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ABSTRACT 

Lehmann and Boer lovegrass plants were fertilized 

with various levels of nitrogen and phosphorus in an attempt 

to determine whether parent plant fertility affects seed 

germination rate. Seed was harvested summer and fall in an 

attempt to determine whether time of harvest affects seed 

germination rate. 

Nitrogen fertilization increased germination rate 

and germination percentage for two of three harvests. 

Phosphorus fertilization decreased germination rate and 

germination percentage for one of three harvests. Seed 

yield and seed weight were not affected by the fertilization 

treatments imposed in the study. There were trends found 

among fertilization, seed composition and germination 

characteristics that were not statistically significant. 

Time of harvest affected seed characteristics of 

Lehmann lovegrass. Germination rate, germination percentage 

and seed yield were higher for seed harvested in October 

compared to seed harvested in July. 

xi 



INTRODUCTION 

Western rangelands have been documented as producing 

at less than half their potential productivity (USDA Science 

and Education Administration 1981), with a concomitant 

increase in desertification and erosion potential. 

Restoring and maintaining productivity is a primary 

objective for managing these rangelands. 

Range seeding, integrated as part of a management 

plan, is one method of manipulating rangeland productivity. 

It is defined as the dissemination of seed for the 

establishment of adapted species on rangeland (Jordan 1981). 

Range seeding is not a substitute for good grazing 

management and should be considered only when other 

management practices will not achieve desired objectives. 

Under selected conditions, seeding with adapted species can 

be used to increase productivity, reduce soil loss and 

increase carrying capacity (Haferkamp 1975). In the semi-

arid Southwest, the establishment of seedlings is a critical 

stage in the restoration of vegetation. 

Environmental conditions frequently limit the 

success of semi-arid range seedings. In Arizona, a shortage 

of precipitation at the critical germination stage is often 

the limiting factor to successful plant establishment 
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(Jordan 1981). It is not economically feasible in most 

instances to increase moisture supplies, thus the goal of 

research should be to effectively utilize available moisture 

(Jordan 1986). Compounding the problem of limited 

moisture is the fact that precipitation often occurs as 

several minor storms, with none generating enough soil 

moisture to allow for germination of viable seeds. Surface 

layers of bare soil can be dessicated within a few hours 

after a rain (Hudspeth and Taylor 1961). Thus, an ideal 

environment for germination may be present from only a few 

hours up to a few days at best. 

The concept of seed germination rate as a 

characteristic to consider when selecting a seed source for 

range seeding is not new. However, the effective 

utilization of germination rate has not been explored 

(Hagarty 1972, Gordon 1972) as a tool in range seeding. 

Germination data are often published as total percentage of 

seeds germinated, accompanied by information on the time 

required for the percentages to be reached (Timson 1965). 

Although useful, this type of information does not indicate 

the rate with which germination has occurred, which is 

believed to be an important characteristic when trying to 

establish seedlings under adverse conditions. Species 

having similar total germination percentages may vary widely 

in rate of germination and consequently seeding value under 

adverse conditions (MaGuire 1962, Czabator 1962). For 
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example, a seed source with a reduced time period between 

imbibition and germination could potentially make more 

efficient use of any available moisture and result in a 

highly successful, rather than marginal, seeding 

establishment. 

Gordon (1972) presents evidence that 

seeds having high germination rates have an advantage when 

sown under adverse conditions. Jordan (1980) observed that 

the most responsive species for seeding Arizona rangelands 

and critical areas are those with higher germination rates. 

Moreover, for successful establishment, the rate of 

germination was of greater importance than percentage 

germination. Whalley, McKell and Green (1966) showed that 

quick emergence was essential to plant establishment and 

competitive effectiveness for Oryzypsis miliacea (L. Benth 

and Hook). 

In recent years there has been increased interest in 

the development of methods to enhance the germination of 

seeds of crop plants with a view to improving plant 

establishment and marketable yield (Thomas and O'Toole 

1980). However, such research on species used in 

rangeland seedings has been negligible. 

Dormancy of species used for range revegetation has 

been broken by chemical and mechanical scarification and 

chemical stimulation, optimum temperatures for germination 

have been determined and seedbed preparations have been 



evaluated. While germination rates were affected in most of 

the studies, they were either not considered, not recorded 

or not recognized as a possible tool in arid land 

revegetation (Weaver 1982). 

Research has concentrated on manipulating seed once 

it has been produced, although it is widely recognized that 

germination characteristics of a seed can be influenced by 

conditions imposed upon the parent plant (Gutterman 1972). 

Seed yield and germination percentage are often the only 

reported results. Again, despite the importance of 

germination rate in determining establishment success, it-

has been overlooked as a measure of seed quality in 

management of rangelands. 

The major objective of this research was to 

determine the response of seed germination rates of Lehmann 

lovegrass (Eragrostis lehmanniana Nees.) and Boer lovegrass 

(E. curvula var. conferta Schrad. Nees.) to soil fertility 

and to environmental conditions imposed upon the parent 

plant. 

Specific objectives were to: 

1) determine the effects of nitrogen and phosphorus 

fertilization of parent plants on the germination rates of 

Lehmann and Boer lovegrass seed. 

2) determine if there is a relationship between 

germination rates of Lehmann and Boer lovegrass seed and 

the nitrogen and/or phosphorus content of a) the seed and b) 
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the foliage of the parent plants. 

3) determine if date of harvest/ within a growing 

season, affects subsequent germination rates of Lehmann and 

Boer lovegrass seed. 



LITERATURE REVIEW 

Species Description 

Lehmann Lovegrass 

Lehmann lovegrass is a warm season, slightly 

spreading perennial bunchgrass (USDA 1972, Darwin Hamilton, 

Reynolds and Humphrey 1957). Introduced from the Union of 

South Africa in 1932, it was offically designated as Arizona 

Accession 68 (A-68) by the Soil Conservation Service Tucson 

Plant Material Center (PMC) (Kearny and Peebles 1951). 

Lehmann lovegrass is commonly used in the southwestern 

United States for rangeland seedings, ground cover, and 

erosion control on critical areas. It has acceptable levels 

of seedling establishment under low moisture conditions 

(Wright and Jordan 1970) and has the ability to thicken in 

sparse initial stands (Darwin et al 1957). 

Boer Lovegrass 

Boer lovegrass (A-84), is a warm season bunchgrass 

introduced from the Union of South Africa in 1932 (USDA 

1972). Boer lovegrass is used for rangeland seedings and 

erosion control in the southwestern United States. It is 

more palatable, drought resistant and cold tolerant than 
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Lehmann lovegrass (Darwin et al 1957). Boer lovegrass is 

more difficult to establish than Lehmann lovegrass. It is 

believed to have a greater moisture requirement for 

germination of its seed (Weaver 1982)/ however, once 

established Boer lovegrass is taller, more robust, more 

productive and longer lived than Lehmann lovegrass. 

Preharvest Treatments 

Over 70 years ago Harris (1912) recognized 

physiological pre-determination: 

One need not search widely in biological or 
agricultural literature to encounter discussions of 
the influence of the conditions to which the 
ancestors are exposed upon the characteristics of 
the offspring they produce.... Some biologists have 

attributed a very important role to the environment 
of the mother in determining the characteristics of 
the offspring. 

Kidd and West (1918) came to the same conclusion. 

"During the course of germination and in the seedling stage 

or even earlier during the sojourn of the seed upon the 

parent and in the dormant period, the 'potentialities' of 

plants may be affected by actions which only subsequently 

produce visible results." De Vries (1909) noted, "The 

nutrition of the seed on the mother plant has, in many cases 

at any rate, a greater effect upon variability than 

nutrition during germination and vegetative life itself." 

