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Abstract This study aimed to determine the effects of sowing date on the characteristics of temperature and light
resource distribution and utilization in the main crop-ratoon crop rice system and its relationship with grain yield
in the upper reaches of the Yangtze River. Field experiments were conducted by using a medium /ndica late
maturing hybrid rice variety ‘ Yuxiangyou 8133’ as the test material in 2023-2024. Five different sowing date
treatments including the grab early sowing date (03-05, B,), suitable early sowing date (03-12, B,), normal
sowing date (03-19, By), delaying sowing date (03-26, B, and 04-02, B,), were designed. The growth duration
period, grain yield and yield components, daily average temperature, effective accumulated temperature and
solar radiation under different growth duration stages of the main crop and ratoon crop were measured. The
relationship between the allocation of effective accumulated temperature and effective accumulated temperature
production efficiency, the allocation of solar radiation and solar radiation production efficiency and the grain yields
of the main crop and ratoon crop in ratoon rice system were analyzed. The results showed that: With the delay
of the sowing date, the growth duration period of the main crop was shortened, while that of the ratoon crop was
extended, leading to overall shortened annual growth duration. The grain yields of the main crop, ratoon crop
and annual system, as well as the effective accumulated temperature production efficiency and solar radiation
production efficiency exhibited first increasing and then decreasing trend with the delay of the sowing date, and
the peak value of these indexes achieved at the suitable sowing date (03-12, B,). Compared with the grab early
sowing date (03-05, B;), the suitable early sowing date (03-12, B,) shortened the growth duration of the main
crop by 4.0 d, extended the growth duration of the ratoon crop by 2.5 d, and reduced the annual growth duration
by 1.5 d. The annual effective accumulated temperature and solar radiation were increased by 0.71% and
0.68%, respectively. When compared to the grab early sowing dare (03-05, B,), the suitable sowing date (03-
12, B,) increased the grain yields of the main crop, ratoon crop and annual system in ratoon rice system by
8.34%, 23.68%, and 13.39%, respectively, and elevated the effective accumulated temperature production
efficiency by 6.80%, 23.91%, and 12.54%, and also increased the solar radiation production efficiency by
5.84%, 23.31%, and 12. 14%, respectively. The delayed sowing date (03-26, B,) and (04-02, By) significantly
decreased annual grain yield, the temperature and solar radiation resources utilization efficiency in ratoon rice
system. In conclusion, the suitable early sowing date (03-12, B,) achieves the best allocation of annual
temperature and solar radiation resources for main crop and ratoon crop in rice-growing regions of the upper
Yangtze River, thus synergistically enhancing both the annual yield and the utilization efficiency of thermal and
solar resources main crop and ratoon crop rice system.

Keywords ratoon rice; yield; sowing date; resource allocation; resource use efficiency
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Fig. 1 The precipitation, daily average temperature, and solar radiation during the whole ratoon rice duration in 2023 and 2024
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Table 1 Comparison of growth stage in main and ratoon crop of ratoon rice under different sowing date treatments

32 Main crop P42 2% Ratoon crop FRAEEE
2 . W1/d
A Ak FAH BEHEB MEEHS RAHES AEW/d WA BAHEE AEH/d Annual
Year Treatment Sowing Transplanting Heading ~ Mature  Growth  Heading  Mature  Growth growth
date date date date duration date date duration durati
uration
B, 03-05 04-16 07-08 08-10 158.0 09-03 10-13 64.0 222.0
B, 03-12 04-20 07-11 08-13 154.0 09-06 10-19 67.0 221.0
2023 B, 03-19 04-25 07-15 08-16 150.0 09-12 10-25 70.0 220.0
B, 03-26 04-29 07-19 08-19 146.0 09-15 10-29 71.0 217.0
B; 04-02 05-03 07-24 08-23 143.0 09-19 11-04 73.0 216.0
B, 03-05 04-09 07-04 08-05 153.0 08-25 10-09 65.0 218.0
B, 03-12 04-15 07-06 08-08 149.0 08-30 10-14 67.0 216.0
2024 B, 03-19 04-19 07-09 08-12 146.0 09-04 10-19 68.0 214.0
B, 03-26 04-24 07-13  08-17  144.0  09-07  10-25  69.0  213.0
B, 04-02 04-29 07-19  08-21  141.0  09-13  10-30  70.0  211.0
160, BB OB: OB, OB, OB, )
a g % a
o3 ot afE, b[HRD
£> b F\=15.02%%
S8 F=22.84%*
25 1o F, =139
4 g
B < 70F
40 2023 2024 I
AEA) Year

