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S 1 U ASC A8 O o T AN R I A RS S AR R A 1L
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ARAEAH BB X RO RN G, IRFAA TR H R
TR ST, BIRAAE. B R, b
AR LA R B A LISz, IS
1BARIE S 5N ARALAR FH R TR R R LR A4 =
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1.1 AREXER

T 2021 4F 11 H—2022 4 5 H/E B IRITE G /RIE T
HAbLN K KR A R W AT IR . %R A
SEAERK AT SME KK, JFE 9 AT IR B M E
PN AL . MRS A AR R B IRIE, (E TR,
VBRI BURE SR . WA RIEH AL A [ R JB AL 3 IX, B
AN S I = T N =) P R (7 A P B L Y
126°45'32"E. 45°44'41"N, %Z=%A TR, HFERED
MFREIRS . ITETHRIE 3.6 C, £FLETHS
BoR-42C, A HFHRE-19.6 'C. FFEHE M
P 110d, BB 140d, EE2EHLZ, W56 N
FLIX AWK EN AR WL 1o PRV HLIX 482 Rl
Pk, ot oA hekR, Hep B AONFAX R E
T3, FRNMRERERS. AR I EEEEE, A
+ 20 AR TR S L 1.
1.2 Rt

AVGRET 2021 4F 11 H—2022 4 5 A #HATAFE
FEMAZERLS, JEFE 12 AN -PEE b 4T 2 Fh b3
Iy HUNIEIE A EE (W) I IEALHE (C) . Hirp 6 AN bR
NBEEANEE, 6 ANHLER X AL, R AL 3 R 5 X
JRAL PR AT AE AT B, A 3 m, %8 2m, AS[EHL
P2 01 1 m 58 0 8] BRAE A B &7 o K 20 A0 S i #4
# (MRM2420, RIEZHBTHRAR, KHE, BEREN
£0.5°C) WEAMMMBIE FJ5 1.2 m A, {RFFHER
JZ 15 FE B4 TR R P A B P bR . HHF IPCC 25— IR T1E
HAEFE NI IR 21 D K EBRFHHER
FER S T 1.0~5.7 CM. [y, AFSEAEIN L
BEFFE NP EY, HARRGRG R % E NS5 C, HE
RIS HAN — B TARIRES, X R ALFE bk 1 07 A7 B A
[F)AF 0 K € 4 e LU BR R Z e . [FIR, T 42
IR A R sz, SIRIEANIEEEOR, mIRe SR 1
EAZE, BARWE 2 Fis. MR EEHNE S om.

W 15 em B EAE OB 2%, 2 B s+
HERZHEALIEI 3 AN EAAN S emy RN 15 om R4
JE LR RN T E S . AN TK ST a,
TV 5 DL S HA e ot 25 B%, 54 3 MBI SR E .
T 34 5% (ammonium N, NH; —N) . &%
(nitrate N, NO; —-N). 4% (total N, TN). WA
%, (microbial biomass N, MBN) . % (available
P, AP) FI4ff (total P, TP) ¥REEMIMIE .
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Fig.1 Dynamics of air temperature and precipitation in the study

area during the experimental period
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Table 1 Basic physical and chemical properties of tested soil

+ 2 Depth of soil layer/cm

FE ¥R Index

0~ 20 >20 ~40  >40 ~ 60
Dry bulk Z;ﬁ%/(g-cm’3) 1.46 1.50 1.52
Sand paﬁfﬁ?ﬂfsﬁggction/% 44.76 34.21 29.66
Silt parﬁfgsjﬁrin?ssﬁfffction/% 36.90 40.64 43.93
Clay paf%tfc}rlzeiﬁris? t%ction/% 18.34 25.15 26.41

F1 4k %

Saturatggﬁjeiﬁitent/% 43.30 42.50 40.11
Orgaﬁ+&§ter/% 3.45 2.68 1.32
NH&I% /(&n;;?g\‘ ke 3.83 2.44 343
Nogfﬁj?ﬁ.kgw 5.40 8.73 5.51
Total N(TN)A/%mg'kgfl) 1163.76 1032.44 860.05
Microbial l;?gr%ai%s%/ﬁ(mgkg’l) 11.18 9.87 8.39
Available P](IX%?{%( mg-kg ™) 21.76 17.06 9.17
Total P(le?)/@ﬁ( gkg™) 3.75 3.30 2.86
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Fig.2 Schematic diagram of the structure of the test area

