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Abstract To explore the accumulation of berberine hydrochloride, photosynthesis, and chlorophyll fluorescence
parameters of the effective components in a young forest of Phellodendron chinense Schneid. 1-3-year-old
seedlings were selected as research subjects. The berberine hydrochloride content, growth, and biomass in the
aboveground and underground parts of trees of different ages in different months, and the photosynthetic and
chlorophyll fluorescence parameters of leaves at different tree ages, were measured and analyzed. The results
showed that (1) the annual mean content of berberine hydrochloride in each part of 1-3-year-old seedlings was
2%, 3%, and 5%, which was higher in June and underground parts in all growth periods. (2) Seedling height,
ground diameter, and biomass in one year were the same, showing a rapid increase — a slow increase. The
peak of growth (seedling height and ground diameter) increased from April to June, and the peak biomass
increased from June to August, accounting for more than 42 % of the annual growth. (3) The cumulative amount
of berberine hydrochloride in different months and tree ages was significantly different (P < 0.05). The 1-3-year-
old seedlings reached 1.25 g, 39.06 g, and 183.56 g in October. The growth change in one year was slow
growth — rapid growth — slow growth. (4) Chla, Chilb, Chl, Pn, and Gs of 3-year-olds were significantly higher
than those of 1-2 year-old seedlings (P <0.05). F,/F.,, F,'IF', ®ps;, and ETR decreased and then increased with
the increase in tree age; gy increased with the increase in tree age, whereas NPQ decreased. (5) PCA showed
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that the accumulation of berberine hydrochloride was closely related to photosynthetic pigments, gas exchange
parameters, and chlorophyll fluorescence parameters, among which there was a significant positive correlation
with photosynthetic pigments (Chla, Chlb, and Chl), gas exchange parameters (P,, G,), and chlorophyll
fluorescence parameters (F./F,) (P <0.05). The accumulated amount of berberine hydrochloride in the young
P. chinense Schneid forest showed obvious differences in location, age, and growth month. The accumulated
amount was closely related to the photosynthetic parameters. A tree aged >2 years can be properly utilized.
October was the best harvesting month. The results guide reasonable exploitation and utilization of young
forests of P. chinense Schneid. In future research, cumulative changes of other active components in different
parts of the young forest of P. chinense Schneid at different ages and growth months should be evaluated, and
the relationship between different active components should be clarified to provide a basis for the scientific

utilization of young forests of P. chinense Schneid.

Keywords Phellodendron chinense Schneid; accumulation of berberine hydrochloride; photosynthesis;

chlorophyll fluorescence parameter; PCA

JII3%#4 (Phellodendron chinense Schneid) &4 [E#H 4
MtE G 2iht, “=R#” 2 —12, b &6 2 F00E 2%
By, WARER/INBER . BRSO ER &, A A B 1
PR /N B LA 0 R« 70 A S VR T TR S 2 RS, M
12N T E AU Y, RN BERRAE N — B A,
RAEY R IE B A e —, BAEHERNAAE R
B S, 0 AR B R O T
T VA P 55 SRS I K, A 4t e 4 22 7, ) 2 i 5
FARMRIE B FEEGEIR, WRIAR 55— H, N TR AN
A T T AN AR TR, S BT S A B B, 0] B R
& B IR % A BN B SR A AN A T R R
A &G& AR, BET, IS AIE TS 32 B4 P rE 25 A o SR B A
IR 5% 2 AN B (o £ ey TN S Q2 . S
K A R oy AR 70 A A () F 90 0 o L AR, 3fELL
FLAHTF R T SR A S .

A A FH R A ) BB Ay R 2, 2 ME— R OR B
ReFE 1L N R AL 22 R il A7 7E A ML h i i 72, A9 44 N
90%-95% WA ML AT G AR, =M™ &K M i
SEMEEZET RN B GMOL A R K Eh RN BE
TR R 56 R, AR B A R SRR A mEEE
X RIS EUE N A (E APV —F “ N EIR
B, REMEHERG . JTSCh I MR A P AE AR B AT, AR SR gk
T BT e A0 BRI, HATA ) E ot &
WEFEARILARE . I, FATLUN B AL T %, RS
WE R AR AR I I A AR K AR, BN BER S &, DA
KA A (R S e S HORIM 48 R OS5, LU
NN B EE PRA R RIS B 10 B A B (R R K
P A0 H s sz 4.

