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Leaf growth, chlorophyll fluorescence characteristics, and expression of
photosystem-related genes in Camptotheca acuminata

with different N forms’ fertilization
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WU Jiasheng?, SHEN Yamei', WANG Xiaode'

(1. School of Landscape Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. College of
Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: To provide a theoretical basis for fertilizer cultivation of Campiotheca acuminata and to explore the
optimum nitrogen (N) level and suitable N form for growth, two-year-old C. acuminata was used as the material
with pure ammonium sulfate [ (NH,4),30,] and potassium nitrate (KNO;) for fertilization by using pot-cultivated
experiments. The control (ck-no fertilizer), and four different concentrations of both ammonium nitrogen (NH,'*-
N) [T;(2.5 g-tree™), T,(5.0 g-tree™), T5(7.5 g-tree™), and T,(10.0 g-tree™) | and nitrate N(NO;-N) [W,(2.5 g-
tree™), W,(5.0 g-tree™), W3(7.5 g-tree™), and W,(10.0 g-tree™) ] were used. The effects of growth physiology,
chlorophyll fluorescence parameters, and expression of PS I chloroplast-associated genes (psbA, psbB, psbC,
and RbcL) were studied. Results showed that compared with no fertilizer, all C. acuminata plants with all am-

monium N and nitrate N fertilization treatments promoted (P<<0.05) growth, chlorophyll synthesis, chlorophyll
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fluorescence characteristics, and chloroplast-related gene expression. Both T; and W fertilization treatments had
the best effect (P<<0.05), W; was better than T in the growth (P<<0.05) and C. acuminata can be considered
as a nitrophilous plant Chlorophyll fluorescence was significantly inhibited P<<0.05) with T, and W, treatments.
Thus, excessive N fertilizer was not conducive to improvement of the photosynthetic ability in plants. The
growth and photosynthetic efficiency of C. acuminata can be improved by increasing ammonium nitrogen and
nitrate nitrogen. Both ammonium nitrogen and nitrate nitrogen had the best growth effect at 7.5 g-tree™. [Ch,
3 fig. 4 tab. 35 ref.]

Key words: plant nutrition; Camptotheca acuminata; ammonium nitrogen; nitrate nitrogen; chlorophyll fluores-

cence; relative genes

E W Camptotheca acuminata 2= E ¥ A MR, J& T 15 LW Bl Nyssaceae = # J§ Camptotheca F Y ,
PRI 5 A7 PR W) 5 A B (camptothecin) , A S B 225 FIAE Y o MEIE & m RO | B B
RN EEEEZ ", AREEDAERMEIERNEERE, HYREKARNIER FEZAESA
(NH,/~N) RS AR (NOs=N) o WF5E R W] . & PRIGt ZUE /T DMR BEAE 2R 1, 3R TR o BT 25 BR T 52
G VER, AR AE Y h P ARG RN o A i A A o o U 2 F T RBA ) P O e A A R
MV, BRI RGSY, SEGEY ARG AL, 2w AE Y 2K R ARGE MR B RE DR . ps-
bA, psbB M psbC IR G WL E AW PSI b HEEWHE AR AR, RRKEH T, HEHE-1,5-—
BRI (rubisco) & 0 & Rk ik R AL B SCBE , 2l R /N 2 AN AR AL, FERE Wk [ Akl 72 vp
HATEEM, Ay e a6 RtE™ . AR Y76 A 5 205 R AR B 0 3R 30 X AN [m) 2 R T8 A MR e iy
EM2E R, = F Tetrastigma hemsleyanum R Juglans sigillata™ #5388 1 %5 NOs-N W Y& )
)P, MK Oryza sativa IR RPN T 8L 2 AR E IR N IA 257" 2 509 5 R Al g
BT X G RS AR B AEAE — 72 WA DGR, (BT AR i 4 R 6 8l ) 27 3 B B FE 2 800 32 i AL
i, HE ISR E IR, BRREL, AEAAYR AR IESRICRA MR TE, W5 & RS 7Y A K
2R R APOCRFME , TS W AR ) A A = B AL BT, PR 33 9 RUIE 7K BB 28 XAl A K A
B, JEAER, RTAMEXMERAERKKBITR, FEETHERICEILMAFEACE, AR AR AR
LB FKCE X B R AT PR ST . B, ABFSE DL 2 AR AR SRS AE B SEae R, RIS TRIZKSF 1
S AFMMSEMALAL R, @M A SRR VORI SRR SRR H R R gk, SR IRTTE T
ERAE R EAER R K MARIES, St IE R 5 52 it — € iy B IR

