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Effects of Exogenous Nutrients on Soil Carbon and Nitrogen Storage
and Nutrient Absorption Efficiency of Amomum villosum

WANG Yongpeng'?, ZHANG Guangyu', CHEN Bing', LIU Min!,
QIN Jiangwei', HU Dan? ZHANG Yongbei'

(1. Hainan State Farms Academy of Sciences, Haikou 570100, China;
2.State Key Laboratory of Urban and Regional Ecology, Research Center for
Eco—Environment Sciences, Chinese Academy of Sciences, Beijing 100085, China )

Abstract: [ Objective ] The effects of exogenous nutrients on the forest soil environment and crop nutrient
transformation were explored based on rubber and Amomum villosum intercropping system. [ Method ] Four treatments
were set up in combination with the gradient fertilization experiment: no fertilizer ( CK ) , farmyard manure (M) ,
chemical fertilizer (F ) , organic fertilizer + compound fertilizer ( 0+C ) , and nutrient inputs were carried out for two
consecutive years. The change of soil carbon and nitrogen storage and main factors influencing nutrient absorption efficiency

of A. villosum under exogenous nutrients were analyzed. [ Result ] Under natural growth conditions, the soil carbon and
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nitrogen storage of CK treatment decreased by 4.08% and 3.57%, the above—ground part carbon and nitrogen storage increased
significantly by 32.03% and 40.20%, and the underground part carbon and nitrogen storage by 35.47% and 42.58% from
2017 to 2019, respectively. The input of exogenous nutrients accelerated crop nutrient absorption and soil carbon and nitrogen
solidification. Compared to CK, it was found M, I and O+C treatments improved total biomass by 5.52%, 9.61% and 11.89%,
meanwhile, M and O+C treatments improved soil carbon storage by 6.96%and 8.14% and soil nitrogen storage by 3.15% and
3.43% in 2019, respectively, with significant differences. O+C treatment had the most obvious impact on the conversion and
absorption of soil nutrients, and the outputs of soil carbon and nitrogen were showed as O+C>F>M>CK, and the amounts of
soil carbon and nitrogen solidification were showed as O+C>M>F>CK. [ Conclusion ] The analysis results show that the long—
term understory intercropping of A. villosum will cause the inherent soil carbon and nitrogen storage consumption of the rubber
plantation, and exogenous nutrients can effectively increase soil carbon and nitrogen storage and nutrients absorption efficiency
and maintain the balance of soil carbon and nitrogen storage. In particular, organic matter plays a positive role in protecting
ecological benefits and maintaining sustainable development of soil fertility.
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Table 1 Effects of different exogenous nutrients on biomass
and coverage of Amomum villosum and soil density
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&2 ARESMNEFSILESAVE (TOC)
Eem (TN) SEMRMm
Table 2 Effects of different exogenous nutrients on soil total
organic carbon ( TOC ) and total nitrogen ( TN ) content

M A
EE T S .
gy o Aboven gy, EEE S R
ground . Coverage Soil density
Year Treatment i’ biomass N
bhiomass (hm? ) (%) ( g/cm?®)
(t/hm?)
2017 CK 6.09+0.10 1.25+0.04 58 1.343 +0.019
M 6.05£0.11 1.27+0.02 56 1.338 £0.017
F 6.08+0.04 1.26+0.10 58 1.335£0.015
0+C 6.08+0.08 1.26+0.09 57 1.345 £0.014

2019 CK 6.72+0.09d 144003 65 1.323 £ 0.015a
M 728+0.12c 1.74+0.05a 68 1.299 +0.019ab
F 820£0.12a 1.60£0.07b 70  1.317+0.015ab
0+C 813 1.84£0.10a 71 1.291 £ 0.012b
T SRR S NG ST R FoR 25

Note: Different lowercase letters after data in the same column represent

significant differences.

O+C &b ¥ 14 5 5% K., 2019 4E, M. F. O+C &b 3§
A &b Hb 2B 4 b CK 20 91 5 8.35% . 22.04%
H121.09%, #2449 & b CK 43 51 & 20.94%
11.02% 1 27.67%, & B AR SR 70 % FH A0 A4
Yy (52 H R 3 B AR O+C AbHE A T
Lt CK Ik 2.39%, 25 W3, FRHAHLUIL + AL
NEFEBCAE AR, Mo T I 22 - R 0 B s B
Mz PR, FRAURS e L3, a7 1N
AIHEE SGE A, AR TR KR AR .
22 MNEFESEANEHETIERR, 28 RE
EEmETL

FH2E 2 AT, 2017 4F3)] 2019 4F A5 AR, M,
O+C AR 3 A PR . 2R S BEN M, +1E
B WL A4 A 9.32% 1 13.16%, +HEARA
SRR 5.82% F1 8.40%., 2019 4, M. F.
O+C AbBE B HLAR 5 5t CK 2051 55 11.99%
3.70% 1 15.54%, 2R & CK 20505 7.74% |
4.13% f19.91%. Hrh, M, 0+C 4b# 5 CK 257
B, FABSASEEERT CK, HAYKS
WA BEA, X—E R LUl Lk
TR EEOk B TAVIMEINESR SRR,
AR R EE s 20k A T IO MNESR 531
B

