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Evaluation of Rice Landraces from Different Altitudes in Yunnan for
Cold Tolerance at Different Growing Stages
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Abstract: In this study, 307 accessions of rice ( Oryza sativa L. ) landraces from different altitude ecological
regions in Yunnan Province were used as experimental materials to evaluate the cold tolerance in four growth
stages, including the germination stage, the budburst stage, the seedling stage, the booting and flowering
stage. The results showed that the cold tolerance grade in different growth stages for Yunnan rice landraces was
significantly or extremely significantly negatively correlated with the altitude of the ecological region where they
were distributed. In other words, the cold tolerance of Yunnan rice landraces was closely related to the altitude
of the ecological region from where they were derived. The cold tolerance in different growth stages for rice
landraces distributed in high-altitude ecological regions was significantly stronger than that of rice landraces

distributed in low-altitude ecological regions. There was a significant or extremely significant positive correlation
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among the degrees of cold tolerance in different growth stages, indicating that cold tolerance in each growth
stage can be used as indirect indicators for cold tolerance evaluation. Through the identification and evaluation of
cold tolerance in four growth stages were screened out 20 landraces ( including Lengshuigu, Cizhonghuanggu,
Jiegunuo, Longchuannuo, etc. ) with grade 1 cold tolerance in germination stage and seedling stage, 9 landraces
(including Xiaoheigu, Qitougu, Yunnangu etc. ) with grade 1 cold tolerance in germination stage and booting
and flowering stage, 18 landraces ( including Bayuenuo, Landigu, Aolenggu etc. ) with grade 1 cold tolerance
in seedling stage and booting and flowering stage, and the landrace Aijiaoxi with grade 1 cold tolerance in
germination stage, seedling stage, and booting and flowering stage. These excellent germplasms with very strong
cold tolerance are of great value and could be used for breeding improvement and new gene discovery for cold
tolerance in multiple growth periods.
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Fig. 1 Distribution of grade for cold tolerance at the germination stage and the budburst stage
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Table 2 Comparison of cold tolerance in germination stage of rice landraces of Yunnan from different altitude ecological regions

i@l 5 PR Altitude ecological regions
Grade of cold tolerance No. of landraces ‘
I I Iir v \Y Vi Vi Vil
1 55 2 4 2 7 10 12 14 4
3 49 1 5 8 8 9 9 7 2
5 35 1 8 3 4 10 3 4 2
7 34 3 8 3 6 6 4 2 2
9 134 12 25 27 15 16 19 11 9
A1t Total 307 19 50 43 40 51 47 38 19
1905 Mean grade 593 7.32 6.80 7.09 5.70 5.35 5.38 4.42 6.05

R3 ARBRESKZEMABEMFHATS LS

Table 3 Comparison of cold tolerance at the budburst period of rice landraces of Yunnan from different altitude ecological regions

IR A X

¥ 251 Hb 7 AR g Altitude ecological regions
Grade of cold tolerance No. of landraces
I I Iir v \ Vi Vi Vil
1 0 0 0 0 0 0 0 0 0
3 44 0 7 7 6 4 8 6 6
5 36 1 6 4 4 9 5 4 3
7 188 12 31 29 25 35 28 19 9
9 39 6 6 3 5 3 6 9 1
43T Total 307 19 50 43 40 51 47 38 19
-2 53] Mean grade 6.45 8.23 1.35 3.22 2.60 3.09 3.50 2.13 0.74
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Fig. 2 Distribution of grades for cold tolerance at the seedling stage and the booting and flowering stage
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Table 4 Comparison of cold tolerance in seedling stage of rice landraces of Yunnan from different altitude ecological regions
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Grade of cold tolerance No. of landraces

