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Abstract

Developing heat-tolerant maize cultivars represents a fundamental approach to addressing the
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challenges posed by global climate warming and mitigating the detrimental effects of heat stress on
maize production. This study aimed to identify maize varieties with superior heat tolerance suitable
for cultivation in the Shangluo region. Fourteen commonly cultivated maize varieties were subjected
to a five-day high-temperature treatment beginning 19 days after sowing. Eleven agronomic and
physiological traits were evaluated, including plant height, stem diameter, root length, leaf area,
aboveground fresh weight, belowground fresh weight, aboveground dry weight, belowground dry
weight, chlorophyll content, total dry weight, and root-to-shoot ratio. Heat tolerance coefficients
were calculated for each trait. Comprehensive evaluation of heat tolerance was conducted using a
combination of Principal Component Analysis (PCA) and cluster analysis. PCA extracted four prin-
cipal components explaining 79.83% of the total variance from the measured traits. Based on mem-
bership function analysis and the comprehensive heat tolerance index (D value), the fourteen maize
varieties were classified into four categories: highly heat tolerant, moderately heat tolerant, weakly
heat tolerant, and heat sensitive. Two varieties, SD22 and SK9, were identified as highly heat-toler-
ant, while DH11 and QA23 were classified as heat sensitive. The findings provide a theoretical foun-
dation for the selection of heat-tolerant maize cultivars adapted to the Shangluo region and contrib-
ute to the exploration of heat tolerance gene resources and the breeding of heat-resilient maize va-
rieties.
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GV, ERFHERS I 10 MR FRE N 3 AMH BB RS TabR, AR T 83.16%MH 5
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AR BBE, AWFFELL 14 AR R IR OYRRL, JE PR R P E & R AR 11 I K
FABARRR I ZE S, R 700 SRR RBEAR L T 25 & 5 AT SR G N, i B A
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2. HREH*E
2.1. RIEPE

HEARA B 14 ASTIE X 32 BARHE TOK MM, 430088 11 (DH11). =ik} 168 (GK168). 5K T 1355
(ZY1355). BE 026 (AY026) 1K 999 (ZD999). %4k 7 5(AST) LELK 8 5 (NKDS8). BEEl 9 5(SK9).
HE 6 S(LY6). F14r 368 (21368). BEHL 22 (SD22). MR E 2 5(SY2). Z&HE 23 (QA23)FIEEF] 10 5
(AL10).

2.2. REGFZE

22.1. MFBEEZSHERR

PO RN 2 FPRLLI I FORFD 7, R R AT L8, B O T RS 7R L IR
G4, VEEFRL):V MHEL) =11, BEERRE KA BN 3 %, 7F 25C KM N TR 7%,
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RS 3 M s RIS, B TRV R IR T miR b HE . XTRZHh 25/20°C (H/
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2.3. MrEiEHRTIE

2.3.1. EKSHEE
R v B TS o e B B e Ei’@ﬁﬂ’]&ﬁ% ZERH A B b R R R 2 A R R — T
MIBELAR: MHEA = MK x T RSEALTE R x 0.75; WRARK EII& oK = IR I K

