2026,39(9) :138-147 FE K 3R X B R 5

DOI:10.16861/j.cnki.zgge.2026.0105

T AR AR & H S 4h e HA SR 4R & 1Y R T ik
KKE, AAAL, EEA, R OR, PRI, &0
G AT AL B = FLRE WL 3130000

T8 W T R AT TE B AR 4t ST SRR 72 R WD R T A SR S 4t I SRR 2 (]
BRI, LL 23 3 3% At Bl ST N kL, 3 BB R 88 4 5 oI R IR EE SR B B 6 NI EERAEE , MR B R 2F SR AR A 0
A TE 75 mmol - L' NaHCO; il & it £5 56 14 45 52 1008 B W 18 i % fﬁti&ﬁ*?,%é}ﬁm%?ﬂﬂ J B R A COR 2
PR ZER R EFREC R A S 1 B R ARG ED AL I Rk R H S R SR SRR MK
D R HAERHE . &5 BRI, A FF LT NaHCO, [ id E’Jﬂﬂr“ﬁi’fiz—ﬁ%m Iﬁ%\’\*ﬁﬂwk%% Bk
25 R FAN 5 2 3 VP 8 & I BRIk (0 S B4R AR (PC1 #R447>0.969) « T3R8 B0 B0 i 454 W (D 18D 2 3R
PNk 23 ARV 3 28 53 309 S S 1 | S AEA BRI ER Y s 10 4 D R BT ER Y LR 10 4 ok
TRURRAY . BT IAVEAN R I, W24 3 T A i 306 FETEAS i 1 98 HE (ke « 2R 36 R 2> 1), 1 50 306 75 AL 2
RIS B 2 2R ORI S M (MDA i 38 REURAR  ACH 0.47) o MM HT R , 87 A2 i £hastk ChE st
REFAREO SN AT BRI bk SRR AT 36 R D 2 BB FARSE. %k T3 300 (B R -S40 AL & bk
S5 B2 AR A0 TR RO RO R 306 (4 WAL 340 S5 SR v 28 Hh 2 it FlUvE , R3S T DUR ZRARE R R 2
FENH R ZF 2 g% O (T R SO BRIk VF O 2R o WF 90 45 SR D 7 At i R Bl o 95 0 R R DR A 2 R A DL fR
ST ER A T LRI TR A T TR
FHEIR): T il s NaHCO, EhH8MA ; i} Sh i P EA
FE LS :S641.2 CHRFRERD: A MBS :1673-2871(2026)09-138-10

Comprehensive evaluation and screening of tomato germplasm for

salt-alkali tolerance at germination and seedling stages

Zhang Feixue, Zhou Lili, Wang Fengying, Zhao Gen, Chen Liping, Qian Wenhao

(Huzhou Academy of Agricultural Sciences, Huzhou 313000, Zhejiang, China)

Abstract: To investigate the differences in salt tolerance among different tomato germplasm resources at the germination
and seedling stages, and to preliminarily explore the correlation between salt tolerance at the germination stage and that at
the seedling stage, this study used 23 tomato accessions as materials. Xinzhongshu 4 was selected for pre-experiments, in
which six NaHCO; concentration gradients were set. Based on the germination rate, 75 mmol - L' was determined as the
appropriate stress concentration for salt tolerance identification at the germination stage. Under this concentration, rele-
vant traits were systematically measured at the germination stage (germination potential, germination rate, germination in-
dex, radicle length, vigor index, and their relative values) and at the seedling stage (plant height, stem diameter, chloro-
phyll content, malondialdehyde content, and carotenoid content). The results showed that the responses of different to-
mato accessions to NaHCO; stress varied significantly. Principal component analysis revealed that germination index, ger-
mination rate, and relative germination rate were the key indicators for evaluating salt tolerance at the germination stage
(PC1 loading>0.969). Based on the comprehensive evaluation (D value)using the membership function method and clus-
ter analysis, the 23 accessions were classified into three categories: Jingfan 309, Qiande Fenruyi, and Qiande Fenqiu were
identified as highly salt-tolerant; 10 accessions were moderately salt-tolerant; and the remaining 10 were salt-sensitive. At
the seedling stage, Qiande Ximanyuan and Jingfan 306 exhibited outstanding morphological tolerance (salt tolerance coef-
ficient for plant height and stem diameter>1), while Jingfan 306 demonstrated excellent chlorophyll retention capacity

and membrane stability physiologically (lowest MDA salt tolerance coefficient). Correlation analysis revealed that salt
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tolerance at the germination stage (relative germination index) was significantly negatively correlated with morphological

salt tolerance at the seedling stage (salt tolerance coefficient for plant height and stem diameter). Ultimately, elite germ-

plasm were identified, including Jingfan 309 (comprehensive tolerance at both germination and seedling stages), Qiande

Fenruyi(advantage at germination stage), and Jingfan 306 (advantage at seedling stage). Furthermore, a germination-stage

salt tolerance evaluation system centered on germination index, germination rate, and relative germination rate was estab-

lished. The findings of this study provide an important basis for the utilization of salt-alkali tolerant tomato germplasm re-

sources, the construction of salt tolerance evaluation models, and subsequent research on the molecular mechanisms.

