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Abstract: By hydroponic cultivation method, changes of growth, leaf photosynthetic and chlorophyll
fluorescence parameters of Cucurbita ficifolia Bouché, Cucumis sativus ¢ Chunqiuwang No. 2’ , Luffa
cylindrica ‘ Xingshu’ , Luffa cylindrica ¢ Wuyexiang’ and Momordica charantia ‘ Aomei’ seedlings after
treated by high temperature (35 °C) in rhizosphere for 0, 3 and 5 d and recovered for 5 d were compared
and analyzed. The results show that compared to the control (25 “C), during high temperature treating
and recovering periods, plant height, stem diameter, leaf area, chlorophyll relative content ( SPAD) ,
and leaf net photosynthetic rate (Pn), stomatal conductance ( Gs), intercellular CO, concentration
(Ci), transpiration rate ( Tr), excitation energy capture efficiency of PS II ( F,/'/F,'), actual

m

photochemical efficiency of PS II ( @, ), actual photochemical quantum yield ( Yield), apparent
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photosynthetic electron transport rate ( ETR), photochemical fluorescence quenching coefficient ( gP)
and energy fraction of PS Il used for photochemical reaction (P) of C. ficifolia, C.
¢ Chungiuwang No. 2’ and M. charantia ‘ Aomei’ are generally significantly lower than those of the
control. While most of above indexes of L. cylindrica ‘ Wuyexiang’ do not change obviously, but its non-
photochemical quenching coefficient (¢N) and energy fraction of PS Il used for heat dissipation of
antenna pigment (D) are lower than those of the control. During high temperature treating period, every
index of L. cylindrica ‘ Xingshu’ decreases or increases in different degrees, but that is close to or higher
than the control after recovered for 5 d. It is suggested that there is obvious difference in tolerance to high

sativus

temperature in rhizosphere among five cucurbit crops. In which, tolerances of C. ficifolia and C. sativus
¢ Chungiuwang No. 2’ are the worst, while tolerances of two cultivars of L. cylindrica, especially L.
cylindrica  Wuyexiang’ are stronger, and it can be used as rootstock of cucurbit crops of resisting high
temperature stress.

Key words: cucurbit crops; high temperature stress in rhizosphere; growth; photosynthetic parameters ;
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Table 1 Effect of high temperature in rhizosphere on growth and chlorophyll relative content (SPAD) of five cucurbit crops'’

