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1 MRE7RE

1.1 RIE ML

AHIE A DA B VG 48 XS T K B 2% G 7 Y [ i = M
+ e S, LA TR BB A (33938137 ~
34°09'55"N, 107°03'00"~107°46'40"E) . KHEMIE N
Hlal R AR, B R R XS L v L S AR ]
SRR, FEFHSRIE 7.6 C, FEEKE 700~
1000 mm, +THELIEEIE, W1+, WA hE. KAE 86%
BB R A 3R 32, #1E 2020 44 B R SE R AR L)
6 666.67 hm?, Fii (1 s Z= T LR Sy 4 [, By Rk
ML bk, R WEEPRTS. HAGBRPHE LS P
P, SEHEERIL. WS FoAY, BEEREMNE
RS — R 8.

Y - IR IERETE R N A 1.82 g/lom®. FLERE
30.68%- pH 18 5.49. HHUA 25.04 gkg, % WA
SRR E LN 2.37. 079, 21.09 g/kg, BRARE. HL
T R R B L 2 ) 161,95, 120.14. 118.60 mg/kg.
1.2 Rt

AAREE T 2020 FFAE K A B RTE R 7# 558K
Frafseiti. WEE EM | (B) « YR (S . AW
HRAEM B (SE) . HAK (C) - EARK+EY®R (CS) .
ERIRAEYRAEM B (CSE) LA ANt in AT Ar] 24 K 751 )
THZSH (CK) 7 Me#E, AR 3 AMEE, &Kk
AT 166 m* Horh 8- Ab B b 5 KL 516 FH 25 9 EM
W OOKBEH) 438 11, AWK 5310 kg/hm®, HOAK
2 660 kg/hm?®. FRHEAEYI N PG L0A, K FH 7 Y0 el b 1 o
Bl “EDHEH o 7 F 15 HARRIRA TS F ALY
IR, N TEPHREZ 8 30cm, 8 7 1 H¥AYIR
A EM B it T sy AR R ) L3R T, N TEIHHR
FEZ)4 30 em. 8 J1 15 HARPhBET, #REE 30 cm, 1TEE
40 cm. TE PG Z0AT A 0 RE A i B A A S I S O =
TRFF & X — 5L
1.3 H@REESHH

AR H 1)K 56 AN - 398 4 R i 380 SR SISk S kAT T
2 RAEIERECRAE, (] “S” RURBEHCREE, FHAN
KHL0~20 cm W) EFEAE IR ERFE M, B R BEAT T 6
KAERL 336 NEFE, Sl AREREY, #Mirbrid,
WAL E, RN EYIRRS A TS, BT

FEAALFEE BT TR IR B . J i (4L
F1mm) , FEAMGEF, HTESNE 5 pH E.
AR &% BRE. . S, S0 R e
S == 8
1.4 MEDHRKGE

T3 M pH R AN E s LR
HRH BERRE A EE-SMnRGEN e SRS ERHE
A INEF] (K,SO, & CuSO, & Se=100 : 10 : 1) FIKFiE
TH - IR B E 5 DA 2 R T BRAR T B0 5
At oK NaOH A R-FHBR DT L (il e s 30l &5
XA 0.5 mol/L NaHCO; Al ; 484 & K A NaOH
FARL-KIEEER I e s AU S R A NHL0AC = 42-
KIGIE L E .

RN AR S B R A HyS0,-H0, & -3l
8 B 8 s 2 8 R A HoSO4-H,0, ¥ & -FH bt
bl (R 52 s 81 B R H HyS0,4-H,0, 1 & - K IE
VR E o PH LA ST KA PR R R /K A 08 TR
e (HCL #4) Mg SBRIE KA NaOH i & V%
M5E
1.5 HFEHE

L 3EZEE BEIHE 5 (Soil Integrated Fertility Index, IFI) :
AWFFUEA TR pH . AR, 2% A, &, &
AR A SRR o R DR bR, THEAT IR REL
FIFMEIERIPIMEE 2 2G5 3R & e R4

