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The effectiveness of solid matrix priming (SMP) on improving germinability and vigor 
(seedling length and dry weight) of soybean (Glycine max) seeds, which are prone to 
soaking injury, was determined. Seeds of high (87%) (unaged) and moderate (78%) initial 
germination (partially aged), were mixed with sawdust, carbonized bagasse and rice hull 
and wetted with different amounts of water (1, 2.5 and 5% of the weight of seeds and 
solid matrix) and incubated at room temperature for 1, 2 and 5 days. 

Soybean seeds were effectively invigorated through SMP with 1-2 days of incubation, as 
indicated by the improvement in germination of about 7-17%, but more for partially aged 
than unaged seeds. Seedling length and dry weight, as vigor parameters, were also 
improved especially for partially aged seeds, although their responses to SMP varied. The 
vigor parameters were poorly correlated with seed germination. Solid matrix priming 
beyond 1-2 days reduced percent germination (%G) considerably. 

Sawdust and rice hull as SMP media were found effective at all water levels tested and at 
1-2 days of incubation. Carbonized bagasse, however, tended to reduce %G at 5% water 
level at incubation beyond 1 day. 

Seed moisture content (MC) before and during SMP was generally higher in unaged than 
partially aged seeds. During SMP, MC ranged from 13 to 16% after 4-8 hours of 
incubation and at these levels, seeds were effectively invigorated. Based on this study, it 
is recommended that in SMP, water levels be kept at 1-5% and that seeds be incubated 
not longer than 2 days. 
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seed moisture content, seed vigor parameters, solid matrix priming, 
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INTRODUCTION 

The development of the seed industry is 
an important facet in agriculture that 
contributes to successful crop production. At 
present, this industry is confronted with 
many problems concerning production, 
storage and quality control of seeds. Like 
other forms of life, left to themselves seeds 
cannot retain their viability and vigor for long 
periods because they eventually deteriorate 
and die. Seed deterioration has an effect on 
the field performance of crops as indicated by 
decreased field emergence, poor crop growth 

and finally reduced crop yield. Under hot and 
humid conditions such as in the Philippines, 
severe loss in seed quality usually occurs 
during storage. 

Since the ultimate role of seeds is to 
produce healthy and vigorous plants, seed 
technologists should seriously consider some 
techniques that improve seed quality. One of 
these techniques is seed invigoration, which 
is any treatment known to speed up 
germination and synchronize emergence 
(Heydecker et al 1975). This process allows 
seeds to imbibe moisture under controlled 
conditions to a point where metabolic 



mechanisms are activated but not the 
occurrence of actual radicle emergence 
(Bradford 1986). However, several difficulties 
have been encountered with the more 

common invigoration methods using liquid 
media. Orphanos & Heydecker (1968) and 
Woodstock & Taylorson (1981) indicated that 
soaking injury can occur due to rapid liquid 
uptake into the cotyledons, causing cell 
death. This phenomenon is common in many 
large-seeded legumes but has now been 
found even in small seeds like cauliflower 
(Thornton & Powell 1992). Osmotic solutions, 
on the other hand, are required in large 
volumes, costly and sufficiently viscous, 
thereby hindering aeration. Thus, enriched 
air is often required for continuous aeration 
(Taylor et al 1988, Pill 1995). 

An alternative to a liquid medium is a 
solid or semi-solid medium. This practice is 
termed solid matrix priming (SMP) or matric 
conditioning (Copeland & McDonald 1995). 
This technique is accomplished by mixing 
seeds with a solid or semi-solid material and 
specified amount of water. Solid matrix 
priming utilizes the chemical and physical 
characteristics of a solid material to restrict 
the water uptake of seeds. Unlike liquid 
priming, SMP makes use of a small amount 
of liquid per unit of seed and solid particles. 
During SMP, water is slowly provided to the 
seeds and thus, slow or controlled imbibition 
occurs, allowing repair mechanisms to 
operate. Commonly used solid matrices 
include exfoliated vermiculite, expanded 
calcined clay, Agro-lig, bituminous soft coal, 
sodium polypropionate gel or synthetic 

calcium silicate (Kubik et al 1988). Locally 
available materials that are commonly 
utilized as solid matrices are sawdust, 
charcoal and volcanic cinder (Lorenzo 1991). 

