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average of 11/2 to 2 or more animal units per acre during its period of use. An animal unit is a 1,000
pound animal or an appropriate combination of animals.

Pasture mixtures, when used, should be kept simple, usually consisting of one grass and one legume.
Complex mixtures of grasses and legumes are difficult to manage and the grazing schedule used favors
some but hurts other plant species.

Factors Affecting the Germination of Safflower Seed (Carthamus tinctorius L.)

Bantayehu Gelaw and R. E. Dennisl

University of Arizona, Tucson, Arizona

Summary

The influence of several factors on the germination of two normal- hulled cultivars and two
thin- hulled lines of safflower seed was studied at Tucson, Arizona.

There was no dormancy in freshly harvested seed. A temperature of 15 °C was nearly optimum for
the germination of seed of cultivars Gila and Frio and of the lines A12417 and A101. The minimum
temperature at which germination occurred was somewhat lower than 50C and the maximum somewhat
above 40 0C. Germination was most rapid at 30 0C. Moisture applied to dry, mature seeds to simulate
rain damage reduced germination unless. seed was dried quickly after wetting. When seeds were dried
soon after being wet, germinatiòn percentages of 80% or above were obtained.

Mechanical damage inflicted during the harvest of safflower seed, even though not visible
externally, reduced germination by almost 20%. Laboratory germination percentages averaged higher
than those obtained in the corresponding field emergence tests.

Introduction

The germination of seed is one of the most important phases in the life cycle of a plant.
Freshly- harvested seeds of some species often do not germinate immediately. This delay in germin-
ation may be undesirable, but may be advantageous in that sprouting of grain in the head may be
prevented in a wet -harvest season. Laboratory tests do not always represent the actual germinating
capacity of a given lot of seed, because seeds germinating in the soil are affected by many factors,
most of which are not easily controlled. However, there is a close relationship between laboratory
germination percentages and field emergence. Therefore, a germination test is a good criterion as
to the amount of seed to plant per acre to secure a satisfactory stand. During mechanical harvesting
of safflower, bruising and breaking of the embryo may be extensive without external visible evidence.
The optimum planting date for safflower for any area cannot be stated in simple terms, however,
the soil temperature should be above 40 °F. Temperatures below 20 °F are not favorable for plant
growth and development in safflowers.

The objectives of this study were to determine: (1) the extent of dormancy in freshly- harvested
safflower seed, (2) the cardinal temperatures required for the germination of safflower seed,
(3) the extent of damage caused by soaking safflower seed simulating rain damage. (5) the extent
of reduction in germination and emergence caused by mechanical harvesting, and (5) seedling
emergence in the field in comparison with that expected on the basis of laboratory tests.

Materials and Methods

For the dormancy study, germination tests were made at 1, 15, 30, 45, and 60 days after harvest
at 15/24 °C and 20/30 °C temperature alterations. The minimum, optimum, and maximum temperatures
were determined by conducting germination tests at constant temperatures of 5 °, 100, 15°, 25°, 300,
35 °, and 40 °C. Damage due to rainfall was simulated by soaking safflower seed in 100 ml of water
for 5, 10, 15, 20, and 25 hours followed by germination tests at ;' °PC. The extent of mechanical
seed damage from combine harvesting was determined by comparing laboratory germination and field
emergence percentages of both hand harvested and combine harvested samples of safflower seed. Two
normal -hulled cultivars, namely Gila and Frio, and two thin -hull lines of safflower seed were used
for this study.
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Results and Discussion

'Tables i and 2 present the germination percentages of the two cultivars and two lines of
safflower, both hand and machine harvested and tested at varying times after harvest at 15/24 C and

1This research was conducted while the senior author was a graduate student in Agronomy. Presently,

he is working for CIMMYT, East.African: Regional Maize Program, P.O. Box 25171, Nairobi, Kenya.,
Robert E. Dennis is Professor of Agronomy, University-of Arizona, Tucson.

