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2-06      PROGRESS REPORT 
 
TITLE:  Influence of temperature, moisture, and nitrogen stress during maternal plant growth on 
seed production and germination of jointed goatgrass seed 
 
PERSONNEL:  Lynn Fandrich, PhD, Colorado State University 
 Philip Westra, PhD, Colorado State University 
 Graduate Student, Colorado State University 
 
TIME LINE: Initiation date – July 1, 2006; Termination date – June 30, 2008. The project 
was temporarily on hold due to Dr. Fandrich’s maternal leave of absence. Dr. Fandrich 
anticipates returning to work at CSU in late 2007. We will recruit a graduate student to work on 
this project under the supervision of Dr. Fandrich and Dr. Westra. 
 
ORIGINAL HYPOTHESIS:  Jointed goatgrass will produce fewer seed under conditions of 
temperature, moisture, and nitrogen stress, and seed produced will be more dormant than seed 
produced under optimum conditions for growth.  
 
SUMMARY OF PROGRESS: ‘Gilcrest’ soil was selected for use in the experiment based on its 
sandy content and proximity to the lab for collection. Preliminary experiments revealed that a 1:1 
ratio of soil:sand was sufficient for jointed goatgrass and wheat seedling growth. Contact was 
made with Dr. Patrick Byrne (CSU Plant Breeder/Geneticist) for cooperation in this project; Dr. 
Byrne’s research interests include study of drought-tolerant transgenic wheat. Dr. Byrne is 
interested also in the drought tolerance of jointed goatgrass. 
 
OBJECTIVES: To quantify the effects of high temperature, moisture, and nitrogen stress on 
jointed goatgrass 1) seed production and 2) germination with seed incubated at three temperature 
regimes and after different periods of dry storage. 
 
METHODS:  A single Colorado jointed goatgrass population collected in the summer of 2006 
from a field in a traditional winter wheat-fallow rotation will be included in the investigation. 
Ten spikes from at least 20 jointed goatgrass plants will be collected at random and bulked. 
Spikes will be returned to the laboratory at CSU, spikelets cleaned within one week, and 
spikelets stored at 5 C in the dark until use in these studies.  
 Jointed goatgrass spikelets (n=200) will be dissected and seed exhumed by floret 
position. Seed will be bulked over spikelet position on the spike. Germinated primary positioned 
(basal) and secondary positioned (apical) seed will be vernalized at 5 C for 8-wk. Tertiary 
positioned seed will not be used in these studies. Vernalized seedlings will be transplanted 2.5 
cm deep into 6.4 cm diam by 25 cm depth Deepots™ filled with a mixture of professional 
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growing mix, silica sand, and a sandy loam soil (1:1:4). Plants will be grown in the greenhouse at 
30/24 C day/night temperatures and 16-hr photoperiod. 
 A preliminary experiment will be conducted to determine the optimum watering schedule 
for jointed goatgrass plants grown in this medium. Details of the preliminary experiment will not 
be presented here due to space limitations. In summary, the methodology consists of measuring 
the quantity of water stored in the soil volume after drainage of gravitational water. Jointed 
goatgrass plants in our experiment will be watered to recharge the amount of available water in 
the Deepots™ on a schedule determined by the preliminary experiment. The recharge of water, 
30/24 C day/night temperatures, 16-hr photoperiod, and twice weekly additions of 200 ppm 
nitrogen dissolved in the recharge of water are defined as optimum conditions for growth and 
reproductive development. 
 Temperature, moisture, and fertility factors will be imposed on jointed goatgrass plants. 
Temperature will have two levels: 30/24 C versus 35/30 C; moisture will have two levels: 
optimum versus a level predetermined to induce incipient wilting; and fertility will have two 
levels: 200 ppm nitrogen versus 0 ppm nitrogen. Temperature and moisture stress levels will be 
imposed as a 2 X 2 factorial arrangement. Fertility stresses will not be combined with any other 
stress. Twenty jointed goatgrass plants are required at each level to produce sufficient spikelets 
for evaluating seed production and germination at the conclusion of this study. Thirty plants will 
be sown initially for each level, and the twenty most uniform in growth stage at the time stress is 
to begin will be selected for use. 
 Fertility stress will be imposed on plants in the greenhouse beginning with the joint stage 
(Stage 31) as defined by the Zadoks’ scale (Zadoks 1974). Non-stressed plants will continue to 
receive the liquid fertilizer application of 200 ppm nitrogen. This value is the recommended 
amount for regular feedings of Champion (21-18-18) fertilizer for plants grown in the 
greenhouse. Stressed plants will receive no liquid fertilizer. Fertility stress will continue for the 
duration of the experiment. 
 Temperature and moisture stresses will be imposed beginning with the emergence of 
awns from the boot (Stage 49) on the primary shoot. Jointed goatgrass plants may begin anthesis 
while spikes are still sheathed (Dr. R. Zemetra – personal communication). Plants will be moved 
to a growth chamber set to 35/30 C day/night temperatures and 16-hr photoperiod. Temperature 
settings were chosen in consult with Dr. P. Byrne, Associate Professor of Plant Breeding and 
Genetics at CSU. Dr. Byrne is currently investigating drought tolerance in transgenic wheat with 
these settings. Water stress will be imposed by irrigating the plants whenever the flag leaves 
begin to wilt and then only sufficient water will be given for them to regain their turgid condition 
over night. This form of water stress was cited in Peters (1982) and recommended also by Dr. C. 
Stushnoff, Professor of Plant Physiology at CSU. A preliminary experiment will be conducted to 
determine the appropriate timing to start the reduced watering schedule so that plants are 
exposed to water stress compared to the controls at the beginning of awn emergence. The 
preliminary experiment will quantify the amount of moisture stress imposed on the plants ((the 
amount of water added to stress plants / the amount of water added to the controls) * 100). 
 Jointed goatgrass florets within a spikelet flower over a period of 1-2 days, and multiple 
spikes are formed as the plant tillers over a period of 2-3 weeks. Temperature and moisture 
stresses will be imposed on the primary shoot as described previously, and this shoot identified 
with the date that stress began. Five additional spikes will be allowed to form on a single jointed 
goatgrass plant within each Deepot™, and these spikes identified by the date that awns first 
emerge from the boot. Tillers beyond the first five will be removed by clipping at the base of the 
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plant. Spike production on the primary shoot and the five tillers will be identified by date also in 
the fertility stress experiment.  
 Stresses will continue until the culms begin to dry. Individual spikes will be harvested by 
hand when the culm is dry at the base of the plant or sooner if the spike appears brittle and 
begins to shatter. The number of days each spike was exposed to the stresses will be calculated 
(harvest date - awn emergence date). Spikes exposed to similar stress durations will be pooled; 
however, spikes produced on the primary stem will not be pooled with spikes produced on tillers. 
Seed production will be recorded by spike, spikelet, and floret position for stress level and 
duration. Seed moisture content will be measured on sub-samples of seed produced. Spikelets 
will be stored at 5 C in the dark until use in germination studies. Primary and secondary 
positioned seed will be tested for germination using intact, imbibed spikelets incubated at 15/10, 
25/15, and 30/20 C over 14 d for three time periods after harvest: immediately post-harvest, 3 
mos. post-harvest, and 6 mos. post-harvest (please see Fandrich and Mallory-Smith 2005 for 
germination descriptors and temperature justifications). Seed production and moisture content 
data will be analyzed with ANOVA, and percent germination data will be analyzed using a 
logistic function. The experiment will be repeated. 
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PLANNED TECHNOLOGY TRANSFER: Data will be summarized and results presented at the 
annual meeting of the Western Society of Weed Science. Data will be used to clarify the broad 
assumptions of jointed goatgrass emergence between 12 and 72% in the bioeconomic model 
(Maxwell 1999). Additionally, the data may be used to weigh the amount of spikelets produced 
by jointed goatgrass plants in the model as a function of different growing conditions. Data will 
be presented also at the annual wheat field days around CO. Data will be made available for 
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publishing on the jointed goatgrass web site. A manuscript will be prepared and submitted to a 
refereed journal. 
 