(DN SWAE =R @ S sl

Sy RE S350 TFT AR IR :
X /X, X <X,
1+ (X=X )/ (X, = X,), X, <X<X,
24 (X =X)/ (X, = X,), X, <X <X,
3, X>X,

KA IFL R AR 250 XA @I e s Xa o2k
FRE N IR s Xo N gibnitE FRR: Xo RN T Bbrifk L.
TR (R 1D .
2) ZRG IR T R IFT i 5
IFL:J(Hm*w)2+(Hmﬁ*)Zx(”_lj 2)
2 n
K IFL A TR B A 5T BEJTI3SME s TFL sy 158
JEME B ST IME S n TR AR N B

IFI, = (n

x1 HERBEMSRITEE
Table 1 The grading standards of soil properties

S pH fii BB e AR e R ot TR
Classi f;ca tion pH valﬁe Organic material/  Total nitrogen/ Auvailable nitrogen/ Total phosphorus/ Available Total potassium/ Available potassium/
-1 -1 -1 -1 -1 -1 -1
(g'kg) (g'kg) (mg-kg™) (gkg™) phosphorus/(mg-kg™)  (gkg™) (mgkg™)
Xa 4.5 20 1.0 90 0.6 10 15 100
Xe 6.5 30 1.5 120 0.8 20 20 150
Xo 8.5 40 2.0 150 1.0 40 25 200

TE: Xa T PARAE R, Xo A bt IR, X AN T2 gibrne by BRI, EISEE R el fhadk.

Note: X, is the lower limit of the classification standard, X, is the upper limit of the classification standard, X; is between the upper and lower limits of the classification

standard, mainly referring to the second National soil census standard.
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KRS BRARD , LIkl (SX2-10-12RY, ¥
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HUMEARARD , T RF (BSA224S, FEZFIH
BHEAGGRHRAFD , KM Bahsess, kXK
TR (2XZ-2, JERBEMEAMAERERA D , JFE T
FIHFETE (AA6R00, BFEFWHRAT)D , MEHIRE
it (VZ8685BZ, MifREHRMARATD , Kok
FET (UV-2102C, JUJeh] BiAEsBRARD , A8
iR (SH402, BFRGMEREAERMAIRAR) , HEiEiR
B (HH-S, TLARTIERAIRAFD , PLKE R
(K9860, WrraiFrel i ARARD , EHEME T
(PHB-5, WU EHETHTIART ) -
1.7 BURAIE

XH Microsoft Excel 2010 #AFHEAT 804G A0 3E, FH
Origin 2018 #:/&, FIf SPSS 25.0 #fdt Hidh k47 8 K]
B ENI R ERST 8, R LSD il 2R B E M
K46 (P<0.05) .

2 HBREHH

2.1 ARAEFSHEHE. 28, 8. £FNEmI

IR TR R IR R AE A KR S5
Tabr. BVE I3RS UEAE W, BINER AR bR, LR
T EAERNE R AR MG DL AR 2 U« R 2R ER S (1 Ak
RS EEMN. HER2 ATA, 5 CK AAEEMILL, SAbrE %
pH (B2 5 2T mr, W08 0.58~1.28, FH&MFRE—E L
B ok T IR,  CSE 1SN pH sk ok, 1R
1 1 23.06%. X FESREAIK. AEY)RFI EM gL [FI1E A
MIER . BARKPEARENHERL, H5EdhKy K
A KA 2 ST DA 2950 e - s ma Ak e Y, AR T
B RIEZIE, 5 HRARRP I H S 745,
BRAR IRy 1 HVR I, #1235 pH B! 10 EM
W2 AR R A T KRR, FLBARH AR A
Fh P e, i 7 3% pH E!"),

Fz2 TENENLTEpH., 25, 8. 2D

Table 2  Effects of different treatments on soil of pH, total
nitrogen, total phosphorus and total potassium