Certain environmental factors affect seed 

germinabi1ity and thus the fate of the next generation. 

This is determined while the seeds are still on the mother 
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plant and depends on environmental conditions during seed 

ripening (Gutterman 1980/81). Among the factors influencing 

germination characteristics of seeds are daylength, 

temperature, moisture stress, and soil fertility imposed 

upon the parent plant (Gutterman 1972). Characteristics 

affected include seed yield, dormancy, seed coat thickness, 

percentage germination and rate of germination (Gutterman 

1972). 

From the point of imbibition onward, the behavior 

of each harvested seed will depend upon its structural 

components, food reserves and other biochemical features. 

All of these are in turn affected not only by seed position 

and environmental factors but by managerial influences such 

as parent plant nutrition imposed during both the vegetative 

and reproductive phases of plant growth (Gray and Thomas 

1982). 

The effects of nitrogen fertilizers on flowering, 

fruiting and subsequent yield have been reported for a 

multitude of species (Austin and Longden 1966, Austin 1966, 

Lambert 1967). In most instances increased seed yields have 

been realized and are attributed mostly to an increased 

number of reproductive structures rather than increased seed 

weight. However, yield of seed does not necessarily 

indicate seed quality. 

Whalley et al (1966) found that the application of 

nitrogen and phosphorus to parent plants of Oryzopsis 
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miliacea increased the number of seeds produced per plant 

and the mean seed weight. Both the seedling growth rates 

and the ultimate seedling length in the dark, independent of 

seed weight, were increased by fertilizer application to 

parent plants. 

Gordon (1972) found that germination rate of barley 

grown under different conditions varied with the type of 

crop previously grown and the amount of fertilizer applied. 

Barley varieties sown in fields in which legumes had been 

plowed under the previous year were found to produce seed 

with significantly lower germination resistances (high 

germination rates). The result was attributed to the 

ability of the legume to supply nitrogen to the mother plant 

throughout the following season. A significant inverse 

relation between the application of nitrogen and the 

germination resistance of barley was also reported. 

Fox and Albrecht (1957) showed that wheat seeds 

taken from plants treated with high nitrogen levels emerged 

from soil more rapidly and produced darker green seedlings 

than seed from non-treated plots and this effect was more 

obvious in some years than in others. Kumar and Basavaraju 

(1984) concluded that increasing nitrogen rates applied to 

sunflower from 0 to 120 kg/ha and phosphorus rates from 0 to 

90 kg/ha, increased germination percentage and vigor index 

of the seeds produced. 

In nutrition experiments using pea seeds (Pisum 



sativum L. var. Meteor) Austin (1966) found that the 

seeds which germinated most rapidly were from cultures 

receiving no fertilizer/ followed by those from nitrogen and 

nitrogen/phosphorus cultures. Seeds from cultures receiving 

only phosphorus were the slowest to germinate. At 15 C, the 

difference in time taken to 50% emergence of the seedlings 

from the control and from phosphorus seeds was 1.5 days. 

In direct contrast to the above studies, which 

indicate an effect of parent plant fertility on seed 

quality, Cicero, De Toledo and De Campos (1979) found that 

nitrogen, phosphorus/ potassium and micronutrients applied 

according to crop requirements did not improve germination 

or vigor of maize over that of control plots. Baran (1984) 

concluded that a lack of nitrogen/ phosphorus/ potassium or 

calcium had no direct effect on seed quality. In the study/ 

germination of barley grain was not related to crude protein 

content or fertilizer treatment. Both of the preceeding 

studies made no reference to the possible effects of 

treatments on the germination rate of the species. 

The preceeding literature indicates that preharvest 

treatments/ specifically fertilizer applications to parent 

plants/ may affect seed quality and the germination rates of 

some species. The most obvious effect of mineral nutrition 

on seeds is to alter their elemental compostition, as will 

be discussed in the next section. 
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Seed Composition 

Central to the argument of seed quality/ as modified 

by fertilizer treatments, is the postulation that seed 

composition has a direct influence on seed vigor and 

subsequent seedling vigor and that this is partly reflected 

by the germination rate. Seed vigor has been defined as, 

"a physiological property determined by genotype and 
modified by the environment/ which governs the 
ability of a seed to produce a seedling rapidly in 
soil and the extent to which that seed tolerates a 

range of environmental factors. The influence of 
seed vigor may persist through the life of the 
plant and affect yield (Perry 1972). 

Fox and Albrecht (1957) set forth three hypotheses: 

1) Soil fertility has an influence upon the 

elemental composition of the seed. 

2) The chemical and biochemical composition of seed 

influences the cellular metabolism of the germinating 

embryo. 

3) The metabolic activity of the seed and the 

nutrients available to the germinating embryo are factors in 

the germination of the seed and in the seedling vigor. 

Germinating seeds and developing seedlings are 

dependent upon stored mineral nutrients and energy material. 

The seed's chemical composition gives an indication of the 

total nutrients available for utilization during germination 

(Fox and Albrecht 1957). 

The nitrogen concentration in a seed may influence 

the course of germination, not only by the total nutrients 



present as food reserves but also through a modification of 

enzymatic activity. It has been demonstrated that seedling 

emergence is improved when the nitrogen content of the seed 

is increased (Fox and Albrecht 1957). Gray and Thomas 

(1982) questioned the assumption of a direct relationship 

between nitrogen concentration and germination 

characteristics. Although increases in seed protein content 

due to nitrogen application have been reported for many 

species, and in some cases it has been claimed that such 

increases lead to increased seedling vigor, improved seed 

germination is not necessarily realized. Protein is the 

major nitrogenous reserve material found in seeds but there 

are numerous different proteins and not all will contribute 

to germination characteristics. 

Nevertheless, Ching and Rynd (1978) reported that 

nitrogen application in the form of ammonium nitrate and 

urea to wheat (Triticum aestivum L.), increased seed reserve 

protein by 80% over seeds produced with no fertilizer. 

Although germination is not discussed, an increased rate of 

seedling growth was found for the high protein seeds. This 

was attributed to a higher protein systhesizing ability due 

to more available substrate and energy (ATP), more active 

enzymes, and/or more machinery for protein synthesis 

Lowe and Ries (1972) came to the same conclusion. 

In a variety of environments, wheat seedlings grown from 

high protein seeds showed more vigorous growth in the first 
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three weeks after sowing than seedlings grown from low 

protein seeds. Furthermore, significant positive 

correlations, (P<0.01), have also been shown to exist 

between germination rate and the protein content of barley 

(Gordon 1972). 

Phosphorus content of seed has also been 

investigated in relation to fertilizer treatments. Austin 

and Longden (1965) reported studies indicating that 

phosphorus applications to flax and rape plants produced 

seed with high levels of phosphorus which were advantageous 

for seedling growth. Austin (1966) stated, "It appeared 

that the differences in performance of pea seeds is related 

to differences in the concentration of phosphorus they 

contain rather than any other variation in their composition 

or size." 

Research in the Gramineae family concerning seed 

quality and plant nutrition has been conducted mainly on 

barley and wheat. Wheat seed quality, measured by seedling 

emergence rate, increased on phosphorus deficient soils when 

moderate (45 kg/ha) amounts of phosphorus fertilizer had 

been applied to the parent crop (Fox and Albrecht 1957). 

Higher amounts of phosphorus (180 kg/ha) were often found to 

decrease emergence (Fox and Albrecht 1957). phosphorus 

fertilizer had only a small effect on the chemical 

composition of the seed. This was thought to indicate that 

the effect of phosphorus fertilizer on seedling vigor was an 
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indirect one (Fox and Albrecht 1957). 

