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Effects of chloride on growth, photosynthetic traits of canola seedlings

HU Xiao-wan, LIU Zhao-pu, ZHENG Qing-song” , LONG Xiao-hua, GAO Xiu-mei, LIU Jin-long
(College of Resources and Enwvironmental Sciences, Nanjing Agricultural University/ Jiangsu Provincial Key Laboratory
of Marine Biology, Nanjing 210095, China)

Abstract ; Soil salinization not only is a serious environmental problem but also poses a severe threat to plant growth
and agricultural production. The ions of Na* and Cl~ are mainly responsible for salinization. People generally pay
close attention to study the Na™ effects on grow, productivity and quality of crop plant, however, relatively much
less studies are on Cl~ effects on crop plant. The effects of different concentrations of C17 (0, 25, 50, 75, 100 and
200 mmol/L) on plant growth, photosynthetic pigment, photosynthesis traits and water use efficiency in canola
( Brassica napus L.) seedlings for 9 and 18 days were investigated. The results show that the dry matter
accumulation rates are increased under the 25 — 100 mmol/L Cl~ treatments for 9 and 18 d, and the highest values
are under the treatment of 50 mmol/L Cl~, while the plant dry matter accumulation rate is decreased significantly
under the 200 mmol/L Cl~. The chlorophyll (Chl) contents are ascended in first and descended under different
concentrations of C1~ treatment for 9 d, and the highest values are under the treatments of 100 mmol/L C1~.
Nevertheless, for 18 d, the Chl contents are decreased under the Cl~ treatments, and the more the applied C1~
concentration is, the more the decrease is. The chloride concentrations of canola leaves are markedly increased

under the Cl~ treatments. Compared with the control, the C1~ contents in canola leaves are increased by 814% ,
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805% , 1043% , 1083% and 2157% for 9 d and by 745% , 1270% , 1340% , 1900 and 3386% for 18 d, under
25, 50, 75, 100 and 200 mmol/L Cl~ treatments, respectively. Apart from Ci under the Cl~ treatments for 18 d,
canola leaves are able to maintain high values of Pn, Gs, Ci, and Tr under 25 — 100 mmol/L Cl~ treatments. For
9 and 18 d, Pn both achieve the highest values under the 25 mmol/L Cl~ treatment, and are increased by 12%
and 13% compared with each control, respectively. Pn, Gs, Ci and Tr of canola leaves are significantly decreased
under the 200 mmol/L Cl~ treatment for 9 and 18 d. As Cl~ concentration increased, WUE is descended in first
and ascended followed. However, Ls is descended in first and ascended followed under the C1~ treatments for 9 d,
and increased gradually for 18 d. Under 200 mmol/L Cl1~, Ls of canola leaves are increased by 48% for 9 d, and
by 76% for 18 d. Correlation analysis indicates that for the 9 d treatments, the DMAR of canola is insignificantly
related to root/shoot, Chl content, Cl™ content and Ls, very negatively related to WUE, positively related to Gs,
and very positively related to Pn, Ci and Tr, respectively. For 18 d treatment, the DMAR of canola is
insignificantly related to root/shoot, Chl content, C1~ content, Ls and WUE, positively related to Gs, and very
positively related to Pn, and Tr, respectively. Our results implicate that photosynthesis and transpiration of canola
seedlings are significantly increased under the low Cl~ treatments, and thus make a contribution to plant growth,

while the high C1™ treatments show opposite situations, and the photosynthetic limitation is mostly due to stomatal

limitation. Pn, Gs and Tr can be regarded as value indexes of chloride adaptation of canola growth.

