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Abstract: [Objective] By exploring the effects of different types of amendments on soil fertility
improvement in saline alkali land, this study aims to further enhance the production capacity of saline alkali
land and promote the sustainable development of China’ s agricultural economy. [Method] A single factor
randomized block experiment was conducted in the field, with no application of amendments as the control
(CK) , organic fertilizer (T,) , flyash (T,) , biochar (T,) , furfural residue (T,) , vermicompost (T;) , humic acid
(T,) ,kejianwang(T,) , flyash+organic fertilizer(T,) , flyash+furfural residue(T,) , biochar+furfural residue(T,,) ,
and vermicompost+humic acid (T,,) as the amendments.The improvement effects of 11 soil amendments on soil
fertility in saline alkali soil of the Hexi Corridor were explored.| Result | Different amendments can improve soil
organic matter and nitrogen , phosphorus, and potassium nutrient content to varying degrees.Compared with CK,
each amendment treatment significantly increased the soil organic matter content in the 0-30 ¢m and 30-60 cm
soil layers of saline alkali land, with the increases of 4.09%-26.44% and 14.67%-28.38%, respectively. The
biochar+furfural residue treatment showed thehighest improvement, followed by biochar and organic fertilizer
treatment ; Compared with CK, organic fertilizer treatment significantly increased the total nitrogen, available
phosphorus, and available potassium content in each soil layer, with the increases of 591.15%, 111.91%, and
242.01% in the 0-30 cm soil layer and the increases of 148.16%, 154.60%, and 93.08% in the 30-60 cm,
respectively.[ Conclusion ] Both single application of organic fertilizer and biochar combined with application of
furfural residue could effectively improve the nutrient content of saline alkali soil, which has a significant
advantage in the comprehensive improvement and utilization of saline alkali land in the region.
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Tab.1 Basic physical and chemical properties of the soil used

Ui H Ttem & Value T H Ttem {ii Value
pH 8.12 €O /(g kg™) 0

A BB/ (g-kg”") Organic matter 9.05 HCO, /(g-kg™) 0.33
42%/(g-kg™") Total nitrogen 0.12 Cl/(g-kg™) 0.93
2f§/(g-kg") Total phosphorus 0.20 S0, /(g kg™) 8.45
481/ (g-kg™") Total potassium 0.09 K'/(g-kg™") 0.21
s/ (mg-kg™) Available phosphorus 1.08 Na'/(g-kg™) 0.62
LA/ (mg-kg™) Available potassium 338.66 Ca/(g-kg™) 2.75

Mg*/(g-kg™) 0.33

1.2 REiEIT
1.2.1 RI&AH

ARG A 2l R 700 34 A T o e R R o, R IR A AR o LR 2.
122 X%t

TR R FH R R BEAL DX ZH B3, DA [RIFh 288 4 498 ek R Al B 2R DSt i B 77 X B (CKO L 1
B R R A, 20 A AR (T,) KK (T,) A9 (T,) BRI (T,) (M5 28 (T,) B FE IR (T,) | va ik
T (T,) K+ ALIE (T,) BRI+ BRI (T,) A4 e+ BRI I () M W51 5+ J Al R (T, ), 3 1244k
LA E S 3K, R RS A OGS BARYE ) G i B IR

ASTR] A 2 e R R 3 UL AR 3. AT A B )it 5 112.5 kg/hm® (N) (B AL 75 kg/hm® (P,0,) L Hf AL
112.5 kg/hm® (K,0) o ZUE 85 JE A I8 5 A 28 53 51 R IR 2R (N246% ) L 32 05 R 55 (P,05>16% ) 1 i iR 4
(K,0245%) , JIi A REAVE R B0 55 00 R ) — U AR50/ X, R J5 2547 BB, BIBERE 30~50 cm,
FERR T HEK (BEHE) 1K . AR50/ MK IR 3 mx5 m=15 m*; /N X 6] [ 40 cm , X 20 ] B& 50 cm.
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Tab.2 Sources and composition of amendments
2RI FEIr R VR
Type of amendment Main composition Source
AHUE