Lipsett (1964) found that phosphorus fertilizer 

had an effect on wheat seed composition. Phosphorus 

fertilizer (150 kg/ha) applied to wheat grown on phosphorus 

deficient Australian soils, increased the phosphorus 

concentration in the grain by over 100%. No mention of the 

resulting seedling vigor was made. 

Some of the literature also indicates that an 

interaction between phosphorus and nitrogen fertilizer may 

affect seed composition. Nitrogen fertilizer was found to 

have a pronounced effect on the phosphorus content of both 

the whole grain and the embryo of wheat (Fox and Albrecht 

1957). Nitrogen fertilizer increased the nitrogen content 

and decreased the phosphorus content of both the seed and 

embryo when they were applied together. 

Austin (1972) gives a classic example of extended 

fertilizer treatments that further indicates an interaction 

between phosphorus and nitrogen fertilizer and seed 

composition. Barley grain obtained from plots given the 

same annual fertilizer dressings for over 100 years showed 

differences in composition. Grain from plots receiving no 

phosphorus contained more nitrogen than those plots 

fertilized with phosphorus. The effect of the nitrogen 

fertilizer application was to decrease the phosphorus 

content of the grain as compared to that from grain produced 

on plots fertilized with phosphorus only. 



Time of Harvest 

Most studies of the effects of the environment on 

plants are concerned only with the environment in which the 

seed germinates and grows into an adult; conditions 

experienced during the maturation of seed have received less 

attention (Alexander and Wulff 1985). However; conditions 

during seed maturation can affect subsequent germination and 

seedling growth (Gutterman 1980/81). Weaver (1982) found 

that Lehmann lovegrass seed harvested in October had a 25% 

higher germination rate than seed harvested in July of the 

same year. 

In a 1968 survey Scott found widespread interest in, 

but lack of information on, the influence of weather during 

pollination on seed quality. Although moderately dry winds 

promote dehiscence of anthers and pollen release, drought 

following flowering in hot climates is considered by many 

researchers to cause low yields and poor germination. Hot, 

dry winds were reported to decrease yield and germination 

because they interfere with fertilization or kill developing 

embryos (Scott and Longden 1972). 

Jones and Brown (1951) suggested that poor seed set in 

some grasses is due to the 'extreme heat blasting 

(presumably this term implies heat damage and desiccation) of 

the flowers' and desiccation of the pollen. Single (.1966) 

and Olugbemi (1968) stated that wheat plants are most 

suseptible to damage by low temperatures (anther injury) or 
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high temperatures (style injury) when they are at the point 

of anthesis. At this stage the reproductive organs are 

fully developed and therefore most sensisitive to 

temperature stress. 

Seeds produced under long-day conditions have much 

thicker seed coats/ which inhibit germination by mechanical 

resistance to embryo expansion (Roller 1972). Seeds 

produced from mother plants during shorter daylengths tend 

to have higher germination rates than seeds produced under 

longer day lengths (Gutterman 1972). In addition, seeds 

subjected to higher temperatures and intensities of sunlight 

deteriorate on the plant more rapidly (Harrington 1972). 

Summary 

The literature thus far indicates: 

1) That preharvest treatments, specifically 

fertilizer applications to parent plants, may affect seed 

quality and germination rates of some grass species. 

2) That fertilizer application to parent plant soil 

can affect the chemical composition of the seed. Nitrogen 

fertilization is indicated as increasing the amount of 

nitrogen in seed. Phosphorus fertilization is indicated as 

both increasing and decreasing the amount of phosphorus in 

seed. 

3) Time of harvest can affect germination 

characteristics of seed and subsequent seedling growth. 



The above statements were summarized from literature 

concerned primarily with agronomic crops. Little research 

has been conducted on species used specifically in rangeland 

revegetation. There is a need for further research to 

clarify the effects of the parent plant's environment during 

seed production on the quality of the seed produced for 

range species. 



MATERIALS AND METHODS 

Plant Materials 

Seed for the parent plants was provided by the SCS 

Plant Materials Center in Tucson, Arizona. Accession A-68, 

Lot 6101 of Lehmann lovegrass was used. The lot was 

harvested in 1979. Accession A-84, Lot 4934 of Boer 

lovegrass was used and it was harvested in 1970. 

Plant Establishment 

Parent seed was sown into borders at the Tucson 

Plant Materials Center using a Planet Junior seeder. The 

Lehmann lovegrass border was established June 1984. The 

border was sprinkle-irrigated until emergence occurred and 

then flood-irrigated to field capacity. The plants did not 

receive any fertilizer in the establishment year and were 

irrigated when required to promote establishment. In the 

fall of 1984 the parent plants were mowed to a 15-cm height 

and left to overwinter. 

Boer lovegrass seedlings were started in the 

greenhouse and transplanted to the border in April 1985. 

They received no fertilizer until May 1985 when the 

experiments were initiated. Plots were flood irrigated when 

required to minimize moisture stress. 

18 
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The soil of the Lehmann lovegrass border was a fine 

sandy loam, mixed, thermic, Typic Torrifluvent of the Comoro 

series. The soil of the Boer lovegrass border was a loamy, 

mixed, thermic, Anthropic Torrifluvent of the Grabe series. 

Fertilizer Treatments 

Fertilizer treatments were applied in a completely 

randomized block design with four replicates of each 

treatment. Each replication was 23 square meters. The 

fertilizer experiment was a 3 by 3 factorial consisting of 

three rates of nitrogen and three rates of phosphorus 

applied as nine treatment combinations. 

Ammonium nitrate (33% nitrogen) was broadcast onto 

plots at the rates of 0, 50, 100 kg/ha of nitrogen. 

Initially, split applications were intended in May and July. 

In May 1985 both the Lehmann and Boer borders received half 

rates, however, after no visual growth differences in the 

plots by late June 1985, the full fertilizer rate was 

applied in July. 

Treble super phosphate (45% p2°5^ w a s  broadcast onto 

plots at rates of 0, 100, 200 kg/ha P2°5* A  half rate was 

applied in May 1985 and a full rate in July 1985 following 

the same reasoning as for the nitrogen above. The nitrogen 

plus phosphorus treatments received both nitrogen and 

phosphorus at the rates noted above. 

Treatments were flood irrigated into the plots. 



20 

Thereafter the plots were irrigated as for seed production. 

Before each fertilizer application the borders were mowed to 

a 15-cm height to maintain uniformity. 

Harvesting and Seed Cleaning 

Seed was harvested in July and October 1985 from the 

Lehmann lovegrass border and October 1985 from the Boer 

lovegrass border, as determined by seed maturity. A 

combination of hand and machine cutting was used. To 

eliminate border effects between treatments guard rows were 

not harvested. 

The material was then air dried for approximately 

two weeks, put through a hammermill and then cleaned using a 

'Clipper' separator. The seed were then run through a 

seed blower to remove the less dense seed as well as any 

remaining trashy material. A uniform seed population was 

thus produced for testing and stored in air tight bottles. 

Seed yield and seed weight (grams/1000 seed) were recorded 

for each plot. 

Herbage samples were collected randomly from each 

plot at the time of harvest. The samples were oven dried at 

70 C# ground and stored for analysis. 

Germination Trials 

Germination trials were conducted approximately 

270 days after harvest to determine respective 

germination rates of seed produced under each maternal 



environment. The trials were conducted in a Cleland 

germinator at 20 C. Neither artifical light nor natural 

light were controlled or measured. 

Three replicates of 100-seed samples were counted 

for each treatment plot. The 100-seed samples were stored 

in air-tight glass vials until initiation of the trial. The 

samples were randomly assigned to the vial corresponding to 

a position in the germinator. This randomization was 

intended to reduce effects of possible slight temperature 

variations within the germinator. 

