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Effects of Shading on Yield and Quality of Japonica Rice Varieties in
Rice-growing Regions alongside the Yellow River during Grain-filling
Stage and Screening of Low-light Tolerance

DU Yan-xiu, YAN Yun, JI Xin, LI Fei, LI Dan-yang, SUN Hong-zheng, ZHANG Jing, LI Jun-zhou, PENG
Ting, ZHAO Quan-zhi
( Agronomy College, Henan Agricultural University/Henan Key Laboratory of Rice Biology /
Collaborative Innovation Center of Henan Grain Crops , Zhengzhou 450046 )

Abstract: Rice is often exposed to cloudy and rainy weather during grain filling, resulting in decrease in rice
yield and quality.By analyzing the meteorological data of rice grain filling during the last 6 years ( 2012-2017 )
in rice-growing region alongside the Yellow River ( RAYR ), it was found that the decrease of sunshine duration
during grain filling period was the main climatic factor affecting rice production.80 varieties of japonica rice from
Japan and China were used for shading experiment, which created 65% reduction of full natural light making
use of one layer of black netting and last 30 days during grain filling period.Light intensity, red light and far red
light intensity, temperature and humidity in 3 weather conditions ( sunny, cloudy and rainy ) on the top of canopy
were measured.And the 1000-grain weight, milling quality and chalkiness under shading were analyzed to screen
shade tolerant japonica rice varieties.The results showed that in our study the temperature and humidity were no
difference between shading and natural condition.The sunlight at the top of canopy was changed at two aspects,
energy and signal, which indicated that radiation and R/FR ratio were both decreased under shading.1000-grain
weight, brown, milled and head rice rates were decreased, and chalky rice rate and chalkiness degree increased

Yris B H: 2018-10-31  {&E EHP: 2018-11-16 ML HAR A HA: 2018-12-07
URL : http://doi.org/10.13430/j.cnki.jpgr.20181031001
Hi—EH FEMNF KGR AE T TAE, E-mail: dumatt@163.com

WEVER Bk, KRR A4 B 9T TAE , E-mail: qzzhaoh@126.com
E& WA : HEE BRI F P8R 52351 ( 2017YFD0300100 )
Fundation project: the National Key R&D Program of China ( 2017YFD0300100 )



5 4] ek EE B S ¢ S BARRS DX A R ORE R O JEE ISP X 7 ek AR it R P 2 T 353 ' AR ot o s 1 1161

under shading.Among these characteres 1000-grain weight and chalkness were mostly affected by shading.Based
on 1000-grain weight decrease, chalky grain and chalkness degree increase under shading, 4 high quality and
shade tolerant japonica rice varieties were screened, which including Fangsiluo, Xinfeng5, Zhaoxiang3 and
Xiaoxiang.Thus, these shade tolerant varieties with excellent grain quality served as valuable resource in future

breeding for new resistant low-light varieties.
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Table 1 Rice varieties used in this study
i FRE ORI || FBE ORI || wBE R |55 L2/ S
No. Name Origin [[No. Name Origin ||No Name Origin ||No. Name Origin
Al H A HA  ||A21 EfE518 PR || B8 Gt — ||B28 N T [T
A2 09-11 T || A22 BRI 65 PIETR (|BI HefE 253 K |(B29 2012K1  hER
A3 s 35 —  ||A23 Jikg 108 HEIATR || B10 05 AERHE||B30 PEA —
A4 Wiz 75 HhETTIR (| A4 J5PH 05450 v [l RS | (B11 HERE6 5 R |(B3L L= —
A5 POt 200  thEILZR||A25 JRRRE 35 PR ||B12 THEAYS  hETTYS ||B32 Tk A4S PIEE
A6 WA 430 —  ||A26 1407 hEE (|B13 XA 806 HfEIli%|(B33 X+ 13 —
A7 R3S PRI ||A27 08K22 TR | (B4 >} 806 —  ||B34 K3 HEIRH
A8 021 % R || A28 2011K8  Hr[EI R || B15 WAE 12 IEVLYS || B35 B TS PR
A9 cl15 — ||A29 Tk1% R || B16 7375105 HEEHL || CL R 1% —
A10 IFFE 01C AR || A30 &8s PEMH||B17 WHEHE 04  EIIR||C2 HF6 5 PETT
All SHET787  rPIEIKHE||A3L HA55  PEWH || B18 BRI hEH |(|C3 Wefg 13 VLR
A12 21 PEHELT||A32 tRfE 45 PIENLIN || B19 Bk 128 HETTR ||C4 oA hEZE
Al3 K3 —  ||A33 JRpTARfE R ETE || B20 FERE 35 FRIEEAR || C5 BAKE 15 PR
Al4 7375326 'PEIEAL|(B1 2720 ThEE (| B21 HiKE 136 H[ETTR ||C6 1 276 TRV
A15 fries  EAE||B2 2011K10 "R |(B22 BHE6 S rhIEwE || C7 MRS5S PEVIIR
Al6 R 21 PEIL| (B3 2011K-29  'PEVAH ||B23 Raekpge  hEWIL||C8 kg 4038 PETTIH
A17 HifE 21 hER (| B4 2011K30  i[EV i || B24 ik 25 dhER (|C9 REH IS PEYLH
A18 25 HPEWHE|[B5 CAlC2 — B25 XAt— — C10 DW094 —
A19 65 EH ||B6 wol8 — ||B26 JrmuvE bR (| C11 T (4)  PERL
A20 Wikl PERE || B7 NEAERE %R || B27 &3 hIE R |[C12 MEE45  PEVLIR
—ZR AR R
—Indicates the origin of the variety is unknown
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Table 2 The temperature, precipitation and sunshine duration from 2012 to 2017 in Yuanyang

