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1.1 fARXER HAXA TERESADER
VLA 3 Bk 2891 4% 3 3 BL (19° 23713.83"N, 109°
17'35.82"E, 4k 114 m) . iZMWF 78 X #4748 L +
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R4 HE S5 3: 2 (R Ll 4 5 1 3 A w6 H 19 A kAT
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(25%M) , @ F HLAE & R 50% 14 2= & AR 4 22
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Tab.1 The amount of fertilizer applied in different treatments in test plots

BANEACST 6 3 4 i I0
e v Fertilization rate in a single fertilizer pit in June
Treatment RElg BRI ALy A HLIE e
Urea/lg  Superphosphate/g  Potassium chloride/g  Organic fertilizer/kg
ANTEAE (CKD ; ) ) )
No fertilization (CK)
JOSNR
H AL (NPKO
Conventional fertilization (NPK) 608.70 1166.00 300.00 /
A 25% A HUAL (25%M)D
Replacement of 25% chemical nitrogen fertilizer (25% M) 436.52 1031.63 289.48 12.15
B 50% 127 R (509%MD
Replacement of 50% chemical nitrogen fertilizer (50% M) 304.35 897.27 278.97 24.31
A T5% A2 EIE (T5%M)D
Replacement of 75% chemical nitrogen fertilizer (75% M) 152.17 72652 268.46 36.46
. .
# X 100% 1~ ZUE (100%MD ; 0861 55705 4861

Replacement of 100% chemical nitrogen fertilizer (100% M)

T /RS E Y 0.

Note: “/” indicates that the amount of fertilizer applied is 0.

BT s 3 — 807 i E R A A A RIS %, 5 AR
KT i — #8431 BE L 10 H 57 FH T 4= 358 pH 5256 43
BT, 55— S 3k 100 B 95 #EAT A HLARK A4 0 4%
FRFR PS5 93BT

T IEBELALAE TR (0 5 S HE SR A A T )
pHE KK : £:=2.5: 125 —pH 1 (PHS-3G) %M
JE 3 LIS K E (SWC) R 105 “CHEF—FR &5
5E 3 A WU (SOC) K FH B 8% B B0 25 i — M #432:
WIE 5 45 CTND R H I 1 I B E 5 T AL
1 CAvP) % 11 0.03 mol - L' NH,F-0.025 mol-L™" HCI
RIR—HHEPUEL CRIDE ; B A R (NH-ND AT &
Z.(NO3-N) 3% FH 2 mol - L™ KCl & $& — 3% 4 /i 51 7>
HTAC 52 -

K SFLAR % Y6 iEPT R 4 8 sl g bR A (WD-
2102B) Wl & 4 Fh B A AQSR 14 i 1 388 il s 1, (0 9
1 B 2 5 5095 30 1 B  B-1, 4-78] % B 7 I (BG) , AT
B RERAEA PRGNS FaRAREE M 2 M 2 5%
PEIR I « L 2 FR 2 K (LAP) \B-1,4-N- 41
RAEHE PR EE(NAG) s 5 T3 # A0 AH X 1
il : PR PEBE IR G (AP) o
1.4 HBAIE RS BRI RS A, %
43 CONL P EE AL 27 e B A7 o $ i 1k,
H1 InBG/In (NAG+LAP) A C: N, InBG/InAP 4 i
C:P.In(NAG+LAP)/InAP A N: P. iz ¥ [H &

J5 253 1% (One-way ANOVA) 73 H1 AS Al A HLAE %
ARA 2 NE L 451 L 398 2 A TR L M A il e %
it tb 2 5%, R LSD k2 B R — L2 T
AR B AE A R A HUIE & A 2 EUIE L 451 1) ) 22
S0 DL CONLPEEE AR N R AR &, AL
PE 5T g B AR B, A FH BB AR PR AR R o A [+ - 4
PP 7 BEAT B AR PR, LA E % T3 T
HECONLPAH G By 00 35 1 1) BB B . AR TR
SPSS 21.0 347 84 4t i1 73 #r » H Origin 2023 #1 R
BAER.

