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Abstract: The ecological adaptability of rice varieties to the diverse environments is closely associated with
the yield and local-adaptability.284 historic and modern rice varieties, which were collected from Heilongjiang,
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Jilin, Liaoning, Ningxia, Xinjiang of China and Japan, were deployed to clarify the phenotypic variations under
multiple environmental conditions.Seven agronomic traits including days to heading, plant height, panicle length,
panicles per plant, grains per panicle, seed setting rate and 1000-grain weight were determined at six identification
sites ( Shenyang, Beijing, Yinchuan, Linyi, Nanchang and Sanya ) .The phenotypic variations of these agronomic
traits were visible at diverse locations.For instance, the phenotypic values were constantly decreased from Shenyang
with higher latitude to Nanchang with lower latitude, but they were increased in Sanya winter environment.In relative
to the varieties in years-I that were released before 1960, the modern cultivars in years-IV ( released after 2000 )
showed the prolonged growth period, the reduction of plant height and panicle number, the elevation of grains
per panicle, as well as no significant differences on seed setting rate and 1000-grain weight.Overall, the rice traits
changed from multi-panicle type to large-panicle and heavy-panicle type.Under multiple environmental conditions,
the phenotypic values of 1000-grain weight, panicle length and panicle number were relatively stable, followed by
days to heading, plant height, seed setting rate and grains per panicle.The stability parameter of days to heading
was observed to be significantly positively correlated with that of plant height, panicle length and panicle number.
The stability parameter of days to heading in varieties released over decades was variable ( years-I>years-II>years-
[V>years-I11 ) .An improved ecological adaptability was observed in the modern varieties, in contrast to the historical
varieties that were released few decades ago.Twenty varieties ( e.g. Liaojing 931, Liaojing 454 ) showed better
local-adaptability under multiple environments, thus being valuable in breeding for new rice varieties with broad

adaptability.
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Table 1 The information of varieties that were released at different years and locations

[t R The number of varieties
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Vears i S T e L I i HA it
Heilongjiang, China Jilin, China Liaoning, China  Ningxia, China Xinjiang, China Japan Total
I 1 7 13 22
I 13 4 1 17 41
11 21 20 2 5 69
v 25 41 114
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Fig.1 Distribution of main agronomic traits of rice in different enviroments
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Table 2 The mean values of main agronomic traits at different environments

