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Dear Foundation Heads,

I wish you to know that third and last year of the fellowship sponsored by Marie Curie (European Re-integration Grants - ERG) at University of Technology and Life Sciences (Bydgoszcz, Poland) went to the end. I want to thank you for allowing the researcher to have the opportunity to get new experiences in his professional scientific development as well as in his personal skills. A time, which he spent at Bydgoszcz (Poland), seems to be much shorter period, because his new duties with this innovative research project have been very intensive. Gratitude is expressed also to Prof. Bogusław Buszewski (Nicolaus Copernicus University) for scientific advice and good atmosphere in the lab (GC-MS analyses). Thanks to him the researcher was allowed to interact with a multidisciplinary team composed of scientists, students and visitors of so many different cultures and countries (Turkey, Slovakia, Croatia, Austria). Such as experience is of importance for future collaborations between EU members and outside Europe. Let me review the objectives and results of his studies. The matrix of data is extremely large and only few graphs will be presented. The focus of all studies was an insect called Hadena bicruris Hufnagel and Silene latifolia Poiret.
Materials and Methods for FLORDETERSIGNALS project
Plant material
Experiments were performed at the Plant Growth Center (University of Technology and Life Sciences, Department of Applied Entomology, Bydgoszcz) and in the laboratory (Nicolaus Copernicus University, Department of Environmental Chemistry and Ecoanalytics, Toruń) in 2007/2010. Seeds were provided by two botanical gardens; National Botanic Garden of Belgium and UMR Biologie et Gestion des Adventices, INRA Dijon, France. Silene latifolia Poiret ssp. alba (Miller) Greuter & Burdet (=Silene alba L.) was the subject of the study.
Insect pollination


Silene latifolia plants were enclosed in Nalophan plastic bags (Kalle GmbH, Wiesbaden, Germany). One pair of Hadena bicruris was put inside for 1h, from 8 p.m. to 9 p.m. Also one pair of Autographa gamma was put inside to achieve pollination. Moreover, combination of H. bicruris and A. gamma (one pair + one pair) was investigated.
Egg deposition
Silene latifolia plants were enclosed in Nalophan plastic bags (Kalle GmbH, Wiesbaden, Germany). One pair of Hadena bicruris was put inside for 72 h to achieve egg deposition.
Additional experiments:

Wounding green parts of the plant 
Plants were wounded immediately before each replication of the experiment. Whole plant was subjected to volatile collection. Five types of injuries were performed on the plants according to the experiments by (Piesik et al. 2006). These were:

1. Pierced Stem - the stem was punctured by a small-bore needle (diameter 0.34 mm) to simulate the mechanical damage done by an ovipositor or piercing mouthparts.  Five holes were made in each stem.


2. Scraped Stem - the stem interior was abraded by a single rasp with a large bore needle (diameter 1.64 mm, 3.3 cm in length). This was used to simulate mechanical larval feeding damage inside the stem by a stem-boring species.

3. Top Half Leaf Cut - the distal half of the uppermost leaf on the stem was cut off with scissors. This simulated defoliation of leaf tissue by an insect with chewing mouthparts.

4. Top Quarter Leaf Cut - one quarter of the distal portion of the uppermost leaf on the stem was cut with scissors to simulate defoliation.  This removed half of the leaf tissue that the ‘Top Half Leaf Cut’ treatment did, while increasing the relative length of the wound on the apical portion of the leaf. This simulated less defoliation by an insect with chewing mouthparts.  

5. Bottom Quarter Leaf Cut - one quarter of the proximal portion of the uppermost leaf on the stem was cut with scissors to simulate defoliation. Once again, this removed approximately half of the leaf tissue that the ‘Top Half Cut’ treatment did, while increasing the relative length of the wound on the proximal portion of the stem. This also simulated less defoliation by an insect with chewing mouthparts on a different area of the leaf than for ‘Top Quarter Leaf Cut’.

Healthy and injured plants


According to Dötterl et al. (2005) female and male flowers emitted the same type and amount of volatile organic compounds (VOCs). However, we collected VOCs only from female flowers, because H. bicruris oviposits only on them. 

VOCs were collected from the whole plant after mechanical wounding of green parts of the plant before the flowers appeared [I] and also in second combination after injury of green parts of the plant, but only from female flowers [II]. VOCs were also collected from female flowers after pollination by H. bicruris, A. gamma, and combination of H. bicruris and A. gamma [III]. Finally, VOCs released from S. latifolia after eggs deposition of H. bicruris was investigated (IV). Only newly opened flowers were taken to the experiments and volatiles were collected always from a single flower. 