Key words: Tomato; NaHCO; saline-alkali stress; Salt-alkali tolerance evaluation

Vil 55 A2 R 5 2 gt ] A 380 4 L 8 (1) B AR
7707 2 AR B AR RS SR L AR AR KR B A X 3
P, BTt P PR iR FEE R B e T R e g
[ AH 4 I 1 o b, 3R B 1 E R R 2K R A
B R T AR b I I AR R AN, AR R AL
I RA Vit - 98 i 5 7 i T 4R R R R 1) R
frts 2 —>,

AR 3B AN B B R B Y Bk S
B BE I E | B R AR A S AR A )
it 7 W K B K B AR - VE B0 B 1, 5 BIUR 2 35 0
RAERTH, “HETREDNEK KT 2LE, §
HAE RS RS E TR, FamfE N ank
Iz AR B B E SRR, o SRR A A B
Tt 1) 22 5 o D1t , PR S0 AN [) 3% it o A B E A 1
BT R DA e T ST Pl e g 7 2 S, A
BRR BT B2 , %oF 5 At B A AN SR o R R H B
HHERIEZE

T A K T A () A K B B i R kA
TERCR 22 5, Bl 7 W R M BOIE o5 %) 1 5% (R R R T
B U B R X — A R R B T R
i SR ) 2 AR 4 2 — . gl IR AR R R S
S A B U R G L S B B, PR 2R
LIS TEARE WU T R Wi T B AR KRR
MRS E N B MDA S EMRIAY MRS
55 A AR bR U BE R s A LA B E 1 S AR
AT S A BRI R H R, B A £
TR PRI 0 22 4 TP B i ), T R 2B 0
&) BA R SRR 22 S, DA RO R S Ay Y R
TRl 2 8] 9% & (I L e/ o

AR, E R A SR8 R B0 SR 2 bt
LZ BRI ETZ N TAEYR SRR
PR, IX BE T VL RN 2 AN A G IR AR R B
N T B8 25 Wtk o) o R YR AT 4 RS R IS,
T AE A S AT, T Ak — 20 8 7R ol i SR
Fa bR -5 40 1 T SR AR TR 2 1A 26 &R TR R
o A I R B B 2 A TR AL

T, AR T L 23 45 A2 v R AR B R
AR BEIE R RL, B S % NaHCO, a3 &
WL, 2 1T A G0N 5 AR W R 5 A T R 2 K
BRI Z T R BT SRR R A
PO IR M KA SRR 3 W S5 T (OB AN
T kb S5 B A S0 AN 2 S A R A R R 5 (20
SEHA R $R R 2R & VPO AR I R B BEAT 202
(DI HR TC i A YT 56 155 4 ey e st 11k 22 1 )
FSRAE . AW FT & A8 9 7 i i 56 B 5 B I 1Y) 4
SE VAT 5 R SR SRS AR I 9 IR S S il 2y
THLHIBE T Pk B 2 Al

1 ARSIk

1.1 #HR

MR T 0 S A AR IS 24 4y, B T 4 R 3
Tl R 2 0 M 43 o M T AR L R} 2 A o B AL
SO PR A 12 0 RE A 3 M, KIRFE A9
iy, F 2024 4F 1—3 A EWTTLR MR 240050 = 1 R
i ERORE RS . A R LR 1.

1.2 7%

12.1 %4 F NaHCO; /& iz rif 4k 32 PR i Al
I A R TR B O R R YO B A T2 1
e b AORT R R 4 45, 3 UK N — B0 R R
1) 7 Al AR5, 75% S BEVH 5 30 s, 0.1% S ALK B
7 min, J& F 78 18 KA B 3~4 K. R4 LR H
%, B 6 A~ NaHCO; K RS :0.50.75.100+
150200 mmol-L"

W FhF TN Bl A JEAR B 2R L CEAZ 90 mmD
AR 30 Hir , AN 15 5% L0 N 5 8 AF 23K P fY) NaH-
CO: VWL, TR B ML FFE 97 7do BAMEEE 3 IR
HE . ZIRER GB/T 2930.4—2017 SiitH<H K&
febr. BEJS U IE NaHCO; WK, 76 23 113 & A
PERE IR IR 7 VR AT B R R AR 5
122 %4 A NaHCO; /5 ik Mrib &b 32 K4 ik
HH )R 2 FR BRI AT 0 3 A e AR T R TR

