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ABSTRACT 

Fungicide seed treatments are now successfully used 

to prevent losses from diseases caused by fungal organisms 

during seed germination and seedling development. Four 

fungicide seed treatments, Benlate, Captan, Vitavax-3^ and 

Vitavax-200FF, at different concentrations each were applied 

to nine cultivars of sorghum seeds in this experiment. The 

purpose was to determine the effects of these different 

concentrations of the four chemicals on the germination of 

the sorghum seeds. 

The results indicate that Benlate and Vitavax-200FF 

substantially increased the germination of the sorghum seeds, 

and little phytotoxicity was detected when high rates of 

these chemicals were used. Captan and Vitavax-3^, on the 

other hand, indicated little increase in germination to the 

sorghum seeds, and a sign of phytotoxicity was detected when 

high rates of these chemicals were applied to the sorghum 

seeds. 
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CHAPTER 1 

INTRODUCTION 

The discovery of seed treatment for the control of 

plant diseases dates back to the seventeenth century when 

some farmers in Bristol, England, saved wheat seeds from a 

sunken ship (Bayer-Semesan Co., Inc. 1936). One of the area 

farmers was reported to have planted some of the salty wheat 

seeds and found that his plants were protected from the 

grain smut which was their greatest problem at that time. 

The farmer succeeded in convincing other area farmers that 

salty seeds, when planted did not contract the disease. 

These farmers then started soaking their seeds in salt water 

before planting. The authors went on to say that this 

technique was discontinued when Schulthuss of Germany rec

ommended blue vitriol instead of salt as a seed treatment. 

Later, the use of chemical fungicides and insecticides as 

seed treatment became a common practice. 

Fungicide seed treatments are used to prevent or 

reduce plant losses from diseases caused by fungal organisms 

(ex. Pythium, Fusarium, Rhizoctonia, Alternaria, etc.) 

during seed germination and seedling development. Organisms 

which cause seed rots, seedling blights and damping off 

are associated with the seeds or may be present in the soil 

1 
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(U.S.D.A. Yearbook of Agriculture 1961). Chemicals used to 

control these fungal organisms are Copper, Mercury or Zinc 

compounds, Mercurial organic compounds (Ceresan, Panogen, 

etc.) or the commonly used non-mercurial compounds (Captan, 

Thiram, Vitavax, etc.) (B. Agrios 1978). Some of these 

chemicals control specific diseases of some plants, while 

others are broad in their activity and can control many dis

eases of different plant species. 

An alternative to chemical seed treatment is the use 

of resistant cultivars (Futrel 1972). However, to date it 

isn't possible to control all seedling diseases with resist

ant cultivers. Therefore, it is necessary that chemical 

seed treatment be used as a continuing program for the con

trol of seedling diseases. The chemicals can be applied in 

various ways such as dust, thick water suspension mixed with 

the seed, or the seed can be soaked in a water solution of 

the chemical and subsequently allowed to dry (G. Agrios 

1978). Certain chemicals kill the organisms on the surface 

of the seed, while others destroy the organisms within the 

seed, and still other chemicals kill or retard the activity 

of soil organisms near the planted seed. 

In treating seeds with chemicals, precaution should 

be taken regarding the dosage used so that the viability of 

the seed is not lowered or destroyed. It is also important 

that enough chemical should be retained on the seed for its 
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protection against soil pathogens and soil organisms which 

have an adverse effect on the germinating seed or developing 

seedling. 



CHAPTER 2 

LITERATURE REVIEW 

Reports regarding chemical seed treatments indicate 

that some chemicals such as Benlate, Thiram and Bavistan 

actually increased the germination, plant stand and overall 

yield of different crops like corn and sorghum. Soni and 

Mohnot (1979) stated that this increase in germination is 

probably due to suppression of the fungal activity on and in 

the seeds, as well as stimulation by the chemical to the 

seed germination and seedling growth. Other chemicals like 

Propoxur and Vitavax were reported as being phytotoxic at 

certain concentrations of the chemical, and thus decrease 

the germination and plant stand of different crops (corn, 

barley, rye and sorghum). 

Ruppel (1971) conducted a study on two insecticide 

seed treatments namely Carbofuran and Propoxur. He conclud

ed from his study that Propoxur was phytotoxic to small 

grains such as corn, wheat, barley and rye when 8 oz of 

active ingredient (A.I) per 100 lb of seed was used, while 

Carbofuran did not show any sign of phytotoxicity at that 

rate. From these findings, the author concluded that the 

species or varieties and the rates of Propoxur must be care

fully tested before considering it as a seed treatment. 
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Cantiffe, Wolf, and White (1975) reported that treat

ments of Benlate + Dexon increased the germination and plant 

stand of "Florida sweetcorn" from a non-treated control ger

mination rate of hjfo up to a 70% germination rate when 2 oz 

A.I per 100 lb of seed of each chemical was used. Pieczarka 

and Wolf (1978) suggested that treatments with Benlate + 

Difolatan at the rate of 2 oz A.l/100 lb of seed of each 

chemical increased the germination of "Florida staysweet 

corn" and provided a 28% increase in yield compared to the 

control. Futrel (1972) stated in his report that Dithane 

M-^5 and Thiram improved germination of corn seed from a 

non-treated control germination rate of up to a 68% rate 

when an application of 86.04g/45 kg of seed was used, while 

Captan did not improve the germination. 

