5542 B 17 W) S &~ £ Eild Vol.42,No.17
2022 4F 9 A ACTA ECOLOGICA SINICA Sep.,2022

DOI: 10.5846/stxb202106091529

PG, XN, AR, THOR, 24, I, TR [RIOR R 8 g I DX 1 b2 bl Y B R AR AT, 2022,42(17) :7080- 7091
Zhao X N, Liu S, Gao X D, Ding Y H, Li Z, Yang Y, Yang M F.Effect evaluation of soil amendments on soil quantity of mountain apple orchards in the
hilly region of Loess Plateau, China.Acta Ecologica Sinica,2022,42(17) :7080-7091.

AERRFNELISRERXIUMRE T ERTERN

A

AT D FHe AR, TR, F o4 M R
1SRG ARIRK - RIFIEIR, Bk 712100

2 ALK MRFHE R KA SRS TRBR, btk 712100

3 WA MR R IR TREH TSRS, B 712100

FEE A 058 o e R ) 3 3 A g XL b SR el e B T R R R R S R B 2 — . P8 = H AU E ) K RE T 22,
B AV B A2 e 0 225 ) B — 5 ) L, TR B K ) 2 9 e AT AR B A1 2 B = o R 50, 1 9 L - S B s, 0T 9 1%
S AREL, 50k R s AR B (BC) il B A 5% 5 A R SESEFF B AL B (PGBS) |, it T R 0.25% ; i T 3E R T AL B
(PGBM) ,Jiti S 0.25% ; 5 IR B K FIAL BE (SAP) &R 0.1% , At F 3 B FE X B (CK) o 3l 32 4 o B
R R/ VB R 1 0k A SR B, 43 1 5 X BRAR B ( CKO) HEAT X LY, RT3 50, S5 R R I B - 1,47
HEPRETTE LA Chaol FR5L L 4E R W AN A Chaol #5E506 11005 (14 52 WA 25 K ; [m] Bk - S9 0 1R 70) Ayt P P LA B St 488 s SR el -
Bega, Wi ZEAIEM, K OUR R B0 R - B U A ok (BC) SRR (SAP) > A B ZEMIAT I ( PGBS) > % B 2F 1
FFU (PGBM) o £ 75 JE T 3 i Al R A AR K G A 1 v T L b SR el - M8 0 1R 7 1 )3 PR S g, 5 AR PR 50 T % U
A0 A= e 7 3 - v - i R T LA AR K R

SR4BIA LSRR s AR s AR AR BRAR A 1 5 PR s -4 B P4

Effect evaluation of soil amendments on soil quantity of mountain apple orchards

in the hilly region of Loess Plateau, China
ZHAO Xining">*, LIU Shuai®’, GAO Xiaodong'®, DING Yanhong”’, LI Zhao™’, YANG Yang’,
YANG Mingfei®

1 Institute of Soil and Water Conservation, Chinese Academy of Science & Ministry of Water Resources, Yangling 712100, China

2 College of Water Resources and Architectural Engineering , Northwest A&F University, Yangling 712100, China

3 Ministry of Education Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Northwest A&F University, Yangling 712100,

China

Abstract: Soil quality is the main bottleneck restricting the healthy and sustainable development of mountain orchards in
the hilly region of Loess Plateau. In order to solve the problems of poor soil water holding capacity, low fertility and single
microbial community structure in the Loess Plateau, three amendments were selected and five treatments were set up in this
study : biochar application rate was at 5% of soil weight (BC) , bacillus subtilis application rate was at 0.25% of soil weight

(PGBS) , bacillus glia application rate was at 0.25% of soil weight (PGBM) , humic acid water retaining agent application

rate was at 0.1% of soil weight (SAP) , and not application any amendment as a control (CK). The relevant indexes were
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selected by principal component analysis (PCA) and minimum data set (MDS) to comprehensively evaluate soil quality.
The results showed that soil total nitrogen, available phosphorus, B-1,4-glucosidase, fungal Chaol index, cellulase and
bacterial Chaol index had a significant effect on soil quality, and application of soil amendments could significantly improve
the soil quality in apple orchards. The improvement effects of different amendments on soil quality as follows: BC > SAP>
PGBS > PGBM through a comprehensive evaluation. Considering soil quality and cost, water retaining agent is more suitable
for soil quality improvement in mountain apple orchards in the hilly region of Loess Plateau. Biochar has great application

potential in soil amendment, if agricultural and forestry wastes can be recycled.