AN ) b BB ) 407 P (R 55/ em

AN ) Ak BB ) &7 1 () 254 em

bH EE/ C
e %ealr{inxt Plant height of seedlings at different treatment times  Stem diameter of seedlings at different treatment times
Crop” i
P temperature 0d 3d sd R 0d 3d sd R
CF 25(CK) 10.20Ad 25.83Ac 35.50Ab 79.20Aa 0.62Ad 0.78Ac 0.83Ab 0.93Aa
35 10.52Ad 17.84Bc¢ 18.50Bb 35.15Ba 0.63Ac 0.67Bbc 0.71Bb 0.77Ba
CS 25(CK) 8.17Ad 10.20Ac 12.33Ab 20.67Aa 0.45Ac 0.52Ab 0.57Aa 0.62Aa
35 8.20Ab 8.43Bb 9.20Bb 13.40Ba 0.43Ab 0.48Aab 0.50Bab 0.52Ba
LCX 25(CK) 7.63Ad 16.17Ac 23.50Ab 48.10Aa 0.23Ab 0.32Aa 0.30Aa 0.37Aa
35 7.50Ad 16.33Ac 23.83Ab 54.00Aa 0.22Ac 0.31Ab 0.34Aab 0.37Aa
LCW 25(CK) 10.53Ad 19.50Ac 30.83Ab 66.50Aa 0.32Ab 0.35Aab 0.37Aab 0.41Aa
35 10.71Ad 19.33Ac 30.34Ab 70.33Aa 0.31Aa 0.35Aa 0.37Aa 0.40Aa
MC 25(CK) 18.95Ad 28.67Ac 38.00Ab 68.33Aa 0.27Ac 0.31Abe 0.33Ab 0.38Aa
35 19.67Ad 25.83Bc¢ 31.67Bb 48.00Ba 0.27Aa 0.28Aa 0.30Aa 0.31Ba
5 JhFE B/ C 7 [ b R TR )5 1 I TR em® N[ ALBERF ] B SPAD {E
’ﬁzyf@z) Treatment Leaf area of seedlings at different treatment times SPAD value of leaf at different treatment times
C
op temperature 0d 3d 5d RY 0d 3d 5d RY
CF 25(CK) 452.53Ac  953.78Ab 1 030.70Ab 1 738.38Aa 31.57Ac 33.80Ab 34.53Ab 37.40Aa
35 450.30Ab  621.42Ba 644.72Ba 647.95Ba 30.21Aa  29.10Bb 25.00Bc¢ 27.90Bb
CS 25(CK) 271.14Ad  335.50Ac  366.97Ab  534.25Aa 33.53Ab  33.70Ab 37.93Aa 38.20Aa
35 272.93Ab  278.60Bb  282.02Bb  314.16Ba 32.68Aa  24.79Bc 22.57Bd 27.07Bb
LCX 25(CK) 156.37Ad  328.40Ac  407.45Bb  545.10Ba 36.43Ac 46.77Aa 44.70Aa 40.57Ab
35 158.41Ad  302.58Bc¢ 466.14Ab  686.83Aa 36.28Ac 39.53Bb 45.00Aa 43.03Aa
LCW 25(CK) 184.76Ad  327.62Ac  454.40Ab  784.40Ba 34.67Ab  41.83Aa 42.90Aa 43.37Aa
35 188.01Ad  303.99Bc 420.89Ab  891.45Aa 35.81Ab  41.53Aa 42.17Aa 43.30Aa
MC 25(CK) 228.22Ac  427.47Ab  453.83Ab  910.48Aa 18.83Ab  23.40Aa 25.10Aa 25.63Aa
35 226.41Ac¢  320.66Bb  342.20Bb  501.53Ba 19.63Aa 14.73Bb 9.60Bd 12.00Bc

Y &3 oS R Y K S 7 38 TRl — VR 4 AS ] 3R 8 A 2 7] 2% 57 4 3% ( P<0. 05) Different capitals in the same column indicate the significant difference
(P<0.05) among different temperature treatments of the same crop; [FfTH R[] [)/NE F B 36 7R [R] — 38 A 76 7K [A] 4 B A [R] 22 57 2.3 ( P<0.05)
Different small letters in the same row indicate the significant difference (P<0.05) in the same index among different treatment times.

DCF: BHEIR Cucurbita Sficifolia Bouché; CS; * HEIE 2 5 8K Cucumis sativus * Chungiuwang No. 2’ ; LCX; ° PR 22\ Luffa cylindrica

‘Xingshu’ ; LCW; “ ILMF5 22K Luffa cylindrica ¢ Wuyexiang’ ; MC.:

25 5K Momordica charantia ¢ Aomei’ .

DR EIRALTR S d JER IR 2 25 CHALFRS d Retreated by temperature recovered to 25 °C for 5 d after treated by high temperature for 5 d.
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Table 2 Effect of high temperature in rhizosphere on net photosynthetic rate ( Pn) , stomatal conductance ( Gs) , intercellular CO, concentration

(Ci) and transpiration rate ( Tr) of leaf of five cucurbit crops'’

