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Abstract: Taking one-year-old coppicing seedling of Cyclocarya paliurus ( Batal.) Iljinsk. growing in
phytotron as experimental material, the effect of different applying amounts of nitrogen [ applying amount
of nitrogen per pot of 0 (CK, the control), 3 (N1), and 6 (N2) g, respectively) on growth, contents
of total carbon and total nitrogen, ratio of carbon to nitrogen, content and accumulation of total
phenolics, and key enzyme activity in polyphenol synthesis pathway of leaf of C. paliurus seedling was
studied. The results show that applying amount of nitrogen has significant ( P<0.05) effects on height,
ground diameter, dry mass, total nitrogen content, ratio of carbon to nitrogen, and content and
accumulation of total phenolics in different organs, total carbon content in root and stem, and activities of
phenylalanine ammonia lyase ( PAL), cinnamate-4-hydroxylase ( C4H), and 4-coumarate CoA ligase
(4CL) in leaf of C. paliurus seedling. Height, ground diameter, and total dry mass per plant are the
largest under N1 treatment, with an increase by 41.9%, 14.8%, and 43.3% compared with the control,
respectively. The contents of total carbon and total nitrogen in root, stem, and leaf are the highest under
N2 treatment and the lowest under the control, and ratio of carbon to nitrogen is the largest under the
control and the smallest under N2 treatment. Total phenolic content in root, stem, and leaf is the highest
under the control, with a value of 31.04, 20.63, and 24.45 mg + g, respectively, and the lowest under
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N1 treatment. Total phenolic accumulation in root, stem and leaf and their total accumulation per plant
are also the highest under the control, with a value of 211.49, 69.26, 66.10, and 346.85 mg,
respectively, and the lowest under N2 treatment. The change trend of activities of PAL, C4H, and 4CL
in leaf is consistent with total phenolic content, which is also the highest under the control and the lowest
under N1 treatment. The result of Pearson correlation analysis shows that ratio of carbon to nitrogen of

root, stem, and leaf is significantly or obviously significantly correlated with total phenolic accumulation

in corresponding organ per plant. The result of this study can provide a reference for rational application

of nitrogen fertilizer in leaf forest cultivation of C. paliurus.

Key words: Cyclocarya paliurus ( Batal.) Iljinsk.

applying amount of nitrogen; seedling growth ; ratio of

carbon to nitrogen; total phenolics; key enzyme in polyphenol synthesis pathway

M [ Cyclocarya paliurus ( Batal.) Iljinsk.) 3
J& T 5 Bk Bl (Juglandaceae ) # & ¥l J& ( Cyclocarya
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Fh ¥ R 2R mA e R E e Ay
RV(EDT)  V(BERE)  VIERANFE) - V(K
m)=212:2 4 FEFHA LK AR SR
SRk 43.65.7.35 2.98 F19.89 ¢ « kg™ ,pH 6.7,
F 2017 45 H AR A HAR SR — S i
BEIR (N 16 cm 55 14 em) W, 45 1 bR, 76
BT AR T REAN A 45 ASER 1.13 kg, L5
BT V(LT - V(BERS) « VUERXGZE) -
V(FR)=1:1:1:7ZFPHEIK . SR WM
SRR R 82,18 .3.77.2.60 F19.43 g - kg,
pH 6.44, TEVLINEEK S B4R L b = A 6
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T, 15 B R A A 430 0 (CK, XD (3 (NT) Al
6(N2) gt 3 MabBl fab¥E 3 A EE, P HEKE 25
PRGN AL 225 #REE . AR DR R (FHEFEE T
W (SR A BRTTAE A R, A & 46% ) WHE, 3 5T
AEFR 0,30 F1 60 d P35 3 Wit A . Hi R 55ROt
Bl % (PPFD) 800 wmol » m™ - s~ G}
[A]12 h - d7' R (25+2) CHRIZSARXHEE 70%
1.2.2 A RFgiregmE 4b3E 90 d B, 2 HIE
BRI 0.1 em) FIPEAR R RCKHSEE 0.01 mm) I &
A T RN 4N P ARk i A AR Ab 3 90 d B, B4 Ab
FHAR G A o A AR T SA{E E R 3 BRARTERR , 48 105 °C
AT 30 min J5, 76 80 C &M M EEFaE, T
32— RFFRE AR  ZE R B T, e
PRET B (PARRAR 2R TR Z ) . B4
Ab P T R MIAR 25 R R B S A 0 (FL AR 100
H) , T4t A SR i i i

