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R HEMAELLE HARAELEFERRR T E KRR 4L 8 E Al S
%(NSC) A(N)fugk(P) & BN M. ERXA . AALEARAKRRXEHKLEKELTFHE
HAFEE F NSC N AP & EH D E, Zrr A I8 B &N 202 Ja B 80K B0 38 Fr 41 330
NSC 4 & B ZF M\ T4 B (CK, L HF[+0% £ rt) , 5 £t R E NI 8 F WD, o EFTEH+
100% % =t A JF 85 Fr 41 % 3 NSC 48 44t CK 32 59.0% F1 64.8% ,NSC By F & 5 £
BT AR R R AT 0% 50%F1 100% 5 #+ 4L 2B By BF AL K T3 Au 41 & B
NfPHEREZETCK,EPRRABENASENL CK 485 17.3% 18.2% F1 24.3% P 4 &
tt CK 215 17.9% 7.1%7%2 3.6% , %1 £ &+ N 4 & tb CK 2 %15 39.3% .35.2% 1 48.9% , P

B CK 2815 31.0% 28.2%F1 14.8%. I MR B R B K HEA BN B AMLAL
% N F P, B ARG HE R FEHEARNAEY T TR0 FfwmERR R T RFAELEKD
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Effects of girdling and defoliation on the growth of female cones and branches and nutrient
content in different tissues and organs of Pinus koraiensis. YIN Dong-sheng', WU Hai-bo®,
ZHANG Jian-ying' , GE Wen-zhi' , ZHOU Zhi-jun', SHEN Hai-long’* (' Forestry Research Institu-
te of Heilongjiang Province, Harbin 150081, China; *School of Forestry, Northeast Forestry Univer-
sity, Harbin 150040, China).

Abstract; To explore the nutrient source and supply-demand relationship of the female cone deve-
lopment and new shoot growth of Pinus koraiensis, reproductive mother branches were experimentally
girdled, defoliated, and under the combination of both treatments. The effects of different treatments
on the female cones development, branch growth and the content of carbohydrate (NSC) , nitrogen
(N) and phosphorus (P) in different tissues and organs were measured. The results showed that
girdling significantly affected female cone development, new shoot growth, and the contents of
NSC, N and P in different tissues and organs, while defoliation treatment had limited effect. The
NSC content in the mother branch xylem and phloem after girdling were significantly lower than that
of the control (CK, ungirdling+0% defoliation) , and decreased significantly with the increases of
the degree of defoliation. The NSC content in mother branch xylem and phloem of girdling+100%
defoliation was 59.0% and 64.8% lower than that of CK, respectively. The deficiency of NSC resul-
ted in the death of mother branches and new shoots and the abortion of female cone. Under girdling
treatment, the contents of N and P in xylem and phloem of mother branches of 0%, 50% and 100%
defoliation treatment were significantly higher than that of CK. The contents of N and P in xylem of
mother branches were 17.3%, 18.2% and 24.3% and 17.9%, 7.1% and 3.6% higher than those of
CK, respectively. The contents of N and P in phloem of mother branches was 39.3%, 35.2% and
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48.9% and 31.0%, 28.2% and 14.8% higher than those of CK, respectively. The female cone

development and new shoot growth of P. koraiensis consumed a large amount of NSC, N and P. The

carbohydrates and mineral nutrients manufactured or stored in the mother branches could not meet

the needs of female cone development and new shoot growth, and thus they need to be imported

from other tissues.

Key words: Pinus koraiensis; female cone; girdling; defoliation; nonstructural carbohydrate;

nitrogen ; phosphorus.
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Table 1 Effects of girdling and defoliation on female cone development, new branch growth and biomass accumulation of

Pinus koraiensis

FEFR AR Ungirdled 3E Girdled

Index F 0% £ 50% F I 100% 2 0% £ 50% F 100%
Defoliation 0%  Defoliation 50% Defoliation 100% Defoliation 0%  Defoliation 50% Defoliation 100%

IS 28.5+4.6 27.6+£5.3 27.8+5.1 7.0+1.9 4.9+3.2 2.7+3.0

Branch length (c¢m)

R AR 11.28+1.07 10.52+1.07 11.29+0.47 7.23+0.68 5.58+1.46 2.82+1.29

Branch base diameter ( mm)

