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Abstract: Wild bilberry resources are rich in China,some of which are excellent germplasm resources, however, relatively

low level in development and utilization currently. In order to better utilize wild bilberry resources of China,

characterization of three groups (Sect. Galeopetalum J. J. Smith, Sect. Eococcus Sleumer, Sect. Bracteata Nakai) were

researched in this paper. Compared analysis was performed for plant vigor,fruit diameter, blooming date, ripening period

and suitable altitude to select excellent wild bilberry germplasm resources of China by morphology. This paper provided a

certain theoretical basis and material foundation for improving excellent characters of wild bilberry and cultivated

blueberry of China.
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B Y 2R BRI e R #UR SOD & ¥ #il MDA & &
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Table 1 Dynamic low temperature control treatment 1

Fi B BE
0:00—9.00  9,00—11,00 11,00—16;00 16;00—0;00
Time Factor
A/ C 5 5 5 5
1
wIx W/ % 95 95 95 95
A/ C 5 5 5 4
2
HEx W/ % 95 95 95 95
A/ C 2 10 25 8
3
HIx W/ % 95 95 70 95
A/ C 4 15 25
4
Bax W/ % 95 70 70

*2 MBI AL 2
Table 2 Dynamic low temperature control treatment 2

Fsf el =R

Time Factor 0:00—9.00 9:00—11.00 11.00—16.00 16.00—0:00
A/ C
BmIX Ei;% 955 955 955 955
mex gi;; 955 955 955 935
"X new  w om ww
" R
16

x3 HAERIBZEHIX IR 3

Table 3 Dynamic low temperature control treatment 3

i 18] BR
0:00—9:00  9:00—11:00 11:00—16:00 16:00—0:00
Time Factor
REE/C 5 5 5 5
BIX
W/ % 95 95 95 95
A/ C 5 5 5 2
2
HEx W/ % 95 95 95 95
A/ C 0 10 25 7
3
HIx W/ % 95 95 70 95
A/ C 2 15 25
4
Bax W/ % 95 70 70

x4 HHRIEE GRS 4

Table 4 Dynamic low temperature control treatment 4

i 18] BR
0:00—9:00  9:00—11:00 11:00—16:00 16:00—0:00
Time Factor
REE/C 5 5 5 5
BIX
W/ % 95 95 95 95
A/ C 5 5 5 1
2
HEx W/ % 95 95 95 95
A/ C -1 10 25 7
3
HIx W/ % 95 95 70 95
A/ C 0 15 25
4
Bax W/ % 95 70 70

BFEERBIEH H K 12 h, ARG A S5 S H 7
800 pmol « m™* « 7', D) 25°CALHE R, R [FMIKTR AL HE
Ja7E 25°C MIXHBE N 75% ,PAR 800 gmol « m 2 « 57!
FESF 12 h, #6475 d PIRE AL B, FRUE 6 8] A 4 Fn 33
STEEEIKF .

1.3 THWE

L3.1 SUa ERBEME 433X A RHR B KT AL 3
TR AN AL NS I e R A S48, FIADE
AVEFIME 248 LI-6400(LI-COR Biosciences Inc. , USA)
£ 9:00—11:00 17 HA SEMW &, B HEAE K BRITH
TRERTVE i e v F, 0 R e 2 IR B R R R
TARMEFE NI, CO, ¥R 400 pmol/mol, Y&
BB EE N 1 800,1 600,1 400,1 200.1 000,800,
600.,400.,300,200,100,60,30,0 pmol * m * « s~', iy LI-
6400 N EFEF H 35 B & AR PAR ACF T AOEE 3
2, Eem R k. BMEHEES 3K,

L3.2 MZRERVESHNE MHERIOESHN &L
BUAE & BAFRZhRER:, SR Al FMS-2 20 48 ik e il =X 5%
H:4X (Hansatech, UK) ] % ] 4 %€ Y& (Fo) . # K %
(Frm) &%, 7E 10:00 Z2 4 9 6 A A3 B 22 638 Ry R
BT TS Fs . Fo' .Fm' %, AR5 H ik 5 B 18 7 20
min, | BREEN KIS H Fo.Fm 45, BN ER
ME 3 K.

