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Table 1 Variation of soil available P content with freeze-thaw cycles relative to application rate of biochar ( mg kg™")
H W) Bt N i Biochar application rate
VR BB FR KL
Freeze—thaw cycles 0% 2% 49% 6% F-Hy{H Mean

0 16.56 £ 0.21cCD 20.54 + 0.34bB 20.83 £ 0.76hB 23.60 £ 0.81aAB 20.38 £ 2.72ABC
1 17.41 £0.29¢C 21.08 +0.42bB 22.74 £ 0.78abA 23.18 +0.83aAB 21.10 +2.47AB
3 19.65 + 0.43bB 22.32 +0.64aA 23.25 +0.64aA 24.78 = 1.54aA 2249 +2.11A
5 20.54 £ 0.71bA 22.83 £ 0.34aA 23.18 £ 0.45aA 23.54 +0.71aAB 22.52 £ 1.31A
10 16.83 £ 0.32¢C 17.76 £ 0.71cC 19.17 £ 0.52hC 22.16 £ 0.36aBC 18.98 £ 2.17BC
20 15.74 £ 0.56¢D 16.64 + 0.38¢D 19.11 £ 0.64hC 21.35+0.71aC 18.12 +2.23C
30 17.29 + 0.46¢C 20.83 +0.13bB 20.36 + 0.16bB 22.08 +0.15aBC 20.14 + 1.88ABC

FHI{EMean 18.71 £ 1.91¢ 20.75 £ 2.53h 21.64 £ 1.96h 22.38 +1.52a 20.56

TE: RN RS R: by VR G P B0 A RO & i S R R 22 S (p <0.05) 5 SRR /NG 5k Sy 2R W A it fin -+t %
RS R R B E 22 R (p<0.05) Note: Different capital letters in the table mean significant difference in effect of freeze—

thaw cycles on content of available P (p <0.05) ;

application rate on content of available P ( p < 0.05)

Different small letters in the table mean significant difference in effect of biochar

http: //pedologica. issas. ac. cn



174 + 1

E

54 %

R2 HEYREMESFEMREIIEBLHSENTNE (5 20 hER)

Table 2 Effects of biochar application rate and freeze-thaw cycles on the content of available P in the soil ( Result of ANOVA )

it -

Application rate

VRELIRERUCEL

Freeze—thaw

T ek 5 R R A0 PR RS B

Interaction of application rate and

VREMIE PR UL

Freeze—thaw cycles

freeze—thaw cycles

cycles

F P F p F p
0~30 6.436 0 21.04 0 3.329 0.002
0~5 10.43 0 0.285 0.836 3.821 0.01
5~30 7.679 0.002 8.56 0.001 4.563 0.004

. FICERER ST pUESRITEEME, p<0.05HERENZER, p<0.01 fFEMR T FEZES Note: F stands for test

statistics; p for statistical significance, p <0.05 for significant difference and, p <0.01 for extremely significant difference

i 18 22 A A A it Bl R N 2%
4% F16% 1) 3 v A7 250 O 1 B E 439 30T A Jn
T10.9% . 15.66%F119.62% ., FrlL, "1z
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19.7% . 20.2%M126.8% . 45 it Jin b BEAT AL &5 4
W 0 5 T 0 PR AL B, (H4% 5 6% )it Jin b B 8] G b
255 o 3t o A S A IR A I M 3 S0 BT BRI R
T16.3%, 62.2%M134% ., ML, 165 B F#
B, AW s AXTpH . FLRR AT HILETR B R
TG PEY A W

VR Al FE DA B A 40 2o it Jin 7K ST % 4 DG - 498 1 o
SN 7 22 M a5 R L3 IWR3TTLIE H, £
BN IER XTS5 ~ 30U R B AIE 24 B B 338 LT 35
T FE MR AL, X 45 VR Al B B S A A8 AR 3 A
PESZUR . VR R X 3 1R B R BT 5 2t 52 i)
WRE, (AR S BRI A IS M N B
PR Rl ] 2351 R - 358 v e TR B 0 Ak R S B 45 SR
SIRER AT R, X EEER IR & OH T, MR
FIERR AR 2 AT A2 R R R T
e, HA & A HURS U, AR LR