Y, AE0r B & . Y, year; B, sowing date treatment.
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Fig. 3 Comparison of annual grain yield of ratoon rice under different sowing date treatments
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Table 2 Yield and yield component in main and ratoon crop of ratoon rice under different sowing date treatments
B DARARCR EE
g s s 22 /0 P -
KKE G mm /b PRH RSCR TG e 4
. Spikelets per Seed setting 1 000-grain .
Season Year Treatment Panicle per square . . Grain yield
panicle rate weight
meter
B, 193.65+4.77 201.03+8.35"  77.60+2.95°  29.3540. 75" 8.57+0.11"
B, 210.35+8. 68" 206.76+15.4"  76.994+2.21°  28.28+0.60"  9.36+0.25°
2023 B, 200.704+8.59"  209.16+13.14" 80.06+3.76°  28.25+0.80"  9.32+0.40°
B, 204.75+4.0" 194.7242.94"  78.56+2.97°  29.00£0.73" 8.9440. 22°
Bs 207.70=3.03" 188.02+2.67" 79.42+3.35"  27.524+0.13" 8.42+0.52"
B, 217.3546.63" 161.65+8.15" 78.26+5.24" 28.81+0.27 7.7240. 42"
%é a ab ab < ab a
. B, 220.50+4.76 166.894+3. 60 81.3244.57 28.2340.24 8.2940.73
Main crop
2024 B, 199.65+6. 98" 171.07+7.68  85.23+4.65° 27.58+0.18" 7.65+0.13"
B, 198.60+5. 12 175.30+10.56* 75.99+3.22" 28.12+0.83"  7.284+0.59"
B; 192.75+5.79" 153.81+7.18"  85.49+4.84*  28.254+0.25" 7.06+0.22
Ay (YD) 1.11 109. 60 3.71 2.13 80.64™
F 1 (B) 6.66" 4.08 2.52 4.96" 5.97"
Y XB 9.05" 1.38 1.27 2.08 1.14
B, 216.60+12. 04" 84.24+2.64" 74.734+1.85"  27.8540.32" 3.40+0.17"
B, 281. 85+ 34. 74* 83.12410.02° 63.00£5.67° 26.97+0.71° 3.99+0. 54°
2023 B, 285.55+9.81° 83.00+4.50"  59.78+1.15"  26.97+0. 54° 3.75+0.15%
B, 193.20+1. 20 78.61+4.26" 57.1444.12"  27.7440. 26" 2.5540. 30°
Bs 191.70+3.13" 75.084+9.50°  53.1048.92"  27.77+0.82° 2.08=0. 08
B, 325.80+14.48" 80.54+4.11"  77.0740.60"  26.0740.85° 4.58+0.5°
SR
Ratoon B, 369.9048. 55 77.78+4.95  75.964+1.43"  27.36+0.26" 5.88+0.27"
crop
2024 B, 365.25+27.97° 77.9942.01"  76.64%5.1° 27.49+0. 26" 5.5940. 50"
B, 322.65+13.69" 76.94+3.16" 77.3742.48  28.0440.02"  5.30+0.15"
Bs 299.1047. 20 76.4844.45"  73.99+3.59"  28.45+0. 23" 4.86+0. 14"
FEy (YD) 286.43" 2.10 88.88" 0.03 293.99”
F 1 (B) 31.44" 1.30 6.72" 5.547 19. 777
Y XB 2.61 0.37 4. 74" 5.77" 5.89"

