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ABSTRACT

Effects of mechanical seed injury on the emergence 
of safflower seedlings (Carthamus tinctorius L.) under 
optimum and stress conditions of temperature and depth of 
planting were studied. Effects of mechanical seed injury 
on early plant growth were also studied..

There was a marked, influence of mechanical seed, 
injury on emergence of safflower seeds„ Seedling emergence 
decreased, in a linear fashion with increased, mechanical 
injury. Mechanical injury had. no effect on rate of 
emergence.

As depth of planting increased, total emergence and., 
rate of emergence decreased. Seedling emergence was 
ind.epend.ent of whether or not the seeds were injured. Rate 
of emergence of safflower seeds followed, the principle of 
Van11 Hoff's law for chemical reactions. There was no 
difference in seedling emergence due to temperature. How
ever , at optimum temperatures rate of emergence was higher 
than at lower temperatures.

ix



INTRODUCTION

With the development of technology most crops are 
harvested mechanically. As a consequence, part of the 
mechanically harvested planting seed may become physically 
damaged. Whether or not this damage affects seed, germina
tion and emergence as well as seedling growth are important 
questions. —

The relationship of mechanical damage to seed 
quhlity, particularly the effects upon laboratory and field 
germination, has been extensively studied by seed analysts. 
Damage caused, by harvesting and seed cleaning has been 
investigated and publicized as an effort to stimulate ■ 
improvement in local agricultural practices and in machine 
design and operation (Cobb and Jones, 1960).

The success of a satisfactory stand depends to a 
large extent on the quality of the planting seed.. Poor 
quality seeds result in fields with poor stands as well as 
abnormal seedlings that will not grow satisfactorily (Brown, 
1920; Waters and Atkin, 1959; and. Cobb and Jones, 1960).

The effect of mechanical injury on seed germination 
and growth of some crops, is already known. However, in 
safflower (Carthamus tinctorius L.) this question has not 
been answered satisfactorily. .

1
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The California Crop Improvement Association estab

lished a minimum germination requirement of 90% for 
certified, seed, of safflower (Cobb and. Jones, 1961). Growers 
found, difficulty in producing planting seed, with this 
germination percentage due to mechanical injury. According 
to growers, even a damaged, seed, can germinate and. grow as 
well as an undamaged, seed.

The objectives of this investigation were:
1. To study the effects of mechanical seed, injury on 

germination and. emergence of safflower seeds grown 
under different temperatures and. with different 
diepths of planting.

2. To study the effects of mechanical seed, injury on 
the growth of safflower seedlings.



REVIEW OF LITERATURE

Botany of Safflower 
Safflower (Carthamus tinctorius L„) belongs to the 

family Compositae, sub-family Cynareae, commonly known as 
the thistle family (Claassen, 1949). . It is a branched., 
herbaceous, annual plant. The plant produces many branches 
with heads at their ends (Knowles and. Miller, 1965). Each 
head, may produce 20 to 30 florets. Each floret produces a 
single seed. The flower color may be white, yellow, orange, 
or red., depending upon the cultivar (Claassen, 1950). Plant 
height varies from 40 to 120 cm (Claassen, 1949). The fruit 
of saf flower is an achene. The pericarp is tough and. 
pliable, but the oil bearing embryo is soft and tender 
(Cobb and. Jones, 1961). Saf flower seedlings are epigeal, 
that is, the cotyledons are above ground, and. are photo- 
synthetic (Mayer and Poljakoff-Mayber, 1966).

Seed. Damage
Several authors have studied the effect of seed 

damage on the germination, emergence, and. growth of differ
ent crops. Brown (1920) found, that field, germination of 
broken corn seeds was less than unbroken seeds, and. the 
seedlings were weaker. In ear. weight and. yield per plant 
the yield, from the broken seeds was consistently less than
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from unbroken seed. In the same experiment, Brown found 
that plant heights at maturity'did not differ.

Witcomb and Hay (192 5), working with oats, alfalfa, 
and wheat, compared normal seeds with cut seeds resembling 
the fractures commonly observed in commercial seeds. They 
found that when the germ was injured there was a marked 
decrease in germination. Alfalfa seeds were adversely 
affected in germination by any injury to the seed, even 
though the germ was not broken. —

Lyon (1929) observed that mechanical injury alone 
was responsible for lowered germination of wheat seeds with 
broken embryos. He also observed that injury to the seed 
coat alone d.id. not result in low germination immediately; 
however, the high respiration rate of such broken seeds 
would, suggest that these seeds would remain viable for a 
shorter length of time than whole seeds in which respiration 
proceeds at the normal rate. The same conclusion may apply 
to seeds in which a part of the endosperm has been broken 
away.

