55 37 B4 3 FEREMEXRLHFR Vol.37 No.3
2019 45 H Agricultural Research in the Arid Areas May 2019

S EHS :1000-7601 (2019) 03-0232-06 doi; 10.7606/].issn. 1000-7601.2019.03.30
AN [5) B R ¥ I X o B 4 2k 8 b £ 158
50 Ba o b —g: kA
RER, F &%

(PHILARARBHE K AE R IR IR BT 2% B, BV #33 712100)

W OEAARY A hFHEERTE T A TR K R HE R, R AR R KR
RoEBETN YRR I AR, VRN ER L E R RERE, RB T ONLE, 2R B 2HE
JECPHEE ERA EWANE F£ BHAR 27 A8RSLE, EREXN. AL EAGRGEXTE, S
AR, FE AR SRS ERERAERTE, B ELH N 15.2% .16.3% 14.6% , & T F 308 AL
BOECAENETRELNEE G T WIBAE 12.7%~191%208, TRKBE#ELHT,0~20 cm + B +3EHF 5
A B AL A, E R AR 0.6% ~20.9% 3 A 18 4 30.6% ~ 109.3% , H A BB 8 N 4.5% ~247.4% |
WA G N 23.4%~69.2%; LIE pH 2 %4 E HE FHALRZENBER, AP 2 BES FEAERKLE
pH 2% 48 13 Na' R B ¥ pH 25 1K 2.18% .2.45% , Jit 2 % 4 7 35 %] 20.4% 20.2%, %W BE BT i
BB AR R E S A BA L ARRE T 9.44% 12.88% 4.87%, 4t 7 KB Ik, AR B £ &,
BHEENEE FENGENR R ZEARRREEF R G, ZHEEARNABR R,

KR BEM B R, RGNS 2R E,ERTE

hES S .S156.4  XERERE:A

Effect of soil properties and maize yield in different improvement measures
of saline-alkali soil in Luyang Lake

XU Guo-feng, TONG Yan-an
(College of Natural Resource and Environment Sciences, Northwest A&F University, Yangling, Shaanxt 712100, China)

Abstract: In order to select appropriate saline-alkali soil improvement measures, a field experiment was car-
ried out by using agronomic, biological and chemical measures in saline-alkali soil in Luyang Lake of Weinan and
provide reasonable basis for saline land improvement. There were nine treatments in the experiment including con-
trol, high ridge with mulching film, film mulching, covered straw, bio-organic fertilizer, sheep manure, humic
acid gypsum and calcium superphosphate. The results showed that all treatments increased the yield of maize over
the control. Sheep manure, humic acid and calcium superphosphate treatments significantly increased maize yield
and the increase rates were 15.2%, 16.3%, and 14.6% , respectively. In addition to film mulching treatment, the
hundred-grain weight of the other treatments was significantly higher than that of the control in a range of 12.7% to
19.1%. Under different improvement measures, soil nutrients in 0 ~20 cm layer increased at various degrees,
among which the organic matter increased by 0.6% ~20.9%, the available nitrogen increased by 30.6% ~109.3%,
the available phosphorus increased by 4.5% ~247.4% , and the available potassium increased by 23.4% ~69.2%.
The soil pH, total salt content, and sodium content all decreased at some degree. Among them, high ridge with
mulching film and sheep manure significantly reduced soil pH, total salt content, and soil Na*. Soil pH was re-

duced by 2.18% and 2.45% by the two treatments, respectively and desalination rate reached 20.4% , 20.2%, re-
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spectively. The economic banefits of high ridge with mulching film, straw-covered and calcium superphosphate
treatments increased by 9.44% , 12.88% and 4.87% compared with the control. According to current situation of sa-
line-alkali land in this region, from the perspective of salt-reducing effect, high ridge with mulching film and sheep
manure treatment are recommended as the best improvement measures; Comprehensive improvement effects and e-
conomic benefits, high ridge with mulching film is the optimal improvement measure.

