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Effects of CO, enrichment in greenhouse on root growth as well as root exudates

and bleaching sap of cucumber seedlings
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1 State Key Laboratory of Crop Biology/College of Horticultural Science and Engineering, Shandong Agriculture University
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Abstract; Development and the components of exudates and bleaching sap in the root of cucumber seedlings were examined
to elucidate the response of the rhizosphere to CO, enrichment treatments (one time in the morning and twice in the morning
and afternoon). Results showed that; CO, enrichment significantly promoted root development shown by higher fresh mass,
and increased root secretion of sugars, amino acids, organic acids and phenolic acids. However, the root exudates per unit
of root fresh mass did not increase so much, unchanged or even decreased in cases. This indicated that the increase in root
exudates per plant was mainly attributed to the increase in root growth. CO, enrichment improved nutrient uptake, which
was indicated by increases in concentrations of minerals and ZT in the bleaching sap. However, the concentrations of GA,
ABA and TAA decreased. Twice enrichments a day in the morning and afternoon proved more effective than the morning
enrichment only. In conclusion, CO, enrichment resulted in improvements in the root development, metabolic activities and

the consequent shoot growth in cucumber seedlings.

Key Words: CO, enrichment; cucumber; root exudates; bleaching sap
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VIR R BB UK 7 3R 43 , Rl B W Fa T R . BF5E R B, CO, s Al A2 FEAE Y i Bk 1k
EYIE B T SR, IR R A K, A H AR BE M . CO, B AR B R B SR M T sk R, (H
B CO, B TR R AR B AS (LR A B VB SR F AR B & m R . B— i, Yt s
Ve R E B R 404 20% —50% Fa 2T @it iR W AT -3k A H 38 . MR MRS+
B MBER BRI AES RGP KA EEA/E, B CO, s 448 TR 2 WL RE 2B L% 52
Syplen

WA S A 5B HA R M5 4540, CO, MEAE B BN B EY) = ™ M A =R K6, (H 26 T CO, jis
JEZAF SRR R AR BRI S )R A DA HGE . 3R & 3, CO, ME AL 7] B B AR #F B R4 B AR R A B KA
ST . AR — IR R A A LEE R R , LAY M T 3548 s B 38 CO, i A
YA 2SR A AL
1 HREFH=E
1.1 RAgbret 5t

RITE AR K2R X B3 IR 28 AT , BN AR R o NFi R 58— B BRI
1R, BR LA (8:00—11:00) FIF 4 (14:00—17:00) , 5k FH R A Z 15 S RHEBEHEA (L 3. Im x W 1. Om x H
0.5m) B 7 , FHT AR CO, WA, Gia ENIMNRZEBEIR CO,MNEKHEFEWR BEFIIE % K CO MK, IE
3ANgEFE, XF R ( Control, CK) : 4/ T 4-ALFEHA CO, ¥k BE (350 +£50)/(350 +50) pmol/mol; F2F CO, Jifi it
(Morning enrichment, ME) : |4/ F4F 4L FEH CO, ¥k BE (950 +50) /(350 +50) pmol/mol; |, 4 CO, jifi A
(Daytime enrichment,DE) : P4/ 4403 CO, ¥k (950 £50) /(950 +50) wmol/mol, CO, AEF A 8 H 48
Witk CO, , AbHHAIE] CO, ¥ B i@ T GXH-305 £14hk CO, AT M

B LR RA K S0 yilE

H iR (@8em x8em ) WPHEF |, FALHE 100 #k . & TR A 1L iRy 28 K& FIBC D7 , #% 3/4 S EECH, 875
pHE 5.5—6.5, 8 HIRM | K. I MRF-1 H & s AR ARIR B 735 8 33.7°CF110.3°C, 4b3# 28d )5,
B R —B 4 B AT I 5E

R 2 AR RV E

B HiI# (@l0cm x 10em) L3EF - (AP 2. 02% , 53R A 84. T0mg/ kg , A B 48. 59me/ kg , HAK HH
101. 35mg/kg) FIAHUILHE 4:1 (AR LIR & 5], BT MK 5185, AL 2E 30 k. CO,MEAET ¥R L, 4 i i
WA, A3 28d J5 , I K —BUR 4 AT .

