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Abstract: In order to understand the relationship between monthly growth of Pinus kesiya and meteorological
factors, the annual growth dynamic of 17 families were studied in southern Yunnan. The family plantation was
established in June 2013, 17 half-sib families of P. kesiya introduced from Thailand and Vietnam were selected
with P. kesiya var. langbianensis from local seed orchard as control, the diameter at breast height (DBH), height
and timing of shooting were observed for a whole year since July 2015. Meanwhile, the effects of meteorological
factors on growth rhythm and shooting law were also analyzed. The results showed that there were significant
differences in DBH, height and shooting times among 17 families (P<0.05). These families could be divided into
two types, family No. 7, 25, 61, 104 and 41 were fast-growth type (1), with annual mean increment of DBH and
height for 2.03 cm and 1.46 m, respectively, and the others was slow-growth type (11). The both types of P. kesiya
families showed similar growth tendency, of the DBH growth had two peaks occurred in February and August, of
and the height growth had three peaks in February to March, June, and August to October, and shooting had three
peaks in May (spring shoot), August to September (summer shoot) and November (fall shoot), respectively. The
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shooting times of P. kesiya were one to four in a whole year, of which the number of families with twice shooting
was the largest, accounting for 47% of the total trees, mainly in spring (72.78%) and summer (77.33%). The
growth of P. kesiya was influenced mainly by monthly average temperature, and growth stagnation was short in
January. So, it was recommended that tending management of P. kesiya young plantation should be conducted
before two peaks of DBH and height growth, i.e. May to June and December to January, and pruning in January.
Key words: Pinus kesiya; Half-sib family; Shooting; Growth rhythm; Southern Yunnan
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iR, Danuseviciust3IZE it B i 1 [l 24 W op 2 A2
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A = M(23°21'02"N, 100°57°00” E), #$4% 1 300 m,
J& R AR ZE A, PRI 18.6°C, B
1 32.8°C, HARAIR 1.1°C; KPR & 1400 mm,
H #2522 300 ho 88y AR D el fi 20 1)
SR E R B RS T, MK RT L4 (0~
60 cm) B 7 & & 6.475g kg, AL N P FI K &
0914 0.259. 0.142 #13.843 mg kg t, pH 1H 4.8,
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K PE A (Pinus kesiya)ik I Mok B 4 A7
129 MNEZ&, KEHR T, 8. 24, 25 M1 27 KK EHE
i Hod ot & 1 (T50240), 7T 18°10'N, 98°
25' E, #3800 m; K& 41, 61. 71 Al 81 K H ik
B4 Lam Dong ) Xuan Tho J&i: & 51l (V999100),
AT 11°56'N, 108°32 E, ik 1400 m; ZX 5 104,114,
117 A1 118 K HifkEg Lam Dong R4/K(V999100-1), 47
F 11°70'N, 108°30'E, jiFk 1385 m; ZX % 106, 108.
110 11129 >k H kRS Lam Dong KAR#(V999100-2), fir
F 12°20'N, 108°17'E, ##fk 1559 m; LAFA A5
Fa(P. kesiya var. langbianensis) G 14 R Fh 7l A K
ZONXIE, A7F 22°45' N, 100° 57" E, #45 1 305 m.
R THR B R B . RAHBENLIX 451, 8
RE ST, 5 FREFI/NX o GG N B SEAA RARze b, 7
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10 : 12)fENHEERE. T 2013 4E 1 H4EMET, 6 H
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2015 £ 7 HRIE M AE KB CE, RIAAERN
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MR R, BAFRRIEFES 6 E S /N X I 25 f4,
FRUE NI 1A B A o W0 I AR B R o R AR 2
Frid, B H 25-30 H A AR 38 R0 E 40
P RO A2 FRRE v, I 3 R B R R A 4l
R A 5E A R HAE— ) . N T ARAIE RIS I vt
Watk, SAEEEPRE 1~2 d NE, FHERS
1.3 m AbMEERAR I, B PR I A% N R v R 1 — 2K
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iZH R BFHITHEMT A2 EE. N
SPSS 21.0 AT RA R LT, KHVILLE K
PRI R RZKRE. AR ESSEE TR
Ktk RH Excel Zhilife. A& K&ty A 30
SEFER, HRISEKE. AET o, BAAEK
HEAMFE A 1-12 H.

2 HRAI AT

2.1 KR

M2 1 AT%, 3 AEA-R G AR R = F 42 78
SR Y5 L[] 22 5 49 ) Sh A S 3B (P<0.01) FH i 3% (P<
0.05), HIFSKEAEF~ ol E 7 AR E. 3 F4FK
T W o FH B A2 AE R &R TB) 22 S ¥ R R R (P<
0.01), A IREAER R I8 % 7 5.3 (P<0.05).

