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Effect of Partial Root-zone Salt Stress on Velvet Ash ( Fraxinus velutina)
Growth

DUAN Lijun, LI Guoyuan', and WANG Dianbei
(Institute of Biological Technology and Sciences, Hubei Engineering University, Xiaogan, Hubei 432000, China)

Abstract: Velvet ash (Fraxinus velutina) is widely planted in the coastal saline land for vegetation
construction. Salt distribution in saline soil usually is un-uniform, so velvet is affected by the heterogeneous
soil salinity due to its large root system. In this study, the growth character, photosynthesis parameters,
root distribution and leaf ion accumulation of velvet ash seedlings were analyzed by the split root pots
method under partial root-zone salt stress. The results showed that, growth of velvet ash seedlings under
partial low salt stress was significantly higher than that of the uniform salt stress and partial high salt stress.
There was no effect of partial high salt stress on the leaf water potential, but leaf stomatal conductance,
net photosynthetic rate and transpiration rate were significantly lower than the control. Root biomass,
especially the fine root biomass, in the salt-free stressed zone was significantly higher than that of the salt
stress zone. Compared with uniform salt stress, partial salt stress had significantly reduced leaf Na' content

and increased the K'/Na’. The growth of velvet ash seedlings was inhibited with partial salt stress,
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and the higher of salinity in one part, the lower of growth rate, while biomass was significantly higher than
the uniform salt stress. Under partial salt stress, the compensatory growth of fine root in the salt-free stress
zone could abtain more water, reduce leaf Na"accumulation and increase leaf K' content to alleviate the
salt stress.

Keywords: velvet ash; Fraxinus velutina; split root; partial salt stress; biomass; root distribution;

ion accumulation

RO X A KA s Rt =, Ttk i, S EES, koK%=, S8
MR N A, FCPe AR SR 52 BRI o V5 3 SR At (1) 2 Ak T AR08 o R FH 2% ik, (R DR A
rME LUK Y o W90 B, 7R o A RN AR S 0 A 44 R, R A KA T #5335
o3 GEA I, 2012)0 A7 H R A B0 5 23 25 1 16 77 32 SEIR Vi 3 R Bl B A1) 1 ARG, g
R ER B PR A SR AL B LR AR S HE

st R AR AR AR A ), R 2R 5 BE (Yao & Yang, 2010; Yinetal., 2017).
T 7 AR A o An i 3 b, A BRI R AR 23 A SR B ] DUBR v R 0 6 £h AR BB I I 2 e
(Galvan-Ampudia & Testerink, 2011 ShAAEYILE Eh 4 AE3 50 o0 A (1) L8 b o] DL AR SR 10 20 BO A
Jai, WEFF 5 B i LB, LB i 52 i ) (Sonneveld & Kreij, 1999; Bazihizina et al., 2009);
WECRI, EhK R 22 S HE ML B8 1 2 32 R ¥R (Cucumis sativus) 775 (Jokinen et al., 2011). {EAR
X RS BRI, o2 AT A B 0] DU 2 FRARAR AL (Gossypium hirsutum) #57
FERE, fEREH A EGE (G, 2012). KEFIMNESE (Atriplex nummularia) (EANYES 50 b
PRI AE K S m T3 S RI5 Ak BE, 350 1 2 A o A R ) 4 K (Bazihizina et al.,
20090, HAEK S PO SRR B AR R AW MBS B e, AR T B0 R 2 1 SRS
(Bazihizina et al., 2012a). ¥4 (Lycium chinense) FIANARLEAR EE X A& BEBE v] DLREAR £h i i B &
(Feng et al., 2017). /NFZ (Triticum aestivum) {EJRSERMMESAT T, JoEhMriEa — IR KRG 2K
AMEAK, RV E R bE — R RIG 0 2 500 b, BEESE T ESPNE s 4, 2014).

ROy 22 R 3 A B KA A () e T, M AR K A R . A5 ER oy ARSI A o A 4
T, AP N T 2k B T R R X 5 (Homaee & Schmidhalter, 2008; Reefet al., 2015);
[F] IS, A DA A IR K 23 2 R AR P 0 B, BTG 35 DX AR 3R 1) 1) sy 36 XA R AR R 4% % (Hao et al., 2009) .

