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Effect of application of pig manure hydrochar on maize
seedings growth and soil nutrients
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Abstract To investigate the effects of pig manure-derived hydrochar on soil nutrients and corn seedling growth,
a maize pot experiment was conducted under four treatments: a control (CK), raw pig manure (PM), pig manure-
derived hydrochar produced at 220 ‘C (HC220) and 260 °C (HC260), respectively. The seedling height and

dry weight of maize, along with soil organic carbon, nitrogen and phosphorus content/fractions, were determined
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by potassium-dichromate oxidation, Kjeldahl digestion, NaCIl/KClI extraction and the molybdenum-blue methods,
respectively. The results indicated that: Compared to the CK treatment, neither HC220 nor HC260 treatments
significantly affected the seedling height and dry weight, yet both significantly increased soil organic carbon
content by 74. 7% and 94. 4%, total nitrogen by 55. 1% and 55. 1%, and otal phosphorus by 65. 0% and 80. 0%
(P<<0.05). The HC220 treatment also significantly increased soil available phosphorus content by 11. 5% relative
to CK (P<<0.05). Compared to the PM treatment, the HC220 and HC260 treatments significantly increased
seedling height by 39. 2% and 32. 8%, seedling dry weight by 77.5% and 56. 3%, soil organic carbon content
by 32. 4% and 47. 4%, total nitrogen content by 15.2% and 15. 2%, and total phosphorus content by 26. 9%
and 38.5%, respectively. Meanwhile, the HC220 and HC260 treatments significantly reduced nitrate content
by 7.89% and 8. 35%, ammonium content by 78. 8% and 78. 7%, available phosphorus content by 42. 7% and
50. 6% (P<<0.05), compared with the PM treatment. Using the potassium permanganate oxidation method and
the Hedley phosphorus fractionation method for further chemical fractionation of the soil organic carbon and
phosphorus pools. it was found that the pig manure-derived hydrochar application significantly increased the
content and proportion of stable organic carbon fraction and the content of Ca-bound phosphorus (indicated
by HCI-P, fraction) in the soil. The above positive effects were amplified with the increase in hydrochar production
temperature. In conclusion, pig manure-derived hydrochar improves soil fertility, enhances organic carbon

stability, regulates phosphorus release, and promotes maize seedling growth compared with traditional pig

manure fertilizer.

Keywords pig manure; hydrochar; maize growth; soil nutrients
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Table 1 Physicochemical properties of pig manure and pig manure-derived hydrochar

e iy R/ AR/ % LR UL / o
n pH . (mg/kg) Organic Element content
T'reatment (pS/cm) Olsen-P
sen matter C N - S 0 P
it A 3 PM 7.80 2450 11.4 39.4 32.9 2.26 5.70 0.38 40.0 2.16
Jiti FH 220 CHE 2K #e HC220 6. 04 92.9 71.2 46.9 43.0 2.31 5.13 0.25 22.8 3.71
Jiti ] 260 CHEZ& K A HC260 6. 40 29.4 62.6 42.5 46.2 2.58 4.92 0.34 10.1 4.59

1.1.2 X 13

A3 50 9 Akl O B A I R O
o REARKNTZES 2 mm i, fFH .
it 3 4 4 3L A B fb P T pH A 7.90, EC K

1719 pS/em, & & & 2 1. 08 g/kg, filf 75 & A # &
R 629 A1 1. 98 mg/kg, 4 B A SOHE Al
kAR A Ol 826,77 A1 252 mg/kg, A7 LR % it
H11.3 g/kg.
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CK, control group. Different letters above columns represent
significant differences (P<Z0. 05), while same letters represent no
significant differences (P=>0.05). The same below.
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Fig. 1 Effects of application of hydrochar on seedling growth
of maize plant height and dry weight
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Fig. 2 Effects of different treatments on soil organic carbon

content

o W M A PL Bk B3 s T PM Ab B 21.7%
(P<<0.05), i A HLAk 19 & i, HC220 AT HC260
A5 PM AL 22 8] 25 5 A8 1 25 (P=>0. 05) , 1& PR
ML & & )7 1, HC220 4b P 5 % %5 T PM 4k 3
11.8% (P<C0.05) , HC260 4b B F1 PM Ab ¥ 2 [f] 2%
SRR (P>0.05) , % F R A VLRI S
HC220 4b 2 Fl HC260 4k B & & 43 5 & & 5
39.5% F196.6% (P<<0.05).

