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118 ASSOCIATION OF OFFICIAL SEED ANALYSTS 

Studying the effect of soil moisture levels on germination of vegetable seeds, Done en and 
MacGillivray (9) found that speed of germination was progressively decreased as the 
initial soil moisture content was decreased, and that the germination percentage of some 
crops was also depressed as the soil moisture content approached the wilting percentage. 
Ayers (3) obtained similar results with onion seed. Heit (15) working with sensitive seed 
lots of muskmelons found that the seeds were extremely responsive to ·moisture condi
tions and that best germination results were obtained by germinating the seeds on top of 
blotters which were maintained at a moisture level considerably lower than ordinarily 
used in germination testing. Hunter and Erickson (16) found that corn, soybeans, and 
sugar beet seeds had to reach moisture contents of at least 30.5, 50.0 and 31.0 per cent, 
respectively, in order to initiate germination. Corn was able to attain its critical mois
ture level in drier soils than either soybeans or sugar beets. 

Extensive data have been presented regarding the effect of temperature on seed 
germination. Many of the investigations have been concerned with establishing the cardi
nal points (minimum, optimum, and maximum) of temperature for the germination of dif
ferent kinds of crops. In general, such investigations have shown that there is a range 
of temperatures over which final germination percentages are equivalent, but within this 
range the higher temperatures result in increased rapidity of germination. 

There are, however, discrepancies in literature reports regarding temperatures 
reported to be most favorable for specific crops. Edwards (11) has pointed out that this 
may, in large part, be due to differences in definition on the part of the different workers. 
Thus, the worker who considered the optimum temperature as the one producing the first 
or last seedling in the shortest time might obtain different results from the worker who 
considers the optimum temperature as the one at which the greatest number of seeds 
germinate in a given period. Similarly, differences in definition of germination itself, 

• 

e.g. radicle emerged vs. root and shoot of considerable size, frequently lead to different 
results. Following standard seed testing concepts, the temperature or temperature com- • 
bination resulting in maximum germination in minimum time is considered optimum, and 
germination is defined in the ''Rules" (2, p. 33), "as the emergence and development from 
the seed embryo of those essential structures which, for the kind of seed in question, are 
indicative of the ability to produce a normal plant under favorable conditions." Further, 
the "Rules" specify that corn, watermelons and soybeans shall be germinated at an al
ternating temperature of 20-30° C. 

De Candolle (7) found that corn germ-inated better at 28° C. than at any lower con
stant temperature. Haberlandt (13) stated that the range 31.2 to 37.5° C. was most fa
vorable for germination of this crop. Lehenbauer (18) found 31° C. to be optimum for the 
growth of corn seedlings in water culture. Davis and Porter (6) found that germination on 
blotters was slower and that final germination percentages were lower at 10° and 20° 
than at 30° C. 

Haberlandt (13)
0
and Kotowski (17) gave the optimum temperature for melon germi

nation as 31.2° and 30 C., respectively. Harrington (14) stated that cucumbers, musk
melons, and watermelon seeds germinated equally well at any alteration of temperature 
between 20-28° C. and 20-35° C., but that germination was accelerated by the warmer 
alternations. Pearl, et al. (21) found that muskmelon seeds germinated and the seedlings 
grew most rapidly at 30° C. Davis (5) obtained essentially the same germination per
centages at 35° C. as at 20-30° C. for watermelons, cantaloupes and cucumbers, but 
found that tests at 35° C. could be finished two to seven days sooner. Andersen and 
Justice (1) found that germination of cucurbits was most rapid at 30° C., that total ger
mination of cucumbers and muskmelons was slightly higher at 30° than at 20-30° C., but 
that emergence of squash, pumpkin and watermelon was slightly lower. They favored an 
alternating 20-30° C. because of the greater prevalence of "damping-off" fungi at the 
higher constant temperature. 

· Harrington (14) germinated soybeans at five different alternations of temperature 
ranging from 20-28° C. to 20-33° C. and found that complete germination was obtained 
in all cases; however, the warmer alternations resulted in most rapid germination. 
Wilson (23) suggested that the range 25° to 30° C. was optimum for soybeans since emer
gence was most rapid at these temperatures. Edwards (10), working with a single variety 
of soybeans, found that the optimum temperature for germination lay in the range 330 to 
36.5° c. 

