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Notes on Various Parameters Recording the Speed of
Seed Germination

MA. Al-Mudaris®

1 Introduction

= many experi with seed the pattern of germination, both
i= time and extent, is the key consideration. Not just the final germination percentage
azined, but also the speed and distribution of this germination are often used to judge
e agronomic relevance of treatments. Generally, methods of evaluating sced germi-
nnon responses may be categorized as analyhc:l or gmpluczl (Scotr et al., 1984).

ination data have several them from other data fre-
pznu_v collected in plant rescarch. For example, germination is traditionally consid-
ered 10 be a qualitative developmental response of an individual seed that occurs at a
point in time, but individuals wlthm a treatment respond at dlﬂerenl times (Scorr et
=4 1984). Thus, the final alone is y for reporting
sesults for two main reasons: (1) It does not facilitate the comparison of germination
st published by two authors, and (2) Tt does not indicate the rapidity of germination
&=t only its final extent (TiusoN, 1965). Therefore, various parameters for measuring
- i speed have been developed with varying degrees of accu-
macy (HevDeCKER, 1966; Scortr et al., 1984).

This paper presents a discussion of some of the more frequently used parameters and a
comparison of various germination scenarios and their subsequent parameter-based

mterpretation.

2 Germination Parameters

Table 1 shows various parameters used o assess germination speed and describes for-
mulac for their calculation. The mean germination time (MGT) (OrcuARrD, 1977) rep-
s=sents the mean time a seed lot requires to initiate and end germination. The germina-
5o index (GI) (BenecH ARNoLD et al., 1991) is a measure of both percentage and
speed of germination and assigns igl bryos or seeds that
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germinate first and less weight to those that germinate later. For example if all 100
seeds of a lot germinated on the first day of a 10-day trial period, the GI would be 10
100 = 1000. If all 100 sceds germinated on the tenth day, the resulting GI would be 1 *
100 = 100. The coefficient of velocity of germination (CVG) (JONES AND SANDERS,
1987) gives an indication of the rapidity of germination and increases when the number
of germinated seeds increases and the time required for germination decreases. Theo-
retically, the highest CVG possible is 100. The germination rate index (GRI) (Eseciie,
1994) basically gives an indication of the percentage of seeds germinating per day of
the test run period. The day on which the first germination event occurs (the first day of
germination, or FDG) and the day on which the last germination event occurs (LDG)
are also useful in germination speed studics. The time elapsing between the FDG and
LDG may, for the purposcs of this paper, be termed the time spread of germination
(TSG).

3 Germination Scenarios

Three scenarios have been chosen here for the purpose of comparing the effect of
germination speed, spread and timing at fixed final germination percentages. Table 2
illustrates a case where 100 seeds of cach seed lot were sown into trays and observed
for 10 days. The case xs a theoretical one assuming an FGP of 80 %. The four lots
reflected a ibution of ination. A number of were used
to evaluate seed lot performance including the FGP, MGT, GI, CVG, GRI, FDG, LDG
and TSG. 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 lot, and the time
spread of this germination, respectively.

4 Distribution of Germination

Although the four lots in Table 2 attained an FGP of 80 %, they did so at varying rates.
Lot 1 started germinating on the second day after sowing (DAS) with an equally dis-
tributed germination from 2 to 5 DAS. Its MGT was 3.5 days and its GI 600. Seeds of
lot 2, on the other hand, completed their 80 % FGP by 1 DAS and, thus, had an MGT
of 1.0 day and a GI of 800. Their CVG was 100 compared to the 28.5 of lot 1. Also,
their FDG, LDG and TSG were all one because they started and ended germination on
the same day. Lot 3 took 3 days to complete germination, with 70 % of its seeds germi-
nating on 2 DAS. This gave arithmetic weight to day 2 and resulted in a MGT of 2.0
days. A somewhat similar case to lot 1 was observed in lot 4 with the 80 % FGP being
distributed equally along the TSG period. Here, however, 40 % germinated on 2 DAS
and 40 % on 3 DAS, yielding a GI of 680 which is higher than the 600 of lot 1. The
CVG was also higher (40 for lot 4 vs. 28.5 for lot 1).
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‘Table 2: Theoretical course of germination of four seed lots with varying times spreads