1.2.3 A% 4 AT E 540551k
100 mg HERMIAR 25t TR0 K, 8 6 40 2%
J& , 2% JH Elementar vario MACRO cube JGCZ /MY (1%
[ Elementar 23 7] ) I € 4=t A1 A0 & &, A[E AR
HmALL LS E T emE RS 2A ST RN IE,
1.2.4 EEBAZome SO RRIRY 2 ¢ &
ERMIAR 25 TR R, 2B RS RS Y L
BRAE AL 2R 8T SR 5 AR TR 434k 70% £ 1 20 mL,
KRR 75 I Al B R BGETS TR B 70 °C T (44
kHz,500 W) #2145 min, B2 HEH 2 K, &I 2 AR
B, FREEIURE T, P B S SR T DR AR i O e 45
10 mL JHTFME BB & i, S8 Alothman 257 (1Y
T B e, AR R R A R AR
NI PR IE R B R A R = FRRE AR T A x
A E B R TR

1.2.5 %4BaomERAEMERGN T AH 0 d

®1 HMEENERWHEHKS . HEMTFREGIME(XLSD) Y

B, FRHR 0.2 g i fif i A D RE I (AR AN AR5 3 5K
554 Kont) , R A TR o RS . R TN AR AR A T
(PAL) AR -4 52 ALME (CAH) A1 4-75 GRR AT A
YE G (ACL) (9 B IBOCRN 1 PRI 7 2 IE Wang 551 )
Tk,
1.3 #iEaE

K EXCEL 2016 #7888 48115 R SPSS
20.0 BAFIEAT I 225001 2 LA ( Duncan’s # 52 #)
2535 Fll Pearson AR HT .

2 HERFpAH
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Jit 28 ) T R M4 b e | b AR R T B Y R e
WK, mR 1AW AFGAESHET, &4
B AORR = A AR E N1 (B A 3 ) Ab B F i
KIE N2 (B AE R 6 o) b F F i/, 5 CK (%
TR 0 g, XF HR) AbFRAH bL, Bk S AN AR 7E N1 Ab
PR 2050 S & BN T 41.9% F1 14.8% ; fF N2 AbFRF
3 E D T 34.4% F1 16.9% , TERMIAN T SRR
FIAR ZERI i DL T i AR A S R
FIHAR — B0, Y7 N1 AL H R Bk, 76 N2 Ab B 5
No EXTRRARLG, PR OYAR | ZEFN BT LR T
JEAE N1 NI R 40550 B 8N T 46.1% .37.6%
42.8% F1 43.3%, 78 N2 Ab #4008 W > T
48.3% 30.1% .63.8% 1 46.9% , J5 2=/ L0 .
Jit R R BRI A AR A LSO RIS E T i
P47 3% (P<0.05) §400
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Table 1 Effect of applying amount of nitrogen on height, ground diameter, and dry mass of Cyclocarya paliurus ( Batal.) Iljinsk. seedling

(XxSD)V

PARRAEYVE T & /g Dry mass of each organ per plant

Kb 3 R/ em #1442/ mm
Treatment Height Ground diameter 2 Root 2% Stem I Leaf 3 Total
CK 36.3+4.0b 7.22+0.33b 6.81+0.67b 3.35+0.08b 2.71+0.16b 12.87+0.40b
N1 51.5+4.9a 8.29+0.52a 9.95+0.79a 4.61+0.32a 3.87+0.23a 18.44+1.02a
N2 23.8+3.0c 6.00+0.45¢ 3.52+0.35¢ 2.34x0.10c¢ 0.98+0.05¢ 6.84+0.40¢

D CK N1 A1 N2 205l #em B2 0.3 A6 ¢ CK, N1, and N2 mean applying amount of nitrogen per pot of 0, 3, and 6 g, respectively. [@]51] A
[Al/NE FB: R e AR ) b 38 R) 22 57 8 3 (P <0.05) Different lowercases in the same column indicate the significant (P<0.05) difference among

different treatments.
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Table 2 Effect of applying amount of nitrogen on contents of total
carbon and total nitrogen and ratio of carbon to nitrogen in different
organs of Cyclocarya paliurus (Batal.) Tljinsk. seedling (X+SD) !