Keywords: saline-alkali soil; improvement measures; soil properties; desalination rate; economic benefit;

maize yield
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Table 1 The main chemical properties of the tested soil

- HHLB HRA PR LR MR .\ 2
+)2/em . . . . Na Ca
Soil 1 Organic matter  Available N Available P Available K pH Total salt , Lol , Ll
1 & T . .
T ) Jmee k) Gk /Gmg e ke Sarhgh  lErke) ke
0~20 16.55 11.84 15.54 166.48 8.54 1.513 0.256 0.146
20~40 7.24 10.25 3.93 85.12 8.80 1.270 0.230 0.124

1.2 Rt

IRIG IR 9 S Ab B, A4 B R FIRS FF FH &2 3F
W2, FAABEER 3 Wk, R E g AL
XA, DXEAHN 30 m*(3 mx10 m) ; FfEfT
B 70 em , BREE 23 cm, FIAERE N 6.07 Ji#E - hm ™,
ZEFIAE, 289 50 em, I FE 20 cm, 25 15 em, K
FoAKT 2016 4F 6 H 8 HHER,2016 4F 10 H 5 HIk
o FiAALFEY S B2 o R A (28-6-6)
750 kg + hm™, BT A AERHE Fh T — ki H . A= F
PHEPI UK , oA B 5 S b P — 3K,

1.3 kel

PER T K RPN S B 958, SR FH M B /N A2 A
FFo T REARL AL R w4 K, Ho b A= Yy HLAE >k
H 5 AR MBL 2 B AR RHF ST BT (L =40%
ARG =021 - g7') s FFEK A Tl R BA
AR RARA R, F2EE 'R 30% (A LR =
25%) ;AR R A NS PU S A ) TR A PR W
(AHLE=60% , EHR =38% ) ; £1 8 K A B VG J7 %
MR BRA H] i 8RR 552k A = = RALE BRib T
HIRAHE(P,0,=16%)
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Table 2 Test plan

s it YOSl it/ (kg - hm™2)
ID Measure Treatment Application amount
CK Xf IR CK 0
N B

High ridge with mulching film
otk T
A2 Agronomic Film mulching -
measure
et
A3 | AT 6000
Covered straw
AW PLAE
Bl PV Bio-organic fertilizer 7500
Biological e
B2 measure . I 45000
Sheep manure
5 A Tie
cl PR 5625
Humic acid
e isyiii] 5
Cc2 Chemical G 22500
measure ypsum
C3 ILFRES 750

Calcium superphosphate

1.4 MEMBS5HE

TE T K BAYIR L k o BR 245 Ab FE 0 ~
20 cm \20~40 em )2 RS TS RE S L BRAR
R PG Wy, B /N 43 i A T 8 A
E L H e TS 1 mm 5T 00 5E 84k
PR,

A ML R FH T 4% TR 40 45 o 1k — AN AR E I 5
AR 0.5 mol - L' NaHCO, 12 $2 - 4186 i L (5
B HALHI R 1 mol - L™ NH,OAC =48 - kMt
PR s A A 1 mol - L7 KCl - 3 4007
PN  pH SR AR BE T, K ek S 1; 3
A b S R AU 5E 5 Na™ HI IO B 5E
Ca™ FBRF IR IS A G RE SR s
1.5 BIESH

JH Microsoft Excel 2007 X J& 45 5045 #4740 3E
FH SPSS 19.0 #RAF#E47 7 25 FAH e 43 B, o £
AR ] Duncan B & 2215
2 ERHT
2.1 AEMRE X E K= E RN

FORIEFIAR I ) A S I AE Y, B X R
3 LA HURR AN [R] 1 0 B4 7t 3 g B R ™ | 4
PIER, FRER 3 W LIAE . i A ek RIS Re 4 &
TR, e S A R Ak B P B e A 3
16.3% , ~F- b 75 J55 Atb B 34 7= 1 B d5e /N, 3977 6.3%
Tr 225y Hr RS SR AR R | A B TR S b 3 55 X R
Z IR 22 5 R B K- (P<0.05) |, H v JE 5 R Ak B
B A, IR AR T, A AL BT F KA

x3 ARLETEXRFE
Table 3  Maize yield under different treatments

PG HRE/ g Tk (kg + hm™?) K %

Treatment Hundred grain weight Maize yield Increa%e

production

CK 28.09+0.31b 8556+210.8b -

Al 32.13+0.69a 9435+626.9ab 10.3
A2 28.82+0.27b 9092+300.7ab 6.3
A3 31.65+1.73a 9210+£276.7ab 7.6
Bl 32.13+0.96a 9652+313.0ab 12.8
B2 32.69+0.35a 9854+54.7a 15.2
Cl 33.47+0.36a 9948+62.7a 16.3
Cc2 32.19+0.17a 9453+525.4ab 10.5
Cc3 32.66+0.53a 9803+437.9a 14.6

I« W — B R/ ING SRk s A B0 22 5 b 3 (P<0.05) , Tl
Note: Different lowercase letters in the same column mean

significant difference at P<0.05 level among treatments, the same below.

