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Summary
Studies were conducted using two

lots of Pima S -4 cottonseed ( Gossyp-
ium barbadense L. ) from Arizona to
determine the relationship of selected
characteristics to germination and
emergence. Each lot was separated
into six categories based on color,
density, and cuts and cracks in the
seed coat. Both lots were quite vari-
able in terms of the seed properties
evaluated. The percentages of seed
within each category, however, were
similar for both lots. Black seed that
sank in water composed approximate-
ly two -thirds of each lot, had a higher
average weight, and performed best
in tests designed to determine germin-
ation, vigor, and emergence. Cracked
and cut black seed composed approxi-
mately 20% of each seed lot and were
inferior in tests as compared to black
seed without cracks and cuts.

Introduction
Pima S -4 cotton ( Gossypium bar -

badense L. ) accounts for approxi-
mately 10% of the yearly planting of
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cotton in Arizona. Inconsistent germ-
ination and poor seedling emergence
are major problems confronting grow-
ers resulting in substantial monetary
losses due to poor stands and addi-
tional thinning operations to compen-
sate for overplanting.

Research studies have shown that
seed weight, maturity, damage, vigor,
and emergence are major factors that
should be considered in seed quality
(4, 10, 12, 13) . Other studies have
been made on the influence of soil

Figure 1. Germination of normal and
cracked seed tested in the laboratory.

attempt to pinpoint possible sources
of poor seed quality.

Materials and Methods
Two commercial lots of Pima S -4

cottonseed treated with hot water
(130-145° F. for 3 min) and PCNB
were tested. Lots were labeled 1 and
2, respectively. Seed from six random
samples taken from each lot, were
divided into six categories based upon
color, buoyancy in water, and dam-
age. Untracked ( equals uncut and un-
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temperature, planting depth, and
seed treatment (7, 9, 11, 12) . Re-
searchers have concentrated on the
effect of handling, storage, and the
inherent properties of the seed includ-
ing water uptake, hard seedcoat, and
dormancy on seed quality (1, 5, 9) .

This investigation was conducted to
determine the influence of selected
seed properties upon seed germina-
tion and emergence of Pima S -4 in an

cracked) categories were divided into
black sinkers, brown sinkers, black
floaters, and brown floaters. Cracked
or damaged seed were divided into
black and brown groups.

Seed from a random sample of 100
ml in volume from each untracked
category were weighed, or if the cate-
gory equaled a volume of less than
100 ml seed of the entire category,
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Table 1. Composition and germination of two lots of Pima S -4 glanded cottonseed ( Gossypium bar-

ba_dense L.) when tested in the laboratory.

Seed
Category

Lot I
No. per % of

Class Total

Lot 2
Average wt. Germination' No. per

(mg) % Class
of Average wt.Germination'

Total (mg)
Sinkers
black

9992 62.2 144 88.9 10517 65.2 161 96.0

Sinkers
brown

375 2.3 120 18.4 295 1.8 113 31.5

Floaters
black

1705 10.6 115 67.5 2120 13.5 111 28.0

Floaters
brown

111 0.7 104 0.0 111 0.6 107 5.3

Cracked
black

3618 22.6 2 52.7 2831 17.5 2 52.8

Cracked
brown

258 1.6 2 20.4 238 1.4 2 8.0

Total 160583 100.0 76.8 161123 100.0 85.4

Germination percents are based on approximately 1/2 of the total seed sample per category for each lot.
2 Not included because of error due to incomplete seed.
3 Represents 6 random samples.

were weighed and averaged. These
seed were tested as described below.

Rate of germination is a measure of
vigor ( 2) . Vigor of the seed in each
category was determined by germin-
ating seed in a dark, saturated en-
vironment at 30 C, counting and dis-
carding those seed having radicles
over 1 cm in length each day for the
first 7 days. After 7 days, the percent
germination was computed for each
of the 2 lots and for each of the 6
categories from each lot.

Other seed in each category of the
two lots were planted separately 1 -11/2
inches deep in Gila silt loam soil to
evaluate emergence. Gila silt loam is
an alkaline soil from Marana, Arizona.

Flats containing soil were placed in
the greenhouse where the ambient
temperatures ranged from 24 to 32 C.
Soil was uniformly watered as needed.
Seedlings were counted at 6 and 12
days.

Results and Discussion
The two seed lots were similar in

composition based on the criteria used
( Table 1) . Seed color is the most de-
cisive criterion for seed germination
and emergence; i.e., black seed (ma-
ture seed) were superior to brown
seed within the respective categories
of sinkers, floaters, and cracks ( Table
1) . Brown or light colored seed are

known to be immature (13), and in-
ferior and should be excluded when
possible. Immature or brown seed
were not the major cause of poor
germination and emergence because
they composed only 4.6% and 3.8%
for samples from lots 1 and 2, respec-
tively ( Table 1 ) .

Comparison among the categories
of black seed reveals that cracked
seed are the poorest in germination
( Fig. 1), and floaters are inferior to
sinkers. However, the cracked seed
appear as the category contributing
most to poor germination of each seed
lot because: it composes 23% of lot 1
and 18% of lot 2, and only germinates
at an approximate rate of 50% in lab-

Table 2. Percent of germinated seed of Pima S -4 glanded cotton ( Gossypium barbadense L. ) having
radicles at least 1 cm long for each day during 7 days when tested in the laboratory.

