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Comprehensive valuation and indicators of the tolerance to higher soil

pH stress of 11 northern highbush blueberry varieties

WU Fengzhang
(Institute of Modern Agricultural Research, Dalian University, Dalian 116622, Liaoning, China)

Abstract: [Objective] In this study, we investigated the effects of higher soil pH stress on the growth
and the physiological characteristics of northern highbush blueberry (Vaccinium Spp.) cutting seedlings
of 11 varieties, to screen the varieties with strong tolerance to higher soil pH stress and the indicators of
the tolerance to provide a theoretical basis and technical support for breeding new variety with resis-
tance to higher pH and rational cultivation of blueberries. [Methods] Changes of the relative height
growth, malonaldehyde (MDA) content, superoxide dismutase (SOD) activity, peroxidase (POD) activi-
ty, catalase (CAT) activity, Chlorophyll content, gas exchange parameters, and chlorophyll fluorescence
parameters of Eleven Northern highbush blueberries(including ‘Bluecrop’ ‘Reka’ ‘D- Il MSU54’
‘Spartan’ “Cara’ s Choice’ ‘Elizabeth’ ‘Chandler’ ‘Brigitta’ ‘Duke’ ‘Sweetheart’ and ‘Elliott”)
were determined to evaluate the tolerance of different blueberry varieties to the higher soil pH stress,
and to select the indicators of the tolerance, using their one-year-old cutting seedlings under the higher
soil pH (6.0) treatment and the control (pH 5.0). [Results]1The relative growth of height of the cutting
seedlings of ‘D- Il MSU54” and ‘Elizabeth’ treated with higher pH was not significantly lower than
that of the seedlings of the control, the relative growth of height of the seedlings under higher soil pH
stress of the other varieties were significantly lower than those of the seedlings of the control. ‘D- Il
MSU54’ and ‘Sweetheart” were mildly injured with an injury index of 2.00% and 6.67% respectively;

‘Spartan” and ‘Duke’ were seriously injured with an injury index of 73.33% and 53.33% respectively;
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the damage degree of the other varieties sat in the mid under the higher soil pH stress. Compared with
the control, the MDA content and CAT activity of all tested varieties significantly increased, intercellu-
lar carbon dioxide (C;) mainly kept stable, the chlorophyll (Chl) content and maximal quantum efficien-
cy of photosystem II (F./F.) significantly decreased. In addition, net photosynthetic rate (P.), transpira-
tion rate (7;), stomatal conductance (Gj), electron transport rate (ETR) and photochemical quenching co-
efficient (g,) of the majority of the blueberry varieties were significantly decreased, the non-photochemi-
cal quenching coefficient (NPQ) of the varieties with strong tolerance to the higher soil pH stress signifi-
cantly increased under higher soil pH stress for 90 days. The principal component analysis showed that
the relative values of those indices were classified into two independent comprehensive indices (princi-
pal component). The principal component 1 mainly reflected the information of the plant height growth
characteristics, the CAT activity, the main leaf physiological characteristics and the fluorescence param-
eters; the principal component 2 mainly reflected the information of the SOD activity. Comprehensive
evaluation of the higher soil pH stress-tolerance (D value) showed that the ability of tolerance to the
higher soil pH stress decreased in order of ‘D- [l MSU54’ > ‘Sweetheart” > ‘Elizabeth” > ‘Elliott” >
‘Chandler’ > ‘Bluecrop’ > Reka’ > ‘Cara’ s Choice’ > ‘Brigitta’ > ‘Duke’ > ‘Spartan’. Eleven
blueberry varieties were divided into three categories by clustering analysis: the higher soil pH tolerant
type, the middle type, and the higher soil pH intolerant type. The correlation degree between the rela-
tive values of fifteen indexes and the D value decreased in order of 7:> G, > height relative growth >
ETR > CAT activity > Chl content > ¢»> P,>NPQ > POD activity > SOD activity > C;> F./F.,> MDA
content by grey correlation analysis.[Conclusion]The higher soil pH stress had significant influence on
each index during growth stage of the cutting seedings of blueberry. Compared with the blueberry vari-
ety with intolerance to the higher soil pH stress, the CAT activity of the tolerant varieties maintained a
in a relatively high level, the photosynthetic structure was slightly damaged, the photosynthesis was less
affected, as a result, the high relative growth was less affected and the damage was less. Eleven North-
ern highbush varieties were divided into three categories by clustering analysis: the higher soil pH
stress-tolerant type (including ‘D- Il MSU54” ‘Sweetheart” ‘Elizabeth’ ‘Elliott” ‘Chandler’), the in-
termediate type (including ‘Bluecrop’ ‘Reka’ and ‘Cara’s Choice’) and the higher soil pH stress-in-
tolerant type (including ‘Brigitta’ ‘Duke’ and ‘Spartan’ ). Among the fourteen higher soil pH toler-
ance related indexes of the Northern highbush blueberry under higher soil pH stress, 7;, G, the relative
growth of height, the ETR, the CAT activity and the Chl content could be used as key indexes to identi-
fy the tolerance of the Northern highbush blueberry to the higher soil pH.

