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Abstract: Water thermodynamic functions are important indexes of water states and its energy in the Soil-
Plant-Atmosphere Continuum space (SPAC), space and play an important role in SPAC studies.
Experiments with winter wheat in the joint and heading growth periods in different fertility plots were
carried out to study the energetic characteristics and through SPAC in farm ecosystem with different
fertilities.

Based on the day and night observation of water and temperature in the SPAC of farm ecosystems, it
was shown that temperature is one of the important factors which affect water energy in SPAC. When the
farm soil water content of in experimental fields was 18. 3%, soil water potential was in positive linear
correlation with temperature, the water potential of wheat leaves was in negative linear correlation with
the temperature and the air water potential decreased with an increasing temperature. The difference
between the soil potential and the plant water potential space (¢s_p) and between the plant water potential
and the air water potential (¢p_.) were positively correlated with temperature.

Through analyzing the water thermodynamic function in SPAC, the result showed that with either
high or low fertility, at any growing period of winter wheat, the water relative to partial molar Gibbs free
energy (AG) was soil >plant >air. Otherwise, the water relative to partial molar enthalpy (AH) and the

relative water partial molar entropy (AS) were air >>plant >>soil.
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At the joint and heading growth periods, the AG of soil water was high fertility<<low fertility;at the
joint period, the AG of plant water was high fertility >low fertility, but at the heading period, it was
reversed as high fertility<<low fertility. At two growing periods, the AG of air water was high fertility >
low fertility. At the joint period, the AG margin (AGs_p=AGs— AGp) difference between soil and plant
water, and the AG margin (AGp_.=AGP— AG,) difference between plant and air water were high fertility
<low fertility comma but at the heading period, the AGs_p of soil and plant water was high fertility>low
fertility. while the AGp_. of plant and air water was high fertility<<low fertility. The heading period was
the crucial period for winter wheat and the ability to supplying water of high fertility land was strong. At
the same time, the water loss through plant transpiration was small, so the high fertility land can supply
more water to winter wheat, which is a key factor to high yields of winter wheat.
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Table 1 The basic properties of experimental soil
N P K
Fertility Organic mater Total-N  Available-N  Total-P  Available-P  Total-K  Available-K Specific
(g/kg) (g/kg) (mg/kg) (g/kg) (mg/kg) (g/kg) (mg/kg) surface(m?/g)
© 16. 6 4.56 128. 6 2.28 92.6 4.14 168.5 336
@ 8.7 1.05 56.7 1.17 38.5 2.08 78.6 227
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Fig. 1 Temperature conditionson water potential- Fig. 2 Temperature conditions on water potential

gradient of soil (Jeinting stage)
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Table 2 Water potential, temperature and water content of soil-plant-Atmosphere continuum (SPAC) during the

wheat jointing

High fertility

Low fertility

Items 2:00 6:00 10:00 14:00 18:00 22:00 2:00 6:00 10:00 14:00 18:00 22:00
ts 10.0 9.0 9.5 11.5 12.5 11.0 11.0 10.0 10.5 12.5 13.5 12.0
s 73.2 74.3 73.9 71.6 70. 6 72.3 69.5 71.1 70.5 68. 2 67.6 68. 7
LA 6.5 5.0 21.0 23.0 16.5 8.0 6.5 5.0 21.0 23.0 16.5 8.0
¢r 296 236 817 865 674 378 326 287 828 905 737 393
tp 6.0 5.0 20. 0 28.0 15.0 8.0 6.0 5.0 20.0 28.0 15.0 8
[ 8590 7470 31320 57961 17060 9310 12780 11260 56140 63365 36420 16050
W, 182. 6 183.2 182.7 183. 6 183.0 182.9 182.9 183.4 182.7 183. 6 183.3 183.5
W, 836. 5 846. 2 824.6 820. 2 827.6 831.1 834.7 838. 3 821.5 817.8 826.0 829. 4

ts Soil temperature (C), ¢s Soil water potential (—Pa),za Atmosphere temperature
CCy¢p Water potential of plant leaf (—Pa) .tz Dry ball temperature of hygrometer(C), ¢a

Atmosphere water potential (—Pa), Wy Soil water content (g/kg) . Wp Leaf water

content(g/kg) . the same below
3 - - (SPAC) R (G20 O
Table 3 Water potential , temperature and water content of soil-plant-atmosphere continuum (SPAC) during the

wheat flowering

High fertility Low fertility

Items 2:00 6:00 10:00 14:00 18:00  22:00 2:00 6:00 10:00 14:00 18:00  22:00
1y 18.0 17.0 19.0 21.0 23.0 20.0 19 18.0 20.0 22.0 24.0 21.0
os 65.2 66. 7 64.0 62.6 61.9 63.6 62.9 64. 8 61.8 58.7 57.1 60. 7
ta 15.0 14.0 27.0 30.0 26. 0 16. 0 15.0 14.0 27.0 30.0 26. 0 16.0
¢r 360 300 1340 1660 1220 480 310 270 1260 1510 1150 430
tB 15.0 14.0 30.0 32.0 29.0 16.0 15.0 14.0 30.0 32.0 29.0 16.0
N 11108 10810 45320 62106 37720 13063 12370 11270 45630 78440 37950 13630
W, 183. 8 183. 2 183.4 182.9 183. 6 183.0 182.8 183.1 183.4 182.9 183.3 183.5
w, 754. 2 788. 3 731.4 720.1 725.3 742.0 774.0  799.1 738.4 721.8 734.9 754. 3
s s s s s s
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b b b b
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Table 4

