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Abstract. The application of organic fertilizers is a standard measure of circular agriculture, which
can purify the environment, ensure food safety and strengthen the sustainable use of soil. The
purpose of this study was to evaluate the effects of organic fertilizers on the stability of soil
aggregates and soil fertility using a meta-analysis. A total of 169 case-controlled studies from 45
papers were included through screening, and Wordy sentences 169 soil data from the organic
fertilizer group and 169 soil data from the control group (CK) were collected. The stability of
meta-analysis results after combining effect sizes was assessed by sensitivity analysis, and the
publication bias was evaluated by funnel plot. Meta-analysis results showed that the application of
organic fertilizer significantly affected the mean weight diameter (MWD) (P<0.05), increased the
organic carbon (SOC) content of the soil (P<0.05) .and significantly increased the total nitrogen
(STN) content of the earth (P<0.05). Funnel plot analysis showed that there was only a small
amount of publication bias in the study .and sensitivity research showed that the analysis was
stable and reliable. In conclusion, the application of organic fertilizer can significantly affect the
stability of soil aggregates and has a potentially positive effect on improving soil fertility. This
meta-analysis provides a scientific basis for the rational utilization of organic fertilizers and soil
structure optimization in China.

Keywords: Organic fertilizer; Mean weight diameter; Soil organic carbon; Soil total nitrogen.

1. Introduction

Chemical fertilizer is widely used in China's agricultural production, while organic fertilizer is
rarely used, leading to an increasing dependence on chemical fertilizer in farmland. However,
long-term chemical fertilizer application fertilizer has caused severe effects on soil in China, such
as decreased soil fertility, soil hardening. and reduced productivity[l]. Excessive fertilizer
application can also lead to surface eutrophication and shallow water pollution. Organic fertilizer
can provide many nutrients, increase the content of soil organic matter, and enhance the stability of
soil aggregates[2].Therefore, the application of organic fertilizer is one of the hot spots in the
world.The quality of soil structure is not only related to the size, character .and fertility
characteristics of soil structure but also related to the stability of systems. The strength of soil
structure stability can be divided into water stability, force stability ,and biological stability.
Different soil structures have extra peace. According to the strength of soil structure, soil aggregates
can be divided into water-stable aggregates, force stable aggregates ,and natural stable biological
ggregates.
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Soil aggregates refer to the structural units in soil with different sizes and shapes, porosity,
mechanical stability ,and water stability. The strength of soil aggregates is a crucial index of soil
structure, which result from the interaction of soil environment, soil management practice ,and land
use types. Generally, the higher the content, the better the structure and properties of the soil [3].
The more large aggregates in the earth, the stronger the ability to retain organic matter. The results
showed that applying different organic fertilizers could increase the content of organic matter in the
soil, promote the formation of water-stable aggregates with large particle sizes, improve soil
nutrients, and enhance the water stability of aggregates. Soil organic matter increased ,and soil
aggregates became more stable. Therefore, the study of soil aggregates has far-reaching significance
and influence on soil research[4]. The results show that the CO2 released from -crushed
macroaggregates is 34%~61% more than that from intact macroaggregates[5]. The stability of soil
agglomerates are generally assessed by the mean weight diameter (WMD) and the geometric mean
diameter (GMD).The higher the percentage of large agglomerates, the larger the MWD and GMD
values; the more stable the agglomerates[6]. Therefore, the application applying different organic
fertilizers can increase the water stability and mechanical stability of soil aggregates, increase the
content of soil organic matter and improve soil structure.

The aggregate is called the soil nutrient pool, and the soil aggregate is the basic unit of soil
structure. The properties and fertility of soil are determined by the quantity and quality of soil
aggregates[7]. The mechanical stability of the earth determines the physical properties of the earth,
and the water stability of the earth determines the water retention and erosion resistance of the earth.
Soil mechanical stability and water stability are two crucial factors in studying the properties of soil
aggregates. Organic matter is the basis of soil properties. Therefore, studying the effects of different
organic fertilizers on soil aggregates and organic matter is the key to understanding soil properties.
There have been many studies on the impact of other organic fertilizers on soil aggregates such as
aquic soil, black soil, paddy soil ,and brown soil. It is believed that organic fertilizers are beneficial
to the accumulation of organic carbon in soil aggregates and improve the stability of soil aggregates.
However, some studies believe that organic fertilizer is not conducive to the collection of organic
carbon and the improvement of the stability of aggregates[8]. In this study, a meta-analysis was
used to analyze 45 kinds of literature and comprehensively evaluated whether applying organic
fertilizer was beneficial to improving soil aggregate stability. This study can provide a scientific
basis for the development of organic agricultural production and the improvement of soil quality in
China in the future.

2. Materials and Methods

2.1 Literature Retrieval

Keywords such as “fertilization application”, “Mean weight diameter”, “Soil agglomerates”,
“soil organic carbon”, and “soil total nitrogen” were entered into Chinese Databases such as CNKI,
Wanfang database, and China sience citation database (CSCD), meanwhile entered into English
databases such as Pubmed, Web of Science and Science direct. The search time range is from 2001
to 2019.