Table 1. Summary of treatments 

Soybean 
Variety 

Vigor Level Initial Moisture 
Content (%) 

Matrices Water 
Level (%) 

Incubation 
Period (days) 

IPB SY83 
49-2 

Unaged 
(87%G) 

9.77 Sawdust, 
carbonized 
baggasse,  
rice hull 

1  
2.5 
5 

1 
2 
5  

 Partially aged 
(78% G)  

6-days AAT 

9.40    

 

Many studies on seed invigoration using 
liquid as medium have been conducted but 
only a few were done using solid matrices. In 
the study of Lorenzo (1991) on SMP using 
sawdust, ground charcoal and volcanic 
cinder, soybean seeds responded favorably to 
shorter incubation periods (1 and 3 days) and 
lower water levels (2.5-5%) than longer 
incubation period (6 and 9 days) and higher 
water levels (10-20%). In general, longer 
incubation periods and higher water levels 
were harmful to the seeds because they 
encouraged fungal growth. Thus, there is a 
need to limit the SMP treatments to lower 
water levels (not more than 5%) and shorter 
incubation periods (maximum 5 days). 

In an effort to control fungal infection, 
Lorenzo (1991) also tested the effectiveness of 
ground atsuete (Bixa orellana Linn.) seeds as 
crop seed protectant during soybean SMP. 
Atsuete was found as good as arazan in 
controlling seed infections for both short and 
long incubation periods, but more for the 
latter. However, it was not investigated 
whether there is still a need to protect seeds 
from fungal infection with short-duration 
priming. 

The general objective of the study was to 
determine the feasibility of applying different 
SMP treatments on seeds of soybean using 
readily and locally available farm by-products 
as matrices. Specifically, this study was 
aimed at measuring the relative performance 
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of soybean using different matrices, initial 
vigor levels, water levels and incubation 
periods. 

MATERIALS & METHODS 

Unaged and partially aged soybean seeds 
were subjected to different treatments such 
as solid matrix, water level and incubation 
period. The summary of treatments used in 
this study is given in Table 1. The treatments 
were laid out in factorial using completely 
randomized design (CRD) with three 
replications. Each treatment replicate was 
represented by one glass holding the seed-
solid matrix-water mixture for one specific 
incubation period. 

Unaged seeds, with a germination of 87%, 
were secured from a freshly harvested 
seedlot. A portion of the seedlot was 
subjected to accelerated ageing technique 
(AAT) to obtain partially aged seeds following 
ISTA (1985). The AAT was done by exposing 
the seeds to 100% relative humidity (RH) in a 
3-L desiccator jar at 40°C oven temperature. 
To allow fast and even equilibrium of seed 
moisture content, the amount of seeds used 
was not more than 50-60% of the total 
desiccator volume. The duration of exposure 
to AAT was 6 days, after which a germination 
of 78% was obtained. The seeds were air-
dried for 1 day before SMP treatment. Prior to 
the treatment, moisture content, germination 
and vigor of the seeds were determined. 
Untreated seeds served as control. 

Sawdust, carbonized bagasse and rice 
hull were used as solid matrices. Carbonized 
bagasse, which was in powder form, was 
produced by burning bagasse, the solid waste 
material produced after extracting juice from 
sugarcane. The matrices were dried in the 
oven at 150°C for 1 hour and cooled before 
use. 