Key words; chloride; canola; seedling; growth; photosynthetic trait; stomatal limitation
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Fig.1 Effects of different chloride concentrations on plant dry matter accumulation rate and

root/shoot ratio in canola seedlings

[HE(Note) : # EARTRF AR ZR BE(P<0.05)

The different letters above the bars indicate significantly different among different treatments (P <0.05). ]
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Fig.2 Effects of different chloride concentration treatments on chlorophyll Cl1~ content in canola seedlings

[HE(Note) : # EARTRF AR ZR BE(P<0.05)

The different letters above the bars indicate significantly different among different treatments (P <0.05). ]
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Table 1 Correlation analysis between indexes of canola seedlings under different concentrations of chloride for 9 days
TiH Item DMAR R/S Chl Cl- Pn Gs Gi Tr WUE Ls
DMAR 1

R/S 0.520 1

Chl 0.770 0.374 1

Cl™ -0.5%4 -0.993% -0.423 1

Pn 0.919*  0.717 0.557 -0.762 1

Gs 0.870° 0.458 0.381 -0.515 0.931** 1

Ci 0.985*" 0.611 0. 707 -0.672 0.966°* 0.911° 1
Tr 0.995*  0.537 0.748 -0.607 0.939*  0.885° 0.985* 1
WUE -0.979* -0.635 -0.715 0. 691 -0.973** -0.902° -0.998** -0.984> 1
Ls -0.770 -0. 063 -0.843"° 0.156 -0. 459 -0. 451 -0. 669 -0.717 0.642 1

¥ (Note) : DMAR—T# R R 2 # Dry matter accumulation rate; R/S—4R 7 kb, Root/shoot ratio; Chl—F-4¢Z& Chlorophyll; Pn—% 64
& Net photosynthetic rate; Gs—S L5 ¥ Stomatal conductivity; Ci—#iifi[f] CO, ¥ & Intercellular CO, concentration; Tr—3% % # %8 Transpiration
rate; WUE— K 730H] FI%{ 38 Water use efficiency; Ls—S fLPR#I{E Value of stomatal limitation. * —P=<0.05; ** —P=<0.01; WEKK,n =18
Two tailed test, n=18.

R2 TESLHE 18 d J5HN4 B &IEIRE FHE RS 7

Table 2 Correlation analysis between indexes of canola seedlings under different concentrations of chloride for 18 days

WiH Iem DMAR R/S Chl Cl™ Pn Gs Ci Tr WUE Ls
DMAR 1
R/S 0. 086 1
Chl 0. 809 -0.49%4 1
Cl™ -0.682 0.636 -0.979* 1
Pn 0.965** -0.016 0.872° -0.781 1
Gs 0.885° -0.323 0.973% -0.927> 0.941°°
Ci 0.747 -0.451 0.947% -0.957" 0.869° 0.950°" 1
Tr 0.973** 0.172 0.768 -0.649 0.982%° 0.867° 0.764 1
WUE -0.747 0.451 -0.9467  0.9567 -0.868° -0.9487 -1.000% -0.764 1
Ls -0.635 -0.815° -0.097 -0.083 -0.554 -0.265 -0.095 -0.701 0. 094 1

¥ (Note) ;: DMAR— T4 iR 2 % Dry matter accumulation rate; R/S—4R ikt Root/shoot ratio; Chl—H4#Z Chlorophyll; Pn—¥& Y64
& Net photosynthetic rate; Gs—S L5 ¥ Stomatal conductivity; Ci—#iifi[f] CO, ¥ & Intercellular CO, concentration; Tr—3% % # %8 Transpiration
rate; WUE— K 730H] FI%{ 38 Water use efficiency; Ls—S fLPR#I{E Value of stomatal limitation. * —P=<0.05; ** —P=<0.01; WEKK,n =18
Two tailed test, n=18.
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B AbEE 9 d,FEESMNE CL ¥R 3N, Kt R &
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B, R R R B 6 A %8, 76 200 mmol/L C1™ &b
B H RSN B B BN, Bl RBWE,
ks, B S, EHREL, KM RS

