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Analysis on growth dynamic characteristics of sunflower plug seedlings
based on mathematical models
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Abstract: This study aims to quantitatively analyze the dynamic characteristics of growth indexes of sunflower plug seedlings
by using mathematical models and to clarify the growth dynamic change regularity of sunflower plug seedlings to provide a theoretical
basis for designing reasonable seedling management measures. The growth indexes of sunflower plug seedlings were observed continu-
ously, the relationships between growth indexes and accumulated product of thermal effectiveness and photosynthetically active radia-
tion (PAR) after emergence (TEP) were simulated by Weibull and Logistic equations, and the dynamic characteristics of growth in-
dexes were analyzed quantitatively based on two equations. The results showed that the dynamic change of growth indexes of sunflower
plug seedlings with TEP after emergence was well simulated by Weibull and Logistic equations, and the R* values of two models were
above 0.990. According to characteristic parameters of the Weibull and Logistic models, the growth process of sunflower plug seedlings
was divided into three stages: the accelerating growth stage, the rapid growth stage and the slow growth stage. The growth indexes of
rapid growth stage occurred in 4-5 days after emergence, and the corresponding TEP was 22.40-27. 8 MJ/m’. The slow growth stage
occurred in 6-11 days after emergence, and the corresponding TEP was 30.38-46. 54 MJ/m’. The rapid growth stage was the key
stage of seedling growth. Although the duration of rapid growth stage was relatively short, the growth rate during rapid growth stage
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planting period and reference value of each growth index were determined.
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Table 1 Coefficients of determination (R?) of simulation models
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Fig.1 Relationship between days after emergence and accumu-
lated product of thermal effectiveness and photosyntheti-

cally active radiation ( PAR) after emergence

N IR A e 2R A

AR AR
Weibull #%1 Logistic 1571 Gompertz #5%  Ratkowsky 157! Richards #%! MMF #5754

Y TR 0.998 0.998 0.952 0.964 0.983 0.935
R 0.998 0.997 0.949 0.963 0.980 0.906
E TGP A 0.999 - 0.996 0.998 0.998 0.895
PENURTTRARS EPON S & s 1.000 0.992 0.990 0.990 1.000 0.931
4y v B o 0.992 0.995 0.982 0.981 0.982 0.922
A £ 5T ik 0.996 0.425 0.987 0.988 0.990 0.937
YIHibk = 0.996 - 0.940 0.940 0.970 0.924
AE i 0.990 0.350 0.867 0.872 0.874 0.889
E SN 0.929 0.998 0.866 0.878 0.930 0.841
T i - 1.000 0.966 0.980 0.999 1.000
EN iy 0.946 0.998 0.882 0.920 0.954 0.877
R T 0.889 1.000 0.989 0.989 0.989 0.990
ES i Vg - 0.995 - 0.974 0.980 -
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Table 2 Characteristic parameters of Weibull and Logistic equations
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Fig.2 Dynamic changes of dry weight and fresh weight of sunflower plug seedlings
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Fig.3 Dynamic changes of leaf growth indexes of sunflower plug seedlings
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Fig.4 Dynamic changes of plant height and stem diameter of sunflower plug seedlings
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Table 3 Parameters of dynamic simulation models of growth indexes of sunflower plug seedlings

FESH
GEDI AR AR R?
a [ b c
y=a-be™" 4y 0.176 0.146 7.93x1077 3.878 0.998
(Weibull &%) it T i 0.132 0.111 2.44x1077 4.157 0.998
AR 16.280 15.725 4.31x1078 4.672 0.999
S TET RO SR 3R A 715.590 656.880 6.43x1077 3.917 1.000
4y v B 2.021 1.827 2.29%1077 4.344 0.992
iy ff o 1.430 1.313 1.40x107° 3.765 0.996
4tk 6.342 4.345 1.88x1077 4.259 0.996
AT il 0.239 0.059 1.18x1078 5.033 0.990
y:l(i;f_‘)mw E SNt 0.020 0.005 11.106 0.319 0.998
(Logistic 1%) R B 0.024 0.004 5.414 0.222 1.000
EN95e s 0.269 0.058 8.985 0.276 0.998
IR i J 0.368 0.035 14.248 0.512 1.000
E ViV 31 0.036 0.094 3.279 0.125 0.995

a.b.c.d.a, W2,

*4 EHEAEHAREKAPHEREAR
Table 4 Accumulated product of thermal effectiveness and photo-
synthetically active radiation ( PAR) during different

growth stages of sunflower plug seedlings

FRIESH (MI/m?) FRR A

FH (M.l/mz)