2.2 Literature Screening

The literature was screened according to the following conditions: 1) The research contents
include the Effect of organic fertilizer application on the stability of soil aggregates. 2) The results
included soil mean weight diameter (MWD), organic carbon (SOC) ,and total nitrogen (STN). 3)
The literature shall be in Chinese or English. All the retrieved literature materials were screened and
extracted independently by two participants and then reviewed. According to the literature retrieval
rules,141478 literature were retrieved, among which 556 kinds of literature were excluded from
repeated literature, conference papers, conference abstracts, unpublished papers, non-core journal
papers ,and non-SCI papers. Through reading the titles and abstracts of the literature, 424 articles on
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organic fertilizer free treatment and reviews were excluded. After further reading the complete text,
389 quasi-literatures that did not meet the inclusion criteria, such as uncontrolled studies and
unmeasured outcome indicators, were banned, and 45 kinds of literature were finally
included[9-53].

2.3 Data Extraction and Characterization

Among the 45 included literature, 169 control studies were extracted according to the
experimental design, The following data were extracted respectively: Literature title, publication
time, survey area, soil type, fertilization duration, screening method, soil layer thickness, total soil
amount, and other information, as well as test data and standard deviation (mean weight diameter,
soil organic carbon, soil total nitrogen). Different studies with the same author in the same year
were distinguished by (1) (2) (3) (4). A total of 45 studies were included in this meta-analysis,
including 23 MWD studies, 43 SOC studies, and 25 STN studies, including 169 case-control
examinations. 169 soil data from the organic fertilizer group and the control group (CK) were
collected, and all the included studies included the organic fertilizer and controlled trials.

2.4 Statistical Methods

Meta package of R language was used for Meta-analysis of the extracted data. 1) Effect scale
selection: since the outcome indicators of the included literature were all continuous variables, the
standardized mean difference (SMD) was selected as the effect length scale and calculated the 95%
confidence interval. 2) Meta-analysis: inverse Variance method combine the effects. 3)
Heterogeneity test: Q test and 12 value were used for inter-study heterogeneity analysis. When 12 <
50%, the heterogeneity between studies was considered below, and the effect sizes were pooled
using a fixed model; When 12 > was 50%, it was considered that there was high heterogeneity
among studies, then Random Model was used to combine effect sizes. 4) Published partially: funnel
plot analysis was used to test whether there was publication bias. When P<0.05, the difference was
considered to be significant. If there was publication bias, the rank method was used to correct it. 5)
Sensitivity analysis: each study was excluded in order of 101 to evaluate its influence on combined
effect size and heterogeneity, and to evaluate the stability of the results.

3. Results
3.1 Meta-analysis of Organic Fertilizer Application on Soil MWD

The results showed heterogeneity in the quantity of MWD after long-term application of organic
fertilization among studies(P<0.001, 12=99.4%), therefore, the random-effects model was used to
combine the effect sizes. The result (Figure 1) shows that the combined effect size is to the right of
the invalid line and does not intersect with the weak line, which indicates long-term application of
organic fertilizer could significantly increase the mean weight diameter(MWD)(P<0.001).
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%—Cl Weight
¥i yanna 2013 100 3.75 0.2400 100 3.19 0.1200 i 294 [ 254; 33] 25%

Liu zhongliang 2011(1) 100 0.70 0.0200 100 0.56 0.0150 811 [727. 806] 24%

Guo juhua 2007 100 1.06 0.0600 100 0.73 0.0300 ; 693 [619% 7671 24%
Liu zhongliang 2011(2) 100 0.72 0.0200 100 0.56 0.0120 966 [ 867, 10.66] 24%

