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Abstract

Aims Effects of salt and alkali stresses (NaCl-Na,SO4 and NaHCO3-Na,CO3) were compared on growth, photo-
synthesis characters, ionic balance and osmotic adjustment of linseed (Linum usitatissimum), to elucidate the
mechanisms of salt and alkali stress (high pH value) damage to plants, and their physiological adaptive mecha-
nisms to the stresses.

Methods The experiment was carried out in an artificial greenhouse. Plants grew at approximately 700
mmol'm >s”! photosynthetic photon flux density (PPFD) in greenhouse under photoperiod of 15 h in light and 9 h
in dark. In each plastic pot (17 cm diameter) which contained 2.5 kg of washed sand, 20 linseed seeds were sown.
The seedlings were exposed to stresses lasting 14 days after 2 months.

Important findings The inhibitory effects of alkali stress on linseed growth were more remarkable than those of
salt stress, indicating that alkali and salt represent two distinct forms of stress. The alkali stress increased the Na"
content in shoots, damaged the photosynthetic system, and highly reduced the net photosynthetic rate and C as-
similation capacity. Under salinity stress, the Na' content increased, the K content decreased with increasing
stress. Greater changes were observed under alkali than under salt stress. Alkali stress caused the massive influx
of Na', which probably explained that the harmful of alkali stress on plants was stronger than that of salt stress.
Under alkali stress, Ca®"and Mg”" decreased in roots, showing that high pH value around roots hindered the ab-
sorption of them. Fe*" and Zn*" had little effects on the osmotic adjustment, mainly because of they had a low ion
content. Under salt stress, anion increased in order to balance the sharp increase of Na'. However, alkali stress
made severe deficit of negative charge, broke the intracellular ionic balance and pH homeostasis, and caused a
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series of strain response. Our results showed that linseed enhanced the synthesis of soluble sugars to balance mas-

sive influx of Na' under salt stress, but linseed enhanced the synthesis of organic acids to compensate for the

shortage of inorganic anions, which might be a key pathway for the pH adjustment. In conclusion, the alkali stress

(high pH value) clearly inhibited the growth, element absorption, ion homeostasis reconstruction of plants. Or-

ganic acid concentration is possibly a key adaptive factor for linseed to maintain intracellular ion balance and

regulate high pH value under alkali stress.
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Fig. 1 Effects of salt and alkali stresses on shoot and root ground relative growth rate (RGR) and on absolute water content (AWC)
(mean + SE, n = 5). Different small letters indicate significant differences between different treatments (p < 0.05).
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REJ), A& IRWOGG MR SR A AR bR, AN S 25
SR BB s ™ E A T RR 106 & AL % (Bolhar-
Nordenkampf et al., 1989), MR FIKEHE b FE
RN e At . R RREIE R
FURALE e R AR AN 2, (HOR AR E T R F%
HH A2 o IXRT AT B 18 5 M glie ATl 1 4
FHRAHE N5 (Reddy & Vora, 1986; Shi &
Zhao, 1997). 74, A ] GEsE mpHE A RE T 4
FOREGIE .
3.3 #H. WAMEX T HREF &R

Na K AR A IE Y 35 35750 35 B 4y o 22 11
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Fig. 5 Effects of salt and alkali stresses on the contents of soluble sugars, organic acid, proline and betaine in the shoots and roots of
linseed seedlings (mean + SE, n = 5). Different small letters indicate significant differences between different treatments (p < 0.05).

A HARIE Bh, Na St K 2 5o in = 243 55 10,
MAEE N R S, SRS PO IR,
TG BR AR 44 K (Brugnoli & Lauteri, 1991; F5*
5, 2015). iﬁ%&%,ﬁ\ﬁ%ﬁﬁ%&ﬁ%ﬂ
A R Na A B T, KA BRI, BbE
(AR A KT 2R E (EI3A, 3A,, 3By, 3B)).
gh R AR IE AR L, BRPRE 1K mpHAEHE— 20 T
PRI T AN KW e e, SEUAN
Na'\ K78 A, I 2 s a5 oK+ shpia ) —
AEERA . F46, BRERE T R 5 A R

KENa', Bl ek S MR, mt4 35 & & 2
MR, SEOLG R FIR(E2). DRI, SR
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FAEL, M B3 K S AR R R KT, X
P JBRAT AN K Na 2 1l A AR 3 1T 4 5 22 (K 1 i 2
M 553 45 13 Y 1 B (Munns & Tester, 2008).

