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Abstract

Objective: It has high temperature and heavy rain in summer and autumn in Hainan province,
screening cabbage varieties with high-quality, high-yield and heat-resistance could provide guaran-
tee for cabbage annual production and meet market demand. Method: On the basis of the introduc-
tion of green stem nonheeding Chinese cabbage and dark green leaf nonheeding Chinese cabbage
varieties, the varieties tolerant to heat and humidity had been identified by the investigation of
agronomic traits and evaluation of heat injury indices. Result: The data analysis results showed that
4 green stem nonheeding Chinese cabbage varieties, including Huaguan green stem F1, Zhongguan
green stem, Hanshen No. 1 and Huaxia wang, have strong tolerance to heat and high yield. 4 dark
green leaf nonheeding Chinese cabbage varieties, including Baimei gui, Heijin Gang, Xiaxue and Siji
cabbage, have strong tolerance to heat and high yield. Conclusion: These 8 cabbage cultivars were
suitable for growing in high temperature and humidity season in Hainan, which could provide more
varieties selection for the cabbage production in summer and autumn. This study laid a foundation
for the identification, evaluation, breeding and popularization of heat-resistant cabbage cultivars.
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THi[4]o #5982 AT B8R AL 50%, TmARER L TR, Bk, My Bt e 2 ik
B SHE2E 0 ORI I R B T I A BTN D X AN B T IO A RO IR RN . e i 22 5F
Mt faE S RAEEE L DAKNAAGERAZE, P RE, BT+ e =Ry, £RES
TRz, ARG ATRAEAE PSRN, AR B AR SR KRR . A
KEAEAE, FTX - FEFS M, HUK & BERENE, ERFEEERE SBUNASAEK
8 PR AR, SBURRE. DR R T EMRISEILR, Hp RS B T .
LR BT Uit DI AR R [ ) B AR ARIE & 1 2 NIV ESE8T i i o 5 IRAE[S T & HY 1 TR k4
EEAT I E MBI AL RN A M “ a7 o 7/ MREF[6IE T E T RKITH
TUAIX R Z AR IR TR R AR S IR RE RN AR ST . ERA(TIEE
Y3 AT T i X R A e i R R U AT R R —— 5 5R 1 5. IRIEAER I
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KU i A = R B P A AR TEUIN ALY ASHIT FEIUMAE B T5 /1N SRR S /N 9 35 it o 1 il
b I R A SR AN A T B R TR R A S R, i R R R A P PR A R A B

TS BB SR BB
2. MN57E

2.1.

RS

AWEFELL 24 /N ESE AR GEE DA 17 4y BN B SRR CE 2) iR E k.

Table 1. The varieties information of green stem nonheeding Chinese cabbage

= 1. FENBEREMEIR

s Ey i YLk R

No. Name Varieties characteristics

1 BEGEITH) A, B, RSk, T, TR, RRRUALESL, PWRRSZILE.

2 EHHIGR 2 ) AR, R, ARKPUE, ABLRESE, MRS, AR, SURRHE.

P RREMHLR SRS, ST, i3 OB, S5, WS,

4 1= 206 PRAUSEN, HHEEREE, MCFROGH, HANTEE. RE e, EEICARE, Sl ARSI
5 M 82 MRS, MRS, BRIZESLEREE, R, SRS 30 RAryi, DG, SR,
6 FiRHOEER) WRIBESL, Mgk, WEeHE, BEEE, mmRete, WA, fhdidn, R rRiz.
7 EIETHIETE RS M AATRIE, PUPESR, PRELRRE, KIHBR, PSR, REAE, MHOmL.

