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Effects of powdery mildew infection on zucchini growth under elevated CO,

and temperature
LIU Junzhi"*, GE Yaming', Pugliese Massimo®, Garibaldi Angelo”, Gullino Maria Lodovica®, TIAN Guangming'"*

1 Department of Environmental Engineering, Zhejiang University, Hangzhou 310029, China
2 Centre of Competence in the Agro-environmental Sector (AGROINNOVA) , University of Torino, Grugliasco 10095, lialy

Abstract: It is well established that global climate change is currently occurring as a result of human activities and its
potential effects has become a focus of recent research. Though there were many reports on plant diseases that cause
significant loss in both yield and quality of many crops throughout the world, it is rarely known how disease infection would
influence plants under the global climate change. In this study, we investigated the potential impacts of powdery mildew
( Podosphaera xanthii) infection on zucchini ( Cucurbita pepo) growth under the conditions of elevated CO, concentration
and rising temperature. Zucchini plants were grown in controlled phytotrons with 3 different simulated climatic conditions:
CO, 450 mol/mol with temperature ranging from 18 °C to 24 °C ( control treatment) , CO, 800wmol/mol with temperature
ranging from 18 °C to 24 C (elevated CO, treatment) , and CO, 800wmol/mol with temperature ranging from 22 °C to 28
°C (elevated both CO, and temperature treatment). P. xanthii was artificially inoculated by spraying a conidial suspension
onto the adaxial surface of zucchini leaves. Both physiological (e. g. chlorophyll content, gas exchange activity, and other
plant growth parameters) and pathological (e. g. size, hyphal tip number, and conidiophore number of pathogen colony,

and disease index of whole plant) responses of plant and pathogen were monitored. The results showed that elevated CO,
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alone enhanced the net photosynthesis rate of zucchini plants (P <0.05), and produced more aboveground biomass and
zucchini fruits than those in control treatment (P >0.05). Elevated both CO, and temperature also enhanced the net
photosynthesis rate but with less enhancement ( P <0.05) , and greatly accelerated the plant development with more open
leaves and male flowers (P <0.05). However, increase of both CO, and temperature reduced both chlorophyll content and
area of zucchini leaf (P >0.05), finally resulting significantly decreased dry biomass accumulation ( aboveground) and
zucchini fruit production than the control treatment (P <0.05). No variety on P. xanthii growth and development was
found between elevated CO, treatment and control treatment, and the plant disease index in elevated CO, treatment slightly
reduced due to the improved plant resistance caused by increase of atmospheric CO,. Compared with the control treatment,
the fungal development of P. xanthii in elevated both CO, and temperature treatment greatly improved, with significantly
greater colony size and conidiophore production (P <0.01), as well as much heavier disease index (P <0.01) and much
lower yield of zucchini fruits (P <0.01). These results indicate that in future climate characterized by both elevated CO,
and rising temperature, the powdery mildew would cause aggravated damage on zucchini plants. This finding might be also

of importance to disease management on other plants belonging to the family Cucurbitaceae.

Key Words: global climate change; Cucurbita pepo; Podosphaera xanthii; plant diseases; growth characteristics

KA CO, M EEE M 18 22 i Tl Ay AT Y 2 280 wmol/mol | F+EFAE A #81 380 wmol/mol , H. H:H# 4
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£ 800wmol/mol + I FE 18—24°C ) , CO, ¥ & AN B W] i F =5 AL B ECT (€O, ¥’ & 800 wmol/mol + & J& 22—
28°C) , M N HAL IR S5 X AR ) A X BE 40—70% , A B0OGE Ha ST 70—700mol - m > s =" i e JE 48]
i 16h/d, ARG BRER 3 K,
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MR 2.5% LA R 1 9;5%—10% 19 3 H525%—50% 1 5 9;75% VA bR 7 %, AHRIRIETEE = (R4 T
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content index ( CCI) of zucchini leaves

20.3% o FEIet MR L4517 BT R BR R P 1 e S [ B 7

ST aliifm COMEBH MRS CO K mengzp <0.05)
FEFEEE A I AR S TP A O G ER P (K 2)
RG], X R AR AR, EC Fl ECT AR AL A MR AL CK ARG T 45.3% —97. 6% F1 16. 8% —76.2% ;
X YA AR , EC A ECT AL A E A 8 R A CK ALFRIE AN T 48. 5% —182. 1% F11 39. 0% —69. 4% , %F5d