F2 FRELEINTEFIHRASSEHHM

Table 2 Effects of different treatments on soil organic carbon grouping g/kg
fib 1 o W A B S ARRCR S TIR T I A Bk T 7 M A HLAk
Treatment High activity organic carbon ~ Medium activity organic carbon  Activity organic carbon  Stable organic carbon
CK 0.664+0.028 d 1.18+0.090 d 1.54+0.300 ¢ 2.704+0.276 d
PM 0.825+0.030 b 1.47+0. 154 ab 1.86=+0. 169 be 3.874+0.249 ¢
HC220 1.01£0.028 a 1.65+0. 106 a 2.564+0.232 a 5.40+0.302 b
HC260 0.7634+0.034 ¢ 1.38+0.231 be 2.084+0.371b 7.614+0.603 a

TE « [R5 B3 A [ 70 R 25 57 35 (P<<0. 05) M F Rk R R 22 R AN 835 (P>0.05) . T

Note: Within the same column, different letters represent significant differences (P<Z0.05) , while the same letters represent no significant

differences (P>>0.05). The same below.

Jiti FH 4 2% 7K A I 6+ A ALK 43 4 L B 1 5
M U, P 3. AT U« AN [] 3l B o & B K I b BT v
T M AL B P E R OBL R O M DL Rk
HC220 4b B ¥y 5 2 %5 T HC260 40 3, £ 58 1A HLEK
i HC260 4h B g 25 15 F HC220 &b ¥ 40. 9% (P<<

0.05) . P, it FH % 2 K B4 7% fiE 6tk =5 $ g - 4
A HLER & B SRR E P A PLER A A, DT SR
A RE g AR ik A7 BE T . b HC260 764 i+
AT HL A 5 B ARG 2 PR AT MLRR LU A9 5 T B i
PRIRICR
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A A 4] WL HC220 4b #1 5 CK 4b BEAH H &2
FHE T 11.5% (P<<0.05) , HC260 4k 3 5 CK 4b
P2 BN B3 (P>0.05) ; 5 PM A BEAH 1, 2 4> 7k
IR Ak AT R4 B Y 3 AR, b HC 260 Ak B
B EREAK 50. 6% s HC220 Ab HLAT 3k il & E B & 3 T
HC260 4B (P<<0.05) .

B 4Co)T] UL 2 5 CK AN ERAH L | il FH 7K 4 ok 4b
L ,HC220 AT HC260 Ab B NaHCO,4-P, 75 5t I % 1%
T 64.1% M1 25.1%, HCI-P, &% & & F 8 7
45.5% M1 75.6% ; HC220 kb ¥ NaOH-P, & i i
EWON T 49.7%. 5 PM kb A o, HC220 F
HC260 4b # /) H,O-P, & it W 3 B K 58.5% Al
63. 7% ; HCI-P;, & & 2 3 1 i 40.0% #1 68.8%
HC220 4t ¥ NaOH-P, & & W % & & T 16.2%,
HC260 4 ¥ ) NaHCO,-P, 7 i Ml NaOH-P, & 2 i
FEAR T 25.1% F112. 7% (P<<0.05) . Bl & 7K #4
e AR A B, A He T HC 220 4 3, HC 260 4k 1
1 H,O-P, & & ,NaHCO,-P, % # fl NaOH-P, & &
vE— 2 2% N R, HCI-P, 5 00 ik — 45 o 3% 5
e PRI i R 2K Bk B AR e T e
I, H XA RO S 5 ) R Ak B[R] S TR A
WA T AR A B 40 1 2 L 3R WK B e Ak T
Yo 20 43 B R 3, HHC 260 Ab FEAE 48 7 4 0 A
HCI-P; & & J7 1 5 A 880, B AE R AR A 20w A0 At
AW & AR BN B

R3 ERAKRRNIEZETUERSENHMN

Table 3 Effects of application of hydrochar on soil total nitrogen and mineral nitrogen

AR/ (mg/kg)
Ammonium nitrogen

WA/ (mg/kg)
Mineral nitrogen

Ak B 2%/ (g/kg) &%/ (mg/kg)
Treatment Total nitrogen Nitrate nitrogen
CK 0.98+0.03 ¢ 635423 ab
PM 1.32+0.03 b 659430 a
HC220 1.52£0.02 a 607+15b
HC260 1.52£0.03 a 604+17 b

0.8854-0.378 b 636+23 ab
7.65+1.48 a 667+31 a
1.62+0.89b 609+15b
1.63£0.27 b 60617 b
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