1 MREXBREHRRS]

11 HREXER

TR I6 ML T 58 28 B HT S R S5 AT o B dh (29°51'43”
N, 102°51'37"E) , Hudb7k & B IRALEE, BHEIN6.5 kmZE 4y, %
HfEHR1 200 mZAE A5, &G ERSE, FIRE KR 918
mm, £33 16.8 °C, FIH I 4852.1 h. 3R h 4
B, L2 EE45-50 cm.
1.2 HmXEE

IR IE T 24 1 7] — R ) S5 AR DL R T2 B 191-34F

AETIAS, AR A A N R S A — 5, R ECR A
FMEIUE . SREER A 92022424101, BE— AN R E—
U, X B I ELHE TSR AE K R g 1, e dE TR 4 1R
RN 18], B AN WS BE ML L B0k, HEE SR, 1FEAmARIZI 4
s 24 A2 A A AR T Ay Sl B M, I 350852 R RS 3502 4 5%
1.3 MEIRIRR T E
1.3.1 ERERDEEREE 2N E CO A i W ) . BUORE i
Wz, HARART70 C g E &, MR, dETIARE g, K52
A15 mL 60%H %, BE4RAA1 h, #75Th2£500 W, #E iR
40 kHzH) 2 F #2830 min, 5 000 r/min% {4~ 205 min,
I 8 5 DR E PR E 20K, BRI IR E60% 1 #E15 mL,
N, B BOEA I, LR - RS SR I 8 28 7100 mLIt
BRI, PEA), 120.45 pmAFL R, BUE RS H.

(2) B AR BR/IN B b o b V5 A F . B RN B Al %o
HE 5 (98%) , k& FRE10.0 mg, FIfE E 27550 mLA &,
I 90,196 mg/mL R HE F AL

(3) ik . = G AR S A : LC20A; il 4
Shim-pack VP-ODS C18 (250 mm x 4.6 mm, 5 uym) ; &l
WK N280 nm; AN ZHE: 0.1% B K (5100 mLf
FRACGHE A I AN0.10 g he LR = 1:1, HiiE~1.0 mL/
min; ¥l 30 C: BEREE 5 uL. 455, Shm B R
N 103G (o3 e 5 R 41004 1Y) 40 B8 B K 11,5, BB ES AR B K
T4 000.
1.3.2 4 KEREWE K AR ORI s R I B
4% (0.01 cm) ; T KF (£ 0.01 g) WIS HL EEF A7 AT
A7 E A, 105 ‘CA4F30 min, 70 C FHLFF 4 &.
1.3.3 XESHENE 2022 F8H 4], KA Li-68001F
O A A (£, LI-CORA R 7E 09:00-11:003 47 4
423 dif G HE. W4 ek, B E 6581 000 pmol
m?s”, CO,H#E400 pmol/mol, M2 iR 25 °C, X I JF
60% . RIS B SRR K IR A2 A KA ) A
TS, R 5 T2 A A A R 3 e AT I, IR A AR
. WEHESH: A ER (P RILTE (G - #5E
W (T) FREICOMREE (C) . M5E 52 MG, SERIH Rt
5256 2, R BRI e A R TR 3. UV-
2700 TUEAN ) Fe 6 JEHH7E665. 649F1470 nmi) i R L EL
W, IR A4 (ChD L H4EZa (Chl a) « 4 %D
(Chl b) FIZEHA % bk (Can) M54,
1.3.4 MEZRXBHENE 396 B 22 4 BT A (7] 350 5 i

