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ABSTRACT 

In many stored seeds, even though the standard 
germination stays high with storage time the field 
emergence may not always be so. This makes the 
standard germination test results questionable in a 
commercial setting. The OJIP test derived from the 
polyphasic transient fluorescence is used as a latest 
method to determine the quality of seeds. We tested 
the suitability of this test to determine vigour of seeds 
of two Phaseolus varieties. Seeds of two varieties were 
stored in bulk in two different packing materials at 
controlled temperature (17±1 °C) and relative 
humidity (52-55%) for one year, and the seed 
germination and the field emergence were evaluated 
once in two months. The OJIP chlorophyll 
fluorescence parameters were measured in the first 
two leaves of 5-day old seedlings. Standard 
germination test results were acceptable even after 
one-year of storage. However, field emergence 
percentage reduced over storage time. Analysed data 
showed that OJIP derived parameters; specific energy 
fluxes (ABS/RC, TR0/RC, ET0/RC), quantum efficiencies 

(Phi_P0, Psi_0 , Phi_E0) and performance index (PIABS) 
were significantly different with the storage period. 
PIABS did not differ significantly with variety and 
packing materials. PIABS significantly correlated with 
the field emergence. As the reduction of PIABS in the 
seedlings is due to the changes in physiological 
condition of the seeds at the seed storage, it can be 
used as a good indicator in assessing seed quality, 
seed vigour in particular. 
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INTRODUCTION 

Seeds are the units of propagation of most 
agricultural crops all over the world. Seeds 
having good germinability and successful field 
emergence will lead to a proper crop 
establishment which is a significant sign of the 
ultimate yield. Seed storage conditions play a 
significant role on seed quality parameters 
(UNDP reports, 2007-08). The assessment of 
the germination and the identification of high 
performance of seed lots in storage is a key 
initiative towards successful crop production. 
Standard germination test results generated 
by a seed laboratory do not always represent 
the true physiological potential of the tested 
seed lots (Marcos-Filho, 2015). Various 
researchers have reported that the laboratory 
standard germination test is not a good 
indicator of field emergence (Aliloo, 2011; 
Morad, 2013). This is apparently 
disadvantageous for commercial farmers, thus 
it is of paramount importance to inspect the 
pre-field performance under laboratory 
conditions before releasing the seed lots to the 
growers. 

Seed physiological potential comprises of 
germination, viability and vigour. These 
parameters indicate the capacity of seeds to 
perform their vital functions under both 
favorable and unfavorable environmental 
conditions (Marcos-Filho, 2015).  There is no 
universally accepted single method for 
assessing seed physiological potential of a 
given species or group of species. For this 
reason, research correlating laboratory seed 
testing to field emergence have been 
considered important. 

Seed vigor testing provides a precise 
identification of differences in physiological 
potential of seeds which is not detected by the 
standard germination test. Various techniques 
are available to determine seed vigor directly 
or indirectly. These include physiological 
assessments (e.g. rate of germination, radicle 
emergence test, and stress test), biochemical 
assessments (e.g. conductivity test, 
tetrazolium test) and assessment of the aging 
process (e.g. accelerated aging test, controlled 
deterioration test) (Adkins et al., 1996). 
Computer-assisted image analysis of seedlings 
(McCormac, et al., 1990) and automated seed 
vigor imaging system (Sako et al., 2001) are 

also amongst the early attempts to determine 
seedling vigor on some species. 

As an indirect measurement of seed and 
seedling vigor, the evaluation of chlorophyll 
fluorescence is considered a promising 
method to determine the physiological 
potential of individual seeds (Cicer, et al., 
2009; Dell’Aquilla, 2009). Immature seeds 
usually carry a considerable amount of 
chlorophylls (Jalink et al., 1998), while seed 
chlorophyll content reduces with seed 
maturation. 

Many researchers have suggested that 
chlorophyll fluorescence is a tool to study the 
photosynthetic mechanism and plant 
performance under abiotic stress conditions 
(Longenberger et al., 2009). The most useful 
chlorophyll fluorescence methods are 
saturation pulse method, slow fluorescence 
kinetics, relative fluorescence decrease and 
fast chlorophyll fluorescence induction 
kinetics (Schreiber et al., 1986; Strasser et al., 
1995; Schreiber, 2004). 

Polyphasic chlorophyll fluorescence transient 
analysis, also known as OJIP test is a non-
destructive, highly sensitive, fast and easily 
measurable, thus a widely used method in 
photosynthetic research (Brestic and Zivcak, 
2013). Illumination of dark- adapted 
photosynthetic samples leads to emission of 
the chlorophyll a fluorescence with a 
characteristic transient well known as the 
Kautsky curve (Kautsky and Hirsch, 1931). 
Chlorophyll fluorescence induction represents 
a plot of measured fluorescence intensity as a 
function of time of continuous illumination for 
milliseconds. Such a curve measured under 
continuous light, has a fast exponential phase 
and a slow decay phase. The initial growing 
phase shows a typical polyphasic shape when 
the curve is plotted on the logarithmic time 
scale. This information can successfully be 
applied in evaluating the vigour of seeds and 
seedlings. 