In Somalia and other developing nations such as most 

African and Asian countries, the sorghum grain yields are 

substantially lower than those of the developed nations like 

the United States and European countries. The average grain 

sorghum yield for the years 1979 "to 1981 in Africa was 

757 kg/ha compared to the average yield of 3>375 kg/ha in 

north and central America, and 4,363 kg/ha in Europe (Roth 

and Abbott 1983)• The same low average yield is common in 

Asia in which these writers estimated as being 955 kg/ha 

during that same period. Roth and Abbott also specified 

that Somalia is one of the countries that produces the 



6 

lowest average yield of sorghum, ̂ 0 kg/ha, compared to *4-,110 

kg/ha for Spain, 3>950 kg/ha for Egypt and 3>380 kg/ha for 

the United States. This low average yield in Somalian agri

culture may "be attributed to several factors such as use of 

low-yielding varieties, very limited or no use of sorghum 

hybrids, and lack of fertilizer use, with seedling diseases 

certainly being one of the causes. 

The control of the fungal organisms provided by the 

chemicals used for seed treatment depends on whether the 

fungus is on the seed coat or inside the embryo (seed-borne 

fungi). M.A. Ellis et al (1975) found in their study with 

three fungicides on soybean seeds that most of the internal

ly seed-borne fungi were located in the seed coat (testa) 

tissues and only occasionally were found in the embryo 

tissues. They reported that Captan and Thiram at the rates 

of 0.016 and 0.033 g A.l/20 g of seed respectively were 

effective against fungi on and in the seed coat. Meanwhile, 

Benomyl penetrated the seed coat and into the embryo, and 

was effective also against fungi in the embryo, but was 

phytotoxic at the rate of 0.033 g A.l/20 g of seed. Sub

sequently, all three of these chemicals increased the germi

nation of soybean seeds in contrast to non-treated seeds. 

A. Mengistu et al (1975) also suggested that Benlate at the 

rate of 2 and 4 oz/100 lb of seed reduced stands of soybeans 

when poor quality seed was used (germination less than 65%). 
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A significant increase in stand was observed 30 days after 

planting when poor quality seed was treated with Thiram, 

while Captan did not show measurable benefit after the same 

number of days. 

The species of Curvularia and Fusarium are the most 

common fungi associated with Jowar (Sorghum Vulgare L. 

(Sorghum bicolor L. Moench) (Agrawal and Khare 1978). They 

reported that Thiram could control both the species of 

Curvularia and Fusarium, while Vitavax was effective against 

Curvularia and Benlate could completely inhibit the growth 

of Fusarium species. The authors concluded from these find

ings that the chemicals are specific in the control of the 

different species of fungi on sorghum seeds. Another conclu

sion drawn by the authors included an increase in germina

tion from a non-treated control rate of 2ktfo up to 38$ when 

Thiram and Bavistan were used at the rates of 2.5 g/kg of 

seed. Vitavax was effective against the fungi but did not 

increase the germination which may be attributed to the 

phytotoxicity at the rate of 2.5 g/kg of seed used. 

Good control of seed decay and seedling blights 

caused by Fusarium, Pythium and Rhizoctonia was obtained 

when sorghum seeds were treated with Captan, Vitavax and 

Vitavax 200 FF (Vitavax-thiram)(Hansing 1975)• The chemi

cals also increased the mean germination of the two 

varieties of sorghum, RS 610 and RS 671» from a non-treated 
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control germination rate of 39% up to 73% with Captan at the 

rate of 1.25 oz/bu, to 70% with Vitavax at the rate of 1.33 

oz/bu and to 73% with Vitavax 200 FF at the rate of 2 . 2 k  

oz/bu. Soni and Mohnot (1978) concluded from their study 

of Vitavax treatment with sorghum seeds that .005 "to .01$ 

concentration of Vitavax was not phytotoxic and also controls 

seedborne diseases of sorghum. 



CHAPTER 3 

MATERIALS AND METHODS 

This experiment was conducted in the seed laboratory 

of the Arizona Crop Improvement Association in Tucson, 

Arizona. It consisted of treating sorghum seeds with dif

ferent rates of four fungicide seed treatments. The objec

tives of this study were: 

- To determine the chemical effects on sorghum seed 

germination. 

- To determine if higher chemical rates cause phyto-

toxicity in sorghum seeds. 

- To determine germination reactions of different 

cultivars to the different seed treatments. 

Nine different cultivars of sorghum seeds (Sorghum 

bicolor (L) Moench) were used in this experiment. The seeds 

were obtained from the 1983 fall harvest at the Marana 

Agricultural Center of the University of Arizona in order to 

conduct the experiement with seeds that had all been pro

duced in the same season under the same environmental 

conditions. Among the nine cultivars of sorghum, six were 

selfed and three were open pollinated during the 1983 seed 

increase. For simplicity, each of the nine cultivars 

was assigned a number ranging from 1 to 9 as shown in Table 1. 

9 
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Table 1. The names and corresponding numbers of the nine 
cultivars of sorghum used in this experiment. 

