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Abstract: Taking four southern highbush blueberry species in Dalian, northeast China as materials, using LI-6400XT

portable photosynthesis system,the net photosynthetic rate-temperature curves from 25~36°C and the net photosynthetic
rate-light intensity curves including 1 200, 1 000, 800, 600, 400, 200, 100, 50, 30, 10, and 0 pmol « m™* « s™' were
measured. The results showed that the net photosynthesis rate of ‘Gulfcoast” was the highest one and that of ‘Bluebell’

was the lowest one among all the measured species under high temperature conditions. In terms of light response ability,
the ‘Gulfcoast” was the highest one and the order from high to low was ‘Gulfcoast’ ™ ‘Biloxi’>> ‘Bluebell’ > ‘ Cooper”’.

Moreover, ‘Gulfcoast’ species had the highest transpiration rates and the other three species (‘Cooper”, ‘Biloxi’ and

‘Bluebell”) had lower transpiration rates under warmer conditions. The aim of this study was important significance for

introducing southern highbush blueberry species to other regions of China.

Key words: southern highbush blueberry;blueberry varieties; photosynthetic characteristics
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SEABIRN R 14 d, A 1 d 5 i 8
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(POD) 17 M3 5 SR F A RIA W3 125 5 5 8 AL Ul (CAT ) 1%
P RE SR T e 5h oG B 5 TV MR 2R 1 o B E R
FAZE s W v, F AR 100 8 B B Bos o il 2 T R
RN SR B = Bk, R AN Tk,
AR 3 RERENE , BCFE.
L4 BdEsrth

PRI HCHE AL BEAAE 5SS 4347 R HI SPSS 21. 0 #f,
XPFHEH Duncan’s i Z W 21 47 2 B WL AR
Fi Microsoft Excel #47#I|FEFV/EE .
2 GHRESH
2.1 ALAXJ#ha T &% g 855 81 iR
2.1.1 ALAXEEbE T &M A rEtEEE RS &
FIEM R 1 A] A, X OR [k BE A ER i 3E , 2 i
F F AT PR B R M A iR R 3 T g
“EPBVHRITE Nay 80038 B 5508 T 0HTE 43 BB RE A
A, VREEHY) ALA b3R5 5L A, AEFRERE T 66.24%,
13. 9494 s 7€ Na, #h 38 0 2544 T T8 43 BIBEHE As LA,
R ALA Ab 345 b A, A FRIR T T 46.89%.
14. 66 %0 ; “ LA SR M 7E Nay $hI30 M9 264 T 118 43
FIBERE As A, WREER ALA ZbFRA3 I LE A, ALFRARE T
23.25%\41. 7176 7 Na, $hIHE K 2608 T - 18 235 B e
AA, WRER ALA LB 5 A 0FEIRTE T
35.61%0.36.87%, HUMLAIH, “H B"7E 2 g/kg #hhiE
AT T G 75 me/L WA ALA B Nay Ay, AT
HEHREEREICRI R B DR 4 g/ke 2hiK
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FESAF T P EmEE 150 mg/ L ¥REER ALA B Na, A, , 7]
BHEORSERRHICRA L.
2.1.2  ALA XtEhhie T #% 0 5 il R & & i

R 1 AT, ZESh e 2 T E A B P AR A
EHNEE ,Na, 3RIEEF R EBE. BHEINE ALA 5,
HETFWBEEARTERSAMNBEERS. XT 2
A AR UL R R WA AR, o “H 277 Na
1 Na, 838 T v 4> BIBEHE Ay A, YREE ALA 4038
JEIAR SR LILA B R BIINT 24.01%.12.35%
1 22.65% 1. 64 % ; Xt F“ BFL 45" 7E Na, 1 Na, £
18T T A BB A WA, VREER ALA Zb3 S IHER &
BIHL& A X8I T 16.56%.28. 58 %5 1 9. 98% .,
40. 66 %0 ; LT 401, “ L BBV FE 2 g/ kg EhVRBE 414 T T
W5 75 mg/L Y BER) ALA B Nay A, L, JHE R & & FF+
FORBE AL DR 4 g/ kg EhVRBE A1 T v T M e
75.150 mg/L ¥R ) ALA B Na, A, \Na, A, , Jli & R &
B AR B

