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Table 1 Different concentrations of graphene
treatment
R0 b HR AEER 5 3
Treatment Method of treatment
A1 £ BMH20 mg L + A E30 g + NEAE10 mg
A2 8725 mg-L™' + H A AE30 g + NEEASE10 my
A3 FEIHE30 mg-L™ + EAAE30 g + PNESE10 mg
CK1 HAAE30 g + PNEAE10 mg
CK2 HEE30 g
23 MEAZE
231 AKEFARAYHEMNE EAEERHEBER

WIE, HARR AR -R RO E . B B4
AT AR 3 MR, T E SRACR AR AL gk
T, PN . 22 e, HARBETE
B THAF 75 ¢ TR, FREICEE
P o ARPE A B 5 MR B4 A
AL

232 MAEMIME M IPEURSE N AR S
PRAR R BY T I ORI T /K535 FRRAR A A
AL (EPSON EU-88) #ATH R HH;
JG 7F WIinRHIZO 73 #r RGN IHER K . R ERE .
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4 mg A B A T AT AR, B I R IE Yy
PRI AR &b A& L A A MAT-251
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iE, MMAFERMARM R R, AEER. AF
FIHIBCRAENTHE S IR [27] Wk, AT
NOff SAE AR B M IE R i 73 i 31 %) 2R ol
ZaEEARNTTRE (%), BRBTHESE
X RE AR & I A 1
Ndff = RRER RN B - N BRERE
JERI RS N - 15N HRFE
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TR, R T AR ON FERHAR P B 40 A R eSS
A E R B R
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STELE BRI b
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24 HIELESHH
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SPSS.23 # Xt i AT et oM, XA AR
ARIEIR . AW . ARRIEASTEHR N Wk
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ON ZrBC R S A BR N IR 9 AH R A Person
ML . B ARPREE 4 R bR 2

3 HXR5HH

31 AARERERMNEADEERKEENEN
=AU
311 RRRESLEWHTH ARG KGR
FEE 2 AT, AN BE A BRI A B ] — e PR
RS S AR AR, HREE B IR
[ REF, R HE RN B W3 K, 5 XTIR CKY A L,
25 mg L™ A AR AL BRI 4T R AR f s B
A 60. 120, 180 d B, Wi srildem T 9.30%.
7.69%. 3.26%, HiARAMiIHESE T 4.83%. 3.91%.
7.65%. JTESHIEEREW, Fr 25 . 30 mg-L™
A1 EBIA BRAE RS T 120 d 5 W S AEAE W E 2
(P<0.05) 7k, HAbALPHRZE FIIATEE] B E KT
312 RERESGEWHASHRG G LM ZH IR
& 2 TLIE t, AR A S R AR 4

HAEYIE RN —28, BR 20 mg-LT" A S AL
BEAEZE T i SR e IS B RS, AL
FIEMR TR . 2 FFE . e PRI S
Wi ket 1 60 d I, SR CKA A,
25. 30 mg-L™" oy S Ab H A AR - 5 i S B T
7.56%. 6.06%, 20 mg-L™" £7 S kb B0 5 3 1
T 45.45%; 153 120 d i), 25 mg-L™" £ 545
Aob B I R L IR CK AR EL IR T 7.28%;
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Table 2 Growth and biomass of Chinese fir at
different concentrations of Graphene

Index Treatment

60 120 180

A1 38.49+0.90 a 50.57+0.47 b 58.14+1.33 a
A2 41.97+1.51 a 54.45+1.88 a 59.90+1.42 a

