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Effects of applying nitrogen fertilizer on important characteristics of photosynthetic system and
related biochemical indexes of Amorphophallus xiei interplanted under rubber plantation LIU
Shishan'*'" | LIANG Yanli'*'"" | ZHANG Guanghui'®, WU Shibin®, XIE Shiging', CHEN Junwen'"'"®
(1. Yunnan Agricultural University: a. Yunnan Research Center on Good Agricultural Practice for
Dominant Chinese Medicinal Materials, b. College of Agronomy and Biotechnology, Kunming 650201,
China; 2. Seed Management Station of Xishuangbanna State, Jinghong 666100, China), J. Plant
Resour. & Environ., 2015, 24(4) . 18-27

Abstract: Taking Amorphophallus xiei H. Li et Z. L. Dao interplanted under rubber plantation as
research objects, changes of its chlorophyll fluorescence parameters, light response and CO, response
curves and related photosynthetic parameters, photosynthetic induction curve and related indexes, energy
allocation of PS Il were investigated after applying 150 kg - hm™ nitrogen fertilizer, and total nitrogen
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content, related indexes of antioxidant system, chlorophyll and xanthophyll contents and related indexes
in leaf were comparatively analyzed. The results show that compared with the control group (not applying
nitrogen fertilizer) , the minimum chlorophyll fluorescence (F,) of A. xiei of treatment group ( applying
nitrogen fertilizer ) decreases extremely significantly, the maximum chlorophyll fluorescence ( F )
increases extremely significantly, the maximum photochemical efficiency ( F /F ) also increases at a
certain degree. There are obvious differences in light response curve, CO, response curve and
photosynthetic parameters between treatment group and the control group, in which, net photosynthetic
rate (Pn) of treatment group is higher than that of the control group, its the maximum net photosynthetic
rate (P
significantly higher than those of the control group, while its dark respiration rate (Rd), apparent

) s light saturation point ( LSP) and carboxylation efficiency ( CE) all are extremely
quantum yield (AQY) and light compensation point (LCP) have no significant difference from those of
the control group. Required times for completing 50% and 80% light induction of treatment group are
lower than those of the control group, but the difference is not significant. Compared with the control
group, during light response process, energy used for photosynthetic carbon assimilation ( @, ) in PS1I
of treatment group increases obviously, energy used for non photochemical quenching (®y,,) decreases
obviously and change of energy used for fluorescence dissipation (@, ,) is not obvious, while during
photosynthetic induction process, @ decreases slightly, @, decreases and @, , increases. Compared
with the control group, total nitrogen content and activities of superoxide dismutase and peroxidase in leaf
of treatment group all increase extremely significantly, oxygen free radical content decreases extremely
significantly, glutathione content increases significantly, while changes in contents of malondialdehyde
and ascorbic acid, and activities of catalase, ascorbate peroxidase, monodehydrogenation ascorbate
reductase and dehydrogenation ascorbate reductase are not significant. Contents of chlorophyll and
B-carotene in leaf both are significantly higher than those of the control group, contents of neoxanthin,
lutein, violaxanthin and antheraxanthin and total content of violaxanthin, antheraxanthin and zeaxanthin
all are extremely significantly higher than those of the control group, while zeaxanthin content and
xanthophyll conversion percentage are extremely significantly lower than those of the control group. The
comprehensive analysis result indicates that applying nitrogen fertilizer can enhance photosynthetic
capacity of A. xiet interplanted under rubber plantation, decrease excess light energy, reduce damage of
reactive oxygen, and alleviate injury of light stress.

