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Effects of Root-zone Cooling Bed with Cold Water on the Physiological
Mechanism of Tomato Seedling

LI Sheng-li*, XIA Ya-zhen, and SUN Zhi-giang
(College of Horticulture, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: In order to explore the physiological and biochemical mechanism of tomato seedling
growth promoted by root-zone cooling, tomato (Solanum lycopersicum) seedlings were cultivated in
cooling bed and non-cooling bed as control. Plant root morphological traits, nutrient uptake and
physiological characteristics of tomato seedlings were tested. The results showed as follows: Root surface
area, root activity (sap flow velocity and root respiration rate)and nutrient uptake of tomato seedlings were
improved significantly. Compared with the control bed treatment, shoot N, Ca and Mg contents of tomato
seedling in cooling bed were significantly higher, but root P, Ca and Mg contents were lower. Antioxidant
ability both in root and leaf of tomato seedling were promoted by root-zone cooling. This study indicated
that root-zone cooling by cooling bed with cold water could alleviate high air temperature injury for
intensive seedling production in summer.

Key words: tomato; seedling; root-zone cooling; physiological mechanism
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TFARA WA (Gelder et al., 2005). P15 KL 55 [ R4 (Dannehl etal., 2012) %5, IX4&
i RIBAT AR B, E SIS PR 22, XA Br BRI SR AN I s o U SR AR B B A o — R
BRI B OB AR . Nkansah Al Tto (1995) (PSR, 47 iitk R FEALE] 25 CI,
5 8A R R LG, TR AR S N, Pe R AT S, Moon 5§ (2007b) 7EFR LR fE
T HIFMSE R . He 2% (2001). Hidaka %% (2008). Yudi Al Yuki (2012) #i, ¢ <E Mt
B AT it J32 T AR o S ) 7 B R T . Kawasaki 25 (2013) #R3H, 2 2R B T LA Scst 4% i AR
REER, SRR RCRE ). TERRIRERWIST T T, Yasuba &5 (2006) ik 7F T3 Bl < 0 2
FLAE SR PEAAR BREL e, DA s 25 B . IR UAE SEI0 S i 4 1 R e W T AR B Bl
AR (HAEEAE 70T, AR B R 2 A K5 ma A A WARIE 55 AMIRKERE AT AR
B BRI AR M B AR o VE M et AR A A & B A0 FH /B R A, uh T — Rk UE R,
DAV KAE N B Ay, SRR TEHEE VR N A H1E 18, AERTIAmIREaR I, S50 RO IRAH LG, KA
IRHR PR T 4.5 °C, BB HIREEE S T 34.9% CEHEA] 55, 2014). ARIGAERT 15
fih b, SE—DESE T KA BIRAT R A AR RIEAR . IR WIS B B A AL FR AR IR 52, DA B 7K
A TR L BES) i A K L

QY VL SRS DARE

L1 #8. KLERREHRIFRIER

PR ZE A (Solanum lycopersicon ) fFih “¥p#l 777, HMEI B EFLA A FE4E, R5K T 2013
6 A% 8 ALEM mAM AR AE X B i = N T, RSN 4 RSN E IR, A
IRFE 1.6 m, £ 50m, @& 1me EFNE 2 MERIEIR, & 15 m EA—ADX, EEE 6 A/
X, o 3 AMERARA TR, 3 A HEXH R, BENLHES . AN 24 m, $2H 72 LI
B 125 Ao W RIS 75, 7O BRI E AN AE IR .

IKVA TR R BEAEAN LT R L, bR . AKAE . KA . B 5 R A4 il . VA /KA R
FBETEHER LLBE R 7R Al AR, VA 7K TR AL B R R P IR S om 350, 6 T 5 W iy 3 ) - Bk
HERAT /K E A KETE b, RN W T4 o AR KRV KA TR R, WAL /i v ) 4
T FEAR A AR Pl 5 o SR 72 SLEE G5 AL/ (54 cm x 28 cm), /AR RE 1.0 mm, /% 5
cm, JUREERIEAKEE B (WA 4, 2014). RITHNZ 50 m EHIFEARME AR, Kok
FEANBI/KEE (5 0, SR i & EHE A KA R, 2 K TER I, AKRTRE R 2.0 m® - h's

B, WENPRAER 315 °C, FE A 402 C, PSRRI 245 Co KA
B R A2 P AR s H AU RE R30I TA) - 20 FE S [ 230l 4 21.5 ~ 26.1, 23.5 ~ 28.6
F119.5~23.5 C; XHETR N 252 ~29.9. 26.7~35.0 F1 21.2 ~26.5 “C.o 7K 1R TN R AR
H 34533948 53 7k 24.0 'CH128.0 C.

