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Abstract: [Objective] The goal was to identify the aerobic adaptation of early seedlings of upland rice
germplasm resources, screen out the superior germplasm resources with the abilities of seed germination under
low water stress and seedling emergence from deep soil, and provide genetic materials and valuable guidance for
breeding new viarieties with excellent aerobic adaptation. [Method] Under the conditions of 150 g/L
polyethylene glycol (PEG6000) mimicking low water stress and 8 cm soil deep-seeding, 24 lowland rice
(including ‘Huanghuazhan’, ‘longjing39’ and ‘jingyuel’) and 24 improved upland rice (including
‘Luying46’,'IRAT318’ and ‘IRAT11’) varieties were used to evaluate the aerobic adaptability indicators. In
addition, these indicators were assessed for 246 upland rice landraces. The principal component analysis,
membership function and comprehensive evaluation value of aerobic adaptation were used to evaluate these
germplasms, and they were classified by cluster analysis. [Result] The relative germination potential,
germination rate, root length, bud length and root number between lowland and upland rice varieties under low
water stress were significantly different, and could be used as indicators for identifying aerobic adaptation at the
early seedling stage. Under deep-seeding condition, root length, shoot length, mesocotyl length and coleoptile
length were mainly responsible for seedling emergence. According to their differences in aerobic adaptability,
the germplasms could be divided into five types, including highly strong type (type I ), strong type (type 1I),
intermediate type (type III), weak type (type IV) and extremely weak type (type V). Finally, seven varieties with

elite aerobic adaptability were obtained. [ Conclusion] This study identified the indicators of aerobic adaptation

and comprehensively assessed the upland rice landraces in Yunan, which could provide a basis for fostering dry

44 %

direct-seeding rice varieties.
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Table 1 Difference analysis of aerobic adaptability between typical lowland rice and upland rice
AR PER FHED BAE BAME RE S ifEE BREE%
Ecotype Trait Mean Max Min Range SD CV

B AHX6E A 2% Relative germination potential 0.796** 1267 0.105 1162 0252 31.7
Uplandrice 4514 4% Relative germination rate 0.856** 1333 0100 1233 0255 29.8
AN K Relative root length 0.724%* 3273 0.021 3252  0.718 99.2

A% 2K Relative bud length 0.142** 0341  0.000 0341  0.095 67.2

FHXFHR L Relative root number 0.366** 0.857 0.118 0.739  0.208 56.9

e K:/em Root length 7.634%% 10400  4.667 5733 1.481 19.4

%L Root number 3.812 5333 1500  3.833  0.966 253

HH R /cm Mesocotyl length 0.271** 0817  0.100 0717  0.192 70.6

WA ZE 85K /em Coleoptile length 2.835% 3900 2.033  1.867  0.486 17.1

#K:/cm Bud length 3.959% 5783 2400  3.383  0.729 18.4

TKFE AHXT & 2E# Relative germination potential 0.139 0950  0.000 0950  0.298 215.0
Lowlandrice 5155 35 Relative germination rate 0.133 10.000  0.000  1.000  0.290 218.6
AN K Relative root length 0.132 1.631  0.000 1.631  0.378 286.9

A% 2K Relative bud length 0.038 0.385  0.000  0.385  0.104 274.9

HIXHHREL Relative root number 0.106 1.000  0.000  1.000  0.241 226.9

e K:/em Root length 6.237 10.133  3.150 6983  1.981 31.8

%L Root number 3.299 4833 1400 3433 1075 32.6
R4l K /cm Mesocotyl length 0.148 0250  0.100  0.150  0.057 38.2

JIE 85 K. /em Coleoptile length 2.483 3433 1300 2133 0.561 22.6

#K:/cm Bud length 3.406 5133 1.625  3.508  1.032 30.3

1) “*7 Fa “Rx” S R T A SAAO. 05420, 01K -F L £ F B F ()

