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Summary

The germination of seeds is developmentally complex process requiring water uptake, which is regula-

ted by both genotypic and environmental factors. The present study was undertaken to determine the

difference in germination characteristics, and to compare the ability of the logistic and Weibull functions

to describe the cumulative germination curve when two levels of osmotic potential(, —5 bar) were put

to seeds of alfalfa, tall fescue, orchardgrass, and Kentucky bluegrass. The effects of grass type, osmotic

potential, and their interaction on the total germination and coefficient of germination velocity were signi-

ficant(P<{0. 01). The Weibull equation for predicting percent cumulative germination curve of alfalfa had
significantly lower residuals than the logistic equation regardless of osmotic potential(P<0.01), indicating
that the Weibull equation was more efficient than the logistic equation to fit the data of the percent cu-

mulative germination of alfalfa. The rate parameter from the logistic equation was decreased under water

stress, whereas the scale and shape parameters were increased. There were significant differences in days

to 20% germination estimated from the logistic and Weibull equations.
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Table 1. Sigmoid functions used to predict cumu-
lative germination curves of seeds.

Function Equation
Logistic Y=D/(1+EXPB-GT)
Weibull Y=D/(1—EXP(—(T—A)B)"*(C)

Y; cumulative germination

B; intercept

G; rate parameter

A; time of earliest germination
occurrence

B; scale parameter

C; shape parameter

D; total germination

T; time

B¥ D FEc BHEEFEE (coefficient of germi-
nation velocity: CGV) & el&sladem 2 BH Kk
& g3 2o

CGV=100X (ZAi/ZAIT)
A : the number of seeds germinating

T : time corresponding to A.
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Table 2. Total germination of grasses as affected
by osmotic potential.

0 Bar -5 Bar
................. % R LT T TN
AF 87.2 85.4
TF 84.6 67.5
KBG 48.3 6.9
0G 59. 4 13.1
F-value LSD. 05
Grasses(G) 339.59*" 4.087
Osmotic Potential(0C) 400.93** 2. 890
G*0C 52.29" f 5.780
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Fig. 1. The eftects of osmotic potential on the percent cumulative germination.
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Table 3. Coefficient of germination velocity of gra-
sses as affected by osmotic potential.

0 Bar —5 Bar

AF 0.5158 0. 4408

TF 0.2198 0.1345

KBG 0.1298 0.1025

oG 0. 1600 0.1113
F-value LSD. 05

Grasses(G) 2192.26** 0.0102
Osmotic Potential(OC) 266.08"* 0.0072
G*0C 13.28** 0.0148

£} logistic $Ech At wabA alfalfael

A wolg FUS 3
logistic ¥R} R A
(1989) 0} %ol w2
ZAAIHQ W g

A7) el Weibull 57}
A2 g Jehld Bahlers
alfalfa®] +4 Wol& FAl9
FAL R 2 dA=HA

0 barell A alfalfa®] RHE BHER e A2

logistic ¥ Weibull &4

ol 9J3te] HPEtd RA(2

¥ 2), 7] A wolgo] FH3] 37} AW A4
F 34 #A ol Weibull Effoll &3 AFX9} A2A]7}
A A3k uhd, logistic BBl 2% &2X7t A
FX|ol| v|3te] 1 ERIF Alstget 5 barFEol Al
E T4 Al QAR An5H el BlE
gt 2713E FAsaA gue Weibull3H4E o)
L3k Ae) wigAd Aoz AzEgr}

Weibull ¥ logistic 375 |8, FRAl BIF kol
o8] #EER AKXE o3t A4kd 20% FBIFEE
ABE(ES), 922 0 bar FFNAE Weibull
ol 2’ ghol logistic ol 23 et &
felgl et —5 bar FEAAE AL Hmol Q.o
Kentucky bluegrass®} orchardgrass= % ‘#ol&°) 20
%ol o)A A Zate] 7 £ fAch 20% BEHFR FH
#EE 994+ Kentucky bluegrasset o] 3 BIE

BE7L 2 E8E 0 bar #29M 6,544 X, orchard-
grasst 53U T o] Bife] Aot alfalfat 0 barell A
14A=9 Bide] Ao KHER Al -5
barol A logistic 2 Weibull &2 FXslo] B zt
7} 0.5294, 0.29Y o] A=, AlAAH L7} Jogistic

Table 4. Comparison of the modified Weibull and logistic functions using analysis of residuals.

0 Bar —5 Bar
Grass Source
df SS F df SS F
AF Logistic 13 11.04 s 13 4.83 s
18.40 7.43
Weibull 12 0.60 12 0. 65
TF Logistic 13 67.21 13 126.09
- 0.56 1.76
Weibull 12 118. 98 12 71.75
KBG Logistic 13 73.41 13 1.34
0.50 1.26
Weibull 12 145.48 12 1.06
oG Logistic 13 158. 95 13 10. 65
0.37 1.39
Weibull 12 427.55 12 7.64

Table 5. Days to 20% germination estimated from nonlinear regression of Weibull and logistic functions.

