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Impacts of NaCl treatment on leaf morphology and photosynthetic
physiological characteristics of semi-high-bush blueberry seedlings
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Abstract :[Objective] The salt stress and salt stress range of semi-high-bush blueberry were studied to
provide reference for the introduction and cultivation in saline-alkali land. [Method) The 2-year-old Vac-
cinium L. ‘Northland’ seedlings were selected to study the effect of different NaCl concentrations (0
(CK),30,60,90,120,150,180 and 210 mmol/L) on morphology, physiological and biochemical indexes,
chlorophyll content, photosynthetic physiology and chlorophyll fluorescence of blueberry leaves. The range
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of salt tolerance was also screened to evaluate its salt tolerance. [Result) (1) The blueberry plants lost
green in 38 days,the leaves were dry and curled and the branches began to lose green in 45 days, and the
branches basically lost green and plants were nearly dead in 62 days in the 210 mmol/L. NaCl treatment.
The plants did not come back to life after the stress was released. The leaf area, length, diameter, fresh
weight and dry weight of blueberry leaves reached the maximum when the NaCl concentration was 90
mmol/L. The relative water content was the highest when the NaCl concentration was 60 mmol/L,and it
was significantly higher than the control. The specific leaf weight reached the maximum when the NaCl
concentration was 120 mmol/L,and the difference from control was extremely significant (P<C0. 01). (2)
The soluble protein content and CAT of blueberry leaves were increased significantly when the NaCl con-
centration increased, and the activity of POD was increased firstly before decreasing. When the NaCl con-
centration was higher than =150 mmol/L,the Chl a,Chl b and Chl in leaves were significantly reduced. (3)
The ®@psi»q, - NPQ and ETR of leaves increased in comparison with the control when the NaCl concentra-
tion was below 90 mmol/L. They decreased when the NaCl concentration was greater than 90 mmol/L.
When the NaCl concentration was 180 mmol/L, Fv/Fm,Pn, Tr and Gs decreased, but Ci increased. [Con-

clusion)] The Vaccinium L. ‘Northland’ seedlings had certain ability to adapt NaCl stress,and the salt tol-

erance range was 0—90 mmol/L NaCl with the maximum of 210 mmol/L NaCL.

Key words: semi-high-bush blueberry;salt tolerance;leaf morphology; photosynthetic physiology;chlo-

rophyll fluorescence
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Fig. 1 Comparison of the growth of blueberry leaves with different concentrations of NaCl
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Z5R (K D WoR, BEAF NaCl ¥ B A B 800, B
a2k g, E 2 WL 4E K B, 210 mmol/L
NaCl b BB A HL R 38 d IF e 2k 45 d M7 T4k &
AR TT AR e 2k 562 d AL 2R BB AR R %L Al bR R 0
FTZ. UiHH 210 mmol/L NaCl Jy # A% A8 £ 19 s 7
15 6 7 o )i S0 AN I 5 i A A IS A
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Table 1

KRB (2 1) BR, 60 A1 90 mmol/L NaCl &b ¥ i
WEAE IR A K s . Je + AR 85 5 Mk EE (150, 180
A1 210 mmol /1) NaCl Kb P A7 A8 0 1) A IR B0 (3R
2)32W], 210 mmol/L NaCl 4b #AE Pk 7E A 7] -3 T
PR A A il 4 . ik —E B 210 mmol/L NaCl Jy i
175 B I Lt R e B . P e 2 n I, DA A R AT R
e ESEER

{RRE NaCl 4032 T REAFE BB & KRR

Growth status of blueberry plants under low NaCl treatments

NaCl ¥ B/ (mmol « L™ 1)

NaCl concentration

A AR R 2R R DL

Growth status of blueberry plants

AR A K34 R A o A A B R I 2 4 [ I AR 4 55

Plant growth potential is strong.and its number of branches is less than CK,but the length of branches is longer

0 Plant growth potential is good,the numbers of branches and leaves are increased,and the plant height increased
“ HiBR 2 438 BT B KRB 15 CK AR
h Plant growth potential is good and its growth status is similar to CK
“ IR K0 U2 KRBT CK
Plant growth potential is strong,and its growth status is better than CK
e A A B0 LR AR AR R CK D A S K 4% CK K
90
than CK
. HE R A 95 B SR R 39 I (7 KL F OK

Plant growth potential is good, its branches and leaves are green,but the growth status is inferior to CK

xr2

EIRE NaCl e HBERER T EFHERKKR

Table 2 Growth status of blueberry plants under high NaCl treatments after replacement of different soils