ZHRAERE I B R LUR R +
SRR EEORIR, REEAPLBCT EA L, BER
fig o i R AR EJRAE B E 30O R 26
o TR ORI ERO97C, IR T WM e K 45 4R
PR I R B, T AR T TS P R Bl R R 34
A
2.3 FRERESN#SpH. SR, KM

Uk E P S k

AN ) 4 il 47 B B BE A O i S pH L
SR A BRI R I A AR S A BT 4 R R4
W4T LIE W, EEREIREN, LpH, &
AR ATALJTOR A TR Tl T35 1 A St o B Y 1 O N 3
MIRKR; (HRETRURRS, 25 TR S R
A A S IR AR — EAR R RE K

TEVRRG PR A5 B B, A BILBR &5 5 A 0w 5
WRBFIEMRKR . 1E1 ~ SIVRBLA R B BE,
R RE UMK 23 A5 P Bl T R R ER
PR IR A SRR A s o 3K o o [ 25 3 3 2
B ek, BT g A i TRk
L WUEYIETEIGE IR, B Ras R e AT
AN HLR, B AR R T L et
VR R AR P PR B RO BLST . A BLAE
R0 I B S E Y A K B R L RE IR
e (8 A 0 B8 23 e B T H 5k, A A R N . A
5~ 30 URRELERR P, MR HUERIRC 2, I
WA A ARG T, TR A L — B
EEMI M I 0 o BEAE A PILBS R FFERI A,
PRI G i RS R i TR L TR
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e AE/NGFREREEME2ZZS (p<0.05) Note: Different lowercase letters indicate significant difference (p <0.05)

1
Fig. 1

=3

AT VR RIAE FR B A= W bt S pH L FL S A BT R R N

Effect of biochar on pH value, EC, organic matter and phosphatase activity in soils without undergoing freeze-thaw cycles

FRMERSEMREM R ERRM RpH. BSR, AHRMBERIEFEERME (Jr 20 hai)

Table 3 Effects of freeze-thaw cycles and biochar application rate on pH, EC, organic matter and phosphatase activity during different

stage of freezing and thawing period ( Result of ANOVA )

- H S8 AL Tl 2 il 015
R LG PR AL pH
EC Organic matter Phosphatase activity
Freeze—thaw cycles
F P F p F p F p
TR By B 0~30 3.553 0.005 1.841 0.110 7.209 0.000 0.121 0.993
Different stage 0~5 1.686 0.193 1.865 0.159 7.177 0.001 0.075 0.973
5~30 5.038 0.006 0.295 0.829 11.52 0.000 0.218 0.883
EERS RS EERiIN Y ol 2 it 4
A it o pH
EC Organic matter Phosphatase activity
Biochar application rate
F P F P F P F p
AN TR R Al B B 0~30 5.893 0.002 51.53 0.000 7.005 0.000 43.95 0.000
Different stage 0~5 3.320 0.034 32.92 0.000 7.315 0.001 32.71 0.000
5~30 3.412 0.031 52.07 0.000 2.161 0.115 31.79 0.000
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x4 TRFBERHETIEAELBESpH. BSE, GHRMBERETEIEEMNEXRE

Table 4 Correlation coefficients of soil available phosphatase with soil pH, EC, organic matter and phosphatase activity in the soil

relative to phase of the freezing and thawing cycles

TGS I B Freezing B3R A HLIE T T ol 0
and thawing cycles pH Organic matter Phosphatase activity
0 0.772° 0.925" 0.753"
1~5 0.188 0.302" 0.483"
5~30 0.113 0.024 0.359
0~30 0.234 0.200" 0.440

e #RIRTE0.01 K EAAR B A OG; *FIRTE0.05/K - I B A 5C Note:  #%* stands for significant correlation at 0. 01 level; and