Ca” ST ERF 40 MM () R PR 4 T B/, Mg™ 2
4% 3R 10 E B Gy, W90 K I SR 1 Ca

Mg® TR R AR ABFFUAE R R
i AEL0F 7 JBR L P r rCa®t . Mgt B R AN K,
EB P W S BRI L AR AR 1) 2 B (E3Cy, 3Cy, 3D,
3Dy). Ca” {45 {5 i 5 £ B U 2% 1 (SOS3)
gE, W SOS2 iy Wl 5 ME, HEHI A 5 % Na”
(Zhu, 2003). (BB (FpHE) S S0 Fl Ca®
YUUE, CaZ W W 32 PH, HET S Na A HE, Inod
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ZKEINa" (Tester & Davenport, 2003; 4%,
2015) 0 AR LESRR A0 1 P 25110 A PR A P A
LR IR AT I b A, B S B bt ]
BH S 7P A R B (A VA, 2008) . AR BH
FBR TR Bl A, A — AR IR R B 2
TIBiE(Munns & Tester, 2008), ihilrid FNa k&
HEAARGS, 0T 68 B IR T A8 7 3 7 (R,
SEAEYI RN S L FR KA, W3R LR B
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B B AR B ] DA 98 Y JBRONS £h 50 A B8 1 i M (Gao et
al., 2001). fHi&, BPri JC S mmd i ] 1 w)
PR IR B, X AT R KR I Na R s pH A 2L 7]
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ZRANE BT R AE TRV & T W) S e A BT
WA B rRGE AR T R (26 405E, 2002; 5KAL
WIS, 2004). #hy Bl #R B T A
PR R R, T 208 (1) AR 28 AT e KO B B AR
RN, HE S BE InA] e T AR RS E S Al
A LB N JCHL S IR FER R 22 B AE SR m P
N RN RS, X TR T Na KR
VE, I8 AR NOS W FEAR, PEAG T NARSS 1 1
AT, 2T SRR A . AT PR S50 45 ]
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S, R REE S fe I AT HLRR 1) & R R A LA
T IR SR A 57 AR 1 P9 pHAE R BSUE G KL
HZR, 2006). M AR HLIK AT REZ IR AR
A RIpHAR, 1 IIAR 28X kAR 5T 3R RS R
T I % PR A 3 Y TR R 1 KA

EEWMEB BEEARXAFEAEFFEE(31200243).
R B ARAF A4 & LR A (31570328). BRFHIL
ARBF R A ST X1 (“86371F %)) (2011AA100503)Fe F
S 3 AT AL 4 57 (BSRF 201201).

S 30k

Arnon DI (1949). Copper enzymes in isolated chloroplasts
phenoloxidases in Beta vulgaris. Plant Physiology, 24,
1-15.

Ashraf M, Fatima H (2004). Intra-specific variation for salt
tolerance in linseed (Linum usitatissimum L). Journal of
Agronomy and Crop Science, 173, 193-203.

Bao SD (1981). Analytic Methods for Soil and Agriculture
Chemistry. China Agriculture Press, Beijing. 150—160. (in
Chinese) [#fi-:H (1981). IR HT. & E AL H
Jet, JE3E. 150-160.]

Bolhar-Nordenkampf HR, Long SP, Baker NR, Oquist G,
Schreiber U, Lechner EG (1989). Chlorophyll fluores-
cence as a probe of the photosynthetic competence of
leaves in the field: A review of current instrumentation.
Functional Ecology, 3, 497-514.

