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Effects of CO, enrichment and different light intensities on the growth of tall fescue seedlings
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Effects of CO, enrichment and different light intensities on the growth of tall fescue seedlings

ZHU Zhiyuan', JIA Chenyan’, DING Xiaowei', SHEN Jiao', ZHANG Meng', ZHANG Haonan', HAN Liebao'
(1. Turfgrass Research Institute, Beijing Forestry University, Beijing 100083, China;
2. Inner Mongolia M-Grass Ecology and Environment (Group) Co., Ltd., Hohhot 010010, Inner Mongolia, China))
Abstract: In this study, to explore the effects of CO, concentration and light intensity on the growth and development of tall
fescue (Festuca arundinacea) seedlings, we used “Jiaozhan 2” as the experimental object and the phosgene ratio [light
intensity of 300 pmol~(m2~s)71 and CO, concentration of 400 um01~molfl] commonly used in plant factories as the control
treatment. Various CO, concentrations (atmospheric and enrichment concentrations of 400 and 1 000 umol-molfl,
respectively) and light intensities [low, medium, and high light intensities of 150, 300, and 450 umol-(mz-s)fl, respectively]
were implemented to investigate the effects of CO, enrichment and light intensity on the growth, physiological
characteristics, and appearance quality of tall fescue seedlings. The results indicated that CO, enrichment reduced the NDVI
and color of tall fescue, resulting in lower appearance quality of turf. However, the treatment of CO, enrichment with
medium light intensity significantly increased the growth rate of tall fescue and some antioxidant enzyme activities (P < 0.05).
It also increased the contents of cellulose and lignin in tall fescue leaves and was more conducive to root and leaf morphology
development. The optimal phosgene ratio was determined, comprising a light intensity of 300 pmol-(m2~s)71 and CO,

concentration of 1 000 umol-molfl, which could provide theoretical parameters for the cultivation of tall fescue in plant factories.
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HEHREY . IR L RS 538 DA KR
W, S5 T EWENZ R AR, B
M AEKAIRML . A REF ALY, £ABETHD
CO, WK FEHI AN i B T ] A 4R T+ CO, K B 7T LAY 5t A8
Yot &1 &R, BGE A KOKF, IR
LRI SENO) AR

6 A BEAT 6 A AR H B R R E, L
T AR 73 A« 2 3K & iSSP 2R A s Bl
HoC s A0 B8 o DT LR ALY B R ALJT R, 52 AR
Yot v S Ah 5 COy XM AE R KB A H B R
W E MY, H R, o R A K B
AR RGO GBI A ) B Hod, SR
tEETHERERELYWEY SN EES
Bz —. sk, RE¥HNICHBEHRT TE2
WEFL, ROBLE B B0 T DL BCE MRS,
R e, TEER. THETEEANS
1%, AR T A KR EDY. HEH RTE XL
X E s AR R R IR A 2, HAE R
AR [F) DG 0 T 2 R IAS [F) B AR W SRR AL, R —
W () S [ o ] 4 77 7 2 R

e S ES NGB SRS 55 U N T R I
T L] SRFEAT A AR 7= B R & &R L A 77 T
Rz " Y TN R R R CO, WK
DA F7 5 # 2 se i AE ) AR K ) B R R . (H a2
MY L) #Aa7 AN A R R E 2, A
[ ) 4 A0 0 T ' A FEE R CO, MR B2 ) 75 SR AN —
FEUYS BRSO BB A BT S R B CO, R ER
TR R B AR A K e R s T, B R
WE A ER M T . = EF (Festuca arundinacea)
PR L i B s PR 5 0 RE D 5R, BTz s T 2 BR
Y R KRR 18, BT UAE R T
J T A2 R AT O AR 7 ) 3R (1) 38 B i 3 K
Je AT EEE L. I, ¥ CO, 5Ot [ 5R J& AH 45
& WA WS AER T & 5 4 3 s 10 1)
FER 5T & A2 AR bR A A B 10 10 e SRR AR, AR
KA L) A7 o IR BRI SRS H