-1
S

1
S

2) Kb FE R/ °C N[} Ak BT [ ) P B/ pumol + m ™ AN AL BERS ]I () Gs {B/mol - m™2
'1/':%2) Treatment Pn value of leaf at different treatment times Gs value of leaf at different treatment times
C
o temperature 0d 3d 54d R 0d 3d 54d R
CF 25(CK) 18.61Aa 18.62Aa 16.72Ac 17.62Ab 0.61Ab 0.61Ab 0.56Ab 0.78Aa
35 18.62Aa 10.59Bb 2.34Bd 3.12Bc¢ 0.62Aa 0.09Bb 0.04Bc 0.04Bc
CS 25(CK) 17.58Aa 17.91Aa 16.21Aa 14.57Aa 0.49Ab 0.48Ab 0.60Aa 0.34Ac
35 17.62Aa 4.17Bb 1.60Bb 1.51Bb 0.48Aa 0.06Bb 0.04Bb 0.03Bb
LCX 25(CK) 16.80Aa 16.79Aa 16.45Ba 16.49Aa 0.48Ac 0.48Ac 0.56Aa 0.54Ab
35 16.81Ab 14.87Bd 17.71Aa 16.54Ac 0.47Ab 0.40Bd 0.43Bc 0.53Aa
LCW 25(CK) 15.43Ab 15.40Ab 17.73Aa 18.27Ba 0.71Aa 0.70Aa 0.55Ac¢ 0.62Ab
35 15.51Ab 13.47Bc 18.50Aa 19. 14Aa 0.71Aa 0.51Bc 0.48Bc 0.58Bb
MC 25(CK) 15.76Aa 15.70Aa 15.59Aa 16.76Aa 0.46Ab 0.46Ab 0.35Ac 0.54Aa
35 15.72Aa 14.16Bb 8.53Bd 11.43Bc 0.45Aa 0.43Bb 0.16Bd 0.41Bc
2) REFRIRE/°C S Ja] b F s B A G Ci /L - L7 AN AL BRESF )0 (%) Tr {E/mmol « m™2 + 57!
ﬂz%ﬂ Treatment Ci value of leaf at different treatment times Tr value of leaf at different treatment times
Cro -
: temperature 0d 3d 5d RY 0d 3d 5d R
CF 25(CK) 304.66Ac  305.06Ac  319.62Ab  362.06Aa 11.38Aa 11.47Aa 11.81Aa 6.54Ab
35 302.01Aa 287.20Bb  178.58Bd  259.72Bc 11.30Aa 3.34Bb 1.37Bc 2.99Bb
CS 25(CK) 310.07Ab  309.07Ab  321.91Aa  295.98Ac 10. 78 Aa 11.18Aa 11.03Aa 7.52Ab
35 311.67Aa  227.03Bd  241.42Bc  288.15Bb 10.41Aa 2.09Bb 1.95Bb 1.08Bc
LCX 25(CK) 298.48Ac  299.45Bc  318.15Ab  333.78Aa 9.87Ab 9.88Ab 12.23Aa 9.08Ab
35 296.07Ac  316.30Ab 294.87Bd  326.05Ba 9.84Ab 11.81Aa 10.47Bab  7.13Ac
LCW 25(CK) 320.43Ab  323.93Bb  312.97Ac  337.81Aa 11.26Aa 11.30Aa 11.37Aa 7.05Bb
35 321.20Ab  330.02Aa 301.15Bc  323.79Bab 11.35Aa 9.31Bc 10. 54 Ab 9.13Ac
MC 25(CK) 302.18Ab  300.41Ab  296.72Ac  318.13Aa 9.54Aa 9.53Aa 8.70Ab 7.44Ac
35 303.36Ab  304.89Ab  269.09Bc  312.21Ba 9.50Ab 10. 11Aa 4.47Bc 3.62Bd

D )51 H AR 5] 59K G B3 [l — AR A ] L2 Ab B ) 22 57 i 3 ( P<0. 05 ) Different capitals in the same column indicate the significant difference
(P<0.05) among different temperature treatments of the same crop; [F47HA [ 1)/NG FBER IR [ — 38 b fEAS [R] 4b BRET ] 22 5 5 25 (P<0.05)
Different small letters in the same row indicate the significant difference (P<0.05) in the same index among different treatment times.

C B 2N Luffa cylindrica

2) CF: B¥RIK Cucurbita ficifolia Bouché; CS;: * FEITE 2 5 K Cucumis sativus
‘Xingshu’ ; LCW;  FLMFF 22K Luffa cylindrica ¢ Wuyexiang’ ; MC:

¢ Chungiuwang No. 2’
“HHSE’ 5 )R Momordica charantia Aomcl .

