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Abstract: To reveal the effects of chilling at the booting stage on rice dry matter production, 30 main rice cultivars
(lines) in Heilongjiang Province were selected and subjected to chilling stress (17°C cold water irrigation) for 20 days.
The results showed that the filled grain number per hill, seed setting rate, 1000-grain weight. and grain yield of all
cultivars decreased under cold water irrigation at booting stage. The materials were classified as grades 1, 3, 5, 7 and
9 according to relative seed setting rate. Most of them belonged to grades 7 and 9, accounting for 30% of the total,
while the fewest cultivars belonged to grade 1, occupying 10%. The cold water stress decreased dry matter
accumulation from heading to maturity and its ratio, crop growth rate, net assimilation rate, filled grain number per
square centimeter leaf area, harvest index, leal area index, leaf basic angle of flag leaf, drooping angle of flag leaf,
drooping angle of second leaf from top, drooping angle of third leaf from top. However. the cold water stress increased
the ratio of leaf area of top three leaves. The correlation analysis results showed that the relative seed setting rate was
significantly positively correlated with the cold water response indices (CRI) of harvest index after heading (r =
0.96" "), grain yield(»=0.91" " ) ,filled grain number per square centimeter leaf area(r =0.84" " ), and dry matter
accumulation(r=0. 48" " ) ; this rate was also positively correlated with the CRI of crop growth rate(r=0.44" ), net
assimilation rate (# = 0.44" ), and ratio of dry matter accumulation from heading to maturity (» = 0.43" ). In
conclusion, the reduction of rice dry matter production under cold water stress during early grain filling largely varied
with rice cultivar. The cold tolerant germplasm was insensitive to cold water stress in dry matter accumulation, ratio of
dry matter accumulation from heading to maturity, crop growth rate, net assimilation, filled grain number per square
centimeter leal area, harvest index after heading, which might be attributed to its important morphological specificity
and physiological mechanism in maintaining grain yield under cold water stress at the booting stage.
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Table 1. Grade of tolerance to chilling of rice cultivars used in this study.
Tt ¥ 14 4 3 Al (RO 45 5% T
: . KR
Grade of tolerance Variety Relative seed-setting rate/%  Growth duration o
to chilling (Line) 2013 2014 /d Origin
Wi HR Je K 25 Longjing 25 80.78 80.38 130 BIVLA R FHEBE HLJAAS
Z5F 131 Kongyu 131 81.84 82.02 127 BRI R BB ¢ HLJALRS
754k 428 Dongnong 428 85.28 84.09 133 ZRAbgl K 2% NAU
¥R Je B 26 Longjing 26 79.41 79.92 126 AT e B2 B HLJAAS
4% 1 5 Baonuo 1 79.19 78.28 132~134 LRV R B RLEBE HLJALRS
Je#E 8 5 Longdao 8 78.06 69.83 135 LRI A R B HLJAAS
B FH 10 Kendao 10 66.91 66.50 134~136 R BB B HLJALRS
ZR4% 427 Dongnong 427 79.41 76.90 135 ZRAbgl K2% NAU
haE M BH 9% Kendao 9 44.57 44.03 125 BRI R BFHEBE HLJALRS
B 19 Kendao 19 41.47 41.06 125 RIpIT A R B B=BE HLJALRS
B A% 20 Kendao 20 46.26 41.25 127 WO IT A R B RSB HLJALRS
Tk 29 Longjing 29 48.28 47.48 127 T A RO B2 BE HLJAAS
Je g 20 Longjing 20 53.17 52.62 125~130 I R B2 BE HLJAAS
Je g 31 Longjing 31 56.17 55.20 130 BIpITA R B2 BE HLJAAS
B F& 25 Kendao 25 46.52 41.09 132 BIRILA K BFL =B HLJALRS
Je i 37 Longjing 37 54.74 53.55 125 BT RO B BE HLJAAS
Je B 21 Longjing 21 53.48 49.89 126~132 BT L B2 BE HLJAAS
S Je i 36 Longjing 36 27.98 26.83 130 LRI 4Ol B Be HLJAAS
BH 17 Kendao 17 28.17 24.70 127~129 BRI R BRFEBE HLJALRS
B % 017 Kenxi 017 28.28 27.89 133 FBIETT A R BB B¢ HLJALRS
B 2 5 Kenjing 2 33.63 33.69 133 I\ — 4 B K% HLJBYAU
B 12 Kendao 12 37.09 33.85 130~132 BIILA K BRFHEBE HLJALRS
B 23 Kendao 23 39.00 37.51 132 BIRILA K BFLEBE HLJALRS
B4 5 5 Kenjing 5 30.06 25.61 134 BTN — R B K% HLIBYAU
T A8 12 Longdao 12 36.01 34.46 134 BT LB #BE HLTAAS
o4 27 Longjing 27 33.11 31.98 127 PIRVLAE R B HLJAAS
W55 HS B 26 Kendao 26 19.65 18.04 126 BRI R BFHEBE HLJALRS
BH% 15 Kennuo 1 14.46 14.18 132~134 BRI R BFHEBE HLTALRS
Je#8 10 Longdao 10 12.11 11.44 135 BRI R FHEBE HLTAAS
B Y 6 5 Kenjiandao 6 8.27 7.98 127~129 BRI KRB BE HLJALRS

