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1.20 t/hm?) pH EC
(CK)> > > >
> >
> > (CK) (CK) pH
28.05% 3.63%  62.16% 45.55% 45.55%  32.91%
11.74% 145.01% 206.56%  13.35%
123.69% 120.00% 105.29% 133.33%  181.13%
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:y=32.64+0.5561x — 0.0003x 75.00 t/hm?
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[9-10] Na+ Ca2+
Mg®*3 CI" SO HCO; CO3 4
NaCl CaCl, MgCl, Na,SO, CaSO,
MgSO, NaHCO; Ca (HCO;), Mg(HCO;), Na,COs
CaCO; MgCO; 12
Na,CO3;>NaHCO;>NaCl>CaCl,>MgSO 4>
Na,SO,!

[12-19]

[20-23] [24-26]

[27-29] [30-31]

1.1

0~ 20 cm
12.10 g/kg 37.24 mg/kg
109.82 mg/kg 0.86 mg/kg
6.72 mg/kg 1.01 mg/kg 0.42 mg/kg
12.70 mg/kg 0.10 mg/kg CEC (
) 6.34 cmol/kg pH 8.53 6.29 g/kg
(Suaeda glauca(Bunge)Bunge)
(Alhagi sparsifolia Shap.(ex Keller et Shap.))

5.33 mg/kg

(Phragmite austrlis Trin)
(Linn) Gaertn)

Bess) (Tamarix chinensis Lour)

(Agropyron cristatum
(Artemisia halodendrom Turczet
(Apocynum

venetum L.)

1.2
1.2.1 CO(NH,), N 46% (NH4),HPO,
N 18% P,0546% ZnSO,7H,0 Zn 23% (NHy)s
Mo;0,4-4H,0 Mo 50% (A1y(SO4)3)
Al,O; 15.90% 0.5~1mm S 95%
0.5~ 1 mm
=10 /g
0.6000 :
0.3900 : 0.0100 3435% N 0.42%
P,050.29% K,O 0.56% 25 ~30C
120
1.2.2 4%
pH 6.50 ~7.50 60% ~ 65%
11.63% 0.61% 0.36% 1.18%
pH 2.1 1 ~2 mm , 14% ~
16% 0.32% 0.25% 0.16% 1~
2 mm
1.2.3 0.05 ~ 2 mm
645 g/g
0.5700 : 0.3900 :
0.030 : 0.010 N33% P,0518% Zn 0.69%
Mo 0.50%
0.0549 © 0.3671 : 0.5504 :
0.0276 AlL,O3 5.87% S 52.29%
(Sorghum bicolor L. Moench) 1
1.3
1.3.1 2010 4 20
3
Lo(3%) [32]
3 9 (D 9
1.3.2
0.0240 : 0.9600 :
0.016
32.88% N 1.20% P,050.71% K,00.54% Zn
0.02% Mo 0.01% Al,0;0.09% S 0.84%