- 139-



X ISR 5T

o L ST =3 #39%

F1 24 HEMBIIARER

Table 1 Information on 24 tomato test materials

ETRCI Y Ry S LY LB AP RUE
No. Cultivar name Cultivar type Cultivar color Source
I slEmE BT Wt Pink  EHEREUERILA IR A
Qiande Fenqiu Cherry tomato Shanghai Qiande Seed Industry Co., Ltd.
2 HAEm IR PEBR ki Pink  _EEEZEERNEATRAE
Qiande Fenruyi Cherry tomato Shanghai Qiande Seed Industry Co., Ltd.
3 19 BT B Pink BTSRRI A A
Xiyue 19 Cherry tomato Shaanxi Jinpeng Seed Industry Co., Ltd.
4 BIKIEF 1B i Wt Pink AR ARFLAT I
Zhenwei No. 3 F, Cherry tomato Shanghai Funong Seed Industry Co., Ltd.
5 HOENL PERE AR 21f4 Red iR IR AR
Qiande Xiaohong Cherry tomato Shanghai Qiande Seed Industry Co., Ltd.
6 HOE R PERE AT 4 Purple bR AEANY AR A 7
Qiande Ziwa Cherry tomato Shanghai Qiande Seed Industry Co., Ltd.
7 BTN PEBR A 214 Red LR IR AR
Huanglina Cherry tomato Shanghai Qiande Seed Industry Co., Ltd.
8 %E3E B S Purple  LHEERFILAIRA
Zixia No. 3 Cherry tomato Shanghai Funong Seed Industry Co., Ltd.
9 2% FEBR R i HE Yellow i E AHNA R A 7
Jindian No. 2 Cherry tomato Shanghai Funong Seed Industry Co., Ltd.
10 e R M Yellow by RANLA R A A
Cunmang Cherry tomato Shanghai Funong Seed Industry Co., Ltd.
11 Fibin 15 PERE R A I White g s e pinlb A IR 7
Baijingjing No. 1 Cherry tomato Shanghai Funong Seed Industry Co., Ltd.
12 TY &t PEBR # Yellow B & AFAT R A
TY Jindian Cherry tomato Shanghai Funong Seed Industry Co., Ltd.
13 LR R M Pink  _EHEEZAEANEA R
Qiande Meixiang Medium-fruited tomato Shanghai Qiande Seed Industry Co., Ltd.
14 FC BB R i k¥t Pink  _BIGAERNYA PR A
Qiande Ximanyuan Medium-fruited tomato Shanghai Qiande Seed Industry Co., Ltd.
15 LT EST S T R K Pink RIS AEROAT PR A
Qiande Shengzhu Medium-fruited tomato Shanghai Qiande Seed Industry Co., Ltd.
16 LIRCE ) KR M Pink  _EIGEZAEANLA R
Qiande Liangfen Large-fruited tomato Shanghai Qiande Seed Industry Co., Ltd.
17 WARIEE KR kit Pink  _EELEERNLA TR A E
Qiande Hengyun Large-fruited tomato Shanghai Qiande Seed Industry Co., Ltd.
18 A 603 PN Siigil 215 Red AR AR CIE RO Ml A AT BR A 7]
Jingfan 603 Large-fruited tomato Jingyan Yinong (Beijing) Seed Technology Co., Ltd.
19 # 404 RERFEH B Pink R AEsOFL R R A B
Jingfan 404 Large-fruited tomato Jingyan Yinong (Beijing) Seed Technology Co., Ltd.
20 2 309 KR e Pink U R AR RO FOLEHE A R A A
Jingfan 309 Large-fruited tomato Jingyan Yinong (Beijing) Seed Technology Co., Ltd.
21 I 306 PN iigil M Pink  HEFAEAR AEFORNERAT IR A F
Jingfan 306 Large-fruited tomato Jingyan Yinong (Beijing) Seed Technology Co., Ltd.
22 F§SRIA 001 KR o Pink BRI AIANLA R 2 F
Temeida 001 Large-fruited tomato Shaanxi Jinpeng Seed Industry Co., Ltd.
23 75 101 KA it Pink  ERMIBHEBME AR
Ouxiu 101 Large-fruited tomato Wenzhou Vocational College of Science and Technology
24 Brh#E 4 5 Xin Zhongshu No. 4 KAl Large-fruited tomato 4 £ Pink th Ak Zhongshu Seed Industry
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Fig. 1 Germination rates of tomato seeds under different salt concentrations
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Table 2 Comparison of seed germination indicators at germination stage under
different concentrations of NaHCO; treatment
FE¥5 Index 0 mmol-L" 50 mmol-L" 75 mmol-L" 100 mmol-L* 150 mmol-L" 200 mmol-L"
K 2f % Germination potential/% 9333 a 46.66 b 10.00 ¢ 10.00 ¢ 0 0
AHRS R 2 3 1.00 a 49.99b 10.71 ¢ 10.71 ¢ 0 0
Relative germination potential
REFH 100.00 a 90.00 b 73.00 ¢ 33.00d 0 0
Germination rate/%
AFR 2 5 1.00 a 0.90 b 0.73 ¢ 0.33d 0 0
Relative germination rate
REFIREL 32.11a 23.60 b 11.04 ¢ 6.29d 0 0
Germination index
AR R 2 4 1.00 a 73.50 b 3438 ¢ 19.58 d 0 0
Relative germination index
AR 2.50a 0.75b 0.15¢ 0.11d 0 0
Radicle length /cm
JRAR AR AR X 41 i) 2 70.00 94.00 95.60 0 0
Inhibition rate of radicle length/%
A AT BT G A NG FRERIRTE 0.05 /K ZE 7 B3 .
Note: Different lowercase letters in the same row indicate significant difference at 0.05 level.
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3 75 mmol-L" NaHCO, & FEXT 23 3 ZFhFh B fh F 78 & 15 ¥R 89 220

