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Effect of phosphate fertilizer application level on SPAC moisture

energy characters
LU Jia-Long,ZHANG Yi-Ping,LIU Si-Chun,MA Zhi-Gang, LIANG Quan-She  (Northwest-

ern Agricultural UniversitysShaanzi Yangling »712100.China)

Abstract: The thermodynamics parameters,partial molal free energy (AG) ,partial molal enhalpy (AH)and
partial entropy (AS),of moisture in SPAC of agriculture ecosystem were studied,the results showed that
the moisture ladder degree between soil and plant could increase under phosphate fertilizer application lev-
el. It was beneficial to transport of soil moisture from soil to plant. The increased value of AG, —AG, is
greater than the decended value of AG, and AG,. Thus,the “absorption water effect” from soil of plant
roots was been enhanced. It was the scientific foundation of what plant absorbed water was promoted by
fertilizer as well. Higher phosphate fertilizer application level could inhabit the difference of moisture and
increase soil moisture utilization ratio.
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Table 1 Thermod ynamics parameters of moisture in SPAC (seeding period of winter wheat)

Soil Plant Atmosphere

Code name AG AS AH AG AS AH AG AS AH

MAha  —1.260 —0.0058 —2.949 —17.64 —0.180 —70.41 —701.153  2.392 0.0618

MAhb ~ —0.918 —0.0038 —2.206 —12.6  —0.108 —44.26

MAla —1.188 —0.0043 —2.454 —16.74 —0.018 —22.02

MAIb —0.846 —0.0022 —1.479 —12.06 —0.126  —49.00

MBha —1.202  —0.0058 —2.948 —15.84 —0.180 —70.41 —725.071 0. 0638

MBhb —0.880 —0.0038 —2.206 —11.52 —0.108 —44.26

MBla —1.145 —0.0043 —2.455 —16.55 —0.018 —22.02

MBIb —0.842 —0.0022 —1.479 —10.80 —0.126 —49.00

WAha  —1.066 —0.0079 —3.388 —19.80 —0.144 —62.01 —125.015 0.426 —0.133

WAhb  —0.594 —0.0054 —2.177 —15.30 —0.090 —41.68

WAla —0.828 —0.0054 —2.411 —18.54 —0.234 —87.14

WAIb —0.522 —0.0108 —3.688 —12.60 —0.036 —23.15

WBha —0.986 —0.0079 —3.387 —18,.36 —0.144 —62.01 —129.279 —0.137

WBhb —0.540 —0.0054 —2.177 —14.40 —0.090 —41.68

WBla —0.774 —0.0054 —2.411 —16.20 —0.234 —87.14

WBIb —0.414 —0.0108 —3.688 —12.24 —0.036 —23.15
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Table 2 Thermodynamics parameters of moisture in SPAC (seeding period of winter wheat)

Soil Plant Atmosphere
Code name  AG AS AH AG AS AH AG AS AH

MAha —1.354 —0.0043 —2.620 —21.24 —0.288 —105.65 —701.153 —2.392 —0.0618
MAhb —1.001 —0.0045 —2.320 —15.48 —0.198 —73.524

MAla —1.282 —0.0054 —2.865 —19. 80 —0.234 —88.397

MAIlb —0.938 —0.0047 —2.310 —14. 40 —0.180 —67.167

MBha —1.310 —0.0043 —2.620 —18. 36 —0.288 —105.65 —725.071 0.0638
MBhb —0.956 —0.0045 —2.320 —13.50 —0.198 —73.524

MBla —1.228 —0.0054 —2.865 —17. 46 —0.234 —88.397

MBIb —0.889 —0.0047 —2.308 —12. 60 —0.180 —67.167

WAha —1.206 —0.0126 —4.900 —11.70 —0.090 —38.084 —125.015 0.426 —0.133
WAhQb —0.936 —0.0198 —6.740 —10. 08 —0.144 —52.294

WAla —1.044 —0.0054 —2.627 —10. 80 —0.180 —63.576

WAIb —0.702 —0.0036 —1.757 —8.60 —0.234 —77.237

WBha —1.080 —0.0126 —4.900 —10. 80 —0.090 —38.084 —129.279 —0.137
WBhb —0.738 —0.0198 —6.740 —8. 64 —0,.144 —52.294

WBla —0.990 —0.0054 —2.627 —9.00 —0.180 —63.576

WBIb —0.666 —0.0036 —1.757 —6.30 —0.234 —77.237

3 SPAC ( - )

Table 3 Thermodynamics parameters of moisture in SPAC (joint-heading period of winter wheat)