1.3.3 WEHSENE  EELY B LEE (SOD) TE
FMSE - 4% 20 pL BEVRAN 3 mL 2 R (% 0.02 M pH
7.8 W vh ¥ 150 mL, 130 mM H B & B 30 mL,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

wF @ ¥ 201510):15~23

- IR -

750 M ¥ PIME 30 mL,100 M EDTA 30 mL.20 M #
HE 30 mL FIZEIE/K 25 mL A 10 mL 3R, [FIRHEL
2 SR IR, 2 S8 s B ORI v, T 2% o VR
RE) , SHERAL, W REHRFEIE T 4 000 Ix %4 T
Jt A 30 min, DA% HIZE,560 nm b, SOD SiEHE=
(ACK—AE) X V/(WX0.5X ACKX VE), =/, W Jy#t
T,V R SRR (ml) , VE il & i B i & (ml) ,
ACK 2 JRIEXT HRAE 1) W 6 BE B, AE S S A8 i I Ok B
H. S8 AEEPOD)IEHEAMIE K 20 pL A 3 mL
RV (& 0.1 M pH 6.0 BFRZE vh ¥ 50 mL, & BIA B
28 1,309 H, 0,19 pL) FHE ML H,470 nm T4 30 s
BE 1 WKL3E 5 . DAAsrah i B AR A (B R m B S M R
NS BILL AAyze/ (min g)%ﬂ—'\‘,ﬂ‘ﬁll_\\iﬁ:POD 5=
A+ V/(Vae We+0.5,0H4, A gHEmERNRICEE, W
RHREE,V RHRER MR TR (mL), Va i 5 i W &
(mL) ; 33 A A6 S B (CAT) 36 P A9 % - 4% 0. 1 mL B
2.5 mL KM 0.00 M H,O, 5 mL 10.1 M pH
7.0 BEER 2% w20 mL) F L@ I ,240 nm Hb €4, 4530 s
B 1R, 35 R, DA 4Bl ot B AR TR B 3R 7 B 6 M K
INGBIRL AAzy/(min » @) FR~, CAT {EHE=A « V/
(Va s W e 0.5, ABEEMERREEE, W hiE
H,V EER SR (ml), Va g il 2 i B R &2
(mL); § % (MDA) & & /I 2 : % 1 mL §§ W\ M
2 mL 0. 6 % TBA JZ i # (%0. 6 ghifCE b 2, 10%
SRR TE OGP, HO#KE 15 min, REE A
J§ 4000 r/min B > 10 min, B _F & ¥ 7£ 600, 532,
450 nmF K T Hft, MDA &&= (6. 45X (Dy — Dy ) —
0. 56 XDys0) X 0. 015/ W, Dsoo HAESHTE 600 nm &b B I G
FE(E Dy 94 & 7E 532 nmAth 9 W 5% BE B, Diso S HE f 7E
450 nm Ak F) I SEEE(E .
L4 BAESr

R EHEIZ F DPS # 4, SPSS #k 4 #E47 M1 56 4t it
A3 ¥r s Excel #fE4E I, {8 F Photosynthesis Work Bench
BT AR A Em R th & A .
2 HRESW
2.1 RIEMEXT 4 FRHEIEY B O A AR

AR AL BR8], A0 F T i TR B B i
B KGR AT b & R T 38 B[R] A 2 K 7% 7 R 1K
W la frs 203 1 SRR 8 258 2 X, 4 FikiE
TEMIRE R G2 8 T — 2 MINHI/ER. 58 3 RIRE
BERE 2 2°C 4 FHRGEVEY W B R OE A AR E A B T
XIHEMERE BT — R (B &0t 5 d IIRE 4 FEY)
JEEREFEM BRSO A RN E BE I, L
2 o, 1b iR, FEMAAEE, RO EFEH