Brugnoli E, Lauteri M (1991). Effects of salinity on stomatal
conductance, photosynthetic capacity, and carbon isotope
discrimination of salt-tolerant (Gossypium hirsutum L.)
and salt-sensitive (Phaseolus vulgaris L.) C; non-
halophytes. Plant Physiology, 95, 628-635.

Chemikosova SB, Pavlencheva NV, Gur’yanov OP, Gorshkova
TA (2006). The effect of soil drought on the phloem fiber
development in long-fiber flax. Russian Journal of Plant
Physiology, 53, 656—662.

Everard R, Gucci SC, Kann JA, Loescher WH (1994). Gas
exchange and carbon partitioning in the leaves of celery
(Apium graveolens L.) at various levels of root zone salin-
ity. Plant Physiology, 106, 281-292.

Feng YL, Feng ZL, Cao KF (2001). The protection against
photodamage in Amomum villosum Lour. Acta Phyto-
physiologica Sinica, 27, 483—488. (in Chinese with Eng-
lish abstract) [{%EJE, S, WHFF (2001). #Hn
FOCRESR B AR, R AR R AR, 27, 483-488.]

Gao ZH, Xue YB, Dai JR (2001). cDNA-AFLP analysis reveals
that maize resistance to Bipolaris maydis is associated
with the induction of multiple defense-related genes. Chi-
nese Science Bulletin, 46, 1454-1458.

Genty B, Briantais JM, Baker NR (1989). The relationship
between the quantum yield of photosynthetic electron

doi: 10.17521/cjpe.2015.0240



78 M E A2 Chinese Journal of Plant Ecology 2016, 40 (1): 6979

transport and quenching of chlorophyll fluorescence. Bio-
chimica et Biophysica Acta, 990, 87-92.

Gorham J, McDonnell E, WynJones RG (1982). Determination
of betaines as ultraviolet-absorbing esters. Analytica
Chimica Acta, 138, 277-283.

Guo R, Zhou J, Hao WP, Gong DJ (2011). Germination,
growth, photosynthesis and ionic balance in Setaria viridis
seedlings subjected to saline and alkaline stress. Canadian
Journal of Plant Science, 91, 1077—1088.

Hare PD, Cress WA, Staden JV (1998). Dissecting the roles of
osmolyte accumulation during stress. Plant, Cell & Envi-
ronment, 21, 535-553.

Jing JH, Ding ZR (1981). Analysis Method of Plant Biochemis-
try. Science Press, Beijing. 264—267. (in Chinese) [JfI5
g, TR (1981). MWD M IT . BRI
t, dbxt. 264-267.]

Kingsbury RW, Epstein E, Peary RW (1984). Physiological
responses to salinity in selected lines of wheat. Plant
Physiology, 74, 417-423.

Kong LA, Guo HH, Dong XX (2000). A study on ultrastructure
of hybrid rumex under salt stress. Acta Prataculturae
Sinica, 9(2), 53-57. (in Chinese with English abstract) [fL
Az, SR, IR (2000). #hNE T 2SS IR B I
SERITIFAT. Bl 2ER, 9(2), 53-57.]

Li B, Wang ZC, Shun ZG, Chen Y, Yang F (2005). Resources
and sustainable resource exploitation of salinized in China.
Agricultural Research in the Arid Areas, 23(2), 152—-158.
(in Chinese with English abstract) [244, Ti&#F, ik
=, BRH, B4R (2005). I S A BEE S AT RRSERH]
WY, TR AT, 23(2), 152-158.]

Liang HZ, Dou DQ, Feng YL (2004). Diurnal changes in pho-
tosynthesis and chlorophyll fluorescence parameters of
Amomum villosum Lour. grown under tropical rainforest in
rainy, and foggy and cool seasons at Xishuangbanna. Acta
Ecologica Sinica, 24, 1421-1429. (in Chinese with Eng-
lish abstract) [FEZLAE, FEAESR, 15K TE (2004). Fify bk
TR Ok A T R4 2980 5 MR S R
ZE HARE. AR, 24, 1421-1429.]