2.3.2. IRFEELAME

Hb_b T E RO B3R T T 105°C%TF 30 min, SOCHLTZEIEEIFARE,; T & T F B HGH:
T T 105°CAF 30 min, SOCHT S IHE HFRE,; AT FHEPH b3 E AR 5 5 2
MR 5k b R HE R 350F E S h FERE2 LE
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KR B2V 1310058 I Sk 25 & & SR AE JE AR SR GIRIE T 80% FT A VA H , I & OD470, 0D663,
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D=[u(Xj)*Wj] j=12-n )
Jj=l
b, DS AR BRI E RIS 28 SRR - BT AT #2585 PRI E -
3. ZERE S
3.1. SiRMNER EREE & R IHEIFRIR R
Table 1. Effects of high-temperature stress on various aboveground traits of maize
= 1. ERMET E KM E IR BHEFRAI R
_ ey . . SEREGE
BA OB Bkdlem Sflem M LWSEE W EHTEG  OFERYem? jijj s
CK 25.16=1.03¢  0.40+0.01® 2.33+0.29% 0.17+0.018"  28.43 £4.76° 6.79 +£0.03¢
DH11
T 19.25+£1.03  031+001¢  1.53+£0.42¢ 0.16 = 0.04" 20.84 +3.70" 2.98 +0.27°
CK 30.74£1.52%  0.36+0.04° 2.57+£0.41% 0.29£0.01°>  32.57+£2.75¢  8.28 £0.509%
SY2
T 2526 £3.37¢  0.35+0.02¢ 1.49 £ 0.55¢ 0.14£0.02"  19.55+4.76"  6.39+0.05%
CK 29.51+1.40> 0.40=0.02>  3.19+0.70% 0.17£0.018"  34.62+£3.77>  6.39+0.05%
GK168
T 23.27+4.81%  0.33+£0.04¢ 1.57+0.75f 0.18+£0.05%  23.12+5918  5.45+0.39%
ZY1355 CK 29.54+£1.67° 0.41+0.01° 2.41=0.22¢ 0.20£0.01¢F  20.75+1.13" 7.55+0.11°
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Bk
T 28.84+1.92%  0.35+0.04° 2.18 £ 0.44¢ 0.19£0.07¢f 3452+ 6.21%  7.32+£0.23%
CK 31.70 £ 1.41%  0.39+0.01% 247 +0.32° 0.24£0.01¢ 42,71 £3.63% 6.61 +0.53¢
Y026 T 21.13 +£4.035¢  0.31 =0.04¢ 1.58 £0.39¢ 0.13 £0.02 26.04 + 4.34f 5.39 £ (.459
CK 30.47£0.97  0.39+0.01%  3.00+0.47° 0.25+£0.01° 31.94+£5.28%  7.27+0.21%
D9 T 2734+ 1.31°  0.30+0.01¢ 1.62 £0.01° 0.14+0.01" 3126 +4.71% 443 +0.24¢
CK  30.77+0.999®® 0.40+0.01>  2.57 +0.18% 0.21+£0.019%  3513+£245% 636+0.194
AST T 22.24+£2.49%  029+0.02% 142 +0.19° 0.18 £0.01 28.12 + 4.64° 6.13 £ 0.49¢
CK 31.17+0.37%  0.39+0.01% 2.31+0.14% 0.19£0.01¢f  32.09 +1.38¢ 8.91+£0.13%
DS T 27.65+1.22%  0.34+0.06% 1.65+£0.61° 0.17£0.068"  2557+4.19%  6.22+0.30%
CK 30.10+£5.27®  0.40 £ 0.01° 2.50 £0.13¢ 0.25+£0.01° 33.92+3.06™  8.40 +0.54%
SO T 2726 +1.21°  033+£0.04% 1.78 £0.16% 0.18£0.01%  27.83 +4.48° 7.70 £ 0.07°
CK 32.86£2.44*  0.43+0.03* 3.45+0.52° 0.33 £0.02?2 44,77 +£3.08* 8.55+£0.45%
LYo T 22.46+0.81°  0.31+0.01¢ 1.23 £0.15° 0.19+0.02¢f  21.91 £2.74¢ 9.94+£0.512
CK 25.84+1.90¢ 0.395+0.02> 2.26+0.38< 0.17+0.01g" 24,01 £3.82% 599 +(.75%
#1368 T 28.63 £4.60* 0.327 £0.05¢ 1.89 +0.524¢ 0.20 £0.05¢f  27.84 +£9.29¢°f 6.76 = 0.09¢
CK 32.80+£2.77*  0.375£0.02° 2.94+027° 0.24 £0.01¢¢  43.35+6.04° 8.24 £ 0.59%
- T 30.63+£1.35% 0301 £0.02¢ 1.55=0.34° 0.17+£0.018"  34.63+£5.77°¢  7.24+0.33b
CK 31.53+0.91® 0.401 £0.01° 2.56 +0.28 0.17+0.02¢"  36.98 £2.62° 7.84+£0.71%
QA% T 18.49£427F  0.275+£0.02¢  0.94+0.268 0.11 £ 0.02] 14.56 = 4.99 5.03 £0.18¢
CK 28.20 +1.56*  0.355+0.02° 1.67+0.20° 0.17£0.028"  32.54+£291¢  7.11=x1.16>
ALIO T 24.06 £6.91%  0.281 £0.03%  1.34 £0.36" 0.14+£0.04" 2556 £4.76' 5.49 + 0244

