e B SIS S R
% 1L
{ I ﬁ hEI RO ET

XRiPIZiis bttp. //www.aed.org.cn

N

P A HUIERS E5 = B R RUR :Meta AT
I, SEOCiE, A

FIHIAL:
A T K332, PR it A BILAE XS 2k - ) 2l R8O Meta 70 T[], AL BE IS5 BR824z, 2023, 40(1): 86-96.

TEZR L View online: https://doi.org/10.13254/j.jare.2021.0892

TR BERRNAR  HAd S

Articles you may be interested in

R RIS AT 54 TR Bl R - SRS A 35 2 B 2 1 52
H4%, B, ¥ 5y, s, XIME I, #u
LMV BRI 4. 2023, 40(1): 126-134  https://doi.org/10.13254/j.jare.2022.0032

B MU H A FH e T S i A 4 5 40 AT

XITNEE, 1RH, K155, @2, Ak

AV RSB 4]. 2021, 38(5): 867-873  htips://doi.org/10.13254/j. jare.2020.0500
AN [r] DX SR BV 7 X A AT LA it P e iy 22 S

fER, 1R R, 5k 5, Btocte, TA
LMV BFIR S IR 2021, 38(1): 143-150  https://doi.org/10.13254/j.jare.2020.0150

KA HLICHUAEBCHE X LT3 KRS 1R P Ak i B LTS5 44 (5
W, XRRAT, BEAIRZ, BRI, B, IR, XI5
A FHE S ER AR 2021, 38(5): 810-819  https://doi.org/10.13254/j.jare.2020.0584

SRR S PR SR - R AR AT

SRR, 2/NE, T, Mk %
Al FEIR G A FE 2 . 2020, 37(5): 719-726  hitps://doi.org/10.13254/.jare.2019.0447



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0892
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2022.0032
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0500
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0150
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0584
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0447

R E RS IR EFH 2023, 40(1): 86-96 Journal of Agricultural Resources and Environment

XM, I3k, FHCE . it A ALAC XS Eh 98 L Y 0 RABCR : Meta 3 HT[J]. 400 BRI S FREE 24412, 2023, 40(1): 86-96.
LIU G H, MAI W X, TIAN C Y. Effects of organic fertilizer application on the improvement of saline soils : Meta analysis[J|. Journal of

Agricultural Resources and Environment, 2023, 40(1): 86-96.

FE B B HLAEXT Eh el + AU B R R : Meta 7317

XEAE? EX!, mkF"
1 ERA B g AR 25 S AT T AT, 254 K5F 830011 ; 2. fh ERMABE K2, JEET 100049)

TFHFEF: OSID

OB na U R W E TR — PR E I i vk SR R N R S R B 2R . NEEE T
A7 330 Ft it o 8 L P RO, AR R RS T 2021 4F 11 1 30 H 2 B A I & 28 B SCHR B , 27 T 404 790 4 AH X 4t <7,
B BB I, I Meta 43 B 7 35 50AS AT AILIE At o =20 AT AILIE St A5 HLAE 5 JEMLIE B ) bt FH AR BR (1 a F1>2 a) X AS[F]
SRt AL R R b EE ) AR 1 A el RACR AT T ZRG 0. 45 AWt A HLAE XS £R 0 1A B i ke R AR, LA
RIUAE : (1) LIS /KT B R &, A LT e 260 SR B A Al 7 1 L B A #4333 32 55 T 33.41% . 46.70% . 19.65%
F181.27%; (2) LSRG B M3 , B FEFEAR T 6.53% , 57K B4R 15 T 15.52% 5 (3) L IEER B KT B, i 5% Ak B2 Al pH (.
S3BIREAR T 43.09% .20.34% F15.22% ; (4) VEDI Y75 i 35 48 &, B IRl 41.78% . AR E , HuiitiA HLILTE A A T 13574 2
e, A HUIE 5 JEHLAE I it Xof - 58 £k 43 9 A AR R - 39 485 ) 1y o5 S8 A0 T S Jon T, it o A L AES %o o 2 1 1 o8 R RORAR T2
JE RN 3 AR L