Soil Plant Atmosphere
Code name  AG AS Al AG AS A AG AS Al

MAha —1.368 —0.0036 —2.423 —25.74 —0.0126 —62.68 —701.153 2.392 0.0618
MAhb —1.008 —0.0072 —3.119 —18.72 —0.144 —60.93

MAla —1.296 —0.0054 —2.879 —24. 84 —0.108 —56.50

MAIb —0.972 —0.0126 —4.666 —17.82 —0. 144 —60.03

MBha —1.332 —0.0036 —2.423 —24.48 —0.126 —62.68 —725.071 —0. 0638
MBhb —0.936 —0.0072 —3.119 —17.28 —0. 144 —60.93

MBla —1.242 —0.0054 —2.879 —23.76 —0.108 —56. 50

MBIlb —0.846 —0.0126 —4.666 —16. 38 —0. 144 —60.03

WAha —1.224 —0.0108 —4.390 —23.58 —0. 180 —76.35 —125.015 —0.426 —0.133
WAhb —0.918 —0.0054 —2.501 —16.02 —0.162 —65.13

WAla —1.170  —0.0126 —4.864 —23.76 —0.270 —102.90

WAIb —0.900 —0.0162 —5.649 —16.74 —1.108 —48. 40

WBha —1.116 —0.0108 —4.390 —21.78 —0. 180 —78.35 —129.279 —0.137
WBhb —0.864 —0.0054 —2.501 —16.02 —0.162 —65.13

WBIla —1.044 —0.0126 —4.864 —21.06 —0.270 —102.90

WBIb —0.738 —0.0162 —5.649 —15.66 —0.108  —40.40
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Table 4 Effect of application rate of phosphate fertilizer on free energy of moisture in SPAC (seeding period of winter
wheat)
* I I I v V
Code name AGs AGp (I ~1) (I ~1T)*~ ACL ~T),* %~
MAha —1.260 —17.64 16. 380 0.828 4. 698
MAla —1.188 —16.74 15.552 4.338
MAhb —0.918 —12.60 11.682 0.468
MA1b —0. 846 —12.06 11. 214
MBha —1.202 —15.84 14. 638 —0.767 3.998
MBla —1.145 —16.55 15. 405 5. 447
MBhb —0. 880 —11.52 10. 640 0.682
MB1b —0.842 —10. 80 9.958
WAha —1.066 —19.80 18.734 1.022 4.028
WAla —0.828 —18.54 17.712 5. 634
WAhb —0.594 —15.30 14. 706 2.628
WAlb —0.522 —12.60 12.078
WBha —0. 986 —18. 36 17. 374 1.948 3.514
WBla —0.774 —16. 20 15.426 3. 600
WBhb —0.540 —14. 40 13. 860 2.034
WB1b —0.414 —12.24 11. 826
* 1~3 s %% . . (h)  (AGs—AGr) (L)  (AGs—AGr)
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Table 5 Effect of application rate of phosphate fertilizer on free energy of moisture in SPAC (seeding period of winter
wheat)
1 I i v A
Code name AGs AGp (I ~1) (I ~1)*" ACT ~ T )+
MAha —1.354 —21.24 19. 886 1.368 5.407
MAla —1.282 —19. 80 18.518 5.056
MAhb —1.001 —15.48 14. 479 1.017
MA1b —0.938 —14. 40 13.462
MBha —1.310 —18. 36 17. 050 0.818 4. 506
MBla —1.228 —17.46 16. 232 4.521
MBhb —0.956 —13.50 12. 544 0.833
MBI1b —0. 889 —12.60 11. 711
WAha —1.206 —11.70 10. 494 0.738 1. 350
WATla —1.044 —10. 80 9.756 1. 818
WAhb —0.936 —10.08 9. 144 1.206
WAI1b —0.702 —8.64 7.938
WBha —1. 080 —10. 80 9.720 1.710 1. 818
WBla —0.990 —9.00 8. 010 2.376
WBhb —0.738 —8. 64 7.902 2.268
WBI1b —0. 666 —6.30 5.634
3
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Table 4 Effect of application rate of phosphate fertilizer on free energy of moisture in SPAC (joint-heading period of

winter wheat)