1 M5 7 &*

1.1 @ik B 5w A%

T 2017 4 4 A 5 HEEHUGH RUE . AR . PR JEAR — SO It 2 45 AR 5 92 A 1 270 #k (VP4
JUL AR ARG ARAT]), ARMAE B4R 30.0 em, 5 40.0 cm f4EZE . FAIETH VRS )V (B 4):
V(&4 )=1:1:3, 3+ (10.0+0.2) kg-%;", L4 pH {Hh 6.8, L3 TR (EC)HK 0.305 mS-em™, KiFA
H 86.6 mg-kg™, HAWEN 3.2 mg-kg™, AP N 94.6 mg-kgo PR T L AR AR K 2T i 56 5L
(30°15'50.09"N, 119°42'54.67"E) 25 2 H, ZHWIEIER 5K, fHFafsisE, T 6 A 18 HikFiliir
MR 24U % N (30°1530.39"N, 119°43726.92"E) 347 it I b 3

I LAV /K 2H R 6 BR (ck), B A8 AL FRAH A FH B R % [ (NHL).SO0, e, it & 43 %14 2.5(T), 5.0
(T2), 7.5(T5)F1 10.0(Ty) g-#k~", i A % AL HEA A B2 41 (KNOy) i JIE , 7t & i 401 o 2.5(Wy), 5.0
(W2), 7.5(W3)#1 10.0(Wy) g- ¥k FrA AR EPLE R, MR ZEEES, &R A B 40.0 cm
FERL, BiIbFRa ik, AR E 106k, EE 3R, KN 6] I8 HE 10 /] 4 H, W15 djhe 1
Wo PHXENEY R 314l (AR99%) , W B [E 25 (G R 4% CAS#: 7783-20-2, RSIRHH CAS: 7757-7). Ja%k s
REE, BERE A 7.0 pmol - L™ =% — 4% (C,HN,, DCD) LIl fisfb s ii, F 0, 30, 60, 90, 105 d i
JEAHJCEE o R0 ) R AT I A A
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1.2 MEDEMAE

M 2T AR REHG S (0, 105 d) BE5S 2 #E M n9 BB 3, 4, 5 ARt RO R K
(W33 4k, BOEMME), AR 5000 3 R 20 ik 2, K60 3] 0.1 em, MR T AEHHT S
(0, 105 d)3k2f 2 5ot i @EI%E 3, 4, 5 ko, 7R A0INE B R R mm A (4 3 #%, BCFISME) ,
A 5 A 1 B B v R AR i AN VI L, RS R E 0.01 em®, B4R E a FIMFSEER b SR A E N TG
%5, 6 A, A GA CRRREEE TR B8 HERIOLSE: R Li-6400 fF4 5C
HA AL (LI-COR, Lincoln, 2£[), TR F4 9:00-11:00 & M kK b A7mt (55 2 4t @15k 3, 4 )t
BRRIOCSH M N 30 min J5 I E W) GG P65 (F,) . BEJSHEN 1 YCGRINIE (6 000 wmol -m=2-s7,
Jik s ] 0.7 &) W d5e RAE6 ™ 5 (F,) , ARG TE B ARG T @ N 20 min, 729G HAS B e #0045 £ 25 50 ™
w(F), BIamT VIERINDG, RAGOGE W T i KPO67 & (F)) MM (F) ). &Py 3 ik E
o WOV N PSR IO 5% FIF=(F.~F)IF,, 6&% T PSI g KR SCR K/ IF, =(F,' -F,)IF,’,
TAEIERK R qi=(F./-F)I(F,/=F), A=K R qu=1-F/1F,/ "™ Mg M-SR 5025t A
IPAEE 3 Bk, M AR T 6~9 R PR R AR 3 R, IO R P 0] 52 56 %8 1 180 CUk AR Hh R4
FHF 2 e A B R A 5 . e R L R B 363k . R RNAperp Pure Plant Kit(TIANGEN, Jb5t) {5
I = RNA; 2 R Reverse Transcriptase M-MLV (Takara, K i )i 7 6 Bl 4 & B ¢cDNA, F
=20 CHEA7# o M35 B 57 A B3R A5 BP0 (NCBL) B 3RA5 B SR RS 81, LA Actin N5 3%
, H Primer Express software (Applied Bio systems) X iT5| 9 (£ 1), 574 cDNA # B 10 f5)5,
F SYBR®Primix Ex TagTM i 7] £ (Takara, K )#EfT 520 9¢ 0% 2 i B A Wil 6 20 1 (qRT-PCR) , F1| H
Light Cycler 480 II (Roche) %)t X #E47 H 5L qRT-PCR ik 0, KWK Ry 20.0 wL, FHrh