; LCX:

DR @WIRALFES d JFEREIKE 2 25 CHALFES d Retreated by temperature recovered to 25 °C for 5 d after treated by high temperature for 5 d.
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Table 3  Effect of high temperature in rhizosphere on chlorophyll fluorescence parameters of leaf of five cucurbit crops"

) AR AL FEE ] A PS I G RERE SRR R ER R I A PS TR SRR 2E 3%
27e AL BRI EE/°C Excitation energy capture efficiency of PS1I in Actual photochemical efficiency of PS1I in
Cron?) Treatment leaf at different treatment times leaf at different treatment times

rop temperature
0d 3d 5d R 0d 3d 54d R¥
CF 25(CK) 0.64Aa 0.63Aa 0.57Ab 0.56Ab 0.59Aa 0.58Aa 0.50Ab 0.48Ab
35 0.64Aa 0.47Bb 0.44Bb 0.47Bb 0.56Aa 0.42Bb 0.30Bc 0.39Bb
CS 25(CK) 0.63Aa 0.64Aa 0.55Ab 0.50Ac 0.58Aa 0.58Aa 0.46Ac 0.50Ab
35 0.63Aa 0.52Bb 0.47Bc 0.40Bd 0.58Aa 0.44Bb 0.34Bc 0.33Bc¢
LCX 25(CK) 0.60Aa 0.57Ab 0.48Ac 0.41Bd 0.56Aa 0.54Aa 0.33Ab 0.34Ab
35 0.60Aa 0.46Bc 0.49Ab 0.45Ac 0.56Aa 0.40Bb 0.25Bc¢ 0.38Ab
LCW 25(CK) 0.50Ac 0.54Bb 0.53Ab 0.57Ba 0.44Ac 0.41Bd 0.49Ab 0.54Aa
35 0.50Ad 0.57Ab 0.54Ac 0.59Aa 0.43Ac 0.52Aab 0.50Ab 0.54Aa
MC 25(CK) 0.58Aa 0.51Bb 0.60Aa 0.51Ab 0.52Aa 0.51Aa 0.54Aa 0.46Ab
35 0.58Aa 0.56Aa 0.46Bb 0.46Bb 0.52Aa 0.46Bb 0.35Bd 0.40Bc

) AT Ak BRI TR - 4 52 RO 2 T AN [l b R ] R R L v e R
27e A PR BE/°C Actual photochemical quantum yield of Apparent photosynthetic electron transport rate of
Cron?) Treatment leaf at different treatment times leaf at different treatment times

rop temperature
0d 3d 5d R 0d 3d 54d R¥
CF 25(CK) 0.59Aa 0.58Aa 0.51Ab 0.48Ab 124.00Aa  123.90Aa  106.16Ab  100.17Ab
35 0.59Aa 0.45Bb 0.30Bc 0.43Bb 123.00Aa 94.29Bb 62.58Bd 86. 10Bc
CS 25(CK) 0.58Aa 0.59Aa 0.47Ab 0.48Ab 122.33Aa  122.35Aa 97.44Ac  103.85Ab
35 0.59Aa 0.48Bb 0.33Bc 0.34Bc 122.33Aa  100.17Bb 68.99Bc 70. 14Bc
LCX 25(CK) 0.54Aa 0.55Aa 0.36Ab 0.35Ab 114.35Aa  114.24Aa 75.29Ab 67.10Bc
35 0.54Aa 0.38Bb 0.25Bc¢ 0.38Ab 114.35Aa 79.17Bb 51.98Bc¢ 79.70Ab
LCW 25(CK) 0.41Ac 0.49Ab 0.41Bc 0.54Aa 86.31Ac  102.59Ab 86.10Bc  112.88Aa
35 0.41Ac 0.47Bb 0.54Aa 0.55Aa 86.31Ac 98.46Bb  113.93Aa 114.87Aa
MC 25(CK) 0.50Ab 0.49Ab 0.56Aa 0.48Ab 104.16Ab  102.06Ab 117.71Aa  103.11Ab
35 0.50Aa 0.46Bb 0.35Bd 0.40Bc 103.90Aa 97.55Bb 73.82Bd 84.42Bc

