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Notes on Various Parameters Recording the Speed of 
Seed Germination 

.... A. AI-Mudaris-

Introduction 

many experiments cOncerned wilh seed treat ments the paUern of germination, both 
ill time and extent, is the key consideration. Not j ust the final germination percentage 
.attained, but also the speed and distribu tion of this germination are often used to j udge 
6e agrono mic relevance ofueatments. Generally. methods of evaluating seed germi
.man responses may be categorized as analytical or graphical (ScoTT el al., 1984). 
Germination data have severa l characte ristics dis tinguishing them from other data fre
.-enliy collected in plan t research. Fo r example, germination is traditionally consid
ered to be a qualitat ive developmental response o f an individual seed that occurs at a 
pJiDt in time, but individuals within a treatment respond at differen t times (5CXlrr el 
__ 1984). Thus, the final germination percentage alone is unsa tisfactory for reporting 
:csu1ts fo r two main reasons; (I) It docs not faci litate the comparison of germination 
dIU published by two au thors, and (2) It does not indicate the rapidity o f germination 
.. only its fina l extent (fIMSON, 1965). Therefore, various parameters for measuring 
_ C:5limating germination speed have been developed with varying degrees o f accu
acy ( HEYOECKER, 1966; Soorr el al., 1984). 

1ki:s paper presents a discussion of some of the more frequently used parameters and a 
CXIImp3rison of various germination scenarios and their subsequent parameter-based 
~tation. 

Germination Parameters 

t.ibk I shows various parame t ~rs used to assess germination speed and describes fo r
CIIlae fo r their calculation. The mean g~nnina t ion lime (MGn (OROIARD, 1977) rep
lC$ICIIl$ the mean time a seed lot requires to initiate and end germination. The gcrmina
.. index (GI) (BENEOI ARI'*OLO el aI., 1991) is a measure of both percentage and 
.sp:cd of germinat ion and assigns maximum ari thmetic weighl to embryos or seeds that 
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germinate first and less weight to those thai germinate laler. For example if all 100 
seeds ora 101 germinated on the first day of a 10.day trial period, the 01 would be 10' 
100 = 1000. If all 100 seeds germinated on the tenth day, the result ing 0 1 wou ld be I • 
100 = 100. The coefficient of velocity of germination (CVO) (JONI::5 AND SM!l~RS, 

1987) gives an indication of the rnpidity o f germination and increases when the number 
of germinated seeds increases and the lime required for germination decreases. Theo· 
retically, Ihe highest CVO possible is lOll The germination rate index (ORI) (Est:Cl IIE, 
1994) basically gives an indication of the percentage of seeds germ inati ng per day of 
the les t run period. The day on which the first germinatiun event occurs (the first day of 
germination, or FDO) and the day on which the last germination event occurs (LDO) 
arc also useful in germination speed sludi c.<;. The time elapsing between the FDO and 
LDG may, for the purposes o f th is paper, be termed the time spread of germinalion 
(TSG). 

GermlnationSeenarios 

Three scenarios have been chosen here fo r the purpose of comparing the effect of 
germination speed, spread and ti ming at fixed final germination percentages. Table 2 
illustrates a case where 100 seeds of each seed lot were sown into trays and observed 
for 10 days. The case is a theoretical one assuming an FOP of 80 %. The four lots 
renected a contrasting diSlribution of germination . A number of parameters were used 
to evalualeseed 101 performance including the FOP, MGT, GI, eVG, ORI, FOG, LDG 
and TSO. Scenarios 2 and 3 are shown in Tables 2 and 3, respectively and focus on the 
influence of the timing of germination for the majority of the seed lo t, and the time 
spread of this germination, respect ively. 

Distribution orGerminatlon 

Al though the four lots in Table 2 attained an FOP of 80 %, they did SO at varying rates. 
Lot 1 started germinating on the second d~y after sowing (DAS) with an equally dis
triblJ[ed germination from 2to 5 DI\S. Its MOT was 3.5 days and its GI600. Seeds of 
1012, on the olher hand, completed their 80 % FOP by 1 DAS and, thus, had an MGT 
of LO day and a OJ of 800. Their eVG was 100 compared to the 28.5 of lot 1. Also, 
their FDG, LDO and TSO were all one because they started and ended germin~tion on 
the same day. Lot 3 took 3 days to complete germination, wi th 70 % of its seeds germi
nating on 2 DAS. This gave arithmetic weight to day 2 and resulted in a MOT of 2.0 
days. A somewhat similar case to loti was observed in lot 4 with the 80 % FOP being 
distributed equally along the TSG period. Here, however, 40 % germinated on 2 DAS 
and 40 % on 3 DAS, yielding a GI 0(680 which is higher than the 600 of lot 1. The 
CVO was also higher (40 fo r lot 4 vs. 28.5 for Jot I). 
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Thble 2: Theoretical cou rse of germination of fo ur ~ecd lois with vary ing times spreads 

