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Effects of high temperature and drought stress on growth, nutrient concentration,

and nutrient use efficiency of tomato seedlings

WANG Defu, DUAN Honglang * , HUANG Guomin, ZHOU Jihai, LI Wei, HUANG Rongzhen, FAN Houbao
Jiangxi Key Laboratory for Restoration of Degraded Ecosystems & Watershed Ecohydrology, Nanchang Institute of Technology, Nanchang 330099, China

Abstract: Concurrent high temperature and drought are predicted to occur more frequently with global climate warming,
although their interactive effects on crop growth, nutrient concentrations, and nutrient use efficiencies are still poorly
understood. Therefore, an improved understanding of how high temperature and drought interactively affect crops is crucial
for accurately predicting crop response to future climates. Herein, we examined effects of simulated high temperature and
drought stress on tomato seedlings in growth chambers. Tomato seedlings were grown under two soil water conditions ( well—
watered and drought stress) and two temperature treatments ( ambient temperature—26°C/19°C ( day/night) and high
temperature treatment—42°C /35°C (day/night) (7 days) ). Biomass production and allocation, specific leaf area (SLA) ,

E€WA T AETRBHARPII H (GII151097) 3 EZK H AR R4 F I H (31600483,31760111) 5 VLV 4 F 222 F4 AR B AR %
A BRI H (20162BCB22021 ) ; #bdL A4 555 TAEHE B B ;7 B TAR2BE 2017 SEDFFLAE RIBT R H (YISCX20170020)

Y #s B H#A:2018-04-01; % £& Hi AR B #5 : 2018-00-00

# WM iHA/EZH Corresponding author.E-mail ; h.duan@ nit.edu.cn

http ://www.ecologica.cn



2 S % 39 &

nutrient ( total nitrogen—TN, total phosphorus—TP ) concentrations, photosynthetic nutrient use efficiencies
( photosynthetic nitrogen use efficiency—PNUE, photosynthetic phosphorus use efficiency—PPUE ) were examined. The
results showed that individual and interactive effects of high temperature and drought treatments reduced the biomass of
roots, stems, leaves, and the whole plant, and the combination of the two treatments had the greatest effect on the whole
plant. The individual high temperature treatment significantly reduced the root mass fraction ( RMF) and root shoot ratio
(R/S), whereas drought stress increased the RMF, stem mass fraction (SMF) and R/S, but decreased the leal mass
fraction (LMF). Furthermore, high temperature induced declines in leaf TN and TP and root TP concentrations, but
increased stem TP concentration. Drought reduced leaf and stem TP concentrations, whereas it increased root TN
concentration. The interactive effects of high temperature and drought treatments on biomass allocation and nutrient
concentration were similar with that of the drought stress alone. We found that high temperature and drought interactively
reduced PNUE and PPUE, and the effect of drought stress on PPUE was exacerbated by high temperature. Hence, drought

combined with high temperature may generate greater risks on crops under future climates.

Key Words: high temperature; drought; growth; nutrient; nutrient use efficiency
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Table 1 Two-way ANOVA on the effects of temperature and water treatments on growth, nutrient concentration and nutrient use efficiency of

tomato seedlings

L Koy TRLBE XK A
fibx Temperature Water TemperatureXwater
Parameters F P F P F P
SEWE Total biomass 4.488 0.281 7.339 0.225 7.898 0.016
M5 H Root shoot ratio 0.208 0.728 5.178 0.264 6.806 0.023
LE ML Specific leaf area 4.136 0.291 0.660 0.430 0.638 0.439
HJF 17351 Root mass fraction 0.225 0.718 5.078 0.266 6.968 0.022
ZE 5T 438 Stem mass fraction 2.529 0.357 160.787 0.050 0.418 0.530
M5 434X Leaf mass fraction 4.654 0.276 1405.091 0.017 0.058 0.814
4% & & Leaf total nitrogen concentration 2.672 0.350 6.556 0.237 2.991 0.114
24 % & B Stem total nitrogen concentration 2.532 0.357 0.290 0.685 0.523 0.484
M4 % 1 Root total nitrogen concentration 0.840 0.656 2.157 0.381 5.361 0.039
M4 & & Leaf total phosphorus concentration 0.673 0.563 0.290 0.686 7.546 0.021
254 Stem total phosphorus concentration 0.700 0.556 8.613 0.209 9.172 0.010
B H Leaf N/P ratio 0.019 0.913 23.727 0.129 0.597 0.457
25 (B L Stem N/P ratio 0.152 0.763 19.732 0.141 11.344 0.006
NN e
;E;jfﬂiﬂﬁzgen e effciency 2.348 0.368 0.037 0.880 16.680 0.002
HE B A AR 5.292 0.261 0.255 0.702 10.290 0.008