o AT A2k S ] I ) T 20 K R B AT b S ) i A A SRR K R EL
Ve b B B/ °C Photochemical quenching coefficient of Non-photochemical quenching coefficient of
Cron?) Treatment leaf at different treatment times leaf at different treatment times

rop temperature
0d 3d 5d RY 0d 3d 5d RY
CF 25(CK) 0.92Aa 0.91Ab 0.92Aa 0.90Ab 0.89Ac 0.88Bc 0.95Ba 0.92Bb
35 0.92Aa 0.85Bc¢ 0.65Bd 0.91Ab 0.88Ad 0.94Ac 0.97Aa 0.95Ab
CS 25(CK) 0.91Ab 0.92Ab 0.84Ac 0.98Aa 0.87Ab 0.86Bb 0.94Ba 0.95Ba
35 0.91Aa 0.82Bb 0.64Bc 0.89Ba 0.88Ac 0.95Ab 0.96Aab 0.97Aa
LCX 25(CK) 0.91Aa 0.89Aa 0.86Ab 0.82Bc¢ 0.90Ac 0.89Bc 0.96Aa 0.92Ab
35 0.90Ab 0.88Ac 0.82Bd 0.95Aa 0.89Ad 0.94Ab 0.96Aa 0.91Ac
LCW 25(CK) 0.92Ac 0.94Aa 0.91Bd 0.93Ab 0.91Ac 0.91Ac 0.96Aa 0.93Ab
35 0.92Aa 0.93Ba 0.93Aa 0.93Aa 0.92Ab 0.89Bc 0.95Aa 0.91Bb
MC 25(CK) 0.88Aa 0.88Aa 0.83Ab 0.89Aa 0.94Aa 0.93Aa 0.94Ba 0.95Ba
35 0.88Aa 0.85Bb 0.80Bc 0.84Bb 0.93Ac 0.95Ab 0.98Aa 0.98Aa

O R3S [ Y K S 1 38 TRl — VR 4 AS ] 3R 8 A B ) 2% 5 W 3% ( P<0. 05) Different capitals in the same column indicate the significant difference
(P<0.05) among different temperature treatments of the same crop; [FfTH R[] /NG F B 36 7 [R] — 38 A 76 7K [A] b BB [B] 22 57 .3 ( P<0. 05)
Different small letters in the same row indicate the significant difference (P<0.05) in the same index among different treatment times.

2>CF: KN Cucurbita ficifolia Bouché; CS;: * FEIE 2 5 8K Cucumis sativus * Chungiuwang No. 2’ ; LCX; ° MR 2 Luffa cylindrica
‘Xingshu’ ; LCW; * M 2K Luffa cylindrica * Wuyexiang’ ; MC; * 3 X Momordica charantia * Aomei’ .

DR ERATRS d JE IR R 25 CHALFES d Retreated by temperature recovered to 25 °C for 5 d after treated by high temperature for 5 d.
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Table 4 Effect of high temperature in rhizosphere on allocation fraction of light absorption of PS Il reaction center in leaf of five cucurbit
1)

