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Cultivation Method of Hevea brasiliensis Large Polytube-raised Buddings
VII. Screening of Shading Rate

ZHOU Jun'?, CHEN Jian', HUANG Jian!, WANG Xinyan!, WANG Jun'*

(1. Rubber Research Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, China; 2. Danzhou Investigation & Experiment Station of

Tropical Crops, Ministry of Agriculture and Rural Areas, Danzhou 571737, Hainan, China)

Abstract: To understand the growth and photosynthetic characteristics of large polytube-raised buddings of
Hevea brasiliensis under different shading environments, and to determine the appropriate light environment for
the growth of large polytube-raised buddings, five shading were set, including CK (full light), S60, S70, S80 and
S90 (60%, 70%, 80% and 90% shading rate, respectively), to observe the growth index and photosynthetic
parameters changes. The results showed that different shading rates had significant effects on the growth,
photosynthetic parameters, leaf area and relative content of chlorophyll of top-leaf-whorls of large polytube-raised
buddings of H. brasiliensis, and there were significant differences between the two types of embryo seedlings.
The vigorous seedling index of large polytube-raised buddings increased at first and then decreased with the
increase of shading rate. Compared with full light, shading significantly affected the out-nursery rate of large
polytube-raised buddings, but had little effect on the survival of planting. The interaction between embryo
seedling type and shading was obvious. Full light (CK) and excessive shading (S90) could significantly inhibit the
growth of large polytube-raised buddings. The optimal shading rate of large polytube-raised buddings was
different among different embryo seedlings. The growth performance of small seedling buds under S60 and tissue
culture seedlings under S80 was the best. Therefore, appropriate shading measures should be selected according to
embryo seedling types during the cultivation of large polytube-raised buddings of rubber trees.
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RARGIE ) S EaA 7 T2 M, Tz BT Tl
FERG. 2cil. RA. B2y, DA, E0R0EE
RE&THEIT M2 RA BRI & e vl F Ak 5t
W R E R AR E T RS S8R s A
BB BB (Hevea brasiliensis) & H B T
v AL AR TR AR B KA AE = RIS I e 2 IO AE)
I 7 TR IR = ' 1) 99% LA U2, ([ 45 Bt
KT EE MR B A PR T g XORE B P A PR R
XPfaFEE LY #t, ZELOBM. o/, | ARRNE
R, RE R A =R X 1.20x10° hm?. (“+
VU F R A P e S e k) e m s, 3
2025 FEFRE R ARG e A E AL B 1.17x10° hm?,
MARYE 2019 FHIG R, RERAGIRFET
AN 1.15x108 hm!4, B WL, 3 3 5 0F 2x10% hm?
FRY M I il 5 11, #5742 495 ind./hm? 3, Z16 1.0x107
PR ITRG SR b 1 75 oK B o AR I B R T P O 45 AR 15
TR, AIE 1 a WESEH 6 EHLLE. B
212 my 22 1.8 em. EMETE®E 97%LA L,
BT A E mmms, mt ol g g s e
P B T B2 1.5~2 a, RBRATHI ARG KR
JRE PRIl e 5 SR BRI A BT BRI A ko T3
OO HE B A B B m AT
FIF AR I AT IROE, (BN B E KR A IR 85
AR IBEATHIT -

FIERAEY A K D TIHREEFE T, A FREYT)
FEHE TR RANE, IEEES IR A v] BRI
AR E o BB —Fh e B SRt B IR, 4
JEHENRRAE K R, A H IR %O 1 750~2 650 h
BAMT AR, & H IR EE R TR AR
MFRFMAR R, BIH 2 KR, ke ERAR
AR ORI AR, L SVEH NG £, 7
R fe J1E00 H AR BN, BRI T SRR A
HAESS 2 B 3 & Ra e I, ST TS HE T 5E N 18~
22 umol/(m?-s) IR [ ¥, ¥F 1 2F 452 17 24 h #RE
ITHAETER, SeBTFYINEREES 1| M AR KR
REm, SCELT WU B IRRIZET AL, &
IR AL 92 .6%LL I, fR TR PF S B B
IR R AR AN B 9k I B . PR SR
ARG, 50%FN 70%IE [ 28 A% e b 2 85 /1N 1
KT 20, 2N 80%~90% I B FE
B LG 2500 A A AR AL 55 /N e AR o g AR R X1
kb atr, BFERSEM, KHBES, SRR (A
K, rRESHI R A A . R, AT

