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Abstract: To explore the alleviation effect and physiological mechanism of gibberellin ( GA,) on the growth of
¢ Paulownia 1201’ seedlings under NaCl stress, this study took ‘Paulownia 1201’ seedlings as materials, different
NaCl and GA, concentrations were set to determine and analyze the physiological indexes, photosynthetic indexes and ion

transport capacity of ‘ Paulownia 1201’ seedlings under NaCl stress alleviated by GA;. The results were as follows: (1)
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Under 150 mmol - L™ NaCl stress, the growth of ‘ Paulownia 1201° seedlings decreased significantly (P<0.05) , which
was more than 50%. The appropriate concentration of exogenous GA, significantly increased the plant height, root length
and biomass of ¢ Paulownia 1201’ seedling. The dry weight of 400 mg - L' GA, treatment increased by 69.71%
compared with AQ. (2) With the increase of GA, concentration, the activities of three antioxidant enzymes ( SOD,
POD, CAT) increased significantly; content of MDA decreased significantly; chlorophyll content and gas exchange
parameters (P,, T., C,, G ) were increased, and the photosynthetic efficiency increased; the contents of each ion
(K', Ca™, Mg™) increased first and then decreased. The Na' contents in leaves and roots of 400 mg + L™ GA,
treatment group decreased by 23.59% and 11.92% compared with AQ. (3) Correlation analysis and PCA analysis showed
that there was a correlation between each index, seedlings which treated with different concentrations of GA; had obvious
differences, and the best alleviating effect was found when the concentration of GA, was 400 mg + L. In summary, foliar
spraying GA, can enhance the antioxidant capacity of ‘ Paulownia 1201’ seedlings under salt stress, alleviate the
membrane lipid peroxidation reaction caused by the increase of reactive oxygen species under salt stress, promote the
accumulation of photosynthesis and biomass of plants, reduce the absorption of Na* by plants, promote the accumulation
of nutrient ions, adding 400 mg + L' GA, can improve the resistance of ¢ Paulownia 1201° seedlings best. This study

provides a basis for further understanding of Paulownia salt tolerance mechanism identification, and also provides a

scientific reference for the development and utilization of Paulownia in saline land.
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Table 1 Experimental treatments

Ib 3 S RS
Treatment Cultural method

CK 0 mmol - L' NaCl+0 mg - L' GA,
A0 150 mmol - L'NaCl+0 mg - L' GA,
Al 150 mmol - L' NaCl+100 mg - L' GA,
A2 150 mmol - L' NaCl+200 mg - L' GA,
A3 150 mmol - L' NaCl+400 mg - L' GA,
A4 150 mmol + L' NaCl+600 mg - L' GA,

PR AL 5 )5 A BEAR B, 105 °C F A3 30 min, 75
CRHEFZEMEE, WE T E,

S IR B (R BT e e AR AR 0.1 g, I 45 T3
AEPEFE R, W PO (NBT) 31002 SOD 3% 14 ( Yin
et al., 2019) , f A1 A 3 74 U & POD ¥ ¥ ( Yin et
al., 2019) , A KM & CAT 3 4 ( Yin et al.,
2019) , B AR 0 bb 22 2 v U 2 MDA % i (K 5% 52
45,2020) , P R 3 B 9 0 2 I 4% 2 i ((Yin et
al., 2019) , 43 15 d JFIE A S, B0
BEMLIEEL 3 kR, 76 8 :00—11 . 008 JH fiH 48 641X
(Li-6400XT B ) il & 0 Fr g & R (P,) <AL
FEE(G,) MEN COMIE (C,) MAEBHEFE(T,) , K
S CO,ME(C,) HJ 400 wmol - mol™, I 54 7k
S R FH 3R ((water use efficiency, WUE) ( WUE =
P,/T.) FI'S fLBR il {8 ( limiting value of stomata, Ls)
(Ls=1-C./C,) .