2 HREDR

21 AEHFHBENEEREFRIELIE AT
FOEIME S NPKAHAME,0 ~ 10 cm. 10 ~
20 ¢m+ 20 ~ 40 cm F140 ~ 60 cm 1 2 SOC & &
25%M b 3 73 i) i 3 3 5 18.6% 27.4% 64.8%
20.7% (P < 0.05) (E 1-a) ;0 ~ 10 em 110 ~ 20 em
+ 2 L TN & & 75%M 4 FE 2> ) E R
24.9%.32.2%(P < 0.05) (& 1-b);0 ~ 10 em L )2+
HE NO3-N & 5 1E 75%M F1 1009 M Ak FE 43 551 & 2 $2
7 168.6% F11114.8% (P < 0.05) (] 1-¢) ;0 ~ 10 em+
10 ~ 20 cm F120 ~ 40 cm 1 )2 + 3 NH-N & B 7
25%M Kb 3 5y il B 2 3R 21.6%- 60.6% 41.1%
(P<0.05E1-d);0~10em F110 ~ 20 em £ 2+
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Fig. 1 Variation characteristics of soil nutrients in different soil layers under the treatment with different fertilizer ratios

Different lowercase letters indicate significant differences between different fertilization treatments in the same soil layer , and differ-

ent capital letters indicate significant differences between different soil layers in the same fertilization treatment (P < 0. 05).
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50 ~ 10 em F1 10 ~ 20 em -2 35 C 7530 B IS P
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60 em 1 )7 T35 C P B E ME (P < 0.05) (Bl 2-a)
NPK AL FE R Z 70 ~ 10 em+ 10 ~ 20 em 2 1%

N JEIREE IS T (P < 0.05) , 75%M Kb R 2 4175 10 ~
20 cm 140 ~ 60 cm 2 + 38 N 75 IR E 5 P (P <
0.05) (& 2-b) ; NPK Ab #2232 550 ~ 10 em A1 10 ~
20 cm + )2 T3 PRI RIS PE (P < 0.05) , 75%M 4k
P ZHE T 10 ~ 20 em F140 ~ 60 cm 12 3% P g
BT (P < 0.05) (B 2-¢) .
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Fig.2 Variation characteristics of soil enzyme activity in different soil layers under the treatments with different fertil-

izer ratios

Different lowercase letters indicate significant differences between different fertilization treatments in the same soil layer , and differ-

ent capital letters indicate significant differences between different soil layers in the same fertilization treatment (P < 0. 05).

A [ e B A R AL S T B L A AT 45 R
(RDEW: LI C: NI = N 0.81 ~ 0.98;
IR C:P A2 R EL 0.94 ~ 1.12; R IEREN: P AL
FAbE I 1.03 ~ 1.22. 5 NPK AL FAH L, 75%M.
100%M Kb 3 5 2 [54IK 10 ~ 20 em -2 EF C: N1k
At E L, 25%M b PR 2 HE 520 ~ 40 em 1 JE 1)
filf C:NAb2E TR B, 509%M AFE 5 2 3215 40 ~ 60 cm
T EMEE C: N 2ETHE (P < 0.05) 5 1009%M A #
BERE T 40 ~ 60 cm L2 HIEEC: PALAA I E L
(P<0.05),0 ~ 10 ¢cm+10 ~ 20 cm+20 ~ 40 em + /2%
HHUNEBAAL LY G B35 2 57 . 25% M 1009 M 4bHE
BERE T 10 ~ 20 em +ZHIEEN: PALE R,
259%M AL PRI 2 AR T 20 ~ 40 em L2 BN : P AL
R P <0.05),0 ~ 10 cm- 40 ~ 60 em 2%
AHUIE AR RIS T B2 2 57

23 HIEBAMRSEEMMNXRE gy
P 5 R 1 1R AT Spearman AH ¢ 1 43 #T &5
(F3DERW, CHGABEE M pH 2453 FUA 5K
NGBS SOC B FAHKKER 5 pH
B RE IO R PIEHEGETES SOC.pH 2 7AH
KK FR o H BN X 500 L e R s P 1) -
PR R AT VT AL S5 R (B3R B, 52 C
RIS P 1 32 22 A & pH.SWC.SOC. TN, H &
BE 5 71.1% (B 3-a) 5 5200 N (G PR BG4 1) 5 25
Wi X742 SOC pH SWC AvP, H: 5 B |5 73.69%(
3-b) s S PG PR BEE 14 3 B0 K& SWC.NH:-
NNO:-N.pH, FH Z % 5 75.6% (K] 3-¢)

2.4 FEILLBIBHARE K I TBRAMBS AL Bk R
ORTE AR 7 2022 45 B (AR B bk 2

P TG (U FLEFED 4 R (K D BoR,
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Tab.2 Characteristics of soil enzyme stoichiometry in different soil layers under the treatments with different fertilizer ratios