Table 3 Effects of 75 mmol- L' NaHCO; treatment on seed germination indicators in 23 tomato germplasm accessions

SRRy RN RHFH FHXS K RAFE AHXT R 5 REAFTEH AHX R 5 JERR K GVAE R
No. Cultivar name GP/% %34 RGP GR/% # RGR GI FEHU RGI RL/cm VI
1 AR ER 10.00£3.30 ¢ 0.1240.04 bc  90.00£3.33a  0.93£0.03 ab  6.42+0.12c  0.49+0.01a  0.22+£0.01 f 29.17+2.12a
Qiande Fengqiu
2 HAERINE 3.30+3.30 e 0.06£0.024 cd  40.00+3.33d  0.46+0.03d  2.73+024¢g  0.27+0.02d  0.26£0.01 ef 10.33+0.65 f
Qiande Fenruyi
3 FE 19 Xiyue 19 0.09£0.16 g 0.00 d 7.78+1.92 ef 0.09£0.02 ef  0.47+0.11j  0.05£0.01h  0.00 h 0.00 i
4 B3 SF 3.424320¢ 0.05+0.02cd 42.22+1.92d 0.44£0.02d  2.69£0.15gh 0.19+0.01¢  0.2420.02f  11.12+£0.36 f
Zhenwei No. 3 F,
5 WpE/NA 3.33+330€ 0.05£0.02cd  74.44+1.92b 0.78+0.02b  4.72+0.16e  0.37£0.01c  0.27£0.01 def 17.77+1.51 de
Qiande Xiaohong
6 HofEERLE 16.60£14.50 b 0.27£0.01a  95.56£1.92a 0.99£0.02a  831x0.61a  0.35+0.02c  0.33£0.02b 25.54+2.82b
Qiande Ziwa
7 ENNGR 12.20£10.70 ¢ 0.20£0.02 b 70.00£3.33 be 0.73£0.02bc  5.35+0.24d  0.36£0.01 ¢ 0.26£0.01 f  20.92+1.25¢
Huanglina
8 KE3T 3.33£3.30e 0.06+0.02cd  10.00+3.33 ef 0.12+0.03 ef  0.76£0.24ij  0.06£0.02 gh 0.16£0.01 g  4.65£1.68 h
Zixia No. 3
9 #2255 27.78£1.90a 0.29+0.03a  88.89+1.92a 0.92+0.02ab 7.71x0.08b  0.36x0.002c 0.43£0.03a 17.78+1.31 de

Jindian No. 2
10 ~}7% Cunmang 1.11£1.90 f  0.02+0.04 d 18.89+1.92 ¢ 0.21£0.02 ¢ 1.16£0.07 i 0.13+0.01 f  0.23+0.01 f 4.99+0.46 h

11 Hiésde 15 1.11£1.90 f 0.04+0.07cd  6.67+3.33 ef 0.07+0.03 f  0.43+0.24j  0.06+£0.03 gh 0.14£0.01g  2.99+1.58 h
Baijingjing No. 1

12 TY &4t 1.11£1.90 f 0.07+0.11cd  27.78+1.92¢ 0.34+0.02d  1.69+0.16h  0.28+0.02d 0.25+0.02f  6.83%0.34 gh
TY Jindian

13 iR 0.00 g 0.00d 76.67£3.33 ab 0.82+0.01b  4.75£0.2 ¢ 0.42+0.01 b 0.29+0.01 cde 16.61+1.37 de
Qiande Meixiang

14 Wz 0.00 g 0.00 d 0.00 f 0.00 f 0.00 j 0.00 h 0.00 h 0.00 i
Qiande Ximanyuan

15 HzflErk 6.67d 0.07 ¢ 40.00+20.82d 0.41+021d  2.67+0.47 gh 0.17+0.03e  0.18+0.007 g 1535+3.27 ¢
Qiande Shengzhu

16 HzfEsEH 0.00 g 0.00d 6.67+3.33 ef 0.09+0.03 ef  0.39+0.08j  0.06+0.01 gh 0.00 h 0.00 i
Qiande Liangfen

17 HfEfEIZ 0.00 g 0.00d 0.00 f 0.00 f 0.00 j 0.00 h 0.00 h 0.00 i
Qiande Hengyun

18 33 603 0.00 g 0.00 d 3334333 f 0.03:0.03f  0.22+0.07j  0.02£0.01h 0.00h 0.00 i
Jingfan 603