DAARI R /INE S B AN B OMIR B, DAA N
X, BEE 4 AR R A IR I 1 H X 2
iR B AR BT P I 2, A JE AR 2 4 K )
BB SO S, DU 4 e b ) B A S9N
R RRS TR,

1 MRATT %

1.1 R HAR

TR0 TE o [ BT RO R 2 BE AR IR B 7 BT AR R
Ryt HE e AT, Bt SR g g A SN T, 109°29
E, 19°30'N, ¥k 115 m. BIHERSE, FF
PR N 23.5 'C, EWFEKEN 1 815 mm, F
PR 1~4 my/s, 2FEHERM%2 0720, BEG
fs 2. A%, bR R, WERT, &R/
J 2B PR R DXRIAS B AR & L X 04190,

1.2 AR

I AT & W L P e R - AR R TR
Bl B AN A R S R A (RRE
f@: B2 15em. FIEO4E 2 oms & 55 em) KALE
SCHRBOl IR ORI E SRR E I RY 73397 LAl
KSR ZRE B TE, 2 FOARm 2R /Nl SR
(AR TEIFR /N DRI BE 15 5 FBE B 2R A0 3 : CK (42
i), S60.S70.S80 F S90 43 AN A 60%- 70%-
80%-  90%o i 1) 2 €24 3 [ 194 (1) BH AL

TEE o A R I 5 1 5 S BE AL 30 A FR
#H, BCPSMEAEE; RS RO T AR
ERAZR AT, B s /N SR R &
WS IR G A AR T AT, M
A EH R B 3 ANEE, BANER 75 il
1.3 7%

ARKTERRIE 2021 487 H K S R R
Y g AR E N IR 10 MoK B, B RIS,
BRI AR R R 2R, HGurt O RR &
ME, AR NEE R ERERLFRE, KEEKH
1] %t RS B B AR B b, e AR R
2RO TR RS PR MR AR o b O
H U= ZE ] R e ) < L B EE > 10

& farnill e K {7 T I AT G T - g
PleEfabrille, MEENE 10 7, 30 %, B
SPISME o JEHCZE ()AL = S I R S R
FEXS & B (SPAD)FIMTHIAR,, BRI 5 & FEA
rhode b (R] N EAT G A AR AR I . 1 7 SPAD
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B H SPAD-502 &g g Al s, A LI-3000C
5 A ARG & R LI-6800 Y &r-7 4 H
BN E RS (Li-COR, 3% E)ik#% LED £L ¥ G =
(2 cmx3 cm), Yo&H REE S (photosynthetically active
radiation, PAR)¥ & N 1 200 umol/(m?-s), SARIRIHE K
SEN 500 pmol/s, SKFIMBFIAIFEF. 75478 M
COy /N il T == VR FE 70% JEFE 30 “CHI CO,
W 400 umol/mol, T 2021 4 7 A (KA WK
8:30—11:30 M4t & Z(Pn). 7815 18 2 (Tr).
JalE] AR BRIR BE(Ci) s SALFE(Gs) B Fa b5,
PLPn 5 Tr B9 LUAE TS BR S 7K 43 F) F 2808 (water use
efficiency, WUE).
1.4 FAEHGIH51T

K H WPS Office 317 £ 4 5 ¥ . & R il 1E,
DPS 19.05 =2 R FEHL X L ¥ XA R iR Ee 4 it
Duncan’s #1 & W Z 53T 7 2 0 B FLE 2 P LA,
Pearson AH I 34T, H [ 28 R0 i vty 26 55 FH R O
e 4 5 AT 0 A

2 SRR

2.1 KREHEMEKENR

AFIERR A TR Ik E . 22 S
REPEATAE 2 (R 1) S60 AhHR /N K & B Bk
L ZE T S90 fl CK (P<0.05, FIA)); S60. S70 Al
S80 AhFH F ZEHH I 2 KT CK A1 8905 S60 [ H- 3241
BFZT CK. S80 1S90, H5 S70 ZR AL,
FAHE R EYEE BEES, S60 M, & CK
FS90 [ 2 525 H [l T - prg - TE AR 1) 3R BN
NS60 Lk CK K% 37 em?, B EEER, HEAL
) 24 22 S AN S 35 o S80 Kb HE ) 4 % K 121 Vi ARk v