D. Loll Lot> Lot 3 Lot. 

I 0 80 5 0 

> 20 0 70 40 

3 20 0 5 40 
4 20 0 0 0 

5 20 0 0 0 

6 0 0 0 0 
7 0 0 0 0 

8 0 0 0 0 , 0 0 0 0 
10 0 0 0 0 

Parameter 

FGP (% 80 80 80 80 
MGT da 3.5 1.0 2.0 2.5 
GI 600 800 no 680 
e VG 28.5 100 50 40 
GRJ(%/du ) 25.6 80 41.6 33.3 
FDG (dll 2 I I 2 
LDG(da ) 5 I 3 3 
TSG(du ) 4 I 3 2 

The O RT in all fo ur lots followe d the FOP and MOT. Practically, it would refl ect the 
percentage of seeds germinating per day. Arithmetically, though, it docs not always 
fu lfil this. Il tcnds to overestimate the FOP when it is mult ipl ied by the MOT. From 
Table 2, for example, lot 1 had an FO P of 80 %, an MOT of 3 .5 days and a OR! of 25.6 
%/day. Theoretically, then, when multiplying the MGT by ORI, the FOP should be 80 
%. This 'is not the case because 3.5 '25.6 ", 89.6 %, a 9.6 % overestimate of the actual 
FOP. 

The time when a majority of seeds w ithin a lot germinate seems to be the most inn uen+ 
tial facto r governing the MOT, GI, evo and ORI, bul not the FOG, LDO or TSO. In 
Table 3 all four loIS had an FoO of 2.0 days, an LOO o f 5.0 days and a TSG o f 4.0 
days. Yet because lot 1 had 40 % of its seeds germinate on 2 OAS, the MGT was 2.8 
da ys, the GI 650, the cva 34.7 and the O RI 31.1 %/day. In lot 2 these 40 % germi+ 
nated on 5 DAS and so the MGT rose to 4.1 days and the 0 1, CVG and GRI dropped 
to 550, 24.2 and 21.3, rcslJCctively. Even though 3 o AS witnessed 10 % more germi· 
nat ion in lot 3 than in lot 2, the MGT, 0 1, e VG and ORT were almost similar fo r both 
lots re fl ecting the g reater influence of the 40 seeds w hich germinated o n 5 DAS (Table 
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J). The same appl ies to the comparison between lots 3 and 4. The th ird scenario is 
skJ";t.·n in Table 4. Again, all four loIS atlained an FGP of 80 %, but both the timing of 
p:rmination and the TSO varied. In loti, 

so 'I. of the seeds germinated on 2 DAS, 20 % on 3 DAS and 10 % on 4 DAS. The 
liGT. 01, eVG and GRI had values of 2.5 days, 680, 40 and 34.1 %/day, respectively. 
AkIIough lot2 had the same LDG as 101 1 ils MGT, GI, CVG and GRI values were 3.2 
days. 620, 30.7 and 25.0 %/c.lay, respectively. This rd1ected overall s lower germina. 
_ in spile of the fact that on bOl h germination-event-days, i.e. 3 and 4 DAS, it at
ai.ed higher FG Ps tha n lOll. The arilhmeticeCfecl of 0 %on 2 DAS in lot 2 compared 
at 50 'ib in lot I, was, however, the decisive factor in the parameter va lues lot 2 at · 
laDed. Lot 3 fo llows the same line of effects where an FGPof 8O % on 4 DAS yielded 
lliicItcr MOT (slowcr germinat ion) and lower OJ, eVG and GR] va lues than lots] and 

':'An earlie r germinat ion event starling on 2 DAS and ending on 4 DAS with an almost 
apsally distributed FOP on all three germination-event-days was observed in 1014 and 

~ germination speed to an even higher level than 1012. This ren ects that both the 
..mg at which the majority o f seeds germinate and the '£'SG govern the resulting 
!peed assessment parameters. 

