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Synergistic Effects of Microbial-Nutrient Interactions Under Combined Application of

Nitrogen Reduction and Humic Acid in Acidic Paddy Soil

LU Yongj ie'’, HOU Pan'?, MA Junwei'?, YU Qiaogangl’z, SUN Wanchun'?, WANG Qiangl’z, LIN Hui'?, YE J ing"z, ZHU Xiaofang4,
SHEN Renfang*, YANG Yan®’, WANG Feng'*"

(1 State Key Laboratory for Quality and Safety of Agricultural Products, Zhejiang Academy of Agricultural Sciences, Hangzhou
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Abstract: To address the challenges of exacerbated soil acidification and difficulty in achieving both fertilizer reduction and
efficiency enhancement in southern China’s paddy soils, primarily caused by excessive chemical nitrogen fertilizer application,
this study investigated the synergistic improvement effects of combining nitrogen reduction with a humic acid soil conditioner. A
two-year field experiment (2023—2024) was conducted using plot trials in Jinyun County, Lishui City, Zhejiang Province. Three
treatments were established: conventional fertilization (CK), 15% nitrogen reduction (85%N), and 15% nitrogen reduction

combined with humic acid amendment (85%N+HA). Soil physicochemical properties, biological characteristics, and rice yield
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components were systematically analyzed. The results showed that compared with CK, 85%N did not significantly ameliorate soil
acidity, whereas 85%N-+HA significantly increased soil pH by 0.17 units and reduced the contents of exchangeable H" and AI**.
Under nitrogen reduction, 85%N+HA effectively maintained the level of alkaline-hydrolyzable nitrogen and significantly
enhanced the contents of available phosphorus and available potassium. Furthermore, this treatment significantly increased soil
organic matter, promoted the formation of macro-aggregates, enhanced the activities of sucrase, urease, and acid phosphatase,
improved soil bacterial diversity (Shannon and ACE indices), and significantly increased the relative abundance of
Pseudomonadota. Ultimately, 85%N+HA significantly increased rice yield by 18.5% compared to CK, achieved through higher
panicle number and more grains per panicle. In conclusion, the combined application of reduced nitrogen and humic acid
amendment, through the synergy of chemical and biological processes, successfully mitigates soil acidification, enhances soil
fertility, and increases rice yield while reducing nitrogen input, providing an effective technical pathway for the remediation of
acidified paddy fields in southern China.

Key words: Nitrogen reduction; Humic acid-based composite conditioner; Acidified soil amelioration; Soil fertility; Microbial
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JEE(28°74'19"N, 120°16'98"E)iEAT . 46 X & T i
AU 2 M, AR 3 18.8 °C, AR
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FH [E] 00 R FHBEALIX 5T, Heise ' 3 AN Ab B
DCK, 4&F1# Bt AU N 220 kg/hm®; @85%N, #
P U R 15%, BDiti%E N 187 kg/hm®; B
85%N+HA, Uit A 5 FIRZ 15%+3 000 kg/hm’ i
FAPRFESE A RHR . b, R P ISR “rde”
52 A MR CHT VT 5 2 R RE R R B A BR A | A7),
N-P,05-K,0 4 15-15-15, PHBEEFIN “HIRE” (WL
FHIRHE A R AR A7), pH 10.5, AL =
20.0%, JEHEMR =8.0%, Ca0=15.0%, Mg0=10.0%.
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Bii kK ME R, DUSEBEE 1 m SE- 1T, /X HA&
M7 HEHFBOME . g R Y, e R IR MoK
B e B M b AR N BHERE (0 7 VA S, FH (] HCA,
PR M AR 7 R — 3 HEEOK R SRR
P 15407 (BIRACHINE = RIS RE, HM#TE T
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52024 4 11 A 8 HUkgk.

1.3 HERRESNE
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Soil acidity under different fertilization treatments
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Fig. 2 Soil acid buffering capacities under different fertilization
treatments
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Fig. 3 Soil nutrient contents under different fertilization treatments
#1 TEBEELETHREMBAES o) 8 25 AR 19.2%; 85%N+HA b FRU R T oy &
Table 1  Soil organic carbogie:rcr:;cr)lrtl: under different fertilization % . 2~0.05 mm *ﬁ?& Eé{zli Hﬁﬁﬂjﬁfpgiﬁﬂ 140.2%.
i R mckwEwR stk 0.05~ 0.002 mm AL PIRIKHLBINE 35.5%. <
(/ke) % (mg/kg) (mg/ke) 0.002 mm A7 2 A1 R A HL AR 42.7% 145 R K,
CK 15064039  20268:8.67T0 479651920 AR AR T A RCBARIE KR 22 R, 1R
85%N 15.39+0.57b 214.22+8.25b 50.06+2.12b ’Tki%%*@
85%N+HA  17.35+£0.51a 263.49+11.12a 58.17+1.53a