8 e T AR, WEAESL, AR, BOTRL, MR OBCr, MRS, JUNTESE, .
R EIBIRR, R, B, B, I 40 KR

PRAURE AL, B IR, R

10 A5 5L Fl A, SRR, AKHEBEIR, WA, HAOCEEL, BUERIRGE, PHRRLRE, PREVEST.
(RENIE =y R IR/ PRI R, AU, R, TR EE L .
12 AT T R HA R, HRAESE, P, HEER, W ESEAIRE, WAE. TR E. TR
o B KiaE Soxk s pmen
14 e Pl %%EE,KE,W%%@ﬁ,ﬁéﬁ,%ﬁtﬁﬂy&ﬁé,
P2, FBFE 30~45 R PRILEETY, T SEMHAHE -
Is @ik 6 SR MRS, T FEAK, BREEESE, AERIEEER, SR, HATR, DL, RS,
16 HHFHIEIL AR AAHERE, MHETRIE RN RSO, TR, B, HAE 30 Riksk.
17 WMEAT WM, ESLY, WHWTCE, kARG, DURRER AR RN, A E
o+ oo T
19 FAGEIT A PREAIRR, SKORMHIE, MEARIhER, MR, MROUCRIE, EREEST, .
20 HIMT R MARIEERALIE, FRIF, MR, MEsRak, PREE R,
21 TR PREVESL, ZARAL, WA ARG, RS, gk, AT, TR
22 JUHHHETEIL AR FERHERE, MHRZERRIER 2iRak, AR, 5%, #HAE 30 Riksk.
23 BE ST F WA, R, FERRERSE, PR, W, WRE, R
24 ZE[E A 7 PRIZESL, WHRETE, i taiksg, R, G 3045 KR, PREVEEST, MAHE.
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Table 2. The varieties information of dark green leaf nonheeding Chinese cabbage

= 2. B/ phEEmEMER
e Wik FFIRETE
No. Name Varieties characteristics
| 1ok VRS, WG, O, WK, AR, R
- BBRR . A, SR, AL
2 RERFREERTEH O WHIKER, R, BRI, SR, okl
3 MR R Bt BiR, FAUS 15 RUGE.
4 IENSES RIS, (36, AR, DUER T, IR, L.
5 D A 13 R, AR, JRRE 28~30 KR
6 DU R I 1 52(208) BB, L, RO ERRRRFL, RS, SRS 30~60 R
, - BRI, TERAEK, HAMERR, SRR,
‘ # MRS A, D, EKZE 22-28 Rk,
I BRI W, B, BT
8 RHBEERIRRAGIE) RIS, BRI, R, SR, KA.
. . B, R, Wk, W SR,
s TE, BTG, 4, L.
10 T g B 13 s IR, T PR,
o . R, S, BRI, MR SEETE, RN,
1 AILERR AR R, EFUE 30-35 KATHGK, SURT.
’ - BROMEE, VLY, WA, A6, WS, A% VIR, I,
s (6, JRE 35 RIGHGE, AR, BebiR, 4D
13 PR R R 5 I, BORRLIE, RS, B, OHEIRKT A, KR, B, 5.
14 SR BN 15 HOMBE, R, HEF 35 TR, WEAIRAE, WRRRIRIE, 4GP SR
Is e BRI, WEVES, BHRRE, DG,
16 FURPIB IR FIsss) MMM, R, HHakE, WL BHREIEE, TR . S 30-40 KUK,
17 %9 KR, W, B, T, B

2.2. REBRIFPE

I T 2017 4F 7~8 FAE [ #GHT AR MV AL 27 Bt #17 AE ) b Fob B2 P 70 T S0 8 b Je SEI6 2 3304 T o G R
ORI . B — ., TR R ERR T BT O iy, BENLX A, B XEA 2 mE, S REH
M A PRI . PSS 25 REANEERI 5 SRR ZIER. BREEHRFE 27CAH, B4R
FEYEFRAE 37 C LA .

2.3. AEREPE

SRR SR 1T AT VAR AR A TS AT 1R 5. IAERREIR 70 b v

0 %
1 %
3%
5 %
7 R
9 %

TIRFRER, FRRAERIEH

TR H I 30 < SiRm A2 1/3;

SRR AR 173 < FERRSZF M R 8 < bk 5 1/2;
SRR R HUN) 172 < FERRSZ T R 8 < axbki £ 2/3;
fERSZ F R 8 > Akt 5 2/3, (HORSETS.
fEMRR BTG ERSET .