Germination tests were conducted on Whatman No. 3 

filter paper in 100 x 15 mm disposable Petri dishes. After 

wetting the filter paper with tap water/ the 100-seed 

samples were transferred from the vials to the corresponding 

Petri dishes. Adequate moisture was maintained with tap 

water during the trials. 

Dishes were observed for germination every 12 hours. 

Germinated seeds were counted/ recorded and discarded to 

avoid duplicate countings. 

Germination and Germination Rate 

For the purpose of this research germination was 

said to have occurred when the radicle had emerged. The 

rate of germination was measured numerically as the time 

between wetting the seed and germination and defined as the 
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percentage of seeds germinating per unit time (Pollack and 

Roos 1972). 

Germination rates may be calculated by a variety of 

methods. The most common is to determine germination rates 

by the use of equations or by plotting the time to a given 

percent germination on a graph of a cumulative germination 

curve (Weaver 1982). When germination is measured by 

radicle emergence, and counts are made at short time 

intervals, typical S-shaped germination curves are obtained. 

Graphical methods of determining the time to 50% germination 

are adequate but tedious. 

The time to 50% development of a growth stage is 

widely used as a standard in biological measurements (Tucker 

and Wright 1965). The time to 50% germination was determined 

as follows in this study. Accumulated percent germination 

was tabulated with the corresponding accumulated time elapsed 

from the point of imbibition. Values were selected above 

and below the 50% germination point and the exact time to 

50% germination was determined by interpolation, using the 

following equation: 

Time to 50% germination = T^ +[50 - G-| ] X [T2 - T^] 

[G 2  - G^J 

Where G^ = accumulative % germination at T^(time at G^) 

Where G2 = accumulative % germination at T2(time at G 2) 
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Values for and G2 were restricted to between 20% 

and above, and 80% and below, cumulative germination 

respectively (Jordan 1986). The rates obtained from the 

equation are relative figures and can be used to compare the 

germination rates of different species or germination rates 

of a species subjected to different treatments. The less 

time to 50% germination, the faster the germination rate. 

The measure of rate of germination used here makes 

no allowance for the final germination percentage. Only 

germinated seed were used in the rate calculations. 

Chemical Analyses 

Seed and herbage samples were analyzed for total 

nitrogen by semimicro-Kjeldahl (Bremner 1965). 

Seed and herbage samples were analyzed for total 

phosphorus using a spectrophotometric method (Jackson 1958). 

Extraction was accomplished by dry ashing with magnesium 

nitrate (Chapman and Pratt 1961). 

Statistical Analysis 

Analyses of variance were conducted on each harvest 

to determine if significant differences existed between 

treatments with respect to germination rates, percent 

germination, seed weight, weed yield and time of harvest. 

Response curves were then determined for the significant 

effects. 



Least Significant Difference (LSD) tests were 

conducted at the 0.05 and 0.01 level of significance to 

determine differences between harvests with respect to 

germination rate and total germination percent. 

Multiple regression analyses were conducted on the 

composition data to determine any relationships between 

fertilizer treatments and seed and plant composition. 



RESULTS AND DISCUSSION 

Germination Rates 

The time to 50% germination (germination rate) was 

calculated for each fertilizer treatment/ for all harvests. 

Lehmann lovegrass harvested July 1985 had the lowest 

(P<0.05) germination rate (88 hours), followed by Lehmann 

lovegrass harvested October 1985 (68 hours) and Boer 

lovegrass harvested October 1985 (65 hours) (Table 1). 

The germination rates for the July Lehmann lovegrass 

harvest varied from 85.7 hours to 98.2 hours/ a difference 

of 12.5 hours (Figure 1). Analysis of variance indicated 

that neither the main effect of nitrogen nor phosphorus 

fertilization was significant (Table 2). The interaction of 

the nitrogen and phosphorus fertilizer was significant 

(P <0.10) (Table 2). The treatment combination of the highest 

rate of nitrogen fertilizer (100 kg/ha) and the lowest rate 

of phosphorus fertilizer (0 kg/ha), produced seed exhibiting 

the highest germination rate (85.7 hours). The treatment 

combination of the highest rate of phosphorus fertilizer 

(200 kg/ha P2°s) a n d  t h e  lowest rate of nitrogen fertilizer 

(0 kg/ha), produced seed with the lowest germination rate 

(98.2 hours). All other treatment combinations did not 

produce seed with significantly different germination rates. 
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Table 1. Analyses of variance of germination rate and 
germination percentage for Lehmann lovegrass 
harvested July and October 1985, and Boer 
lovegrass harvested October 1985. 

Germination 
Rate 

Source df 

time of harvest 2 

error 9 

MS 

1253 

13 

425 

Germinat ion 
Percentage 

MS 

253 

14 

17 

*** denotes significance at the 0.01 level, 

Species and Time of Harvest Means 

Harvest 
1985 

Germinat ion 
Rate 

(hours) 

Germination 
Percentage 

July Lehmann lovegrass 

October Lehmann lovegrass 

October Boer lovegrass 

88a 

68 b 

65 b 

36.4 b 

47. 2a 

31.7 b 

a, b significantly different at 0.05 level. 
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Figure 1. Effect of various fertilizer treatments on the 
germination rate of Lehmann lovegrass seed 
harvested July 1985. Vertical bars represent + 
one standard error. 



Table 2. Analyses of variance of germination rate, germination percentage, 
seed yield and seed weight for Lehmann lovegrass harvested July 
1985/ in relation to nitrogen and phosphorus fertilizer treatments. 

Germination Germination Seed Seed 
Rate Percentage Yield Weight 

Source df MS F MS F MS F MS F 

nitrogen 2 49. 2 2.1 107.4 3.4** 141.3 1.2 .26E-4 1.7 

phosphorus 2 45.8 2.0 24.3 .8 230.0 .9 .31E-14 . 2E-9 

nitrogen X 
phosphorus 4 54.9 2.4* 11.5 .4 20.6 .2 •25E-5 .16 

error 24 23.4 32.0 122. 3 .15E-4 

*,** denote significance at 0.10 and 0.05 levels. 
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Figure 1 illustrates that only the standard errors for the 

two extreme germination rates do not overlap. 

The germination rates for the October harvest of 

Lehmann lovegrass varied from 66.2 hours to 71.7 hours, a 

difference of 5.5 hours (Figure 2). Analysis of variance 

indicated that the main effect of the nitrogen treatments 

produced seed that varied significantly (P<0.10) in 

germination rate as did the main effect of the phosphorus 

treatments (P<0.10) (Table 3). 

Considering only the main effect of nitrogen 

fertilization, the highest germination rate (67.7 hours) was 

found for plots receiving the highest rate of nitrogen (100 

kg/ha), and rates decreased to 69.5 hours for plots 

receiving no nitrogen (Figure 3). Although this difference 

of 1.8 hours is statistically significant and a good 

correlation exists between the amount of nitrogen applied 

and germination rate, the biological significance of the 

increase in germination rate is questionable. An increase 

in germination rate of less than two hours was obtained by 

applying 100 kg/ha of nitrogen to the parent plant soil. 

From personal experience gained from range seeding 

in the Southwest, Jordan (1986) believes that biological 

significance may begin at a difference of six hours in 

germination rate. This observation is based on the speed 

with which surface soil layers can dessicate after 

precipitation in the Southwest (Hudspeth and Taylor 1961). 
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Figure 2. Effect of various fertilizer treatments on the 

germination rate of Lehmann lovegrass seed 
harvested October 1985. Vertical bars represent 

+ one standard error. 