Key Words: mountain apple orchard; biochar; plant growth — promoting rhizobacteria; super absorbent polymer; soil

quality evaluation
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0.7, A8 SRR U A_EFR 1R X AN [R] 2 Y i R R0 5 B0 S B, ELR o8 R 5 AR S5 o U

£1 0—60cm T EREY RFI4E T ERETFNIEIRGIT

Table 1 soil quality assessment index statistics of 0—60 cm soil layer in different amendment treatments

LA Rk M s P ol
Soil index Max Minimum Mean Slar,ldérd Coeffl.cle.m
deviation of Variation
25T Bulk density/ (g/cm®) 1.41 1.07 1.22 0.078 0.064
ST A 4% Mean weight diameter/mm 2.36 0.39 0.78 0.395 0.503
JUAFE-44 B 4% Geometric mean diameter/mm 1.06 0.29 0.42 0.173 0.413
M F1F 7K % Saturated hydraulic conductivity/ ( em/s) 63.26 11.32 34.94 11.881 0.340
+ 3984 /K % Soil water content/ ( cm®/cm?) 26.12 13.25 21.06 3.100 0.147
pH 7.96 6.55 7.47 0.416 0.056
+ 5 ML Soil organic carbon/ (g/kg) 29.33 2.13 5.71 5.228 0.916
S Total nitrogen/ (g/kg) 1.01 0.27 0.48 0.170 0.353
A& Nitrate nitrogen/ ( mg/kg) 39.17 1.81 11.82 8.718 0.737
25 % Ammonium nitrogen/ ( mg/kg) 581.97 7.55 160.28 165.724 1.034
AW Available phosphorus/ ( mg/kg) 83.84 8.37 33.54 16.628 0.496
HHEN Available potassium/ ( mg/kg) 502.42 82.8 380.86 97.805 0.257
41T Shannon $5%X Bacteria shannon index 10.20 9.24 9.82 0.232 0.024
HTH Shannon $§%X Fungus shannon index 8.69 3.5 6.87 0.909 0.132
YHTH Chaol $5%L Bacteria Chaol index 4134.68 2739.27 3572.35 343.030 0.096
E1H Chaol 5% Fungus Chaol index 2706.33 458.36 1486.62 403.411 0.271
214k KW Cellulase/ ( wmol/min) 21.14 1.61 7.14 5.409 0.757
B- 1,4 A& M HE B-1,4-Glucosidase/ ( mol/min) 19.69 1.66 11.07 6.226 0.563
MERHEE Sucrase/ ((umol/min) 23.33 1.75 8.30 6.172 0.743
B-1,4-KZE MM B-1,4-Xylanase/ ( wmol/min) 9.69 0.47 4.42 2.626 0.594

2.2 F/NEEERERE

TR AR PRI TR AL Z G XA [ i R AL P - SR pH A LR i 2R &= A0 Shannon $5
B A AER TGS 20 A AR TE AR AT F 00T o0, H KMO {28 0.761, ERFFIERIE A B0 (/N T 0.05,
KR 5 A G AT 5 A5 RN 3 2 R, AR P RHEE R T 1 W FEWA 6 4, FRAEE 5718
4.279 3.366,2.302,2.197 ,1.588 F1 1.023,6 > 50 BEUT 2 5THRE R 73.78% , WRIECT A WF, F oA
-y 3 KA B A L R e O AR S R 1 B 4% S A A A R T 0.5 AUFE BRI 3R 20 4, B
YE MDS £ 45HE . FEARAE Norm {E/NT 109% 50 SlBREE K Norm B 10%35 [ Z AN G 4R , Gk 11 4
FEb , SR IG MRHE A A bR Z [ AR DG A T 18 , A FR PR AHOCHE ISR 3 o JR ) I W] — 2 i o h i d Aoty
SEEERE , WDKE A 2R R IR B, Ar 2R/ NI AR . B0 E A MDS A8 bR 3EA 754, 40l 32 gy —
FIFEARANEE Chaol F85L, A A BV, R = AR 4E R, 00 VO B ECTR Chaol 845, 7
T B- 1, 4-F A, SRR S AL . TR PRI IR RN 60% , X B R4 1 TR A SR AR T bR
] 1) TUAY EE 2 AR B R MR/ | B A 8 i R R 2R 5 TN RIOR