Liu zhongliang 2011(3) 100 058 0.0200 100 056 0.0120 i 121 [ 081; 151] 25%
Zhu liubing 2015(1) 50 0.17 0.0030 50 0.16 0.0090 i 222 [172 2721 25%
Zhu liubing 2015(2) 50 0.18 0.0080 50 0.17 0.0070 098 [ 057 1400 25%
Du liyu 2012 100 0.51 0.0100 100 0.40 0.0100 | | 1126 [10.11; 1241] 2.4%
Lv xinxin 2018 50 1.86 01000 50 1.21 0.1800 : 443 [ 369 517] 24%
Li jianhua 2018 50 1.08 0.0130 50 0.83 0.0770 ] 451 [ 376 526] 24%
Mao xiali 2015(1) 50 068 00100 50 0.50 0.0100 17.86 [15.31; 2042] 2.1%
Mao xiali 2015(2) 50 078 0.0100 50 0.50 0.0100 27.79 [23.84; 3173 1.8%
Fan hongzhu 2015(1) 50 250 02000 50 2.41 0.0400 A 062 [022 102] 25%
Fan hongzhu 2015(2) 50 2.86 0.1400 50 2.41 0.0400 ] 434 [ 361 507] 24%
Tripathi 2014(1) 100 065 0.0100 100 043 0.0100 21.92 [19.73; 24101 22%
Tripathi 2014(2) 100 078 0.0100 100 043 0.0100 3487 [3141; 3833] 1.9%
Tripathi 2014(3) 100 060 0.0100 100 0.40 0.0100 18.92 [17.93 2192] 2.3%
Tripathi 2014(4) 100 072 0.0100 100 0.40 0.0100 : 31.88 [28.71; 3505] 2.0%
He yangbo 2018(1) 100 1.11 0.0100 100 0.79 0.0100 31.88 [28.71; 3505] 2.0%
He yangbo 2018(2) 100 0.88 0.0100 100 048 0.0100 39.85 [35.89 4380] 1.8%
Li fenggiao 2019 100 1.77 0.0100 100 1.70 0.0200 _ 441 [389 493] 25%
Wang wei 2011(1) 100 2.85 0.0100 100 2.22 0.0100 s 6276 [56.54; 68.98] 1.3%
Wang wei 2011(2) 100 2.57 0.0100 100 222 0.0100 3487 [31.41; 3833] 19%
MathGhosh 2019(1) 100 0.68 0.0300 100 0.58 0.0400 : 282 [242 321] 25%
NathGhosh 2019(2) 100 068 0.0300 100 0.49 0.0200 B 742 [664; 821] 24%
Zheng xuebo? 2017 1000 3.00 02100 1000 2.91 0.2800 i 036 [ 028 045 25%
Xie hongtu 2015(1) 100 1.20 02300 100 0.99 0.1100 i 116 [ 0.86;, 146] 25%
Xie hongtu 2015(2) 100 0.88 0.0700 100 0.99 0.1100 : 119 [-1.48; -D.89] 25%

Du zhangliu 2014(2) 100 0.59 0.0100 100 0.35 0.0300 10,69 [ 960; 11.79] 24%
Wang renjie 2015(1) 100 056 0.0200 100 0.88 0.0300 —12.50 [13.77; -11.24] 24%

Du zhangliu 2014(1) 100 0.73 0.0700 100 0.39 0.0100 ‘ 6.77 [ 605 750] 24%
Wang renjie 2015(2) 100 0.74 01100 100 1.40 0.1900 -424 [-474; -373] 25%

Wang renjie 2015(3) 100 0.41 0.0700 100 1.38 0.2200 | : -5.92 [-6.57; -5.27] 2.5%
Xing xuming 2015 100 2.69 0.1200 100 2.17 0.1200 : 432 [381; 483] 25%
Liyi 2019 20 154 0.8000 20 1.29 0.4000 T 039 [-024; 101] 25%
Bai nalin 2019(1) 50 066 00300 50 0.61 0.0300 il 165 [ 120, 211] 25%
Bai nalin 2019(2) 50 076 0.0300 50 0.61 0.0300 _ 496 [416 577 24%
Bai nalin 2019(3) 50 047 0.0100 50 0.38 0.0200 565 |[476 654] 24%
Bai nalin 2019(4) 50 059 0.0300 50 0.38 0.0200 ! 817 [695 939] 24%
Mi wenhai 2018(1) 100 2.26 0.1200 100 1.54 0.3500 i0E 274 [ 235 3.13] 25%
Mi wenhai 2018(2) 100 1.68 0.1500 100 1.24 0.4200 il 139 [ 1.08; 170] 25%
Su yongzhong 2006(1) 100 1.38 0.4000 100 0.83 0.1200 i 186 [ 152 219] 25%
Suyongzhong 2006(2) 100 1.30 03500 100 0.83 0.1200 179 [ 146, 212] 25%
Random effects model 4520 4520 ‘ i 833 [ 7.34; 9.33] 100.0%

Heterogensity: I* = 99%, ©* = 10.3524, p = 0 T
-60-40-20 0 20 40 60

Fig.1 Forest plot for meta-analysis of organic fertilizer application on soil MWD

3.2 Meta-analysis of Organic Fertilizer Application on SOC

The results showed heterogeneity among studies on the change of SOC after long-term
application of organic fertilizer (P<0.001, 12=99.5%), therefore, the random-effects model was used
to combine the effect sizes. The result (Figure 2) shows that the combined effect size is to the right
of the invalid line and does not intersect with the weak line, which indicates long-term application
of organic fertilizer could significantly increase soil total organic carbon(SOC)(P<0.001).