T [FFIA [Al/ING b o A BRI 22 57 B35 (P<0.05), Tl
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Fig. 4 Soil aggregate size distributions under different fertilization
treatments
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Table 2  Soil enzyme activities under different fertilization treatments

Qb TEREEE (mg/(g-d)) KA (mg/(g-d))) S AERE (mmol/(g-d)) R VEWERR A (mmol/(g-d))

CK 7.51£1.18b 274.22+25.23b 58.48+0.48b 7.69+0.05¢

85%N 8.13+0.82b 302.94+31.17ab 58.79+0.48b 9.05+0.49b
85%N+HA 11.09+1.23a 351.61+£39.10a 59.64+0.05a 10.73+0.75a

PRI WU T A YRR AR . TR b, 4%
S PROR SRR S TR/ T L AR T . BRAT R
FHFFRT ] 5 CK ARFEAHEL, 85%N-+HA Lh 3 i 3
WA TR R A R, G e B D A X R R

12.8%, 2RI ETTMBRFT 3 1120 AR 21.0% i
14.0%, T 85%N AbFEXT AR T5Em 8 /N X B R K
FT, THC T J P e e S e b AR A B M AT T A5 AT 5 A
BEIETE , AT A IR IR 454 o

#3 TEMEALETHIRMREEE o ZHMERY

Table 3« diversity indexes of soil bacterial communities under different fertilization treatments

4B ZAEPEHE R TR P
Shannon $5 %% Simpson $5 %K ACE 8% Chao 8%
CK 7.39+0.03¢ 0.001 3+£0.000 la 3301+£177b 3 285+167b 0.998 9
85%N 7.55+0.03b 0.001 1+£0.000 1b 3 711+£318b 3 692+300b 0.998 8
85%N+HA 7.75+0.08a 0.000 8+0.000 Ic 4 345+367a 4 325+345a 0.998 5
100 - - ——— AbHR G 2R 12.9%; 17 85%N AbFHAE CK AbFE =
%0 — —_— =§@%{ﬁll 4.9%, ZREKDEKFE. PR R,
I - = fﬁ%ﬁm%ﬂ I 85%N+HA Kb (143 7= 32 B T i HOR AR 2K 10 12
- - _J /1. Fb, HePEBCRIRR SO B4 CK ABH i S 10 T
i ] 5.01% A1 11.2%, i T-k7 5 7545 A0 B 0] G i 25 25 5

S
=

AT B (%)
3

PBBEF I ]
T ]
W AT ]

LR ]

PP AT 2RI, TRt 8 A PR T Ao 4 i R SR ok 5 S PR
IR ACAE T KRR =

C E ‘ o,
- S AN, 85%N AbFRAS CK AbHISFHAEI 882 JT/hm?,

fb 3 FOBR AR AE 3 )5 Bl g 3 m 1 315 J6/hm’;

s5 ?Eﬁ{@ﬂﬂfﬂﬁiﬁ%zﬁ%|‘17t}<%f£¥?§té%:’@1%$iﬁﬂrﬂl 85%N+HA KbH#E CK 4B 140 3 374 J0/hm?,
E T nder different fercilivation treatments PSSR 1 557 JE/mm®. ATIL, 85%N+HA b
2.5 AR KGR S PR HEIN T PR A AR, (H T 2
N3 4 15, 85%N+HA AbFIP i, & CK P AUR P RE 5 85%N AbH i 242 J0/hm?,
AP 18.5%(PIAEERIME, TR, # 85%N  ZUrAGR IR .

x4 TREBEIELETKE~ERTEMHSEFNE
Table 4 Rice yields and its components and economic benefits under different fertilization treatments
Fy A WE WEEEC TRE R 0 BCKMIR B CKHM K
(10* F#/hm?) (2 (tthm’)  (Ot/hm®)  AOG/Mm) {8 (76/hm?) %% (OC/hm?)
2023 ¢k 1271b 233+dc  23.0+02a 6.78+0.18b 18 984 - - -
85%N 12543b 248+4b  22.8+0.3a 7.05+0.17b 19 740 —433 756 1189
85%N+HA 135+2a 257+2a  23.2+0.5a  8.03%0.05a 22 484 1817 3500 1683
2024 ¢k 136+3ab  205tlc  22.6:0.1a  6.28:0.11b 17584 - - -
85%N 132+3b 220+£2b  22.8+0.3a  6.64+0.08b 18 592 —433 1008 1441
85%N+HA 1414£3a 230+5a  23.0+0.4a 7.44+0.32a 20 832 1817 3248 1431
. RIS 2.8 Jo/kg; “Wid” EAICEMAKS Jy 2.8 J0/kg; “HIRE” WRELRIMAE Ty 1.5 JC/kg, BAPAESMETT; IRENHK
A 2.2 Je/kgo
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b, WA AR HY BRI NO; Bk,
X5 AT A OE T I A R [ 15 R R A — 500, X
BERIEICE, 85%N+HA Ab i + A7 Rl sk i 4
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