1235



\1236 29% £E5H] 2023410H

NS %

Fro M A& B30 min, KA CF Image 4 % 9% ¢ % &
% (¥2[H, TechnologicaA &) % & PPFDJy1 000 pmol m™
s AR RSN E R 10 min/E3RAPS TR KB 20% (FJ
Fo) ~ PSIFE RO & TP (F/IF,D R K R/ 8
(gp) ~ AL ZEE K ZH (NPQ) B FAE 8 E (ETR)
PS II5EFRIEAL AR (Ppgy) 70
1.3.5 HiEAIE i FISPSS 22.0% - AT H 4l Ge it . i
EMZE R (DuncaniL i T £ HE LD , Origin 2022117
B HIE.

2 RS
21 FEBHTREIR b5 T RT3 B/ e

SEEE
= =21 Py

J B AR 4 R AN R A s AN [F) A 8 SR TR/ BB 25 1 22 S
B (P <0.05 (B1). &fhE SRR 82450, 1-34F

AR E AT IE 2% 3% M5%. & Eh & BfE14E T
HIAR I AR —30, SHLL6 At B, 4F k. 1-34E A4 b il
HARTEG A M LA 4 43 538G N 7 64.12% 31.73%
26.76%, 1 EBALS 510 T 64.12%. 31.73%F126.76%; 1t
TR A R RN BEGR A 38 v T A
2.2 AEIBMA RN E KM

JU B e AR AE K B RN AR ) B 3 Tl ) 0y R % 184 o v
FM (P < 0.05) (E2) . &1 E . R AY) SE14

HRE K AR FE AR — B, AR RPN TR R N — 22 RN, T
s ARG A S B4 -6 H , A4 G g (e 2 AR
6-8H. LUK, 1-3ERE T 4> A3 N 70.41 m. 1.04
mA10.70 m, #4231 INT5.82 mm. 14.15 mmA110.73
mm, AV INT21.85 g. 640.59 gf798.74 g,
410K EMA2% L L, LKA T T4
2.3 AE BB AE st £ 5T R4 Eh BL /)N BERR

ZRE

AFE A MR N RN BEAGEE ER (P <
0.05) (H3) . B4 Hh e /N BE fiy B3R & Bl A 168 (B 2538 o, 1-3
SEAETAR10H H bR L R /N BE AR R 40 171,25 g 39.06 g
F1183.56 g. AL B/ B RAR B AR VE P g K 3 S AR
—5, HAe-8 AN Z, 3R 4 HIH10.38 g. 16.78 ¢
F137.68 g; Hb LA H R BAR R 259 I 2 B AN T
(P>0.05, 35N ZEFEE (P<0.05 .
24 A EIRBEHRHRAEGEREZESE

JNFEMGE AR AEKERT AT GRS ERAREE
(P <0.05, K MRERARE (P>0.05 (&D.3
f£4:Chl a. Chl bFIChI% & 5% K F1. 244 (P < 0.05) ,
14£4:Chl a. ChifiCarg B 5284 EZ R AL E (P > 0.05).
25 FENMBERHESERZHESH

JSEAA LR AR AE KA IR A P, GNC 2% 2 (P
< 0.05) (F2). P GG N Jy 5 FTHE TR
AR, IFEAEERFIFEEM2E4E (P < 0.05), 144

7 A 8r B --#-1a
5 | a a -—-e—-2a
_'g 6 a a 7 ab b 3a
ﬂl\ﬁﬂ % < 5+ b 6 [}
% §§ 4 5 a
T + r - & < a4 = __e—___ ab
L T I S L i . S
g2g | ¥ 2 5 be 3 T S 3
g I It L L 2t w7 b b
g 1 K 1 ¢
0 1 1 1 0 1 1 1 1
4 6 8 10 4 6 8 10
H 4 Month H# Month