AR EA A W PR E R, BR TP A R AL B
HE A SR B2 5 1 3 (P<0.05) | JEFH R Ab B EY
A IR K, 19.1%,
22 AEMREBEILE pH BEORESBEFH
=AU
2.2.1 FRREKRHESLE pH 9 %0 AR
Xt 145 pH E RIS W& 1 R, 45K,
250 R AR 18 pH (E AR A —E REARER . 78
0~20 cm 2, #5 40 F pH (i AR IR EE 4 0.05 ~
0.21, Horh B B R34 B AL BB 2 (P<0.05,
TR BT 0~20 em )2 N pH {H, £1 7 kb BEFFAR
WERE e K, 7E 20~40 em 1 JZ P, pH (R AY R 8 2
TE 0.04~0.18 Z[H); J5 223 Hr 3R W1, 2B I A JEE A %)
AHUIE F2 AF RS PR 8 2 K 1
8 pH B ; 45 20 R FS AN O 322 1458 pH {EA FRAIG
B X 2E A pH (BB FRRVER
222 RREKRHE®TEELE W Hom  HE 2
AT 6T o W PR A5 Ak B HL e 5 it 347 RE 0 R IC £
Headh o at (R H Y RIfFE—E M 2SS, 0~20
em )2 P, 45 Ab B Y £ 38 4 R S R AR IR A
8.58% ~20.41% Z 7] , H: v 28 15 743 JI6 1 3 38 4k 2 1Y
FEERROR LR B3 . 20~40 em 12N, TIEA R
T PR AR IR B /N 7E 0.32% ~ 13.53% 22 [ , 4% b 3
HXRZEEARAH B EEER, AFLHET
T AR A B LT, XS A A G
A ) FEAL S R CaSO, , £ 7 H it A 25 + 3%
AR T Ca™ 5 SOT, DA I FH HEL 5 S5 A4S 5 1) 75 6
s
223 FRE AR #HHkAFEE Na' Ca™ 89 %m X
FEIE A F , Na™ & H P R EE S, BR
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W Na™ B il i, 20l 3R 45 | 3 R L B o
Ak, DX ED 0 A K = A AR, 3 4 1]
PIFEH,TE 0~20 cm )2 N, AH HE XS RE 4S5 Ab B+ 35
() Na* & s #A BT F R, IR B2 7E 3.8% ~ 23.0%
28], Bk w3 2 5K F;20~40 em HEZH, +
HE Na™ &1 i) B AR R B2 358 /N, 25 A 31 5 X B8 22 8] %
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Fig.1  Effect of different improvement measures on pH of

saline-alkali soil in Luyang Lake
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Fig.2  Effect of different improvement measures on total salt

content of saline-alkali soil in Luyang Lake

Ca® 75 1 0 R0, W 28 52.0% , 3% J& PR ik
WS A B2 & 85 0, B Wit s 8k & 3+
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Hom HSXRER AR E, R4 TTUER, &4t
R 41 Na*/ Ca™ SRR S 10 I 454 it el A2
TH3Ed Na* 5 Ca® Fr 5 Ay Ll
2.3 ARMREET T IEFD BN
231 AREARFBHANN LEFNRGHoH I
A BR800 5 B2 B A7, BN AR
Wi VEFE B RRIR , 38 & A A B SR TR BEA AL
s IR EE R, IR K ROIRVES R E L
225 Bi/R ,1E 0~20 em 2N, S5XFREAH L, F 3840
PHA L& IR 20.9% , 25 5 B3 Hifth 2 3 11y
AL & A — B R A (HRA R 2
S, 20~40 em 2N, YA VLA PGP &
i O R 26.4% , 25 55 W3 BRI A A HLIE A
FEA B RS S T AR S,
232 FREAARHESLERASS>WHE T+
B HRCR L RO | R AR R AE W T DL B A
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Table 4 Na' and Ca®" content under different treatments

hpp Na*/(g- kg™!) Ca®/(g-kg™!) Na*/ Ca*

Treatment (50 cm 20~40 cm  0~20 em 20~40 em 0~20 cm 20~40 cm

CK 0.265a
Al 0.226b
A2 0.205bc  0.225a
A3 0.210bc  0.223a

0.246a  0.150b  0.109a 1.77 2.25
0.191ab  0.125a 1.18 1.79
0.177ab  0.124a 1.15 1.82