1.32 BF4F 0 S B2 (2020) B9
2, R KRN 7 FIAR R, I FH 25 B8 K o ok g,
105 °C F A% 30 min, 75 °C FHET 46 8 Wy iEar g
Ji 1 30 B ERE#FREC 0.1 g, HNO,—HCI1 JHf# , H
FAAS-M6 J5 7 W i A3 ] 52 Na® K* | Ca™ Mg (¥
i,

1.4 HIESH

K Excel 2019 F1 4 X J5 45 B 47 2 B 5
G3AT 3 2R FHSPSS 25.0 Bk A #E 17 5 K 2 ((one-way
ANOVA) J7 243 M7 3 % ] Origin 2021 4% 4 45 AH
FetE 28, B Canoco 5 344 #EAT 3 W43 47 #7
( principal component analysis, PCA) Z: &,
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Table 2 Growth of ‘ Paulownia 1201° seedlings under salt stress

NaCl ¥ i 731

8 ‘ ERK #EE TE
NaCl Plant . X
. . Root length  Fresh weight Dry weight
concentration height (em) () (g)
(mmol - L) (em) om g &
CK 11.121 10.104+ 3.427+ 1.354+
0.176b 0.101¢ 0.048b 0.051b
50 12.183+ 17.122+ 4.581+ 1.966+
0.153a 0.105a 0.048a 0.032a
100 8.829+ 11.007+ 3.263+ 1.158+
0.042¢ 0.134b 0.033¢ 0.045¢
150 5.452+ 8.912+ 1.531+ 0.645+
0.093d 0.063d 0.041d 0.056d
200 5.134+ 6.121+ 1.081+ 0.585+
0.057e 0.030e 0.057e 0.037d

W RNE/NG FRRRLE0.05 K FEFABEMLRE(n=5),
T,
Note: Different lowercases indicate significant differences at 0.05

level (n=5). The same below.
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AR, 76 A1-A4 RbBER  BEE GA M T+,
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Table 3  Effects of GA, on morphological indexes and biomasses of ‘ Paulownia 1201’ seedlings under salt stress

b K - 735 FHRK fif 7 TH
Leaf length Leaf width Plant height Root length Fresh weight Dry weight
Treatment
(em) (em) (em) (em) (g) (g)
CK 4.801+0.059a 3.857+0.033a 14.875+0.585a 28.103+0.648a 3.527+0.159a 1.472+0.062a
AO 2.622+0.085d 2.051+0.081c¢ 7.512+0.341c¢ 10.914+0.734¢ 1.631+£0.092¢ 0.746+0.037e
Al 3.451+0.089¢ 2.226+0.093¢ 9.328+0.415bc 20.011+0.623d 1.962+0.065d 0.977+0.029d
A2 3.855+0.082b 3.108+0.151b 11.034+0.632¢ 23.114+1.499ab 2.659+0.236¢ 1.189+0.041bc
A3 3.830+0.096b 2.913+0.114b 13.557+0.555b 26.316+0.210a 3.204+0.250b 1.266+0.041b
A4 2.604+0.029d 2.116+0.244¢ 10.701+£0.512¢ 20.903+0.130b 2.436+0.219d 1.061+0.044cd
600 A L0 (B oy Leaf mifl % Root
ot} Leaf mAR & Root 1000} a a
500 ab a a
—~ a ~— L
o 450 a " "un Zgg_ ab ab b 5
ﬁa 400 be pe 2 & ﬁa I c B
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&2 300 dg a2 600 d
o35 St L
@»n s 250 A& = 500
e ¢
g 200 S 400}
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100 200 1
50 100
o =
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5.51c 4.0rp
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S 43 2o N TO.D a . a
'w 4.0 . b TE, 3.0 a a
#2 3.5 . B E 55 b b
mE 30 R b i )
ez a d d < 5 2.0 b
<5 2.5t e @) E ‘
O g 2' f = s Lsh ¢
3 1 N
.l 1.0
1.01 =
0.5t 0.3
0~ 0
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B 1 GA,f NaCl BB T ‘@47 1201° 2 S S L EEE LR MDA &880
Fig. 1 Effects of GA, on antioxidant enzyme activities and MDA contents of ‘ Paulownia 1201’ seedlings under NaCl stress
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133.33% 14.92% ; Ls e[ AK G TH s i a3, 78
A3 b BB [ B AR, 5 A0 AHELRRAE T69.17%
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W3R, A3 IRl R e df

2.3 SME GA,XF NaCl BB T i 48 4 B B T R gk
IR

AR TRt RALE T
(Na" K" Ca®™ Mg™) 2R E#H(P<0.05),
25 Al 5 CK A, A0 W HA 4l i i 7 AR &
MU Na" E 3 B T 5, KT Ca® Fll Mg™ i 3
TR, UL Na™ 7ERLRRR N K RS BUR R X5
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Fig. 2 Effects of GA, on pigment mass fraction in
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‘ Paulownia 1201’ leaves under NaCl stress