1.3 BLEYRFrNE

A Z N 4 N W14 Cearly winter period,
EWP, 2021 4E 11 H 1 H—2021 £ 11 A 5 H); &by
(freeze-thaw period, FTP, 2021 & 11 A 5 H—2021 4F
11 H 20 H); %45 (soil freezing period, SFP, 2021
F11H 20 H—20224 2 H 26 H) A4k B Csoil
melting period, SMP, 2022 4 2 H 26 H—2022 4 5 H
5HD, BBHHE R

D HIEEEEE. AR OB E G %
VR AR REE (ET100, bR A4S, FED HKK
M358 0~100 em 1 JZ VR FE IR FEAIZK 43, - 383 FE I
HAGENE0.5 'C, IR RTINS B N+2%, IR
JE Bl SR AR 28 AERE 60 min [ SR IFIC R — k. Kt
HIREME C L FED 3h, R HREEHETE
0C LLEEA3h & SCH 1 IRGRLIERE,

2) LIERIEIRE: TR MBS E S,
fFHES RS dlE—R.

3) RHERGIRE: AR O — SRR,
o M N 4 2 X 00 T ) BV S R R R A, B S d AT
— M EIL T

4>%#¥ﬁ@%ﬁﬁﬁ@?m:

Zw (D

— 1
Aoy Ri-PEE SRR, C; O ERE, C
wN BIFEME R RIESIKER, %; w N TIRE KR, %;

FRBEFEE T RRE R IRE, s: SONTRREIRN IREL,
s; TNRE, do

5) Xf T 4% NH; - NAINO; — Nyk & (i 9 52,
1 mol/L KCL ¥ ¥ % L8R 3 fa, A Fl & 828l 4 BT 4
(AA3, fBASLAR, fEE, WERFE£0.70%) XfH
WL AT I 8 o« 1338 TN ¥R BE ) oK FH 4 B 30 BY 00 e
1 (Kjeltec8400, #& Wi/ BT &8 A A, FH&2, W&
JE+0.50%) , F&HRYIL G &k . 13 MBN 1 52
i S 7- B8 74T . 13 AP AN 2 K F BRI AL 50
RIEARBA ULk 13 TP (E B R A AT I &
i FH % S 30 A M At A T I e 4,
1.4 BIRALIBAG T 547

1§ F Microsoft Excel 2019 Xt is\36 H s b AT 9]0 53,
K FH SPSS 26.0. Origin 2021 #EATHEIEALEE . Hiit40#r A
MZHIETE . RASKZETTZ 58 (analysis of variance,
ANOVA) XAN[FEIALEE S eI 7. 48 0 Wk
MBN. TN. TP KE#IT B E L. MY H . Rk
WL VR &5 HRD R B ) 35 - TUEE A B A AR ) 4 A i
AT REEHT TUR AT AR E T

2 HBREZH

2.1 FRIACRBABELIMEREFLFTEIRA0

R 2 AT 4, IR (W) KU KIS IR AR 2022
3 H 4 HBEEEE (122.00 cm), XL (C) HAH
TURFEAE 2022 4 3 H 4 HEAE(E (2288 cm), K
VR G5 VR FEAE 2022 4E 3 H 24 H #)ik &4 (133.00 cm) .
AT X R S, AT T 1 3T 46 R 45 15 1) 4
iR 24 d, TWFGRRMGES RISERT 15d, FRAE 2022 5 H 5
H 35 iz .
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Table 2 Variation characteristics of snow depth and freezing depth

==
N

of soil under different treatments

Pa—— R N
Fl#f Date  Snow depth(SD)/cm Fre(egg)g/crgpt M%\E}gﬁ’ dept
W C W C W C
2021-11-03 0 1725 0 0 0 0
2021-11-05 0 10.69 0 3.80 0 0
2021-11-10 0 10.35 0 420 0 0
2021-11-15 0 10.15 0 450 0 0
2021-11-20 0 10.00 0 480 0 0
2021-11-29 0 15.31 500 7.00 0 0
2021-12-09 0 10.00 0 8.30 0 0
2021-12-19 0 12.50 9.80  20.80 0 0
2022-01-03 0 13.50 2180 33.50 0 0
2022-01-13 0 13.75 3400  45.00 0 0
2022-01-23 0 14.75 61.50  66.00 0 0
2022-02-03 0 18.10 76.00  83.00 0 0
2022-02-13 0 18.19 89.50  96.50 0 0
2022-02-26 0 19.75 120.00  129.00 0 0
2022-03-04 0 22.88 12200 13200  2.00 0
2022-03-12 0 6.63 121.00 133.00 3800 0
2022-03-19 0 331 12000 133.00  47.00  2.00
2022-03-24 0 0 118.00 133.00  58.00 21.00
2022-03-29 0 0 11500 131.00  69.00  34.00
2022-04-04 0 0 113.00 129.00  76.00 42.00
2022-04-08 0 0 111.00 12800  88.00 52.00
2022-04-23 0 0 11500 127.00  100.00  60.00
2022-05-05 0 0 0 0.00  150.00 150.00

