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mPp dkcZu MkbvkWDlkbM dk ikyd ds ikS/kksa ij izHkko

ofurk tSu] Mh lh lDlsuk] jsuw ik.Ms ,oa vkj ds lkb±jke
Ikkni dkf;Zdh foKku laHkkx] Hkkjrh; Ñf"k vuqla/kku laLFkku] ubZ fnYyh&110012

lkjka'k % Ikkyd ,d egRoiw.kZ 'kkdh; ikS/kk gS ftlesa ykSg rRo izpqj ek=kk esa miyC/k gksrk gSA ikyd ds ikS/kksa ij mPp dkcZu MkbvkWDLkkbM
xSl ds izHkko dk v/;;u fd;k x;kA blds fy, ikyd ds ikS/kksa dks dkcZu MkbvkWDLkkbM dh nks lkUnzrkvksa okys vksiu VkWi pSEcj ¼Åij
ls [kqys d{k½ esa mxk;k x;kA ,d pSEcj esa dkcZu MkbvkDLkkbM dh lkekU; lkUnzrk (Ambient) [ACO

2
, 350±50 µmol mol-1] rFkk nwljs

pSEcj esa mPp lkUnzrk (Elevated) [ACO
2
, 600±50 µmol mol-1] j[kh xbZA mipkj nsus ij 40] 60 rFkk 80 fnuksa ds mijkUr (Days After

Exposure - DAE) ikS/kksa esa tSfod Hkkj] izdk'k la'ys"k.k nj] i.kZjU/kz lapkjrk ¼LVkseSVy dUMDVSUl½ rFkk iks"kd rRoksa dk v/;;u fd;k
x;kA lkekU; ACO

2
 dh rqyuk esa mPp ECO

2
 esa mxk, x, ikS/kksa esa izdk'k la'ys"k.k nj vf/kd ikbZ xbZ tcfd LVkseSVy dUMDVSUl esa deh

ns[kh xbZ] lkFk gh iks"kd rRoksa esa Hkh ifjorZu ns[kk x;k gSA lkekU; (ACO
2
)  dh rqyuk esa mPp (ECO

2
)  lkUnzrk okys okrkoj.k esa mxk,

x, ikS/kksa esa ukbVªkstu rFkk vk;ju es fxjkoV ns[kh xbZ tcfd dkcZu rFkk dSfY'k;e dh ek=kk esa c<+ksÙkjh ikbZ xbZA
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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
2
, 350± 50 µmol mol-1) and elevated (ECO

2
, 600± 50 µmol mol-1) and were

analyzed 40, 60 and 80 days after exposure to CO
2
. The plants grown in ECO

2
 had higher net photosynthetic rate and lower

stomatal conductance when compared with the plants grown in ACO
2
. ECO

2
 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
2
. The

rising CO
2
 may lead to changes in nutritional quality of this important leafy vegetable.

izLrkouk

C
3
 izdkj dh iztkfr;ksa esa okrkoj.kh; mPp dkcZu MkbvkWDlkbM

dh lkUnzrk dk ikS/kksa dh o`f) rFkk Ård lajpuk ij izHkko dk
foLr`r v/;;u fd;k x;k gS D;ksafd bu ikS/kksa esa izdk'k la'ys"k.k
dh izfØ;k vlar`Ir jgrh gS] vr% mPp dkcZu MkbvkWDlkbM dk
izHkko izk;% ldkjkRed gksrk gSA bl lanHkZ esa ;g mYys[kuh; rF;
gS D;ksafd dkcZu MkbvkWDlkbM izdk'k la'ys"k.k dh izfØ;k dk izeq[k
?kVd gSA vr% ;g izkFkfed rFkk ek/;fed izfrfØ;kvksa dks izHkkfor
djrh gS] mnkgj.kr% 'kq"d inkFkZ rFkk iks"kd rRoksa dh lajpuk rFkk
,lhfeys'ku esa cnyko1]2A

izk;% ,slk ik;k x;k gS fd dkcZu MkbvkWDlkbM dh lkUnzrk
c<+us ls ikS/kksa dh o`f) esa c<+ksÙkjh gqbZ gS fdUrq lkFk gh ifÙk;ksa esa
ukbVªkstu dh ek=kk esa deh ns[kh xbZ3]4A izdk'k la'ys"k.k ds ,d

egRoiw.kZ ,Utkbe ¼:fcLdks½ esa deh gqbZ fdUrq bl dkj.k izdk'k
la'Yks"k.k izfØ;k esa c<+ksÙkjh ikbZ xbZ5A izLrqr dk;Z esa rus ds tSfod
Hkkj] izdk'k la'ys"k.k rFkk ifÙk;ksa ds iks"kd rRoksa ij mPp dkcZu
MkbvkWDlkbM ds izHkko dk v/;;u fd;k x;kA

lkexzh ,oa fof/k

ikyd ds chtksa dks vksiu VkWi pSEcj ¼Åij ls [kqys d{k½ esa
cks;k x;k ftldh ifjf/k ¼òÙkkdkj½ 1-6 ehVj rFkk ÅapkbZ 1-8 ehVj
Fkh rFkk ftls ikjn'khZ ih-oh-lh- 'khV ¼120 µm½ ls <dk x;kA ikS/kksa
dks dkcZu MkbvkWDlkbM dh nks lkUnzrkvksa lkekU; (ACO

