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INFLUENCE OF TEMPERATURE, SOIL MOISTURE, AND PLANTING DEPTH

ON GERMINATIDN AND EMERGENCE OF 'PACKMAN' BROCCOLI
by

Marshall Kent Elson

(ABSTRACT)

Broccoli growers in southside Virginia have had difficulty with

stand establishment. This research was undertaken to identify

potential causes of poor stand establishment. Temperature and soil

moisture conditions in southside Virginia during July and August are

often less than favorable for seedling growth. Experiments were

designed to test the temperature and moisture stress limits for

germination and emergence of ’Packman’ broccoli, under the controlled

conditions of growth chambers.

Seeds were germinated at constant or diurnally alternating

XX temperatures in the range of 5 to 42C. The range of 10 to 32C was

X satisfactory for 90% germination and 75% emergence within 14 days.
Eägx

Germination was defined as protrusion of the radicle from the seed coat
‘Öi;

and emergence as 10 mm elongation of the radicle.

In the second study, seeds were sown at depths of 0.5 to 2.5 cm

in fine sandy loam from southside Virginia. Moisture treatments were

established from a soil moisture release curve to represent matric

potentials of -0.07, -0.4, -1.2, and -1.8 MPa. Seedlings in this study

· X were considered emerged when the cotyledons were free of the soil.

Broccoli seeds germinated at matric potentials approaching the

permanent wilting point, although their rate of emergence was

11_



significantly reduced. The planting depth of 2.5 cm proved excessive

for even the most favorable moisture conditions.

Temperature and moisture conditions in southside Virginia during

July and August are marginal at best for establishment of broccoli.

Growers may need to adjust planting dates or employ additional

techniques to cool the soil and provide the necessary moisture.
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INTRODUCTION

Broccoli (Brassica oleracea var. italica Plenck) has gained much
popularity with health—conscious American consumers. The per capita
consumption has increased three-fold over the past decade. As a
result, the market has demanded an additional 5000 acres (2000 ha) each
year (Economic Research Service, 1987).

In 1982, California produced 82% of the 80,300 acres (32,100 ha)
of broccoli grown in the U.S. (Bureau of the Census, 1982). In that

y same year, the Agriculture Marketing Service of the United States

Department of Agriculture identified broccoli as having excellent fresh

market potential as an alternative crop for Virginia tobacco growers

(Runyan et al., 1986). Virginia’s close proximity to eastern markets

could reduce the expense and losses incurred from the transportation of
broccoli. In 1983, 30 pilot plots were established to demonstrate that

fall broccoli could be grown in Virginia. Since 1983, acreages have

increased to almost 200 hectares.

Precision seeding is the standard practice throughout the United

States to obtain plant populations of 100,000 to 125,000 plants/ha.

However, efforts to produce direct·seeded fall broccoli in Virginia

have been confronted with poor stand establishment. Virginia growers
recognized the need for an improved system of stand establishment and

asked VPI & SU for assistance (J. H. Reese, personal communication).

Fall broccoli is direct seeded during July and early August in

southside Virginia. However, soil temperature and moisture conditions

during this period may limit germination and emergence of broccoli.

Air temperatures during July and August in South Boston average a
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maximum of 32C and a minimum of 17C (National Climatic Data Center,

1988). Yet, maximum temperatures of 33 to 38C are common during this
period (Appendix A). If the upper temperature limit for broccoli
germination and emergence is below this level, high soil temperatures
could account for the poor stands in Virginia.

Similarly, average precipitation during July and August is 9.6
cm/month. However, this precipitation is not uniformly spread over the
period necessitating the use of irrigation. Present recommendations
suggest applications of 5 cm of water before planting and 1 to 2.5 cm
at three—day intervals after planting (0’Dell et al., 1988).

Soil temperature and moisture conditions fluctuate less as the

planting depth increases (Masiunas and Carpenter, 1984a). However,

small-seeded crops, such as broccoli, have limits to the depth from

which they can emerge. This limit is determined by the stored energy

of the seed. r
The objectives of this research were to improve the

predictability of establishment by determining the tolerances of the

seedlings during germination and emergence. Three aspects werei

examined: the temperature range, the soil moisture stress and the

planting depth for germination and emergence of ’Packman’ broccoli.



LITERATURE REVIEWh
Germination is often equated with emergence, although they are

two distinct processes from a physiological point of view. Germination
is the series of processes leading to the resumption of embryo growth
(Hegarty, 1978; Hillel, 1972). It begins with imbibition of water and
ends with protrusion of some part of the embryo from the seed coat
(Hegarty, 1977; Mayer and Poljakoff-Mayber, 1975; Probert et al.,
1987). Germination produces a marked increase in respiration (Hillel,

1972), and ¤nay* occur through cell division, cell elongation or both

(Hegarty, 1977).

Emergence is the growth of the seedling after germination and is

generally considered complete when some part of the seedling emerges

from the soil (Doneen and Macgillivray, 1943; Logendra, 1984; Webb et —

al., 1987; Wurr and Fellows, 1985a). Emergence depends on hypocotyl

extension, which may not respond to the same temperature and moisture

conditions as germination (Hegarty, 1974, Ougham et al., 1988).

Therefore, favorable emergence conditions are necessary for proper

stand establishment.

Germination

The stages of germination at the cellular level are: imbibition
of water, hydrolysis of storage proteins, formation of vacuoles,
appearance of the endoplasmic reticulum, increase in mitochondria and

Golgi bodies, and incorporation of lipid bodies into membranes (Hodson

et al., 1987). Imbibition is the rapid uptake of water by the dry

seed. The rate of imbibition is determined by the composition of the

seed, the permeability of the seed coat, and the availability of water

3 .
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in the soil (Hillel, 1972). Protein is the major component which

imbibes water (Hillel, 1972). Full imbibition takes 4-8 hours to

complete in peas (Spurny, 1973).