gb3m effeEit/e  RRER/% WA
Treatment Total carbon Total nitrogen ~ Ratio l?f carbon to
content content nitrogen
R Root
CK 43.01£0.97b 0.30+0.00c 143.37+3.26a
N1 45.01£2.17ab 0.54+0.04b 83.35+4.23b
N2 47.05+1.06a 1.04+0.09a 45.24+1.23¢
2% Stem
CK 36.95+0.97b 0.38+0.00c 97.24+2.63a
N1 41.87+0.09a 0.49+0.05b 85.45+0.25b
N2 42.91£0.18a 0.63+0.01a 68.11+0.35¢
M Leaf
CK 42.39+1.38a 0.72+0.03¢ 58.88+2.56a
N1 43.66+2.26a 1.03+£0.02b 42.39+2.06b
N2 44.18+1.61a 1.28+0.03a 34.52+1.28¢

D CK N1 il N2 403 3R B 2t b 0.3 M6 g CK, N1, and N2
mean applying amount of nitrogen per pot of 0, 3, and 6 g,
respectively. [R5 H AN [7] /N5 2 £ 7R 78 K [R) 4k B () 22 7 8
& (P<0.05) Different lowercases in the same column indicate the
significant ( P<0.05) difference among different treatments.

®3 HMEENERUSHHELEAREFLBLISMRAIEMHM (X2SD) "

AR ZERIT R AR AW, A
FLZWiREAS, 5 CK (A At 2 & 0 g, % i) kb FEAH
Fo N1 (B2 A 3 ) il N2 (B A i 6 ) Ab3E
SRR ZE R A A MR T 4.7% 1 9.4% LA K
13.3%H1 16.1% , i rh 4 7 2 5 X BTG 35 22 575
M ZE ATy rp A R A ) e E PR T 80.0% Al
246.7% 28.9% 1 65.8% Lk J 43.1% F1 77.8% ; i3 25
At v il & E A ) e 3 AR T 41.9% FN68. 4% |
12.1%F1 30.0% LA S 28.0% F141.4% , J7 2453 45
FEIR e S X T R AR 2R v A 1 A W
LM X I R ARk R G R s RAR ZE R 4
A& B MRA LA B3 (P<0.05) &M,

2.3 MREXEHRILE SEBRENZNME

231 MHAREABETERLEFRREZTNHw )i
R T BRSNS IR 28 B B AR AN ]
AE A RN m LR 3, R 3 I A
R BN H ML AR 2t p S = 7
CK(EAMER R 0 g, % 8 ) AbH e, 76 N1 (B4

Table 3 Effect of applying amount of nitrogen on content and accumulation of total phenolics in different organs per plant of Cyclocarya paliurus

(Batal.) Ijinsk. seedling (X+SD) "

A E BB A/ (mg - g7')

HRR SO E B R R/ mg

b3 Total phenolic content in each organ Total phenolic accumulation in each organ per plant
Treatment N
2 Root 2% Stem - Leaf R Root 2£ Stem - Leaf BT Total
CK 31.04+1.61a 20.63+2.01a 24.45+0.74a 211.49+25.86a 69.26+7.70a 66.10+£1.95a 346.85+29.86a
N1 17.13+0.85¢ 8.91+0.14¢ 11.34+1.05b 170.19+12.25b 41.10£2.30b 44.05+6.49b 255.35£17.57b
N2 24.77£1.19b 17.70+1.52b 22.11+3.06a 87.05+5.44¢ 41.40+2.14b 21.66+3.82¢ 150.11+0.77¢

D CK N1 I N2 20536 7R B 40t %05 9 0.3 A6 g CK, N1, and N2 mean applying amount of nitrogen per pot of 0, 3, and 6 g, respectively. [@]51] A
[Al/INE R e R e AN ] b 3R] 22 53 8 35 (P <0.05) Different lowercases in the same column indicate the significant (P<0.05) difference among

different treatments.

AR 3 g) AT Hefll, 55X ARG, N1 A1 N2 (5
WA 6 g) LI T AR i B B oo W AR T
44.8%F120.2% , 25 S & 5t o0 ) Sk 2 AR T 56.8%
1 14.2% ;Wb G & S 7E N1 AR F 2 Rk T
53.6% ,7E N2 Wb B AR T 9.6% , (H 2= 7 AN 3,
AN it e AL BT A B P B S S AR R
bRz AR, J7 225 B g SRR WL . it A %
HEMDEAFSE D LS EA D& (P<0.05)
=AU