1) “*” and “**” indicate significant differences between two ecotypes at 0. 05 and 0. 01 levels, respectively (¢ test)
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Data are represented as mean+SD; Different lowercase letters on bars indicate significant differences (P< 0.05, Duncan’s test)
Bl1 AEK. FERERMAE 150 g/L PEG6000 £ T1E5% 7d FREKIER
Fig.1 Growth of different lowland rice and upland rice varieties after cultured for 7 days under 150 g/L. PEG6000
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Fig.2 Growth of different lowland rice and upland rice varieties after cultured for 7 days under 8 cm deep-seeding
conditions
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<2 150 g/L PEG6000 f8 TEKMEIRBIE XM 24"
Table 2 Correlation analysis of growth traits under 150 g/L. PEG6000 conditions
FEIR RS 5 254 HIRE A 2R AR ARG (PSS FHRH L
Trait Relative germination Relative germination Relative root Relative bud Relative root
potential (RGP) rate (RGR) length (RRL) length (RBL) number (RRN)
RGP 1
RGR 0.345%* 1
RRL 0.133* 0.326%* 1
RBL 0.135%* 0.465%* 0.455%* 1
RRN 0.197** 0.460** 0.450%* 0.611%** 1

1) “*7 Fa “*xx” 550 % 740, 0520, 01/K-F L 2 F 48 X (Pearsonts &t 547)

1) “*” and “**” indicate significant correlations at 0. 05 and 0. 01 levels, respectively (Pearson correlation analysis)

®3 8em REBMEHTEKIERIEX SO

Table 3 Correlation analysis of growth traits under 8 cm deep-seeding conditions

PEIR LSS HRE SRS IR RS ZRS
Trait Root length (RL) Root number (RN) Mesocotyl length (ML) Coleoptile length (CL) Bud length (BL)
RL 1

RN 0.486%** 1

ML 0.021 0.149* 1

CL 0.373** 0.291%** 0.348** 1

BL 0.628** 0.581%* 0.111 0.691** 1

1) “*” Fa “x%7 53 % 740, 05420, 017K-F L B 248 % (Pearsontd 5 P 5 #7)

1) “*” and “**” indicate significant correlations at 0. 05 and 0. 01 levels, respectively (Pearson correlation analysis)

YRR Ak, SR RES I R 2 B 2 A
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17 ERG T, LRI TTERER KT 80% Jv 5 ik %
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TEFRI IR ME B . 72 8 e IR H41E T, T Ay
7K Wil 7 18] AR P IR AN A7 7 6 3 22 e, BRI T IR R AR
Koo PR IRZEEE. ST F R b, 1% R
B IE R 4 AN BTFERR LA 2 AN HT B H A kAL
MLZRETRbR, 2 A E R DTk Z 5 7 A 55.082% Fil
26.351%, RitTTRkE N 81.433%, il MR K2 H
L

F 5 5 BT A AR DS IR 1 B B e RO T
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R TR, A5 1 E o P T TR TR AR

E A B AR s A AR R AR 1) & (0.814) He iy,
T TR ZS T 7K o MRS B A s 7RSS 2 RO
AR R BESAREAE ) & (0.851) HfE Aok, Wi A Fh
T 19 &5 ) FRE R K 5 87 R S A6 B A
FESS 3 RS, AR K0 R AR AIE 7] & (0.637)
B R, R BRI B F 0 T3 R 7K 73 (1) B
PEo SRR PN R, 7R 1 E8 4, B
R Ah, LR IR AR BRHE ) B I B, e E
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BE AR bR 5 75 225 &R N Y H R ) I VAN
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4 7£ 150 g/L PEG6000 #1 8 cm SR TIBFZ A T ER S MHIRFHEE, TR BRTEE"

Table 4 The characteristic value, contribution rate and cumulative contribution rate of principal component traits under