I I I v A% Vi Wil VI

1 97 1 11 11 14 18 16 16 10
3 43 2 4 4 2 10 9 8 4
5 49 1 4 6 9 9 10 8 2
7 41 7 5 4 7 5 7 5 1
9 77 8 26 18 8 9 5 1 2
&1t Total 307 19 50 43 40 51 47 38 19
FH1945 Mean grade 4.73 7.00 6.24 5.65 4.65 4.10 3.98 3.26 3.00
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Table S Comparison of traits in booting and flowering stage of rice landraces of Yunnan from different altitude ecological

regions
ﬁjfijizlogical Nif:jﬁo ¢ Z5ER (%) Hmi(em) B (em)  HHHK (em) AL MR AEEW()
regions materials ESR PH PL ENL PN SP GD
I 19 69.2 108.4 23.7 -0.92 7.2 198.3 160.2
| 50 67.9 113.2 24.1 0.18 6.7 191.7 163.0
I 43 64.6 120.8 23.7 0.71 6.2 192.5 159.4
v 40 55.1 125.2 24.8 2.69 6.7 195.0 156.4
\Y 51 46.8 144.8 24.9 6.05 7.2 196.7 158.4
Vi 47 39.4 137.9 24.4 6.16 7.0 196.2 153.6
Vi 38 355 145.1 24.5 7.58 7.3 194.6 151.9
Vil 19 31.4 146.7 24.7 10.64 8.0 205.5 136.6

ESR: Empty seed rate, PH: Plant height, PL: Panicle length, ENL: Ear neck length, PN: Panicle number, SP: Spikelets per panicle, GD: Growing

days
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Table 6 Correlation between cold tolerance in different growth stages and altitudes

LGN S AP ZEBITAPEAE HHmRA S ZHRBFFAEIATH V2 MRG0
Trait GCG GCSp GCS GCBF
ZEmTYR PESF 9 GCSp 0.125"

B P54 GCS 0.297" 0.506"

ZEREIFACIITH 72 459 GCBF 0.133" 0.158" 0.346"

TP Altitude -0.239" -0.116" -0.377" -0.447"

TR AR RTE 0.01 F10.05 KT 2SS B

"and’ indicate significant difference at 0.01 and 0.05 level, respectively.GCG: Grade of cold tolerance in germination stage, GCSp: Grade of cold

tolerance in bud burst stage, GCS: Grade of cold tolerance in seedling stage, GCBF : Grade of cold tolerance in booting and flowering stage
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Table 7 Yunnan rice landraces with strong cold tolerance at the germination stage and seedling stages
5 HR AR (m) i 5 2N AR (m) .
. Altitude . Altitude
Number Name Altitude . . Number Name Altitude . .
ecological regions ecological regions
1 LR =R 911 I 11 AR [ Fos 1774 Vi
2 PR 1267 \Y 12 R 1774 VI
3 INEE R 1296 v 13 D 1774 Vi
4 R 1300 I\ 14 ERIIES 1813 I
5 B 1145 1371 I\ 15 EEII 1816 VI
6 (SRR Ta 1425 \ 16 FREA 1847 i
7 AR 1449 v 17 R 1956 VI
8 Ok 1535 \ 18 P RE 1972 VI
9 RIKA 1678 Vi 19 B 2128 Vi
10 i 1772 Vi 20 FAR/S 2274 VI

®8 HFHMBREIALAMISIELRIBN ZFE TR HIR

Table 8 Yunnan rice landraces with very strong cold tolerance at the germination stage and booting and flowering stage

i HHRAASIX e TRAETSIX

5 E2 TS (m) . 5 E2s TS (m) .
) Altitude X Altitude
Number Name Altitude . . Number Name Altitude . .
ecological regions ecological regions
1 vl 500 6 PNAR 1842 VI
2 PR 1537 \ 7 o3 LI 1972 VI
3 EARA 1802 VI 8 INBRA 2100 Vi
4 (TN 1809 VI 9 PR 2355 VI
5 FhRB 1830 VI
*k 9 HBMBFEAEHTICHEIIRERN B rE T R TIR
Table 9 Yunnan rice landraces with very strong cold tolerance at the seedling stage and booting and flowering stage

e TR AT X e TR X

s ES TR RE (m) . b E2S TR EE (m) .
. Altitude X Altitude
Number Name Altitude . . Number Name Altitude . .
ecological regions ecological regions

1 ZIA 1378 \Y 10 BT 1883 VI
2 RS 1420 A\ 11 Ky 1883 VI
3 VAGER 1460 \ 12 AR 1899 VI
4 INERAS 1572 \ 13 FR%A 1954 VI
5 KEA 1625 VI 14 SRR 1972 Vi
6 (SRS 1687 Vi 15 LB 2000 Vi
7 et 1715 Vi 16 SEEUN 2022 il
8 s 1800 VI 17 PNEEN 2090 vii
9 PNEL 1837 VI 18 INHA 2274 viI
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