Following imbibition is a lag phase, which is marked by no

additional uptake of water and the occurrence of many metabolic

changes. Storage proteins and large polysaccharides must be hydrolyzed

before use. Early metabolism is less efficient than normal (Bryant,

1985) because the mitochondria of dry seeds are only partially

functional (Hodson et al., 1987). Since hydrolysis begins almost _

immediately after hydration, the enzymes must be present in inactive

forms (Bryant, 1985). During the lag phase, the number of mitochondria

increase and lipids are formed to repair the cell membranes (Hodson et

al., 1987).

Development and expansion of the vacuoles, by the resumption of
”

water uptake, causes cell elongation (Bryant, 1985). The combined

expansion of many cells causes elongation of the radicle, which splits

the seed coat (Hegarty and Ross, 1979). Cell division begins only

after protrusion of the radicle (Bryant, 1985).

Seeds are very dependenti on their environment. A strong

interaction exists between soil moisture and temperature (Dunlap, 1988;

Wright et al., 1978). Under severe moisture stress, germination may

only occur under alternating temperatures (Hegarty, 1974). Therefore,

soil temperature, soil water content and seed—water contact exert the

greatest influence on the early progress of germination (Gupta et al.,

1988; Harrington and Minges, 1954; Hauser, 1986).
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Emergence
Emergence is limited by the additional factors of compaction and

planting depth (Gupta et al., 1988). Excess water and compaction

affect the seedling emergence of many crops (Royle and Hegarty, 1977).

For· example, excess water· delayed emergence of' calabrese (broccoli)

seven days in moist soil. Compaction delayed emergence one-half to one

day and reduced the seedling size in calabrese (Royle and Hegarty,

1977). The emergence of corn was dependent on the mechanical force

required to grow through soil and the plant length before emergence

(Gupta et al., 1988). Collis-George and williams (1968) demonstrated

that the unechanical strength of ‘the soil increased as the moisture

content decreased. Therefore, failure to reach the surface accounts for

the majority of losses in the field (Hegarty, 1979).
The germination percentage varies by species and cultivar, but

over one-half of the 600 species in the seed bank produce at least 80%

germination (Thompson and Fox, 1976). The emergence percentage in the

field rarely reaches the germination percentages found in the

laboratory (Hegarty, 1971; Hegarty, 1979; wurr and Fellows, 1985a).

For example, calabrese emergence in the laboratory was 94%, but in the

field it only reached 84.7% (Hegarty, 1979). Optimal emergence under

ideal conditions may differ from the field optimum because of the

presence of soil organisms and other characteristics of the soil

(Harrington and Minges, 1954). Therefore, seed testing procedures

often do not simulate field conditions (Hegarty, 1978).

The International Seed Testing Association (1985) avoids the

confusion between germination and emergence by requiringl "normal"
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seedlings. They define a normal seedling as having a well developed
root and shoot axis, a specific number of cotyledons, and green
expanding primary leaves. These characteristics must appear within a
limited period of time, which is 10 days for broccoli.

Temperature

Temperature is one of the main factors controlling germination
and emergence. Since growers have little control over the temperature

in the field, germination and growth at prevailing soil temperatures

are necessary for establishment of the crops (Masiunas and Carpenter,

1984b).

The National Climatic Data Center (1988) has published air

temperature records for at least thirty years in many locations. Their

data could be used to predict temperatures at a given location, so that
planting dates might be adjusted. However, soil temperature determines

the establishement success of a crop more than air temperature

(Masiunas and Carpenter, 1984a). No satisfactory model was found for
’ converting air temperatures to soil temperatures because of the complex

relationships between soil properties. Soil temperature depends on the

color, texture, moisture, evaporation, bulk density, roughness of the

surface, and the presence of crop residues (Hillel, 1972).

The temperature at which seed will germinate is determined by the

geographical source of the seed, the genetic differences, and the age

of the seed (Mayer and Poljakoff-Mayber, 1975). Seed from hot, dry

areas gives higher· germination under hot conditions (Harrington and

Thompson, 1952). In addition, each species has a finite temperature

range for germination and emergence (Bewley and Black, 1978b; Hillel,
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1972; Masiunas and Carpenter, 1984a). Departure from this range

reduces germination and emergence.

Unfavorable soil temperatures reduce root penetration, root/shoot

ratio, and incorporation of phospholipids (Hillel, 1972; Hodson et al.,

1987). Therefore, several researchers have attempted ix> define the

ranges for germination and emergence of most vegetable crops.
Harrington and Minges (1954) defined the temperature range for

germination of 24 vegetables. wagenvoort and Bierhuizen (1977) defined

the practical temperature maximum (Tpmax) and minimum (Tpmin) for 26

vegetables based on high emergence percentages over a limited period.

Neither study defined the temperature limits for broccoli.

The rate of germination or emergence plotted against temperature

is linear for most vegetable crops (Ellis et al., 1987; Hegarty, 1973;

Hegarty, 1978). Although this linear relationship could indicate that

temperature affects only a single rate limiting process, Hegarty (1973)

suggests that a complex of reactions is affected. wagenvoort and

Bierhuizen (1977) used this linear relationship to predict the minimum

temperature (Tmin) and the heat sum (S) required for germination of

several vegetable crops. They later found that Tmin and S are

independent of depth, seed size, cultivar, and the amplitude of

day/night temperatures (wagenvoort et al., 1981).

Alternating Temperatures

Diurnally alternating temperatures have been shown to stimulate

the rate of germination in a number of crops (Ellis et al., 1982; Mayer

and Poljakoff—Mayber, 1975; Probert et al., 1987; Thompson, 1974;

Thompson et al., 1977; Thompson and Grime, 1983; Vazquez-Yanes and
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h Orozco-Seqovia, 1982). The response can be further modified by light

and other environmental factors (Thompson, 1974). The proposed

function of the alternating temperatures is to limit germination to a

time and place favorable for seedling growth (Hegarty, 1984; Thompson,

1974; Thompson and Grime, 1983). The greatest temperature fluctuations

appear at the surface of the soil (Masiunas and Carpenter, 1984a) and

in gaps in the canopy (Thompson and Grime, 1983; Vazquez·Yanes and

Orozco-Seqovia, 1982). The amplitude of the temperature change in a

gap of a grass sward was IOC, compared with only 4C within the canopy

(Thompson et al., 1977).