K2 TEREBEREMS SN

Table 2 Principal component analysis of soil quality index

- HEE bR TSI E R Principal component load matrix Norm {i
Soil index 1 2 3 4 5 6 Norm value
758 Bulk density/ (g/cm®) 0.024 0.516 0.593 -0.067  -0.301 0.154 1.3734
SF-Y4TE 5 4% Mean weight diameter/mm 0.035 0.715 0.175 0.015 0.065  -0.342 1.3869
JUAIE3 42 Geometric mean diameter/mm 0.034 0.682 -0.21 0.104 0.297 0.101 1.3588
AN 7K #R Saturated hydraulic conductivity/ (em/s) -0.077 0.271 -0.227 0.155 0.744 0.247 1.1770
4338 5% 7K Soil water content/ ( cm®/cm®) -0.153 0.202  -0.089 0.590  -0.026 0.19 1.0288
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RR:Eizg F 5 Z A B Principal component load matrix Norm {i
Soil index 1 2 3 4 3 6 Norm value
pH 0.43 -0.03 0.049 0.288 -0.694 0.124 1.3276
FHEA MK Soil organic carbon/ ( g/kg) 0.179 0.675 0.123 -0.019 -0.052 0.375 1.3618
B Total nitrogen/ (g/kg) -0.335 0.73 0.052 0.209 0.095 -0.019 1.5462
fif A% Nitrate nitrogen/ ( mg/kg) 0.478 -0.296 0.172 -0.406 0.071 0.183 1.3210
A A Ammonium nitrogen/ ( mg/kg) -0.075 0.537 -0.293 -0.299 0.141 0.253 1.2189
U Available phosphorus/ ( mg/kg) 0.098 0.118 0.100 0.332 0.110 0.787 1.0030
N Available potassium/ ( mg/kg) 0.726 -0.123 0.039 -0.338 -0.017 0.271 1.6237
N T# Shannon F5% Bacteria shannon index 0.885 0.06 0.017 0.205 -0.005 -0.06 1.8602
FE(1# Shannon $5%X Fungus shannon index 0.055 -0.048 0.056 0.794 0.064 0.033 1.1919
YHTH Chaol F5%L Bacteria Chaol index 0.93 0.016 0.016 0.118 -0.115 -0.035 1.9378
B 1H Chaol 5% Fungus Chaol index 0.443 -0.132 0.261 0.758 -0.108 0.183 1.5396
YR Cellulase/ ( wmol/min) 0.021  -0.11 0.951 0.038  -0.03 0.023 1.4593
B-1,4-# M7 B-1,4-Clucosidase/ ( pmol/min) 0.491 0.359 0.44 -0.022 0.521  -0.002 1.5307
HEWERER Sucrase/ ( umol/min) 0.097 0.032 0.934 0.069 0.062 0.015 1.4383
B-1,4-REWERG B-1,4-Xylanase/ ( wmol/min) 0.548 -0.007 0.373 0.029 0.653 0.010 1.5115
FFAE{E Characteristic Value 4.279 3.366 2.302 2.197 1.588 1.023 -

7 2% BTk variance contribution rate( % ) 21.394 16.832 11.51 10.985 7.942 5.117 -
ZMTTHRAR Cumulative contribution rate( %) 21.394 38.226 49.736 60.721 68.663 73.78 -