1.2 WzEDH Rk
1.2.1 WRAKE

VRS — BB, /DO IEVEIR A, FIRZRR T, M e AR R K B AR B R AR B 2, R AR
A TR e B TS ) D B o
1.2.2 RAR;WHHRI

SR FE™ ik, B3 W, A B RKRRUERARID T, BB K EEREK S IEE3
W5 FRUBANR T e R 55 T4, B IR R 3205 F i T AR R 80ml KR ZE1R/K B9 L
B ZEE IR 2h, R4, B2, - 20°CRIR AR
1.2.3 WAGIRBIE

SIRREESE k. KR ERIRYE O BUIE B ZE AR, SR R 1, IR Rl — /AL, MR AR R
HiE, MGG, K B8R i 2R AR AR Y dom LR BT, T # 22 B B /LA AR E b, 5.
g 140, BUR R FHRUER AR E , AR5 P 58 oKL, Weds , B2, - 20 CARIRARAF AT
1.2.4  HRR-WP)H 5 E

005 MR A (S RN (3 2 1 O - 510 B3 FEVRAH 53 (32 [ Waters 3 5] ) , Waters4 10 B 7R 22 47 A6 I #5%
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(14

Waters Sugar-PAK™ [ BU4:, Wi shAH 2 — & VU Z BR &M 4T , ¥ BE 0. 1mmol/L, 38 90°C , #i3# 0. Sml/min, JFFE
£ 10uL,

T 5 U7 B R LR 5 B3R i Hitach835-50 FU & LR 1Y o

05 A ALBR A A% A 35 254 2 - 510 B 155 R WA 68,1 , KromasilC18 43 B (4. 6mm x 250mm ) , Waters
2487 ZHMEI , KK K =254nm, HERZE R, #EHE & 20pL, WA 40 0. 18mmol/L K, HPO, (BERR 1415
pH =2.55) , % 1. OmL/min,

M E MR CRR CBRAR B, W 48 2 T )5 F BV . (XS 5 635 245 14 : 510 B R 3808 A 2.3 , Kromasil
C18 3B (4. 6mm x 250mm ) , Waters 2487 SLAMEI , A K N =280nm, #E{R =R, #FEEE 20, W BhHHAH
730 CIERK (TR B AR = 2K /i i i vKBERR 15 pH = 2. 80) ,>RFT A Al B WUE R 4¢, HAR Ry & “S1”
Z AN 1. OmL/min , B B e 15 : 76 30min 1 40min B, Z fi§ FI7K A AR EL J 0. 35:0. 65, F B2 i ] (0,42,
45min) —F AN 0. 10:0.90,
1.2.5 RELGTREA DK E

iR AR E SR AR ek, A RN E R A ek, HE o A & ICPS-7500 #i%
BTSN E s WK & & A 510 B R KO € 3% (HPLC) % , 448 F 635 45 42, Luna C18 3 BS54
(4. 6mm x250mm) , Waters 2487 28 ZM& A1 K = 252nm , H: {6 40°C , #ERER 20uL, Fish A4 AR 4
BONH B K (5 0.75% IKCER) =45:55 (R340 , Fiik 0. 8mL/min,

1.3 Himab
K FH DPS R Bl b 707 Z 0 i S B U
2 H#RESH

2.1 CO,JfifEXT B R R R A K A2

CO, B BARHE T HIN AR ARRE (£ 1) . 4F28d 5, 1 CO, MR AR 1 SR K Hxt
HRHE N 223% , L B4 CO,BEAEHE N 39.3% o B4 CO, AR AN b T 473 CO, AL ) B R4 Bt — R AR £ 43 531
FLX B3 10. 9% F1 21.0% o CO, AL EIAR & S Mk AR in, B4 CO, B fn 21.8% , b F4F3 CO,
HEREYE fin 80.5% , BEMT L CO,MEAE. L4 CO,MEREAI LT 43 CO, i AE /) 4 1 AR 2R &5 55 7 5138 hn
46.2% F194.9% , LRGERULH], CO MM TOL & M m S AR AR R LT, b FHY CO MM
HIBCRE R

®1 CO,MEIREMERSERRERKZT
Table 1 Effects of CO, enrichment on root growth of cucumber seedlings

e WRBKE — AR ST AR HR AT
Total root length Number of first Total absorption Root fresh weight
Treatments ’
/m lateral roots area/m /g
it B Control 1.35 ¢ 82.6 b 3.08 ¢ 3.72 ¢
4 CO, JEAE Moming CO, enrichment 3.13 b 91.6 ab 3.75b 5.44 b
L F4F CO, jfifi Daytime CO, enrichment 4.36 a 99.9 a 5.56 a 7.25 a