NaCl ¥ &/
(mmol « L™ 1)
NaCl concentration

bl 4

Garden soil

4

Grass charcoal

bil + /5t

Garden soil/Grass charcoal

HMRAER S — i, HER B RE,
A BB R A

MR A— i, HER RO, K
BT BB A R

MR RS — B R 6, K
BT A A%

150 Plant has a general growth poten-  Plant has a general growth potential, = Plant has a general growth potential,
tial,its stems are green and no new  its stems appear green, and its new its stems appear green, and its new
branches appear branches and leaves are growing branches are growing

HHAERKBRSE, HEXRAG 6, K EHRERBREE, HX2H86, K
- . H 3~5 ANF A% i 2~3 ASHi kL %%
PN b

180 fﬁ%jﬁ’#npﬂ% . Plant has a weak growth potential,  Plant has a weak growth potential,

Plants have no sign of life . X . . X i
its stems are green with 3 — 5 new its stems are green with 2 — 3 new
branches branches

"o R 2 HUBR G A i 4 U G 2 s 4
Plants have no sign of life Plants have no sign of life Plants have no signf life

F 3 AERE NaCl 428 33 #4750t SR 0
Table 3 Effect of different NaCl concentrations on morphology of blueberry leaves
NaCl ¥ i / N . )
, y , , o2 K/ LI/ (g 2
(mmol « L™1) I T/ em? K /mm %% /mm fif i i/ g THH/g *HXI“.*&L b (g em™*)
. ; 5 . . Relative water Specific leaf
NaCl Area Length Diameter Fresh weight Dry weight .
. content weight
concentration
0 8.25+0.58 dC 13.58+1.05 dCD  26.89+0.58 cB 0.10£0.00 dD 0.03+0.00 eC 57.194+4.58 bBC  3.79740.32 beB
30 9.4140.25 ¢B 46.40+1. 35 ¢BC 27.7140.66 beAB  0.1240.00 ¢C 0.03+0.00 dC 62.69+4.39 bB 3.60+0.24 B
60 10,7240, 14 bA 49.0940.60 bAB 29.4840.87 abAB 0.1340.00 bB 0.04+0.00 bA 75.254+1.95 aA 4.09+0. 11 bcAB
90 11.62+£0. 25 aA 51.39£0.56 aA 29.94+1.35 aA 0.1440.00 aA 0.0540.00 aA 58.1642.78 bBC 4.05%0.09 bcAB
120 7.8340.88 dC 10.91+1.86 eD 23.9740.76 dC 0.09%£0.00 eE 0.0440.00 cB 51.3542.47 cC 5.0440.38 aA
150 5.88£0.44 eD 34,20+0.86 fE 21.53£1.05 eC 0.0840.01 fF 0.0340.00 fD 41,8142.79 dD 4.5940.79 abAB
180 3.754+0.56 {E 31.16+0.47 gF 15.38+1.41 {D 0.05+0.00 gG 0.0140.00 gE 24,6043.94 eE 3.8940.61 bcAB

0« [ 5B 5 A5 A /NG B 7R 28 53 1 3 (P<<0. 05) . A K5 F 8 2R 22 i i3 (P<<0. 01) ,n=5. T,

Note: Different lowercase letters indicate significant difference (P<Z0. 05),and different uppercase letters indicate extremely significant

difference (P<C0.01),7n=5. The same below.
MFE 3 ATLLE L BEE NaCl ¥k B Y38 in , #AE
R g i TR AR A A T B B T R R B

#, HATE 90 mmol/L NaCl 4b#F ik 8] & KAH . I
5 CK 2% B2 (P<0.01), #gn H & f &1
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£ Kb B ] 22 S B B 3 (P<<0. 01), T Ji 2 4% 4k 3
[) 2 5 g 2 (P<C0. 05) . fz K4 90 mmol/L NaCl 4b
. A A XS & 7K BL 60 mmol/L NaCl gk 3
e . 5 CK 427 33, 62% 5180 mmol/L NaCl 4b Bt
A% - 3¢ CK F#AIK 57. 89 % . #AE M H EL i B LA 120
mmol/L NaCl b #l i K, HS CK 2R B % .
3.2 AERE NaCl MBS MFM F £ B AL
FREY R i