825



Advances in Engineering Technology Research ISCTA 2022

ISSN:2790-1688 DOI: 10.56028/aetr.3.1.822
Experimental Control Standardised Mean
Study Total Mean SD Total Mean sSD Difference SMD 95%—C1 Weight
¥i yanna 2013 100 20.46 02600 100 14.45 0.1100 2999 [27.01; 3297] 1.3%
Li huixing 2006(1) 1000 2473 0.8500 1000 19.74 1.0300 ! 528 [ 510; 547] 14%
Li huixing 2006(2) 1000 9.16 13700 1000 19.74 1.0300 B 873 [-9.01, B44] 14%
Li huixing 2006(3) 1000 4.74 0.6800 1000 19.74 1.0300 It -17.18 [-17.72; -16.64] 1.4%
Li huixing 2006(4) 1000 427 1.0200 1000 19.74 1.0300 ' -15.09 [-1556; -14.61] 14%
Guo juhua 2007 100 18.30 1.1200 100 626 0.1700 ! 1497 [1347; 16.48] 1.4%
Zhu liubing 2015(1) 50 8.54 0.3000 50 7.99 0.3200 ' 176 [130; 222] 14%
Zhu liubing 2015(2) 50 834 02600 50 B8.00 0.16D0 3 156 [111; 201 14%
Liu xiyu 2013 50 18.01 52200 50 9.19 0.8500 i 234 [ 183 285 14%
Du liyu 2012 100 36.90 05600 100 37.30 1.2400 i -041 [-069;, -013] 14%
Lv xinxin 2018 50 17.03 0.1200 50 10.54 0.1200 5367 [46.07. 61271 1.1%
Luo shigiong 2012 50 15.65 0.0100 50 9.03 0.0100 —— B656.92 [564.03; 749.81] 0.0%
Sun tiancun 2005(1) 50 17.09 0.0100 50 16.80 0.0200 ) 1820 [1560; 20.80] 1.3%
Sun tiancun 2005(2) 50 2444 0.0100 50 16.80 0.0200 | —- 47949 [41169;547.29] 0.1%
Leng yanhui 2008 50 27.65 0.9200 50 26.50 0.6100 ; 146 [ 102, 191 1.4%
Xiang yanwen 2009 50 2226 0.0500 50 1943 0.0200 | T3T5 [63.31; 8419] 09%
Li jianhua 2018 50 10.41 0.3100 50 525 0.6300 ! 1031 [ B80; 11.82] 1.4%
Liu zhongliang 2011 100 10.53 0.0200 100 10.39 0.0200 ! 697 [623 772 14%
Mao xiali 2015(1) 50 23.61 0.1200 50 19.52 0.1100 I 3526 [30.26; 40.26] 1.2%
Mao xiali 2015(2) 50 24.40 0.1200 50 19.52 0.1100 | 4207 [36.11; 48.03] 1.2%
Fan hongzhu 2015(1) 50 10.44 06200 50 B8.14 0.5700 ! 383 [ 316; 4501 14%
Fan hongzhu 2015(2) 50 12.32 04100 50 8.14 0.5700 [ 835 [T11;, 960] 14%
Jiang maibo 2016 100 11.29 0.5300 100 947 0.7100 305 [ 264; 346] 14%

