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¥tk (Abelmoschus esculentus LYA—FAEAEY), BHRENEFNME. REFRKEFIBEMHER
R, B UK S X B K 24k Y Na FTK & B AL VR R o2« AR 5T DA 25 85 Ak 2% &y
MTABTENRGURBEFIEMMIEAEL KA 50%M100%3KE KK BHTHa 43, T80, 4. 8.
12 dETERE, S HNa K& EERKEEN R AAE. EREH, BKMEE, HKEAEANar
S EMNNat /K2R MIES, K-SREEERH FRENGESE. iR TAEERERKIEE, R
BTHZMNar, TEMHH K Na+S BN H ML T IEMKE: TAFEZMHFK-EERRCIEEHZ
NTFIEMEKEE: TAFERINa /K= TIEMAKEE, oMM KNa+ /K B3 KT IEMFEE. kM
TAERAEZZNGEKIMNEERAX Na RABERRIFEMETIRE, A W R A BERKNa /MR BAEE
BRI IR R P KA R, HERE SRR LRI E. AT R AERERKEEREK N
TirS SEHLEE LA K s £h 3K 80T b Pl B SR 4t T BB AR AR .
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Abstract

Okra (Abelmoschus esculentus L.) is an annual herb with high nutritional value. There is a large
area of salinized land along the beach in China, but there are few studies on the changes of Na* and
K+ contents in okra under seawater stress. In this study, 50% and 100% concentrations of seawa-
ter were used to treat the salt-tolerant okra cultivar Wujiaoxiangjiao and salt-sensitive cultivar
Feizhouqiukui. Samples were taken at 0, 4, 8 and 12 days to analyze the changes of Na* and K*
contents in okra. The results showed that after seawater stress, Na* content and Na*/K* in okra
increased gradually, while K* content decreased gradually. After seawater stress, more Na* was
accumulated in the root of salt-tolerant cultivar Wujiaoxiangjiao, while the content of Na* in the
stem and leaf was significantly lower than that of Feizhouqiukui. The decrease of K* content in the
stem and leaf of Wujiaoxiangjiao was less than that of Feizhouqiukui. The Na*/K* in the root of
Whujiaoxiangjiao was higher than that of Feizhouqiukui, while the Na*/K* of stem and leaf was
lower than that of Feizhouqiukui. After seawater stress, the root of salt-tolerant cultivar Wujiaox-
iangjiao has a strong storage function for Na*, while the leaf has a strong Na* efflux function. The
content of K* in stem and leaf of Wujiaoxiangjiao can be well controlled, and the proportion of K*
in the whole plant is relatively stable. This study provides a theoretical basis for understanding
the mechanism of salt tolerance of okra and the breeding of new salt-tolerant okra varieties.
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1. 518

SRR IR B AR B A IR E AR R . P E S R AR S 1 aa
L, BUEBHA L, AR REL]. EFEEEKECE RE R, R TR R R A S A, iR
0 Bt MR DO T V20 I 398 v ) R 43 T R BB AR b rp AR VR [2] o 3 b i 2R 4 £ ZE DA R T e k),
—rE IR NaM Craxtiaig e E, SECEBAMACH AL, xSt Kk TG
JEAS RFEH s AR AR AME AR IUK 7y, SHERIZE M e T SURE TE SR [3] [4]

HBEIEL T, AR AR R AR Na 2T 7T, R Na's KT Z TRl
K22 60 22 Fft g A A0 771, 5 5 1 SORTRE SR K 15 R -5 348 B LA S G IRV S 35 A 1 55 5 T A 4 9 B AT
FA[5]. Na"KEENGM, SEF-HATH R L RN KTa5GAa, 50 KNS, AR KRS
E R TR, RN R A A ) I A A A [6]. D TN R IR, AR IE Nat AR E X R
P CAREARA ML A (K Na" R, BETTSENET A B T RSAS[7] . i sh A AR R 1 5 B4 Sh A B 2 1 rp ORFF AR
FE ) Na™oh, AT (7 Na' /K0 H 2t fp 88 7P i A i) AR B O B2, R, IR Na™ & &A1 Na'/K”
BN AT it o 30 1) BB AR (8]0 T SAAE A [O]AE B F0 A A Kk BT W, it 2 A v b A Y ) N
SRR EMRT A SRR, H Na" /KA A & dhff e 25850 S [ 1076 AN R 1 O S d A it AT 1
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AR A, Z5IRERN, ERMAfE SR BUR SR R K NaT S R RS E, HBEE SRR, it
Eh A Na g B KT A EUR A, IR T DL NatE BN O RN S B s e . B
B S (L)W FEAS [RD KRR P (i SR R4 SR B, T 3 R R RS Na'Re Juicis, nT AR IE I %,
P B R B R . i SRR KRR SR B ARV FE R & s, DUE et i 21 Na',
YERFITAHMI Na*s KA, ORRRIES 1 Thag.