AN [l B NaCl 4k 2108 B4 - 728 B A= 16 45 b

ISZM AN 4 Fros . ik 4 nl L BEE NaCl R EE Ry

AN T G O AR I R R M AR BT R O e T
G TR 7E 90 mmol/L NaCl &b #F 35 8] 55 KAH
150 mmol/L NaCl 2k # A % ¥ 8 1 BT & & T B
U0 B AR PR A K a2 2 B I B AR . R e
CAT J§ 7€ 30~90 mmol/L NaCl 4b i F 748 1k B
LRI N BEE NaCl ¥ B 1) A Wil KRS FJt
FaFGAE 90 ~150 mmol/L NaCl b H T # T Ffa.
A POD 3G B & NaCl ¥ B2 1 A W7 3 K 3%
WA EFHE TR, L 60 mmol/L NaCl &b J# & Xk,
ZIaRre TR

F 4 AERE NaCl 2B MF I B ENIRRAE N

Table 4  Effects of different NaCl concentrations on physiological and biochemical characteristics of blueberry leaves

NaCl ¥ J&F /(mmol « L™1)

NaCl concentration

AEPEE AR A/ (mg s g7

Soluble protein content

CAT jEPE/(mg+ g ! » min~ 1)

POD JE1E/(mg+ g !« min~ 1)

CAT activity POD activity

0 496.89£4. 53 cdBC
30 550.51278.75 cB
60 734.57418. 95 abA
90 781.67+34.67 cdA
120 691. 81+60. 34 bA
150 450.51£3. 32 deBC
180 395.43%6.52 eC

353.00+£20.15 dD 28.8043.63 cB
392.21+£8.21 cC 34.0043.16 bB
405.17+0. 64 cC 44.8025.59 aA
449.67+18.19 bB 34.40+4. 34 bB
447.00£0. 87 bB 18.00£2. 00 dC
469.70£3. 85 bAB 12.40=%1.67 eCD
494.45+14. 77 aAB 6.80+2.28 fD

3.3 AEKE NaCl R EBXHBHEHEHEESE
A

t2e 5 Al AL B NaCl ¥ B9 A B 5 K L A

MR SRR E R R N REE R 2 NaCl ik EE2h 180

mmol/L i, 8 4#% M B Chl a A Chl b & & f %, &

CK 4> 5l B ik 52. 78% H1 50. 52% . 30 ~ 150
mmol/L NaCl 4b ¥ # #% - - Chl a/Chl b & F
CK,{Z 180 mmol/L NaCl 4t # Chl a/Chl b 4% F
CK.H¥ 5 CK 2R AR ¥,

R5 AEKE NClRAEMNBEFEHTRFHEESENE T

Table 5

Effect of different NaCl concentrations on chlorophyll contents of blueberry leaves

NaCl # JF /

(mmol + L 1) Mok a/(mg - g™ MakE b/(mg - g ") B4/ (mg - g7 1) M43 a/b
NaCl concentration Chl a Chl b Chl Chl a/Chl b

0 1.0470. 09 aA 0.41+0.03 aA 1.45+0.12 aA 2.52+0.03 aA

30 0.98+0.06 aA 0.37+0.03 aA 1.3540.09 aA 2.67+0.08 aA

60 0.7240.02 bB 0.27+£0.02 bB 1.0040.03 bB 2.6740.24 aA

90 0.65%+0.13 beBC 0.2540. 04 beB 0.902£0.17 beBC 2.60£0.16 aA

120 0.640.05 beBC 0.23+0.03 beB 0.87+0.07 beBC 2.73+0.20 aA

150 0.55+0. 06 cdBC 0.20%£0.03 cB 0.75+0.09 cdBC 2.68+0.11 aA

180 0.49£0.04 dC 0.20+0.02 B 0.69+0.11 dC 2.4240.21 aA

3.4 AEEKE NaCl R EBHBE R AXEERS
#89 % M

36 v A, #8EM H Pn 7£ 30 ~90 mmol/L
NaCl 43T B g 355, 7 120 ~ 180 mmol/L NaCl
AbFRR B B REAR . 24 NaCl ¥ 90 mmol/L H},
HAG I R Po il Gs e KL 38 CK 403 15 28. 19%
1 27.13% 524 NaCl ¥ BF & T 90 mmol/L I, #iA%
MR Gs # Tr B8 FEAR, B Gs I8F CK, 4% &b 2 (8]
25 W #F (P<C0.05), ¥ (150, 180 mmol/L)
NaCl 4b BBAE I Ci Tk o LA ) b 20 ) 2% 5 4

W (P<<0.01), #itEm 5 WUE F1 Ls B % NaCl
e BE (38 RS TG B L 150 mmol/L NaCl 4b #1134 £z
KA HEE CK i 70, 98 % Fil 44. 63 %,