BUDGET: Salary is requested for a research scientist and graduate student to work on the 
project. A student assistant will be hired to assist with planting, plant measurements and stage 
identifications, and spikelet dissections. Funding is requested for two years. 
 
Item/task Description Amount requested 
Salary for post-doc 
Fringe benefits 

Part-time salary over 18 mos. 
Calculated at 20.1% 

$ 26,000 
$ 5,330 

Wages for student assistant Approximately 6 mos. equivalent $ 5,000 
Germination supplies Germination boxes and filter paper $ 600 
Greenhouse supplies Potting media, pots, stakes $ 800 
Travel to the WSWS Flight and room (1 yr only) $ 1,000 
Publication costs $60 per page $ 360 
Total  $ 39,090 
 
Budget justifications: 
 Post-doc salary calculated at $35,000 per year, 52 wks per year, 4.3 wks per month, 18 
mos., part time = $26,048. Fringe benefits calculated at 20.1% = $5,235. 
 Student assistant wages calculated at $8 per hour, 40 hrs per week, 4.3 wks per month, 6 
months, full time = $8,256. We are asking for 60% of this total. 

Germination supplies calculated at 300 germination boxes = $252, filter paper = $85. The 
remainder will go towards rent on a borrowed growth chamber. 
 Greenhouse supplies calculated at 200 Deepots™ = $300, 20 trays to hold Deepots™ = 
$152, box of stakes = $8, 3 bales of potting medium = $77 + $17 delivery charge, 3 bags of silica 
sand = $52, 3 containers to hold field soil = $35. 
 Travel to the WSWS from Denver, CO to Portland, OR. Airfare approximately $400, five 
nights lodging at $80/night = $400, and $200 per diem for food. Registration fee is $150. This 
exceeds the $1000 budgeted. We are not asking for the cost of printing the poster, mileage, 
parking, tolls, shuttles, etc. Meeting costs will be split among other research projects. 
 The publication cost is the standard rate charged by Weed Science. 


