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Effects of long-term organic fertilizer application on soil
properties, microbial biomass, carbon and nitrogen
content, and soil enzyme activity
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Abstract: The application of organic fertilizer plays a crucial role in improving soil structure, water and nutri-
ent retention, microbial activity, and overall soil quality. However, systematic research is needed to examine the
effects of organic fertilizer on soil physical characteristics, moisture parameters, microbial properties, and their in-

terrelationships. This is essential to comprehensively assess the long-term impact of organic fertilizer application on
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soil” s physical, chemical, and biological properties. Thus, in a long-term experiment ( initiated with winter wheat
sowing in 2006) at the Yuzhou Experimental Base for Water-Saving Agriculture in Henan Province, the effects of
prolonged organic manure application (750 kg » hm™) on soil porosity in the 0~40 cm layer were quantitatively
analyzed. Additionally, soil structure, moisture parameters, microbial biomass carbon and nitrogen, and soil
enzyme activity in the 0~ 10 c¢m layer were examined. The results indicate that the proportion of soil aggregates
gradually increased as the particle size of soil aggregates decreased. Compared to the application of chemical fertiliz-
ers alone, the addition of organic fertilizers increased the proportion of >0.5 mm soil aggregates by 70.1%, while
reducing the proportions of 0.25~0.5 mm and <0.25 mm aggregates by 34.2% and 26.5% , respectively. The long-
term application of organic fertilizers enhanced the proportion of water-stable large aggregates, increased the mean
weight diameter of aggregates, and improved soil structure stability. With increasing soil depth, the number of soil
pores gradually increased, while soil porosity decreased. Additionally, the circularity of soil pores initially increased
and then declined. Long-term organic fertilizer application increased the number of pores at depths of 0~100 mm,
200 ~250 mm, and 250~300 mm, as well as porosity at 0~ 100 mm and 250 ~300 mm. It also enhanced the poros-
ity rounding rate at soil depths of 0~150 mm and 150 ~200 mm. Furthermore, the long-term application of organic
fertilizers improved soil saturated hydraulic conductivity, water-holding capacity, water supply capacity, field water
capacity, and available water content. It also enhanced soil microbial biomass carbon and nitrogen, as well as the
activities of soil sucrase, cellulase, urease, and protease at different wheat growth stages. In conclusion, the long-
term application of organic fertilizers improved soil physicochemical properties, enhanced soil structure stability and
moisture parameters, and promoted microbial activity and soil enzyme function.

Keywords: organic fertilizer; soil structure; soil organic carbon; soil moisture parameter; soil microbial bio-

mass carbon and nitrogen; soil enzyme activity
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FERTEEH M HF S RBMKE, A 8+,
HEAPE SN 123 ¢ kg A2ASHE 080 g -
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P, F 2022 4 10 A i) BRI /N2 & Fh BIBE
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B 400 R ENR . BAAEEES 3 )k, A3k
A2 1200 SRS (B 1 mm WEA 3 KEER) . A
R EUS AT 40 M7, R 50 BT O s LA DL Sk >
AT LLRA 8 B B /ML 90 pum, AT RLIA R 2 kAL
PRI, AR v A ) R FL B R it o O I LR
(>90 pm) B ELFT, CT 5 i RFL B S KALBR
TAR o TG T AR R A o0 B, FLBR Y g[8 6%
TARXIE IR 2 = 4mxFLBR T AL/ JEH2
132 EEABARAEL  KEMEF BRI 5
Fat T Wit — R F (< 0.25 mm,0.25
~0.5 mm,0.5~1 mm,1~2 mm,2~3 mm,3~5 mm, >
5 mm) KEAE SR FE K 1R E T 10 min S04,
D4 AU B AR AR I P SRR EA TR R
FEVT AN [ 0 A AR ) 5 1

B T4 TR P2 R T F 25
> )