McAlister and Krober (1951) studied the effect of 
removal of the food supply contained in soybean cotyledons 
on subsequent plant growth. They observed that plants whose 
cotyledons had been removed at emergence or two days later 
were reduced in height and showed, tendencies toward, reduc
tion in seed yield. When cotyledons were removed later than



four days after emergence no effect was observed, on plant 
development.

Experiments carried, out by Waters and. Atkin (1959) 
on Phaseolus. vulgaris indicated, that a loss of cotyledonary 
tissue due to mechanical damage resulted, in smaller seed.- 
lings, fewer pods, and lower yield per plant.

Waters (1960) simulating transverse breakage of 
Phaseolus vulgaris cotyledons found, that as larger amounts 
of cotyledonary tissue were excised, the weight of" the plants 
as well as the yield, of the pods decreased..

Cobb and. Jones (1960) observed, that mechanical 
injury was the major cause of germination failure in high 
quality alfalfa seed.. ^

Webster and. Dexter (1961) studied, the effect of 
mechanical injury on several species. They found, no detri
mental effect of mechanical injury on barley seed.s. A 
decrease in the percentage as well as rapidity of germina
tion with increased, mechanical damage was shown in beans 
(Phaseolus vulgaris). No effect on the percentage of 
germination or rapidity of germination was found, in corn. 
However, average seedling weight was reduced, considerably. 
Damage affected, both seedling weight and percentage and 
rapidity of germination of wheat seeds.

Mamicpic and. Cowd.well (1963),studying the effects of 
seed injury on longevity in soybeans reported, that seed.
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injury caused lower initial germination and shortened, seed, 
longevity during storage.

Clark and. Kline (1965) working with snap beans 
(Phaseolus vulgaris) observed, that while hand, harvested, 
seeds declined, only one per cent in germination during five 
months of laboratory storage, machine harvested, seeds 
declined, five per cent in germination under the same, storage 
conditio ns „

Reduction in percentage germination and. vigor of 
cotton seed, were correlated, with severity, of mechanical 
damage (Douglas, Brooks, and. Winstead., 1965). These 
researchers found, that the adverse effect of mechanical . • ' • 
damage on percentage germination was more severe when seed.s 
were germinated, at temperatures approximating those encoun
tered. in the field,.

According to Gelaw (1965) safflower seed, without any 
external evidence of damage but with bruised, or broken 
embryos as a consequence of mechanical harvest had. both 
reduced, laboratory germination and- field, emergence.

Kantor and. Webster (1967) studying the effect of 
mechanical injury on viability of sorghum seed. (Sorghum 
vulgare Pers. ) , showed, that increased, cylinder speeds of 
the thresher not only increased, the percentage of cracked, 
seed, but also reduced, the germination of sound, seed. and. 
increased, the percentage of abnormal seedlings. They also



concluded that.abnormal seedlings were probably due to 
injury to the rad.icle and plumule in the dormant embryo„

Depth of Planting 
Seedling emergence, in general, decreases as depth 

of planting increases. Rogler (1954) studied, the relation
ship of seedling vigor to Seed, size as measured, by the 
ability of seedlings to emerge from various planting depths 
on crested, wheatgrass (Agropyron desertorum). He reported, 
that highly significant differences were found, in the total 
seedling emergence for depths, seed, weight, and. the inter
action of depth and. weight.

Beveridge and. Wilsir (1959) reported, that seedling 
emergence of three alfalfa (Medicago sativa) cultivars 
decreased, as planting depth increased.. They also reported, 
that under field, conditions emergence was considerably less 
than under greenhouse conditions. Triplett and. Tesar (1960) 
found, that alfalfa emergence was greatly reduced, when 
seeding depth was increased, from 1.27 to 2.54 cm, under 
field, conditions.

Vogel (1963) investigated, the effect of seed, size 
and. depth of planting on emergence of beardless.wheatgrass 
(Agropyron jnerme) . He reported, that planting depth 
influenced, both the rate of emergence and. the total amount, 
of emergence of any seed. size.



Burleigh, Allan, and Vogel (1965) studied the 
influence of temperature and planting depth on standard and. 
semi-dwarf wheat varieties. They found the highest emergence 
rate indexes for all varieties and selections at the 2 inch 
(5.08 cm) planting depth under both 10 and 32 C tempera
tures. The 4 inch (10.16 cm) planting depth produced the 
lowest emergence indexes for all cultivars at both tempera
tures. They also found, that the effect of planting depth on 
coleoptile length at 32 C differed, from that obtained at 
10 C. There was evidence that high'temperature combined 
with increased planting.depth can greatly reduce emergence 
rate and total stand of wheat.

