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EFFECTS OF SEAWATER TREATMENTS ON THE PHYSIOLOGICAL AND
BIOCHEMICAL CHARACTERISTICS OF HELIANTHUS TUBEROSUS
SEEDLINGS AND RESPONSE TO PHOSPHORUS SUPPLY
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Abstract Growing plants that are tolerant to salt-water is one option for exploiting mudflats along the coast.
Pot experiments were carried out to study the effects of seawater on growth, inorganic and organic osmotics an-
tioxidant enzyme, membrane permeability in Helianthus tuberosus seedlings and response to phosphorus supply .
The results showed that 1) compared with the control, the fresh weights of roots and aerial parts of Helianthus
tuberosus seedlings treated with 10% seawater changed slightly, even were higher than the control, whereas
decreased with treatment of 25% seawaters. The fresh weights of roots and aerial parts increased with the con-
centration of phosphorus augment. The trends of dry weights of roots and aerial parts resembled the trends of
fresh weights with the same treatments. 2) The contents of proline and soluble-sugar increased obviously with
increasing seawater concentrations. The contents of proline and soluble-sugar increased on 8 days and de-
creased on 12 days after the treatments of 10% and 25% seawater. They both increased with phosphorus aug-
ment. 3) The activities of SOD; POD and CAT in leaves of seawater-stressed plants were significantly stimu-
lated compared to control plants; and the trends toned up with increasing seawater concentrations. The activi-
ties of SOD, POD and CAT all significantly stimulated with phosphorus augment. 4) Compared with the con-
trol, there was slight change of MDA content in leaves of Helianthus tuberosus seedlings treated with 10% sea-
water. The MDA content and ELP significantly increased with the treatment of 25% seawater. They both de-
creased with phosphorus augment. 5) The Na* and Cl~ contents of the aerial parts and roots significantly in-
creased with increasing seawater concentrations and time lasting. And the contents of Na* and Cl~ decreased
with phosphorus augment. Compared with the control, the contents of K*, Ca?* and Mg** of the aerial parts
and roots increased, and they all increased with phosphorus augment. Above all, phosphorus can improve nu-
trition and increase resisting salinity for Helianthus tuberosus seedlings.
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Table 1  Basic ion contents of Laizhou bay seawater

0 B 7 Anion(g*L~ 1) B2 7 Cation(geL.~") oEhE
P CO2" HCO, - - S02- Ca Mg * K* Na* Salinity(g* L")
8.30 - 0.132 17.52 3.867 0.785 1.027 0.59 9.480 33.33
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Table 2 Effects of different treatment on biomass fresh weight and dry weight of shoot and root of Helianthus tuberosus seedlings
So S S,P S, S,P
Kb 58 F¥ . o — - .
Tre Mk H 135 i Hb 1 358 i 13 i Hh 1 358 1
reatment Days
Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
ficf 7 4 3.48" 3.30° 3.56 3.54> 3.84° 3.67° 3.36° 3.65° 3.48" 3.73°
Fresh Weig]ht 8 4.26% 4,35 4.58 4.68" 4.67" 4.85" 4.18¢ 4.23¢ 4.32° 4.46°
Cgeplant™") 12 5.58" 5.03% 5.59* 4.96 5.68° 5.12¢ 4.59¢ 4.37 4.73 4.62¢
T 4 0.42" 0.19° 0.43% 0.20" 0.45° 0.21% 0.38¢ 0.21* 0.39% 0.22°
Dry Welg}il 8 0.49" 0.25" 0.53¢ 0.26" 0.54* 0.28° 0.46° 0.25" 0.48™ 0.27%
Cgeplant™") 12 0.59" 0.33* 0.58* 0.32¢ 0.59° 0.33" 0.53" 0.30" 0.55 0.32"

e [F) I [F) AT 23 5 AH 18] BER IR AE p = 0.05 ZKF ETC R 2253 Data followed by same letters are not significantly different at p = 0.05 level in a

line
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Table 3 Effects of different treatment on proline and soluble-suger content in leaf of Helianihus tuberosus seedlings

