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JoE AR, A HE W IR K IR R, {H K R
FH 31 7K S5 00K 9% U5 R X = &, an ] k2 ) ki
KB e 2 B Rk 2 VIS I 214 £ A % R % A 1Y)
i

DIMERFFY 22 &30 A 8 sl HLYDRL SRl F X+
SR 55150 R e R K R S %ot R e S Y R e 1)
OB TR HE T A BC A [R) A L kb 5 XA Ak R
KA A K S A R — DS . At A
WFIRAE T B BAR IX 380 A AR KR 56 i 5 B K
THE N AU ECE A B R R AL R 4 K T ok A K
SO, 5 AR T BT SR R R B 1 1V R
Az P PRI AR R AN AR S
1 MREFE
1.1 X T ERIRE AR

M HRER A T B AW LT B XTI S
HeAT (39°03'N, 106°54'E) $ AU fifi b £, 0~20 ., 20~
40 cm 1 )2 HL R4 5108 3.68,1.51 mS/cem, pH 4351
h 8.78.9.52, P By ¥ 3¢ # i (cation exchange capaci-
ty, CEC) 3%/ 12.05,12.39 cmol/kg, + 4 HLA
4% N 6.35 g/kg F10.54 g/kg, 5 i s kg b Joi 15
+, HHEREHR1.64 g/em®, B 10em H—ERE+
B HZE 40 em IR, B2 AR BT R 3 mm
i, Hor 0~10 F1 10~20 cm + 2 H IR 41 0~20
em 2 H

JI6 A A1 E S BRRE T B R R S, HpH
7.85, CaS0,+2H,0, CaCO; fil MgO & # 43 5l N
79.8%.5.46% 1 1.48% . AU NIEAA4-2 A
ML T % & o 34.0%, & FF 45 (N+P,0,+K,0) -
5.0%,pH R 7.7; ERFEFF A MLEK . 25 20 .2
PRS0k 426.42 8.5 6.3.28 F1 11.20 g/kg; W)
1R EKFERF 550 CHUAAAF T il 45, HpH Jy 8.98,
A LBk 467.35 g/kg, 2 & 10.25 g/kg; FEEE I T oK
CK A R P A B R, pH 3.5, A LB LA AU
AR5y 9l 332.85.7.48 F10.46 g/kg, A4t 4 |
2 PR AR L 38 e B RN 52 R M BE 4y ) Ry 265.74
745.28 .191.54 F178.32 mg/kg.
1.2 K@%t

IRIG (B4R 42 om L 55 B 45 em AY SR , JEE 3
BT 74 /INML, LU T 2 38 SR B K o
S AR i R Loy E R A o
WS FEA 5 em, B A YO I I i & R — 30, B
RIS R AT B HIERZ G R T 2,

DAPRAEBE 1 4 J2 45 fih R4, 0~20 em - J2 1 ke dit
R A PR 2k R AP RS )2 LRSS B 14
T AE Xk IR (CKO AR it A A Bl R AR 4 o] 35
LHE IE10M R (R D), AR B4R R L R
UF A BRMR A £ PR 72 h)E TR 1
F1 AWt
Table 1 Experimental design

ESS

i HLAE/ % M/ 0 A
g/ TOURIE e B D)
i . Organic . Furfural %/ %
['reatment Gypsum . Maize . .
fertilizer residue  Biochar
straw
CK 0.00 0.00 0.00 0.00 0.00
T1 0..85 0.00 0.00 0.00 0.00
T2 0.85 1.13 0.00 0.00 0.00
T3 0..85 1.13 0.17 0.00 0.00
T4 0.85 1.13 0.34 0.00 0.00
TS5 0.85 1.13 0.00 0.28 0.00
T6 0.85 1.13 0.00 0.56 0.00
T7 0.85 1.13 0.00 0.00 0.28
T8 0.85 1.13 0.00 0.00 0.56
T9 0.85 1.13 0.00 0.00 0.85

T R A R A DL A 0~20 em 2 B R E A E T
Note: The application amount of modified materials is measured as a

percentage of the soil weight of 0-20 cm soil layer.