Tripathi 2014(1) 100 860 0.0200 100 7.10 D.0200 7472 [67.32; 8212] 1.1%
Tripathi 2014(2) 100 10.30 0.0200 100 7.10 D.0200 : 159.39 [14361; 175.17] 0.6%
Tripathi 2014(3) 100 500 0.0200 100 4.50 D.0200 2491 [2242; 2739] 1.3%
Tripathi 2014(4) 100 570 0.0200 100 4.50 D.0200 [ 5977 [53.85 65701 12%
He yangbo 2018(1) 100 17.60 0.0400 100 7.40 D.0300 * 287.41 [258.96; 315.85] 0.3%
He yangbo 2018(2) 100 1650 0.0400 100 7.10 D.0300 F o= 264.86 [238.65;291.08] 0.3%
Li fenggiao 2019 100 28.01 0.0800 100 26.38 02700 . 815 [ 730; 901] 14%
Wei xiaorong 2016(1) 100 13.40 05500 100 B.70 D.4500 , 932 [ 835 1028] 14%
Wei xiaorong 2016(2) 100 13.40 05500 100 B.70 D.4500 . 932 [ 835 1028] 14%
Yu hongyan 2012 100 9.88 01200 100 4.35 D.2400 i 2004 [2615; 3192] 1.3%
NathGhosh 2019(1) 100 14.86 0.6600 100 11.29 D.7300 i 511 [453; 569] 14%
NathGhosh 2019(2) 100 13.68 0.7300 100 10.56 D.6600 i 447 [ 394; 499] 14%
Bidisha 2010 40 8.04 05100 40 4.47 0.1200 v 954 [ 7.96; 11121 1.3%
Yang zhihui 2007(1) 50 3270 02540 50 24.40 0.2340 i 3373 [2894; 3851] 12%
Yang zhihui 2007(2) 50 39.80 02140 50 24.40 D.2450 6644 [57.03; 75.84] 1.0%
Zheng xuebo? 2017 1000 7.94 0.0500 1000 7.35 0.0100 i 16.36 [15.84; 16.87] 1.4%
Zhao zhanhui 2018 50 12.04 05000 50 863 0.2300 i 870 [ 740; 999] 14%
Xie hongtu 2015(1) 100 10.40 0.1000 100 7.95 D.1500 . 1915 [17.23; 21.06] 1.3%
Xie hongtu 2015(2) 100 11.55 0.1500 100 7.95 D.1500 i 2391 [2153; 2629] 1.3%
Du zhangliu 2014(1) 100 18.66 05100 100 13.40 D.2400 ¥ 1315 [11.82; 14.48] 14%
Du zhangliu 2014(2) 100 12.95 05200 100 11.53 D.2500 i 347 [ 303; 391 14%
Yan yu 2012(1) 20 2407 13500 20 17.58 21600 1 353 [251; 456] 14%
Yan yu 2012(2) 20 2754 21600 20 17.58 21600 , 452 [ 331, 573 14%
Huang shan 2010{1) 30 1162 04900 30 8.52 0.3500 . 719 [ 576; 861 1.4%
Huang shan 2010{2) 30 1379 0.7500 30 8.52 0.3500 5 889 [ 747; 1061] 1.3%
Benbi 2010(1) 50 690 05400 50 6.10 D.4500 i 160 [ 115 206 14%
Benbi 2010(2) 50 6.11 05400 50 5.92 D.4500 i 03¢ [-0.01; 079] 1.4%
Benbi 2010(3) 50 517 05400 50 4.91 0.4500 i 052 [012 0921 14%
Huang shan 2010 100 26.20 03100 100 21.04 D2100 i 1942 [17.47; 2136] 1.3%
Chen ying 2010(1) 1000 27.00 0.0100 1000 20.30 0.8000 v 1184 [1146; 1222] 14%
Chen ying 2010(2) 1000 30.30 0.5000 1000 20.30 0.8000 i 1499 [14.51; 1546] 1.4%
Maysoon 2015(1) 100 15.69 24500 100 6.24 1.5600 ._ 458 [ 405 5121 14%
Maysoon 2015(2) 100 1151 24500 100 593 15600 . 271 [232 3091 14%
Wang renjie 2015(1) 100 20.86 0.8100 100 8.31 D.6600 i 1692 [1522; 1862] 1.3%
Wang renjie 2015(2) 100 15.91 03300 100 7.82 D.3700 I 2299 [20.70; 2528] 1.3%
Wang renjie 2015(3) 100 9.93 03100 100 6.86 D.2900 : 1019 [ 914; 1123] 14%
Su huiging 2017(1) 50 1736 0.0300 50 9.84 D.1900 ; 5486 [47.10; 6263] 1.1%
Su huiging 2017(2) 50 2151 0.1500 50 9.84 D.1900 F 6765 [58.08; 77231 0.9%
Su huiging 2017(3) 50 1199 03800 50 9.56 0.1800 i 811 [690; 9321 14%
Su huiging 2017(4) 50 1576 0.1900 50 9.56 D.1200 i 3324 [2853; 37.96] 12%
Xing xuming 2015 100 13.34 0.1800 100 9.41 D.1600 7 2299 [2070; 2528] 1.3%
Li yi 2019 20 24.80 02500 20 20.90 0.3500 i 1257 [ 960; 1553] 1.3%
Bai nalin 2019(1) 50 997 02500 50 7.78 D.2900 , 803 [683 923 14%
Bai nalin 2019(2) 50 10.80 03900 50 7.78 0.2900 . 872 [ 743 1001 14%
Bai nalin 2019(3) 50 759 01400 50 5.69 0.2900 i 828 [ 705 951 14%
Bai nalin 2019(4) 50 807 01700 50 569 0.2900 v 994 [ 848 1139] 14%
Mi wenhai 2018(1) 100 16.42 0.6500 100 1218 D.5600 i 696 [622 771 14%
Mi wenhai 2018(2) 100 21.81 0.4200 100 15.66 D.9500 i 834 [ 747, 9211 14%
Zhao zhanhui 2018(1) 100 961 03600 100 B.61 D2300 . 330 [287; 373 14%
Zhao zhanhui 2018(2) 100 12.74 03500 100 8.61 D.2300 ;] 13.89 [1249; 1530] 1.4%
Wang yidong 2017 400 17.30 0.5600 400 12.79 0.6500 i 743 [704; 7821 14%
Song zhenwei 2015 400 2124 03800 400 13.99 0.4400 v 1762 [16.74; 1850] 1.4%
Yu hongyan 2012 100 0.97 0.0300 100 0.49 D.0400 : 1352 [12.16; 14.89] 1.4%
Su yongzhong 2006(1) 100 14.79 0.8200 100 10.08 0.4600 . 706 [631; 781 14%
Su yongzhong 2006(2) 100 16.54 0.6600 100 10.08 0.4600 ¥ 1131 [10.16; 1247] 1.4%
Hao yajun 2017(1) 50 1335 09700 50 8.51 0.8100 i 537 [452 623] 14%
Hao yajun 2017(2) 50 865 1.1400 50 7.16 D.9700 i 140 [ 096, 184] 14%
Random effects model 12960 12960 i 16.97 [15.28; 18.67] 100.0%

Heterogeneity: 1* = 100%, T° = 54.6115,p = 0 N R N
—600 —200 0 200400 600

Fig.2 Forest plot for meta-analysis of organic fertilizer application on SOC
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3.3 Meta-analysis of Organic Fertilizer Application on STN

The results showed that heterogeneity in the number of outcome index STN after long-term
application of organic fertilizer (P<0.001, 12=99.6%), therefore, the random-effects model was used
to combine the effect sizes. The result (Figure 3) shows that the combined effect size is to the right
of the invalid line and does not intersect with the weak line, which indicates long-term application
of organic fertilizer could significantly increase total soil nitrogen(STN)(P<0.001).