E1 CO,fMBREASNEHAMNFIHEREHNZN
Fig.1 Effects of elevated CO, and temperature on chlorophyll
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F10d J& , FUB AR G BRAIR T 45 FR5E T 1o G % {3 EC F ECT ALY YL fEAR 5O A 3R 1L CK fil
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A 0d B, EC I ECT AbEECE VT 2 it B AL L (G,) FX 40 BRI T 38. 0% F153.0% , #F 5d
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REME , XHEE AR , EC 1 ECT AbHLAH I A L 5B LU BRI T 30. 3% i1 48. 7% ; X YA ik , EC A1 ECT
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ALY B BREAIR , #5 Ah PR IR 25 S B 4D
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Fig. 3  Effects of elevated CO, and temperature on stomatal

B2 CO,fMREFSMEHAMFELEERNFZINT

Fig. 2 Effects of elevated CO, and temperature on net
conductance (G,) of zucchini leaves

FEH H RN T 43 3 7 g RRAR AR RN Y S ARk 5 ) v AS ) - 1 38 R Ak
HEFPFE(P <0.05)

photosynthetic rate (P, ) of zucchini leaves
P H R T 2355 327 (R AR AR RN i AL A 181 P AN [ S B Ak
MR WE(P <0.05)

2.2 PHHMEREESE

FRh 15d WP R AE R F SR Fs . BUACKE 25 P54 PO PG 2 it 7 TS H B £k
o SRR KR AR I B2 M- 2 75 F R O AR AN AEPR P I /N RS0 At b 308 00 A ) i 25 X AN [
PRI Ty 7 D) PR 75 G i e, ELHAR AR 5 1) RIS L S5 BRI AR B A G

£1 CO,MBEASXEMISdEEHLEEKRLBENZN

Table 1 Effects of elevated CO, and temperature on zucchini growth and development at 15d after inoculation

i H Ttems CKH CK 1 EC H EC I ECT H ECT I
. Fresh weight/g 88.5+5.3ab  82.0£2.7hc 103 £3.4a  85.6+2.8bc  99.3 £5.0ab 75.9 +6. 8¢
F3E Dry weight/g 9.3 +0.8ab 9.0+0.3b 11.8+0.6a 9.4 +0.6ab 8.8 +£0.3b 5.3+0.6¢
AT H R Relative growth rate 0.16+0.0la  0.15+0.0la  0.16+0.0la  0.15+0.0la  0.15+0.0la  0.14 £0.00a
JFREMH R BH Open leaf number 5.2£0.1b 5.2£0.2b 4.7 +0.4b 5.2£0.2b 6.7 0. 1a 6.7 0. 1a
M T FL Area of 2nd leaves/cm? 154 £12.7a 117 +5.6b 163 +12.1a 153 +11.8a 131 =13.7ab 119 +6.6b
Ak HE: Number 13.8 £0.5hb 13.0 £0.6b 12.8 £0.4b 13.2 £0.5b 15.0 +0.6a 14.7 +0.9a
Male flower KK Lmax/cm 8.7+1.0b 9.7 +0.6b 9.4+1.1b 9.0+0.8b  22.2+2.1a 21.7 £0.9a
R 5 Number 1.7 +0.4a 1.2 +0.2ab 1.8+0.3a 1.4+0.2a 0.5+0.2b 0.2+0.2b
Zucchini fruit e KKJE Lmax/cm 2.8 +0.4a 2.5+0.6a 3.2 +0.6a 2.5+0.4a 0.3+0.1b 0.1+0.1b

el e R 4350 A B ARCBR R AR 5 P o R R 7 7 2 .35 (P <0..05)
COMRBEINE G L T P& A (H Uy T A= e R BE T i AU 55 T X — (e b AR . AR b 5324
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Yy o g 5], AU BEAH LG, 368 15d I EC AL FR Bl FERE bR B & T 5 20 B3N 1 16. 4% F126. 9% , i H Y4
SRR A EE T HAUTIEIN T 4.39% F1 4. 44% ; ECT AbFR e R bR A0 T EE R0 1 5. 38% |, Higu
PRAEGEE T E 0 T 7. 44% F141.1% (P <0.01) 254k BRI AR A0 AH X AR 4K 530 358 S AR ) JTURH AL,
EXFIIAEE

FIXTBRAH F, EC AL R A PG # 2  Jr  B R IR 52 B 52 ), (B By i AR i T 5. 84% (H) Al
30.8% (1) (P <0.01) ;1 ECT AbBEAIAEREM Fr E B NP T 28.8% (P <0.01)  {HIL Ly iF i AR 45/ T
14.9% (H) B BEAR AR (1), EC AbH A0 3 A 52 M P4 i 2 e 48 i AR B (HAH SR SC B e xT 2 i 1
5.88% (H) 8 16.7% (1) , Fe KR ITKJE LT IR T 14. 3% (H) SARFFARAS (1) 5 1 ECT AbH i P 2 e 4E
H BRI T 8.70% (H) 1 13.1% (1) , AEFFS BERT RESE N T2 1.5 1% (P <0.01) , {H SR S8 S H R
KA FE X RS2 R (P <0.01) , @ BERIFRIIR 15 70. 6% 1 89. 3% , YL HIMRIRIR 15 83. 3% F196.0% |,
2.3 FIBYI A B KB SECRIEH RIS 85