iRk 2 (Abelmoschus esculentus L.), XFREKZE. HMEEL. WNHEZE . EAEE, JEoodEm, 24 R
P B RE[12]. SERKZEAE 36 ERE AR AR BF, FEEDFEREFR AP AT I 2 138, HERZ AgE NS, R
BIRGEIE FRORMEMAA[13] [14]. BAKZER S E SR 20, IRITER. 4E4E K. W TR MEME
BB EINREE SRR, 224 s B IERSE[15]. B AT, TR 5 AL Hr 7E JUE 77 b R T
FANHN I UL R Rl B SE J5 D, I 732 SR 30 T AR S BB FEAHRS A b o 7K ERAF[16] [17] [18]HF 5T
T NaCl h 3% s Rk 5P A AN )y P AR KR B S A BRI B 5200 o SOHRE I S5 [ 1910 B R 25 1 A 1)
Eh B SN R B A AT T 00, AR BAKEE T SRR, & E R, PR L X . P EA
B R, WEMERTNZ 217 75 hm?, WA DU o, DU NaCl 8% Na,CO, 4t £
P30 SRATF 7T 0 A 20 R S 2 5 S PR AT — 5 A 22 B [20] o ASHIF 70 K FH 7K AL B 6 14 AN [0 F SRR 2 S
ST KR TR AN Na's KIS 2R, RS SR Ia i L, B 72N &
PRKZEHT S A B T R R o X 3R 15t L Rt 2%

2. M5 A%
2.1, e

TS &6 724 SR 2 it o I A 7 AR S SRR i P AR AR S o o AR AR 22 e R ST T BT (P [ A At
Be F 7 A E I T ) S o K B VTR A8 Rl T ACKE I B, RE08 3.12%.

22. A&

221 HBSELEIES

Pt Kb —F, M BKEE R T, FHIRIEZ DN 3% SRR FNH B 10 min, FJ I ZR TR PG 3 K. 1%
SOKEEM TR TRAE R LA EAN, B AR Y 52 cm x 26 cm x 10 cm, AN E #ifE S 50 7T,
JRIIRME N 5 cm x 5 em. BEASERAEE 3 £, BEUHR 3 RLR T, fR TRV R RIS, REUCE 1ARET. PR
FEHHALIR E AR, A KB — O AT K b B

2.2.2. 3K BmBA-TE
BEE 50% (T1)M1 100% (T2) 2 MEF/KACEIRE, HRKFEFE N I(CK). TG T1. T2 1R E
8 50%, 22 K T2 FIIKRESE SN 100%, LPARE L4018 28 SRl 52 sk B £ e iy 3 DA B o

2.2.3. MEIBIRR T

AT AE)EE 0 4. 8. 12d HHATHERIE, A&, NS K&, —RER.

) P R TR A AL R BEALIE R 5 U, HERRARIC, B S A Th 1 B

FEREURERT A PR Y 3 AR, BB AT R, ERACK IR S e g, RERE
RATEEE, PR, WRKREBUR R RIS BHEIR. 2. 8, B E T 105 CHAH
AT, 80°CHLTEIEE. HFEM B A, i 100 Hif, #ERIFRIX 0.1000 g, HMAHRZEREN, A
10 ml ¥R & A 100 mmol/L ) ZERAE 90°C 25 1F FHREL 2 h [21], FHKJEEREHHIE Na'fl K* 4 & . Na' & &
K S BRI A A Na' /K
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WA T1 A T2 PIT IR K AL PR SRR AR AE T R B, T s R
2.3. WS

Ffi Microsoft Excel 2019 347 %4 %3, SPSS 21.0 #4347 548 B it 43 Hr o
3. ZB{RE S
3.1 HIAERMT LR