Seeds were mixed with the different solid 
matrices at 1:1 proportion by weight. Water 
was then added in specified amounts and 
mixed with the seed-solid matrix. The mixing 
was done gently with the aid of stirring rod. 
The mixture was placed in a glass jar (470 
mL) covered with a plastic sheet secured 
around the mouth with a rubber band. The 
set-up was kept at room temperature. Seeds 
were treated with atsuete powder (10% of the 
weight of solid matrix plus seeds) as 

protectant since they were found to be easily 
attacked by fungi based on past studies 
(Lorenzo 1991). To prepare the atsuete 
powder, dried seeds were soaked in water 
overnight. The seeds were discarded and the 
liquid suspension was allowed to stand for 3-
4 hours until the residue settled at the 
bottom of the container. The liquid was then 
decanted and the residue was spread on flat 
metal pans to facilitate ease in scraping, after 
which the material was dried under the sun 
for 8 hours. 

After each incubation period, the matrix 
was sieved off before determination of 
germination, moisture content and vigor. For 
moisture content, 2 samples of approximately 
5 g of seeds from each treatment replicate 
were obtained. Seeds were ground and oven-
dried at 103°C for 17 hours following ISTA 
(1985). The fresh weight and oven-dry weight 
of seeds were determined for moisture 
content (MC) wet weight basis computation. 

Two samples of 100 seeds per replicate 
were obtained to test for percentage 
germination. The test was done using filter 
paper as medium. Adequate moisture was 
supplied to seeds throughout the test period. 
Instead of the 5th and 8th-day germination 
counts recommended by ISTA, only 1 count 
was made (at 5 days) because of fungal 
contamination.  

Seed vigor was assessed based on the 
seedling growth rate test. Ten normal 
seedlings were picked randomly from each 
germination set-up. Seedling length was 
measured using a ruler while seedling dry 
weight (minus the cotyledon) was determined 
after oven-drying at 70°C for 48 hours. 

The data were analyzed using the 
Analysis of Variance (ANOVA) procedure with 
the aid of Statistical Analysis System (SAS) 
software (SAS User’s Guide 1988). The Least 
Significant Difference (LSD) test was used to 
make general comparisons among treatment 
means. Group comparison using orthogonal 
contrasts was made for specific treatment 
effects (control vs SMP seeds).  

RESULTS & DISCUSSION 

The effectiveness in terms of improvement 
in germinability and vigor of solid matrix 
priming using different solid matrices, water 
levels and incubation periods was determined 
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on unaged and partially aged soybean seeds. 
Earlier studies on SMP indicated that this 
technique could be a better approach than 
liquid invigoration as it can eliminate the 
disadvantages of seed infection, soaking 
injury and possibility of other problems 
related to liquid invigoration treatments. 

Responses of soybean seeds varied 
according to initial vigor level, water level, 
matrix type and duration of priming. Since 
one of the objectives of the study was to find 
effective combinations of solid matrix, water 
level and incubation period to enhance 
germinability and vigor, only results for 1 or 2 
days of incubation were more closely 
analyzed since seed performance beyond 2 
days was already generally poor. 

Germination and vigor (shown in seedling 
length and seedling dry weight) of soybean 
seeds were improved through SMP. 
Improvements were more pronounced on 
partially aged than unaged seeds for all water 
levels and solid matrices. The highest 
increase in germination percentage was from 
78% to 91% (ie, 17% improvement) for 
partially aged seeds and from 87% to 93% 
(7% improvement) for unaged seeds (Table 2). 
Averaged over matrices, water levels and the 
incubation periods (1 and 2 days), 
germination increased by approximately 9% 
for partially aged seeds and only 1% for 
unaged seeds over the control (Table 5).  

Seedling length as a vigor parameter of 
partially aged seeds increased by 
approximately 26% with SMP but only for 1-
day incubation, regardless of solid matrices 
used (Table 3). At 2-day incubation, only SMP 
using sawdust and rice hull improved 
seedling length by about 5-14% across water 
levels. The use of carbonized bagasse 
decreased seedling length by about 47% 
across water levels. A decrease of 16% in 
seedling length was observed for unaged 
seeds when incubated for 1 or 2 days using 
any of the 3 solid matrices, although 
germination under these conditions was 
maintained.  

