2022 %6 A
Jun. 2022

TEMHEK 4R

Journal of Irrigation and Drainage No.6

415 %6
Vol.41

XEHS: 1672 -3317 (2022) 06 - 0021 - 10

g

NEBHAIRIA R T ISR E K R
TR BRI RN

| # e, g EN 4 gt B2 HER Y, gt
QLHRERMRMARE KR TLH R LEEREFHRRLBRELERE, kG Hx 712100;
2L R KT HRIAEFL, &® Hx 712100; 3.7 BAFIT KA BRK KB LA,
Ry Mk 7121005 4.REAH KF FE5L TR, Hae 710021)

7 OE: (B8] RERGHAARRAAIEOANAE, HWRAELETOREN, RALGEZLERS. [Fik]
BB EE N RMES, KBX 8 ARE, el (HO). KRARK (HW). £4% (HB). 8% (HC). /i
B O(HH). KARE+BHELE (HWD). KARA+HFFAE (HWA) A RRE+ESE (HWG). AR HFE S
T PR R IR AR ks LA 3t A A K Ae 2B R 69 F . [4R]) 5 HO &sgAark, #3650 R A M
Aty HW, HB, HC &A= HH R E A K, ZE A LB R UH A AKX EER, HB LIIBGEITHEE 4 Lok
£ MFH, taREESFBERST 21.5%. 23.5%. 69.5%F= 70.9%, BRMEEAWREfRLRESHNEFE
HhmT 236.2%A= 20.7%; HH & BAGRA L% pH AL R FEIKT 16.8%, HE SR FH 4.7%. 5 HW &k,
AAmAs £ A 69 HWb, HWa, HWg & 8235 % = 2 5 A48 & T 22.7%. 9.0%-. 9.0%, LA R 2 5 H3E A T 33.5%.
2.4%F= 27.0%. [ 2216 ] £ 23 A MApAH & 3Z P, Fie At BRI LR B IR R RAF; ERmis Ly dhegasg
F,RRRRBH2 L AKRGBHRFALT W E LT FROERLA RIFEHER, A LTEERSHE A LIEICSH

KF, faw Lk, BAH—x 6 R E.
x H9A: Adk; KKRR; BEL; AN, KFE
FE S : S156 XRRFRERS: A

XIEg, BE, B, F.ORMINEEINAIR A LT SRR E KR D REBUM R

41(6): 21-30.

doi: 10.13522/j.cnki.ggps.2021567

IRMED). EBHIKEFER, 2022,

LIU Meng, FAN Jun, FU Wei, et al. Amending Soil with Organic Materials and Clay Minerals to Improve Its
Physicochemical Properties and Spinach Growth[J]. Journal of Irrigation and Drainage, 2022, 41(6): 21-30.

035 5

ORI 56 7 S Y B i S X Rt 57 b R 3 1
TORIX, Ak A P A A 23RS g et i o AL 1A
BR K> ROk SR 22 IR, SINIE G bRk, HI%
AL B L BOR S 2 R 3 S5 4 L KRR 3R 1K
SEIAO AT RS R R A B . e WU
P EIRAL AP IR EE AR — . TR, KE
W TERR I, I AN A NEA LIRS 7592 ] SR o 3t
TIRE AR, BE e A A A R R A A A
WP,

Uit ] RAE I AWDIR « M RN IR
HA2 = S AR A HRL, A PR AT+

Yfs HER: 2021-11-18

HEWHE: ERESHREHIHE (2021YFC1808902); BG4 & A&
I H (2020NY-158)

EE® N X0 (1995-), B, Wi, EENELBKI TR EK
FIFABFFT. E-mail:mengl2019@163.com

BEEE: 8% (19749, B, TR, FENFEEREDTIEATF .
E-mail: fanjun@ms.iswc.ac.cn

B, REAEE RO, ORI R, B
JEAAYE 5 RENS AR = AN R . BEAh, N
AR 5 P] LAY GE Bt S B -3 R 0 kR, B R 3%,
PEm IR 2P, A iR PR AR RS 3
(s BRI, T A AR L AU BT, gt
HELME, pH %S, (e EK . Baiamonte 4
fEHAEYIR 5 IR 25 4 Rl LASGE H3RE K, B4l
BRRL, JFHESRORAKYE . MR i AR B SR AR AR
7 HHYR IR AE L R 55 — B BOR R, HetiN £
HERe U W IAHUBR R, KSR ML A PO
B RNAN R TS, BN R 2EE
AT e TR B s ML i S R iR e R A R
RV SR, SR,