Photosynthetic phosphorus use efficiency

R2 AEAEIFEAMLEEMER L AR

Table 2 Effects of different treatments on biomass and specific leaf area of tomato seedlings

s A g YR/ it WAL (em /) AR g
Treatments Root biomass Stem biomass Leaf biomass Specific leaf area Total biomass
Xt HR CK 0.43£0.05a 2.19£0.16a 2.35+0.08a 436.91+16.33 4.98+0.24a
i H 0.19+0.05b 1.31+0.19b 1.36+0.23b 409.41+41.57 2.86+0.45b
5D 0.24+0.02b 1.34+0.13b 0.89+0.06¢ 457.94+48.09 2.46+0.15b
= T 5 HD 0.16+0.02b 0.92+0.10b 0.62+0.02¢ 377.24+24.01 1.70£0.11c¢

FPRUEE R AR UEDR (Values = Mean+SE) | [A]— 51 AR [6] R: 2R 2b #1L 2 (8] 77 78 1 35 25 57 (P<0.05) ; CK: XF [, Control; H: i,

High temperature ; D ; 5, Drought; HD ; =i 5+, High temperature plus drought
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A3AT AT, A B R N ZE R R, AS IR A B X R R L A ) AR S B 2R L, i — 2y
Bral A, AEAE YRSy BC A2 7 1R, D 5 HD B Z M A A B E 25 SR H 5 HD fAE R E 25 WS
e A E TR P LA Gy i AR R E AR
22 RS T EXT UL R e M e R BRI 5 R
2.2.1  XFPHLLARSN SR 5 R SR

A 2 A3 Hr T A, FE o T, S R EE HAR PR B B TN i B AR (22% ) , D 5 HD AbBRR N
W TN AR s, H D A S8 i TP & B PR AIC, D Ab B 4 & Tk NP, B 2 4
Bral L, 55X A L, H D (HD Ab3EA R X 25 TN & it AR 520 I H A B S 80028 TP & it i 45, D b3 &
HEETP Fi b E L, H AT 20 N/P W FEAR, 1 D AFE W 288 725 N/P, S5XTHAHLE, H AR FR
XA TN & 7R 520, D AR PR BOR TN & B 485, H 5 HD AP S ECEE TP & WL, H 5 HD &b
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Fig.1 Effects of different treatments on biomass allocation of tomato seedlings ( Values=Mean+SE,the same below )
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VELTA A A= e 2 (i S A RIS A B o A 4538, W oms e L (42°C ) b BRI Bt 28 R (R VG 20 A b 350
SRR AR RS EAE Y 0 A K A2 S R B Y R BB AR T 4
REZHATM SR —3, 5X AE L, D AbBERR B RN A S A DGR 2K R, AR
HERISEE, S I (IER DEK) AL, T AL B RE KRS (Oryza sativa) 25 M5 AR B B AR
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Fig.2 Effects of different treatments on nutrient concentration of tomato seedlings
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Fig.3 Effects of different treatments on photosynthetic nutrient use efficiency of tomato seedlings
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REARN>) . TTARL il 0 43 L b 1 3508 43 5 AR T TR T oo 1) 2 2 S DR b R 3 20 e AR R TR IR T
157