H: ARNSERFREEZERP <0.05).

5 ) =R 7 B T 2 (19 S N Efaf 7 = I £ N 1 N - RN L T2 T S o ey
. QAT SD22 53R (CK)M LLE - BIFEAR T 6.7% 19.7% 47.1%+ 31.7%- 20.1%F1 12.1%; i
i QA23 HAbH 5 5% FRZH(CK)M EL 3 I FERAR T 41.4%. 31.4%. 63.2%- 35.1%- 60.6%F1 35.8%. iHit
XPEEPT DU EL, dh A SD22 FHE T i fl QA23, Z b g T/ 2, Wi FARE 15k & A DHIL
B3t HRAL(CR)FIEE 20 53 R BE T 23.5%- 32.5%- 34.6%. 8.2%- 26.7%H11 56.1%; fhFh SK9 #ub# 5 5%t
HRZAAHEE RBE T 9.4% 17.5% 28.8%- 28.4%- 17.9%F1 8.3%. 5K, 5F DH11 L& F SKO ifif
IR,

A 2 AT, iR e S g i ARG, RIUONPRCTORIIR G, MR, T e, M+
HALSTE, Wi DHI1 50 (CKMEL 730 R T 10.1%. 69.9%. 41.8%. 73.2%H1 46.3%; ftff
SK9 55X MM ELFRAR T 22.1% 27.1%- 15.7%- 43.8%F1 38.0%; f&hfh SD22 5%} 4L(CK)AH LL 25 F
BT 21.7%- 35.9%- 16.1%- 17.1%F1 18.9%; hifh QA23 SXFRRAIAH LI & T 40.7%- 41.2%- 16.1%.
36.7%F1 36.8%. ZEHEFH, WA DHIT A QA23 St HRZLA LL R IR K, 1Al SK9 A5 Fh
SD22 T FEME AN, 2R HA B A Be
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Table 2. Effects of high-temperature stress on individual underground indicators of maize seedlings