Seedling dry weight, another vigor 
parameter, improved by approximately 28% 
for partially aged seeds subjected to SMP and 
incubated for 1 or 2 days (except in 
carbonized bagasse, which was given a two-
day incubation) (Table 4). The greatest 
improvement in seedling dry weight of 

partially aged seeds was from 14.0g to 24.8g 
for those incubated for two days in sawdust. 
For unaged seeds, one-day incubation led to 
29% improvement in seedling dry weight 
while 2-day incubation gave lower seedling 
dry weight than the untreated control (28% 
reduction). Vigor improvement using the 
present parameters was not demonstrated 
consistently by the treatments, especially for 
unaged seeds. Correlation analysis among 
seed quality parameters showed that %G was 
poorly correlated with seedling length (r=0.16, 
Pr>F=0.06) and seedling dry weight (r=0.13, 
Pr>F-0.02). Lorenzo (1991) similarly observed 
low correlation values between %G and 
seedling length and dry weight. The use of 
seedling length and dry weight as expressions 
of vigor, therefore, needs to be assessed more 
critically. 

Partially aged seeds responded more to 
SMP in terms of germinability and vigor than 
unaged seeds possibly because these seeds 
are the ones with more potential for 
development. An explanation for the 
improved seed performance with SMP is that 
bioorganelles might have undergone repair 
and reorganization (Choudhuri & Basu 1988) 
and biochemical lesions might have been 
corrected (Villiers & Edgcumbe 1975), leading 
to the advancement in the germination 
process (Heydecker et al 1975). Unaged seeds 
or those with high germination initial 
capacity may no longer require any repair, or 
if they do, it is only for minor ones. At this 
vigor level, %G may possibly already be at its 
maximum, thus, seeds respond less to SMP.
  

In terms of moisture content, partially 
aged seeds had generally lower % MC than 
unaged seeds. Moisture contents of unaged 
seeds averaged over solid matrices and 
incubation periods increased from an initial 
of 9.80% to 10.10% MC at 1% water level, 
12.00% MC at 2.5% and 13.00% MC at 5% 
water level. On the other hand, partially aged 
seeds increased from an initial of 9.40% to 
9.50% MC at 1% water level, 9.90% at 2.5% 
and 10.40% at 5% water level. The results of 
the present study indicate that at moisture 
levels lower than those attained through 
liquid priming (usually 16-31%), seeds are 
still able to improve their germination and 
vigor, in agreement with Masilungan (1989). 
At these moisture levels, seeds are not only 
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invigorated but seed damage associated with 
liquid invigoration is also avoided.  

In a separate determination, it was found 
that the highest seed moisture content (14-
15%) was reached within 8 hours of SMP for 
carbonized bagasse and sawdust and 4 hours 
for rice hull. These results were in close 
agreement with those of Taylor et al (1988) on 
SMP of tomato and pepper in which the 
maximum moisture content was attained 
within 1 day in the matrix.  

The best treatment combination that is 

able

minability of 
soy

to be suitable media for SMP 
of s

ind

uced after 

 to improve %G of soybean seeds is 1-
5% water levels and 1-2 days of 
incubation using any of the solid matrices 
although carbonized bagasse with higher 
water level (5%) has to be avoided if SMP 
extends beyond one day. The study of 
Lorenzo (1991) using a different variety of 
soybean and different matrices also 
indicated that lower water levels (2.5-5%) 
and shorter incubation periods (1 to 3 
days) were effective as an alternative to 
liquid priming while higher water levels 
(10-20%) and longer incubation periods 
(beyond 3 days) were deleterious. The 
present findings revealed that an SMP 
water level of 1% was already sufficient to 
invigorate seeds and that seeds could be 
kept in the set-up for 5 days and still get 
primed. However, 1 day was still the most 
effective incubation period. 

The decrease in ger
bean seeds beyond 2 days of 

incubation may be related to increased 
moisture content and to general seed 
deterioration as a result of high 
respiration, heating and microbial attack 
(Copeland & McDonald 1995). It may 
possibly be due also to production of 
ethanol and acetaldehyde, which have 
been reported to occur with liquid priming 
or under high moisture environments 
(Woodstock & Taylorson 1981). 