Seed Production 
Cultivar # Cultivar Name Procedure 

1 RS 626 (Regional Sorghum) selfed 
2 B Martin selfed 
3 B AZ 950^ selfed 
h A CK 60 (Combine Kafir) open pollinated 
5 B CK 60 open pollinated 
6 RS 610 selfed 
7 A AZ 9504 open pollinated 
8 RS 608 selfed 
9 B CK 60 selfed 
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p 
Four fungicide seed treatments: Benlate (50% 

Benomyl) (Methyl 1 ("butyl carbonyl)-2-benzimidazole carba-
p 

mate) (Dupont, Wilmington, Delaware); Captan 50W (N-(Tri-

chloromethyl)thio-^J— cyclohexene-1, 2-dicarboximide) (clean 

R crop and formulated for Platte Chemical Co.); Vitavax-3^ 

(Carboxin) (5 > 6-dihydro-2-methyl-l,^-oxathiin-3-carbox-

anilide)(Gustafson, Dallas, Texas); and Vitavax-200FF^ 

which is Vitavax + Thiram (Tetramethylthiwram disulfide) 

(Uniroyal Chemical, Naugatuck, Connecticut) were used in 

this experiment. Vitavax-3^ and Vitavax-200FF were provided 

by Mr. Harston and the Gustafson International Research Lab

oratory at Dallas, Texas. Captan and Thiram are non-systemic 

protectants, while Benlate and Vitavax are systemic fungi

cides. The four chemicals which were numbered from 1 to ^ 

were used at different rates of application (Table 2). The 

rates were numbered from 1 to 5 in the case of Benlate, 1 to 

6 for Captan, and from 1 to 7 for Vitavax-3^- and Vitavax-

20OFF. 

Each rate of the four chemicals was applied to all 

nine cultivars of sorghum starting with chemical 1 and end

ing with chemical One conventional seed germinator was 

used, putting three treatments (combination of genotype and 

a rate of a chemical) or two treatments and a non-treated 

control in each time. Each treatment and control was repli

cated four times with 100 seeds in each replication. The 
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Table 2. The names and corresponding numbers of the four 
chemicals and their rates of application used 
in the experiment. 

Chemical # Chemical Name Rate # Rate of Application 

1 Benlate 1 0.25 g/kg of seed 
2 0.50 fi ft ft 

3 1.00 11 ti ft 

b 1.50 11 ti it 

5 2.00 M II 11 

2 Captan l 1.30 g A .l/kg of seec 
2 1.90 11 11 11 tt 

3 2.60 11 H it ti 

it- 3.25 it »» »i tt 

5 3.90 11 11 ft ft 

6 4.50 11 n if ft 

3 Vitavax-O^ 1 1.30 g/kg of seed 
2 1.90 11 ti ft 

3 2.60 it it 11 

k 3.25 11 11 fl 

5 3.90 ti ft II 

6 50 11 11 It 

7 5-20 11 if it 

Vitavax-200FF 1 1.56 g/kg of seed 
2 2.3^ it it it 

3 3.12 ti it 11 

i* 3.90 11 «i 11 

5 ^.68 ti 11 11 

6 5.i±6 11 ft ft 

7 6 . 2 k  tt ft fi 



design used was a completely randomized design, thus con

sidering that there were no block or germinator effects. 

The nine untreated control varieties of sorghum used 

in this experiment had varying germination rates ranging 

from 59-5% to 82% (Chapter 4, Table 5)- In order to analyze 

the data, it was necessary to code the germination results 

by dividing the mean germination percentage of the treat

ments by the mean germination of the controls for each 

individual cultivar. Therefore, the data analyzed repre

sents the logarithm of the percentage increase that the 

treatments provided relative to the controls for each culti

var. The coded data was then analyzed by using the mean 

square error (MSE) of the controls which represents the 

block-to-block variation (germinator variation) instead of 

the mean square error of the treatments. Thus, any compari

sons between treatments in different blocks (germinators) 

were compared with the mean square error of the controls cal

culated by analyzing only the control germination rates. 

In each treatment, 400 seeds from every cultivator 

of sorghum were soaked for approximately one minute in 

solutions made from the concentration rates of the four dif

ferent chemicals. The seeds were covered with paper towels 

and allowed to dry naturally for 2^- hours. The seeds were 

planted the following day on germination papers that were 

soaked with distilled water. For each replication (100 

seeds), three germination papers were used, one on the 
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bottom and two on the top. With a wax paper on the bottom 

of all three germination papers, they were rolled gently and 

held together with a rubber band to avoid loss of seed. 

The seeds were placed in a refrigerator for pre-

chilling at a temperature of 5°C for five days. The proce

dures used are those recommended by the association of 

official seed analysts (Rules for Testing Seeds, 1981 publi

cation) . The reason for prechilling the seeds was to avoid 

any dormancy of seeds which may have occurred because of 

being used immediately following harvest. After the pre

chilling, the seeds were put into the germinator for five 

more days with alternating temperatures of 20°C for 16 hours 

and 30°C for 8 hours in each 24-hour period. The germinator 

was monitored closely for any temperature variation by 

recording charts. No variation from the desired tempera

tures was observed at any time during the experiment. 

The seeds were watered the third day in the germina

tor in an amount that kept the seeds from drying. The 

germination counts which were recorded as percent germina

tion of the seeds were made after five days. A seed was 

considered germinated if at the end of five days in the 

germinator, it produced both the radicle and the plumule. 