crops

N [ Ak B ] A S 0z ) RE B EL 471

YEY) AP BE/C Energy fraction used for photochemical reaction at
Cro Treatment different treatment times
P temperature
0d 3d 5d R
HATRIK Cucurbita ficifolia 25(CK) 0.59Aa 0.58Aa 0.52Ab 0.50Ac
35 0.58Aa 0.41Bc 0.29Bd 0.43Bb
CHRKE 25 BIR Cucumis sativus 25(CK) 0.58Aa 0.58Aa 0.46Ac 0.49Ab
¢ Chungiuwang No. 2’ 35 0.59Aa 0.42Bb 0.30Bd 0.36Bc
CMER 22 )N Luffa cylindrica * Xingshu’ 25(CK) 0.55Aa 0.51Ab 0.42Ac 0.34Bd
35 0.54Aa 0.40Bc 0.40Ac 0.43Ab
CHMAR 22)K Luffa cylindrica ¢ Wuyexiang” 25(CK) 0.47Ac 0.50Bb 0.48Ac 0.54Ba
35 0.48Ad 0.53Ab 0.50Ac 0.56Aa
‘H3E 17 ) Momordica charantia ¢ Aomei’ 25(CK) 0.51Aa 0.45Ab 0.50Aa 0.45Ab
35 0.50Aa 0.47Ab 0.37Bc 0.38Bc
) A T Ak 3 T FH SRR 8 R FAFE Y B e L 451
a2 LUSLIEY VR Energy fraction used for heat dissipation of antenna pigment at
Cro Treatment different treatment times
P temperature
0d 3d 54d R?
AR N Cucurbita ficifolia 25(CK) 0.36Ab 0.35Bb 0.43Ba 0.45Ba
35 0.36Ab 0.52Aa 0.55Aa 0.53Aa
CEKE 2 5 IR Cucumis sativus 25(CK) 0.36Ac 0.35Bc 0.45Bb 0.49Ba
¢ Chungiuwang No. 2’ 35 0.35Ad 0.48Ac 0.53Ab 0.60Aa
CMER 22 )N Luffa cylindrica * Xingshu’ 25(CK) 0.39Ad 0.43Bc 0.51Ab 0.59Aa
35 0.40Ac 0.54Aa 0.51Ab 0.55Ba
CHMF 2K Luffa cylindrica ¢ Wuyexiang’ 25(CK) 0.49Aa 0.46Ab 0.47Ab 0.42Ac
35 0.49Aa 0.43Bc 0.46Ab 0.40Bd
‘e 35 I\ Momordica charantia ¢ Aomei’ 25(CK) 0.42Ab 0.49Aa 0.40Bb 0.49Ba
35 0.43Ab 0.44Bb 0.54Aa 0.54Aa
) S [ b B 8] T4l e Al SO #E R RE 1 L 51
a2 AP E/C Energy fraction used for dissipation of non-photochemical reaction at
Crop Treatment different treatment times
temperature
0d 3d 54d R?
HFFI IR Cucurbita ficifolia 25(CK) 0.052Aa 0.057Ba 0.045Bb 0.054Aa
35 0.056Ac 0.072Ab 0.155Aa 0.045Bc
. 2= ucumis satiwus . . . a . C
CEMT2 5 IR C 1 ; 25(CK) 0.057Ab 0.054Bb 0.088B 0.011B
¢ Chungiuwang No. 2’ 35 0.051Ac 0.093Ab 0.171Aa 0.043Ac
MR 22K Luffa cylindrica * Xingshu’ 25(CK) 0.058Ab 0.061Aab 0.067Bab 0.075Aa
35 0.060Ab 0.053Bb 0.090Aa 0.023Bc¢
CHMF 2K Luffa cylindrica ¢ Wuyexiang’ 25(CK) 0.041Ab 0.031Bc 0.049Aa 0.039Ab
35 0.039Aa 0.039Aa 0.038Ba 0.040Aa
j 7 J\ Momordica charantia omei . . c . a . C
‘e’ W K Momordica ch ¢ Aomei’ 25(CK) 0.070Ab 0.057B 0.102A 0.057B
35 0.068Ab 0.093Aa 0.092Aa 0.074Ab

Y &3 H R B A K G 7 3 R — VR4 A [ 3R 38 b B 7] 2% 5 i 3% ( P<0. 05) Different capitals in the same column indicate the significant difference
(P<0.05) among different temperature treatments of the same crop; [G 47 AR B /ING T B R [a]— 8 AR e A ] &b 38 i JA] 22 57 & 2% ( P<0. 05 )
Different small letters in the same row indicate the significant difference (P<0.05) in the same index among different treatment times.

DR; EEAHE S d JEIREERE Z 25 CHALHE S d Retreated by temperature recovered to 25 °C for 5 d after treated by high temperature for 5 d.
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