Sawdust, carbonized bagasse and rice 
hull proved 

oybean. Although carbonized bagasse 
is generally effective as the other matrices 
in improving %G, it should not be used 
for partially aged for more than one day. 
Sawdust, carbonized bagasse and rice 
hull are readily available in various parts 
of the Philippines. They are by-products 
generated regularly by various agro-
ustries such as wood (sawdust), 

sugarcane (carbonized bagasse) and rice (rice 
hull). Extensive use of these materials has 
not yet been explored to the fullest. While 
these may be used as organic fertilizers, most 
of the time these are just burned or left 
unused in some corners of the field or yard. 
Solid matrix priming has been found to be 
one way of utilizing these by-products so that 
their full use can be harnessed. 

Bagasse, for example, is the most 
abundant solid waste prod

Table 2. Percentage germination of unaged and 
partially aged soybean seeds mixed with 
different solid matrices and water levels 
then incubated for one or two days. 

Vigor level Treatment 
Unaged Partially 

aged 
Untreated Control 87 78 
1-day incubation 

period 
  

 Sawdust   
 1% WL 86* 87* 

 2.5% WL 83* 87* 
 5% WL 85* 91* 

 Carbonized bagasse   
 1% WL 86* 91* 

 2.5% WL 87 ns 90* 
 5% WL 87 ns 89* 

 Rice hull   
 1% WL 90* 90* 

 2.5% WL 91* 90* 
 5% WL 93* 89* 

2-days incubation 
period 

  

 Sawdust   
 1% WL 86* 84* 

 2.5% WL 83* 85* 
 5% WL 85* 86* 

 Carbonized bagasse   
 1% WL 86* 86* 

 2.5% WL 87 ns 82* 
 5% WL 87 ns 77 ns 

 Rice hull   
 1% WL 90* 87* 

 2.5% WL 91* 83* 
 5% WL 93* 84* 

   
* - significant using LSD at 5% level of significance 
ns – not significant using LSD at 5% level of significance 
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extr

after milling. This is difficult to 
disp

completely 
sep

-SMP mixture for fungal 
pro

ir 

The e ectiveness on una ed and 
partially  was 
determined using different factors and factor 
leve

and 5%) and incubation periods (1, 2 and 5 
five days). The following were found: 

 and dry 

owever, some 

acting juice from sugarcane stalks. In 
sugar centrals, much of the bagasse 
output is used as fuel, producing 
carbonized bagasse. Aside from its use as 
fertilizer, carbonized bagasse has also 
been shown to be a promising material for 
SMP.  

Rice hull is another waste product 
from rice 

ose being too bulky, so burning 
becomes a more convenient option. Using 
rice hull as medium for SMP is an 
attractive alternative to burning. 
Sawdust, another waste product that is 
plentiful in the wood industries, is being 
used as medium in seedling 
establishment or as fuel. Since the seeds 
are able to benefit from these solid 
matrices, farmers are given a choice on 
which solid matrix to use. Their choice 
would also depend on the abundance of 
these materials in their places. 

After the treatment, it is imperative 
that the solid material be 

arated from the seed. This can be done 
by dusting or sieving off the solid material 
from the mixture. This step will facilitate 
ease in seed handling, whether the seed is 
to be used for planting immediately after 
the treatment or to be stored again.  

In this study, atsuete powder (the red 
dust covering the seed) was incorporated 
into the seed

tection, while Lorenzo (1991) used 
ground atsuete seed. This was because in 
a preliminary trial, seeds under SMP with 
atsuete powder did not show detectable 
fungal attack and had higher %G than 
those with ground atsuete seeds. The 
need for atsuete, however, seems to be 
unnecessary for shorter-duration SMP 
since a follow-up trial indicated that 
seeds without atsuete incubated for 1-2 da
and 1-5% water levels did not differ in the
degree of improving %G from the control 
(Table 6). 

