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Abstract: Radiation use efficiency (RUE) of rice varieties is an important factor influencing grain yields of double-cropping
rice in South China. However, there have been few studies of rice RUE and its relationship to agronomic traits. We conducted
two-season field experiments to evaluate the RUE of 36 major rice varieties in a double-cropping rice region of South China.
The relationships between RUE and the main agronomic traits (for example, yield) were explored, and the clustering analysis
of tested varieties were classified. The findings revealed highly significant difference of RUE existed in different rice varieties
and cropping seasons, respectively. In early and late seasons, RUEs were significantly and positively correlated with the grain
yield, the harvest index, and the 1000-grain weight. In the early season, RUE was significantly positively correlated with the
biomass and significantly negatively correlated with the growth period; however, in the late season, these correlations were not
significant. Principal component analysis revealed the 12 agronomic traits of the tested varieties to be compressed to four in-
dependent comprehensive indexes, including the yield and light energy efficiency factor, the panicle and grain number factor,
the growth period and grain weight factor, and the seed setting rate factor, in the early season; and to five independent com-
prehensive indexes, including the yield and light energy efficiency factor, the panicle and grain number factor, the biomass
factor, the growth period and grain weight factor, and the seed setting rate factor, in the late season. Clustering analysis re-
vealed that the varieties tested in this study could be divided into three groups: low RUE, medium RUE, and high RUE. Rice
varieties numbers with low RUE, medium RUE, and high RUE accounted for 50.0%, 38.9%, and 11.1%, respectively, of the
total numbers of tested varieties in the early season and for 27.8%, 47.2%, and 25.0%, respectively of the total numbers in the late
season. ‘Yliangyou 143’ ‘Teyou 524’ ‘“Tianyou3301’ and ‘Teyou3301° were identified as high-RUE varieties in the early season, and
‘Wuyou308’ ‘Tianyou3618” ‘Wuyoul63’ “Wuyou376’ ‘Tianyou998’ ‘Tianyouhuazhan’ ‘Tianyou3301’ ‘guang8youl88’ and ‘Yliang
you 305’ were identified as high-RUE varieties in the late season in South China. In our study, the classification of RUE types for
rice varieties has been reported for the first time. The findings will have important guiding significance for the variety layout

in growing areas and both the breeding of high-RUE varieties and their efficient utilization.

Keywords: Rice; Radiation use efficiency (RUE); Principal component analysis; Clustering analysis; High RUE varieties
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16.95~24.61 thm™> 19.31~30.35 t-hm?; RUE
RUE 0.67%~0.84%  0.54%~0.68% ,
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Table 1 Name and code of rice varieties involved in the experiment
Code Variety Code Variety Code Variety
Vi V13 . 3 V25 9316
Huangguangyouzhan (HGYZ) Yuebiao No. 5 (YB5H) Shenyou 9516 (SY9516)
V2 o V14 o V26 376
Yuenongsimiao (YNSM) Yuehesimiao (YHSM) Wuyou 376 (WY376)
\E . Vis 2 v27 , 751
Teqing (TQ) Yuejingsimiao No. 2 (YJSM2H) Juliangyou 751 (JLY751)
v4 . V16 V28 524
Fengmeizhan (FMZ) Hefengyouzhan (HFYZ) Teyou 524 (TY524)
\& - V17 o V29 _ 998
Yinjingruanzhan (YJRZ) Yuejinyinzhan (YJYZ-1) Tianyou 998 (TY998)
V6 . V18 . V30 L.
Yuexiangzhan (YXZ) Yuemeizhan (YMZ) Fengyousimiao (FYSM)
v7 . V19 .. V31 .
Yuxiangyouzhan (YXYZ) Yuejinyouzhan (YJYZ-2) Tianyouhuazhan (TYHZ)
V8 V20 . V32 . 3301
Fenghuazhan (FHZ) Helisizhan (HLSZ) Tianyou 3301 (TY3301-1)
Vo o V21 ‘ Y 143 V33 8 188
Yueyousimiao (YYSM) Yliangyou 143(YLY143) Guang8you 188 (G8Y188)
V10 . V22 308 V34 8 2168
Huanglizhan (HLZ) Wuyou 308 (WY308) Guang8you 2168 (G8Y2168)
Vil . V23 ) 3618 V35 3301
Guangjingruanzhan (GJRZ) Tianyou 3618 (TY3618) Teyou 3301 (TY3301-2)
V12 . V24 163 V36 Y 305
Hemeizhan (HMZ) Wuyou 163 (WY163) Yliangyou 305 (YLY305)
1.2 s 108 ; 25.0 cmx13.3 cm,
2017 100 “ ”
14
(113°23'E, 23°17'N, e : N
41.0 m) , pH 5.95, 150 kghm™  P,0s 45 kghm™  K,0 120 kg-hm™
225 gkg ™, 1.29 gkg ™, 0.42 gkg ™, ; 3 ;
8.43 gkg!, 58.0 gkg !, 6.49 gkg™!, > 203, ;
_ 15d
47.0 g'kg! ’
Techno-solutions( : CF1000, ’
), 1 9 b 9
’ , 90% ,
11.60 mm-d ™, 11.57 MI-m>d™!
34.7% 3.17 mm-d™, i 7d
17.38 MI'm>-d™' ,
, 1.3
1.3.1
3 8 ,4 9 ; 7
21 ,8 10 , 3
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15.5%10° J'kg’l' y , 12.50% 3.81% 8.25% 7.92%
(kg) Q 40.97%;
( 1), i 4.95% 11.62% 7.38%
2.2 RUE
1.4 2 , 36 RUE
Excel 2007 : SPSS Statis- RUE
tics 21.0 0.552%~0.897%, 62.5%;
, , RUE 0.449%~0.610%,
(Euclidean distance) (Ward’s method) 35.9%(  2) RUE
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F2 36 MERKERMEBRE 12 MRZERKERN
Table 2 Performance of 12 agronomic traits for 36 rice varieties in early and late seasons
Early season rice Late season rice