P BB R T LS 0~20 em T2 TR
gy it BB A B i A & 0.85%0, A ML its &
1.13%, R AHFFAR it FH £ (R ARG FF ) e it FH o
(ERFEFE ) 20518 0.17 % F110.34 %6, B 1 A1 it
i OB T | ) R v i ) o OB 1) 43301 4 0.28 6 Al
0.56 %0, A= W BAR (AW oz ) (A ¢ ) i (AR
W7 ) it 4053 R 0.28 %6 .0.56 %6 F10.85% Bl
e (R A BT HEA PN SA S 36 A 6 R oK AP, 3~4
SO T TR PO OR PR 2 bk . ORI IR
KT HE , 7 d ZE 4 HE 1Ok, 361 B 0 SR A H
IKTHEE , A A oK 5T W36 20 28 T Rl 10 e e
10K, 45 YCHE /K B 19~39 mm, PR 7R A K AR K3
(IR ::

1.3 HmXESNEER

AR E KRS LAE I 5 34 d (B 15 1) R4 0~20
em AR E + 38 T3 pH A LR 2R B A
R RN SRR S RS T LR B,
J& 3444 A 74 d I E R S R A pHAE, 15 74 d
(R 301 ) 000 b R b Ay T o, SR AT o
Hi (4 H 15 H ) R4 0~20 cm £ E + 3§
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Table 2 Mildly brackish water quality

HCO4 /(mg/kg) 267.1 WL/ (g/1.) Salinity 2.48
Cl™/(mg/kg) 582.3 JA/ (mg/L) TN 1.752
SO, /(mg/kg) 466.5 A /(mg/L) AN 0.067
Ca*'/(mg/kg) 121.02 “ﬁ%%frﬁ(mg/ L) 11.94
Mg”"/(mg/kg) 69.09 S/ (mg/L) TP 0.012
Na"/(mg/kg) 548.0 M NTU 1.395
K"/(mg/kg) 9.1 4% Chromaticity 17.69
pH 7.37 EIFY/(mg/L) SM 9.54

pH A LB 2R AR & =L WA E (12,24,
33.43.49.58.68.86 d) M & T Ak = MM, 14
HL 538482 105 F /K & e 5e 50 9%3% 3 min &, 5z AR
JH DDS-307A A1 F5 1 v T R A0 E 5 #E K R TR
ST E 5 K A Ak B2 R L S 3R A B o 5 38
FEPINE RS Sk [21] 0 MR R0 R E
SRR bR R RO A
1.4 HIESEITHHT

K H] Microsoft Excel 2007 #£ 17 ¥ ¥ 4b B, 5% JH
IBM SPSS Statistics 23 ¥ {4 #E 47 5L K 2 J5 25 73 A
(one-way ANOVA) , If LA/ i 3 1 2% 572 (least
significant difference, LSD) #4725 4 («=0.05)

2 ZEREHH

AE4LE T HERS

H 2 3 AT UL, BRI, 0~20 em + )2 +1%9
A4 HR ) B S R AE A pH 94K T CK, Ho T7, T8,
TO b 3% L R e IX, b CKAIK 52.3%6~55.0005
T2 Ab 3 o 52 R R AR B2 e I, 1 CK{IK 25.8 %6, 0
pH B AR e B 45 K (9.0%) o A3 MLRK 7% i T1 4k ¥ i
I, T 1 T6 &b ¥ 5 , 8 CK 43 B4 i 1 28.6 %6 il
25.3% B T2 AL B4 513G T 21.3% #118.2%., T1
AR 4 R AR, TS, T A BR Y e 5 , {H5 CK . T2
M TA~T7T PR 2ZE AR, 2A S & T1 A5
i, T8 M T9 AbHil 5 , {H 5 CK T2 il T4~T7 kb
ZRANEE . 5CKAMLL, T1ANH A s 5w
K 7 10.2% , 1 T3~T9 ZbH T ¥4 18 2 14, Horp T8
Ab 3 fz 1 (87.98 mg/kg) , (B 5 T5~T7 &b ¥ 2% 5 AN
i %, T5~TS8 &b H & CK 34 fin i & h 17.8%~
23.2%0, 5 T2 b FRIG IR B2 9.7 6~15.6 % T14b
P A R S B A K (384 mg/kg) , CK i & (450
mg/kg) , CK 5 T2~T9Ab Bl 22 S5 AN g & . CK Ab B
) 52 6 1 45 5 A% (1.63 emol/kg) , T9 &b 3 Y f /&5
(3.28 cmol/kg) , 9 />4 3 2 4 P 5 4 CK 1 i i 2
4 °36.6%~50.3% o

