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Abstract: To investigate the relation between root traits and growth duration in japonica rice cultivars, a total of 94
conventional japonica rice varieties were solution-cultured in 2008 and 2009, respectively, and growth duration (GD),
dry matter weight of different part in rice plant, and root related traits were measured for each cultivar. Based on GD,
the rice varieties were clustered, by MinSSw method, into six types (namely A, B, C, D, E, and F in the alignment
from low to high). Then the differences of root related traits for various types were analyzed. Results showed that with
prolonging GD, no significant change in the numbers of adventitious roots was observed, while root dry weight, total
length of adventitious roots per plant and the maximum root length increased or significantly increased. In general,
total/active root absorption area and root activity per plant increased or increased at first then decreased with the
elongation of GD. Similar but year-related trend was observed in root traits on panicle basis. The cultivars with longer
GD had the medium numbers of adventitious roots, higher root dry weight, longer total/maximum length of
adventitious roots, higher root total/active absorption area and higher or medium root activity, calculated on both of
plant and panicle basis. Except for number of adventitious roots, the tested traits on the basis of plant or panicle
differed significantly among cultivars. The length and weight of single adventitious root were significantly affected by
GD, while the single root diameter was not affected by GD. The japonica rice varieties with longer GD had obvious
advantages on the most of root traits per plant, due to the improvement of root traits including root length and root dry
weight on a basis of panicle or single adventitious root.

Key words: japonica rice; cultivar; growth duration; root trait
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Table 1. Difference of growth duration for tested japonica rice cultiva

rs.

W E KRR 2% (Chin ] Rice Sci) 55 27 3855 4 (2013 4 7 AD
45.9% (2009 4F) , 5 70 8] P A PR 10 22 5 Y R R
B E Ko A OG 3 A R B 5 o 3 ik A R S vk
AN E MR BT A A Grans = 0. 141 4 175000 = 0. 041) K 3K
i E KO 5 RN 2 MR K (ranes = 0,542 4 ra00g
= 0.465" ") IR TH B Gras = 0. 6087 7,
Faoos = 0. 600" ") Bk b & Lok IEAH G .

B 2 AT, 2B B IR RE K, SR AR R /95 BR
W T AR BB AR R TR ) 22 R B B ey i e, B
FEHEINIE TR AR R —E S, FREH
M AH b, B RR AR R R W i B R — 16, 9% ~
81.5% (2008 ) 1 13. 6% ~43. 6% (2009 4F) , K
FRAR 2 35 B W 0 i K — 12, 6% ~134. 1% (2008
AR 22, 2% ~116. 7% (2009 4F) , Rk 215 /)
46, 4% ~T72.1% (2008 4E) Ml —15.7% ~45.9%
(2009 4F) , AU ALK 3 AN PEAR 1Y 25 5 1 38 B i 3 K
Vo A OCARAT B L BE b B AR R RS AR AR R R
W AT TAT AR (g0 = 0. 685 ™ 4 ra000 = 0. 4327 7 ), 5 FLk
AR G BRI T A Craes = 0. 74877 4 1oy =
0.593" ") VELPRAR R I 71 B AH OC 1 38 W 35 sl i 3
IKAE (ryp0s =0. 360" ", 17300 =0. 2357 ),
2.3 AEAEEHAUEELMEEERAERKRY
=R

M 3 Al BEE AR B A IE K, RS E AR AL
ERMIME FTHEHR.FRAESHMEMELE
—10.7%~3.8% (2008 4) fl—10. 9% ~11. 2%
(2009 4F) AR 1Y 26 S R 2 . 2B B BT
R T4 o1t | RS A AR A S A A AL, B A L SR
S BEAE B A9 R L F 28 H A AR L, R
MR 4 & 3 i — 1. 6% ~48. 1% (2008 4) Al
13.1%~53.6% (20094F ) , ¥ fH A & MR K 1 fn

s i F A % 2 i B R e =R

A4 FH|

= Number of cultivars Days from sowing to heading/d Growth duration/d

T

ype 2008 2009 2008 2009 2008 2009
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B 16 12 94.1 e 91.4 e 136.8 e 128.8 d
C 15 20 100.5 d 98.1d 143.8 d 139.2 ¢
D 21 24 104.9 ¢ 102.3 ¢ 149.1 ¢ 148.5 b
E 15 14 110.5 b 106.1 b 154.8 b 157.8 a
F 13 11 116.7 a 109.7 a 159.2 a 158.7 a
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Table 2. Difference of root traits per plant in japonica rice cultivars with different growth durations.

