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% 5E PRI JT R T 2015 48, Gk 36 A5 4 1
F F 35 R A T 08 (4318 ~ 44.15° N, 12403 ~
125.30° E) . BIITA I (47.85 ~ 48.56° N,
125.17 ~ 126.14° E ), 2N & Jp il Kbt 22 S
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BSR4 ~ 59, 2018 4F F KAl A H 15
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R 1S, Ml E gy B+ BT e ekl
B AT 2015 4F 4 A 4R45, AT IF-0F 88 )5 8 i
2 mm BT F, #EATEACPER I E. Ho ~ 15,
15 ~ 30 A 2 30 ~ 45 em + 358 3L A B AL P R W
1,

x1 REFRUARELELEELER

+)2 en .. PH HHL KA X AR A . g SR 5] 3
(em) M 8 (g/kg) (g/kg) (g/ke) (mgrkg ) (mgrkg ) T (g/em®) (kPa)
0~ 15 /N S Y 22.6 1.42 1.36 273 196 HmEi+ 1.35 1590
Gl 7.1 26.7 1.49 1.09 513 204 rhgE T 1.39 1 654
15 ~30  2AFE 76 154 1.28 1.33 152 180 AL 1.38 1890
LAl 74 19.0 1.00 0.85 28.0 190 Fiie 1.40 2055
30 ~ 45 AFE 74 7.0 0.59 1.00 75 186 e+ 1.37 1786
LAt 7.4 13.1 0.57 0.7 21.5 175 R 1.35 1870

1.2 gt
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APIERRCR, IEEFRRSIERI IR, AERR
BAGHRIEIN R . 15 1] Excel 2017 %A SCEE #1754
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AT R 7 220 N 22 S W B R
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b, 3 HUIBAL S I e i RS
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SIFEAR 0.037 gfem® F1 129 kPa; 2 FUAFI 72 11 1438
K ERPEIE MR 2.21% F12.04%

ANEFE AR B XA PUIE S, xR
R R SCR AR, HH 0 ~ 15 em 122 RSM 40
PP 5 SR B W 5, 15 ~ 45 em )2 SSM il DSM
A FR O RO B B (£ 2). MR ST LLE
H, 0 ~ 15 cm 1 JZ RSM Ab#f + 12 78 8 f1 5K
A E (PR ) S -0.061 glem® F12.7 4
T, B SSM AR ES 29.7% i 15.8%, % DSM A4k
T 48.7% F1 18.9%; 15 ~ 45 em + JZ it G HLAE
J5i SSM A1 DSM Ab P - 198 75 F A+ 38 55 K o 1) el 3
ORI T RSM b3, Hivfr SSM AN DSM Ak 34+ 15
HEME (PR ) 435 L RSM AR 5
86.3% H159.0%, SSM F1 DSM &b B 385 /K i i 28k,
0 1 HE RSM Ak 3 25 73.6% F1 66.9%; Xof T+ 3L %%
SCEE, O ~ 15 em 12 RSM AN AT BRSO B,
F U4 + 1 XS REFEAIR T 159 kPa, SSM I DSM 44 31
W2, RIS BRI T 139 F1123 kPa; B+
SETREERE N, SSM A1 DSM A3 - 598 5% S B A i e,
15 ~ 30 em )2 H ARSI R A8CR (175 F 170
kPa) BH AT RSM 4ZbBE (134 kPa); 30 em +JZ LU
T, AT IR RRERIERE, SSM. DSM 1 RSM
VIS HPRTE 5=t 8

R2 AEBFTEHTEEGIEELERE, SKEMELENTHE

FHEREAR R (gem’)

FHEEKEAMERE (VIV, %)

