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'Project: PTDC/AGR-AAM/102529/2008 “Trace gas emission from Portuguese irrigated rice fields in contrasting soils, by the influence of crop
management, climate and increased concentration of CO, and temperature in the atmosphere” 3
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Obijectives

O lIdentify

v"VOCs distribution among whole rice (O. sativa L. cv. Ariete) cycle
growing phases under different treatments:

|. soil textures (silty clay and loamy sand);
2. increasing temperature;

3. simultaneous temperature and CO, concentration enhancement.

0 Understand
v VOCs emission from rice field behaviour in climate change scenarios:
|. increasing temperature;

2. increasing CO, concentration.
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Introduction
VOC:s behavior on atmospheric chemistry

Low molecular weight SUNLIGHT
Highr vapour pressure (at 20°C)
Photochemical reaction: precursors of trophosferic

Trophosferic
SUNLIGHT = OZONE

(Source: Sheng et al., 2013)



Introduction

VQOCs annual variation
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(Source: Steinberg et al., 2009)

d Emission dependence
v' temperature (summer peak);
v light (mid-day peak).
 Synthesis dependence
v" photosynthesis rate;
v' CO, (50% less).
d Other factors
v" N availability;
v" water availability;
v O, exposure.
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Introduction
Europe scale

Isoprene kg/km® Month Monoterpenes kg/km® Month
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Materials and methods T L),

COTArroz location
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(Source: Figueiredo, 201 1)




S
;‘ %%:
FACULDADE DE 5
F clmcmssrscnomsm m —
ERSIDADE NOVA DE LISBOA “Comaanons

Materials and methods
Sampling layout

TN — Open field soil plot A (loamy sand texture)
TE — Open field soil plot B (silty clay texture)
TE- — Open Top Chamber with induced temperature

a
a
a
a

TE-- — Open Top Chamber with induced temperature and CO, concentration
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Materials and methods
VOCs extraction techniques

NN N N Y N O Y Y

Solid phase micro extraction (SPME)

a Divinylbenzene/Carbowax/Polydimethylsiloxane (DVB/CAR/PDMS)
fiber;

O Fiber conditioning into hot GC injection port at 250 °C for 20 min;

O 0,3 g of fresh cut rice leaves were placed in a |5 mL vial. The fiber was
exposed to the vial headspace for 45 min at room temperature.

L N L N N N N o N N N N N L N L o N R R R R R
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Materials and methods
VOCs extraction techniques

NN N N Y N O Y Y

Steam distillation extraction (SDE)

O 7 g of fresh cut rice leaves were placed
into 250 mL round bottomed flask
with twice-distilled water;

O Solvent: diethyl ether — pentane 2:|
(V/v);

O 2h extraction;
0 Extracts were stored at -20 °C;

O Extracts were concentrated to final
volume of | mL for analysis.

L N L N N N N o N N N N N L N L o N R R R R R
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Materials and methods
VOCs analysis method

Gas Chromatography coupled with Mass Spectrometry (GC/MS)

Two stationary phases with different polarities:
d (gas samples) SPME === DB-5 (non polar column)
d (liquid samples) SDE === DB-WAX (polar column)

GC programmed method

Injection type manual

Injection mode splitless

C *
S helium (1,2 mL/min)
(constant flow)

Tinjection 250 °C
Tramp 4 °C/min
T, 40 °C

initial

Teoa 200 °C
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Materials and methods
VOC:s identification process

TIC, amazTE247xms; Fitered B

TIC peak
compounds
detection
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Results and discussion
GC/MS DB-5

getative Reproductive Ripening
Peaks Chemical formula | RI

- 8 ";"'i.',;e'ﬁt'éﬁil' 2-methyl | CH,,O | 776 | X ":

o \-a ] : 3-hexenal C¢HiO 796 :