Da; Lot1 Lot2 Lot3 Lotd
0 80 5 0
0 0 70 40
0 0 40
0 0 0
0 0 0
0
0 0
0 0
0 0
0 0 0 0
Parameter
FGP (%) 80 80 80 80
MGT (day) 35 1.0 20 25
GI 600 800 720 680
CVG 28.5 100 50 40
GRI (%/day) 256 80 41.6 333
FDG (day) 2 1 1 2
LDG (day) 5 1 3 3
TSG (day) 4 1 3 2

The GRI in all four lots follnwcd the FGP and MGT. Practically, it would reflect the

of seeds per day. Arif i though, it does not always
fulfil this. It tends to overestimate the FGP when it is multiplied by the MGT. From
Table 2, for example, lot 1 had an FGP of 80 %, an MGT of 3.5 days and a GRI of 25.6
%/day. Theoretically, then, when multiplying the MGT by GRI, the FGP should be 80
%. This'is not the case because 3.5 “25.6 = 89.6 %, a 9.6 % overestimate of the actual
FGP.

The time when a majority of seeds within a lot germinate seems to be the most influen-
tial factor governing the MGT, GI, CVG and GRI, but not the FDG, LDG or TSG. In
Table 3 all four lots had an FDG of 2.0 days, an LDG of 5.0 days and a TSG of 4.0
days. Yet because lot 1 had 40 % of its seeds germinate on 2 DAS, the MGT was 2.8
days, the GI 650, the CVG 34.7 and the GRI 31.1 %/day. In lot 2 these 40 % germi-
nated on 5 DAS and so the MGT rose to 4.1 days and the GI, CVG and GRI dropped
10 550, 24.2 and 21.3, respectively. Even though 3 DAS witnessed 10 % more germi-
nation in lot 3 than in lot 2, the MGT, GI, CVG and GRI were almost similar for both
lots reflecting the greater influence of the 40 seeds which germinated on 5 DAS (Table
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3). The same applies (o the comparison between lots 3 and 4. The third scenario is
stown in Table 4. Again, all four lots attained an FGP of 80 %, but both the timing of
germination and the TSG varied. In lot 1,

50 % of the seeds germinated on 2 DAS, 20 % on 3 DAS and 10 % on 4 DAS. The
MGT. GI, CVG and GRI had values of 2.5 days, 680, 40 and 34.1 %/day, respectively.
Alhough lot 2 had the same LDG as lot 1 its MGT, GI, CVG and GRI values were 3.2
days, 620, 30.7 and 25.0 %/day, respectively. This reflected overall slower germina-
wom in spite of the fact that on both germination-event-days, i.e. 3 and 4 DAS, it at-
ssined higher FGPs than lot 1. The arithmetic effect of 0 % on 2 DAS in lot 2 compared
% 50 % in lot 1, was, however, the decisive factor in the parameter values lot 2 at-
szncd. Lot 3 follows the same line of effects where an FGP of 80 % on 4 DAS yielded
Sigher MGT (slower germination) and lower GI, CVG and GRI values than lots 1 and
2 An earlier germination event starting on 2 DAS and ending on 4 DAS with an almost
=gually distributed FGP on all three germination-event-days was observed in lot 4 and
sassed germination speed to an even higher level than lot 2. This reflects that both the
sming at which the majority of sceds germinate and the TSG govern the resulting
speed assessment parameters.

