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Effects of salt stress on growth and root development of two oak seedlings

WANG Shufeng', HU Yunxue®, SUN Haijing"*, SHI Xiang', PAN Hongwei', CHEN Yitai'
1 Institute of Subtropical Forestry, China Academy of Forestry, Fuyang, Zhejiang 311400, China
2 Chendu Survey and Design Institute, Chengdu 610072, China

Abstract; It is well known that saline soil, which takes up about 25% of the whole land area, is one of the most widely
distributed soils on Earth. In China, the saline area is over 34 million hm®, including one million hm’ coastal saline soil.
Soil salinity refrains the development and growth of most plant species, except for few species like halophytes. To
understand the mechanism of salt tolerance, many studies have been carried out on the herbaceous halophytes, the tolerant
woody plants and the sensitive and tolerant crop plants, but much less is known concerning the salt susceptibility and
tolerance of oak trees. Quercus virginiana and Quercus acutissima are two different origin oak trees. (). virginiana, is
considered as a moderately sensitive tree species to soil salinity according to US Salinity Laboratory classification. It is one of
the dominant tree species along southeastern coast of the United States and has the extreme tolerance to high concentration of

salt fog. (). virginiana acorn was introduced to China in 2000 for the first time, and its tolerance to salts has been confirmed
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through the regional trial along the coastline of southeastern China. Q. acutissima is widely distributed in China and few
researches are reported about its response on salt stress.

The response of plants to excess salt is complex and involves some changes in morphology, physiology and metabolism.
Among these changes, the variations changes in the biomass allocation and root morphological characteristics of plants are
two important adaptive mechanisms under salt stress. In this research, the changes of root morphology and biomass
accumulation of 1-year-old seedlings of (). virginiana and (. acutissima were investigated under higher concentration (150
mmol/L) and lower concentration (50 mmol/L) of sodium chloride solution treatments. The results showed that the growth
of shoots of two oak trees were significantly inhibited under higher concentration of salt stress, while no obvious changes
were observed for the growth of shoots of (. virginiana under lower concentrations of NaCl. The ratio of root to shoot for two
oak trees increased under both concentration of NaCl, which was considered as a biomass allocation strategy for a certain
class of plants under salt stress.

For the two oak trees, salinity did not induce the significant change on the root biomass accumulation. While the root
morphological responses under salt stress were different between two oak trees. For (. virginiana, the total root length, root
surface area and root volume were increased in various degrees under both lower and higher concentration of NaCl, and
significant increasement was observed under lower concentration of NaCl, especially for the stimulation of fine roots with the
diameter less than 2mm. The fine roots are more effective than the thicker roots in nutrient and water absorption. For Q.
acutissima , although its root development and expandation were inhibited under salt stress, no significant difference was
observed when compared to that of control. It was also observed that the different patterns of accumulation of Na" and Cl™ in
roots for two oak trees. Therefore, according to the biomass allocation strategy and root morphological responses and ions
accumulation patterns of two oak trees under salt stress, it may be deduced that the both oak trees have the similar biomass
allocation strategy when exposed to salinity, but have totally different responses on the root development and salt ions
accumulation. Q. virginiana could expand the root scope for more effective nutrient absorption to relieve the toxicity of
redundant salt ions, while Q. acutissima restricted the expanding of roots in salinity environment due to the redundant

uptake of salt ions, and thus lessens the further damage to roots.

Key Words: salt stress; Quercus virginiana; Quercus acutissima ; root morphology
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Table 1 Effects of salt treatment on the dry weight of above ground and roots of two oak trees

BT (oK) T E/ (g/ k)
NaCl ¥/ (mmol/L) Dry weight of the above ground part Dry weight of roots
NaCl concentration I R AR FERR e AR JFERR
Quercus virginiana Quercus acutissima Quercus virginiana Quercus acutissima
0 22.2+2.7a 22.5+2.6a 2.2+0.3a 2.6+0.5a
50 16.5+2.8a 15.0+3.1b 2.8+0.4a 2.5+0.3a
150 5.7+1.1b 4.1+0.6¢ 2.0+£0.5a 1.7+0.4a

NG PRy a b FIRAE P<0.05 K B2 5 B3
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Fig.1 Effects of NaCl on root shoot ratio of two oak trees
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T, 2 FhRRART (1% 5 SRR FIORT I 4 48 504 T R e )
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Fig.2 Salt sensitive index of two oak trees under salt stress
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Fig.3 Salt tolerance index of two oak trees under salt stress
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Table 2 Effects of salt stress on the root morphological characteristic of two oak trees