e W RRHERA BIR 5 C), CRRMEA. TR,
Note: W represents the warming group ( warming by 5 C), and C represents the
control group. The same below.
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SPHRAHHEIR 14 do WRESIAR, THEIRE. SRR 4
TR B S, i ot I8 4 0 5 K Rk BRI Y A
RAE, 7 5.59%, HEMAGXIBAREZE TEE. 5K
REMBARDHN 779 Cy 23.99%; AKX ZIH B
PEFEHERIE .. SKBIERGHIRBREE TRE. M
1R, 2 2RI B AR AL E 3G kS, IR A A IR R
2 IR PR B RN S B f R (25.05. 19.08 C),
ABIE S EU N IR E L RIRER S 597 C; 1E
2022 4F 4 A 22 H, 35 4LR0 N IR 2 4 S oK R B,
B 5 1G T 2H R B K SR IF AR RIS, GIR A 3% 10 em &
IK IR B HARAE (8.25%), 14U 41 + 38 45 3k b 17 2
H g A IRRT 19d. BANARBYE, XFHEE
FHRE 0em HHEEE 501 C. 5 cm HIEEE 534 C.
10 cm TR E 5.66 'C. 20 cm HIFEIEE 5.01 C. 10 cm
FIEEKE 10.50%- 20 cm F 1S KK 12.65% F14 fl
TEIRREL 11 s, 2 FhAbBE T 3 IR 88 K -1 1) 56 2 1k o0 b
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VE: TEM, #/R 0cm HI3EEEE, TEM; /R 5 cm L3R, TEM,, R 10 cm B3R, TEM,, ®/R 20 em HIEE S, HUM,, /R 10 cm LS KK,
HUM,, %7 20 cm T K3, EWP Ko AWI& N, FTP £ NiGEail, SFP Rom AL, SMP Ko Nk, ARE/NG 7 RER R A —Hg bR A R AL BLAE
[F—F391 0.05 /K-F2E 7 B3, ARKEFRERRFE— A BRI WIZE 0.05 K FEFEE. T,

Note: TEM, represents 0 cm soil temperature, TEMy represents 5 cm soil temperature, TEM,, represents 10 cm soil temperature, TEM,, represents 20 cm soil
temperature, HUM,, represents 10 cm soil moisture content, and HUM,, represents 20 cm soil moisture content. EWP represents the early winter period, FTP represents
the freeze-thaw period, SFP represents the soil freezing period, and SMP represents the soil melting period. Different lowercase letters indicate significant differences at
the 0.05 level between different treatments for the same indicator during the same period, while different uppercase letters indicate significant differences at the 0.05

level between different periods of the same treatment. The same below.
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Fig.3 Variation characteristics of soil temperature and humidity under different treatments

2.2 FRIERAERLTBAYARIL TR

R [R) Ab B R 4 43 NH; — NI NO; — N B 48 44 111 (4] 4
Frame HIRALEE T, £ NH — NAINO; — N5 £ 3 H
el ) N 1 S 7 T ) RS 12 B = e
NH; — Nk f 75 3 fx KA (3.90 mg/kg) , 1M NO; — Nik
JE i KB AE VR 45 B L (6.97 mg/kg) s X IEALFE R,

4 NH, N 9 3l & A A J BR AR S 3 n, 1 =
BENO; — NE I H S 38 i 5 B A6 P 38 i A2 A6 R AE
O AR AR A B UE{E (4300 11.19 mg/kg) -
WA, 3865 4 NH; — NAINO; — Nk B AH 45 T % 18 41
oW s VR, 3% IR 41 NH; - NAINO; - Nk i
BEAMT XA, 50 FEAC 56.12% 1 65.70%; ¥ 45

R
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M, b HENH; -N7E 8 4 # T AL AHE, m
NO; — N7EHE I AL BT 2 25 100 31.49%; mbfb i, M9
Ab B 35 W 3 9 /> NH, — NI NO; — N7E - 338 oh Rk 2,