SEARCEE T LN R B DA 5 R 2 S SR B B C O, M B3 I AR X 11 48 TR A A ™ A D e s i 0 P A
PRIET AMERE (FK2), Hfh 3d B, EC b3R5 I TR V& 1) T FR S B 22 43 SOBCRIN BRBEAR — B, Tfi ECT ik
PR A7 TR0 FRURIT DA 22 53 SCBCRB LU BREE N T 1 A% 2245 (P <0.01) o 422 5d BF, EC Ab 3 195 J5 B 7% 1Y) 43 A= 7
FHEFCRNT B 22 H0A K, ) ECT ARBRAY FLX R Z H T 10 £5(P <0.01)

%2 CO,MEEASIMNAMBEREEERKEHENTM

Table 2 Effects of elevated CO, and temperature on P. xanthii colony development

Inuciiﬁiﬂie d I H Item CK 1 EC1 ECT I
3 & AL Colony area/cm2 0.35+0.03 a 0.31+0.03 a 0.68 £0.13 b
B 2443 3250 Hyphal tip number 9.3+0.8 a 8.5+0.7 a 16.3+1.8 b
5 SMEFL TSR Conidiophore number 2.4+0.4 a 2.0+0.9 a 21.4+2.3 b

P b H R T 232 (e AR R R AR AR ; [T H A [ 5 Bl s A B 2% 5 W35 (P <0.05)

WK 4 s RS 8 2 10 K I PH 85 2 % 15 18 ] — 8 CKI—-%-—ECI---0---ECTI

BASACA K, H 15d Bl F T FBES 10 RN T
25.20—41.2% , WALTFE COMRBERMPUH A RN 5 [
HERL e SO ISR 5. 73% % +10.8% 2 5 40f
i, T I T 7 9 OB K 7 A RS, B 2 ao
5.73%—27.5% (P <0.05) . 2.0
3 itig i
RRBD COLWETHE (L T P9 M ek bk |
P, SRILARTA 2 CO, Y J8E 42 3 5% M BF 55 1 3 ’ 8 10 15
g B O, I T B SE A W b 4 RRHIT Inocutaon tmed
KW HTE s A YOS 1E -, fEA Y it 4 CO,MMEEFSEHEEKERIERNZN

Vq%h&‘ﬁ g E@ﬁ ;I:’}/j\ . g)ﬁﬁ%ﬁﬁ 7}(“{‘%% , ?ﬁ}ﬁ%*ﬁ, §[J% . Fig. 4 Effects of elevated CO, and temperature on disease index
B RS, T HE o AR i R R of acchini

A ERIAE S P R N R 2 — s & 55

TP SR AR AN A IR, SO AR IS . 5340, w2 i DAE W 20 8L K 0 A, i 4 A A A
AFIE], AT A i 1) AR [ CO, e 3 AN B (0 A AR 1 T Rt BEHE B, B8R Dl
- B T ARG S R A T (] 2) (HM 2R S 8B R 2 (181 1) e K Ay M R Z2(H/ ) RS
D H/N R R BT S AE KA 7)) bk T Bl (R 1) o Xl feJe il T CO, e BE R It A (1 1E T
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SEMA A BB VR ML BE T =0 5 | S B 0 TR s e ) 25 2

TR, COVREE T = AR KA AL G SR N & B SR R 3, 508 o2 A B Ll e s A= 3
TEAS AR, DASRAR RS SRS S8 IR AR, e 3 &A1 AN, SR & F
FREFGH AR, P IR R BORIEF IS HONERRSE 40, Salinari 252 88« A -0 3 RE A AR T
2030 4F 2050 4FF1 2080 4F (S5 A5 0 H 35 KR Acqui Terme ML IX ()35 285 75 B , o HAE A4 S0 BT
WRIEAE R A A Y BERTER & . Evans %52 0 2 BRARBRRE Y S 3% IR 19 B0 L, Ak 22 0 & 1 51
I I A 2 30 3K — g (A A 2, 5 e S 9l 3% 2 7= 5 R (9 B TR i, Klopfeenstein 85 97 30 538 AR %
A S INE Alaska — 7 2 0 MR 0 TRTAR L T ——— S IR AN M Hb 2 FhREAR 142 4

AWFSE R, b CO, M IF A ELIER I P, xanthii WAE KR, CO, M E I E vl LU 2 R )
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