MMD = " (1)

n

2w

Ko, v, RGN RARN V-2 H AR w, 185 F AR
A 5 AR A S
1.3.3  E3gjafeFRE T KRR HIHE E K
Sk T, ABERITE AT,
10 x Q,
V= x 60 (2)
t, XS
KX,V ABEFER(mm - min™") ;0,4 n KD
e A AR KA (em®) 5, RIS P 0] B ]
(min) ;S K HHEEEF (em?)
1.3.4  E3EHRGE N Fthkae H FRIFT] £
FE R B AR E 4 37K 2 R AE il 25, S0 ) 7K
SRR S B T RS K i S A K ) Z (]
FETEE RO R RO R AN
6=aS™" (3)
K 25 2 3K A3 R AE i 22 B i (5180, 2
AN EE IR S R A Sk AR, BRI, XA
K (3) #ATR T AR B LK AR
C, = ;deabS_(b”) (4)

ds
R, C, MK B R (mL - MPa™ « g7') ;0 i H3ES
K (%) 38 TR T (MPa) 50 .b HBEL,a X
W I K PEBE IO R /s axb o2 RHEKR T S K
0.01 MPa B9 F K 258 5, Bz e 4 498 (R 36 /K BE K
N axb (EFK, HHEMKRE 7Bk
135 LgEmAMAMEHR R LEBBTHFL
BAAAER R EN BRI E IR A
AR A R E g R R R R 3,5-
T3 7K A PR U 2 - 9 TR A T R 27 A4 2R il 0
SR AT R P I Ll s R R P
PESR B = ERXT L vk i > R A AR AR A
HMIMFAE 0 R 4 A HUBR B i
1.4 HiELE

AN 25 BB R 3 R E R AR, iy
P8 N SPSS20.0 #EATALFE, R ANOVA
XA R A B A SCHE AR i 4T 07 22 73T (P<0.05)
K Pearson A & 43 A1 i, X AN [] 45 A (8] 14 AH 56 4
HEFTA3HT o 2R FH S A8 43 A 125 0 B K Rk R AT 2R A
5+ BERA Y A Y ke A - SRR M A Y
FEAH RN,




110 T XA 5T

543 4

2 R

2.1 AERZEARED HHMES T

- FEPTRL 25+ S FLAN [R) R 9% 1A SR A4 53 AT g
F i LR S . L 1 AT LU BE ARG
/I | AS [) it AT 5 it Ak P ) S8 7K B A SR AR
TR B WG ke e b 8 it A AT TE A
FHER>0.5 mm R AR ARG & & i it
ALHEEAN T 0.25~0.5 mm 2 <0.25 mm K72 (1 A B
(N
22 TESK FAMEKED . BNBRASTIL

BEEMREES T

A MLIE AR — B B oA R T AR L 5
o RE AL EMESMERE (R 1), AEIL
AT, Bt A HLAE AL BE Y + SR T KR | 4 HE Ry
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e FRARPIAL BRI AN [RDRL I 14T 3R 0K 55 18 A 7 W 3 22 5% (P
<0.05) .

Note: # indicates that there is a significant difference in the con-
tent of aggregates between two treatments at different particle sizes ( P<
0.05).

B 1 R T &% F RS T

Fig.1 Distribution characteristics of different diameter

aggregates under different measures
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Table 1  Effects of different measures on soil organic carbon and soil physical properties
a8 ab 8 o P . AL Wtk >0.25 mm
e - g N g3 AT 7K
amcoms oo omw T WRSAECAREEE gpe ke wum
Ab3 Soil bulk  JKRES))  JKEED) ROKE e hydraulic carbon Active  HIRMREE B
Treatment density Soil water Soil water Field capacity . yerauie organic Content of ~ Mean weight
3 . moisture  conductivity content :
/(g +em™) holding supply /% /( ) (g kg carbon >0.25 mm diameter
capacity capacity mm g xe /(g -kg!) aggregate/ %
et
Chemical ~ 149+0.10a 12.96+1.32b 88.91x2.14b 15.37+1.51b 6.86+1.02b  0.40+0.03b  9.57+1.15b  0.72+0.04b 49.10+2.21b  0.70+0.02b
fertilizer
AL
Organic 1.35£0.09h  13.91+1.45a 110.51£3.58a 16.74+2.13a  7.95+1.10a  1.79+0.28a 9.84+1.02a  3.19+045a 62.60+2.36a 1.22+0.10a
fertilizer

TE « [RI AN [F] - B3R A ) b B ) 8 2 1 ( P<0.05)