U RERHS Tk

1.1 RIEHR

T 2023 4 3 A AL B R 22 K 5 B S 06 =
NI, RGP RL s 5, RO ALK 2 50,
1.2 RS

e B ORIV . B AR ALK S 2 S R T, B 40
gm * BSIHEFE B TEAE RN o FER% 20 em, P ELAR
20 cm, AR EAE 21.5 cm, Ji& B AR 18 cm. FE L i
Al yb, FE R IR 30 grm 7 R E N EUBEET A
BEN:P:K=18:5:18) fENFEAL . ¥ i Fo it
THEFREN, BFRENEE (23+2) C, HXHEE 50% +
10%. 76857748 138 55 OB 4CB) 1k Bk LED 4T BAAM 3
fih e YR X6 45 SR . fRRF LED 4T 45 K 10 h % 4¢
JeHE . B RN S S TT AR SE R AR B, R R R
BB CO, W F- 4 (JIUPU, 48 2 fLTH). 5595
o 3 )2, 82T DU AN ROk B B, BB
FFH A —E CO, IREIEHI RS, 7T LU 744
P CO, KB . 5572 FH AMEIAS CO, B, IR N
CO, WAL T BN, kiR EHsh i A7 CO,,
L IR N CO, WRZ IR B ¥ e . CO, B5 7740 Il
FE (23 £ 1) 'C, MIXHEE 50% + 10%, &K% 4406
10 h, MM BHE CO, B M R R 1 AN H . 55 3%
WIIE], A 48 MR A RN EEK 3 IR, B IR K B B
AL S H AR IR, SRIEAE PR IR 78 2 K 5. B
5 d ¥R = 4y 2 — A8 BY 5 A AR R AT — IRAIB BT
1.3 REHFR

R KW AEX & (& 1), EXHEEKZ CO, &
], 43 KA CO, W E C, (=400 pmol-mol ') FlI N &
CO, ¥ C, (=1 000 pmol-mol ") #§ 7K F . X
ONARFE IR Ot & A 2GRS B, 23 K
St W& %k ¥ L, [150 pmol-(m’-s) '] % B 3R L,
[300 pmol-(m’-s) '] FIBEIGHRAREE Ly [450 pmol-(ms) ']
3AKE, BN 10hd, BAN G 4 A EH,
14 NEEHRSH
140 FEERAR AR AR I

UG 45 R 5 12 BT R RP R R B , A 95% 11
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Table 1 Details of treatments, comprising CO, enrichment
and different light intensities, applied to tall fescue seedlings

b CO bR
Treatment Concentration Qlf Light intepsity /
CO,/(umol-mol ) [umol-(m™s) ']
Gl 150
CiL, 400 300
CiLs 450
Ly 150
Gl 1000 300
Gl 450

T BOE I 8 M I 4R 3K as HERE b DL KA
SRR A A B (SOD) ¥E P H NBT ¥
M5 . i E ALY EE (POD) i 1 I & 61 A By v 90 &
i E AL A (CAT) 3 1 T Ak il 2 ™ Hidk
IR 1T A AL Y B (APX) ¥ % 4% 8 Nakamo 1 Asada
J7 300 52 M, L 290 nm AL 9 W 6 1B 1 9 HUIR I iR
(ASA) [¥31 68 [ 1156 % % 2.8 mmol-(L-cm) ']; FI
TR X 751 5 b W 2R Ak 5 ) S B AR R 2R ) T,
S % G (W) R AE 620 nm AL RO A 15 B £F 4 %
L R LW AE AR R P R I 5 A 2
Ak, Y52 280 nm A W% 6 8 15 B A 7T % & &P
1.4.2 PR K IR AR A0 &

MABRE MBS N CO, 5 7% 56 H T 4h, 1 8] &5 B8
5d X EIFFEAT — KB EY, & 10 d A E R & &
ANIX B BEEE  RE, R A AREE N & 10 T I AE,
e H80e B L BB B A K R

TR0 25 ORI R PR T HORE A i B LR
oy e e, BT R MAER AT, HE T
FF, FHR & #54% (Epson Scan V850, %% i 4 ) Xt £
i R bR 350 2 R AT R, SRR F S AR R 4y
Hr#/+ Win-RHIZO PRO 2013 (Regent Instruments Inc.,
Canada) 7 BT AR &« AR THAL L AR AR s A FH 1 1
A (YAXIN-1241, Jb50HER) I & Hb B &R 53 it A (g
Koo 58 MR . d50 e B RS EURE AR N 105 °C
IR N 2 h R F, BEJE AN 85 °C [ HLHE N 48 h it
EEE, WEH EE 5T AR
1.4.3 PRI 0w