T AR/NE FRERIRAE 0. 05 K P HAT B35 25 5 " RRAE 0. 05 K B2 57 3, +"RIRTE0. OLK P LR B, TR,

Note: Different lowercase letters show significant differences at the 0. 05 level. * indicates significant difference at the 0. 05 level, ** indicates

significant difference at the 0. 01 level. The same below.
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Table 3 Distribution of effective accumulated temperature in main and ratoon crop of ratoon rice under

different sowing date treatments

3k 2% Main crop /£ 2% Ratoon crop J&H 4 Annual
SRR/ C BOBR/C HOBLR/C
= AL ﬁ1jfff:(:t{;]\ile YRR/ Y ﬁ;fffct?\]:e SRR/ Vo ﬁ;ﬁjc:\]je B/ BEF
Year  Treatment ’ Distribution ’ Distribution ’ Main season/
accumulate accumulate accumulate
rate rate ratoon season
temperature temperature temperature
B, 2 066. 70 67.55 992. 60 32.45 3 059. 30 2.08
B, 2 082. 80 67.76 991. 10 32.24 3073.90 2. 10
2023 B, 2 110. 20 68. 39 975. 30 31.61 3 085.50 2.16
B, 2129.90 69. 20 947.90 30. 80 3077.80 2.25
B; 2170. 40 69. 96 932.00 30. 04 3102.40 2.33
B, 2019. 17 62.10 1232.20 37.90 3251.38 1.64
B, 2 063. 25 62.87 1218.32 37.13 3281.57 1.69
2024 5 2094.18 63.74 1191.41 36.26 3 285. 60 1.76
N 2137.20 64.27 1188. 05 35.73 3 325. 26 1. 80
B; 2153.05 65. 88 1114.90 34.12 3267.95 1.93

B, 2024 4 R B S s AR LB,
A R

H P 4 W] T, P AR e Sk 2R 4 - R A A A ORR
IR M 1 422.05~1 540.50 °C | 3k Z= 4l B - i 20301 Ny
634.69~676.74 “C, 3k 2= L2 - 15 A= 2= fih A8 0
444.35~505. 36 °C, - A= ZE 4l - g 0 Ky 546. 89~
684.58 'C. 5 B, Mk, B, By B, Fl By ) 1A= 75 3k 2
& - Hh B0 A9 A AR 43 0 3 15,0617 15,
62. 57 F 118. 45 °C, F2E Z=Hil A - s 20 1) A7 2RI
43 ) B A 28.32.90. 56, 94. 15 F1 137.69 °C. Bl H&
IR IR | Sk 2 Jily A - A S B 0 Sk 2 B - T A 2 i B
) 5L e 1 0 5 BRI G B SR L BR 2024 4F 3k Z= 4k
- A B g s A AR DL B O B .
2.4 BHRESE

HY 2% 4 ] A1, T A R R 2 0K BH 4 S 9 43 Tid 32 %)
AR5 R 0T A 52 A K, 5 2023 4 AH L, 2024 4F F
AR Sk 25 00 K BH AR S35 167, 56~412. 28 MJ/m?,
A3 57, 43% ~64. 75% , 5 2 5 K PH 46 G 1
fn 609. 69~851.90 MIJ/m?, 4 Bt F A 35.25%~
42.57% 3k 75 A 2 K PR AR 5 2 b Y KR BRI
JEAE K BH % 51 1% 3 950. 81~3 994. 43 MJ/m*, Ffi+%
R | 1A A Sk 2 K B 4 5 K i R 38 R 5
Bk e, T A 2 Y R BH R O R 4 Tl R R R AR
s T AR 1 K BH R G 2 S 1S 0 S R 8 B, 2023 4F

DL B, I &, 2024 4E L B A i o

H P15 AT A R Sk 2 0 i -l BEUT 19 0K PR R
5741 555, 75~1 649. 43 MJ/m?, 3k Z= i1 1 - ji 24 1
J 663. 13~732. 91 MJ/m?, 3k 7= Ji 2 - F 2 7 il
]k 554. 67~610. 25 MJ/m”, T A 2 il 78 - a2 18]
41 510. 08~733.90 MJ/m*. 5 B Mt , B, B, B,
B 19 F- A A Sk 2 4 b - e 400 7 O I 4 559 4 ) 4
19.27.9.14.46. 01 F193. 68 MJ/m?, F-2f Z= 4l ek - 1
A 1) K BE 5 43 S B AIG 58. 53,137, 16 .156. 79 Fl
223.82 MJ/m’, #EIB R 19T, Sk 2= hil A - e 28 000 0 Sk
7 B - P AR 2 A R R S G S R AR B BR
2024 47 Sk B 4h A - 0L AW B lem , AR YL B,
1 o
2.5 MEBREHEFULER