If one of these two was missing, then it was regarded as 

abnormal and not included in the percent germination of the 

seeds. 
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The rates or concentration of the four chemicals 

used were different (Table 2) so it was not possible to com

pare directly between the same rate-number of the different 

chemicals. Therefore, each chemical and its rate was ana

lyzed separately, even though the overall performances of 

the four different chemicals were compared with each other. 

A 95$ confidence interval of the rates and cultivars for 

each chemical was calculated using the mean square error of 

the controls and compared with the increments that the treat

ments provided. If the rate increment yielded higher than 

the upper confidence interval, then it was concluded that at 

a 95$ confidence level, the rate gave a higher germination 

percentage than the controls. If the rate increment was 

less than the lower confidence interval, it was concluded 

that the rate gave a germination percentage lower than the 

control germination at a 95$ confidence level. 



CHAPTER U-

RESULTS AND DISCUSSION 

Control Tests 

The germination of non-treated seeds of the nine 

cultivars were first analyzed statistically to determine if 

a significant germination difference occurred between the 

different germinator groups during the 27 week period the 

experiment was being conducted. The non-treated controls 

were conducted during the 1st, 3rd, 7th, 9th, 11th, 17th, 

18th, 23rd and 27th week of the experiment duration. The 

analysis of variance on all of the control germinations 

suggested that statistically there was no significant dif

ference between the germination rates of the different germi

nator groups at the .05 level of significance (Table 3)• 

Further analysis was made by looking into each 

cultivar separately for the detection of any germination 

difference in the 27 weeks of the experiment. The germina

tion percentages of the nine control tests with four repli

cations in each cultivar were plotted in a computer 

scattergram and the slope calculated. The data in Table b 

indicates that four of the nine cultivars had slope signi

ficance at the .05 level, while the other five did not have 

16 
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Table 3? Analysis of variance of germination percentages 
of untreated seeds of nine sorghum cultivars 
used as controls. 

Source of 
Variation D.F. S .S. 

F 
M.S. Ratio Significance 

Between groups 8 .0000 .0000 .002 
* 

NS 

Within groups 71 .1335 .001881 

Total 79 .1335 

* NS - Not significant at the .05 level. 
1 
Mean square error that will be used in the analy

sis of the treatments. 
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Table 4. Analysis of the individual cultivar slopes formed 
as a result of the nine germination tests serving 
as controls. 

Cultivar A B 
Std. Error 

of B 
Sig. 
of B 

6 1.6 .0039 t\3
 

ON
 

NS 

8 1.4 -.445 .191 ** 

1 1.73 -.0125 .230 NS 

2 1.3 -.164 .174 NS 

4 1.67 -.932 .258 ** 

5 1.12 • 139 .150 NS 

9 1.10 .319 .146 ** 

7 1.05 -.393 .141 ** 

3 0.989 -.199 .132 NS 

A - Intercept 

B - Slope 

NS - Not significant at the .05 level 

** - Significant at the .05 level 
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significance at the .05 level. The non-significance of the 

slope of the cultivars 1, 2, 3, 5 and 6 suggest that the 

germination rates of these cultivars were very close during 

the period of the experiment duration. 

As clearly indicated in Figure 1, the germination 

rates of the nine control tests of cultivars 9 and 7 were 

close to each other. The germination rate varied from a low 

of 76$ up to a high of 83$ in cultivar 9» and from a low of 

78$ up to a high of 86$ in cultivar 7- Therefore, the slope 

significance of these two cultivars was considered as an 

experimental error. Eight of the nine germination rates of 

cultivar 8 fell between 58$ and 64$ and were also considered 

within expected experimental error. Six of the eight con

trol tests on cultivar 4 fell between 67$ and 7^- Since 

the mean germination percentage of all eight control tests 

was used for the experiment, this variation was not consid

ered as a severe problem to the subsequent analysis. The 

main objective for this test was to see if there was a sig

nificant reduction in germination percentage of the culti

vars due to the aging of the seeds over the course of the 

experiment, but none was detected. 

Benlate (Chemical 1) Treatments 

Benlate, a systemic fungicide which is 50$ Benomyl, 

was applied to the seeds of the nine cultivars of sorghum 

at five different rates. The analysis of variance of the 
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• Cultivar 9 
Cultivar 7 

o 80 

Cultivar 4 o 70 -

50 

Germinator Group (in weeks) 

Fig. 1. Scattergram plotting of the germination percentages 
of the nine control test germinations for the cultivars with 
slope significance to detect the range of variation between the ° 
germination percentages. 
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germination increments that Benlate provided suggest that 

there was both a rate and cultivar difference at the .05 and 

.001 level of significance respectively (Table 5)• The mean 

increments of the nine cultivars at each of the five rates 

used provided higher increments than the upper confidence 

interval (Table 6). The first three rates used gave signi

ficantly higher increments of germination to the cultivars 

at the .05 level, but when applied at the fifth rate, there 

was no significant increment. This can be attributed to the 

phytotoxicity at the level of chemical used, even though it 

did not indicate a lower increment than the upper confidence 

interval. 