W pHAE 28 2 =8
Treatment  pH value Total mtr_(l)gen/ Total phosghorus/ Total pota_slsmm/
(gkg) (g'kg ) (gkg)
CK 5.55+0.06d  2.21+0.33b 1.27+0.08d 24.38+0.37d
E 6.13+0.15¢  2.51+0.08b 1.85+0.08bc 24.40+0.40d
S 6.20+0.10c  2.58+0.34b 1.96+0.07b 24.39+0.09d
SE 6.77+0.12a  2.38+0.03b 1.7610.13¢ 25.0940.14¢

C 6.40+0.01b  2.85+0.32ab 1.9440.13bc 27.53+0.10b
CS 6.40£0.01b  3.13+0.31a 2.15%0.15a 28.1940.16a
CSE 6.83+0.12a  3.19+0.47a 2.13+0.08ab 28.34+0.45a

W AHEIMEMSR RFIMEASE (CK « EM B (B  AEPR (S)
AEPPRAEM B (SE)  FAIR (O HEAKRHEYIR (CS)  HAK+E
WRAEM i (CSE) o F—SIARTHREREFEE (P<0.05) o TH.
Note: Blank reference (CK), Effective Microorganisms bacteria (E), biochar (S),
biochar +EM bacteria (SE), plant ash (C), plant ash + biochar (CS), plant ash +
biochar +EM bacteria (CSE) without any modifier. Values followed by different
letters within the same column are significantly different at the 0.05 probability
level. The same below.

T A U R M AR A W e R A ) A AR
grs IEAT R AR A% AR 5 I B RO
TR E IO E VI & 02, B 5EM i)
JCEAER, SR STEMBTIERE /1. 5 CK ALBEAALL,

CS. CSE Wh¥E¥yRew Eiem LB A E, 20m T
41.63%- 44.34%, CSE AbFEIEIN#R R, & CK AbFEfY 1.44
f5s 5 CK AL, SAMtEEMETERST
38.58%~69.29%, CS kb¥IEINAHAK; SE. C. CS. CSE
ARFR ) R A S B CK AR 0, CSE AbHiy
iR, BINT 16.24%. FEIERAE R E M &L EFEA
IR E AR, RER A IR WS T
% pH s, HIEA. B A ERSEZ IR, i
FEOE SR T AR SE T IX— £ Ak, EM E RS K
BIA SMEY, T IER AN E AR AEY)
KT RER MK EY (FE) &, BeA W
H A rh S N W H AN EM B, AT LA
HOGE LIRS, R R R W A R, B
AR B S ICRMERS,
2.2 AR TIZEANR, BER. R R
A

TIEE YL LIEREYA S AR, s
LIRS EE R bR, ADCAEYREE T AR RE
FICER, FREIEIEYIFRE 9 00 SR SCoRF N, 2k 3
AT, 5 CK AbERARLL, - AbPRs) B85t m AL &
&, H CSE IR, 1T 130.94%. FE
AR PTREAER B 5 A EC R YR AT
DUA Bk e 25 0 IR R, 3G B B A AL R
FRE ST, N3 A HURM MR EM BT IRRED
R RIFRIREE, —ERE LIedt H35 5% 5 10 fR F e
WALLOE A

3 TEEIHEE., RS, EFAR
Table 3 Effects of different treatments on soil of alkaline nitrogen,
available phosphorus and available potassium

AR TR T A
SO Organic Available Available Available
Treatment material/ nitrogen/ phosphorus/ potassium/
(gkgh (mg-kg™") (mg-kg™") (mg-kg™")

CK 20.65+0.56f 156.92+10.69d 121.71£15.39f
23.77+0.78¢ 166.25+3.50cd  171.60£0.29¢

S 25.17+1.27d  175.58+4.04c  171.17+0.71c¢
SE 25.47+0.25d 176.75£3.50c  163.46+6.03¢c
C 33.0940.25¢  198.92+4.04b  142.36+6.98d
CS 44.36+0.61b 238.58+2.02a 218.93£10.34b
CSE 47.69+0.76a 239.75+12.62a 275.93%£15.55a

86.91£10.61e
116.59+1.60d
134.30£8.91c¢
145.28+7.80c
157.86+2.84b
182.74+4.67a
190.75+2.58a