Note : Different letters in the same column indicate significant differences between treatments ( P<0.05).
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H1250~300 mm 421+ EFLBRE H MFLBE 0~
100 mm A1 250 ~300 mm +ZFLETE R B AF 2k
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i 3 AT, BE/INZZ AR B I AR aE | 45 A B YY)
R W A i i AR i DA e - ST A | DR il
KR G 2R B0 e AR R e, K
it AT ATLAE Ak B ) - 38 41 2 2R il 0 2 Bl /N A2 A R
S R BN S0 I R P ) R B K it
BUIE Ry = e b 4R T R 4 9 A A7 IR B A 9 St
Sehth PRHE T HEEMUE YRR R, RS T
ANZEASTR) A I ) = R A R R
e, [RS8 LR B e T A | T
YR KB KSR NS PR e R T R A A
W SRR Ee ST , AR TEY SR W S5 HH
2.5 TIEEGH TIEFLESE TEASSE TE
MEVEMER REERAE T EEEEHE
KA
HI Pl 3 WIHT, - 49K R R 1A SR Ak 5 T R A4
Y AR KRR EE T B B 3 (P<0.01) 5
A FACRES B W (P<0.001) IR KR, H

RV 8 B S A ROK & 8 RFLBE AL
BRI 3 (P<0.05) IEAH G R, 5 R K ik
J1 MR AR LR 2% R 3 (P<0.001) 1E
FRCR, TR 5 MK a2 2 (P<
0.05) IEAHEE R, HHUKRE ) SABOKE & K
FLBRE LB 2R 5 835 (P<0.05) IEAH GG R,
ERALBE 2 B35 (P<0.01) IEAHXE R, AR
KR ST R KL &2 B 3 (P<0.05) IE
A FR , RN T K 3 5 R AL B AL LB R %
B (P<0.05) EMXKR, HSRABREZBHRD
F(P<0.001) IEFHE KRR, KRALBRES KALBREE
I E(P<0.05) IEAHKR KR, MAEDEY kS
WS E YRR SR RGP AR
B Pk 5 3 (P<0.05) IEA E R AW A Y
WA RS IR PE R (P<0.05) IEM %
2,5 R TE kR ARY E (P<0.001) IEAH GG
R TEWH I M S R TR M 2 R (P<0.05) IEAH
KRR, I 4T H KA K RIS 5
A e B A SR T T 2 ] — 1 OE
PR R, BRI B AR S ER i (A BT Z | Y
[ ki

x2 TEAVBRS LIRS KIS SHZEBEXES T

Table 2 Correlation analysis of soil organic carbon with soil structure and soil water parameters

a8 ab 8 [ B RS- 14
e " o . - o - I 7K% >0.25mm /KER ot
- BT (PR Bk WK frRoka (AR 025 KBEE g e
f8F5R X Saturated HRIAS 5 .
Bulk a value ab value Available . Mean weight
Index . . . . hydraulic > 0.25 mm water- ..
density (water-holding  ( water supply capacity moisture .. diameter of
. . conductivity  stable aggregates
capacity ) capacity ) aggregates
- }EM‘ILTWZ -0.351 -0.381 0.255 -0.473 0.379 0.041 -0.068 0.175
Total organic carbon
A Bl -0.892" 0.464 0.976 " * 0.730" 0.855" 0.996 " * 0.990 " * 0.992" "

Active organic carbon

oo F o S0P FEoR PIAL B R] A [R) 38 bR A7 10 35 22 57 ( P<0.05) I i 3 25 5% ( P<0.01)

Note: * and * * indicate there is a significant (P<0.05) and extremely significant (P<0.01) difference in different indexes between two treatments.

FR3  AEBRXT R E SRR L B EEE R0

Table 3  Effects of different fertilizers on microbial carbon and nitrogen and soil enzyme activities