BB TER B, A USRI AR E
B Dy PRIE R, AR R A VLR, 415kt
SRR A 0 e TR i 39, 4t 3 eh
PR3 285 WL A1 5 B 420 5 AR EL A AT LAy 22 3 A ML )

21



FEBLHEZK 23] http://www.ggpsxb.com

ST, Paul SUSHRGE, (R I A A RN
AHUBREI R, T3 WUBR IR - 2 5 B I ) 5 66
R R LT, TSR E R . Rk, RS R
Jt A LT Ry BT AR . i A
A AR E S ERLIR Y, LRI 1R
IREERIA B ZEVERE, X TP 3K A, 5
FHARLGR M 4 A ) KT AR 83 - R PR A R B
i AN SRR BC 5 PT LAYD IR SR, $2
ey TOKBUEA 2L FPR BRI . il 4 3
B el sk S A LR R s 3 R ALK
B, DR, A YRR b A R ) [ A A
BIRAE -

LI (HZ, DERBEFR SR0E 7 8 —4h
VBAYIRRE L0, T AR L YA
PUBR I ROR 72 7 RIE D o LU ok ) S B ] A ]
DA B 0 s 4 L IR A e ok, BV,
BERETEIR 4 FAHURE, LR AR A 5 S it
EasmzE L, FRA AR A 3 AR TR B
JIES AR 72 S o K R o 3 398 A L5 ) R e 2 AT B
Foo JIRIR M B IR R, Dyl 3
5 SR At PR A A

1 MRE7REE

1.1 ket

AR T 2019 4 12 H 12 H—2020 4= 1 H 15
HZE T bR AR K 23 R R h 5 Rk
VAP S-S - PNER £ S BN NI N R R 7
FHEHT, EEEHIN 25 C, BE 70%, CO, ¥R
HI AR B2 400 umol/mol , #2 i'E HEBE 5 400 umol/
(m?s), YW 12 hid. SR SE MR TT S %
WA R AR &0, A (5 15ecm, WL 15
cm, %+ 34kg) HEE LM (PVC) MEHK. AT
FH A AR Y 3 R 5 E1 2 JE 75 0 88 R R, 2R 0 SRR
T-BR VU8 B X TR BEAC R A R, M IERIE T Bk
PEAA MR TR, B R R RN T B PR R 5 i A IR
AR TR, MEBYEE Y. iE R 2 11
RS N K et 3, Ra R 201 &Y
AERAETER L, md A 10 1 BEERKgE R
W) AR FT F 3 8 S 2 7T RIS XIS 2 BESTAY,
R, TR 2 mm 5, s iR
WIGTEIBRE Y. LIRRR I ANEA AL 2+
W8 o B IR WLER 1o

R 1 L SMRA NS R AR L5 b3 9 LA MR

Table 1 Basic soil physicochemical properties, exogenous organic materials and clay minerals used in the pot experiment

TiH pH {# SR EC/ (uSem™) BHRR% SRR AEE%  SKE%  BRE% O BRE%  FRE%
#Hut 820 79.1 0.52 0.06 0.02 2.2 25.64 58.14 16.22
ARARR  4.09 353.7 84.2 0.01 0.57 72.2
AW 9.24 129.9 79.4 0.12 0.64 9.8
iy 4.63 1779.6 45.8 0.06 0.51 221
R 270 122784 57.7 0.02 0.86 198
it 932 815.8 15.2 19.99 53.78 26.23
R 7.89 35.2 0.2 6.72 70.42 22.86
mIAH 744 276 0.6 11.65 64.71 23.64

1.2 X3t

NI E 8 M. B4R L AL (HO), 3%
A+ ARAYE IR M B (HW), #5450 H+A W3 AL (HB),
T T HEIEAEE (HC), #5248 H+ B R A HE (HHD,
T L+ ARAYE R+ A (HWh), #47H+k
AU HHFF A AT (HWa), B 45 T+ AR AU 5+ il
b (HWg). RFMHE 5 RE R .