Table 1. Germination percentages of two cultivars and two lines of safflower harvested by hand and
tested at five days after harvest at two alternating temperatures.

Days
After
Harvest

15/24 C 20/30 C

Gila Frio A12417 A101 Mean Gila Frio A12417 A101 Mean

1 96.0 99.0 92.0 92.8 94.9f 91.0 98.5 87.8 93.3 92.6g

15 97.3 98.5 92.3 87.3 93.8f 94.3 , 88.5 91.0 85.5 98.8g

30 96.5 90.8 92.0 ' 92.8 93.0f 93.0 98.8 94.0 89.3 93.8a

45 97.3 98.5 - 94.8 92.5 95.8f 97.8<' 97.5 92.5 84.8 93.1g

60 96.5 96.5 92.3 87.0 ' -93.1f 94.0 97.5 87.5 83.8 90.7g

Mean 96.7a 96.7a 92.7b 90.5b 94.1f 94.Océ 96.2c 90.6de 87.3d 92.0

Means followed by the same letter are not significantly different at the .05 level.

Table 2. Germination percentages of two cultivars and two lines of safflower harvested with a combine
and tested at five dates after harvest at two alternating temperatures.

Days 15/24 C 20/30 C
After

Gila .Frio A12417 A101 Mean Gila Frio A12417 A101 MeanHarvest

1 74.3 80.3 79.3 77.8 77.9c 67.3 70.9 70.8 76.5 71.3fq

15 ..- 80.3 80.3 . 74.3 . 69.5 76.1c 82.3 88.8 65.3 60.3 74.1f

30 80.8 79.5 ' 71.8 79.5 77.9c 74.3 69.3 64.3 63.5 67.8q

45 77.3 79.3 75.3 66.5 74.6c 74.5 73.8 63.5 - 54.0 66.4g

60 71.8 69.8 66.3 . 63.3 67.8 65.3 . 69.0 54.8 . 51.8 . 60.2

Mean 76.9a 77.8a 73.4b , 71.3b 74.8 72.7d 74.3d 63.7e 61.2e 68.0

Means followed by the same letter are not significantly different at the .05 level.

20/3 C alternations. The means of the normal hull cultivars (Gila and Frio) were significantly
higher than those of the thin hull lines (A12417 and A101), but not different from each other. The
germination percentages of the hand harvested samples indicated that the germination period alone did
not have a significant effect on the germination of the four lines of safflower within the time
range used for this study (Table 1).

The cultivars and lines responded differently, when tested under two different temperature
regimes. When the machine combined seed samples were tested at both high and low alternatina
temperatures, the cultivars and lines failed to give comparable germination percentages as when the
hand harvested samples were used (Table 2). The gradual decline in aermiantion percentages of the
machine harvested samples with time may indicate mechanical damage to the embryo without any
external evidence of damage. This reduction in the germination percentages was greater for thin
hull lines than for normal hull cultivars indicating the role seedcoats play in resisting mechanical
damage.

At the end of each germination interval, seeds that remained unsprouted were examined for
soundness. The unsprouted seeds were decayed, indicating the absence of dormancy.
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Table 3 presents germination percentages for each entry at eight constant temperatures. The

least mean percentages of germination for the two varieties and two lines were obtained at 5 C and

40 C. There were significant differences in germination percentages between entries with normal
hull cultivars having higher percentages than thin hulled lines at each of the temperatures used.
The normal hull cultivars and the thin hull lines were not significantly different from each other.

Data indicate a practical minimum germination temperature of about 5 C and the maximum of about

40 C for each of the four safflower seed entries. Data also suggest an optimum temperature of 15 C,
although there was but little difference in germination at 15, 20, and 25 C. Results obtained were

Table 3. Germination percentage of two cultivars and two lines of safflower harvested
by hand and tested at eight constant temperatures.

