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Regulating Effect of Air Humidity on Tomato Growth and Root Exudates during
Flowering Period under High Temperature Condition

XU Chao', YANG Zai-giang"?, WANG Ming-tian®**, HAN Wei', WEI Ting-ting"

(1. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science
and Technology, Nanjing 210044, China; 2. Binjiang College of Nanjing University of Information Science and Technology, Wuxi 214000;
3. Sichuan Meteorological Observatory, Chengdu 610091; 4. Water-Saving Agriculture in Southern Hill Area Key Laboratory of
Sichuan Province, Chengdu 610091)

Abstract: Increasing air humidity to relieve high temperature stress is one of the common measures in greenhouse
management. To study the regulation mechanism of air relative humidity on tomato growth and disaster recovery in
high temperature conditions, the tomato variety "Jinguan 5" was used as the experimental material. This experiment
was carried out at the Agricultural Experimental Station of Nanjing University of Information Science and
Technology from September 2018 to January 2019. Two dynamic temperature (T) levels (daily maximum
temperature/daily minimum temperature such as 32°C/22°C and 38°C/28°C), three relative humidity (RH) levels
(50%=5pp, 70%+5pp and 90%=+5Spp) and four stress days (3d, 6d, 9d and 12d) were set, and 25°C/15°C and
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50%=5pp were taken as control (CK). The net photosynthetic rate (P,), total dry weigh t(Wioa1), root dry weight
(Wioot), 10Ot activity (R,), and the type and concentration of low molecular weight organic acids(LMWOAs) in root
soil were measured at 0, 7, 14, 21 and 28d after treatment. The results showed that: (1) P, and Ry decreased, but root
shoot ratio and LMWOAs increased significantly under high temperature, and each index value under 32°C
treatment was significantly higher than 38°C, RH increased to 70%, P,, Wy and root shoot ratio increased
significantly. (2) At flowering stage, tomato mainly secreted oxalic acid and succinic acid. At high temperature,
oxalic acid, malic acid, lactic acid, acetic acid and propionic acid increased, while tartaric acid and formic acid
decreased. (3) T and RH were negatively correlated with LMWOAS, and Py, Wioot, Wiorarand R, were significantly
positively correlated with LMWOAs. (4) Increasing RH to 70% at high temperature condition could increase P, and
Wioot and promote the root system to secrete LMWOAs, which was conducive to the recovery and growth of tomato
after disaster. However, when RH reached to 90%, P, and W, would be reduced, which will aggravate the damage
of high temperature to plants and is not conducive to the recovery after disaster. Therefore, about 70% air humidity
can alleviate the high temperature disaster to a certain extent.
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Tablel Experimental design
4t Treatment A B C #414 Combination

CK 25C 50%=5pp

D1 1 (32°C) 1 (50%+5pp) 1 (3d) ABC,
D2 1 (32C) 1 (50%=5pp) 2 (6d) AB,Cs
D3 1 (32C) 2 (70%5pp) 3 (9d) AiB.Cs
D4 1 (32°C) 3 (90%+5pp) 4 (12d) ABsCy
D5 2 (38°C) 2 (70%5pp) 1 Gd AsB:Cy
D6 2 (38°C) 3 (90%=5pp) 2 (6d) AsBiCs
D7 2 (38°C) 1 (50%+5pp) 3 (9d) A;BC;
D8 2 (38°C) 1 (50%=5pp) 4 (12 AsB\Cy

e A FoR HEm i, B2 AKF (32°CAHI38°C); B R TAHINHEE, 3 MK (50%. 70%A1 90%, iRZE VLY 5
M RD; C RRMIFRFEE R, B4 MK (3dy 6d 9d il 12d). T,

Note: A represents the daily maximum temperature which is set two levels (32°C and 38°C) . B represents the air relative humidity
which is set 50%, 70% and 90% (£5 percent point) ,respectively. C represents treatment days, which is set 3d, 6d, 9d and 12d,

respectively. The same as below.
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Fig.1 Variation course of the net photosynthetic ratein tomato leaves at the end of each RH treatment under high temperature
condition (0d) and itsrecovery period
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Note: The data in the figure are the average + standard error. Lowercase indicates the difference significance among treatments after the