Kb PE Treatment R Days So S S,P S, S,P
=Nz 4 17.12¢¢ 15.921 24.21" 17.38¢ 41.72¢
Proline (pig*g™! FW) 8 8.97° 16.95¢ 41.64° 281.23" 431.08"
12 5.20° 14.37 23.73¢ 118.91" 233.68"
A 4 0.55¢ 0.74¢ 0.89" 0.98" 1.17¢
Soluble-suger( % 8 0.87° 1.65¢ 2.93b 2.17° 3.3
12 0.90° 1.01% 1.16% 1.57 1.91°

e 5 I [FAT 2 5 AH R RER IR AE p = 0.05 ZKF ETE B3 2257 Data followed by same letters are not significantly different at p = 0.05 level in a

line

2.3 ANFEAEBEX 59 v SODWPOD A2 CAT i
PE 52 A

Wik 4 s, B I ) ZEK, SOD W& PETE S, 4b
PR AR R E, MAE S, 1S, AL PR R 8 hi, 5+ R
A 452 285 DU R I 23 3] /5 48 . 19% K1 61. 6% » [7) B 452 %) R

HEOR AR 1 RN 430 2 6 fER 1,17 11,86 £,
76 S, P #1 S,p AL FE R, SOD #& PE4r il bL S, Al S, Ak 3
N AR R Ak S, A S, AR R SOD i
PR 14.8% 1 30.0% o

[FFE U2 4 BT, BESE I AT E K, POD T5PEFE S,



310 B ¥ &

& E M 30 #&

B

AR PR S SIS AHR RS T, T AE )+ S, P~ S, Al S,P &b
B 38 J PRI, [ IR o0t L St 25 488 o, 76 28 ) \OK N
I3l B 1,324 1.63+1.29 F1 1.42 fi%, 7E S,P
A S,PALEER, POD W& HEA I LE S, AT S, b3 R
S+ ORI At s, f1 S, AbFE R POD 95 1k
26.7%H 12.0% o

B I [H ZE K, CAT 3G PETE Sp+ S~ S P+ S, AT S,P
AREE N HEIN, R LE S, S, P~ S, Al S,P AbH 5%}
W22 S W 3, 7B R 2 il 2 R 1. 55,
2.08+1.99 £ 2.55 fi5, /& S,P Al S,p &b HE R, CAT W
PESLEAE S, A S, b FE R W&y, 76 58+ R4 il
bt S, A1 S, AbFE R 15 33.99% 1 28.4% (3K 4).
2.4 ANFEAEPEX; 5 E ) MDA 55 3 R BZE P
1) 5% Wi

BE G W) (A ZE 4, MDA 75 3 7E Sy~ S;~ S P+ S, #il

S,P AbFE R 2 5E 18 0 5 BRAR, B S, A S|P AR R AR
X IR 25 SRR, TTAE S, Al S, P AL PR R #00) e 2 57t
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23.4%(FK 5).
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NHEIE AR AR, TAE S, A S, AbER R HEOR, B
RIS DU RIS 430l vy 8.7 % AT 28. 6% » 7] I A
Xof HES S BN, FE R ORI Sl HE ) 1. 05 A
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Table 4  Effects of different treatment on SOD> POD and CAT activity in leaf of Helianthus tuberosus seedlings

AL Treatment RE Days So Si S;P S, S,P
SOD 4 3.88" 3.37¢ 3.68° 3.78" 4.26"
(U*mg™" protein) 8 3.98¢ 3.62°¢ 4.15¢ 5.05" 5.66
12 4.28° 4.99¢ 5.73¢ 6.11° 7.94°
POD 4 0.023¢ 0.046° 0.058" 0.062" 0.088"
(mg™" protein*min~") 8 0.304¢ 0.400°¢ 0.496" 0.393¢ 0.432"
12 0.316" 0.337¢ 0.427* 0.359¢ 0.402"
CAT 4 0.080" 0.062¢ 0.084" 0.075" 0.147°
(mg™" protein*min~") 8 0.152° 0.116" 0.186" 0.198" 0.262*
12 0.236¢ 0.366° 0.490" 0.469" 0.602"

2 [F) I A AT 2 5 AH 7] BER IR AE p = 0.05 ZKF L TE 3 %57 Data followed by same letters are not significantly different at p = 0.05 level in a

line

K5 ANFALBEXT B4 MDA 2 HRBE M K 5% 00
Table 5 Effects of different treatment on MDA content and electrolytic leakage percentage ( ELP) in leaf of Helianthus tuberosus seedlings