T
Hight/cm A3 41.39+1.41 a 54.42+0.77 a 59.83+1.35a
CK1  38.40+2.53a 50.56+1.63 b 58.01+0.70 a
A1 6.02+0.29a 8.20+0.38a 8.39+0.23 a
iz A2 6.29+0.23a 8.51+1.03a 9.01+0.37 a
Ground
diameter/mm A3 6.02+0.04 a 8.25+0.29a 8.52+1.07 a
CK1 6.00£0.39a 8.19+0.96a 8.37+0.63 a
A1 0.96+0.18a 0.97+0.26a 2.32+0.18a
i S R A2 0.71+0.08a 0.89+0.21a 2.37+0.94 a
Dry weight of
root/g A3 0.70+0.04 a 1.07+0.56a 2.34%+0.15a
CK1 0.66+0.12b 0.88+0.04a 1.71x0.83 a
A1 5.80+0.39a 5.62+1.48a 8.92+1.07a
ETHE A2 476+1.04a 5.72+0.27a 8.43x1.49a
Dry weight of
stem/g A3 456+0.83a 6.24+0.26a 8.25+0.18 a
CK1 453+1.08a 5.07+0.47a 8.12+0.47 a
A1 6.56+0.57 a 9.60+2.26a 10.45+0.73 a
it o A2 6.06£1.10a 8.02+0.60a 12.04+0.82 a
Dry weight of
leaves/g A3 523+091a 9.42+1.80a 10.85+1.65a
CK1 4.63+0.43a 8.65+t0.44a 11.18+0.46 a
A1 0.08+0.01a 0.07#0.03a 0.12+0.00 a
R A2 0.07+0.02a 0.06+0.01a 0.13+0.03 a
Root-shoot
ratio A3 0.07£0.01a 0.07+0.03a 0.11£0.04 a

CK1 0.07+0.01a 0.06+0.01a 0.09+0.04 a

W AR/NG 7 BER IR F KRBT A W F 28 0 Ab B8 00 2 5 1k
(P<0.05). A1. A2, A3. CK14#IMRFEIKSEN20 mg-L™". 25
mg-L™". 30 mg-L™". 0 mg-L'HI A BIELATE, FH.

Note: Different lowercase letters indicate differences in different
graphene treatments on the same number of days (P<0.05). A1, A2,
A3, CK1 represent a concentration of 20 mg-L™'. 25 mg-L™". 30
mg-L™'. 0 mg-L™" Graphene treatment, the same below.
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b B b R R S RE R . i ON AR LR A T
63.67%~74.47% Z 1], FEAFREE B hagHRK
5y 9 BLAE A2, CK1, A3 bFE v 5% B AH
o, ANFARBAZARLE N )4 Bl 25 R AR

HIIRI AL, BRAEZARZ AR BAR R I
FREESSN, HAER RPN KBS . A
A SBIHSEAL B[] — ISR A2 AR ST EAR K |
B, R, ARSI ARA 1 S8k Y
BURMEAT; siiEgR 60 d s, MR, ERE
A B e HE O H I S B AR e 2, AR AR
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Root morphology of Chinese fir at different concentrations of Graphene

F B E K

Wil 355 B I E] 0 3G, AN [ Ah B AZ R 4 1 25
N LR RN TR, 22N S ECRA T
16.97%~30.44% Z i, ¥ E 60dJ5, 20, 25,
30 mg-L™" Ay SR b B 5 X6k R HE 259N 4 B R
W2 E KT 6.87%. 20.07%. 20.07% ( P<
0.05).

FZARGI AN 43 Be e bl 45 7 B (] (9 1 in 34 2%
PR el G B B Ra . ARN A ECRA T 4.70%~
9.61% Z[i], [ 25 mg-L™" £ 440 AR N 3
RAEHAL G 60 d 3 HEREAIL 18.51% 41, HiaxhT
[B] A FE B0k A A ds A B v X IR AR B, HOAR TR Ak
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180d
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PRN F 3R L BB N T 77.78% . 78.70%

(P<0.05), UtHH—2 WA RBIGREMRIEZ AR
A H AR MR, 2R LN R R A
0.32%~1.93% Z[H], FZARLH A A E W F HE
NS
34 MAYHEVEESER NSEBERS LK
SN F A RmEX

MNFEATTLUE ], BRIRE . RAF. RN 5>

BlR SR EA R A, HAhSfetrm 2 B %
o R IE A G . XU RIE S5 20N R
RAEBEYBR, 25N FHRSFEZ ARG R R
Iy Al L
4 i

ARKRERAZEHLETEARDENEK
AR LI, ARG TR Y. b
e R 25T AT R T R Ak
L, ARTESRIE, BREET Tt b SR e B i
I REARSS, HAA K IgR R K 25 mgL™" >
30 mg-L™" > 20 mg-L™" > CK1, £ B x A2 K