KA A UL Meta 434 ; 1385745 5 3843 2R 1

RESES:S156.4 SERFRAERD A M EHS:2095-6819(2023)01-0086-11 doi: 10.13254/j.jare.2021.0892

Effects of organic fertilizer application on the improvement of saline soils : Meta analysis

LIU Guohui"?, MAI Wenxuan', TIAN Changyan'’

(1.Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgi 830011, China; 2.University of Chinese Academy
of Sciences, Beijing 100049, China)

Abstract: The application of organic fertilizers is important for improving saline—alkali soils; however, there are significant differences in
the results of studies investigating different regions, application methods, and salinity levels. To comprehensively assess the effect of
fertilizer application on improving saline—alkali soils, this study collected and integrated data from the published literature until November
30, 2021, and established a database containing 790 sets of relatively independent data. Meta—analysis was used to analyze the effect of
different organic fertilizer application methods (organic fertilizer alone, organic and inorganic fertilizer in combination) and application
periods(1 a, and 22 a) on the improvement of saline—alkali soils with different degrees of salinity (mild, moderate, and severe). The results
showed that the application of organic fertilizers had a substantial effect on the development of saline—alkali soils, as indicated by the
following: (1) the nutrients in soil increased significantly, with the soil organic matter, alkali—hydrolyzable nitrogen, available potassium,
and available phosphorous contents increasing by 33.41%, 46.70%, 19.65%, and 81.27%, respectively, compared with those in treatments
without fertilizers; (2) the soil structure improved, the soil bulk density decreased by 6.53%, and the soil moisture content increased by
15.52%; (3) the soil salinization level decreased, and its electrical conductivity, exchange sodium percentage, and pH decreased by

43.09%, 20.54%, and 5.22%, respectively; and (4) there was a significant increase in crop yield (41.78%). Overall, the application of

Wis B 2021-12-26  FFA AH:2022-03-04

PEE T XN E(1997—) 95 ILAR M LR A8, T 52 X R A& &2 R B 5E . E-mail:1gh1639660027@163.com
*BEIEE :HKE  E-mail:tianchy@ms.xjb.ac.cn

EETE P dEH /K QG X EARHE L 11(2020A01003)

Project supported : The Special Fund for Key Program of Science and Technology of Xinjiang,China(2020A01003)

http://'www.aed.org.cn



X E O , 55 < it P AT HILHE XS R A9 24 R AR : Meta 207

2023418

organic fertilizers alone was more beneficial for improving soil nutrients, while the combination of organic and inorganic fertilizers had a

more marked effect on the reduction of soil salinity and enhancement of soil structure. The application of organic fertilizer was more

effective at improving moderately saline—alkaline soils than mild and severe salinity soils.

Keywords: organic fertilizers; Meta—analysis; soil nutrients; soil salinity; saline soils
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Table 1 Sample distribution of the database on the effect of organic fertilizer application on saline soil improvement

EE7D B Jiti i 5 X Application mode

Jiti FHAEBR Application duration ERTALFEFE Degree of salinization

Index Total data it jiti Combined application HUjifi Single application la 22a BREMild B Moderate  HEJE Severe
SOM 105 53 52 83 22 29 27 49
AHN 66 35 31 52 14 16 14 36
AK 76 43 33 58 18 21 18 37
AP 78 34 44 60 18 15 23 40
SBD 48 23 25 34 14 18 12 18
SMC 30 16 14 26 4 3 19 8
pH 80 51 29 68 12 13 39 28
ESP 88 56 32 61 27 24 26 38
CEC 45 37 8 36 9 12 15 18
EC 43 25 18 36 7 8 22 13
CAT 26 14 12 19 7 9 13 4
URE 36 22 14 29 7 9 15 12
CY 69 52 17 57 12 26 14 29