A=Wy B RE RS S AR ) A E B DA O . AR B 0 20 BCBEE 5 D BE 1A D ), A0 A K 52 38) 9 1 BIR
I, xR e Bl — 2L BRI IR A 2 B S AL S AR B a8 IR A B AR e A e, S IR (IE
WHK) ML, T FAE AT KRS 270 BE B 22 AR W B3 N 800, S BOR BT i 0 405 MR L3, - B
IR AW, X REXTAR LG, D AR N T A A AR T A, A RAR T 4 e A
B TAUELL XA A TAEYITE T R ORI B 2 5Ky, b b ER O B K S AT D+ R
T3 T v A 155 ) DS AN RS R IR A TE T AT S M X R 3 4 A A e R ACRT DA AR
Xt 7K A (O WSE , A T RE 2348 R AR L3R RN, SRR A B 2 IR A B G R 7 RN R an
U A ST BRSSO LERA A AR, A A WE T 4 R R W, b T A B0 EoR A R B A
PR, AR 3R AR AR W i A 3 S, DT (AR R L B T e R B BRI e b T AR
Wi AR S BRAI T 22, R AR el 0 > A WIS A T S i 2 0 kA 4 e T 22 1 43 T 3 b
O3 VBN 143 43T T T SO A A S O SR, (AR GE R (R SRR T R AR
SEXHARGEE LU 77 2E 2 R A s (AR R PG R AR AN, A R AT A O, T M 4 e R i vk
(Agropyron fragile) \Elymus elymoides WM R 5050, W1 B8 /V Festuca idahoensis WM RS, 25 FRTA,
T 5B AR ) A A i 3 O R RS R A AE — SN 8 T, AT R S AR LR T SRR LR B A G

TN AEABETE D RS T RS EAE R Al e AR e o FE R SRR S TR A T AR R R SR
B H AEFRAH LG, HD b JE 52 2380 1 4 i AR e L MR BT et 03 8 2R B i o0, S AR B Ay R, (B
D AbPEAHLE, HD AR BEIF A 7 A= B A8k, D65 e il B0 R Bl 1 5 D 20 4 AR W o0 IC D TR
S
3.1.3 iSRRI b AR A S R

FEM TR A (8 F R BB A S WA A AN [R) A A PR B 8 I AR IR A SRR AT A ) EE
ARSI TE S, A FFER T, R i 2 R O 2R 0 L v T AR AR, 3G g it 2 fE L P T U
I T ARBA A 2284 ) 58 b T ARG A RT A T PR M R AR T B AR T it e AR e A P T
BUBIN AR R, TR AP S FR Y 0 H T B AR s SRR, 53 RAE L, H D (HD &b
PRI X Gy L TR 2R e, AT Re e R 2 R AL, PR LT 4 E 235 0 1 il T R
3.2 iSRS & R AR

PR KT EARZFMoT R, o G R TR (C NP 55) o MRS A2 b 25 5 Wl AL A4S DN i A 36 14 L I
O A J5 SR R R A A B BB 1) 4 SRR NP AR OC AR, S N P i LK NP [l
i N/P e S WA B BT AR 3R 88 0) EUB BR AR S Y B %38 >R FH 19 /& Koerselman 1 Meuleman ' SESToN
B N/P<14 KWIFY)Z 3] N BRI, N/P>16 RUMEY) 2 2 P BRE . ARETE I, iR THE REFEAIR 4 Fh bR
RPN R N & Bmet P& N/P BRI S SN BT R B R T = S B A R R N
P SR EEAR, HX N/P B 77 AR B R I R AR 26 8 22 S BUME DL T, R N/P BES [ 45 A X B2
B RIS AE RS (3) AR, SRR, B ARE TS0 A TN TP 55 i 3 A, 1 X NP
(12.09<14) A r=4: B E L, Mg Koerselman A1 Meuleman FRIGHEWT 2B fEXT IR H & T #3258 N R
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5%t A L, 5 B KA R A 25 MRAY TP & it R AG  BR DR v B A2 K 8 4 v A R0 A 446 o
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