PEFH =3(X x Xi)/A x N,
X: RERFEREG Xi: R X BERBEFREG A REESSEG N ARRIFE LS
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2.4. WIESH

M SPSS BRAF X Bt #EAT B2 2= 7 AT
3. ZRENH
3.1. B/ B3 AmFTGE

IR RRAE 25 KJG Geih & 5 /0 R SRR IR, e 52 F1 MRmdmr, 18 25.19 em, HARYE
LR RN, N 18.00 eme HETETH RAE FI. _FHGYEE). JCKIBMHF T AZE. RMHEE LiEE.
M RAE—RNEASE. &R 82, HdH . MU ACSKIETL AR, 5 206 Mbkm LR BN ER, (HS5H
©1S I APEHAIAE AR R 2 22 S e T SR F 1M IR K, N 15.38 em, e H SR KR/, 79 9.98 em.
HEHE R FL. EAH . EMET BIEH . s RN asE. & 82, ik H M F KL RE
MRS, SHER 18 M KAERENES . FSIEE R 55K, N 10.81 cm, HAEILA
St BE i/, N 6.52 cm. FHSEHMEE MG, JORERUEISTLASE . RS F1. B AT (A5G
EWER, SHL 20 AMEE M SEAEEEEER . B E R FI %R, N 231 em, HABITH
SEMTERR/N, 152 om. HEE M F1. @R —AUNESE. PEEERmE LR ENER, SH
AR 21 By ADRHAIE B8 A7 7E 25 1 25 R (32 3).

R AAE AN SRR R IR, N 63.03 g, HANETL SRR iRy, O 35.87 go MRIIAAS—1R
INEZE, GEFIE . HEHE S FL. Fik 6 SEMEE. HEARE . P ER . DU ACKIETT AR AR
TREER, SHE T GMEAEEREEER . Wah—SH3 F1 4 RS i, N48.54 SPAD, X
SRMEIL A SR S BERIK, N 3623 SPAD, RaE i FI. EINHIEE, R —R/hEak. &
fif 82 HURE R, e Ml 7. ATEERESE. DUFASIBL e WA —SHRZEFL, B FHEE. EHWI
42 °5). 1206 M-SR ELEREEER, SHR 12 MMERAEREEER. Wk —RINE%E
FrERE, N 28,684.20 kg/hm?, HAHIT (A~ B HK, M 13,258.35 kghm’s FREAZ—UNESE. Kk
BIETAZ. B EM FL TR A, PEd . FBRIEEEE. A —SHEE Fl. 4B
HEICE, EMAILE2 5). 18206 MR LR EMEZER, SHA 14 AR BAAE R 2 R 3).

PEFRHOEE NI RN ER S, 8IS LU AN A RN S R AE R BRI, SRR . B
A FL. EINHEEE., fodHa., A HFEE. Wah— 55K Fl. EE TICE RSN, 8
TR A LU BRI BN SRR, TTREENEETL AR, HABILAZR., BiEAE. WERICLEL A
M A FR B K, 8 T BB B N (SR AN (R 3).

S REMRMIAELRE, LZE 0 RI, HEE XM FL. P H R, Wal— 55 MK F1, B £
W RS, PR, & A TE S s R T

Table 3. The agronomic traits and heat injury indices of green stem nonheeding Chinese cabbage varieties