WRIX ER 7> 22 5 o A 2AF T, A b 8 AR SR S R AR B o 755 B 7 A5 T
RRTEOIAR R AL = b RS R B 2R 7y, HIs B — MR R R, $8m TR IR R E s, 1
S TWRKBE S . AERSEACE I, RX D 250 Mm% T8 TR, RN Na 2, 1
Hh R Na >, RS TR EARACE L, MBS EE SRS, SlEE A
S PN R ER O R AR, iR T S #EF (Dong etal., 2010; Kongetal., 2012).

T JRI S R M8 I UK 22 S BT R B, e 2 AR A 2 T AR PR D . 9B
% (Fraxinus velutina) AKEEFL (Oleaceae) HMGJEVKIIrA, HARRMNMERRE S, JEEEHEERIK
HTEARE— BT AR T, B KB FAEATER, OB BRI S fdch B e AR S A . ASBIF S
TH R AR e o AR ES,  XPARE A e AR IR R A SEHATIIIL, B AR5 T R R E )
HIE AR 52, HR 7 VAR 2R (1) 7 A S, IR Z o % B iR AN IR 7 v A T R kb v Rk
S R RTAT R, b B SR b R VR A R SRR R TR PR S



BiA, 2T, VR
R DX S5 6 Py 1 T % s 11 0 A K ) s
[ 224, 2018, 45 (10): 1989 - 1998. 1991

QY ZiE SRS DARE

1.1 FHEFEEMELIE
KR RS (H 4% 25 cm) FIVERIHR (&

J 4mm), M 1 TR A IR R SR ‘!%fv%%frﬁhﬁ
(Feng et al., 2017), ¥REMENAHEE, HEMR ;

DAy A A e AP i ) Bkt 5, O P BB e ik

ATBIZKARBE o 53 MBS FRA ) 2R B T +

o3 4 AN AR P oy, REIUTECEE 10 kg HAR R Root

1 mm ZA SRR . IRHRA 4 AN EARA

Lem (RRBIESL, 2 RIK AT LU H 7> MR TR 35 em

fifl, ABTIERARMBIZESL KR, WA

TEIE AL I L 2
HERHM N EF AL ER. 6 A : TP Sands

¥, SFEIRRE 10 em I, KR KB e kAL Holes

B NE D (EA2 T om, KJE 8 om), 10d 7 s

ST BT 0N WA S R A, N

WRAE/NE AR 0%, AR UE/NE P4 R &R Fig. 1 Structure of the sands cultured split root pot

TE ST AR B FRAM B PN AR S5 e T A . T
EGTHAE AR MY A A2 K, JEveiE 1/2Hoagland & 789, 10 d G EESH AIFRIE NaCl 1
1/2Hoagland & 729 . FLIE 4 A3, XL S5 3h i s Eh e f s 0 m sh b, FEAN b
PS5 o 0 FAL BRI o AR5 IR AT P9 U AR E 5 IR 4750 SRJW 3 A B () #55e . NaCl ¥R %k
100 mmol - L™ (KB FRM; J5 B AR Wl (1) b R — DR HEE R, 59— MIBEHE NaCl KJEN 100
mmol - L (R FRI:  Jail v b Whae (g A BE— D05 HEH FR 380, 59— DB IE NaCl 9K J% 200 mmol - L™
SR (R Do SR RWRHEM 775, 15 d BeiE 1 Ik, BRRGEHEE IR 600 mL, He#G 2 RE
FRBMBIBELLE M, ASIENER TR RS N AR B o ISR AL TR 2% Bt A an B A BOR 2Bt
RIS R = P T, W HIE 20 ~ 32 C, 2S5 AHXEE 60% ~ 80%.
1.2 A KHEXEFRNE