HH 2 5 AT 1, AF 5y FRE 0 6F P AR R Sk R R AR
T A7 OB A 7R OR R PR G A R ORI
SR . 5 2023 4E M Fb , 2024 4F P AR A Sk 2 (104 SRR
TR AR 77 0% R S A 7 R 3 W S AR 4R
69. 55 Fl1 234. 01 ; F- 45 7% (1 A 20 BUIR AR 7= 500R 1B 3%
Tt (F=116.85) , % §F A= 7= 2 % . & [ L (F=
16. 90 5 Ji 4F 5 I A6 77 03 0 B IR (F=217.48) .
Bl 45 AR, AR AR A Sk 2R AR R LRAE 1 A AL
PRI AR 77 2803 1) 52 S 15 s B IOk 5, 9 DL B B
Lo R B K N 6. 78% .23, 95% A1 12.61% ;5 Ik
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Fig. 4 Distribution of effective accumulated temperature in different growth period in main and ratoon crop of ratoon rice under

different sowing date treatments in 2023 and 2024

F4 TEEHLEBLERLIENBETAMETTE

Table 4 Distribution of solar radiation in main and ratoon crop of ratoon rice under different sowing date treatments

3k 2 Main crop T4 2 Ratoon crop J& 4 Annual

o A K B4R/ sy KHEES L ENGEE IS 0 EE
Year  Treatment (MJ/m?) Rei (MJ/m®) RO (MJ/m*) Main season/
Solar radiation Distribution rate Solar radiation Distribution rate Solar radiation  ratoon season

B, 2121.57 71.52 844. 90 28.48 2966.47 2.51

B, 2158.32 71.66 853. 40 28.34 3011.72 2.53

2023 B, 2151.12 72.45 818.07 27.55 2969.19 2.63

B, 2148.44 72.86 800. 47 27.14 2948.91 2.68

B; 2145.91 73.27 782.92 26.73 2928.84 2.74

B, 2289.13 57.43 1696. 80 42.57 3985.93 1.35

B, 2363.48 59.27 1624.35 40.73 3987.83 1.46

2024 B, 2431.03 60. 86 1 563. 40 39. 14 3994.43 1.55

B, 2 504. 37 63.32 1451.01 36.68 3955. 38 1.73

B; 2558.20 64.75 1392.61 35.25 3950. 81 1.84
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Fig. 5 Distribution of solar radiation in different growth period in main and ratoon crop of ratoon rice under different
sowing date treatments in 2023 and 2024
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Table 5 Accumulation temperature production efficiency and solar radiation production efficiency in ratoon rice under
different sowing date treatments
73k FOVEL He P sty 2% °Ce 2 R .
ﬁ?fﬁlifﬁmif’:xﬁl?‘/.(kg/ CC-hm*) S 2 7 0% / (g/ MDD
\ b ective accumulation temperature Solar radiation production efficiency
-1 At 3 production efficiency
Year Treatment
% A JH 4F e A JH4F
Main crop Ratoon crop Annual Main crop Ratoon crop Annual
B, 4.1540.05"  3.43+0.17 3.9140.09" 0.4040.01"  0.4040.02" 0.4040.01"
B, 4.494+0.12° 4.0240. 55 4.3440. 26" 0.4340.01° 0.47+0.06" 0.4440.03"
2023 B, 4.4240.19"  3.84+0.16™  4.23+0.18° 0.4340.02° 0.46+0.02"  0.4440.02°
B, 4.2040.10 2.6840. 32¢ 3.7340.09" 0.4240.01"  0.3240.04° 0.3940.01"
Bs 3.8840. 24° 2.23%0.09° 3.3840. 18 0.39+0.02" 0.27+0.01° 0.3640.02°
B, 3.8240.21"  3.7140.40 3.784+0.21"  0.34+0.02° 0.27+0.03" 0.3140.02°
B, 4.02+0. 35 4.8340.22" 4.32+0. 15 0.3540.03" 0.36+0.02" 0.3640.01"
2024 B, 3.65+0.06™  4.6940.42° 4.03+0.11° 0.31+0.01"  0.3640.03° 0.33+0.01"
B, 3.40+0.28"  4.46+0.12° 3.784+0.18"  0.29+40.02 0.3740.01" 0.3240.02"
B; 3.2840. 10¢ 4.36+0.12° 3.6540.08 0.28+0.01" 0.35+0.01" 0.3040.01°
Fhr (YD) 69.55" 116. 85" 0.10 234.017 16.90" 217.48"
F W (B) 10.417 16.44™ 22.88" 8.17" 15. 88" 19.717
Y XB 1.57 9.74" 1.85 2.97 17.56" 2.24
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Ab ARG SR 2 T AR B ORN A AR A O A TR ROR B
TR SR N JE BEAR S WL B, B, o R
B 5. 41 % .23.88 % H112.68 %
2.6 HEXSH