5.69 pmol * m™* « s ' FF&EZE 1. 12 ymol « m™* « s, B

BAETF CK 9 16.43 pmol » m™* » s ' HE M KIS
RGN IEME, HINELEZRE 4 R&EEEH
RE&ERHAME —0.55 pmol » m™* » s, BB LFE
0.95 pmol » m™? « ™", T FHH LA T &5 3 KK
ICALIRE , e KA 3R 3R 35 [0 Ay 47 (L, U3 B AL
LRI RE 1 8 B 3R A 55 5 45 B S R IRIKE: 1 7] 47
) 78 FERA I E] AR 1°CARIR 2 FHABURIIG - BUK 1l 5
Mo TESHBMIRIAE 3 #, K& 1c iR, £#E% 2 d 3
ARG, R ERMAEZE 0°CH 4 FHZH/EW B K
HEEFRUM AT RME, FAiRIOCEHE)R
YoRIEE, HABAZEN TR O RGEAIKE GBS
R B EHARL AT AR RO & SRR fE R 2 — 1. 11,
—0.94,—0. 82 pmol » m™* « s~ '; HAKE H 6] T K I&
TG S ARIRIRE: 2 7T ) 25 A € FE w9 ] 6] i
OCARIR R HIRBUK G A S . ESDMMIRIAE 4 b,
i 1d, 4% 3 REARIRERRKEZ —1°C,4 FEMEEY
B RO B R SRR I Oy £ M B i B e RO B R R AL e
Z£—0.18 pmol + m* « s, G BIDMRIRIAL: 3 AIHI
H 5 FE T E] B flK — ICRIR B M BOK M IR A . 4
Fh Bk 326 RGE 1 18 B BER MRS 1R AR, BT 5K
SN 4 FEESER RS R G R EAR AT HMIKE LS
AE 77 102 T 9%, B I AT DRI b 3 AR Xt 4
WA EY) 28R s UL &
2.2 fRIERIEXT 4 FHEIEAEY) Fo/ Fm (5200

R T LB S SRR GG R T AL,
ZARIR R B TR 3E XT 4 FEY) Fo/ Fm B5E0 .,
TN 2 s 4 P g5 SRR B, Bl & R IR AL B A [R] Y
FEK: , Fo/ Fm BIREAR BERARIR B FEAR T PSIT 154756
BRI FE TG M . N 2a F7R, S RIRAL HE 1
Z5 3 R AT AL KR Fo/ Fm 4350 0. 82,
0. 86.0.83.0.82 FFEZE 0.59.0.64.0.57.0.56, B & 1% F
CK, ZHZFEL 4 K, F 5 MY Fo/ Fmit—2 T B,
Fo/ Fm AR TH&AM SN, WE 5 d,4 FRIEIEYELER
P E R . 7EShAMIRIRALTE 2 Hr, n & 2b fis, St 26
3SR I'CHHE, B VEINT S 4 RFo/ FmEWH 57
T FHHE I — B a4 MR EfEY Y2 8] T — e
FERI M BB R T v e Vs PR IR B Wi B], Fo/ Fn
BEWE. AR SRR B HE— PR, WA 2c.d,
258 CCHI—1CA B , 4 FRHEAEY) Fo/ Fm B PR
Z 0.4 LI'F .58 4 KFo/ Pl 4k 8E T R, H—1CbPEJ5 4
PRV EY Fo/ Fmd KT OCALEE, YRE 5 d J5 4 Fhifi
YEMY TR 2 E 7K, U A e 3 AR IR 75 4
FsEtAEY) PSIT Y 4] % BB 4% B 0% 2RI R, Bk ™
H, EASBRIERE S 4 FEEEYURRRE 82
PR —Ba S, BN A > B> 507 > 5 4 Fhik
TR BRI S ) B T
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Note: Figure a,b,c,d corresponding low temperature treatment 1,treatment 2,treatment 3,treatment 4. The same below.
Bl shHEERpEXmF &m0 NSRS ERNF N