17 MK AKF ¥4 5.84 cm, FEAEKERN
1.84cm; MR 4.35 m, FEAEKE 1.38m, XFE
RSP R ISP 3 IR A2 RO 5143731 4 5.04 em £ 3.68 m,
FAEKESNAN 159 cm A1 1.16 m. HF 13 MK R
AR FIEF, L7 SXAKIRM, ME

117 DR PGIEARG R A KA AELE RN ZK 2R W) 77 22 50 #7 (F)
Table 1 Variation analysis (F) of growth characters of 17 Pinus kesiya

families among origin and families

Lok R RE B RO
L Degree of freedom  Height DBH  Shooting times
variation
U Hh Origin 3 7.023"  3.207" 1.405
% % Family 16 4827  3.226™ 1.788"

*. P<0.05; **: P<0.01

Fb X 6 75 33.21%, i L X 1 7 31.58% . AR 47
By WE 17 ARV A R /AT R E M, AT
PN 22K, 7. 25, 61, 104 A1 41 S RIA N1,
JE A AL, S ¥ M AR AR 4 A 6.41 cm
4.62 m, FHEKESDHIJ9 2.03 cm 1 1.46 m; 118,
108. 71. 24, 81. 110. 129. 8. 117. 106. 27 flI
114 SERRFAANIE, EEAER, 7350
AR 5.56 cm Fl 4.23 m, fEHE KRS
176 cm A1 1.34 mo wJ L, TR AR M 42 AR
EAKEHEET [,
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ALK R EARANS AR R T
F R G R IE. W AR R E A R —
B MR A PRI R 0, 7y HIfE2F18 H, 3-6
M9-12 AlETAKZAW, 1 A2 R,
EERA A K A 2 A B MRS 1 g i 24
KIARN N 5 AP B A 2R LA, BB L
g, 2 AR, 2 B I(R 2). BARTESS
1AM, 2B 1AM T BRI RH TR RHF
WA B E IR R, HAESE 2 AR T 2K R7g
WA R R AT B BT b, HAE
B2 SR T R R PGS R R IR
AR, T, WAEAKERKN T 2RRA
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RV E RAEF M EENE 3 MWEEKS
U, & PUNE AL OB v 2R K R E 2-3.6 F18-10 A,
BEERA K S IEAE 2-4, 6 F18-10 H. WEkK
HIRT RN 7 AP B WAL BB L HUEMAL Bl
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Fig. 1 Monthly increment in DBH, height and shooting times of Pinus
kesiya families. I : Fast-growth type; II: Slow-growth type; CK: P. kesiya

var. lanbianensis. The same is following Tables and Figures.

2 RPN RIS IEA R A KRR A4 K&

B EKEKR, RUWAATES 2 24 WA 3 &
A 5 PR AR KR Z TR K, SRR S 1
SRR R 5 2 SR AR R TR A AR K R R BT
BEERA, 1658 3 AW 2 KRR TM R R AEKHE
RAWMRT . T RRE M FE RS 1 dE
WL 28 2 AR IARIGE 3 RAE MM AE KR T 1124,

WAEEKTE REERAAFEK RN
B 2R B (P<0.05, F=2.52), KIGIIAZK RA
X RSP ARSI 1~4 U0, RUG A TAY 2 R
%, MBI 4T%, 1109 21%, 3 0N 22%, 4 ik
REA 4%, $hAE 1 XEkRZ KAEERS: il 2
R Z BONBEF R E 40 1k, R ILRE
B 2 REIIEGL: RS 3 IR RGN E
THIRS Lk, HZHRS 2 I, RIWEFKE—F
RS 3 IR E ZEA A UG 0L FhRY 4 I kE R4
REZHORETMME LIk, B2 2 Ik,
1R, W/ 24 2 Ik, EZEHR 2 Ik, R
FREEKZERAY 4 I, T2 A A RIS OL(GEE 4).

P L a5, RPEIAS K RIGERR mIEH 3
W, 43N 5 B IFEAR, 8-9 ARIERSF 11 B Kk
W, HAREEI TSR . RS S e KA —
;o FHt, WEFEREAEK, MR R RUR I E
PE L UGHTIY, BRI 3T RS S0 I B TR0 A i 1 s
AR

Bl 2 H R TG A 5K FR o 4 A K B R B
HEATHESIM . BT 0L, RV AA 7R 35 2R (71.78%) A
25 (77.33%) Hh A (A MR L 2, 1T 75 AK 2R (27.11%)
MR AR E D, H T RRX R E R EREE
MEZE, TEFREREEZNMHEERDLT 15,
ERKEMFRHEET 125, HFRMAKEE T
A 320 HRAhAY LIk, UH 3 BRIRY 2 Ik, H 2
UCHTIS IR A2 (116 #K), (HD T4l 1 UOB i RHE
PR(232 ¥K), KR IORERE K 1 T (122 #K)
PR R D T 28R TR K
R, (AKEMERZ T 28R R R,