*® 3. BRNERGSMRZMREREER

[=) F=n K o o
o #7 Name e L o Lt it betolewid

1 SRR 22.02 + 1.54efg 11.38 + 1.03efg 7.14 £ 0.96efgh 1.80 +0.22¢d

2 KBFHIL AR 24.48 + 1.10abed 13.20 = 1.54bcd 921+ 1.22cd 1.60 + 0.18de

3 BE S F 21.82 + 1.25¢fg 11.88 + 1.47efg 7.53 +0.79efgh 1.74 + 0.20cde

4 I HERNETEIL A3 21.72 +3.21defg 13.43 + 1.41bc 10.43 + 2.03abc 1.86 +0.23cd

5 Mt M FL 25.19+2.85a 1538+ 1.72a 10.48 + 1.51ab 231+0.17a

6 HAHIT A 18.00 + 2.48h 11.42 + 1.63efg 6.52+0.96h 1.52+0.27¢
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7 FiEYER) 24.76 + 3.11ab 13.54 + 1.55bc 9.26 £ 1.36bcd 1.73 £0.19cd
8 ik 6 FEME 21.94 + 1.72defg 11.27 + 0.69¢fg 7.70 £ 1.04efgh 1.83+0.21cd
9 EAH 22.19 + 2.44cdefg 13.67 + 1.73abc 10.77 + 1.48a 1.87 +0.23¢
10 H b 21.14+0.73fg 11.66 = 1.41def 7.63 + 0.78efgh 1.82+0.16cd
11 EMEE bilgE 23.09 + 2.98abcdef 13.83 + 1.36abc 8.04 £ 1.51de 1.86 +0.29¢cd
12 SN E P 21.07 + 1.32fg 12.69 = 1.11cde 9.47 + 0.58bc 1.81+0.23cd
13 WRAAE—RNERE 23.92+2.37abede 14.8 +1.29ab 8.11+0.59de 2.26 +0.24ab
14 S 82 24.86 + 1.39ab 13.98 + 0.87abc 9.47 £ 0.74bcd 2.09+0.15b
15 o et A 24.66 + 2.49abc 14.20 + 2.55abc 9.24 +0.73bcd 2.27+0.30a
16 A UETI I 1S 21.50 +2.37efg 11.81 + 1.93def 10.81 +2.15a 1.82+0.16¢
17 ZRHE S 7 20.02 + 1.62gh 10.77 + 1.44fg 6.80 = 0.83fgh 1.79 + 0.26¢d
18 7 et T AR 22.51 £ 1.71bcdefg 9.98 +1.52¢g 6.53 + 1.41h 1.73 £0.17cde
19 ey NSNS B 23.61 + 2.47abcdef 11.58 + 1.76efg 7.72 £ 1.67efgh 1.66 + 0.33cde
20 W —SH R FL 21.32+2.13efg 10.74 = 1.51fg 6.67 £ 0.34gh 1.78 £0.21cd
21 HH TE% 21.6 +2.48efg 11.43 £ 1.11efg 7.90 + 1.10efg 1.81+0.19¢
22 PR (FFIT ) 21.70 + 2.04efg 10.81 + 1.23fg 7.26 + 1.16efgh 1.80 +0.19¢d
23 FHHIZE 2 5) 22.02 £ 1.71defg 11.11 £ 0.89fg 6.53+0.57h 1.76 £0.18cd
24 115 206 24.59 + 2.25abed 11.54 +2.76efg 7.97 £ 1.60ef 1.69 £ 0.19cde
Fre ey HRRTT R (g) 4¢3 % &= (SPAD) eE 2 IEIREL
No. Name Weight per plant Chlorophyll content F(hm) Heat injury indices

