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Effects of selenium application on yield, selenium uptake and accumula-
tion of cucumbers in greenhouse under elevated CO, condition

CHEN Jia-jia', LI Xun®, WU Yan-you', DUAN Zeng-giang’
(1.School of Agricultural Equipment Engineering, Jiangsu University , Zhenjiang 212013, China; 2.Institute of Soil Science, Chinese Academy of Sciences ,
Nanjing 210008, China)

Abstract: In the open-top chambers (OTCs) , Jinmei No.3 cucumber was used as the experimental material, hydro-
ponic culture method under different atmospheric CO, concentrations and selenium (Se) application levels was adopted to
investigate the growth of cucumber and the uptake, accumulation and distribution of Se. The results showed that the yield of
cucumber increased first and then decreased with the increase of Se application in nutrient solution, the Se content and Se
accumulation in all parts of the plant were significantly higher than those in the control, and the Se content followed the or-
der of root > stem > fruit > leaf. The Se transfer coefficient of cucumber fruit increased with the increase of Se application
rate under elevated CO, condition. At the same selenium level, increasing CO, improved plant height, net photosynthetic
rate and yield of cucumber, but had no significant effect on Se content, Se accumulation and Se transfer coefficient of cu-
cumber fruits. In addition, the interaction of CO, and Se also increased the proportion of Se accumulation in fruit to that in
the whole plant. When the Se mass concentration was 0. 125 mg/L and CO, concentration was 1 200 wmol/mol, the cucum-

ber yield increased by 45. 1% compared with the control

W H 88 . 2020-05-08 group, and reached the peak value. Moreover, the Se
BEETE . PR Sk L I (FERF AA17202026-5) ; [ [1 98Bl content and Se accumulation in fruits increased significant-
HATH (41877103) ly compared with the control, and the Se content was with-
1EE R 9r BRI (1995-) o, INARERDT A, 0L BF 500, E B in the safe edible range.
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N ( Cucumis sativus L. ) F&= " FE 1 i 4% 55 7 32
BERAEY 2 — , HAR M E 208 2 v = 1%
BRI 5% BRI A — 2 1 5 4 g
Syt S g A S it T v A e X 4R
mPEERESTMMBAREAEEZEL, H
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() A 7 HE AR AR |
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1.1

ARG T R e et RS T IR 2 T
KAERKH (OTCs) W4T, Al v IS A HESE 3
R R e R A PR A
1.2 RIEigit

B2 A COMREEIRF-, 43512 400 pmol/mol [ Xf
HE(CO), B K CO,#EET] .1 200 wmol/mol (C1) ;

FEREAS CO, W FE T % 4 LN &K, 20518 0
mg/L(Se0) 0. 125 mg/L(Sel) .0.250 mg/L(Se2)
F1°0.500 mg/L(Se3), itz 8 M (F 1),
AR 4 K,

F1 ZAEH CO,RERBRERE

Table 1 The CO, concentration and selenium mass concentration

in each treatment

CO, e i 2
AESRG S ( ;Lm(z)l{friy(;l) fi@i
C0Se0 400 0
CO0Sel 400 0.125
C0Se2 400 0.250
CO0Se3 400 0.500
C18e0 1 200 0
C1Sel 1200 0.125
C1Se2 1 200 0.250
C18Se3 1 200 0.500

1.3 REHE

TR R/ N—S By B R+ T B85 125 °C
ER ST e Sl i A e AR VL 7L e F SR 1 9 )
B RN, PR K 2 3 i 1Oa, PR3
— I EM TAREN S LIRA LK (PVC) K
HE, e 3 d SR T CO, 0B, Ab I [E] S
FFAE RO : 00-17 : 00, CO, K FE 38 J A PRI 2H
F IR CO, 4 A B R G IR K B W] LAFE i
FE£50 pwmol/mol , i FHIEA R 114 H A< 1L 08 # )TV 57 W
Be s, BRI 1, pH (EFEHITE 6.5 A4, e LA
AEAFREM (Na,SeO, ) IR ATE XM E IR . 7KEE
WEPY H 38 A58 AR REE S 0.5 h [H]8K 0. 5
h, BB ERHE T 0.5 h [8]8K 1.0 h,
1.4 WEERMNE

