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Dynamics in above-ground biomass accumulation after transplanting and its
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Abstract: In this study, two japonica/indica hybrids (JIH) (Yongyou 1540 and Yongyou 4540 with the total growth duration
ranged from 169 to 171 days) of Yongyou series, two japonica conventional (JC) varieties (Zhendao 13 and Wuyunjing 30 with
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the total growth duration ranged from 159 to 160 days), and two indica hybrids (IH) varieties (Liangyoupeijiu and Yangliangyou 6
with the total growth duration ranged from 140 to 141 days) were grown to compare the characteristics and differences of
above-ground biomass accumulation after transplanting among three variety types in 2015 and 2016. Grain yield of JIH was av-
eraged 12.4 t hm™ for two years, and 7.8% and 23.3% higher at P < 0.05 than that of JC and IH, respectively. Compared with JI
and IH, JIH had lower panicle per m?, filled-grain percentage, and 1000-grain weight, while more spikelets per panicle. JIH also
had higher total biomass weight at maturity stage, while lower harvest index. The biomass weight in stem and leaf and their ratio
at maturity stage were the highest in JIH and lowest in IH. JIH had the highest panicle weight while IH had the lowest panicle
weight, and the opposite trend was observed in the ratio of panicle weight to the total biomass weight at maturity among three
variety types. The above-ground biomass accumulation dynamics after transplanting of JIH, JC, and IH were all well fitted by
Gompertz equation. The above-ground biomass accumulation rate of different variety types showed a single-peak curve of in-
creasing trend and then a decreasing trend after transplanting. The maximum biomass accumulation rate of JIH, JC, and IH was
observed at 61-62, 64-66, and 63—64 days after transplanting, respectively. The maximum biomass accumulation rate of JIH was
17.7% and 17.3% higher than that of JC and IH, respectively. Compared with JC and IH, JIH had higher mean biomass accumula-
tion rate in the early, middle, and late stages; and JIH had lower duration days in the early and middle stages and higher duration
days in the late stages. Compared with JC and IH, JIH had higher biomass accumulation in the early, middle, and late stages. In
this study, a Gompertz model was established that conformed to the dynamic characteristics of above-ground biomass accumula-
tion after transplanting in different variety types. Compared with JC and IH, JIH had superior biomass accumulation in the early,
middle, and late stages; the higher biomass accumulation in the early and middle stages were due to the higher biomass accumula-
tion rate, and higher biomass accumulation in the late stage was due to its higher biomass accumulation period and accumulation
rate.

Keywords: Yongyou series; japonica/indica hybrids; above-ground biomass accumulation; Gompertz equation
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Table 1 Grain yield, total biomass weight, and harvest index of tested varieties

v e vy Cphie Negouds  spler Sedtns o
2015 1540 Yongyou 1540 124 187 349 87.6 21.9
JH 4540 Yongyou 4540 124 183 357 88.1 215
Mean 124 a 185¢ 353 a 879D 21.7b
13 Zhendao 13 1.5 303 169 89.2 25.1
ic 30 Wuyunjing 30 11.4 294 176 90.1 24.8
Mean 11.5b 299 a 173 ¢ 89.7a 25.0 ab
Liangyoupeijiu 10.1 226 204 89.3 25.1
H 6  Yangliangyou 6 10.0 231 198 88.7 26.3
Mean 10.1¢ 229b 201 b 89.0 ab 257 a
2016 1540 Yongyou 1540 12.5 189 351 87.2 222
TH 4540 Yongyou 4540 12.3 192 348 87.8 21.8
Mean 124 a 191 ¢ 350 a 87.5¢ 22.0b
13 Zhendao 13 11.6 287 172 89.6 252
Ic 30 Wuyunjing 30 11.4 296 174 89.8 24.9
Mean 115b 292 a 173 ¢ 89.7a 25.1 ab
Liangyoupeijiu 10.1 235 197 88.7 25.3
IH 6  Yangliangyou 6 10.0 244 191 89.1 262
Mean 10.1 ¢ 240b 194 b 88.9b 2582
0.05

Values followed by different lowercase letters are significantly different at the 0.05 probability level in the same year. JIH: japonica/indica
hybrids; JC: japonica conventional rice; IH: indica hybrid rice.
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Table 2 Grain yield per day, total biomass weight, and harvest index of tested varieties