Fig. 1 Effect of dynamic low temperature stress on photosynthetic rate of eggplant,tomato,sweet pepper and cucumber
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Fig. 2 Effect of dynamic low temperature stress on Fv/Fm of eggplant,tomato,sweet pepper and cucumber

2.3 fRARIEXT 4 Fh SRR ORI B M R

2.3.1 f&IEMHEXT SOD {EHERIRE M A YBLEE
(SOD) ZAE W4 P i B B TS BR TG PR R MR 2 —,
SOD E AP AR 2 H 25 —E BT 4  REME LR SR BT
F (O EAAER O, M H O, BT A FEARIRBIE T, AH
Yyl b R4 g SOD 1 M 38 5 B 356 &R SR IRIR
FHHREST . RIRM A T VEY SOD {7 iR Bk 1 38, 7T LU
ARERR O SFIEEE B oy 3, J /20 g R 32 45 3 B 4

18

AP RBIRERE . A 3 AR ME % SOD %
PERY R R 25 5T 0, R IR AL 4 FRSVEY SOD iy
BT E SRR 3, H SOD Y& FHi> T > # 7>
FHAR . AR 38 AL 3 ) 31, B 2 A B A () F) SE 4, 4 F
WHi/EY SOD f& M3 hn, 5 CK A ke, #ii 7 3 i . &
WER A B T8 T 36.3%.29.6%.38.9%.54. 9%,
SAEEME 5 2 K4 FHREVEY R SOD 16 ik i
FAR {0 FL 3% W il 2 A 32 o AV IR B ) oK T e A, #E 3
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SACEALTE 1 9,550 F 3l BB B SOD W& HE5E 2
K5 1 KA, B 0E 5518 73.1%6.32.9%.68. 3%,
48. 4%, THTESHARIRALBE 2 w4 FhiE/EY SOD i%
PEREIE/N TR 1, 7EALTE 3.4 1,58 2 K 4 FifEY
SOD {4 18 Wi I J5¢ A% I BE 19 °F o i gk — 2D B AIR. 3
SR E ES 3 X, 4 FHEIEY SOD &M 1R
TR 2 A RIEER/ME, EHSMEBELAE 1,4 Fh
Wi VE 4 SOD ¥ 1t 45 3 K ik 241.3,338.5,187. 2,
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248.1 U/ g, 55 CK AH L 47585 T BRAKF , 15 B S ) 19 [l
AR 2CARRIE R T 3 4 R EIEY Z K. ZEIRE 2
WU 20358 3 KA 1'CALBEJF SOD 154443 5
F% % 76.5.105 U/ g, B AR FXF B, HIRE 5 d 5K T
CK, 7EAbFE 3.4 o, 3N F 4051 F 0. —1I'CA )5
SOD i&E MM & T ZE CK IR, HARREIKE 2 IE # K
. Ui B Bl 25 K IR B 38 A 8] /9 JE K, SOD 1 P % #i
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Fig. 3 Effect of dynamic low temperature stress on SOD activity of eggplant,tomato,sweet pepper and cucumber