SUMMARY & CONCLUSION 

ys 

ff of SMP g
 aged seeds of soybean

ls: solid matrices (sawdust, carbonized 
bagasse and rice hull), water levels (1, 2.5 

• Solid matrix priming was effective in 
invigorating seeds of soybean through 
improvement in seed %G. 

• Vigor parameters (seedling length
weight) varied considerably in their 
responses to SMP and were poorly 
correlated with %G. H
improvements in seedling length and dry 
weight were observed especially for 
partially aged seeds. 

Ta
partially aged soybean seeds mixed 
with different solid matrices (with 10% 
atsuete powder) and water levels then 
incubated at one or two days. 

Vigor level 

ble 3. Seedling length (cm) of unaged and 

Treatment 
Unaged Partially 

aged 
Untreated Control 12.6 8.7 
1-day incubation 

period 
  

 Sawdust   
 1% WL 9.5* 10.4* 

 2.5% WL 10.6* 12.5* 
 5% WL 10.7* 10.7* 

 Carbonized bagasse   
 1% WL 10.4* 10.4* 

 2.5% WL 10.3* 10.8* 
 5% WL 10.5* 8.7 ns 

 Rice hull   
 1% WL 11.6* 10.5* 

 2.5% WL 10.5* 12.4* 
 5% WL 10.6* 12.4* 

2-days incubation 
period 

  

 Sawdust   
 1% WL 10.5* 8.7 ns 

 2.5% WL 12.3 ns 8.6 ns 
 5% WL 10.5* 10.0* 

 Carbonized bagasse   
 1% WL 10.3* 4.6* 

 2.5% WL 10.4* 4.6* 
 5% WL 10.4* 4.7* 

 Rice hull   
 1% WL 10.3* 8.9* 

 2.5% WL 10.7* 10.3* 
 5% WL 10.3* 10.5* 

   
* - significant using LSD at 5% level of significance 
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• Partially aged seeds responded more 
favorably to SMP (87%G) than unaged 
seeds, improving their germination 
capacity to levels similar to invigorated 
unaged seeds. 
Unaged seeds • increased their 

with known high initial germination. 

• 

ed-matrix mixture and the 

e most effective treatment 

• 

• 
 the seeds by dusting or 

• 

hort durations (1 or 2 days of 

 

• 

riming. The peak seed 

(76
the
1-5
day
but
sho
or h germination 
cap

germinability up to 2%G only; thus, SMP 
may not be a practical treatment for seeds 

The effectiveness of SMP was influenced 
by the type of matrix, the amount of water 
added to the se

Ta

mixed with different solid matrices 
(with 10% atsuete powder) and 
water levels then incubated at one 
or two days.  

Vigor level 

duration of SMP. In general, most 
treatments on partially aged seeds were 
effective. Water levels 1, 2.5 and 5% and 
1 or 2 days incubation periods (%MC = 
10-13%) were th
combinations to improve seed/seedling 
performance. 
Sawdust, carbonized bagasse and rice 
hull could be used as media for SMP 
although carbonized bagasse should be 
avoided if high water level (5%) and 
incubation period longer than 1 day is 
used. 
The solid matrix should be completely 
separated from
sieving off especially if seeds are to be 
planted immediately after the treatment.  
Atsuete powder (the red dust covering the 
seed), gave higher %G than ground 
atsuete seeds during SMP. Soybean-SMP 
with s
incubation) did not require the addition of 
seed protectant such as atsuete powder 
during priming since seed performance 
was the same for SMP with or without
atsuete powder. 
Seed moisture content of unaged seeds 
was generally higher than partially aged 
seeds. The MC values of seeds during 
SMP ranged from 8-16%, which were 
generally lower than those reached by 
seeds during liquid priming (16-30%). 
This MC range was sufficient for 
invigoration or p
moisture was attained 4-8 hours after 
incubating in the matrix. 
If the initial germination capacity is low 
-81%), seeds will benefit most from SMP if 
y are mixed with sawdust or rice hull and 
% water levels and incubated for 1 or 2 
s. Carbonized bagasse can also be used 
 for lower water levels (1-2.5%) and 
rter duration (one day). High vigor seeds 
those with initially hig
acity (88-90 %G) will benefit minimally 

from invigoration, so it might be impractical 
to subject these seeds to SMP. 