LRl —FIARMFEFRR P<0.05 7 53%

2.2 CO,JifaAEXT 5 R4 AR R - I i 5 M)
2.2.1 HEER

£ 2y COMEAEX AR BRI E R . B RG R R /I BB, Asp Ala #il Glu 2%, B
CO,MEAEF_E R34 CO, i AE 5 3 2 25 B2 1) SR 0k 43 06 & 43 11 38 hn 30. 4% .21. 1% \79. 4% F1 90. 0% .,
89.5% \117.7% . [ Phe lle FiI Ser #b, HE & BRI AR IS R HIFE CO, MBI N, b T4 COMEAER)
IEFEECR A, DI EAR R RN, A K B EE IR I 7352 CO, AR ma % /Nak B CO, e I T a2
XYL CO,MEAE F5 4 T Ak o Wb S ZE R A B i3 N = 2 AR R AW &2 3 I
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F2 CO,MEREEMLERRSWEERNM
Table 2 Effects of CO, enrichment on the secretion of amino acids by cucumber seedling roots/ ( g/ (plant+h))

G i B4 CO, e £ CO, HiAE
Amino acids Control Morning CO, enrichment Daytime CO, enrichment
Phe 12.70 a 7.35b 2.35¢
Ile 9.46 a 9.41 a 9.38 a
Pro 9.03 b 9.57 ab 10.45 a
Ser 35.74 a 35.85 a 37.48 a
Asp 131.25 ¢ 171.12 b 249.37 a
Gly 12.08 b 16.78 b 29.12 a
Met 6.21b 9.07 ab 13.60 a
Ala 133.61 b 161.82 b 253.24 a
Val 18.00 ¢ 23.78 b 33.12 a
Tyr 6.04 b 8.00 ab 10.25 a
Arg 6.57b 7.93 ab 11.27 a
Glu 90.49 b 162.30 a 196.97 a
Cys 19.75 ¢ 23.16 b 29.97 a
Lys 7.46 b 10.79 ab 21.87 a
FHFE—ATAR TR P<0.05 2538
2.2.2 B

CO it FIE B N4l B AR AR 2020 SR SR TR 480 2 W R0 5RO R B S 0 i (3R 3) o 7RI E B L AP 4 0
SRR & B s, I BAE CO AR T BpR - W B3 I B2, B2F CO,JAE EL X BE 3 fin 145.2% , b
T CO, ML N 206.2% o $ZHAIEEE A, CO,MIAL LN FAR 2 200 bR 4 40 A B3 A7 o, {ELE W /)
TR

F3 CO,HERXEM4EIR RS BRI
Table 3 Effects of CO, enrichment on the secretion of sugars by cucumber seedling roots/( mg/ (plant-h) )

X HR 4 CO, HEAE EVF4 CO, e
B2 Sugars . . . .
Control Momning CO, enrichment Daytime CO, enrichment
JLEHE(DP >4) Levan 7.37 ¢ 18.07 b 22.57 a
HERE Sucrose 0.11 ¢ 0.25b 0.35a
%8 Glucose 0.33 ¢ 0.66 b 1.96 a
Bt Fructose 0.04 b 0.06 b 0.14 a

LR —FT AN TR P<0.05 75 E

2.2.3 AHLR

CO, i RS fn T 4h e AR R A HLBR Y 00 B, Wt AE A ) i, 72 M BB (3R 4) o ZETNRE ) 5 PR LR
H R MR R RS, B CO,MIAE A L T 4P 3 CO, AL 4l B 23531 Xt RS A 43. 0% F1 51. 5% ;3R BR
LR FLRHIR R W B BH CO AL TSN, BATERIR b B % CO,MAEE MBI/, CO,MIAL A1 T Hfor

F4 CO,MEEXHM4ER RS WA VRN
Table 4 Effects of CO, enrichment on the secretion of organic acids by cucumber seedling roots/ ( g/ (plant-h))

- I 4 €O, HE £ T4 €O, M
Organic acids Control Momning CO, enrichment Daytime CO, enrichment
PR Oxalic acid 214.46 b 306.65 a 324.99 a
SEIRER Malic acid 102.68 ¢ 204.63 b 307.60 a

2.1 Acetic acid 80.77 ¢ 104.82 b 149.26 a

FLER Lactic acid 56.14 ¢ 114.09 b 133.15 a
¥R Citric acid 19.71 a 22.23 a 20.39 a