HY 22 6 AT AT, 2 4F 19 T A2 8 Sk 22 it 5 R R -l
R 30 O BF 4 ST A e - i 22 A A AR TR R R B R A
Yy SR R OM OG5 AR AR 7 R R R G
AR R B EEMC., HEBNHAEE&

553k = 4% Bl - 3 R UT A OB B R O OG5
ol - ik A 309 K B A SR e R - S A A AR AR
PH R 9 22 38 IE AR G, 5 H AR B RO S BOE R
S IR AR O, R AR R RCR BRIE AR, (HOA
55 PR A R Y AR 7 TR Sk 2 A R - R U Rk
B 5 S 3 B G () P A B oA ORI A 7 AR
AR AR R R AR A RO AR T R R R
IR G

R6 BEBFESEARESEMETRNENBEXESF

Table 6 Correlation analysis among grain yield, temperature light resource distribution and

production efficiency in ratoon rice

7= h/(t/hm®) Grain yield

AR & b
Season Index h A JaAF:
Main crop Ratoon crop Annual
R - B A7 OB /°C EAT in SS-HS 0.30 —0.67" —0.57"
FEFP - K BA 4R S/ (MT/m?®) SR in SS-HS —0.78" 0.67" 0.06
T - A A ROBUR/°C EAT in HS-MS —0.56" 0.88" 0.51"
.= A - A K BR AR S/ (MT/m®) SR in HS-MS —0.70" 0.86" 0.39
Main crop HRBIR/C EAT —0.12 —0.32° —0.53"
K BHEE S/ (MJ/m?) SR —0.65" 0.83" 0.36
AR AE P2 80R / (kg/ (C°C « hm®) TPE 0.95" —0. 44" 0.27
PR R0R /(g/MD RPE 0.96" —0.63" 0.07
% T - A SOBUR /C . ”
3 - PR R Al ik ? . “ .
?R%FMS iﬁgﬁg o%ﬁRjém%%/(MJ/m ) S0 0. 83 039
i A - A A RO /°C EAT in HS-MS —0.56" 0.85" 0.52"
Ratoon crop M- R R AR S/ (MJ/m*) SR in HS-MS —0.55" 0.85" 0.54'
AR/ C EAT —0.59" 0.83" 0.50"
KBHFE S SR/(MI/m?) SR —0.55" 0.85" 0.54'
AR AE P2 80K / (kg/(°C « hm®) TPE —0.39° 0.95" 0.77"
PR R0R /(g/MD RPE 0. 40" 0.18 0.59"
HHBUE/C EAT —0.68 0.77" 0.26
JH 4 KIAERS/(MI/m*) SR —0.50° 0.94" 0.65"
Annual A RORUEL AR 7308 / (kg/(°C ~hm®) TPE 0.47" 0. 44" 0.93"
RS FEROR /(g/MD RPE 0.92" —0.46" 0.26

W EAT, A ROBUR ; SR, KB AR AT ;s TPE, A 8UBUR A 7= 80R s RPE, fR 5 A 7= 300K

Note: ETA, effective accumulated temperature; SR, solar radiation; TPE, effective accumulated temperature production

efficiency; RPE, solar radiation production efficiency.