TE U AN A ) A I I e R s g AN ZE KR (%) = (Z5 bk - Wliakk e /4]
IEbkE < 100; EhAREE 15 d A1 45 d i SPAD 4% 25 2 {1 (Minolta, Japan) il %€ ' v ) SPAD
fii; TEHACTE 30 d JEHE IR SR B4 9: 00—11: 00 I Li-6400 Y41 (LI-COR, Lincoln) %3
e AT A SEIE, BEE DGR 800 pmol - m? - s[RI AR R R R BT AR RR BTN 2
Fiw, BURERCA 1 mm® /NS, T WP-4 5% 25K #4% (Decagon Devices, Inc., Pullman) 5 i
FIK A EhAbFE 60 d oSl 38, 23 A 25 R, B AR R AR B kK g2t i, e
WD, HJ 908 S S AR AR o AR R 2 o0 AR (/AR AR I RS 20D A IR & Cf
AN, BMIRAR CHARFANN), HAEHAKT 1 mm FHMR; EHADNT 1 mm 8404
BB, W TR KT S RS, BREL 0.2 g KRS, I HCL @ HERHE, WA R
T (WYX-402C, JLBHD W5 PHE 7 KR Na™ it o Bl R /A PR 2 S vk JEA T



Duan Lijun, Li Guoyuan, Wang Dianbei.
Effect of partial root-zone salt stress on velvet ash (Fraxinus velutina) growth.
1992 Acta Horticulturae Sinica, 2018, 45 (10): 1989 - 1998.

LR F T 22T (P<0.05),

2 HiIR 5

2.1 HARHFE

FRAC PG 256 P AR R AR AC ISR 1 FTvs o JErpons JREAR BE KRR a8 T 1K, 24950 3 Ak FHURN
JaiFS e R A AL BRI R e AR AN 2, SR A R B A B R RR v TR SRR & ER e 2 ]

F1 BWMETHEOEHKSWEN

Table 1 The shoot height under dynamic NaCl treatment cm
Qb3 NaCl/ (mmol - L") W IR HL Days of treatment
Treatment il Left 451 Right 0d 15d 30d 45d
X} e Control 0 0 63.0+6.04 Ad 83.8+7.85 Ac 90.8+9.73 Ab 101.4+£9.79 Aa
#4574 Uniform salt 100 100 57.6+8.62 Bb 75.4+12.50 Ba 78.8+12.37 Ba 80.2+13.95 Ca
JRERCER Partial low 100 0 57.0+14.75 Be 72.8 £ 24.60 Bb 78.6 +26.87 ABb 91.6+21.48 Ba
Jr)iR i 2k Partial high 200 0 54.6 +4.50 Bc 72.4+3.58 Bb 77.8+5.63 Ba 81.4+8.47 Ca

s ARG PRI AN A BE W A AE B2 22 5% (P <0.05); ANFl/NG FRER7R A [l — A B A R I JUIRR S fF AR 2 3 2257 (P < 0.05).
Note: Different uppercase letters indicate significant difference between the same stage for the different treatments (P < 0.05) . Different

lowercase letters indicate significant difference between different stages for the same treatment (P <0.05) .
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Fig.2 The relative growth rate, stem diameter and leaf number of velvet ash seedlings under salt stress
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Table 2 The biomass in different parts of velvet ash seedling under salt stress
NaCl/ - .
s (mmol - L) AW H /g Biomass
Treatment s H " N ; . .
Left Right i Leaf % Branch FEAR Stump FHAR Coarse root 4R Fine root i Total
Xt H& Control 0 0 23.42+272a 17.58+228a 19.56+435a 2721+30a 17.59+280a 10537+9.88a

Y574 Uniformsalt 100 100 11.14+1.10c  9.84+142c 11.44+295bc 13.10+3.10c  1041+148c 5594+741c
JR R £ Partial low 100 0 1445+346b 12.54+3.12b 12.73+3.78b 16.76+231b  1120+2.09bc 67.68+12.85b
Jei 8w £k Partial high 200 0  1238+2.12bc 10.03+138bc 9.96+153¢  12.01£0.67c 11.88+1.19b 5627+3.52¢

e FAEIRA NG P REORZ R B (P<0.05) .

Note: Different lowercases in the same column mean significant difference (P <0.05) .
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DR 1 (R RAR A AR AR DL ZR 3 AN 6 o, A [l A BE AR AR AR AR A A 9 S ) X
o X IRAPHARAN AR A= W) sy de K, SRR SRR (A b B2 8], RUARMIARAR B R o 2% 22 57
Yoy 853 I A0 BRI A AR AT AR AE AN R AR X 2 T8 e e #5225, Rl s g Ak B rh, Jo sk raa —u