Table 2 DBH increment (cm) of Pinus kesiya families and P. kesiya var. lanbianensis at different stage

K] Growth stage A4 Month I II CK
AR Lag-growing 1 0.01+0.02 0.03+0.03 0.00+0.00
5 1 EAHA 1st fast-growing 2 0.35+0.13 0.33+0.12 0.40+0.15
31224 1st slow-growing 3-7 0.400.07 0.43+0.09 0.460.06
45 2 WA 2nd fast-growing 8 0.61+0.19 0.54+0.25 0.370.14
%5 2 28] 2nd slow-growing 9-12 0.9740.20 0.8940.12 0.8940.15
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Table 3 Height increment (m) of Pinus kesiya families and P. kesiya var. lanbianensis at different stage

HKH Growth stage H 1 Month I Il A Month CK
#E Lag-growing 1 0.00£0.00 0.00=£0.00 1 0.0040.00
1AM st fast-growing 2-3 0.40+0.09 0.34+0.08 2-4 0.50+0.11
1AM st slow-growing 4-5 0.18+0.12 0.19+0.04 5 0.02+0.05
2 2 A 2nd fast-growing 6 0.180.05 0.16+0.06 6 0.1040.02
# 2 24 2nd slow-growing 7 0.07+0.01 0.07+0.05 7 0.06+0.02
35 3 @AM 3rd fast-growing 8-10 0.40+0.06 0.43+0.07 8-10 0.39+0.04
% 3 £ 3rd slow-growing 11-12 0.15+0.05 0.12+0.05 11-12 0.10+0.03

R4 RPRAZ R R RS PR AR

Table 4 Shooting times and number of trees of Pinus kesiya families from 2015-07 to 2016-07

o 1 2 3 4
Famiy & 5 g ar g 8 T EOR LR o BrE R RLR Ry o o R
No. sp sU AU Sum SP su oo+ SP+ SU+ g SPH o SPE o SU+ RSP+ g opisyspraU KSPE qum
sU AU AU SU AU AU SU+AU SU+AU
7 4 0 2 6 0 0 11 0 0o 1 6 ) 2 8 0 0 0 0
%5 8 0 2 10 0 0 5 0 > 7 6 o o0 2 8 0 0 0 0
04 4 00 4 0 0 9 3 1 13 4 o o0 0o 4 3 0 1 4
44 4 6 4 14 0 2 5 0 o 7 2 o 0 2 4 0 0 0 0
66 4 0 0 4 0 2 13 0 > 17 2 o o0 o 2 2 0 0 2
27 2 0 1 3 0 o0 7 4 > 13 8 o o0 o 8 0 0 1 1
14 4 9 2 15 0 4 4 0 2 10 o0 o 0 o o0 0 0 0 0
8. 4 0 0 4 0 0 9 0 o 9 6 o 0 4 10 2 0 0 2
17 4 0 0 4 0 0 9 0 > 1 8 o o0 2 10 0 0 0 0
10 0 0 2 2 0 o0 17 0 4 2 2 o 0 o 2 0 0 0 0
106 2 7 4 13 0 0 0 6 12 0 o 0 o o0 0 0 0 0
129 4 4 4 12 0 0 0 > 9 4 o o0 0o 4 0 0 0 0
8 8 0 0 8 0 0 11 0 o 1 4 o o0 2 6 0 0 0 0
2 2 00 2 0 4 8 0 2 14 4 0 2 2 8 1 0 0 1
08 2 2 2 6 0 0 0 0 6 6 8 o 0 2 10 3 0 0 3
18 2 0 2 4 0 2 4 0 4 10 2 0o 4 1 7 4 0 0 4
77 4 0 0 4 0 4 11 0 2 17 2 0 2 o 4 0 0 0 0
CK 2 0 6 8 0 0 7 0 5 12 4 o 0 o 4 0 0 1 1
&3 64 28 31 123 0 18 143 7 42 210 72 o 8 19 99 3 0 15 18
Sum
% 27 47 22 4 4

B HH O] 54 W o 1R ] 2k

25 Spring shoot  Summer shoot  Fall shoot One shoot Two shoots
20— ?
1 B
|
7.
= %
5] 7
77
< 15 ! 7
£ % 7 7
7 7 v @ B 77 %
3 Z ‘7 v B & 2| 2 Y
i — & % % 7 z 7 z % % Z 7z % z
*]0 7 7 % 2 7 7 % 1 7z 7 7 7 7 7 7
sy 7 0 W 7 W i A o i o
2 B B B D B A B | R A
A AR B AR RRE IRBRR I IR
0 W Bm | Gall W B P ] e RO
2 PRl R e Bl PR
C PmiB e R m Bmli B imbl R OR R
S PRVE A VEE PR AR R AR [
- o CHMCR L A  PA L R RAV A R A L
V] 7 % e % 20z Wz % Z 7 % 7 Z
AR VR AR A A a AR AR e
AR R A R AR AR
A AR AR A A A AL A A
1T veiiiviviyvy L
L AAAAAAA A A AT A A A
7 25 104 41 61 27 114 81 117110106129 8 24 108118 71 CK