B2 7 WAL B NaCl v B 1, 7% i A4
AU (Fo) Flde K7 6 (Fm) ¥ 5 e THE G F Y
B, AR EE NaCl 4b F A% - H (9 Fo (i 34 m%
T CK, H 4 a3 a) 22 7 3% (P<<T0.05), 4
NaCl ¥ i f 30~ 90 mmol/L Bf Fm B & T+, B3
W 2 = T CK Z 5 HF 46 R 180 mmol/ L NaCl 4k
HAEF CK &K 25. 13% ., #iAg M A Fo/Fm flFv/Fo
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F6 ARKE NaCl REXMNERFH R ASIERSHNZI
Table 6 Effect of different NaCl concentrations on photosynthesis parameters of blueberry leaves
NaCL e[/ Pn/ Gs/ ., Tr/
(mmol « L™ 1) ) ) Ci/ ) WUE/ .
. (pmol » m™ 7 » (mmol * m 2 « . (mmol e m 2 » . Ls/%
NaCl 1) o1y (pmolomol ™1) <1y (pmol » mmol™")
concentration S S S
0 6.70+ 0.46 cC 125.3346.18 dC 282.00+2, 65 dC 0.87+0.06 eD 3.47+0.27 {D 0.21+0.01 gE
30 7.87+0.40 bB 139.6741.70 ¢cBC 272.00%3.61 eCD 1.1740.06 dC 4.92740.07 efD 0.24=+ 0.01 {D
60 8.77+0.15 aAB 153.0044.55 bB 262.33+3.06 D 1.6040.10 bB 6.42+0.17 deCD  0.26+0.01 eD
90 9.334+0.49aA 172.0046. 16 aA 251.33+5.51 gE 1.93+0.15 aA 8.0140. 44 c¢dBC 0.30+0.01 dC
120 7.9340.38 bB 83.0044. 90 eD 297.00+£2.00 cB 1.37=£0.06 cC 9.1640.19 bcABC 0.32=+0.01 cBC
150 6.13%+0.32 cC 67.67+3.40 {D 304.67+3.79 bB 0.57%0.06 fE 11.97+2.12 aA 0.37£0.01 aA
180 3.93%+0.47 dD 40.3346. 34 gE 317.67+5.86 aA 0.33£0.06 gF 10.94+1.78 abAB  0.34£0.01 bB

R7T AREKE NaCl R EIEFITF XS
Table 7 Effects of different concentrations of NaCl on fluorescence parameters of blueberry leaves
NaCl ¥k £ /
(mmol « L™ 1) Fo Fv/Fm Fou/Fo
NaCl concentration
0 124.00+1.00 {E 772.33%7.09 eD 0.83£0.01 aA 5.23+0.09 aA
30 135.0041. 00 dC 795.67+3.01 dC 0.7940.01 bB 4.8940.03 bB
60 144.67+2.52 cB 833.33+6.43 bB 0.78-+0.00 cBC 4.76+£0.06 cBC
90 155.00£2. 65 aA 871.33+2.52 aA 0.76+0.00 cC 4.62+0.10 dCD
120 147.67+1.53 bB 808.67+7.09 cC 0.74%+0.02 dD 4.48+0.04 eDE
150 137.67+1.53 dC 734.67+7.64 {E 0.68+0.01 eE 4.34+0.12 {E
180 130. 67+2.52 eD 578.00+8.19 gF 0.65+0.01 {F 3.42+0.11 gF

g2 8 B #1, NaCl ¥ BEAL T 150 mmol/L B,
MG R Desy K A2 B G W 150 A1 180
mmol/L NaCl 4b P #AF - H Pesy 88 CK 3 I 2 [
. 180 mmol/L NaCl 4t ¥ ##% M ¢, % CK F
W& 34.50% ., A% A NPQ M ETR Fi% NaCl ik

=24
W

FE R AR 3 K St e T i S R B R 3, NaCl vk B AR
F 150 mmol/L B P 314 /N, 180 mmol/L NaCl 4b
PR B s R, 8 CK 405 N T 29, 72% A
35.79%.,

Fx 8 AEKE NaCl B3 #FH B Dosy ¢, \NPQ F1 ETR % 1
Table 8 Effect of different concentrations of NaCl on ®Ppsii»q, » NPQ and ETR of blueberry leaves