HLJAAS, Heilongjiang Academy of Agricultural Sciences; HLJALRS, Heilongjing Academy of Land Reclamation Sciences; NAU,

Northeast Agriclutural University;

Moderately resistant; S, Sensitive; HS, Highly sensitive.
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Fig.1. Changes in air temperature from July 1 to August 4 in Jiamusi, Heilongjiang Province (2013 and 2014).
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Table 2. Comparison of grain yield and its components of rice under cold water irrigation and normal water temperature treatment.

A Ty o P =
Tt ¥ 4 3 e - TR GRS [5G
Grade of tolerance 1000-GW SSR YPH
Treatment FGNH
to chilling /g /% /g
HR LT 849.28+62.27 b 23.91+1.63 a 76.62+0.79 bB 21.4241.61 bB
CK 1160.004+95.45 a 26.114+1.13 a 93.260.48 aA 32.304+1.74 aA
CRI/% 73.32 91.56 82.16 66.18
R LT 684.974+66.49 bB 24.4940.73 b 69.30+2.78 bB 17.55+1.77 bB
CK 1273.63+61.41 aA 27.0240.40 a 93.2340.83 aA 35.08+1.46 aA
CRI/% 54.57 90.60 74.29 50.48
M LT 499.96 +27.28 bB 23.7440.43 bB 43.654+1.75 bB 12.46+0.69 bB
CK 1171.65+44.69 aA 27.4240.56 aA 92.22+0.83 aA 32.464-1.28 aA
CRI/% 42.67 86.69 47.35 38.41
S LT 283.23+32.77 bB 22.2740.59 bB 28.05+1.59 bB 6.58+0.71 bB
CK 1192.61474.08 aA 27.1540.45 aA 91.07+£1.12 aA 32.7741.60 aA
CRI/ % 23.92 81.96 30.73 20.27
HS LT 181.42464.69 bB 21.5940.66 bB 11.46+1.76 bB 3.89+1.40 bB
CK 1325.42478.55 aA 26.3740.53 aA 89.3741.50 aA 35.4641.76 aA
CRI/ % 12.99 81.87 12.91 10.48

B RN R KNG b 43 I RRAE 1% M 5% K  E 22 5 B35 Ol M 25 75 HR\R VML S HS 19 n=3.5.9.9 Fl 4), LT— % /KA #E;
CK— %} 8, IE# K AL B ; FGNH— & /SR 1000-GW — TRLT 3 SSR— 25508 YPH— R/ 1t CRI— %K%, TR,

Values followed by different letters are significantly different at 5% (lowercase) and 1% (uppercase) levels, respectively (by Duncan’s
test, n=3,5,9,9,4). LT, Cold water irrigation; CK, Normal water temperature; FGNH, Filled grain number per hill; 1000-GW, 1000-grain

weight; SSR, Seed-setting rate; YPH, Yield per hill; CRI, Cold water response index. The same as below.

F3 RAKEBLESEEEKBERCEKBRAMHLE HEREZMHERZNEE

Table 3. Difference in grain-leaf ratio, leaf area index and ratio of leaf area under cold water irrigation and normal water temperature treatment.