Further studies on SMP could be made 
using different crop species and varieties to 
widen the applicability of SMP. Other locally 
available solid matrices as media for SMP and 

ble 4. Seedling dry weight (g) of unaged 
and partially aged soybean seeds 

Treatment 
Unaged Partially 

aged 
   

Untreated Control 18.0 14.0 
1-day incubation 

period 
  

 Sawdust   
 1% WL 21.5* 20.8* 

 2.5% WL 21.6* 20.8* 
 5% WL 22.0* 19.0* 

 Carbonized 
bagasse 

  

 1% WL 18.5 ns 15.0* 
 2.5% WL 21.9* 15.9* 
 5% WL 19.3* 21.0* 

 Rice hull   
 1% WL 19.9* 17.0* 

 2.5% WL 20.0* 22.5* 
 5% WL 20.2* 22.5* 

2-days incubation 
period 

  

 Sawdust   
 1% WL 12.0* 22.0* 

 2.5% WL 13.0* 22.5* 
 5% WL 14.0* 24.8* 

 Carbonized 
bagasse 

  

 1% WL 11.2* 13.5* 
 2.5% WL 14.1* 12.0* 
 5% WL 13.0* 13.0* 

 Rice hull   
 1% WL 13.0* 22.0* 

 2.5% WL 14.0* 21.5* 
 5% WL 13.0* 22.0* 

   
* - significant using LSD at 5% level of significance 
ns – not significant using LSD at 5% level of significance 
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shorter than 1 day incubation periods could 
also be tried for soaking-sensitive species. 
The effect of temperature on SMP could also 
be investigated. The benefits of SMP should 
als
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o be tested on a large-scale and under field 

conditions. Vigor parameters other than 
seedling growth rate and first germination 
count should also be tested in actual field 
performance for correlation with SMP of 
seeds. 
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Table 5. Seed germination, vigor and moisture content after SMP treatments [averaged over 
solid matrices, water levels (1, 2.5 and 5%) and incubation periods (one and two days)] 
as compared to the control. 

 Initial high vigor Initial low vigor 
 Control SMP-seeds % difference Control SMP-seeds % difference 
       

%G 88 89 +1.2 78 86 +9.2 
Vigor       

       
SL 12.8 10.6 -20.7 ns 9.1 9.7 +6.8 ns 
DW 18.2 18.0 -6.3 ns 14.0 19.7 +28.2* 

       
% MC 9.77 11.59 +15.7 ns 9.40 9.74 +3.5 ns 

%G = Germination percentage  ns = not significant for contrast 
SL = Seedling Length     control vs. SMP-treated 
DW = Dry weight   * = significant at 5% level for 
% MC = Percent moisture content    contrast control vs. SMP-treated 
** = significant at 1% level  
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Table 6. Percentage germination of soybean seeds with and without atsuete powder 
subjected to SMP using different solid matrices and different water levels 
and incubated at one or two days. (# of replications=2). 

Without Atsuete With Atsuete Treatment 
Sawdust Carbonized 

bagasse 
Rice 
hull 

(Mean) Sawdust Carbonized 
bagasse 

Rice 
hull 

        
1% WL-1 

day 
88 84 85 (87) 86 89 85 

2.5% WL-1 
day 

84 88 87 (86) 89 89 86 

5% WL-1 
day 

88 86 87 (87) 89 89 90 

(Mean) (87) (87) (86)  (88) (89) (87) 
1% WL-2 

days 
89 86 82 (85) 83 87 87 

2.5% WL-2 
days 

89 86 78 (84) 86 82 83 

5% WL-2 
days 

85 84 81 (83) 86 77 85 

(Mean) (87) (85) (80)  (85) (82) (85) 
Control 78 78 
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