B 45 5 4 H TCM500 B EF (% 43 Hr AX 2%

(SperctrumTM, 1t 5% 5 Bl 28) 73 4 w1 = 58 19 0 — 46 45
B (NDVI) #6235 P2 SR BR 703 I8 v 2 3 1) 2%
FE s K L PR AW 5t & 0T 43 bR #E (NTEP) JL 43 il ¥F
Sy —

1.5 HBIELES S

{8 FH Excel 365 X £ 4 12E47 4 B, 22 €48 FH Origin
2022 Ak 5E . 8 SPSS 26 # Ak %k ok B B i i AT
77 E A2 E .

2 AR5

21 CO,MES LED BN ESFEFWER
gz 0pA
211 HAEMBER

425 as PSR b AL SRS &I 2 BHbE
Ot R B H RT3 R R 38 (3R 2). H G ISR FE 1Y
WX as SR b M GRSEIFRE R
0 (P> 0.05). {EMHFEDEIEMRE T, CO, IE T
F A3 AE BEAR B T KA COy MEFE 48 K . 4R
b A 3 B3 B2 PR K (P < 0.05). H CyL,
T CLy &K a. MR b AT SGRESE
SR E T 41.7% 34.7% F1 39.5% (P < 0.05).
212 HUAALEE S T

B 5 't 8 50 B (1 39 K, CAT. POD il APX ¥ 1%
HA A [H FERE BB 0 (B 1. o, e R BER BE 6
CAT & Y A1 POD W& ¥ B A & 2 & W (P < 0.05).
C,L; % F C,L, fil C,L, ) CAT 5 POD 3 % & #
PeTt. IEMFDEIERE T, CO, IE MHE T KA
CO, K FE AL CAT A1 POD 3iF M & Z 2 T+ SLlE R
FE ¢ SOD % M WA i 3 f2 1 (P > 0.05), 1H CO, A
B N AR SOD VG A T KR CO K E T
()AL FRH A B E IR T (P <0.05). CO, WK JE 50 IR 5
B0 APX B 1 A 2 3 520 (P> 0.05).
213 HAHERSAKARETE

HEFMARERSEMRRRSEH LI
5 ' HE A B I 5 i 5 (& 95 (B 2), KR CO,
WET, CL; 4R S EMARR RS B EE S
F CL, 5 C|L, (P <0.05). CO, i E e Wi —
KT Z#a s, 75 AH A )6 IR R, CO, KR B
BN ALRHEMNAAERSEMRRRTEYHLKR
R CO IR T &M vy, H CLy MEF4ER
TEMARRESEEE ST HA G,
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Table 2 Effects of CO, enrichment and different light intensity treatments on pigment characteristics of tall fescue seedlings

phgi M4k &a 2R EDb BaER
Treatment Chlorophyll a/(mg-g ') Chlorophyll b/(mg-g ') Total Chlorophyll/(mg-g )
C,\L, 0.99 £0.05a 0.47 £0.02a 1.46 £ 0.06a
C,L, 1.04 £ 0.02a 0.48+0.01a 1.52 £ 0.03a
CiL, 1.08 £ 0.07a 0.49 +0.03a 1.57+0.1a
C,L, 0.85+0.07b 0.40 +0.03b 1.25+0.1b
C,L, 0.80 = 0.14b 0.39 £ 0.06b 1.19+0.2b
C,L, 0.63 £0.13¢ 0.32 +0.05¢ 0.95+0.17¢
CO, ¥ Concentration of CO, (C) ok Hok ok
Sig. JEHE MR Light intensity (L) NS NS NS
C X L * * %

CLi» C\Lys CLsv CoLjv Colow CoLPRAHACEEFIFR TS AF/NG FRER RSB 2 7 R E (P < 0.05), NSERANEEP>0.05), *. ** 4

MERREFREP<0.05)MERWEEP<0.01); FFH.