1lIWr J:Thenrelica t coursenf germination of four seed lots with varying lim ing nfseed
....-r-germ inalion 

Day Lot i 1:ot2 Lot 3 Lot' 
I 0 0 0 0 

1 40 10 10 40 

J 20 10 20 10 

• 10 20 10 20 

S 10 40 40 10 

• 0 0 0 0 

0 0 0 0 

• 0 0 0 0 , 0 0 0 0 

II 0 0 0 0 

Panuneter 

rcP% 80 80 80 80 
>lGT (day) 2.8 4.1 4.0 3.0 
G( 650 550 560 640 
O -G 34.7 24.2 25 33.3 
GRJ(%/da 31.1 21.3 22.1 30.3 
FDG {da ) 2 2 2 2 
LDG (day) 5 5 5 5 
TSG(da ') 4 4 • • 

15 1 



Thhle 4: Theoretical course of germination of four seed lots with varying time 5preads and 
timingofsecd·majority·germination 

D. Loll Lot 2 LoD Lot' 
I 0 0 0 0 , 50 0 0 27 
3 20 60 0 27 

• 10 20 80 26 
5 0 0 0 0 
6 0 0 0 0 
7 0 0 0 0 
8 0 0 0 0 , 0 0 0 0 
10 0 0 0 0 

Pnrameter 

FGr % 80 80 80 80 
MGT dalL 2.5 3.2 4.0 2.' 
GI 680 620 560 641 
e VG 40 30.7 25 33.4 
GRJ %/da 34.1 25.0 20 28.7 
FDG dny) 2 3 4 3 
LDG da) 4 4 4 4 
TSG day) 3 2 1 3 

5 Discussion and Conclusions 

From Ihc data of Tables 2, 3 and 4 it appears Ihal one single parameter is in i1sdf not 
sufficient to fully describe germination. The FOI' is an end phase parameter which 
only reflects the capacity ofaseed lot !o reach germination. Since it does not reflect 
either Speed, synchrony or spread o f germination -all vital factors from horticultural 
and agronomic standpoints- it should be ao;;ompanied by a measure o f germination 
velocity. The MOT tends to be used on a regular basis in seed germination studies and 
we find no serious setbacks in this excepllhat it lacks Ihe linkage between germination 
percentage and speed. It also fa ils to define the TSO or LDG. If accompanied by the 
0 1, the three parameters should facilitate a beller interpretation o f results. We tend not 
to favo ur the use of the GRI in this context since it overestimates the FOP in some, but 
not ali, situations (see Tables 2, 3 and 4 for comparison of the actual FOP with that 
resulting from mult iplying Ihe ORI by the MOT under high and medium G I values). 
The CVG is merely the reciprocal of the MOT and as such is nol an essential parameter 
10 report if the FOP, MGT and OJ are presented. 



II IS also concluded that the MGT, GI, CVG and ORI give maximum weight to the time 
"'n the majority of seeds in a lot germinate. This is of major importance fo r estimat
iq; the timing of cultural practices following sowing but does not give the specific 
TSG. This might have an effect On the synchrony and evenness of germination and 
ICSUlti ngscedlingstands, respeetivcly. 

Timson (1965) proposed the use of an index to give the majori ty o f seeds a greater 
dfea on the magnitude of parameters. The percentage germination is recorded every 
-=.( IIours. At the end of some suitable lime (to days as a general guideline) the rcsults 
~ summed. For example if a seed lot attained germination percentages o f 40, 20, 0, 0 
..dOon days 1,2,3,4 and 5, respectively, then Timson's Index 0:. in this case) would 
k 4() + 60 + 60 + 60 = 220. Bul a setback to this method has been reported (HIlYDECKIlR, 
1966). where different germination percentages could st ill altain the same index, thus 
~icating interpretation. If the lot above, for example, were compared with a sec
..slot givinggerminalion percentages o f 10, 30, 30, 30 and Don days 1,2.3,4 and 5, 
lICSpXtively, then the IndCK would be JO + 40 + 70 + 100 =: 220 which is the same as 
... of the first 101 a lthough the two samples 3re dissimilar in both germination percenl
.. &lid the time to ultimate germinatioll. Therefore, we recommend that the FOP be 
~in conju nction with the MGT and 0 1 as a meansofat least represen ti ng Ihegermi· 
aeon pt: reentage and its speed both separately and cumbined. 

Summary 

'1k fiDal germination percentage alone does not reflect the speed or pattern of germi-
1IJIIIion. Various parameters measuring the speed of germination are evaluated in Ihis 
~ under three germination scenarios. The final germination percentage should be 
IISI:dtogether with the mean germination time and the germination index to renee! the 
paetntage and speed of germination separately and in combination. 

~r-kungen zu verschiedenen Parametern der Errassung der 
~eschwindjgkeit 

'l.m$unenrassuDg 

DIe Kdmgcschwindigkeit kann nicht durch den endguJtigen Keimungsprozentsatz 
d!apeilt werden. Verschiedene Parameter, die die Geschwindigkeit der Keimung 
-=uen \\"Urden hicr unler drei Kcimungsscenarien beurteill. Die Ergebnisse zeigen, 
.. doer endgijilige Keimungsprozentsatz zusammen mit der mitt leren Keimungszeit 
~dem Kcimungsindex prlisentiert werden soil, urn cine vernlinftige Darstellung der 
S£i:::lung und der Keimu ngsgeschwindigkcit zu crreichen. 
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