Healthy plants (H) were also placed as neighbors to mechanically injured (M), pollinated/H. bicruris (P), and eggs deposited (E) S. latifolia. The distances from H to M, P, and E S. latifolia plants were set up in the following combinations:

• 1 m p – 1 m from H to M S. latifolia,

• 1 m pep – 1 m from partly (all of the plant except one leaf) enclosed H to M S. latifolia,

• 1 m eep – 1 m from fully enclosed H to M S. latifolia,

• 3 m p – 3 m from H to M S. latifolia,

• 3 m pep – 3 m from partly enclosed H to M S. latifolia,
• 1 m p – 1 m from H to P S. latifolia,

• 1 m pep – 1 m from partly (all of the plant except one leaf) enclosed H to P S. latifolia,

• 1 m eep – 1 m from fully enclosed H to P S. latifolia,

• 3 m p – 3 m from H to P S. latifolia,

• 3 m pep – 3 m from partly enclosed H to P S. latifolia,

• 1 m p – 1 m from H to E S. latifolia,

• 1 m pep – 1 m from partly (all of the plant except one leaf)enclosed H to E S. latifolia,

• 1 m eep – 1 m from fully enclosed H to E S. latifolia,

• 3 m p – 3 m from H to E S. latifolia,

• 3 m pep – 3 m from partly enclosed H to E S. latifolia.

Volatile collection
The volatile collection sequence (eight-hour collections; from 8 a.m. to 4 p.m. for combination [I] and from 10 p.m. to 6 a.m. for combination [II] and [II]) was initiated immediately (1 DAY) after injury/pollination  [I*] again at one day (2 DAY) after injury/pollination [I**], and again at two days (3 DAY) after injury/pollination [I***]. Healthy plants exposure to M, P, and E S. latifolia lasted 48 h (sig to H after 48 h from 1 DAY, 2 DAY, and 3 DAY). Only the highest releasing from M (Scraped) S. latifolia plants were taken into signaling experiment. For each collection, sixteen plants were collected: eight treatment replicates and eight controls. Additionally totally ten blanks (VOCs collected from empty Nalophan bags only) were collected (data not presented).

VOCs were collected separately and simultaneously from Nalophan enclosed S. latifolia whole plants (I) and enclosed female flowers of S. latifolia (II and III). The apparatus allowed to collect volatiles from 4 plants at the same time. A volatile collector trap (6.35 mm OD (outside diameter), 76 mm long glass tube; Analytical Research Systems, Inc., Gainesville, Florida, USA) containing 30 mg of Super-Q (Alltech Associates, Inc., Deerfield, Illinois, USA) adsorbent (a kind of Porapak - divinylbenzene(DVB)/ethylvinylbenzene (surface area 500-600 m2/g, slightly polar) was inserted into each of 4 Tygon tubes (connection between airflow meter and collector trap). Purified, humidified air was delivered at a rate of 1.0 l/min over the plants, and a vacuum pump sucked 20% less (0.8 l/min) to avoid collecting odors from any gap of the system. 
Analytical Methods

Volatiles were eluted from the Super-Q in each volatile collection trap with 225 µl of hexane. After this 7 ng of decane was added as an internal standard. Volatiles were analyzed by coupled gas chromatography-mass spectrometry (GC-MS). The GC Perkin Elmer AutoSystem XL fitted with a 30-m DB-5MS  capillary column (0.25-mm-ID, 0.25 µm film thickness; Restek, USA). The temperature program increased the chromatography oven temperature from 40ºC to 200ºC at 5ºC/min. The identification of volatiles was verified with authentic standards purchased from commercial sources that had the same GC retention times and mass spectra. Peaks were integrated directly from the GC-chromatogram. The results were calculated according to the following equation (ng·h-1): 
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where: S compound – area of the compound, ISTD – internal standard – 7 ng, S ISTD – area of the internal standard.
Results

The objectives of part B:

1. do floral odors of Silene plants change after egg deposition/seed consumption by larvae of Handena bicruris?

Plant anti-herbivore defense is inducible by both insect feeding and egg deposition. Yes, VOCs changed after egg deposition of Handena bicruris. Control plants released significantly more lilac aldehyde A, B, C, D, and veratrole than plants with eggs (see also point 2 c). Exposure of uninjured plants to infested in the second part of our experiment also resulted in VOCs induction (figures for every single compound - eggs.pdf; combined with days and distances – boxplot graphes).
2. a) do vegetative odors of Silene plants change with larval consumption of seeds?