TR 20 TH RO B T B A S T B - g R A 4
Re IR/ E 2SR bR, R80T DAY B R R A,
BT A LA S AT BRI IR A . R

S. SE. C. CS. CSE #bHf 3 &85 CK
W ERE%, H CSE GHEFEERK, & 7T
52.78%; 5 CK ACHEELEL, H-AbHE -3 S0 & &35 0
Z1an, MWIE 16.97%~126.71%, CSE AbFRRH T,
A& CK AREE[Y) 2.27 fifs 1045 Ab 3 38 A4 B & S CK
REFRIAA B2 2 5, CSE ACERSE Nk, 15 1 119.48%,
& CK AREE[) 2.19 £ o X BB T EAKFEH KEM
B B B, BEAEMEAERE Y AWk T DAk I ]
BRI, BARITKASMSE. MEMNES), (i
IS AORSOR G20 Tt EM B, 8 R
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ViR, (EERAEMIRNE S, N TR 0 i
e, ftm IR A B, BRI R AT UME RN
EM B AR, 7T LA R EM B0 BRIk AR
EWHYE EM B =FH SR, /£ e it g
AU BB AL R RS R, A
NE3HE I, AR REAEYIRT L3857 53 R AR R A o
2.3 AEAEXMERER. 8. 21, KON
PR B B RO I B mT DUAI T 3357
FIBERRDL S VRV E TR AR RN, KR

R4 TELEMEHRESR. &8 28, KOHE0N
Table 4 Effects of different treatments on plant of total nitrogen,
total phosphorus, total potassium and ash content

%

Ab 2R et Ex7 il Koy

Treatment Total nitrogen Total phosphorus Total potassium  Ash content

CK 1.51£0.02¢ 0.11£0.01e 3.24+0.20d 20.06+7.26a
E 1.59+0.06bc 0.19+0.01c 3.41+0.02cd 21.49+0.20a
S 1.31£0.07d 0.20£0.01bc 3.55+0.18¢ 27.49+5.08a

SE 1.64+0.09b 0.21£0.01b 4.42+0.07ab 26.58+0.78a
C 1.61+0.04bc 0.17£0.01d 4.21+0.18b 21.58+3.26a

CS 1.84+0.04a 0.21£0.02ab 4.53+0.24a 24.35+4.99a

CSE 1.89+0.05a 0.23+0.01a 4.6520.09a 29.4546.0a

H#& 4 741, S. SE. CS. CSE &F M2 A S
B CK AF %5 8%, SE. CS. CSE AbF /3yt hn 1
8.61%- 21.85%- 25.17%, 1 S AFEFFK T 13.25%; 5
CK #hFEAHLL, SAFEMEKEHEESE MRS T
72.73%. 81.82%. 90.91%. 54.55%-. 90.91%. 109.09%,
CSE ###k; S. SE. CS. CSE 4Pk A& &
B CK ALFE - HIETE T 9.57%- 36.42%- 29.94%. 39.81%-.
43.52%, CSE AbPRIESHON: &R0 BE R K 70 & IR
CK AbFHZ IR 2 o i 0 SCEEB R 70 45 B S it
Ao AT AR R 0 77 R W, R H e & HET
BRI FUAE S FH A K AT DA HEAR PR A AR K AR
W, dERRbURHE . BRKERRE ) A EM AT
MRS E AR A . IR RBETE, (A B AR 1
RIRERDL, gesh, ey, AYLEHUERE A T
TR RGN, (R R A AT AR R R, A
I, BRI, AVRS EM A PR RS 2 ek
PRAT % 2. SRR,
2.4 AEREFTRILAKAMERE. SERERRMN