Key words: Northern highbush blueberry; Soil pH stress; Comprehensive evaluation; Physiological re-

spons; Photosynthesis
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Fig.1 Effect of soil pH stress on relative height growth of northern highbush blueberry seedlings
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Table 1 Effect of soil pH stress on MDA content and antioxidase activity of northern highbush blueberry

i b ¥ bR &) RN N A AR A A B IR
Cultivar Treatment MDA content/(umol-g")  CAT activity/(U-g") SOD activity/(U-g") POD activity/(U-g")
WE Xt CK 0.070+0.006 d 405.17+18.52 i 4165.88+8.56 ¢ 954.39+17.06 cd
Bluecrop pH 6.0 0.150+0.005 ab 877.66+30.67 a 3122.26+27.36 m 797.32+13.32 f
Hii X CK 0.043+0.004 g 297.88+8.21 k 443538+8.12d 993.14+16.45 ¢
Reka pH 6.0 0.097+0.009 ¢ 539.77+16.31 de 3238.30+5.851 797.82421.27 f
pyetil xR CK 0.067+0.005 d 174.33+5.91 m 3710.94+19.48 gh 692.88+14.59 g
D-IIMSUS4  ,h 6.0 0.110+0.015 be 574.3144.93 cd 2 866.72+44.28 n 893.35:16.14 ¢
B xR CK 0.059+0.005 de 385.03+8.04 i 4 .879.67+34.54 b 1297.55+23.25a
Spartan pH 6.0 0.210+0.02 a 576.82+7.36 cd 34222342425 891.90+17.03 ¢
S A Xt CK 0.051+0.003 ef 344.44+17.85 4617.6843.14 ¢ 915.07+14.63 de
Cara’s Choice ;160 0.110+0.006 be 594.30+15.49 ¢ 3347.67+53.42 k 694.30+13.56 ¢
I X CK 0.070+0.008 d 185.24+6.34 m 3 464.15+5.52 ij 796.72+16.53 f
Elizabeth pH 6.0 0.120£0.015 be 448.26+5.15 gh 3463.1545.51 ij 697.62416.50 g
A X CK 0.054+0.003 ¢ 227.44+22.20 1 4384.01+8.34 d 797.27+16.37 £
Chandler pH 6.0 0.123£0.015 be 484.91+26.83 fg 3287.1146.92 kI 695.72+14.44 ¢
A B B X CK 0.057+0.003 de 647.59+5.82 b 5856.56+17.66 a 1 048.19+10.66 b
Brigitta pH 6.0 0.133+0.009 abc 647.59+5.82 b 3 667.87+34.53 h 789.56+21.81 f
AN E Xt CK 0.043+0.002 fg 321.28+7.14 jk 4411.83+12.02d 968.39+12.72 ¢
Duke pH 6.0 0.117£0.009 be 511.75+10.11 ef 3134.43£9.20 m 698.81+15.12 ¢
fte xR CK 0.060+0.006 de 167.95+12.53 m 3947.75+8.44 f 697.43+15.04 g
Sweet heart pH 6.0 0.070+0.006 d 492.49+10.11 f 3081.21+7.18 m 761.00+22.85 £
P By X CK 0.053+0.005 ¢ 172.16+5.66 m 3737.53£14.53 g 797.37+13.19 f
Elliott PH 6.0 0.10+0.006 be 410.67+5.98 hi 2791.66+13.32 0 698.24+15.13 g

