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Effect of elevated carbon dioxide on Spinach (Spinacia oleracea L.) plants

Vanita Jain, D C Saxena, Renu Pandey & R K Sairam
Division of Plant Physiology, Indian Agricultural Research Institute, New Delhi-110 012

Abstract
Spinach is an important leafy vegetable enriched in iron. An experiment was conducted to study the effect of elevated carbon
dioxide on growth and nutrient composition of spinach. The plants were grown in open top chambers (OTC) under two
concentration of carbon dioxide viz. ambient (ACO,, 350+ 50 umol mol™) and elevated (ECO,, 600+ 50 umol mol™') and were
analyzed 40, 60 and 80 days after exposure to CO,. The plants grown in ECO, had higher net photosynthetic rate and lower
stomatal conductance when compared with the plants grown in ACO,. ECO, also changed the nutrient composition of leaves.
Lower nitrogen and iron content and higher carbon and calcium content were observed in the plants exposed to elevated CO,. The

rising CO, may lead to changes in nutritional quality of this important leafy vegetable.
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C, YR &l Yol # arreRelid 3= e SE3ieEs
T AT &1 qrel &t i qar SHah Ge@aT W g
forega sTegam fopam T © aRAfeR 39 el § yepter Hewyor
T YIRAT ST Tl &, oTd: 3o BIae SESATFITES &l
U YT: GRS BT & | 39 e | I8 Swig-a a=a
& Tk I SEIHATFATES YehTST FIAUTT i TisHaT T THE
T2 ¢ | 3Ta: TE raifies e areafye gfafhansti @ wfad
FIAT &, SIET: & Teref T&T Toe Tl ol GEaT aem
TR § g |

U THT 9T AT E O e STEsieEs i diear
T | wrell B gha H IgrId &8 o foheq | & ufwdt '
TZETT bl AT § AT ST T2 | GehIeT HIATT & Uk

TEqol Trred (Wfaeht) H FHT g% foheg 29 BROT YIS
FYITOT GEshAT § STl UTE 2 | WA B H T o S
R, YT AU JAT Ydi & ek del X I HaT
TISIATRATES & THIE ol T T T |

arRlt ud fafr

UTeTh % Sl Bl 3 2T TR (SR T Gl Hel)
Frar 4T forgent TR (FAHR) 1.6 Hied J41 Sa5E 1.8 HieX
ot oo fory aRestt drarar. e (120 um) & ot 7@ | e
F HIET SEHTREIES Bl & WSl qE (ACO,,
350 % 50 umol mol ') @&T I=@ (ECO,, 600 + 50 umol
mol!) H ST T | T & 3T I B SIS Hl
gt wiefaafed feen (LI1-6200, LI-COR, USA) &



ol 1 — qERT (ACO,) T4 =9 (ECO,) AEAl dTcll e SEHIFISS d1 e & rdi &l faf sraeemeti & Jfa qer e Sauel T g9

40 DAE 60 DAE 80 DAE

ACO, ECO, ACO, ECO, ACO, ECO,
Tl g ¥R (g plant?) 1.24+0.06 1.47+0.03* 1.49+0.10 1.65+0.08* 1.58+0.15 1.84+0.07*
T STk WR(g plant™) 1.38+0.12 1.59+0.11% 1.62+0.08 1.84%0.15% 1.70+0.09 1.91£0.11%*
W A6 (cm?) 495.74%12.50 558.40+6.55* 610.52+15.06 724.3048.56* 732.45+12.15 780.24+11.06%
YERIST HLATOT (4 mol m?2 s!) 13.060.56 16.40+0.18 12.66+0.82 19.52+0.09 15.78+0.48 16.47+0.40
WA FH2F (cms™) 0.89+0.05 0.84+0.01 1.05+0.05 0.910.06 0.73+0.06 0.69+0.08
Values are mean = SD (n=5)* - P <0.05; DAE = Days After Exposure
qroft 2 — | (A CO,) T&T I=9 (ECO,) AFEdT dTl i SISSTTES 1 Teidh & i &l fafe sraeensti & uis q@l W) J9E
IS T 40 DAE 60 DAE 80 DAE

ACO, ECO, ACO, ECO, ACO, ECO,

FET (C) [(% (I 9R)] 52.15+2.47 56.20£2.50 58.20+2.50 65.93+4.75% 61.38+3.93 72.0342.95%
qEEoE (N) [(% (I 9R)] 4.08+0.32 4.65+0.17 3.31+0.31 2.910.39 6.2620.36 5.21+0.14%
HrET @ R (C: N) 12.78+0.29 12.08+0.35 17.58+0.25 22.65+0.38* 9.80+0.20 13.82+0.16
i@ (Ca) [pg g' (T 9R)] 63.59+3.84 72.13+4.79 63.00+6.82 67.58+5.75 55.08+1.49 57.35+0.98
A (Fe) [ug ¢ (IF 9R)] 11.09+1.07 5.05+0.29* 10.01+1.32 6.94+0.78* 8.92+0.32 3.98+0.73%