2.3.2 fRIRFHEXT POD WM Em Ak
(POD) 2 AR Y 2 Gt i) 240 BT 43 » RE A% 7EARIR A 1 B Al
PR RS AR WA R A A TR R 4R R
FA T PR AR P A R R AP B S5 4 D A0 B 0 X AR T
EREEE. mE 4 RRPHEXT POD 1E R Mg R ]
A1, POD 1EHAR L # 5 SOD ff#—2, H POD &%
F>BRNSFF > FHA. BEE A R AL 28 o6 e (Rl 4, 4
FREEHEAEY) POD I P T T 55 , JHC 1 i B 5 A P e IR
FE IR RIS 258 2 RASALHE POD W& Mk Bl K AE.,
SAKIALTE 1 EEE 2 KA T FHAL B R 455
7 17.05.38.61,13.15,21.19 U+ g* » min~", k. CK 340
T 41.2%.31.3%.53.1%.37. 6%, B 4 FhikEIEY
{3 POD ) 1% PR 7E AR IR 38 T 1 58, DA HC AR (K VR
WX H S A E . ShAMKIRME E5 3 K4 Fhik
HiAEY) POD TEMEIFF 5 T Rk, 58 4 KRB ZH/ME BT
FERREEAR . MATZEShAMRIEAL P 1.2 F %0 5N A
HERMEML, A —EREN TR BT CK, 3
FEFBIM AR 1 CARRIF R BB BEINZ K, L
P2 AT B S 3 K 1°'C AL B S POD % 1
Gy alfEZE 6.2.3.4 Ue g e min ', 5 CKMELTRET

38.2%6.44. 7%, B 5 d JFHE T CK, 1B FEE
AL ICRRFEGH T B2 K. FEALTE 3.4 H, B
JKFE 43 F 0. —1°C AR5, POD ¥ 14 P i 38 o, &b
HEH 4 X, POD EMH B TR CK LI, EARRIK
BEIEHEKF. vLBFEmBIE 0, —1°C o 5% 8K . %
FIPT AL RE 118 LA 3

2.3.3 ARIRErAXT CAT EHMFEm oSS
(CADXFRiTE A F LA EEEH. EHEDEK
o, CAT fif H O, #4kh H, O Fi1 O, , Wi { | Fr 2 +F
FE— AR K- DA T 36 e 240 i FE 32 453 3 B 400 B 9 400
BB IREE . BB 5 R A X CAT 15 i 5 m 4
ST, 7E S A AR IR 38 b B 31 , B A BB [R] FE K, 4
FRECHAEY) CAT 5% 4 1B 1 n , 3 1 Bt o Ak 28 A i
TR BE ARG PG . CAT 3% 1 78 5h > 8 K> i 7>
FHA . BAEA 4 FRYEYTZERTIIARIR e i 3 22 v, A 1K
IBE T XHE M B R B, DR RR & 27
BRRAS, BEARXT A R . 4 FALHINAES 2 K
CAT iEERAE ALHE 12 d i ¥ & BT 3R 518
2.83,4.11,1.65.3.64 U+ g ! e min ', 5 CK M, &
T . BEE IR B3 B i) A S 4 0 Ak PR e K VR B I
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%, B ACFRNEE 3 RIFLG .4 FhBEHEVEY CAT 1% 477
B A RIEER/IME. A 1 F 4 d 5
JR CAT &M R T CKL i T fH#S CK M LL, FRET
4.65%.9.43% ,fA% 5 d KRB J5 #IL IEH K F. DiHIsE
WARIRAR 2°CARIRH R BB 4 FEYZ R . TEALHE 2
WL AT BT 5 3 R 1°C AL CAT 114 B
M7 0.67.0.41 U+ g ' »min ', 5 CK ML FHT

40

- a

=
#H g | /’/\\/
== 30
s —— i
S5 f —a—#)
S el
BT 10} ——ifi
BB 10
gl

o

Ay 0 L L L L L L

CK 1 2 3 4 KES
AbFRREL Treatment days/d

40

- ¢
HE 5|
"2 5y
1S
]S 20
Sz
%2 10
=)

o)

Ay 0 L L 1 fl n n

CK 1 2 3 4 WKHES

MEBRREL Treatment days/d

22.09%.22.64%, H¥k & 5 d 5 KT CK, UiHIFE R
B AR 1CRIR FBOHF G2 K5 RRERE £ 1IF
WK, BN FEMSH T 345 3K 0.—1Ch
Hj5 CAT 1EPEREIRIE K AL B 25 4 X, CAT 1E1ER
TREZE CK LT, HRE 5583 AR F X R 150 B JE )
BIRIRAR 0, — 1CARIR T B0 N S BriE M A ae
REAR o