W FAIAE /NG FREEFRIRAE p < 0.05 K EZEREZE. T,

Note: Different small letters in the same column indicate significant difference at p << 0.05. The same below.
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Table 3 Effect of soil pH stress on chlorophyll content and photosynthetic characteristics of northern highbush blueberry

v yisel U 9) HF AR SALSE e A BOR R A
Cultivar Treatment Chlorophyll content/(mg-g")  P./(umol-m*-s™) GJ/(mol'm?-s")  C/(umol-mmol") T/(mmol -m?-s™)
e xR CK 0.520+0.009 e 10.728+0.283 cd 0.143£0.002 def ~ 305.940+7.288 a 1.757+0.070 ¢
Bluecrop pH 6.0 0.273£0.012 ki 4.926:£0.139 ki 0.055£0.003 Im  311.933£1.924 a 0.959+0.065 ghij
T XHHE CK 0.486+0.012 f 13.544+0.611 a 0.210+0.017ab  302.543+2.953 a 1.565+0.077 cd
Reka pH 6.0 0.205+0.012 no 6.466=0.463 jk 0.088+0.012 ijk  298.079+8.784 a 0.800+0.074 ijk
Uit xR CK 0.686=0.013 b 12.263+0.608 ab 0.195+0.023 bc ~ 286.814+32.498a  1.302+0.096 def
D-1IMSU54  pH 6.0 0.413%0.015 gh 11.071£0.363 be 0.160£0.015de  314.564+23.114 a 1.1110.125 fgh
WrEH Xt & CK 0.785+0.017 a 9.397+0.503 defg  0.118+0.004 fghi ~ 308.650£13.166a  2.077+0.145b
Spartan pH 6.0 0.3130.008 j 3.191+0.509 m 0.031£0.005m  300.085+49.667a  0.570+0.089 ki
KL X CK 0.614+0.009 ¢ 9.709+0.595 def ~ 0.133+0.007 efg ~ 307.871+21.730 a 1.543+0.090 cde
Cara’s Choice pH 6.0 0.2710.008 ki 4274+0.520klm  0.049+0.019Im  302.263+12.271a  0.696+0.043 jkl
BHNTS A XHHE CK 0.523+0.009 e 7.300+0.150 hi 0.062+0.004 kI 282.8924+2.330 a 1.064+0.032 fghi
Elizabeth pH 6.0 0.395+0.006 hi 3.686=0.689 Im 0.038£0.007 Im  295.325+53.803a  1.056+0.221 fghi
B pl) X CK 0.548+0.007 de 8.457+0.364 efgh  0.094£0.005 hij ~ 297.854+18.426a  2.316x0.193 b
Chandler pH 6.0 0.302+0.011 jk 4.145£0.420klm  0.054+0.007 Im  318.483%33.193a  1.656+0.019 ¢
i B 5% Y CK 0.565+0.013 d 9.749+0.351 cde  0.146x0.016 de  321.255£6.375a 2.920+0.160 a
Brigitta pH 6.0 0.236£0.010 mn 4.620+0.154 k1 0.06620.006 jkI ~ 260.982+23.127a  1.270£0.118 ef
A& X CK 0.621£0.012 ¢ 7.224+0.349 hi 0.229+0.010 a 353.005+4.483 a 0.832:£0.056 hij
Duke pH 6.0 0.226:0.017 mno 2.980+0.228 m 0.068+0.005hi  324.380+22.377a  0.503+0.028 1
i Xt HE CK 0.374+0.013 i 8.425+0.517 efgh  0.105+0.004 ghi ~ 319.073+23.131a  0.947+0.072 ghij
Swee heart pH 6.0 0.197+0.008 o 5.415+0.555 ij 0.100£0.005 hi ~ 359.522+3.015 a 1.109+0.058 fgh
PR B X CK 0.436+0.010 g 8.0750.599 gh 0.17120.011cd  326.576£17.586a  1.158+0.014 fg
Elliott pH 6.0 0.249+0.005 Im 8.385+0.491 fgh  0.125+0.012 fgh ~ 329.750£12.241a  0.893+0.057 ghij