“Tabde 3: Theoretical course of germination of four seed lots with varying timing of seed-
maority-germination

E, E Tot1 Lot2 Tot3 Lotd
1 0 0 0
12 4 1 10 40
3 2 1 20 10
1 1 2 10 20
E 1 4 40 10
s 0 0
7 0
B 0
i 0
10 0
Parameter
Fer® 80 80 80 80
_MGT (day) 28 4.1 40 3.0
Gl 650 550 560 640
oG 347 242 25 333
_GRI (%/day) 311 213 2.1 303
_FDG (day) 2 2 2 2
LDG (day) 5 5 5 5
TSG (day) 4 4 4 4
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‘Table 4: Theoretical course of germination of four seed lots with varying time spreads and
timing of seed-majority-germination

[Day Totl Lot2 Lot3 Lotd
0 0 0
2 50 0 27
3 20 60 27
10 20 80 26
0 0 0
0 0 0 0
0 0
0 0
0 0
10 0 0
Parameter
FGP (%) 80 80 80 80
MGT (day) 25 32 4.0 29
GI 680 620 560 641
CcvG 40 307 25 334
GRI (%/day, 34.1 250 20 28.7
FDG (day) 2 3 4 3
LDG (day) 4 4 4 4
TSG (day) 3 2 1 3

5 Discussion and Conclusions

From the data of Tables 2, 3 and 4 it appears that one single parameter s in itself not
sufficient to fully describe germination. The FGP is an end phase parameter which
only reflects the capacity of a seed lot o reach germination. Since it docs not reflect
cither speed, synchrony or spread of germination -all vital factors from horticultural
and it should be icd by a measure of germination
velocity. The MGT tends to be used on a regular basis in seed germination studies and
we find no serious setbacks in this except that it lacks the linkage between germination
percentage and speed. It also fails to define the TSG or LDG. If accompanied by the
GI, the three should facilitate a better i ion of results. We tend not
to favour the use of the GRI in this context since it overestimates the FGP in some, but
not all, situations (see Tables 2, 3 and 4 for comparison of the actual FGP with that
resulting from multiplying the GRI by the MGT under high and medium GI values).
The CVG is merely the reciprocal of the MGT and as such is not an essential parameter
to report if the FGP, MGT and GI are presented.
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& s also concluded that the MGT, G, CVG and GRI give maximum weight 10 the time
when the majority of seeds in a lot germinate. This is of major importance for estimat-
= the timing of cultural practices following sowing but does not give the specific
TSG. This might have an cffect on the sy y and cvenness of germination and
sesulting seedling stands, respectively.

Timson (1965) proposcd the use of an index to give the majority of sceds a greater
effect on the of The ion is recorded every
24 hours. At the end of some suitable time (10 days as a general guideline) the results
are summed. For example if a seed lot attained germination percentages of 40, 20,0, 0
and ondays 1, 2,3, 4and 5, respectively, then Timson’s Index (3, in this case) would
Be 40 + 60 + 60 + 60 = 220. But a sctback to this method has been reported (HEYDECKER,
1966), where different germination percentages could still attain the same index, thus
‘eoemplicating interpretation. If the lot above, for example, were compared with a sec-
=md lot giving germination percentages of 10, 30, 30, 30 and 0 on days 1, 2,3, 4and 5,
s=spectively, then the Index would be 10 + 40 + 70 + 100 = 220 which is the same as
st of the first lot although the Dl 1both percent-
22 and the time to ultimate ination. Therefore, we that the FGP be
wsed in conjunction with the MGT and GI as a means of at lcast representing the germi-
saion percentage and its speed both separately and combined.

& Summary

The final germination percentage alone does not reflect lhc spccd or paltern of germi-
saton. Various the speed of are evaluated in this
gaser under three germination scenarios. The final germination percentage should be
‘e together with the mean germination time and the germination index (o reflect the

and speed of parately and in
zu der der
Keimgeschwindigkeit
Zassamenfassung

Die Keimgeschwindigkeit kann nicht durch den endgiiltigen Keimungsprozentsatz
dargestellt werden. Verschiedene Parameter, dic die Geschwindigkeit der Keimung
messen wurden lncr unter drei Keimungsscenarien beurteilt. Die Ergebnlsse zugeu,
dass der endgiltige K mit der mittleren K,

amd dem K i isentiert werden soll, um eine vernii D g der
Eeimung und der Keimungsgeschwindigkeit zu erreichen.
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