2
,

350 ± 50 µmol mol-1) rFkk mPp (ECO
2
, 600 ± 50 µmol

mol-1) esa mxk;k x;kA pSEclZ ds vUnj dh dkcZu MkbvkWDlkbM dks
iksVsZfcy QksVksflUFksfVd flLVe (LI-6200, LI-COR, USA) ds
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lkj.kh 1 — lkekU; (ACO
2
) rFkk mPp (ECO

2
) lkUnzrk okyh dkcZu MkbvkWDlkbM dk ikyd ds ikS/kksa dh fofHkUu voLFkkvksa ds o`f) rFkk izdk'k la'ys"k.k ij izHkko

                  40 DAE                  60 DAE                  80 DAE

ACO
2

ECO
2

ACO
2

ECO
2

ACO
2

ECO
2

iÙkh 'kq"d Hkkj (g plant-1) 1.24±0.06 1.47±0.03* 1.49±0.10 1.65±0.08* 1.58±0.15 1.84±0.07*

ruk 'kq"d Hkkj(g plant-1) 1.38±0.12 1.59±0.11* 1.62±0.08 1.84±0.15* 1.70±0.09 1.91±0.11*

iÙkh {ks=kQy (cm2) 495.74±12.50 558.40±6.55* 610.52±15.06 724.30±8.56* 732.45±12.15 780.24±11.06*

izdk'k la'ys"k.k (µ mol m-2 s-1) 13.06±0.56 16.40±0.18 12.66±0.82 19.52±0.09 15.78±0.48 16.47±0.40

LVkseSVy dUMDVSUl (cms-1) 0.89±0.05 0.84±0.01 1.05±0.05 0.91±0.06 0.73±0.06 0.69±0.08

Values are mean ± SD (n=5)* - P <0.05; DAE = Days After Exposure

lkj.kh 2 — lkekU; (A CO
2
) rFkk mPp (ECO

2
) lkUnzrk okyh dkcZu MkbvkDlkbM dk ikyd ds ikS/kksa dh fofHkUu voLFkkvksa ds iks"kd rRoksa ij izHkko

iks"kd rRo                   40 DAE                 60 DAE                  80 DAE

ACO
2

ECO
2

ACO
2

ECO
2

ACO
2

ECO
2

dkcZu (C) [¼»¼'kq"d Hkkj½] 52.15±2.47 56.20±2.50 58.20±2.50 65.93±4.75* 61.38±3.93 72.03±2.95*

ukbVªkstu (N) [¼»¼'kq"d Hkkj½] 4.08±0.32 4.65±0.17 3.31±0.31 2.91±0.39 6.26±0.36 5.21±0.14*

dkcZu % ukbVªkstu (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

dSfY'k;e (Ca) [µg g-1 ¼'kq"d Hkkj½] 63.59±3.84 72.13±4.79 63.00±6.82 67.58±5.75 55.08±1.49 57.35±0.98

vk;ju (Fe) [µg g-1 ¼'kq"d Hkkj½] 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



tSu ,oa vU; % mPp dkcZu MkbvkWDlkbM dk ikyd ds ikS/kksa ij izHkko 167

Lrj }kjk ukik x;kA iÙkh {ks=kQy rFkk iÙkh 'kq"d Hkkj dkcZu
MkbvkWDlkbM ds mipkj ds 40] 60 rFkk 80 fnu ckn fy;k x;kA
ikS/kksa ds lSEiYl dks 800C ij vksou esa lq[kkdj mudk 'kq"d Hkkj
fy;k x;kA iksVsZfcy QksVksflUFksfVd flLVe LI-6200 ds }kjk
lkekU; rFkk mPp dkcZu MkbvkWDlkbM mipkfjr ikS/kksa dh izdk'k
la'ys"k.k izfØ;k rFkk LVksesVy dUMDVSUl dks ukik x;kA izdk'k
la'Yks"k.k dh izfØ;k dks 'kh"kZLFk iw.kZ :i ls [kqyh iÙkh ij izkr% 10
rFkk 11-30 cts ds e/; esa ukik x;k tc bl izfØ;k ds fy,
izdk'k dh rhozrk 1000 ls 1300 µmol m-2 s-1 FkhA bl nkSjku
lkis{k vknzZrk 65&75» rFkk rkiØe 18&230C FkkA ikS/kksa ds uewuksa
dks ukbVªkstu] dkcZu] dSfY'k;e rFkk vk;ju ds fy, fo'ys"k.k
fd;k x;k ftlds fy, Atomic Absorption Spectrophotom-