Key words: Amorphophallus xiei H. Li et Z. L. Daoj; interplanting; photosynthetic system; antioxidant
system ; xanthophyll cycle; nitrogen fertilizer

AR (N) YA K LT A A K ICR
Z—, SAEY) B AR A A T S SRR O A B =
R E R A K A2 L AT NS i R SR R
A2 45— R G A T RIS B P o 1 0 3 R TR
P HAFTAED R A, ] S BAEYGE R KR
o U ARSI BT i AR TR, Dl AR R
REERAESN T RO N E RN R
A RE SR R, (HUR , ANl LAY G IR XA ) 7™ 2R
AFUSEIR , FE AR 6B AR TG TR I i 1] B 23 XA
et B B AR 1 E ) 5 Co, SRR AT O A 1 R 1Y
PSR XA DL AR R O E ) ML,
JEHT CO, RRFTH YL G 1 T 2, MY 1E
H I AL B0 58 G PR 0 e A iR O PR Y i AR P R A T
PR SUN KB REnrii St gk /i P R R (L
JEE o 55 12 WA 5k R AL AT e VR AR A
KM ZHTE L A R R AR E M — 5 KCF (B

AR Wt i . AREFKFSHYNEE
VERI S % A0 G, Bl A] 5 8O W 6 & TRl L 18 77 %
IR XHGEREE 1435 N RE 7 RS KA SER O 1Y BE
WE

B2 (Amorphophallus spp.) SXUFRJEE 2 5 Frah 3 |
253k Sk B AEATE S K BB (Araceae ) B E
J& (Amorphophallus Blume ) Z4F-E FIAAEY) IR T
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B R R B E ARl 128 7 T b DR K T B
T S E H S AYAR I (Hevea spp.) 7 H, [A] I 2
FUH B FRILB X, BB & R A, 25 H
SIS, HH B — A A 0 AR AR R B A R ™
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MR 1l DXE 7E 2 A0 HE ) RBP4 10 A
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AR REIK A 1557 mm  ARFRERRZ) 21 °C 5 /02
MR WS A E 10 Ay, 22044
11 A EZRAE4 Ay,

PEPEHI AT 4 A A = AR B AR A6 s, A
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2.1.2 st R RAERHa it H A G B IR
ARTR BRI B = i R A St 1 il 26 R CO, M
R DL 1, AR S i R il 6 R C O, i R il ZR A

F AT 1 AT AL A A (i I ) X R (AN it 2R
JE) By el B ARBTG5 A R S (PAR) Al
JLE] CO,MRBE (Ci) Thims 2 B A AR /K I 2 T s |
KPR T 22, 0T HARPRAH (M R ot & s R
i TR IR

x1 HARENERATEMNHEEFMHAHERIENALSHNE
i (X+SD, n=5)"

Table 1  Effect of applying nitrogen fertilizer on chlorophyll fluo-
rescence parameters in leaf of Amorphophallus xiei H. Li et Z. L. Dao
interplanted under rubber plantation (X+SD, n=5)"

2l Group F, F, F./F,
T 262.35+6.31 1403.20+38.62  0.81+0.01
CK 282.66+13.78 1350.12+52.16  0.79+0.01
t-value 0.000 0.006 0.075

DT, 4bPHZH (i &) Treatment group (applying nitrogen fertilizer) ;
CK: XTI (ANJiti ML) The control group (mot applying nitrogen
fertilizer) ; Fo: $ /M4t R 2¢ J6 {H The minimum chlorophyll
fluorescence; F, : fix KM &% % %¢ Y6 fH The maximum chlorophyll
fluorescence; F /F, . i KICHZASF The maximum photochemical

B PR ORI XL A SRR 2, eliecy
350 r
B
30.0
2 9 K
LR TO® 250 F
g2 £ 2200}
== =h = .0
=g X g
2 g 150 ¢
du & dn &
P 3 £ g 100
& A g A
50
0 0 1 1 1 1 1 00 1 1 1 1 1 1 1
' ? 300 600 9200 1200 1500 00 200 400 600 800 1000 1200 1400
2.5 J6EH RS /umol m s S0t HIECO, & & / pmol-mol
Photosynthetically active radiation Intercellular CO, concentration
—o—. bR (L) Treatment group (applying nitrogen fertilizer) ; —O—, XTHRZL (AN ZIE) The control group (not applying nitrogen fertilizer) .