150 g/L. PEG6000 and 8 cm deep-seeding conditions

Qb3 Treatment FE#x Index Cl Cc2 Cc3

150 g/L ABX} & 2F 3 Relative germination potential 0.411 0.851 0.227
PEG6000 MIX} & 2% Relative germination rate 0.742 0.276 -0.324
HIXHHRK: Relative root length 0.686 -0.290 0.637
ABX 2K Relative bud length 0.806 —0.264 —0.205
FHXTHE L Relative root number 0.814 -0.176 —-0.152
15 4E{E Eigen value 2.502 0.984 0.627
BTk # /% Contribution rate 50.038 19.683 12.547
LI TTHR /% Cumulative contribution rate 50.038 69.722 82.268

8 eI - Fl HLK Root length 0.741 —0.422

8 cm deep-seeding 1 ik4fi K Mesocotyl length 0.341 0.886

R ZE 54K Coleoptile length 0.848 0.226

£ Bud length 0.905 -0.200

FFfIE{H Eigen value 2.203 1.054

DIk #/% Contribution rate 55.082 26.351

Z I TTHR% /% Cumulative contribution rate 55.082 81.433

1) C1~C3% % A % 1~3 £ 8%
1) C1-C3 are the first to third principal components, respectively
&5 294 HESAMBEIBEE BN TR L
Table S Aerobic adaptation level and classification of 294 tested germplasms
s Al FECE KRG f P b Bl R it e o5 Bl R it e DY (i
Group N('). ?f Nc.). of lovwl.and No. 'of loca'l uvpland No. of'imprO\'/e(.l upland D mean
varieties rice varieties rice varieties rice varieties

I 7 0 7 0 0.636a
II 96 0 92 4 0.483b
il 157 3 139 15 0.391¢
v 29 16 8 5 0.260d
Vv 5 5 0 0 0.140e

1) Z P HIEE AR E DB FH R T ORE B AE B £ F 2 E(P<0.05, Duncan’s# 1)

1) Different lowercase letters of this column indicate significant differences in aerobic adaptation of different groups (P < 0.05,

Duncan’s test)
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BB R Y e A 58 B R 4 AR SR AL (T 2%), sy
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B® OCFERB 2 CRE\ERE KA ‘4R

/O T ST AN, KRB T R
7 B b ol R M5 o R A0 S 4 B A
Rk, 3T BEIR A PZ IR VP B KR . R
11 AR5 96 3 R, BRIt T b Mok, B o A
4 3 o8 R RERE A AR . SETTIERAERL S 157 4 Ft,
B 7 3 G K AE Ak, 4K 2 O 5 B i R A

o EEIVIGHEELE 29 A, K80 9 S R KRS iy
Foft, AELHRAT 5 A7 50 R A B s vl K 3R B A Bl A
B ity N AT BE I E T B PECAR, 1 A TR B A
ENPER ST . BV SRRE L 5 Rl 40 i
JRCHE it A, i A S TR I R i e o A 3 2 A AR
KPR T ST (32 5)0 X Leg J R W, il A B 1k
PG — e ER a I R, — e RN R
CiE]EE iR SRk PR S B R NI N E O e
W1 e MR A B R, B AR S
ZRATEU AR IH R IAEE . 20l 2w 5 i A o
A Bl A 1 P R 99 2 ZE AN TS, UL Bl A s
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RE S KN RFE DR RE— 2 TR R &
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thEREIE HET, SR A SR A N R G
SEVFN T7 1, MR PR 1) 1 0 R B AE AR BT B2 B
e R A - FEAE BT REE E B A, EA
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PRI AL 50 I fabr, NS E P
ORI T B I oI, T
B aE B 7 KRGk, BRI AR 1 AR
K, 5, P BTFRR R 52T 2 hiEn
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N 29B° I FEEED RN R BT EA RS, K
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1K BIAR Z0F T 18 B A A A AR .
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RGEE R ZEHFMAAREK, LK 8 cm R+ F
) IV 2 B AR AR IR, R A D i A 5 A 40 i i A
TE PR % E ) R BB AR . I BT, B 294
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