Lu CM, Qiu NW, Lu QT, Wang BS, Kuang TY (2002). Does
saline stress lead to increased susceptibility of photosys-
tem II to photoinhibition and changes in photosynthetic
pigment composition in halophyte Suaeda salsa grown
outdoors? Plant Science, 163, 1063-1068.

Lu YH, Lam HM, Pi EX, Zhan QL, Tsai S, Wang CM, Kwan
YW, Ngai SM (2013). Comparative metabolomics in Gly-
cine max and Glycine soja under salt stress to reveal the
phenotypes of their offspring. Journal of Agricultural and
Food Chemistry, 61, 8711-8721.

McKenzie RR, Deyholos MK (2011). Effects of plant growth
regulator treatments on stem vascular tissue development
in linseed (Linum usitatissimum L.). Industrial Crops and

www.plant-ecology.com

Products, 34, 1119-1127.

Munns R, Tester M (2008). Mechanisms of salinity tolerance.
Annual Review of Plant Biology, 59, 651-681.

Peng ZH, Peng KQ, Hu JJ, Xiao LT (2002). Research progress
on accumulation of proline under osmotic stress in plants.
Chinese Agriculture Science Bulletin, 18(4), 80—83. (in
Chinese with English abstract) [#24L, %), K4,
IR (2002). VBN IE T RV 2R B 5 RO R St
. AR AR, 18(4), 80-83.]

Reddy MP, Vora AB (1986). Changes in pigment composition,
Hill reaction activity and saccharides metabolism in bajra
(Pennisetum typhoides S&H) leaves under NaCl salinity.
Photosynthetica, 20, 50-55.

Sa RL, Liu JH, Liu W, Bai JH, Wang ZH (2014). Cation-
responsive mechanisms of oats to alkali stress. Acta
Agronomica Sinica, 40, 362-368. (in Chinese with English
abstract) [ Wi, x50, XI4H, A, .56
(2014). 22 0SBl 380 1) BH 25 7 me 2 AL R AR 2 4,
40, 362-368.]

Shi DC, Zhao KF (1997). Effects of NaCl and Na,CO; on
growth of Puccinellia tenuiflora and on present state of
mineral elements in nutrient solution. Acta Prataculturae
Sinica, 6, 51-61.

Shi DC, Li YM, Yang GH, Li YD, Zhao KF (2002). A simula-
tion of salt and alkali stress mixed ecological conditions
and analysis of their stress factors in the seedlings of
Aneurolepidium chinense. Acta Ecological Sinica, 22,
1317-1326. (in Chinese with English abstract) [47f#x%,
AW, BEE, FRIT, BT (2002). EHBE G
AN AU L FORE = 5 i AR T R = e b, 2B
AR, 22, 1317-1326.]

Shi DC, Wang D (2005). Effects of various salt-alkaline mixed
stresses on Aneurolepidium chinense (Trin.) Kitag. Plant
and Soil, 271, 15-26.

Tester M, Davenport RJ (2003). Na" transport and Na" toler-
ance in higher plants. Annals of Botany, 91, 503-527.
Wang LX, Zhao ZG, Wang SM (2006). Effect of nitric oxide
on metabolism of reactive oxygen species and membrane
lipid peroxidation in Triticum aestivum leaves under water
stress. Aata Prataculturae Sinica, 15(4), 104—108. (in Chi-
nese with English abstract) [EXE, BFk EBHR
(2006). —%ALES Ko e T AN ZE I B i A A R

JE gL SR I . BMb2ER, 15(4), 104-108.]

Wang N, Yang J, Huang Q, Su GL, Zhou H, Xu QH, Dong HL,
Yan GT (2015). Physiological salinity tolerance mecha-
nism for transport of K* and Na' ions in cotton (Gos-
sypium hirsutum L.) seedlings under salt stress. Cotton
Science, 27, 208-215. (in Chinese with English abstract)
(BT, B, Wi, s, FLL, R, 4K, ™
Mt (2015). EEMME FARTEK FINa' 25 7 ez i £ 1k
PEHHLE. KRAESEIR, 27, 208-215.]