[, S ﬁﬁiﬁ TIRCC) WK BOKAECO) S
Month  Year Maximum Minimum Average ) mm >_ Precipitation Sunshine Average sunshine
temperature temperature temperature Precipitation days duration time
8 2012 30.0 21.6 24.9 136.5 10 170.3 5.49
2013 34.1 24.4 28.5 745 7 241.7 7.80
2014 29.6 20.3 24.3 62.0 15 157.5 5.08
2015 30.9 21.2 254 315 11 195.3 6.30
2016 30.9 22.8 26.3 57.1 8 185.7 5.99
2017 31.0 225 26.2 59.1 11 66.0 213
9 2012 26.8 16.6 20.8 46.3 10 139.3 4.64
2013 28.4 18.1 224 12.7 3 126.6 4.22
2014 25.2 16.8 20.3 190.1 16 113.1 3.77
2015 26.8 16.0 20.8 20.8 8 190.0 6.33
2016 28.7 17.8 22.3 61.6 9 190.8 6.36
2017 28.0 17.9 22.3 42.8 10 158.6 5.29
10 2012 23.3 12.3 16.8 17.2 7 146.6 4.73
2013 231 11.8 16.4 12.2 4 147.2 4.75
2014 22.5 12.6 16.8 6.7 5 117.2 3.78
2015 22.8 10.4 16.0 29.1 7 167.7 541
2016 20.3 12.4 15.8 774 15 98.4 3.17
2017 19.2 11.0 145 37.7 12 101.5 3.27

i 33 4 M 2012-2017 4F- 8-10 H (G 08k AT
PRI, E A R T I S0 S 0 2 M IX K R A 7 10 T B A
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Bl RSB O, 3 B 5 6 BE Y 56 )2 3R B B K
17 00 Hsf 358 S I Py 3L B8 4 %o R A 5 (0.4 °C ), B R

10: 00 F1 13 00 3 BH % A it B2 3068 B i34 K% (0.8 °C
F10.6 °C) A, ZHmt (8] W & 5 25 508 o 35
JEE A SR 10 B TR R AR R B R 2 R T R B BR
T K 13 00 3 [ A &k 2 1% T X ] L1 K 13 00 3
BFIA% S 2 e T X6 BRAD , S Ath B (1) 0 25 S AN I 25 Ol
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Table 3 The temperature, humidity, light intensity and R/FR ratio of the canopy top under shading
. ) bihic birdss SRR G
REARB A1 abm . e -
. (c) (%) ( wmol/sem?) RIFR
Weather Time Treatment . . i X
Temperature Humidity Light intensity
AR (9 H3H) 10: 00 popilst 26.9+0.2 67.3+15 516.0 5.0 1.161 + 0.002
Cloudy S 26.6+ 0.0 68.7+0.3 120.0+2.6™ 1.124+0.001"
( September 3rd )
13: 00 X R 275+0.1 62.3+2.2 801.7 +33.2 1.165 + 0.004
LR 27.6+0.0 57.7+0.3 200.0+5.8" 1.124 £ 0.003”
17:00 PO 258+0.1 71.7+0.3 182.3+1.9 1.159 + 0.001
R 26.2+0.1 70.7+0.3 40.0+1.2" 1.116 + 0.002"
MK(9H4H) 10: 00 X R 244+03 77315 405.0 +4.5 1.236 + 0.002
Rainy e 24.6+0.0 73303 91.0+29” 1.153+0.028"
( September 4th )
13: 00 poyiist 26.0+0.1 75.3+0.9 645.7+ 4.5 1.237 +0.003
LA 26.3+0.0 68.7+0.7" 1453 +6.17 1.170 + 0.002™
17:00 X R 26.1+0.2 70.7£0.3 115.0 £ 0.6 1.205 + 0.007
R 26.5+0.1 72.0+1.0 22.0+1.2" 1.152 £ 0.004™
BER(9H 11 H) 10: 00 X 28.7+0.1 76.0+1.0 1587.3+9.1 1.128 + 0.002
Sunny R 27.9+02" 747+09 371.0+59" 1.096 = 0.005"
( September 11th )
13: 00 X R 30.8+0.0 46.0+1.0 1680.0 +5.8 1.124 + 0.008
R 30.2+0.1" 56.0+15" 400.0 +5.8™ 1.086 + 0.004"
17:00 X R 30.6+0.0 51.3+1.3 303.0+6.9 1.128 + 0.011
R 30.6+0.0 49.7 +0.67 57.3+£2.0" 1.098 = 0.015

