem was higher in WSC than in DFT at 15 °C and 35
°C, the root respiration rate per dry weight was higher in DFT than in WSC at all temperatures. The
root systems in WSC had more first order laterals and higher projected areas than had in DFT at 15 C
and 35 °C ; root growth in both systems were similar at 25 °C . The fractal dimensions of root systems,
known as an index for describing root system morphology, were higher in WSC than in DFT at 15 °C .
These results indicate that roots in the wet atomosphere would adapt more readily to high or low
temperatures than did those in the solution.

Key Words: hydroponics, root structure, temperature, tomato, wet- sheet culture.
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Table 1. Effects of growing temperature on the growth of tomato seedlings in the two types of hydroponic systems®.

Dry weight (g * plant™")

Leaf area

; S/R* 2 -1 SPADY
Hydropon;c Total Shoot Root (cm” - plant™")
systems
15°C 25°C 35°C 15°C 25°C 35°C 15°C 25°C 35°C 15°C 25°C35°C 15°C25°C35°C 15°C25°C 35°C
WSC 1.56 1.13 081 131 1.00 072 025 0.13 009 54 66 92 273 268 139 315 34.0 467
DFT 1.03 0.86 0.66 091 0.76 0.61 0.13 0.10 005 7.3 6.8 104 140 210 125 31.9 345 457
Significancev %% % * * *k* * * k¥ *% * ¥ * NS NS * % % * % * NS NS NS

*Data are shown as the mean of 12 samples.
YWSC, Wet- sheet culture; DFT, Deep flow technique.
*Shoot dry weight/root dry weight.

¥Values were measured with a chlorophyll meter (SPAD - 502, Minolta).
VNS, *, ** and *** indicate nonsignificance, significance at 5%, 1%, and 0.1% level, respectively with Fisher’s PLSD test.

Table 2. Effects of growing temperature on the bleeding rate of xylem sap and root respiration of young tomato seedlings in the

two types of hydroponic systems”.

Bleeding rate’ Root respiration rate
- - * root | - - - -
Hydroponic systems mg  plant Lope! m%m;c_)(l). ;::_g,th umol O+ root™ '« hr ' mol O; » mgDW Vopr?
15°C 25°C 35°C 15°C 25°C 35%C 15C 25°C 35°C 15°C 25°C 35°C
WSC 460 414 140 153 73 229 13.5 14.4 0.093 0.102 0.164
DFT 191 339 69 12.8 52 19.8 26.2 12.4 0.156 0.266 0.221
Significance i NS b NS NS NS ** NS AR A *

“Data are shown as the mean of 5 or 6 samples.

¥ Average of the bleeding rate measured during the period from 7:30 to 12:00.

Other symbols are the same as in Table 1.
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Fig. 1. Digitized images of tomato root systems grown at 15, 25
and 35 °C in the two types of hydroponic systems. WSC;
Wet - sheet clture, DFT; Deep flow technique. Each bar in
figures indicates 5 cm.
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Fig. 2. The lengths of taproot and lateral roots of tomato
seedlings exposed to 15, 25 and in the two types of
hydroponic systems. “Total” indicates the sum of TR +
First + Second + Third. “TR” indicates taproot. “First” and
“Second and Third” indicate the 1st order lateral and the
sum of 2nd and 3rd order laterals. Vertical bars indicate
standard error of the mean. NS, *, ** and *** indicate
nonsignificance, significance at 5%, 1% and 0.1% level,
respectively with Fisher’s PLSD test. Other symbols are
the same as in Table 1.
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Table 3. Effects of growing temperature on the number of first order lateral roots, total projected root area and average root
diameter of tomato in the two types of hydroponic systems”.

First order lateral roots

Average root diameter Total projected root

Hydroponic Number Mean length Density (No. * cm tap (mm) area (cm?)
systems (No. « plant™") (cm) root axis ')
15°C 25°C 35°C 15°C 25°C 35°C 15°C 25°C 35°C 15°C 25°C 35°C 15°C 25°C 35°C
WSC 108 112 8 60 55 65 40 47 57 058 043 043 1797 1231 76.7
DFT 80 107 111 46 6.1 4.6 4.5 52 213 058 043 044 794 1423 531
Significance * NS * * NS *** NS NS *** NS NS NS *** NS *x

*Data are shown as the mean of 5 or 6 samples.
Other symbols are the same as in Table 1.

Bo—fERLU. i, E2RICSUEXOERL LU
fREETR U, 25C&BT TR, ¥RE FREBL
CHMRBICAX TERRBA Shuh . BREIF15C
B LU 35S CEHTTIE WSCKRTDFTRD2hEh 1.9
&, 1l4fgER&h-1k. FRER, SCTHERHETTOA
WSCRTDFTR &) bAEh -1, —RAMBEIZ15C
ZBTTHHWSCKTDFTRL D bRKEL, ZIRE &
USRABER, 15CHLU IS CEBETTWSCKT
DFTR&L D b KEM -7, WTHOUERIZENTD,
BED 98% LI EMMIARIC & - THR I W T cH, R
OHRIIMBEEICL>TREE > T THbBI1S
C, 25°CHO WSCR ¥ LU DFTX T3, BBEICLED S
“RE LUZRAABDEEH 76%~81% LK Eino 12D
%L, 35°CWSCRKX 2% TH b, 35°CDFTKX T3
61% &/ b/NE L, HBORENHEIICE > T

T, —ROIMBOHEIL, 15 CEHBTTII WSCKTSH
¢, 35CE&BETTHFICDFTRTED -7 (FE3%).
—RAMBOESEIL, 15CHBLU3SCEBTITHENT
WSCRXTDFTX & D bFEEICRED -, IHIL, —
KRR EAREICE T 3 EE L, 35C&HETDADFT
XTWSCR & O#4fEOREEL S - . ROTFHE
B, WThoBETOREBEHAXNHOERIILE -
fo. i, BOBKRLERIL, 15CE3SCEHETTR
WSCKTDFTX & hK&H 7.