Parker and. Taylor (1965) studied, the effects of 
planting depth on the relation between soil compaction and 
seedling emergence on sorghum and guar (Cyanopsis 
tetragonolobus). They reported only a minor effect of 
planting depth on the relation between grain sorghum 
seedling, emergence and soil compaction. With guar, 
increasing planting depth drastically reduced, emergence 
through compacted soil.

El Saeed. (1966) reported, that plants from large 
safflower seeds emerged earlier than those from small seeds 
when sown at both 2.54 cm (1 inch) and 7.62 cm (3 inches) 
depths.

Alam and Locascio (1968) studied the effect of 
planting depth and seed size on emergence and growth of



broccoli, sweet corn, and. beans. They reported, that with 
broccoli the percentage germination, plant height, and. dry 
weight increased, as seed size increased, and. planting depth 
decreased.. Large sweet corn seeds produced, higher germina
tion percentage as well as more vigorous plants than small 
seeds. Shallow planting depth favored, both germination and 
seedling vigor. With beans neither seed, size nor planting 
depth had any effect on the percentage germination. How
ever, dry weight and. bean yield increased as seed size 
increased, and decreased as planting depth increased.

Temperature
It is often stated, that the process of growth 

conforms in a general way to Van11 Hoff's.law for chemical 
reaction, namely that with an increase in temperature of 
10 C there is a doubling or trebling in the rate of 
reaction (Wilson and. Hotter, 1927).

The use of warm temperatures usually increased the 
rapidity of germination of flower seeds investigated. 
(Harrington, 1921).

Coffman (1923) stated, that the reaction between 
temperature and time required, for germination is such that 
the time is shortest at optimum temperature for each seed, 
and. increases with the departure from this temperature 
toward, either the maximum or minimum. He also reported, that 
within a given species, seeds that have a higher oil content



: -s.: - , . . -io
are able to germinate' under low temperature , better than 
seed.s that have lower oil content.

The requirements of temperature for germination of 
different species vary widely. Wilson (1928) found that 
15 C was the optimum for wheat germination and. 25 C was the 
optimum for soybeans while oats d.id. not show any difference 
in germination at temperatures varying from 10 to 30 C.

Brown and. Ware (1958) found. 34 C the optimum 
temperature for cotton germination.

According to Scheibe (1939,cited by Knowles, 1955), 
practically no safflower germination occurred, at 2.2 C. 
Almost complete germination was found, at 4.9 C. The same 
author found, that the average time required, for germination 
at temperatures of 4.9, 8.8 , and. 14.8 C were 16.2, 8.7, and. 
3.7 days, respectively.

Gel aw (1965) reported, that a temperature of 15 C 
was optimum for complete germination of saf flower seed,, 
although there were small differences between 15, 20, and 
25 C. He also reported, that germination was most rapid at 
30 C but the highest percentage of germination and. a very 
,rapid, rate of germination coincid.ed. at 25 C. According to 
Gelaw, the minimum temperature for germination of 
saf flower seed, was below 5 C and the maximum was above 40 C.



MATERIALS AND METHODS

Experiments were conducted in 1969 and 1970 at The 
University of Arizona, Tucson, to investigate the effects 
of four degrees of seed damage on germination, emergence, 
and growth of safflower seeds„

Seeds of safflower Line AC 2, which have purple 
striped, hulls, were used in this investigation. Purple 
striped hull seeds have thinner hulls than normal and, 
therefore, are more easily damaged during mechanical 
handling. They also have higher oil content because of 
reduced hull percentage.

The seeds were produced, in a commercial field of the 
Anderson and Clayton Co., Phoenix, Arizona. Seeds were 
harvested by hand and with a John Deere Model 105 Combine at 
a cylinder speed of 390 rpm and a cylinder size of 22 inches 
(55.88 cm) in diameter at a concave clearance of 3/8 inch 
(0.95 cm) in front and 1/2 inch (1.27 cm) in rear.

Preparation of Seed Lots 
Four seed lots were processed to establish four 

degrees of seed damage. Lot 1 was prepared from the hand 
harvested seeds by threshing by hand, rubbing to minimize 
seed, damage. Lot 2 was machine harvested seed.. Lots 3 and 
4 were prepared from machine harvested seed, by passing them

11
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through, a head, thresher 6 and 24 times, respectively. The 
head, thresher was equipped, with a 1795 rpm motor and. pro
vided. with a motor pulley 2 inches (5.08 cm) in diameter and. 
a cylinder thresher pulley 5 inches (15.24 cm) in d.iameter. 
The diameter of the cylinder was 6-1/4 inches (15.87 cm).
The, four seed, lots were cleaned, separately with a vertical 
air column seed, blower (South Dakota) set at an opening of 
2 for 50 seconds (Musil, 1961). After cleaning, the 
externally visible broken seeds were removed, from, the four 
lots.. v  /• .'■

The percentage of seed, damage in the four seed, lots 
was determined by soaking the seeds in 0.3% hydrogen 
peroxide solution for 24 hours. After this period, the hulls 
could, be easily removed, and. the embryo examined. (Cobb and. 
Jones, 1961). The criteria for classifying the seeds as 
damaged, was the presence of broken cotyledons. One hundred, 
seeds per experimental unit and. 10 replications per seed, lot 
were used..