The different cultivars of sorghum used for the 

treatments of Benlate reacted differently with the chemical 

and its rates. The cultivars 6, 8 and 1 which had control 

mean germinations lower than 70% indicated the highest in

crements in germination when Benlate was used, even though 

all the other cultivars denoted very small increments in 

percent germination with the treatments of Benlate. The 

first three rates of Benlate used gave high increments of 

germination to the cultivars that had low control mean 

germinations of below 70%, but the increments were lower 

with the cultivars that had control mean germinations higher 

than 70%. Why the cultivars with low or high control germi

nations react that differently with the chemical may be 

explained by the study done by M.A. Ellis et al (1975) on 
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Table 5- Analysis of variance of the germination increments 
relative to the control mean germinations of nine 
sorghum cultivars provided "by the application of 
5 different concentrations of Benlate (chemical 1). 

Source of F 
Variation D.F. S .S . M.S. Ratio Signif. 

Main effects 12 .089 .007^ 3.936 .001 

Cultivar 8 . 068 .008 5 k . 5 2  .001 

Rate k  .021 .00525 2.793 .05 

Explained 12 

O
N

 CO 0
 .007^ 

Residual 32 .109 .0031 

^"0.00188 which is MSE of the controls is used to 
calculate the F. ratio of the treatments instead of .003. 



Table 6. Germination increments relative to the control mean germinations 
of nine cultivars of sorghum provided by the application of 5 
different concentrations of Benlate (chemical 1). 

X % Germina- Rates of Benlate X 
Cultivar tion of Controls 1 2 3 4 5 (.96-1.0*0 

6 59-5 1.23 1.11 1.03 1.10 .99 1 .09a 

8 62.20 1.19 1.03 1.24 • 99 1.04 1 .10a 

1 63.28 1.27 1.27 1.19 1.21 1.03 1 .19b 

2 68.89 1.08 1.12 1.07 1.01 1.01 1 . 06a 

4 73.3^ .96 1.08 1.11 1 .13 1.07 1 . 05a 

5 74.60 1.03 1.03 1.04 1.09 1.07 1 . 05a 

9 7 9 . 6 k  1.09 1.07 1.08 1.11 1.01 1 .07a 

7 81.03 1.04 1.03 1.06 1.04 1.07 1 .05a 

3 82.64 1.04 1.06 1.02 1.06 1.05 1 . 05a 

(.97-1.03)1 x 1.10a 1.09a 1.09a 1.07abl.04b 

Means of rates or cultivars followed by the same letter do not dif
fer significantly from each other at the .05 level (LSD) 

1 - 95% confidence interval for rates 

2. 95% confidence interval for cultivars 

rv> 
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soybean seeds. The authors stated in their report that 

"... seed treatments can reduce seedborne fungi and increase 

germination of low quality seeds (germination below 70% and 

high incidence of seedborne fungi), while it has little or 

no effect on high quality seeds (germination above 70% and 

low incidence of seedborne fungi)." 

It can also be noted from Table 5 that the cultivars 

with control mean germinations lower than 70% provided 

little or no increments at all when the fifth rate was used 

compared to the high increments that the first three rates 

provided. Meanwhile, the increments were more or less the 

same for all the rates with the cultivars that had control 

mean germinations higher than 70%. This high rate effect of 

Benlate on the sorghum cultivars with low germination rates 

agrees with the study done by Mengistu et al (197^0 on soy

bean seeds. The authors concluded from their study that 

Benlate significantly reduced the stands of poor quality 

soybean seeds when the seeds were treated at the rates of 2 

and ^ oz/100 lb of seed. 

Captan (Chemical 2) Treatments 

Captan, a seed protectant fungicide was applied to 

the nine cultivars of sorghum at six different rates. The 

analysis of variance of the germination increments that the 

chemical provided indicate that the rates of Captan used 

were not different at the .05 level of significance, but 
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there was a cultivar difference at the .001 level of signi

ficance (Table 7). This suggests that the mean increments 

of the nine sorghum cultivars were not different at the .05 

level of significance when the six rates of Captan were 

used, even though rate 3 (2.6g A.l/kg of seed) revealed a 

higher increment than the other rates. Rate 3 was also the 

only rate that provided a higher increment when compared to 

the upper rate confidence interval but was not statistically 

different at the .05 level (Table 8). Rate 1 of the chemi

cal did not have any effect on the mean increments of nine 

sorghum cultivars, while rate 2 and 3 showed a small incre

ment. When the fourth and fifth rates were used, there was 

a substantial reduction of the increments that rate 3 pro

vided, which can be attributed to the phytotoxicity of the 

chemical at the level used. 

Among cultivar reactions, cultivar 8 and 2 indicated 

germination increments smaller than the lower cultivar con

fidence interval. This is a result of the ineffectiveness 

of the chemical on the first rate used, and also the phyto

toxicity that cultivars 8 and 2 revealed when rates 5 

and 6, which provided smaller increments than the lower 

cultivar confidence interval, were used. The other two 

cultivars that had low control mean germinations of less 

than 70% also indicated a no increment when the first rate 

was used and a decrease in increment when the fourth, fifth 

and sixth rates were used. Meanwhile, the cultivars with 
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Table 7- Analysis of variance of the germination increments 
relative to the control mean germinations of nine 
sorghum cultivars provided "by the application of 
6 different concentrations of Captan (chemical 1). 

Source of F 
Variation D.F. s.s. M.S. Ratio Signif 

Main effects 13 .152 .01169 6.218 .001 

Cultivar 8 .131 .01638 8.713 .001 

Rate 5 .021 .0042 2.234 NS 

Explained 13 .152 .01169 

Residual k o  .15^ .0051 

NS - Not significant at the .05 level. 