K7 Family
K2 RIEEMERFEEEG H). BEF6-9 A)MKFEL H)IHfys

Fig. 2 Shooting rate of Pinus kesiya families in spring, summer and autumn
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Fig. 3 Monthly dynamics in DBH increment and meteorological factors
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Fig. 4 Monthly dynamics in height increment and meteorological factors
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2.3 KT EMERRESEE TR

B AL RS S ARG 7 3T R E T,
AR A S R 5 I 3 U R (P<
0.05), 4 T EW bR R R AR A KT S 5
T HEERUMERI R &R, L6 A KR IES TR
71 AR T2 K (8 3, 4). AT UL, Bafe H AR K
B 5ARAMEURERARE A 2, 5 H IR
BRI IAACES e A A K E SRR
WHEEAR W4, 12 1-6 HI P # s —3, 18
7 H B AR A A B X R R B AL R O,
EREFHMY . e AEKES <R, K
I BN TR AR S A —E s ALK E
5 1-7 AR A B&F E 2P R AL E S, s
P H AN — B A R 5 B AR E T A
WiEr, WO EAE SRR A T A .

2.4 HKTRES[SEF BB
Nilt— IR BRI RN R K5
Wi, R A KRR R R AR A AR B, T
R M (F 5). RIUWI R RE — WA R
FHOK RHUZ 0.9988, ih B E /K, 5 AR SRR
KB KT R — A, H IR R i
Ky H90.429, FHZH Wi, #dnrh-0.232 4,
2SR B AP 2 RS 9 et 43 31l /& 0.080 2
A10.023 9. KR, Befr s K2R &, A
7.442, HURZME, #inN-3.617. XK R

5 MRS TGP TSRS B

VNG SR SRR i BN BN D i TR AV = e S AL
IE N

SRR — A B A G 5240 0.997 9, 1A
FAKF, BRI ERIA BB R
AR, H o s ok, 03747, H
U2 H 38 IR0 ) A v g s di 430 & —-0.219 7
-0.077 6. ARKMRY, B KM &, N
11.298 5, H. & M4%, #ifii-5.834 3. XKW/
RN RE R, H B R A AR v 1 AR K
SN

3 Wie 4t

ZAH) 17 MR KR, 3 FAER
AR BILL 7 SRA|EKRIMELE, ML
104 SHRZERKKRIEM, 7 5K RZEKI AR,

RS A K REB MK R, it
AR KA 4 2 BRI A B8 o A RN 5 — 2 A
L5 fia] b o 7 A e T A 2R TG M R R I ) AR P A
FEABATEY, - i 4% A= 4 5 4 15 ] A i 7 B4l X ) 1L
2% (Paramichelia bailonii)[®l. E[I#IOIFHALL, ¥ H. 2
MK RPN = AT RIS N 7 A
BrEr, H3ANEIg, H2-4 Af8-10 ArAK
EE AR G, A KER, XE5HR 2 /MEKE
WG (A A T A R TR e K2 HE(Mytilaria. laosensis) ]
BB ANA], AR v AR KR S A OB DG . R

Table 5 Canonical correlation analysis between monthly growth and metorological factors

RPGIEHA Pinus kesiya

B34 Pinus kesiya var. langbianensis

B M AR R o AR W AR B AR
1st typical variable  2nd typical variable 1st typical variable  2nd typical variable
r=0.9988 r=0.906 560 r=0.997 9 r=0.8896
(F=0.011 0% (F=0.2631) (F=0.00197) (F=0.194 2)
PEIR fi4% DBH -3.6170 34190 -5.8343 21191
Trait 7 Height 7.4420 37152 11.2985 13228
A iR Monthly temperature 04296 0.660 8 -0.2197 0.1075
VER e -0.232 4 -0.194 4 -0.0776 -0.1858
Exterme monthly high temperature
I i B AR 0.003 4 -0.207 9 0.3747 0.2381
Exterme monthly low temperature
at ki .
Meteroloical AR Monthly rainfull 0.001 4 -0.000 2 0.001 2 0.002 8
factors A H % 0.0154 -0.003 5 0.0110 0.003 2
Monthly sunshine hours
23S AR R 0.0802 0.054 9 -0.0195 0.0055
Relative air humidity
FEIRAUE 0.0239 0.4556 0.009 3 0.5529

Average atmospheric pressure
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