FIT A A B 36 A 280 FH 2 AR (0 (ND 0.1 g/kg,
W (P,0s) 0.2g/kg), ARAVER. EWR. W &
B it FH AR B S A U =, SRIEA A VL)
BN WL B 13.37 glkg, 4+ A1
AN Oy TR R 1%, SRS RS
JERENTET, SRR 10 K, BUKERMEET L
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1551 B B KB 25%, RESAFREROK, friEsk
2 FEIM SR, AW 5 M. 7E20194 12 A
24 HPEsIA Y, 12 A 30 HaEsm M, 2020 4F 1
H 6 HigsA KM, 1/ 14 Haseisinid K
M 1. 7E 2019 4F 12 H 24, 31 H. 2020 4E 1
H 5. 10, 15 HRAFE s &, 7£ 2019 4 12 H
30 H. 2020 4£ 1 H 5. 10. 15 HMEkE . HEEEK .
MTEAR, 7E 2020 4F 1 H 11—13 HIE 56 Sl %
SELFEE. BEIE] COLIREE . Z&MEHZE, M 2019 4 12
H 27 H—2020 & 1 A 14 HZES W05 A0 FE R 7K 43
A IEDL . ENGR A KA E I pH . B S
R, ERMEGHRE.
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Fig.1 Comparison of different growth periods of spinach in different treatments
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T A F L1-6400XT {5 4% X006 Al e 4% (Li-Cor,
Inc., USA), 1t CO,¥)Ji B EHE A 500 pmol/mol,
T 25 °C, JeE TR 1000 pmol/ (m?s) 41T,
ME#EEERE (Pn). [ILFE (Gs). Ml CO,
W (Ch. ZEWBER (Tr), &MEH 10 REH.

T IR FR BRI 2 . 3 FR AR FH R 2 Ty
%, LA A B RSN mAGEN e A
BRI 8 B 5E 5 1358 pH I 5 % F b
FIFH 6 G PHSI-4F $0% pH i+, i SRR
Tl DDS-303A HL TR E; IR 4 AR
MS2000 2 By /R SO RL AN E s 38 /KR A
R EVE RN G . TR RS KRITHEAAN:
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X O AL EEKE (%); m AKETRE
(@) my NRIETRTF LSRR (@); m N
HHARTE (.
DWC=M;-M,, (2)

{f: DWC AHKHEFERE (g/d): My A2 HERK
i (g); M AREHA#RRE (9.

1.4 HHELLIE

TRI6 B K Excel 2010 #HAT A5, SKH
SPSS 22 X #im gt T LK K 5 % (one-way ANOVA)
M, WSR2 R (P<0.05), {#iH] Duncan iEi#E4T
Z E I, KA Origin 2016 #1724 A.

2 BRE55H

2.1 T REIALIEFEFRAEERBIMm

BEE BRI E , AR 3 SR 2% 2 A
PRI A PRES (E 2), EEMNESE
18 K (2019 4 12 H 30 H), M ACFRFI 4R 3 AN &
KR m T HO A EE . ERGRIE, AL B Sk
FMXFERIN HWG & B >SHW 42 >HWD 4b
FE>SHWa AL FE>HB AL FE>HC A FE>HO 4bFE>HH Ab#E,
HW. HB. HWb. HWa. HWg 4 5 2% & HO &b
B, HC AbH5 HO Bz [l A2, HO B
T HH A3, gL % HWb. HWa.
HWg Ab3 5 HW AL BR 2 [7) 22 T AN 8 2 .

FHEE 2 WA, B HH AL 3 3 S8 Fr i e Sl 2% (Pn)
LT R HO Ab B AL, A %5 AL PR 5 2 2 = T HO
SRR, AR INANEALADE LB, HB AbEE
(¥ Pn &%) 32.1 pmol/ (m?s), 5HAdALFEAR L 22
LB REAKE, MAZ L HWb. HWa. HWg
AEFR 3 =T HW AL HWD b B S FL S (Gs)
Fali] CO, WRFE (C) HZAEMBHEE (Tr) HEEST
HO 4b3E, Hr HW AP~ Gs i, B HH ALERAMH
FALFE Gs W =T HO 4bHE, HC 4bFEF Ci f,
HB ALFE N Tr f e, 10 HA RS H4 ¥ 0 40 3 HWh .
HWa. HWg 43 Tr 532 5T HW AL R,
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Fig.2 Comparison of spinach chlorophyll content for each treatment
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Table 2 Comparison of spinach net photosynthetic rate and gas exchange parameters for each treatment

fib ¥ A % (Pn)/(umol m? ™) SILFE(Gs)(mol® sY) JLlE] CO, ¥ % (Ci)/(umol mol ™) FE A (Tr)/(mmol® s7)
HO 26.43+1.26¢ 0.5820.06¢ 369.33453.58b 9.454.20bcd