Logistic Weibull
0 Bar —5 Bar 0 Bar —5 Bar
AF 0.97 1.49 1.00 1.29
TF 3.14 5.50 3.18 5.41
KBG 6.43 - 6.69 -
oG 4.75 - 5.13 -
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Fig. 2. Actual % cumulative germination and fitted, values.
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Table 6. Analysis of variance for days to 20% ge-

d5E FAA AL Weibull #57F felsicte 424 rmination
il whebA =5 bar % 2elA] 20% BFREZ= i
2 AW T = logistic T2 0,529 Rris Weibull D20
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of HED FEE B 73 2ok logistic ¥ wgw  Functions® ! 14.16
F(rate parameter)< Z7)9] BHFEES el Grasse.s(G) _ 3 1281, 88“
AS2A alfalfa® A TE 2ZNH —5 har B Ofmotxc Potential(OC) 1 769. 05“
AR Rl ookl 2T o] BARA alfalfas gc 3 L
0 bars el A ALE 194 200 BERE ngen, | OC ! L2l
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A 2T Bjste] Fodolgo) 78 Xolr} )
Table 7. Parameters estimated from nonlinear regression of Weibull and logistic functions.
Logistic Weibull
Grass Rate(G) Scale(B) Shape(C)
0 Bar —5 Bar 0 Bar —5 Bar 0 Bar —5 Bar
AF 3.26 4.31 0.21 0.91 0.52 1.52
TF 1.59 0.65 3.46 6. 68 2.86 2.52
KBG 0.77 0.57 7.33 9.69 2.47 3.29
0G 0.83 0.52 6.39 8.51 2.09 2.39

-213~



2% 4 sl alfalfa7t o2 2% sl 2 gt
ol ol 48 I Lol mdsb= AL ¢ F
et tall fescuet ©H 2 2FE3E w2 HRGE)
Nz2Foy] ~5 bar TEANA Fa st o), HBE
el F7HEel AA dopx]dE Jehiglel, welbA

F7 7 dopge HAAHQ WE v mated
el ojehRe AL #b HHEE 2F, AFY
FEL TEeE 48 ARt 8 ez Q7™
.

vE B

Ko BERA HE I OEMS mEishr] 938k,
BERE 0, —5 bar F %A tall fescue, orchardg-
rass, Kentucky bluegrass ¥ alfalfa®] # 33X 3
EHERKE FIden, BR BFE AXNAQ
H3EE logistic B Weibull &5& o) &3l JERA
E5 Bzl oste] #47 wag sdx, 4
23e F49 ASFE 24 swnt g 2 2
5 Ak

1. BEE +F —5 barllA 2T tu] @WEFE
< B, BEEEREE B std.o, alfalfar ohE
Hifiol w)ste] 2 #MELEEI Ao

2. AR EIREE ol 23k tall fescue, Ken-
tucky bluegrass ¥ orchardgrasst BEE 24 3
Agle] logistict Weibull &7kl 2o]7h glsl ot
Weibull 3ol 23 alfalfa®] R BFXR hiRHEE
A HHBEZL logistic FBrh HUth

3. 7t 2 B 209 BHER IE ABE HE
?&“l- KERG 28 Wopx A& A 4 gL
] 5§31 Aelrt AU

4. logistic ¥r2HE F3Y LFHEME afalfas
A A 2FAA KHEBA s BLANL,
Weibull 352 B8 544 HiE 9 Pk ffle o
o 2 mshe Aok

V. SIA3R

1. Bahler, C., R.R. Hill, Jr, and R.A. Byers. 1989.

—-214-

10.

11.

Comparison of logistic and Weibull functions:
The effect of temperature on cumulative germi-
nation of alfalfa. Crop Sci. 29: 142-146.

. Bonner, F.T. and T.R. Dell. 1976. The Weibull

function: A new method of comparing seed vi-
gor. J. Seed Technol. 1: 96-103.

234, FEL 1991 FUFE L ARAE F4

o] EAe) #F zAAF, TFEA| 11(2): 68-75.

. Collis-George, N. and J. B. Hector. 1966. Germi-

nation of seeds as influenced by matric potential
and by area of contact between the seed and soil
water. Aust. J. Soil Rea. 4: 145-164.

. Hanks, R.J. and F.C. Thorp. 1957. Seedling

emergence of wheat, corn, grain sorghum, and
soybeans as influenced by soil crust strength
and moisture content. Soil Sci. Soc. Am Proc. 21:
357-359.

. Heatherly, L.G. and W.]. Russell. 1979. Effects

of soil water potential of two soils on soybean
emergence. Agron. J. 71: 980-982.

. Hsu, F.H,, C.]. Nelson, and W.S. Chow. 1984. A

mathematical model to utilize the logistic func-
tion in germination and seedling growth. J. Exp.
Biol. 35: 1629-1640.

. Hunter, J.R. and A.E. Erickson. 1952. Relation

of seed germination to soil moisture tension. Ag-
ron. J. 44: 107-109.

. 3 A, 1990, AHFtEA o] ltalian ryegrass®t 4

FA8] wole] WA
128.
SAS Institute. 1985. SAS user’s guide: Statistics.
6.03 ed. SAS Institute Inc., Cary, NC.
%43, 1990. Polyethylene glycols ] &3 =9
EgE Ayl S22 ol v 3%
3 FHEA. FEA 10(2): 70-76.

d & FEA 103): 121-