Materials and Methods 

Pertinent information relative to the seed material used in these investigations is 
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tabulated in Table 1. Corresponding to some extent with the age of the seeds ( 1 - 4 years 
old at the time of the experimental work), these seed lots varied in viability and rate of · 
emergence representing a range from "good" to "mediocre" quality seed. 

Table 1. Seec mDterial used in st~ :·l ies on tl:e il"..fluence of 
moisture and tenperature levels on seed permination. 

------- ·-·- ----- -- ·-- ----

Seed lots used in 
\,.ari.ety Ye2r Origin Temperature I1oist,~re 

Grown studies studies 

Ha termelons 

Bh:.e P.ibbon S. K. 1947 California X X 
Bl,~e 'Pj_bbon S. :(. 19~0 Colora do X 
r-hile an E. S. 19h7 ? lorida X X 
Ch:ilE<lD p c --. ~... ...... . 1950 ("; al :i_ forn.i.a X X 
Kl e ckley1 s S1-1eet 19L9 Colore.> do X X 
Kl eckley 's Sweet 19)0 Cc: lifornia X X 
i'h les 1948 Colorado X 
: ,~ :i_ le s 19)0 Colorado X X 

Soybeans 

Adams 19}~9 Iowa X 
,ll.darrs 19)0 I o-vm X X 
EarJ y<=~na 1949 I Ovle X 
r:arlyana 1 9.50 I ow.:1 X X 
um·llwye 19}!9 Iowa X 
Fav1keye 19.50 Iowa X X 
L5nc oln 19)19 I owa X 
Lincoln 1950 Iowa X X 

Corn 

Indiana Hybrid 
608C 19.50 Imva X X 

Iowa Hybrid 4060 19.50 Iowa X X 
I mora :·Iybrid Lt2LI9 19.50 I owa X 
:rowa Hybrid 4297 19.50 Io-vra X 
Iowa Hybrid h298 19)0 Iowa X 
I owa Hybrid 4316 1950 Iowa X 
Im..ra P.ybrid 4Ldtl 19.50 Iowa X X 
Ohio Hybri d C92 19)0 I owa X X 

-- ----- - . 

The Standard Testing Sand 20-30 .!/was used as the laboratory substrate. This 
sand was obtained from the Ottawa Silica Company of Ottawa, Illinois. The Standard 
Testing Sand is pure silica and possesses certain characteristics desirable in a germi
nation substrate, viz.: {1) chemical inertness, (2) uniformity of texture, {3) maintenance 
of texture on handling and heat-sterilization, {4) a suitable structure for germination and 
growth of seedlings, and {5) non-crust forming on drying. Ninety-five per cent of this 
sand passes through· and is retained on screens having openings 0.833 and 0.589 mm., 
respectively. Ordinary builders' sand possesses several of these characteristics, but 
is not uniform in texture and the larger particles break down when handled or heated. 

All germination tests were carried out in plastic boxes 8 in. x 11 in. x 4 in. with 
relatively tight fitting covers. Objections have been raised to the use of such boxes for 
germination testing on the grounds that normal gas exchange is prevented. However, 
these boxes are routinely used in germination testing in the Iowa State College seed lab
oratory with no adverse effects on germination. Also, the boxes are not air tight. In the 
investigations reported in this paper, the boxes were opened daily for several minutes 
in order to count the daily increment of seedlings, consequently aeration was accomplished 
at the same time. Following this procedure, some water was lost, but preliminary work 

' 
.!/ American Society for Testing Materials specification C-190. 
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Fig. 1. Germination of corn after various intervals at six mois
ture levels . (Avg. of 8 x 200 seed.) 
A, four days after planting . B, six days after planting. 
C, complete ge rmination. 
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Fig. 2. Germination of soybeans after various intervals at six 
moisture levels. (Avg. of 8 x 200 seed). 
A, four days after planting. B, six days after planting. 
C, complete germination. 
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Fig. 3. Germination of watermelons afte r various intervals in 
s and at diffe r ent moisture levels. (Avg. of 8 x 200 seed). 
A, six days after planting. B, nine days after planting. 
C , complete germination . A', B', and C' refer to dupli
cate tes ts of A, B, and C respectively, made six months 
later . 