eter dk iz;ksx fd;k x;kA

ifj.kke ,oa foospuk

,slk ik;k x;k fd mPp dkcZu MkbvkWDlkbM ds dkj.k ikyd
dh o`f) esa c<+ksÙkjh gqbZA 60 DAE (Days After Exposure) ij
ifÙk;ksa ds {ks=kQy rFkk mudh la[;k esa mYys[kuh; c<+ksÙkjh gqbZA ;g
c<+ksÙkjh 40] 60 rFkk 80 DAE ij Øe'k% 12-6] 18-5 rFkk 6-5»
ikbZ xbZA iÙkh 'kq"d Hkkj esa 80 DAE ij 16-4» dh c<+ksÙkjh ns[kh
xbZ ¼lkj.kh 1½A mPp dkcZu MkbvkWDlkbM ij (40 DAE) rus ds
'kq"d Hkkj esa 15-23» dh o`f) gqbZ] tcfd 80 DAE ij ;g o`f)
12-3» FkhA ikS/kksa esa ;g o`f) c<+h gqbZ izdk'k la'ys"k.k izfØ;k ds
dkj.k ikbZ xbZ] tSlk fd vU; Qlyksa esa Hkh ik;k x;k gS2]4A

,slk ik;k x;k fd mPp dkcZu MkbvkWDlkbM mipkfjr ikS/kksa
ij izdk'k la'ys"k.k dh izfØ;k esa o`f) gqbZ tksfd 40 DAE ij
29» Fkh] ijUrq LVksesVy dUMDVUl esa deh ns[kh xbZ ¼lkj.kh 1½A
izdk'k la'ys"k.k esa bl izdkj dh c<+ksÙkjh nwljs 'kks/kdrkZvksa us Hkh ikbZ
gS6A

dkcZu tksfd ikS/kksa dk ,d lajpukRed rFkk vlajpukRed
vo;o gS] mPp dkcZu MkbvkWDlkbM mipkfjr (ECO

2
) ikS/kksa esa

c<+k gqvk ik;k x;k ftldk vf/kdre Lrj ¼17-3»½ 80 DAE

ij ns[kk x;kA bl izdkj dk izHkko vU; 'kks/kdrkZ us Hkh ns[kk8A
ijUrq dkcZu ds foijhr ukbVªkstu dh ek=kk esa fxjkoV ns[kh xbZ]
tksfd 80 DAE ij 17»  ikbZ xbZ ¼lkj.kh 2½A bl izdkj dh
fxjkoV xsgwa esa Hkh ns[kh xbZ9A dkcZu ds c<+us rFkk ukbVªkstu ds ?kVus
ds dkj.k dkcZu%ukbVªkstu (C:N) vuqikr c<+k ik;k x;k tksfd 60
DAE ij vf/kdre Fkk ¼lkj.kh 2½A dkcZu MkbvkWDlkbM ds dkj.k
c<+h C:N vuqikr vU; 'kks/kksa esa Hkh ik;k x;k9]10A

mPp dkcZu MkbvkDlkbM ds okrkoj.k ds ikS/kksa esa eSØks rFkk
ekbØks iks"kd rRoksa ij Hkh izHkko ns[kk x;kA dSfY'k;e dh ek=kk esa
c<+ksÙkjh 40] 60 ,oa 80 DAE ij Øe'k% 13-4] 7-2 rFkk 4-0»
ikbZ xbZA fdUrq vk;ju dh ek=kk esa 55» deh ns[kh xbZ ¼lkj.kh 2½A
bl izdkj ECO

2
 esa dkcZu rFkk dSfY'k;e dh ek=kk esa c<+ksÙkjh ikbZ

xbZ tcfd ukbVªkstu rFkk vk;ju esa fxjkoV ns[kh xbZA bl izdkj dh
fxjkoV vU; 'kks/k esa ECO

2
 voLFkk esa ekbØks iks"kd rRoksa esa ikbZ

xbZ11A
bl v/;;u ls ;g fu"d"kZ fudyrk gS fd mPp dkcZu

MkbvkWDlkbM ds mipkj ls ikyd ds ikS/kksa esa eSØks rFkk ekbØks iks"kd
rRoksa dh ek=kk ij mYys[kuh; izHkko gksrk gSA ikyd D;ksafd ,d iÙkh
okyk 'kkdh; ikS/kk gS vr% Hkfo"; dh mPp okrkoj.kh; dkcZu
MkbvkWDlkbM ds dkj.k vk;ju dh ek=kk esa deh rFkk dkcZu ,oa
dSfY'k;e dh ek=kk esa c<+ksÙkjh ds dkj.k iks"kd xq.koÙkk izHkkfor gks
ldrh gSA ;|fi ifÙk;ksa ds {ks=kQy rFkk ikni tSfod Hkkj ls bldh
mRikndrk esa c<+ksÙkjh ik;h x;h gSA
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