LR —FT AN TR P<0.05 75 E
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HIRR WA YBRNEER , SRR AFLEREI EH, CBRAE A, SRATERIR 2 M %
2.2.4 MR

CO, MBS N T 4 ARERR X 0K F BR AN FH BR A B AR - WA &, B R AP 3 CO, AR i 4 v 20 2 B A
Z(KS) . Ho, WERK W ER COMEIEZMERA, B4 CO,HEAEM L T4 CO, MR #4203 FL X
3 N 140% F1408% o FIBLER AR W BEARZ COMAERNT . AN EAR R, CO, MRS T A
RERR X R FETR F BR AR Y IR B - I BB i, BB R B - WS R ARG

F5 CO,HEREX &4 EIR RSB BRI
Table 5 Effects of CO, enrichment on the secretion of phenolic acids secreted by cucumber seedling roots/ ( g/ (plant+h) )

- e E4 €O, £ R4 CO, e
Phenolic acids Control Momning CO, enrichment Daytime CO, enrichment
PIAERR Cinnamic acid 0.25 ¢ 0.60 b 1.27 a
Kt ¥R FFHE FF R p-Hydroxybenzoic acid 0.18 b 0.23 b 0.42 a
K H % Benzoic acid 0.05 b 0.07 b 0.14 a
P[RR Ferulic acid 0.19 a 0.19 a 0.18 a

FHFE—FT AR FRER P<0.05 R EH

2.3 CO,Jfi BEXS 25 JRAl e 5 il 4L A F
2.3.1 HRIKE

CO, MBS ¥ R P LR S EETREE (K 6) o By Cu ZEALB AL B Z R4, b T FH CO,
HEAE ¥ B O R P T BOT R B3 = TR, B4 CO, RS o T3t IR, RAE I U R R R B B3
ZE5t o ERIE FTR FERE COMEAETINE N, AL T 44 COMME WRCR BB . & BUTR R
B LU CO, AL 3N BB Z R0 5B TRk R s A KR K o

F6 CO,HEEEN4ET RTERBKIZNG
Table 6 Effects of CO, enrichment on mineral element uptake of cucumber seedlings

WETE V5 H B Concentration in bleeding sap/( mg/L) 53 2R Absorbing amount per plant/ ( g/ (plant-h))
Mineral nutrients X CK LFHEAE ME B FAFHEAE DE X CK LR ME  EFPHIIE DE
NO5; -N/NO; -N 189.71 b 223.64 a 233.88 a 10.08 ¢ 14.25 b 17.55 a

NH; -N 138.25 b 175.49 ab 199.92 a 8.12 ¢ 14.78 b 17.68 a
P 32.60 b 38.89 ab 43.09 a 1.80 ¢ 2.38b 3.33 a
K 645.00 b 727.60 ab 745.80 a 34.27 ¢ 46.23 b 55.92 a
Ca 341.00 ¢ 380.80 b 462.59 a 18.12 ¢ 24.20 b 34.73 a
Mg 69.14 b 76.94 ab 85.58 a 3.67 ¢ 4.89b 6.43 a
Fe 0.60 b 0.71 a 0.71 a 0.03 b 0.05 a 0.05 a
Zn 0.60 b 0.88 a 0.96 a 0.03 ¢ 0.06 b 0.07 a
Cu 0.23 a 0.25 a 0.26 a 0.01b 0.02 a 0.02 a
Mn 0.14b 0.21 a 0.25 a 0.01b 0.01 b 0.02 a

FHFE—FT AR FRER P<0.05 R EH

2.3.2 HEEER

il ERR(ZT) S RHUBH THE 3 MEER, AR R m B MR UERERNEET)
CO, i fE B &3 T Ol o BRI & &, B CO,MALA L R CO, Ml 3R ig s i KR
ERIH LT IRBE N 245% 1 312% o SULR, A AR &R (GAs) M| ZBR (TAA) R % BR (ABA) K
W BEREA
3 Fit5ifit

B ABFFT S5 SRR 91, 75 W BE CO, (R FERR K AL & W & BOF S8 4 e B3t 381, % 3 LASE AR JE B (%
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x7 COMERMERGEHRAPAESENZN
Table 7 Effects of CO, enrichment on hormones in bleeding sap of cucumber seedlings /(ug/L)

i S WA\ HREER GAs n5| Wk 2.8 TAA JiV% R ABA
% B Control 11.40 b 0.69 a 0.17 a 0.20 a
4 HifE Morning CO, enrichment 39.33 a 0.48 b 0.05b 0.07 b
L F4MENE Daytime CO, enrichment 46.92 a 0.26 ¢ 0.03 b 0.04 b