E1 EARBESEATEMNSEETM R (A)F CO, ALk (B) (r=5)
Fig. 1 Light response curve (A) and CO, response curve (B) of leaf of Amorphophallus xiei H. Li et Z. L. Dao interplanted under
rubber plantation after applying nitrogen fertilizer (n=5)

®2 BAREMEEK TEMNHEEENFXESHHEIN(XLSD, n=5)"
Table 2  Effect of applying nitrogen fertilizer on photosynthetic parameters of leaf of Amorphophallus xiei H. Li et Z. L. Dao interplanted under

rubber plantation (X+SD, n=5)"

2l Group P../pwmol + m™? + s Rd/pumol - m™2 - 57! AQY LCP/pmol » m™2 « 7' LSP/wmol » m™2 « s™'  CE/mol + mol™
T 16.79+1.89 0.56+0.29 0.06+0.00 8.49+4.45 608. 11+68. 69 0.09+0.01
CK 9.02+2.37 0.51+0.08 0.07+0.00 7.26+1.38 310.27+77.82 0.05+0.02
t-value 0.001 0.756 0.119 0.615 0.000 0.002

DT, AbFELH (&) Treatment group (applying nitrogen fertilizer) ; CK: X M #H ( AJi&UIE) The control group (not applying nitrogen fertilizer) ;
P . FeREOGE#Z The maximum net photosynthetic rate; Rd 5 P12 53 2 Dark respiration rate; AQY : T T Apparent quantum yield;

max

LCP: Y#M2 5 Light compensation point; LSP: YGifFllsk Light saturation point; CE: BRILZR Carboxylation efficiency.
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Hi 3¢ 2 A UL, Ab B A i R 1Y) B R Ve O A TR

(P,..) DAL (LSP) FUR AL (CE) Y7 X
H, H2ZRW R (P<0.01) , T HBE P HE A (R) |
FUEEF 1 (AQY) FGHME £ (LCP) N 4%t B 21
o E Ak,
2.1.3 xR AEFFHHa  EHANREBRIEK
T ER B EE R G5 IR 2548
PR AR A T BRI RN AT S
&3,

16.0
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10.0 |
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6.0 I
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L L L L ]
0.0 0 § § § § g 3 4 5 6 7 8
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40L

Net photosynthetic rate

A E/ umol m2- s

—o—, WFRAL (JitiA M) Treatment group (applying nitrogen fertilizer) ;
—O0— X IR (RJiti A M) The control group ( not applying nitrogen
fertilizer) .

IRAEFNEHBST43 5 Fm 7E L HEBREE 20 R 1 500 pmol - m™ - 7' 5%
TR A 15 T 26 The gray and white parts represent photosynthetic
2

induction curves under light intensity of 20 and 1 500 wmol - m™ -+ s7!,

respectively.

E2 HMARERESERATEMNHEEFHRNXASESHE
(n=5)

Fig. 2 Photosynthetic induction curve of leaf of Amorphophallus xiei
H. Li et Z. L. Dao interplanted under rubber plantation after
applying nitrogen fertilizer (rn=5)

x3 HBAREMNGEATEMHNHEEFHRLEEFSSENZIN
(X+SD, n=5)"

Table 3 Effect of applying nitrogen fertilizer on photosynthetic
induction parameters of leaf of Amorphophallus xiei H. Li et Z. L.
Dao interplanted under rubber plantation (X+SD, n=5)"

#H Group lo.sp, /S to.sp,, /3

T 96.80+17.18 193.20+14.17
CK 102.70+10. 88 200.20+12. 84
t-value 0.349 0.271

D, ZhFRA (i) Treatment group (applying nitrogen fertilizer) ;
CK; XJHEZH (AJiti Z L) The control group ( not applying nitrogen
fertilizer) 5 £y 5p : SGH 50% 65 55 T T Y E] Required time
for completing 50% light induction; t gp 56 1% 80% A5 F T
TR A] Required time for completing 80% light induction.
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JREARTT 0 0 30 2 B 2 v A R o 0 4 2R
N AEERA R AR S i ((4.20£0.28) % ) i Xt
HE1((3.2420.15)% ), HEF W B3 (1=0.000, P<
0.01),
2.2.2 bR PRAEMALRGAXIEAAG YA il
FHAREXHAR AR T R 08 B 2 R i b R 4
AHRAEAR IS L2 4

