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Abstract: Intercropping within rubber plantations presents an effective strategy to counteract the financial challenges
posed by sustained low prices of natural rubber and widespread cultivation losses. The success of the intercropping sys-
temsis critically dependent on understory light availability, which serves as a key driving factor. A thorough analysis of
the variations in understory light conditions among different rubber clones and the underlying causes is essential for
providing a theoretical basis for optimal clone selection and system design. This study investigated rubber plantations
featuring various clones, tree ages, and planting patterns. The understory light intensity were measured and compared.
Unmanned Aerial Vehicle LiDAR point clouds were used to extract key tree architecture parameters to determine the
architectural drivers of light variability. Findings revealed significant differences in understory light intensity attributa-
ble to clone type, tree age, and planting pattern. Notably, the Reken 628 clone consistently provided significantly higher
understory light levels across all ages and row orientations compared to other clones like CATAS 72059, and CATAS
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73397. UAV-derived data confirmed that Reken 628 plantations exhibited larger inter-row gaps and significantly lower
canopy closure. Architectural analysis further elucidated that Reken 628 was characterized by a taller stature, higher
branching, a smaller crown length ratio, and a more compact, sparser crown structure with fewer, smaller-angled pri-
mary branches. This clone also displayed pronounced natural self-pruning, which collectively contributes to its low
canopy closure. Conversely, CATAS 73397 features a wider crown, a higher crown length ratio, more numerous and
wider-angled branches, and severe crown overlap, resulting in high canopy closure. In conclusion, considering its fa-
vorable tree architecture and the resultant superior light conditions, Reken 628 is identified as an excellent clone for
intercropping systems. This research holds significant practical value for advancing the adoption and sustainable devel-

opment of intercropping in rubber plantations.
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Tab.1 Summary of rubber clones used for understory light condition comparison
IX 5k Hb A S FE ARy T i BREE <47 1 718
Region Location Clone Planting time Tree age/a Plant spacingxrow spacing/m  Row orientation
Hb 8 AW 2] R 628 2016 5 3x7 RV
B 628 2015 6 3x7 mdL
A 72059 2015 6 3x7 ML
AT 879 2008 13 2.5x7 R
SRS I 628 2017 4 3x7 mdL
AT 106 2017 4 3x7 ML
KIrTi |V 2] A 879 2013 8 3x7 ML
A 73397 2013 8 3x7 ML
PR107 2013 8 3x7 L
B 525 2013 8 3x7 ML
B 523 2013 8 3x7 ML
AT 106 2013 8 3x7 ML
RRIM600 2013 8 3x7 ML
B 628 2013 8 3x7 ARG
T A PHYTAR 3 AT 73397 2010 1 3x7 N
MR 628 2014 7 3x7 pNL]
R 628 2010 11 3x7 pNL]
XE 217 2010 11 3x7 R
PR107 2010 11 3x7 RV
RRIM600 2010 11 3x7 RV
B 525 2014 7 3x8 R
A 72059 2014 7 3x8 ARG
A 72059 2014 7 3x8 L
Dl bk A 72059 2013 8 3x7 B
AT 73397 2013 8 3x7 N
L 628 2013 8 3x7 N
KF 95 2013 8 3x7 N
PR107 2013 8 3x7 pyli]
RRIM600 2013 8 3x7 R
1IN T Vi AT 72059 2005 16 3x7 2Rl
HE 628 2003 18 3x7 i)
PR107 2003 18 3x7 N
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Tab. 2 Summary of rubber clones used for plant architechture comparison

H i &R SE AR Nic PRI AT 11
Location Clone Planting time Treeage/a  Plant spacingxrow spacing/m  Row orientation

EATIIN PR107 2003 18 3x7 R
AT 879 2003 18 3x7 RV

AT 72059 2003 18 3x7 i)

#E 523 2003 18 3x7 RV

#HE 525 2003 18 3x7 RV

AT 73397 2003 18 3x7 i)