.00188 (mean square error of controls) is used to 
calculate the F ratio instead of .005 (MSE of the treat
ments) . 



Table 8. Germination increments relative to the control mean germinations 
of the nine cultivars of sorghum provided by the application of 
6 different concentrations of Captan (chemical 2). 

Cultivar 
X % Germina

tion of Controls 1 2 
Rates 
3 

of Captan 
4 5 6 

X 2 
(.97-1.04)* 

6 59-5 1.01 1.03 1 .00 .94 1.04 1.02 1.Olcd 

8 62.20 .95 .75 1.15 • 91 • 87 • 95 • 93a 

1 63.28 • 90 1.03 1.13 1.07 1.03 1.04 1.04de 

2 68.89 .94 I.05 1.05 .40 .87 .94 . 96ab 

4 73.3^ 1.04 1.12 .95 1.11 1.07 1.10 1.07e 

5 7^.60 1.08 1.10 1.07 1.06 1.04 1.03 1.06e 

9 79.64 1.01 • 92 1.02 • 95 • 98 1.05 .99bc 

7 81.03 1.07 1.06 1.06 1.05 1.04 1.05 1.06e 

3 82.64 1.04 1.08 1.05 1.10 1.04 1.08 1.07e 

(.97-1.03)1 x 1.00 1.02 1.06 1.01 1.00 1.03 

Means of cultivars followed by the same letter do not differ signi
ficantly from each other at the .05 level (LSD). 

1 - 95$ confidence interval for rates 

2 - 95$ confidence interval for cultivars 
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control mean germinations above 70^ except cultivar 9 re

sponded well, showing an increment in germination greater 

than the upper cultivar confidence interval. The first 

rates of the chemical used gave large increments to culti

vars k, 5, 7 and 3- Even though the high rates used did not 

provide as large sized increments as the first rates did on 

cultivars 4, 5» 7 and 3> neither did they decrease the in

crements very much, and thus did not give indications of 

phytotoxicity. As for cultivar 9, it reacted with no incre

ment for the first two rates used, and phytotoxicity when 

the fourth and fifth rates were used. Captan, therefore, 

was phytotoxic to cultivars that had low control mean germi

nations like Benlate, but did not indicate large increments 

of germination to those cultivars as did Benlate. 

Vitavax-34 (Chemical 3) Treatments 

Vitavax-3^, a systemic fungicide, was applied to the 

nine cultivars of sorghum at seven different rates. The 

analysis of variance on the increment data for chemical 3 

(Table 9) revealed that there was both a rate and cultivar 

difference at the .001 level of significance. The third 

rate used (2.6 g/kg of seed) indicated a significantly high

er increment than the other rates and the upper confidence 

interval for rates (Table 10). When the fourth rate was 

used, there was a decrease in the increment from that of the 

third rate, and the fifth rate increment was even lower, 
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Table 9• Analysis of variance of the germination incre
ments relative to the control mean germination 
of nine sorghum cultivars provided by the ap
plications of 7 different concentrations of 
Vitavax-34 (chemical 3). 

Source of F 
Variation D .F. S.S. MS. Ratio Signif. 

Main effects 14 .171 .0122 6.489 .001 

Cultivar 8 .077 .0096 5-1 .001 

Rate 6 

O
N

 o
 .0158 8.4 .001 

Explained 14 .171 .0122 

Residual 48 .193 . 0041 

^0.00188 (MSE) of the controls) is used to calculate 
the F ratio instead of .004-. 



Table 10. Germination increments relative to control mean germinations of nine 
sorghum cultivars provided by the application of 7 different concen
trations of Vitavax-34 (chemical 3) • 

X % Germina- Rates of Vitavax-34 X 
tivar tion of Controls 1 2 3 4 5 6 7 (0.97-1.03) 

6 59.5 1.03 .74 1.13 .94 1.03 1.15 .93 . 98ab 

8 62.2 1.12 • 97 1.06 • 97 • 98 1.10 1.04 1.03cd 

1 63.28 .96 .93 1.18 1.08 .96 1.01 .96 1.Olbc 

2 68.89 .96 • 95 1.08 .99 .85 • 98 .81 • 95a 

4 73-34 1.12 1.03 1.08 1.13 .95 1.01 1.07 1.06d 

5 74.6 • 99 • 98 1.02 1.01 • 97 1.03 1.05 1.Olbc 

9 79.64 1.00 .97 1.11 1.03 • 97 1.07 1.07 1.03cd 

7 81.03 1.04 1.03 1.01 1.04 1.01 1.03 1.05 1.03c 

3 82.64 1.02 1.07 1.10 1.04 1.03 1.06 1.06 1.05cd 

(.97-1.03)1 X 1.03b .96a 1.09c 1.03b .97a 1.04b l.OOab 

Means of rates or cultivars followed by the same letter do not differ 
significantly from each other at the .05 level (LSD). 

1 - Confidence intervals for rate 

2 - Confidence intervals for cultivar 
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suggesting that the higher rates were phytotoxic. But the 

sixth rate gave a slightly higher increment than the prior 

two rates and the upper confidence interval, for which an 

explanation is not available at the present time. The second 

rate also provided an increment smaller than the lower confi

dence interval for which an explanation is also unavailable. 