R2 EMAEVIERER K &L
Table 2 Type and percentage of organic fertilizer applied

A HLUIE Commercial organic fertilizer 11 IE Biogas fertilizer & B 4% Manure  A=4%¢ Biochar

JEHEZ Humic acid HEEEHE Furfural slag

51.29% 14.29%

23.38% 3.25% 5.84% 1.95%

T, K 53— AR T 25% 5 1R IEFH & & AR T
T i AT HLAE AT 5w 9 AT AL BT (>40% ), 1ELE F7 53
(NPK) 9 55 1 B (<2%) 5 5& Tt 8 2R W e JES A

R R IS B BT, BT SO B SCHR TP O R 45 Hh LA
4,

22 EMEHEMRE IR ERORREN LR
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OB 5 U0 1 A A0y L S S v BT o ) A 1 {1
R, SRR ) 435 A5 HLAE G T SR 1 e R AR
A FRFR AT S B BT (6 3) o Z5 R BB, AL
JIE it JFFT 5 6 B 45 6 s A9 S 50 A 6 2k 81 2K
- (Pg<0.05)", H. A KT 50% , AR08 55 50 1A 35 11

SER ARHIET R REALAUN R HEL T Meta 73T o
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Table 3 Heterogeneity test of the effect of organic fertilizer

application on saline soil improvement

Bz Fl H B (df) )
Index 0 Degree of freedom Po !
SOM 5507.00 104.00 <0.0001 98.11%
AHN 4280.00 65.00 <0.000 1  98.48%
AK 5280.00 75.00 <0.000 1  98.58%
AP 5 402.00 77.00 <0.0001  98.57%
SBD 591.00 47.00 <0.000 1  92.05%
SMC 476.00 28.00 <0.0001  93.91%
pH 6 241.00 79.00 <0.0001  98.73%
ESP 186.50 87.00 <0.0001 53.35%
CEC 2 684.00 44.00 <0.0001  98.36%
EC 123.77 42.00 <0.0001  66.07%
CAT 3394.00 25.00 <0.0001  99.26%
URE 192.51 35.00 <0.0001 81.82%
CcY 1738.20 68.00 <0.0001  96.09%

2.3 EHLIEHE A X EL R L A IR A RAI R
2.3.1 AT AR X B B 4 F7 438 b 52

F PRI it A AILAE S Eh A 1 5% 4 8 R AL
A ) G S 3 95%CT I ANEL 5 0(P<0.05) , H A7
TR AR BR O (A0 , 15 B it A5 LA BE BA 5238 i R A
g9 —



MV BEIR S BREE 2T - 5 40 4 - 2 100

&4 AYVAEMEMI R LM RBRFEREREERZERB(NSG)

Table 4 Bias test of the effect of organic fertilizer application on saline soils improvement with loss of safety factor (Nfs)

Jiti i 77 28 Application mode

Jits FH A2 B Application duration

AL E Degree of salinization

- J¥ €
TR Total data @ﬂj‘g ,ﬁ?ﬁiﬁiﬂfd Tpﬁfﬁigig la >2a BAFEMild U Moderate T/ Severe
n Nfs n Nfs n Nfs n Nfs n Nfs n Nt n Nfs n Nfs
SOM 105 11986 53 1739 52 2679 83 7711 22 2220 29 582 27 1530 49 2236
AHN 66 2869 35 1169 31 895 52 1726 14 293 16 218 14 117 36 532
AK 76 1987 43 1574 33 269 58 971 18 178 21 630 18 61" 37 879
AP 78 3632 34 665 44 1 404 60 1231 18 744 15 366 23 523 40 672
SBD 48 1184 23 254 25 442 34 565 14 244 18 24" 12 375 18 402
SMC 30 243 16 220 14 82 26 208 4 0 3 17" 19 63" 8 55
pH 80 3551 51 698 29 1851 68 2105 12 67" 13 222 39 1663 28 439
ESP 88 5079 56 720 32 648 61 2309 27 188 24 42" 26 997 38 689
CEC 45 949 37 726 8 108 36 423 9 184 12 77 15 250 18 158
EC 43 1362 25 92" 18 674 36 1033 7 38" 8 3 22 424 13 237
CAT 26 549 14 403 12 69" 19 643 7 0 9 223 13 44> 4 833
URE 36 523 22 441 14 0 29 287 7 55 9 287 15 0 12 63"
CY 69 1414 52 608 17 473 57 1053 12 132 26 122 14 175 29 428