2.1

x3 ERELIEER
Table 3 Soil properties under different treatments

'I‘rﬁjfent (mi(/‘/!m) pH SOC/(g/kg)  TN/(g/kg) AN/(mg/kg)  AP/(mg/kg)  AK/(mg/kg) ( iif/ié)
CK 1.51+£0.03a  8.91+0.03a 6.96+0.09¢f  0.63£0.0lab  29.02+£1.20cd  67.564+3.94cd  450.00+7.72a 1.63£0.07¢
T1 0.964+0.04cd  8.1540.02de 6.52+0.11f 0.5340.02d 23.86+0.50e 60.68+2.23d  384.00£3.27b  2.88+0.10bcd
T2 1.12£0.03b  8.11+£0.02¢ 7.384+0.22e  0.6440.02ab 31.684+0.86abc  74.2542.65bc  436.67+5.68a  3.08+0.12ab
T3 1.04=0.04bc  8.23+0.03bc 7.1940.26e  0.62+0.02bc  31.12+2.00bc 78.13£3.45b  427.00£9.53a 2.5740.12d
T4 0.844-0.03de  8.194-0.03cd 7.264+0.05e  0.654+0.0lab  33.844+1.20ab  76.6743.38b  433.67£10.96a  2.96+0.15abc
TS 0.9340.04cd  8.2240.03cd  7.93£0.08d  0.644+0.0lab 31.714+1.50abc  85.63+1.70a  448.334+5.08a  2.62+0.07cd
T6 0.764+0.05e  8.194+£0.0dcd  8.7240.14ab  0.66+=0.0lab  35.4940.73a  82.22+1.06ab  438.33£7.78a  3.2140.11ab
T7 0.7240.03e  8.19£0.02cd  8.22+0.11bed  0.66+0.0lab 32.404+1.8labc  85.80+1.78a  430.33+4.23a  3.27+0.07ab
T8 0.68+£0.02e  8.19£0.02cd  8.58+0.17abc  0.67+0.02a 32.64+1.13abc ~ 87.98+2.69a  439.0048.52a  3.0540.03ab
T9 0.72£0.0le  8.18£0.01cd 8.95+0.09a 0.67+0.0la  33.33+0.49ab  77.814+1.67b  433.004-7.59a 3.28+0.01a

7 Note: EC: B, 5K Electric conductivity ; SOC : 347 #L#K Soil organic carbon; TN: 4% Total nitrogen; AN : i f# % Alkaline hydroly-
sis Nitrogen; AP : A % Available phosphorus; AK: A %8l Avalilable potassium; Ex.Ca: iJ 32445 Exchangeable calcium., A [E/NE
PR Fl—FE bR A R AL B 2 [ 4 4 8 25 25 55+ (P<0.05) , N[l Different letters indicate significant difference among treatments in the same item

at 0.05 level, the same as below.
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8 A T il A ML ek L B — it ) E A7 1 8 A
R P T RSt i, S RE A
K NS REARER B . B A B it FH - 3 ML 4
R A AR i S A (E A AL T
R A G HURCER B R R A, R A R R AL
RE A At L TRt AR T 7 A ) e ] o — 2D R AIK
BE G 0 A PR A RO R S B
5 i AR A A ARG

S ARG AIRET (4 H 15 B ) R LR A R AL
FEXTBAR SRR s . R4 v DL, T Ab B
A HLBR B = (7.61 g/kg) , T1 Ab B 57 ik (5.36
g/kg) ; 5 CK AH L, T4~T9 14 I i BE o 17.7 %~
34.5%, 5 T2 #H It , T4 ~T9 14 hn g B 7.8 %~
23.1%. T8 ALY 4 A & = (0.78 g/kg) , (H 5
T5~T7 kb3 22 AN 35, T1 Ab #1954 (0.63 g/
kg) ; 5 CKAH H , T5~T8 4b F 1 fin i & Ay 12.3 %~
20.0%, 5 T2 A FEAH He , T5~TS8 4b B 384 i g 1
2.8%~8.3% ., T6 4b H (¥ 4 %5 W 5 = (57.73 mg/
kg), T1AbIR ) FeA% (25.55 mg/kg) , T5 . T6 4bHiL4

