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Effects of Cotton Stalk Biochar Prepared at Different Pyrolysis Temperatures
on Soil Water Retention and Evaluation of Model Applicability
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Abstract; Biochar is regarded as a promising material for improving soil hydraulic properties due to its
porous structure and abundant surface functional groups. Cotton stalk, characterized by its rigid texture
and high lignin content, is difficult to degrade effectively through conventional biochemical pathways.
Converting it into biochar for soil amendment represents a viable strategy for synergizing agricultural waste
recycling with ecological restoration. Biochar was produced from cotton stalks at different pyrolysis
temperatures ( 300°C, 400°C, 500°C, 600°C and 700°C ). The structural properties of biochar,
including pore architecture, specific surface area, functional group evolution, and crystalline structure,
were systematically characterized. Laboratory-based one-dimensional soil column experiments were
conducted to quantitatively evaluate the effects of biochar produced at different temperatures and

application rates (1.0% , 1.5% , and 2.0% ) on soil wetting front migration, water infiltration, and
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evaporation processes. The Philip and Kostiakov models were applied to describe the relationship between
infiltration rate and time, thereby simulating water infiltration behavior. Similarly, the Rose and Gardner
models were used to numerically simulate soil water evaporation patterns. The results indicated that
biochar produced at 500°C exhibited the highest specific surface area (1.67 m°/g) and total pore volume
(0.003 2 cm’/g), with well-developed micro- and mesoporous structures and a high degree of
aromatization. Soil column experiments demonstrated that biochar application significantly delayed wetting
front movement, reduced infiltration rate, suppressed evaporation, and enhanced water retention
capacity, primarily through capillary blocking and pore structure reorganization. Among all treatments,
the application of 2. 0% biochar produced at 500°C yielded the most favorable outcomes, exhibiting a
78.6% prolongation of infiltration time, a 12. 9% increase in cumulative infiltration, and a 34.0%
reduction in evaporation compared with that of the control group. Model fitting showed that the Kostiakov
model described the infiltration process with high accuracy (R* >0.99) , outperforming the Philip model
while the Rose model simulated evaporation more accurately (R* >0.99) than the Gardner model. In
conclusion, cotton stalk biochar produced at appropriate pyrolysis temperatures and application rates can
significantly enhance soil water movement and retention. However, practical application for improving soil
water retention should consider the native physicochemical properties of soil to select biochar produced
under suitable pyrolysis conditions.

Key words: cotton stalk ; biochar; pyrolysis temperature ; application rate; soil water retention capacity ;
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Tab.1 Physical and chemical properties of soil

pH 8.23 0. 12
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&K/ % 17.56 0. 81
75/ (grem?) 1.20 £0.02
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K G
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R T A B % 4.48 +0.04
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Tab.2 Bulk density of mixed soil layers under

different biochar addition treatments

Jite FH 4/ % HE/(grem ™) HEBE/ (grem ™)
1.0 1.192 0. 008
1.5 1.189 0.011
2.0 1. 185 0.015
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Tab.3 Design of soil column experiment

Ak B4 AW B AR L/ C o R R R %
CK(Xf i 4) 0
1A300 300 1.0
1A400 400 1.0
1A500 500 1.0
1A600 600 1.0
1A700 700 1.0
1.5A300 300 1.5
1. 5A400 400 1.5
1. 5A500 500 1.5
1. 5A600 600 1.5
1. 5A700 700 1.5
2A300 300 2.0
2A400 400 2.0
2A500 500 2.0
2A600 600 2.0
2A700 700 2.0
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Tab.4 Pore structure of biochar produced at

different pyrolysis temperatures

) LR m R/ SALE/ TR/
#I“I:I"I 2 1 3 1
(m”-g™") (em”-g™") nm
CSB300 1.31 0.002 4 6.71
CSB400 1.47 0.0027 6.51
CSB500 1.67 0.003 2 6.20
CSB600 1.56 0.002 8 7.45
CSB700 1.53 0.002 6 9.79

AW B ROUE SR AE 4P 5 (CSB300 — 1000
CSB400 — 1000, CSB500 — 1000, CSB600 — 1000,
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Fig.5 Microstructure of biochar at different pyrolysis temperatures
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Fig.6  Dynamic migration patterns of soil wetting fronts under biochar treatments at different

pyrolysis temperatures and application rates
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Variation curves of soil cumulative evaporation under biochar treatments at different pyrolysis



394 & ok L

L

2026 4

FoE o A Rt 78 ko M BIRAR IR : CK
1.5A700 1. 5A300 . 1. 5A600 . 1. 5A400 1. 5A500, H:
th 1. 5A500 Kb 3ZH (1Y) 75 R B CK FEAIK25. 2% . FF
it HE 2. 0% &, AW i 28 AN H a5 1. 5% Jit
FH e Ah 320 A AL, E A5 SR B Sl B g, 2A500 4b
PR )75 K i 8¢ CK AL 32 ek 7 34. 0% , R I B
54 1 A0 ] 8

L5 A A TR R 5 e B X 4 2R R I 5 ) AT
VAR AF AR W e A 25 b S 0 X SR BT R A 4 o
YRR, HLAE [R] — B BT, 7% & 400 ol 255 R B vt P o
e B g . Horh, 500°C B i R BE I G 2. 0% Jiti
AL IR (2A500 ) 410 1 78 K BOR B i, o AR A
MAE,

2.3 BAEYREAXNTENSTELZEREY
A
2.3.1  THOKG ABEARL ST
BT A B o B0 5200 EHE 43 )R L Philip 48
AU Kostiakov BEAYHEATHIS 4R 15 1 AH WL A9 AR A 2
o SO TARFIRE &AM T AR £S5
(AT G S ROSHE BV 85 . HIERB R S 2
FAEA B W E 412 e 1 0 S 80, I e B i
FLBGE K23 A8 B 0 4 0 T FAs R A AR
TR BB A B RS ET 19 8 0% A R - A
X LE A B B L RE 111 L 40 BB K R )
HMABBR, LWL IR E n W BB R TI

x5 FELIET Philip RE 0 Kostiakov R I & 45 R

Tab.5 Goodness-of-fit parameters of Philip and Kostiakov model under different treatments
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2A400 2.157 0.102 0.987 0. 042 2.097 0.472 0.997 0.023
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Tab.6 Goodness-of-fit parameters of Rose and Gardner

model under different treatments
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