LI 57.2+10.7 58.6+17.1 56.6+15.5 0 0 0

Number of needles

[YERMES 100 100 100 0 0 0

Branch survival rate (%)

HEERAR O 0 0 0 100 100 100

Abortion rate of female cone (% )

HERR AL 4.6+0.5 5.3+1.0 4.2+1.2 0 0 0

Number of female cones

7% 100.515.1 81.7+14.9 80.9+24.7 0 0 0

Number of seeds

B A it 10.1£2.3 9.0+3.7 9.3£2.6 0 0 0

Needle biomass (g)

oAyt 8.2+3.6 7.8+5.2 7.1x2.0 0.9+0.3 0.5+0.4 0.5+0.5

Branch biomass (g)

WERRAR A W i 128.4+11.7 109.2+14.4 114.7+25.7 0 0 0

Female cone biomass (g)

i r Y= 56.7+5.2 43.5+6.8 46.0£15.0 0 0 0

Seed biomass (g)

(AFEBFETT) , MK R W F 2 343K 5] 100% (4 5B
PTD).
2.2 IR IR A AR R A e B R A R

M3 FTLUE H ARARIAET 215 LX)
iR I BTG R Y e B B
e, T PR RIAE T | A5 L X Se R AR A T AR A
AbER. % 2 FH IR R A AR RAE I R
VSTt s A TR RTE N L B2 PSS W B P o)
BERE R B B4R A A7 T SRR A W 1 5 T AS
FHORIRREILR | R MR A R R 100% ,
AR FE T | 75 2 MR A 16 R 2 20 0 (438
HTD).
2.3 IR XPREH A AR B H NSC & &)
A

1 AT LUE Y RIRFIAR IR 2 A5 25 oA i
TR B Rl RS JE R R NSC % i AR Ak 3
AN AR TR L b 3% 4 R IR
AR B e Fb 1 AR eponl s M BE R AN
NSC 7 it R f 2 5 25 X 400) Bz 3 o T P Ml ey
I NSC A5 5 Rtk 3, PR3] x 25 e A J5 38 0 ) J
TR AT PR JER AT NSC & 552 i 25 E 1 A]
DA H, R b A S5 A0 Bz 358 NSC & f bl 2%
R A 8 D Y IR R 0% |

NSC (%)

S = N W kA LN NO N RO ®
— T T T T T 1 T T T

0 50 100 0 50 100
£ M-4b38 Defoliation treatment (%)

Bl 1 FRRANEM XA AFZSURIE B NSC S5 hE 52
Fig.1 Effects of girdling and defoliation on NSC content in dif-
ferent tissues and organs of Pinus koraiensts.

I . JEH) Starch; 1. I MEHE Dissolved sugar. A; ANERFE] Ungirdled ;
B. 33 Girdled. X. A &F Xylem; P 1 |z % Pholem; S:. # 1
Seed; Pe: JJ7 Pericarp. AN[E/ING FHRE IR 225 B3 (P<0.05) Dif-

ferent letters meant significant difference at 0.05 level.
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Table 2 ANOVA of the effects of girdling and defoliation
on female cone development, branch growth and biomass
accumulation of Pinus koraiensis

ECL BRKE dfF P
Index Variation
source
Wik 3N g 1 27133 <0.01
New Branch length 2 0.8 0.466
branch gxd 2 0.9 0.409
e g 12691 <0.01
Branch base diameter d 2 9.8 0.217
gxd 2 18.4 0.065
LR g 1 1632  <0.01
Number of needles d 2 0.3 0.716
gxd 2 0.4 0.666
5 g 1 3264  <0.01
Number of seeds d 2 1.7 0.197
gxd 2 1.7 0.197
RO/ g 1 1785  <0.01
Needle biomass d 2 0.2 0.788
gxd 2 0.2 0.806
R g 1 581 <001
Branch biomass d 2 0.2 0.846
gxd 2 0.1 0.908
WERRR AL Wi g 1 6185 <001
Female cone biomass d 2 1.5 0.251
gxd 2 1.5 0.251
Ay g 1 35.6  <0.01
Seed biomass d 2 2.5 0.107
gxd 2 2.5 0.107
15751 3N g 1 230 <001
Mother Branch length d 2 L5 0.246
branch gxd 2 0.5 0.634
KAz g 1 253 <001
Branch base diameter d 2 0.6 0.535
gxd 2 0.3 0.721
Rk g 1201 <00l
Branch biomass d 2 0.2 0.851
gxd 2 0.1 0.923

g: ) Girdling; d: Z= Defoliation. I [f] The same below.