Trait F F D-\(f)alue
Mean SD Max Min F-value Mean SD Max Min F-value (%)
GD (d) 126.29 250 132.00 125.00 423" 112.33 3.14  116.00  108.00 0.78 12.42
GYH (thm™) 7.51 0.75 9.33 5.28 6.60"  6.94 0.63 8.69 5.03 2.05" 8.25
GYDH (thm™2d™") 59.49 5.94 72.93 42.25 6.10"  61.73 5.47 74.91 43.39 2357 -3.62
BH (thm™) 15.67 1.45 18.81 10.08 482" 15.10 1.08 18.15 12.42 1.13 3.81
BDH (thm2-d™") 124.04 1125 14735 80.64  4.017 13437 1040  163.47  107.03 0.94 -7.69
EPSM (paniclesm™)  256.01 3575  363.08 166.15 3477 25798 3233 363.08  184.62 3.477 -0.76
SP 168.43 2398  240.26 110.79 6.86" 156.07 1594 20032  114.70 4.84" 7.92
FSP 12430  18.17  183.83 85.25 573" 13078  16.23 179.08 94.90 494" —495
TGW (g) 23.88 2.78 31.91 19.62  85.06™ 23.59 2.94 31.29 18.47 158.10" 1.25
SSR (%) 74.03 5.91 88.75 57.93 2117 83.76 5.21 93.58 66.93 340" -11.62
HI 0.48 0.04 0.59 0.39 8.14" 052 0.03 0.60 0.43 555" 738
RUE (%) 0.774  0.079 0.897 0.552  5.65°  0.543 0.048 0.610 0449 2277 42.55

o (1%) GD: ; GYH: ; GYDH: ; BH: ; BDH: ; EPSM: ; SP:

; FSP: ; TGW: ; SSR: ; HI: ; RUE: ** means significance at 1% level. GD: growth

duration; GYH: grain yield per hectare; GYDH: grain yield per day per hectare; BH: biomass per hectare; BDH: biomass per day per hectare; EPSM:
effective panicles per square meter; SP: spikelets per panicle; FSP: filled spikelets per panicle; TGW: 1 000-grain weight; SSR: seed setting rate; HI:
harvest index; RUE: radiation utilization efficiency. D-value: difference value between the two seasons.

1.0

1 7% Early season I 2% Late season
08| i I I ]
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£2
= 2
85 04
=g
5 L
<
&
02+
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—_ o 3] — — [S-Xe Bla)
S PR PR P L R R N P I S
S A R P E S oL
>-_- >~ >~ = = =~ = 175 = = E 6} 8 E ~
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2 KK FE AR R R R R B AR
Fig. 2 Radiation utilization efficiency of the tested 36 rice varieties in early and late seasons
40.97%; RUE 36 12
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RUE , 0.974 2.527, 19.44%,
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3.316, 25.51%, 2.245, 19.44%,
, , 0.993  0.992 4
-0.838 0.741  0.778, 3 1.472, 11.32%,
1.472, 11.32%, R 0.189
, 0.872  0.667 —-0.883 0.861 5 0.923,
4 1.210, 9.31%, 7.10%, R 0.885
, 0.995 ,
2.3.2 1 2
1 4.141, 31.85%, s )
RUE , 64.59%  58.94%
0.931 0.943  0.933, RUE >
x3 KEEERZHRER. RETHHFERSERTBKE
Table 3 Eigenvectors and contribution rates of main agronomic traits of rice in early and late seasons
Early season rice Late season rice
Trait 1 2 3 4 1 2 3 4 5
Component 1~ Component 2 Component 3 Component 4 Component 1 Component 2 Component 3 Component 4 Component 5
GD —-0.081 0.071 0.872 —-0.048 —-0.025 —-0.038 —0.099 0.189 -0.129
GYH 0.974 0.073 0.155 0.016 0.931 -0.002 —-0.053 0.122 -0.113
GYDH 0.992 0.059 -0.010 0.025 0.943 0.026 0.012 -0.012 -0.078
BH 0.525 —-0.053 0.272 0.015 —-0.030 0.003 0.993 —-0.076 0.073
BDH 0.563 —0.072 0.077 0.029 —0.031 0.003 0.992 —0.076 0.076
EPSM -0.064 -0.838 -0.292 -0.091 0.013 -0.223 0.103 —0.883 -0.252
Sp 0.117 0.741 —-0.190 —-0.302 -0.015 0.964 -0.017 0.039 0.074
FSP 0.118 0.778 -0.230 0.167 -0.117 0.863 0.056 0.012 0.482
TGW 0.460 —-0.097 0.667 —-0.045 0.233 -0.144 —0.084 0.861 -0.379
SSR -0.018 0.045 -0.074 0.995 -0.227 0.136 0.143 -0.027 0.885
HI 0.576 0.148 —-0.106 —-0.040 0.284 0.701 —0.028 0.062 -0.322
RUE 0.922 0.102 -0.099 —-0.095 0.933 0.009 —0.040 0.115 —-0.108
E 5.249 3.316 1.472 1.210 4.141 2.527 2.245 1.472 0.923
CR 40.37 25.51 11.32 9.31 31.85 19.44 17.27 11.32 7.10
TCR 40.37 65.88 77.20 86.51 31.85 51.29 68.55 79.87 86.97
GD: ; GYH: ; GYDH: ; BH: ; BDH: ; EPSM: ; SP: ; FSP: ; TGW:
; SSR: ; HI: ; RUE: ; E: ; CR: ; TCR: GD: growth duration; GYH: grain yield