FRE T W W D, Wi GALJ5, Na™ & B &
GA, VR BE I 1S K e FE AR FHmr, A3 Ab 3 b it 5
HZ T Na" ik BB ARME , 5 A0 AH b4 I BEAR T
23.59% F1111.92% ; K" Ca™ Fil Mg™ & e fi 5 GAL M
B E R T TR G S, b KR
Ca” M EH RS TR, UL GA, /> T Na'7E
TR T Y R SRORN ) bbb Y Az e, {2 o T X
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Mg /Na* ) FL{E 7E 3% 3] NaCl 36 i 2 5 25 T R,
BEE GA, Mt vl B iy I+, 4% il e T m IS BRI
TE A3 Zh IR B KAH, VA GA 12 5 FEK T 4H
FRXT Na™ BRI, i3 T K*/Na™ 19 8h 2557,
2.4 AR EMN R SERMBEXES
NIRRT Y A 41 1 R 25 A 3L bR 22 TR Y
FHICHE 3 B 4528 (18 3) R i M it )i SOD
CAT.T, .C,.G.,CAT 5 Chl(a+b) P, .C,.G, P, 5
G, K'/Na*, Mg®/Na" 5 G, R B F EHH XK (P<
0.01); Chl (a+b) 5 SOD. G, T. 5 POD, CAT,
Mg*/Na™55 SOD CAT,C, % & 3 1IE A ¢ (P<0.05) ;
MDA 5 T Mg**/Na* & i E A% (P<0.05) , 35
SOD .CAT.Chl(a+b) P, .C, K'/Na" Ik# . 2 7AH
KIKF-(P<0.01) o X UEBH i fin GA % i 4 1 2E
PR A5 2 22 5 T Y, B — AN FE AR I AN BEAR
U M PPAN AN IR AR A I RN, R SRR 2
AFERRABE SN 4 1 & UL PEA
2.5 AR E A KINEEF 5 EBEBRNER S 2
2 it IS RV FE B GA X NaCl Jiie
YA I B 5 e 2R AT 3284 (PCA) 4 AT, 45 SR

K 4 fros, £ 1(PCL) FE R 2(PC2) Y 5T
Mk 912 83.55% F1 10.97% , 99 % 2t 5Tk %l
94.52% (94.52%>80%) ., PCl 5 Ls & & & IFE4A
X, 5P, .C. . WUE R SOD AR 5 B i A 5%
PC2 5 Chl(a/b) R&EEIEMKL, SR MDA 25
FEGA DG, PR, AT LA K A 35 A A ok i AN
AV BE GA A 3 9 AR 4y 1 1) 45 A BRI AR ) 25
R IEH, R TR e B AL PR A A A 25 SRR AL
A2 FIL A3 FE MRS 5 =R I st Mk
GA [Tt X NaCl B3 ™ (%) 1604 41 1 22 fift 50 R 3
U, A4 FE AN — R, Ul KR E GAL Y
T %o 6L 2% fR AR 2%, Ls 5P, MR
POD AR K, M A MR # A9 MDA 5 Chl(a/b) I
A Ca™ HRHR Mg™ 54 f 3 67 R 5%, 3 150 B it o
GA A RUHB R &5 1 W A 2l i 9 A= 1 bt A Ak i TG
P80 T MDA B R R TG A IR I R L
KO8 3% B W WL, 2 T % i 8 TOlk 360 X 360 A 1)
BEFEAEM . AL, I GURIE B | 150 B 96 Al 52 i
8RR BB /N GAL 1Y 28 i BOR BRAF RZ IR AR
R, A3 ZbBRED GA, ¥R R 400 mg - LB (1 2% i
SR AL, X SR T A AT A5 R — 2,