2011 4 20 2012 4 20
(19167  /hm?)
5 (CK)
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Table 1 Lo (3°) orthogonal experimental design B
A B C ‘
( )« ) ( ) pH Se1
1 1(0.90) 1(36) 1(1.20) pH-2F pH
2 3(2.70) 1(36) 3(3.60) (
3 2(1.80) 1(36) 2(2.40) » » )
4 2(1.80) 2(72) 1(1.20) ( y
5 3(2.70) 2(72) 3(3.60) y ) (
6 1(0.90) 2(72) 2(2.40) . . )
7 3(2.70) 3(108) 1(1.20)
8 1(0.90) 3(108) 3(3.60) 1.5
9 2(1.80) 3(108) 2(2.40)
(t/hm?) DPSS 10.0
) (35-36] -
3.00 t/hm? 375 %¢ , (o) Y
+bx+
t/hm? 75 t/hm’ atbrtex
[37]
3 O)
133 2013 4 5
20 2014 4 20
0 15 30 21
45 60 75 90 t/hm>7 | (CK) 2010 -5 10
3 (R)
1.3.4 32 m8 m x 4 B>A>C
) 0em 35 em (R = 81.84)> (R = 42.80)>
(R = 26.63)( 2) T
0 ~20 cm 7 Tas>Ta3>Tai,
2010 2011 2012 2013 2014 4 20
30°C 4k 1.80 t/hm?
2~3cm 15 cm 50 cm Too>Ti1>Ths
426
0.72 kg R2 LG)EXHBEA
1 Table 2 Analysis of Ly (3°) orthogonal experimental design
A B C
1.4 ( ) ( ) ( ) (hmd)
1 1(0.90) 136) 1(1.20) 39.02+2.32
5 10 2 3(2.70) 1(36) 3(3.60) 40.99 = 3.04
50 3 2(1.80) 1(36) 2(2.40) 42.57+2.91
4 2(1.80) 272) 1(1.20) 78.04 + 0.79
5 3(2.70) 2(72) 3(3.60) 60.31 +0.35
5 6 1(0.90) 2(72) 2(2.40) 53.22 4 0.63
7 32.70) 3(108) 1(1.20) 39.02£2.15
0~20cm Skg L kg 8 1(0.90) 3(108) 3(3.60) 2815+ 1.57
15 I mm 9 2(1.80) 3(108) 2(2.40) 42574152
T, 12038 122.59 156.08 847.76(7)
7, 163.18 191.57 138.36
>0.25 mm T, 14032 109.73 129.45
R 42.80 81.84 26.63
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72 t/hm’ 2 2012 9 10
Ter>Ter>Tes « 3
1.20 t/hm’
T (CK)> > >
A,B,Cy( 1.80 t/hm? 72 t/hm? >
1.20 t/hm?)
0.0240 : 0.9600 : 0.016 > > >
> (CK)
2.2 (CK) 28.05%
45.55% 45.55%
2.2.1 32.91% P 0.01)
R3 TREIFHEM RN ER R YR MERFFFKENF N
Table 3  Effects of different ameliorations on physical properties and water-holding capacities of saline soils
(g/em®) (%) (t/hm?) 0.25mm (%)
(CK) 1.64 aA 38.11eD 762.20 eD 24.92 bB
1.48 cB 44.15 cC 883.00 cC 25.69 bB
1.53bB 42.26 dC 845.20 dC 25.43 bB
1.35dC 49.06 bB 981.20 bB 26.22 bB
1.18 eD 55.47 aA 1109.40 aA 33.12 aA
P<0.01 P<0.05
2.2.2 > (CK)
4 (CK)
11.74% 145.01% 206.56%
> > > 13.35% (P<0.01)

R4 TRMEYRFNERZ L ANRRENF A FLF RO

Table 4 Effects of different ameliorations on organic matter contents, rapid available nutrient contents and chemical properties of saline soils