A3 Treatment RE Days So Sy SP S, S,P
MDA 4 4.72° 4.82" 4.84> 5.38" 4.85"
Comol*g~! FW) 8 5.77° 5.380 5.15¢ 9.19" 8.10"
12 3.70% 4.91° 3.39° 7.53° 5.77°
53 4 4,99 5.03" 4,87 5.24° 4.74¢
ELPC%) 8 5.08¢ 5.31% 5.15¢ 5.88° 5.32
12 5.20¢ 5.47° 5.17 6.74" 6.03

b [F) I A AT 2 J5 A [\ - BER IR AE p = 0.05 ZKF L TE 3 %57 Data followed by same letters are not significantly different at p = 0.05 level in a

line

2.5 ANIFJAL B3 7 )y 181 W o A1 IR 52
W 6 Jrow, B A I [B] ZE 4G, b BRI 3 K+
TR &AL BN SR BRI S A AR 7E S PL S, A
S,PARBE N B K B A0 S S B, AR A DY
RIS 53 32 X JRT 1,154 1. 17 1 1.30 %, 1 AR
K+ 2 R 00 IR 5 B A 35, A 58 DU SR I 4l e h TR

M1.67-1.42 F11.53 f%5. £ S,P F S,P &L BT, Hb
BRI K S Bt s, RS, Ab B N, Ui 0
FEEZK WA T 8 2 AR T K o3 A o
FAEIZR 6 BT, BEAE I (R ZE 4K, 76 Sy AL B R
My EFEBARGES Na* & BARA K, TAE S, S, P S,
S, P AREL N B HE I, LG AR PR R R T
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TESS T R B 23 0l A2 55 BT 7. 86+ 6. 29 18. 43,
14.86f 1 5.29.4.18.7.11.4.82 fi%. 1E S,P #1 S,P
AERR, b ESARGH Na* o LG S, A S, Ab B
AR, 7E26 T RIS 43 L S, AiT'S, A3 20.0%
19.4%%120.9%+32.2%

B I [A) GE G, B E SRR S Ca?* S AR S &b
N MG AR SE 7 S, S, P~ S, AT S, P ALHL | Ca?* 5 i
H9hn, B0 B 22 S W A, A8 S5 RIS 0 Sl o B
1.28+1.50~1.57-2.14 f%H1 1.20~1.33+1.27-1.53
f5. 5 S, P A1 S, P ALEL R, Mo EESAIMR R ca?t &
L S, A S, AbFRBE N, AR T ORI A S,
S, A 16.7%36.4% A 11.1%21.1% > Vi H
TEHEZK A T 8 2= A H) T Ca®* BRI/ A (R 6D

[FIAE 3R 6 w4, B A B ) 24, ﬂﬁL%B%MEﬁB

M * T EAE Sy~ S-S P+ S, Al S,p AL EE R M+ %

Ro AR 441 b EFATR K* \Na*

+Ca?* \Mg®* and Cl~ content in shoot and root of Helianthus tuberosus seedlings

Table 6 Effects of different treatment on K* Na*

¥, B S;<S, P+ S, I S,P ALHE R M+ 1 i 5on)
S, AR T ORI 40 il K R 1,104 1. 25
2.05.2.35 {51 1.17+1.29.1.40-1.54 . 1 S,P H
S,PARELR, M AR M2+ B Bt S, RS,
AEFE RGN, AR ORI A mil be S, A S, Ab PR
13.6%14.6%F1 9.8%10.2% » Bt LEHE K IE T
o 2= A T Mg+ B o A
[ 1 B RR  Na* 5 5 AR AL AH AL, Bl A I [
G, 7E Sy AL R H B EAARES - S E AR A
KL MAE S~ S, P S, I S, P AbBE 35384 iy, H i 7K o4
Ey Sy Y DN s e N 5 5 PO e
4.93.3.78.7.63-6.11 {51 6.65.5.10~7.29-5.77
fi5o 7E S,PFI S,P ALFE R, M B EBARES - &=
AL S, F S, AbFEFEAR, 425+ — RI2rl bb s, A
S, MbFRAIK 23.3%19.9% 1 23.3%+20.8% (K 6) -