FET CK A T1ALH; T6 4bFE e CK A1 T2 kb3 5351
e 36.1% M143.1%, CK &b B iy B 7 28 6 5 it
{5 (7.65 cmol/kg) , CK 1 T1 &b 3 4 B 25 142 ot Ft
i, T6 F1 T8~T9 4b H ) fi% 75 (8.63 cmol/kg) , HH
T2 A T6~T9 AL F T 4 18 BH 825 52 e 1 14 IR 4 K,
BT RE N BR o 8.6 %0~12.4% .

5 XTI L, T6 Ab B HHEA MLk 2R AL
1l R BH 2 - A2 4 1 43 S 3 T 29.5% . 15.4%
36.1% F12.8% ;5 T2 kb FRAH L, T6 ZbFE R H4 4
BILBI 4> BRI S0 & 153 S N T 18.6 %6 . 4.2 04 11
43.1% o Bt FH A B AR 2BAREAVE MG b AT AS 2338 fin
A B A A S i R A R LR B
e T T R R v SR W e - A WL L4 L
B ac i W RGN, BE A AR e FH = A HG A 3
T B, TC it A S O 3 0 O b A RO i
L R T o P G . Rk, A
A ALAE AR |7 (T6) Ak B 7 354 i 28 4 + B4 AL
Bie 42 S A AW RN B B 7 A8 e B O T A R AF Y
e

®4 FARMEBTEEEFLTERS

Table 4 The soil nutrient in spring of the next year under different treatments

fib 3 HPUk/ (g/kg) 2R/ (g/kg) A%/ (mg/kg) PR B 732 44t/ (emol/kg)
Treatment SOC TN AP CEC
CK 5.66+0.16de 0.65+0.01c 42.414-1.68cd 7.65+0.00b
T1 5.36+0.14e 0.63£0.01c 25.55+0.86¢ 7.83£0.03b
T2 6.18+0.16¢d 0.724+0.02b 40.35+2.04cd 8.5140.19a
T3 6.1240.18cd 0.7340.02b 42.93+3.14cd 8.3740.31ab
T4 7.60+0.02a 0.7140.01b 45.9140.79bc 8.3740.26ab
TS 6.66+0.11bc 0.74+0.01ab 51.0941.90b 8.3140.31ab
T6 7.33+0.25a 0.7540.01ab 57.73+£1.10a 8.63+0.17a
T7 7.2140.23ab 0.76+0.02ab 41.73+2.71cd 8.5140.17a
T8 7.38+0.24a 0.7840.03a 43.5941.14cd 8.5940.13a
T9 7.61+0.19a 0.7340.02b 42.0041.43cd 8.60+0.21a

22 AE4AETHEREENE

FhRE T KA, 8GR AN 3.68 mS/cm,
P 5 b3 S R IR T AR ; BRI G 34 d,
5T HEAHE, 9 A b BRI R TR R R AR T - 1
R AR T N 28.3%~57.9% , T2 P AR I & /)y,
TO AR R K, 5 T2 M, T6~T9 + 1 i 5 5 %
IR B Ry 29.4%6~41.2% . EKWJF 44 d 2 T K Hh
TSI ) 2 B0 45 A MR A B B 4 e 5 R 5 %6
B2 ] 1) 22 5 A8 /N 5 78 T RS AE 0, B0t A 7 A 3
(T1)F 3 i S 3R A 0] R 8 25 188, g JH Al Ak 38 22

] B 2% SR/ . BAE4 A, T1 AL PR 4 R (2.02
mS/cm) (A5 T2 b ¥ 25 53 A8 & 3, T8 4b # i AIX
(1.51 mS/cm) ,fH5 T1.T2.T4.T5.T6 b3 [a] 2%
SARRE, 5 T2 M L, T5~TO B 4 e f G
REAR R B R 6.5 %0 ~18.4 % (£ 5) .