19 57 404 7.78£6.90 ¢ 0.08+0.07 cd  32.22+8.39d 0.33+0.09d  2.19+0.36h  0.20+0.05e  0.29+0.01 cde 7.61£1.36 ¢
Jingfan 404

20 3 309 8.89£5.10c 0.09+0.05¢  62.22422.19bc0.64+0.23 ¢ 3.46+1.01 f  0.26+0.08d 0.44£0.03a  7.85+2.63 g
Jingfan 309

21 H7 306 0.00 g 0.00 d 222+41.92f 0.02£0.02f  0.14£0.01j  0.0lh 0.00 h 0.00 i
Jingfan 306

22 R§ZEIL 001 16.67£8.80b 0.18+0.09b  60.00£12.02 ¢ 0.62+0.12¢  4.32+0.38¢  0.37x0.06c  0.24+£0.034 f 18.07+2.81d
Temeida 001

23 [f7F5 101 1.11£1.90 f  0.010.02 d 444+385f 0.05£0.04f  0.28+£0.12j  0.03£0.01h  0.00 h 0.00 i
Ouxiu 101

T FPECT R A F NG FRERIRAE 0.05 KT EREE. TR,

Note: Different lowercase letters following the numbers in the same column indicate significant differences at 0.05 level. The same below.

N 0.88 F1 0.87 ;s ML HZ 5Ky (LTS 101 (19 D fH % FIH D 1, R H R E B AN W =Py B 2 gk
/N, 25°0.00 A1 0.03, i A BAT $h 4 i 55 Rk TR, W 2 fios . TERR ﬁ%ﬁﬁﬁ%ﬁ 5 4b
2.5 E nFRFFEE A BAMER M B2 A h 23 AP IR A 3 K. B—FKNE
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Table 4 Principal component analysis of salt-alkali
tolerance in germination indicators of tomato germplasm

[E2N S %y
Trait PC1

R HHEEL Germination index 0.982
K2 Germination rate 0.971
FAXT K 2% Relative germination rate 0.969
1% S35 48 Vigor index 0.921
FHXT K ZE 45 %L Relative germination index 0.899
X & ZF %A Relative germination potential 0.838
JEAR K Radicle length 0.831
K 2f % Germination potential 0.773
FFE{H Eigenvalue 7.082
A1 TR % Cumulative contribution rate/% 78.689

FETR 2R AL, (04 3 4 AR T3 309 R0 Wi B
FEMYER, D (N 0.71~0.88 5 55 2 Ny T 25 7Y, £,
& 10 iy & AR, D TGN 0.28~0.65: 55 =K N
ol £ 10 433 At b BN BUR B R, D B VS LN 0~
0.20. HR4E IR oM s RAR W, Foah A £h 1 5
AT BB IS L BT 309 2 AR U 7 | R R

BRIV 35 £ 5 o
2.6 NaHCO,mB T EMLNERSIER A ES
M3 6 AT, 75 B8 T, &) ik e i a2
BIHN o W RE AT R, w4 = I (1.15) A
A 306 (1100 bk &t &t REGY KT 1, Ul B H Ak
I TE 8 T AR 32 B, A BT K, R
H R R D e o AR R S 2R R BN T
1, o B2k 3 5 5K (0.30) , TR Hobk & 32 2 i
I B ™ o E 2R U TR, N4 T PR 2R R
H AR e (114D, 2 78 38 T A7 PR FF U 1
AR HE 306(1.00KZ . MB35 20 £h
REAL R 0.34, B MK G 52 25 W 38 40 1) 5%
T, BARRE, B 309, 54 M L 62 A0k dn
AR 2 R RETE 0.70 LB A& —
SEM LG 1. SR B bk m 5 Z MM £ RECERI,
7, 2 35 e A R & 306 7E 2 MRk B R BLR
U B TE ) B AR B MR . T2 3
5 E AR e AN ZER T THD Y R I A S UM . %
iRt — DR IR T AR P AR 40 T B T

BER.

®S5 23 MEMMBTEEMESEETN D E

Table 5 Comprehensive evaluation D-value of salt-alkali tolerance in 23 tomato materials

