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Abstract: Manganese (Mn) is a crucial element influencing the performance of natural rubber. This study investigated
the effects of different fertilization strategies on Mn content in soil, rubber tree (Hevea brasiliensis Muell. Arg.) roots
and leaves, latex and raw rubber, and the subsequent impact on rubber properties in rubber plantations. The aim was to
provide theoretical insights for optimizing rubber tree fertilization and enhancing natural rubber properties. Field ex-
periments were conducted from 2022 to 2023 in a RY 73397 variety rubber plantation. Quantitative fertilization was
applied to individual rubber trees using a composite approach involving hole application and tapping panel. The control
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group received no fertilizer treatment (CK), while five different fertilization treatments were implemented: 2 kg sodium
silicate (T;), 0.5% zinc molybdate fertilizer (T,), 5 kg biochar (T3), 5 kg biochar+0.5% zinc molybdate fertilizer (T,) and
5 kg biochar+0.5% zinc molybdate fertilizer+2 kg sodium silicate (Ts). Samples were collected during various months
of latex production period to determine dry rubber yield, Mn content in various samples (soil, roots, leaves, latex, raw
rubber), and rubber properties under different fertilization strategies, analyzing their effects on Mn content and rubber
properties within the soil-rubber tree system. The rubber yield from different treatments ranged from 44.96 g to 62.90 g.
Treatments T;, T;, T4 and Ts increased soil pH value, and effectively transformed bioavailable forms of Mn into less
available forms for rubber trees in soil, with treatment Ts being most effective. Treatment Ts also significantly reduced
Mn content in rubber tree roots. The application of T, and Ts treatments significantly reduced Mn content in latex.
Treatment T, was effective in enhancing the plasticity retention, while treatments T,, T;, T4 and Ts were capable of im-
proving the initial plasticity of raw rubber. Treatments T4 and Ts significantly increased the Mooney viscosity. Follow-
ing the implementation of T,, T3, T4 and T treatments, the initial plasticity, plasticity retention, and Mooney viscosity of
natural rubber all complied with the General Specifications for Natural Rubber Used in Aircraft Tires. The num-
ber-average molecular weight and weight-average molecular weight of raw rubber under different treatments ranged
from 35.25x10* to 39.57x10* and from 161.84x10* to 167.32x10*, respectively, while also decreasing the molecular
weight distribution. To summary, the combined application of biochar, sodium silicate, and zinc-molybdenum fertilizers
can enhance soil conditions, affecting the yield of rubber trees and the manganese (Mn) content in both latex and raw
rubber, which in turn influences the properties of raw rubber. Based on this study, the Ts treatment (5 kg biochar+0.5%
zinc molybdate fertilizer+2 kg sodium silicate per individual tree) is recommended for comprehensive enhancement of
dry rubber yield and rubber properties.
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Tab. 2 Dry rubber yield and latex concentration under different fertilization treatments

PRk B 77 B Dry rubber yield of per plant

B ETEY) Total solids

T Dry rubber

Freament bk it e e i e
Yield of per plant/g Relative increase/% Content/% Relative increase/% Content/% Relative increase/%

CK 48.39£11.56" 35.86+4.58" 31.05+4.84*

T, 51.09+18.31% 5.58 36.51+3.90° 1.81 32.22+4.69° 3.77
T, 44.96+15.22° —-7.09 35.98+4.56" 0.33 32.25+5.87% 3.86
Ts 57.59+18.73% 19.01 36.80+4.48° 2.62 32.34+5.17° 4.15
T4 54.33+23.05" 12.28 37.34+5.20° 4.13 31.58+5.37¢ 1.71
Ts 62.90+£18.47% 29.99 36.53+5.02° 1.87 32.74+7.19* 5.44

e FFIAR/NG PR A 22 57 3% (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
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Fig. 1 Soil pH values under different
fertilization treatments
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Fig. 2 Content of different forms of Mn in soil under
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Fig. 3 Properties of raw rubber under different fertilization treatments

232 ABRHyFEESTESAGEML KBS MW/MN HEKERS FREMMEREBLTE, K2
TR AR TR, R TR A, WK 4 R, AR A R /7 i
S TR I T (MN) 5 78 35.25x10%-39.57x10* Z [a], ¥ 4> T8 78
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Tab. 4 Molecular weight and distribution of raw rubber
under different fertilization treatments

MN HHXf MW HHX
s = 1) &
JiSt /@Iﬁg S /i L R Mw
Treatment ST Relative P THE Relative  /MN
MN/x10* increase of MW/x10* increase of
MN/% MW/%
CK 35.25% 161.84" 4.64
T, 36.95" 4.84 164.37° 1.56 4.47
T, 38.15° 8.24 167.32° 3.39 4.39
T; 39.57% 12.27 166.38" 2.80 4.28
T, 36.35° 3.13 165.22° 2.09 4.58
Ts 36.62° 391 163.72° 1.16 4.49

e FSIARF/NG FRE R R A B 25 5 3 (P<0.05 ),
Note: Different lowercase letters in the same column indicate
significant difference among treatments (P<0.05).
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TFRBEMSE (P<0.05); TRARHEFEHE (P<0.01),

" indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).
B4 BREFMERN Mn EE5ERKERENEXE

Fig. 4 Correlation between latex and raw rubber Mn content and the properties of raw rubber
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