0.199ab  0.113a 1.05 1.98

0.223a

B1 0.229b  0.252a  0.162b  0.098a 1.41 2.57
B2 0.227b  0.232a  0.179ab 0.101a 1.27 2.29
Cl 0.256bc  0.230a  0.201ab  0.097a 1.27 2.36
C2 0.183¢ 0.214a  0.228a 0.138a 0.81 1.56
(0K} 0.220b  0.232a  0.170ab  0.120a 1.29 1.94

RS5 TESEITTIEFS I

Table 5 Effect of different treatments on soil nutrient

HHLR/ (g - kg™)

HRA/ (mg - kg™')

HH/ (mg - kg ') B/ (mg - kg™")

A Organic matter Available N Available P Available K
Treatment
0~20 cm 20~40 cm 0~20 cm 20~40 cm 0~20 cm 20~40 cm 0~20 ¢cm 20~40 cm
CK 16.04b 7.39b 10.66d 9.97ab 9.74b 3.62a 147.78b 86.23ab
Al 16.73ab 8.73ab 14.21¢c 12.69ab 11.61b 4.93a 210.56ab 97.25a
A2 16.36ab 7.35b 13.92¢ 12.23b 11.05b 2.99a 182.40ab 83.72ab
A3 16.14b 7.44h 15.46bc 11.32ab 10.18b 2.74a 192.14ab 81.38b
B1 18.95ab 9.34a 14.67be 13.21ab 15.80b 4.12a 233.25a 84.93ab
B2 19.40a 8.41ab 15.28be 14.50a 12.30b 2.93a 250.00a 88.83ab
C1 19.16ab 7.99ab 21.09ab 11.33ab 12.74b 3.24a 201.64ab 84.31ab
Cc2 18.67ab 8.68ab 22.31a 11.85ab 18.73b 3.06a 232.94a 82.33ab
C3 17.94ab 7.25b 14.99bc 10.99ab 33.84a 3.37a 202.04ab 83.76ab
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PR AR I W B T, 10 R B2 AE 30.6% ~
109.3% 2 [8] ; - 1 T R0 Wl 1 15 0 i 5 7E 4.5% ~
247.4% 2 8], Hovb ik i i 45 A BT 2 T R S K
FAE EWAPUIE A A FRTT - 1 O o o 1
JIn'57.8% .69.2% .57.2% , % 5 8. 3% . 20~40 cm +
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BF 3 P EOKREY RN 6 PR H &80T E
A M R R AL BE T A R AT R AR
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AL TR | ORI L0 80 5 25 = W i, L 2890
BERSE EREAT o Wl i 5 Ah 3L EL A 3 v M 8 0 A 47
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ARNE BT 28 T 85 4 AR AR AT T RAIR

PR LR SR AR, 7R KN
FORTA 7 L E BRI &7 Y L
SRR/ G 4 R 285 3wt v, R T e (i) 4 S e
WARMZE, MR T LA, SATIRAEL, ERA
REFER P LA /NIR B e A S 7 AR L
TR X B B 5 X RO L 3 26 Ab B4
Jit e FH AT S0 B AR IR S 0 T AR
3 0’

H A, 3% [ 2 5 6 R mdi b okt )7 X E 240k 4
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Table 6 Cost accounting table

BHAF Hid#/ (T - hm™)

b3 . : TR
Project Price . .
Treatment : 5 Calculation basis
name /(yuan - hm™)
FK 35 kg + hm™
Seed 420
FIF See Maize 35 kg + hm™
HL% 750 7T - hm™?
#&FP Sowing 750 Mechanical sowing
750 yuan + hm™
1 PR, 2 YR I
CK P2 Pesticide 600 One seed dressing,
two times insecticides
50 kg & 4 A0 200 7T
AR Fertilizer 3000 50 kg compound
fertilizer 200 yuan
e i
HEWE Trrigation 450 2 Ytk

Two times irrigation

i AR 3 A B 6 R Sk R 4 K ERE B, T
i LMK 7 % R A B RCR T e i
TR I — R, AT LA b Ky 2R R B
TR R D8 £ 50 7F 4 3 3R 2 FIAE P AR
RIFLR B 1F R ER RS 25 R RE 0T LA
WK AT ZE S, 1R B0 e AR AR A
SR ZE I - M B B RS AT 3 R B
JliAR BRI £ pH Sedhsy, 3 Pl ita kb B 3% 0
~40 cm 12N pH FEKIRBETE 0.45% ~2.18% Z |H]
SR Y A AR R AE 0.329% ~ 20.419% 22 Ja), He
D28 VR T R AR B B ,0~20 em 5 20~40 em
JEHY B ER R4y Wik 20.41% F113.53%, % 59k
PKU AR SR AT 4 R — B, R R S R A
B2 1N T b SR 5 R B A R R - R AR
BRFE EIRERZR T BA, BRI
FEXT 3SR — 2 W4 THVE A, (0 55 X0 BEA L
WA R 2270, BRI )5 277 B — 2 fy
8RSy B T B BRI AR K R I R, 5 R AT
PIPE S IEANBETE Y 2L,