BB E R AL LA AR T4 o BRI B K
H Number of adventitious Root dry weight Total length of adventitious
Type roots per plant per plant/g roots per plant/cm
2008 2009 2008 2009 2008 2009
A 203.98 156. 75 1.39 ¢ 1.37 ¢ 3234.20d 3694.52 b
B 224.78 187. 85 1. 64 be 1.52 ¢ 4134.74 ¢ 4488. 33 a
C 208. 17 172.97 1.75 b 1.72 b 4034. 46 ¢ 4579.19 a
D 233.19 177.96 2.03 a 1.75 b 4428. 68 be 4677.31 a
E 241. 81 171. 84 2.26 a 1.82 ab 5020. 53 ab 4852.05 a
F 230. 26 162. 54 2.25 a 2.00 a 5342.60 a 4991.07 a
F {4 F value 1.37 1.47 10.36" " 9.46 " 9.47" " 5,117
PR AR R B WA T AR HARRAR R0 BRI i T AR HARRAR FRIE
P Total root absorption Root activity absorption Root activity
Type area per plant/m’ area per plant/m’ per plant/(pg+ h™ ")
2008 2009 2008 2009 2008 2009
A 6.07 ¢ 8.72 ¢ 1.84 e 2.02 ¢ 1229.11 b 977.74 ¢
B 9.17 d 9.43 be 2.77d 2.98 b 1104. 30 b 980. 24 ¢
C 10.48 ¢ 10.65 b 3.42 ¢ 3.16 b 1045.61 b 1692. 63 a
D 11.92 b 10.47 b 4,37 ab 3.29 b 1126.82 b 1308. 40 bc
E 13.27 a 11.02 ab 4.94 a 3.57b 1215.16 b 1257.92 be
F 11.02 be 12.52 a 4.31 b 4.37 a 1799.70 a 1426. 62 ab
F {4 F value 28,4177 4.08"" 30.71 9.98"" 7.25"" 4.86""
RN EF B EKTE,
* " Different at P<C0. 01 significance level.
x3 AA4EHPAUERAHEBRAERNESR
Table 3. Difference of root traits per panicle in japonica rice cultivars with different growth durations.
R E AR AL HREAR T4 5 B PR E R B K
A Number of adventitious Root dry weight Total length of adventitious
Type roots per panicle per panicle/g roots per panicle/cm
2008 2009 2008 2009 2008 2009
A 31. 69 28.17 0.21 ¢ 0.25 ¢ 503.67 b 672.84 ¢
B 36. 29 35.13 0.27 be 0. 28 be 673.23 a 836.51 ab
C 35. 27 33.83 0. 30 ab 0. 34 ab 692. 56 a 888. 30 ab
D 36. 82 29. 26 0.32 a 0.29 be 709.27 a 782.83 be
E 32.97 31.08 0.31 ab 0.33 b 712.55 a 871.18 ab
F 32. 88 31. 32 0.32 a 0.38 a 760.18 a 955.59 a
F {4 F value 1. 18 1.85 4.80"" 4,747 3.14°7 3.77""
BATEAR R R i AR B THAR 2R3 BRI i i AR PR RIE
He oy Total root absorption Root activity absorption Root activity
Type area per panicle/m’ area per panicle/m’ per panicle/(pg « h™")
2008 2009 2008 2009 2008 2009
A 0.94 ¢ 1.59 ¢ 0.29 ¢ 0.37 ¢ 189.47 b 177.56 b
B 1.49 b 1.76 be 0.45 b 0.55 b 178.31 b 186.12 b
C 1. 81 ab 2.07 ab 0.59 a 0.62 b 178.94 b 338.28 a
D 1.91 a 1.75 be 0.70 a 0.55 b 177.87 b 223.23 b
E 1.93 a 1.98 b 0.70 a 0.64 b 166.92 b 228.89 b
F 1.57 b 2.37 a 0.61 a 0.83 a 252.81 a 267.81 ab
F {4 F value 9.96"" 4.02"" 14.32"" 8.75"" 3.81"" 4,417