SYBR ® Primix Ex TagTM %¢ ¢ Yt ¥} £1 #kEEPCREY
10.0 “*Lv cDNA *ﬁ *ﬁ 2.0 ML’ J:—F{jﬁ Table 1  Primers sequence of target genes
3197 (10 pmol - L) 45 0.8 wL, WZEIK st LR 514(5'—3) 1319 (5'—3")

6.4 wL, Wik PCR AR ERE ;. psbA ACAGATTCGGTCAAGAGGAAGA  CAGTGAACCAGATACCTACTACAG

A PE 95 °C 30 s; B4 Wik S W psbB GGAGGAATCGCTTCTCATCATAT — CGGACGCTAAGATGGAATAGAC

95°C 55, 61 °C30s, 40 MEFR, 43 PsHC GTCAATTATGTCTCGCCTAGAAGT GACCTACGAAGAAGAAGAATCCTAA
Ve = A w JAAGH A2 Rbel. CTTGGCAGCATTCCGAGTAAC GTTGTCCATGTACCAGTAGAAGATT

MEEMER 3K, SRH 27 Bk

. Actin. GGTACTCGTTCACAACAACTGCTG CTGTCCATCGGGCAACTCATAG

]

1.3 HEHKITELHF
K HI Excel 2007 F1 SPSS 20.0 # 4% 5088 47 G2 it 43 o R L 2K (one-way ANOVA ) Fil Duncan 7
PEATI7 220 M Z H A (a=0.05) o FIF Origin 9.0 BRI o (&3 b B - B (R i 22

2 HERGAH

21 RE/EBEAENEMITFERKOE N

F2WaR: FWRAKE 105 d, A AR, b B AL R AR B T ck(P<
0.05), Bl A REHEAKTEE R, A A R E LT FRES . SHAMARA L, T F1 W0t
Ry AR K, AR ek (8.10+0.02) em 43 HI3E AN T 32.3%F1 78.5%, 1 A4 ck (25.43£0.15) em?
RUIEINT 130.0%F1 242.0% 5 FLAS A FAL PRSP R (8 4 R 1o AR 8 T8 A 0, 10 I Al 28 R A F
FHWEK,
22 FEL/EBEAEXNERMMHFHEZERESFHZN
221 EBBRARLEARFEMT R EZRES>HGH 0 BRI M. FEAERKEH, BT
SRR TR BCEATEE, BR T Ah, HA AL PSR BT 4y %k 60 d 85 30 d BE A T R, 90 d B A T I
Tt, F 105 d iR R R KA. HFEA KB KT, RREZGBEKER 2 54800, AKE 105 d i, T 4%
A B T A A P (P<<0.05), #ck, Ty, T, 1 Ty KK BT T 35.2%, 17.2%, 23.8%F1 15.2%.
222 FAARARRAEKFFEMTH T EERE> A Y w K 4RV HOHERRGER, HER
AT BRI R i o AU A B (AR R HACE AR LG, A B RN . AR EE 30~60 d,
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Figure 2 Effects of different concentrations of ammonium nitrogen and nitrate on leaf lengh of Campiotheca acuminaia