Therefore, the present research work was 
conducted to evaluate the possibility of using 
the OJIP test derived from the polyphasic 
transient chlorophyll fluorescence to predict 
the vigour of the seeds of two varieties of pole 
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beans (Phaseolus vulgaris L.) by using the 
seedlings resulted from the standard 
germination test. 

MATERIALS AND METHODS 

Certified seed lots of two pole bean (Phaseolus 
vulgaris L.) varieties, ‘Keppetipola Nil’ (KN) 
and ‘Bandarawela Green’ (BG) stored in 
controlled temperature (17±1 °C) and relative 
humidity (RH) (52-55%) were used for this 
study. Two seed lots of 28 kg each were 
packed in polypropylene and polysac bags 
separately and kept under the above 
conditions for one year. Samples were drawn 
every two months and subjected to the 
standard seed quality tests during this year. 

Laboratory germination test was conducted 
according to the guidelines of the 
International Seed Testing Association (ISTA, 
2015). Prescribed sand media was used to 
plant 25 x 4 seeds per germination tray and 
allowed to germinate inside a germination 
chamber at 25±1 °C with 8 hours of light. 
Number of germinated seeds was counted on 
the 5th day as the first count and considered as 
standard germination and expressed as a 
percentage.  

Field emergence was tested in Randomized 
Complete Block Design with three replicates. 

For each replicate, 100 seeds were sown in 
well-pulverized soil. As per the ISTA 
guidelines, the normal seedlings which 
emerged at the 10th day of the planting were 
counted and expressed as a percentage of field 
emergence. 

Chlorophyll fluorescence 
measurement  

Chlorophyll fluorescence was measured using 
FluorPen 100 fluorometer (PSI, Czech 
Republic) in the first two leaves of seedlings at 
the time of 5th day of the seedlings germinated 
under laboratory conditions. The analysis of 
polyphasic OJIP chlorophyll fluorescent 
transients and related parameters (OJIP 
analysis) was performed using procedures 
described by Strasser et al., 2000.   

The nomenclature for OJIP was as follows; O is 
for origin or F0 of which level measured at 50 
µs or less after illumination; J and I represent 
the intermediate states measured after 2 and 
30 ms respectively. Maximum fluorescence 
was denoted as P or Fm (Figure 1). 

Several parameters have been derived 
from the polyphasic chlorophyll transient 
analysis as shown in the Table 1. 

 

 
 
Figure 1: Typical OJIP transients of chlorophyll fluorescence plotted on logarithmic time scale. 
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Table 1:   Parameters derived from fast chlorophyll fluorescent transients (adapted from Strasser 

et al., 2000). 

 

Parameter Name and basic physiological interpretation Calculation 

Basic parameters from OJIP transients 

F0 Minimum Fluorescence, when all RC PC II are 

open (O-step of OJIP transient)                                                                                                                                                             

 

FM Maximum fluorescence intensity  

FV Maximal variable fluorescence = FM- F0 

VJ Relative variable fluorescence at the J step = (FJ- F0)( FM- F0) 

VI Relative variable fluorescence at the I step = (FI- F0)( FM- F0) 

M0 Approximated initial slope (in ms-1) of 

fluorescence transient V=f(t) 

 

Specific energy fluxes 

ABS/RC Absorption flux per RC =M0(1/VJ)(1/ φPo) 

TR0/RC Trapped energy flux per RC at t=0 =M0(1/VJ) 

ET0/RC Electron transfer flux per RC at t=0 =M0(1/VJ)(ꝕo) 

Yields of flux ratios/Quantum efficiencies 

φPo =Phi_Po Maximum quantum yield of primary PS II 

photochemistry 

=TR0/ABS  

=1-(F0/ FM)or FV/ FM 

ꝕo =Psi_o Probability at t=0 that a trapped excitation 

moves on electron in to the electron transport 

chain beyond QA- 

=ET0/TR0 =(1-Vj) 

φEo =Phi_Eo Quantum yield of electron transport at t=0 =ET0/ABS  

=[1-(F0/F FM)] 

PIABS Performance index for the photochemical 

activity(basic formula on absorption basis) 

=(RC/ABS).(φPo/(1-  

   φPo).(ꝕo/(1- ꝕo) 

 

 

 

Data were analyzed using the SAS (V9 for 
Windows) statistical analytical package and 
Graphpad prism8 software. 