1 e 57.82 + 5.16abcd 39.83 £ 3.67def 18100.65 + 230.34defg 0.132

2 KBTI A3 51.95 + 7.39defgh 36.23 £ 4.07f 23336.70 + 223.12abcde 0.252

3 BE 5 HMEFI 45.26 + 4.67fgh 41.6 + 6.65bcdef 20651.85 + 667.38bcdefg 0.375

4 IR M INE 54.57 + 7.42bcdef 37.22 + 3.68¢f 19926.60 + 277.56bcdefg 0.495

5 HE5EH M Fl 62.93 £ 13.08ab 48.03+4.72a 27221.85 + 104.24ab 0.195

6 HABILEAE 35.87 +3.53i 39.08 + 7.29def 13258.35+ 77.28g 0.585

7 FiFREE) 52.13 + 6.99defgh 41.3 + 7.54cdef 13773.60 + 400.28fg 0.412

8 ik 6 5HE M 56.31 £ 6.54abcde 40.57 + 6.58def 18350.85 + 719.02defg 0.389

9 WE A 55.72 £ 9.76abcde 41.8 £ 6.15bcdef 17858.85 + 138.37cdefg 0.446

10 H ) RsE 49.12 + 12.88defgh 43.48 + 7.42abcde 15799.50 + 66.00efg 0.185

11 FREE LigE 50.55 + 5.56defgh 37.39+5.21ef 13298.25 +220.33g 0.278

12 TS VL A3 42.64 +7.71ghi 41.01 + 4.21cdef 26654.85 + 225.64abc 0.322

13 R RAE N AR 63.03 +6.14a 48.31+3.98a 28684.20 + 1555.26a 0.425

14 S 82 48.25 + 6.35¢fgh 44.08 + 8.58abed 19326.30 + 137.27cdefg 0.466

15 o 7 A 60.97 + 17.49abc 37.93 + 4.15abc 27246.90 + 187.43ab 0.131

16 B G R 49.20 + 7.08defgh 38.11 £ 5.21def 24262.20 + 133.76abed 0.365

17 R A7 48.59 + 6.45defgh 45.84 + 6.64abc 18570.90 + 128.53defg 0.232

18 A H S 42.38 + 10.85hi 47.04 + 4.33ab 20530.20 + 354.67bcdefg 0.126

19 W ESy SR INS B 54.83 + 9.23abcde 42.58 + 4.71abcde 17863.95 + 114.05defg 0.463
20 WA —SHRE FL 52.79 + 12.56¢def 48.54 + 5.06a 23044.80 + 125.12abcde 0.188
21 HH FEI 51.26 + 11.19defg 47.27 + 4.92abc 21385.65 + 87.83abedef 0.145
22 WA FEILA) 49.07 + 8.09efgh 39.48 + 5.88def 20460.30 + 191.50bcdefg 0.422
23 EWAIG25) 50.14 + 6.37defgh 4273 + 9.81abede 22694.70 + 81.04abcde 0.363
24 i 206 51.18 + 5.26defgh 47.38 + 5.58abc 22311.15 + 263.34abcde 0.355

Tee ASAV/NG SRR I TR0 1) 2 53 0.05 B35 KF
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3.2. BB AmF L

A 25 KRG Guit& Bt/ A AR ERe, VS ZEm M ek, 9 3411 cm, %9
M/, 1244 em. BEVZFEEBEARSHAR 16 RS R B EEZE R, BHPARE. K9, FF
MG AT IIAT R RN, SHR RN ARG EER RS . SV MET A K
K, N 1644 cm, &9 MK/, 47.90 cm. GEVUZER AT ESE. BAR, U PY 2R R T ESE 555,
FIEARHENT FE, TR R (SRR K E R AR, EREE TR 12 B AR BN
M9iick, N 1456 cm, 2% 9 M9Ef/N, N 9.46 cm. BEER. AFPL. R RIS A3 555, 4458
A ASE WEAR. ERASCERT AN, | BB R fsgnm 2R A R, SHAK 10 Mk
MR RE . R AN ATTE R, N 2.47 cm, FPRIZER BIHALEE T 316 WiTERDN, N 1.63 cm. 2%
RMRFRIRAZE . Z2 9 BEYESKANG ZRAEE, HREmTHR 14 OEGEE 4).

FIERRAR T R, 9 99.10 g, WIS SR RLEE 1 316 BRI i/, v 52.98 go FIECEA.
SN R P R S 555, AR KIR AR AR R R E R AR, HEESTHA 13
U BN R . B9 MG RSB, N 51.54 SPAD, SENZE M AEH S XS ERIK, N
27.66 SPAD. Z 9. FR#IE 3. FIUEPYZ=rb R - EF 5% 555, A AR BRI B S TR i S a5 B A
ROBRERARE, MEEFSTHR 13 0EH/NASESM. AR KR A~ 2 m, N 26,238.15
kg/hm?, % 9 PEEHAK, A 12,572.85 kg/hm®. AU ARMAZE. AFBL. BER. HimAzk. 2
FAE. WEAE. e Er g g LR EEES, HEESTIHAM 10 B a5
Pl 4),

PEFRHOEE /NSRRI RS, I8 I LA [F) BN S R A E FR ORI, B2 R
PR, 2R 9. AR, EEN. BEPAZE. WRAR. ERACENAZE. PRz 2 aEn
316 M B8, A T Y = v R S A B 2 (R 4).