2. BEMERER G TR TR

i ol Kb RE/em JiEg N R /g R E T H/g NFH/g
CK 11.84 £ 1.33% 1.40 £ 0.25% 1.39+0.38% 0.20 £ 0.02° 0.41 £ 0.05b
pii T 10.65 + 1.13f¢ 042+0.11% 0.81 +0.179 0.05 +£0.02¢ 0.22 +£0.06°
CK 11.68 + 1.364 0.58 £ 0.07¢f 1.26 £0.19¢ 0.17 £ 0.04%° 0.47 +0.02°
SY2 T 13.19 + 0.51b¢ 0.69 £ 0.22de 1.39 + 0.40% 0.10 £ 0.034 0.24 +£0.03¢
CK 10.87 + 1.02 0.91£0.11b 1.17 +£0.22b%¢ 0.14 + 0.03< 0.33 +0.024
K168 T 11.84 £ 1.524 0.83 £0.23¢ 1.12 £0.32¢¢ 0.13£0.324 0.32 +0.08¢
CK 13.89 £ 1.08Y 0.64 £ 0.259 0.80 £ 0.159¢ 0.24 £0.012% 0.32 +0.05¢
Y13 T 11.06 + 1.40f 0.39 £ 0.23¢ 0.69 +0.16" 0.06 £0.02¢ 0.26 + 0.079
CK 12.39 +£0.99¢ 0.63+£0.11¢ 1.30 £ 0.35b 0.14 £ 0.05< 0.39 +0.04¢
Y026 T 11.54 +£2.074 1.12 £ 0.35% 0.78 £ 0.284¢ 0.11 £ 0.034 0.27 £ 0.024¢
CK 11.73 £ 0.40% 0.54 + 0.09°f 1.37 +£0.30% 0.13 £0.024 0.39 + 0.04<d
ZD99%9 T 11.49 £ 0.824 0.85+£0.27¢ 1.14 £ 0.23< 0.12 £ 0.034 0.26 + 0.024¢
CK 12.09 £ 0.924 0.70 £ 0.144 1.14 £ 0.23<d 0.15 £0.04¢ 0.36 + 0.03<d
AST T 12.66 + 1.12¢4 0.75+0.15¢ 1.18 £ 0.26% 0.15+0.01¢ 0.31+0.034
CK 11.64 + 0.354 0.69 £ 0.024¢ 1.43 £0.142 0.13+0.014 0.32+0.014
NKDS T 11.69 + 0.954¢ 0.48 +0.18' 0.74 £0.10¢ 0.07 £ 0.05% 0.25 +£0.05¢
CK 16.24 £1.512 0.86 £0.25°¢ 1.37 £ 0.34% 0.23 £0.05% 0.46 = 0.06°
3K T 12.66 £ 1.15% 0.63 +£0.30° 1.16 = 0.27¢ 0.14 £ 0.08 0.29 + 0.044
CK 13.09 £ 0.76%° 0.67 £ 0.274% 1.33 £0.25% 0.27 £0.042 0.55 £0.06%
LYo T 11.29 £ 1.03¢ 0.74 £0.214 0.79 +£0.17% 0.16 £ 0.02b° 0.32 £ 0.054
CK 11.74 £ 0.614 0.84 £0.03¢ 1.16 £ 0.15¢% 0.16 £ 0.06%* 0.32+0.024
71308 T 12.17 £2.22¢4 0.90 + 0.67b° 0.60 = 0.19f 0.17 £ 0.09b° 0.37 £ 0.09<d
CK 12.99 +0.48° 0.81 £ 0.34¢«d 1.11 £0.22¢ 0.18 £ 0.03b° 0.37 £ 0.09<d
Sb22 T 10.10 + 1.54¢ 0.52+0.27F 0.93 +0.224 0.15+£0.02¢ 0.30 = 0.044
CK 11.56 £ 0.70% 0.61 £0.05¢ 0.74 £0.14¢ 0.11 £ 0.024¢ 0.28 + 0.034
QA3 T 11.11 £ 0.70¢f 0.58 £0.15¢f 0.62 +0.21f 0.07 £ 0.02¢ 0.18 +0.03F
CK 9.41+£0.87" 0.72 £0.194 0.739 £ 0.135¢ 0.11£0.019 0.28 + 0.03d
AL10 T 11.26 + 1.25¢ 0.96 £ 0.46% 0.859 +0.308¢ 0.11 £ 0.049¢ 0.26 + 0.024¢

: ARVNES ERERREEZF (P <0.05).

3.2. BBATHERRNMARBEEBEX S

FR 4 A R(DIF H S MR AR BHTC). WK 3 ATLUE B, &5 F 2 8 22 sh i AN 54— 2
HUEFEFR T E(HTC > 100), A L45b5F(RHTC < 100). {EAE FI AP FE TSR b, HAR b 1R B 2

A—HE
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Table 3. Heat tolerance coefficients of various traits and the effects of high temperature on these traits

3. BMREI AR YL SR S KA R0

VU TS A i iﬂfg ﬂ?g BEE M ”f‘;