Alternating temperatures may represent a fundamental control of

seed germination in higher plants (Thompson, 1974), although the
response is most common in wetland and disturbed site species ·

(Thompson, 1974; Thompson et al., 1977, Thompson and Grime, 1983).

Only 46 of 177 wild species in Europe were stimulated by alternating

temperatures and light (Thompson and Grime, 1983). However, broccoli

has been shown to have such a requirement (Hegarty, 1974).

The response of plants to alternating temperatures is highly

dependent on the species. Some have a requirement for both alternating

temperatures and light (Probert et al., 1987). In these species,

darkness increases the amplitude of temperature required (Thompson et

al., 1977) or light can substitute for the alternating temperature

(Thompson and Grime, 1983). The response of some of these species is

proportional to the number of light pulses sensed (Probert and Smith,

1986). Cultivated plants show little evidence of light promoting

germination (Mayer and Poljakoff—Mayber, 1975). Still, alternating
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temperatures may widen the acceptable temperature range because some

crops tolerate higher temperatures when accompanied by a cooler, more

optimal temperature (Logendra, 1984; Masiunas and Carpenter, 1984a).
E

Some species have a quantitative requirement for the alternating

temperatures (Hegarty, 1974), such as Cassava which must have a maximum

temperature above 3OC and a nman temperature of 24C (Ellis et al.,

1982). Others have a more qualitative requirement. In some species, a

temperature change of 1.5C is sufficient to promote germination (Bewley

and Black, 1978a; Thompson, 1974). In other species the requirement for

alternating temperatures disappears with storage (Thompson et al 1977).

The factors affecting the variety of responses to alternating

temperatures include: the cumulative effect of the cycles, the efficacy

of the cycles on imbibition, the rate of heating or cooling, amplitude

of the temperature change, the maximum and minimum temperatures, the

period of exposure and the mean temperature (Bewley and Black, 1978a;

Ellis et al., 1982). The actual temperature values are secondary,

provided they are ivithin the acceptable range (Mayer and Poljakoff-

Mayber, 1975).

Thompson and Fox (1976) proposed that the requirement for

alternating temperatures could be eliminated through continued genetic

selection to remove the dormancy mechanisms. Eventually, a generalized

germination response could be determined for all crops based on the

climate in which they grow. However, the response of vegetables

remains distinctly different as demonstrated by plants that have

escaped from cultivation which retain the germination responses of

their wild relatives (Thompson and Fox, 1976).
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High Temperatures

Supraoptimal temperatures have two major effects on seedlings. A

sudden shift from 25 to 45C is lethal to most seedlings (Bonham-Smith

et al., 1987; Edelman et al., 1988). Such a shift is not likely to

occur in nature. On the other hand, seedlings can adjust to gradual
temperature changes (Altschuler and Mascarenhas, 1982b). A gradual

increase from 25 to 40C in soybeans completely prevents cell death when

exposed to even 52C (Altschuler and Mascarenhas, 1982a). Gradual

temperature changes produce heat shock proteins (HSPs), which may

protect or replace lost functions of the cells (Yost and Lindoquist,

1986).

The heat shock proteins are 10 to 13 unique polypeptides

synthesized by all plant and animal systems under high temperature

stress_ conditions (Bonham-Smith et al., 1987; Cooper and Ho, 1983;

Kelly and Freeling, 1982; Key et al., 1982; Ougham et al., 1988). The

identity of the individual proteins in plants is uncertain, but they

are generally believed to induce transient resistance to a lethal heat

dose (Altschuler and Mascarenhas, 1982b; Bonham-Smith et al., 1987;

Yost and Lindoquist, 1986).

In soybeans, HSP synthesis first appears at 31C, with maximum

induction at 40C (Altschuler and Mascarenhas 1982a). Heat shock

acclimation at 40C persists to 47.5C (Key et al., 1982), and protects

normal protein synthesis to 43C (Altschuler and Mascarenhas, 1982a).

Maximum synthesis occurs within 3 to 4 hours and HSPs are absent by 10

hours (Cooper and Ho, 1983; Edelman et al., 1988). HSPs may complex

normal protein mRNA or cluster around polysomes to regulate translation



T F
ll

by altering the affinity of' ribosomes for ¤nRNA (wu et al., 1988).

Normal protein messages are not degraded during the heat stress since

restoration of normal conditions (25C) returns the synthesis of normal

proteins within 5 hours (Kelly and Freeling, 1982; Key et al., 1982).

Additional effects of high temperatures are: membrane phase

changes at 30C (Bewley and Black, 1978b; Probert and Smith, 1986),

changes in seed coat structure and permeability (Mayer and Poljakoff-

Mayber, 1975; Vazquez-Yanes and Orozco-Seqovia, 1982), and

thermodormancy in crops such as lettuce (Bewley and Black, 1978a;

Harrington and Minges, 1954). High temperature injury is similar to

damping off (Harrington and Minges, 1954), because of the changes in

the membranes. Lettuce seedlings undergo cell division at 30C, but the

cells do not elongate (Hegarty and Ross, 1979). Soybeans at 40C have

thick hypocotyls and aborted radicles, suggesting the radicles are more

sensitive to heat (Logendra, 1984). This conclusion is further

supported by the early production of HSPs in the roots of wheat (Necchi

et al., 1987). Since most of the metabolic processes occur within the

first 12 hours, sowing from 12:00-6:00 p.m. could reduce the high

temperature injury by allowing the seeds to germinate overnight

(Hegarty, 1984; Logendra, 1984).