yLSL] e /em i A /em? b ¥ K /em 1 Bl/em®
ck 13.00 £ 0.12 Ad 58.83 £ 0.14 Ae ck 13.00 £ 0.12 Ad 53.83 £ 0.14 Ae
T, 15.80 £ 0.12 Ac 79.07 = 0.08 Bd \'A 19.20 + 0.06 Ac 139.73 + 0.24 Ad
T, 16.70 = 0.03 Bb 98.93 + 0.08 Be W, 20.80 = 0.08 Ab 152.07 + 0.35 Ab
T 16.70 = 0.03 Bb 124.03 + 0.12 Ba W, 23.20 £ 0.21 Aa 184.30 + 0.05 Aa
T, 16.40 = 0.05 Bb 116.37 + 0.31 Bb W, 20.50 = 0.03 Ab 150.97 + 0.12 Ac

YL s RNG S8 0% W Rl R R [ KO [] 22 5 2% (P<<0.05), RFKE F £ R A AR MIFKT TS ck 25 8%

(P<<0.05)

®3 TEABRTEALEAFENEMIFHERERES BRI

Table 3  Effects of different concentrations of ammonium nitrogen and nitrate on chlorophyll content in C. acuminata

W %/ (mg-g™)

purt
0d 30d 60 d 90 d 105 d
ck 1.61 + 0.26 Da 1.90 + 0.26 Db 2.80 £ 0.10 Cb 3.96 = 0.22 Ba 438 £ 0.16 Ac
T, 1.63 + 0.19 Da 4.54 + 0.83 Aa 4.30 + 0.08 Ca 3.72 £ 0.85 Ca 5.05 £ 0.12 ABb
T, 1.61 + 0.09 Da 478 £ 0.49 Aa 436 + 0.19 Ca 4.72 £ 0.39 Ca 5.14 £ 0.36 ABb
T, 1.67 + 0.14 Da 5.25 +0.32 Ba 453 +0.17 Ca 4.80 £ 0.32 Ca 592 + 0.11 Aa
T, 1.61 + 0.11 Da 4.88 + 0.11 Ba 4.39 + 0.15 ABa 4.26 + 0.23 ABa 4.78 £ 0.22 Ab

VLW ARG 528k 325 R B R R 6 /K 7 8] 22 57 88 3 (P<<0.05), R KS F i H R R A ZHEKT TS ck 25 8%
(P<<0.05)
B AR T R B 83 & T ok, F0BACEMLEL, W, AP 48 2 & 0 B0 s,
i ek FUH A Ab FRAR YR B 73.9% , 44.5%, 10.2%F1 31.3% ., AbFE 90~105 d, ck F1 W, [y 4% 2 i 2 4%
kst L, Wa, Wi il Wi BTG R, 105 d BF, W, MR 2 im0 80m T A A B, W, eI

R4 FARABESELEAFRHEMMHFMHERRRES BRI

Table 4  Effects of different concentrations of ammonium nitrogen and nitrate on the chlorophyll content in C. acuminata

W a7/ (mg-g™)

4ib
0d 30d 60 d 90 d 105 d

ck 1.61 = 0.17 Ca 1.90 + 0.26 Ba 2.80 + 0.10 ABc 438 + 0.16 Ba 3.69 = 0.22 Aab
W, 1.65 = 0.24 Ca 2.97 + 0.84 Ba 3.37 £ 0.16 Ab 439 + 0.10 Aa 441 £ 0.13 ABa
W, 1.63 = 0.12 Ba 3.84 £ 0.09 Aa 4.42 + 0.38 Aab 3.68 + 0.11 Abc 395+ 0.11 Aa

W; 1.67 £ 0.19 Ca 3.89 £ 0.14 Aa 487 +£0.23 Aa 3.15 £ 049 Ac 3.83 + 0.29 Ba

W, 1.61 + 0.11 Ba 3.45 £ 0.10 Aa 3.71 £ 0.28 Ab 322 £ 0.13 Ac 3.80 + 0.35 Aa

BT AN /NG R R [ R R R ) KT ) 22 S 3 (P<<0.05), ARS8 R A AR M KT 45 ok 28 5% 3%
(P<<0.05)