Effect of temperature conditions on water potential gradient of SPAC

Jointing stage

Flowering stage

Item High fertility Low fertility High fertility Low fertility
s 6:00 14:00 6:00 14:00 6:00 14:00 6:00 14:00
s 74.3 71.6 71.1 68. 2 66. 7 62. 6 64. 8 58.7
128 236 865 287 905 300 1660 270 1510
Vi 7590 57961 12780 63365 10810 62106 11270 78440
Vs p 161.7 793.4 215.9 836. 1 233.3 1597. 4 205.2 1453.3
Yp_a 7354 57096 12493 62460 10510 60446 11000 76930
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Table 5 Thermodynamics parameters of moisture in SPAC (Jointing Stage)
Soil Plant Atmosphere
Fertility Time(h) AG AS AH AG AS AH AG AS AH
2 —1.32 —6.73 —5.33 174.11  —152. 46 12582. 85
6 —1.34 —6.72 —4.25 174.23 —136.62 12466. 65
High 10 —1.33 ~0.019 6.73 —14.71 0. 642 174.04 —563.76 45,311 12712. 36
fertility 14 —1.29 —6.71 —15.57 174.46 —1043. 3 12368. 76
18 —1.27 —6.70 —12.13 173.73 —307.08 12742. 49
22 —1.30 —6.75 —6.80 173.68 —167.58 12474.19
2 —1.25 —6.42 —5. 87 169.94 —239.22 15197. 18
6 —1.28 —6.43 —5.17 169.69 —230.04 15151. 23
Low 10 —1.27 0,018 —6.43 —14.90 0. 629 170.03 —1010. 52 5513 15252. 83
fertility 14 —1.23 —6.42 —16.29 169.89 —1140.57 15177. 91
18 —1.22 —6.43 —13.27 168.83 —655.56 15387. 27
22 —1.24 —6.43 —7.07 169. 68 —288.90 15202. 03
AG.AS A J/mol.J/mol « k  J/mol( )
2.2.2 SPAC AG N N (AG)
s SPAC AG s
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Table 6 Thermodynamics parameters of moisture in SPAC (Flowering stage)

Soil Plant Atmosphere
Fertility Time(h) AG AS AH AG AS AH AG AS AH
2 —1.17 —6.03 —6.48 419.76  —199.94 12567. 10
6 —1.20 —6. 04 —5.40 419.36 —194.58 12528. 21
. 10 —1.15 —6.03 —24.12 419.88 —815.76 12483. 24
High —0.017 1.48 44. 33
. 14 —1.13 —6.04 —29.88 418.56 —1117.9 12402. 74
fertility
18 —1.11 —6.04 —21.96 420.56 —678.96 12708. 70
22 —1.14 —6.02 —8. 64 419.08 —235.13 12576. 24
2 —1.13 —7.58 —5.58 388.98 —222.66 13794. 30
6 —1.17 —7.60 —4. 86 388.33 —202.86 13765. 43
10 —1.11 —7.59 —22.68 388.32 —821.34 13925. 67
Low —0.022 1.37 48. 67
. 14 —1.06 —7.60 —27.18 387.93 —1411.9 13432. 43
fertility
18 —1.04 —7.60 —20.70 388.93 —683.10 14015. 24
22 —1.09 —7.59 —7.74 388.19 —245.34 13820. 29
SPAC AG o 5. 6 s s s
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Table 7 Effect of different fertility conditions on AGs_p and AGp 4 of moisture in SPAC
AG, AGp AG AGs—AGp AGp—AG.
Fertility Time (h) § ! 5 (4G ” (AGs »
6 —1.34 —4.25 —136.62 2.91 132. 37
High 14 —1.29 —15.57 —1043. 38 14. 28 1027.73
o fertility 18 —1.27 —12.13 —307.08 10. 86 294. 95
Jointing
6 —1.28 —5.17 —230.04 3. 89 224.87
stage
Low 14 —1.22 —16.29 —1140. 57 15.07 1124. 28
fertility 18 —1.21 —13.27 —655. 56 12. 06 642. 29
6 —1.20 —5.40 —194.58 4. 20 189.18
High 14 —1.13 —29. 88 —1117.91 28.75 1088. 03
. fertility 18 —1.11 —21. 96 —678. 96 20. 85 657.00
Flowering
6 —1.17 —4. 86 —202. 86 3. 69 198. 00
stage
Low 14 —1.06 —27.18 —1411.92 26.12 1384. 74

fertility 18 —1.04 —20.70 —683. 10 19. 66 662. 40
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