2.3 AN[Rlek KRR A 3 B s i 2R A DY
2.3.1  TEMEE SRS I

SR MDS #ET ER AT BAWAS TR T Y
B REAR T S40 (U MDS RHT O BRIEAT TRIME, 2 oep  YTRGIN w
JOPM R IRE B2 5 BRI S (M R R 3 os)
PP FREC S S BA e, TDS) A RaliAT B |
xHb, i A, TDS B R R RS R B
0.406:0.121, 5 R ML (C,) H 0.207, Wik 22 Of
(€,<30%) s MDS K0+ R RAS KU (0 0.300£0.126, 3 02|  °
C, 2 0.324, W shig R K (C,>30%) , Wi Bl MDS X + 0.1 . . . . . .
I AR B A T R e P 1 AT B T e
B AR B AR OM BRI AR B F R R M) R IEAR OE , Tk Soil quality index of minimurm data set
TEFREL R =0.804, BEI] MDS %} + 35T 45405 TDS 1Y B1 SAMEENARRELRREERAELR
TR AR R T, NI R T MDS 115889+ 3 i Fig.1  Linear relationship between minimum data set and total
i#ﬁﬁﬁﬂ Fﬁ 3: j:ig )ﬁiﬂz m\ . data set of soil quality index

232 ZEAIEM R R
AR TSR PRBORE MDS T B B 20 A5 AR

HEATHrE, 4 J BRI A bl B A E” B0 RIS EOR pH Ol M/ AR T SR R A X
(3) V15, ot s R e E A (2) THASRE B AR A5 48 A B8 (4 e e B o3 for 28, S o3 O 22
TTRRR A R TTER RS h i s DR AR D 6 MEPRAE ANZR 4 FoR , B- 1, 4-0 4 W5 1 BTG PE X T3 T i
HIFE IR BR K, e SQI 23 7E 0.002—0.190 2 [a], $41E K 0.104 ; £F 4 K B X + 398 i 52 i fe /)y, He SQI 2045
1£ 0.002—0.085 Z [, ¥{E 4 0.026,, 381t MDS XF %8 bn AT AL T 43 B A 3K, #5486 Fm %o 458 ot 2t 5% e 45 4
T A% (0.253) >R (0.252) >B-1,4- 2B (0.199) > ELH Chaol $5%0(0.199) >£7 4k Ziff (0.094 ) >4
P Chaol $58%%(0.068) ,

http ; //www.ecologica.cn



i

w,mn*w_mﬁuﬁw_mvw 100 wa_wu% - ,w,m_#mﬁu:_m% S0°0 mﬂ%ﬁ % Emmzm?.x.v, I .u @mﬁ*%%.wr I .u?;x.u"umﬁosm @@ﬁ*w FYNS ¢ osepisoonf)
.w,_ .u @mﬁﬁ*ﬁﬁ.v»_ .u : Dn_u.u "umm_:zwu %W\&Nm 1D Ua_u:_ 108y m:m::m @qu:ﬁ 10'Y) EW f1oey)-g "xwwE [oey") BLIDIORY ﬁmdﬁ [oeyy) @WEM : _ow.su.m;u@:m uouueys msm::u_ u@m* uouueyg @Wuszasw.,ﬁxmwﬁ uouueys BLIJRY
Y Bf uouuryg [ [flz  uueys-g fwnissejod ofqR[IRAY [ XY T Y ¢ snaoydsoyd oqeyreAy Xy TR ¢ Jv  ueBoniu wnwowwy Y G S PHN-NV S usBontu oy R S H P EON-NV ¢ uoSoniu [e10], B E 3 PN uogeD otuesio (108 x4 B3 FD0S

7086

»IL [tog M%@«é%ﬂmﬁ“:m::wéoo I21eM [10g m%/ﬁ\%mﬁ "U,Bmwb_\ﬁusvccu o::m%E Pporeinjeg %&Nmn%m@"mv_ :mEEm% uBaW ILIPWOI<) meﬂwwgdnmzwiﬁwﬁm% Em_@s uesy W@@WH@H&HQBEQ:E% yng H@wﬁmﬂ"am

I w0680 LIPS0 LLPED  LPTO L.PPP0 9€0°0 L PP L 8PE0 OLTI'0 S80°0- .86C0  160°0- 8ST'0 8010  8T00- . ¥6CO 10 800  T00°0- TAX-9
I TS0 .,TC60 .¥9€0  $II'0 €10 9800 6510  I80°0  691°0- €410 SI00  HLIO  PLOO  1S00-  EII0-  9I10-  80TO .. E9Y0 uns
I .9PE0 1610 ., 0660  TC00- .. THP'0 680  PLIO IS0 9110 810 .TEE0  LS00-  6€0°0- . 90€0 §TO0  L9T0 L TEED no-g