Lot l
Days

Seed I 2 3 4 5
Category

Lot 2
Days

Total No..
6 7 of Seed

Germinated

Total No.
2 3 4 5 6 7 of Seed

Germinated
Sinkers
black
Sinkers
brown
Floaters
black
Floaters
brown
Cracked
black
Cracked
brown

0.9

0.0

2.0

0.0

0.9

0.0

78.7

55.5

61.2

0.0

62.1

52.6

16.3

38.9

26.4

0.0

27.8

42.1

3.3

2.8

8.2

0.0

6.7

5.3

0.4

2.8

2.2

0.0

1.7

0.0

0.4

0.0

0.0

0.0

0.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

4881

36

513

0

867

19

2.4

0.0

2.3

0.0

1.7

0.0

84.5

'73.6

66.7

50.0

60.3

50.0

9.6

20.7

21.5

50.0

27.4

25.0

2.9

3.8

6.4

0.0

8.7

25.0

0.4

1.9

2.3

0.0

1.1

0.0

0.2

0.0

0.0

0.0

0.8

0.0

0.0

0.0

0.8

0.0

0.0

0.0

5342

53

657

2

652

4

Percents
per lot

1.0 74.8 18.9 4.2 0.7 0.4 0.0 6316 2.3 80.2 12.6 3.8 0.7 0.3 0.1 6710

*Percents based upon the number of seed germinated per category. Three random samples per lot were tested.
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Table 3. Percent emergence of Pima S -4 glanded seed ( Gossypium barbadense L.) from Gila silt
loam soil at 6 and 12 days.'

Seed Category

Emergence 6 Days

Lot Lot2
Emergence 12 Days

Lot 1 Lot 2

Total Emergence

Lot 1 Lot 2
Sinkers black 88.8 94.8 4.1 3.2 92.9 98.0
Sinkers brown 39.1 41.7 5.0 5.5 44.1 47.2
Floaters black 89.5 92.5 3.5 7.5 93.0 100.0
Floaters brown 132 17.8 0.0 0.0 13.2 17.8
Cracked black 65.7 60.7 5.5 7.3 71.2 68.0
Cracked brown 51.2 47.3 1.2 15.8 52.4 63.1
Totals per lot 80.4 85.2 4.3 5.1 84.7 90.3

I Seed were planted 1 -13h inches deep in Gila silt loam from cotton fi eld at Marana, Arizona. Three random samples per lot were tested.

oratory studies ( Table 1 ) , and further-
more, it is the only class in which
poor germination and emergence can
be related to harvesting, ginning and
seed processing.

Rate of germination of a given seed
category is based only on those seed
that germinated (Table 2) . Black
seed are more vigorous than brown
seed within sinker, floater, and
cracked categories ( Table 2), and
black cracked seed are approximately
equal in vigor ( based on germination
speed) to black floaters, both being
inferior to black sinkers.

At 2 days there is an 8 and 15%
superiority in vigor of the black float-
ers and sinkers of lots 1 and 2, respec-
tively, indicating that cracking (per-
haps additional processing such as
hot water treatment) does decrease
vigor.

When seed were planted in Gila silt
loam soil, germination and emergence
were slightly higher than that ob-
tained in the laboratory for both lots
( Table 3) . Again, lot 2 was superior
to lot 1 after 6 and 12 days. Black
seed were superior to brown seed
within the categories of sinkers,
floaters, and cracked seed. Other work
(12) has shown that plant survival
and yield is most highly correlated
with emergence time and to a lesser
degree with germination percentage.
Increased germination of the two lots
in Gila silt loam as compared to ger-
mination in the laboratory is reflected
in every class ( Tables 1 and 3) .

Black seed that sink in water are
clearly superior seed ( Table 1 ) .

Higher seed density has a significant
influence on total germination and
earliness (10) . The effect of higher
density on germination is clearly
shown when black sinkers are corn-
pared to black floaters. In every ex-
periment black floaters germinated at
a lower rate than black sinkers. High-
er density was not sufficient to over-
come the effect of immaturity as re-

vealed by comparison of the perform-
ance of black sinkers with brown sink-
ers. The contribution of seed weight
cannot be excluded from seed density
since black sinkers were the heaviest
seed. However, some workers were
unable to show a yield difference
from seed separated by weight (6),
while other workers have shown that
rate of growth ( vigor ) is a positive
function of greater seed weight (10) .

Our experiments were not designed to
make this distinction.

Black seed are superior to brown
seed or immature seed (13) regard-
less of density or damage, thus an-
swering the question of which of the
criteria is most critical ( Table 1) .

Brown seed composed less than 5%
of the total per lot, thus rendering
them only a minor contributor to poor
seed quality. The more important
question is then, what seed contrib-
uted most to low viability in a given
Pima S -4 seed lot.

Study of the data from black seed
reveals that cracked black seed com-
posed a much greater portion of the
seed than the black floaters ( lot 1,
22.6 vs. 10.6 %; lot 2, 17.5 vs. 13.5 %) .

Since the cracked black seed had
much lower percentage germination
( Table 1) and emergence ( Table 3) ,

Pima S -4 seed lots can be most sig-
nificantly improved by avoiding
cracked or damaged seed.

Uniformity of seed lots has been
emphasized by several workers (3, 8,
10) . Seed uniformity is thought to be
necessary for precision planting lead-
ing to more uniform stands which
facilitate the most successful cultural
practices (8, 10, 13) . These data il-
lustrate the great lack of seed uni-
formity due to maturity, density, dam-
age, and inadequate processing. This
lack of uniformity is translated into
great differences in germination,
vigor, and emergence. In the 2 lots of
Pima S -4 tested, it would appear that
the most feasible way to improve seed

uniformity would be to exclude
cracked seed. This is derived from the
knowledge that immaturity is a diffi-
cult factor to control, and that imma-
ture seed make up only a small por-
tion of each lot. In addition, floaters
comprise a smaller percentage of each
lot than do the cracked black seed
and have higher rate of seedling emer-
gence.
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