...... 
N 
0 

> 
(/) 
(/) 

~ 
> 
1-3 
0 z 
0 
1-J:j 

0 
1-J:j 
"''j 

() 

> 
~ 
(/) 

t:t:l 
t:t:l 
~ 

> 
~ 
~ 

~ 
1-3 
(/) 



FORTY-THIRD ANNUAL MEETING 121 

indicated that for periods up to 16 days not more than three per cent of the total amount 
of water in the substrate was lost. 

Moisture levels tested ranged from 8 - 21 per cent expressed as the initial per
centage of water in the sand on a dry weight sand basis. The temperature level employed 
in all moisture experiments was an alternating 20-30° C. (16 hrs. at 20°, 8 hrs. at 30°) 
as stipulated in the ''Rules" for the germination of corn, soybeans and watermelons. 

The following procedures were employed in setting up the tests. One and one-half 
pounds of sand were placed in a plastic box and leveled. One-third of the amount of water 
necessary to bring the sand to the desired moisture level was added, and one hundred 
seeds were placed on the sand. One and one- half pounds of sand for watermelons and two 
pounds of sand for corn and soybeans were used to cover the seed. The remaining two
thirds of the water was then applied evenly over the surface of the sand with a hand bulb 
sprayer. This procedure resulted in the seeds of watermelon being covered with a three
eights inch layer of sand and the corn and soybeans with a one-half inch layer of sand. 

Germination counts were made at approximately twenty-four hour intervals. Soy
bean and watermelon seeds were considered germinated and were counted when the seed
lings extended one inch or more above the sand line; corn seedlings were counted when 
they reached a height of one and one-half inches above the sand. Abnormal seedlings were 
not counted. After each test the sand was cleaned and heat- sterilized. 

The moisture studies were made before the temperature investigations so that the 
influence of temperature might subsequently be evaluated at moisture levels known to be 
favorable for the different kinds of seeds. 

In studying the effect of temperatures, only one moisture level was used; the one 
previously determined to be most favorable for each kind of seed. Temperatures tested 
included constant 20°, 25°, 30°, and 35° C., alternatin~ temperatures of 20-30° C. (16 
hrs. at 20°, 8 hrs. at 30°) and 30-20° C. (16 hrs. at 30 , 8 hrs. at 20°). The temperatures 
were thermostatically controlled; the accuracy of the thermostats was plus or minus one 
degree. 

Experimental Results 

Moisture Investigations 

Seeds from eight lots each of corn, watermelons and soybeans were germinated in 
sand adjusted to various moisture levels. 

The data.!/ obtained from a daily record of germination percentages were aver
aged across seed lots at each moisture level for the four and six day periods after planting 
(corn and soybeans), or six and nine day periods (watermelons). These data along with the 
corresponding final germination percentages are presented in Figures 1, 2 and 3. 

In comparing the results for corn and soybeans (Figs. 1 and 2), it is evident that 
corn was able to germinate more rapidly at the lower moisture levels than soybeans; how
ever, both species gave maximum germination in minimum time at the 15 per cent mois
ture level. Also, the data show for both species a shift in the optimum sand moisture 
level over time, from 18 per cent at the fourth day to 15 per cent at the sixth day and at 
the completion of germination. Consequently, germination at the lower and more favorable 
moisture level (15 per cent), although slower at first, surpassed germination at the higher 
moisture level by the end of the sixth day. 

On the other hand the curves of the results for watermelons (Fig. 3) show essentially 
the same form over the entire germination period. The most favorable moisture level ap
pears to be in the range 12 to 14 per cent. 

A statistical analysis of the data is presented in abbreviated form (Table 2) Y. 
Least significant differences could not be legitimately used because there was no standard 
for comparison (Ostle, 20). Consequently, only F tests were performed. The F values 
for moisture levels and moisture-lot interaction were highly significant indicating that 
not only did moisture level affect germination, but also that the seed lots res ponded differ
entially to moisture level. 

.!/ The data presented in this paper are summarized; the complete data on the in
dividual seed lots are to be found in a thesis (8) on file in the Iowa State College 
Library. 

Y The design of all the experiments was of the completely randomized type. 