AT AT
R R T R S D1d o . e AR D1 e .
. Comprehensive . Comprehensive
No. Cultivar name D-value No. Cultivar name D-value
rank rank
1 TOAEA Bk 0.71 3 13 B35 F 0.52 7
Qiande Fengiu Zhenwei No. 3 F,
2 AT A 0.37 10 14 LTRG-S Yl 0.00 23
Qiande Meixiang Qiande Liangfen
3 L/ARIER S 0.06 19 15 LTSN 0.38 9
Qiande Hengyun Qiande Xiaohong
4 A el 0.37 11 16 HOAR SRk 0.05 20
Qiande Ximanyuan Qiande Ziwa
5 [rA=$78 0.54 6 17 W75 101 0.03 22
Qiande Shengzhu Ouxiu 101
6 HEAEH U 0.87 2 18 BTN 0.06 18
Qiande Fenruyi Huanglina
7 WA 603 0.65 4 19 ¥HE3T 0.35 12
Jingfan 603 Zixia No. 3
8 T 404 0.18 15 20 w25 0.51 8
Jingfan 404 Jindian No. 2
9 A 309 0.88 1 21 et 0.04 21
Jingfan 309 Cunmang
10 W 306 0.20 14 22 Fiimi 15 0.59 5
Jingfan 306 Baijingjing No. 1
11 RFE1k 001 0.12 16 23 TY &4 0.06 17
Temeida 001 TY Jindian
12 19 0.28 13
Xiyue 19
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WA 2 Euclidean distance
) 0 5 10 15 20 25
H YT Huanglina 18 ; : 3 :
TY 4t TY Jindian 23
¥ /#1535 Qiande Hengyun 3
Wi75 101 Ouxiu 101 17
~}7 Cunmang 21
B p R Qiande Ziwa 16 I
W EZEKY Qiande Liangfen 14
H§353K 001 Temeida 001 11
5076 404 Jingfan 404 8
7% 306 Jingfan 306 10
7R U0 Qiande Fenruyi 6 :,—| 1
7% 309 Jingfan 309 9
UMY ER Qiande Fengiu 1
7 Qiande Meixiang 2
Qiande Ximanyuan 4
/21 Qiande Xiaohong 15
24535 ZixiaNo. 3 19 ]
L 19 Xiyue 1912 11
2k 3 5 F, Zhenwei No. 3 F, 13
44t 2 5 Jindian No. 2 20
Hz48 252k Qiande Shengzhu 5
U7 603 Jingfan 603 7
i 15 Baijingjing No. 1 22
B2 23 pEmMRERERLSE
Fig. 2 Cluster analysis diagram of 23 tomato germplasm resources
#* 6 75 mmol- L' NaHCO; BB X &EFh4h @ 2 S iRaI 200
Table 6 Effects of 75 mmol- L' NaHCO; stress on morphological indicators of tomato seedlings
# Plant height ZEfH Stem diameter
[ R R ZH poiibil i} £h % X R 2 WOBLE| fii £ F %
No.  Cultivar name VNS s LR M = SR
CK/cm Treatment/cm STC CK/mm Treatment/mm STC
1 R Qiande Fengiu 10.20+£0.96 b 487081 c  0.48+0.13¢ 3.83£0.50 ¢ 2.2340.15¢  0.59+0.09 be
2 8B 19 Xiyue 19 16.67+2.47 a 6.70£2.59 bc  0.40+0.14 ¢ 3.63£0.59 ¢  2.13+0.51c¢  0.58+0.05 be
3 A 309 Jingfan 309 18.17+£0.40 a 10.57+£1.64 ab  0.58+0.10 be 3.77£0.38 ¢ 3.07+0.15b 0.82+0.11 b
4 W fEME A Qiande Meixiang 10.37+1.06 b 7.10£1.23bc  0.68+0.07 be 5.13£0.06 b  3.60+0.57 ab  0.70£0.11 b
5 WA Qiande Fenruyi 11.47+0.45b 8.60+0.86b  0.76x0.10 b 3.90+035¢  2.97+0.60b  0.77£0.20 b
6 748 2.3 Qiande Ximanyuan 7.83+1.23 ¢ 8.9740.75b  1.15+0.08 a 3.53+0.50 ¢ 3.93+0.50a  1.14+0.29a
7 2k 3 5 F, Zhenwei No. 3 F, 11.97£0.97 b 3.60+0.26 ¢ 0.30+0.04 ¢ 8.23+0.51a 2.83+0.21 bc  0.34+0.01 ¢
8 % 306 Jingfan 306 11.97+1.36 b 13.20+2.86 a 1.10+0.22 a 3.37+0.40 ¢ 3.37+0.21 ab 1.01+0.19 ab
2.7 NaHCO,MB NE&Em L& £ IBIEFR T E ST TR, R BRI ER e . K% MR & &Y

ARG 7 #dE , 75 mmol - L' NaHCO, il i b F
B E R T A 0N A BRAR AR , AN R RLE 2%
N EE (MDA KRR N3R5 & B N AR AE
BR 22 5. fEMPSR s BT, A MOEHR 2R 3R
i & RN T 1, 3R 0 AR R 8 T S
R A R T . Hodr, 503 306 [T 3L
FEUR 1 (0.76) 5 U I 23 28 75 F AR e PEAE X B
UF s Wz 4B 5 ] (0.63) ANRZ A 3K (0.59) IR 2, T iz
TR 0 = AT 3 R AR K (0.41) , 2% 2 32 i il 5%
Wi N B2 . 5 B (MDA R NI g id &k 74,
HE | R gl sz e 25 . 2 50 k)
MDA & & #h REOKT 1, W MNEE S 7 RS
A [ERERNE, EEE T MDA & &
FEEIL 3.74, R B R 90 2 A A B O T
. MR E 306 () MDA & &iif 25 251N 0.47,
B AR T FAR AR, U B A0 i A ER AR R 52