* for significant correlation at 0. 05 level
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Effect of Straw Biochar on Availability of Phosphorus in Brown Soil during the
Freezing and Thawing Period

ZHOU Lili LI Jingnan MI Caihong' FAN Haoming MA Shiwei SHAO Jingyu
( College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China )

Abstract [ Objective] Straw biochar is a kind of carbon-rich material prepared through pyrolysis
under high temperature in anoxic condition. Its application may directly or indirectly affect availability of
soil phosphorus in the soil through altering soil physicochemical properties or soil environment during the
crop-growing season. Freezing and thawing alternation is a common climate phenomenon in Northeast China.
Frequent occurrence of such a phenomenon in the spring causes changes in soil properties like soil structure,
thus leading to drastic variation of soil available phosphorus content. However, so far little has been reported
about the effect and mechanism of biochar affecting availability of soil phosphorus during the freeze-thaw
season. In this study, an indoor simulation experiment was conducted to explore rule and mechanism of
biochar affecting availability of soil phosphorus in the brown earth of Northeast China during the freeze-thaw
cycle and its impact on soil nutrient suppling capacity during the early crop growing season in the region. The
findings in this study may have some significance to guiding the theoretic study on use of biochar practice
of and theoretic study of use of biochar in Northeast China. [Method] Soil samples were collected from a
maize field in the Comprehensive Field Experiment Base of the College of Water Conservancy, Shenyang
Agricultural University, after the harvest in 2015, and then air-dried and sifted for future use. Biochar was

prepared out of maize stalk and ground to pass a 1 mm sieve. Then the biochar was blended with air-dried
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soil samples at a rate of 0% (0: 100) , 2%, 4% and 6%, separately. The mixtures were them packed,
separately, into 20 em x 20 em x 15 e¢m plexiglass boxes, 2.5 g each, constituting four treatments and three
replicates each. All the samples in the boxes were incubated under room temperature for 60 days. During the
incubation, the samples were kept wet with soil moisture content being 50% of the soil water holding capacity
by adding distilled water weekly. After the incubation, the soil samples were subjected to 30 cycles of
simulated freezing-thawing with temperature varying between —10°C and 7°C. A set amount of the soil sample
in each box was retrieved after 0, 1, 3, 5, 10, 20 and 30 cycles of freezing-thawing for determination of
soil properties, including content of readily available phosphorus, pH, organic matter, electric conductivity
and activity of phosphatase. [Result] (1) The effect of the alternation of freezing and thawing was extremely
significant on content of soil available phosphorus during all the phases of the treatment (0 ~ 5 cycles, 5~ 30
cycles and 0 ~ 30 cycles ) , relative to number of freeze-thaw cycles, biochar application rate and their
interactions, except for the first five cycles. (2 ) After the incubation, the content of available phosphorus
was increased by 24.0%, 25.7% and 42.5% in Treatments 2%, 4% and 6% as compared with CK separately.
Obviously the effect increased with rising biochar application rate. The effect peaked during the 5th cycle,
however, the increment declined with rising biochar application rate. Around the 20th cycle, the contents of
available phosphorus in all the treatments dropped down to relative valleys, available phosphorus and even
lower that that in the treatments applied with biochar and incubated under room temperature, which indicates
that biochar increased the content of available phosphous under room temperature, while the freeze-thaw
cycles helped boichar fix soil phosphorus, as compared with CK, thus reducing the risk of phosphorus loss
with melting snow. (3 ) The analysis of responses of biochemical properties of the soil, such as soil pH,
EC, organic matter and phosphatase activity, to freezing and thawing cycles and relationship of soil available
phosphorus with phases of the freeze-thaw cycles reveals that the content of organic matter varied sharply with
the freeze-thaw cycle going on and was closely related to soil available phosphorus. [ Conclusion] Through
enhancing the stability of soil aggregates, biochar helps soil organic matter hold soil phosphorus by reducing
its release. During the freeze-thaw cycles, biochar helps fix soil P and reduce P loss with thawing snow.

Key words Biochar; Freezing and thawing; Brown soil; Available P; Organic matter
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