%3 AEABRFEVEETRARENSH

Table 3 Root biomass distribution of velvet seedling in different salinity root zones

b3 NaCl/ (mmol - L")  #{ki/g Coarse root 21 #/g Fine root R/
Treatment 7c Left 47 Right 77 Left 47 Right 7t Left 41 Right Total root
%} Control 0 0 13.74+234a 1347+3.14a 883+168a 876+188a 44.80+631a
)51 Uniform salt 100 100 7.07+258d  6.02+1.96d 5.54+1.73bc 4.86+1.09cd 23.51 +3.41 be
JRFK &L Partial low 100 0 620+1.22d 10.55+1.73b  4.07+0.58d 7.12+2.16ab 27.95+5.04b
Jry B i sk Partially high 200 0 351+144e  850+1.60c 2.84+0.62e 9.03+1.53a 23.89+1.64¢

e FFERA RN FRER R E R BE (P<0.05) .

Note: Different lowercases in the same column mean significant difference (P <0.05) .
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W S TR BRI T SR e PR T AR S AL, A R R AR AT
SALFE S A K/Na 148 AR A2, b R 9 S R AR A AR TR 45 51 (x|
2 S, 2016), M) K/Na BUAR, FECAL TR, DRI e SR b g m i K/Na' 2,
LT BRI A i ia B SRR o SRS SR e 5 0 BRI 28 I R R, AT RE A TG S AR X S &k
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oG A I RIL SR . SR T R A A T BRI R R AL A R B0 A T
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FATMAR L T 550 4 F F (60 mmol - L) I J (KA AL 518 12 25 PRI, 25340 % FR 1 (Lycoskoufis
etal., 2005).

32 EitEmEXMERKSRASS

Jry 8 AR e AR B E DRI OE A AR, (R AR K ERISS) EIbE . 9 B AR R A RS
DACOR S IEAE, R e IR AE e R E DX B in,  aT AR RE K Wi, i@ dhiie . JRsEhphia
I, LETCERME X ARIEAR R I 2% (TAA) 253 (Kong et al., 2016), R REG H X
WOREIGAE, M3 T i DR R 2B EIER, R R A EARRIL, DR L8 1Ko
TGy (ZEIL 4%, 2009). M EhAEI MBS (Pisum sativum) Y8 IC 8 EBFK, W £E 6
BARMI AP EY) & W E BRI (Attia et al., 2009). 8B B &5 &3 R 45 A Fr 2=,
ST 1P SE i R JED e 5 i 1 ] M Sl A R ey 7/ S E B 2 e SY S 25 97 S SR BV R N e B NS V(1D =i i)
10 AR R A 1 B A I ) K o B 75 B — 2P A
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BRI - BB AAERE K o W R M, 8D iE N A 75 2 BRI B 7K ok SREUR 5 1R 7K 53
AT, A SR A B K AR . [, LB R TR RS, A
IR AR, B RBLHBE G, Ui R 30 SR 0 4 1 T 958 I I K o0 (16 I K 52 31 2 25 5%
Mo 76 850 A SRR TR ¥ (Cucumis sativus) (Sonneveld & de Kreij, 1999). E & (Medicago
sativa) CPMBUE 2%, 2017) RUKVEYIESE (Bazihizina et al., 2009) [f)7K 70 Wlie 5 e 670 & B4
A0, R B K AR B AR X 3R 40 A IR A A B e, I Rl 1) XA 258 P e g3t
TRARMIKGY, AN = AR IK A e

JRTBERINE R, S S A Na B R TE o ACr, BT i, B E
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A DU MG 35 XK 20 I e (Kong et al., 2012). JaiEBEh e 4605 2 S 2 (0 w5 36 2 2 18] £k 4>
FNFEIAFAE W B A/EH (Mavrogianopoulos et al., 2002).

2 AN SR R ol 3 AR I Na™ B 2 TR 2 2 s W R e R X I B 1) Na Wl
MR . X SR KPR R OB ST 4 B — 80, BIAE RIS IR0 NaCl )%k 5 40 ¢ - L', i
e Na™ & IR BA RIS, RAEREE— @ K, BEA G P, WgeRE 1k A ik
[1)323% & (Bazihizina etal., 2012a). b4k, K IR 70 A e AE G Wi (1 DX sk, 4R 2 2401
IK Gy RIFE R )4 5, T v SR X (A AR 3/, IR R, BRI S5 b & 7 R, 2 S
AR S5 I S A R BRI RS (Bazihizina et al., 2012b).
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