23 RELVEAKEMEMIHTRAHRERASHNZN

231 HGESRFRALEBAKFFER YRR E RSB a B LAF: £30d, F/F, F/'/F/f
qr R EBFE LA (P<0.05), qw 2 TGS, T, 03T F/F,, F'/F/)H g8k, #60dE, T,
M T BN F/F,, F/IF) T qr k8 KME, 5 ck I, RKERT 1.4%, 9.2%7F1 84.8%, 60 d K} T,
AbHZH 25 A SR 2 s T Al AR 3 (P<<0.05), Ty W AR THABAL R, 4bHE 90~105 d, T,, Ts Al T, ik
PR FJF,, F/IF,Fl qp {5 FREGH, T8 F F/F, W, F/JE)F g 5 F TGS, TR %S T3
RAEFE, 90 d Bf, T BT gw BEMNTHAFRI LI, 5 ck ML TR T 12.9%; 105 d &), T, Zb#TF
FIF,, F'IF,F qp BFERE/N, BT HAMAR; 5 ck ML, IRRKTRET 11.1%, 3.3%F 5.6%.

232 AERFRRALEAKPNEMT AT RERLSAKG 0 B2 8R: 30d8, AFRHSELHET
FIF,, F'IF/fl ¢ B3& ETb, gw BF TR, Ho W, 43 F/F, M FF B8 5KE, 5D E TR
(P<<0.05), 60 d i}, W, # Wi BT F/F,, F/IF,)F g i35 KM, 5 ck ML, KK ETT 2.6%),
12.3%F1 115.8%; VL) Wi bRk 3 NS HUE B % = T AR, 4B 90~105 d, W,, W; Fl W, &b 3
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Figure 1  Effects of different concentrations of ammonium nitrogen on chlorophyll fluorescence characteristics of Camptotheca acuminata

FJF,, F'IF,/Fl qp H2 TFEGEHE; W8 F/F, TR, F/IE g (d LT Wi &3 FVIF T g (BRI
THABA IR, gw BEFINTHALI, 5 ck AHIL R T 299%, %= 105 d i, W, b3 F/F,, F/'/F,/flqp
EART AL, 5 ck MHEL, KK TFRET 11.1%, 3.3%% 5.6%.
24 RERSTLEAENEMHAZOESEMTEEEEMESHBERRENT N

DAARTR AL FEAE O d B} AG 25k R ok, 3456 2T PS 1T 2K (1 4 i 56 K psbA (1] 3A F& 3B), psbB
(| 3C s 3D), psbC (I 3E FIE 3F) F1 %A W H ) RbeL (& 3G FEl 3H) 33k 1 52 M & 3% (P<<0.05) .
ME 3. EK30d, AR ELAE D ERS, 460 dnf, Ty AhF T psbA Fik [, H4eaH
AT B 5k B R P (P<0.05), Ts Fl Wi A FE R psbA, psbC il Rbel 363k 3% & T HAt [71 28 b 2
(P<<0.05), FrA BRI psbB AL KT T @it &, To AL 3 psbB 323k &t 1 35 A% T [7] 25 4b
H(P<0.05); 5T, T,f T, M, TsbB psbA Fik 8 FTHT 76.3%, 50.8%F1 55.6%, psbC FikH I
F+T 15.8%, 16.5%F1 52.5%, RbcL ikt T+ T 66.8%, 34.4%F139.9%, 5 W,, W, Hl W, # L, W,

0.9 r 0.6
Cab
o 08T U8 L 05T . b2 a
= E = pab_aa . b
K EX n aaaaa =
0.7 £ ~ 0.4 | §PE =N d q .
= =N N
= =N =N
E =N =N
= =N EN
0.6 0.3 A =h
0.4 r 4.5 r
aaaaa a
0.3 f a 2\
. 0 2 bpa 3.0 F B EN
= a 7= & EN
0.2 | ¢bd JBe o o 2\
aaaaa d ] = EN
=N /B d 1.5 - BN
0.1 EN e EN
=N = =N
2\ | B =N
0 — O A LSl
0 30 90 105 0