O IS A X0 1) G TR AR RHE RS, T
CHTEE R AR . 2R B R 358 pHAE W 1A X AN T
WERE A B AR FH B s iR B B R AN
25 BWetEpHEMEXNARISAES R
BRERASHBIZ N

B RCAE 230 (FuFD BRAK 22 W R AR Y
HAE RS 32 B4, B3R 4 v] A, 5 A
b, 8 58 pHAE e T % Sk Mgl i it v Fu/F.
3 25 BRG] et A2 e A X
a1 519 1.92%F12.40% , FEME K2 A B 55 M
CHREIH, 205N 8.79% A1 10.76% ; W5 B f ¢ Xt
AT ETR ARAANIA 5, FL A% ft B B S B A1,
CONER R M R BRI RO, 43 i O 70.10% F
59.94%; XU ERAEE " 0T A R A BRI g
BAR AN BH 5, LA P B B T R, Hod R 0
CAE B BEIR R, FEAK T 53.18% FH 38.07% (&
4) , Y B IX 2 Q. BT AL AR 70 B R85 , 45
pHAEMMEEE T PS I Z AR H 7153 . NPQ /&1
RIS FDEREFERU SRR Bm IR pH ERE T, 2R
HLBRURE 00 F Oy IS B S I NPQ
AR 5 TO0T I SR RO, 3R B B AT T A R ) g

WATRE ST, WNITORI 6B MU S 2 IR, FEAR )
NPQ 5 X} AR b 7 S AN K, 6B 45 R 1 #IK, =
BOL G Z BIIR . ISR 2R 5O S H A X
KE AN F R R AR B R GR2) , R
¢ vy 458 pHL A 38 XA [ it P R A 1) e 5 ) i
FSAN [ P b 9 5, AT 52 M 5 L A