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%—C1 Weight
Guo juhua 2007 100 222 01900 100 091 0.1200 i a2 [ 7.35; 907] 23%
Liu xiyu 2013 50 1.49 04800 50 089 0.1100 1.71 [ 1.25; 217] 24%
Luo shigiong 2012 50 093 00100 50 053 0.0100 i 3969 [3407; 4532] 16%
Sun tiancun 2005(1) 50 1.04 00100 50 0295 0.0100 : 893 [ 7.61; 10.25] 23%
Sun tiancun 2005(2) 50 154 00100 50 0295 0.0100 i E 5855 [50.26; 66.84] 11%
Xiang yanwen 2009 50 228 00100 50 203 0.0100 2481 [21.28; 2834] 20%
Liu zhongliang 2011 100 0.98 0.0010 100 0.84 0.0010 ‘ —=— 139.47 [12566; 153.28] 06%
Tripathi 2014(1) 100 096 0.0100 100 0.74 0.0100 2192 [19.73; 24101 22%
Tripathi 2014(2) 100 0.99 0.0100 100 0O.74 0.0100 2491 [2242; 2739] 22%
Tripathi 2014(3) 100 048 0.0100 100 045 0.0100 i 319 [ 277, 3861] 2 4%
Tripathi 2014(4) 100 0O.54 0.0100 100 045 0.0100 il 827 [ 7.40; 9.13] 2.3%
Li fengqiao 2019 100 1.92 0.0400 100 1.82 0.0900 1.43 [ 1.12; 1.74] 2.4%
‘Yang zhihui 2007(1) 50 3.80 0.0250 50 3.00 0.0230 33.05 [28.36; 37.74] 1.7%
‘Yang zhihui 2007(2) 50 4.50 0.0250 50 3.00 0.0210 = 64.47 [55.35; 73601 1.0%
Zheng xuebo? 2017 1000 1.04 0.0100 1000 0.95 0.0200 A 5.69 [ 549, 589] 2.4%
Yan yu 2012(1) 20 227 01500 20 1.62 0.0700 + 5.44 [ 4.04; 6.84] 2.3%
Yan yu 2012(2) 20 2.66 01500 20 1.62 0.0700 E 8.71 [ 6.61; 10.81] 22%
Huang shan 2010(1) 30 1.31 0.0500 30 1.04 0.0300 3 646 [ 516; 7.76] 2.3%
Huang shan 2010(2) 30 1.44 01100 30 1.04 0.0300 K3 490 [ 386, 594] 23%
Benbi 2010(1) 50 0.75 0.2450 50 042 01250 i 1.70 [ 1.24; 2.16] 24%
Benbi 2010(2) 50 0.67 0.2450 50 038 01250 e 1.48 [ 1.04; 1.93] 2.4%
Benbi 2010(3) 50 0.41 02450 50 028 01250 - 0.65 [ 025, 1.06] 24%
Huang shan 2010 100 2.61 01300 100 1.05 02300 ] 8.32 [ 745, 919] 2.3%
Chen ying 2010(1) 1000 2.51 0.0500 1000 1.63 0.0500 : 1759 [17.04; 1815 24%
Chen ying 2010(2) 1000 2.77 0.1200 1000 1.63 0.0500 I 1240 [12.00; 1279] 24%
Maysoon 2015(1) 100 1.49 0.2450 100 060 02510 X 357 [313; 402] 24%
Maysoon 2015(2) 100 1.13 02450 100 057 0.2510 i 225 [ 189 2601 24%
Li jiao 2018 100 1.14 0.0300 100 043 0.0400 2001 [18.01; 2201] 22%
Su huiging 2017(1) 50 1.70 0.0100 50 1.13 0.0200 ; 3577 [30.70; 40851 1.7%
Su huiging 2017(2) 50 2.07 00400 50 1.13 0.0200 2950 [25.31; 33691 18%
Su huiging 2017(3) 50 1.83 00300 50 155 0.1100 BE: 345 [ 282; 4071 24%
Su huiging 2017(4) 50 178 0.0400 50 155 01100 ; 276 [ 220; 331] 24%
Xing xuming 2015 100 2.04 00500 100 1.61 0.0500 i : 857 [ 7.68; 9.46] 2 3%
Livi 2019 20 2.92 01200 20 255 02500 2k 1.85 [ 1.10; 2601 2.4%
Bai nalin 2015(1) 50 1.13 0.0400 50 0.98 0.0400 Ll 3.72 [ 3.07;, 4.38] 2.4%
Bai nalin 2019(2) 50 1.15 01000 50 098 0.0400 b 222 [ 1.71; 2.72] 2.4%
Bai nalin 2019(3) 50 0.92 0.0500 50 071 0.0400 2 4.60 [ 3.84; 536] 2.4%
Bai nalin 2015(4) 50 0.95 0.0600 &0 0.71 0.0400 i 4.67 [ 3.90; 5.44] 2.4%
Zhao zhanhui 2018(1) 100 1.15 0.0200 100 0.95 0.0100 . 12.60 [11.32; 13.88] 2.3%
Zhao zhanhui 2018(2) 100 1.26 0.0100 100 0.95 0.0100 30.88 [27.81; 33.95] 21%
Wang yidong 2017 400 1.92 0.0200 400 1.71 0.0700 i) 4.08 [ 3.83; 432] 24%
Song zhenwei 2015 400 1.92 01700 400 1.18 0.0500 i 5.90 [ 558, 6.22] 24%
Su yongzhong 2006(1) 100 1.25 0.0800 100 0.80 0.0500 s 6.72 [ 6.00; 744] 24%
Su yongzhong 2006(2) 100 1.40 0.2500 100 0.80 0.0500 % 332 [ 289 3751 24%
Hao yajun 2017(1) 50 1.13 0.0800 50 076 0.0900 A 4.3 [ 3.59; 5.04] 2.4%
Hao yajun 2017(2) 50 0.79 0.0900 50 0.65 0.0900 : 154 [ 1.09; 199] 24%
Random effects model 6520 6520 i