2% 3 AT UL, 5 R 5 2 AH AL, AN [ i 2 4t Ak
LT, BRI B SR AR 25 R i 0 R i B R D
JFR R AR e RN B, FE N2 AR B R R AR,

X REAT L, NT AT N2 A3 BARRAR | 25 F0 0 i B
FRE & DL S SR B 4l e 35 PR AR T 19.5% F
58.8% 40.7%H140.2% 33.4% 1 67.2% Vh % 26.4% Fil
56.7% , NIA)i 0 e A BE R R 45 AR B R A R
B R AR vt i RN ZE T RAIR, 2= T A R AR
Jit 280 % T BRI ATy 1 SRR [ 4 B A B I AR R A A
JSVES R pRTE S AN

2.3.2 et S @A RRZRAEBERG R
TR T BRI v i b 22 B G s ad A4 O B T 1 1Y
ML 4, 3R 4 0TI ARG R S AT, 5
Wiy i RN =R A = ( PAL) (A EERR -4 4k
it} (CAH) F1 4—Fr RIS A % HEMG (4CL) TEHEIE
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Table 4  Effect of applying amount of nitrogen on key enzyme
activity in polyphenol synthesis pathway of leaf of Cyclocarya paliurus
(Batal.) Ijinsk. seedling (X+SD) "

LbhF A% 1/ (wmol + min™' - g7')  Enzyme activity
Treatment PAL C4H 4CL

CK 48.3%3.1a 375.2+13.7a  161.5%11.3a

N1 30.8+2.1¢ 239.0+29.2¢ 81.4x18.5h

N2 37.7+2.3h 295.3+8.7h 142.2+20.0a

D CK N1 Fl N2 43 2R S A =R 0.3 16 g CK, N1, and N2
mean applying amount of nitrogen per pot of 0, 3, and 6 g,
respectively. PAL: TN R R i il Phenylalanine ammonia lyase;
CAH . ARER-4-FAk it Cinnamate-4-hydroxylase ; 4CL: 4-F R
BHE A %2R 4-coumarate CoA ligase. [R1FH AR [F/NG FhEF IR
TEAN Hﬂ‘iﬂlﬂ%gﬁ%(l’< 0.05) Different lowercases in the same
column indicate the significant ( P<0.05) difference among different
treatments.

SRR T fefs, 78 N1 AAER N ek, Bk LF, 5X
AHEE,NT FT N2 AbBE R b e PAL  C4H A1 4CL 35743
R EFEAR T 36.2% 1 21.9% .36.3% F1 21.3% LA M
49.6%12.0% . J7 2250 M4 R R W il & 12 X0 75 Bk
W&t o PAL CAH 1 4CL 3G MEA 250,
24 BHENISEAAREREALEEKRERER
MEEWXZR

TERMIZ AR 2 E A S R4S 2 B
ERMPCRIWE 1, 458 (K 1) KW HEOY
R () e 281 EL 5 JFL LR B R SR A AR B (P<

250.0
2
= yi=1.23x,+44.74
g - R=0.86
. & 2000 ‘ e
= .
85 o0 .-
%5 1500 »
= 2 et
g8 o+ y=2.20x,-52.61
2 ; 100.0 | g ;é3=0,9()7r 52.6
=7 &
"2 500 . % y,-0.85,-20.09
=0 S &6 r-0x
&
T o0 . : . , .
0 30 60 9 120 150

% Lk Ratio of carbon to nitrogen
O: #R Root; O; Z£ Stem; O N Leaf.

Via¥as 3 25 B A BRE AR ZE 0T B B B AL B & Total phenolic
accumulation in root, stem, and leaf per plant, respectively;x, ,x,,%5: 53
R HE ZEFI AR & LE Ratio of carbon to nitrogen of root, stem, and
leaf per plant, respectively.

E1 BENYHEARREHRALEEHERESBREENXR
Fig. 1 Relationship of ratio of carbon to nitrogen in different organs
of Cyclocarya paliurus ( Batal.) Iljinsk. seedling with total phenolic
accumulation in each organ per plant