SEHE + bRifEZE Mean = SD

Ttraits L dese Gl iy ME =
Shenyang Beijing Yinchuan Linyi Nanchang Sanya
R4k (d ) DH 89.44 £ 10.53 87.06 + 7.35 92.81 +7.28 88.37 £ 8.98 73.01 £ 10.62 84.75 £ 6.30
#iiE (em ) PH 105.08 + 11.95 93.40 + 13.35 103.57 +9.13 79.10 £ 11.92 74.82 £ 11.14 85.60 + 10.48
FE& (em ) PL 19.56 +2.45 20.08 +2.88 18.15+1.99 17.97 £3.12 17.40 +3.28 18.90 +2.83
T EP 20.45 +5.77 11.00 + 3.34 15.75 +£3.99 16.31 £5.33 9.92 +3.83 11.84 £3.40
TR %L GPP 149.15 + 46.18 141.66 +49.16 131.40 +31.02 109.95 +45.24 82.96 +33.70 133.75 +45.60
ZESI (% ) SST 80.75 £ 6.62 92.29 +4.00 84.67 +£9.96 95.00 +4.33 56.10 + 18.59 91.84 +5.14
THiEE (g ) 1000-GW 25.94 +1.94 25.55+2.42 24.14 +2.33 25.13 £2.08 23.70 +£2.77 24.59 +2.08
R3I TEFRKBRMENEESHNEEZREERRETHYE
Table 3 Mean value of main agronomic traits in rice varieties of different ages in six identification places
s i ‘ SEXME + FRifEZE Mean + SD
Identification fﬁ MEFA(d)  BRfg(em)  FEK (em) M HOR 49K (%)  TRE(g)
sites DH PH PL EP GPP SST 1000-GW
LA I 87.76 £12.31 115.86 +16.70 19.94 +2.45 2532+7.17 127.31 £ 34.11 81.27 £8.19 26.11 £ 1.66
Shenyang il 87.4114.13 100931024  18.62+2.55  21.54+6.07 119.51+28.66 78.44+751  26.69=1.55
I 88.00+8.60  100.97+10.26  18.92+2.56 20.70+5.22  141.51+£4391  80.54+7.05 25.87 +2.00
v 90.11 £6.52  105.36 + 8.66 20.35+2.15 18.50+4.20  173.66 +44.43  82.20+5.37 25.59 +1.88
dtmt I 86.45+ 6.89 10527=x16.11  20.39+3.22 11.73 £3.14  139.95+46.67 91.73+5.12 25.57 +2.46
Beijing 1I 84.64 + 8.21 89.04 + 12.60 19.22 £2.52 1091 £2.63 114.30 + 34.22 91.04 £4.17 26.25+3.02
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F3(4)
b - FEPME + bpifEZE Mean + SD
ldentification o WHEREC(d)  HB(em)  HEK(om) Rk MM R(%)  THE(g)
sites DH PH PL EP GPP SST 1000-GW
11 86.49+8.68  89.15+£12.69 20.10+3.49  11.39£299 131.48+46.75 92.79+3.61  25.82+2.53
v 88.68+5.56  94.12+9.23  20.51+2.54 1030390 161.40+49.15 92.94+3.13 2523 +1.98
Il I 9225+7.17 112.69+11.91  18.78+1.91 1637+3.61  12030+31.41  82.01+£9.90  23.77+2.42
Yinchuan 11 90.20 +7.46  102.48 + 8.60 18.13 + 1.80 16.02+3.83  12291+31.73 84.93+747  25.06+227
11 92.02+6.94 102.61+7.38  18.07+2.10  17.12x471 12626+2426 84.68+9.48  24.03 +2.60
v 94.65+6.60 101.63+£7.72  18.16+2.09  14.60+3.43 142.34+2922 85.67+10.86 24.07 +2.04
[y I 86.14+9.99  80.42+13.69 16.78+2.57  17.73+6.31 90.62+45.03  94.37+5.07  25.10+1.70
Linyi i 87.61+751  7676+9.67  17.18+3.18  16.79+4.63  88.18+3022 93.47+6.77 2542251
11 87.39+928  78.63+9.10  17.41%225 17.34+5.09 107224071  9642+2.70  25.15+2.08
v 87.83+827  7853+11.55 18.57+3.44  1446+3.50 12326+50.14 94.82+3.66  25.00+2.01
M I 7332+ 11.18  83.11+11.94 18.40+3.07  12.88+505  76.77+23.31 5598+17.64 24.36+2.66
Nanchang 11 69.41 £12.89  70.25+7.07 16.61 £2.92 12.30 +3.56 68.02£20.73  58.36+19.95 24.76+2.24
11 70941097 69.62+8.76  16.48+3.34 9.72£341  74.60+32.00 57.94=+17.52 23.95%2.55
v 7570 +825  76.41+9.03  18.16+3.26 8.00+2.71  95.75+36.98  54.69+17.84 23.02+2.78
=i I 8529+738  9230+9.95  19.71+3.05  1343+358 115.86+36.12 90.10+7.93 2477+ 1.83
Sanya 11 84.98 + 6.98 84.32+8.13 18.53+2.43 13.48+3.50 117.68£27.09  91.78 +3.95 24.53 £ 1.54
11 84.67+6.57  82.61+945  1846+2.87  12.02x292 128.71+40.73 93.11+4.19  24.78+2.06
v 84.41+492  8548+9.73  19.12+2.89  1023+273  156.67+5597 92.04+432  24.39+2.00
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Fig.2 Graphical representation of phenotypic variations at six locations
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Fig4 Cluster analysis of japonica rice varieties in different years
UE MRS EVES B (E S RS 5 R0
Bras o T3k 4, TR E K ABHWRE S
Hde /N, 9 0.433~0.615, HU = il A R EOR R =5
N 0.750~0.916 , % 52 2 I F AL B (0 B R 1 S 80
K, 1.088~1.692. L WIAE S HUIREL A5 T, TR
B IR R E AR RS E , X PR A A
S A5 SR TR R RBUEATRE , X PR
S R BOCRIRR R A T 2 18] il Ry 48
S RBUK N 71.79% , 85530 AE 7 R BRI, R
52.22% , AR 22 52 R K 57.08%~68.81% .

Table 4 Mean value of stability parameter, variation range and coefficient of variation for main agronomic traits in rice at

six identification sites

el MERE(d) B (em)  HEIC(em) TR MR 9% (%) THIE(g)
Item DH PH EP GPP SST 1000-GW
P-4 Mean 0.750 0.916 0.483 0.615 1.692 1.088 0.433

75 53 [F] Variation range 0.045~2.935  0.090~4.879  0.043~1.750  0.028~2.327  0.070~5.723  0.042~2.870  0.022~1.957
BRF (%) CV 71.79 68.81 57.08 63.73 68.31 5222 63.04

ARSI E S BRI R R B (3R 5),
TR BT E PES RS bR MR AR E TES L
SRR IEARSG, SRR E SRR WA IR
55 bR A ARE PE S RS R BB BOR T A
TaE PES B 3 IEAR G BRI EE S S