HHLET>45% , 55753 (N+P,0,+K,0)>5% A AR A A R A BR A F

Organic fertilizer

Si0,(1.83%) , A1,0,(1.08%) , Fe,0,(1.25%) ,CaO(1.69%)

KB . o o _
Flvadh MgO(1.24%),50,(1.76%) ,Na,0(1.18%) ,K,0(1.58%),  #5 JRFE &4 Al B K A B H)
e e (1.91%)

W (FRAEFT) B R A 900~1 500 mg- ™', BRI Y &8 (0.8%) , Ak

7n bR P[RR INE
Wyt (0.1%) Bkt (0.02%) , pH(8~10) PIRIIRRR A IR A

JERERR & 5 11.63% , RT3 7 12 37.88% , AP 4 = & it
35.84% , 245 & HE 2.05%, B (P,0,) & i 0.36%, 4 &
i 1.18%, & 11 0.61% , BE R 7 i 3.34%, iF 5182 (S0,>)

1.27%,pH A 2.1

Biochar( corn straw)

R I

Furfural residue

AR B E R AR A R 7]

W 5] 288

i B IE456% AT HLT>60% , FRHIE -7 P B3 TR
Vermicompost

T
ik ﬁa ) HIERR>15%, Ca+Mg+S>10% IR SRR B A e 43 A B A )
Humic acid
A ES

FHHLEEETR 45% , TCHLIR 3% , 153157 3% , B 7 3% SR T T A R e A R A

Ke Jian Wang

®3 URFAMAE

Tab.3 The application amounts of soil amendments

AL RS fiti F 8/ (kg - hm™)

Treatments Types of soil amendments Application rates

CK AN it B 1R 5 0

T, AL 30 000

T, IR 30 000

T, YR 30 000

T, BT s 30 000

T, iRk 3750

T, JE B R 1500

T, IR ES 334

T, R+ HLAE 15 000+15 000

T, IR + BT iy 15 000+15 000

T, HE W) e+ R U 15 000+15 000

T, IR BT 1 875+750

1.3 MEmMBSHE

2 W H A6 s e 22 3% Ah AR, T 20224 5 H 4 HAI8 H 16 H , AL 457645 /NX £ 7 “S FEHL
FEIL " RAE 145 0~30 ¢m .30~60 cm 4 JZ (1 R IERE S, & /DX TR S0t 2 mm 0 SR T & . B
BT 9 0 7 R B S R A 25 v 5+ I U0 SR I G 5 Il i o >R F NaOH 435 2 ; 158
RSB A I R T AH B e b € 5 T I8 A B0 90 22 >R FH NaOH 485 Rl 5 b 38808 0 5 >R FH HNO,
R ) (B 5 UL N W5 B K w371 0 ) S L P
14 HESITSHH

K Excel 2010 A TER ST 532 SPSS 27 F A AT B IR R 5 28907 , 25 /K SF-# E 7E P<0.05 5
i H GraphPad Prism 8 #4221l I .
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2.1 AE¥RFIEHRE T IEEV RS EM NG

P AT, 5 A i R 9 (CKO) FL A, 9 B0t T, T Ab B AN , A [a] i B 70 Ab BR300 1 3883 0~30 em
+ 2 AP BRI 4.09%~26.44% . 45 A0 A EA HLTT S B i R B/ MR O IR+ HLAE
(Ty) AHUIECT,) BB (T,) A+ R 7 (°T,) M1 38+ JEF A R (T,) R (T,) MR i (T,) A9
DARRITE (T,) BB IR (T,) A 5126 (T,) o Horp T, T, T, T, AR HL43 345 CK I8 3 (P<0.05) 14111 26.44% |
22.69% .15.75% .13.81% ¥y KLt A ALIE 2 R SCR K T B BC AR . 75 30~60 cm 122, &4
P A A AL S B EAS — o, LT AN EE I A MU S AR, T, T, T, Ty T A FRHR CK 53
BN 14.67%~28.38%. T, T, ALFE 53 5% CK MG /N 1.27% .8.12% , LB E 25, G4 KE IR FEXFER
fidi Hh 0~60 em 2 A LT & i 1932 TR T B g 1R 751 b $HE P 7 e 1 % ke | 245 Ak BB A 14 Tk
B 3G B &