DHI11 84 80 90 73 66 58 92 27 54 30 228
SY2 82 98 113 60 58 110 48 59 551 120 100
GK168 82 83 109 67 49 96 102 92 997 89 85
ZY 1355 98 87 80 166 91 86 99 26 80 51 97
0Y026 67 79 93 61 64 60 54 77 69 156 82
ZD999 90 76 98 98 54 83 58 87 68 151 61
AS7 72 72 105 80 55 104 85 101 88 106 96
NKD8 89 86 100 80 71 52 91 54 78 58 70
SK9 91 83 78 82 71 84 71 61 51 99 211
LY®6 68 71 86 49 36 59 56 58 62 101 116
7J368 111 83 104 116 84 51 115 106 113 107 113
SD22 93 80 128 80 53 119 68 83 105 101 88
QA23 59 69 96 39 37 84 65 63 61 94 64
AL10 85 79 120 79 80 116 83 99 102 123 77

T4 11 BHEARI KRG BN, B MR AR —E AR R R — L pRIA] A R 25 iRk
REMARDG, PRy HRERAL M S0 o (A AR S bR, HRIARANHD B R, MR LU R
AT EENREE, M BT ERE, RN AEEE, AT ERE. e S R, i
R M AR BT MR AT, AR R IEA S, AR, BT EREAMR, RYISIE
ZIEXS R AEAE S EE, W5 B AN . TR NS — AN ERE VIR, AR R ok
FAER, BN BASAE, 8 T IRAMA SR FRROMT A E A I A Bh G, AU %A R
PRIEAT ER A VT o

Table 4. Correlation coefficient matrix of individual indicators at seedling stage for 14 maize varieties

3 4. 14 MhE RSP HI & BUUERRIME X REAEM

M EF HRES b EE MRES MR

G PR ML ORK M WE  BE TR TE AR Wt ST

=] 1
M 0.527 1
R 0.106  0.137 1

AR 0.759"  0.329 —0.213 1
HhEREEE 0726 0514 —0.116  0.774™ 1
HOREEEE  -0.046  0.127  0.616° —0.033 —0.115 1
E#EFE S 0578 0117 -0.002  0.555°  0.565° —0.212 1
WF#HTE 0070 -0254 0.606° —0.142 —0.104 0309  0.088 1
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4
S Ny 0.180 0.116 -0.464 0.015 0.195 -0.257 0.149 —-0.444 1
IRtk -0.207 —0.153 0.292 -0.259 —0.224 0246 —0.568" 0.670"" —0.460 1
BT E -0.012 0.424 0.337 —-0.181 —-0.217 0.320 0.146 0.197 -0.159 0.019 1
3.3. ERS 4T

N AR — SR AR VPN B T TR BR AR AR (S R E S, KA F M ik 5A 11 TS bR 4R
Bt AT A EE , $EHCH 4 ADNROL ISR 4R IR(EE 5). 132 5 A 15, 4 AN E R FITTHR 50 718 33.44%1.23.64%
13.18%7#1 9.56%, RIFTTHRF A 79.83%, K 1 & RIHRIRARE /G B E. EM0 1 it 1 R46
Bl 36.29%(1)15 B, 32 B A0 & b B 6 5.(0.812)  HHTHIAR (0.780) £k 755(0.740) - Hi_E #5TFE.(0.681)+
4R R B E(0.475)5 MRS E; B 2 BT HBEEE 21.77%0E 88, FEBARK©0.775) T
T #(0.635) Hi TR EFE(0.578)3 MR ERE: FRIT 3 W LURBURIAEAE 14.51%1(E 8 &, H
ST HE(0.696) F1ZEHH (0.547) X /MR EZAE ;8 4 T DURBLR LGS 7.26% 1015 B &, T H
MR e G (0.403) X — Motk vk g . 5 R R, FOK T AN i 2 th 2 S A 3L 3L I H &R, AR
AT BESREL “ 4R DA B REIR R K E 7 2RI E B SRR R NN iR . BT R LG
PARR T AR AR TTiR e, HAE SR, R R 58 R B Al B AT 28 6V

Table 5. Heat tolerance coefficient and contribution rate of each comprehensive index