1 I il v A
Code name AGs AGp (I ~1) (I ~T) "~ ACT ~ T ),
MAha —1. 368 —25.74 24.372 0. 828 6. 660
MAla —1.296 —24. 84 23.544 6. 696
MAhb —1.008 —18.72 17.712 0. 864
MA1b —0.972 —17.82 16. 848
MBha —1.332 —24.48 23.148 0.630 6. 804
MBla —1.242 —23.76 22.518 6. 984
MBhb —0.936 —17.28 16. 344 0. 810
MB1b —0. 846 —16. 38 15.534
WAha —1.224 —23.58 22.356 —0.234 7.254
WAla —1.170 —23.76 22.590 6. 750
WAhb —0.918 —16.02 15.102 —0.738
WA1b —0.900 —16.74 15. 840
WBha —1.116 —21.78 20. 66 0. 648 5.508
WBla —1.044 —21.06 20. 016 5.094
WBhb —0. 864 —16.02 15.156 0.234
WBI1b —0.738 —15. 66 14.922
7 - - ( )

Table 7 Effect of temperature on water potential in SPAC (eeding period of winter wheat)

Soil Plant Atmosphere
%) % cC)
Relative Phosphate Water Temperature Water Temperature Water Temperature
humidity ~ Water level Temperature potential effect potential effect potential effect
(KPa) (KPa/ C) (KPa) (KPa/ C) (KPa) (KPa/ C)
75 19 20 —70.0 —980 —38952. 9
) 0.32 10.0 —132.9
High 30 —66-8 —880 —40281.7
20 —66.0 —930
0. 24 1.00
low 30 63.6 —920
20 —51.0 —1700
25 . 0.21 6. 00
High 30 —48.9 — 640
20 —47.0 —670
1.89 7.00
Low 30 —45.8 — 600
95 19 20 —59.2 —1100 —6945.3
) 0. 44 8. 00 —236.9
High 30 —54.8 —1020 —7182.2
20 —46.0 —1030
0. 30 13. 00
Low 30 —43.0 —900
25 20 —33.0 — 850
0. 30 5. 00
High 30 —30.0 —800
20 —29.0 — 700
0. 60 2. 00

Low 30 23.0 —680
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Table 8 Effect of temperature on water potential in SPAC (seeding period of winter wheat)

Soil Plant Atmosphere
%) % cC)H
Relative Phosphate
. Water Temperature Water Temperature Water Temperature
Hymidity Water level Temperature . . .
potential effect potential effect potential effect
(KPa) (KPa/C) (KPa) (KPa/C) (KPa) (KPa/C)
75 19 20 —75.2 —1180 —38952. 9
X 0. 24 16.0 —132.9
High 30 —72.8 —1020 40281. 7
20 —71.2 ) —1100 )
—0. 30 1. 30
Low 30 —68.2 —970
20 —55.1 —800
25 ‘ N 0. 20 5. 00
High 30 —53.1 — 750
20 —52.1 — 800
0. 27 10. 00
Low 30 —49.4 —700
95 19 20 —67.0 —650 —6945. 3
X 0.70 5. 00 —236.9
High 30 —60.0 — 600 —7182.2
20 —58.0 —600
v 0. 30 10.0
Low 30 —55.0 —600
25 20 —52.0 —560
? A 2 1.10 o0 8. 00
High 30 —41.0 —480
20 —39.0 — 480
0. 20 13.0
Low 30 —37.0 — 350
9 - - ( - )

Table 9 Effect of temperature on water potential in SPAC (joint-heading period of winter wheat)

Soil Plant Atmosphere
CZP) %) cC)H
Relative Phosphate
. Water Temperature Water Temperature Water Temperature
Hymidity ~Water level Temperature . . .
potential effect potential effect potential effect
(KPa) (KPa/C) (KPa) (KPa/C) (KPa) (KPa/C)
75 19 20 —76.2 — 1430 —38952. 9
X 0. 20 7.00 —132.9
High 30 —74.0 1360 —40281.7
20 —72.0 — 1380
0. 30 6. 00
Low 30 —69.0 1320
20 —56.0 — 1040
25 X _ 0. 40 8. 00
High 30 —52.0 960
20 —54.0 —990
0.70 8. 00
Low 30 —47.0 —910
95 19 20 —68. — 1 —6945. &
v ‘ 68.0 0. 40 131010 00 6945.3 a6
High 30 —62.0 1210 —7182.2
20 —65.0 —1320 )
7 0.70 15. 00
Low 30 —58.0 —1170
25 20 —51.0 — 980
. 0. 30 9. 00
High 30 —48.0 —890
20 —50.0 —930
0. 90 6. 00
Low 30 —41.0 870
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