The researcher noticed that there is no connection between larval consumption and odor releasing. Larvae were actively eating on the seeds. However, no signal was seen on the GC-MS chromatograms. The researcher suspects that plants were too old to produce and release odors. Actively growing crop plants (cereals) release odors at BBCH 32-49. After BBCH 49 crop plants don’t produce and release volatiles. The researcher suggests that there is similar situation with Silene plants. 
b) do the induced changes vary in populations with different abundances of co-pollinators?

The researcher was working on Autographa gamma and Hadena bicruris (both pollinators). For Autographa gamma (Autographa gamma pollination.pdf) the changes in VOCs production were very low and not significant. It was different situation with Hadena bicruris (Hadena bicruris pollination.pdf). After pollination plant significantly restricted attractant production. The changes in VOCs production were different following the abundance of co-pollinators. Pollinated plant (by Autographa gamma and Hadena bicruris - Autographa and Hadena pollination.pdf) also restricted attractant production. The researcher found decrease in total scent emission after pollination.
c) do the Silene plants produce repellent compounds against Hadena or/and attractive compounds for natural enemies?

Yes, there are compounds (ß-pinene, ß-myrcene, (Z)-ocimene, ß-caryopyllene, and (E)-ß–farnesene), which were released in larger amounts after eggs deposition. Surprisingly the production of attractants (lilac aldehyde A, B, C, D, and veratrole) significantly fell down. In consequence the adults of Hadena bicruris not deposited eggs anymore.
Additional experiments:
Volatiles after foliar damage

We identified in our experiments 8 odor compounds (data not presented graphically); six GLVs and two terpenoids, released by S. latifolia in consequence of  abiotic stress. These were: (Z)-3-hexenal = (Z)-3-HAL, (E)-2-hexenal = (E)-2-HAL, (Z)-3-hexen-1-ol = (Z)-3-HOL, (E)-2-hexen-1-ol = (E)-2-HOL, (Z)-3-hexen-1-yl acetale = (Z)-3-HAC, 1-hexyl acetale = 1-HAC, linalool = LIN (entantiomers R or S not identified), ß-caryophyllene = ß-CAR.
Volatiles after mechanical foliar damage

In scraping (S) treatment, the trend for (Z)-3-HAC production was similar to that of (Z)-3-HAL. The greatest amount collected was on a first day after injury for the scraped plants ((Z)-3-HAC), while the greatest amount for pierced plants (P) was recorded also for (Z)-3-HAC. Generally, pierced type of mechanical injury induced plants to release significantly lower amount of semiochemicals (Figs.1.pdf).  

The variation in the amounts of (E)-2-HAL, (E)-2-HOL, (Z)-3-HAC, (Z)-3-HAL, 1-HAC, and (Z)-3-HOL were also significantly explained by the post-injury interval (Days I, II, III). The overall amount of GLV produced across injury types was significantly greater immediately after injury (Day I) and at two days after injury (Day II) than for three days after injury (Day III). Some other general comparisons for GLV production were apparent from these experiments. (Z)-3-HAC release was clearly highest across the collection days on the first day after injury. 

Interaction between damage type and the time of collection was significant for all other compounds except LIN and ß-CAR. These were because greater amounts of GLV were released in the first day by scraped plants than by pierced ones. That no interaction was observed for LIN and ß-CAR was not surprising as these terpenoids were not released in significant amounts by mechanically injured wheat plants.
Healthy and injured plants
To summarize, the researcher will analyze the results and prepare a publication fairly in the coming months. This paper to be published in an international scientific journal is excellent opportunity for him to acknowledge the support he received from the Marie Curie Intra-European Fellowships. Research work at University of Technology and Life Sciences gave him great satisfaction, and has presented an opportunity to interact with the scientists. The work atmosphere in laboratories had a creative attitude, and provided scientific opportunities, and offered kindness.
Teaching and Workshop during the project by the researcher (the results from Silene plants were partly presented for students and the researchers).
• 
2008/2009 - courses, general entomology/plant pests, Silene experiments, students from Turkey,

• 
05/2009 - Lifelong Learning – 2009, teaching in a framework of the staff mobility for teaching assignment agreed in the bilateral agreement signed between University of Technology and Life Sciences and INP-ENSAT Toluouse, France,
• 
09/2009 – Visiting programme of DELFIS participants (Croatia), Dr. Dariusz Piesik – „Marie Curie Action and Reintergration Grants” – experiences from the UE 6th and 7th Framework Project realization,
• 
05/2011 - Lifelong Learning – 2011, teaching in a framework of the staff mobility for teaching assignment agreed in the bilateral agreement signed between University of Technology and Life Sciences and INP-ENSAT Santiago de Compostela, Spain.

Prof. dr hab. inż. Maria Wawrzyniak
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