Table 3. Analyses of variance of germination rate, germination percentage, 
seed yield and seed weight for Lehmann lovegrass harvested October 
1985, in relation to nitrogen and phosphorus fertilizer treatments. 

Germination Germination Seed Seed 
Rate Percentage Yield Weight 

Source df MS F MS F MS F MS F 

nitrogen 

phosphorus 

2 

2 

10.4 

11.0 

• 
2.4 

*  
2.5 

234.0 

203.5 

* *  
10.4 

* * 
9. 1 

12.9 

427. 2 

.02 

.70 

.22E-4 

.39E-6 

1.5 

.03 

nitrogen X 
phosphorus 4 6.0 1.4 19.5 .9 1372 2.1 .13E-4 .9 

error 24 4.3 22.5 651 .15E-4 

*,*** denote significance at 0.10 and 0.01 levels 
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NITROGEN (kg/ha) 

Regression: Y= 69.6 - 0.018 (nitrogen) 

P<0.01, R 2=0.98 

Figure 3. Relationship between germination rate and 

nitrogen fertilization for Lehmann lovegrass 
harvested October 1985. 
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Considering only the main effect of P2O5 

fertilization, the highest germination rate (67.8 hours) was 

found for plots receiving no phosphorus/ and rates decreased 

to 69.7 hours for plots receiving the highest rate of 

phosphorus application (200 kg/ha P2 0s) (Figure 4). Again, 

although the difference of 2.1 hours is statistically 

significant and a good correlation exists between the amount 

of phosphorus fertilizer applied and germination rate, the 

biological significance of the data is questioned. Adding 

200 kg/ha of P2O5 to the soil decreased the germination rate 

by only two hours. 

The fertilizer treatment combinations were not 

statistically different for the October Lehmann lovegrass 

harvest (Table 3). However, the treatment means do follow 

the same trend as the July harvest of Lehmann lovegrass 

(Figure 2). The highest germination rate (66.2 hours) was 

realized from seed produced on plots receiving the highest 

rate of nitrogen application (100 kg/ha) and the lowest rate 

of phosphorus application (0 kg/ha P2O5). Similarily, the 

lowest rate of germination (71.7 hours) was realized from 

seed produced on plots receiving the highest rate of 

phosphorus application (200 kg/ha P2 0s) a n d  the lowest rate 

of nitrogen application (0 kg/ha). 

The germination rates for the October Boer lovegrass 

harvest varied from 58.8 hours to 71.8 hours, a difference 

of 13.0 hours (Figure 5). Analysis of variance indicated 
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October 1985. Vertical bars represent jf one 
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that only the main effect of nitrogen fertilizer was 

significant (P<0.10) (Table 4). Neither the main effect of 

phosphorus fertilizer nor the interaction of nitrogen and 

phosphorus fertilizer were significant (Table 4). 

Considering only the main effect of nitrogen 

fertilizer, the highest rate of germination (62.0 hours) 

occurred in seed produced on plots receiving the highest 

rate of nitrogen application (100 kg/ha) and the lowest rate 

of germination (67 hours) occurred in seed produced from 

plots receiving no nitrogen fertilizer (Figure 6). The time 

difference of almost five hours in germination rate is 

greater than the two hour difference that resulted from the 

nitrogen fertilizer treatments in the October Lehmann 

lovegrass harvest. The five hour increase in germination 

rate is statistically significant and a good correlation 

exists between the amount of nitrogen applied and the 

germination rate (Figure 6). However, once again the 

practicalities of adding 100 kg/ha of nitrogen to gain a 

five hour increase in germination rate are suspect. 

The interaction of nitrogen and phosphorus 

treatments was not significant (Table 4). However, the same 

trend in treatment means that was evident in the Lehmann 

lovegrass harvests was found for the Boer lovegrass harvest 

(Figure 5). Although the recurring trend in treatment means 

was not significant statistically, the significant main 

effects of nitrogen and phosphorus fertilization tend to 



Table 4. Analyses of variance of germination rate, germination percentage, 
seed yield and seed weight for Boer lovegrass harvested October 
1985, in relation to nitrogen and phosphorus fertilizer treatments. 

Germination Germination Seed Seed 
Rate Percentage Yield Weight 

Source df MS F MS F MS F MS F 

nitrogen 2 71.4 3.2* 50.9 2.1 1.8 .4 .33E-4 2. 2 

phosphorus 2 37.5 1.6 21. 1 .9 1.6 .4 .32E-4 2. 2 

nitrogen X 
phosphorus 4 34.5 1.5 5.3 .2 5.9 1.4 .26E-4 1.8 

error 24 22.9 24.0 4.4 .15E-4 

* denotes significance at 0.10 level. 
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Figure 6. Relationship between germination rate and 

nitrogen fertilization for Boer lovegrass 
harvested October 1985. 
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support the observation. The trend in treatment means was 

for the highest germination rate to occur in seed produced 

from plots receiving the highest rate of nitrogen 

fertilization and no phosphorus, and the lowest germination 

rate to occur in seed produced from plots receiving no 

nitrogen and the highest rate of phosphorus fertilization. 

This trend parallels the results of the main effects of 

nitrogen and phosphorus fertilization found in the October 

Lehmann and Boer lovegrass harvests. Higher levels of 

nitrogen fertilization increased the germination rate and 

higher levels of phosphorus fertilization decreased the 

germination rate. These results suggest that moderate 

amounts of phosphorus fertilization produce seed of higher 

quality with respect to germination rate than higher rates 

of phosphorus fertilization. Also, phosphorus fertilization 

alone is not sufficient to produce seed with higher 

germination rates. However, higher rates of nitrogen 

fertilizer do seem to produce seed with higher germination 

rates and any concomitant application of phosphorus only 

reduces the germination rate of the seed produced. 

The time of harvest did affect the rate of seed 

germination significantly (P<0.01) (Table 5). Only the 

control plots of the July and October Lehmann lovegrass 

harvests were analyzed due to the inconsistency of the 

treatments caused by the half rate application of fertilizer 

in May and the full rate application in July. The July 



Table 5. Analyses of variance of germination rate, 
germination percentage, seed yield and seed weight 
for LShmann lovegrass harvested July 1985 and 
October 1985, in relation to time of harvest. 

Germination Germination Seed Seed 
Rate Percentage Yield Weight 

Source df MS F MS F MS F MS F 

harvest 1 805 326*** 268 8.6* 4604 6.1* 2.5E-4 .11 

error 3 2.5 31 756 3.0E-4 

*, *** denote significance at 0.10 and 0.01 levels. 
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harvest had a mean germination rate of 88 hours and the 

October harvest had a mean germination rate of 68 hours, a 

difference of 20 hours. These results agree with those of 

Weaver (1982). He found that Lehmann lovegrass harvested in 

July 1979 had a germination rate of 72 hours and the same 

accession of Lehmann lovegrass harvested in October 1979 had 

a germination rate of 57 hours. 

Additional Seed Characteristics 

Although the main objective of the study was to 

determine if parent plant fertility and time of harvest 

affected subsequent seed germination rates, other seed 

characteristics were recorded as supplementary data. In 

total three other characteristics of the harvested seed were 

recorded, namely: germination percentage, seed yield and 

seed weight, from each of the treatment plots. 

Germination Percentage 

Lehmann lovegrass harvested October 1985 had the 

highest (P<0.05) mean germination percentage (47.2 %), 

followed by Lehmann lovegrass harvested July 1985 (36.4%) 

and Boer lovegrass harvested October 1985 (31.7%) (Table 1). 