#h RBAEA FIARA) 22 7 A 035, 2 80 kL R HE
0.50~0.85 2 [8], Ut B i 45 Fr £ 25 1P N A2 A A% —
B0 X A AR Eh M R BURPE UK. SR 6 KRE W
306 7E M4 2R A1 MDA #2428 7 T £ 30 58
o R ) AR PR R o
2.8 NaHCO,MB T &iEHrmiEh R AIE X 24
FRPEZE 8 XF 10 AN #h R BH8 br HEAT 1A G
IIMTEE R, AP AE 75 mmol - L' NaHCO; il
(IR A 4008 T 25 T A B N 22 8] A7 AF 2 35 A 9%
PEo TEWT R IBAR A, AT R F 26 (X2) S5 A X R 2 4
B (X3) F % 52 1A (=0.852%%) , fb A, KX &
R (X2) 535 118 B (X5) 2 W & 3% 1A 2% G=
0.923%**%) . AHXF K ZF 48 2 (X3) 5 tk i if 31 & %k
(X6) - 2= ML 2 & B (XD 5 B B F 7 A %
(r=—0.788*,7=—0.744*) , Ui, B B & i A2 e PRl e 4
FERIMRL, TEZ ET P B MR i S 2R AR K T e )
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Table 7 Effects of 75 mmol- L' NaHCO:; stress on physiological indicators of tomato seedlings

4% 25 % it Chlorophyll content A 8 & & MDA content FiHHE N3 & & Carotenoid content
Fi5 iRl A bk b i) . GTREZE b bGEE i)
. e MR ik R M AHEAL CK it 41 5
No. Cultivar name .+ Treatment/ CK/ Treatment/ . Treatment/
CK/(mg-g") N STC B . STC (mg-g") N ¥ STC
(mg-g" (nmol-g") (nmol-g") (mg-g"
1 Ho AR ER 2.51+ 131+ 0.59+ 42.87+ 78.62+ 1.83+ 0.48+ 0.37+ 0.85+
Qiande Fengqiu 093 b 0.08 a 0.30 ab 092 a 1.28b 0.07 ¢ 0.18 ¢ 0.05a 0.32a
2 fE 19 2.75+ 1.31+ 0.47+ 4571+ 76.77+ 1.74+ 0.59+ 0.16+ 0.33+
Xiyue 19 0.05 ab 0.54a 0.19 ab 9.62a 1.83b 0.44 ¢ 0.17 be 0.29b 0.64 a
3 " 309 2.53+ 1.38+ 0.55+ 34.86+ 78.48+ 2.36+ 0.52+ 0.35+ 0.69+
Jingfan 309 029b 0.24a 0.14 ab 8.35 ab 0.86 b 0.66bc  0.07 be 0.09 a 0.22a
4 HEMEE 3.20+ 1.50+ 0.47+ 20.80+ 74.15+ 3.74+ 0.68+ 0.34+ 0.52+
Qiande Meixiang ~ 0.46 ab 0.59a 0.18 ab 552b 045¢c 0.99 a 0.16a 0.12a 02la
5 EofEanE 3.02+ 1.24+ 0.41+ 35.58+ 78.73+ 2.32+ 0.59+ 0.29+ 0.50+
Qiande Fenruyi 0.11 ab 0.23a 0.07b 8.50 ab 3.76 b 0.66bc  0.01 be 0.05a 0.08 a
6 HfEEE 2.57+ 1.65+ 0.63+ 38.25+ 78.01% 2.08+ 0.51% 0.34+ 0.66x
Qiande Ximanyuan 0.39 ab 0.68 a 0.19 ab 6.00ab  1.05b 034bc  0.03be 0.15a 0.24a
7 BW3SF 3.27+ 1.46+ 0.44+ 28.44+ 67.91x 2.40+ 0.63+ 0.32+ 0.51+
Zhenwei No.3F,  0.15a 0.24a 0.06 ab 3.70b 3.85d 0.17bc  0.01 be 0.04a 0.06 a
8 i 306 2.60+ 2.01x 0.76+ 2831+ 79.53+ 0.47+ 0.49+ 0.42+ 0.85+
Jingfan 306 0.18 ab 0.65a 023a 1.27b 2.57a 0.18d 0.02 be 0.12a 0.25a

%= 8 75 mmol- L' NaHCO; 8 T~ EHnF0 R R B XN

Table 8 Correlation analysis of salt tolerance coefficients in tomato germplasm under 75 mmol - L NaHCO; stress

Fah5 Index X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
X1 1

X2 0.669 1

X3 0.330 0.852%* 1

X4 0.789% 0.551 0.236 1

X5 0.564 0.923%* 0.833* 0.243 1

X6 -0.079 -0.480 -0.788* -0.204 -0.353 1

X7 0.120 -0.415 —0.744* -0.014 -0.328 0.949%* |

X8 -0.285 -0.492 -0.530 -0.318 -0.341 0.668 0.664 1

X9 -0.160 -0.269 -0.338 0.047 -0.332 0.229 0.103 -0.021 1

X10 0.018 0.057 -0.042 -0.111 0218 0.456 0.442 0.808*  0.017 1

T XT~X10 F3 3l AR B2 3 AN R 2 38 AR R EF FR 8 IR R D098 B ok iy 38 AR 0 2R 6 R 8 R & it s R

TSR RECENY PR B RE.