7R 126.38% A1 146.98%. 3 iR 4b # 5 B & i H#A
NH; — NG 5 35 PRI T 33.59%,

FAR 30.27%

®3 2T HRIMEEFHEZE ST

Table 3  Significance analysis of soil environmental factors under two treatments

NO; — Nk /& i

izt TR puset ZiPIE
Index Depth of soil layer/cm Treatment EWP FTP o . Cumulative average
0 w 5.43+0.85 aB 3.554+0.31 aC 2.09+0.57 aC 20.9240.88 aA 298a
C 4.4240.60 aB  —2.32+0.16 bC  —5.35+0.47bD _ 18.24+0.70 bA -2.02b
5 w 5.07+0.55 aB 4.98+0.20 aB 1.03£0.40 aC 19.96+0.50 aA 353a
R C 4244039 aB  —0.99+£0.09 bC  —5.36+0.04 bD  16.35+0.42 bA -1.81b
Soil temperature/'C 10 w 4.71+0.30 aC 6.41+0.09 aB —0.03£0.04 aC ~ 19.00+0.18 aA 4.08 a
C 4.05+0.22 bB 0.34+0.02bC  —5.37+0.03 bC  14.46+0.22 bA -1.58b
20 w 5.11+0.11 aC 6.8140.02aB  —0.53+£0.02aD  17.65+0.09 aA 4.09 a
C 4.41+0.08 bB 1.4240.01 bC  —5.14+£0.03bD  11.65+0.10 bA -1.25b
- 10 w 34.76+0.04 aB  35.08+0.01 aA  20.44+0.13 aC 8.71+0.05 bD 24.19a
TR C 33.644+0.01 bA  32.37+0.08 bB_ 6.37+0.01 bD  20.5240.04 aC 13.69 b
Soil moisture content/% 20 W 37.35£0.02aB  37.71£0.01 aA  20.89+0.04 aC  14.56+0.08 bD 27.68 a
C 30.49+0.02 bA  29.84+0.01 bB  6.48+0.01 bD  25.684+0.03 aC 15.03b
VR REIR
Nl ;ﬁihaw 020 W 0aC 0bC 2aA 6bB 28a
C 0aD 7 aB 1bC 9 aA 17b
cycles(FTCs)

W AN (R BFRRRFA A AR (8D £F I R 0.05 KPFEREE. TH.

Note: Different small (large) letters indicate significant differences in 0.05 levels between different treatments (periods) for the same indicator at the same period

(treatment).The same below.
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Fig.4 Variation characteristics of soil ammonium nitrogen and

nitrate nitrogen under different treatments

AL ZEIR 46 N 3 TN A MBN 94K 2 48 £k 4
SR . AFHRAMT, 18 TN IRE 2B G
BRI ESS, FEAERREIN BRI B E (1263.25 mg/kg)
35 21 H 35 MBN 75 R 2 A 77 42 38 n 9k 3 0 1

(17.15 mg/kg) , TEBH Ja IR 45 Wik B BRAIG, 55 70 il

3% MBN FRCT & XTREALEETR, 3% TN KRJEAE
BRI AN FRD B, FF7E R 45 BA AN Rl 40 A 3 e
(1499.50 mg/kg) , & BARMEL A &R IREZ RSN R
. NTHEA 13 MBN 53R A A, BRI
I B AR N R B A AR AR AE . X T 2 FRAREE R
TN F1 MBN {2484k, 7ERANREGH], A= 5 E
7 HIREE, B IR TE 2 5 0 B4 TN IR 22 Sl
B, BRACIERE s 8 MBN 76V 25 AR Rl ik
Wi, WA T B Y R R LR, JRETERlL
W 2= PR AN R, BEUR 4 3% MBN MR B E BRAL T
21.48%; URELI, AFRMEAHEZMT, 1% MBN K
EESEARE; HREH, WMEAHEERNT 1.4 £
3% MBN 3K, B69E AL HE S80I ] TN WK S AR
FiBRAK 18.67%, MBN BURFEHAIN T 9.54%.
2.3 HiILRBAELTBYBRETL TR
ANFEAL R 14 AP A1 TP W JE AL E 6 s, 1
BACE T, 38 AP KE L Bt e, TEm L AL
P (24.59 mg/kg), +3E TP WA BTG NI, 1E
RED A B (046 mg/kg) ; XTHRALFTR, 4% AP
MARBEH RS TS BT TR, TR 4R i K ME
(21.95 mg/kg) , 35 TP W FE 5 4R 4H TP A8 4k e #4541
S, NPEIED RN, TERMEIAIE B KE (043 gkg) .
XHF 2 FhALEE R AP Rl TP A8 4L, -+ 3% APAI TP 7E 77 3
AN 2 A R AR B A6 AF T 1 2 S KB R], 76 R Rl Fn
VREER, BG4I AP AN TP R B T IR 2 %,
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Table 4 Relationship between soil nitrogen phosphorus ratio and
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febiIndex NH/-N4NO;-N 4p R, TN TP Ty
TEM 0.30" -001 027 -0.15 025 —035
0
TEM 0.23 -0.05 022 -0.15 027 -036
5
TEM 0.16 -0.10 016 -0.16 028 —0.36
10
TEM 0.06 -0.16 008 -020 024 —038
20
HUM ~0.08 -0.57" 007 006 017 —0.0l1
10
HUM -0.25 0617 -009 -0.19 023 -032
20
FTCs 0.32" —0.03 031" -042" -0.05 -0.40"
SD -0.13 024 —-0.17 041" —042" 0.68"
FD 0.02 049" —0.10 —0.06 -0.13 0.2

