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Effects of different light intensities on activities of the primary defense proteins in

needles of Larix gmelinii
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Abstract: Larix gmelinii is among the most important timber species in northeastern China due to its cold hardiness,
drought resistance and rapid growth. It is ecologically and economically very important, but is seriously affected by
Lymaniria dispar L., a defoliating insect pest. Plants, including trees, employ an array of physical and chemical
constitutive defense mechanisms which play an important role in protection from insect herbivory. Chemical defenses include
secondary metabolites and proteins. The primary defense proteins consist of protective enzymes, e. g. peroxidase (POD) ,
superoxide dismutase (SOD) and catalase ( CAT) ; defense enzymes, e. g. polyphenol oxidase (PPO) and phenylalanine
ammonia-lyase ( PAL) ; protease inhibitors, e. g. trypsin inhibitor (TI) and chymotrypsin inhibitor ( CI). In many
organisms. light is a crucial environmental signal influencing natural physiological and developmental processes. There are

different effects on the phenotypic and physiological characteristics even if the same plant species with the long-term growth
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in different light condition. In order to understand the impact of sunlight on the constitutive defenses of Larix gmelinii,
sunlight control treatments with three intensities: 100% of natural sunlight (NS) , about 50% and 25% of natural sunlight
(NS/2, NS/4) were conducted to simulate the light conditions of forest edge, forest gap and understory where the Larix
gmelinii grows. Sunlight control was achieved by erecting shade shelters of woven black nylon netting. The activities of the
primary defense proteins in the needles of Larix gmelinii seedlings under different light treatments were measured. The
activities of POD, SOD, PAL, PPO and CI under 50% and 25% of natural sunlight conditions were significantly ( P<
0.05) higher than those under 100% of natural sunlight conditions both in June, July and August. The activities of POD
and CI were greatest under 50% of natural sunlight conditions while the activities of SOD, PAL and PPO were greatest
under 25% of natural sunlight conditions. But the CAT activities were significantly (P<0.05) decreased under the shade
conditions. The activities of TI were significantly ( P<0.05) changed under different light treatments, but the variation was
not regular. The activities of the primary defense proteins showed significant ( P<0.05) differences under the same light
intensity within the three—month experiment. The activities of POD and CAT in July and August, were significantly ( P<
0.05) higher than in June. The activities of SOD, PAL, PPO and CI were highest in June. Our results suggested that
different light intensities can significantly affect the activities of the primary defense proteins. SOD, CAT, PAL, PPO and
POD are the key enzymes in the production of the secondary metabolites of Larix gmelinii. The observed changes indicate
the plant defense system has been changed. Our findings therefore suggeste that Larix gmelinii could endure a low light
intensity environment and a suitable light deficit might be a feasible means to increase the defensive protein activities of
Larix gmelinii. Furthermore, Larix gmelinii could likely be used in forestry systems designed to limit light with increasing
forest canopy density or in the schattenseite. Studying the correlation between plant defense and environmental factors may

yield both theoretical and practical implications for future studies as well as field applications.

Key Words: sunlight intensity; defense proteins; Larix gmelinii
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HARIEIRAY 25% ,iC A NS/4 (SRR B 2R ] TES-1335 RUBCFREEE HEA T E ) . 5 AW K H—2 4 4
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Table 1 The main effects of test results of impact on the changes of defense protein activity in larch needles
P53 POD SOD CAT PPO PAL TI CI
Source F Sig. F Sig. F Sig. F Sig. F Sig. F Sig. F Sig.
WERH Shade  47.12  0.00 74.25 0.00  30.91 0.00 9.05 0.00 82.80  0.00 3.30 0.046 25.08 0.00
A3 Month 291.44  0.00 24.120 0.00  22.71 0.00 277.15 0.00 301.57 0.00 3.60 0.044 37.93 0.00

http ; //www. ecologica. cn



3624 A E = 32 &

2.1.1  UR[RI R BE X 242 T AN B I A DR Tl P 1 5 T

FERRA A 3 FOGREEREE T 1Y POD &M Z 0] /9 22 5 1 3 ( P<0. 05) ,25% F11 50% SGCREGRFE N 36 Pk i 3%
T HAREITR (P<0.05) ,50% St BB BN 15 2k A 5 5 AR TRDOG BB EE R AR 43 b i 06 1k 25 57 18 Wl 2 (P<
0.05),7 Af8 AR ER T 6 A(P<0.05),8 Aifitkim(E 1),