C,L,, C|L,, C|Ls, C,L;, C,L,, C,L; are presented in Table 1; Different lowercase letters within the same column indicate significant difference among
treatments at the 0.05 level. “NS” indicates nonsignificant differences at the 0.05 level; * and ** indicate significant differences at the 0.05 and 0.01 levels,

respectively. This is applicable for the following tables and figures as well.

JHE3R)Y Light intensity/[umol-(m2-s)™'] [J150 (L)) 300 (L,) 450 (Ly)

6000 P
C<0.05,L<0.05
= CxL=074 a
- C)
o E,J 4000 b
g7 ¢
S
< 2 d
EE 2000 | ¢
i e
= I
@)
0 1
400 (C,) 1 000 (C,)
400 - P
C<0.05,L=0.94
T CxL=0.89 a 2
#Hg | D -
g 300 . b . T
& o T
35 B
K5 200
82
b
% 2 100 F
2
0 1
400 (C)) 1000 (C,)
CO, W

Concentration of CO,/(umol-mol™")

1 CO,MESFERBAE TS FFEn A NEELRZIT

P:
C<0.05,L<0.05 a
= 6000 F CxL=007
= b
#E c .
e d x
&5 4000 | e
RS T
22
W5
B s 2000
a
)
[
0
400 (C,) 1000 (C,)
P:
C=0.89,L=0.21
#1500 F CxL=095 a
H’E@ a a a
g e a
] & : T
51000 F[ T
G
=2E
&2
Ei 500 |
82
0
400 (C,) 1000 (C,)
CO, ¥

Concentration of CO,/(umol-mol™)

Figure 1 Effects of CO, enrichment and different light intensity treatments on antioxidant enzyme activity of tall fescue seedlings
IR (P <0.05) (K 3). I K H K E
% Ot IR o R R 3G 0 S B0 O T R R AR A
CO, I'&E ALEENFE—0 3N 7 ix—# . 3% 1~10d,
CLMEMNEKERXREZER T L5 CL;. B

22 CO,NE5S LED X5EX & FF M4 KIEFR
:pp=Al)
221 AEKEF

CO, Kk [E 5 LED St s 5% i 26 5F 1 AR Kl R
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JeHEGHE Light intensity/[umol-(m?-s)™] [J150 (L,)

0 P

BN C<0.05,L<0.05

= CxL=023 a
L

= b

S b

o 20 | C

é c

E

S d
I 10 F T -
41
%
&«
oy

0 1
400 (C)) 1000 (C,)
CO, i

Concentration of CO,/(umol-mol™")

300 (L,)  M450(Ly)

25 r
P:
C<0.05,L<0.05
20 F CxL<0.05

b
15 ¢

10

HH o

Ho

& Lignin content/%

N
W

400 (C)) 1000 (C,)

CO,
Concentration of CO,/(pmol-mol™")

El2 CO,MESTRABABTNSFFIEAERIEARRISENTM
Figure 2 Effect of CO, enrichment and different light intensity treatments on cellulose and lignin content of tall fescue seedlings

£3 CO,MEEFRRAABLE TN ESEFEKIEREMNZMN

Table 3 Effects of CO, enrichment and different light intensity treatments on growth rate of tall fescue seedlings

cm-d
AL B Treatment AR Growth days
1~10d 11~20d 21~ 30d
C\L, 0.50 £0.03¢ 0.51 £0.03d 0.35+0.04¢c
CiL, 0.63 = 0.06¢ 0.69 = 0.06¢ 0.47 £ 0.04b
CL; 0.54 £ 0.06de 0.41 £0.03¢e 0.26 £ 0.04d
C,L,; 0.74 £ 0.03b 0.90 + 0.05b 0.46 = 0.03b
CL, 0.99 £0.07a 1.01 £0.06a 0.67 £0.07a
C,L, 0.61 +0.03cd 0.68 = 0.06¢ 0.30 £ 0.03cd
CO,# & Concentration of CO, (C) ok ok ok
Sig. FMEBRSE Light intensity (L) ok . o
CxL ok NS *