same recovery days at 0.05 levels. The same as below.
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Table2 Two-way ANOVA (n=24) result of each index
&#s Indicators [XI % Factors P57 8S $177 MS F {H F value B3 Significance
#9652 Net photosynthetic rate (P,) T 46.834 46.834 125.467 ”
RH 17.072 8.536 22.867 "
TxRH 6.228 3.114 8.342 :
AT Dry weight of root (W) T 0.047 0.047 121.764 ”
RH 0.054 0.027 70.288 "
TxRH 0.014 0.007 18.322 :
ST Total dry weight (W) T 0.153 0.153 5.735 :
RH 0.848 0.424 15.869 "
TxRH 0.138 0.069 2.590 ns
#jet Eb Root-shoot ratio (R/S) T 0.012 0.012 48.628 -
RH 0.011 0.005 22.167 "
TxRH 0.012 0.006 24.359 "
R &3 71 Root activity (R,) T 74.432 74.432 13.919 ’
RH 33.011 16.505 3.087 ns
TxRH 58.719 29.359 5.490 ns
LMWOAs # &% Concentration of LMWOAs T 8900.32 8900.32 139.717 ”
RH 3822.71 1911.53 30.004 "
TxRH 1806.54 903.27 14.180 "

TE: TR 0.05 K ERIEMSE, TRAR 0.01 ACF EEEMK, ns RRLEEME. FHE.

Note: LMWOASs is low molecular weight organic acids in rooting zone soil.

correlation. The same as below.
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Fig.2 Variation course of theroot activity at the end of each treatment(0d) and its recovery period
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Fig. 3 Variation course of thetotal dry weight and root dry weight of tomato plants at the end of each treatment (0d) and its
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Table3 Comparison of low molecular weight organic acids content in rooting zone soil among treatments

it 7 5B HLEE Low molecular weight organic acids (pg-g ' -plant™)

AbFE Treatment

R Oxalic acid P £1 2 Tartaric acid HiZ Formic acid PR Malic acid A & Malonic acid
CK 4.48+0.13i 2.65+0.08a 3.62+0.10a 3.41+0.10d 3.75+0.11a
D1 42.20+1.22d 1.05+0.02b 3.47+0.09a 6.05+0.17b 3.74+0.10a
D2 77.79+2.24a n.d. 2.04+0.06¢ 6.74+0.19a 3.02+0.086b
D3 70.29+2.02b 1.08+0.03b 1.57+0.05d 1.63+0.046f 1.57+0.046d
D4 57.66+1.66¢ n.d. 1.57+0.05d 0.56+0.017g 1.32+0.038¢
D5 22.37+0.64¢ 1.14+0.04b 2.84+0.08b 4.30+0.12¢ 3.13£0.090b
D6 8.79+0.25h n.d. 1.16+0.03¢ 1.43+0.043f 1.26+0.038e¢
D7 18.60+0.54f n.d. 0.89+0.04f 2.204+0.063e 3.02+0.089b
D8 14.10+0.41¢g n.d. 0.20+0.005g 1.41£0.040f 2.614+0.075¢

FLER Lactic acid 2 Acetic acid BRIAPR Succinic acid P92 Propionic acid S 1 Total
CK 0.69+0.020c 3.3240.095ef 10.25+0.29f 2.20+0.063f 35.45+1.02¢
D1 0.47+0.014d 4.98+0.14d 13.33+0.38¢ 1.94+0.057f 96.95+3.82b
D2 0.67+£0.017¢ 3.02+0.086fg 22.93+0.66d 5.56+0.16b 144.99+3.15a
D3 0.16+0.010e 2.71+0.078¢g 12.21+0.35ef 4.77+0.14d 98.03+2.83b
D4 0.15+0.009¢ 2.83+0.084¢g 11.12+0.32ef 5.2240.15bc 89.14+2.57¢
D5 1.39+0.040b 6.56+0.19a 36.88+1.06a 3.64+0.10¢ 84.91+£2.45¢
D6 1.50+0.043b 6.15+0.18b 11.64+0.34f 4.95+0.14cd 37.17+1.07¢
D7 1.45+0.045b 5.51+0.10¢ 29.46+0.85¢ 4.79+0.13d 66.18+1.93d
D8 3.22+0.17a 3.52+0.28e 32.84+0.94b 6.74+0.19a 65.08+1.85d

i RPEHEL T ESbRE R, FISIAF 7 RACR AN A 257 % (P<0.05), n.d FRR AR H .

