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Effects of salt water and salt spray stress on seedling growth ., photosynthetic
characteristics and ion distribution of Araucaria heterophylla

LIANG Yuqgin
(Xiamen Botanical Garden,Xiamen 361003 ,China)

Abstract : [Objective] Araucaria heterophylla was introduced into China in the early 20th century,and its landscaping application in
South China coastal areas in recent years has shown good wind and salt resistance. In order to provide a theoretical basis for the
popularization and application of A. heterophylla in coastal cities in southern China,and to study its growth adaptability under salt

water and salt spray stress,and to explore its salt tolerance and corresponding mechanism, two types of salt stress tests were carried

Wi B 2024-01-07  FABH.2024-04-25
EEWA . H T RHUR 25 S0 F (3502720214ZD4002)
Email; 978152578@qq. com
SRS R E ). RACHER S Wria X 7 R A A A K OB R R B T A R L] BT R AR AR CA R B RD
2025,64(5) :849-857.
Citation: LIANG Y Q. Effects of salt water and salt spray stress on seedling growth, photosynthetic characteristics and ion
distribution of Araucaria heterophylla[]]. ] Xiamen Univ Nat Sci,2025,64(5) :849-857. (in Chinese)




- 850 - JE TR AR CE SRR 2025 4F

out on the hydroponic seedlings of A. heterophylla with uniform growth, [Methods] The seeds of A. heterophylla germinated under
non-salt stress condition. After one year of cultivation with 1/2 Hoagland nutrient solution, six NaCl mass fractions (0,0. 7%,
1.4%,2.1%,2.8% and 3.5%) were set for salt water and salt spray stress experiments. The damage to A. heterophylla seedlings
was calculated after 30 d salt stress. The maximum photochemical efficiency (F,/F, ), non-photochemical quenching coefficiency
(NPQ) , photochemical quenching coefficiency (g,) of leaves,and the K ,Na",Cl™ mass fractions in roots, stems and leaves, were
also determined. [ Results] Under the salt water and salt spray stress, with increasing NaCl mass fractions, the degree of damage to
the aboveground parts and roots of the seedlings gradually increased: new roots reduced and blackened.leaf spots increased.branches
gradually drooped and withered, and the salt damage index and rate increased. The salt tolerance threshold of A. heterophylla
seedlings was 2. 18% under salt water stress and 3. 02% under salt spray stress. Under the same NaCl mass fractions. the seedlings
of A. heterophylla responded more quickly to salt spray stress, but the salt water stress was more harmful to their growth. Under
salt water stress.as the NaCl mass fractions increased: Na™ mass fractions in roots increased significantly; CI~ mass fractions did not
change significantly,and K™ mass fractions decreased significantly;in stems, Na® and Cl~ mass fractions increased significantly,
while K™ mass fractions decreased significantly;in leaves,Na™ and CI~ mass fractions all increased significantly; K" /Na" mass ratio
in roots,stems and leaves decreased significantly; transport selectivity ratio (Sk/n.) from roots to stems and from stems to leaves
increased significantly; F,/F,, and g, in leaves decreased significantly, while NPQ did not change significantly. Under salt spray
stress,Na' and Cl~ mass fractions in stems and leaves increased significantly with increasing NaCl mass fraction; K" mass fractions
in stems and leaves did not change significantly, but K™ mass fractions in roots decreased to a certain extend; K™ /Na™ mass ratio in
roots,stems and leaves decreased significantly; Sk/n. from roots to stems increased while Sk/n. from stems to leaves decreased
significantly under high salt stress; F,/F, and ¢, in leaves decreased non-significantly, and NPQ increased non-significantly.
[ Conclusion] Under salt water stress,A. heterophylla seedlings limit CI~ entry into the plant through the roots,and accumulate Na'
and Cl~ in inactive stems to reduce their excessive accumulation in actively growing parts such as leaves,and actively transport K to
leaves to increase K" /Na' mass ratio, thereby reducing the damage of salt stress on physiological metabolism. The small and
leathery needles of A. heterophylla do not easily capture water droplets, and the pores are covered with thick waxy fibers, both of
which help resist the entry of salt spray. Under salt spray stress, the seedlings actively transport Na™ entered from leaves to the
inactive stems, thereby reducing the salt damage to leaves, while enhancing leaf heat dissipation to alleviate the harm caused by light
suppression. In conclusion, A. heterophylla seedlings show good resistance to both salt water and salt spray. When the NaCl mass
fraction in salt water is below 1. 4% or in salt spray below 2. 8% ,the seedlings are mildly affected by salt damage and the roots can
grow normally. It can be inferred that adult A. heterophylla have stronger salt tolerance, and can be popularized and applied in

landscaping coastal cities of South China to obtain good landscaping effect.
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Tab. 1 Effects of two types of salt stress on seedling growth of A. heterophylla for 30 d

E it Wb A EA,
Hokliin 0 OMMEHHRIER  BE R 0RO IUREE R 00 0 %
0.7 TSWHHRKITR  BE B DRI R A |
L4 GOMHBRKHTR B B DRI R0 | %
21 % E i B H IR R S 3
28 & E % R H R RS O 4 4L
55 % K% KRR B A R R0 1 %
M 0 WOHURIIRIEE  RE  REF O HORHBURE. R S 0 %
0.7 LOHIBRKHR R B RO LI RSO0 1 4%
L4 L0WHBKEE B B BRGSO | %
21 SOHUBRKHR Bt KR SUREE R T 3 %
2.8 SOVBRKEE B Mt KBS R SN 4 %
55 GOVMBEKEME K it AR TR SR SN 4