1 ALAX#EME TEEM RS
AR EARNFSBSENZMm

Table 1 Effect of ALLA on the content of
soluble protein and proline in grape leaves under salt stress
AR AR R P
Qb P Contents of soluble protein Contents of proline
Treatment /mg e+ g1 /pgeg!
combination “g “ B, T e “E M “ B ] T
¢Summer black’ ¢ Rizamat’ ¢Summer black’ ¢ Rizamat’

Nao Ao 11.66+0.182f  29.22+0.819f 13.7540.195¢  38.1240.092g
Nao Ay 18.0040.201c  37.15+1.014e 16.25+0.117d  44.85+0. 145f
Nao Az 14.07+0. 355¢  41.18+0.477d  16.13+0.602d  49. 37+2. 378
Nay Ao 15.4940.195d  36.56+0.292¢  17.4940.901d  50. 00£0. 962e
Nai A 25.7540.715a  45.0640.901c  21.69=+0.535b  58.28=42.473d
Naj Az 17.6540.367c  51.811+0.436b  19.650.774c  64. 29+ 1. 025¢
Nag Ao 18.1540.838¢c  43.10£0.675cd  21. 94+0.953b  65. 40+ 1. 510c
Naz Ay 26.6640.217a 58.4541.042a 26.9140.947a 71.93%1.071b
Nag Az 20.811+0.342b  58.99+0.935a  22.30%0.634b  91. 99+2. 098a

= IR E/NE FRRR2E R LD 5% BEKE. UTHE.
Note:Different lowercase letters in the same column mean significant difference at

5% level. The same below.

2.2 ALA XFhihia T %% BERE o E A i 52 e

2.2.1 ALAXFERE T A X B FRAEm R
2 ZEFAT AN, 2 A 5 AR A R FAR AR X R R AR B
B ER W 38 Wk BE AR W S N T A =, Na, Ay BE R T
Na; Ao \Nay Ao s Nay Ay 2 2 5 F Nao A, . R BE 1 £E
JihiE A A R RIAR A AR X S 3R B E ALA WREE
BB I FRAR . A WA, AbHRA A0 B E R T4 B RXT R
ADHE . HP,“HERHE A 5 A MEAGHES
A, BHDREE A CHASHABMKT A &
HAA. mULA %0, i B 75 mg/L ¥R E K ALA
RBYE T U7 b 5% £ “ T Rt 3k ol 3 1 R PO R R A
At TETRERE 150 mg/L ¥REE) ALA GRS BE 47 #h 22 B 4L
RV b 38 1 ) B A
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Table 2 Effect of ALA on the relative electric
conductivity in grape leaves and roots under salt stress
~ AR RO ) AT HL SRR
L il Relative electrolytic leakage(Leaf)  Relative electrolytic leakage(Root)
Treatment
combination R LiERST S B LiE(RET
‘Summer black’ ¢ Rizamat’ ¢Summer black”’ ‘Rizamat’
Nao Ao 0.52+0. 016de 0. 22+0. 010e 0.49-+0. 007d 0. 23+0. 005de
Nap A1 0. 45+0. 025f 0. 22+0. 009e 0. 45+0. 003e 0. 20+0. 006ef
Nag A 0. 46+0. 018ef 0. 2140. 003e 0. 46=+0. 001e 0. 1940. 002f
Nai Ay 0. 57+0. 040bc 0. 29+0. 010c 0. 57+0. 020b 0. 26+0. 014c
Nay Ar 0.48+0.00lef  0.29+0. 002cd 0. 48+0. 007d 0. 24+0. 006cd
Nai A 0.524+0.0l4cde 0. 27+0.003d 0.5340.004c 0. 21740. 006def
Naz Ay 0. 67+0.012a 0. 42+0. 004a 0. 62+0. 002a 0.37+0.012a
Naz A1 0. 58+0. 010bc 0. 324+0. 007b 0. 5740. 006b 0. 34+0. 006b
Naz Az 0.62+0.008ab 0. 30=+0. 007bc 0. 6140. 003a 0. 33+0. 020b