Note: The data in the table are the average + standard error. Different letters in the same column represent significant differences among

treatments (P <0.05). n.d. is not tested.
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k. X LMWOAs S&EF, 32°C N LMWOASs
SRR CK BN T 2.51~4.09 1%, I HLKE 4b P i)
KRR, 38°C FALEE LMWOAs BB
CK KIAA g, (HIGIEE 4.85%~139.51%, AKX
F 32°C FACBR NG, ARG ESH (£ 2)
FH, LMWOAs S 8525 mid. s miEs i
URCMRE R (P<0.01). AT (58 4) KB, T,
RH. Pov Wioorr Wi M1 R, %15 LMWOAs & 54
WA WA (0~28d) H LMWOASs [ 4L 155 40
5 Fr. MR, CK 4bE LMWOAs & fR$F

Fasg, 1EEHIEAE ETF. 32°C AN A 4b B AE K & 1)
[i] LMWOAs S35 2 Hp82 F R E %, 16 21d B34
FE% CK /K°F, 28d BfEEKT CK. 38°C T &igfEib
FirR, DS A1 D6 4b# N LMWOASs & & 23 i K
#, H D5 A3 LMWOAs S EEEE T D7: D6
F1 D8 4bHE LMWOAs SR I NS TH s e B AK #
#, H D6 AFEZEKT D8 AbH., I, iR (32°C
A1 38°C) MEMKA LMWOASs MEBFiEE, H 32T
AFEF LMWOASs B2 HEE & T 38C, 2 RH £
70% A AT LAFE i LMWOAS [ 5 .

x4 TEEEFRERMEXMESH (n=24)
Table4 Pearson correlation coefficients between different items(n=24)

LMWOASs T RH D P, Wioot R/S Ry

LMWOAs 1.000 -0.744" -0.386" —0.180 0.695" 0.650" 0.797" 0.586"
T 1.000 0.000 0.000 -0.826"" -0.666"" -0.655"" —0.647
RH 1.000 0.135 —0.066 -0.362" -0.458" 0.022
D 1.000 -0.409" -0.362" -0.421° -0.611
P, 1.000 0.892™" 0.724" 0.860"
Wioot 1.000 0.828" 0.727
R/S 1.000 0.664"
R, 1.000

160.00 ¢ (a) 32°C CK +— DI 100.00 - (b) 38°C 6 (K -——a—-Ds

5 —e—D2 —e—D3 w5

£ 14000 | =— D4 g

E g 8000

=) L =l

g% 120.00 5T

5‘ oD = 01) |

52 10000 | g 2 6000

g g = g

e L ° 0

ME 80.00 Q; 40.00 |

3 :

B 6000 f . 5 ~

&

= b B 20001

= 40.00 + =

= b

20.00 : : : : d, 0.00 : : '
od 7d 14d 21d 28d od 7d 14d 21d 28d
W E FHRecovery days W K Recovery days

E5 HAHEZERLH (0d) RERSEHEN LMWOAs KT iTFE
Fig.5 Variation course of the LMWOASs of tomato plants at the end of each treatment (0d) and itsrecovery period
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(P METE (W) BT E (Wu) FHRRE
71 (RO EIR R 3 W MK T2 A IR (LMWOAS)
BEREFMILER, H P, ZYE LMWOAs & &)
WA,
(4 FRETRETSREBEZR 10%5E4h, BRK
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R R JIA =R R, H AT DL S A P
Wioot F1 R/S, — & FEFE_F 2B ARSI R) ) il ok 3, ()
B R R W SR . SRR LRABE IR
8, XK G R AR .

32 itig

(1) il R AN R 230 56 2 00 i 45 T A %
J B S R

EFMAEKSES, P, & 5EKEE R RRH
PIRAE B AR RRR), RS R G H W
15RO RBFE T, 38°Crimab S, FAiAERR N
P, BE(KT CK, MIEmiREIEE 4T P EA L
Th, X RPN AR AT DA AL
Gl T R AR R AL PR A PR 2 e A 1 A B
R,

