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Effects of alkali stress on growth, structure and photosynthetic
parameters of Lycium barbarum L.

MAO Gui-lian', LIANG Wen-yu', WANG Sheng'*?, XU Xing’, ZHENG Rui', ZHU Zhi-ming’
(1. College of Life Science, Ningxia University, Yinchuan, Ningxia 750021, China;
2. Key Laboratory of Ministry of Education for Protection and Utilization of Special Biological Resources in Western China ,
Yinchuan , Ningxia 750021, China; 3. College of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: To reveal the relationship between the growth, structure, photosynthesis, and the potential mechanism of
salt — alkali resistance of Lycium barbarum L., the growth, anatomical structure, ultrastructure and photosynthetic pa-
rameters were investigated under alkali stress in pot experiments. The results showed that with the increase in concentra-
tion of NaHCO;, the net height first increased and then decreased, the top dry weight, the root dry weight, and the
whole dry weight decreased, and the root to top ratio increased. With the increase in concentration of NaHCO;, the num-
ber of cell layer of palisade tissue and the cell structure compactness decreased, and thickness of leaves, upper Epidermis
thickness, lower Epidermis thickness and crystal number first increased and then decreased. With the increase in con-
centration of NaHCO;, irregular form of mesophyll cell, deformation of chloroplast, disrupted granum lamellae and in-
creased starch number were observed. The net photosynthetic rate ( Pn), stomatal conductance( Gs), transpiration rate
(Tr), and stomatal limitation( Ls ) decreased, and intercellular CO, concentration and water use efficiency( WUE) first

increased and then decreased when the concentration of NaHCO; increased. Plant net growth increment, whole plant —
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biomass accumulation, Pn, Tr, Ls and Gs were negatively correlated to alkali stress intensity, and significantly negative

correlations was found between Pn, Tr, Gs and alkaline stress intensity of Lycium barbarum L. The results suggested

the functional traits of Lycium barbarum L.. were inhibited by higher NaHCOj; stress, which reduced the photosynthesis,

and thus ultimately a decrease in biomass accumulation and the growth was brought about.

Keywords: alkali stress; Lycium barbarum L. ; growth; structure; photosynthetic parameter
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Table 1  Changes of growth, dry weight and root to top ratio of Lycium barbarum L. under NaHCO; stress

AP/ (mmol < L™") WA K /em o R E /g W TE/ g BT HE/ g AR5 E
Treatment Net increment Top dry weight Root dry weight Whole dry weight Root/Top ratio
CK 11.80+1.13a 22.55+0.73a 12.28 +2.07ab 34.83+£2.80a 0.54+0.07a
150 12.00+ 1.41a 17.95 £ 1.83ab 14.45+1.37a 32.40 +0.46a 0.81+0.16a
300 8.80+0.71a 12.67 £ 4.05bc 9.78 +2.26ab 22.44+1.78a 0.77 £0.45a
450 3.75+1.06b 8.44+2.82¢ 9.06+2.75b 17.50 +5.58b 1.08 +0.04a

VR R S R R B4 1 F 022 R 2 (P <0.05), F .
Note: different letter indicate the results of variance analysis, where alkali treatment effect is significant( P < 0.05), the same below.
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Je R R B 150 mmol - LAY I N R A 4R HOR KIS A TR S
BHEZ. £ M0 SXEZ LR EE(P<

1 NaHCO; BB T EREH R &E T ( x 100)
Fig.1 Anatomical structure of Lycium barbarum L.
TE:1 /225 CK; 3 14 27 150 mmol - L™ "1 NaHCO; 4b3# ; 5 1 6 27 300 mmol* L™ ') NaHCO; 4035 7 #1 8 25 450 mmol- L™ ") NaHCO; Ab3H
Note: 1 and 2 — control; 3 and 4 — 150 mmol*L=" NaHCO;; 5 and 6 — 300 mmol+L~" NaHCO;; 7 and 8 — 450 mmol-L~" NaHCO;.
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&2 NaHCO; BB THITCH &S BTN

Table 2 Structure parameters of leaves of Lycium barbarum L. under NaHCO; stress

AbEE/ (mmol - 1~ 1) A /pm REJESE/pm TR /pm

Lk S 4

Treatment Thickness of leaves Upper epidermis thickness Lower epidermis thickness Crystal number
CK 29.25¢ 2.43a 2.36ab 5.20¢
150 45.71a 3.15a 2.45ab 12.00a
300 45.17a 3.15a 3.06a 8.60b
450 38.55b 2.48a 2.40ab 6.00c
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E 2 BT RLE Y, X B AT - PR 2 MO 45 44 1
(29 1,2 F13) , 4 M AR BRI , it A 240
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Fig.2  Ultrastructure of mesophyll cells of Lycium barbarum L.
1. CK, x25000; 2. CK MF4EA, % 300005 3. CK ZAfBE, x 200005 4. 300 mmol - L~! NaHCO;, x 25000; 5. 300 mmol- L~ ' NaHCO; MH-4¢14
x 30000; 6. 300 mmol* L~" NaHCO; 4lfifB5&E, x 200005 7. 450 mmol+L ™' NaHCO;, x 25000; 8. 450 mmol*L~' NaHCO; M-4%44, x 30000; 9. 450 mmol
L' NaHCO, ZMffIB%, x 200005 Ch—M-4¢{& chloroplast; CW—2 i3 BE cell wall; G—M-24 (&3I4 chloroplast grana; IS—41Jifd /i8] B intercellular space;
PI—Jifgfa]i% 22 plasmodesma; L—HEFER lipid ball; S—HEHHE starch grainy PM—JFIE plasm membrane; P—JFi 242 cell membranes protrusion.