FFUSAR 1 TR ARAE i 2 BOAR 25 i R 5K 4
ANERA3 JE D e o k| 4 4% A 40 I 28 1R K v ok T
JE B TR RTINS T TR A0 2], v i i 2 4
WA S )5 25

fifi & 2 2 1B GB 5009.93-2017( & /i %4 FH %
PrvfE B TR I E ) i S A IR T POt
P AT R HARERAE IR AREL 0. 260 g E
FOBE S IO RE BB T 50 ml AR, inA 10
ml il R SR (AR EE A9 - 1) IR AR, 35 L2 #
ANSE ERE SR, R RIS B T IHAEN N,
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T 60 CHM# 1.5 h 90 CHIH 1.5 h 120 °C i
1.5 h. 140 CH#A 1.5 h J5 T 160 C AR BRI A%
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W L A€ DT 3 £ =i B S o R LI o =
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1.5 BIEFESH
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2 HEREH
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2.2 CO, R A0 E Xt & NSt & 16 F B9 820
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Hiiti COL 38 5 T BN ¥ ot A 3R AN [|] O, ¥k
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Fig.1 Effects of elevated CO, and selenium application on

plant height of cucumbers at vine growth stage
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Se0 Sel Se2 Se3
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CO: ARGt CO,ALHH, C1: CO, ¥ FEH71 200 wmol/mol, Se0 ., Sel |
Se2 . Se3 XiF Ji i 143 51 A 0 mg/ 1.0, 125 mg/L.0. 250 mg/ L,
0.500 mg/L, AFEIEARE AFR/NG F5E RN BA W% 255
(P<0.05),
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Fig.2 Effects of elevated CO, and selenium application on stem

diameter of cucumbers at vine growth stage
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Table 2 Photosynthesis and transpiration of cucumbers treated with CO, and selenium
b HOtA R ALTEE JiE] co, ik AR

[ pmol/ (m? -+ s) ] [mol/(m® - s) ] ( mol/mol ) [ mmol/ (m? - s) ]

C0Se0 12.2+3.1c 0.159+0.052abc 293+3¢ 3.76+0.88¢
CO0Sel 16.5x1.9be 0.263+0.136a 336+23c 7.85+1.35a
C0Se2 14.8+1.4bc 0.250+0.021ab 323+3c 5.78+0.87b
C0Se3 14.2+0.4bc 0.157+0.038abc 331+26¢ 6.55+2.29ab
C1Se0 17.9+4.3b 0.128+0.028¢ 924+44a 3.06+0.42¢
Cl1Sel 15.9+3.1bc 0.166+0.030abc 867+12b 2.90+0.59¢
Cl1Se2 23.6+3.5a 0.149+0.014bc 914+45ab 3.31+0.04c
C1Se3 18.8+1.0b 0.140+0.036bc 872+44ab 3.42+0.99¢

Rl — S 5 A A ARG PR B B 225 (P<0.05) , AT 1,

3 i CO, MM EXEMNAEER . ZBERNXMm
Table 3 Effects of elevated CO, and selenium application on photo-

synthesis and transpiration of cucumbers

IgE| AObA R AL MR COMRIE ZERE R

Se ns ns ns

CO, Hkk %

SexCO, ok ns

x|k SPIFERAE 0.05.,0. 01,0, 001 KA BIEF , ns FR
AR (P>0.05)
2.3 HEHE CO,fEf AR T &N ==

ME 3 A LLE H 7 CO.Cl AbFR T | 5 Se0 4b
AR L, Sel Kb FHBEAE IS I & A 7= i, ot C1Sel
Ab3E 5 COSe0 Ab B AH Lk ¥ i B Ok B W, 34
45.1% 10 Se2 RbFH Se3 AbFHRH G FEAR T 8 I 1,
55 C0Se0 4b FHAH L, COSe2 . C1Se2 Ab B Ay F& iiE Ky
27.5%~ 41.2%, C0Se3. C1Se3 4b FH 1y % iiF H
59.2% ~66. 1%, TEAHEAGE T, C1 Ab ¥ ) 5 5 fif
B ¥ 5 T Co Ab P, 7F Sel Ab¥ T # K Wl i,
C1Sel Ab 38 (%) 5 55 fif Ji7 & [ COSel Ab ¥R P2 T
37.9%,
2.4 8% CO,FHERL AL IE X B N Ak S EBAMS
ERHEREH N