R 1 AFERF AN KRR ERSH

Table 1 Effect of shading on growth of large polytube-raised buddings

BEET S60 1 CK; S70. S80 Al S90 AbFH ()25
KT CK M S60; S60 Eb S90 A4 K 1 %M, H
RACFREI I E RS AR SRR Y E
AREESR, S80 fm, Z& CK M S90 [t 2.5 fif;
JHE F Ab B ) e TR A 3 KT CK X6, AN
WERA AT AT R E A ZERH . e, &
PRAE D) S AN AR S B35 R, 38 BB (S60 Al
SROYA FI T /N AL K AR, Auiiaid
FEMERA I BAAT I AR K, R IR I B 5 25 P AS 21
BKE A ENR,

H TR EAE VR AT E R ETEAR, TR
)2 S W P A A K R A R o AR R T e P
W DIEAFER R AR BEZ5S, S60 1)
NER B E R EUR &, ko2 S70 R S80, K
IKHY2 CK A1 S90;  ZHES KM B IPH 4R 2 A S80 %
i, O S70 F1S60, FBARAIE CK A1 S90. X
B I R 3 1 ) T4 v KA e R R A, e
KON S60 F/INET R fET A S80 L Ks K fal it my #8
Baim, WARE KB .

22 AKSHPNERTES T

2 Al W, KR IR E . 2O, L
A TR EORT H [F I TR I ) T AR R R (R
JHE [ Ab R [R] 3 A7 7R AR B0 35 22 7 (P<0.01, T []); AN
IR RIZEML . ER. AAE. RS RI
WiE 25, BN EEZER; NEEES5IEY
A PR A ELAE FOO R 8 v AR A R S, =R
. AR, e EoR et AUE S ;. A
I VR i T PO oo e 22 5, S TR 1 5 9 A 2
S SERE B A AR .

2.3 RAEFDEERIESHZN
HER X KA O S ARESHEY L CK A AT

PERA ¥k Plant height (cm) 2 Stem diameter (mm) 3%%7 Leaf-whorl number EY) i Biomass (g)
Shading SsS TS SS SsS TS Ss TS

CK 133.90+5.42¢ 126.20+6.45¢ 11.50+0.09b 10.59+0.30c 3.80+0.08b 5.47+0.18ab 288.50+4.93e  278.67+6.51d

S60 155.53+4.98a 140.40+2.20b 12.48+0.33a 11.39+0.26b 4.57+0.11a 6.07+0.18a 671.67+4.13a  418.67+2.17¢

S70 150.13+3.60ab 150.27+5.95ab 12.38+0.37a 12.01+0.17a 4.20+£0.02ab  5.57+0.16ab 597.33+4.75b  560.17+4.69b

S80 145.60+£8.82abc  152.60+3.77a 12.30+0.08a 11.95+0.22a 3.97+0.33b 5.57+0.36ab 527.17¢4.27c  665.70+5.72a

S90 140.17+4.05bc 144.03+6.68ab 11.50+0.34b 11.87+0.12a 3.90+0.24b 4.97+0.72b 314.70+£5.13d  259.47+5.30¢

SS: /INE; TS: 4E5H; CK: 4)6HE; S60. S70. S80. S90 42 HN 60%- 70%. 80%- 90%IMERH = A5 HH Ja A [F 7 BF R R 25 57 2% (P<0.05). R TH

SS: Small seedling; TS: Tissue culture seedling; CK: Full light; S60, S70, S80, S90 are shading rates of 60%, 70%, 80% and 90%, respectively. Data followed

different letters within column indicate significant difference at 0.05 level. The same below
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300.00: #CK =560 =870 =S80 = S90

IHTH R Leaf area (cm®)
=
j=]
[=3
(=}

YL Tissue seedling
T Embryo

B 1 REE IR R OR R M T ARAE B R M B AR T REORE R B #(P<0.05). FFH

Fig. 1 Leaf area and vigorous seedling index of large polytube-raised buddings under shading. Different letters upon column indicate significant difference at