LRl —FIARMFEFRR P<0.05 7 53%

TR 54 KA BB AR R A T A1) MBI o AR, CO MBI T, #
TG EARAR Ak, SEEEIE I, SRR -0 A AL BRI S R B 5 S8 3838, B BA COL B AR T 4 sk AL &
PG A K e 3 b AR SR RS o Lambers SEIA 0, [l AR 2R 20 TG Ak B8 38 o — 0 B SR A 1 B B9
] BRI , DR A K B R M 37 4 XS HEAE B AR TAR RAE K o RS A SRR R I IRl CO, i FE T 38
T, {ELBLAS e FEAR AR s B A 2 B R kD O B BRGSO AR I BN E R AR R AERER
BMFTEIE. BRERAREY, WREBENMBIE o Rice INHy, XX CO, AT LA YEA 1E Y
FURK & T ) B R AR A A R B 4L BB ™ AR RIS B T 52 K AR (R 5) : CO, B 1S
0T BTN AR (X RO RN BRI 0 B, O, AR R A o WS B N e 2, BT IBR - B
A B A 5 B EEAR AR 20 WA AR TR\ X R R R R R BRI BRI C O, it S 7 348 LBy 0 R I 1K
CO,MEAEARAF T , BRI R R IR WA [ 40 B 3R B 3R S5 384, vl RE 2% T4 B AR AR X 385 CO, W
2R A B i o S AF SRR E

Mickael %855 K3, 7 CO, 51 RAR R MRS A, RPHINP™ o FUEE CO,MRMBAK A P& B HE
FeorECEIM T, AR R A H AR AR T R B RRY, AR MR AE T M MEEFEE, RAEER
=, ASCRE J738 58, X & FR 8T BOT R ARSI, DA R CO,BERERpRPUE A KX E RN K . Li Sk R
B, COL N e et 26 A 41 A K B RCR IR TARFR B FRR DL , 185 CO, ¥R BE T 2 7 4l i X7 Jo B I A 7 SR A
W B AN o DARGXS ERA G A IR AT R LRI G TR I E SR S A A . ZT F
BEARER G W, H EAR B E A F L EE, CO, Mt R4 f il 2T W BT R U AR R & AR ZT HIRE S
IR, X AT LARR A R AL 2 e B AR AEROIMR A9 JRA . ABA (GA il TAA & BREAR, AT REty T ENI7ER
HRE L, CO,BEAE A& T 45 Wt B FR) S 38008 ™= A T A AU o

HYRPRAES KRG R R HERA XS, SEY A KRR T RRED, LA QPR THEYR R K4
BT P A AR PRORE , (R SO AR R AR B A B AR AR . IRAR N L3P IR oK 0 ™ & 57, )
it L W — R R RESWERED AERBMESREPHEREEEMC. —BIAN, KX
CO BT  HDEA 1N, R WA N R R EH i, 518 T AW AR ABHE R A2, AT
MBI BRI AN 733 , TIAR 2R 228990 B9 3E A SURZ R SR S0 AR R AR BRI A W S 3 19 IX 2R o0 A, fo 4 3
HEEZ RAEYE . BT PR CO KBTI R F RS, K CO, W B TR AR R B A 90 (9 3 i AR 7T
e A A B A RIE C ORI TR R 204 B9 2 SR B R A T [B] HR MAR PR A M B i Ak . 28T IA
N, COMBETHRIBOLT , & CALE Wb B3N, K 25 R Pn i A i R BE 22 JIE Wy, DT 8 /25 SR A ) 3
PERTE Y R R, ISR A L AR BRI 3R A RIL T o AR R AU Y AE 1 LR R 7E £ 3
FREBMSEREY A S ULAREYHAERET , SBURFRAEY SRRSO, RIS R
SiHAThAE" o R TR T M M R R AR R AN s A A B R T AR L A2, CO,
YR BETH R WA AR AR R I 73 M T RE , W B BRI R Wiy ) SR TS 1 , 6 39 P B N K RGN DR g A
PRRRE A M B A o (BRI AR PR A 25 R GRS KR CO, Yk JBE 25 1k i i Jo7 2% B Hh A 24 119 52 2%
PR, BRI, IRABFIIRE CO MRS AES RAN BRI RGN EZH R IHEXR, HED)
TR EZE CO,HAL A AR 2535 A AL
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