26 ARIGESMAEERMMKRS LEpHERND
ZEVN

2.6.1 FRAEIRE ERS P AL BT EH T
I3 Tige — Pl fE R B ME B E AT T R A
FRbRIAIAE G R, 0 2 N B 2 5 S 5 ik
N LA TR B 4E 5 Mt 738 . R SPSS A
X 14 ARG T bR B AROHEBEAT 2 B i, 45 R R
(RS, H 2 AN ER A T bn 10 7 22 TTBR 2 43 il R
72.37%#H110.05% , Z2 1T TTRRZEIL 82.42% , HAR 1] 2
BEASTE o XA A B 14 AN PRI FR LA N 2 AN A
HARST I ZEGRRbR (85D, BIEX 2> 3 53 vl
5 SR A H B R AR I O M5 B, W N R A A
M B R 1 E R, M R A K &
CAT ViV .G T LA K Fo/F, W85 40 R B 4 B oK,
W BH 12 2 B 73 28 B SR (1) AR R e A R TR
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Table 4 Effect of soil pH stress on chlorophyll fluorescence parameters of northern highbush blueberry
i flt Cultivar AL 3 Treatment F.JF, ETR a0 NPQ
WE Xt CK 0.818+0.001 a 91.761+3.204 cd 0.473+0.045 abc 2.823+0.361 efghij
Bluecrop pH 6.0 0.756+0.002 hi 49.204+2.821 g 0.357+0.016 efg 3.512+0.180 be
Hii R CK 0.816+0.005 a 73.535+2.870 ¢ 0.439+0.026 cd 3.085+0.205 cdefgh
Reka pH 6.0 0.766+0.005 gh 44.240+2.547 gh 0.320+0.026 fgh 3.307+0.151 bedefg
i X CK 0.790+0.008 ed 103.863+2.080 ab 0.550+0.029 a 3.181+0.162 bedefgh
D-IIMSU54 pH 6.0 0.771+0.003 fg 105.000+3.522 a 0.530+0.026 ab 4.602+0.275 a
e XHIE CK 0.799+0.002 bed 93.215+3.128 cd 0.388+0.036 def 2.783+0.157 fghij
Spartan pH 6.0 0.713+0.001 1 37.344+2.517 hi 0.268+0.029 hijk 2.299+0.142 j
i X CK 0.810+0.005 ab 101.52142.389 ab 0.534+0.017 ab 2.426+0.266 ij
Cara’s Choice pH 6.0 0.757+0.002 hi 48.23943.123 ¢ 0.250+0.038 ijk 2.862+0.064 cfghij
A= R CK 0.8030.002 be 56.734+5.160 f 0.242+0.017 ijk 2.755+0.195 ghij
Elizabeth pH 6.0 0.783+0.005 ¢ 30.660+1.831 i 0.202+0.015 k 3.496+0.299 be
R XiE CK 0.799+0.001 cd 96.230+3.644 be 0.471+0.034 be 2.309+0.077 ij
Chandler pH 6.0 0.765+0.002 gh 70.157+1.189 e 0.446+0.008 cd 2.857+0.048 efghij
M T CK 0.808+0.002 abc 86.979+3.874 d 0.409+0.022 cde 3.4010.094 bede
Brigitta pH 6.0 0.737+0.005 k 38.690+1.786 hi 0.284+0.012 ghij 3.344+0.097 bedef
NE X CK 0.808+0.001 abc 106.669+2.243 a 0.541+0.021 ab 2.6900.140 hij
Duke pH 6.0 0.745+0.004 jk 31.926+2.760 i 0.335+0.045 efgh 2.325+0.153 ij
i TR CK 0.780+0.003 ef 72.556+3.515 ¢ 0.474+0.006 abc 2.889+0.093 defghi
Sweet heart pH 6.0 0.765+0.004 gh 67.911+2.348 3 ¢ 0.445+0.035 cd 3.755+0.360 b
P By T CK 0.8040.004 be 58.043+3.947 f 0.3330.020 efgh 2.390+0.144 ij
Elliott pH 6.0 0.754+0.004 ij 37.282+0.820 hi 0.297+0.033 ghi 3.462+0.349 bed

x5 BEIMSBETRURRITmEE

Table 5 Coefficient and cumulative contribute rate of

LB CAT 3 1 [ EZ R Rt SR A 2O S 405
5 5 TESE 2 E s, SOD 1 3 Aif 5 B £ %) i 4

principal components (PC) S, A% T A T T S W) 2 B B AL T SOD
?E:/F Icﬁiﬁj\l BECESUJ\Z VEMEE A
Index PC1 PC2
0. NP t = N /\ g T ~ ~

AN RE 2L K Relative height growth 0.895 0.008 2.62 j’\ﬂ A 2 /T/f 76 1 #ﬂﬁ/flﬁ D
i~ R 4B MDA content 0853 0.000 BB 45 AR @ﬁifﬁkﬂ S At S AR AN A
B AL EEE HE SOD activity 0592 0.786 P2 A E B M ER G IRPME (I 20 23808 (R
i RS M POD activity 0889  -0278 6) , It 3K i bR E0, SR A 4 v 1 458 pH B B 25
A SR CAT activity 0.938  -0.034 G REME (DR, F DAEAE bR dER BEAT & 21 i
4% & it Chlorophyll content 0.795 0.479 Tl i 252 e+ 398 pH B B 38 BE ST I HEFE L 45 3 9 < W
1964 % Net photosynthetic rate (P,) 0.712 -0.445 L >§H- > ,ﬁ} N 75 35 E rs¢ i%%u Bl f% rs¢ %& %% ﬁjj ’S
SFLFJE Stomatal conductance (G.) 0.936 -0.217 SRS R RS SN R
Jit 18] CO, ¥ J¥ Intercellular CO, content (C; 0.818 0.119 .