Values are mean = SD (n=5)* - P <0.05; DAE = Days After Exposure
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T BRI AT AT | Ui ShA qeT Ul %k HR hlE
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qref & dvaed Bf 80°C IX 3iae # G@ETht 3T % 91
for | udfaa wereafes feem LI-6200 & 3R
AT AT T B SESHTFIATES IUARA el dhl TehrsT
FYATOT GIohaT e THEH hrsde=d i 19T 74T | Y10
HOTIOT hT oA 2 9feeer ot &7 & ol gl I 91 10
qAT 11.30 S & T § 19T AT I 39 UhAT & ol
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|IUET STEAT 65-75% AT IR 18-23°C &T | UIel & A1
T AT, BT, BT qAT R & o fargargor
fopam T e [T Atomic Absorption Spectrophotom-
eter T YT fehar T |
TRem UF e

AT 97T 7T o S hide SIE3TRIEES & HIROT UTddh
%I i # SR &2 | 60 DAE (Days After Exposure) T
Qi o & T Il ST § Swi@- i Jerdl g8 | I8
TS 40, 60 TAT 80 DAE WX SHAT: 12.6, 18.5 AT 6.5%
q1E T2 | AT [ 9 H 80 DAE W 16.4% i Sgiidl @
T2 (AR 1) | 3T HIa SLHTRTES W (40 DAE) a4 &
I MR # 15.23% %1 I(E g2, ik 80 DAE W 7% gfa
12.3% &f | 4l # 98 g T T2 YohlST TLIToT UFhaT &
HIROT UTE T, 4T fob ot waal | ff urar war 22 |

AT YT T fob S5 e SIEsiiaTES SuETia et
TR YeRIST HIAWOT 1 URRAT § gig &5 i 40 DAE W
29% T, T WHed Freded § HH @l T (FROM 1) |
eI FIATOT H T YR I SErad g irereharatt = off 118
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HIE ATk GIel T Tk @S qaT @S
9T B, I e SIEAIFES Iu=d (ECO,) e |
T BAT U1 T Foregent stferehad &R (17.3%) 80 DAE
TR I@T AT | 39 YR HT THI 3T Sierehdt 5 of @ |
TR I b U ATggiee & A § fREe @ T,
S 80 DAE W 17% UE T (AREM 2) | 30 TR &l
iR g # off 3@l T1° | I & T TAT TS b T
& FHROT AR (C:N) STUTT T 9T 74T i1k 60
DAE W 3Tfersha™ o7 (ROl 2) | e SE3HRIES & HRoT
T¢I C:N iU 31 Siet | «ft wra &' |

T FHTET STESTHRATES & ATdTaier & el § Hehl e
HIZeh! Uk i 92 T JTe S@1 74T | hiega™ i |7Er §
TSI 40, 60 TG 80 DAE W ShHST: 13.4, 7.2 T 4.0%
1S 2 | fob] STRRA 1 AT | 55% FHHT T T2 (FIROM 2) |
3H YR ECO, H e qeT hiearad &l 7= § el urg
T2 Fafeh AT T 3R § fRae &t 1 | 39 YR
fREe o= ofter § ECO, S7aeem | H1gshl UIweh qall 9 a1s
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9 emae ¥ ge fawpd fadaar & 6 S @Ew
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TEHTHATZS & HROT I I HAET | HHI q4T HET 0d
I I AT H TG & HRT IS IoTat guifad &
Terdl & | TATT GfRrdl & &sThe a7 q1ed Al Y & 2qe

IeTEHAT H TR Tl T 2 |

<

1. I & &, faady e, S o, Aied o, FeRem 2 &, Sl o
g A S, FrEaianoar weevg, 46 (1) (2003) 35-39.

2. U UH, 19 UF U4, 9 Y, farad T @, oS R, 19 T ug
e & 0, Frgiaifoar wwewg, 49 (2005) 467-470.

3. & AT A W, SRfaaT THT SE qiel, 40 (1992) 445-456.

4. I A1 W, WS HWR U9 U Od A g O, g Reg st
AT fRrararstl, wre difaager arardi, 48 (1997) 609-639.

5. 9 3R UH, IR & 31 Ud 99 o IR, Tree feforaiaral, 89
(1989) 590-596.

6. U TH &, g9 3 Ud B St E, SRforgT aHaT oiiE
e fforiara, 26 (1999) 759-766.

7. SUAr 2 AT UG HeweHl A, T Si% GIHET TUS BT e,
184 (2000) 271-276.

8. I firaod & U, T U Ud I U, Tre #ige, 188
(1997) 299-308.

9. U@ UH, U9 UQ Ug, A v, 59 @ ud G g b,
It ©eE, 47 (2003/04) 277-231.

10. TRz R wH, T & S U6 A o Ud, W d1qd, (2000)
1-14.

11. 9w &, Dd T sy, R @ ud 8T R A, aHa o
IFERHT Fiagat BT &liddpeay @iz, 122 (1997) 849-855.