Year Variety type Variety Gra(il?gy}il?rllgp;rl)day T;tartrll;i]j)rrir;;s(st K;ll,gz’;lt Harvest index
2015 1540 Yongyou 1540 72.9 22.1 0.484
JIH 4540 Yongyou 4540 72.5 222 0.481
Mean 72.7 a 222a 0.483 b
13 Zhendao 13 71.9 20.1 0.493
JC 30 Wuyunjing 30 71.3 19.7 0.497
Mean 71.6a 199b 0.495 ab
Liangyoupeijiu 72.1 17.3 0.502
H 6  Yangliangyou 6 71.6 17.0 0.505
Mean 719 a 172 ¢ 0.504 a
2016 1540 Yongyou 1540 74.0 22.3 0.482
JIH 4540 Yongyou 4540 72.4 21.7 0.487
Mean 732a 22.0a 0.485b
13 Zhendao 13 73.0 20.2 0.495
JC 30 Wuyunjing 30 71.7 20.0 0.491
Mean 723 a 20.1b 0.493 ab
Liangyoupeijiu 71.6 17.2 0.504
H 6  Yangliangyou 6 70.9 17.2 0.501
Mean 713 a 172 ¢ 0.503 a
1 0.05

Abbreviations are the same as those given in Table 1. Values followed by different lowercase letters are significantly different at the 0.05
probability level in the same year.

®3 SmMMABRHAERERE THERE LA

Table 3 Biomass weight of rice organs and their ratios of tested varieties at maturity stage

Biomass weight of rice Ratio of biomass weight of
organs at maturity stage (t hm™) rice organs at maturity stage (%)
Year  Variety type Variety
stem Leaf Panicle Stem Leaf Panicle
2015 1540 Yongyou 1540 72 32 11.7 324 14.7 529
JIH 4540 Yongyou 4540 7.3 32 11.7 33.1 14.2 52.7
Mean 73a 32a 11.7a 32.8a 144 a 52.8¢
13 Zhendao 13 6.5 2.6 10.9 323 132 54.5
JC 30 Wuyunjing 30 6.4 2.5 10.8 32.7 12.5 54.8
Mean 6.5b 2.6b 10.8b 325a 129b 547b
Liangyoupeijiu 5.6 2.1 9.8 32.0 11.9 56.1
IH 6  Yangliangyou 6 54 2.0 9.7 31.6 11.5 56.9
Mean 55¢ 20c 9.7c¢ 31.8b 11.7¢ 56.5a
2016 1540 Yongyou 1540 7.2 33 11.8 325 14.6 529
JIH 4540 Yongyou 4540 7.1 3.1 11.5 329 14.1 53.0
Mean 72a 32a 11.7a 32.7a 143 a 53.0b
13 Zhendao 13 6.5 2.7 11.0 32.1 13.6 54.3
JC 30 Wuyunjing 30 6.5 2.5 11.0 323 12.7 55.0
Mean 6.5b 2.6b 11.0b 322a 132b 54.7 ab
Liangyoupeijiu 5.4 2.0 9.8 313 11.8 56.9
IH 6  Yangliangyou 6 53 2.1 9.8 30.8 12.0 57.2
Mean 53¢ 20c¢ 9.8¢ 31.1a 119¢ 57.1a
1 0.05

Abbreviations are the same as those given in Table 1. Values followed by different lowercase letters are significantly different at the 0.05
probability level in the same year.
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Table 4 Simulation equations of above-ground biomass accumulation of Yongyou 1540 after transplanting in 2015

Parameter
Number Simulation equation a b ¢ d Correlation coefficient
1 W:ae’cbm 23.81 1.94 0.0316 0.998
2 w=a+bt+cf+df -0.24 -0.027 0.004 =0.00002 0.997
3 W= a 1 2342 0.37 0.035 0.16 0.996
(1 + eh—cr );
4 poabt ct’ -0.44 54,222.0 27.94 2.48 0.995
b+t?
5 w94 22.23 44.63 0.053 0.995
1+be™
6 —(t—b)z 22.19 133.62 50.61 0.994
w=ae———=

2c2
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Table 5 Simulation equations of above-ground biomass accumulation of Zhendao 13 after transplanting in 2015