£S5 ARMBEZFHTEERZHERBEESHENEXXE

MR R RRR E SRR R IEASG . DL R 7E
S PRI S 1F T A B AR E R AR, ok ey il
KA B AR E s bR A ARE BORERL
FLREA R ROR TR H AR R AR 5 BE R X AR,
TE BIRPRL, HAER A AR X RE o

Table 5 The correlation of stability coefficients among different agronomic traits under different environments

LEZIN FaE PS4 Stability parameter

Trait Bk PH Bt PL T EP FORECGPP 4590 SST  THRITE 1000-GW
TR % DH 023" 0.17" 0.15" 0.10 -0.04 0.10
FkE PH 021" 0.06 025" 0.03 0.16"
K PL -0.01 0.22" 0.00 0.11
T4 EP -0.03 -0.02 -0.01
TR %L GPP -0.03 0.09
45524 SST 0.05

TRRERAE 0.05 KOF T REAE; T REETE 0.01 KT T A

"Represents significant correlation at P<0.05, " Represents significant correlation at P<0.01
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AEAR T ARSI AEAR I ANAEARIV A KR S i
KA E S HOEE S 50 0.912,0.873.,0.761
0.850 , FK /NI FAEAR T> 440 > 4R IV> 4EAR
M. VLR AR, 2 & SRR B A
EMES BRI TN, B AR 2558 R 2 s T
B

* 6 AREERKBRMHBEHHERMNIETESBILE

Table 6 Comparison of stability parameter for the days to
heading among rice varieties of different years

BIPLOT M5 El/s T8 50 43 Ai T XA BR Ji 258K 3
PR RE, R 2R A DGR AE 6 NS5 B
FRUE AR TN AR BERRE T4 T XL AR i A
L AL, B AR DB A S IRTE 6 128
J R AR SR, MR KA . TR, AR
ThEE R AR RS E PESEL D, PRk HAa E S,
RIFE 6 A~ A B R B0 X BAe e AL kL 20 10y
(R 7)o 20 AR T E IR VLR 2 1, &
FEHPHT 22 FIAAE 3 45 R T rh =5 ARy 3 1,
AR K 8IS LA 8 5 FR S 1 45 kIR T rp
LT HYA 10 AL HGI0RE 931 UM 454 1K 244

e T e ASHOE ERARM A< 2100 3L K 10 %5 B R 66, 10 294 Tk A
Vears bl Variation (%) 9 B PhAC 159 FIT-EIR 15 KT HAM 5 4,
MemzD e < (I AR T 2 O BRI R X
| 0.912+0.760  0.107~5.014 83.32 ¥ A A _ “ o ‘;L
mm 0.761 £0.600  0.044~3.582 78.92 80, AV S EE A B A Fa e , A= A ik
I\ 0.8500.759  0.022~5.502 89.27 B
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Fig.5 Distribution map of stability parameter of agronomic traits under different environments
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Table 7 Stability parameter of main agronomic traits under different environments
e PR ZFK FsE 24X Stability parameter (D, )
No. Name of PN Wi (3 AL TR HEYR TR
germplasm DH PH PL EP GPP SST 1000-GW
1 10 931 0.045 0.485 0.332 0.652 4.025 2.005 0.649
2 A 454 0.045 0.149 0.196 0.553 3.309 0.859 0.055
3 T4 244 0.045 0.013 0.122 0.806 2.652 0.871 0.164
4 HPHT 22 0.048 0.346 0.981 0.257 1.156 2.174 0.826
5 K 818 0.048 1.345 0.837 0.835 2.449 0.552 1.113
6 WIH H 0.057 0.518 0.345 1.204 1.152 1.419 0.455
7 WA 2100 0.077 0.442 0.067 0.354 2.617 2.452 0.339
8 Tk 105 0.095 0.401 0.367 0.214 3.726 0.923 1.133
9 Pk 3 5 0.101 0.877 0.988 0.224 1.137 0.569 0.624
10 bk 7 = 0.105 247 0.532 0.538 2.649 1.402 0.521
11 Pyt 0.107 0.69 1.228 0.098 2.23 1.266 0.081
12 WK 66 0.107 0.905 0.28 0.765 2.563 1.295 1.161
13 RS 0.109 0.989 0.153 0.218 0.915 1.086 0.209
14 ki 37 0.114 0.293 0.049 1.244 1.201 1.36 0.388
15 10 294 0.114 0.167 0.405 0.633 2.364 1.096 0.131
16 WA 9 5 0.123 0.381 0.429 0.501 1.012 0.796 0.203
17 WA 159 0.127 0.765 0.115 1.085 1.708 0.911 0.16
18 THE1S 0.14 0.78 0.352 0.603 3.08 1.472 0.093
19 Ik 8 5 0.149 0.982 0.621 1.679 2.205 0.464 0.462
20 i 15 0.158 1.399 0.465 0.184 0.993 0.559 1.068
3 A PRIR YR BUE R T/ B B o T H P 2R
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