R, M7 B AR R WK 4 A8 F5= ) I 1) B B4R
b, B IR E B A AR KA R A
Fp, ER R E R T BN R, A SRR
SR RER, R, FREMREEIIR. AR, &
HARI E R 2 FEOUR RAH IR T %, AR T3%
SRR 2 BRI, 33 5 AR e 4 AR L, TR
IR 5] (1 i ¢ T 2 5 B0 At AR g IR 1
IR Ryo AHFFLH, 2S00 AN il = i 28
XFFA Ry MR E, XATRE& M TSN T
i s SR, N IR AT T E AL,
A T BE 0 TG R N AR s 4 R K . 7R
0~28d VK WIE], CK 4LF&AbFRALME 220% 111y
SHET AR RS, X 528 R 7
SERARML, BRFEAR RHIRTEAR RIE I, 32CF
HALERE R, TEWKE 21d A4 A S, H DI
A D3 WA T H T AR, UiR] 32°C A
A RENEMEAEGHE, IEH 70%4L 4 KR E
R THMIKE: D7 M D8 AFEAE 7d A A7k F i
KAR, I BB ) f iR A EE bR T A B A
FE, X5 FRE M0 o4 B — S0, i DS abEE
RHIUX—ILR, ZHT 70%M8E M T =it
e AL

R/S ARFH N A AR HECE D, 2
YRS RN EERAR . RIETIREA BT A
FIEARRIIE S K Sy, SHEMI A KRS B0 E
BER . AT, 18 32CAEETR, FAEM R/S
HRERS, "TREEH T EYED SR AR R 1T
AFHESR RO i, FEUEYI A LB [ R 5 4%

), 1 38°CALHE T R/S HOMGIR B AT 32°C 4L B,
XA AR T 38 CEiRst P — @RS, SET
o) BN D, T AR A0 R A LB B
/b, R AR IR T s e T AR Y, S
AHIMIEHE, XWMRE T FRAAI A 70%18E 4k
AR el b3 iR B R R . 7E 0~28d k&2 B fA],
32CAbEE R/S PR T RE, EUMEH BT R
BN, Fanbus K, BBl K&l m
38CF, TEMIOLE REMZRMMH, AR THID
(6 B, WE K S A 8] BT A R A B ) e T B —
KT CK, FH HLBE YK 5 0] 1 8 K 3 b 22 B ik
%, Jvh D6 il D8 AbHAE K ST Je 1A K B 6 52 140
i, U B I R R ER AL EE (D6 SHEYS E T
R A T KB &R (D8) b,

(2) &l FASFE 2SR R B AR R o WA AL
i 1 52

LMWOAs 1E AR 2 53 W4 5 ik BK ) — 35
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TR, MY 20 R 1R 2R 70 Wl SR 3E B 34 55 L
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AR F AR R B W, X520
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PR RIRE R 70% 54T LR B Py Al Wigo THIX
— IEZGRI AT B2 HRTH — 05> RH i SR 6728
R, #fE 32°CH DI (IR 50%) 5 D3 (K
TR 70%) LEEZR, 38°C K D5 (BSIRE 70%)
b PR 2 i TS AR B =R T RH REE T =2 90%
X Pov Wioots Wiow 72 E RN, HE— B FRAK T
LMWOAs 153

AR RIS ARG AR LMWOAs £ T
Bfa%h, AIEER T SRR Y o iR T R,
{2 Gunina HFAEH, 7£ 10d WA 0.1%~02%
IR IR 5 N TR s e ™), i ASHIE S0 SRR 1]
A 7d, WEAHEIX—HE. AFFREH, 32C
Em A 5 LMWOASs W FE b, HA spg ik B2 3
& LMWOAs ¥R T BRI, #FFe R IR T %t
MBI 77 7 BTG A AE Y, BERR AN & ] LA Al
PIAAEAEKPY, ) 32°CF LMWOASs WK JE &
(1) b BEAE P A W rh mT DL BB AME I I S . 2 RT1H)
W FUAE SCAE VAR 2 P R A B8 A LR v DA S AR 2R
(19538 P 7 FLUR 55 MR 2R e AR FET, 3 — 7 iR
7RI TR R, kb T REIR AR RS B
(8 #6595 — 5 THD Rk 59 0 0 AR A R T
LMWOAs (53, {3 LMWOASs B [913) 1E 5 7K
o AWFRCH, ERACE T HRKEEE LT
1M TR R T AR VE AR R AR K, AR5 45 (1
Y2, AT RE A S B IR R R R R R 2

AR 5T AR e WTE I $ v 2 AR X i B 6
Pov Wioon R/S F1 LMWOAs %IH BE W, #HiE T
i B E S A A K R AR YO EAE 70% 75 4 .
{H2 S0 R AT N LI5S, 5EMRSEhrEK
MR RN ER, Tl — P2 H a0,
SR Al 52 L SRR W VR R 2, DA KPR B H
R EFMNELK.
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