AUEPERE . R P ROWE I LU A2 4 T v A & 5 4 2R
M EER bR, AW R EESH i Rir, A
BFF 50 AR 5 A B 18 21 At SR R DL S o

& 5 Al4, 5 CK 4PEAALEE:, CS. CSE AbEEH
PELLAT K I P B 2 2 3 0, 23 B I T 13.33%- 39.73%;
SE. CSE 4bFH ¥ 75 204 S B 2 i 2 (KT CK 4b#E, H CSE
PR Z, PRIK T 17.36%; & AbFR )78 20 kil g L
5 CK #FEAIEL, CSE ZbFEMGINEZ, 17T 69.23%.
X FEEH T BRI AL G LR AR X B P R AR
FIF, UL S B — s s AR R it
AT DA R i VG 20 A ) P i R i B, HLAR R i
SR PH 21 A 1 A2 K, EML T (R A R0 a3 TR f

SRR, REHMRDY EAK, EYRKE EM WRCE
Jih FH Xk 78 £ Al it 5 A BRI

®5  TRIACIEX T L m BRI FAE
Table 5 Effects of different treatments on the quality of tomatoes

AbFE KR SR PERR LE
Treatment  water-soluble sugars/%  Total acidity/% Sugar-acid ratio

CK 3.75£0.02¢ 1.4410.03a 2.60
3.77£0.04c 1.3440.12ab 2.81
3.7940.01c 1.3240.02ab 2.87
SE 3.9840.13bc 1.24£0.03b 3.21
C 3.8440.05¢ 1.36+0.15ab 2.82
CS 4.25+0.30b 1.36+0.03ab 3.13
CSE 5.24+0.01a 1.19+0.03b 4.40

2.5 AERCIEX TIEREHLEEIEFREIF T

IR R R IR B EE S H IR, R
B, . WS REEARYER, AR UL pH fH. H
HUB . 2% BARE. . SR, 280 Rl 2 it
A IR HEE (IFD , S 7 R[] B R it
Y upaling Al

B 1R, 5 CK AREEAHEE, E. S SE. C. CS.
CSE 4b#Ep) HIRLE & AR 1F640 (OFD RER M, 47135
Y 14.55%- 19.90%- 23.36%- 36.10%- 41.08%- 47.97%,
CSE AbPEXGIME K. WHFEERM, HHEARK. EPK.
EM W, BeeA &t s LA 28 A, 2.
TR AT SR A, PRI R A I SR,
FHUEAT L, A5 L B S e— 3, UL IIAHT A4k
RUER . AT .

24r

22F

CK E S SE c CS CSE
ik FE Treatments

T ARFERORC I Z R EBE (P<0.05) .
Note: Different letters indicate significant differences between treatments
(P<0.05).

B 1 AR AR R L
BRGEANE A F4 (IF1) 9%h
Fig.1 Effects of different treatments on the value of Integrated
Fertility Index in soils of facilities vegetable fields
2.6 BRBETEMRS DITHGRETN
MR JE B MR RSB TR R TR PR AT 3
By HT. HEE 2 WTE1, 5 CK ALBAMLL, Z61950
Ikt CSE AbE, ZR&1R/MMEN 3.77, HIGE CS, C &b
B, 1M SE. S. E AHLREHIMERIC. WL EEW,
CSE b AT DARE 7-th it - e A Mo, (R B it
TIEFRIHI IR, VEMAE KSR IRy, NI
AR i
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Fig.2 Comprehensive scores of soil, plant and fruit related
indexes under different treatments

1) 6 b Ae iRtk IR0 pH (E4RTF 2 LRt
i, HERKEYRAEM H (CSE) AR TR T3,
BIFT 23.06%. 5 CK AL, TEARK+EYIR+EM
B (CSE) AbFEMHEFG L3E4i. &8, AR, .
A AU S RINER L, RGN T 44.34%.
16.24%. 130.94%. 52.78%. 126.71%. 119.48%; Zi Ak
R+HEYIR (CS) KFEFR LB EEM RS, ¥nT
69.29%.

2) 5 CK ab#AALL, BARIK+HEDRAEM # (CSE)
AP MR AR, 2. S-S ERREE, 2R
T 25.17%. 109.09%. 43.52%; 1H 6 MALFEERHERR K
Iy TR E T

3) 5 CK Ab#AHEL, FEAK+EYIK+EM B (CSE)
AbFE I N PE LR KA R S R, BN T 39.73%:
EARKAEYRAEM B (CSE)  Ab PRI/ P4 21 i i iR 1
B, AT 17.36%; HEARK+EYR+EM B (CSE)
ACERRERR LL 3G s K, 0 T 69.23%.