EAW4N A 73397 2013 6 3x7 R
MR 628 2013 6 3x7 R

P4 BA A 73397 2009 11 3x7 R
MR 628 2009 11 3x7 i)

EAR7 1N A 73397 2000 20 3x7 R
HE 628 2000 20 3x7 RV
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Fig.1 RGB images of conventional rubber plantations with rubber trees of
different genotypes and ages (planting spacing of 3 mx7 m)
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Fig. 2 Understory light intensity in rubber tree plantations of different genotypes under different planting orientations
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Fig. 4 Comparison of understory light conditions in rubber plantations of different age rubber tree varieties
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Fig. 5 Analysisof differencesin plant architecture among different genotypes of rubber trees

523 BT K, HUCHIE 628 FIfik 525, #h
TFF 72059 FIHAHT 879 £ F & /N

LR L e B AT A b e i A e RN S
AN EZER, WiEdE kAW EZ 8 bR, o
i 2 A 9L e A6 AR PG 1) B B S YA R
20 a R 628 JEiiF o & K TS 18 a i HAth i
o FEWIBHF AT, A 72059 /9561 i 2
INFIAF 73397 FIEA B 525, {H 5 879, #A R

523 Fll PR107 2= A3 . KA i 9k K
JE, IR E SR m I EE SRR EERK S
mZ L, SRR N R E AR AR
523 i KR I /NFHAMA R AR 628 KR
BERKTHE 523, BB E/NFHRAM 73397,
PR107 . P AJF 879 FIHHIF 72059 %5 i 2 ; #IF 72059
TR E KT HAL S R . W B e iR S
Rz, TR B AR, B



% 12 1)

TREAE . ANTR] i FR B PEIAR T DG I 2 22 5 SO A 2917

K, WREERE, Bk, HE 628 MR
Hofth i R R, 100 S 72059 AR e fe R A
BT — R e N T B — 5o
B, BB B AR S5y, Hop Ay
ST RV WA AR B AR ZE M A B AN TR
R ) — G o BB 25 S K, Hoh R 523
— RO R KT HA S R, R 628 —2%
SRR /N T HALS R . 6 A BRI
— R R RN, HhARE 72059 —9¢ 5
A B 5 AE 73397 AL 879 2R AR E, (H
W E/NFHAE 523, PR107 AL 525,
222 FRREMEREARA Y ZF 54 HIE 6
AL, AHFERES AT, AR 628 RS IR 2
Em TAME 73397, FEEME (<20a) 0, #H

= #1628 m 73397

= $#E628 = HHF73397

B 628 FIAMF 73397 B irsit K, (H 2t
73397 Hif i) (6~11 a) #f e 36K I B 3 e )
(11~20 a), B 628 [k F i i 2 5 Tt
73397, AR IR T 1 19 25 57 1T BE Hh 37 Hb 3R BE 22
SFEL, RRIMEE T, #AF 73397 KT RN 2E SR
(ZRRE 7.40%) /NTFME 628 (&R R
10.47% ), Vi B $HIF 73397 43 AT A 2 18] A K 52 2R
B AR 628 /)N,

&R, AR 628 ARSI K,
Wiy 20 a (R 628 FIIF 73397 T e 3% K F
R 11 a Fil 6 a, A [AA S H L 628 A1 73397
PR 2 R E, AR 628 1R I %
INTIAIE 73397, AS[FIR ST 73397 1 ek [
Wi 2= (PR R 19.14%) BB R THE 628

o R 628 = HUF73397
a

_ g
21 b A2 = 8t ab 8| aa
eaf, 4 : S| v
S 16[ c ¢ S T 6f be c
2 14| |q iE 2
g 12 g c 0
= gl f‘zf c 5
6} 2 = 2l
® Ir 5 &
0 =
6 11 20 6 11 20 6 11 20
& Tree age/a MG Tree age/a & Tree age/a