1.2 MXABERMNEFZE
121 %@k EHES

TEF T 15 30 d, REAGBEZEIN 6 bk 28 TR/K P AR SRR T 2L 0T, AR R 1411 (Epson perfection
4990 Photo) HEATHIH, RHAMRILEFMGE TN RS (Winrhizo 2012b i AF) A TR R SK
E. AR RRER LR R A
122 9¥FRTE

TEFAYTE 5 By, FEASACBEREHLE 6 K, KERpk o il o b B AN R EE, RE T
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S AR, W0E (LB 0.28 mm). KA KMBRI—R &R L ke N &8, RAMN
I LL (ke P &, R TAS-986 I IR I/ Ot EETHEN E K. Ca il Mg )& & .
123 %@ E Rk E, RAFRE T vt KK

201347 A 11 H (R, g mt—a0), fAMCHEERAARENER 6 bR4D T

L, AN aERZRE (Flow32, Dynamax, USA) M 08: 00—16: 00 il & 25 %,
SKAREI K 10 min,  HCSR [A) 147308

MR R KR RV 3 mm K BE RS 20 mmol - L (pH 6.8) BERANZE MR, 7E
N Clark ZY A FEAR I FERP IR RE A 28, PR 250l s A H 82 I Kawasaki 45 (2013) (1)
i, WPRE R LA TR R (BETUE) A 1 h TSRS EE R B s nmol - g - b,

WK #e: R sK A (WP4, USAD M I 7K 3, 0 5 1] 36 3G 756 40 v e b 38 Je -l
5B, ME L 08: 00—16: 00 %F 2 h W5E 1 ¢, ECIa 3 1] (1 ~F- 401
124 #W%et k BA&k% SOD. POD. CAT &M A MDA 4%

2013 47 F3 10 H (HER, i 510D, BrilERN 11: 00—15: 00 )34 39.2 C,
IRV RSP B BRIEL S 24.8 °C, X HEET RO BRIR AL 30.2 °C, AEX— P B Uis 2 1 e i e
FEE . 75 15: 00 REANEHEE 9 £k, HUE 3. 4 B AR REATIA. N# (MDA) F&K
FRAREL L Z Rk, AR AEALEE (SOD) 3 MR A NBT v (LU NBT Yotk 248 SR 1 50%11)
Wi 1 ANBEE AL, A (POD) V&R @ AIAREE (LABE min OD4yo 224K 0.1 24 1
ANERE AL, TEAERE (CAT) W& PR L SR E

1.3 BEESHRTE

K DPS7.05 Al Microsoft Excel 2003 4b# %4k, FH DPS7.05 #4745 1H43 7, FJH Microsoft
Excel 2003 BT K

2 HiIR 5

21 KLERMEMGNERAFESRIFZ N

IRV IR BR B 1 T4 R AR K, MRS RRR IR R AT 250 Lo e &
T 19.6%- 52.6%A1 17.0%, {HAR R P EA SR E 2R G8 Do AR KA IR R KA
(RSA/RV) J& R BRER B W —AF5bs, HAEBEEHAMRBEAEZ MR, RAKRE
RE RUFo KV BRI PR R AL BE IR 5 736 4l B RSA/RV B4 0.089, & X HEIK 1.25 %,

R1 REMRNEMDERRESHRE

Table 1 Effects of root-zone cooling on root morphological traits of tomato seedlings

yosdil ALK em HRRKRRY cm’ WRAAHY mm’® R F P4 B AR/ mm R ARF VIR R AR
Treatment Total length of root Root surface area Root volume Average diameter of root RSA/RV

KV H IR 4523+4.122 7.66+0.38 a 82.36+£9.72a 0.57+0.05a 0.093 £ 0.008 a
Cooling bed

of JE P PR 37.83+3.28b 5.02+0.34b 70.40 +7.56 b 0.53+0.04a 0.071 £ 0.005 b
Control bed

e AT NG TR R R R TE P < 0.05 /KF EAAELE B2 5.
Note: Values within a column followed by the same letter are not significantly different at P < 0.05 by #-test (n=6) .
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22 HLEARMEMNET RITERA ST

WA T A hgh w2 AR R A BT R SR (8 D, RERFRA PR v L8 N Ca Hl Mg
B T I, R NORNK e S IROE 35 25, Py Ca F Mg WU AR T0S i BERR
A S IR R I RERR I T 3R B i AR LUBRERR (0 T BUEAT 2, AR Bn BRI A O e 1 v UL N 4
XIFRIIIIRICRE T, R K JCER 0 IR ZE e AN B2 4k, TR 4 Fhoo s i S R 8 e 25 v Txh i (18
2

O KA #i K Cooling bed
m X HE R IR Control bed 0 K ¥ H K Cooling bed

20r g X HEW IR Control bed
E § o 157
T 2 = é
- 2 cD %
g3 gzl
18 s |
4 = Z 5
=
N P K CaMg N P K Ca Mg 0 N P K Ca Mg
H B3 Shoot R B Root
1 KRRFERERNBRNHEFTRSENRM 2 AKARBRMER B R B A B E SR T R R AR
Fig. 1 Effects of root-zone cooling on nutrient content Fig.2 Effects of root-zone cooling on total nutrient uptake

2.3 KRERXEDN S E L IR A RS0

FEF G 5 F B IR B R (8—16 I, KV IR TR Brilil B 26.0 °C, Xf MK 32.4 °C,

B % HIA 34.9 °C, e 42.5 °CO, DRI [R] 4 v AR RO A . SR AR R K
%%E%%,M@siﬂ%ﬁ,m%ﬁﬁw?m¥WWW‘z\lmﬁzﬁwﬁﬁ AI% 1.26 {51
1.35 %, TORE P IR &) 1 i /K 35 LKV B IR AR T 35.9%, R B o 7K 7 R DL 22