2.2.2 ALA XE:hiE T #i& A5 MDA & & 15

m 1 AT, ZEER a4 T A M A MDA A&
Fhier » ELBEE 3 368 v B A 3 n i 28 0 b T, g R A A
PR AL DR R MDA &8I0 B &5 T i
F A E R, EEM A BE ALA J5 0 R H MDA &

BN B LX) RS8R BH ALA AT LI/ MDA 94
Ao FE Na, R8T, AFHEBE A A, R ALA J5
‘BB MDA & &1L A, A B 45w A>T
21.75%0.9. 32 % ; “ HLIL 4%t B MDA & & kb A, &b
AR T 12.33%.26. 03% 3 7E Na, £hH8 T, i
Wi A A, WREER ALA J5“E 27t MDA & &L
Ay TR BT 26.92% .21, 21 % ; “ AL D H B
o MDA & & A, AbBRA I/ T 23.84%6.38.53 %,
M AT, “E BT 4 g/kg $h W38 40T i TH WS i
75 mg/L %QIEE"J ALA Hﬂ‘ﬁﬁﬁ/g%%'f&ﬁﬁ(l\]ﬁz A
“HILDRTE 4 g/kg 8 A4 T EBEHE 150 mg/L
W ALA BN 1 & BRS B & (Nay Ay, T i 2
SR T I XK R

T TrO “EHH”  ‘Summer black’ a

5 6FM “HWIH LR ‘Rizamat’ b
HE 5t
s
g 41

< 2

S

0

NacAo NaAr NaA: NaiAo NaiAi NaiAz NaAo NaAi NaAz
ALHEZH A Treatment combination

1 ALAXEEME TEEM R MDA §EHIN
Fig. 1 Effect of ALA on the MDA content of

grape leaves under salt stress

2.3 ALAXFE:hia FHE M A9 3 Fh AR BE TS M H
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2.3.1 ALA Xt TR B #E M F i 3 F g
AR B E 2 WA, R A R AR A AR L
Wi ALA Ab BRI X8 B A AR B H SOD.POD F1 CAT

3 MRS MR AR AR fL . 7E Na, #l Na,
R E R T BB RE A LA, WRE R ALA A HE S
CAT &M 4 A X BB 2 B n T 24.07%.,6. 58% Fl
23.40%.7.24%; POD & ¥ L 4 @ X B 40 53 T
44.29%5.6. 43 %1 15. 43 % .11. 26 % ;SOD & 1 4% B %
FRAY BN T 20.52%6.2. 49% 1 17. 76 % .5. 55% , HIL
AT, H BN B 75 mg/L MR ALA BB A
AR 2 g/ ke WIER A (Nay A , T %4 T HELRR )
NI SES
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Fig. 2 Effect of ALA on the activities of SOD,POD and

CAT in ‘Summer black’ grape leaves under salt stress
2.3.2 ALAXEhEE SO T RAL DR A 3
FRORIPEEVE PEROSE M pl L 3 W], TR AR R R a4 1
T, i RE ALA L B3 # A fE vk o SOD,POD
A CAT 3 {4 Bl 15t R B i AL AR fb e . 78
Na; F1 Na, ﬁﬂj}iﬁ_—l“ﬂfﬁﬁﬁﬂﬂﬁﬁﬁ AA, %UEE‘J ALA
ALPRFE CAT ¥ ¥ L 4 H X R 4330 3 I T 5. 752,
19. 37 %1 5. 23% . 24. 28 % ; POD i ¥ k. 4% B X 18 43 51
BT 16.00%6.,27. 55% 1 18. 82%.33. 68 % ; SOD i
HA& B X IR 4> B N T 24. 68%6.,26. 36%6 A1 21. 13%,
38.26%, HIMLATAL, BHTHE BEHE 150 me/L ¥ EE A ALA
RES IR IRIRIE 4 o/ke WA T “BILDAF"H % 1t A
3 PRI TE TR AT ALUF Hh R T HEAR IO R IBD3E

2 5

E, 300 1 O CAT{H/U-g " min!

