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ABSTRACT

The carbon capture and storage (CCS), which collects and stores carbon dioxide in a geological site, is a promising
option to mitigate climate change. However, there is the possibility of carbon dioxide leakage from the soil in the
steps of collecting, transporting, and storing. To ensure the feasibility of this technology, it is important to monitor
the leakage of carbon dioxide and to assess the potential impacts. As plants are sensitive to the changes in carbon
dioxide in the soil environment, we can utilize plant parameter to detect the carbon dioxide leakage. Currently,
chlorophyll a content is a conventional index indicating the changes in plants, however, this method is labor intensive
and it only utilizes a small portion of leaves. To overcome its limitations, a simple spectroscopic parameter, DGCI
(dark green color index), was suggested as an easy and quick indicator. In this study, we compared the values of
chlorophyll a contents with DGCI from the experiment investigating the impacts of high underground CO, on grape
plants. Results suggest that DGCI had high correlation with chlorophyll a contents and it has high potential to be
utilized as an easy indicator to monitor plants’ responses to CO, treatment.
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Table 1. Basic characteristics of the potting soil and mineral soil

Composition
N TC
Soil pH %
- g kg 'sail - Zeolite Pearlite ~ Vermiculite Coco peat Peat moss Other
Potting 6.87 6.30 390.32 4 7 6 68 14.73 0.27
Clay Silt Sand
Mineral 6.80 0.19 3.02 4 26 70
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Fig. 1. CO; injection box (from Ko et al., 2016).
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Fig. 2. Photos of leaves.

Journal of Climate Change Research 2016, Vol. 7, No. 3

Total chlorophyll o (mg) in original tissue sample =
Chlorophyll a (mg/mL)*final volume (mL) ®

=

2.5 4% 9 FAEN

7] 154 o $ DGCIS] ¥, o iksheka Aeibi
H DGCI EAE4-2 R version 3.2.3(R Development Core
Team, 2015y ©]-8-3}0] 95% 1=l A EAEAS
STk A2 MR §5A 0 GJ‘%E, DGCI % olhkseha A
ZHBG, Co)ell tisll AAleHlaL, o5 Fall W7o 54
o SFET} DGCI2] Pearson 4 AAIS 415193 2, DGCIo
ojpkshera: A7t mx|= e HARSAHES E8eiich

oF 54 o FF 7&Ql *&11711b 574 I EE wskegl
ol FUE718€E 20~279) 2 FUF719E 9~22¥)l A=
BG®} CG A 2|7 ErollA] F ¥ 7] o8t A s
£ g YI3iTk o] Ago] lﬁ% 215 2lEo] wishe $7
Ag3hs A7I7E sl Aglo] A&E ozt wel 53

orksheka XM?(OG)OWL AEo] JAfelE T AT}
A= 7] wWE o2 AlsErh

DGCI®} =24 k7o) A AS= Al 31 (BG)OHH
olabsletav) & $ACG)ET B EUETFg 3), o=

oplsleka: FERE AEC] Aol AalE o] Al Slo] Wol
o= sl JFA T F52] sHAZE A7 wtoltk
ghA, FhelelE o] &3 F3HA] A9l DGCR= A 21EA]
Qo] P gAw adjE x3kekal Qlom R ATl wE
FefA Wshrt o 11"2 741*& }~ tﬂ°ﬂ ﬂﬂﬂ =] °‘%‘tﬂ}
o] o]-&-Z DGCIE= A& e
%7:51. X]EQ] 7]_0_/\301 1:]._,1 _&‘_O}Oﬂr)r o]g,], ohq./\-] 011—
A= Fg 40014 Btk DGCL B 54 o T Alxto]
;(]bloﬂ u;]-a]. x%u]—x%__g 7 o]_# ,LHE% KN E‘”ﬂﬂ- o]b PAR= xﬂ
o] Aol 8 20204 99 224 Alo], A3t 7]20] 26.1T
oA 220C=E tﬁf?M upel Axf = A AL 55 om| gt
e Al W] Wl A= xjo]7F 9I%1
t}. A7) e DGCI«] W= 89 289FE 99 1Y Aol
o A 7Hadk b e 7|7 A4 o] TS A 7
A3l3lar, P54 of] e 2388 9 19004 9 8Y
Afelel Hojxlth o] DGCIZF 54 o el vlste] Al
2 Wsks vIzkebA vkdetal le-s ofngith Bt o kshet
2 A2 3ol A= DGCl Hs7F 454~ o T Bishi




o) kslebA

,_.
132
=]

Chl a{mg)

0.00

0.60

H
o
=]

Chl a(mg)

0.00
0.60

2.50

Chl a(mg)
— e
o o
o o

-
o
o

o
=l
<

0.00

0.40

15473 Al #A F5 FekS 918k DGCI(Dark Green Color Index) 48 7Fs4d 7} 355
8/28 8/28
2.50
[ 2.00 [
e e L T — ]
W g 5 1.50 TG ]
R n El R .
y =1.8049x + 0.122 = y = 1.8049x + 0.122
R® = 0.6065 = 1.00 R? = 0.6065
(p < 0.0 © (p < 0.05)
0.50
0.00
0.70 0.80 0.90 1.00 0.60 0.70 0.80 0.90 1.00
DGCI DGCI
8/28 9/1
250
r 2.00 et A
............ B |
| T el ™ e I N N B A
----------- = 1.50 T
........ 1 () e
o v = 1.8049% + 0.122 E Ak _ _
R? = 0.6065 S 100 | v = 2.1583x — 0.0315
5 = L00 A R® =0.7506
(p < 0.05) o AA
0.50 (p € 0.05)
0.00
0.70 0.80 0.90 1.00 0.40 0.50 0.60 Q.70 0.80 0.80 1.00 1.10
DGCI DGCI
9/8 9/8
2.00
A
] _
m m L B
T S W Iy A
8 A A Z
& [ ] = 1.00 W A I |
- vy = 2.8824x — 0.4208 z AA v = 1.2817x + 0.3550
2 =0.7129 © R* =0.5988
(p < 0.05) 0.50 (p<0.05)
1 0.00
0.50 0.60 0.70 0.80 0.40 0.50 0.60 0.70 0.80 0.90 1.00
DGCI DGCI
(a) (b)

Fig. 3. Correlations between DGCI and chlorophyll a content in the (a) BG (no gas injection) and (b) CG (CO,
injection) treatments on August 28th, September 1st, and September 8th.
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Fig. 4. Temporal change in the (a) DGCI and (b) chlorophyll a content during August 28th and September 8th.
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