T IgEEE R L
AR Jem Kb Soil enzyme stoichiometric ratio
Soil depth/cm Treatment it C:N C:p N:P
Enzyme C:N Enzyme C:P Enzyme N:P
CK 0.880 + 0.009 Ba 1.153 £0.016 Aa 1.016 + 0.024 Ba
NPK 0.887 + 0.008 Ba 1.154 +0.013 Aa 1.024 + 0.009 Aa
25%M 0.868 + 0.005 Ba 1.198 £ 0.016 Aa 1.040 £ 0.017 Aa
0~10 50%M 0.890 + 0.021 Aa 1.140 £ 0.016 ABa 1.015 + 0.037 Aa
75%M 0.870 + 0.004 Aa 1.172 £ 0.015 Aa 1.020 £ 0.015 Aa
100%M 0.877 £0.019 Aa 1.170 £ 0.033 Aa 1.026 + 0.024 Aa
CK 0.948 + 0.019 Aa 1.156 + 0.024 Aa 1.094 + 0.016 Aa
NPK 0.948 + 0.013 Aa 1.070 £ 0.015 Bb 1.014 + 0.003 Ab
10 ~ 20 25%M 0.901 +0.016 ABab 1.188 £ 0.005 Aa 1.071 + 0.024 Aab
50%M 0.909 + 0.021 Aab 1.139 + 0.012 ABa 1.034 + 0.013 Ab
75%M 0.894 + 0.007 Ab 1.125 £ 0.005 Aab 1.006 + 0.003 Ab
100%M 0.881 +0.018 Ab 1.180 + 0.022 Aa 1.040 + 0.024 Ab
CK 0.858 + 0.005 Bb 1.162 + 0.004 Aab 0.996 + 0.009 Ba
NPK 0.841 +0.022 Ch 1.171 £ 0.029 Aa 0.984 +0.018 ABa
20 ~ 40 25%M 0.928 + 0.046 Aa 1.090 + 0.050 Bb 1.009 + 0.004 ABa
50%M 0.877 £ 0.001 Aab 1.164 £ 0.003 Aa 1.021 £ 0.002 Aa
75%M 0.880 + 0.025 Aab 1.127 + 0.027 Aab 0.991 + 0.004 Aa
100%M 0.863 + 0.015 Ab 1.176 £ 0.019 Aa 1.015 + 0.003 Aa
CK 0.867 + 0.002 Bab 1.151 £ 0.002 Aab 0.997 + 0.004 Bab
NPK 0.833 + 0.001 Cb 1.134 + 0.004 ABab 0.944 + 0.002 Bb
40 - 60 25%M 0.864 + 0.016 Bab 1.132 + 0.005 ABab 0.978 + 0.022 Bb
50%M 0.917 + 0.007 Aa 1.081 + 0.050 Bb 0.991 + 0.039 Aab
75%M 0.850 + 0.006 Ab 1.160 + 0.059 Aa 0.985 + 0.043 Aab
100%M 0.874 +0.016 Aab 1.188 £ 0.012 Aa 1.038 + 0.012 Aa

T« [FATE 5 A F/NG P REROR [F) — R ARG AC AR BRI 22 57t 5 25, AN FRR'S - BER R A — i AR AL BEAN ] 4 2 1) 22
A=
FREP<0.05,

Note: Different lowercase letters after the same row of values indicate significant difference between different fertilization treat-
ments in the same soil layer, and different uppercase letters indicate significant difference between different soil layers in the same
fertilization treatment (P < 0. 05).
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Tab.3 Correlation coefficient between soil physicochemical properties and soil enzyme activity

NO;-N  NHi-N TN soC AvP pH SWC BG NAG+LAP AP
NO;-N 1.000
NHi-N  -0279°  1.000
TN 0.645"  -0.081  1.000
SOC  -0.026 0325 0357 1.000
AvP 0.361" -0.050  0.509" -0.058 1.000
pH -0.251 0224 -0352" -0.174  -0.239  1.000
SWC  -0.048 0218 -0012 0308  -0.007 -0.214 1.000
BG 0209 0137  0.143  -0.098  -0.076 -0473°  -0.033  1.000
NAG+LAP  0.129  -0.031  0.108 -0375° 0070 -0290"  -0.042  0.494~ 1.000
AP -0.037  -0.153 -0.017  -0.185 0031 -0067  -0.029  0.511" 0.645™ 1.000

e 20 AL 0. 01.0. 05 [ 2 MK

Note: ** and * represent significance levels of 0. 01 and 0. 05, respectively.
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Fig.3 Importance score of different physical and chemical factors affecting soil C, N and P enzyme activities
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F110090M AbFEIS) B2 HE = TR bk R 8 (P <