Growth Chamber Experiment 
This experiment was devised, to study, the influence 

of seed, d.amage on emergence under optimum and. Stress cond.i- 
tions of temperature and. depth of planting.

The four seed lots were planted, in 2-1/4 inch 
(5.71 cm) square peat pots. The pots were filled, with a 
pasteurized, mixture of red. mesa soil (clay loam) and peat
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moss in a proportion of 1:1 on a volume basis„ Five seeds 
were planted, per pot with one seed, in each of five hills, 
equally spaced.. The seeds were planted, at three different 
depths of planting, namely 12, 25, and, 50 mm. After- 
planting, the pots were placed, in perforated-bottom metal 
flats (51 x 36 x 7 cm deep) filled, with a layer of perlite, 
each flat bearing 40 pots. The periphery of the set of 40 
pots in each flat was wrapped laterally with a strip of 
aluminum foil to prevent drying out. The flats were placed, 
in trays filled, with water (1. 5 cm deep). Sub-irrigation 
was used. The holes in the flats allowed., the water to pass 
through the perlite and. reach the pots by capillarity. The 
pots were at first watered, from the top. The water level in 
the flats was replenished, every d.ay. When necessary, some 
pots were watered, from the top.

Following planting, the flats and, trays were 
transferred, to growth chambers with controlled, temperature. 
Three day-night alternate temperatures of 16 and. 5 C , 21 and. 
10 C, and. 27 and. 16 C were used, in combination with the 
three depths of planting and. four degrees of damage. The 
precision of the growth chambers was _+ 1 C.

During the daytime period. (12 hours) the growth 
chambers were kept under continuous illumination by cool 
white fluorescent lamps as well as by incandescent lamps 
producing, approximately 3200 _+ 150 foot candles at the level 
of the pots. The relative humidity inside the growth
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chambers showed, the following variations: at 5 C (night)
85% and. 16 C (d.ay) 50%; at 10 C (night) 80% and. 21 C (day)
53%; at 16 C (night) 70% and. 27 C (day) 60%.

The experimental design was a 4 x 3 x 3 factorial
experiment in a randomized, complete block with four replica
tions. The experimental unit (plot size) was 50 seeds.

As soon as the seedlings emerged, they were cut off, 
classified, as damaged, or not d,amaged.. Seedling counts 
continued, until emergence was completed.

The data were transformed, (angle transformation) and. 
subjected, to analysis of variance and. least significant 
difference tests (LeClerg, Leonard., and. Clark, 19 66).

Dependence between degree of damage and. depth of 
planting was evaluated, by chi-square analysis (Snedecgr and 
Cochran, 1968).

Greenhouse Experiment
Another experiment was devised, to evaluate the 

effect of seed, damage on plant growth, from germination 
through early bud. stage. The two extremes of injured, seeds 
were chosen, namely, lots 1 and. 4. The seeds were planted, 
at ,12 mm depth in 6 inch (15.24 cm) round, fiber pots filled 
with a pasteurized mixture of red. mesa soil (clay loam) and 
peat moss in a proportion of 1:1 on a volume basis. Thirty 
and 50 seeds, respectively, from lots 1 and. 4 were planted, 
in 10 equally spaced, hills per pot. When emergence was



complete (8 days) the plants were thinned to 10 per pot. In 
the lot 4 treatment, thinning was selective, that is, the 
most injured, seedlings were left. The experimental unit was 
10 plants per pot. The pots were arranged in a randomized 
complete block design with 20 replications. The test was 
begun in December, 1969. The pots were placed in 160 x 110 
cm trays on a greenhouse bench. Three trays were used, each 
one bearing 40 pots. Automatic sub-irrigation was provided, 
using a float valve arrangement to maintain a water level 
2 cm deep. Beginning two weeks after planting, at weekly 
intervals, a one strength Hoagland solution was added to 
the water (26 liters) in each tray (Hoagland. and Arnon,
1950).

The 120 pots were randomly sampled, for harvest.
Forty pots were harvested, on each of three dates, namely 
24, 38, and 52 days after planting. After 24 days, the 
plants had. 2 to 6 true leaves. Fifty-two days after 
planting the plants had heads (flower bud.) that averaged.
8 mm in diameter.