®3 MAMEMHLETANGREKMEYERR

50% ,100% £ A B BT i NSC & i 43 4l [ CK
W0 19.5% 38.6% F1 59.0% , Horh ] % v bE & &y
I 13.9% 33.1% F1 56.2% , VEKS & 143 B b
42.2% . 61.0% F 70.2%. ¥ # &b BT, 0% . 50% .
1009 25 M-Ab ) Jz 36 NSC % 843 51 He CK 2>
11.8% .44.0% F11 64.8% , H: v Al 75 VA 2 12 43 1] 0
7.9% . 39. 1% FI1 61. 8% , JE Ky & & 43 il v /b
27.6% .63.7% 1 77.5% . ANFRFIAL PR | 2 A 2 i i
TR R i NSC & i A b3 1 3 SR b NSC %
U TR SR R R R T R T NSC &
AR T 3.6 4.7 T 3.7 i, MEBR SR (FhF AN
B NSC &= AR BTk 4.8 %, & K #R Y
2.1 1.
2.4 PR RERFHL MBS E S N AP &
1) 5% il

MRS AT LLE ), AR 3R # AT, 0% |
50% ,100% 2 b BEXT A ST &8 | 9] Bz &8 bR 2R
HN R P i A R (R AR R i
R H AR R N AP 5 s A 8 S T CK.CK A A]
HAVIZRE N B i RN Ry 1> ) Bz 3 > 3
Fe SARHR, P2 1 KNI Ry b7 > 5 Bz > 9] iz
P> ATHR. 2 6 R, AR AR FTER 1 N 5 1 52
25X P RS AN 3 BRI ) B A b A
S N A1 P B g 2o R x XS 4%
AV E T N HP 55 g i R 35 P4 b 2
T,0% .50% . 100% 2= AL FEAR S N 55 H CK
A3 e 17.3% 18.2%F1 24.3% ,F1 ¥ N &t 1t
CK 435175 39.3% .35.2%F11 48.9% ; R #J5 3 FhFe 1t
AR P S & CK 43008 17.9% . 7.1% F11
3.6% W) P & kb CK 20518 31.0% .28.2%
1 14.8%.

Table 3 Growth and biomass accumulation of mother branches of Pinus koraiensis under girdling and defoliation treatments

LD AFAF| Ungirdled R3] Girdled

Index J2nt 0% I 50% 1 100% F 0% M 50% 2= 100%
Defoliation Defoliation Defoliation Defoliation Defoliation Defoliation

0% 50% 100% 0% 50% 100%

(53N 5.2+0.9 4.3+0.5 3.3+0.9 1.6+0.4 1.6+0.5 1.0£0.2

Branch length (e¢m)

BiHEA 1.69+0.18 1.67+0.25 1.6120.21 0.74+0.18 0.57+0.22 0.26+0.07

Branch base diameter ( mm)

[TERMES 100 100 100 0 0 0

Branch survival rate (%)

AL 34.3+£3.5 33.4+6.2 30.9+£5.3 17.3£2.2 19.0+£3.5 17.1£3.7

Branch biomass (g)
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Table 4 ANOVA for the effects of girdling and defoliation on NSC content in different tissues and organs of Pinus koraiensis

fiilgba 8 Sk IR df AR Sugar TEH Starch NSC
Position Variation source F P F P F P
AR g 1 32.0 <0.01 174.3 <0.01 56.5 <0.01
Xylem d 2 1.5 0.237 2.7 0.074 2.0 0.137
gxd 2 45 0.014 4.8 0.011 5.5 <0.01
) Kz g 1 84.8 <0.01 106.9 <0.01 128.7 <0.01
Phloem d 2 16.4 <0.01 7.7 <0.01 19.8 <0.01
axd 2 15.7 <0.01 7.3 <0.01 18.8 <0.01
by g 1 3864.3 <0.01 2986.7 <0.01 5047.4 <0.01
Seed d 2 0.9 0.426 0.1 0.890 0.8 0.448
gxd 2 0.9 0.426 0.1 0.890 0.8 0.448
R g 1 5249.9 <0.01 1108.1 <0.01 6577.8 <0.01
Pericarp d 2 0.1 0.889 0.4 0.650 0.1 0.982
gxd 2 0.1 0.889 0.4 0.650 0.1 0.982

x5 FHMEHLBTARAREAMBERNFMP FE
Table 5 N and P content in different tissues and organs of Pinus koraiensis under girdling and defoliation treatments
(mg-g™)