5. BIEGEIRNTARBKL TE R

EESEE (0N Ch Ch Ch3 Cl
FHEAR 3.678 2.600 1.450 1.052
TTHRZE (%) 33.440 23.640 13.184 9.564
B TTHREE (%) 33.440 57.080 70.263 79.828
REAIE ) PhiE 0.740 0.521 -0.136 0.069
EXi| 0.463 0.436 0.547 0.441
R -0.407 0.755 0.109 -0.133
EapA 0.780 0.325 -0.301 0.147
Hhy bR 0.812 0.337 -0.230 0.217
Hh T R -0.362 0.578 0.265 0.190
M b H 0.681 0.295 -0.081 -0.653
R ETE —0.463 0.635 -0.426 -0.271
HTE -0.173 0.459 0.696 -0.261
R E —0.647 0.317 —0.400 0.403
MR 0.475 —0.463 0.271 0.006

TE: CI N%EAT845(Comprehensive Index, CI).

3.4. THRMLGREIEMN

RIEAXQU RS IKNEK 4 MG RFIFRERESE, h& o B, MR —ZaHER, K SY2 1
u (x2)EHRAAN 1, AREMAFE CI2 i I TE e E, oK DHIL £ u (x2)F BE RN 0, RIS AE
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CI2 I i Z . IRIFBARCHTHESIAEK 4 NMEESTERFINE, 437328 0.42. 0.30. 017 F10.12.
ARG HEESREKRN LA AR D, % D EBEKEVNES], Hrb SD22 ffi#Eiir, DEA
0.85. fMhAh QA23 ) D /NN 0.06, B FAGE /1555 .

Table 6. System resulting data of standard experiment comprehensive indices, weights, u (xj), D values, and comprehensive
evaluation of each test material

6. FEUMBNEEIERE. NE. u (), DESEEITN

i Fb Cch Ch Ch Cl u (x1) u@2)  u(xs)  wu(xs) D& ZEATEN
SD22 47.95 1048  0.17  0.54 0.97 0.85 0.42 0.98 0.85 PR TR A
SK9 45.41 1032 0.15 052 0.87 0.78 0.32 0.94 0.76 v T A
AS7 36.34 1034 030 038 0.52 0.79 1.00 0.59 0.69 HH i
71368 41.70 9.65 021 055 0.73 0.48 0.58 1.00 0.66 R
ZD999 4231 9.41 025 043 0.75 0.38 0.77 0.72 0.64 HH i 4
SY2 32.82 1082 022 028 0.38 1.00 0.64 0.35 0.60 SR
GK168 34.90 9.68 029 032 0.46 0.50 0.98 0.46 0.56 EHTES
ZY1355 48.64 8.79 021  0.13 1.00 0.10 0.61 0.00 0.55 r i
0Y026 34.03 9.24 025 051 0.43 0.30 0.78 0.90 0.51 AT
NKDS8 39.41 9.30 021 021 0.64 0.33 0.60 0.19 0.49 ST 4
LY6 33.79 9.08 0.18 053 0.42 0.23 0.45 0.96 0.43 ST 4
AL10 36.05 9.07 0.14 035 0.51 0.23 0.28 0.53 0.39 ST 4
DH11 31.46 8.55 0.18  0.17 0.33 0.00 0.47 0.08 0.22 UK
QA23 23.14 8.80 0.08 0.3 0.00 0.11 0.00 0.23 0.06 PR
WE 0.42 0.30 0.17 0.12
0 5 10 BRI 15 20 25
SD22 | : - * ! .
SK9 2 —]
0Y026 9
LY6 11 l
ZJ1368 4
ZD999 5 4|
M AS7T 3
B Gkies 7 —I
SY2 6
ZY1355 8
NKD8 10 4'
ALI0 12
DHI1 13 |
QA23 14

Figure 1. Cluster tree of 14 maize varieties

B 1. 14 FhERBIER LR E
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R D EBAT RS, BE AT, TR 14 A TR SRR ek sy AU, SD22. SK9
NE—A, BT EHER; AS7. ZG368. ZD999. SY2. GKI168. ZY1355 F1 OY026 N =K, BT
PR G R, NKD8. LY6 F1 AL10 A5 =28, & TR #Fh; DH11 A1 QA23 AZEIUZE, &+
ml ol o