HW 29.07.44b 1.0840.05a 406.6749.61ab 8.7620.43d

HB 32.100.36a 1.0740.18a 366.676.51b 10.830.68a

HC 29.1044.01b 1.0340.07a 426.67+10.69a 10.3340.15ab

HH 23.834.19d 0.660.09bc 389.3349.87ab 8.930.61cd
HWb 31.2740.71a 0.9620.11a 413.33+11.55a 10.7740.49a
HWa 31.10+1.05a 0.880.25ab 402.00418.03ab 10.0240.31abc
HWg 31.9740.70a 0.980.08a 320.67420.31c 10.4740.72ab

2.2 NERIBIT R SE KIBARRIS T

IS INAS TR AR A AL LR B 47 4 Ak 348 1) 3
PREGELAR T8 & 3 Ca) Wl %0, BEE i8] fHE
P2 WG (2020 421 H 15 H) S S fk =
HRIZHTIG R, AN [FIAC 3 (] bk = 22 5 W38, JUHRHE
BRI (2020451 H 5 HD, HIRGINANESE P
B AR, HB AbEE R 2 & T H AR, HW. HC
AFRE T HO AbEE, (HZERAEFE, HW. HB. HC
WHREE ST HH REE, AR LA R A,
HWb Ab2E 535 i HW A3, Hwa 4B & T HW 4t
o, ERABHEEKTE. EEEEHNEKLEE, R
[Fi) Ak FERL T e s 1) 22 SRS/, TEMSCER IR, HW

14 r
pOsLE OHO

12
10

HE/em
o [e¢]

o N B
T T

20191224 20191230

aOHW BHB BHC

20200105

HB. HC. HH. HWb. HWa. HWg 4353t HO
AP 12.9%. 23.5%. 5.9%. 7.1%. 16.5%. 9.4%.
10.6%, HWb 4bBEEL HW A FEER T T 3.1%.

BEE B AR AT A 2 - i AR G
Ko HE 3 (b) wIAl, AIFRAEARSE ZA T 3R
Bk HARE BEEE R, EUGRE] HWD T HB 4
PR ZEN T H AL, HO AFEAT HH AP ZKT
H'E 4T, M HW. HB. HC. HH. HWb. HWa.
HWg &b 2 73551 b HO AR BEIE /N T 31.7%-.69.5%+40.8%
4.0%. 73.9%. 40.0%. 39.9%, HWb. HWa. HWg
AEERA G HW ARSI T 32.1%. 6.3%. 6.2%.
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Fig.3 Comparison of spinach height and leaf area per plant for each treatment
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HB Kb B 26 i & = s 5 HAb b 2 R B35, HiIb
HO AbFEEEILE T 70.9%, FEAINES L4 i kb3
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Fig.4 Comparison of changes in spinach biomass with time and final yield for each treatment

2.4 RERIBXT T IRIBUME AR
P SRAEE BN H 7K 2 98 R B A B () 4 39 o
EACREER AL (B 5), BARE, HEAEHEY
(2019 4F 2 H 27 H—2020 4 1 H 14 H) W HKS
R ERHITIE S . Ea4HE G, HB A
H 3578 #E L3k o) fe i, 1831 40.1 g/d, HH AL R AR,
M 265 g/d, X5 HB AbFREEH A AL PR A K HE 2%,
KR HBEEHAMRRKKR, MRME LT D0
HWb AbHEFT HWg AbHE H /K3 R HW 4b
P 5.5%F1 2.3%, HWa 4bHEEE HW ALFEEK 2.9%.
Bl 5 (b) KM, #EKELIERESKEZZH T

Frffast, SAbTH T RS KRR 9%~25% 2 [A],
2020 4F 1 H 3 H & AbHE ) it & F K R AL, Hd HW
A PHIA ) 9.8%, NINEL LI HWb. HWa. HWg
AEBR I 5 B KRy B HW AR FE R 1.0%. 2.4%.
5.1%.