All vegetative parts above the cotyledons were 
excised. The excised, parts were dried, for 48 hours in a 
drier set at 100 C. The dry matter was weighed on a Mettler 
platform balance.

The temperature regime in the greenhouse was: 
maximum average day temperature: 30 C (ranged from 29 to 
31 C); minimum average night temperature: 14 C (ranged from



11 to 16 C). The relative humidity had the following day 
and night variation: 30 and 85% respectively„

Analysis of variance was calculated separately for 
each harvest.



RESULTS

Seed Injury
The percentage of injury of the four lots of 

mechanically injured, seeds are shown in Table 1. Lots 1, 2, 
3, and. 4 had. an average percentage injury of 3, 15, 25, and. 
40% respectively. Table 1 also shows the variability of the 
four lots of injured, seeds. Lots 1 and. 2, hand, harvested, 
and. machine harvested, seeds respectively, had. more varia
bility than lots 3 and. 4, where injury was increased, 
artificially.

Growth Chamber Experiment
Seedling emergence of the four degrees of injured, 

seeds, planted, at three depths are presented, in Tables 2, .3, 
and. 4 for each day-night alternate temperature regime 
respectively. The seedlings were classified, as damaged or 
not damaged.. Average seedling emergence over all planting 
depths and. temperatures, decreased, as the percentage" of seed, 
damage increased. When planting depth increased, average 
emergence over all seed, lots and. seedling types decreased., 
except for the 27-16 C temperature regime.

Chi-square for independence was calculated, to 
determine whether there was an association between kind, of 
seed, that emerged, (injured, and. not. injured.) ,- and. depth of
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Table 1. Percentage of- damage, standard deviation, and 

.coefficient of variation of four lots of 
mechanically injured safflower seeds (average of 
10 replications).

Seed lot Mean (%) Stand, dev. CV (%)

26.6 
27. 7 
11.2 
12.3

1
2
3
4

3.0 
14.9 
25. 2 
40.0

0.8 
4.1 
2. 3 
4.9



Table 2„ Emergence percentage (average of four replications) of seedlings
Classified, as damaged, and. not damaged from four lots of mechanically 
injured, seeds at three planting depths under an alternate day-night 
temperature of 16-5 C.

Damage
%

12
Depth (i 

25
mm)

50 Mean
Da Na Ta D N ■ T D N T D N T

3 0.5 95.0 95.5 2.0 91.0 93.0 0. 5 68.0 ' 68.5 1.0 84.6 85.6
15 7.5 86.0 93.5 4.0 81.0 85.0 4.5 70.5 75.0 5.4 79.1 84.5
25 15.5 67.5 83.0 11.0 65.5 76.5 6.0 47.0 53.0 10.8 60.0 70.8
40 20.5 22.0 42.5 21.5 21.5 43.0 11.0 12.0 23.0 17.6 18.5 36,1

Mean , 11.0 67.6 78.6 9.6 , 64.7 / 74.3 5.5 49.3 54.8 8.7 60.5 69.2

aD = damaged.° N = not damaged.” T = total.

i
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Table 3. Emergence percentage (average of four replications) of seedlings
classified, as damaged and not damaged from four lots of mechanically 
injured seeds at three planting depths under an alternate day-night 
temperature of 21-10 C„ - .

Damage
%

12
Depth (mm) 

25 50 . ' Mean
Da Na Ta D N T D N" T D N T

3 ■■ 1.0 95.5 96. 5 4.5 89.0 93.5 0.5 95.0 95.5 2.0 93.1 95.1
15 5.0 79.5 84.5 7.0 84.0 91.0 5.5 67.0 72.5 5b 8 76.8 82.6
25 11.5 71.0 82.5 15.5 60.0 75.5 9.5 61.5 71.0 12.2 64.1 76.3
40 21. 5 26.5 48.0 20.5 29.5 50.0 12.5 20.5 33.0 18.1 25.5 43.6

Mean 9.7 68.1 77.8 11.9 65.5 77.5 7.0 61.0 68.0 9.6 64.8 74.4

aD = damaged.; N . = not damaged.; T = total.



Table 4. Emergence percentage (average of four replications) of seedlings
classified as damaged and not damaged from four lots of mechanically 
injured seeds at three planting depths under an alternate day-night 
temperature of 27-16 C.