1 AN R AR P i K A BRI R S A T B R v v PR AR A IR A K A B S B KBS AR TS R
F LA LVEW, JHAHHMTE KR, TofE RIS s, A E g T AR . b
HEOCAE, S Wb A I B v AR AR L3 BB, oA B RENER 0d 228 12 d (e = S K& 6.42 em, JEIM
KFEN 572 cm, TAFELLIEMKZER K EZ 0.70 cm. 7 50%iE /KA B (T 444, WAt e
AR HBGE, PSS 4d TS 0d L Z RIAEE . TAFENS O B 12d WinHE
WK 3.94 cm, JEINFKZE N 2.22 em, EAFELAEMKCERIG KR Z 1.72 cm. 75 100%if /K 403 (T2)
SR, PR SRR Z B ES], KON, BEARIREIIEEER RZARE . TAE
B 0d ZIEE 12 d I M U8 2.02 cm, JEPNAKZEUN 0.96 cm,  TE A & AL L AR N AR S i) i s Y K i
% 1.06 cm.

T E NI 50%i KA f5 A5 T 47 K, ARMMEKZEAEIE T 33 K, AE AR EEZ /70
14 Ko TAFEMNITUE 100%HE KB G T 18 K, AEPBKEHUAARE 7 15 K, LAFELIARMKE
ZAEE 3 R WHEm ARG RET VR, oM AR K AR B 5 LU RPN 28 B B2 1 P e 1
KEASAERE, UEHEMA & AR RGBT KT 5268 71, Rl /2 1E 50%iE KA FE A4 T,
X 52 58 70 B 2 7 5K

Table 1. Comparison of seedling height and survival days between two okra cultivars under the seawater stress
= 1L OBKIETENERERMESNEER BB

N #1195 (cm) 735 T (d)
b3 R Seedling height (cm) Survival days (d)
Treatments Days of investigating
T AEHAk 2% T B[Rk e
od 12.12d 12.10d
CK 8d 16.36b 15.82b
12d 18.54a 17.82a
od 12.52¢ 11.90c
50037k 4d 13.22¢ 12.28c¢ 47 2
50% seawater 8d 14.68b 13.16b
12d 16.46a 14.12a
0d 12.38c 11.96b
100%37k 4d 12.98bc 12.22ab 18 5
100% seawater 8d 13.88ab 12.54ab
12d 14.40a 12.92a

[ F A [ - B R AL BRI P < 0.05 /K P Z 57 B3 .
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PUESI:

3.2. MEKAMBX TR EEAN Na" FEHER

RNT TR RN KA B E AR ) Na™ il KP & 2 AR LR, 7R /KA HEMEE 0. 4. 8. 12 d
XPERKZEAR . 22 1 Na'fl KM &7 ile, SR wE 1 o, BKEEZENEKNAS, AN Na'5
BERWGMIES, SHEE NaGELEHERNR > £ > i, 50%i# KAL) Na™ & 2 AH o Bk 1
B, 1009 K AL B Na* & & fe . AARERI (] Bk, Na' & &7E5 4 d #1 8 d A ROEK, 2 12d
SRR REE, 5 12d 0B KESS 8 dMEtL, ZEHOKLMR/N. ik mF AT EER KNG,
RPRRTRZN Na*, EBEURGFEENKCE R REAAE D A fEA AR, TAEEZ
Ak Na™ & & B RAR TR PNAKSE, X 22 T 7E 50%if 7K Ab FE I R I F) L I 4
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Figure 1. Dynamic change of Na* content in root, shoot, leaf of Wujiaoxiangjiao

and Feizhougiukuiokra under seawater stress
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ofF
El
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3.3. \KIME B EGER KB

HKEHE TN, BAKEER. 25, i) KNSR EIEH RS, KEELraA R > 2 >
2)o S E 500%IEKALER ) K* 5 E%ﬁmmwTh%FﬁkJm%mFTﬁﬁT%,@T%@E%EW
2% . TEACFRBIIR] b, PAS SRR b3 ) KPS i AE 20 4 d IR BRI RN, 58 8 d R8T I%,
ui%@m¢ TATESIEMIKZERLL, W K E BRI E % I R] f AR A B 2 R, Tﬂm

REIEA RS AN R AR EE S AT Eh V. W KARTRSE, TC A A R AN K BRI R P
m%#W%g,%%@m% BTG A7 A 5 b 3B KB B MR A e
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Figure 2. Dynamic change of K* content in root, shoot, leaf of Wujiaoxiangjiao
and Feizhougiukuiokra under seawater stress
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PUEE

3.4.