(RSl ) . . .
Grade of Ab B SR MU AE L 4 i T AR 4 [ U TR AR AL e
Treatment LAITTL LAIAL RLATTL/% GLR/(grain « cm™ %)
tolerance to chilling

HR LT 3.3740.11 a 3.744+0.25 b 91.13+3.33 a 0.5840.05 a
CK 3.5940.08 a 4.44+0.28 a 82.07+7.18 a 0.7240.05 a

CRI/ % 93.94 84.18 112.19 81.17
R LT 3.44+0.23 a 3.7540.15 a 90.89+3.20 a 0.504+0.05 b
CK 3.5040.11 a 4.774+0.32 a 75.49%5.73 b 0.7640.09 a

CRI/ % 99.39 80.37 122.19 68.68
M LT 3.337+0.07 a 3.6840.10 b 91.06+1.70 aA 0.3840.03 bB
CK 3.4040.17 a 4.22+0.23 a 81.3942.11 bB 0.80+0.05 aA

CRI/ % 99.56 88.63 112.16 49.12
S LT 3.3740.06 a 3.754+0.07 bB 91.14+1.15 aA 0.21+0.03 bB
CK 3.4840.12 a 4.3640.16 aA 79.90+1.20 bB 0.774£0.04 aA

CRI/% 97.59 86.62 114.21 27.47
HS LT 3.414+0.17 a 3.8340.18 a 89.48+0.90 a 0.12+0.04 bB
CK 3.714+0.32 a 4.674+0.47 a 81.87+3.99 a 0.83+0.07 aA

CRI/ % 93.51 84.01 110 14.94

LAITTL, Leaf area index of top three leaves; LAIAL, Leaf area index of all leaves; RLATTL, Ratio of leaf area of top three leaves;

GLR, Grain-leaf ratio. The same as below.

B, ULHITE VS Kb BR 2R F T Tk o8 1 53 AR A 5583 14
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AR/ T 1A 3 AR 7 bt kLSl it 2 5
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Table 4. Comparison of basic angle, drooping angle of top three leaves in rice under cold water irrigation and normal water temperature treatment.

%30 &5 3 W (2016 4E 5 A

JuR:

Trait Treatment HR R M S Hs

Stk 3E £ DILBA/® LT 34.58+7.98 a 31.2546.55 a 29.3145.19 a 29.22+3.13 a 18.81+7.33 a
CK 36.7547.88 a 32.5542.34 a 33.2244.62 a 34.334+4.81 a 19.81+4.84 a

CRI/% 94.10 96.01 88.23 85.12 94.95
8 2 mhat 3L Sy D2LBA/° LT 26.75+1.28 a 21.204+1.91 a 18.47+1.70 a 20.53+1.83 b 17.38+3.23 a
CK 21.0840.74 b 20.5043.42 a 18.721.08 a 24.3642.07 a 16.9441.35 a

CRI/% 126.90 103.41 98.66 84.28 102.60
{8 3 nfnh %A D3LBA/C LT 27.64+2.36 a 27.60+1.66 a 24.2541.70 a 25.42+1.71 a 22.25+4.36 a
CK 28.1741.60 a 25.7042.05 a 25.03+£1.39 a 28.58+1.62 a 25.50+£1.49 a

CRI/% 98.12 107.39 96.88 88.94 87.25
St T DIDA/C LT 16.67+7.48 a 10.95+4.89 a 10.254+2.97 a 11.004+2.23 a 6.40+1.85 a
CK 26.174+9.34 a 18.4543.41 a 12.2542.91 a 13.7542.49 a 14.3043.58 a

CRI/ % 63.70 59.35 83.67 80.00 44.76
8 2 m 4 BE D2DA/° LT 13.33+1.34 a 9.2042.00 a 10.61+1.64 a 9.14+1.28 b 6.50+2.46 a
CK 17.924+5.68 a 14.80+3.23 a 16.97+3.73 a 18.6743.48 a 12.44+3.14 a

CRI/% 74.39 62.16 62.52 48.96 52.25
5] 3 4% 3 B D3DA/° LT 16.28+3.64 a 14.9544.00 a 13.3641.43 a 12.0642.46 a 8.6341.55 b
CK 16.5040.88 a 15.902.60 a 18.693.47 a 22.78+4.27 a 18.38+1.22 a