B BRI 5 b FOR OB 10 Nfs<Sn+10,

Note: The data mark b indicates that the Nfs<5n+10 of this data.

+ K IR FEAR IO E . X X BR A CRBEAE A H
FUBHE) A 34 B AR AR A2 A LIRS, A AL
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SBD AT Wi 137 1 K2 95% CTASE T4 Ak A O B ZE ), 5%
BRIV 5 T SMC I 5 Z A Bz, R ER (K]2) .

SBD 4k BE 20 A1 55 T XiF B 41 14 B i M 6.53%, 1T
SMC [ IR IE R 15.52% . FEAS Rt il 75 =0 F , SBD
e TE i A B4 [ 1 (7.56% ) %5 B0 it B (5.299% ) K
SMC £ Tt fita i 16 38 0 (11.55% ) B3 2 A1 T 50 Jiti Asf

(20.32%) o AS[RIAfINAEBR R, SMC FEHE 4 FR>2 a
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F 7 S5 SBD TE St A PR =2 a i} P08 (9.13% ) it
PN T a b (5.70%) B3 . 24 b £R 15t (L 7 A TR
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(6.86% ) WA {2 K T )& (19.33%) 1 8 & (17.40%) o
ifii A5 HLAE & 5, SBD FE R EE (7.10%) Fl & JE
(7.119%) Fr 53 A AF Hb b 1 B i O T 6 B 5t AL A b
(5.08%) .
2.3.3 A HLALEFXT e Bk R bR A5

Hy P& 3 0T 0, A5 AL AE 1 g i )k ik = 1 Ak
(ESP) \HL S (EC) ¥ 2 iy, HA M dl /R, Beia
5351k 20.34% . 43.09% . Jite 10 A HILIE [ R BE X £5 A
- pH RS A TR EAARR BN SR B N
5.22%. Jiti finJy =X A9 AR X 1A = IR AR 4 5 )
AR A, 59078 HURN TCATLAE T it e A 3 s B S8 o3 1 2
W1 i 7 N 703 5 K o1 R B N 0 AN 1 U Va0 4
A FEA— 2, BVt in A LR >2 a AR IR B B K F
U 1 a AR, fERE BRI AR T i
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>2ar —A— (34.54%) >2at —&— (50.58%)
larp —¥— (33.02%) lap —Y—— (45.73%)
Bt (33.02%) —&—— Bt —A——— (58.42%)
fic it - —7— (21.42%) FiCit [ —7— (37.29%)
SR T —@— (33.41%) MK b —e— (46.70%)
0 0.2 0.4 0.6 0.8 0 0.5 1.0 1.5
SOM FUE M )] L Weighted response ratio( RR...) AHN BLE M )i b Weighted response ratio( RR..)
ERE ——— (19.56%) G —o————(68.04%)
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Figure 1 Effect of organic fertilizer application on nutrient index of saline soils
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Figure 2 Effect of organic fertilizer application on physical index of saline soils
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Figure 3 Effect of organic fertilizer application on salinization index of saline soils
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Figure 4 Effect of organic fertilizer application on biological index of saline soils
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Figure 5 Effect of organic fertilizer application on crop yield

in saline soils
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