Moisture stress

Moisture stress decreases the rate and uniformity of emergence

(Hegarty, 1978; Hillel, 1972), but has a limited effect on germination.

Dry seeds may have a matric potential of -50 MPa and have been found to

absorb water from up to 10 mm (Dasberg, 1971; Hillel, 1972; Hauser,

1986). Additional water may move by diffusion from distances of 30 mm
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over a 24 hour period (Dasberg, 1971). Therefore, the seeds may gain

sufficient water to germinate. The risk to the germinated seeds is

that they have passed the tolerant stage where hydration/dehydration

can occur without damage (Hegarty, 1978).

The moisture available to plants in the soil has a matric

potential of -0.01 MPa (field capacity) to -1.5 MPa (permanent wilting

point). The optimum matric potential shifts according to soil particle

size, water availability, hydraulic conductivity, and seed-water

contact (Collis—George and Williams, 1968; Dasberg, 1971; Dasberg and

Mendel, 1971). The optimum seed-water contact occurs if the soil

aggregate size is 1/5 to 1/10 of the seed diameter (Hauser, 1986).

Minimum matric potentials for the germination of various crops

include: -1.25 MPa for corn, -0.79 MPa for rice, -0.66 MPa for

soybeans, -0.35 MPa for sugarbeets (Wright et al., 1978), and -0.5 MPa

for muskmelon (Dunlap, 1988)._ Hegarty (1977) found that calabrese

(broccoli) germinated at -1.0 MPa under 20C, but did not germinate at

IOC. He concluded that -1.0 MPa is close to the critical level for

germination of broccoli.

Osmotic solutions are often used to test the matric potential of

seed. Hegarty and Ross (1978) found that the initiation of germination

is more sensitive to water stress than is the cell elongation. Seeds

germinated and placed in -1.0 MPa solution continued to grow. However,

osmotic and matric potentials may not have the same effect, as

demonstrated by Hillel (1972) who found that germination rates on a

suction plate were slower than similar osmotic potentials. In the

soil, osmotic and matric potentials may have an additive effect.
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Since seedlings may not tolerate conditions where mature plants

could survive, any method of limiting moisture loss may be helpful.
Aggregation of the soil surface can serve as mulch (Hillel, 1972).
Mulching the seed row at planting has also shown some success (Hillel,
1972). Applying water to the row during planting has been shown to
double the plant establishment of grass seed (Hauser, 1986).

Planting Depth

Increasing the planting depth decreases the rate of evaporation
and the rate of emergence (Wagenvoort and Bierhuizen, 1977; Wurr and

Fellows, 1985b). Each crop has a limit to the depth from which it can
emerge. For example, cabbage should not be planted deeper than 4 cm
(Wagenvoort and Bierhuizen, 1977). The seed size limits the time and

depth from which seeds can emerge, with larger seeds producing more —

radicle growth (Masiunas and Carpenter, 1984b). However, broccoli seed

has enough stored fat for 200 days of respiration at 20C and -1.5 MPa

(Hegarty, 1977). As a result, broccoli may survive several weeks

without loss of vigor if the seeds cannot germinate (Hegarty, 1977).

The optimum planting depth for a given crop may change during the
season. Seeds are planted relatively shallow in the spring when soils
are cool (Webb et al., 1987). However, seeds are planted deeper in

summer based on temperature and moisture conditions (Wagenvoort and

Bierhuizen, 1977).

Conclusions

Successful germination and emergence is the ability of the seed

to produce an even stand of seedlings within a short period after

sowing (Thompson and Fox, 1976). For a crop such a cauliflower, the
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uniformity of emergence correlates with the uniformity of harvest

(Royle and Hegarty, 1977). with the variety of interactions involved

and the differences between species, general guidelines for all crops

cannot be developed. Therefore, the temperature and soil moisture

limits must be determined for each crop.
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ABSTRACT I

Seeds of ’Packman’ broccoli (Brassica oleracea var. italica

Plenck) were germinated at constant temperatures or with 12C diurnal

changes in the range of 5 to 42C. Practical germination of 90% and

emergence of 75% occurred within 14 days in the range of 10 to 30C.

Germination was defined in this study as protrusion of the radicle from

the seed coat and emergence as 10 mm elongation of the radicle.

Diurnal temperature changes did not improve overall germination, but

may extend the practical limits to 5 and 32C. Seed activation at 37C

reduced germination by 9% and emergence by 19% compared with activation

at 25C.

I
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INTRODUCTION

Broccoli (Brassica oleracea var. italica Plenck) is gaining

popularity with health-conscious consumers. In the United States, the

per capita consumption has increased three-fold over the past decade.

As a result, the market demands an additional 2,000 hectares each year

(Economic Research Service, 1987). However, efforts to produce Fall

broccoli in Virginia have resulted in poor stand establishment.

Fall broccoli is direct seeded in July and early August at the

desired in-row spacing of 10 cm. However, high soil temperatures

during this period may reduce germination and limit the plant stands.

Air temperatures for July and August in southside Virginia average a

maximum of 32C and a minimum of 17C (National Climatic Data Center,

1988). Yet, maximum temperatures of 33 to 38C are common during this

period. If broccoli germination and emergence has an upper temperature

limit below 32C, high soil temperatures could contribute to the poor

stands in Virginia.

Soil temperature is known to influence the germination of many

vegetable crops. Several researchers have attempted to define

temperature ranges for germination of nmst of the vegetable crops.

Harrington (1954) identified temperature ranges for 24 vegetable crops.

wagenvoort and Bierhuizen (1977) determined "practical" germination

temperature ranges (lpmax and Tpmin) for 26 vegetables, based on high

germination rates over a limited period of time. Since neither study

tested broccoli, the practical germination minimum (Tpmin) of 5C and
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maximum (Tpmax) of 250 for red cabbage (Brassica oleracea var.

purpurea), might represent the limits for other Brassica oleracea

varieties.