I .90€0  SS00 800 6700 8800  L900  ISTO- TI0 7900~ €500  P600 6000  88TO- EETO-  PLOO .. SEVO T4

I €080 . LS90 L LISO  TET'0 ..T6E0 . PIE0-  L000- €60°0- 900 ..€ES0- 9970  SI00  8£0°0- LOI'O- ST [0y

I €00 ..0880 ..€60 9710  90I'0- .90€0- TLLO- 610 ..6570- 9800- 9E1'0- LyOO- 100 S90°0 1ovy)-g

I 6FI0  €600- $0TO  $91°0-  LOI'0-  6TI0 W00 €8I0 PLTO 910 TEO0  LTOO  9H00-  UuByS-]

I W ILV0 610 LPI0- L1IE0  TpI0-  LEIO  .8I€0  LZO0-  9P0°0-  LOOO €900 9110 uueyg-g

I T600 L6000 .90 ..SI0- 8600 9T0  $TTO0-  €TI0- €000 8L0°0-  9T0°0- MV

I S€00- 6200 €710 L9EE0  T1L00  LL6TO  8LTO  LLI'O  SE00-  6TTO dv

I 8610- SO LTHEO  191°0- 900 LO6VED L.¥8€0  €¥I0 9500 "HN-NY

I ..66£0-  £[800- €200 L LOE0-  8E1'0-  +I00-  LOI'O- 8500 EON-NY

I LLLEO  T61°0-  L6I0  8LTO .. €6V0 LPLEO . 16€0 NL

I 8P10 800 €170 .00 .TLEO L 0SE0 D0S

I #2100 .7 0-  8I0- TEI0- €810 Hd

I €00 LIIE0 8010  TEO0- DA

I 26660  #PI0  #TI0- D'l

I .. UY0 €10 ano

I .08€0 aMn

I ad

TAX-d uns 199 D Toeyd-q4  [oey)-g  uuwyg- uueys-g Yy dV  YHN-NV fON-NV NI 008 Hd IMS R ano AN ag MMW

xapul Ayifenb [ios Jo sisA[eue uonepII0) ¢ JqeL

WEFFBYBEL T €2

1ca.cn

//www.ecolog

http



17 34 AP A AN [ e IR R R e D Xt A el - S o 4 5 7087

R4 ETRNEBERERYHNLEREEY

Table 4 Soil quality index based on minimum data set membership function

shsm R KA ) S il grony
Treatment  Soil depth/em  O% HOEEN/ L horus/ Bacteria Fungus Cellulase/ B-1,4
(/ke) (mg/ke) Chaol index Chaol index (pmol/min) Glucosidase

BC 0—20 0.608 0.527 0.529 0.500 0.136 0.894
20—40 0.565 0.468 0.667 0.432 0.424 0.789
40—60 0.573 0.366 0.365 0.387 0.072 0.551

PGBS 0—20 0.293 0.176 0.679 0.289 0.352 0.913
20—40 0.274 0.377 0.521 0.395 0.379 0.334
40—60 0.289 0.309 0.164 0.371 0.71 0.149

PGBM 0—20 0.237 0.473 0.765 0.462 0.017 0.779
20—40 0.226 0.21 0.609 0.270 0.091 0.720
40—60 0.257 0.231 0.333 0.339 0.06 0.207

SAP 0—20 0.163 0.295 0.924 0.841 0.654 0.891
20—40 0.156 0.525 0.794 0.623 0.21 0.422
40—60 0.151 0.358 0.74 0.654 0.062 0.165

CK 0—20 0.178 0.367 0.745 0.566 0.905 0.954
20—40 0.194 0.200 0.530 0.383 0.114 0.051
40—60 0.19 0.119 0.591 0.350 0.062 0.009

gihls 0.253 0.252 0.068 0.135 0.094 0.199
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Table 5 Profit sales rate of different treatments

Qb A FrE R GIREES
Treatment Cost/ ( RMB/#£) Yield/ (kg/#) Unit price/ ( RMB/kg) Profit rate/%
BC 120 44.12 5.40 0.50
PGBS 65 49.80 5.40 0.76
PGBM 65 46.47 5.40 0.74
SAP 52 47.68 5.40 0.80

CK 0 41.42 5.40 1.00
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