A REMIRMMERE, a5 RN, ABEE. BE&R. EHEE5. TUZE A5 A e,

Table 4. The agronomic traits and heat injury indices of dark green leaf nonheeding Chinese cabbage varieties

4. BEMPNERSMRZMHREREER

T 2 P wi(cm) 4 (cm) %8 (cm) i (cm)
No. Name Height Leaf length Leaf width Petiole width
1 #£9 12.44 + 2 44f 7.90 £ 2.04¢ 9.46 + 1.48¢g 234 +0.43ab
2 [SELE 25.80 + 1.42¢ 14.72 +1.53bc 13.52 + 1.42abcd 1.97 +0.23cd
3 AN 29.12+2.27b 16.36 + 1.86ab 14.56 + 1.53a 2.14 £ 0.34bc
4 LR RAISES 19.67 +2.94d 12.10 +2.62d 11.57 £ 2.92def 2.00 + 0.28cd
5 FIURPY R R 83 555 26.59£2.71be 16.42 + 0.87ab 14.23 + 1.24ab 2.16+0.31bc
6 FASMR TR 3 20.94 +2.00d 13.46 + 1.24cd 14.47 + 1.69a 2.47+0.18a
7 HEP A% 1548 +2.11e 8.23+ 1.19¢ 10.20 + 0.75fg 2.38 +£0.22ab
8 FIlAR B 27.09 + 2.14bc 14.77 + 2.33abc 12.67 + 1.86bcde 2.03 +£0.29¢cd
9 B IR I SR 25 (58 27.02 +3.47bc 14.49 + 1.13¢ 12.60 £ 1.17cde 1.90 £ 0.34cd
10 UESSE 26.88 +3.19bc 14.52 + 1.03bc 13.29 + 1.96abcd 1.96 £ 0.24cd
11 SR B NS 34.11£5.71a 16.44 +3.05a 11.44 £ 1.48ef 1.83 +0.23de
12 DU Z= v iR A 13 208 27.32 +3.19bc 14.08 + 1.89¢ 12.38 £2.01cde 1.94 + 0.24cd
13 F AT M 2491 +1.20c 15.04 + 0.92bc 13.40 + 1.63abc 1.96 + 0.23cd
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Continued

14 I R N S s 26.87 + 3.12bc 15.41 £ 2.10abc 13.12 = 1.24abed 1.80 + 0.26de
15 B2 3 27.88 + 1.56bc 14.41 + 1.86¢ 11.46 + 1.06ef 1.82+0.39de
16 e b L3R F 316 25.84 +3.12bc 13.93 + 1.14c¢ 12.42 + 1.86¢cde 1.63 +0.23¢
17 AU i B A3 26.38 + 3.70bc 143 +1.83¢ 12.67 + 1.86¢cde 1.97 £0.18cd
75 E HRR TR (g) H-4E % & E(SPAD) P (hm?) MEFREL
No. Name Weight per plant Chlorophyll content Yield Heat injury indices
1 #9 54.42 +19.49de 51.54+7.35a 12572.85 + 30.98d 0.276

2 FIE 99.10 + 19.82a 47.10 £ 7.29bed 24787.35 + 72.06ab 0.226

3 B4 89.51 +22.16ab 43.54 + 6.39de 25596.15 + 197.09a 0.295
4 SRR AISES 62.35 £ 21.96¢cde 49.43 + 6.49ab 19342.95 + 160.76abed 0.376

5 DYz SRR 3 555 92.97 +20.06a 49.22 + 5.10ab 17450.40 + 140.24bcd 0.375
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