FAE K A1, 38 pH ARk 8.78, it H A4
Ji 3 pH ¥ B E A, Tk R 34 d, 9 Ab 4 3
pH FE X R FAIR 0.65~0.79 AN BAAE, T2 Ab P A1 g 32
R, 5 T2 A BRAR LG, T3~T9 b3 + 45 pH 8 i 1
0.04~0.14 5, KT T 44 d 2 KA 3
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FBUA XTI pH 8 3 = T HA AL FE, T1~T2 . T3~T8
FALHR 22 R AN E . BAEAH  SXTIEA L, 454k
HR 4 OR [) A B B AIC T 4 38 pHL, B IG IR AE 0.51~
0.76 4~ HAir, T Ab HRFEAR MR e K, {5 T4~T6
TSALFE Y F AR W, 5 T2 A FEAH L, T4~T9 4b B

Jiti FH A B S BE A LI S P T RARR 2
b3 L 53 pH, (HL S I ) 4 1 1 8 L 5 30 e
I, IR AR S TR A A R A
A HUAE T P LAl L, 0 g 6 P T BT o
W) I B S AR AR SO ] AR, O T 4 R 28 AR

KT 0.08~0.18 {7 (£5). IR S ARAT
®5 AEAAGETHEKERLEESSEMpH
Table 5 The soil electric conductivity and pH of bucket planting maize under different treatments
TR 34d TR 44d A 74d BAEAH

= kb3 34 d after emergence 44 d after emergence 74 d after emergence April of the following year

e S om) pH EC/(mS/cm) pH EC/(mS/cm) pH EC/(mS/cm) pH
CK 1.524-0.05a 8.90+0.03a 1.1340.07a 9.15£0.03a 1.004-0.14bc 8.94+0.08a 1.6040.06¢ 9.03+£0.01a
T1 0.94-0.08bed  8.1740.02¢ 1.124+0.12a 8.3040.01cd 1.3540.07a 8.34=0.10bc 2.02+0.08a 8.5270.01b
T2 1.094-0.06b 8.110.02f 0.98+0.13ab  8.254-0.09¢d 1.164-0.03b 8.28+0.10c 1.8540.05ab  8.45:£0.04bc
T3 1.0140.15bc  8.2520.04bc 1.1040.17a 8.19+0.14d 0.9040.16¢ 8.43+0.08b 1.76+0.08bc  8.3740.01cd
T4 0.8940.10bed  8.2040.03cde  0.96+0.07ab  8.26+0.14cd ~ 1.0440.03bc ~ 8.3140.06bc 1.5740.09¢ 8.28=+0.06de
TS 0.8640.13cd  8.23#0.03cd  1.01£0.09ab 8.18=+0.06d 1.044-0.06bc  8.36+0.04bc 1.564-0.06¢ 8.297+0.05de
T6 0.7740.07de  8.19£0.04de  0.73£0.06cd ~ 8.30+0.09cd ~ 1.1840.12ab 8.23+0.06¢ 1.58+0.07¢c 8.34+0.02de
T7 0.724+0.05de  8.19£0.02de  0.83%+0.10bed ~ 8.25+0.10cd 0.9240.04c 8.344+0.05bc  1.63£0.06bc  8.41+0.04cd
T8 0.7240.07de ~ 8.15+0.02ef 0.714+0.07d  8.3440.02bed ~ 1.1840.05ab 8.29+0.00¢c 1.5140.03c 8.300.02de
T9 0.6440.10e 8.1840.02de 0.71£0.07d 8.3840.07bc 0.8640.14c 8.38£0.07bc  1.7340.02bc 8.27+0.03e

23 AREKETHEZERKSMENE

550 BEM LY, B — it A % it L i A LA
R AR = ZERLURN AL B YA R ) A 448 o (&
1. &2 .38 6) , B it A e i) T8 b 34 K bk v e
155 (121.6 cm) , e it e F e V5 179 T°6 A 3 R K Bk /=
fICF T5 &b 34, ey = ot 75 FF 19 T4 b 38 F R PR &5 41K
T T34b#E, T5AMHEA F R ZEH R K (27.72 mm) ,
T3AHK Z , T8 b P F K ZE M & F T7.T9 Zb B .