5 WR AL B R BE R UL RS 10
THEPR ) XTI A — e 2 5, o b sRA R
A H A EE (ROS) & 5 0 IR 20 PRI H. 22 2 i 2
(P<0.01) ; &b 340 7 1) 8 401k 0 5 AL it ( SOD ) il
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(CAT) Frdhim iR it S AP ( APX) 1B S TSR il
FRIA I il ( MDHAR ) 36 1 DA R BTIR I IR (V) & B4

X HEZE I T g {HL 22 53 R W35 A BRAH E R BN R
(MDA) % &MU S TR I B8 J5U i ( DHAR ) 15 P45
X AR ZH I AR AR H 2 S AN W 3
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A,C: AbHEZL (Jti%AE) Treatment group (applying nitrogen fertilizer) ; B, D XFI8ZH (ASHE%&UE) The control group (not applying nitrogen fertilizer) .
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Fig. 3  Effect of applying nitrogen fertilizer on energy allocation of PS Il of Amorphophallus xiei H. Li et Z. L. Dao interplanted under
rubber plantation during light response (A and B) and photosynthetic induction (C and D) processes

F4 EARENRERF TEMOEEEFH FRSLREMAXEROFM(XLSD, n=5)"
Table 4 Effect of applying nitrogen fertilizer on related indexes of antioxidant system in leaf of Amorphophallus xiei H. Li et Z. L. Dao

interplanted under rubber plantation (X+SD, n=5)"

-1

2H Group ROS/wmol - ¢! MDA/ pmol - g7! Vo/mg - g™ CAT/pmol + min™! - g! APX/pmol + min™! - g

T 62.16+9.38 8.13+1.02 0.19+0. 11 310.40+87.87 1.70+0.26

CK 101.43+15.05 9.03+1.18 0.11+0.05 291.60+57.10 1.53+0.43

t-value 0.000 0.085 0.052 0.576 0.308

2 Group SoD/U - g! GSH/pmol - g7 POD/pumol - min™" - g7! DHAR/pmol - min™" - ¢! MDHAR/pmol + min™" - ¢!
T 4.60+1.74 36.30+11.74 288.60+39.41 1.39+0.33 0.31+0.26

CK 1.72+1.02 25.30+9.58 156.90+94.30 1.77+0.54 0.22+0. 10

t-value 0. 000 0.033 0.001 0.074 0.325

DT, 4P (MEZAL) Treatment group (applying nitrogen fertilizer) ; CK: Xf M2 ( A& AL ) The control group (not applying nitrogen fertilizer) ;
ROS: % [ H1 £ & & Content of oxygen free radical; MDA 7§ & % & Content of malondialdehyde; V: HLIFIMLAR % & Content of ascorbic acid;
CAT. 3540 S T Activity of catalase; APX: PRI R o B AL Y S Activity of ascorbate peroxidase; SOD . A AL A RS Activity
of superoxide dismutase; GSH: AW H KA Content of glutathione; POD . S ALY S Activity of peroxidase; DHAR T A PTIR ILR 1A I il
1M Activity of dehydrogenation ascorbate reductase; MDHAR : S HL IR 1M BRI JELBE £ Activity of monodehydrogenation ascorbate reductase.
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2.2.3 et A ket Aotk XA T AARKIEATE
Fof i RNERAG AR S 0 R B A
-2 ORI 3 3R A B LU AR IR ARSI L3R 5
SR - Ab B R B T R TP B 2R R R
B-TE PREFHBN AT HHER B (P<

0.05) ; AbFHZH I 7 v (197 2 0T | P 5T | 4% 8 BT RN 4B
VR A B = T IR AL (P<0.01) , JF H 5
JO A2 R R ORI I R A R R T R
2 5 AL BRZL 7 ) KB A i RN B R A LR
DR S 25K T X6 R

£5 EARENEEATEMNSEEEENR  AHEEMHEES2RAXERNZN(XLSD, n=5)"
Table 5 Effect of applying nitrogen fertilizer on contents of chlorophyll and xanthophylls, and related indexes in leaf of Amorphophallus xiei H.