ntercellular content (C;) B (B 7). b, WGl D, 0 L
7% #5330 Transpiration rate (7;) 0.895 0.187 e . , .
P oor oas  PHUIBAEAESR, JFEUE DULRIE, OISt
Maximal quantum efficiency of + 3% pH {Hria R Tty .
photosystem 1l (F./F.,) . . " N .
HL AL 3438 %R Electron transport rate (ETR) 0.890 -0.339 263 A F’] AL = 2 e ﬂ, 4 ‘BK ;—% 7 #ﬁ— Zfiﬁt%
oAb Z A K Z 4L Photochemical quenchin (g,) 0.828 -0.150 KHMKKEBEERRARRENDEHITRAE
AL TR F K 0.887  -0.089 F5(E3) . FEBR R B 5 AL RDKE 11 AN 1 25 b 5%
Non-photochemical quenching (NPQ) 3 /I\;;é i mﬁtﬁi = j:i,%g pH ’TE. Ej] SEES B 2 FR (@?ﬁ ¢ X/Yi_ ’
FF{IE{E Eigenvalue 10.132 1.407

¢ N VAN ’ ¢ ][’,ﬁ‘ ‘/‘% ’ . N

J5 ZETTHkZE Variance contribution rate/% 72373 10.050 ) Al JL‘ L D]]Ti/' H %%J R f[l B l T g
R s sa | RIS HRA R RN+

Accumulated variance contribution rate/%

8 pH BB 28 28 B R0 “ A HL S 37 C A B 0 M
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Table 6 Two aggregative indicators of different northern highbush blueberry cultivar
EEAN RS ik Xl B R PR A BB AR AR #o B By
Index Bluecrop Reka D-1IMSU54 Spartan Cara’s Choice Elizabeth ~ Chandler Brigitta Duke Sweetheart  Elliott
Z -0.549 -1.184 4733 -4.180  -2.262 2.708 1.017 -3.124 -3.615 4368 2.087
A 0.299 -0.193  -1.308 -0.006 0.288 3.130 0.083 -1.017 0221  -0.477 -1.020
®7 TRLSLAESRMESERENNE. REXY (GS:ERIN

&. DERMKSLIIE pH EMBENHRF
Table 7 Weight (W), membership function value, D
values and tolerance to higher soil pH stress ranking

of different northern highbush blueberry cultivars

i Cultivar u(Z) u(Z)  DIH Dvalue #/F Rank
W= Bluecrop 0.366 0362 0.366 6
Jifi < Reka 0.302 0251  0.296 7
Wt D-1TMSUS4 0.899 0.000  0.789 1
W EH Spartan 0.000 0293 0.036 11
+$7 Cara’s Choice  0.193 0.360 0.214 8
IS A Elizabeth — 0.695 1.000  0.732 3
£% %) Chandler 0.524 0313 0.499 5
i L7 55 Brigitta 0.106 0.066  0.102 9
/A B Duke 0.057 0.344  0.092 10
iy Sweetheart 0.862 0.187 0.780 2
A LR Elliott 0.632 0.065  0.563 4
B 0.878 0.122

T u(Z) N R

Note: x (Z)) is membership function value.

2.6.4 MEAGARASIAL DI K & XS 1H
I IR A SRR FE A3 M7, SRAF B FR AR A XA 5 DAE A )
KERRE , 85 I BOR T G R m A 4B K & ETR . CAT

VAN SR S R A E S DR S DR R e e
(£,
30w

3.1 dkSNESRHER
&iﬂﬁl‘iﬁ@%%

B pH X P AE K RIS A TE B 3R
%ﬂcu&i e 77 55 3 B s U R [l
W Rh 2R B R -3 pH B — A — 5 HE B
TE b R P 38 A6 I R AR A T ek 3 R U A K Ak
TP IR ES , 52 AR K A AR PEA T . Harmers!™
WEFEHE 38 & W8 A A K 38 pHAE VE R 4.0~
5.2, B iE pH {E N 4.5~4.8. 1M 78 3¢ 1=y 3% pH i