NaCl ¥ J& /

(mmol « L™ 1) Dps NPQ ETR
NaCl concentration

0 0.20740.01 cC 0.37+0.01 cB 3.024+0.08 eD 122.2343.70 cC
30 0.2140.00 bBC 0.40%+0.01 bB 3.99-+0.06 cC 128.5741. 28 bBC
60 0.224+0.00 bAB 0.45£0.02 aA 4.41%£0.06 bB 133.8841.54 bAB
90 0.23740.003 aA 0.47+0.01 aA 4,90+0.12 aA 140. 8342. 48 aA
120 0.1740.01 dD 0.33%£0.023 dC 3.914+0. 14 ¢C 105.2744.31 dD
150 0.15£0.01 eE 0.29-£0.02 eC 3.212£0.05 dD 90.75%£4.29 eE
180 0.13+0.01 {F 0.24-+0.01 D 2.12+0.03 {E 78.49+4.02 {F

1 i ie

A T 258 A AR A TR A 2 A ) 0 6 T 3 R
PRy EZR M AT BEE NaCl ik B2 1 34 K i
AE S0 B A I R ORI TR R RS v R4l v
RS S K BB W R . AR T B NaCl ¥k
JEE3E R AR A AR K R AR R ST R R T R
BiF 5 20 5 22 5 mT 6 DR 36 A1 Rk X NaClL o B2 S0k
AREPrEC, ALE AR KW, 210 mmol/L NaCl Jy

TR A AL A P Ml TS Rk BE L L DL R AR ) % i ROR
B (E G A A g R P o D] /R
1 TOARAR L) B 0d B AV PR B s i 2
S50 R ) T R A A0 X e R 3 4 1 Y
BRI AR A AT PR R B BB NaCl
JE A DR T 3 I, 5 AR B ST AR A B A DR AP
Fih 27 29 A2 L) U0 500 355 1) 5 A AL A2 L AR BF 7 o B
# NaCl ¥ B, #ag i - CAT 35 4% 7+, POD
WS TE G T R S AR A AR R g A R —
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. e E A N R AR T SR ) R AR 2
—, B Chl b 55 i B AR 23 BRI 4 0 6 3 8 1 %ok
RE 403 25 ol 20 8 M SR 7 A L % figk T 0 ) A R P
Rof i o DI 86 55 AT 400 ) T P o AR 9% B s o VR
NaCl &b ¥ F 8 #% i B Chl a, Chl b F1 Chl 4 & [
I B KRR R S 45 B9 Hh A9 21 1 R TR 1 45
R RTH RN R SR THE R 5 W R G
R B 38 R R

GG A8 b R S R P R AR O Y A R B A
b Hod P A] B % RO A VR HTRE I i R 1038 23
B RRARAE Y o A R . ARBESEIE L IR
i NaCl(30~90 mmol/L) Ab B A] {i¢ ¥ # A M A 1
G VER B NaCl ¥k B 7 7 & B B it - Po {8
TR IR B IT 45 5t BT 45 307 i
b [A B v BE (150,180 mmol/L) NaCl &b R ik
MR B P Gs #1 Tr ¥ F . Ci oTH R, IR
FE NaCl ZLPE R S AH Y R T 4E 45 40 L N 85 42 fa Fn
PRAE 20 1 A B AN SF- 15 53 A1 B BE BTl » 23 8 R 03
FHF AR A K T3 4 8 1 ) R Ak B % 1) FH 0%
AL B 2l 7 B9 P 38 A T A AR 4
TR, DT 0 7] 6 5 F E A M P dE R A IR AR S
W NaCl b 3R, oK 56 B 1 3F A 40 ffg 2 28 1K
B rp e RGNS S BOC R GE 1 B
MHDEEER. 262 80N OB Y 06 6 1F 1 45
B, R Wil 25 S BOR P 9 Rubisco 3 1 il & 2 Ff
5 o 5 M I SRR AR G RE L BRARAE ) O A B . A B
KB ARG R Fo Al Fim 7E NaCl ¥ & Ry 90
mmol/L B} 15 2| & KAH ; NaCl 3 3 /NTF 90 mmol/L
B B A% I B ey vq, NPQ F1 ETR ¥ F CK;
NaCl ¥ K F 90 mmol/L B . £ T 5 b5 ¥ 22 N [&
##, H 180 mmol/L NaCl 4t # Fu/Fm ., ®psy 1 g,
SR E N RSN T e S S TN =107
NaCl &b #8741 1 0 G RE L #0808 B B B F A% 8
RE 1 TR, S BUHF CO, [H 4k 1 Al & 0 /> . fili 15 4
PR A B ) A L AR A2 B

25 BT g 4 LB A — s i R RE T
Hoit Eh (NaCD 3¢ B8 0~90 mmol/L, {K#E NaCl
Ab 3 25 B R T O B AR I e VR BE (150,
180 F1 210 mmol/L) NaCl &b 3 J] £ 41 11 & 15 w F
HGE/EH s B 210 mmol/L NaCl & #A4% it it £ il
FH.
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