/I Small seedling

0.05 level. The same below

2 AFEIER N KW AR S BRI 2500

20.00
18.00
16.00
14.00
12.00 -
10.00
8.00
6.00
4.00+
200+

5% Vigorous seedling index

A5 Tissue seedling
i1 Embryo

/I Small seedling

Table 2 Two-Way ANOVA analysis of growth parameters of two embryo seedlings of large poly-tube-raised saplings in different shading environments

L QU EfEi)is P EXil - s WA RS Vigorous
Source of variation df Plant height ~ Stem diameter ~ Leaf-whorl number Biomass  Leafarea seedling index
JEH 2% Embryo seedling type (A) 1 111 18.92* 151.48" 447.03" 577" 707.38"
HERAZE Shading rate (B) 4 11.07™ 14.827" 6.38™ 4.806.29™ 77.64™ 4277727
AxB 4 3.22° 5.68" 0.82 932.18"™ 17.97™ 680.69""

*: P<0.05; **: P<0.01, KA

*: P<0.05; **: P<0.01. The same below

FI(E 3 R 2)o /NET KT T Tr BN S60 A1 S70
&, S80 Yk, S90 Al CK #{%; Pn. Ci. Gs
I Fr SPAD {H IR IE AL F ) 2 & T CK, H
FIEFI PR 2= AR S90 A CK ) WUE i
w, HRGE S80, S60 Al S70 Bk, ZHE: K
Tr. Ci il Gs #RI N S60 3 =y T HoAt 8 B Ab 3
AT CK, HH AR AL PR A 22 5 AN 3% s Pn ISR
9 S60 Al CK [AEi % 25, HI¥J/NT S80; S80
H1'S90 (1) WUE 1y, Hk A& CK 1 S70, S60 i AIK:
I Fi SPAD {E 9 S80 f i, AbER A B B35 % 5 o
T U5 B Al HECRT It 3 B (S90) 2 B2 il /N T K fe v
ZEREE SIS, s KA & S50

3 AR AR T KB S8

AL R AL EE AR T AR KB e A EA,
JUHSZ S80 Xf Pn MR E AR E . A%
XK WUE ISR, AR AR, 5
TR A R B 1 KA B TG M - SPAD R
24 KEAENESEINHART EZ54T

R 4 MO =TT Z oS R BoR, KEHER
Tr. Pn. Ci. Gs. WUE #lH} SPAD {25 &S5
TEAS[FIHE B AL BR B AP AE R 2 22 7, Tr. Civ Gs.
WUE F1HH J5 SPAD {E £ /S [7] I 17 [7] 1,3 0L Hi A 2
F7%, Tr. Ci. Gs il WUE 7£ A [ ik 1 538 B Ak
HRR 22 BAE F A B35 R s BN [ R P T 1)
Pn TR ZER, AR SEYAAEX Pn A

Table 3 Effect of shading rate on photosynthetic parameters of large polytube-raised buddings

R Tr [mmol/(m?-s)] Pn [umol/(m?-s)] Ci (umol/mol) Gs [mmol/(m?-s)]
Shading SS TS Ss TS Ss TS Ss TS

CK 2.52+0.40¢ 2.46+0.29b 7.73£0.80b  7.84+0.22¢ 237.37+£2.72b 238.55+7.31¢c 0.109+0.008¢ 0.107+0.020¢

S60 6.37+0.65a 6.32+0.20a 9.74+0.47a  8.45+0.46bc 272.17+£6.19a 281.05+£5.81a 0.227+0.005a 0.218+0.017a

S70 5.62+0.22a 2.94+0.15b 9.17£0.35a  9.27+0.43ab 275.66+4.81a 262.14+1.85b 0.260+0.050a 0.148+0.018b

S80 3.94+0.31b 2.74+0.35b 9.00+0.30a  10.00+1.05a 278.10+£6.51a 257.83+1.24b 0.205+0.026ab 0.148+0.004b

S90 2.85+0.45¢ 2.58+0.08b 9.06+£0.56a  9.25+0.10ab 269.65+8.09a 252.61£3.30b 0.164+0.026bc 0.144+0.009b