=TEpHEMBETEK

it D- 11 MSU54 = .

fif > Sweetheart

fANNYS E Elizabeth f—

A% Chandler

2 BUES Elliott ||

i B35 £ Brigitta

> B Duke

Wi4H Spartan |

3= Bluecrop

i Reka |

4 Cara’s Choice

B3 1 NMeEAESRMITES I pH MBI RERESN
Fig.3 System clustering of tolerance to higher soil pH stress of 11 northern highbush blueberry cultivar
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Table 8 Correlation degree and sequence between

relative values of indices and D value

fibr RIKE BLIK
Index Correlation degree  Rank
AHXT R 5 2E K & Relative height growth  0.764 3
P %% & MDA content 0.569 14
B EAL Y B AL ER I 1 SOD activity 0.645 11

I A EEE M POD activity 0.677 10
HAMABEEE CAT activity 0.733 5
43 2 & & Chlorophyll content 0.704 6
i3 Net photosynthetic rate (P,)  0.686 8
S FLFZ Stomatal conductance (G.) 0.785 2
JHIE] COL ¥ 0.642 12
Intercellular CO, content (C;)

ZR [ 1H R Transpiration rate (7;) 0.804 1
BRI AR 0.626 13

Maximal quantum efficiency of
photosystem Il (F./F.)

LISRISLLES 0.742 4
Electron transport rate (ETR)
JetbE K A 0.690 7
Photochemical quenchin (g,)
IR R EL 0.680 9

Non-photochemical quenching (NPQ)

N EE S MK R IR R KRS
PG, VE 2SR B, AN [F) W5 R Fh i i A oos 118
CEREJ50) ) pH B A [ 52 4 5 T LI Fhifi 52 44
Al E AR AR, — e AP S = pHAE T
i3 BLAT I s B A, AL e R L 5
i 25 ARV 24H B B A O 25 TR] X 465 >R SI2 I S 7 ) 1) O
5, B A Re s i 2 Rl AR B AR AL RS 2™ fER
WIS, RS pHAE A T, 11 AN S A EE R 1)
R R E A K ERZ B TR E W, 2 FHE
BAFAEROR 22 57, R AN [R] b vy MRS % it o 0 458 5
35 pHAB I 32 PR AA A 535 22 5o

ARG 1 ] % LR —FR bR B L ARGHA 1 43 #ir
15 B G AN, HoR 13 MR FRAE AN [R5 o Bl 8] A7
ERE S BRI pHEMIE T, 2 405 P
CAT VPR 42 /&y, i 4 vy - 438 pH AE W38 1)
b CAT 75 P & w5 M B B B O T AN i 652 vy 1338 pHL B
Filp 38 ) A Bl L CAT i PEAR ER M & TR,
X 5 5 R B (Vaccinium bracteatum Thunb.) 1 4 IR
Wi (V. ashei Reade) A “ il =" 7€ sy L3 pHAE T
CAT V& AL i — B, KW CAT Al e 2 5 1 5
AT 52 vy 438 pH BB s B, 3 i PRSI R 55
73 SRR AR L AR F A R0 MDA K R Y4

2
()40 =5, MATT B 2 0 i 2 B A 8 vy pHL B 1Y) L 3 3R
5% 5 1 452 v 1 338 pH B W 38 5t A 8¢ vy 1 358 pHLAEL
18N ETR M g, 4k 47 Fo e BRI 1 25/ T AN
398 pH {5 W38 PR it P, 2 B i 65 v L 3% pHL{E i
At O R 48 11 A% 3 T R AN 2 M 32 S A 5
N G G AR, T e 4 31 5 P G,
AT AR5 A8 e B PR 35 W X2 /N T AN 52 i 1 3% pH
{EL B S oo X G2 B TE S I R i AR I
AN A5 v 45 pH B P 8 B0 0 2 i R LG S T e
15 pH B 38 1) i M AR 8 v pHAEL MR S A i A XS
A K EZ pHEMHE AN, ZFRE .
32 EkSAMEESEMMKSLIEpHERNESIT
i