T EE Yk AP EEY A A N - N—
: Y i
HEH Microbial biomass Microbial biomass 2‘5){%@& i&?%% UHR Pﬁ%lmi
0] carbon nitrogen ucrase ellulase rease rolease
Growth fLACACIHE HHUALAIE ALACAIE FHUACEIE LA IE FHUACGEE (AR EE FHUACEEE (AR EE EHUACEEE (AR A HLACLEE
stage  Chemical ~ Organic Chemical ~ Organic Chemical ~ Organic Chemical ~ Organic Chemical ~ Organic Chemical ~ Organic
fertilizer  fertilizer fertilizer  fertilizer fertilizer  fertilizer fertilizer  fertilizer fertilizer  fertilizer fertilizer  fertilizer
.
ii;f: 2224bD  283.2aD 21.1bD  35.3aBC 50.1bD 63.0aC 156.5bD  181.7aD 0.73bB 0.83aB 8.6bC 10.1aC
}?l]oﬂgiii 3145bA  355.2aA 343bA  45.6aA 66.5bA 78.3aA 231.5bA  243.4aA 0.85bA 0.97aA 11.0bB 12.2aB
Wi
P
(ﬁffiq 308.1bB  322.3aB 28.8bB  38.7aB 57.8bB 66.4aB 202.3bC 211.6aC 0.66bC 0.75aC 13.1bA 14.7aA
fﬁﬁ 264.3bC 310.1aC 233bC  32.7aC 54.1bC 62.7aC 213.6bB  221.7aB 0.58bD 0.65aD 8.1bC 10.5aC

T R AR NS FREFOR AR R bR A RIAL ] 22 57 135 (P<0.05) |, RIS AN RIR ' 3 A IR A BN [R) A ] 22 57 {25 (P<0.05) .
Note: Different lowercase letters in the same row indicate significant differences between different treatments for the same indicator at P<0.05, while different
uppercase letters in the same column indicate significant differences between different growth periods for the same treatment at P<0.05.
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Fig.2 Analysis of soil pore characteristics under different measures
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E%MS;MWD SEHEREAR ;SBD: R ; WHC: FrkaeH s WSC.
HEKAEST S FC FHIRF /K At 5 AM: A7 20K S ik SHC MU B 3K 3 PN
KFLBREL; Por: KFLBREE ; Cir: FLER BRI 5 ; MBC. . 304 9 A 0 = ke
MBC. A i 2 Suc « RENR; Cel : 2F 4E R E; Ure : IR ; Pro: 25
It

Note: #, P<0.05; * %, P<0.0l; * # # , P<0.001. MA;Macro
aggregate ;MWD Mean weight diameter; SBD: Soil bulk density; WHC
Water holding capacity ; WSC ; Water supply capacity; FC; Field capacity;
AM ; Available moisure; SHC: Saturated conductivity ; PN: Pore number;
Por ; Porosity ; Cir ; Circulrity ; MBC ; Microbial biomass carbon ; MBC ; Micro-
bial biomass nitrogen ; Suc : Sucrase ; Cel ; Cellulase ; Ure ; Urease ; Pro ; Prote-
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3 TEYEIRESE MEME SR,
REEEARELIEREFEEXYE
Fig.3 Correlation of soil physical parameters, microbial biomass

carbon and nitrogen content with different soil enzyme activities

F4 HEAREAARGEEMSENEEST
Table 4 Path analysis of large aggregates of soil

water stability and other parameters

fge HHEER WESER HXCRE
EiEan . . .
Ind Direct Indirect  Correlation
naex path path coefficent
A 4
PR 648  -6210 0964 *
Mean weight diameter
Soil bulk densenty 0870 0422 -0.849
kg
Water holding capacity 4570 4 0519
Ik fe
Pokae)s 20763 20073 0937°
Water supply capacity
Iy == =N
It 3267 334 0797°
Field capacity
S =
Uk i 7672 -15% 0801
Availble moisure
(RIS &S .
Saturated hydraulic conductivity 14.168 14459 0.1
FALBEL .
Pore number 6.866 7.023 0.780
KFLBEE Porosity 5.833 -5.587 0.979" *
JRIFAZ Circularity 17744 -17267 0750
TR A Py e
Microbial biomass carbon 8992 8920 0325
" -
B 8480  -849 0470
Microbial biomass nitrogen
HEWE Sucrase 7.381 -7371 0467
LR Cellulase -1.297 1407 0383
WK Urease -9.761 9.752 0.187
FE M Protease 1.675 -2.028 -0.134
e B 43 51300 WAL 3L AR [R) 6 A A7 A6 b 28 A0 ok 35 1
ER,
Note: * and * * indicate there is a significant and extremely

significant difference in different factors between two treatments, respectively.
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