L 4k, CO, NS AL BRI B AP AR KR B 2 | T KR
CO, WRFEALTE . B 9% 11~20d, C,L, #HE T CL, 5
C\L;y B AE KR BT . CO,WEME T HIFT
A AT R AE KO R T RAIRE AT, B
F£ 21~30 d, BLPY BT BT Ab PR A BOAE A Kl SR A
BT 2 BT HE BTN BE, A2 L0 3 B H B O IR G
FE B HE I S T v Ja BRAR i, B CO, IR s &
HE— B IR .
222 M PER

i SE 28 I A BE L i B R R I T AR B B A
JeHR BRI R RHLH e BT E FRRMES (B )3),
RS COIRE R, CLy 8T C,L, #1 C,Ly M Jr
K 2RI i FE ¥ 3 HE T (P < 0.05). C\L, KAt
MREEET CLy, HMHKRT CL, LEEZER (P>
0.05). CO, & T & Ab B K B2 L I 1y 58 FE A

T AR AT TR T b, C W TR BT AT AR 1
T A4 B3 = T Coo
223 WAERMIR

B PP AR K L R R T AURD AR A B 1 i A O R
568 55 1) 184 i 34 m (B 4), 75K CO, IRFEALHE T,
C\L, M5 T C L, B MR 2 AR A AR A AR & 3%
$-TF (P < 0.05); 245 B8 38 B 3% B 450 pmol-(m -s) '
IS ARG L MR 3R T AR AR AR AR I A B K, (HAH R
T C L A EZE (P> 0.05). CO, INE N 27
FE T BT A A A TR R AR A L R 2R T AR AR A
224 EWE

FLRE A H b AR Y B OO B O HE 5 R Y 3
e T JE B (- 5). KR CO IR T,
C,L, #1% T C,L, A1 C,L, #h EAEME R EIRTF (P<
0.05). CO, ¥R FE s Wk — B JOR T ix—##, C,L,
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FeHE 5 Light intensity/[umol-(m*s)™'] (1150 (L,) 3300 (L,) W 450 (L,)
. c<005 L<0.05 25 =
T e § c<005 L <005 3 C<005 L<005
< < 20 [ CxL=0.06 o € xL<0.05
5 2 5 40
Q
% 20 f < 15 £
3 3 5
1 w10 g 20
w 10} B o>
j: . <
£ ¥ &
0 0.0 = 0
400 (C,) 1,000 (C,) 400 (C,) 1,000 (C,) 400 (C,) 1,000 (C,)
CO, W% CO, & CO, W E

Concentration of CO,/(umol-mol™)

3 CO, MESNEIELLIE T XS FFLEM IR

Concentration of CO,/(pmol-mol ™)

Concentration of CO,/(umol-mol™)

E; ul‘]

Figure 3 Effects of CO, enrichment and different light intensity treatments on leaf characteristics of tall fescue seedlings

JEHE SR Light intensity/[umol-(m2-s)'] [J150 (L)) 1300 (L,) W 450 (Ly)
=
- 2000 [ p, S 125 p, a . P .
o C<0.05,L<0.05 ’ g 100 b C<0.05,L<0.05 g 0.6 | C<0.05,L<0.05
£ 1500 | CxL<005 s CxL<0.05 b £ CxL<005
g & 5 b
2 5 75 > 04 F
g 1000 r & 3
ji d 4 g 0T ¢ C & ¢ o
h, l e o K 02 F
m S0 % o5 LS 2 d
) = =
4 =2 =
0 T o0 0.0
400 (C,) 1000 (C,) < 400 (C,) 1000 (C,) 400 (C,) 1000 (C,)
CO, WJE CO, )% Co, ik

Concentration of CO,/(umol-mol ")

Concentration of CO,/(umol-mol ")

Concentration of CO,/(umol-mol™")

E 4 CO,MESAEABAE TS EFHE MR R

Figure 4 Effects of CO, enrichment and different light intensity treatments on root characteristics of tall fescue seedlings

s B R AR T CL, 5 CL,; M AW E
FRTET 175.7% 1 27.2% (P < 0.05).

TRE T AR ) B I % RS B ) 3 5 A W 0
KA COIKEN, CL, M FAEY &2, HMEK
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