2.4 NaHCO; BhE TTEMIIEAESHNTK

B NaHCO; Wk B2 (Tt , 7" EAAC P Tr Ls AN
Gs & TR (E 3), Ci ZTHE B WUE BEE W
IEHR B A BG N RS TH S R B P Ci Tr. Gs.
Ls F1 WUE #5403 [R] 25 553k & K- (P < 0.05) o

2.5 TEMREK.MAFEHEXESHNEXE
ST
MR 3 0] AT, NaHCO; 38 58 5 55 1B K i b
T E N ETE AR T E P Tr . Gs T Ls
BHIAHXKR, S P Tr. G 2RFHNMELE (P



240 TR A AT

o535 &

<0.05); 50 R R BN SRR S RN 1
AR W AT EMENRTEYS Po (Tr G BB
FIEME, 50 R S AREUCR AR (P <0.05) ,HH

16

& a

So14r b

‘s —}

< 12F

210- c

< (L

o 6

M o4t

<o

w2 21

ﬁ_—. 0 | | | I J
CK 150 300 450

4k #f Treatment/(mmol * L)

700
7 600 a
& 500 b
g 400
g c c
< 300
S
200
il
= 100 F
.Hr’ 1 1 1 1
CK 150 300 450
b P Treatment/(mmol » L™
0.20
a
—— b b
L 015
@ c
£0.10
>
Mo
I
.05
CK 150 300 450

b P Treatment/(mmol * L)

i EHTEHEAEKRTES P 2R EEEML(P <
0.01); Pn 5 Tr 1 Gs BB FIEMK(P<0.05),

_12r

z a

210 = b

S £ c

L 8

= d

E Of

S

g 4

& 21

® . L L
CK 150 300 450

4k B Treatment/(mmol = L)

i b
| b
30F  °
310 F
300 |
290 1 1 1
CK 150 300

4bF Treatment/(mmol = L)

350 F

W
~
(=1

i [8ICOL K ECi/(ul + L)

)
450

ab

NI R

1.0 -

_ =
[T SECN
1

e <
o

K 4y FI H 2% ZWUE/(umol « mmol™)

e 2
IS NTNS
T T

1
CK 150 300 450
kb ¥ Treatment/(mmol * L)

B3 NaHCO; BB FTFEMIE Pn.Tr. Gs\ Ci Ls T WUE BIZEH
Fig.3  Effects of NaHCO; stress on Pn Tr\ Gs. Ci\ Ls and WUE of seedlings of Lycium barbarum L.
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Table 3 Pearson correlation coefficients among growth characters, structure characters and

photosynthetic of Lycium barbarum L. under NaHCO; stress

H KL Growth parameters

ZEFY SN Structure parameters

&2 %L Photosynthetic parameters

NHI TDW  RDW  WDW RT TL UET LET CN Pn Tr Gs Ci Ls WUE  SSI
NHI 1
DWW 0.91 1
RDW  0.85 0.77 1
WDW  0.94  0.98" 0.8 1
RT -0.85 -0.91 -0.49 -0.83 1
L -0.07 -0.47 0.05 -0.336 0.45 1
UET  0.350 -0.06 0.31 0.04 -0.001 0.8 1
LET -0.04 -0.32 -0.39 -0.36 -0.04 0.57 0.66 1
CN 0.41 0.04 0.59 0.21 0.09 0.84 0.89 0.24 1
Pn 0.95 0.98" 0.8 0.99"-0.85 -0.34 0.05 -0.32 0.2 1
Tr 0.98" 0.97° 0.79 0.97" -0.92 -0.27 0.17 -0.11 0.22 0.98" 1
Gs 0.88 0.98° 0.81 0.99" -0.84 -0.49 -0.12 -0.45 0.05 0.98" 0.94 1
G -0.83 -0.87 -0.45 -0.79 0.99"* 0.41 -0.04 -0.12 0.088 -0.82 -0.90 -0.79 1
Ls 0.79 0.8 0.42 0.78 -0.9°"-0.49 -0.05 0.06 -0.17 0.81 0.80  0.80 -0.9"" 1
WUE -0.29 -0.08 0.16 -0.008 0.44 -0.32 -0.58 -0.91 -0.16 -0.05 -0.27 0.07 0.51 -0.46 1
SSI -0.92 -0.99 -0.75 -0.98 0.92 0.46  0.048 0.29 -0.042 -0.98" -0.98" -0.98" 0.89 -0.89 0.12 1

H Note: NHI ¥4 <4 net height increment;

TDOW : i T T top dry weight; ROW : # F #8F I root dry weight; WOW : ##E T & whole dry

weight; RT': HRIE . root/ top ratio; TL: M- FrJBE thickness of leaves; UET : | 3% [z JE ) upper epidermis thickness; LET: FFRZJERE lower epidermis thick-
ness; CN : fh A%k crystal number; SSI: AR salt stress intensity. * FIRTE 0.05 K | i A5 correlation is significant at 0.05 level; * * +*

JRAE 0.01 7K F AR B 2 HE correlation is significant at 0.01 level.
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