O wW,oOw, BW, NW  REASFEERCENEREE(P<0.05)
B2 44 RORR A A T A SR ot A ot 5k kAR Y

Figure 2 Effects of different concentrations of nitrate nitrogen on chlorophyll fluorescence characteristics of C. acuminata
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REPR psbA Feikm LT T 71.9%, 57.9%F 75.6%; psbC Fikaw T T 8.7%, 61.7%H 15.4%; Rbcl 3
ks I T 47.1%, 22.3%F0 79.1%, AbFE 90~105 d, T; A1 Wi B4R FF B F L H, 90 d B, T8 T,, T,
T ARG T 88.9%, 28.7%, 379.1%, W% W,, W,, W AR M T 201.8%, 52.3% 1 45.5% .
105 d i, Ty 4 BH psbA Fll Rbel 323k i AR T HAB R 2K P AL B, 35 3 /M
3 it

*E%KIEEKJ‘;&XT?HE%‘%?K@ FEA BRI, T DL B AR, RS
Fﬁm%ﬂnnbﬁ o WFFEIN T SESEAL, MAREAEIFWEMT) . A s MR ™ . ARk

s BASE AR E T EM AR AR, DT MW RSO B AT R,

ﬁkéLIﬁ%Tﬂfrﬁﬁz{:Eﬁ: (SRS AN S NS € /oy == 0 L e | N W TR AR T O T i B 7 NS D
REFAE—ERRE, R IAR T A RGN

4k 25 2 5088 I WAL 8 K 4y EEEE‘J%%@%; AN F H BTG S XA 2 R A O G g
W, sk . R AR A B LA T BESE AR IE R R R R W K B HE Mynilaria laosensis™®!
RS UE Lsatis indigotica™ W4 R A, REIEAROR, AT LN : SHEE N (T~Ts, Wi~W;) iR
HE, BRI R RS A RCRE R E RS, DT M W BOR B fE o X 3¢ Lactuca sativa var.

800 800 :
psbA W ck Pabd W ck
4 a T, OT : a W, O
18 600 = ¥ 600 I BV N
:‘5} E 'BJ E 3 4
fé 400 = % 400 =
200 = 200 = =
0 = 0 =
400 - , 400
prB . Ck prB . Ck
UUE‘ 300 a a i' g :l[i U]E' 300 x E]\\x
Y a 3 4 K
® 200 - b ab & 200
& ¢ b aad =
= = m
*100—52%}!5 b b EES ~ 100
Dees 7 BN
0 0
600 , 600 r ,
shC =t psbC —
oE 450 - P ? S :[[: i 450 F a xl E, xz
:}5) 3 4 ﬂ § 3 4
# 300 | 5 & a 300 | b E
® 7z R = I & IREN
N 150 ?I s b b = PRac = 150 ?Igs ba1 a
r aaaa = Al = 7B=E - aaaa = FAbEN a bada
/N UES A& = aaaa g B = a
0 W =W . AEN ZFEN nf'Es &
800 B ck 800 B ck
4 7zl T T ‘ W, O W,
i 600 - Rbel . O i 600 | RbeL . M El w.
X ; ) b : )
fé 400 =% ® 400 | E
A E\ < (= a
= 2\ E TR b 2
200 §§ 200 + aaaa 4 = c 4 bbEe =
0 Eh 0 ] =N
0 30 60 90 105

t/d
RTINS 5 B 47 4 ] 25 5% i 35 (P<0.05)
B3 RKRELESRRERFAFEMTRALARFLEBHLRKAG Y0
Figure 3 Effects of different ammonium nitrogen and nitrate on the expression of chloroplast genes and photosynthetic enzyme genes in C.

acuminata
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longifoliaf ™ ¥ )\ Cucumis sativus™ i 5, HSFALH T 4R Z A XS /M SRR NS HE TEHER
B ARBESEFERE LB, BRI, MR RAKTE T, SRSB4 R & BOR S Z 9O S8
BEETEESA, Xt SHEY S AZ AW . 22 heih 5 2R IS R LI sh ik &,
PG AL Y I W SR A Wy A 4, SRS 5t 2l J S iy S R [ A6 T8 s T A R0 A = SR ICh
F, AEYBOIEA TR, SAEY RN T B R 08 A Al . RAAB &P kR
BRI SRR RN, e R, RS L ERIRR, oAz, Y &AM IS
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