BUHABMRTHENG A, i K TYRAEE
RHEOLEREHBE TR, BH NN C17 AL
BT, LA B3N 5 Rl g, B Rk R 1
K, HEFRSERSEIMBL, AT SRS
BHIGINHEREE YC A 1E AR 4R FIL Y AR V) B i3
i, TR R C1™ 403 (200 mmol/L C17) F, 4R &
SR TR, AR EEELEERMAEY BRI BE
MR, X — R ESB RS Yy me
HIBFFEAH—3; TAbEE 18 d,BEE Cl™ ¥k BRI,
WRGEHSGRSEENZHBE TR, HHAKE
Cl ™Abby ) 9 S 4, ¥ BE 1 38 m, b 4% R 40
B, &8 WMA 8 TR, ERE7E 25 ~ 100 mmol/L
Cl™ab¥nt, T ¥R R E RSO 5 E R KRR
BRIFEB IR L IRE R T B, (X
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AEFRAN R R S B BB AL 7 T B SCER R A, TR T
NaCl XA FEYH RSB M HRERZ, B
L5 —, 40200 mmol/L NaCl & ZE{E 7t £k s i 7E
GreERK, BENEM GRS B BE W™
NaCl @ Z MY AEGE TYERRE,E
HAASHSESEBNBETHE, M—EEE
P NaCl 203X SEAE Y MR SR 52
Kt A 68 A IE Rl 8 % %™, Pushpam #
Rangasamy > #%3% ,1% ~ 2% NaCl Jii}38 B 8 Rk
MTE, BBt R RSER M LA, TRE
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IEREAVER T, BAb, BEBHSILITE, 4%
A A (R R e B W RA &
BEERPP, KBS FER, 7E 25 ~ 100 mmol/L
Cl™4b¥9 7118 d,Br T AbH 18 d /540 ffd[a] CO,
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RPFHI SR T AR LR B B4R A8 , Po, Gs A1 Gi



434

B/NGE, 4 - ANHE SR SR4h ¥ AR KDL S R RS BT 52 939

B F B T RERT, B Ls E3%KE, Pn B9 T FEASFLIR
il s MR, R A Pn MREIRTERES CiEM RS,
WA AERMBRHREREZESILRH, B
4 RRSE 0,200 mmol/L C1™ e Ab 38, B M
ST ARG EYE. P, Gs, Tr, B8R/ T Ci, M
JESFLER I T RERAE K F3E Pn BRI EERH,
AR, T2 E AR 2K B4, 200
mmol/L C1~ AL 3 F i Ls #B L HAMAL 3 8 2 5 , 7]
Bt Pn 1 Ci 8 Z A, X 7580 ,200 mmol/L C1~ 4k
BT BSR4 A BB R E ok B K FLIR
HE, AMREER, LiL 249 4,782 18 d, ¥l
RO Pn AMUSAEYBRIREEMHXIN AR5
Gs, Tr, Ci, WUE ¥ 2 ik 8 2 55 B %
P, MIELRS RS, Chl &, (1" &., Ls SXH
XKk,

AR EXREN T ARIEIWMRGEEK.
KEFME KRB FERIRIN . HF i vk B & (25
~ 100 mmol/L C17) W] B F R W B & 4R34
HOEAERMZEBIER, RIS T EK; TR
W FE R (200 mmol/L C17 ) & B BRI AR
MZBEER , ME KA K, BISEAEE M E
FEANRARE, MR R, Po, G, Tr,
Gs iy i 8 s AL T A K
RO EEE—BHFTHVE, BN AR £
Rk b, o 7 40 7K S b 2o AR SR A A B il L
YE2EmMEAR

& % X W

(1] B5Ez, TR, MObE, ¥. PESSMLEIM]. = #
B Rl i At , 2001.

MaoZ Y, Li J K, He G A et al. Chlorine-containing chemical
fertilizer [ M]. Beijing: Chinese Agricultural Press, 2001.

[2] ®EK, Wi, Aty R R Eim AR E pi A M. Jb
& BHEEH AR, 2005.

Zhao K F, Fan H. Halophytes and their physiological adaptation to
saline habitats| M]. Beijing: Science Press, 2005.