/cm

3

=]
Plant height

Bl AELEBETHEZERBENRS
Fig.1 The height of bucket planting maize under differ-

ent treatments

TS AL B AR ARAEY) S AR D B
o TR A B A HUIEHEAL | i B | oK
iR Rttt 7/ by YR ER N iURE Y| IR 5P S 7 S Ul e =7/
A Wy e g R BN S I m AR R 3, 2 S
W TR AT AR W 0 25 A LDt JH b 2 2 1
S TR 2, AT T I AR AT A
HUAE LA L, POt 5 KA A sl i ot i A= 1 ¢ 45 2
BB R B e Rt T A, 23 51 0.34040,0.56 %6 Al

ZH/mm

Stem thick

B2 AELETHEEEREFEMR
Fig.2 The stem thick of maize in bucket planting

under different treatments
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0.85% . Sh5Aigngs AL, e £k i b i B A, it FH
A7 8 AU HLAE I TC 6 0.56 %6 Ao A s i &b BEL(T6) fi%
LSO S W B L5 57 N4 £ i

®6 FAEAEBETEZERENE(FRE)

Table 6 The biomass of bucket planting maize experi-

ment under different treatments  g/plant
e M F AR AP AEYR
Treatment Dry wcightlof Dry wclight of  Total biolmass
aboveground biomass  root biomass dry weight
CK 3.15+£5.461 0.57£0.99¢ 3.73+6.451
T1 35.4443.25¢ 6.27+0.24d 41.71+£3.29¢
T2 35.7541.98e 6.26+0.05d 42.01£1.97e
T3 39.9441.77cde 6.84+0.16bc  46.78+1.83cde
T4 38.224+2.24de 6.50+0.17cd  44.72+2.40cde
T5 45.7941.99a 7.50=£0.50a 53.29+2.43a
T6 39.1242.61cde 6.44+0.16cd  45.56+2.76cde
T7 40.68£2.09bcd 7.43+0.30ab  48.114-1.97bed
T8 45.11+3.50ab 6.92+0.32abc  52.033.49ab
T9 43.04£2.92abc 6.41+£0.23cd  49.46-£3.05abc
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Effects of gypsum combined with organic materials on alkalized
solonchaks and growth of maize

FAN Ligin, SHEN Jingli, WANG Xu, WU Xia, CHEN Wengian

Institute of Agricultural Resources and Environment , Ningzxia Academy of
Agriculture and Forestry Sciences/Station of Observation and Experiment

National Agricultural Environment in Yinchuan, Yinchuan 750002, China

Abstract The techniques of saving water, reducing alkalinity and enhancing soil fertility in heavily sa-
line-alkaline areas in Ningxia were developed to solve practical problems including equal emphasis on saline
and alkali in soil, shortage of freshwater resources, and difficulties in the growth of crops in arid areas.Four
organic materials including organic fertilizer, maize straw, furfural residue, and biochar were selected for
combination with desulfurization gypsum.The treatment without any improved materials was used as a con-
trol. A series of bucket cultivation experiments were conducted in Huinong District, Ningxia to study the ef-
fects of gypsum irrigation with slightly salty water droplets combined with organic materials on the proper-
ties of alkaline and saline in soil and the growth of maize. The results showed that the application of gypsum
increased the content of exchangeable calcium in the soil, significantly decreased the conductivity and pH in
soil, with a decrease in conductivity of 28.3%-57.9%.The content of total nitrogen, alkali hydrolyzed nitro-
gen, available potassium, and organic carbon in the soil was significantly decreased , but the conductivity in
soil increased and the content of available phosphorus decreased in the following spring. The combination of
gypsum and organic fertilizer with 0.56% furfural residue or biochar further decreased the electrical conduc-
tivity in soil and increased the content of exchangeable calcium, maintaining the content of total nitrogen
and available potassium in soil, significantly increasing the content of organic carbon , alkali hydrolyzed nitro-
gen, and available phosphorus in soil. The addition of 0.56% furfural residue combined with gypsum and or-
ganic fertilizer significantly mitigated the salinity and alkalinity in soil in the following year, while significant-
ly increasing the content of organic carbon, total nitrogen , available phosphorus, and the cation exchange ca-
pacity in soil to significantly increase the plant height , stem diameter of maize , ultimately increasing the bio-
mass of maize.lt is indicated that the economic benefit of furfural residue is better than that of biochar, there-
fore, the combination of desulfurization gypsum combined with organic fertilizer and furfural residue is suit-
able for improving the alkalized solonchaks soil.

Keywords alkalized solonchak; organic fertilizer; furfural residue; biochar; desulfurization gypsum

maize
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