Mean cultivar increments provided by the seven rates 

of Vitavax-3^ indicate that only two cultivars (cultivars ̂  

and 3) had germination increments higher than the upper con

fidence interval for cultivars but not statistically signi

ficant at the .05 level. This is a result of the good 

increments that the two cultivars indicated on the second, 

third and fourth rates of the chemical. Cultivars 6 and 2 

indicated no increment in germination when the seven rates 

of the chemical were used, with cultivar 2 being less than 

the lower confidence interval. The second, fourth and 

seventh rates of the chemical provided increments smaller 

than the lower confidence interval for cultivar 6, while the 

first two rates were not effective on cultivar 2 and the 

last three rates reflected a sign of phytotoxicity to the 

cultivar. 

In general, the cultivars with control mean germina

tions of above 70$ performed better than those with lower 

control mean germinations. There were indications of de

crease in increment in those cultivars with control mean 

germinations of less than 70% when high rates of Vitavax-3^ 
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were used. Only cultivar 8 gave an increment in germination 

when the sixth and seventh rates were used, while it indica

ted a decrease with the fourth and fifth rates. This speci

fic reaction which is different from the other cultivars 

that had low control mean germinations could not be ex

plained. Meanwhile, no phytotoxicity was detected in those 

cultivars with control mean germinations higher than 70% 

when high rates of this chemical were used, even though rate 

5 gave low increments to cultivars 4, 5 and 9- Vitavax-3^, 

therefore, was more phytotoxic to poor quality seeds than to 

good quality seeds which agrees with the previous two chemi

cals used in this experiment and to the work done by 

Mengistu et al (197*0. 

Vitavax-200FF (Chemical 4) Treatments 

Vitavax-200FF (Vitavax - Thiram), a systemic and 

seed protectant fungicide, was also applied to the nine cul

tivars of sorghum. The analysis of variance on the increment 

data implied that there was both a rate and cultivar differ

ence at the .05 and .001 level of significance respectively 

(Table 11 ). The mean rate increments from the nine sorghum 

cultivars indicate that all seven rates used gave higher 

increments compared to the upper confidence interval for 

rates (Table 12). The second, third, fourth and fifth rates 

used gave good increments to the mean rate value of the nine 

cultivars. There was a decrease in increment when the sixth 
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Table 11. Analysis of variance of the germination incre
ments relative to the control mean germinations 
of nine sorghum cultivars provided "by the ap-
lication of 7 different levels of Vitavax-200FF 
(chemical 4). 

Source of 
Variation D.F. S .S. M.S . 

F 
Ratio Signif 

Main effects 14 .198 . 014 7.447 .001 

Cultivar 8 .156 .0195 10.37 .001 

Rate 6 .042 .00 7 3-72 .05 

Explained 14 
C

O
 O

N
 V

-I 

.014 

Residual 43 .054 .001261 

* .00188 (MSE of controls) is used to calculate the 
F ratio instead of .00126. 



Table 12. Germination increments relative to the control mean germinations of nine 
sorghum cultivars provided by the treatments of 7 different concentra
tions of Vitavax-200FF (chemical 4). 

Cultivar 
X of Germ, 
of Controls 1 1 2 

Rates of 
3 

Vitavax-
4 

-200FF 
5 6 7 (0 

X 
.97-1.03) 

6 59-5 1.18 1.26 1.21 1.31 1.29 1.18 1.14 1.22e 

8 62.2 1.14 1.19 1.12 1.24 1.19 1.18 1.08 1.l6cd 

1 6 3.28 1.11 1.12 1.15 1.14 1.12 1.15 1.11 1.13t>c 

2 68.89 1.08 1.08 1.08 1.12 1.07 1.08 • 92 1.06a 

4 73-34 .96 1.10 - - - - - 1.03a 

5 74.60 1.04 1.09 1.03 1.08 1.08 1.06 1.09 1.06a 

9 79.64 1.06 1.11 1.10 1.13 1.11 1.09 1.03 1.09ab 

7 81.03 1.08 1.02 1.11 1.07 1.09 • 99 1.02 1.05a 

3 82.64 1.06 1.08 1.07 1.11 1.09 1.01 • 99 1.06a 

(.97-1.03)11.08ab 1.12bcd l.llbcd l.l4d 1.13cd 1.09abc 1.05a 

Means of rates or cultivars followed by the same letter do not differ signi
ficantly from each other at the .05 level (LSD). 

1 - Confidence intervals for rate 

2 - Confidence intervals for cultivar 

•£-



and seventh rates were used. The fourth rate of the chemi

cal (3-90 g/kg of seed) gave the highest increment even 

though it was not statistically different from rates 2, 3 

and 5 as can be seen on the mean separation on Table 11. 

