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Abstract: [Objective] To investigate the effects of mixed planting of Larix olgensis and Fraxinus
mandshurica on the growth, development and defense capacity of the former, and to reveal the dynamic
patterns of growth characteristics and defense strategies of L. olgensis under the mixed planting conditions,
with the aim of providing scientific theoretical basis and practical references for mixed planting
configuration, sustainable management and ecological shelterbelt construction of L. olgensis plantations in
Northeast China. [Method] Potted saplings were used to simulate mixed planting plots. Three treatments
were set: 1.1 mixed planting (HZ1) and 3:3 mixed planting (HZ3) of L. olgensis and F. mandshurica, and
monoculture control. Growth and development indices (including seedling height, ground diameter, dry
weight of various organs and biomass allocation pattern), nutrient contents in leaves (amino acids, soluble
sugars, proteins), physical defense indices (leaf mass per area, leaf thickness, leaf density), and chemical
defense indices (antioxidant enzyme activity, secondary metabolite content) of L. olgensis were determined.
The differences in growth, development, and defense-related characteristics of L. olgensis under different
mixed planting patterns were systematically investigated. [Result] (1) Compared with the control group, L.
olgensis in mixed planting showed significantly greater tree height and dry mass of all organs (P < 0.05), but
a significantly smaller ground diameter (P < 0.05). Biomass allocation was biased toward leaves and roots,
reflecting the adaptive strategy of plants to prioritize competition for light and nutrients in mixed
environments. Meanwhile, leaf mass per area and leaf thickness of needles were significantly higher in the
mixed planting treatment (P < 0.05), indicating the enhancement of physical defense barriers. (2) The
contents of amino acids, soluble sugars, and proteins in the needles of L. olgensis under mixed planting were
generally higher than those in the control group, indicating that mixed planting enhanced the physiological
metabolic activity and nutrient reserve levels of the plants. (3) The contents of insect-resistance secondary
metabolites (tannins and lignin) in the needles of L. olgensis were higher than those in the control group,
with tannin content being significantly higher at most time points (P < 0.05). In contrast, the total phenol
content associated with stress resistance and antioxidant activity was significantly lower (P < 0.05),
indicating enhanced chemical defense capability against insects. The activities of antioxidant enzymes
(CAT, POD, and SOD) were generally lower than those in the control group, reflecting smaller
environmental stress pressure in mixed forests and optimized resource allocation by the plants.
[Conclusion] Mixed planting of L. olgensis and F. mandshurica can synergistically enhance the growth
capacity and defense capacity of L. olgensis. The plants achieved an optimized balance between growth and
defense by adjusting biomass allocation and defense substance synthesis strategies. The research results
verified the dual advantages of coniferous-broadleaved mixed planting patterns in enhancing plantation
productivity and stress resistance from the perspective of physiological and ecological mechanisms,
providing theoretical basis and practical guidance for structural optimization and sustainable management of
L. olgensis plantations in Northeast forest regions.

Key words: Larix olgensis; Fraxinus mandshurica; mixed planting; growth and development; physical

defense; chemical defense

N TR 3 AR AR B AR R A% O A 2

548 4

FEORBEAM s did XIS R e PR IEE AT
BACHIE A o (R R E A A = O A e, N T4k
PRIRIBR o B — G5 Ky ] SRR AR ) 2 R PRI, FEREA T
B Bom B B R ORTHAUR IRE, G E AR . R
AP AR AU BSOE DI AR IR SEAR, S HESD
NI a8 M E g g ez — M KEAvEHfa

(Larix olgensis)—7K Wi #ll (Fraxinus mandshurica)i&
SEMAE N — P D IR A2 T7 3, R R B X4 )32
) E I, SAMRHL, 2RSSR LS &
G0 55 07 T B B A BE LS, JUH MROR HIAR &
REAEKEMMRESEERKKERIRA Y 2L
PERE [H N A KBRS RAI ST AR SE 1 & BB Ah
FETC ) A AR 3 28R & SRR ( Quercus castaneifolia)



8

SRIGE RS K A R —7K iR X K o e MR R AR % BT A RE 70 ) B 111

5 Wik (Zelkova carpinifolia) W] 235 H b ) A4
KRB s 5 A AR AH B, 25 TR 22 LU AP (1) 75 B e (Betula
alnoides )M 214k ( Castanopsis hystrix)*} P4 5 #E 1w
s PRSI W R E S W TRAHE AR
MR KARZ VAN, v AR 5P R YEFE T
Ji&: T HLIR L WK N A A E IR R A
RPN A BHOIR S 11 B BEFR AR, BB Hb S R AE 4)
PR RE TR BOIRIL, TITAEA (R B v AR R &3
STV EREYERK KT REHNESY 5%
YIETEbR, BEAE BRI i AR A KORES, REM “AE
K& M DRI R PN A RUEIN R B
%%[910