A KA —
TEP1 TEP2 WG WU e
YT 23.88 45.04 23.88 21.16  10.26
R B 26.09 46.54 26.09 20.45 8.76
E SR 30.65 38.90 30.65 8.25  16.40
T BT 18.49 30.38 18.49 11.89  24.92
BRI AR 26.98 44.42 26.98 17.44  10.88

- AR xmxffﬂf 24.48 45.76 24.48 21.29 9.53
GEEGE

By e [ 23.22 40.11 23.22 16.89  15.19
I i O 22.40 43.34 22.40 20.95  11.96
EN iy 27.76 37.29 27.76 9.53  18.01
R fef J5 25.25 30.40 25.25 5.14  24.90
AN/ 25.79 45.18 25.79 19.39  10.12
ATHEN i 27.84 43.88 27.84 16.03  11.42

TEP1: 53 1; TEP2: 3. 2,

MAAEPRAN R R R BEA A A L (3R05) K

FWHTZERL 2 U A e >t > 2R e 4] | SR
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JoHE AN B R A DR Y A R S B A R HE
1145 Wi 0 25 S AR (B R T g i, R AR i
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IR T R 22 g |
3 1w
P A AL AR Sl B A ) A 7 P45 D A 7
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VIR0T A O T A A R UL TR (g F 5 A Y 2%
P éﬁ?ﬁ&“zm BN Ak O A 2 GE,
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B AFESTIBERK L, BB TR S IEE
KBRS Weibull #54Y .Logistic i .Gomper-
tz #58 Richards #5551 MMF 5 # %067-72) © Rich-
ards BAUFE S R 0 B, AR KABAR0I 1R
HET 0, 5ERKIERHIIGE>0 AHFT; Gompertz
FAUFT MMF BEARUSHURCRE2E T Weibull £8Y  Lo-
gistic BAULE 1 5 2B AEUR 0 I, A K485 W)
REYS >0, 5 PRIGEARST , H Weibull AYAI Logis-
tic BALHLE ZR A0 BI7E 0. 990 L1 H10.995 LA I,
Rl , Weibull #E57IAN Logistic RIS A AR 0L ) H 2%
NEWAERIER SR RREAHM S LR,
AHIGE T AR AR R AR E B AE K AR5 Y
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Table 5 Growth quantity of growth indexes of sunflower plug seed-

lings at different growth stages

A KA bR s ] Pt ey
YT (g) 0.053(30.36%)  0.104(58.97%)  0.019(10.67%)
B (g) 0.040(30.26%)  0.078(59.32%)  0.014(10.42%)
2T (g) 0.008(42.88%)  0.008(41.82%) 0.003(15.31%)
B (g) 0.008(33.01%)  0.012(49.04%) 0.004(17.95%)
SR (g) 3.524(21.65%)  10.922(67.09%)  1.834(11.27%)
MR (em?)x  165.380(23.11%)  466.230(65.15%) 83.980( 11.74%)
ARSI R B i
Lt (g) 0.520(25.74%)  1.280(63.33%) 0.221(10.93%)
nEAEETR(g)  0.321(2244%)  0.937(65.54%)  0.172(12.02%)
R i (g) 0.103(38.15%)  0.122(45.28%)  0.045(16.57%)
R 2 () 0.106(28.66%)  0.192(52.23%)  0.070(19.12%)
LERE (em) 2760(43.52%)  3.051(48.12%) 0.531(8.37%)
Y ZEM (em) 0.191(80.08%)  0.041(17.12%)  0.007(2.80%)

oS B S A AER BRI HGI(%) .

®6 HHEREEARERMROTEHERESR
Table 6 Average growth rate of growth indexes of sunflower plug

seedlings at different growth stages

- AR [ mg/M) - m? ]
GRS CE 7

gk e GeHh

4 T 2.23 4.90 1.83
L ey 1.53 3.82 1.57
ES e 0.28 1.00 0.70
T B 0.43 0.99 0.49
RN A 0.13 0.63 0.17
TR AR <A 6.76 21.90 8.81
o ER B

4y v B [T ik 22.40 75.79 14.54
-y ff o 14.33 44.73 14.37
2R JoT 3.70 12.78 8.17
LB 5T 4.18 37.38 7.06
bk 1.07 1.57 0.52
FAITE i 0.07 0.03 0.01

A o SR RRAT T i B R SR, ] 1) H 360K
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EZS KOk 1] H 28R S 09 A R R o3 i i
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