B2 ' RS A 8 U R e KR AR R R

W T 2 AR A R S AR B L 5
G TE IR i A B o U B R H AR U IR T AR
P[] 7K 7= a1 2 A6 ARRFSE P, 5 2023 4F
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I3 T 5 BB AE 3 ) A FE L 2024 4F Cii iR AR S24E 19O 19 15
A R AR PR R R R T 3Dk A I T P AR R A
FAEZEE R B EWIN(F = 293.99) , &L F &
A TR AR (3R 2) , U6 W 3 4% P2 R 4 00 T LA R
B A5 Ak, IE A BHE i T KRS B AR B M AR
PRl R 2R 8T, AR SR 2R, 20234E 3 HF3
RPN 15.1°C, 2024 4E R FH = T 1.5 °C L {45 B
A B H#ER I, BRI R 4. 0~7.0d, BRI
Sk 25 1 Bl -l AT 45 0 4. 0~6. 0 d, (115 3k 2= 20 Rl
AR EANRE R R W E IR (F=
109. 600 5 #b4b, 2023 47 P A= 5 A Sk 25 4k A - 28 30
H 250 28. 36 °C, 2024 4E R 7+ 55 1. 13 °C, 2
1 TR T Bk 2R R SN, R R A, TR
FOT-H TR 0. 28 g, AT 5 3 2024 47 P4 R Sk 22
R ERRAL . SR, FAERE Y AR A, 2023 AE il A -
B ) H 7 249 SRR R PH R 4 0 R 21, 41 °CHn
380. 17 MJ/m*, 2024 4 [a] 1§ K & &5 3.59 ‘CHl
476.93 MJ/m*, X Ay P A= A5 M 28 58 R R R AR T T
/N AN UN T Wl N S LN SR AT S 4
SESCHR UL T TR G RR IR BT, 1A R RO RN 4 51
TRB G RN, A ZE KR ) 7 I R (R 2D

SRR R T, FAE RS Sk AL S R
7 Tl HE IR R A Y AR PR AN S RIS W, BRI
T PR M XA R R AR A v O g — AR T
A 1 Sk 2 R A 2 DG G IS R A T EE RO IR SR
SRR R AR Y AR R BRI R
I KRR A 7 T4 TG B VR A R R B R
PRI 0bt 3 o 9 199 1 080 000 A 3 ' % R E T AR R T 2R
(] P 45 TC 2 A O e ] AR B ROR T A 3R K
= m A M EERRE, AR5k FE
W% (03-12,B,) , SE B T A8 R 8 4F 58 7 1 i
2, B AR R Sk ZE AR 2R OR R AR T A A 0 ik B
8.83.4.94 F113.76 t/hm”, #& ¥ F 4% ] (03-05, B))
Ak BR300 5 8. 34% .23, 68% F113.39% , H¥ B &
e TR 5 91 (03-26, B, A1 04-02, B,) Zb B, 8] B R
I BE R R AR B AR T . L 2 4 Y R A
FU A BRI (B D BOHE R 45 1 (B, A B H AR F
AR ARG A e (R 2K 3D .

AW S, BE & 7R AR Y R AR R
JE 3N 5 BEAR A B B, DUE 3% (B Y 7= i
,H S IEHFEW03-19,BOMERF R B H (E2),
o 3 R (B P A R Y Sk 2 il A - U Ak