BB 3 BRRNEREFA Na /K B9S2

HKEHET, BT, 250 i Na" & & BF, KES® R, ik, Na/K 2 KRS &
Hagh (& 3). BT 50%IK i K AL Na™ & & EL 100%3K6 AR, 1 K & &, Bk, A5 A& 285 50%
R AL EE I Na' /K B BAK T 100%3K . fEACERRS (] I, 8RB IMHEE 4. 8d KiEHAE, 5 12d Ft
R IR (1 S s, UL K AR 2 12 d LB B AK2E Na F R 10 B PRAD KPAMHER FIR . A&
BEANAEIN BTG A SR PEAS [ G SRR TE Na /KT B 22 5 s i &, el 25 R Na' /K™ . 7EAS [F) db 2

BT, JE A A AR Na /K T ARIHAK S, T 25 A Na™ /KU B AR T AR Rk 3%

fRNa*/K*
Na'/K* of root

ZNa/K*

HNa'/K'
Na'/K" of leaf
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Figure 3. Dynamic change of Na'/K" in root, shoot, leaf of Wujiaoxiangjiao
and Feizhougiukuiokra under seawater stress
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XE E

3.5. MBKAMBM HMEEFA Na's K'EERES BTN

N T B KINA G Na' R KRB RRZEAR . 25, P i (b A, IS 38 B3t — A0 2E 12.d 9 Na™ &
B K EEES AN, f5HEE NS EN K200, BHSEE NaF K S8 5 BRNE 2 ok
ST AR K A J5 R Aot . B 4 mIA, oM RELEZ B 500K BEE K INAE fS, AN Na'& &
i PRI B MG R (1) 40.79% 42 1= 2] 54.28%, TR Frrh Na'™ 75 & U] B 32.89% %K 31 19.21%, 100%if &
WK JE Na™& B 5 85 B o ARt A A o RN TE 52 31| 50%IK FEHE K f5 , MR AN Na*
A% 5 BEPR IR L B MG R (1) 37.96% %2 =1 2 43.10%, MR Na* & & 35.80%F# %2 26.21%, A Na

ST AR BE RN Fr Na™ 2 2 B e B R AN TG A A 4 o U B I 3 ot PR 7E 52 31 2R 0 8 5 AR A% Na®
E:’ﬁix?%ﬁ’]i’?ﬁ%ﬁmm W UL E A e ) Na oM e

KA S, TR ERAR K*Agﬁﬁﬁt@mﬁﬂﬁm 33.91%74) 1l =1 E1| 50%ifE 7K [ 36.75% A1 100%
MK 36.79%, ZEFIR: K*E & b Lo FESE BRI, (HFEIRIR/ N . JEINAKER R KIS &G EH
X I (1) 31.27% ) I 2 15 1) 50%13 7K (1) 41.84% 1 100%7HF 7K 1) 42.53%, $= /M8 W i T =8, ik
A K& 7 PO B ARR BE ZEt R TIE A & B . ULRHI 25 it P/ SR W8 J5 BRI G i 4 ) 22 A e ) KF
TR, HAERFEN SRR IR E .
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Figure 4. Distribution of Na*, K* in root, shoot, leaf of Wujiaoxiangjiao and
Feizhougiukuiokra under seawater stress
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Mg E

RIS T REH R EVINNE, AMEATEYE S BN R FEER, S EYAEK R E D) H AR B 7 =4
HeFesa e . BRI, BFFT R TR Na' il K& BARE . XISAL 0 A 4540, o B AR A4 (0
i AT B 28 0C 7 B [22] o AN TR 5 SR 5% P G A A RN SR BRSSPl AR 25 1E 4T 50% A1 100%
WRIEE K B A3, 3 b P AT SR PEAS R S R i K 52 R 1 22 53 e Na's KO /R O RK 8 454
B AR AR, DLABA B B RK S AT R ATLER A AN [ i 6 P PR AR MK L (0 2R BEAR B 22 5