= #E628 mm #3397

5K % Crown length ratio

6 11 20
W Tree age/a

= #1628 = #3397

10 | b

— o

Number of first-order branches

6 11 20
W% Tree age/a

= #2628 = HF73397

5B B Crown roundness

6 11 20
WS Tree age/a

O #E628 = #H73397
50F 4 a a
40
30 |
20 -
10 -

— oA

Angle of first-order branches/(°)

6 11 20
W& Tree age/a

ARINE FBE R A B ) 22 7 8 3 (P<0.05).
Different lowercase |etters indicate significant difference among treatments (P<0.05).
B 6 ATREMEEERMKEHESRDNT

Fig. 6 Analysisof plant architecture differencesin rubber trees of different ages



2918 o AE A F AR

i 46 4

(A8 5 4K 9.25% ), 74 ek [ 32 Bt AR 1 14 <
ARG, s 73397 (14 <6 a) R
56k 1520 il 35 5 LA R 8, TR S 20 a IR 628 1Y
R 3 52 i B AR B 3 (W 11 a i 6a) 11K

Ly (P 6a) PR 628 ST 73397 — %%
SRR ERANDE, BRE 11 afl 20 a iR
628 — Y 3 A A 4 B 2 /D T IR 73397, D4k,
RS 20 a (I 628 FIHAIE 73397 11—/ BUEL
BN 11 af 6a, BiIH 24~ R 7L
Kid B A FARF R B S . PR R,
BEE R, AR 628 FHECIIE 73397, FFT7E
R A R ASREAAT N . A (RS 6a)
L 628 FIIAME 73397 — R B 22 RN 3,
{ER Y 11 a fl 20 a YA 628 — 404 ff B )
E/NTIGE 73397, AN [FIR Y HABF 73397 (1) —2%
SRR AR E (A7 RE1.80% ), {HiEKE
PRSI, BB 628 — G A f FE A AR I /N
P 20 a $A4 B 628 11— ok B 0 3/ N F AR IS
6 afl 11 a, % & F|H R 628 B I 14 [ SRk > 1,
LR 628 #I6E_I- &8 — 2ok BN T TR
223 FREMEHBRMREARYESH ST
IS PA 32 48 AR bR AR et A FH G ELS T 78 b T ) A4
A GElR) Stk (s ) BB

ME628 (H#k6a)

#AF73397 (Hik6a) |

#AH73397 (#i#820a) ‘

OtTEiA (light detection and ranging, LiDAR)
FEAR X FE DY 2 (8] 2548 R ML TR BRI BE 1 ik, T2
N HF MO BIFFE . R FEOG B 18 I R e AR gk
i IF A BRI PPARABPA BE , AT TR AR A A7 23 (1]
(AR AR OO0 L AR X i R T 8 1) W WAL 3 o3 I A
B AERKEE RS,

M 2.2.1 5T g5 R AT A, S5 72059, #A
WF 73397, #AMF 879 4k RAHLL, AR 628 itk
[ TN 8 VA = T T <A N o =
— RS, — RN, UL AR 628
PHARTE I R A, WS E B B /N, A e 25 4 B
BRI B, A (R AR T A el 1S A R 450 7 1 /)N
THBF 73397, #AAIF 72059, FAAF 879 45 R, N
T RE W, A I AL TR I8 5 AR AN
[ P B 628 FIFRBIF 73397 Jist el 1) 5 2 Kl di
B =4k, AARFERANES LR
AR AIEZS o

7 e el A 2 R I Tl 6, ] — AR AR =X
T, AR 628 FFE AR B I /N T A 73397, 2
A ih RS I B (S 6 @) BB P R B SN T R
W4 e Bl (AR 11 a R S 20 @) MIRFRR I A o]
B TR 2k 2 RE L FEE R, B
20 a BT 628 FIFMT 73397 K¢ bel b AH 58 44 i 7

B 7 AEMSEHRE 628 M#EAH 73397 KEM S =HRE (A). #REHAE (B) MITEME (C) (#ITE 3mx7m)
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