| i 11.26 [ 10.06; 12.45] 100.0%
Heterogeneity: 1% = %9%, 17° = 157194, p =0 I T T I T T 1
-150-100 -50 0 50 100 150

Fig.3 Forest plot for meta-analysis of organic fertilizer application on STN

3.4 Sensitivity Analysis

The application of organic fertilizer significantly affected soil aggregates MWD, SOC ,and STN
(Table 1). The results of this meta-analysis were highly heterogeneous (12>50%, P<0.01), and the
stability and reliability of the analysis results needed to be evaluated. The results of the sensitivity
analysis showed that after all the included studies were successively excluded, the combined effect
values of the remaining studies were on both sides of the invalid line and did not intersect, which
further demonstrated the accuracy of the results of this meta-analysis.
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Table 1. Results of meta-analysis on the effect of organic fertilizer application on soil agglomerates

o of Nq. of SMD(95%CI) Heterogeneity test
indicators | included experimental
literature controls Effect size P-value 12 /% P-value
MWD 23 43 8.334[7.34-9.33] <0.0001 | 99.50% <0.01
SOC 43 80 16.974[15.28-18.67] | <0.0001 | 99.80% <0.01
STN 25 46 11.256[10.06-12.45] | <0.0001 [ 99.50% <0.01

3.5 Publication Bias Analysis

The results of the funnel plot analysis are show in Figure 4. Figure 4b and.Figure 4c show that
most of the studies about SOC and STN are distributed in the upper part of the funnel plot and
concentrated in the middle, but there are a few studies distributed outside the funnel plot. This
indicates that the sample size of the study is significant and representative and the experiment has
high precision and accurate data. Figure 4a shows that most of the studies about MWD focused on
the middle and upper part of the funnel plot.Still, the symmetry was poor, and some of the studies
were distributed in the lower leg or outside of the funnel plot, indicating a small amount of
publication bias. The trim and filled model was used for correction, and the corrected analysis
results were shown in Table 2. Post-correction results showed the Effect of organic fertilizer
application on soil MWD was still statistically significant (P=0.029). This adds up to points,
indicating the reliability of the previous meta-results. Similarly, for the SOC index and STN index,
corrected results show that the P-value of SOC (0.001) and the p-value of STN (<0.0001) reached
statistical significance. The above results fully re-verified the reliability of the Meta-analysis results.

a.q b ., €l

1.

0.445
I
1721
0.664
[

sMD
0.891
L
SMD
3.442
SMD
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1.336
5.163
1.991
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2654
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Fig.4 Funnel plots of 95% confidence intervals for the effect of organic fertiliser application on
mean weight diameter, total organic carbon and total nitrogen
Table 2. Summary of results after meta-analysis correction

No. of SMD(95%CI) Heterogeneity test
experimental
.. controls
indicators .
post-correction Effect size P-value 12 /% P-value
results
MWD 60 1.164[0.11-2.21] 0.029 99.60% <0.01
SOC 116 2.850[1.19-4.51] 0.001 99.80% <0.01
STN 60 4.471[3.17-5.78] | <0.0001 99.60% <0.01
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4. Discussion

4.1 Effect of Organic Fertilizer Application on Soil Aggregates MWD

The stability of soil aggregates was generally evaluated by the mean weight diameter (MWD)
value[6]. In recent years, there have been many studies on the effects of organic fertilizer on soil
aggregates such as aquic soil, black soil, paddy soil,and brown soil. It concluded that organic
fertilizer was beneficial to the accumulation of organic carbon in soil aggregates and improved the
stability of soil aggregates. Huang et al. [54] studied the application content and characteristic
values of soil aggregates with different particle sizes after 23 years of continuous fertilization in red
paddy soil by dry screening method. Compared with CK, the results showed that the application of
organic fertilizers significantly increased the mean weight diameter (MWD) of paddy soil
aggregates, and there was a significant positive correlation between the MWD of paddy soil
aggregates and annual rice yield. Therefore, the MWD of soil aggregates can objectively reflect the
state of soil fertility. The meta-analysis results included 43 control studies in this paper showed that
long-term application of organic fertilizer could significantly increase the MWD index of soil
aggregates, similar to the previous conclusion. Despite the heterogeneity of the MWD study, we
also conducted correction analyses, and the results also confirmed the reliability of the results of the
meta-analysis. In addition, sensitivity analysis showed that the size of the pooled Effect remained
statistically significant for every study that were excluded studies. In summary, this meta-analysis
result is stable and reliable ,and the Long-term application of organic fertilizer can significantly
improve MWD. More importantly, the related study reported a positive correlation between the size
of MWD and soil stability was existed[55]. Conclusively, it was indicated that organic fertilizers
could effectively improve the strength of soil aggregates after long-term application.