XA A it D) AT L3k FH — LT £6 B 1E )
HEATRPAE , ANEAE H G (B0 45 i X SEAE P 1Y A
A SRS I - R Ay, 46 M R B SR R, AT IR
FIBIHIFAERIRER Y H A sehR AR s, AT
i I it FH AT MLAE A 42 e 355 4, ol st + e P Ak 1k
AR, BB H LR O H ™ G4k, BT K
MAYA PR 5 |, 7E T et W Je 1 1l
TEMS I T Re 7 A Kt A LR, + 8 pH TR, IF
AR R I A B R A RRE T
TR SRR AR RBLE . SRR
SO (AT S it A A MRS T R A K
TR B, P i i, SAIR IR 25 R — 8, F2&
A HLIE B 76 1 REFE AR 0~ 40 em P 14 pH, [ K
R EETE 1.09% ~2.45% 2 [8] ; 32 13811 o3 i 1L

*7 TEMREENEFNH

Table 7 Economic benefits of different improvement measures

A il TR
A3 /(56 - hm™) /(JC - hm™?) /(o - hm' ) The ratio
. Economic
Treatment Input/ Output - of output
5 5 benefits R

(yuan * hm™) /(yuan - hm™) /(yuan + hm2) to input
CK 5220 12834 7614 2.46
Al 5820 14153 8333 2.43
A2 6095 13638 7543 2.24
A3 5220 13815 8595 2.65
Bl 8970 14478 5508 1.61
B2 8595 14781 6186 1.72
Cl 8032 14922 6890 1.86
Cc2 7470 14180 6710 1.90
C3 6720 14705 7985 2.19
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A2 ek R it al 2 38 e it P b 2 e R 7R ke 1
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Ve, A BN ER B A ok Ry H Ay A0 R A A
FHAB R B S5 A R 590 76 8 Tn) TR 1 R Vi 0 R
Big bR AT R, 4 R 2 I A B R OR B A
AR 32 o, 140 + 30 00 3 A M (i 3 e &3
E/TF15.9% , A AR SR E e . A
PR AR g Eh e i B 4 B AT A i - SRR IR O, B
I 39 5 R 5, PR - M A R T, X AR AR A
KA BRI A R0 MK e i
FEN S TR R, U038 b S TR R 2R v R A
AR EERITE A, T S B MEAR Y S RS
REAZIE N 3P Y Ca™ ¥R BE , FRAIK Na™ UMK BE , T
TE— R I FRAIR Na' XL AR K i P= A 10 fE 5,
TR AR ARG ST 45 R, A i
i E AR pH (0 IR = TR X 2T
SR A BT RE 1k FH H S R AR A )
A CaSO,, A1 B Wt Al -3 Ca™ &5 SOT 44
T, SECI 52 B R Rt 2 S, S B R A i
FREG RERFAR 4% pH 3Ry, (ARUR AR, esk,
AE RS S R in T £3Eh  Ca™ S i,
T WA Nat/Ca® W BE L, W% T Na* Xt
MR R EE . 3 M fbAtEitiab B X g B
AW AR TR T 332 TR 7 Y R A

4 4 ik

T SR ARt e A il 1 AR R o BOK R, S X
TEAH L, SE28 SR W B RRAS AL BE  Z E+ T &
K WA HR EE A K 15.2% 16.3% 14.6% , [
SE-Hb 7 E AL PR AT T AL ) OB B ) B 3 TR
HE ASTA] 2l B4 it 259 B 184 i 4 158 b A LR L s A
R HUSOE HAE R i BRI pH 2
o T, b 2 E S E R AR
IR HEA R 20.4% 20.2% . ST AS AL B
VRS BTN RS AT o R S AL BE Y 42 5%
s 5 X REAE L o BB R T 9. 44% | 12. 88%
4.87% ., ETXF pat BH A DX 3k ok itk o, 22U 7E DL
AP S e R Y 2B VA B IS SR 2SN i, RE 18 I 2 Hb
MR R B R E R SR AR ACR 54T
Rt , 288 R h B ek R A it
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