Li et Z. L. Dao interplanted under rubber plantation (X+SD, n=5)"

il HH/pg - em™  Content

G Px/%
roup Chl(a+b) N L B-Car v A z V+A+Z

T 9.97+1.06 0.23+0.03 0.95+0.11 0.66+0.11 0.36+0.05 0.19+0.02 0.04x0.01 0.60+0.05  39.41+4.43

CK 8.98+0.67 0.20+0.01 0.82+0.06 0.55+0.06 0.25+0.04 0.13+0.01 0.11+0.02 0.48+0.05  49.52+4.65

t-value 0.023 0.005 0.006 0.012 0.000 0.000 0.000 0.000 0.000

D1, 4B (&AL ) Treatment group (applying nitrogen fertilizer) ; CK: X B ZH ( AJii&UIE) The control group (not applying nitrogen fertilizer) ;
Chl(a+b) : M4tZE & & Content of chlorophyll; N #7# 5 & i Content of neoxanthin; L: M # 57 & Content of lutein; B-Car: B—ﬁﬂ #HNESE
Content of B-carotene; V: 223 i & it Content of violaxanthin; A 25 8 i & & Content of antheraxanthin; Z; K #fi & 5 Content of

zeaxanthin; Px; M8 E L2 Xanthophyll conversion percentage.

3 it frgE b

RIS R s it RIS AR AR T B R
R B I Y F AT %o B (Rt IR ) i F
M /F B0 AT, RIE R RS HE X
(F, SO RERE IEAHOG  F S e W IR ARG,
F/F 56AVERTEREIEARSE) AT LAHEWT . it FH &I 5
TR B AR AR A2 PR BT 38 1 T BE PRI T X BB AL, i
a2 WD AV T BEX = T X R4,

FESCIR AT CO, i 17 b A% H it FH Z80IE 5 A
TR A G A ORI R R A R
PAJ A d e PR, U it P 20N B A0 2 1 S i
MEATEFRE 7 5 $2 5, 1X 5 Huber %55 (52
SR B, YN A HE IR ) R AR i
#EE R S 50808 AL OCE R T %
PRAE Y A RS B SO A VR PR, R, R Ay
FEYIR UL, i 0K 5 B A VR BB s e B AR
FKFREAR 0 B BRI R AIEY , BARE
FRPEAG AR T REAE Ry B 8 B A K AT (R[]
AR ] 3 A kg Hoy SR ] 38 4 e ) SRR ] S 805
JEEAR T 5 3 B 3 0 A VE T KSR IR IR
A EHEEARIC N E S, S TR BRI B
10 A B AP it 4 5 1 — 25 TR ABIFSE .

A I e TR A K BRI EE T, T

HIEHAF W 206 a7 ARSE A
JE 8 B 4 52 1 50% 1 80% Y515 S BT 5 s i)
gt AL 40, 0 22 R B 3 X SR A SR
[Fi] PR IE FIAE A0 b 21 B A I 9 4 SR — 2, B A R A 1Y
A TRE T 5 A KIS B ARG, 95 R
XA B SRR AL Ak AR TP R B A AR AE

Pt S it 2 AL ) AR PN 1) IR A Sk 03 T o
B, SOD 3 1 I Ak S K A 4R T PR 6 Do F M A A1
f) H,0, 1 0, , CAT F1 POD Al #t—4 H, 0,8 )5 K
H,0 10,7 frafk iR —4 e H BKE #R o figHs 1,0,
W JE T APX  MDHAR 1 DHAR DI 75 % 16 3£ il 56
SEMMEICAE R, bR it ZUIE S R B
SOD 1 POD #l fit 25 55 T~ AN i Z&UIE i Xk B2 156 W1 i
FHEIE 5 5 B 20 R N 2 R 37 1 S T B
YA S 158

B R AR R OR AP AL ] B DA A SR A A HE A 5 '
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