Hegarty at the Scottish Horticultural Research Institute has

studied numerous aspects of broccoli germination and emergence.

Unfortunately, his temperature studies did not exceed 25C. Still,

Hegarty (1974) has shown that diurnally alternating temperatures

increase the germination of' broccoli. Alternating temperatures are

more representative of field conditions and have been shown to increase

germination in a number of crops (Ellis et al., 1982; Hegarty, 1974;

Logendra, 1984; Probert et al., 1987; Thompson and Fox, 1976).

The objectives of this study were to determine the practical

maximum and minimum constant and diurnal temperatures for acceptable ‘

germination and emergence within 14 days. The acceptable levels are

arbitrarily set at 90% germination and 75% emergence, based on seed

testing standards. Germination was defined as protrusion of the

radicle from the seed coat and emergence as 10 rmn extension of the

radicle.

Germination does not necessarily equate with emergence because

germination may respond to 21 given temperature that inhibits growth

(Hegarty 1974). The International Seed Testing Association (1985)

Rules for Seed Testing define a "normal" seedling as having a wmll

developed root system and shoot axis, a specific number of cotyledons

and green, expanding primary leaves. Therefore, 10 rmn elongation of

the radicle was used as a quantitative indication of "normal" seedlings

(emergence) in this study.
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MATERIALS AND METHODS

Seeds of the cultivar ’Packman’, graded to 1.75-2.00 mm and

treated with Thiram (tetramethylthiuramidisulfide) and Benlate (methyl-

1—(butylcarbamoyl)-benzimidazol-2-yl carbamate) were obtained and

stored at 5C for this study. The seed label indicated 90% germination

under commercial seed testing procedures. Twenty seeds were placed in

two rows on a single layer of moistened Whatman #1 filter paper in 9 cm

Petri dishes.

The Petri dishes were placed at temperatures from 5 to 42C on a

100x100 cm aluminum thermogradient table ir: a dark, unheated growth

chamber. The desired temperatures were maintained by passing heated or

cooled water through reservoirs at either end of the table . Heating

was provided by a National Appliance Model 8725 water bath. Cooling

was provided by a Forma Scientific Model 2073A Circulating Water Bath. I

Both had 17 liter/min. pumps to circulate the water through the table.

The top, bottom, and sides of the table were insulated with 2.5 cm

styrofoam and the entire table was set at a 25% incline to produce

geotropic response in the seedlings and provide access to water without

submerging the seeds. Temperatures were monitored with 2 calibrated

thermocouples located at each treatment temperature, plus one for the

ambient temperature in the growth chamber. Temperatures were measured

with a. Wescor lll Thermocouple 'Thermometer. The largest temperature

variation was i 1.0C at 42C.

The use of thermogradient plates has become common because of the

savings of time and equipment to evaluate a large number of

temperatures. Webb (1987) reviewed the advantages and history of
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thermogradient plates. The thermogradient table proved very effective
for use in this study.

Three single factor temperature studies were conducted with
replications over time. Petri dishes were placed at the assigned
treatment levels and 10 ml of distilled water were added. Percent
germination and emergence were checked every 10 to 14 hours for 14

days, which was considered the "practical germination period." The

percentage data and arcsin transformed data were checked for normality
using the Shapiro and wilkes test. The percentage data were deemed

more normal and were analyzed by regression.

Constant temperatures. Treatments consisted of 5, 10, 15, 20,

25, 30, 35, and 40 C. Three subsamples of 20 seeds were placed at each

treatment for a total of 60 seeds per treatment. Four replications

were completed over time.

High temperatures. The second study was conducted using 2C

intervals to define the upper temperature range for broccoli. High
temperature treatments consisted of 30, 32, 34, 36, 38C. One Petri
dish was placed at each treatment level with 20 seeds per treatment,

and four replications were completed over time.

Diurnal temperatures. In the third study, diurnal temperature

changes of 12Ci were simulated by placing the Petri dishes at a low

temperature for 12 hours, then moving them to a higher temperature for

12 hours, or vice versa. This procedure was adapted from Vazquez—Yanes

and Orozco-Seqovia (1982). Treatments consisted of the following

combinations: 5/17, 10/22, 15/27, 20/32, 25/37, 30/42C, or vice versa.
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treatment with 3 replications over time.

RESULTS AND DISCUSSIDN

Germination at constant temperatures showed only slight

differences from 5 to 30C (Table 1). However, germination was

significantly reduced to 63% at 35C and fell to zero at 40C. Emergence

followed a :similar pattern, although the percentages were generally

lower than germination. For example, germination at 25C was 93% but

emergence was only 85%. These results suggest that the range of

temperatures from 5 to 30C was satisfactory for 90% germination of

broccoli. However, only 10 to 30C was satisfactory for 75% emergence

under optimal moisture conditions.

Germination and emergence generally decreased as temperatures

increased from 30 to 38C in the high temperature study (Table 2). The

effects of high temperatures were most evident at 36C where germination

continued at 21 reduced level, but emergence dropped to zero. Since

growth processes are a function of enzyme action, 36C apparently

denatures the enzymes. As a result, 36C may indicate the upper limit

for emergence of ’Packman’ broccoli.

Alternating temperatures had a limited effect on germination or

emergence below 20/32C (Table 3), but showed reductions at the higher

temperatures similar to the constant temperature treatments. Although

alternating temperature treatments are more representative of field I
conditions, they produced only slight differences when compared with Z
equivalent constant temperature treatments for broccoli. Since Hegarty

did find significant increases in broccoli germination with alternating I

I
I
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Table 1. Germination and emergence of ’Packman’ broccoli in F

response to constant temperatures.