20
79 0~30cm

1 30~60 cm

HHE/(g-kg™") Organic matter

CcK T, T, T, T. T, T, T, T, T, T, T,
Ab3E Treatment
ARG FhEFR R 25 5 1.3 (P<0.05) .
The different lowercase letters indicate significant(P<0.05).
L S [ A2 - e R 50 o Bl s A LB 14 S )

Fig.1  Effect of improvers on the organic matter content of saline alkaline land
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Fig.2 Effect of improvers on total nitrogen content in saline alkali soil
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(T,) A B+RRRE S (T,,) JEFHIR (T,) SE ik £ (T,) K (T,) BB+ HUIE (T) A% (T,) A
IR ARG T (T, ) R M| 2+ AR R (T, ) L 3% CK f2 3 2 55 277.88%~591.15% M\ 30~60 cm £ J2 53 H 45 S Al
DIE W B/ S A g 22 5, Hoh T Ab 3 f5e i, 68 CK A 3L 2518 1 148.17%(P<0.05) , Hik
HT, TR TAE . T, T, T T, AL S CK T % 22 7 . Z56kF SR A AT H2 5 0~60 em 1 JZ2
SR, Horh A HLE A PR RO
23 AE¥RFIMNLESBSENHIT

F &1 3 AT, 55 A el K5 (CO AR E 8 it FH 0 R R0 3385 i 1 £8 8dHh 0~60 em + )2 IR S 2 .
BAEFE0~30 em + )2 HIESTE SR CKIE N T 19.38%~105.40% , |55 it J1 ) B R (T,) & , HoAt b 23 15
Z(P<0.05) /T CKo Horfr Ry MEi BRI (T,) 55 Mz ] 25+ S B R (T, ) Ab B 435155 CK I 3 (P<0.05) i
i1 105.40% F1103.74% ; T4 T, 31 1.26% , 22 7 AR . AR R AT 0~30 em )2 + 3405 5 5
FH R B /IR VR Sy e ) 28+ 3 B TR (T,) R JE i+ R ¥ (T, ) A= 0 e + R ¥ (T, L S B (T,) AR ) o
(Ty) I (T,) AHLAECT,) FHERK+A HLAE (T,) 5125 (T,) BEBSHS (T,) FUEFEIR (T,) o A IRl ek K7
P8 CK N T 30~60 em )2 3285 & & B 068 10.17%~169.19%, Hir, T, [T, T, T, F1 T, &b ¥ 43
W% CK 2 (P<0.05) 425 1 169.19% .140.75% . 138.21% .127.59% . 126.52% , T Fh it B 7] 40 B a] 450
WEES . LAKAE,T,. T, X 0~30 cm 12 H 0 & R TS, T, T, . T, AL HXT 30~60 cm
12 A PR RO, T H DM | 25+ BT R M R /A 0 e A T B RO A

48%/(g-kg™") Total phosphorus
0.0 0.2 0.4 0.6 0.8

! ! Il 0-30cm
= 30-60cm

Q
R T = B R B

ALF Treatment

EI
o
(2]
o

Q
R R B T B = = R

AF/ING FHERIR 285 B3 (P<0.05)
The different lowercase letters indicate significant(P<0.05).
3 R IR B A e