“CaZt Mg Hl O~ & R I

" So Sy S,P S, S,P
Ab T KE — y ~ y . ¥ > ¥ - y
Treatment Days Hh 5 i H L3 lisd b i H L3 Ui b Ui
Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
K* 4 1.24° 1.16 1.44b 1.61° 1.43 1.94 1.45" 1.65¢ 1.61° 1.77
(mmol® 8 1.12¢ 1.29° 1.10° 1.32° 1.20° 1.48" 1.14° 1.45" 1.38° 1.64°
g~ DW) 12 1.04¢ 1.20¢ 1.05¢ 1.41% 1.18 1.52¢ 1.21* 1.40" 1.49° 1.47%
Na* 4 0.05¢ 0.16¢ 0.17¢ 0.73" 0.16° 0.52¢ 0.71* 1.07° 0.53" 0.79"
Cmmol * 8 0.06° 0.31 0.41° 1.13 0.28¢ 0.91° 1.05° 1.32¢ 0.61 1.05"
g DW) 12 0.07¢ 0.28° 0.55¢ 1.48% 0.44° 1.17¢ 1.29° 1.99° 1.04 1.35°
Ca®* 4 0.13" 0.13¢ 0.14" 0.14" 0.13" 0.15° 0.13" 0.14" 0.17° 0.18°
Cmmol* 8 0.13¢ 0.12¢ 0.15% 0.13¢ 0.17% 0.17" 0.18 0.16° 0.23° 0.19°
g DW) 12 0.14¢ 0.15 0.18¢ 0.18° 0.21° 0.20 0.22 0.19" 0.30° 0.23"
Mg+ 4 0.10° 0.234 0.15¢ 0.24¢ 0.20° 0.33" 0.23" 0.27° 0.26" 0.37°
C(mmol® 8 0.18° 0.31¢ 0.19% 0.33« 0.21¢ 0.39" 0.27 0.37" 0.32° 0.46°
g DW) 12 0.20° 0.35¢ 0.22 0.41° 0.25¢ 0.45¢ 0.41" 0.49" 0.47° 0.54°
cl- 4 0.21¢ 0.27¢ 0.87° 1.06 0.74¢ 0.96¢ 1.19° 1.66 1.01° 1.29
(mmol® 8 0.26° 0.37¢ 1.16¢ 1.70% 0.88¢ 1.26¢ 1.93¢ 2.02° 1.53 1.54°
g~ DW) 12 0.27¢ 0.31° 1.33¢ 2.06" 1.02¢ 1.58¢ 2.06° 2.26" 1.65" 1.79°
e [F) 10 [FAT 200 5 AH R FERORAE p = 0.05 /KT BTG 3 2553+ Data followed by same letters are not significantly different at p = 0.05 level in a
line
3 i @ 1 AR B R 400 A R ﬁﬂéﬂ//\ﬂ]%ﬁ A, i
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PE 7= A0 v e v 1 B i B A 2R B AL (2 K
TESE, 200000 AR I 2 BH = 109% W 7K 0 26 5 4 1 AE
KERBERAGMGEER, L2446 —2 W RIEEM,
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(Demir & Kocacaliskan> 2001; Fedina et al.>2002), A]
WP IR Z AR S B M ) E BB W), el
ST BN B LS T IR 20 B2 fit 0 R U (b e A
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3R W5 3 4 v £ AR va P N 2 s B TR
109% F1 25 % 7K 11— 5 2 B A1 38 I, 1717 34 I e 25 ¢
FEE T B8 A 25 1 0 B 5 40 v i R AN ] s
i, RUIRE R AR U5 340 T 4 HT I B IE )
SRR I I, I T S8 5 T 48 SR S A TR A (1) A
SEME, AL T I B4 N RIS 5 2 B3 5

TE SR EN, 40 0 Py e 2k R 5 S0An o ™ 5
AR FTREAR P 110 S8 A 38 D~ i, AT 5 5 7 A 3
. W 0y vHy0,~ * OH F1'0, %5 (Tanaka et al ., 1998;
Tiwari et al . »2002),SOD~POD I CAT F&[A] 2 s At 4
PR — AN R I A B R gE, =& T — 30
SLIRE D, A 20 BR A 1R 9 1 3 el B0 i 4 Ak
MIAT LB 2%, 2001 )0 AR 56 45 B 26 B - Bl I} 0] 42
Ko, S AR BEN 5 T 2 W v SOD F1 CAT ¥ 4 #5 1
T, POD W PELE 109 A1 25 % 7K Ab RN 58 58 s B
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