F 2 PRRERGE 30 d R RIEEASA I YRR R BRI R R
Tab. 2 Salt damage index and salt damage rate of the seedlings

of A. heterophylla under two types of salt stress for 30 d

AP NaClBREEU % HFREY % BFER/Y

LKA 0 0 0
0.7 8.33 22.2
1.4 13.9 55. 6
2.1 50. 0 100
2.8 77.8 100
3.5 80. 6 100

FNE4 ST 0 0 0
0.7 11.1 44. 4
1.4 16.7 66.7
2.1 30. 6 77.8
2.8 36. 1 88.9
3.5 69. 4 100

2.2 AMEMENEHEFEZYEARESEE
FREFSHmER

KPR E T S R VEAZ A AR 25 R Na©®
Ji s I BE A NaCl 53 43 00 18 A S R 3 K
7E NaCl T3 B A% (0. 7 %) i il 5 %5F BE2H 1 30 4
#2251 NaCl i 7380k 2. 8 Yot ik B e s H
£ NaCl JFii /=2, 8 VI 25 i i) Na™ Jii 8 /3 $0
BT Rk 2 A5 R ELE 1) ~ Co) . HE I R
R REM Na™ A F2h, DIgiZbnt b Na® /9 it
A3 HR DA Na™ X H i #.

KA, SR ZE R CL R BT
SrERRE A NaCl it 43 B3 K Sk YS K, 78 NaCl
Jo et 3 HICRAR (0. 7 Vo) Bt Hh 30 i 3 2 S s (HAR P Y
Cl” Bri 8 S0 IR I B E 22 5 [ 1(dD ~ (D 1.
DN AR 2 0T BEAFAE AP AL R 29 CL &R,
PAREARR CL X 40 B i 453473



5553

TR 8 LK AN ERZE W0 68 S5 M R A2 Al 1 A I DS M BB 1 20 A 5 ) . 853 -

KA, SR VERZ G AR T K R T A
Bkt NaCl o it 43 000 15 KM/ . 48 NaCl i i 43
AR 0. 7Y0) BFRt PR 3 22 55 257 KT R 40
QRN IS ER O N s AN =R N SR T B (1R RO
R 5 i v KA 0T 6 0 BB 2 R 3 04 385 i A
TR ISR, IFAE NaCl BT /05508 2. 100t 21 ik 2 22
5,2, 8V Ik B e M L] 1) ~ () . e R85
75 Na ™ S0 TR AT KAk, Na ™ 3t K A
FEPUVE T, Eh K Bt T AR E A AR BT i i i)
K" /A BT S B 17 25 s 5 K A9 HLE]
A BB 5 R VEAZ A R ER K i Y — S e

ST, SRR L AR 2R b Nat
Cl BB Bt 25 NaCl J5 52085 0 386 K T B R 4
KA Na (Cl™ Bttt 73 5053 B HE NaCl 5t i 73 50Ch
2.8%.2. 1% A 5 XF BEZH B0 I 3 25 5%, 25 Na ™,
Cl JR 5053 BIFE NaCl JlR 4500 1. 4%.,0. 7 Y00

~(b) ZENa*
a2

N

150(@) HNa

— NN
wn O

Na'ffi i3 40/(mg-g™)
=

Na* it/ (mg-g ™)

S W

(o)}

i~ =07%

& =14% 2,
E =2 1% =

B =28% B

R == 3.5% R 5
1 7

= =

@ O
40 80
oo W |,
on 30 oo 60F
E E

= 20 R

= b

I8 10 i

8 iy
. »

Hokpe  hZEpRE

AN FHEFRIRAEA ] NaCl 5t 73 5 ) 5 3 A B 2 ) 22 5 2. 2% (P<<0. 05) , T [dl.

55 R H R I S 25 L iR Na®™ (CL B o 87
NaCl JiT 730 50Ch 0. 7 %0 B 5t 5 %) R 0t 3% 25 5
[ 1) ~ (D | B BFEAZ L AR K BTt 3 b
NaCl J5 f2: 3 0 38 A S R g s /N 1 () ], 78
NaCl Ji 7050k 2. 8 Yot 5 %) B4 Hh 30 652 3 25 55t 5 1
25 e KT RBP4 R 55 T A B2 55 ) B
T FEERE 1)~ 1.

ARG IE B TR A R A A 2
e E AL EE ARG, T ) LB R 2R
Z MR B TR R £, ok Na® (CL i &
Oy B A R B 2 S R R A A
WA A MERZE AR Na© [ Cl B St b
% NaCl T3 503 Kami g o, w] 0L S M/ A2 %))
3 ) 2R B AR AR A AL O R X Se B R AEAR
PR ER B FHEAT B B VRN, B ARAE P 7K B, dEdr A
YISK 53 B RE F7 o LAV A B 505

~(c) HHNa*

o

(=)}

Na*fi &4/ (mg-g ™)
~

2
0
4
s0.7% b0
=1.4% & 3
=) 1% £
=28% &2
=35% &
W |
T o
—0 ?60
==0.7% %
E;-‘l‘ﬁf £ 40
e ) % =
=2.8% ﬁ
H =35% <
° 18 20
¢
i

(=]

BT R AIERZE RO T S MR EEAZ A TR 2K R Na© (CL A K i B 74

Fig. 1 Na',Cl and K mass fractions in the roots,stems and leaves of A. heterophylia seedlings under salt water and salt spray stress
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Fig. 2 K" /Na™ mass ratio in roots (a) ,stems (b) and leaves (¢) of A. heterophylla seedlings under salt water and salt spray stress
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