3 i b b

3.1 NaCl & GA, X848 4h & 4 IR 5 bR O %4 i
LHTE A SR W A K ) SRR Y 2 0k R
WA IR MWK LS, Y 7 a1 55
SR TP A ZF A8 4 i i R T AR AR /N SR
FAERKAZ BP0 HSFRRAE (SRS ,2018) ARG
I R B RO (T EA) s R i e L o) e )
PR AW SR A KA A i 2 R AIG, 2 NaCl Wk 3
150 mmol - LB, J A () Rk & BE T EHAZ
FREERB T 50% , 5 AT RE 2 & R 1Y Na”
i 55 5 Y75 8 438 v, R AN T K TR HE S B0
75 AR, AE MR PR R A2 450 1T X SR BT A
D R ARG (KA SE,2018) , FEER A
T, ANt GA, AT DL 55 AR B W 0B 3R 1 RE O, 1E
AR SE A 8 & A gh i AR K (R SR 55, 2019)
AWFFEEE TR BN GAEHE T 2l A K e A=
Yy ) B R ECRAFAE R Y, — 7, AR
GALRET| & ol fi F 5E 2 3 PN 3% 3 | (A 4 P9 3B /K
it TR A BB, A2 45 %) A0 i R A B 0B L i
Y HEHT0 (MRS 2017) 5 B — 5, AR
GABERZ AT AR 1Y N IR R & i 28 1k, W4 &
WIR IR R & i, BRI R & &, i
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Table 4  Effects of GA, on photosynthesis gas parameters of ‘ Paulownia 1201’ seedlings under NaCl stress

Hot AR

MalE] CO,Hk JiE

KRR

= i
(pmol + m? +s")  (mmol » m? - s*) (mol + mol™) (mmol + m™ « ") (pmol + mol™)
CK 14.33+1.27a 4.79+0.21a 353.15+20.21a 0.56+0.08a 2.99+0.22h 0.12+0.05d
A0 9.47+0.60c 3.21+0.10d 208.50+16.71d 0.21+0.05d 2.95+0.13b 0.48+0.04a
Al 10.21+0.98¢ 4.21+0.30bc 250.34+14.65¢ 0.25+0.03cd 2.43+0.28¢ 0.37+0.04b
A2 12.45+1.32b 4.69+0.19a 300.26+21.34b 0.37+0.04b 2.65+0.21¢ 0.25+0.05¢
A3 15.24+0.92a 4.50+0.20ab 340.68+27.61a 0.49+0.04a 3.39+0.08a 0.15+0.07d
A4 9.26+0.60bc 4.11+£0.25¢ 320.36+24.76ab 0.31+0.06bc 2.25+0.02d 0.20+0.06cd
F 5 5MNE GA,XF NaCl BpiE T i 1201’ B F S E R L ER M
Table 5  Effects of GA, on contents and ratios of ‘ Paulownia 1201’ ions under NaCl stress
P e BT Ton content (mg + g) BF & A Ton content ratio
Organ Treatment
Na® K" Ca™ Mg™ K'/Na® Ca™/Na" Mg™ /Na”

A CK 2.475+0.071e 4.479+0.201b 3.540+0.152a 1.424+0.107a 1.810+0.078a 1.431+0.064a 0.575+0.036a
Leaf A0 3.501+0.088a 4.004+0.094d 2.075+0.056¢ 1.095+0.135b 1.145+0.049d 0.593+0.099¢ 0.314+0.045d
Al 3.009+£0.095b  4.218+0.142cd  2.379+0.363¢ 1.148+0.082b 1.403+0.072¢ 0.791+0.039d 0.382+0.033¢
A2 2.847+£0.063¢  4.445+0.138bc  2.909+0.134b 1.340+0.103a 1.561+0.040b 1.022+0.057¢ 0.471+0.037b
A3 2.675+0.076b 4.919+0.38a 3.515+0.190a 1.400+0.085a 1.840+0.045a 1.341+0.064b  0.523+0.031ab
A4 2.900+0.111be  3.560+0.216e 3.075+0.172b 1.158+0.111b 1.227+0.040d 1.061+0.059¢ 0.400+0.049¢
itE CK 3.540+0.134¢ 3.470+0.177a 2.905+0.063a 1.651+£0.041a 0.980+0.028a 0.822+0.037a 0.467+0.018a
Root A0 3.975+0.124a 2.060+0.109¢ 2.001+0.016¢ 1.242+0092d 0.518+0.026¢ 0.504+0.016¢ 0.313+0.031d
Al 3.636+£0.068bc  2.201+0.097¢ 2.545+0.107b 1.154+0.049d 0.605+0.024¢ 0.700+0.024b 0.317+0.012d
A2 3.550+0.056¢ 2.645+0.098h 2.794+0.052a 1.359+0.042¢ 0.745+0.017b 0.787+0.008a 0.383+0.013¢
A3 3.501+0.074¢ 3.540+0.088a 2.895+0.163a 1.487+0.080b 1.001+0.016a 0.828+0.051a 0.425+0.024b
A4 3.745+0.086h 2.789+0.573b 2.549+0.066b 1.005+0.010e 0.746+0.163b 0.681+0.002b 0.268+0.006¢