0.05) , AR 518 11.9%16.4% F111.8%.
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Fig.4 Cumulative yield per single rubber plant under
different fertilization ratios
H R 6] K5 5 B 2 7 AN [) it JE Ak 3 Th) 222 5 2 A
(P<0.05),
The difference between different fertilization treatments

was significant (P < 0. 05).
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3.1 AREEFHBENRERFETBLES LIEF
SRIFN  ARBEFR A R KW, 5 NPK AL BEAH L,
25%M AbHLHY I 2 HE 0 ~ 10 em+ 10 ~ 20 ¢em+20 ~
40 cm F140 ~ 60cm -2 3 SOC H 2 (E 1-a). X
A] BE S DA A it FH A AL RE B BTG B B e FL 422 1)
g8 g N AR WL, B BG 0 358 i VA BLAR
R AR R B R Y B R A EE A NS
RALZE BN A 2R AL L 338 BT 0 38, 3 vy
1] (1) A6 HLAE B AR AL 2 U 2 5 B Re A3 R WSk FH 1
BERETERD, WA SEA VRN TR, +
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Effects of different proportions of organic fertilizer
replacing chemical nitrogen fertilizer on soil nutrients and

enzyme activities of rubber plantations in Hainan Island

LU Wen'?, XU Wenxian®, SU Tianyan'?, YU Lei'’, JIANG Yamin'?, LU Jingli'?
LIU Wenjie'?, YANG Qiu'?
(1. College of Ecology and Environment, Hainan University, Haikou, Hainan 570228, China; 2. Key Laboratory of Agro-Forestry
Environmental Processes and Ecological Regulation of Hainan Province, Haikou, Hainan 570228, China; 3. Rubber Research

Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101, China)

Abstract: The effects of different proportions of organic fertilizer replacing chemical nitrogen fertilizer on soil
nutrient and enzyme activity in rubber plantations is of great significance for selecting a reasonable substitution
ratio and the sustainable development of natural rubber. The rubber plantations in Zhubijiang Farm, Baisha Li
Autonomous County, Hainan Province was selected as the subject, and six different treatments were set up from
June 2022 using the principle of equal nitrogen application: no fertilizer treatment (CK), Conventional fertilizer
treatment (NPK), organic fertilizer replacing 25% chemical nitrogen treatment (25% M), organic fertilizer
replacing 50% chemical nitrogen treatment (50% M), organic fertilizer replacing 75% chemical nitrogen
treatment (75% M), organic fertilizer replacing 100% chemical nitrogen treatment (100% M). Soil samples of 0 ~
10 em, 10 ~ 20 ecm, 20 ~ 40 c¢cm and 40 ~ 60 cm were collected after fertilization for 4 months, and the
characteristics of soil nutrients and enzyme activities were analyzed. The results showed that 1) compared with
the NPK treatment, the 25% M and 50% M treatments significantly increased the soil organic carbon (SOC)
content in 0 ~ 10 ¢m, 10 ~ 20 e¢m, 20 ~ 40 cm and 40 ~ 60 cm soil layers. The 75% M treatment significantly
increased soil total N (TN) content in all soil layers at 0 ~ 10 cm and 10 ~ 20 ecm. The 75% M and 100% M
significantly increased the content of soil nitrate-N (NO3-N) in 0 ~ 10 c¢m soil layer. The 25% M treatment
significantly increased the content of soil NH;-N in 0 ~ 10 em, 10 ~ 20 ¢m, and 20 ~ 40 c¢m soil layers. The
100% M treatment significantly increased the content of soil available P (AvP) in 0 ~ 10 ¢cm and 10 ~ 20 c¢m soil
layers. 2) Compared with the CK treatment, the 75% M treatment significantly increased activities of C (8-1,4-
glucosidase, BG), N (L-leucine aminopeptidase, LAP; B -1, 4-N-Acetyl Glucosaminase (AP)), P (Acid
phosphatase, AP) cycling enzymes in the 10 ~ 20 ¢cm and 40 ~ 60 c¢m soil layers. The pH, SOC, soil water content
(SWC), TN, AvP, NH,-N and NO,-N were the main factors affecting the activities of C, N and P cycle.
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3) Random forest model showed that compared with the NPK treatment, the 50% M, 75% M and 100% M
treatments significantly increased the rubber yield per plant by 11.9%, 16.4% and 11.8%, respectively. In
summary, the 75% substitution ratio of organic fertilizer is effective on increasing the soil TN content and soil C,
N, and P cycle-related enzyme activity, thereby improving the rubber plantation soil environment, better
increasing the individual rubber yield, promoting the sustainable development of rubber production.

Keywords: rubbber plantation; organic fertilizer replacement; soil enzyme activity; soil enzyme

ecostoichiometry ; soil nutrients
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