Temperature I Germination Emergence

(C) (%) (%)

6 902 4Z
10 94 76

15 92 77

20 92 80

25 93 85

30 90 76

35 63 6

40 0 0

Significancey L**,Q** L**,Q**

ZMeans represent average of four replications of 60 seeds.
yLinear (L) or quadratic (Q) effects; significant at the 5% (*)

or 1% (**) levels of probability.
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Table 2. Germination and emergence of ’Packman’ broccoli in
·

response to constant high temperatures.

Temperature Germination Emergence

(C) (%) (%)

so 912 792
32 76 56

34 73 14

36 31 1 0

38 9 0

Significancey L** L**,Q**

ZMeans represent average of four replications of 20 seeds.
YLinear (L) or quadatric (0) effects; significant at the 5% (*)

or 1% (**) levels of probability.
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Table 3. Germination and emergence of ’Packman’ broccoli in

response to alternating temperatures.

Temperature Germination l Emergence

(C) (%) (%)
5/17 972 772

17/5 93 74

10/22 92 77

22/10 92 74

15/27 87 71

27/15 95 83

20/32 93 82

32/20 93 83

25/37 78 20

37/25 67 1

30/42 21 0

42/30 8 0

Significancey L**,Q** L**,Q**

ZMeans represent average of three replications of 40 seeds.
yLinear (L) or quadratic (Q) effects; significant at the 5% (*)

or 1% (**) levels of probability.
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temperatures, two possible explanations of the discrepancy are that the

seedlings in our study were never water stressed, or simply differences

between the varieties tested.

Diurnal temperatures may extend the range of practical emergence.

No significant difference between 20/32 and 25C constant indicated that

broccoli is capable of withstanding higher temperatures when

accompanied by a more optimum cooler temperature. Logendra (1984)

found a similar result in soybeans.

However, germination and emergence were significantly reduced at

both 25/37 and 30/42C when compared to equivalent constant

temperatures. Exposure to 37C for just 12-hour intervals reduced

germination from 90% (30C constant) to 78% (25/37C diurnal). Emergence

was reduced from 76% (constant) to 20% (diurnal) by exposure to 37C.
(High

temperatures limited radicle growth more than germination.

At 30C (constant) only 10% of the germinated seeds did not emerge.

However, an average of 62% of the germinated seeds did not emerge at

the equivalent temperature of 25/37C, indicating a drastic reduction in

vigor. Logendra (1984) also found that soybeans have a high percentage

of aborted radicles when germinated at 40C.

The temperature of imbibition may influence the emergence of

broccoli at the higher temperatures. Lower emergence at 37/25 (1%)

than at 25/37C (20%) indicates that the initial temperature limited

subsequent growth and vigor. Logendra (1984) found a similar result in

soybeans. Since most of the metabolic processes occur within the first

12 hours, late evening planting may improve field emergence by allowing

the seeds to imbibe over night (Hegarty, 1984; Logendra, 1984).
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Success for any seed grown crop depends on rapid, uniform

germination and emergence to produce a uniform stand. Under

alternating temperatures, ’Packman’ broccoli will likely produce 90%

germination and 75% emergence within the range of 10 to 32C. Beyond

this range emergence is too slow or vigor is reduced, and growers may

need to adjust seeding rates or planting dates to achieve the proper

stand.
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ABSTRACT

Seeds of ’Packman’ broccoli (Brassica oleracea var. italica

Plenck) were sown at depths of 0.5 to 2.5 cm in fine sandy loam soil
f

containing moisture levels approximating -0.07, -0.4, -1.2, -1.8 MPa.

Containers were sealed and placed ‘h1 a dark growth chamber with a

continuous daily temperature cycle of 20 to 32C. Seedlings were

considered emerged when the cotyledons were free of the soil. Broccoli

seeds germinated at soil matric potentials approaching the permanent

wilting point, although their rate of emergence was significantly

reduced. The 2.5 cm planting depth significantly reduced both the

percentage and the rate of emergence for broccoli. The data showed the

best correlation with a multiple regression model, containing both soil

moisture and planting depth.
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INTRODUCTION

Increasing the planting depth has been shown to decrease

emergence in many vegetable crops (wagenvoort and Bierhuizen, 1977;

Wurr and Fellows, 1985b). Each crop has a limit to the planting depth

from which it can emerge. For example, cabbage should not be planted

deeper than 4 cm (Wagenvoort and Bierhuizen, 1977). However, the

planting depth is generally increased as temperatures increase in the

summer (wagenvoort and Bierhuizen, 1977), because the seeds are

protected from the fluctuating temperature and moisture conditions at

the surface (Masiunas and Carpenter, 1984a). The dry surface layer may

even serve as a mulch (Hillel, 1972).

Moisture stress decreases the rate and uniformity of emergence

(Hegarty, 1978; Hillel, 1972). Hegarty (1977) found that broccoli

germinated at 20C, but not at 10C, with -1.0 MPa of moisture stress in

either osmotic solutions or soil. If soil moisture can be maintained

above -1.0 MPa, broccoli germination and emergence may continue with

only slight delays.

The objective of this study was to determine the effects of soil

moisture and planting —depth on broccoli under Virginia soil and

temperature conditions.
MATERIALS AND METHDDS

whitestore fine sandy loam (fine, mixed, thermic, Vertic

Hapludalf) was obtained from Halifax County, Virginia. The soil was

air-dried, sieved to 2 mm, and mixed thoroughly. Samples were taken

for moisture release tests, using the methods of Klute (1968).
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The remaining soil was oven-dried at 105C for 24 hours to remove

any available water and divided into 1500 g samples. The experimental

design was a 4x5 factorial with 4 moisture levels and 5 planting

depths. Treatments consisted of matric potentials of -0.03, -0.5, -1.0

and -1.5 MPa and 0.5, 1.0, 1.5, 2.0, 2.5 cm planting depths. Moisture

treatments were applied following the procedures of Hegarty (1977).

