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Energy Analysis and Validation of Water Retention Performance of Agro-forestry Water-
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Abstract: To improve the evaluation of water retention in agro-forestry water-retaining agents, the energy types and states of
water adsorbed or retained by these agents (hereinafter referred to as held water by agro-forestry water-retaining agents) were
studied by referring to soil water analysis methods in soil science and the First and Second laws of Thermodynamics. The
water retention performance of agro-forestry water-retaining agents was analyzed from an energy perspective, and it was
proposed that the internal energy loss(AU) of held water could serve as an evaluation indicator for water retention.
Additionally, water retention experiments were conducted on four commercial agro-forestry water-retaining agents to verify
the effectiveness of the evaluation indicators. The water absorption ratios, equilibrium time for water absorption, water loss
rates, and thermal effects of four commercial agro-forestry water-retaining agents were tested and analyzed. The results
indicated that there are four types of potential energy in the water held by agro-forestry water-retaining agents: solute potential
energy (E), matric potential energy (E,), gravitational potential energy (E,), and pressure potential energy (E).
Thermodynamic analysis showed that after water absorption, the entropy of the retained water decreased (dS<0), indicating the

existence of external volume work (—pd}<0), while the increase in surface area of the retained water led to surface work
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(yd4s>0). The work-energy relationship revealed that the internal energy loss of water held by agro-forestry water-retaining
agents(AU) is a key factor determining their water retention performance. The four commercial agents exhibited significant
differences in water absorption ratios, with the highest reaching 545.92 g/g, and equilibrium times ranging from 6 hours to 1
hour. At 60 °C, the water loss rates of the four commercial saturated agents were 1.47, 1.72, 1.97, and 2.19 g/h, respectively,
compared to 2.41 g/h for pure water. When buried in red soil at 60 °C, the water loss rates were 0.62, 0.94, 0.99, and 1.05 g/h,
respectively, versus 1.33 g/h for pure water. Three distinct thermal effects were also observed during the water absorption
process of the agro-forestry water-retaining agents. Soil water retention experiments with the four commercial agents

supported the thermodynamic analysis results, and the thermal effect results were generally consistent with theoretical

analyses.

Key words: Agro-forestry water-retaining agents; Water retention performance; Energy; Thermodynamics; Evaluation
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Table 1 Basic physicochemical properties of tested red soil

pH FHHLFi(g/kg) 2% (gke) EWi(gke) & (gkg)  WFE(mg/ke) FHREE(mg/ke) HEH (mg/kg) K E(g/ke)
5.38+0.25 10.92+0.31 1.75+0.03 0.29+0.01 13.80+0.24 259.80+21.08 65.45+1.73 225.87+£9.60 170.87+£0.97
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Fig. 1 Volume changes of agro-forestry water-retaining agents before and after water absorption
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Fig.2 Water absorption kinetic curves of four commercial
agro-forestry water-retaining agents in deionized water
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Table 2 Maximum water absorption ratios of four commercial agro-forestry water-retaining agents in deionized water

FEAR AERAKH AR RFRRAKH SRt PR K 5
W2 (4l K A58 (2/g) 5.40+0.86 36.69+10.72 322.52+23.94 545.92+17.09
Wb 7K (0.9% NaCl)f% % (g/g) 3.66+0.38 14.66+3.13 50.17+3.06 65.57+2.00

http://soils.issas.ac.cn



240 +

e %58 %

4 L AR AR K 4330 O i £ (18] 3) T
L, AR AR MR AR 2 B A AR RE A K A Ok
R, JRIKA TR T- 2, BER I T K 345k
R TR FIAARAR K TR BE R 10 bh iR R & T2
25 °C), LARGAFILERA 60 CHAFR 1 h N, 77
TEWE I3 B HEA IR BE (60 C)BY MY B, SiC7E 10 0] 1y
K A0 2% T AR T B AR TR (60 °C) I BB e Sk ik
R, R T A S AR K R RAT R,
PEFEIN 1 h FFIRZ B . FEAHA I PREE IR (60 °C) JefE
PR, 4 Pl AT M A MR R A A I A AR [7] Bisf 1]
P2 M R AR, T UK A0k R e, R HA
I A 7K BE R A ) o S 4l BEAH L, TR AR
PRI K o451 5% TR B 5518 (] 3), ik FRBAAR AR
TR EAT — B B IRIKBE ST, R B T AR A ) 5
TR AL B 2 ] 1) 22 57 o AN TR] B b AR BR R AR ) Bz s ]
ATy« il SRR FI>IR AR ROK >S50 R
TR FISEEIRRAKH . 4 PRI AR AT AT 2
K R R e T X BE R PR B BE IR A, R, LA
AR AARARAK TR R BT JoR R 7K ) B g TR A - 5
IKFISIREF K TSR BKFIS LR KT . 455 4
Tl Ml AR AR A TR W K AR B8, AN ] R M AR AR AR K 51
TRAKPER B WL 3. PR 3 By o A 7K 5

FRIK IR GEE L 1 g 8% 1 kg R A ARAR AR B0 7K
) AT A WA AR PR K R RK I 8. — Bkt Aok
B IAL AR, AR AR IR R . L rp i Ak
F BRI KA B PR (2.19 g/h), fERH R K AR i K
(545.92 g/g), FHHLfTRIRIKETE](250.42 h/g)ffh ok
e, PRKPERAME, XFEW, RMAAKT AT HEH
T R KA 50T R 2 TG v 7K 3 R K M 1 A7 T

S

42 -
40 = | Rk
[ o I - {7k
38 A -TRAFR K
7 v VSR K]
361 ® CK-4liK
> 3
=
E 32 y=—1.47x+39.97, R*=0.988 4
% 30 - y=—1.72x+39.94, K'=0.996 3
a5l V=-1.97x+40.63, R'=0.993 2
y=-2.19x+40.73, R=0.999 3
26 + y=-2.41x+40.43, R=0.995 6
24 +
22 1 1 1 1 1 I
1 2 3 4 5 6 7
I IH] ()
B3 Pl R AR 7K R R 7k SR A0 R BY Ok 7K i 2k
(60 C)

Fig.3 Water loss curves of gels of four commercial agro-forestry
water-retaining agents after saturation (at 60 C)
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Table 3 Water retention performance of four commercial agro-forestry water-retaining agents

Sk SRR SRR RAFRAGH] 2 R KR
W (4l K A5 (g/g) 5.40+0.86 36.69+10.72 322.52423.94 545.92+17.09
P I R] 2R 7K FE(60 C)(g/h) 1.72 1.47 1.97 2.19
LA BT PR OK S ERIK B TR (60 °C)(h/g) 3.14 24.95 163.72 250.42
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Fig.4 Water loss curves of gels of four commercial agro-forestry
water-retaining agents in red soil (at 60 “C)
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Fig. 5 Heat effects during water absorption process of four commercial agro-forestry water-retaining agents
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