0.01) Lk TEAH G, AHC R £ 433k 0.93 F10.99; 2%
BB AR L H ARk R A R B B (P<0.05) £tk
IEAHSG, AR ECH 0.74,

3 s

AR E SRR IE 5 WA Y9 AR A A A A8
M EZ 7 B R BB A AR S R AR K
R R A A A S SRR AR 25 DA OC T LS i 1. 40)
RN AR = R R R 2 EHR P RS I A
F AL 25 K X RR 3E 107 #5 ( Populus X euramericana
“74/76° ) 1 H AR 46 % ( Populus X euramericana
* Zhonglin-46" ) A= 1 B2 M & I, i 842 iE — 3 bk
AR E BN R TR T B AR, oA
FI PRI R I, B R VR (R0, B (Lsauis
indigotica Fortune ) 1 M FIAR 1 57 i B 15 i, A<
FEH, Tt R0 T B A v A BR | AR T
A% (P<0.05) 520 {H a5 it A& i 1 52 i, 7 Bl
AR i AT o 2 2 B 0 PR /b A e 3, T RE
I T R Al i R B B B b i & AR C A B HOE W
A KR B i A R R, N2 (A A
6 g) b F LR i HCE A K i AR 1Y I B, X
AR CHA 5 5% o3 BOG B 7 AR S M, AN T
AR, Li 2% % BP9 BF MK ( Cupressus lusitanica
Mill. ) BYBIFSE A B e 2 A o v 2 W 3 R AT L v op P
Ca Fil Mg i, I & PR ARHOG & B ), BLAS A4 24
Koo EFMAR AN o it 2R A8 42 2 Mkt
(Catalpa bungei C. A. Mey) JoP: 2 091 & A2 FiAE
Yyie: AL 5t HH R A O e R ARG, Bl
L5120~ 60 mmol - L7 & Z X 7 Hl ( Nitraria
tangutorum Bobr.) #E47T AL | K& it FH— 2 ¥k Y
AR T 1k vy | BE AR RN T B S 3G L (H
ERARWE L mAM T HRE ALK, AOF5ET,
CK (B AER I 0 g, %F B8 ) A1 N2 Ab PR 75 £R A 41
AR RSB bR W R T N (Al A
3 g) AbIH X T RE S KRR BR B AR 1 i
TR 20 75 B A= i, 7 Bbiid i S i AR AR
WY ok 22 fi B Z WA, Thrahim 2510 Xf R B AE %
¥ ( Labisia pumila Benth.) FIFFE 45 R 3 B NG &
A LR R R B AR S AR 2R A 2 W 55
Luo Z5177) i BF 5% 45 SRt 7 . B8 4% ( Populus nigra
Linn. ) i e A AR5 5T 5 5 70 it 20 v 170 4k 2
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TR,

RINE TR 2 B (PAL) | AR - 4 - AL B
(C4H) Fl 475 LR BTG A JE3EME (4CL) S5 2 A B
IR GG 22 W it AR vl & G B BRI AE A
Jenkins 5% F1 Buer %5 B 58 IA N, R4 1R N vk A=
RSP A BGR ORI B ARAE % it o 5
IR B ( Nicotiana tabacum Linn.) M F Y PAL
HMACL 1R 5 2 By 2y o & 2 e s —2, X
P4 R 3 35 S 2T ( Pinus koraiensis Sieb.
et Zuce.) G PAL I C4H 7 MR N, 2 b &
YRR R o AH G N, AWTSE T Bl i
PAL C4H A1 4CL {f £ 3 5 G0 5 2 A [ (19 22 1k
LR

B A A RAE YA N F 20 2 REAN, 5
R AR A ) A AR AR A AR R 1 A
— SRR AR R A K S IR A A BT B 1]
FETE R W 36 40 AR TR o 25 SR W, N1 Ab 3
T, R B AR A [ R T B R R B R,
EE D & Ak, X 3 2R AR ) i 0 A TR
A AR A FHAR TR 8 SR 0 R G, 2 LA FA
A R A A P 4 B ST A R s A AR
AU AT, TR0 Ptk SR L A2 e A R s 1 0 1)
S AR B b AR 4R B4l
NGRS R Ners = SR TE 5 ) | I - T 1 i
X} % ( Vitis vinifera Linn.) 7 FI-RBAE #1558 gy iF
FEA R W il B UK SAERAR R 2RI A
AR R, S A R B E R, At
FEH, T EMI A B A KR S AR AN —
B, I, 7 SR R AR RN A AR b SR A
DUBIERTS BhR =P i i KR R it B4l i bk
R ZEANH () G AR R D R S AR R ST X IR Gk
B, EAFES B ik A LS S AR R i 5 A A
B9 A% Ak ¥ ¥ Xt Brassica oleracea var. sabellica
Linn. "™ (0F5E 0 & B, A 90 4 9 ik 280 1L 45 DAl hy 3
R AACER Y BT & i 2R AOG . A4 R &
B, T ERMIA AR | ZE R0 () B 2R LL 5 B R 25 X N
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