Distilled water was mixed with the soil to give 7.0, 4.5, 3.3, or 2.6

percent water on a dry weight basis from the moisture release curve

(Appendix D). The samples were sealed in heavy plastic bags and

allowed to equilibrate for one week with occasional mixing.

A volume of soil corresponding to the specified planting depth

was. weighed into 225 ml containers. Twenty broccoli seeds of the

cultivar ’Packman’ were placed on the soil and the remaining volume of

soil was added to give the equivalent of 210 g on a dry weight basis.

The 2 cm planting depth was prepared by placing 1/3 or 70 g of soil in

the container, the seeds, and the remaining 140 g of soil. The soil

was leveled and compressed with a 5 kg weight to simulate the

compaction of an 11 cm Stanhay seeder press wheel. The container was

then covered with a 9 cm petri dish base and sealed with Parafilm.

The containers were placed in a dark Conviron growth chamber with

a continuous temperature cycle from 20 to 32C. Containers were placed

in three randomized complete blocks. Seedlings were considered emerged

when their cotyledons were free of the soil. Emergence was counted

daily for the 14 day duration of the experiment. The rate of seedling

emergence was determined by the day at which 50% of final seedling

count had emerged. The length of the seedling hypocotyls were measured
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from the soil surface to the cotyledons at the end of the experiment.

The percentage data and arcsin transformed data were checked for

normality using the D’Agostino’s test. The percentage data were deemed

more normal and were analyzed by regression.

RESULTS AND DISCUSSION

The actual moisture content of the soil was determined at the end

of the experiment and found to be lower than expected for all four

treatments. Losses possibly occurred during equilibration in the

plastic bags, during transfer to the experiment containers, or during

the period in the growth chamber. A follow—up study suggested that the

greatest loss occurred during equilibration. Still, the four

treatments represent a range of nnatric potentials. Therefore, the

moisture content percentages were converted to matric potentials using

the moisture release curve, and analyzed for significance.

The emergence percentage showed significant reductions by either

increasing the moisture stress or the planting depth (Figure 1). A

multiple regression model had the best fit of the data (R2=.76),

indicating that the treatments had an additive effect. Emergence of at

least 75% is often desired for stand establishment. The moisture

treatments -0.07 and -0.4 MPa maintain 75% emergence to depths of 2.0

and 1.5 cm, respectively. Both -1.2 and -1.8 MPa produced some

emergence at the shallow planting depths, but not above the 75% level.

Although Hegarty found that -1.0 MPa limited germination of broccoli,

these results indicated that ’Packman’ broccoli is capable of

germination under moisture stress conditions approaching the permanent
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39wiltingpoint. However, high moisture stress severely delayed seedling

growth and emergence.

Removal of the upper centimeter of soil revealed additional
6

seedlings below the surface. A count of these seedlings indicated that

emergence could have been higher than observed. For example, emergence

at -0.4 MPa and 2.5 cm of depth could have been 81% instead of the 53%

observed. Three possible explanations for this failure are: (a) 14

days was insufficient time for the seedlings to emerge from 2.5 cm, (b)

compaction prevented emergence, or (c) the seedlings exhausted their

carbohydrate reserves.

The rate data indicated that 14 days was sufficient time for the

seedlings to emerge (Figure 2). The days to 50% emergence indicated

that moisture stress or planting depth cause significant reductions in

the rate of emergence. Once again, the multiple regression model gave

the best fit of the data (R2=.92).

Compaction was not a likely cause of the failure either since the

pressure was uniform and several seedlings did emerge. Collis-George

and Williams (1968) found that the mechanical strength of the soil can

increase as the soil dries, delaying the emergence of lettuce.

However, the soil in the present study did not change moisture content

during the experiment.

Hypocotyl lengths showed a significant decrease as moisture

stress or planting depth increased (Figure 3). The multiple regression

model (R2=.76) indicated an additive effect. The traditional method of

measuring hypocotyl length is from the soil surface to the cotyledons.

However, considering that each planting depth emerged through an
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additional half centimeter of soil, the hypocotyl lengths appear to be

limited more by nmisture stress than planting depth. For example,

adding 0.5 cm to the -0.4 MPa and 0.5 cm depth gave 4.8 cm compared

with 4.6 cm by adding 2.5 cm to the -0.4 MPa and 2.5 cm depth.

However, the difference between moisture stress levels was much

greater. Adding 0.5 cm to the -0.07 MPa and 0.5 cm depth gave 5.3 cm

compared with 3.0 cm for the -1.8 MPa and .5 cm depth. This trend could

be expected since moisture stress decreases the turgor pressure

necessary for cell elongation. The effects of moisture stress were

most apparent at -1.2 and -1.8 MPa where the seedlings which had

emerged were flaccid at the time of sampling. In addition, these

seedlings had more extensive root systems, possibly increasing their

ability to absorb water from the drier soil, Dasberg (1971) also found

that root growth was less sensitive to moisture stress than shoot

growth. f
Moisture stress significantly decreased the emergence percentage,

emergence rate, and hypocotyl lengths of broccoli. However, moisture

stress was not as limiting as previously described, since germination

continued at matric potentials approaching the permanent wilting point.

The planting depth of 2.5 cm significantly reduced both the emergence

percentage and rate at all matric potentials. Therefore. the matric

potential of -1.2 MPa and the planting depth of 2.0 cm may represent

the limits for 75% emergence of ’Packman’ broccoli.

l
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SUMMARY AND CONCLUSIONS

The findings of the studies reported in this thesis have

important implications for the establishment of fall broccoli in
i

Virginia. Temperatures and soil moisture during July and August are

often not favorable for establishment without supplemental irrigation.

These studies define the limits of temperature, soil moisture and

planting depth for ’Packman’ broccoli to assist the grower in deciding

when and how to plant.
The upper temperature limit for ’Packman’ broccoli is 30C. It

can be extended to 32C when alternated with a cooler, more optimal

temperature. However, exposure 37C for just 12 hours severely limits

the emergence and growth of broccoli.