#FI* 40 I FIRAE 0.05 F10.01 7K FAH ek i 2 A i 3% .

Note: X1-X10 denote RGP, RGR, RGI, RL, VI, STC of plant height, STC of stem diameter, STC of Chl content, STC of MDA content, and

STC of carotenoid content, respectively. * and ** indicate significance at P < 0.05 and P < 0.01, respectively.

RN ER M a A . B IR bR TR Y R 2
52O R R BRI 2 IR A 2R (=0.949%*) , &
BH R 25 7 SR e T 1 e S B A R R — i, vl [
YRS AR 2. EAE R bR R, RS
R X 5XWHE b RET B R
(X10) 2 & 3 IEA 2% (7=0.808%) , i B 2 Fh &
FOE A TR EEECNFES . NS B
R (X) 5 HABAR bR AH 1A B2 1 7= 8 g
o AR BE AT e 52 AR IR AR R, ST TR
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A 7 10 it 5 12 558 P o o, oF 25 0 i 36 B P DA R 3
Tt L 78 o R BA o mEME .

A AN B 9T I 6 14 4 e Hh 22 K A B — e 3R
NaCD #HAT e 4L, 45 R K B 0.6% K B NaCl ¥
WA 3G B R B, SR MG ST 3% Y NaCl
Na,SO,.NaHCO: fll Na,CO, %5 4 Fi £ # BE/R EE 1:9:
9:1 I A 10,3050 mmol - L™ [{VE & R Bl i% VL, 7
€ 30 mmol - L' 4 2 5 % 95 1 1 e W75 4 A4 ) i
ERIPEZE R HAT, & T H A NaHCO, 5 Pk Ehidk
AT T A SRR B T > o A T i B
ANFRE NaHCO; 38, Bi#f 7 75 mmol - L' A3 i
1 R ST 3 1 4 5 P 3 VR T R B REAE AR IE
A [R) 22 S S 2 A 110 T, e 7 PR 5 5 3 3 B0
JEE AR AT RV o

YED I #1152 22 Fe R 5 3R 58 261 AR BIDIR S
A AR, & 2 BRI — R A A B A AL
R ERE R R, i VPN B G R 2
AMEIREZ . F R W RS 8 R B 45 S 2 34T
i & AN 1 2 Bk, %07 TR AR 2 AN R R
JBEFUO AR PR R TP VRN R . AR AT
TEM TR ZF B EL 7 R 5% VR F R VR AR AL TR
JIHREEE 8 MAHICHRARIEAT F oy 43 #r , LR I —
A F AT RFAEE>1D , F 4> 1(PCD FI4FAEE N
7.082, Bt Tk ik 78.689% , i i€ K HEE K G
FRAAERT R ZEER 3 AN Tt A7 SR v
W oT ik B o 3 SRR BREOE BT A5 23 4 R Al
TR IR PR e e A (D ) , it e D (I
ZE 5 B T AN [RR S E) PR AR R 2R . R R
GuIR T W 23 A AR T KI5 3 S R
AL SR SRR L A 5 b s A ER AR, HORR
Hiti 5 PRk 35 A0 7 I SRV 2 28 B TEA OCE . AR
309 CR IR i) Bz Aok fn i GR35 i) B2 A0k Bk
CPERR ) 8 20 A s ERPEA R, IX — T 45 R A
7 126 75 A S SR AR AL 1A TR

TE BB ()T SR T7 T, A58 S A5 by 1 A5
FECE AR SRR AR N PR S I % (MDAD A
R, AR R B2 G A A A S5 B AR o S A Bt 2
F B A RS (B A R, R T £
P CLAARXS & 50 8O ARG 5 4l T A5 T 3
Bk M 2h R0 2B E MK XIRiT A
15 %y T WA (0 T B ML AT BE A7 AR — 8 AR FE B BkSL
P o 7 7 S B A R 306 7E 4N IR EL 2 OF
A RE D AHLE W KA LG PR (D EDIUE
WA, TEANER B B BRI H R 1 R 4 X

553 S WA CORIT TT 45 R — B 2w AN 4l v 91 i
s SR PEAT T AN o

AW 58 R NaHCO; B 1% #h Wb 38, o €
75 mmol - L™ 8 i A & SN 0 46 5E (1038 B P
i 3 oy 5 SR R A A W R AR B R
HREENISEVEAN AR bR, I 1% H B0 309 2488
B AE SR AT . WEFCAR S T R 4 e
AU AR ZE 5, 9 A 1 5 R e B8 sl R 52
Bt 7 BRI SRR B
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