Wang JF, Shen QR (2006). Roles of organic metabolism in
plant adaptation to nutrient deficiency and aluminum tox-
icity stress. Chinese Journal of Applied Ecology, 17,
2210-2216. (in Chinese with English abstract) [VEZ &,
IR (2006). A7 LA 7L R A0 3E I 7 73 B 25 B
WEHER. NMHARAER, 17, 2210-2216.]

Wu DZ, Shen QF, Cai SG, Chen ZH, Dai F, Zhang GP (2013).
Ionomic responses and correlations between elements and
metabolites under salt stress in wild and cultivated barley.
Plant and Cell Physiology, 54, 1976—1988.

Yan H, Shi DC, Yin SJ, Zhao W (2000). Effects of saline-
alkaline stress on the contents of nitrogen and several or-
ganisms of Aneurolepidium chinense. Journal of Northeast
Normal University (Natural Science), 32(3), 47-52. (in
Chinese with English abstract) [Fi%, ARk, Fi7,
BT (2000). ERBRHIENS A AN L LR AT B
PR RIS, ZR BTS2 (A AR EEERR), 32(3),
47-52.]

Yang C, Shi D, Wang D (2008). Comparative effects of salt
stress and alkali stress on growth, osmotic adjustment and
ionic balance of an alkali resistant halophyte Suaeda
glauca Bge. Plant Growth Regulation, 56, 179—-190.

Yang CW, Li CY, Zhang ML, Liu J, Ju M, Shi DC (2008). pH
and ion balance in wheat-wheatgrass under salt or alkali
stress. Chinese Journal of Applied Ecology, 19, 1000—
1005. (in Chinese with English abstract) [#FHFH, 2=KH,
SRIENE, XU, Bk, AEK (2008). R BRE R /NK
AR N B pH S 1P N ZEZS E AR, 19, 1000~
1005.]

Zhang LX, Li SX (2004). Research progress on relationships
betain and drought/salt resistance of plants. Acta Botanica

SREAE: BRI AR BP0 A PEARAE 79

Boreali-Occidentalia Sinica, 24, 1765—1771. (in Chinese
with English abstract) [FK3287, 4275 (2004). FE65
H5HEWH R/ SRk B v b s ik, 24,
1765-1771.]

Zhang JF, Zhang XD, Zhou JX, Liu GH, Li DX (2005). World
resources of saline soil and main amelioration measures.
Research of Soil and Water Conservation, 12(6), 28—30.
(in Chinese with English abstract) [5K## 8, KEAR, 4
S, XIEE, 2KE (2005). H A R 3 IR A L R
R BIFEASE . 7K L ORFFIFSY, 12(6), 28-30.]

Zhang JL, Flowers TJ, Wang SM (2010). Mechanisms of so-
dium uptake by roots of higher plants. Plant and Soil, 326,
45-60.

Zhang JL, Shi H (2013). Physiological and molecular mecha-
nisms of plant salt tolerance. Photosynthesis Research,
115, 1-22.

Zhang YG, Jianati, Li XS, Zhang HH, Shawulie, Ma HY, Tang
S (2014). Seed germination and physiological responses of
Agropyron cristatum ‘Tawukumu’ under alkali stress. Acta
Agrestia Sinica, 22, 783-788. (in Chinese with English
abstract) [7k— 13, THAPE, ARk, kL, WETI,
LA, AR (2014). BUbRE T 85 5 PRA UK B 1A R M
AEPI R, SR, 22, 783-788.]

Zhu GL, Deng XW, Zuo WN (1983). Determination of free pro-
line in plants. Plant Physiology Communications, 1, 35—
37. (in Chinese) [4)HE, XSXHE, 72 TLAE (1983). HHH
PRI T SRR I 5 . A4 B AE TR, 1, 35-37.]

Zhu JK (2003). Regulation of ion homeostasis under salt stress.
Current Opinion in Plant Biology, 6, 441-445.

SUERZ: FRR STERE: S W

doi: 10.17521/cjpe.2015.0240