Cl ik MRERKE/em RS FE A em? R EAEY em?
NaCl )% . Total length of roots Total area of roots Total volume of roots
NaCl concentration - - —
FTAN o SR ks o SR [T o LA [T
Q. virginiana Q. acutissima Q. virginiana Q. acutissima Q. virginiana Q. acutissima
0 1269.9£156.7b 364.4+66.3a 171.8+15.3b 94.5+12.8a 2.4+0.6b 2.7+0.5a
50 2279.3+£262.3a 278.0+67.0a 352.9+30.9a 92.9£13.0a 5.2+0.6a 2.0+0.3a
150 1365.2+£233.3b 183.0+61.5a 223.2+29.5b 62.7+13.2a 3.4x1.0ab 1.9+0.3a
INGFHE a b ¢ FRTE P<0.05 K- _EE W
M JE MR RIE S S0 N 24 KOM/NVT 2 mm B9 GUR R KRR BE SR I

TARKARAL, 52X FOMH L, 3R 8 TR R K B R
TR L Mﬁ”i"]%iﬁﬂtaﬁ‘,ﬁé*ﬁ/&&%ﬁﬂﬁiﬂ?
FRAR S SR T BRI S A FR B 4 0 (P <0.05)
(%2), XL, #A‘E{ZE 1y ER SRk T 3 Je AR
MR RA K B2 50 mmol/L Y NaCl Ab BT #f 7
JE AR R A K AL /R W i (P<0.05) , B
FExT ey 1 52, SRR X R 2 52, Xt
BRIRBASE I 2, I+ JE AR & AR R AEER
JEi A e S RRAR AR, B 3R 3 AT LLE Y Fhaa
T EJEWAR KT 2 mm PR R SK LA

BT IEAN (P<0.05) , 73 0 S X HR Y 1.77 £5 (@ <
1.00) F12.90 15 (1.00<® <2.00) ; = FE L il R,
/NT 1 mm B RS BEL, 1—2 mm Z,IETJEI’J*E/\M
K in , (EREAR A I i R B S AR I, X pd B, £
Jolp 60 X 55 5 S AR AR AR ) 52 M AN B S8 T AP U R
AR R A AR i F BRI A B B AR 0 T AR
T2 mm AR & T, NP R T HEZ Wl )3
Bl AR 2856 ™ I 85 - W WAL A 384 on A — 8 R B 1]
DAL i B 12 BE W A A B s

®3 HMBEX 2 MHERAEZEZRREBKNEZN

Table 3 Effects of salt stress on total length of roots for different diameters in two oak trees

NaCl ¥ RRBYR R AR
’?]Lﬁ] ) NaCl concentration Total length of roots with different diameters/cm
ree species
? /(mmol/L) P<1.00 1.00<®<2.00 2.00<®<3.00 3.00<®<4.00 @>4.00
#75 Je AR 0 1174.2+154.4b 59.2+8.3b 22.0+4.4a 19.6+4.6a 14.7£2.0a
Q. virginiana 50 2078.9+250.6a 142.7£19.1a 21.1+3.1a 15.1£6.7a 14.8+1.6a
150 928.5+65.2b 84.6+11.8b 25.6+2.9a 18.8+6.4a 16.8+8.1a
TR 0 309.4+57.6a 31.3+8.3a 5.3+1.5a 3.2+1.7a 19.3+3.2a
Q. acutissima 50 217.2+57.3a 32.7+8.4a 4.9+1.9a 3.2+1.0a 12.9+1.8ab
150 145.5+51.1a 23.5£9.7a 3.3+1.6a 2.2+0.1a 11.2+0.5b

INGFHE a b ¢ FRTE P<0.05 K |25 5 8 %

2.4 PHFIRRAAR 22 X6 Eh B i I SCRI AR 2R

H & 4 T LUE 500 BT E, SR a2 Rk
RIHRZAZ T Na* Fil CL™ (4 & S 34780 34 i ( P<0.05)
VI ER A i HE T 2 PR AR 20 R B 1 I
RESIJRIRAR , B A £R W B A 15 n, AR 41 21 Na™ Al
C™ 1y B BH 58 8 o 5 177 3 5 2 WEARAR 2R % 46 28 7
AW SRR A 55 RR R AN (], ARk B2 R 08 F AR &R

Na"FI CI™ A& 5 W 340, v i e BE SR i 1~ AR &
BT B O OR B R BB, el 2 O A
R M e EEER i T S BRI F A X
PEETE 2010 4R IORFFESE IR —2, UL ii], g+t
JENVRRAE e e B ER 38 T, FEAR R A7 76 S Pl HIL i) B
il St 22 1 £k B 7, ARSI R 15 7 %0 240 i 1 46
P XS 2 MR ER KT/ Na” LUIE (& 5) BBFSE
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