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ABSTRACT

Field pennycress (Thlapsi arvense L.) Is a new crop being investigated
for its potential as a possible off season source for biodiesel. Related to the
Brassica species of mustard and canola, winter annual field pennycress is also
susceptible to heat stress during the reproductive stage of development. The
objective of this study was to determine at what temperature seed
development was inhibited in pennycress. The hypothesis of our experiment
Is that pollen viability becomes diminished as temperatures rise above 30°C as
seen in the 2012 growing season.

A growth chamber experiment was conducted on spring pennycress
‘Spring 32’ over an 8 week period. Thirty plants in individual pots were
grown to anthesis at 24°C day /18°C night. Five plants were transferred to 30,
32, 33, 34, and 35°C for 7 days and returned to normal conditions (24°C).
Plant height, pod number, seed number, seed mass , dry biomass, seeds per
pod, and harvest index were calculated for each plant. Pollen was collected
from each plant after treatment, fixed in Carnoy’s fixative, and examined for
viability under a dissecting microscope. Pollen was also placed on growing
media to evaluate percentage of pollen germination.

Plant height was not significantly impacted by increased temperatures
when compared to plants which remained under 24°C conditions. However,
temperatures above 30°C had a significant impact on pod and seed numbers.
Pollen viability decreased by 84% at 30°C and 100% at 32°C. Pollen
germination could not be determined due to the small size and poor visibility.

Pennycress’s ability to handle heat stress will greatly impact which

regions of the country are best suited for commercialization and aid breeders Table 1. Mean spring pennycress response to heat stress during seed development.
In evaluating lines for improved heat tolerance.
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*, R= Recovery at 24°C, T= Heat treatment for 7days

Figure 3. Pennycress plants grown under heat stress conditions for 7
days and returned to normal 24°C conditions.

First First Final 1000
Py > branch | pod plant Number | Seed Dry seed
'y Temp | Branch | height | height | height Pod Seed |[seeds per| mass |Biomass| weight | Pollen
: °C |[number| (cm) (cm) (cm) | number | number| pod (9) (9) (9) count
24 | 2.4ab* | 295 14.5 286 | 68.2a | 610.4a | 9.2a |06la| 0.77a | 1.00a | 662a - .
30 5.6b 6.5 16.2 31.6 | 70.8a | 80.6b 1.3b | 0.06b| 092a | 0.74b | 522a 240C 300C
32 | 0.6ac 2 15.3 26.6 27D Oc Oc Oc 0.3b 0 26b _
* Within columns, means followed by the same letters are not significantly different at 0.05 probability level. Flgzjcr)‘(e:S. (ljD ggfg shed of pennycress anthers grown
Columns with no letters are not significant. at an '
-»-Oleic acid content C18:1 (%) i
-=-Linoleic acid content C18:2 (%) T
-+Linolenic acid content C18:3 (%)
45 o-Erucic acid content C22:1 (%)
10 -=Total oil content (%, dry weight basis) P o sy N
30 I\ 240C 30°C 320C
E:\%z:(;th a[‘)sgigr::‘:?:st;orr:]iocfrgé)clz)epne.vlablIlty by staining and observation % 5 Figure 6. Staining of pollen grains in anthers subjected to increasing heat
O -— stress temperatures.
o 20
INTRODUCTION
| _ RESULTS
Development of diverse and renewable feed stocks for the production 15 ——————————————
of fuel has become a priority for the U.S. However, displacement of crops Overall, temperatures above 32°C had a significant negative impact on
that produce the world's food from tillable land is a concern. One approach to 10 —_— pennycress growth and development resulting in 0 seed production. Plants
simultaneously solve needs for food and fuel is to rotate both types of crops exposed to 30°C continued to grow but seed pods had an average of only 1
through the same land in one extended growing season. In recent years, it has 5 seed per pod (Figure 3). At 24°C, plants had an average of 638 pods and 610
been discovered that field pennycress (Thlaspi arvense L.) can be used as a seeds per plant (Table 1). Although total oil decreased slightly, change in
domestic source of biodiesel fuel (Moser et al, 2009). Pennycress belongs to 0 total oil and oil constituents was not significant at temperatures of 24°C and
the Brassicaceae family and grows as a common weed throughout the 24 30 30°C (Figure 4). Unfortunately, pollen tube development was too small and
temperate climate in North America. Pennycress Is especially beneficial Temperature °C too difficult to visualize pollen tube growth (Figure 5). Utilizing the pollen
because it is a winter annual, grown in the off-season, and does not take land stain method, pollen count and viability at 30°C were not significantly
away from producing crops such as corn and soybean. Pennycress can be different from the control (Figure 6).
worked into a corn-soybean rotation, and it can also act as a cover crop. Figure 4. The effect of heat stress temperatures on fatty acid methyl esters and total
Unfortunately, as with many winter annual crops, pennycress can be oil content. Change in total oil content was not significant p<0.01. CONCLUSIONS
susceptible to heat stress in early spring. In studies done with Brassica Understanding heat stress symptoms that oceur in pennycress (Thlaspi
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2008). Singh also reported that yield reduction is caused by pollen infertility _ COO!EI‘ regions for production angl _to modify their production practices to
which causes flower abortion. Heat stress during early flowering has a greater Growth Chamber Expe_rlment: | | avoid high tc_emperatures. In add_ltlon, plant b_reeders can use the above_
impact on yield than heat stress during pod development. A growth_chamber experiment was co_nducted on tr_\e non_—dor_mant spring breeding methpdologles_to screen the_aval_lable col_lectlon_ of pennycress populations to
To improve the growth of pennycress as an agronomic crop, it is line, ‘_Sprlng 32’. Seeds were planted in a germination S0l I_ mix and allowed to identify pote_ntlal new _bregdmg lines for mcreasmg_heat tolerance or d_evelop
necessary to understand the response of pennycress to higher temperatures. In g_ermlnate u_nder warm (24°C) and long day (18 hr) con_dltlons._Aft_er_ emergence, a early flowerln_g to av0|d_h|gh temperatur_es. Improving heaF tolergnce I
2012, it was noticed that pennycress had decreased pod and seed set during single seedling at the coty_le_don stage was transplanted into an individual 7.5 cm pot pennycress will greatly improve production of pennycress in variable
the reproductive stage when temperatures rose in March and early April. The and held a_t the same conditions f(_)r a period of three days to ensure successful environments and expand the current production areas.
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Pollen was collected on the last day of each heat treatment and placed on media as Fuels 23: 4149-4155.
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(2010) and observed under an Olympus BX41 phase-contrast microscope at 20X
magnification (Figure 1).
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Figure 2. Extraction of fatty methyl esters from pennycress seed. variance (ANOVA) was performed by Microsoft Excel software.
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