4) ghif IR IR T R R o BT SR VAN 4
B A TR K B B XA R IKHE P R+AEM
(CSE) B R, xFisiti+3eAE fr. MpRE AR, 7
ZLA TSR S

AHEFEH DT 6 ANACHEXT PG L0 M= S5, (H
NG BRI T EAR KAV RAEM B (CSE) AbFEX
ZLAT P A IR AR ) S R B e T Bt
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Effects of different improvement measureson soil fertility and the tomato
quality of facilities vegetables

Fan Shuanxi®?, Cui Jiaxi*, Li Dan', Fu Lintao®, He Xiaoyun®, Wen Jie®
(1. College of Geography and Environment Engineering, Baoji University of Arts and Sciences, Baoji 721013, China; 2. Shaanxi Province
Key Laboratory of Disaster Monitoring and Mechanism Smulation, Baoji 721013, China; 3. Feng County Branch of Baoji Ecological
Environment Bureau, Baoji 721700, China; 4. Baoji Environmental Protection Publicity and Education Information Center, Baoji 721004,
China; 5. Shaanxi Qinxi Agriculture and Forestry Development Co., Ltd., Bagji 721600, China)

Abstract: This study aims to explore the effect of amelioration measures on the facility agriculture soil, as well as the physical
and chemical properties of tomatoes grown through facility agriculture. The most suitable amelioration was then screened for
the local degraded soils. The study site was also chosen as the greenhouse of Qinxi vegetable planting demonstration garden,
Taibai County, Shaanxi Province, China. The soil samples were collected from the greenhouse, where tomato fruits were used
as research materials. Three soil ameliorants were selected, including plant ash, biochar, and EM fungi. Seven treatments were
then combined, including EM fungi (E), biochar (S), biochar + EM fungi (SE), plant ash (C), plant ash + biochar, plant ash +
biochar + EM fungi (CSE), and the control treatment (CK). The results indicated that the seven treatments improved the
physical and chemical properties of soil, where the CSE treatment performed the most, compared with the CK. Specifically,
the CSE treatment significantly increased the soil pH, organic matter, total nitrogen, alkali nitrogen, total phosphorous,
available phosphorous, total potassium, and available potassium by 23.06%, 130.94%, 44.34%, 52.78%, 67.72%, 127.35%,
16.24%, and 119.48%, respectively. In tomato fruits, the combined application of ameliorants was much more significant than
the singular in increasing the total nitrogen of the whole plant, where the CSE treatment increased the most by 25.16%,
compared with CK. A similar effect was also observed in the total phosphorous of the tomato plant, where the CSE treatment
presented 2.09 folds higher than that of CK. In the total potassium of the tomato plant, the rest five ameliorant treatments
except for E treatment significantly increased the total potassium, where the CSE treatment presented 1.44 folds higher than
that of CK. Additionally, there was only a little effect of ameliorant application on plant ash. However, the sugar/acid ratio of
tomato increased significantly, where the CSE treatment increased by 69.3%, compared with the CK. Correspondingly, there
was a positive effect of soil ameliorants on soil fertility. The soil integrated fertility index of each treatment showed that the
soil ameliorant increased the soil fertility, compared with the CK, where the CSE was observed with the best effect to improve
the soil fertility. The highest integrated score in the principal analysis was also achieved in the CSE treatment, compared with
the rest treatments. Consequently, the simultaneous application of plant ash, biochar, and EM fungi can be expected to
effectively mitigate the soil acidification for better soil fertility and tomato quality of alpine facility agriculture in the study
area. The finding can provide a promising way to improve the soil fertility of facility agriculture, thereby optimizing effective
measures for the remediation of degraded soil.

Keywords: facility; agriculture; soil; soil amelioration; taibai county