SOD JEPE , FEREA H 1 ,25% F1 50% SEHRBREE T W2 5 T HAROBIRTT (P<0.05) ,25% B IE8R BT i M
151 325% M1 50% JCIEGR BT B E 76 H 25 A RE 767 A M8 HJE#H B3N THi# (P<0.05) s #H[FDE
WS T 6 H AN 8 H ISR Em T 7 H(P<0.05),6 A& (K1),

CAT WM 7EH A, ASROCIR AT B35 T 25% M1 50% SEHREREE T (P<0.05) 325% F150% I
FEM P BSTEPE A2 6 H 25 A3 467 M8 HHi#E & T )5 # (P<0.05) ; W% I8 R MBS %, 7
A8 ABE®ET 6 A(P<0.05),7 Aibtmes(# 1),

400 - 24 -

g B0 =

g 300 b @ E
Bw o250 | = o
e Ko
f";‘ 200 | g}
%S 150 |- =z

< 100 - B <

(o)
g8 5ot S)
& w1
0
9 - H % Month

PR

E 7r
g‘go 6
ga 51 o NS
gZ 4T BNS/2
g 3 = NS/4

< 2k

~

< 1 r

“

-
H 4 Month

E1 FELFREEZFHTHEZEMHRIAMARPEBEEESR
Fig.1 Variation of the activities of protective enzymes in larch needles under different light intensities
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Fig.2 Variation of the activities of defense enzymes in larch needles under different light intensities

http ; //www. ecologica. cn



11 4] BT A ARG ISR XL P R T L T S AR I R 3625

2.1.2  URI[AI R BE X 242 T AN BT I PN A4 Tl P ) 5 T

WA T PAL F PPO 544 838 3 T A ARG T 19 (P<0.05) ,25% YC ISR NG tdem (K 2) . 78
A H 3 FIOGREEREE T 09 PAL 1&PEZ ] 1Y 22 5 1 3 (P<0. 05) ; PPO T, 7E 25% F1 50% S RRGREE T |7
A8 AR E(P<0.05) , FHIFEDEIGRET , AFH 43[E PPO H 2 7 8 3% (P<0.05) ,PAL i&t: 7 A
8 ARZES AL 6 HPIRhEESG e,

2.1.3  URI[AIG AR B X D42 T4 AT I PN R 1 R A 590 0 1 5 i)

CI W3 1, FE R H b 25% F1 50% SERRSRE T B3 & T A OUIRT 19 (P<0.05) ,50% St IEGE BT 1% 7
B, 7 AE I ZE S AR RE; HROGIBR 50% L E T 6 H CIiGtER EmT 7 A8 A, J5m&n 2
A 25% IR EET 3 A A A Rl 25 55 8.3 (P<0.05)

TI FI5GPE, 75 6 AR 7 A3 FlOEREGREE T 245 53 (P<0.05) ,25% fl 50% SCHEGRFEE M 7E 8 H 273 A
8356 H 25% G TG MR s, 7 H 50% SRR EE TG fe s, 00 8 H H ARG IR T i M de i 5 H 2RO I
MR ,8 HIEMERERE T 6 AR 7 H(P<0.05) 5 Fi# A1 22 5 R 1 3 ;50% JE RS B R, R IR H 3] 25 5%
F(P<0.05),7 A st 25% G ET 6 AR ¥ 5T 7 HM8 H(P<0.05), 5P A2 548 0%,
SR bR AL RRT TI BTG A BB S (P<0.05) (BRI A Gy rhig shas e, A AR I 5 (18 3) .

EONS ENS2 NS/4

Aa
90 -
=80 F Ab ES
BE 70 Ac Ba g, Ba ='§
=7, 60 - Bb Be EEECH o
BEsor T Z5
CERd o3
mE 30F i 2
22 =2
O 10| =
0 E: =
6 7 8
H 4 Month H 4 Month

B3 AESEREEZGTHREMRIHAZEENFTEEES

Fig.3 Variation of the activities of protease inhibitors in larch needles under different light intensities
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