Damage
%

12
Depth (i 

25
mm)

50 Mean
Da Na Ta D N T . D N T D N T

3 2.0 97.0 99.0 3.0 91.5 94.5 1.0 96.0 97.0 2.0 94.8 96.8
15 8.5 78.5. 87.0 8.5 79.5 88.0 5.5 71.0 76. 5 7.5 76. 3 83.8
25 16.5 56.5 73.0 16.0 57.0 73.0 13.0 53.0 66.0 15.1 55.5 70.6
40 17.0 22.5 39.5 21.0 32.0 53.0 17.5 13.0 30.5 18.5 22.5 41.0

Mean 11.0 63.6 74. 6 12.1 65.0 77.1 9.3 58.2 67.5 10.7 62.2 73.0

aD = damaged; N = not damaged.; T = total.
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planting; the supposition being that the reduction in 
emergence in the 25 and. 50 mm depths resulted from reduced 
emergence of the injured portion of the seeds (Table 5).
The chi-square values for all combinations except 40%-injury 
under 27-16 C .alternate temperatures were not significant. 
The reason for this significance could, be attributed, to a 
sampling problem. We can infer, thus, that seedling 
emergence at the three planting depths was independent of 
seed injury.

Table 5. Chi-square values for independence between kinds 
of emerged seedlings (injured, and not injured.) 
and the three d.epths of planting (12, 25, and..
50 mm).a

Degree
of

damage
Day-night alternate temperature

16-5 C 21-10 C 27-16 C

25% 2.82 n.s. 3.51 n.s. 0.72 n.s.
40% 0.08 n.s. 0.78 n.s. 6.18*

a0nly combinations of the 25 and. 40 per cent injured, 
seeds with the three temperature regimes were considered.

*Significant at the 5% level, 
n.s. = Not significant.



23
The analysis of variance was calculated; separately 

for each alternate day-night temperature (Tables 6 , 7, and. 
8). There were significant differences for degree of damage 
and. depth of planting under 16-5 C and. 21-10 C temperature 
regimes (Tables 6 and 7)„ With 27-16 C day-night alternate 
temperatures, there were significant differences only for 
degree of damage (Table 8'). Thus, planting depth did. not 
significantly affect seedling emergence with higher tempera
ture. There were no significant differences for damage x 
depth interactions for any of the three day-night alternate 
temperatures.

The coefficient of variability (CV) for the 16-5 C, 
21-10 C , and. 27-16 C day-night alternate temperatures were 
17.9-, 8.7, and. 10.3%, respectively; variability was higher 
at the coldest temperature.

Seedling emergence (daily and. accumulated.) at all 
three planting depths under each of the three alternate day- 
night temperatures are presented, in Figs. 1, 2, and. 3, 
respectively. Rate of seedling emergence decreased, for all 
three temperature regimes with increased, planting d.epths. .

Figures 4, 5, and. 6 show the emergence percentage 
of four lots of injured, seeds under three different day- 
night alternate temperatures respectively. The degree of 
mechanical injury did. not significantly affect the rate of 
emergence.



24
Table 6. Analysis of variance for seedling emergence

(transformed- data) of four degrees of injured, 
seed combined over three planting depths grown 
with an alternate day-night temperature of 16-5 C„

Source D.F. M.S. F

Blocks 3 463.93 ■ 4.1*
Damage 3 3071.72 27.3**
Depth 2 1245.70 11.1**
Damage x Depth 6 44.87 0.4 n.s.
Error 33 ,112.13

*Signifleant at the 5% level.
**S.ignificant at the 1% level, 
n.s. = Not significant.
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Table 7„ Analysis of variance for seedling emergence

(transformed data) of four degrees of injured, 
seed combined over three planting depths grown, 
with an alternate day-night temperature of 21- 
10 C.

Source D.F. M.S. F

Blocks 3 30.19 1.1 n.s.
Damage 3 2837.80 104.4**
Depth 2 231.93 8.5*
Damage x Depth 6 60.87 2.2 n.s.
Error 33 .' 27.18

*Significant at the 5% level„
**Significant at the 1% level„ 
n.s. = Not significant.
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Table 8„ Analysis of variance for seedling- emergence

(transformed data) of four degrees of injured . 
seed, combined over three planting depths grown 
with an alternate day-night temperature of 27- 
16 C.

Source D.F. M.S. F

Blocks 3 35.58 0.8 n.s.
Damage 3 3865.06 91.7**
Depth 2 144.63 3.4 n.s.
Damage x Depth 6 70.95 —  1.7 n.s.
Error 33 ' 42.00

■^Significant at the 1% level, 
n,s„ = Not significant.
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Table 9 shows the analysis of variance for the 

entire experiment (3 depths of planting, 4 degrees of seed, 
injury, and. 3 alternate day-night temperatures). There were 
highly significant differences for degree of damage and. 
depth of planting. There was no significant difference for 
temperature regimes. None of the interactions were 
significantly different. The depth x temperature inter
action was near the 5% level of significance.

These data indicate that mechanical injury as well 
as planting depth affect emergence of safflower seedlings 
under the experimental conditions tested..