IR 4 AT LI Y, BRI S AR 5 12 B o it
L E I b I ¢ e B N ) N VA S
SRFRIARSZES IS 7F Sel 0P, 5K
HTitn CO,ALFRAR LY, 38t CO, Ab B HE TN A G 25
HEIRRAC, b A ERaN S AR IRl 45. 1%,
AR R0 5 FE AR it CO, S5 B AR Bl 2 5 7 Se2
REFEFN Se3 ALFRT, 5 A CO,ALFRAH L , 35t CO,

3001

% 250

\c/ﬁ 200

1 150

= 100

&

X 50

B 0

Se0 Sel Se2 Se3

JiEff i (mg/L)
= CO; =z C1

CO:RIGifE CO, A3, C1: CO, BT 200 pmol/mol, Se0 ., Sel
Se2  Se3 Xif Ji it i #2431 4 0 mg/1.,0. 125 mg/1..0. 250 mg/ L,
0. 500 mg/ L, AN[FAbBH A bRA AR NG 78 )RR BAT 25 2%
5(P<0.05)

B3 85E CO, nHEm A & N~ 2 R0

Fig.3 Effects of elevated CO, and selenium application on cu-

cumber yield
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4 19. 46% ( COSel ) .21.89% ( C1Sel ) ; 7F Se3 4bFf
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G SRR A 7 L, 2 e P R i 5 it A7 O o 9k B 1 3
/N s FEAS Tl AL B ) HA Se3 Kb FETEYS T CO,
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JEBRYGTE CO, AbFRAR R T B I AR R A, (C1Se3)
Hi 1 Fk 688.73 pg(COSe3) #£ 5 £ 1 #£703.05 pg
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=1 C0; ma Cl1
CO F/R AN CO,ALFE, C1 F/R CO,HE N1 200 wmol/mol ,Sel \Se2  Se3 X Ji (ISt 43514 0. 125 mg/L.0. 250 mg/L.0. 500 mg/L, A [k
BEFRA AR NG RN BA 35225 (P<0.05) o XTI (COSe0) HYRMN & ik AR A1k, AL B AR TN T B, BORTE P s
B4 i CO,MEMmAENEMMR E HAREIHSEMNZ N

Fig.4 Effects of elevated CO, and selenium application on selenium content in root, stem, leaf and fruit of cucumber
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CO F/R AN CO,ALFE, C1 F7R CO,HIE N1 200 wmol/mol ,Sel \Se2  Se3 Ff I3 Bt 43514 0. 125 mg/L.0. 250 mg/L.0. 500 mg/L, A [k
AR A NG TR BAT 3E 225 (P<0.05) o XTI (C0Se0) YA ARG, A IA FCE AT KR  HORTE IR 7R
B 5 #iE COo,MEMmAEMEMR . ZE HRRRERSWERENIM

Fig.5 Effects of elevated CO, and selenium application on selenium accumulation in root, stem, leaf and fruit of cucumber
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Fig.6 Effects of elevated CO, and selenium application on sele-

nium accumulation of individual cucumber
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RS Oy, B 01
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Fig.7 Effects of elevated CO, and selenium application on sele-

nium accumulation and distribution of individual cu-

cumber

FRIZ B b 1R BE ) B, AFR 4 3R 5 AT LU
B AEAFAL BT A A AR 7% R 3R
BN ZESHSES I B, S R R — 2 7E Co 4k
BT T AT F A3 x5 SO 5 B 2R KO B R
I IR S AR G e B R IR IR B BT S A C
ARBRTR , ZERISR S 4 A 5 B 28 K0 I A ot A 1 4
IS s, FEAS AN R, i CO, T B R 2R
FRRYAI L F R A (B Se3 AbBE) |, i MR S YAl e
o 2B A D8 IMEAZ AL

3 17 8

31 W5 CO,XEERAMERNERKABTHZI
Biacs 2 AR HE 252 43 ) 8 i - 498 i A ot

R4 B CO, M EENMNEER R

Table 4 Selenium transfer coefficient of cucumber treated with
CO, and selenium
Tili% 7% R 4L
OB
=% uf g S

CO0Sel 0.135+0.016a 0.055+0.016bc  0.086+0.026b
C0Se2 0.154+0.005a 0.071+0.007h 0.133+0.023a
C0Se3 0.140+0.011a 0.109+0.019a 0.127+0.009a
Cl1Sel 0.101+0.019b 0.055+0.004bc  0.066+0.026b
C1Se2 0.108+0.010b 0.047+0.008c 0.087+0.010b
C1Se3 0.131+0.009a 0.108+0.009a 0.125+0.003a