41

*3 FTREAKRERZHLEZARGE SN RILF A
Table 3 °N absorption and utilization of Chinese fir at different concentrations of Graphene

A I PR AL 2R LR EEE TONI Y SRR NI
Incubation time/d Treatment Total nitrogen/mg *N absorption/mg BN utilization/%

A1 236.43+24.85 a 0.05x0.01 a 0.490.05 a

A2 210.56+43.21 a 0.05+0.01a 0.50+0.11 a

60 A3 201.21+41.64 a 0.05x0.01 a 0.48:0.10 a

CK1 176.05+25.35 a 0.03+0.01b 0.32+0.05 a

A1 288.03+23.28 a 0.12£0.01 a 1.20£0.08 a

A2 312.19+88.99 a 0.13+0.04 a 1.29+0.37 a

120 A3 291.71£53.43 a 0.12£0.02 a 1.19£0.22 a

CK1 282.46+15.90 a 0.10+0.01a 1.02+0.05 a

A1 387.67+60.80 a 0.19x0.03 a 1.92£0.29 a

A2 382.94+29.17 a 0.19+0.02 a 1.93+0.16 a

190 A3 394.98+49.32 a 0.15£0.02 a 1.48£0.20 b

CK1 346.05+24.95 a 0.11£0.01 b 1.08+0.09 b
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Table 4 Correlation between root morphology, root °N distribution rate and °N utilization rate of Chinese fir

HRAAAR

MR AR RN fic 2 AR NFI F 2

Root length Root diameter Root volume Root surface area Root °N distribution rate  "°N utilization

ii§S R
1 Root length 1
R 4% Root diameter -0.398 1
HR4AF Root volume 0.806" -0.536"
MR H A Root surface area 0.795" 0.518"
RN ELZ Root "N distribution rate  0.773” -0.185"
AHR'SNFIF 2 N utilization 0.724" 0.543"

1

0.8717 1
0.714" 0.629" 1
0.706" 0.794" 0.405 1

A EAMRIEER . Yin R0 & B Ao 280
REfE K REA AR NIRRT ot R 9L,
—EWRE WA SR R G IR, D
AR UL, A SR A KA R ER, XS
AHFREE R B A FH A SRR FEAZ AR G A
EIWRBCERIUN R GG s, UiA SSETERS
REELFIH EZREEEL AW LMK, 85F
180 d J7, 7Efdifdth b 3FA A Ay [R]msh, o AR {2 ot
<1 519 £ SO (0 i (RST R
42 FEREREHLETEARDENREALS
R BN LIEP WIS TR, BUEZ AL
R I EER R . AR A, ST
DA AR R BILTR] , DT A 28 B 1Y
KEEO, kbR @ i XHEE K (Zea mays
L) AR E A SEEE (50 mg-L™") b3
48 h J5 A = mRNA HE17 5 Sk 4000 5 4 B 5 &
W, AR LS FORIR R AV G, s
AR, B E KRR R S5 Z ek £
KRR, e TR AR . A
FSEE L TR AR IR RILSFEIR R, A5
ALBROT AR HEAZ ARG BAR K | AR EURIAR e i A
A, AN AR RIE TR R ik e T IR
AbEE, HOEARK . AR HARRR E A 7E 25 mg-L™
A SRR B o AN RIRE AR R0 A S50k
(e e o EL A R S, A0 Bl W A PY( Rubus
idaeus ) . JK i PA( Oryza sativa ). # & 71
( Vicia faba ). Vil Prunus domestica) HAM
KH BB IE > 2, 5, 25 f1133.3mg-L™".
43 ARKEAEHFLETEARDETREZNR
Y F) A R 53 B
REETAEYAER A IEA TSR EA TR Z
—BH Y R AR S R A A T AL
FBTRIE R, G- &t . AHCHFSE R, tAIE