2 3 0%, CK. M, O+C Ab# + 34 MLk
5 2019 4F H 2017 4FBA0E 4> 51k —4.08% . 6.16%
1 8.63%, 4R fifi mt ¥ W 435 R -3.57% . 2.75%
F14.09%, FACPREA WE A4 2019 45, M,
O+C Ab 3 + A7 FLARAf & L CK 4391 /5 9.90% Fil

GR35 TOC TN BRALL
Year  Treatment (g/kg) (g/kg) C & Nratio
2017 CK 11.7 £ 0.3A 1.18 £ 0.01A 9.97 +0.34
M 11.7+0.5B 1.18 £ 0.03B 998 £0. 17
F 11.7+0.3A 1.17 + 0.05B 9.97 + 0.64
0+C 11.7+0.5B 1.17 £ 0.04B 9.99 +0.44
2019 CK 11.4 £ 0.1Ab 1.15 £ 0.02Ac 9.92 £0.12b
M 12.8 + 0.4Aa 1.24 + 0.03Aa 10.31 £ 0.10ab
F 11.9 + 0.4Ab 1.20 £ 0.01Ab 9.87 £ 0.15b
0+C 13.2 £ 0.6Aa 1.27 £ 0.02Aa 10.42 + 0.38a

T [ASEE R/ NG ST AR E FOR 2 5 3
Note: Different lowercase letters after data in the same column represent

significant differences.

#3 AESMNREMEFS X T IEREEERX0E
Table 3 Effects of different exogenous nutrients on soil
organic carbon storage and soil nitrogen storage

AT LI LA
i e ' ié%ﬁ+ﬂ(1ﬁ11%z j:%%%ﬁkﬁﬁz
Soil organic carbon storage ~ Soil nitrogen storage
Year Treatment
(kg/m?) (kg/m?)
2017 CK 3.16£0.11 0.317 £0.001
M 3.14£0.15 0.314 +0.010
F 3.12+0.11 0.314 +0.002
0+C 3.14+0.12 0.315 +0.007
2019 CK 3.03 £ 0.03b 0.305 +0.001c
M 3.33 £ 0.06a 0.323 + 0.003h
F 3.12£0.07b 0.316 + 0.002h
0+C 341+0.11a 0.328 + 0.002a

T AR NG SO B S AR 22 5
Note: Different lowercase letters after data in the same column represent

significant differences.
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TR AW B . AUAE I 2019 4F R 2E R T 2017
AR, Hodr, M EERsER . AR ST A 32.03%
F140.20%, M T4k, A5 5 35.47%
F142.58%, Ui ASRERZMT, 5~6 4EHERD
ARKIERE, TETCAMEFR M AR OL T, AR
Yyt R i AT AR I A B A A o

2019 4E [ F ® Uk 3 iF, M, F. O+C &b 3
i 543k i 5 1 L CK & 7.80% . 8.13% Al
22.79%, Hb T 53 As A I o ) e CK 5 14.60%



58

200
- i -84 Aboveground
%ﬁ 160 m il 43 Underground
e
= g he o o B
K2
5 80 B B B B
2
5 40 Ab Ab A
S B B, B B g 2
0
E 160
en
EE! EDIZO )
= = i
®E 80| _ _ Jac | ab [{ab | Aa
5} N
g 40 B B B B
z R . 3 5 e Ab pmmAab gumAa
CK M F O+C | CK M F | o+C
2017-09 2019-08

A: Wikfifii; B: Zfifi  A: Carbon storage; B: Nitrogen storage
INE R E RN 2E 5 B

Different lowercase letters represent significant differences

E1 FAEMNEFSFGTHEER E, B TEYEMNETL
Fig.1 Changes of aboveground and underground biomass
of Amomum villosum under different exogenous nutrients
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Table 4 Effects of different exogenous nutrients on input, output, solidification and

absorption efficiency of soil carbon and nitrogen

fhg T At Bl i ek ey BRI S AL S Hh A PRNLikiany UG &S
Treatment C input C output C solidification C absorption N input N output N solidification N absorption
reatmen (kg/hm?) (kg/hm?) (kg/hm?) efficiency ( % ) (kg/hm?) (kg/hm?) (kg/hm?) efficiency ( % )
CK 0 34.8 -261 0 23.8 -14
M 568 482 1873 513 299 81 5.8
F 257 47.8 23 600 383 28 6.4
0+C 696 69.3 2188 675 42.6 87 6.4
10 100 r e
o ARG I
— Root biomass nitrogen storage B
T 3 80 | a M EAEEE G A
£ Aboveground biomass
- 7 ~ nitrogen storage =0.93
IH » 4o
= g 6 @ Ti 60 P <0.001
H 2 B
Ho I
?_\-] § 4 r=0.97 5 240
o X
g P <0.001 # §
2 @
3 2 20 |
< =0.96
P <0.001
0 L L 1 ] 0 1 1 1 ’
0.5 1.0 L5 2.0 2.5 0.5 1.0 L5 2.0 2.5

AW Root biomass (t/hm? )

K49 # Root biomass (t/hm?)

A: b EAEYE; B AEWEREASEE A: Aboveground biomass; B: Biomass nitrogen storage

B2 HEWRFZEVE. M EEYESEYERMEENAXY

Fig. 2 Correlation between root biomass and aboveground biomass and biomass nitrogen storage of Amomum villosum
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