[ —S R b A A RN TR SRR B B2 5 (P<0.05) . 45
REFRLER 1,

£5 186 CO,FHEMAMER & AR~ RHH I

Table 5 Effects of elevated CO, and selenium application on seleni-

um transfer coefficient of cucumber

IH EY LI R
Se ns kg N
CO, P ns #
SexCO, ns ns ns

w kx| kwk SRFIFERTE 0.05.0. 01,0, 001 7K A B ZE500  ns R
FIAEE (P>0.05)

T ARG 2 B, AIGIR B AR RE A G i & (3R
(107 B it G e e D o 7 AR AU 5 2 e A 0
I 45 R s IR BE G AT £ E K 35 92 /A
SR T v R A TG ) 0 o) E A R e KRR
S AN Vi AN - 7 I S (LT e
AR TE—E YL N AR 7 i bl o it T o P 38 n
T, Yt ot — e e S R A K 52
S 2 AR ET . AR R R, 5 Xt
WEAR L, A 24 0.125 mg/ LNt | 8 INAS MR 5 b & 42
1R, SR PR Oy 3 R ) e T B 8 4R R B Y
SOD POD Ve Ha I ml s Vg 5 o, ] Bof 4 vy - 2
A B 8 R 6, DT AR TR AR A AR Y it A
AT 0. 125 mg/LJa , BTk & 14 354 i #2321 o it
fifh 2 3G R/, 7EAH R &, 3G CO, AN
R B M i T B IR =, BERA IS it CO, g8 2
PEETAY A K, X S AT A oE 25 SR — 20 24
Jitafifi £ = 0. 250 mg/ LA, B 5500 iE G 25 AR
Ut P vy o e U R )G 2 4 o B I A B A K TR it
fifi &t 4y 0. 125 mg/LH. CO, MR HIBEN T, 3K
R e e e, 00T IR (C0Se0) it 2 18 i, iy it 3% 1)
S AYREAL B H R T CO, R BE B AR L R A B I 77
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{HS25 COSe0 FHLL 22 T ARBH ., ML al W, 38 B Y
Jiti G 125 1 CO, ¥R ) 38 E AR X B IR 348 7= S 8y
PRIVE

AR & R P AR 0 BE Atk COL PR W 0
G AEF EZRY), 2 P 8N AE KR F I G HE R
Fz— HU s S HER WA =Y A g
M CO, MR BERENET, CO, 5 O, /Y FLfEIE A, AT LAy 55
0,%F RuBP (1,5- —BRAZEBE ) (5% 4, 32 5 RuBP
AR AL TG, DN ITT B i v e & s 1) AR g 4
R M CO,J BEMEHE = BN e Bl %, R
FLT R BRI T AFZPIE] CO, MR BE1E I, 28 1 i
RINIFEAC, MO 2T FAM REAE F RN
R EAEY MW 98 B OUE 52 T I Bl g 70l
Haghighi 25 5985 UK K5 1R 50 25 S R W1, Jiti 6 5k 0%
REAR B A S AL T BE R[] CO, MR B, X 8 N A i
AR TC W E R, AR SR BN, fERR
CO,WRIE R AT 8 I e A R KL B A
Jala] CO, e BE 34 70 i 35 52 W, (HL it C O, FL it fiff 2
0. 250 mg/ LI AT 5 2542 = w0 A o6 A 3% X
AT RESE R A AL = TR B AR R AR B
THEJNTE =5 CO, He T 4G RE 14 W ie AN e fiE
T TR A BE S, 534, B AR S
[T 2, e B o i T AR B R, 4R 38 A IR
S P B IR AR A B S WU O i RG it CO, T g
SR ARBUAE L A, BT PR i e A 1
M= A Mg e FE AT A SR E
B, R B A A =t BB E — 8 R b R LA
CO, 138 HAE F T & AR ARG AV A2
32 W5 CO,XEMERAXMERMERY, RR. KB
R LT HIR

BN AT — 5 & AR RE T AR ST 245 51
ETAZ NN (B = Y= R =19 NS A g = S
SRR AR NES S & KT 0. 125 me/L
i, PR T e O R R A 2 o B AR K AR
7 B S AT i AT o P 384, SRS e ) i i
SRR T, FE 0 AR 2 N RS ar AF
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