Tr: AW, Pn: HOLEEE; Ci: MUl COWKREE; Gs: SILTE. TH

Tr: Transpiration rate; Pn: Net photosynthetic rate; Ci: Intercellular CO, concentration; Gs: Stomatal conductance. The same below
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5001 L CK wS60 #S70 #S80 = S90 60.00
450t 55.00}
4.00F 50.00 +

= 4500}
g 3% w000l
E 3.00r A 3500}
g 250 < 3000}
& 200 “ 2500+
2 150} 20.00f
15.00}

1.00F 10.00F
050 F 5.00F

/I Small seedling

Y{FHI Tissue seedling
JA 1T Embryo

/N Small seedling

A1 557 Tissue seedling
JAHT Embryo

P2 R ALFE TS oK ) WUE It SPAD 5. WUE: BRI /K40 FIFH 203%; SPAD: M4t g A& &, T
Fig. 2 WUE and leaf SPAD value of large polytube-raised buddings under shading. WUE: Water use efficiency; SPAD: Chlorophyll SPAD value. The same below

4 AFEIE N REEOCASBOUR R T 200

Table 4 Two-Way ANOVA analysis of photosynthetic parameters of large polytube-raised buddings under different shading rate

AR5 3KJ8 Source of variation HHE df Tr Pn Ci Gs WUE SPAD
B2 Embryo seedling type (A) 1 38.98" 0.01 15.58™ 19.51™ 59.40™ 20.31™
I Shading rate (B) 4 105.32" 7.55" 40.97" 19.88" 72.35" 16.97"
AxB 4 13.66™ 2.88 7.40" 5.09" 17.32" 2.44

SPAD fE A2 HAE WA .
2.5 KT8 H B R e iR

M3 BT, CK A1 S60 AbFE /N A1 1
B, S70. S80. S90 Hifk, EFR#E; &l
IR ITE 98%LL E, S70 A1 S90 ik 100%, W3

110.007  wCK =860 =S70 =S80 =S90 a @ ab ab
100.00 - a by b

90.00} b b

80.00
70.00 |
60.00
50.00
40.00 -
30.00
20.00+
10.00

1B % Out-nursery rate (%)

/N Small seedling
1 Embryo

Pl 3 A [ JEE I 8 AR £ ] 60 L B

UK Tissue seedling

T CK A S80. A% K ff i i L [l %02 CK B2
TR A HE, R Ab 3 A G W % 22 55 CK M5E
BT 22 2 5 T S80 A1 S90, Xt WH B [ (1) /N 1
R P B BT A s 2335 T ) S [ R 0 BT
I, B AR 2R A R SN Y

110.00
100.00|
90.00F
80.00+
70.00F
60.00F
50.00+
40.00F
30.00F
20.00F
10.001

ababbb

THITE R Planting servival rate (%)

/N7 Small seedling
R T Embryo

4171 Tissue seedling

Fig. 3 Out-nursery rate and planting survival rate of large polytube-raised buddings under different shading rate

2.6 RS T

S AL, /NE KT T SRS 2 L
iR E R T B A, HAAEK SR AR R
O E A O s S KR T BRI AR S ik
2, AR SRR R A R B R AR
AL, HpAEKSERI TR EM RN N
W/ Tr. Gs 5 WUE, Ci. Gs 5M A SPAD {fi/a] B

A 83 BB RIS, ARt e SRR
FRSCHE: B KR Tr 5 Gs. WUE, Pn 5y
SPAD fE, Pn 5 Gs [A] BA7 &3 oA 225 A1 R4
HAESHUR I TR Z A RNE -

ANEURTETET R Te S 250 sl 429
B TR OB R R ) 2 2 B R E AR O, P
Sk MR E 2 EFEH K, Gs. WUE 5%
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BOERFZERR. M5 HARA RS RN 3 ol 2
2%, Pn. HEF SPAD {H SRR Z5M. HERL E
Prg, M, R, DA ESHAER
ZHATC R FE ARG . I R Pn 5HE
ZEfH, IR SPAD Sk S TR A 2R

5 ANFRER N R RE RSSO G S BRI R

R, HREESHSERKSHIA LR E M.