(g/kg) (mg/kg) (mg/kg) (mg/kg) pH (mg/kg) (%)
(CK) 12.10 bB 37.24 cC 533 ¢cC 109.82 cC 8.53 aA 6.29 aA -
12.54 bB 45.12 bB 6.32 bB 114.21 bB 8.39 bcA 2.94 cB 54.46
12.41 bB 4436 bB 6.18 bB 112.38 bB 8.45 abA 3.16 bB 50.24
12.68 bB 45.55 bB 6.54 bB 116.35 bB 8.26 cdA 2.69 dC 58.03
13.52 aA 91.24 aA 16.34 aA 124.48 aA 8.22 dA 2.38 ¢D 62.16
223 4 AP AP
pH Ca® Mg” K' Na" AP
(CK)>
> > >
(CK) pH 2.24 2012
3.63% (P 0.05) 62.16% 9 10 ( 5
(P 0.01)
> >
> > (CK)
pH (CK)
7 123.69% 120.00%
Aly(SOy)3 SO;~ 105.29% 133.33%  181.13% (P<0.01)
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Table 5 Effects of different ameliorations on botanic characters and straw yields of sweet sorghums
(%) (m) (cm) (kg/ ) (t/hm?)
(CK) 41.32cC 1.65 eD 1.51eB 0.39 bB 2581 ¢B
88.95 aA 3.13¢C 272 cA 0.84 aA 67.23 cA
82.34 bB 2.96 dC 2.53 dA 0.81 aA 64.33 dA
90.58 aA 3.36 bB 2.91 bA 0.87 aA 69.46 bA
92.43 aA 3.63 aA 3.10 aA 0.91 aA 72.56 aA
2.3
r) -0.992 8
2.3.1 90.00 t/hm’ CK
33.74% (P<0.01)
B8l 2 2014
9 10 ( 6
F 6 ZINREIHIEN RS X RIE TR R RN
Table 6 Effects of multifunctional amelioration dosages on physical properties of saline soils
(t/hm?) (g/em’) (%) (%) (%)  >0.25mm (%)
0(CK) 1.63 aA 38.49 gF 15.18 ¢G 2331 ¢E 19.79 ¢G
15 1.54 bB 41.88 fE 17.92 {F 23.96 fE 21.05 fF
30 1.42 cC 46.42 eD 19.43 ¢cE 26.99 eD 23.14 ¢E
45 1.33dD 49.81dC 21.18dD 28.63 dC 25.71 dD
60 1.21 eE 54.34 cB 24.09 cBC 30.25cB 29.22 cC
75 1.13 fF 57.36 bA 25.01 bAB 32.35bA 32.83bB
90 1.08 gF 59.25 aA 26.55 aA 32.70 aA 36.48 aA
2.3.2 Ca’* Ca’
[39] 6
2.34
[45] 7
(r) 09952 09933 09875
90.00 tthm*>  CK
53.94% 74.90% ) 0.9964 09952 0.9932
40.28% (P 0.01) 0.987 4 90.00 t/hm? CK
164.12% 53.93% 74.90% 40.28%
2.3.3 (P<0.01)
[40-43] 6
10 min 100 ~ 1 400
(r) 0.987 6 el
90.00 thm*  CK 84.34%
(P 0.01) 500%"!
2.4 pH
2.4.1 pH pH
[44]
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Table 7 Effects of multifunctional amelioration dosages on water-holding capacities of saline soils
pH
(t/hm?) (%) (t/hm?) (t/hm?) (t/hm?) (g/kg) (%)
0(CK) 1931 gG 769.8 gF 303.6 gF 466.2 gF 8.48 aA 6.50 aA -
15 21.64 fF 837.6 fE 358.4 fE 479.2 fF 8.40 bA 5.52 bA 15.07 fF
30 23.69 ¢E 928.4 eD 388.6 ¢E 539.8 ¢eDE 8.36 cA 4.69 cB 27.85¢E
45 25.93 dD 996.2 dC 423.6 dD 572.6 dCD 8.32 dA 3.99dC 38.61 dD
60 29.91 ¢C 1086.8 cB 481.8 ¢BC 605.0 cBC 8.30 eA 3.39¢D 47.85 cC
75 32.13bB 1 147.2 bA 500.2 bAB 647.0 bAB 8.26 fA 2.88 fE 55.69 bB
90 34.59 aA 1185.0 aA 531.0 aA 654.0 aA 8.20 gA 2.45 gF 62.31 aA
pH
(r) —0.9866 90.00 t/hm? AP
CK 3.30% (P<0.01)
2.5
2.5.1
[48-50]
2.4.2
7 (r) 0.999 9
) 90.00 t/hm’ CK 14.13%
~0.990 2 90.00 t/hm’ (P 0.01)
CK 62.31% (P<0.01)
8 ZINBEIFETEREXNERZT ENRIELTT S RN
Table 8 Effects of multifunctional amelioration dosages on contents of organic matter and rapid available nutrients of saline soils
(t/hm?) (g/kg) (mg/kg) (mg/kg) (mg/kg)  (x10*cfu/g)  (x107 cfu/g) (x107 cfu/g) (X 107 cfu/g)
0(CK) 12.10 fB 37.24 ¢G 5.33 gF 109.82 bB 0.35 fC 0.89 fB 0.57 fB 1.46 fB
15 12.38 efB 51.55 fF 8.89 fE 110.42 aA 0.50 eB 1.22 eA 0.76 eA 1.98 eA
30 12.66 deB 60.84 ¢E 11.11 eDE  113.83 aA 0.52 deB 1.24 deA 0.80 dA 2.04 deA
45 12.95 dB 71.87 dD 12.92dCD  118.57 aA 0.53 cdB 1.27 cdA 0.84 bcA 2.11 cdA
60 13.25 becA 82.48 cC 14.69 cBC  122.24 aA 0.55 beB 1.29 becA 0.86 bA 2.15 bcA
75 13.53 abA 92.17 bB 16.51 bAB 124.74 aA 0.57 bB 1.30 abA 0.90 aA 2.20 abA
90 13.81 aA 104.64 aA 18.34 aA 126.39 aA 0.62 aA 1.32 aA 0.92 aA 2.24 aA
2.5.2 0.8952 0.7770 09077 0.8419
8 90.00 thm*>  CK
77.14% 48.32% 61.40%
@) 0.9988 0.9917 0.9872 53.43% (P<0.01)
90.00 thm®  CK
108.99%  244.09%
51.52% (P<0.01) 2.6
253 2 2014 10