RESULTS AND DISCUSSION 

Mean standard germination percentage and 
moisture of the seeds at the initial stage of 
both varieties are presented in the Table 2. 
These values guarantee the quality of stored 
seeds used in the present study. 

Bulk seeds of two varieties, Bandarawela 
Green (BG) and Keppetipola Nil (KN) packed 
in polypropylene and polysac bags displayed 
a high germination percentage throughout 

the storage period for one-year. Irrespective 
of the two packing materials, variety KN 
resulted a significantly lower mean 
germination percentage compared to the 
variety BG (Figure 2).  

Table 2: Initial germination (%) and seed 
moisture (%) of two varieties of bean. 

 

 

 

 

 

Variety Standard 
germination 

% 

Seed 
moisture 

% 
Bandarawela 
Green (BG) 

100 11 

Keppetipola Nil 
(KN) 

98 11 
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Figure 2: Standard germination percentage of beans packed in two packaging materials and stored 
under controlled temperature and RH conditions for one year; (a) variety Bandarawela Green (BG); 
(b) variety Keppetipola Nil (KN). Dashed line indicates the mean germination percentage over the 
12 months period. 

 
Specific energy fluxes 
Effect of 12-month storage of seeds packed 
in different packing materials on specific 
energy fluxes of two varieties of bean 
seedlings are shown in Figure 3. Specific 
energy fluxes were significantly affected by 
time and variety of beans irrespective of the 
packing material (Table 3). 

Total number of photons absorbed by 
chlorophyll molecules of all reaction centers 
per total number of active reaction centers 
denoted as ABC/RC showed an increase with 
storage period except variety KN stored in 
Polysac. The maximal rate by which an 
exciton is trapped by the RC (TR0/RC), and 
the maximal electron transfer between PS II 
and PS I per reaction center (ET0/RC) also 
increased along with that in seeds packed in 
polypropylene. As explained by Lawlor and 
Tezara (2009), the increase in specific fluxes 
is partly due to the small number of active RC 
in the PS II.  According to Strasser and 
Srivastava (1995), increased ABS/RC on 
leaves with N deficiency indicates an 
increase of antenna size. In addition, 
inactivation of some PS II reaction centers 
can also be led to an increase ABS/RC (Lu et 
al., 2001; Castro et al., 2011). Therefore, it 
can be speculated that the increase of 
specific fluxes in seedlings in the present 
study may be due to the inactivation of some 
PS II RCs as seeds tend to deteriorate within 
the storage period. 
 

Quantum efficiencies 
Quantum efficiencies, the maximum  
quantum yield of primary PS II 
photochemistry (φPo =Phi_Po), the 
probability at t=0 that a trapped excition 
moves on electron in to the electron 
transport chain beyond QA- (ꝕo =Psi_o) and 
quantum yield of electron transport at t=0 
(φEo =Phi_Eo) were analysed (Figure 4 and 
Table 3).  All three parameters were 
significantly different with time irrespective 
of the packing materials.  However, the Psi_0 
was significantly different between the two 
varieities. Similar decrease in Phi_P0 when 
exposed to severe stress conditons was 
reported by Manes et al. (2001) and 
Nussbaum et al. (2001). 

Performance Index (PIABS) 
In the OJIP analysis, the performance index 
(PIABS) can be used to express the overall 
plant vitality and the performance (Strasser 
et al., 2000). Three independent parameters; 
density of fully active reaction centers (RCs), 
efficiency of electron movement by trapped 
exciton into the electron transport chain and 
the probability of that an absorbed photon 
will be trapped by RCs are used in 
determining the PIABS. The lower PIABS values 
reflect the lower vitality in photosynthetic 
tissues (Bussotti et al., 2006; Beneragama et 
al., 2014).  
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Figure 5 shows a decreasing trend in PIABS 
with storage time in two bean varieties 
packed in two different packaging materials. 
Similarly, in our previous study of bean, the 

PIABS of seedlings of 7-month old seeds of 
common bean showed a decreased PIABS 

values compared to those of fresh seeds 
(Bandulasena et al., 2017).

 

 

Figure 3: Specific energy fluxes measured in seedlings of two varieties of bean seeds packed in two 

packaging materials, during the 12-month storage period: (a and b) variety Bandarawela Green 

(BG); (c and d) variety Keppetipola Nil (KN); (a and c) packed in polypropylene (b and d) packed in 

polysac. Means±SEM of absorption (ABS), trapping (TR) and electron transport (ET) per reaction 

center (RC) are given. 