The higher total germination percent of the Lehmann 

harvests compared to the Boer harvest agrees with the 

results of Weaver (1982), however, all of the germination 

percentages found in this study were substantially lower 

than those found by Weaver (1982). The control seeds in 



42 

this research had germination percentages that varied from 

56 to 14 percent lower than for Weaver (1982). The same 

accessions were used in each study, eliminating any genetic 

explanation of the variability. It may be that both species 

require a period of after-ripening to improve germination 

percentages. Wright (1973) indicated that seed of Lehmann 

lovegrass are dormant at the time of harvest and a high 

degree of postharvest seed dormancy is present for several 

years. The seed stock used by Weaver (1982) had been 

harvested and stored for approximately two years before 

being used in experimentation. There was only a lapse of 

approximately 270 days between harvest and germination 

trials in this study. 

Figure 7 illustrates the effect of the fertilizer 

treatments on germination percentage for the July Lehmann 

lovegrass harvest. Analysis of variance indicated that only 

the main effect of nitrogen fertilization was significant 

(P<0.05) for the July harvest of Lehmann lovegrass harvest 

(Table 2). Germination percentage increased with increasing 

amounts of nitrogen fertilizer (Figure 8). 

Figure 9 illustrates the effect of the fertilizer 

treatments on germination percentage for the October Lehmann 

lovegrass harvest. The main effects of nitrogen and 

phosphorus were both significant (P<0.01) (Table 3). 

Germination percentage increased with increased nitrogen 

application (Figure 10). The germination percentage 
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response to phosphorus fertilization was quadratic (Figure 

11), with moderated amounts of phosporus decreasing the 

germination percentage and higher amounts of phosphorus 

increasing the germination percentage. 

Figure 12 illustrates the effect of the fertilizer 

treatments on germination percentage for the October Boer 

lovegrass harvest. Germination percentages were not 

significantly different (Table 4). 

The difference in mean percent germination between 

the July (36.4%) and October (47.2%) harvest of Lehmann 

lovegrass was significant (P<0.10) (Table 5). The lower 

germination percentage from the July harvest agrees with 

findings in the literature (Scott and Longden 1972/ Jones 

and Brown 1951, Gutterman 1972). Due to the effects of 

generally higher temperatures and lower relative humidities, 

combined with longer daylengths during the period the July 

harvest matured, seed of lower quality, with respect to 

total germination percentage, was produced. 

Seed Yield 

Seed yield is reported as being affected by 

the fertility to which the parent plant is exposed (Austin 

and Longden 1966, Austin 1966, Lambert 1967). Increased 

yields result with increased fertilizer application up 

to some maximum point, whereafter, increased fertility does 

not affect yield or may in fact decrease yield due to 
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toxicity influences. 

In this study, seed yield within each harvest was 

not significantly affected by the fertilizer treatments 

(Tables 2/3/4). However/ from Figures 13 and 14, general 

trends of decreased yield with moderate amounts of nitrogen 

(50 kg/ha) and increased yield with high amounts of nitrogen 

(100 kg/ha), for the Lehman lovegrass harvests/ are evident. 

Neither phosphorus fertilization alone nor the combination 

of phosphorus and nitrogen fertilization seemed to affect 

seed yield consistently, either through a decrease or an 

increase in yield. The Boer lovegrass harvest does not show 

any trend with either nitrogen or phosphorus fertilization 

(Figure 15). 

Differences in partitioning of nutrients between 

vegetative and reproductive growth may be one explanation 

for the results due to the nitrogen fertilization. Adding 

moderate amounts of nitrogen to the parent plant soil could 

increase vegetative growth, perhaps even at the expense of 

reproductive growth. Further nitrogen application may 

enhance both vegetative and reproductive growth. No dry 

matter yields were taken to support this hypothesis. 

The standard errors plotted on figures 13, 14 and 15 

show the large variation found in seed yield within 

treatments. This variation can be attributed to seed loss 

in cleaning. Because the seed of Lehmann and Boer lovegrass 

is so small, modifications in the seed cleaning process to 
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minimize seed loss are warranted if future research is going 

to measure seed yield as a function of fertilizer 

treatments. 

Seed yield increased significantly (P<0.10) with 

time of harvest (Table 5). Considering only the control 

plots of the Lehmann lovegrass harvests, there was an 

increased seed yield of 2.8 grams/m^ from the July harvest 

(1.7 grams/m^) to the October harvest (4.5 grams/m^). Due 

to the change in fertilizer treatments from the half rates 

applied to the July harvest to the full rates applied to the 

October harvest/ the data could not be analyzed for the 

combined effect of time of harvest and fertilizer 

application. However, it is evident from the control plots 

alone that time of harvest did affect the seed yield and 

this was not confounded by any change in applied fertility. 

Seed Weight 

Weight (grams/1000 seeds) of the harvested seed 

(Figures 16,17,18) was not influenced by parent plant 

fertility (Tables 2,3,4). 

Time of harvest did not affect seed weight (Table 

5). The mean seed weight from the October harvest of 

Lehmann lovegrass (0.072 grams/1000 seeds) was not 

significantly different from that of the July harvest of 

Lehmann lovegrass (0.069 grams/1000 seeds). Examining each 

fertilizer treatment separately shows a trend toward higher 
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seed weight for the October harvest as compared to the July 

harvest (Figures 16 and 17). Since the fertilizer treatments 

were increased from half rates for the July harvest to full 

rates for the October harvest; it is not possible to tell 

whether this trend towards higher seed weight for the 

October harvest was due to the influence of time of harvest 

or increased fertilizer application. However, the trend 

towards increased seed weight in the control/ which 

received not fertilizer, indicates that time of harvest had 

some influence. 

Seed and Plant Composition 

One of the hypotheses of the study was to determine 

if the germination rates of Lehmann and Boer lovegrass were 

related to the level of nitrogen and or phosphorus in a) the 

seed itself and b) the foliage of the parent plant. To this 

end, samples of seed and foliage were analyzed for nitrogen 

and phosphorus content. 

Lehmann lovegrass harvested July 1985 

Nitrogen fertilization did not produce a significant 

increase in the nitrogen concentration in the plant (Figure 

19) (Table 6). Phosphorus fertilization produced a 

significant (P<0.01) increase in the phosphorus content of 

the plant and this was evident at all levels of nitrogen 

fertilization (Figure 20) (Table 6). 

Nitrogen fertilization significantly (P<0.01) 
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Table 6. Statistics for the linear regression of plant and 
seed concentration of nitrogen (N) and phosphorus 
(P) (Y,%) on applied fertilizer (X,kg/ha) for the 
July Lehmann lovegrass harvest, where Y=a+bx and 

a and b are coefficients. 

Y N Applied 
(kg/ha) a b F R 2  

% P in Plant At All 
Levels 
of N .10 .14E-4 15.8*** .32 

N =0 
N=50 
N =100 

. 10 
.10 
. 10 

.16E-3 

. 12E-3 
.15E-3 

8.1** 
4. 2* 

* 
3.5 

.45 

.29 

. 26 

P Applied 
(kg/ha) a b F R 2  

% N in Plant At All 
Levels 
of P 1.6 .04 

P =0 

P=100 

P =200 

1.6 
.4 

1.6 

. 14 

.04 

. 14 

N Applied 
(kg/ha) 

P in Seed At All 
Levels 
of N 2 .  2  .06 

N =0 
N=50 
N = 100 

.4 
1 . 0  
1.4 

.04 

.09 

. 12 

P Applied 
(kg/ha) 

% N in Seed At All 
Levels 
of P 2. 9 .003 7.7 

* *  *  
.19 

P=0 
P=100 
P =200 

2.9 
2.9 
2.9 

.004 

.002 

.003 

3.4 
1 . 8  
1.9 

.  26 

.15 
. 1 6  

*,•*,*** denote significance at 0.10/ 0.05 and 0.01 levels. 
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increased the nitrogen content of the seed (Table 6). This 

increase was most evident when no phosphorus was applied 

(Figure 21). Phosphorus fertilization did not increase the 

phosphorus content of the seed at any level of nitrogen 

application (Figure 22) (Table 6). 