4. FeELER

9 R AR it bR N TR A T R ARAS . SRS IE[3]. TR B IR v i e A O BURR PR O B
B BL  EI R A 5 55 BRI R SR E IR AR R MR EIERS] [11]. mii i &
FANH TR G kRN ZEATH . IRAMRK LN Ry, S SEREW. Jtare T, R&
RN MR RERRR(5] [6]. ABFFTEIEXS 14 A5 R K M AT il i A B 3,
BZ WA 11 DS BIEEAR A A LR T, EAS R AR S AR B 25 (A B 22 5 e 4 i
i SD22 LR H AR —FEAR IR Y, TR T HARR AR R YRR 50 E =R MIE T, SD22 RENS
UERFI R IR LEATIR SR3E 77, B ER 17K AR 73 MR BE 77, AT Doty B3R FR AR SR L 1 SRt SO
HLLZ R, #o Agui P AR x5 BN BB R, (HIR AR ARSI ™ 5, 3 BURR IR A = .
XARH], AR ARTAERIAEE M AT BE I T K v IR A ) O B A B LA

HERR RIS T PE PP O AN 0 A8 B T P R A B BRI 3 . B oMy SRR R BGE SRR TS &
MZRE VTR, O AT Ik KRG ADEEEDMIR R i E iR b KM AP
Wk R G 5 RE AR A AR OGE Gl BRAEAC BRAR I ZR B b, DASR R P (OB 2 R AR 12 [3] 7]
ORI AN P RS T I TR SRS B S 5E 0 E 2L, HAARbR Z B AR AAR ek, A
WEFA TG 70 s 11 AN BRIER AR AL SR BARSZ 255 48 b7, AR08 1 fabr {5 B B S0 v &5
RETH M EERER, RS AR INZR S HRIR(CI4), (EMN AR T BA JOEVEIE T o i 2
il SK9 SD22)E feril T A7 A PR A e AR et LU » 15 WY FAT o A e [ AL 0 TP AR 2 2 BC ) TR A2 E
X HLIE R i P ) 5 B AR AL o I SRR GRS I, AW TORE 14 6 TOK SRR R 2 D
T A I SO AT 4 28, I8 1 ERG VPO R AR TOK BT Ak S e R E A, 9T
TP GRS HE TR R IR T T iRS % .

TR TP XL, AREKMEREE. RIb, Flb. L RE=REREX, Hh
ARAEH X DR i i oy 3, St X LS 3 i f O, PR R U BL S i RO 1410 ARZEZS X
reln AV ST L RE AN GRS R 2557, O KA AR A7 4 25 22 5 [15]. DRI, e A i FA Pk v )
TR DAL FE X IGE N, B AN ) AR 2 X R Uy i A 1 B A R R R SR RS AR R
V2R R 78, R R R 2 U, R iR, A T K v A AR ™ o AT ST I X R
FEHLX 14 A AR S AT W I AR RS , TR SKO NI SD22 PR i A i i, XA el R AE g
TR E T R R A R YE R RE A E B AR E M, TG BRIV X HE) AR T DHIT A1 QA23 fiif #4
YRR, Sy it oM, A el P4 B i, DX MR USRS o A2 F 6 85 SR AT A R M X KT A i Ao
S S INLEL RS P E UL > o S L[S

ESUHE
R A KA B QML YRR H (S202411396089); T A BERHIE R &0 H (17SKY016).
S50k

(11 ErHE, skigte, 2HE, & FEIKERRER TR, MASZREM, 2023, 34(1): 1-14.

»
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1007-1023.

[3] Zu¥n, e, wKiEE, 55 FOKMN e Lo R A RED]. FREE, 2025, 33(8): 26-34.
[4] F&ZH. KRB FREK KR E R A )] Aok EFFA, 2025, 15(5): 178-180.
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