T *FRIRAE 0.05 0 (MR AAREAMARNE, »FIRAE 0.01 ZU0 WD
AR E AR

Note: * means the correlation is significant at 0.05 level (two-tailed) , and **
means the correlation is erxtremly significant at 0.01 level (two-tailed)
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Effects of winter warming on the nitrogen and phosphorus availability
of black soil in Northeast farmland

WANG Zilong, SUN Qiuyu, JIANG Qiuxiang™, LIU Chuanxing, CHEN Haohui, SHAN Jiaxun, WANG Kai
( School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Soil's physical and chemical properties have greatly changed the soil nutrient with the increasingly severe global
warming in recent years. As the largest grain reserve base in China, the farmland black soil in Northeast China can depend
mainly on climate warming. The increase in winter temperature can lead to some change in the soil moisture, the number of
freeze-thaw cycles, snow depth, and freezing depth, particularly in the accumulation and release of soil available nitrogen and
phosphorus. The purpose of this study is to clarify the response of nitrogen and phosphorus in the black soil of farmland in
Northeast China to global warming. A total of 12 plots were divided in the field test, where 6 plots were subject to the treatment
of temperature increasing, and 6 plots were the control treatment. Two types of treatments were used for the field in situ
experiments. The infrared radiation warming technology was used to simulate climate warming. Field experiments were then
conducted to measure the soil environmental factors, including the concentration of ammonium nitrogen, nitrate nitrogen, total
nitrogen, microbial biomass nitrogen, available phosphorus, and total phosphorus during the 6-month experimental period. A
systematic analysis was made to explore the impact of temperature rise on the availability of nitrogen and phosphorus in the
black soil of farmland. The results showed that the heating treatment significantly increased the soil temperature, soil humidity,
and the number of freeze-thaw cycles. At the same time, the heating treatment with no snow cover on the soil surface delayed
the freezing time, and then advanced the melting time, compared with the control. In addition, the heating treatment
significantly reduced the concentration of ammonium nitrogen, nitrate nitrogen, total nitrogen, microbial biomass nitrogen, and
total phosphorus, whereas, the content of soil available phosphorus significantly increased by 25.54 % (P <0.05). There was a
decrease in the ratio of the soil's available nitrogen and phosphorus, while the ratio of the total nitrogen and phosphorus in the
soil under the warming group. Compared with the control, the soil available nitrogen: available phosphorus ratio, and the soil
total nitrogen: total phosphorus ratio decreased by 331.82% and 41.05%, respectively (P<0.05). Moreover, there was no same
correlation between soil available nitrogen and available phosphorus with the environmental factors. A positive correlation was
found between the soil's available nitrogen, soil temperature, and the number of freeze-thaw cycles, while there was a
significant correlation between the available phosphorus, soil humidity, and freezing depth. The increasing soil temperature at
various stages posed a significant impact on the soil's available nutrients during winter warming. Therefore, there was a
significant loss of soil available nitrogen during thawing. A significant increase was found in the soil phosphorus, leading to the
eutrophication of water bodies and the pollution of groundwater. Winter warming shared a profound impact on the effective
terms of soil nitrogen and phosphorus. The heating treatment can be expected to alleviate the coupling effect of soil nitrogen
and phosphorus. Particularly, the negative impact was previously found in the coupling mechanism between nitrogen and
phosphorus on the ecosystem in Northeast China. The finding can provide a theoretical basis for efficient fertilization and the
rational regulation of ecosystems for the better overall quality of farmland black soil in Northeast China in the context of future
global warming.
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