The coefficient of variability of this experiment 
was 13.1%.

Table 10 shows the average seedling emergence.
(transformed, data) for d.epths of planting and. degree of 
injury. The four degrees of injury were significantly 
different in seedling emergence over all planting depths. 
Seedling emergence with the 50 mm depth of planting was 
significantly lower than the 12 or 25 mm depth. Seedling 
emergence was similar at the two shallower planting d.epths„

Figure 7 shows the percentage of seedling emergence 
with three day-night alternate temperatures over all four 
seed. lots. The analysis of variance for the entire 
experiment indicated that there were no significant differ
ences between total seedling emergence under the three 
temperature regimes. However, rate of emergence decreased.
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Table 9. Analysis of variance for seedling emergence

(transformed data) of four degrees of injured 
seed combined over three planting depths and 
three alternate day-night temperatures.

Source D.F. M.S. F

Replication 3 162.42
Depth 2 1297.26 19.4**
Damage 3 9561.40 142.9**
Temperature 2 150.46 2.3 n.s.
Depth x Damage 6 43.73 0.6 n.s.
Depth x Temperature 4 162.55 2.4 n.s.
Damage x Temperature 6 106.26 1.6 n.s.
Damage x Depth x Temperature 12 66. 64 0.9 n.s.
Error 105 66.91

**Significant at the 1% level, 
n.s. = Not significant.
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Table 10. Seedling emergence (transformed data) from four 

lots of injured, seed.s, planted, at three depths.

Depth
(mm) 3% 15%

Damage
25% 40% Mean

12 81. 63 70.57 63.37 41.11 64.17
25 77.84 70.41 60.12 44.22 63.15
50 73.27 60. 62 52". 89 32.01 54.70

Mean 77.58 67.20 58.80 39.11

Each figure represents an average of 12 observa
tions, four replications, and. three temperature regimes.

LSD (5%) 3.80 for d.amage. 
LSD (5%) 3.23 for depth.
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greatly when the temperature decreased, from 27-16 C (warm)
to 16-5 C (cold.). Seedling emergence when grown at 27-16 C.
started, at 3 d.ays, had. a peak at 4 to 5 d.ays and. was
complete 10 days after planting. At 21-10 C, emergence
started, at 3 days, had. a peak at 6 d.ays and was complete
at 11 days after planting. Emergence started, at 7 days
when grown at 16-5 C, had a peak at 10 days and continued.
until 20 days after planting.

Table 11 shows the analysis of variance for the
regression line of the four degrees'of seed, injury. The
linear component was highly significant, and. the difference
was significant at the 5% level. The regression coeffi-

2cient, (b) , and the variance, (s^), were -1.0324 and. 
0.002522, respectively.

Greenhouse Experiment 
Table 12 shows the dry matter (grams) of the 

vegetative parts above the cotyledons of the two extremes 
of seed, injury at the three harvesting dates. In the 1st, 
2nd., and 3rd. harvest dates, dry matter production of plants 
from the most injured, seeds (lot 4 with 40% injury and. 
thinned, selectively to approximately 70-90% injured, 
seedlings), was 58.2, 52.8, and 62.5%, respectively, of 
that produced, by the least injured, plants (3% injured, 
seed.s) . The two treatments will hereafter be called, 
injured, and . non-injured. seedlings.



38
Table 11„ Analysis of variance for the regression line of 

the four degrees of injured seeds.

Source D.F. M.S. F

Linear 1 28269. 80 422.5**
Difference 2 207. 20 3.1*
Error 105 66. 91

*Significant at the 5% level.
**Significant. at the 1% level.

Table 12. Dry matter (grams) of the vegetative parts above 
the cotyledons of the two extreme degrees of seed 
injury at three harvest dates (average of 20 
replications).

Degree of 
damage

1st harvest 
24 days

2nd harvest 
38 days

3rd harvest 
52 days

3% 0.503 3.379 15.719
> 40% 0.2.98 1.786 . 9.829
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The injured, and. non-injured. seedlings had. an 

emergence percentage of 53.3 and. 99.3%, respectively.
Just prior to the first harvest an incidence of rust 

(Puccinia carthami Cd.a. ) on the hypocotyls was observed, in 
both treatments (Zimmer, 1965). In the non-injured, seed
lings 1% of the plants were attacked by the disease, and. 
approximately 19% of the injured, seedlings were attacked.
The higher incidence of rust in the injured, seedlings 
probably affected, the seedling vigor. Thus, the effect of 
mechanically injured seed, on seedling growth may be con
founded. with the incidence of the disease.