The best emergence occurs under very slight moisture stress

conditions, such as -0.07 MPa, which is difficult to maintain in the
l

field. Each additional increment of moisture stress decreases the rate

of’ emergence and the depth froni which the seedlings can emergence.

Therefore, the soil moisture should be maintained above the matric

potential of -1.2 MPa to produce at least 75% emergence.

while increasing the planting depth may reduce fluctuations in

soil moisture and temperature, it also limits the emergence of the

broccoli. Under moisture conditions near field capacity, broccoli

should not be planted deeper than 2.0 cm. Shallower depths are desired

as the moisture stress increases. At -1.2 MPa, 75% emergence was not

achieved at any planting depth.

Both of these studies need to be adapted to field conditions.

Soil temperatures do not continuously cycle 20/32C, nor do soil

44
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moisture levels remain constant over a two-week period. Further

information is also needed on the cooling effects of irrigation

immediately after seeding. Since the matric potential should be

maintained above -1.2 MPa, studies are needed to determine the time

which may elapse between irrigations before reaching this level. Any

method which can improve the stand establishment and early growth of

the crop will benefit the growers with additional returns for their

efforts.

ibm-,
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APPENDIX A

(Air Temperatures for South Boston, Virginia)

The National Climatic Data Center has published air temperature

records for at least thirty years in many locations. The following

graph was adapted from their July and August 1988 data for South

Boston, Virginia. The temperatures average a unaximuni of' 32C and a

minimum of 17C. However, temperatures of 33 to 38C are common during

this period.

Literature Cited
National Climatic Data Center. 1988. Climatological data: Virginia.

Vol. 98:7-8. National Oceanic and Atmospheric Administration,
washington, DC.
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APPENDIX B

(Air and Soil Temperatures for Blacksburg, Virginia)

Air and soil temperatures were continuously recorded using a

Campbell Scientific 21X micrologger. Three copper-constantine

thermocouples were placed at 1 cm depth in Groseclose silt loam near

Blacksburg, Virginia. Two additional thermocouples were located 150 cm

above the ground and shaded from the sun to measure the air

temperature. The soil was maintained near! field capacity' by daily

applications of 150 ml of water to the 900 cmz area of soil containing

the thermocouples. This procedure was intended to simulate 1.25 cm of

irrigation. A second unirrigated treatment was discarded because of

abundant rainfall during the sampling period. 4

The data shown were collected at 2:00 p.m. for 22 days during

July and early August. The temperatures show considerable variation

with the periods of relatively low temperatures indicating cloudy

weather or rain. Still, the moist soil temperature is always 2 to 3C)

higher than air temperature. If this trend holds true in southside

Virginia, the temperatures froni Appendix A could be well above the

acceptable level.
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APPENDIX C

(Duration of high temperature stress tolerated by broccoli)

Seeds were imbibed on the thermogradient table at 40C, then moved

to 25C at various time intervals. Treatments consisted of 2, 4, 6, 12,

18, and 24 hours. Germination and emergence were checked daily for 10

days.

Germination and emergence decreased as the time of exposure

increased from 2 to 24 hours (Table C). Exposure for 2 hours did not

reduce germination much below the acceptable levels of 90% germination

and 75% emergence. Germination and emergence dropped rapidly as the

duration increased, reaching a level were they remain fairly constant.

Germination and emergence will eventually fall to zero, as shown by the

constant temperature study, but it does not occur within the first 24

hours.
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Table C. Duration of high temperature tolerated by broccoli.

Hours Germination (%) Emergence (%)

2 672 742
4 81 60
6 78 51

12 75 45
18 57 26

24 58 24

Significancey L** L**

ZMeans represent average of five replications of 20 seeds.
YLinear effects (L); significant at the 5% (*) or 1% (**)

levels of probibility.
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(Soil Moisture Release Curve)

Moisture release values for -0.03 MPa and -1.5 MPa were

determined by two indepentent laboratories using the pressure-plate

technique (Klute, 1968). However, the graph of matric potentials by

moisture percentages produces a curved line on a standard MPa scale

(Figure A1). Therefore, these values were converted to log scale and

plotted as a straight line in Figure A2 (Campbell, 1968). The desired

moisture potentials for the moisture stress experiment were determined

by converting to the log scale and reading the percentages directly

from the log plot.

Literature Cited
Campbell, G.S. 1988. Soil water potential measurement: An overview.

Irrigation Science 9:265-273.

Klute, A. 1965. Laboratory measuremnet of hydraulic conductivity of
saturated soil, p 210-220. In: C.A. Black (ed.) Methods of Soil
Analysis. Part I. Agronomy 9, Amer. Soc. of Agrn., Madison, WI.
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APPENDIX E ‘

(
(Influence of soil moisture potential and planting depth

on seedling fresh and dry weight)

Fresh and dry weights of the seedling hypocotyls and cotyledons

were measured for the moisture stress/planting depth study. Both

showed significant interactions between moisture stress and planting

depth (Figures B1 and B2).

Depth was not significant for dry weights under any moisture

level, and moisture stress was only significant for the deeper planting

depths. The high variability of these data was further reflected by

R2=.30 for the full model including the interaction. Little or no

change in dry weight was expected since the seedlings were not exposed

to light, so all growth had to arise from repartitioning of stored
‘

carbohydrate and lipids.

Fresh weights for each planting depth were slightly significant

at -0.07 MPa and -1.8 MPa, but not significant for the other two

moisture levels. However, the moisture levels had a highly significant

effect on emergence, indicating that planting depth improves the

prediction of the full moisture level model (R2=.62). The non-

significant value at the 2.5 cm planting depth was caused by the

limited number of seedlings sampled. The decrease in fresh weight as

moisture stress increased would be expected since less moisture was

available to the seedlings.
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