Figure 4: Quantum efficiencies measured in seedlings of two varieties of bean seeds packed in two 
packaging materials, during the 12-month storage period: (a and b) variety Bandarawela Green 
(BG); (c and d) variety Keppetipola Nil (KN); (a and c) packed in polypropylene (b and d) packed in 
polysac. Means±SEM of maximum  quantum yield of primary PS II photochemistry (Phi_Po), 
probability at t=0 that a trapped excition moves on electron in to the electron transport chain 
beyond QA- (Psi_o) and quantum yield of electron transport at t=0 (Phi_Eo) are given. 
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Table 3: Derived OJIP parameters from polyphasic chlorophyll fluorescence transients in two bean 
varities BG and KN packed in polypropylene and polysac under contolled temperature and RH. 

 

Different letters within an OJIP parameter show significant difference at p =v0.05 level determined by Duncan mean separation 

 

 

 

Figure 5: Performance Index (PI) measured in seedlings of two varieties of bean seeds packed in 
two packaging materials, during the 12-month storage period: (a and b) variety Bandarawela Green 
(BG); (c and d) variety Keppetipola Nil (KN); (a and c) packed in polypropylene (b and d) packed in 
polysac. Means±SEM are given.

 

Time(months) ABS/RC TRo/RC ETo/RC Phi_Po Psi_o Phi_Eo Pi_Abs 

1 2.5085d 1.74158b 1.04162cd 0.69531a 0.60419b 0.41800a 1.5951a 

2 2.4983d 1.55038c 0.99044d 0.64972a 0.64342a 0.41278a 1.6267a 

4 3.1728bc 1.90267b 1.23039ab 0.62570cb 0.65555a 0.40561a 1.2598b 

6 2.9320c 1.74296b 1.10812c 0.60658cb 0.64519a 0.38869ab 1.1607bc 

8 3.3755b 2.13272a 1.29628a 0.63697b 0.61450b 0.38908ab 0.9545dc 

10 3.4603b 2.09631a 1.20833b 0.62169cb 0.58711b 0.36250cb 0.8490d 

12 3.8958a 2.20531a 1.27160ab 0.57243c 0.58714b 0.33263c 0.5805e 

Variety        

BG 3.34190a 2.03308a 1.21255a 0.63632a 0.605281a 0.382649a 1.10906a 

KN 2.97785b 1.82416b 1.13301b 0.61905a 0.631927b 0.387682a 1.12809a 

Packing material      

Polypropylene 3.12860a 1.95610a 1.18951a 0.63737a 0.616686a 0.390585a 1.12808a 

Polysac 3.20156a 1.90197a 1.15566a 0.61720a 0.620236a  0.379038a 1.10764a 

1            2           4          6            8          10         12 2           4              6             8            10            12 

Storage time (Months) Storage time (Months)

Pe
rf

or
m

an
ce

 In
de

x 
(R

el
at

iv
e 

U
ni

ts
)

(a) (b)

(c) (d)



Ariyarathne et al (2020) Tropical Agricultural Research, 31(2): 106-115                                                                                    | 113 

 

Relationship among PIABS, standard 
germination and field emergence 

Figure 6 shows the changes in germination 
percentage, field emergence percentage and 
performance index of seedlings of two 
varieties of bean seeds packed in two 
packaging materials, during the 12-month 
storage period. Although the germination 
percentage remained acceptable throughout 
the study period, it was apparent that the 
field emergence was decreased over time. 
The performance index was also decreased 
rather similar to the field emergence.  
Performance index was significantly positive 
medium correlated with the field emergence 

(0.483, p<.0001) Therefore, the 
performance index obtained through the 
OJIP chlorophyll transient analysis can be 
used to determine the seed quality, before 
the field establishment with further 
improvement.  

Therefore, it is possible to recommend OJIP 
chlorophyll transient analysis as a detection 
method for testing the vigour of seeds in 
comparison to other vigour testing methods. 
However, further studies are needed to 
quantify the PIABS to predict the seed 
germination in laboratory conditions, which 
is species specific, before seed lots are issued 
to the farmer.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Change in germination percentage (vertical bars), field emergence percentage (solid line) 
and Performance index (dashed line) of two varieties of bean seeds packed in two packaging 
materials, during the 12-month storage period: (a and b) variety Bandarawela Green (BG); (c and 
d) variety Keppetipola Nil (KN); (a and c) packed in polypropylene (b and d) packed in polysac.   

 

CONCLUSION 

Seed lots of two bean varieties stored over 
one-year period maintained their viability 
successfully although the field emergence 
was observed decreasing.  PIABS is the most 
sensitive OJIP parameter out of tested 
parameters to evaluate the seedlings of 
stored seeds under the controlled 

temperature and relative humidity. 
Continuous decreasing trend in PIABS and 
correlation between performance index and 
field emergence is a good indicator to judge 
the physiological status of the seeds. Thus, 
OJIP chlorophyll transient analysis can be 
recommended as a rapid technique to test 
the seed vigour before the field 
establishment with further improvements.
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