TiH g RIFE] Ungirdled HF Girdled
Trem Position M 0% M 50% 2 100% 2 0% 2 50% 20 100%
Defoliation 0% Defoliation 50%  Defoliation 100% Defoliation 0% Defoliation 50%  Defoliation 100%

N KB Xylem 3.29+0.34 3.4320.34 3.27+0.23 3.86+0.28 3.89+0.28 4.09+0.50
)] iz &5 Phloem 8.95+1.17 8.34+1.30 8.25+0.91 12.47+1.98 12.10£2.12 13.33+1.64
FhF Seed 9.54%1.70 10.81+2.41 10.38+0.90 - - -
S Jz Pericarp 7.61£1.58 7.82+1.42 8.04+2.22 - - -

p ARJHB Xylem 0.56+0.07 0.53+0.07 0.61x0.05 0.66+0.07 0.60+0.08 0.58+0.03
) &8 Phloem 1.42£0.21 1.40+0.28 1.41£0.30 1.86+0.31 1.82+0.35 1.63+0.27
T Seed 2.29+0.28 2.53+0.34 2.45+0.17 - - -
SR B Pericarp 1.61+0.33 1.60+0.31 1.71£0.38 - - -

*6 MEMEMMNAMARELMBTERNMP FER . .

WHY 7 £ 547 3 #

Table 6 ANOVA for the effects of girdling and defoliation

on N and P content in different tissues and organs of Pinus 3.1 FRFIALFRRFLTAAA FE A A FNE TR A K B 52 )

Koraiensis AT B A, AT K R AR AT R
e v (R VEAF % 1, BV MO IS 5 50 2 K

P P GO0 ARFIE R B, AR BT e J20f
KRR e LT 0l 08095 R ARR R R AG A K/ S R

Xlem 4 201 08003 07 (FDT) B8 (S AR 2 52 B 2 2 B A

CooEd 2 0 0y 062 IS F 2 K B S L. B34 A0 B8 6T £ A £y S5 1 2%
Rz g 1 152.8 <0.01 34.4 <0.01 . i . . N N
et D s e o Ferk KA T B RS R AR AT T

2
od 2 2 0.130 12 0,204 BRI ETRIME X L2 LR £0 A A B R AR B A
T g 115173 <001 34836  <0.01 FERIY AT AR K AL & WA RE G L MEBR SR & B ATk

Seed d 2 20 0.140 3.1 0.051 R TR RBRTICE T, i R A AR5 R
gxd 220 0.140 31 0.051 R A A AR KRS SR AR K 75 B BB A A HoA 4]

R g Io8T2 <00l 10356 <001 AU AR B R FEIESE , % B P A A 23
Pericarp . gj g:jz gj 322 Wy (AE L 4 skt (e BRSR45 ) B — e A fig
2 : : : : 1, REREH AN RN TS B BB R 2 H IR R

(=5
(S}
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CLRAMESR IR & B BB AR KA AE T R B B BkoK AL &
Yy, B FMERRSR [/ A6 065 7 1 DL S A7 1Y
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B it S I Bk AK AR 0 2 AR e 75 5% 6 2 % 3] A Bl
B B A TR R ) R AN T BN K
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ta) KU ILERE KIFARAE S0 SR X S A
PR H AR ZRR, g A e R A
%4 (Vitis vinifera) Ak ( Prunus persica var. nectari-
na) % IR RO HE TR & E 1 Miyazaki
SEUBRST AR R X R K Ak A P B R AL
M2 51 S5 AN R AR R AT G, [R) I ads 2 31 o A
WIC T RE AT 7 | BRI S & R AR
SER/NIT T AN, T A T R R Bt
BN  FEIEP M IR SR B 218,
4 FRRE3) 10 H BRI (CGRED) BN PERARY 5 hitE
FERARITE P R BDCE YRR, RN
TP R R AT EE S R Ta] FLfi (RS0 1
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e YR ST B 2 R 4y, Bk A B REAR
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