[3] Lefevre I, Marchal G, Meerts P ez al. Chloride salinity reduces
cadmium accumulation by the mediterranean halophyte species
Atriplex halimus L. [J]. Environ. Exp. Bot. , 2009, 65(1) ; 142
-152.

[4] RFW, 405, BE, £ HATELE TR T a4 AL

BIRFERTSR[T]. BAl4£3R, 2008, 17(6) : 164-168.
Zheng Q S, Hua C, Dong X ez al. Study of characteristic response
to salt-ion stresses of Salicornia europaea seedlings [ J]. Acta
Pratac. Sin. , 2008, 17(6) . 164-168.

[5] Inal A, Giines A, Alpaslan M, Demir K. Nitrate versus chloride

nutrition effects in a soil-plant system on the growth, nitrate

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

accumulation and nitrogen, potassium, sodium, calcium, and

chloride content of carrot[ J]. J. Plant Nutr. , 1999, 23, 207

-214.

FEM, I, XKL, % SMNRENFHRDEEREFIR
e, FIREREWE[T]. EZAR, 2006, 33(4) : 849-852.
Zheng Q S, Du S, Liu Z P et al. Effects of supplemental chloride
on growth, nutrient absorption and utilization of tomato seedlings
[J]. Acta Hortic. Sin., 2006, 33(4) . 849-852.

Munns R. Comparative physiology of salt and water stress[J].
Plant Cell Environ. , 2002, 25. 239-250.

Wang W, Vinocur B, Altman A. Plant responses to drought,
salinity and extreme temperatures; towards genetic engineering for
stress tolerance[ J]. Planta, 2003, 218. 1-14.
Parida A K, Das A B. Salt tolerance and salinity effects on plants;
a review[ J]. Ecotoxicol. Environ. Saf. , 2005, 60 ; 324-349.
Ashraf M, Ali Q. Relative membrane permeability and activities
of some antioxidant enzymes as the key determinants of salt
tolerance in canola ( Brassica napus L.) [J]. Environ. Exp.
Bot. , 2008, 63 266-273.

ZRE. R EE B ER (D], M. WL REW
T+ 3T, 2007. 17.

Li Y L. Genetic variation in tolerance to salt stress among
different species and cultivars in Brassica oilseeds [ D ].
Hangzhou : Ms thesis, Zhejiang University, 2007. 17.

Kingsbury R W, Epstein E. Salt sensitivity in wheat[ J]. Plant
Physiol. , 1986, 80. 651-654.

FPRE. FEXEMREAE0EHNEREHR(D]. &
B BRI S L AE, 2003.

Luo Q Y. Study on mechanism and inheritance of salt tolerance in
wild soybean ( Glycine Soja) and cultivated soybean ( G. max)
[D].
University, 2003.

ZEE, IR, B, & EYEELLIRFEMEAR
[M]. Jb5T: R%#F AL, 2000. 98-99.

LiHS, Sun Q, Zhao S J et al. Principles and techniques of
plant physiological biochemical experiment [ M ].
Higher Education Press, 2000. 98-99.

BRFME 2. ol B AT R M]. % BRERH
R H A, 1980. 283-284.

Shanxi normal university. Analyse method in common use of

Nanjing: PhD dissertation, Nanjing Agricultural

Beijing :

agricultural chemistry [ M ]. Xi’an: Shaanxi Science and
Technology Press, 1980. 283-284.

RRE, FRE, MAR. dhExEFREEKNET
SRR T]. fEAER, 2001, 27(6) . 776-780.
YuBJ, Luo Q Y, Liu Y L. Effects of salt stress on growth and
ionic distribution of salt-born Glycine soja [ J]. Acta Agron.
Sin. , 2001, 27(6) . 776-780.

Simioni G, Le Roux X, Gignoux J, Walcroft A. S. Leaf gas
exchange characteristics and water and nitrogen-use efficiencies of
dominant grass and tree species in a west African savanna[J].