Kk, Tr. Gs. WUE =520 /N i K & w bk
s 2L AE. mEAR, RS AR KR
1k, Pn. M H SPAD fH 3= B 520 4 1% K & P Ak =
SR AEK AL

Table 5 Correlation between growth parameters and photosynthetic parameters of large polytube-raised buddings under different shading rate

Fc?(c)r x1 x2 x3 x4 x5 X6 x7 x8 x9 x10 x11 x12
x1 0.969 3" -0.018 4 0.763 5 0.9592" 0.7550 -0.0332 0.9405"  0.4509 03112 0.299 6 0.953 2"
x2 0.918 3" —0.1889 0.586 6 0.878 7" 0.5768  —0.0808 0.9124"  0.4059 0.2813 0.298 5 0.900 8"
x3 0.9352"  0.793 8 0.409 9 02339 0.423 4 0.7995 —-0.2433 0.694 7 0.6727 -0.6356 —0.1561
x4 0.967 8" 0.9843™ 0.886 5" 0.840 4 0.999 7" 0.0299 0.699 0 03751 02135 02927 0.784 2
x5 0.9890™ 09419 09030 09731 0.833 5 0.186 4 0.8713 0.6125 0.490 9 0.101 6 0.896 6"
X6 0.9524"  0.9932" 0.8572 0.998 0" 0.963 2** 0.037 8 0.684 9 03794 02163 0.286 2 0.772 4
x7 0.9679™ 0.9100° 0.9509"  0.9656™ 0.9370"  0.951 0 -0.274 4 0.8715 0.9311" -0.9424" -0.2613
x8 0.9052* 0.717 1 0.807 5 0.784 3 0.8950"  0.758 2 0.787 5 0.1858 0.074 6 0.486 5 0.990 4™
x9 0.7513 0.693 1 0.497 0 0.682 6 0.773 2 0.682 6 0.595 6 0.8730 0.9752" -0.689 2 0.207 2
x10 0.9032"  0.8863" 0.7251 0.8948" 0.8820" 0.8947° 0.8748 0.8215 0.849 6 -0.8105 0.074 4
x11 -0.9336" -0.9622" -0.8742 -0.9819™ -0.9193" -0.9807" -0.9763"™ -0.7008 -0.5894 —0.8893" 0.504 9
x12 0.726 9 0.676 1 0.4747 0.671 6 0.708 3 0.6729 0.6356 0.7927 0.9371"  0.9203" -0.6403

x1: BhiE; x2: Z5H x3: HEE x4: AR x50 MR, x6: HEHEEG x7: Tr; x8: Pn; x9: Ci; x10: Gs; x11: WUE; x12: -} SPAD; £ F: /N, A7 b 41 .

x1: Plant height; x2: Stem diameter; x3: Leaf-whorl number; x4: Biomass; x5: Leaf area; x6: Vigorous seedling index; x7: Tr; x8: Pn; x9: Ci; x10: Gs;

x11: WUE; x12: Leaf SPAD. Lower left: Small seedling; Upper right: Tissue culture seedling.

3 i

3.1 ERX R E KR

T 52 30 S o 18 5t 2 2 B HH A L 1Y) 52 3 0 IR,
HARRMAEMYI MBS b, EEEmtk e, 1
By mE B, A, AR RS SIS
FSIR TR, KRUIR (Baccaurea ramiflora)4i i
4D 32 BB S0 LA 4 5T (69.2%3 ' %) ~6 %1 (80.0%
MEEAR), iGN B R ) i AR K, HiAR g
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Mg g B BRI O AR T), AR TR KA
AL TREG WHER 2 60%I1 /N K R HTRT 80%[H)
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i BEIEI] 90%35 Sk 3 BRAK 1 K& B I A & Ak
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3.2 EEAXT R E AR R
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S5OE ARG Be )34, A E AL BRI
Pn. Ci. Gs ¥WFEREFEZ RN KT, 2 Fk
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R AbFR N KA M9 Tre Pn. Civ Gs A1 WUE 77
FEMR 535 72 5, ANIR] IR B 5 2 B AL B 1 22 LA FOR
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MR 25 R R s A e IR AT B I B (90%) 2= 52 /)y
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zhennan) ¥ PR ILEEA — B, BT R Aei
REEE TR RFEHAKKE, MEEEN TR
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