It is interesting to note that in Figure 22 the 

lower rate of nitrogen corresponded with seed having the 

higher concentrations of phosphorus. This observation 

agrees with the results of Fox and Albrecht (1957). They 

found that nitrogen fertilization increased the nitrogen 

content and decreased the phosphorus content of both the 

seed and embryo of wheat when nitrogen and phosphorus 

fertilizer were applied together. 

Lehmann lovegrass harvested October 1985 

Nitrogen fertilization increased the nitrogen 

content of the plant foliage (P<0.01), in contrast to the 

July Lehmann lovegrass harvest/ and this increase was 

evident at all levels of phosphorus (Figure 23) (Table 7). 

The full rate of fertilizer applied to the October harvest 

compared to the half rates applied to the July harvest may 

have contributed to the response to nitrogen found in the 

October harvest. Phosphorus fertilization was also found to 

increase the phosphorus content of the plant (P<0.10) 

(Figure 24) (Table 7). 

Nitrogen fertilization increased the nitrogen 
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Figure 24. Foliar phosphorus concentration in response to 
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fertilization for Lehmann lovegrass harvested 
October 1985. 
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Table 7. Statistics for the linear regression of plant and 
seed concentration of nitrogen (N) and phosphorus 
(P) (Y/%) on applied fertilizer (X,kg/ha) for the 
October Lehmann lovegrass harvest, where Y=a+bx 

and a and b are coefficients. 

Y N Applied 
(kg/ha) a b F R 2  

% p in Plant At All 
Levels 
of N .13 6.0E-5 3.09 .08 

N=0 

N=50 

N =100 

. 15 
.13 
. 13 

6.0E-5 
4.0E-5 
9.0E-5 

.67 

1.1 
2.3 

.06 

.10 

. 19 

P Applied 
(kg/ha) a b F R 2  

% N in Plant At All 
Levels 
of P 1.1 3.1E-3 

•|U 4* 4* 
24.7 .42 

P =0 

P=100 

P =200 

1.1 
1.1 
1.1 

3.1E-3 
3.lE-3 
3.2E-3 

6.8** 
5.3** 

10.7*** 

.40 

.35 

.52 

N Applied 
(kg/ha) a b F R 2  

% P in Seed At All 
Levels 
of N .42 .01 

N=0 .23 .02 
N=50 .08 .01 
N=100 .13 .02 

P Applied a b F R 2  

(kg/ha) 

% N in Seed At All 
Levels 
of P 3.2 .001 3.8* .03 

P =0 3.2 .001 1.2 .11 
P=100 3.2 .001 1.4 .13 
P =200 2.2 .001 1.0 .09 

*,**,*** denote significance at 0.10, 0.05 and 0.01 levels. 
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content of the harvested seed (P<0.10) (Figure 25) (Table 

7). Phosphorus fertilization did not significantly increase 

the phosphorus content of the harvested seed (Figure 26) 

(Table 7). 

As in the July harvest of Lehmann lovegrass, 

phosphorus fertilization resulted in higher seed phosphorus 

concentrations at lower levels of nitrogen fertilization 

when nitrogen and phosphorus fertilizer were applied 

together (Figure 26). 

Boer lovegrass harvested October 1985 

Nitrogen fertilization did not significantly 

increase the nitrogen content of the plant (Figure 27) 

(Table 8). Phosphorus fertilization significantly (P<0.05) 

increased the phosphorus content of the plant (Table 8). 

This increase occurred at the moderate (50 kg/ha) and low (0 

kg/ha) levels of nitrogen fertilization (Figure 28). 

Nitrogen fertilization significantly (P<0.10) 

increased the nitrogen content of the seed (Table 8). The 

increase was most apparent at the 200 kg/ha P2O5 level 

Figure 29). Phosphorus fertilization did not have a 

significant effect on seed phosphorus concentration (Figure 

30) (Table 8). However, once again there was a trend 

towards the lower rates of nitrogen fertilization producing 

seed with higher concentrations of phosphorus when plots 
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Figure 25. Seed nitrogen concentration in response to 
various levels of nitrogen and phosphorus 
fertilization for Lehmann lovegrass harvested 
October 1985. 
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Table 8. Statistics for the linear regression of plant and 
seed concentration of nitrogen (N) and phosphorus 
(P) (Y/%) on applied fertilizer (X,kg/ha) for the 
October Boer lovegrass harvest, where Y=a+bx and 
a and b are coefficients. 

Y N Applied 
(kg/ha) a b F R 2  

% p in Plant At All 
Levels 
of N .08 7.0E-4 

_ * * 
7.3 .18 

N=0 
N=50 
N = 100 

.08 

.08 

.08 

7.1E-5 
7.0E-5 
4.0E-5 

_ * * 

10. 3 
2.1 

.33 

.51 

. 17 

P Applied 
(kg/ha) a b F R 2  

% N in Plant At All 
Levels 
of P 

P =0 

P=100 

P =200 

.74 

. 71 
9.0E-4 
. 52 

.02 

.07 
9.0E-5 
.05 

N Applied 
(kg/ha) a b F R 2  

% P in Seed At All 
Levels 
of N 

N =0 
N=50 
N = 100 

.68 

.07 

.12 

. 76 

.02 

.01 

.01 

.07 

P Applied 
(kg/ha) 

a b F R 2  

% N in Seed At All 
Levels 
of P 3.5 8.0E-4 

* 
2. 6 .08 

P=0 

P=100 

P =200 

3.6 
3.5 
3.5 

8.0E-4 
5.0E-4 
1.0E-3 

.56 

•
2l 

4.2 

.05 

.03 

.30 

denote significance at 0.10, 0.05 and 0.01 levels. 
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Figure 29. Seed nitrogen concentration in response to 
various levels of nitrogen and phosphorus 
fertilization for Boer lovegrass harvested 
October 1985. 

100 

CO 
D 
OS 
o 
I! 
eu 
CO 
o 
a: 
a 

£H 
2 
Da 
u 
QJ 
M 

.48-

. 47-

.46-

>0 kg/ha N 

50 kg/ha N 
•100 kg/ha N 

,45' 

0 100 

P 20 5  (kg/ha) 

Figure 30. Seed phosphorus concentration in response to 
various levels of nitrogen and phosphorus 
fertilization for Boer lovegrass harvested 

October 1985. 

200 



were fertilized with nitrogen and phosphorus together 

(Figure 30). 

In summary, the application of phosphorus fertilizer 

produced an increase in plant phosphorus concentration for 

all harvests, but the seed did not show a similar increase. 

Nitrogen content of the plant increased with nitrogen 

fertilizer application only in the October Lehmann lovegrass 

harvest. This harvest received the full rate of fertilizer 

application in contrast to the half rate of the July 

harvest, thus the nitrogen content of the foliage may be a 

reflection of this increase. However, this does not explain 

why the October Boer harvest failed to show increased 

nitrogen concentrations in the foliage with the full rate of 

fertilizer application. The application of nitrogen 

fertilizer increased the nitrogen concentration of the seed 

in all harvests. 

There is an indicated, but not significant, 

interaction between nitrogen and phosphorus fertilizer and 

the accumulation of phosphorus in the seed when the two were 

applied together. Nitrogen fertilization increased the 

nitrogen content and seemed to inhibit phosphorus 

accumulation in the seed for all harvests. 

