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Physiological responses of different willow’s clones to NaCl stress

LIU Bin, ZHANG Wenhui* , MA Chuang, LIU Xincheng
College of Chemistry and Life Sciences, Tianjin Normal University , Tianjin 300387, China

Abstract; We examined the NaCl resistant potential of four energy willow clones ( Salix. dasyclados, S. ‘ Mesu Neko’ , S.
fragilis, S. viminalis) and one wild clone (S. matsudana) grown on containers with five soil NaCl concentrations (0,
0.2%,0.4% ,0.6% and 0.8% ). After 45 days’ salt stress, gas exchange, protective enzyme activities and the organic
substance for osmotic adjustment were measured. We found that (1) the decline of photosynthetic rate of four energy clones
was caused by stomata factors when soil NaCl concentration < 0.4% , while it was mainly caused by non-stomata factors
when soil NaCl concentration > 0.4%. (2) With NaCl increasing, the CAT activities of four energy clones decreased
consistently ; POD activities increased at the lower concentrations and then decreased at the higher concentrations; SOD
activities consistently increased. The activity of the protective enzymes of four energy clones was higher than that of S.
matsudana under the salt stress. (3) When soil NaCl concentration was lower than 0. 6% , the soluble protein content of
four energy clones were all higher than S. matsudana, S. fragilis's proline content was higher than S. matsudana in the
whole process of the salt stress. (4) All seedlings from four energy clones grew well in the soil with 0. 4% NaCl
concentration compared with S. matsudana. S. fragilis showed a better endurance under the salt stress and grew well in the
soil of 0.6% NaCl concentration. These results indicate that four energy clones can grow well on light and moderate salt

soils in Tianjin.

Key Words: energy willow; soil NaCl concentration; gas exchange parameters; protective enzymes; organic osmotic

substance
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Salt stress concentration Soil NaCl concentration

Soil dry weight

Total weight of NaCl NaCl weight of each time

0.2 16 0.12 12.8 3.2
0.4 16 0.12 44.8 11.2
0.6 16 0.12 76.8 19.2
0.8 16 0.12 108.8 27.2
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Fig.1 Effects of soil NaCl concentration on diurnal changes of photosynthesis rate in five willow clones
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Fig.2 Effects of soil NaCl concentration on diurnal changes of transpiration rate in five willow clones

FREVEMITCIE R AL H A B X ph 2k A2 b o BRI 4 MIREVRMD E 7Ry BEER A T (L&
HhE0.2%—0.4% ) , LT E B FEES S B TREAR, 25 LS B TRET 27. 1% (13.4% 71 3.8% |
10.9% (K 3) ,

840 - , 840 840 1
630 |- 630 |- 630 -
420 | 420 420
210 210 210
| | | | | | | | | |

0 0L I I I I 0
08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00

i} ] Time
840 - 4 840 11
630 630 L —@— 0% (CK) NaCl
—0O— 0.2% NaCl
0 0 —¥— 0.4% NaCl
—A— 0.6% NaCl
—M— 0.8% NaCl

210 210

K35 Stomatal conductance/(mmol HyO-m2s™)

0 0 I |
08:00 10:00 12:00 14:00 16:00 18:00 08:00 10:00 12:00 14:00 16:00 18:00
B} 4] Time B} 4] Time

B3 #HEMEXAEEENEERSILSEEELZE
Fig.3 [Effects of soil NaCl concentration on diurnal changes of stomatal conductance in five willow clones
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Fig.4 Effects of soil NaCl concentration on diurnal changes of intercellular CO, concentration in five willow clones
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Fig.5 Effects of soil NaCl concentration on CAT activities in five
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L FBOILI RN A A TR o ABFgT o, SR AR (LR 0 4% BRI TC M R I A 3R
ZEREE AR LT AR CO, MR H5ME, T H AL B A fuph S & A8tk . REVRAN 2 AOZEREH R H &8
s £ Eh OO AR B iR, SR B O3 T BRI 2 AOZE RS R B AR AR R, BEURMN 2 7E RIS BT
0.4% i+ 3P AERZBMH], £ HIBEIREN 0. 8% B, FAP A ZE G H F H 25 1k iy 2 AT 18 B 1 B
ARA XL, 7E e U BE SR8 T SRS 1 I 2 24, 10 4 A BEVRMNTCHE R ) RE AR — € AR 1R, R
HIHEA —E MM EE S o ABTTEH , 2hMHE SBCS BERMTCHE RO A R IR, —Bolh FEOLE BRI
1R B F A8 FLBR I AR LR B BI26 ™ o #R4E Farquhar G D Fl Sharkey T D fNLR ' R YA RHE
S HIE] CO, ¥ B LAARIR] 9 757 AR, A4 BER e M 1 &V A B AL FR 5 AR 5 S =2 DU 2 vl vt A 4
HEE YRR G E AR AL R E . ABFT IR E T (LS H BT 0.4%) , R E K
B, A BREAMIGIE RO G H R A A K, 285 1 AR BEER VR BE (3 I 22 08/ ME Y, AL BRI [E] CO, ¥k BEAE
Tea AR, BLBAEMRVR BE Ll T, SRS REIRMI M RO A R IR R SALE R . FEF ™ S BTk
N SR FBOCE AR, FER i TR RBE IR A=A —MRMES, BT LT ERRE
Mo MIAERWREE R T (LS EHBRT 0.4% ) , S BEIRANICIE RA RS 3R 506 H AR MEER R B 1938 fn 3
NS AL EMMIE COWBEREHANIF XRUEREELEPE T (HIREGHEEKRT 0.4%),
FEARREMTCHE R G ER TR EERIFILER, ITEREELPHE T MY AR AR KRR Na”
i CL S AU RDE A 1A S BB IS P2 B 5 , TR & e
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Table 2 Indexes of integrated assessment and order of five willow clones to NaCl resistance