£ 250 | B POD§ifk/U-g" min" a
‘*i 200 | n SODYﬁ‘ﬁ/U'g'Lg}m" c . ] b

o e

2 150} f )
2 g

Q L b b b

fH 100 dg} i ¢, . |
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Kb PRZH 5 Treatment combination
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CAT ,POD #a SOD &t ry50a
Fig. 3 Effect of ALA on the activities of SOD,POD and

CAT in ‘Rizamat’ grape leaves under salt stress
3 ititEHR
ALA X 18 ) £h I 38 1) % i A D LG 80 2 4%, 40 i
ALA ZRCRARE B A ] — — MBI R BT 2. %
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RIGTHEE T RV ALA LB AR [R5 1k B e
2 AR G A AR bR S e, 25 SRR, o T
ALA XfEERE F#E M EKER T —EMZEIER &
FEIRE T AT I SRR A & B AE X T 3R,
FEAR T e 54 T A& fH A MDA & & E TR 2
BT 3 AR EE AT M X 5 X R DS B g 4 R —
3, ALA S e 5 e 48 /2% W15 68 1 OR3P B
RS RS E LA . AN, ATREH F 2 M EA
SRR ER AR R, ALA ST EA TR ER I8 /e A
FIARR . ZBFFR R, A8 R R B B8R e &4, it 1
Wi ALA b3 5 SOD.POD H1 CAT M7EM B E5 F
Xof R HLBEAIR T BE B2k Ak 4 MDA 1 2 &, AT 4k +7
IRAR GRSt SR AR AR 7. X 5 ik F
FIBFFE S RARRL, ALA 3 2 FEAIE MDA () & &t b i ia
FE AR A FHI TR .

TEER a0 T A i R T AR A
AR BN, 325595 E V85 68 17, 3 38 % 8 9 o 38 1
TE N AE N, AT A T S bk 1 P9 R B A TR .
IR LR R, M HEBE ALA J5 , N — 2 AR E
RS THEAEMT AT EEAR . RER S . X
H5&EK FEE {0 5T 45 B A — B0 v i 45 ik B
ALA W5 el A it i A ] S8R R IR
RN, {8 SR MR R B T A W T AR M S R T A
£,

L5 bRk, T B ALA Xt £ 38 T A B 4% I
A PRI BRI BEAT AR B, 2 1 X R e B T B AR AE
F o EHT 2 FaE s R 1 R ), X I 2% i f6) vk B
A5 MBI 75 mg/L WREER) ALA X} 2 g/kg £h /i
8T T b A 55 i L B 4 R SR AE U R B 5
W 150 mg/L WREER) ALA %F 4 g/kg £hh3A T it £k
PEEGR Y LD A R E BRI R .
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Study on Mitigative Effect of 5-aminolevulinic Acid on Grape Under Salt Stress

LIU Peng,ZHAO Bao-long, WANG Wen-jing,SUN Jun-li,MA Hai-xin,ZHANG Xiang
(College of Agriculture,Shihezi University,Shihezi, Xinjiang 832003)

Abstract; Using two salinity-resistance grape variants: ‘Summer black’ (weak salt resistance) and ‘Rizamat’ (strong salt
resistance) as the materials, the soluble protein content, the proline content, MDA content, the relative electric
conductivity and the level of three enzymes’ activity (CAT , POD, SOD) after treating the leaf surface with ALA at the
concentration of 0,75, 150 mg/L, which respectively corresponds to three salinity-stress levels of 0,2,4 g/kg were
studied. The results showed that as for the ‘Summer black’ (75 mg/L ALA,2 g/kg salinity stress) and the ‘Rizamat’
(150 mg/L. ALA, 4 g/kg salinity stress) respectively, the soluble protein, proline content and the level of the three
different enzymes” activity increased significantly, however the MDA content, relative electric conductivity decreased
significantly.

Key words : 5-aminolevulinic acid(ALA) ; grape;salt stress;mitigative effect
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