Parameter
Number Simulation equation a b c d Correlation coefficient
1 weae 20.56 2.00 0.0302 0.998
2 I 20.26 -0.025 0.032 0.088 0.998
1
(1 +el )4
3 w=a+b cos(cttd) 9.02 9.10 0.024 2.95 0.997
4 w=artbttct +dr’ -0.16 —0.066 0.004 ~0.00002 0.997
ab+ct’ -0.31 74,337.0 25.52 2.48 0.997
T obat?
6 e 18.56 56.05 0.054 0.996
1+be™
7 —(t-b)* 17.99 131.11 46.97 0.996
w= aeT
C

*6 TmAHEHEBTFYURAZNHUETIEQIS)
Table 6 Stimulation equations of above-ground biomass accumulation of the tested varieties after transplanting in 2015
Parameter
Variety type Variety a b c Stimulated equation
1540 Yongyou 1540 23.81 1.94 0.0316 W=23.81e X(194003160 R2—() 996
JIH 4540 Yongyou 4540 23.66 1.91 0.0311 W=23.66¢ XP(191-003110 R2—() 997
13 Zhendao 13 20.56 2.00 0.0302 W=20.56¢ “P>00-003020 " R2=( 996
iC 30 Wuyunjing 30 20.63 2.02 0.0312 W=20.63¢ XP02-003120 p2—() 997
Liangyoupeijiu 20.61 1.96 0.0307 W=20.61¢=P196-00501 | 20 995
H 6  Yangliangyou 6 20.36 1.97 0.0312 W=20.36¢=P(1070053120 | R2=() 997
1 Abbreviations are the same as those given in Table 1.
g 25 251 25+
E e Yongyou 1540 ® Zhendao 13 e Liangyoupeijiu
ﬁ 20 o Yongyou 4540 204  © Wuyunjing 30 204  © Yangliangyou 6
£ ©
g ©
é o 154 154 154
o
S g
Se
© =104 10 104
E
E Prongsou 1500 = 0.933x +0.862 Vinendno 13=1.023x = 1.071 Viiangyoupeijin = 1.039x — 0.783
3 54 R*=0989" 54 R*=0.976" 54 R*=0980"
= Pongyoussao = 1.037x = 0.176 Votuyuming 0 = 0.997x +0.092 Peugiangous = 0-986x +0.047
E R =0982" R=00981" R =0987"
A 0 - - : : ! 0 : : - : 0 - - : !
0 5 10 15 20 25 0 10 15 20 25 0 10 15 20 25
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Measured values of above-ground biomass (t hm™)

Fig. 2 Relationship between simulated and measured values of above-ground biomass accumulation after transplanting in the tested

varieties

**

(0-11)

P <0.01

(t—12) (tr-

t1 (d) = (b-0.9614)/c, £, (d) = (b+0.9614)/c

" indicates significant difference at P < 0.01.

38.1%
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Table 7 Characteristics of above-ground biomass accumulation of tested varieties in the early, middle and late stages after trans-
planting in 2015

Early stage Middle stage Late stage
Variet .
pe e ToT 0 ARBA  BAA  3° ARBA  BAA g ARBA  BAA
(thm?>d") (thm?®) (thm?>d") (thm?) (thm?>d") (thm?)

1540 Yongyou 1540 31.0 0.056 1.6 60.8 0.238 14.5 78.2 0.074 5.8

JIH 4540 Yongyou 4540 30.5 0.056 1.7 61.8 0.233 14.4 78.7 0.074 5.8
Mean 30.7 ¢ 0.056 a 1.7 a 613a 0.236 a 145a 784 a 0.074 a 5.8a

13 Zhendao 13 34.4 0.043 15 63.7 0.197 12.5 61.9 0.067 4.2

Jc 30 Wuyunjing 30 33.9 0.044 1.4 61.6 0.204 12.6 64.4 0.067 43
Mean 342a 0.043 ¢ 15a 62.6a 0200b 125D 632b  0.067b 42b

Liangyoupeijiu ~ 32.5 0.046 1.4 62.6 0.200 12.6 44.8 0.073 33

IH 6  Yangliangyou 6 323 0.046 15 61.6 0.201 12.4 46.0 0.071 33
Mean 32.4b 0.046 b 152 62.1a 0201b  125b 454c  0.072a 33¢

0.05

JIH: japonica / indica hybrids; JC: japonica conventional rice; IH: indica hybrid rice. ARBA: average rate of biomass accumulation; BAA:
biomass accumulation amount. Values followed by different lowercase letters indicate significant differences at the 0.05 probability level.
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