
(SOP)

(tolerance

level) 

(phytosanitary certification) 

(2, 10)

(seed lot) 

(primary sample) (sampling intensity) 

(composite sample)

(submitted sample) 

(sub-

sample) (working sample) (1, 7)

n

k ( n )

r

(1)

(5, 6)

( n ) 

i

(Pi) ( )

(2)

complementary log-log (c-log-log) 

(link function) ln (-1n (1- )) 

1n (ni) 1 ( ) 

i (fitted value)

(goodness of fit) 

(maximum likelihood estimation) 

95% (9)

(Horticulture Research International) 1995

(seed test analysis

program, STpro) (8)

c-log-

log 

(p-value ) c-log-log 
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( )
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R 

(

seedhealth )

c-log-log probit 

logit (binary) 

c-log-log 

p 0 1 

probit logit 

0

1 (3)

(1) ( )

Ho 

c-log-log p-value >

p-value <

Ho c-log-log 

(2) probit p-value >

p-value <

Ho probit 

(3) logit p-value >

R 

( SAS) 

R 

UNIX MacOS X 

Windows (95 and later) R 

R R 

R 

(seedhealth.txt) 

: 

Step 1: R 

http://cran.us.r-project.org/bin/windows/base/ or

http://cran.csie.ntu.edu.tw/bin/windows/base/ ( R -

2.5.1-win32.exe)

Step 2: R-2.5.1-win32.exe 

, R
Step 3:

seedhealth.txt R 

Step 4:

seedhealth ( c( ), c( ), c( ), alpha)

c( ) ,

positive 

alpha 

0.05 

( ) 

4 n = 50,

100, 250 500 k = 5 n

= 50 r = 1 10

100 5 15

250 13 20

500 15 

R seedhealth 

> seedhealth (c(50,100,250,500),c(5,10,15,20),

c(1,5,13,15),0.05) 

****c-log-log link function is suitable for the dataset. *** 

******Its P-value of goodness of fit = 0.0707 *******

Estimated proportion of infected seeds 0.0044 

The upper 95% confidence limits 0.0061 

The lower 95% confidence limits 0.0027 

No. seeds No. samples No. positive Fitted value 
in sample tested

[1,] 50 5 1 0.9824 

[2,] 100 10 5 3.5436 

[3,] 250 15 13 9.9758 

[4,] 500 20 15 17.7562

0.05 c-log-log 

p-value = 0.0707 0.0707 > 0.05

0.0044 95% 

(0.0027, 0.0061) 4 

0.9824 3.5436 9.9758 17.7562

0.08 c-log-log 

p-value = 0.0707 < 0.08 probit 

p-value = 0.0995 > 0.08 probit 

0.0073 95% 

(0.0043, 0.0102) 4 

0.7817 3.7581 10.8851 18.0397

0.10 c-log-log probit 

0.10 logit 

p-value = 0.3463 > 0.10 logit 
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0.0099 95% (0.0036,

0.0162) 4 

1.6611 4.9874 10.6989 16.6527 ( )

ELISA 

3 135 

3 ELISA

(Maize dwarf mosaic

virus, MDMV) (4) : 

72 8 

ELISA MDMV 

45 1 

( MDMV) (

MDMV) 135 1 

( MDMV)

seedhealth 

0.74% 95% 0% - 1.77%

c-log-log chi-squared statistic = 0.00 (

1 df; P = 0.9958) ( )

STpro (c-log-log, probit 

logit) 

227

(A) (B) 

Table 1. The simulated data (A) and the result by implementing the code ("seedhealth") (B) 
(A)

No. of seeds in sample No. of samples tested No. of positive
50 5 1

100 10 5
250 15 13
500 20 15

(B)

Link function
P-value of Seed Transmission 95% Confidence

Fitted value
Goodness of fit rate interval

= 0.05* c-log-log 0.0707 0.0044 (0.0027, 0.0061) 0.9824
3.5436
9.9758

17.7562

= 0.08* probit 0.0995 0.0073 (0.0043, 0.0102) 0.7817
3.7581

10.8851
18.0397

= 0.10* logit 0.3463 0.0099 (0.0036, 0.0162) 1.6611
4.9874

10.6989
16.6527

* represents making the probability of a type I error for goodness of fit test. 

MDMV 

Table 2. Result of testing MDMV and estimation of seed transmission rate for corn seeds 
Testing method No. of seeds in sample No. of samples tested No. of positive Fitted value
ELISA group test 3 45  1 0.9963
Growing-on test 1 135  1 1.0037

Estimated proportion of infected seeds = 0. 74%
95 % confidence limits 0 % to 1.77%
Goodness-of-fit chi-squared statistic for c-log-log = 0.00 ( 1 df; P = 0.9958).



(1) ( ) 

(2) 

( i)

(2) 

(random sampling)

(

)

(clustering) 

(3) 

(<1%) (2)

(4) (group

testing)

(n) (k)

n

k

MDMV 

MDMV (seed-borne)

MDMV 

Albrechtsen (2)

MDMV 
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ABSTRACT

Chiang, K. S. 1, Deng, T.-C. 2, 3, Lai, H. H. 1, and Wang, S. F. 1 A statistical method to estimate virus

seed-transmission rate by results of group tests. Plant Pathol. Bull. 16: 225-229 (1 Department of

Agronomy, National Chung Hsing University; 2 Plant Pathology Division, Agricultural Research

Institute, COA, Executive Yuan; 3 Corresponding author, Email: tcde@wufeng.tari.gov.tw; Fax: 04-

2333-8162)

To develop the economical and useful techniques for detecting seed-transmitted viruses and to

estimate the seed transmission rates of seed lots by statistical methods, we develop a code to calculate

the seed transmission rate flexibly by the result of group test. The code can be utilized to solve the

problem and limitation for the discussion of the previous literatures involved this topic. Besides, a

simulated dataset and a real dataset will be illustrated. The code will be capable of serving as a

research tool to assess the economic threshold, set up the maximal tolerance level of the seed

transmission rate, and standardize the procedure in testing protocols for establishing a worldwide

phytosanitary system. In addition, it will help the quarantine authority to execute the policy for

avoiding the phytosanitary risks.

Key words: tolerance level, sampling, group test, seed transmission rate, goodness of fit