per hectare; GYDH: grain yield per day per hectare; BH: biomass per hectare; BDH: biomass per day per hectare; EPSM: effective panicles per square
meter; SP: grians per panicle; FSP: filled spikelets per panicle; TGW: 1 000-grain weight; SSR: seed setting rate; HI: harvest index; RUE: radiation
utilization efficiency, E: eigen value; CR: contribution rate; TCR: total contribution rate.
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Fig. 3 Cluster analysis dendrograms for the tested rice varieties in early and late seasons
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Table 4 Average values of main agronomic traits of the tested rice varieties of different groups

Growth  Biomass Grainyield Harvest 1000-grain Seed setting Grains per Effective panicles RgdlanAon
Season Group duration (d) (t-h S thm2 ind ight (g) te (%) el cles-m2 utilization
uration (thm™)  (thm™) index weight (g rate (% panicle (panicles'm™) efficiency (%)
I 126.3 15.84 7.23 0.457 23.91 72.85 157.0 264.6 0.734
Early
season 125.6 15.05 7.61 0.507 22.33 75.10 186.4 253.0 0.792
128.8 17.26 8.44 0.491 29.87 74.89 159.4 231.3 0.839
Total 126.3 15.67 7.50 0.480 23.88 74.03 168.4 256.0 0.772
I 111.9 14.96 6.56 0.505 20.79 86.78 161.2 262.2 0.514
Late
season 112.7 14.97 7.01 0.505 24.56 83.13 146.4 257.4 0.547
111.9 15.44 7.32 0.558 24.41 82.41 167.6 257.0 0.573
Total 112.4 15.08 6.94 0.518 23.59 83.71 156.1 257.9 0.542

I IR SRS e 2. o Y62k 8. Group I, 11 and III are rice varieties groups with low, medium and high radiation utilization
efficiency, respectively.

2.6 RUE , ;
3 RUE
( 5), RUE
, RUE ; RUE
, I RUE

3 RUE RUE
x5 VERKFERME RUE SXERZHRKEEXRL

Table 5 Correlation coefficients between radiation utilization efficiency (RUE) and main agronomic traits of rice varieties
in different groups

Total . S Harvest 1 000-grain Seed Spikelets Effective
Season Group . Biomass Grain yield . . . ) .
duration index weight setting rate per panicle panicles
I -0.543 5™ 0.563 8" 0.9312" 0.529 7" 0.447 1" -0.161 6 0.068 2 0.049 1
Earl -
Seasoyn -0.209 0 0.7570 0.972'5 0.234 3 0.327 6 0.1870 —0.1270 0.071 6
-0.5124 0.520 7 0.8712" 0.573 6 —-0.0215 0.218 8 -0.1950 -0.284 0
Total  —0.268 3" 0.584 2" 0.941 6" 0.464 9" 0.3399" 0.097 6 0.088 8 —0.083 5
I -0.357 1 -0.118 3 0.9853" 0.420 5 -0.176 5 0.268 0 —0.034 3 0.107 6
Late o P
season 0.402 0 0.159 6 0.980 6 0.119 4 0.076 6 —0.0326 0.118 8 0.021 4
0.113 4 02159 09865  -—0.2217 0.1818 —0.138 9 0.018 7 0.0327
Total 0.061 2 0.1542 0.9850° 028117 0.252 4" -0.136 3 0.050 1 0.0156
I I II *EK 0.01  0.05 Group I, Il and IIl are rice varieties

groups with low, medium and high radiation utilization efficiency, respectively. ** and * mean significant correlation at 0.01 and 0.05 levels, respec-
tively.

3 itig RUE
; RUE ; , ; RUE
RUE , , , )
RUE RUE ,
RUE . RUE , RUE
, RUE , ,
RUE RUE ,
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