The two lots of injured, seeds tested were highly 
significantly different, regardless of the harvest date 
(Tables 13, 14, and. 15). Analysis of variance for the third, 
harvesting date (Table 15) had. 18 degrees of freedom for 
error because 1 plot was lost.

The coefficients of variability (CV) of the data 
from the 1st, 2nd., and. 3rd. harvest dates were 13.9, 17.8, 
and. 21.9%, respectively.

Figure 8 shows the growth pattern of the two lots 
of injured, seeds tested. The non-in jured. seedlings produced, 
more dry weight than the injured ones.
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Table 13. Analysis of variance for dry matter weight of the 

vegetative parts above the cotyledons of the two 
extreme degrees of seed, injury 24 days after 
planting.

Source D.F. M.S. F

Damage 1 0.4190 135.7**
Block 19 . 0.0047
Error 19 0.0031

**Significant at the 1% level. —

Table 14. Analysis of variance for dry matter weight of the 
vegetative parts above the cotyledons of the two 
extreme d.egrees of seed, injury 38 days after 
planting.

Source D.F. M.S. F

Damage 1 25.37 119.3**
Block 19 .41
Error 19 .21

**Significant at the 1% level.
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Table 15. Analysis of variance for dry matter weight of the 

vegetative parts above the cotyledons of the two 
extreme degrees of seed injury 52 days after 
planting.

Source D.F. M.S.. F

Damage 1 346.90 44.2**
Block 19 30.36
Error 18 7.85

**Significant at the 1% level.
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DISCUSSION AND CONCLUSIONS

The results found in this experiment are restrictive 
to the cultivar (variety, genotype) used, or, at most, to 
cultivars that have similar characteristics„ In order to 
extrapolate to the safflower crop in general, other cultivars 
with different characteristics should be tested. It is 
known that hull thickness in safflower species varies widely 
from one cultivar to another. It is also known that seed 
size and oil per cent play an important role on seedling 
emergence under different environmental conditions (Alam and. 
Locascio, 1968; Coffman, 1923; and El Saeed., 1966). Thus , 
different results might have been found if safflower 
cultivars with different characteristics (mainly seed hull 
thickness ) had been used,.

Results of this investigation show that there was a 
marked, influence of mechanical injury on emergence of 
safflower seeds studied under optimum and stress conditions 
of temperature and depth of planting. Brown (1920), Witcomb 
and Hay (1925), Lyon (1929), and Clark and Kline (1965) 
found similar results studying other crops.

When mechanical injury increased, seedling emergence 
decreased, in a linear fashion, or more precisely, 1% seed 
injury caused a reduction of 1 degree in the arc sine of the
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seedling emergence percentage. This is true only within the 
range of per cent seed, injury studied (3% and 40%) „

' Mechanical injury did not affect the rate of seed
ling emergence.

Depth of planting affected both total emergence and 
rate of emergence. As planting depth increased, total 
emergence and rate of emergence decreased. These results 
also agree with research reported, in other crops (Beveridge 
and Wilsir, 1959; Rogler, 1954; and Burleigh et al., 1965).

There was no association between depth of planting 
and. seed damage, or more specifically , seedling emergence 
at the three planting depths was independent of the seed 
injury, according to our classification of injury.

The rate of emergence of safflower followed, in 
general, the principle of Van11 Hoff's law for chemical 
reaction. Gelaw (1965) found, similar results' studying other 
cultivars of this species.

There were no differences in seedling emergence 
under the three temperature regimes studied. However,. at 
optimum temperatures, the rate of emergence was higher than 
at lower temperatures. These results are in agreement with 
those of Gelaw (1965).

Several authors have reported that mechanical injury 
affected the growth of plants (Brown, 1920; and. Waters and 
Atkin, 1959). In this study mechanical seed injury had a 
striking effect on the seedling growth of safflower.

V
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The effect of seed injury was somehow confound.ed. 

with the incidence of the rust disease. There is need, to 
repeat the experiment comparing the rate of growth using 
both injured, and. non-injured. seeds. In another experiment, 
the seed.s should, be treated, with a fungicide to eliminate 
the effect of the rust organism. In future experiments, 
seed, yield, should, be measured.

The higher incidence of seedling rust on the injured, 
than on the non-in jured. treatment suggested, that" the injury 
causes favorable conditions for the establishment of the 
rust fungus, since the seed, source was the same except for 
mechanical injury.

Results of these experiments indicate that mechanical 
injury had, an adverse effect on both seedling emergence and. 
growth of the safflower cultivar studied:.• It appears 
advisable to use slower cylinder speeds (better combine 
adjustment) for harvesting safflower which would, lessen the 
adverse effects of mechanical harvest. Improved, harvesting 
equipment might be developed, capable of mechanically 
harvesting saf flower with a minimum of seed, damage.
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