TR 2R B 1 0 A8 Ak B LU (B i , AT 5 i 4 B AR
K (Guo et al., 2022),

TEMYIEEE 245 F,SOD . POD [ CAT iX 3 A
AL AT DL R 8 A S AR A R TE PR AR A
P 3, LIS R 1) e I R R TR B X 85 A K A% B
JI(BREE 2245 2021) . MDA AR /NAT L Sz ke i A7
Yy AE 35 BT e R B Z W AR, R R R
255 M) 58 235 ) (%) 368 355 0k RN s P X R e A —
JE 520 (R0 A ,2022) , ARAFREEE R WoR , 7E
WA, 3 Rt S AL BTG T 2 52 2 0] MDA &
HEE LI, X S5EEMWE(2013) KEeEHF
(2015) BYWF TR 45 SR — 20, % Uk B A &)y 1 40 4k
Bt R S B T ORGSR, 40 B AR i AR A A R i
20 i R 235 ) A2 480, B SR A T O R AR BT, A

U5 GA,REVS T 19 9 &) 1 AR N 480 A il S50 Bk Ag
A O W BT PR ROS, ek 5% B IR A7 4R AL R
iR R, AT I8 3 2 i b ik ae (4 H 19 ( Zadeh et al.,
2015; SE1H4E 2020) , AHFFEH BEE WL GA,
W IE B TFE , SOD  POD [ CAT Ry M & e T e
FEARA S, MDA 25 N R, GAIRIE
41200 mg - LB}, POD 7 1 ik 2 & K (H, 36
POD XT GA i B ¢ S BURK , i 32 [ {1 ; GAL 1Y)
WRE N 400 mg - L', SOD , CAT By 1% 1k & w5,
MDA & it 5 AR, #0004y i 09 0 w6 02 AL 6 2
SOD ,CAT F1 MDA i FZA/EH , 54 & SOD . POD |
CAT X 3 Fh AN BE DM I — B0b 58 BB A 21
3.2 MR GA,XF NaCl BB a4 B & 1E AR
RECAEORG R EEEN LY LS
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Fig. 3 Correlation coefficient analysis of leaf indexes of ‘ Paulownia 1201’ seedlings

VEF Y 5 55 (5K JF #t 4% 2022) , Keawmanee 55
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v A TG T BRI in AR ) iR
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I ZE P YA B ER A $2 T T R R OK ST
T CK, AT RESE GA 3 o 398 i 28 2 A R ) 52 1o
VA S O IR AR R B IR, AT AR sk i Aok
HOREA B (ZER VTS ,2022) 00 o X Ak
A5 05/ AT 30, 30 P AMTR AL S R R Bk 1k 2
CK K, X5 bk M w78 45 50— 20, (0 5 1 ik 4%
(2017) W55 B GA, R g ER M8 T 4h it Aot &
R AR BN — 2, X 0T BB B AR A RS
Il Foth 0 e A T 453 22 )y T 1140 2 5 1 Y

AN GALRETE — R B 4 w3 Bhia T it
Rp.T .G, . C%NAES S E (Nimir et al.,
2017) o AWESE & B, £5 W30 BEAR T o A &) i i
P,\T..C,.G A WUE , I\ ii 535 $ & Ls $EIN X 2
Y F R B Y Na ™ PR R BB VR B, e &
SRS B U T R Ak R AR AL % U A
Ko BEE WG GA YR BE /Y T+, £ 48 br 14 2 S 31
KIG U/ N B, IF7E 400 mg - L7 Ab P A 3k 3] i
{EL, T Ls RV AH B2, 52 S BEAR S T 19 22 AL 35,
7E 400 mg « L Ab 3 35 B B AR, 3% 5 X KRR
(EFEE ,2021) & hh ( Keawmanee et al., 2022) i
WEIEL R I AL, Ui W AF ) O TR R R 32
R T RE S Ls, £R 030 R V0 R 4 B O 4 LR A 3
TEIe, P4 S AL K A Uk M FE CO, 1) A
YA B N2 BEL, 36 O G R IR s /b, i
TEELHR BE AN GA ] A R0 % fifk 6 1038 3 80 AL
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Fig. 4 Principal component analysis of environmental factors and physiological indexes of ‘ Paulownia 1201’ seedlings
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