TR AZ A A AR MR A2 I B I, 2 3t vk
AR AR S R R OC &R, A H PR A Bl e
J35 T IE B0 PR AZ oL R A2 17 0 50 S P 3 2 478 T
o VP, AR Y BE, TR AR S & A
AN RAEAEFAT RS, RS A FERRE, SFHAR
B2 PSRN E Tk /e N e b G K S NG A i
YA B b — ] B AR B PR AR SR AR T
(ER=E NN B2 R SR K DS E /W W
R B BT 4 (physical defense) Fl14k 2% 55 18] (chemical
defense ", 1 4 (19 40 B1 17 1 & 7 5 W v 1) 485 )
TEAE T3 Rt B (LMAD & =
VI R G ASRHAE B B B AR R AR, R RN )
PRI e 1R AR bR 2 —, H A Sz s R
JE P IR FH B s 50, REL A 1O A 2 B A 2 2
I A R AR KB 3 Mk AR
SEHL T, R IR A AR P IR e H A A AL 2 BT
EH B EL N 2 —, WS TR B I R B R
JRESE, SEYPUT. SUECAH G REY) 2 By AT,
T B X e AR AT DA R B B i
AN 7N 8 SN 7R A 1 o K A 1< K kN £
By I e AR BT AN S a1 X — EHE P 4. Bl
AHER(CAD. Tl (POD) . i E A AL,
filg (SOD) & N M PLE AL BE R, BeA XIE FRIE)
A P DR A 58 W d o R o B MR AR S T2 B AL
a7, AT S 2 B s A DR T AN A 5 ) o B
ﬁléjj[z()*zl]o

H ATk T By AR B R w5t 2 4%
T AR EE R AR FBh e S, T VR R B A A 45
& R W) 35 A S B A SRS AR A, R AR B R
ST o AF IR IR 2 H AR R, & B 7% AL
FEVR SRS N A BRI e A2 4, SR B b AR -y
A LS SR AR IR, AR AL T, ATk
HVQNISREINE I R AR S PSET WS O S EEBU D)
EE 73 B 0 B2 G v iR AR AR PR ZH K R AL —

KA 12T PR IE R AR S K v Ra KA 313
RIEH 3 DA AL T 7% H-FA 15 TR 2
I ) B 7 A E 0 R o S A 1 11
A, FR AR TEA I R 5 K AR B K v
HFa AR T R B D RE RS20, LU I Aff 7R R A
B FVE AR B AR -BITE HE, IF O AR JEH X
FIVE AR N AR AR A BE B S5 A 0 LR ] e 8
ZrE PR E AR .

1 AR5 7 ik

1.1 BEkMRRIEEE

RIS HLAL T B VTAS o B T AR b Aol R 241 L
RIEARI7 (45914 ~ 45°29' N, 127°29' ~ 127°44'E, ),
174Kk 300 mo WRIGIE A 3 AR K AR RA TR,
EPARAE N =2 45 em, #1142 > 0.5 cm, TS 20 cm
DA By 7K NI A 2 R AR TR, I B AR E R T S )
60 cm, 4% > 0.6 cm, EME 25 cm LA E o Z8 A
A RKAREHE | & MR, AR S S AR S 2 1S
%+ 2020 4 5 AR —FAEESR G E R LS
FHRURAE 12.0cm x 4 EH4E 17.5 cm x 14.5 cm), Z
JE ANEAMAR, B2 1 d 3K 1R, HKEE 3 dEK
1 %, BRATEE N 50 cm x 50 cm, YRR 1 FE%H.
WI6 B E K AVE A B AL (CK 4. KAV A
AKEHAN 101 RRIERAR AL (HZ1 4. K B3R —K
M 3:3 AR TE R 4L (HZ3 4103 MNAbHE, /b BE %
B 18T x 15 #ko AFITRFRACH T WA 2 A 5 L
1 frss
1.2 EYHHRHORESRE

TR 1 £EE, T 2021-07-25. 2021-08—10. 2021—
08—25 J% 2021-09—10 H 4 AN [a] &40 5 R EK A
W R RE AR . B CREERS, 43 e UK 35— 5K
(1) 3 Bk IR AR BT 1 IR S, SRR AR Ak 22
3WEE, FAEE KM 30 g &1 K e E K
FA—40 C WIRIRAE, T 5E J5 B: it g 379
JR S RAEDDR & 5 DUEAL RS 1 .

BF 2 F)E, T 2022 4 9 H oK% Bk ik H
UCREEK B V& AR BT, -0 i 16 42 22 7 46
Fabr o A K ZEEE A S TE R FR AR AL FE T (118 X
HLIEHEL 5 ¥R A PE T Fatatk, e HAEK K E
Fab7 o
13 KEEMREKEBTEREERYRSEN
lE

IR R K BRI A KRS 5 E IR R
(IFZIR, AHIF 70 TR 25 AR K A AR BRAR I 2 />4 B T
J 5 o FETEASHE AR 7 1, BE LG B R A% Ak 3
(1) 5 MR T RS, D BRI I B S AT . R



112 b ® Mok K % %R ¥ 48 &
151&% 15 B 1|5ff5k
| ! : A K
AAA  AAA | |ACAO - AO | |0COOAAA O | © kit
|| AAA -~ AAA || ACAO - AO || OOCAAA O
5 A R
AAA  AAA||ACAO - AO||0OOAAA O
KL K EEI K i) KK

1o BRI AR

33

1 ARERFACFL T RA S A 1

Fig. 1 Trees distribution under different mixed planting treatments
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Tab. 1 Differences in growth and development indicators of L. olgensis under different treatments
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TR R 0.28 0.27 0.25
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Fig.2 Comparison of three nutrient contents in L. olgensis needles under different mixed planting treatments
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