Ky 7 RETRD 1 2ERTE Dy )13, 35 CERHETT
I DFTRO D AKED -1 (B 4F). hid, BRKE
75 47 5 WIRTTOFINE (D) £ B P PR BHE L -
7z. Doy 13, 15CHEBT TR WSCRTAREL, #ic
35 CHEHUHETTHDFTRTREN -, 45, Dy, &
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Tabled. Effects of growing temperature on the fractal
dimension using the box-counting method (Dpqr)
and the average of local fractal by the mass-radius
method (Dy,.y) in tomato roots in the two hydroponic

systems’.
Hydroponic Dios Digear
systems 15 25 35 15 25 35
WSC 163 157 156 174 1.66 1.59
DFT 1.60 156 159 1.68 1.63 1.64
Significance NS NS * * NS *

*Data are shown as the mean of 5 or 6 samples.
Other symbols are the same as in Table 1.
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MEL L CIREMNE L ORI W THEREY S - 7-.
BE, VTN Y Dy &Y Dy EOHBEREOFHEL,
RFTRITE e DN & D IERE 1 AR R HE D 374 S 0] 6k
EEZoN. Thoid, BBEEZENKECRELS
SUHTTHEB LB TEOWEETH 280, HBomse
EEAFMT 2 LTEZIcNBEEISNS. 2L,
DELIBES SUMEHEE S OMHBEFREIEZ, chET
THREOEH THRESN T BE (R, 1995 &0 b/)
Ehote. Thiz, FEBRTIRE CEBREOBEED 7 —
SOBEROTHEFLTH B30I L, A S (1994) %
LUE (199513, L EREORL 2EGEOF—s%F &
HDTHBTLTOAI LI BNEEZEIONS. 72, #
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Table 5. Correlation coefficients among several parameters of
roots characteristic vs growth parameters of tomato
grown in the two types of hydroponic systems under
various temperature®.

Shootdry  Root dry

Parameters .
weight

weight”

Root activity
Bleeding rate 0.663 0.916
Respiration rate 0.324NS 0.460

Root structure

Root dry weight 0.895 -

Total root length 0.845 0.679
Total projected root areas ~ 0.614 0.880
Dyor 0.692 0.616
Dyyear 0.785 0.658

“Fitted by linear regression lines calculated with the whole data
for all the temperatures.

YEach value in the table is significant at 1% level (n=35),
except the values with “NS” symbol.

S (1996) 13 b= F OB IC BT, FKGPER
Ao s ik, NEUBETHRENE
ENUEETH B EBRTNE. DI &id, ROMBER
B, WO T TEL, BERNOBKFOEEERE
DEBERELZIZIEETRLTNVS. THbLE, &
WEIE T, TR & KX TIREREOHENES S
fe¥h, BROILK - RERBENEERICEERRING
WS EM, DEEEEREDHBZTED TV 3 AREHED
H5.

DEDC &Ly, EBIRORBOMEEIT S HE, 1)
BoER, EX, REEZBCREINIBKGFBROL;
DREX, 2757 7 VIRTEETHIL S 2IRFORE
BE, 3)HEEL EAROBKENERTEROBE S
EOWELABANICRATRETHSH. ChoDiER
DT RTHBRRE, FELBETIKHS LHHTE
BLOLEEING. KL, ZhooEREEYD
RN Z 0 E TREB LUCREBREOBEELRTHOT
B, TOBENLSEBERANS L OLEEED
ha.

Lk, BEFREKFRICONT, FERTHES
NiEEECHEOERE LIS TERY, BEUNOR
EERICHT A B EERIETATFETHS.

wm O ®

BEHHEERT 25K — b#F (WSCKX ) k1R
AT 3Bkt (DFTX )itk T, ALRKEZEAT
HBEEZLEY 15C, 25 CH LU 35 COIRMIIEL
The MAHEL, BOEEERCRRERELLET S
&t & 0 BE IR &K HAR O B G B E RE

L#:. DFTRICh I 3 RPHAEBREREIRMED 93%
PETHB UL b MEMEOLEER, 2TOEES
BTick T, WSCXTDFTRE hHEETH-. 1]
ZMto ) QMK EEIZ 1S CR &ESCX T WSCKT
DFTR & h K& h -7, BEHEYH OWFREREIT
#io DFTRTWSCR LY K& ot. BRFREIL2S
CRTREHARTERB U720, 15 CTHLU3ISTC
X Tiz WSCX T DFTX & 9 filff & ¥ & USRI EEEN
K&dhot. Fh, 757 7VKRTIE 1SCTTIE WSCK
TDFTR L h K&, BENIDERIHKELLLEE
RUT. ThoDERLI S, BRFRIZKFRICHNT
BEEGEICEN, FEEESRMTICEOTHIRARDHL
K REIEBERABFETE S0, HEBEEOH
HHKPREEBLTNE M- cbDEEL OGNS,
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