&
&
i

F7HPA—8H LA, 24X A B S Y iR
43 5 R 28. 24 (2023 4E) il 29. 40 °C (2024 4) , 1] ikt
FF 8 b T ) B AR g e AR RS R T T o AR SRR
JeA ) I B 5y i R R AR HE (B T
it 7 A AR Y Sk ZR 4 BED IR TT 4 ) h R B RIET,
A F TR AR TP BE DT A Sk 2 Y A5 2R
oot 5.04% o MeAh 3 A% (B, Tl HE AR 2R 1
JEVAE AR AT T 22 B9 A 55 BRI RN K BH 6 B, L4300 s
FHFE W (B0, 71% F1 0. 68% (F 3 ME L), X
o PR R T SR TR OB AL B S R
(B) 5 #E MR 6~12 d(BEE 12~16 d(B) 4L FAH
Eb L T 80k A A Sk 2 T I 4 S A R i
TR SR AR R A, I HLF A 2228 W - i 0 T
b F3E G R OGS F TR E T PR AR R A BE I A
KHAEHOE A - YR 15 1A Z A 208 W 3
I, o — e R BRI T R AEORL A . A, S
IR (B, F B AH L, 38 B 54 4b 21 (B 193 O
e VR AT Bk T 22 b i C B P AR R - 2V | 2023
AN B RN SE FRAE Ay, W AR T A R A SR 4
SE L MO R, PR RE Y SR AR R R S A R
Sk ZR K o - ol A 0T R S A S ORORE O T S PR
AN TR A B B B AT OB RN K B R A R AR 2 B IR
FH S, 3 VA PR A R PR BN R AR B B AR
TR PH R S 3 5 A 2 A R OE A O (R
6). AV R -TAERM R LR R T
DA 97, S B F AR e Sk 28 R0 1A 2R IO BT IR G 2
3 TC R T Ry H v S AR P HE K OF BEE T A
ARG 25 R, 5 R (B R, 8 R
BB WAL FAEFT WA 4.0d, FETNE
FWERK 2.5d, FAFERMAET %5 1.5 d; B AR
G R S S SO S N 0 A 1R I |
22.40 °C+d . 23. 58 MJ/m?, ifii H.J& 4F K PH & 51 %5 B,
B, 1 B, &b F 43 5] T+ 7 18.0.47.6 1 60.0 MJ/m?
(R3IMFE D, VW] IE W) R (B W] £ & b fef -4
et 2 G0 AR RO B IR 1Y 4 IE 2%, Sy KR T 4 i ) 4
BET ORI, BERE IR AR LS HAESE
AT 1 A ORI AR 7 R R BH A A A 7 AR
PRI R S35 BRI R . 38 R (B 1Y T
A T Sk ZR A LG I (B DA BORBIR A PR R R
BT PR ORI TR 6. 78 % RN 5. 41 %, AR E
o L3753 (03-05, B 43 3l Ft 55 23.95 %6 1 23. 88%
(P<<0.05) , JA4E T & 12.61% F1 12.68% (P<<
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0.05) . X Ud W, i 9] 17 1 (B, ik 4 0 4%, fili Jo]
FERRDE IR T R R, B A R R
03t 6 B R 23 FE A5 AT B e AR 2 AR L B R
H A Al A AF AR e BT IR A TR B T A
B 58 45 S Ry BR 7 v Al 8 S B Kt o, 4 I 7 3 et
FU A T) 20300 26 Y 1) i O 245 5 FE DI I B, R — 20
P T P A R A I O T R A A KA, DA T 47 Hi B
DR A R X2 A 1Y A 4 3 6 B R s ORI A

e
4 £ it

AR RG], AR Sk FE 0 A B W e S
B AR B W AR R A T R R L
FEOIR AR 77 200 38 R0 K BH 8 559 A 77 R 2 18 5 e s hn s
R ARG B 3, DU 3 3% (03-12, B e i o S0 3%
H1(03-05, B A H , 18 A 4% (03-12, B.) 1 7 A= 4
LBEEFMHEL 0d, HAEFAEFTWELK 2.5d, 7
EAE WIS R 1.5 d AR AR AT ROR IR K BH 4R
A3 AN 0. 71% F10.68% . if #W1H#& (03-12,B,)
13k 2= CHR AR 2 R0 R AR 7 B 4R BB 8,34 U6
23.68 Y0 F1 13.39 Y% , A7 ORI AR 77 0 43 5 5
6.78 %6.23.95 WM 12. 61 % , A BHEE B AE 7= 2R 4
AT 5. 41 % .23.88 Yo F112.68 Y6 o IR 5 1
(03-26, B, 1 04-02, By) 1 B A A8 W0 2= 0% I 49 B 2k
i, S B AR R GROGRIE R R L RER, 4R
b EERVE VR A RS X, 3 R (03-12, B A A
TP AR R A JE A IR B R A AR AR A T, a2 T S B F
A Sk 2o R AR 2 e ORI O B URRI R S8R 0 B
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