Mean cultivar increments provided by the seven rates 

of the chemical indicate that all the cultivars yielded 

higher increments than the upper confidence interval for the 

cultivars except cultivar 4 which was treated only with 

rates 1 and 2 due to a shortage of seeds available for treat 

ment. The results, which are similar to those when Benlate 

was used, suggested that the cultivars with low control mean 

germinations had the highest increments of germination when 

Vitavax-200FF was used. Cultivars 6, 8 and 1 had their high 

est increments when the fourth rate was used, and they main

tained a good increment when the sixth and seventh rates 

were used, even though the increment was smaller than for 

the prior rates. The first three rates used also provided 

high increments to those cultivars. The cultivars with good 

control mean germinations of above 70% also had increments 

in germination, the highest being at rate 4 for three of the 

four cultivars. But the decrease in increment is more obvi

ous to these cultivars than to the cultivars with low con

trol mean germinations of below 70% when the sixth and 

seventh rates of the chemical were used. At each rate used, 

cultivars 6, 8 and 1 gave higher increments than the other 

cultivars. This agrees with the study done by M.A. Ellis 
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et al (1975) on soybean seeds and also with Benlate (chemi

cal 1) that was used in this experiment. Contrary to the 

results of Benlate, though, Vitavax-200FF did not produce 

more phytotoxicity in poor quality seeds than in good quali

ty seeds. 

Comparison of the Performances of the 
Four Fungicides Used 

In this section of the experiment, the overall 

responses of the four fungicides used is compared regardless 

of specific rates that provided those increments. The data 

on Table 13 consists of the highest and lowest increments 

that each cultivar responded to the treatments of the four 

chemicals. The highest increment shows how well the appli

cation of that chemical increased the germination of the 

sorghum cultivars, while the lowest increment suggests how 

phytotoxic the high rates of the chemical were. The lowest 

increments were selected from the last two rates used in 

each chemical. 

The mean increments from the nine cultivars (Table 

13) indicate that all four chemicals, Benlate, Captan, 

Vitavax^^ and Vitavax-200FF did increase the germination. 

However, Benlate and Vitavax-200FF gave higher increments 

than the other two chemicals, the latter showing the highest 

increments. This may be because Benlate and Vitavax-200FF 

could control fungal organisms on or in the seed better than 

the other two chemicals. It is also clear from Table 13 



TABLE 13- Highest and lowest (when high rates were used) 
germination increments of nine sorghum cul-
tivars provided by the application of the four 
seed treatment chemicals used in this experi
ment . 

Cultivar 
(Benlate) 

1 
(Captan) 

2 
(Vitavax-34)(Vitavax-200FF 

3 4 

6 1.23 1.04 1.13 1.31 
• 99 .94 • 93 1.14 

8 1.24 1.15 1.12 1.24 
• 99 .87 • 97 1.08 

1 1.27 1.15 1.18 1.15 
1.03 1.03 • 95 1.11 

2 1.12 1.05 1.08 1.12 
1.01 .87 .81 .92 

4 1.11 1.12 1.13 _ 

1.03 • 95 .95 -

5 1.09 1.10 1.05 1.09 
1.07 1.03 • 97 1.06 

9 1.11 1.05 1.11 1.24 
1.01 • 95 .97 1.03 

7 1.07 1.07 1.05 1.11 
1.04 1.04 1.01 .99 

3 1.06 1.10 1.10 1.11 
1.05 1.04 1.03 • 99 

X 1.14 
1.02 

1.09 
• 98 

1.11 
.95 

1.16 
1.04 
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that Gaptan and Vitavax-3^ gave germination percentages 

lower than the control mean germination when high rates of 

these chemicals were applied to the sorghum cultivars. 

Benlate and Vitavax-200FF also decreased the level of incre

ments when high rates were used, but the phytotoxicity was 

more evident with Captan and Vitavax^^. 

All four chemicals gave higher increments to the 

cultivars with control mean germination of less than 70% 

compared to those with control mean germinations of above 

70%. Benlate and Captan showed more phytotoxicity to the 

cultivars with control mean germinations of less than 70%, 

while Vitavax-3^ indicated phytotoxicity to all the culti

vars except the two that had control mean germinations of 

above 80%. Vitavax-200FF, meanwhile, did not produce more 

phytotoxicity in the cultivars with control mean germination 

of less than 70%. The cultivars most affected by the high 

rates of Vitavax-200FF were cultivars 2, 7 and 3. The culti

vars 7 and 3 had control mean germinations of above 80%. An 

explanation cannot be provided as to why high rates of 

Vitavax-200FF were more phytotoxic to these cultivars. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Four seed treatment fungicides, Benlate, Captan, 

Vitavax-3^ and Vitavax-200FF, in varying concentrations, 

were applied to nine sorghum varieties. Benlate and Vitavax-

200FF improved the germination of the sorghum cultivars 

better than Captan and Vitavax-3^. Benlate and Vitavax-

200FF also showed a lesser phytotoxicity to sorghum culti

vars than Captan and Vitavax-3^ when high concentrations of 

the chemicals were used. The different cultivars of sorghum 

reacted differently in germination increments among the 

chemicals used. All four chemicals increased the germina

tion of the cultivars with control mean germinations less 

than 70% to a greater degree than the cultivars with control 

mean germinations higher than 70%. Also the cultivars with 

mean control germinations less than 70$ showed more phyto

toxicity than the others when high rates of Benlate, Captan 

and Vitavax-3^ were used. On the contrary, Vitavax-200FF 

did not provide lower germinations to the cultivars with 

control mean germinations less than 70%, but did to those 

with control mean germination of above 80%. Vitavax-200FF 

at a concentration of 3-9 g/kg of seed indicated the highest 

germination with the sorghum seeds in this experiment. 
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