* FIRZEFNE (P<0.05), ** FOR2EHFW 3% (P<0.01), T [

* Significant difference at P<0.05, ** Significant difference at P<0.01, the same as below
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Table 4  Statistical analysis of 1000-grain weight, milling and chalkiness quality under shading
PR b BA EME T R ()
Characteres Treatment Max. Min. Variation Average Star.1dff1rd Variation coefficient
range deviation
THRE(g) HER] 30.34 18.57 11.77 23.30° 1.95 8.356
1000-grain weight Xof it 33.02 21.56 11.46 25.72 1.99 7.718
Rk (%) HER 86.01 62.84 23.17 82.60 2.66 3.220
Brown rice rate X AR 85.60 78.91 6.69 83.81 1.16 1.384
KikFE (%) ERH 80.50 47.79 32.71 72.41 4.36 6.021
Milled rice rate papiist 82.41 49.93 32.48 73.92 4.06 5.492
HREAKE (%) HERH 78.57 41.75 36.82 68.35 6.76 9.890
Head rice rate Xif R 77.47 34.18 43.29 71.19 5.79 8.133
L RLE (%) JEEFH 94.03 14.76 79.27 52.88" 18.17 34.361
Chalky grains Xif 8 92.96 5.13 87.83 32.11 20.28 63.158
LR JEERH 67.51 6.44 61.07 2354 11.06 46.984
Chalkness degree Xof it 82.98 1.52 81.46 10.89 11.33 104.040

R5 ERMEREKETHERZRERERAT

Table 5 Varieties with significant reduction in 1000-grain weight after shading

F-kiTE (g ) 1000-grain weight

FRiTE (g ) 1000-grain weight

Eili s rifi e R (%) s R (% )
Heading stage Varieties JER] Shading %@ Control Decrease Varieties 3] Shading %} Control Decrease
8 H 20-22 H FY200  2272+0.767  27.86+0.45  18.46 975326  2257+0427  25.61+0.13 11.84
August 20-22 H A< 2191+£021"  26.15+045  16.20 BE6S  2398+0297  26.84+0.19 10.66
B 65  2433+097  2896+046  15.96 WiAE 430 23.24 +0.37 25.97 +0.49 10.50
R3S  21.76+115  2583+026  15.75 JfE 108 23.36+0.86 26.03 +0.17 10.26
IZHE 75 2316+0.207 27.39x053  15.46 IRFHE 21 2415005 26.85 + 0.58 10.06
B 655  1857+0.88  21.56+0.15  13.87
8 2325 H i 19.40+1.08°  23.67+0.74  18.04 k25  2059+027" 23.65+0.56 12.92
August23-25  RlEk iz 6 2226+0377 26.09+076  14.67 CA1C2 21.63+0.307  24.55+0.21 11.89
FIk4S  21.30+074  2494+051  14.62 BiE6 S  2214+082 25.06 +0.31 11.64
X+ 13 2439+039" 2846+0.69  14.30 HAL 05 21.82 +0.39" 24.60 + 0.68 11.27
KRR 45 220420267 2553063  13.66 2012K1 22.14 +0.66" 24.80+0.21 10.72
8 H26-30 0 #ifcfils 2000+1.31°  2520+042  20.65 HEf 65 23.53+048"  27.57+0.19 14.66
August 26-30
2.6 ERHERXERQ MR 2.7 XK BERIHNRELES

KR T 2 U 3088 9 %o R oK 1) 2 MR i AR R
HE BF 5 S R 3R B R, 6 7 Nk 8 4
TR N PR RRT B [ B 2% S R SRR, 7
80 /K A A e 3 BH 5 S 1 R R B R 7 30% LA
LA 19 ASKFE S, FEA 9 AN AR PR RS
RAE 40% LA L, HASHS ()34 IR 23k 5 T 49.99%
12 AR AE SRR G IR 7E 10% DL R, Hoh HoA 344,
Tl S PR RIS RTE 5% LT 5 HiAy 49 AN SRl 2
F1ORE R 4 i 7E 109%~30% 2 [8], 7F 80 4> 7K A5 it b
rf 3 B S 2 R R R AR 20% LAY 14 KRG
s S R IR AE 5% LU HAT 6 SR