HYRAKE, SRGWEE. FRE. ARKE. BfE, TES, WER AR IR Sh ik
JE FIFEFR[23] [24] [25] [26]. Z5/RMAFRE o SELIRIMARZE2710H 5T 4 P+ LR AR i S5 1 I
B, EMIFIERIREEMA T, 4 MRS RECE R AR Liu Z5[28]38 ik 4 A7 15 R A 3 35 403
YE T 708t /KRG AR BRI Eh v, X AN EFRE AL R S RIS E AR R, UL R EL
WA DA A 3 1 %5 0 (B R AR . AW 5T DA i AETE RECH TR R, S0 UERN 25 3 Ak 25 i A 0 M &
BN AR AR S bl YA 2 X W K 3 TR B2 1 25 5, 45 R I, 50% 1 100%3K FE 1) vk /K A 45 15 G 7 A
FEANAEMRRZE B = AR K2 B T TR E ] . 50%IEKALEE TR, TMEEMNE 0 d BIE 12 d E s K
wEILARMNAKIEZ 1.72 cm, 1F 100%:iE /KA R 2 H 1.06 cm. TE & FELE 50%iE /K AR EE 5 FA7 15 R A EL AR
MEKZEZ 14 K, 18 100%iR KA G2 T 3 Ko AUk, AT mAIA7E R AT DS et 6 ff 75 2 LR
FREEBAT AP REKIN 286 1. 3 ah, PIANMEIRISTE AL B J5 WA SRR P2 A T BRI 22 5, 52 50%
W KAREE, X AR K AL B S AN R SR Na™Fl KT8 A8 (b U it 70 B 58 1 At

16 F A TR FE PR K A BRASEAS [RI A R 7= A B R g R 2 S R AT R D R PR A T I B BT 4R . AR
Y A — YA [E] A B AR E, R, T EARYE B SR A R B AR AR . S [29]
KAWL 10%. 20%. 30%- 40%- 50%HJHE /KA w3324, 45 R R, w3ESEMRLE/N T 300%if 7K
MR S E R AR, HERSESMERERBALE; £ 100 KEHET, KSRESXEERAR
B, T30 EIKIE N 0. 10%. 20%. 30%. 40%. 50%. 60%. 70%FIHE/K A 4h it 4T i
Wb, ZEREIR, FEARETE 0%~70%iE K Wrid T 5e ARV 5, H 10%~40%ifg /K& FE AR it 1 AR B )3
e PEFEERUAMIKE N 5%. 10%. 20%. 30%. 50%. 100%[FIiHFKACFR SRR ZELN T, 4R EW, &
0%~20%fI% IR i /K AL R, BHRKZEI A R & AN G S R Y B IR A TR R = 1K, R RS
THRARE . AT ER, EKEERIE R E B p A K [32]. LA RRFFEIRA, 30% LA MMEIKE
(i 7K AL B P B 220 A A 2 Bh S %, DU AR B R ROk 22 s 1T G 2 A S5 A U m] LATE. 70%04 i
KR SERARE 5, BT CART DA B B AR IR P U /K T A 0 04 B A i /K IR P 100% R AR 2R L RK 24 7E Ho
I SZ RSB R, AR T 50%F1 100% F5 A KR EE o 50%ifE 7K BETE BN IORE RS [ 5 3875 1
BABARESIVERIE, TERIRT R A OB G 3K SRR IS BUR KI5, I (8 T BRI 2 . A
WUt AR, ik s Ak 28 SRR XEE N 100064 /K AbEE, 78 A A 1] Py 2338 AR AR PE T

TR K e G, TR SRR S A A AR 0 Na' & & T SR BUS A A lE AR 2%, i 22 Ak A
Na" & EZM TRk SE . X5 ESAESE[9]. T FBESE[33]. T BB SE[1110F FiA Rl Lt 1) h . /N
FKFE AP Na* & R — 8. W B S5 [34]RF 78 /N2 fiid 5 PR AN 7Kk B S (18] 5T B Ak 25 d #h M 1) 45
K, i RN AT RKZE SR P ) Nat S B AL T S U A, IR TR R I B A SR A R,
AT R A A ) R B BSOAL T AN [F) R B A 0%, BT b MR 5 1) P E B N B R Natab
HeRe 77 [RIRER SRR SN #h S0 50 50 5 AR T 25 SR IF A — 3, AT Re R R B ide O RK 25 A (] 35k IR ) J&
B2 PR TF K B A5 18] 5% A B — £k NaCl 1T AT 77 33 Mk A B3 1 0 22 57

EEWH
VL7548 KR A AN 2R R H (202110304082Y); Bl i RH 1155 H (JC2020156); H [ Al
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