(r)
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() 0.9079 0.9068 0.7462 2.7
0.8416 90.00 t/hm* CK 9
111.36% 98.73% 121.95% 124.94% 75 t/hm?
(P<0.01) (9
*9 ZDiAEFEAENHSREYEERN"ESFN
Table 9 Effects of multifunctional amelioration dosages on botanic characters and straw yields of sweet sorghums
(t/hm?) (m) (cm) (kg/ ) (t/hm?) (t/hm?) ( /hm?) ( /hm?) ( /hm?)
0(CK) 1.76 gE 1.58 eD 0.41 eC 32.64 dD - - - -
15 2.85 1D 2.32dC 0.74 dB 59.09 cC 26.45 13 225 38334 9391.6
30 3.02 eC 253 ¢B 0.80 cA 64.17 bB 31.53 15 765 7 666.8 8 098.2
45 3.28 dB 2.81 bA 0.85 bA 68.27 bA 35.63 17 815 11 500.2 6314.8
60 3.49 cA 2.95 bA 0.88 bA 70.50 aA 37.86 18 930 15 333.6 3596.4
75 3.64 bA 3.07 aA 0.91 aA 72.68 aA 40.04 20 020 19167.0 853.0
90 3.72 aA 3.14 aA 0.91 aA 73.42 aA 40.78 20390 23 000.4 —2610.4
9
y = a 75 t/hm?
bx+ex’
y=32.64 +0.5561x — 0.0003x" (1 y =32.64 +
0.5561x — 0.0003x”
(Px)  255.56 /t 75.00 t/hm’ 72.66 t/hm?
2013—2014 (Py) 6
500.00 /t Px Py b ¢
(x0)=((P./P,)-b)2¢ pH  EC
(xo) 75.00 t/hm*  x, (1)
() 72.66 t/hm*
6 9
3
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Effects of Multifunctional Ameliroations on Physico-chemical
Properties of Saline Soils and on Straw Yield of Sweet Sorghum
in Hexi Inland of Gansu

ZHANG Jianzhong'?, YAN Zhibin’, WAN Xue’, MA Shijun’, QIN jiahai’, ZHAO Yunchen'"

(1 College of Agriculture and Biology Technology, Hexi University, Zhangye, Gansu 734000, China; 2 Zhangye Seeds
Administration of Gansu Province, Zhangye, Gansu 734000, China; 3 Gansu Dunhuang Seed Co. LTD., Jiuquan, Gansu
735000, China)

Abstract: A field plot experiment was conducted in order to study the effects of multifunctional conditioners on
physico-chemical properties of saline soils and on straw yield of sweet sorghum in Hexi Inland of Gansu. The combination
formula of the multifunctional ameliorations were A,B,C; (nutritional factor 1.80 t/hm?, eco-organic fertilizer 72 t/hm?, saline soil
amelioration 1.20 t/hmz). The results showed that the effects of different conditioners on soil bulk density, pH, EC and total salt
content were in order of saline soil wasteland (CK) > Kangyanfeng saline soil amelioration > Hekang saline soil amelioration >
saline soil amelioration > multifunctional amelioration; the effects of different ameliorations on total porosity, aggregates,
saturated water capacity, organic matter, rapid available NPK, sweet sorghum straw yield were in order of mutifunctional
ameliroation > saline soil ameliration > Hekang saline soil amelioration > Kangyanfeng saline soil amelioration > saline soil
wasteland (CK). Compared to CK, Multifunctional amelioration decreased soil bulk density, pH value and total salt content by
28.05%, 3.63% and 62.16%, respectively; increased total porosity, aggregates and saturated water capacity by 45.55%, 45.55%
and 32.91%, respectively; increased organic matter, alkali-hydro nitrogen, available phosphorus and available potassium contents
by 11.74%, 145.01%, 206.56% and 13.35% respectively; increased sweet sorghum seedling emergence, plant height, stem
diameter, fresh weight per plant and straw yield by 123.69%, 120.00%, 105.29%, 133.33% and 181.13%, respectively.
Multifunctional amelioration dosage was positively correlated with saline soil porosity, aggregates, water holding capacity,
organic matter, rapid available NPK, microorganism quantity, sweet sorghum straw yield, but negatively correlated with bulk
density, pH value and total salt content. The regression model between multifunctional amelioration dosage (x) and sweet
sorghum straw yield (y) was: y = 32.64 + 0.5561x — 0.0003x%, the optimal dosage was 75.00 t/hm? and sweet sorghum straw yield
was 72.66 t/hm”. The above results proved that the use of multifunctional amelioration can effectively improve saline soil
properties by reducing bulk density, pH, EC, and total salt content, increase total porosity, aggregates, saturated water capacity,
organic matter and available NPK, and increase sweet sorghum straw yield.

Key words: Multifunctional conditioner; Saline soil; Physico-chemical properties; Sweet sorghum