E1 FEREKBMNEARSBARE/NEHESE (A: # EIAL; B: MTIBAD . AF/NG FRERREHE N 2 FRE (P<0.05), FIFE.
Fig. 1 Content of berberine hydrochloride in different parts of seedlings in different growth months (A: Aboveground part; B:
Belowground part). Different lowercase letters indicate significant differences between the data (P < 0.05). The same as below.
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Fig. 3 Berberine hydrochloride accumulation of seedlings in different growth months (A: 1 a; B: 2 a; C: 3 a).
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Table 1 Chlorophyll and carotenoid content of seedlings at different tree ages

F8br Index 1a

2a 3a

4t % a Chlorophyll a (w/mg g”')
4% % b Chlorophyll b (w/mg g™')
S22 Total chlorophyll (w/mg g™)
23 % Carotenoid (wimg g™)

5.803 + 1.171b

4.213 £ 0.596b

10.371 £ 1.809b
1.460 + 0.160a

3.886 + 0.503b 5.190 + 0.835a
6.489 + 1.307b 8.727 + 1.140a
10.013 £ 1.766b 13.913 £ 1.919a
1.240 + 0.196a 1.662 + 0.417a

#2 FEIWEEEARMFSHZHRESH

Table 2 Gas exchange parameters of leaves of seedlings at different tree ages

Fibr Index

1a 2a 3a

1§t A% Net photosynthetic rate (P,/umol m*s™)

S L9 /¥ Stomatal conductance (G/mol m?s™)

7)1 3 2% Transpiration rate (7/mol m?s™)

Jiis 5] CO,# FZ Intercellular CO, concentration (C/umol mol™)

27.717 £ 2.264b
0.354 +0.223b
0.009 + 0.003a
286.367 + 8.276b

26.786 + 0.558b 32.014 £ 1.191a
0.360 £ 0.137b 0.406 * 0.132a
0.010 £ 0.003a 0.009 + 0.002a

373.544 + 6.044a 257.766 * 18.229b
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Fig. 4 Chlorophyll fluorescence parameters of leaves of seedlings
at different tree ages. F,/F,: Maximum photochemical quantum
yield; ®@pg,: Actual photochemical efficiency; NPQ: Non photochemical
quenching coefficient; F,'/F, " Effective photochemical quantum yield;
gp: Photochemical quenching coefficient; ETR: Electron transfer rate.
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Table 3 PCA of berberine hydrochloride accumulation and
photosynthetic physiological parameters

&t 1 2 3 i
Statistic Axis 1 Axis 2 Axis 3 Axis 4
FRAEAE
Eigenvalue 0.9561 0.0238 0.0068 0.0054
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Fig. 5 PCA diagram (A) and correlation (B) of berberine hydrochloride accumulation and photosynthetic physiological parameters. A:
Accumulation of berberine hydrochloride; Chl a: Chlorophyll a; Chl b: Chlorophyll b; Chl: Total chlorophyll; Car: Carotenoids; P,: Net photosynthetic
rate; G,: Stomatal conductance; T,: Transpiration rate; C;: Intercellular CO, concentration; F,/F,: Maximum photochemical quantum yield; ®pg;:
Actual photochemical efficiency; NPQ: Non photochemical quenching coefficient; F,'/F,": Effective photochemical quantum yield; gp: Photochemical

quenching coefficient; ETR: Electron transfer rate.
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AN R AR s, 344E N HMETREE &
EZETA 284 (P<0.05), BT REZHOEEH I
SR AP 5, AEAE AT DU SR RE T A e AR
LERVOCHBFEEL, Fe & TEA S RIS BRI 22 R T,
oAb 2K (qe) A2 R A 1 TSR f 5 6 B A, iR
2K (NPQ) J2& FHIAFE BT AL 5% G PR AR, g/ R TS
A TR R, NPQU B TR FE RS T A N RE 7T,
W R e 1O AHE A, RS 4 E R SR A
NPQFI gpft S LA R AR AL %, RTNPQIE K )11 3 A1 A S
qelt R TT/IN, WF 7045 R 528 AR AR — B, BRI BE )1 3 A B
N, T35 N E M K Qpg MIFJF T, BEE S
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B HIGEIEER N NIRRT RNPQIE 23 247 4E
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