2 Q g - 2-hexenal CeH,0 850 :

C) -l 3 . 3-hexenol C¢H,,0 853 :
| > - 2,4-hexadienal CHz0 925
| +*  a-pinene CioHe 939 | 943 X | X
myrcene CioHie 989 | 1001 X |
g H phellandrene CioHie 1004 | 1014 X X ‘:
i : cymene CroHie 1026 | 1032 X | x| x| x X | X X |:
g (7)) E I-hexenol 2-ethyl CgH,50 1028 | 1035 X X X X X X X E
i v : limonene CioHie 1035 | 1038 X|X| X | X X | X X | X X |:
| 5 : 1,8-cineol CyoH,gO 1039 | 1047 X X| X X X | X X X| X X
i E. - ocymene CroHie 1050 | 1056 X X |
i Q H a-terpinolene CioH¢ 1089 = 1100 X X X E
*5 : benzoic acid CgHgO, 1102 | 1110 X | x| X X X :
i c E n-nonanal CyH,,O 1104 1111 X X E
i (=] : linalool CyoH,g0 1106 | 1117 X | X :
] Z H 2,6 nonadienal CyH,,O 1180 = 1191 X X E
i * | methyl salicylate CgHgOs 1201 | 1207 X | X :
| ", n-decanal CoH,O 1212 | 1221 X X X | X :'
i *e,_ B-cyclocitral C,H,:0 1219 | 1229 X | e
| o C 5 1386 | 1400 X S,
8 : elemene CysHps 1406 | 1418 X | X X X | %
E S : B-caryophyllene CisHps 1425 | 1440 X | X :
| o E a-farnesene CisHps 1430 | 1442 X | X X E
| & : bergamotene CisHys 1435 = 1450 X X H
| g - : humulene CisHas 1455 | 1470 X :
| = E aromadendrene CisHps 1462 = 1479 X X E
E 9,- : a-curcumene CisHas 1481 | 1501 X :
| O : B-ionene Ci3H,;g0 1493 | 1504 X X X X
; (7)) b ziginberene CisHys 1500 | 1514 X | X H
E "‘ bisabolene CisHps 1511 1527 X .:.
i S T PR (1T T 2T TR fY - APRPPRPRP (Y |- 0 Y - JA S O . G P P 5 AP oy AR a1y . o 0 O PP S
i Total 20022 7 |10 6|6 5 |8 i1z, 9 | 13
-}
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Results and discussion

VOCs main zone classes

SPME; GC-MS (DB-5)
Soil plot B— Open Field
Vegetative Stage (24/07)

Monoterpenes

a
-]
-]
g
a
-]
-]
g
a

o e,
Time:  1.63 3.06 4.50 593 7.37 8.80 10.64 lM7 1430 1614 17.97 19.80 21.64 23.48 2531 275 28.98 30.81 32.65 3449 3632 3815 39.99 41.83

Sesqunterpenes

| Cl5 Retention
time
Clo

N Sesquiterpenes
| cé Monoterpenes

“Green
Leaf
Volatiles
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P> vs DE-WAX S o
2-pentanol C;H,,0 . X
..""ﬁ:iéﬁfa'r;a'l'h'-ﬁ;e't'h'y'l" S Sy g ot ..,.“
O Column affinity ; Zhexanone i b=
: 3-hexenal C¢H,,0 X :
v DB-5 non polar ; Zhexenal o X X
. 3-hexenol C¢H,,O X X I
E 2,4-hexadienal C,HgO X E <
\/ DB_WAX pOIar E n-heptanal C,H,,O X E
= n-heptenol C,;H,,0 X .
. % 1,6 hexanediol C¢H, 40, . X N
O Extraction methods R = - AT T L O - IO A
o a-pinene CioHie X | '»"
v" headspace SPME (gas § [ Dhelandrene T E
P .
: cymene CioHie X X .
v’ solvent SDE (liquid) | R PR 4
E 1,8-cineol CoH,s0 X E g
O SDE samples B r— T i 9
: benzoic acid CgHgO, X : 2
v’ volume extraction rnonanal S o i
: 1,3 nonadienol CyH,,0 X -
\/ concentratlon § 2,6 nonadienal C4H,,O X X Eg
. methyl salicylate CgHgO,4 X E
. n-decanal CoH20 X X
v’ storage condition decanol CioHO x| |/
®e,  B-cyclocitral CH (O X X | oo
‘0‘ coparene CsHa4 X '0‘
v" samples number : elemene Cuths || X :
H B-caryophyllene C5Hy4 X X H %
. H a-farnesene CsHyy X H
O Results from SPME GC/MS using DB-5  } [ bergamotene Corte | | X ;é
. cetene CisHas - X . =
non-polar column allowed the whole humulene S P
. H aromadendrene CsHa4 X X H 2
H -curcumene CisHys X X H
rice cycle study. ST e (D
H ziginberene C5Hy4 X H (':D
'-‘ bisabolene CsHa4 X :' 7
*ey_ B-sesquipheladrene CsHy4 X |, o
2-pentadecanone CgH3,O . X
Total 33 || 2 17
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Results and discussion
Rice cycle stages (same T°, CO, and soil texture)

O MoreVOC:s released at vegetative stage
v’ greater rice plant activity on early developing stages;

v" same trend in 201 | rice cycle.