160 a 1.0, a 0

£ E b ~ . 08| = 30

- = b —~ g

= 8120 > _g § g

E ¢ 25 0.6 €5 -6

w580 o R 5

-}Evg o iﬂﬁ) é 0.4+ ’z\, <§ 9L

= g =g il b

& M oA 02t = 3-12

Wi

Eé YA 2 ‘ 0 YA 2 ‘ -15 - YA a4+~
KAWR  XREIR AWK XTREIR AWK XREIR
Cooling bed Control bed Cooling bed Control bed Cooling bed Control bed

3 KRR S X R R T A 4 R IR AR AR

Fig. 3 Physiological characteristics of tomato seedlings in root-zone cooling bed and control bed

24 HOLERXEMLNEMN R AR R E LSRR RN

WK 4 B8R, S5XFRAHE, MRERRRR R E S TR E R R SOD. POD. CAT &, KT
MDA Fri, S T 40 BB e Ak, IR BIYERFI R A M E S H Y. RIFE RS, HER
B AL H G 3 4 T SOD POD. CAT 3 P LU B IR B =1 T 17.9% 40.8%F1 18.1%, MDA %
HIFER T 28.4%, FKEH AR BRI vl v il Wi g i i g o A RN R R A, A AR A e
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o360 gl v 3 R ) 1

O KB H R Cooling bed m X B R Control bed
a

250 0 - a
z =
=200 a -
g = 157 b
2 b .g
= 150 b g .
s Ty 107
S 100 5 b
8 50 g 7
2] @)

0

500 a 10 a
= a = b
.E'; 400 b b ? 8 a
g 300 ® b
1 3
o, 200 E 4
s =1
)
5 100 % 2

0
H-F Leaf 22 Root H-F Leaf 22 Root

4 IRBREER A BILBEM HFRER SOD. CAT. POD FFHEF MDA &8I

Fig. 4 Effects of root-zone cooling on SOD, CAT, POD activities and MDA content in leaves and roots of tomato seedlings

3 e

Tl M AR fl 2E KRB 20 ~ 25 °C (Kawasaki et al.,, 2013), 4 30 CH4LHEHE
B AE TR A K R 25 BRI (Gent, 1986; Nkansah & Ito, 1995). 7 1 IR % A 44w N
31.5 °C, XAMELE AL LI it gl i AR K B . B BT KA T R AR BRIELE Ny 24.0 C, FEA
AbF R RIS B AE KR E O R Y, IR P PR TR R 28.0 'C o KA TR ARAIE T i il & i gh i
AR R AR KU L T AR B B 2 A 4 T (0 E B R RS TR R B K (Fujishige et
al., 1991).

SRV A IR 2 P R 2 S AR 39 ) I E 22 Fe bR (Yamaguchi & Tsuno, 1995), 7K TR
AR FRFR 5 T AN 2RI HOR AR R IR W R R T I8 AR e AL A it T DA s i 4
T 7K A R FR % e ) (Klock et al., 1997). BFFTRILKA MK MiSh i ZEm Ca Fl Mg & &
BT, MRR Ca fil Mg 05 & B TX R, ARRMZEr Ca, Mg 58840 R 45 KRR
TR R RN ) G SRR RIS S Ca Mg IIREJJA3 2] T #2m (Kawasaki etal., 2013). Xu FI Huang
(20000 WHFTN R FERFRILEE A 35 CHF, A ZEPERD0 K2 BRSO 3 PG, 1T AR TRES: T KA 1 IR
xR IR S K ZS B REER, XA 5 E RN E G ¢, AW
BT RARBR VY 50 28 °C, AR Bril & 4k ST iy A2 75 5 M 2 A 4 B0 K2R (R 75 B2 — 20 0T 5

TRV P R AR s L1 7T 354 i 4 1 A 22 SOD. POD Ml CAT i1k, FAMIE MDA 4 (1 [ i,
AR T AR N Al R AR I AR RN o 3K R T KA T R A 4 R AR AR K AR S IR
FEJEFIA, SXTRREIRAALE, REBOKIES, mIRARM SR ZER S, BEGRT &S
YRR, T R o] DU o 2% B A AU TR 2 (Moon et al., 2007b), MIMTZEME T /<l R X & il
G R A

ARG AL AR WAEER T, BARL AR IR AE H AW K IEEA 2.0 m® - m™ CFEFL A 0.6 kWh),
FRAKAEIA Y 35 d, RALIBUR T BN 350 Fk - m?, FrEHHARRRER 4 RE R 0.06 kWh,
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RKRART AT RHLAIFERE R o (HIR A BT IR e ZERR v A R R IR S A 1, T I N o Bl
FHE R IE MBS SISO R, KBRS A 2 BB B o —Jriin, RHAve K
TR ATTBE— 2P W 5T LASR s 7K vA B A, 8 PR 4 2 1 R R
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