Fig.3 Effect of improvers on total phosphorus content in saline alkali soil

24 AEBRFIX T EEENESE RN

HH 1 4 FTAT, DL 0~30 em 2508, BRI 3 (T) A1, AN [R] R 134738 CK B3N T 0~30 em + /235K
Wi i, AR Wy e+ RIS (T, ) A JHLR R A 18 L 34 289.65% , A WLAE (T,) AbFRYR 2, WA 2 242.01%, T, 52 T, it
E(P<0.05, FRDHEINT 47.64% AL BREAAR i B/ MKMW e+ () A HLAE (T,) B+
BRI (T,) B+ DU (T) A (T,) e 5| 25+ 5 R (T, ) 5wk F (T,) A% (T,) JEEFH IR (T,)
BRI 5 (T,) A G| 26 (T,) o M 30~60 em + 2K , By B IKHIEIE T (T,) Y BE K+ AILAE (T,) AFREE (T,) %5
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CK B3 T 30~60 em 1 )2 3R HE & &, 20 WIHE i 238.84% . 146.27% . 111.50%; Horf , T AL FE R + 2 454
B B T, T Bt T 92.57%.127.35%, T4 T, 5B 1 34.78% ., L5853 H7, T, T, AL BN 0~30 em
+ )2 R S R TR A T, T, 30~60 em )2 s R0 & R TR B

H I /(mg-kg™") Avail phosphorus

Il 0-30cm
5 30-60cm

Q
R B = B T

ALF Treatment

Q
R e = N

e
RRING 5 B 37 2 5 5 (P<0.05 ).
The different lowercase letters indicate significant(P<0.05).
P4 S0 R ol Ak 5 1 5 e

Fig.4 Effect of improvers on the content of available phosphorus in saline alkali soil

25 BREFIMTESHESEZIN

&S AT, 5T R R (CKO) AH P, AN Tml el B 501388 i 1 #h it 0~60 em 1 )2 T8 & i,
M 0~30 em = JZ 53T, 25 i R Ak B 40 i R B/ IMK OO BRIV (T,) L 5o 1 (T,) L e 051 2% + 5 B
(T,) EWie+BERE I (T,,) AW R (T,) i 8512 (T,) IR s (T,) DBy K (T,) A HLAE(T,) B3
1% (T, ) AU BE K+ HLAE (Ty) , BRI (T, ) Ak 34 - 38 4 B0 5 et AN it e R 71 (CKO J 34 T 38.56% (P<
0.05, T [A]) 5 T, % CK W E 38 hN T 22.8%; T, 48 T, b E 4 151 15.67% . M\ 30~60 em 1 J2 7341, #5 Ab 3+ JE 4>
BRA R CK I 35 (P<0.05) BT, B 1% 4 10.34%~64.89% , 4% 24 KL AL B4 40 & 5t KRB/ IMR IR R T, T,
T Ty T T, Ty T, T, TR T, , T, %8 CK 31 64.89% ; T, %58 CK B F 1405 T 37.62%; H T8 T, W E 48
27.27%. % FAYHT , B0 S0 HE 4 0~60 em 1 )2 H A& R TR .
2.6 MREFIHIEERFAS 2N

P 1 6 AT 21, AN [i] 438 ol R 7] Ak B A e i B 79 ( CKO) 44 1 3 (P<0.05) 191 0~60 em +J2 + 33858 55 4
Frim . HAPE MU (T,) FBEES S (T,) AbHH4S CK i 3 (P<0.05) 27+ 0~30 em 1 J2 - HRUE0 & i, 43 ) 4
= 111.91% F1103.05%, T B T, 75 1 8.68% , 22 5 AN 3 o 45 0 R AR F 4 HE A5 % 1 i KRB/ MK A
HLAECT,) R (T,) 5olidl £ (T,) By B+ A AU (Ty) JEFER (T,) R i (T,) (i lis| 25 (T) Ly
HEB(T,) EW e R i (T) A9 o (T,) FH B 5] 2+ FE R (T, ), 30~60 em + 24347, T, T, . T, ®I T, 53
I CK 35 (P<0.05) 42 5 154.60% . 153.93% . 143.30% 1 150.28% ; T, b BT 48 i1 f14 8 20 B0 25 120 1) 4%
T, T, T AbBE T 4255 6.64% . 11.3% .4.32% , {HJiti Jin 4 Bkt R A Ab BRI LR TE 8 25 5% 0 2R AR L Ml
A HLAE (T, ) F1ER AR 5 (T,) X 0~60 em - J2 BUSCHR & 2 THR I 8., St sk T (T )R Z .
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KI5 o R R b 4 P 55 5 R R

Fig.5 Effect of improvers on total potassium content in saline alkali soil
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Fig.6  Effect of improvers on the content of available potassium in saline alkali soil
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