IS INAS R A8 A L0 RE RO & -4 Pt 3% =2 sk
WM 1458 pH A SREE —ERmHE (K 6). HE
6Ca) F A, FEHAR A N ANEA LR AL FE H, HW
HB. HC. HH 4bFE+3E pH {H L HO AbFE 43 7 B T
2.0%. 0.9%. 2.7%. 16.8%, H HH 4t pH {H1X
N 6.8, BECT HABALEE, IR INEE L P Ab
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HWb 4bFE AT HWa 4bHE + 35 pH {5 E HW AL FE 5 5l B
K7 1.6%F1 1.3%, (HZERAEZE . HE 6 (b) 7l %1,
FEEMAS IMANEA HUA R A, HW, HB. HC.
HH AP IR SR HO AR I3RS T 3.9%.
2.0%. 54.0%. 179.7%, Hrf HH Ab3 15 2 g
IE] 51118 uSlem, B2E & T HABAE, HC 4T
Fwm TR HH EAMOR AL H, T HO. HW. HB
AR FRA) AR B 2K, BhAk, dng: L b B
Z I ZERA R,

ISR AN IR A HLADRE RN ZG = P 0 o SR o3k
AR EMEEAEEmESE (B 7. mE 7
(a) A1, HW. HB. HC. HH. HWb. HWa. HWg

WERE N R AL HO AbFER Z S T 187.2%.
236.2%. 141.1%. 201.4%. 283.4%. 193.8%. 264.4%,
TER I 0 r b4, HWh. HWa., HWg #b#
R A U R4 B HW ARBEER T 33.5%.
2.4%F1 27.0%, H HWa 2R HWg kb3 HW 4k
HyEESREE. A 7 (b)) AUEH, Sk
RIS EY R E ST HO A3, FHorh s
ANIEAHLEH AL B, HH Ab 38 5 3% 5 T HoAth Ak 2
FERINES L0 PR B, HWb. HWa. HWg At
W 3 4 B 7 I EE HW AL T 9.7% . 6.47% 11
9.7%, {HZE R ARIEHN 2 EKF.
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Fig.5 Change of daily water consumption and soil mass water content with time
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Fig.6 Effects of different treatments on soil pH and electrical conductivity during harvest
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Fig.7 Effects of different treatments on soil organic matter and total nitrogen during harvest
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3.2 NREIFEH I3RS E KA IR M RS2
RIGHTE SR, 7 b o 45 L AN A A Y8 7% -
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Amending Soil with Organic Materials and Clay Minerals to Improve Its
Physicochemical Properties and Spinach Growth

LIU Meng"?, FAN Jun**", FU Wei*?, LUO Ruihua*?, GOU Guohua*?, NIU Yuhua*
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau,
Northwest A & F University, Yangling 712100, China; 2. College of Resources and Environment,
Northwest A & F University, Yangling 712100, China; 3. Institute of Soil and Water Conservation,
Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China;
4. College of Chemistry and Chemical Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China)

Abstract: [Objective] Increasing and stabilizing carbon in coarse-textured soils is important to improve their
stability and fertility. The purpose of this paper is to investigate how soil amendment with organic materials and clay
minerals can achieve these goals. [Method] We took spinach as a model crop, and compared eight treatments by
amending the soil with woody peat (HW), biochar (HB), lignite (HC), humic acid (HH), woody peat + bentonite
(HWD), woody peat + illite (HWa) and woody peat + kaolinite (HWg), respectively. Not amending the soil was taken
as the control (HO). In each treatment, we measured crop growth as well as the changes in soil physical and chemical
properties. [Result] Compared with HO, HW, HB, HC and HH improved the growth and yield of the spinach, as
well as physical and chemical properties of the soil. In particular, HB increased the net photosynthetic rate, plant
height and leaf of the spinach during the harvest period by 21.5%, 23.5%, 69.5% and 70.9%, respectively, and soil
organic matter and total nitrogen content by 236.2% and 20.7%, respectively, compared to HO. In comparison, HH
reduced soil pH by 16.8% and increased crop yield by 4.7% during the harvest period, compared to HO. Combined
with clay mineral amendment, HWb, HWa and HW(g increased crop yield by 22.7%, 9.0%, and 9.0%, respectively,
and soil organic matter by 33.5%, 2.4%, and 27.0%, respectively, compared with HW without clay mineral
amendment. [ Conclusion]Amending the soil with organic materials alone, biochar was most effective in improving
soil fertility and crop yield. For combined amendment with organic materials and clay minerals, amending the soil
with woody peat and swelling and shrinking clay mineral bentonite at 2:1 ratio worked best for boosting crop growth
while in the meantime improving soil fertility.

Key words: soil amendment; biochar, woody peat; bentonite; coarse-textured soil; spinach
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