AP IT M 55 58 20 H B 58 77 47 0 ik vF
WA I R AR A8 B — FR AR AR M 4 1 RS v
SR BT R ES , BT CL, FH 2 AN R AR 0P
R PUIEAEA LR 5E . IR, 255 58 ik
NI o HTIE B i AT R P v
€ CE S5 Bk (Hydrangea macrophylla) « 0 W (Linum
usitatissimum L) ZETEY A 3] 1 R, B 457K
T AE DU A PR S P I O R
ER WA FH 256 18 bR R AT 1 P T 4 v 1 3% pHL B 1B
B HE ) S E WIRE o ASTRIG R FH 32 oy 73 ik S
JE& BR EOE AR A M, 2 A I 7 e 3 AN
17 i 2558 vy - 158 pHL A JWlh i 55 2%, i 6% v -1 4% pH By
1B AL v ) S 2R AAN TR 4 v 358 pHAE o 28 2
R T 552 vy - 438 pH B Wi e 0 2% & VPN (DR 114
At vy AN 2 A P i 2 v 358 pH LW B BE T HET N
R >R > RIS > R B >
B> SR> KRB > B> AR >
X S 2 FE R A R e .
33 EksMEEFEMMKS TIEpHERNETE
R B i

P2 — P 2 B &R 2 AL L E A
R 2 BRI 5 B H A R8I 5E 8 A5 A2 46
SE FE ) BT 1 0B . Finn 25 SOKE A AR 15 71 18
BB AR AR AEARAR AR B T B S AR K AR b
A % 58 TR 5 e 3% pHBLIYEL RE ) B4R FR T
B2 X 2 PR FRFR ISR G TRE . SCIRE S ) /2
A BRIZ 22 GE 10 3% T DR 28 1 1) L B B R 225 H 41 1)
(13 UIREEE , GRS WL it 4 br 5 B ol B8 7 2 1) 56
R VIR ER . TP K OB FE 70 4
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36 5 3 PO AT B VA DG 1) 5 AN ELELFR bR, 4331
N RE K R e AR KR B M R AR ZE
Na FK & & AHIF 7035 B b v A R i 458 e 1
8 pH BB 38 AH G114 AN 2R K A BRAE AL R A,
Hogh Aok, N2 WANIOU 2 T A R RN 43 B 1 26 i
B g pH A W iy M ZENL , S5 R BIR, 54
T 5 v - 438 pH AL B8 0 2% & PEAE (D D 1) R BRFE
FER i 1) 6 R ARKIRCN T G BR S AR AR K&
ETR.CAT G PRI 2R 3R 5 8. AN e 3% pH {H
JoiR A8 B 7 32 By 43 W R 285 SR T LU HE S AR s AR
AKE CCATIEYE G TG R S T AL E &
L 7E B A e pHAE T3 8 T 2B K FR AR & AN [ i
Fof e i A e - 498 pH B B8 D A EE BRI . Tsuda
SR SN R AR AR 2 AT DA Oy 4 R R A T
pHAEAE TR AR s Xu ZECI Y N4 1k i 5 2R T
pH B 2 25 A0 ¢, IX 5 AW T 45 AL . 7285 pH
BB S A i AR AL A AL RE 705 FT 4
f 3% pHAE B fE )% VIAE G . Jiang SN B
A ERIEA 1R FH B8 712 ¥ % i P Chaoyue No. 17
Tiif v 3% pH B B8 VBRI IR R 2 — A AL S R S
Z M.

4 B

T ARG 23 BT, B b AR R P ¢ X ¢
O IS B SR BURE R AR ) IR e 1
pH H I8 B8y em . i H 4 e b s DA 2 1 4
i 45 v -t 358 pH AE Bk A ) I B FE AR N T G A
itk AR K& ETR.CAT i TEAIH- S 5 5 &

Bt KERFAGHFHEHKF2019 /5 5
WA RS RAYBERF AL T 5N L T, 4
R
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