L *
: Veetative Reroductive Rienin

SPME; MS [DB-5
Silty Clay soil
TE — Open field

Vegetative
SPME; M5 [DB-5
Silty Clay soil
TE — Open field

Reproductive
SPME; DB—S
Silty Clay soil
TE — Open field . )

Ripening

‘.I'-Ic 163 307 450 594 737 581 [I0.54 A5 1431 165 23 531 2706 2900 303 3XGS 3450 3634 3817 4001 4184 |8
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Results and discussion

Soil textures (same T°, CO, and cycle phase)

O More VOCs released from silty clay soil texture at vegetative and
ripening stages

v soil proprieties and other factors

H Veetative Reroductive Rienin

SPME; GC, DB-5

Vegetative Stage (24/07)
()‘Jen field
Loamy
sand
SPME; GC/MS [DB-5)
Vegetative Stage (24/07)
Openfield
Silty
clay
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Temperature and CO, (same cycle stage and soil textures)

O More VOCs released under higher temperature and less under
simultaneous temperature and CO, enhancement

v" thermotolerance protection function

v" photosynthesis rate changes

SPME; GC/MS (DB-5)

Silty claysoil
co,
Silty claysoil
Vegetative Stage(24/07)
°C

l- L bos oS s sae cae sws  doo

For better peaks comparison this figure presents dlfferences on chromatogram scales. 20
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Results and discussion
Student’s t-test

One sample t-test mean (Confidence Interval)

O Small population size n=3; data follows normal distribution; standard
deviation is unknown and is replaced by an estimation parameter.

v At 95% of confidence in each stage, at least one treatment do not
belong to CI.

v" At 99% of confidence alltreatments in all stages are within the CI.

Vegetatire Reproductivc Ripening
2002257 {10 66| 58 1ZE126 9 | 13
et o m
Rice cycle phases TN TE TEc TE.-
Vegetative | Cl, = 113144 CIM = 12,749,56 Cly=5674419 G Clyo=3004203

Reproductive |...Cl,=2,6743,67., =.3,6743,08..... :Clg=500£233 :  Cl,, =4,03+236
Ripening Cl;=6,67%1,17 : CI =5,00+6,08 : Cl,y=8,67+6,51 Cl,, = 6,00+£7,30

Rice cycle phases TN TE TEc TEcc
Vegetative Cl,, = 11,3£33,2 Cl,=12,7£19,3 Cl,;=5,67+9,68 Cl,o= 3,004,70
Reproductive Cl,=12,67+5,38 Cl,=3,67£10,I Cl g =5,00+9,36 Cl, ;= 4,03£5,38
Ripening CIE = 6,67+2,69 Cl = 5,00+14,0 Cl o =8,67+15,0 Cl,,=6,00%16.8

21
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Results and discussion
Student’s t-test

Independent two sample t-test (Difference between means)
O Both samples size n=3; data follows normal distribution; both distributions
have same variance;

v At 99% and 95% confidence no difference between treartments means

v At 90% of confidence, at vegetative stage, silty clay open field treatment
has diference from both open top chambers

Tabg9r=4,60 Tebosn=278 | Tepoon=2,13

Rice cycle phases TNand TE TEcand TEcc TNand TE.c. TNand TEc TEand TE.. TE and TE.

Vegetative | T,q=028  Tou=20l Ta200 | Taao=132 | Teg=2S1 | Toe=235 |
Reproductive T a2=0,90 T a1c5=0,52 Teas=1,73 Teac1=1,20 T caic14=0,57 Teaa7=1,75
Ripening Tcalc3=0’94 Tcalc6=2’oo Tcalc9=0’32 TcaIcI2= I ’07 Tcalcl5=0’37 Tcalcl8= I ’07

22
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Results and discussion
Rice VOCs behavior under climate change scenarios

v" Vestigial emission from rice plant, however the great rice area
distribution cause a potential impact on air chemistry.

v According to the data on actual experimental conditions, higher
temperature may increased VOCs emission and CO, may caused the
reverse.

Higher
temperature

Higher CO,
concentration

23
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Conclusions |

Based on experimental data observations

Rice Vegetative stage released more emission.
VOCGCs (H: Greater activity in earlier plant stages?)
emission

Silty clay soil texture produced more
emissions than loamy sand.
(H: Influence of other factors?)

Temperature increased emission.
(H:Thermotolerance VOCs function?)

CO, concentration reduced emission.
(H: Changes on photosynthesis rate?)
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Conclusions | |

Climate change scenario prediction: rise temperature and
CO, atmospheric concentration

Rice Higher temperature may increase emission

VOCs
emission

Higher CO, concentration may reduce
emission

Data suggests that temperature and CO,
have influence on qualitative emission,
supporting further studies on the topic




Further research

O Influence of other abiotic stress factors

v VOCs emission on O. sativa L. cycle, such as:
.

2
3.
4.
5

photoperiod;
soil moisture;
O, exposure;
N availability;

water availability.

O Ildentify

v VOC:s profile among the other rice cycle varieties.

O Emergent research field

P
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v" Study of VOCs from plant-plant and insect-plant interactions

26
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