A8 35 A 3 B S T4 T B R PR
(R Ak K it o 10 18 A8 S P e 00, T 20 300 2 9 5% v e
TS (LA TFREEE 2 Mtk BRI LA B S TR
TR | % R R B R R O S A, X 80 b
Tl gt A7 58 2840 M LA G 28 1 55 6 K A i i, SR 2Ky
Mr8, 24Nk [CHE B Ky 20 B, 80 S/K e f Al L B
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Table 6 Varieties with significant difference in milled rice rate and head rice rate after shading
i e Kk (% ) Milled rice rate Rl (% ) v:?]i::es #oRE K% (% ) Head rice rate Rl (% )
Heading stage Varieties iERH Shading %11 Control ~ Decrease iR Shading  ¥F# Control ~ Decrease
8 H 20-22 H BrF5%5 68.63+1.68"  76.81+052 8.19
August 20-22 SIS 7441£052° 79.03:159  4.63
%3 72.42+0.78"  76.65+0.26 422
8 H 23-25 H %A 806 7297+0.10°  76.76+0.81 3.79 A 253 7133137 77.47£2.73 6.15
August 23-25 Jk4%  7254:058"  7633:037  3.78
8 H 26-30 H AR 1S 7082+1.08°  77.48+0.82 6.66
August 26-30
xR7 ERHEREEANEREREEN MR
Table 7 Varieties with significant difference in chalky rice rate after shading
I Sl FEFPRLA (% ) Chalky grains rate i (95 ) B WKL (% ) Chalky grains rate  hufei (o7 )
Heading stage  Varieties il Shading %I Control ~ Increase Varieties  jiff] Shading X} Control Increase
8 H20-22 H RN 59.51 + 2.43” 9.52+2.30 49.99 JFfE 108 69.21+2.43" 32.04+3.11 37.17
August 20-22 25 68.40 +2.70" 22.90 + 2.69 45.50 HE65 41.99+572" 6.42 + 1.66 35.57
&fE 85 67.68+0.25" 25.23 +1.92 42.44 g 21 53.87 +3.24” 20.91+2.48 32.96
HIK 1% 50.99 = 5.43" 8.90 + 4.82 42.09 #R3YS  73.36+0.82" 42.14 + 3.69 31.21
SRR IS 75.92 +5.45 34.74 +1.87 41.17 f 655 43.93+597 13.03 £ 2.58 30.90
8 H23-25 H  LHE3 57.03 +4.34” 16.63 + 5.07 40.40 K35  41.32+3.827 8.67 + 1.46 32.65
August 23-25  IREHI4 5 5253+225" 14.33 £ 3.52 38.20 o= 52.87 +4.78" 21.21+2.28 31.66
2011K10 60.83+3.197  24.99+0.35 35.84
8926-30 H Brfchily  66.60+1.39" 21.60 + 1.60 45.00 R 15 47104565 15.59 + 0.31 31.51
August 26-30 LM (4)  66.73+3.58" 23.27+1.27 43.47 %06 4038 20.80 = 0.60" 15.17 £ 1.27 5.63
FatE 45 72.67 +6.83" 29.22 +8.38 43.45
*k8 ERHEREEOEEREENMM
Table 8 Varieties with significant difference in chalkness degree after shading
i g B Chalkness degree T (9% ) L S JE Chalkness degree T (% )
Headingstage ~  Varieties i Shading  #1#8 Control ~ Increase  Varieties g shading  xfPE Control  Increase
8 H 20-22 H FHYY% 200 50.02+1.12"  22.96+0.99 27.07 &8s 27.30+£1377 6.40 £0.77 20.90
August 20-22 H A 28.16 +3.01" 3.17 £3.17 24.99 J5ifE 108 29.69+233" 8.88+1.35 20.81
JRT R E 33.62+4.127  11.00+1.12 22.62 Rz 75 3644+1447  16.06+0.81 20.39
RAEHR 21 32261017  11.23+1.49 21.02 43 8.78 £ 0.85" 4.96 +0.34 3.83
W 3% 36.13+1.46" 1520+ 152 20.93
8 H23-25 H REH 45 26.17 +2.68" 4.04 +0.82 22.12 Jk 45 3757+£423"  16.52+0.60 21.04
August 23-25 MEAE 37.96 £5.29"  16.09+1.51 21.87 2011K-29  6.70+0.07 2.27 £0.69 4.43
= 27.93 +3.47" 6.59 + 0.98 21.34
8 26-30 H  HiAKE LY 32.88+2.76" 5.75+ 0.05 27.13 Ues (4)  28.87+4.23" 8.27+0.03 20.60

August 26-30
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Fig.2 Cluster analysis of 80 varieties based on
1000-grian weight decrease,chalky grains rate and
chalkness degree increase
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Fig.3 Three types of chalkness under shading
during grain filling
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