Because the study was not designed to apply 

fertilizer to one particular plant, determine the mineral 

composition in the foliage and seed of the same plant, and 

determine the germination characteristics of the same seed, 
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no direct relationship between plant and seed mineral 

composition and the germination characteristics of the seed 

can be made. However, from the data that was available the 

following trends can be indirectly inferred: 

1) Seed with the highest germination rate came from 

plots in which the seed had high nitrogen concentrations and 

low phosphorus concentrations. These seeds were produced 

from plots that received the highest rate of nitrogen 

fertilization and no phosphorus fertilization. 

2) Seed with the lowest germination rate came from 

plots in which the seed had low nitrogen concentrations and 

high phosphorus concentrations. These seeds were produced 

from plots that received no nitrogen fertilization and the 

highest rate of phosphorus fertilization. 

3) Nitrogen fertilization produced seed with higher 

nitrogen concentrations and this seed had a higher 

germination percentage than seed which was produced with no 

fertilization. 

4) Phosphorus fertilization does not affect seed 

phosphorus concentrations. High levels of phosphorus 

fertilization had the effect of decreasing germination 

percentage for the Boer lovegrass harvest. 



CONCLUSIONS 

A consistent, although not statistically 

significant, trend in germination rate was shown for seed of 

Lehmann and Boer lovegrass harvested from plots receiving 

only high levels of phosphorus fertilization (200 kg/ha) and 

seed harvested from plots receiving only high levels of 

nitrogen fertilization (100 kg/ha). The seed from the high 

phosphorus plots had a consistently lower germination rate 

than the seed from the high nitrogen plots. Nitrogen 

fertilization resulted in an increase in germination rate 

that was statistically significant at the 0.10 level for two 

of three harvests. However, the actual increase in 

germination rate due to nitrogen fertilization was minimal. 

Phosphorus fertilization resulted in a decreased 

germination rate that was statistically significant at the 

0.10 level for the October Lehmann lovegrass harvest only. 

Again the actual decrease in germination rate was minimal. 

Thus, only the extremes in parent plant fertility produced 

the greatest difference in germination rate of the harvested 

seed. 

Germination percentage was found to increase 

significantly with high rates of nitrogen fertilizer for the 

Lehmann lovegrass harvests, although not for the Boer 

72 



73 

lovegrass harvest. Phosphorus fertilization significantly 

affected the germination percentage in the October Lehmann 

lovegrass harvest only. Moderate rates of phosphorus 

fertilization increased the germination percentage and high 

rates of phosphorus fertilization decreased the germination 

percentage. 

Neither seed yield nor seed weight showed 

differences due to the fertilizer treatments imposed. 

One of the aspects of seed quality explored in this 

study was the question of whether parent plant fertility 

affected the chemical composition of the plant foliage and 

the seed produced. Nitrogen fertilization increased plant 

nitrogen content in only the October Lehmann lovegrass 

harvest. However nitrogen fertilization increased seed 

nitrogen content in all harvests. Phosphorus fertilization 

increased plant phosphorus content for all harvests/ but 

this increase in plant phosphorus was not reflected in an 

increase in seed phosphorus content. 

There was also an indicated, but not significant/ 

interaction between the level of nitrogen ferilization and 

the phosphorus content of the seed. Nitrogen fertilization 

tended to increase the nitrogen content and decrease the 

phosphorus content of the seed when nitrogen and phosphorus 

fertilizer were applied to together. 

This study made no attempt to explore the 

biochemical aspects of the influence of soil ferility on the 
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composition of the seed produced, only to determine if a 

response would occur. The process whereby minerals enter a 

developing seed is complex and research is needed to 

determine what factors control the amount of a given mineral 

entering a seed and the timing of that uptake. 

Further research may prove that there is a direct 

and significant relationship between the amount of 

fertilizer applied to the parent plant, the accumulation of 

that mineral in the foliage and seed of the plant and the 

subsequent germination characteristics of the seed. This 

study was unable to make any direct link, but the evidence 

for such a relationship is there. 

Experimentation under more controlled conditions 

could possibly produce more conclusive results. To predict 

the nature of a seed's response based only on a knowledge 

the nutrients applied through a fertilizer is limiting. 

Other factors affect seed quality, including the baseline 

fertility of the soil in relation to plant requirements and 

the climatic conditions under which the seed matures. 

Seed quality varied significantly with time of 

harvest. Germination rate, percent germination, seed yield 

and seed weight, were all higher in the fall harvest of 

Lehmann lovegrass as compared to the summer harvest. This 

suggests seasonal environmental differences during seed 

production may influence seed quality. 

Summer and fall seed harvests in this study matured 



75 

under different temperature, relative humidity and daylength 

regimes. Gutterman (1972) found that seed produced from 

mother plants during shorter daylengths tended to have 

faster germination rates than those produced under longer 

daylengths. This supports the finding of a faster 

germination rate in the October harvest of Lehmann 

lovegrass. Hot/ dry winds are thought to decrease 

germination percentage (Scott and Longden 1972). This type 

of environment predominates in the summer in Tucson, and 

further supports the finding of lower seed quality from the 

July harvest of Lehmann lovegrass. Weaver (1982) reported a 

similar pattern of decreased germination percentage and 

slower germination rate for Lehmann lovegrass seed harvested 

during the summer as opposed to seed harvested in the fall 

in Tucson. 

Variations in seed quality within a season also 

supports a need to determine germination rates of specific 

seed lots prior to selecting any particular one as a seed 

source for a revegation project. Commercial seed is 

currently classified by the Pure Live Seed (PLS) index. 

This index refers to the portion of a seed lot that is live 

seed of the desired kind (Vallentine 1980). PLS takes into 

account the percentage of pure seed in a lot and the total 

percent germination of the pure seed. While this is 

important information it does not indicate the quality of 

the seed with respect to its rate of germination. A system 
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of reporting the germination rate of a seed lot is perhaps 

warranted, however, there are several questions not yet 

answered as to the accurracy of any recorded rates. Gordon 

(1972) feels that the germination rate of seed is not a 

static measure. A large improvement in germination rate may 

occur long after the maximal germination potential of a seed 

lot has been reached. 

The study supports the contention that the 

external conditions under which the parent plant is grown 

have an influence on the quality of seed, in particular 

germination rate. There is fairly good agreement among 

researchers that the speed of germination is an important 

aspect of seed quality (Pollock and Roos 1972). Faster 

germinating seed is considered to be superior when 

attempting to establish seedlings under adverse growing 

conditions (Whalley et al 1966, Larson 1961). However, 

acknowledging the importance of germination rate is not 

sufficient. In recent years there has emerged a greater 

understanding of the factors controlling biochemical events 

during seed growth but there is relatively little 

information exploring whether these events can be controlled 

or modified to improve seed quality. Range management, as a 

discipline, needs to identify management practices which may 

be advantageous in manipulating seed quality and determine 

if such practices are economically viable when trying to 

ensure vegetation renewal or establishment. 



APPENDIX A 

SUMMARY OF STATISTICAL SIGNIFICANCE 
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Table 9. Summary of statistical significance of treatments 
for the three harvests analyzed. 

Harvest Treatment Germination Germination Seed 
Rate Percentage Yield 

Lehmann 
lovegrass 

July 1985 nitrogen 0.05 
phosphorus 
nitrogen X 
phosphorus 0.10 

Lehmman 
lovegrass 

October 1985 nitrogen 0.10 0.01 
phosphorus 0.10 0.01 
nitrogen X 
phosphorus 

Boer 
lovegrass 

October 1985 nitrogen 0.10 
phosphorus 
nitrogen X 
phosphorus 

Lehmann 
lovegrass 

1985 time of 
harvest 0.01 0.10 0.10 
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