40

= b
g
#HE
== 30+
22
X3 207
i
o
o 10
n g
o
=%} L L L L f

CK 1 2 3 4 KES
AR RAY Treatment days/d

40 ¢
30

20

CK 1 2 3 4 S
KBRS Treatment days/d

A
POD activity/(U-g"*min™)

B4 BhaSRIEME 3 F B 3L K POD & R

Fig. 4 Effect of dynamic low temperature stress on POD activity of eggplant,tomato,sweet pepper and cucumber
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Fig. 5 Effect of dynamic low temperature stress on CAT activity of eggplant,tomato,sweet pepper and cucumber

2.3.4 fRIRMEXT MDA SR M N _# (MDA)
TR E A E R EE Y 2 — A KB LR K
7 B R SR AR BE A — A AR AR . it s I
SEFEYIIRA MDA 2 8 i72 (0L K& 8 2 /0] DU

20

PR AP IRPTRIR B RE D IR ST . il 6 fIRIR B aE Xt
MDA & B MSER AT A, 4 FEE/EY MDA & 278
BT R H R BRI , 2SR5 T . MDA &
BT > B> F . ST 4 FEEY
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Fig. 6 Effect of dynamic low temperature stress on MDA content of eggplant,tomato,sweet pepper and cucumber
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Effect of Low Temperature Stress on the Leaves Photosynthesis and Autioxidant
Enzyme Activities of Four Species Greenhouse Crops in Northeast of China

ZHANG Xi-he! , YANG Zai-giang' ,CHEN Yan-qiu® , WANG Xue-lin'
(1. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science and

Technology , Nanjing, Jiangsu 210044 ;2. Shenyang Central Meteorological Center,Shenyang,Liaoning 110016)

Abstract: Eggplant ¢ Heixuanfeng Generation 17, tomato ¢ Liangfen No. 27, sweet pepper ‘ Kadi’ and cucumber ¢ Bilu’ were
selected as testing materials,the effect of low temperature on the physiological characteristics of the 4 greenhouse crops in
Northeast of China were studied. From September to December in 2013, the dynamic temperature-fall period of cold wave
was simulated at the phytotron of Nanjing University of Information Science and Technology. Four low-temperature
treatment processes were designed,with respectively the lowest temperature of 2°C ,1°C,0°C and —1°C. Systematic study
was conducted on the effect of dynamic low-temperature stress on the photosynthesis characteristics and autioxidant
enzyme activities of the 4 crops. The results showed that apparently dynamic low-temperature stress restrained the
photosynthetic rate of the leaves of the 4 greenhouse crops;the lower the lowest temperature became,the longer the time
used for treatment lasted and the faster the photosynthetic rate of the leaf fell; when the lowest temperature of the
cucumber and tomato came to 0°C and —1°C ,and the sweet pepper came to 1°C ,the maximum photosynthetic rate of the
leaf began to drop to a negative; Fv/ Fm fell to below 0. 4 ,unable to restore to the controlled level. In different treatment
process, the activities of SOD,POD,CAT of the 4 greenhouse crops uniformly rose at first,and then fell. And the content
of MDA changed opposite to protective enzyme. As for the content of MDA, sweet pepper > eggplant >> cucumber >
tomato. The study showed that when the lowest temperature for eggplant and sweet pepper came to 1°C,and that for
cucumber and tomato respectively came to 0°C and — 1°C, the activity of leaf photosystem was irreversibly harmed.
Performance in cold resistance of the 4 greenhouse crops was shown,in descending order,as follows: tomato>>cucumber>
eggplant_>sweet pepper.

Keywords : low temperature; eggplant;sweet pepper; cucumber ; photosynthetic characteristics;antioxidase activity
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