BERE TEATERGE AR LAY R
FB ARHGE R NIRESR (SR ardsm
A BRI IR RN Sy BCR IR AR fk, Z5 53R &
B, KA, WON SECREM N 25 mg-LT' >
30 mg-L™">20 mg-L™"> CK1, ZE'N 43fl R KM
1 CK1>20 mg-L™'> 25 mg-L™"> 30 mg-L™", nf
SN PR M 30 mg-L'> CK1>25 mg-L™' >
20 mg-L™", XYL SIS XTAZ ARG B AR TR E Y
SIECEARRIEERT, X AZ ARG B 250 43 B EAT 1
FIVERT, MR R EAZARY A 5 BL 2332 A1 B0
WRERIREM . 5 —J7 T, ARSI
B ECRBON M > 25 > . SRR AEEE gy
A R 3 B S A SR R B >
ZEFF > RN, M BRI S AERTHT AV E; &
TRV R KB, ZEAE IR ) s i ) 32 2
W, EANARED; RPECRS T, Hik
MRS R 2 J5 2 B Aok B Sk 1) Y AR )
TRICRI T AR R AE R R AR S A R Rl g
A B N AR LAY S4B DB
TR E S . TEAZARL 2 N FIFRDTE, A
[] b P 44K ON A FH %6458 25 mg-L™'>20 mg-L™">
30 mg-L™">CK1, T #E#8 B8 1 55 K B 40 Kk vl LA
R R A I g, B S AR
R, SRS R —3.

RAR A= K B A B A= A A8 A X e A 118 o 7 75 2 —
AL AT AT T A BRI AL B AZ K 4
60. 120 /& 180 d BB . AYEsTiL . WARE
B N BRI R, )5 T
HIARAERK MW, AR, Rz s,
TR — 25 TF AN [V J3 A SR e A2 AR Al b B
IR K B AT R, Bk — T A e R
TR A N BIF IR A, T4 S A2 AR MR it
FERCR, IRBHE™ . B0 B AR
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B ECRIONM > 25 > R, RIHA R FE4ET
FEA AT Sh FUHT ARG e B A 28 B s R TR AL 4>
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mg-L™'>CK1, I 5 R EHEhr 2 3 EA ¢
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Effect of Different Concentrations of Graphene on the Growth,
Root Morphology and **N Uptake and Utilization of
Cunninghamia lanceolata Seedlings

PENG Ting-ting"?®, WEI Yong-ping*, ZHANG Jin-feng*, ZHANG Xiao?, CHEN Hong-hua®,
CHEN Ai-ling?, ZHAO Jian-guo®, HU Ya-lin'®, CAO Guang-qiu"*?

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian China; 2. Chinese Fir Engineering
Technology Research Center of the National Forestry and Grassland Administration, Fuzhou 350002, China; 3. Key
Laboratory of Forest Stress Physiology, Ecology and Molecular Biology, Fuzhou 350002, China; 4. Fujian Yongan State-
owned Forest Farm , Yongan 366000, Fujian China; 5. Institute of Carbon Materials, Shanxi Datong University,
Datong 037009, Shanxi China)

Abstract: [Objective] To provide theoretical basis for the efficient cultivation of C. lanceolate, the effects of
graphene on the growth, root morphology and nitrogen uptake and utilization of Cunninghamia lanceolata
were investigated in this study. [Method] A pot experiment with four concentrations of graphene (0, 20, 25,
30 mg-L™") was conducted in this study by using the superior clone of C. lanceolata seedlings ‘Yang 061’ to
investigate the growth, root morphology, "N distribution and utilization rate of C. lanceolata seedlings un-
der various graphene treatments. [Results] The indexes of growth and root morphologies were maximum
at 25 mg-L™" graphene concentration except for stem weight and root volume, but no significant difference
were observed among different treatments. The "N utilization rate of seedlings was 25 mg-L™'>20
mg-L">30 mg-L"'>CK1, and the distribution of "N in different organs of C. lanceolata seedlings was leaf >
stems > roots. Correlation analysis results showed that a significantly positive correlation between roots
®N partition rate and seedlings N utilization rate with different growth indexes were observed except for
root length, root volume, root "°N partition rate and root diameter. [Conclusion] A certain concentration of
graphene is beneficial to the growth of C. lanceolata seedlings and can promote the absorption and utiliza-
tion of N.

Keywords: Chinese fir; graphene; seedling growth; "°N tracer technique
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