[EEeiE s I
Bt Subordinate function values of salt tolerant ability
Parameters REVRAN 2 AEYEA 4 YA C REVEMN E S
S. dasyclados S. “ Mesu Neko’ S. fragilis S. viminalis S. matsudana

A 2R Ty
H P68 B Diumal average 0.1467 0.1936 0.5285 0.3653 1
of Photosynthesis rate
H Y4976 6 2 3 Diurnal average 0.7451 0.3117 0.3226 0.8205 0.1945
of Transpiration rate

e .
HPH A Diumal average 0 0.3782 0.7655 1 0. 4061
of Stomatal conductance
HF-#filE] CO, WeE
Diurnal average of Intercellular 0.687 0.8718 0.7782 0.4952 0.0981
CO, concentration
CAT 7%+, CAT activity 0.4768 0.5213 0.6371 0.3769 0.2526
POD 14 POD activity 0.6674 0.3882 0.6998 0.5706 0.2000
SOD 7%+ SOD activity 0.2807 0.1523 0.9466 0.5230 0. 0626
Il 2R & & Proline content 0.4294 0.4975 0.8403 0.3537 0.2151

o~y A

RS éﬁ 0.7050 0.2347 0.9440 0.5045 0.1387
Soluble protein content
SEH41E Average 0.4598 0.3944 0.7181 0.5566 0.2853
HERF Order 3 4 1 2 5

8 ST A A RE R A f 2, B BRI IR R G NE B RA O E R, (B AR A R R
RGBS AR B B 2, BRI A M fEE ) . SOD POD \CAT R EE R A HIE B4R, B2
R YRR N o AR gE e AR B A T (A RN T 0.4% ), &% BPER CAT IEHE TR
% ,POD 71 SOD y&E#: TR o YRR LE A T, POD F1 SOD B[Rl & ERA B diZEMEH . M7ER WK
AT (LREFHRBRT 0.6%) , REVREMI 2 4 .E FEHE) CAT F1 POD % P H 2 T F#, SOD {EHE R E T o
T SOD 7EEFRA B HZEHE R H 7™ A2 1 H, 0, WISR B i CAT 8 POD Je if 73, th & XA IR R St 1 it
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HX B ERTYRAERT UE L, SEUAELL 4 MREEMTHERESRME T, BB ERNTREY R
TR HIER

fif e PR — A2 2R R R N E B EER . MR MEEER R ERE T B BT R
it ALY S B — AR PR R AR I T B . TS R R e — BARTE A Bt £R v R A — e M A R,
B —FE AR DA A TR b S B SR PR SR 55 . ASHIF ST R PSR B R BUE -1 , BRIEBR T A BIF8 R R 1 R
P, XEFFHEREN] 0,1 X [E) ERai%, & TR M2 528 0 b, BT LCRA 28 51T
Tt b2 A PRAY B LA AT AT PE AT SR o ARBRG i, TR M A28 B IR PRRISRE , 5 AN TotE R BT E8 4k i
SR BN FHKUN - BEVRMI C > BBV E > BEIRMI 2 > RRURMN 4 > 2 M, B X REAR R ERAE IR T BRI AE KR
BLARK BT, R RIREIEMN R RN AERZE R, S TAHS R AR 8k, RAEMRE RO E, @81
TEUHARR , AT b A= A ) Tt e SR BB R IE 1 525 B
4 #ig

ML S R B TE Y A VLB B R T YR AT 25 A B 8RR E 4 M RBIEMITC M R it 5
PEXIR T2, 4 NMEBVITHERE T EESLE RN 0—0.4% M LD HERIGAERK, M FEESHES T
0.4% i)+ EF —E TR 1. HARRIEND C M 78 1 K, BRI 7E 1S 80 0. 6% K 13 IE
WhEK, HTREMX HIEEEEEAE0.1%—1.5% Z 8], 7] IR H S8 ,4 D REIENITCH: R AT AZEREBE
FEER AL IX (R3S E 0—0.6% ) 3.
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