Plant Ecol. , 2004, 173 . 233-246.
Farquhar G D, Sharkey T D. Stomatal conductance and



940

EYWERSERZR

18 %

[19]

[20]

[21]

[22]

[23]

photosynthesis[ J]. Ann. Rev. Physiol. , 1982, 33 . 317-345.
FEW, HIXAR, XL, % SMREALIE R E AL L
K. FoRREEHRESA SBR[, EWERSR
B2, 2007, 13(6) ; 1161-1165.

Zheng Q S, Yang W J, Liu Z P et al. Effects of supplemental
chloride on growth, nutrient absorption and nitrate content of
sunflower seedlings[ J]. Plant Nutr. Fert. Sci., 2007, 13(6) .
1161-1165.

B, T, BT |3 aRGEKEREFSRIIE
#wJ]. EWEFRSRENR, 2008, 14(3) : 608-612.
Xiao L, Sun N B, Sui F G. Effects of chloride on the growth and
nutrient absorbtion of Brassica campestris L.
(Lour) Olsson[J]. Plant Nutr. Fert. Sci., 2008, 14(3): 608
-612.

H, RIR, B, BN KERGBEHERRSER
KEERMELT]. PELRSIER, 2008, (2) . 4-47.
Xiao L, Gao R F, Sui F G. Effects of chloride stress on the
photosynthesis and chlorophyll content of Chinese cabbage
seedlings[ J]. Chin. Soil Fert. , 2008, (2) ; 44-47.

Iu CM, Qu NW, Lu Q T et al. Does salt stress lead to

increased susceptibility of photosystem I to photoinhibition and

ssp. Pekinesis

changes in photosynthetic pigment composition in halophyte
Suaeda salsa grown outdoors[ J]. Plant Sci. , 2002, 163 1063
-1068.

FEMR. 792 M A0ER A XK S A0 2R R 38 By 1o B
FEE AT D]. MR AR FE LA, 2003.
Zheng Q S. Response of Aloe vera, Helianthus annuus and
Salicornia europaea to salt and water stresses and their

comparative physiology [ D]. Nanjing: PhD dissertation, Nanjing

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Agricultural University, 2003.

BRF, ST, PRI Eh BRSO R A ) K RIS o
AEFRERRER A T]. EYER, 2000, 17(5) . 457
-461.

Chen C P, Wang W Q, Lin P. Influences of salinity on the
growth and some ecophysiological characteristics of mangrove
species, Sonneratia apetala seedlings [ J]. Chin. Bull. Bot. ,
2000, 17(5) : 457-461.

Pushpam R, Rangasamy S R S. Varations in chlorophyll
contents of rice in relation to salinity[ J]. Crop Res. , 2000, 20
(2): 197-200.

Li J X, Xi Q W, Mark B, Sarah M. Regulation of abscisic acid-
induced stomatal closure and anion channels by guard cell AAPK
kinase[ J]. Science, 2000, 287 . 300-303.

Morillon R, Maarten J C. The role of ABA and the transpiration
stream in the regulation of the osmotic water permeability of leaf
cells[J]. Proc. Natl. Acad. Seci., 2001, 98 14138-14143.
Kadota Y, Goh T, Tomatsu H. Cryptogein-Induced initial events
in tobacco BY-2 cells; Pharmacological characterization of
molecular relationship among cytosolic Ca?* transients, anion
efflux and production of reactive oxygen species[ J]. Plant Cell
Physiol. , 2004, 45(2) . 160-170.

Zonia L, Cordeiro S, Tupy J, Feij6 J A. Oscillatory chloride
efflux at the pollen tube apex has a role in growth and cell volume
regulation and is targeted by inositol 3, 4, 5, 6 -
tetrakisphosphate[ J]. Plant Cell, 2002, 14 2233-2249.
Chaves M M, Flexas J, Pinheiro C. Photosynthesis under drought
and salt stress; regulation mechanisms from whole plant to cell

[J]. Anon. Bot., 2009, 103 551-560.