CRI/% 98.67 94.03 71.48 52.94 46.95

DILBA, Basic angle of flag leaf; D2LLBA, Basic angle of second leaf from top; D3LBA, Basic angle of third leaf from top; DIDA,

Drooping angle of flag leaf; D2DA, Drooping angle of second leaf from top; D3DA, Drooping angle of third leaf from top.
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Table 5. Difference in dry matter production in rice after heading under cold water irrigation and normal water temperature treatment.
PR 4b 2

Trait and treatment

THHEMERE DAR/(g* m 9

HR R M S HS

257.43£28.09 bB  255.24467.34 bB

LT 409.974+41.27 a  307.44461.55 b 279.98-20.05 bB
CK 526.814£58.19 a  530.65438.06 a 586.89149.23 aA 573.56£49.77 aA  658.28449.28 aA
CRI/ % 80.09 59.03 49.43 47.65 38.40

T4 B R LBl DMAR/ %
LT 29.9444.32 a 24.4944.77 b 21.96+1.52 bB  19.57+2.13 bB 19.334+4.50 b
CK 36.01+4.69 a 34.92+3.82 a 38.30+2.39 aA  36.19%2.55 aA 38.40+0.85 a
CRI1/ % 84.90 70.12 58.13 55.91 50.36

BEAERK R CGR/(gem d D)
LT 7.9240.42 a 6.5440.99 a 5.76+0.44 bB 5.2540.60 bB 5.26+1.42 b
CK 9.7240.85 a 11.17£1.35 a 10.5840.81 aA  10.50£0.85 aA 12.4941.21 a
CRI/ % 83.41 63.30 56.01 52.92 41.96

B AL FE NAR/ (g m*d™)
LT 2.95+0.17 a 2.40+0.34 a 2.1940.17 bB 1.9540.23 bB 1.9440.56 b
CK 3.3540.19 a 3.4440.30 a 3.57+0.25 aA 3.4240.29 aA 3.77+0.34 a
CRI/% 88.71 71.97 63.06 59.37 49.38

i TE AU U F DRLA/ (A7)
LT 0.03740.01 a 0.04240.00 a 0.03840.00 a 0.03840.00 a 0.03940.00 a
CK 0.050+0.01 a 0.05640.01 a 0.0414+0.01 a 0.04240.00 a 0.044740.01 a
CRI/ % 75.34 78.44 98.68 93.90 91.05

WO 4R HI
LT 0.48+3.17 a 0.44%2.75 bB 0.35+1.20 bB 0.25+1.25 bB 0.18%1.03 bB
CK 0.55+1.39 a 0.55+1.18 aA 0.58+1.88 aA 0.55+1.32 aA 0.58+0.92 aA
CRI/% 86.54 79.72 60.46 46.18 31.70

DAR, Dry matter accumulation; DMAR, Dry matter accumulation ratio after heading; CGR, Crop growth rate; NAR, Net assimilation rate;

DRLA, Decreasing rate of leaf area; HI, Harvest index. The same as below.
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ERMSS, Export rate of dry matter in stem-sheath; TRMSS, Translocation rate of dry matter in stem-sheath. The same as below.
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Fig. 2. Difference in export rate and translocation rate of dry matter in stem-sheath under cold water irrigation and normal water temperature

treatment.



320 R E K FERL% (Chin ] Rice Sci) 45 30 %45 3 W (2016 4E 5 H)

x6 ZEHAKPETHMNELXREFE BEELHMMYRESFHE CRIBX R
Table 6. Correlation coefficients between relative seed setting rate( RSR) and cold water response indices of rice grain yield, canopy structure and dry

matter production at booting stage under cold water irrigation.

FEH5 Index YPH DILBA D2LBA D3LBA D1DA D2DA D3DA LAITTL LAIAL RLATTL
RSR 0.91"" 0.08 0.28 0.29 0.29 0.20 0.29 0.02 —0.10 0.20
{47 Index GLR ERMSS TRMSS DAR DMAR CGR NAR DRLA HI
RSR 0.84" " 0.03 0.25 0.48"" 0.43" 0.44" 0.44" —0.32 0.96" "

SR Ay RIERARAE 0.05 1 0.01 K MG, RSR—AHX AL,

“and " " mean significant correlation at 0.05 and 0.01 levels,respectively. RSR, Relative seed setting rate.
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