Temperature
in C

Lines

MeanGila Frio A12417 A101

5 93.8 93.3 87.3 59.8 83.5c

10 96.5 95.5 89.8 85.3 91.8d

15 95.5 99.0 95.3 94.8 96.1e

20 95.5 99.0 96.5 92.0 95.8e

25 97.0 94.3 93.5 97.0 95.4e

30 95.3 97.0 96.0 91.5 94.9de

35 93.5 99.0 89.5 88.5 92.6de

40 86.8 91.3 80.0 81.8 84.9c

Mean 94.2a 96.0a 90.1b 86.3b 91.9

Means followed by the same letter are not significantly
different at the .05 level.

in agreement with standard laboratory procedures which suggest 15 or 20 C for the germination of
safflower seed.

The 15 C temperatures at which maximum germination percentage was obtained did not give the most
rapid germination. Germination occurred most quickly at 30 C. These data suggest a temperature of
25 C for safflower seed germination as a compromise between the highest percentage of germination
and the most rapid rate of germination.

Results of the study simulating the effect of a prolonged rainfall on mature safflower seed
while in the head are presented in Table 4. Germination percentages were greatly reduced as the
soaking treatment was extended from 5 to 25 hours. The germination percentages at the five -hour
soaking treatment were not significantly different from the 10 -hour soaking treatment or the control.
Germination of seed from lots soaked 20 and 25 hours was significantly less than that of the control
or other soaking treatments. Seeds of the thin hull lines maintained their viability better than
those of the normal hull varieties under soaking treatments. Germination percentages of 80 or more
were obtained even after 15 hours of emersion of seed in water when drying afterward was rapid.
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Table 4. Germination percentage of two cultivars and two lines of safflower harvested by hand
and tested at 20 C after five periods of soaking.

Treatment

(soaking hours)

Lines

MeanGila Frio A12417 A101

5 95.3 97.0 95.8 81.8 92.4bc

10 92.8 86.5 95.n 86.5 90.2cd

15 85.5 72.0 93.0 88.5 84.8d

20 72.0 73.0 83.0 78.3 76.6

25 57.5 70.3 78.5 72.R 69.R

Control 95.5 99.0 96.5 92.0 95.8b

Mean 83.1a R3.0a 90.3 83.3a 84.9

Means followed by the same letter are not significantly different
at the .05 level.

Field emergence and laboratory germination percentages of the four entries of safflower from
both hand and machine harvested seed are presented in Table 5. Field emergence values of the normal
hull cultivars and thin hull lines were not significantly different from each other, but significant
differences existed between the two groups. Similar relationships existed for laboratory germination
percentages. Field emergence percentages were considerably higher for seed from the hand than from

the machine harvested lots. Non -visible mechanical damage inflicted during harvest accounted for
a reduction of almost 20% in laboratory and field emergence percentages. The germination percen-
tages obtained under field conditions were not as high as those obtained when using optimum conditions

of temperature in the laboratory. Entries that gave a higher germination percentage in the laboratory
also gave a higher field emergence percentage.

Table 5. Field emergence and laboratory germination percentages of two cultivars and two lines of
safflower from both hand and machine harvested seed.*

Lines

Hand Harvested Seed Machine Harvested Seed

Field
emergence

( %)

Laboratory
germination

( %)

Field
emergence

( %)

Laboratory
germination

( %)

Gila 94.5a 96.7g 71.0c 76.9e

Frio 94.0a 96.7g 77.Oc 77.8e

A12417 87.3ab . 92.7h 59.0d 73.4f

A101 82.Ob 90.5h 67.3cd 71.3f

Mean 89.4 94.1 68.6 74.8

*Laboratory germination percentages refer to those tested at 15/20 C
alternations.

Means followed by the same letter are not significantly different at

the .05 level.

Studies On Cassava (Flanihot esculenta) As a Potential Crop in Arizona

M. Porto and V. Marcarian, Plant Sciences Department

Cassava is a perennial shrub well adapted to warm climates. Cassava roots are used as an energy
source for over. 400,000,000 people throughout the world. Both roots and foliage are used extensively
as animal feed.
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