4.2 Effect of Organic Fertilizer.Application on SOC

The application of organic fertilizer was a necessary measure to increase soil organic carbon
(SOC) content, promote the formation of soil aggregates and improve soil structure. Soil organic
carbon (SOC) content and its dynamic balance were not only an important indicator of soil health,
but also affected soil structure formation, stability ,and soil fertility to a great extent. Li et al.
[56]studied the response of total organic carbon, aggregate composition ,and organic carbon content
of aggregates with different particle sizes in wheat and rotation system in the 32-year-old lime
coniferous black soil to different fertilization patterns in the long-term stage. It was found that
long-term application of organic fertilizer could increase the total organic carbon content, the
number of medium aggregates,and the content of organic carbon, which was beneficial to
improving soil physical properties and enhancing soil fertility. Wei et al. [57] studied the effects of
different types of organic fertilizers including heap manure, chicken manure, cow manure,and pig
manure,on the composition of organic carbon and humus in the soil. The results showed that
organic fertilizer combined with organic fertilizer increased the contents of organic carbon and
humus carbon in soil aggregates.Still, the effects of different organic fertilizers were other. Han et al.
[58] showed in their study on the brown soil that the single application of NPK had little Effect on
the soil’s organic carbon content . In contrast, the combined application of organic matter and
organic fertilizer could significantly increase the organic carbon content. The meta-analysis results
included 80 control studies in this paper showed that long-term application of organic fertilizer
could dramatically increase the SOC index in soil aggregates, similar to the previous conclusion. It
has been reported that soil organic carbon content and MWD water stability showed positive
correlations[55]. Therefore, it was speculated that SOC content in the soil also played a positive role
in the strength of soil aggregates.

4.3 Effect of Organic Fertilizer Application on STN

Soil total nitrogen, as the most essential nutrient element for plant growth, was also an important
index to measure soil quality and soil productivity, mainly since it was considered to be playing a
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vital role in the process of crop growth. As the foundation of ground, aggregates not only affect the
physical properties of soil, but also affect the accumulation and release of nitrogen in soil due to the
different sizes of aggregates' adsorption and protection ability[59]. Therefore, the study of nitrogen
content and distribution in soil aggregates, was of great significance for regulating soil fertility and
increasing soil nitrogen storage. Most studies believe that long-term application of organic fertilizer
can significantly increase soil total nitrogen content. Sun et al. [28] realted studies have reported
that the long-term fertilization significantly improve the soil entire nitrogen content in the surface
layer of brown soil. The meta-analysis results included 46 control studies in this paper showed that
long-term application of organic fertilizer could significantly increase the STN index of soil
aggregates, similar to the previous conclusion.

4.4 Limitations

There were some limitations in this study. First of all, the overall quality of the literature
included in this paper was high,but still had incomplete data and a small number of odd publications,
which may have a particular impact on the results of the Meta-analysis. In addition, there were
differences in environmental conditions such as fertilization duration, survey area, annual rainfall,
average annual temperature, altitude, climate type, soil type, soil thickness, soil screening
method,and other experimental manipulation factors among the included studies. Longer
fertilization duration may easily lead to changes in relevant outcome indicators. Thus, the stability
of soil aggregates can be affected unpredictably. Therefore, unclear environmental conditions may
be the underlying heterogeneity factor. Second, Although many studies have pointed out the close
relationship between soil organic matter and soil quality and crop yield, other studies have shown
that the relationship between soil quality indicators such as soil organic carbon (SOC) and soil
function does not always offer a linear relationship. Third, research shows that the particle size of
aggregate distribution differences of organic carbon, total nitrogen, this analysis into the experiment
according to the number for the whole soil reunion total content, not ending index under various
particle size data, know so for or fertilization treatment on aggregate stability and total carbon, total
nitrogen affects the mechanism of action is not enough in-depth enough, lacks systematicness and
comprehensiveness. Therefore, although this experiment obtained the relevant prediction
conclusions, application of organic fertilizer on soil organic carbon, and total nitrogen trend, the
study of soil stability can not make an accurate prediction.

5. Conclusions

First, the Meta-analysis confirmed that the application of organic fertilizer could significantly
improve the MWD of soil aggregates, thus improving the stability of soil aggregates. In addition,
the contents of total organic carbon (SOC) and total nitrogen (STN) in soil were significantly
increased by applying organic fertilizer. Second, applying organic fertilizers as a conventional
farming strategy has practical significance in improving soil fertility and structure.
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