T AR B ROR 2 0 A b K

“ Different at P<C0. 05 and P<C0. 01 significance levels, respectively.
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51.45 2% (2008 4F) Fil —20. 83 % ~50. 83% (2009
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Faose = 0.334" ", M Z8 1% BR WIS TET AR 43 501 R Rioos =
0.664" " srye = 0.517° ", AT R IG J1 47 5 K
Faoos =0. 229" Ryps = 0. 246" , Y93k i F 8 B &
I,
24 AEETHEABEBRMEABRLERAERER
HER

HH 4 AT, B & A B 3G I, PR 4O e AR
VBRSSP i 2 2R I B R A, 28
[ P AR 1 22 S 28 3k I B W 3 KO L (EUOR ]
S [B) BRSO A AR TE B B i AR R R B, L2 Rl
ANWE, MR B R RS X 3 A4
PER A A X RBG AR ERK G AN res =
0. 448" " s 7oy = 0. 4517 ", B R & MR 5 2 0l A
Faoos = 0. 381" " yrap0e =0. 435" ", BA SN SE ARUHL A3 )
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Table 4. Difference of root traits per adventitious root in japonica rice cultivars with different growth durations.

o AN EREK WA EMR T T BN E AR ML
:f Length per adventitious root/cm Dry weight per adventitious root/mg Diameter per adventitious root/mm
ype
2008 2009 2008 2009 2008 2009
A 19.02 d 23.95 ¢ 8.12 b 8.99 cd 1.01 0. 81
B 20.23 cd 24.01 ¢ 8.12 b 8.20d 1. 04 0.83
C 22.13 abc 26.66 bc 9.87 ab 9.99 be 1. 04 0. 89
D 21.52 bed 26. 89 be 9.90 ab 10. 29 be 1.02 0. 84
E 23.50 ab 29.01 ab 10. 06 ab 10. 96 ab 1.02 0. 86
F 24.79 a 31.52 a 10.91 a 12.60 a 1.04 0. 88
FA{H F value 3.99"° 5.29"" 2.34° 5.64"" 0. 31 1. 81
7T AN FROR 2 Gk A A B KO
“, "7 Different at P<C0. 05 and P<C0. 01 significance levels, respectively.
x5 BFERAMRNBEHVEXRREZERNEREBEZRY
Table 5. Direct path coefficient of root traits per panicle and number of panicles per plant to root traits per plant,
BRR AN 5E ML HBR RN E HREL K FRRAL R T T B AR R A T AR PR AR 3R % BRI A T R HOBRAR R T
= NARP TLARP RDWP TRAP RAAP RAP
jc{fr R A LiR7S R Bk R 2 R LY S Bk AR R LIR7S LIREYRE R
SEMEE B EMREK B Tome R Mg A R TR AR R i R
NARPP PNP TLARPP PNP RDWPP PNP TRAPP PNP RAAPP PNP RAPP PNP
2008 0.704 0.617 0.852 0.569 0. 850 0. 585 0.926 0.478 0.918 0. 445 0.803 0.479
2009 0.956 0.706 1.012 0.699 1. 066 0.599 1. 041 0.572 0.997 0.437 1. 040 0.298

NARP. Number of adventitious roots per plant; TLARP. Total length of adventitious roots per plant; RDWP. Root dry weight per plant; TRAP. Total root absorption area per
plant; RAAP, Root activity absorption area per plant; RAP, Root activity per plant; PNP, Panicle numbers per plant; NARPP, Number of adventitious roots per panicle; TLARPP,
Total length of adventitious roots per panicle; RDWPP, Root dry weight per panicle; TRAPP, Total root absorption area per panicle; RAAPP, Root activity absorption area per

panicle; RAPP, Root activity per panicle.
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Fig. 1. Difference of the longest root length in japonica rice cultivars
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