TR S (kPa)

pis: - - -
o FE gl N FIE sl N FIE seill
0~ 15cm +J2
RSM -0.060" a -0.062" a 3.05 a 240" a -159"a -183"a
DSM -0.041"b -0.042"b 2.52"b 2.02"b -123"b -141"b
SSM -0.045" b -0.049" b 244" b 223" ab -139"b -159"b
X ~0.049A ~0.051A 267 A 222A ~140 A ~161 A
15 ~ 30 em )2
RSM -0.040" b -0.024" b 185D 229D -134"b -176'b
DSM -0.058" ab —0.048" a 283 a 3.60" a -170" a 201" a
SSM —0.069" a -0.055"a 3.07" a 276" ab -175"a 211" a
X -0.056 A -0.042 A 258 A 2.88A ~160 A ~196 A
30 ~ 45 cm +)2
RSM -0.009 b -0.017 a 0.58 b 0.62 b 26a 20a
DSM -0.022"a -0.018 a 1.38"b 1.17"a -36a 40" a
SSM -0.019 a -0.022"a 2.14"a 128" a 40" a -32a
X -0.017B -0.019B 1.37B 1.02A -34B -31B

TE: KEFRFORAPULHE RIS 224 22225 B3 (P<0.05) 5 * FoRIA—FEAFE HOr 0, AP e G 26 5 g1 1] — L=
GIAFING FREFORTERIFE AR . TREHRS AL AR FATE FFIA A 2B Al b 22 S 1 (P<0.05), R[],
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BRO ~ 15 em HJR SRS, AHUIEFIES
AP B 7 2CEA X e S 7 i A e SR S i HoAT
F IR, W S KR B BEIERUY (K 3),

LEAORAE, ML ERI, SSM A1 DSM B A
FI T2 W PR 1 R

®3 ANRMBEFERRRERNSEERNHY _ERATES N PE

g HJEWE (em) AR SN ‘iR RHERSE REESUKE WKEE RREEE RTPEER
oS FE 0~ 15 HHE (0) 0.008 0.039 <0.001 0.010 0.002 <0.001
AR (S) <0.001 <0.001 0.012 0.007 n.s. n.s.
0xS 0.022 n.s. 0.043 0.036 n.s. <0.001
15 ~ 30 AHHUE (0) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
FEFFRH L (S) <0.001 <0.001 <0.001 <0.001 <0.001 n.s.
0xS <0.001 <0.001 <0.001 0.032 <0.001 n.s.
30 ~ 45 HHAE (0) <0.001 0.041 <0.001 <0.001 <0.001 <0.001
FEFFE IR (S) 0.011 n.s. 0.021 0.002 0.014 <0.001
0xS 0.032 n.s. 0.047 0.028 0.033 <0.001
sl 0~ 15 HHLAL (0) <0.001 0.035 <0.001 <0.001 <0.001 n.s.
FEFRAE B (S) <0.001 <0.001 <0.001 <0.001 n.s. n.s.
0OxS 0.002 n.s. 0.002 <0.001 n.s. n.s.
15 ~ 30 AHHUE (0) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AR (S) <0.001 <0.001 0.05 0.002 <0.001 <0.001
0xS <0.001 <0.001 0.47 0.040 0.029 <0.001
30 ~ 45 HHLAE (0) 0.013 <0.001 <0.001 <0.001 <0.001 0.008
AR AL (S) <0.001 n.s. <0.001 <0.001 0.003 n.s.
0xS 0.044 n.s. 0.033 <0.001 0.046 n.s.

11 P<0.05 NZEFRE, P<00l HEFWEE, ns. FREFADE,

2.2 N[AFE AR 5 20T B A ML XS EORAR &
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2.2.1 MK BE B RIAR AR

MPRAEE SO, WA UL £ 2R
25 P AR AREUR B X i T AN HUIE AR (3R 4),
TEAN T, WA HUIE AL BIAR K 2% B AR IR i 4y
SEEHT T 019 em/em” F1334 x 107 AN em®; 7E 5T 111,
HEAHUEALEE 0 ~ 45 em HJER K& ARSI S
FEAMEHIT 0.19 em/em® F 36.4 x 107 4N /em?,

AR ERE, WA IEE, AFEFSFHE
J7 AR 3 AR AR B0 FE AR AN ] 2 B4 T4
PR EXES . 0 ~ 15 em )2 RSM PR K- 35
BE PSS S ) 2% T 0.27 em/em®,  EL SSM
H1 DSM 4b B 43 51| 25 27.2% F133.3%; 15 ~ 45 em
1) SSM Fl DSM b $HUHR K 25 B 19 42 SR RSM
B E, e T (WIS ) 021 Fl
0.20 cm/em®, %8 RSM 4k P 55 66.6% F1 58.3%., 5
MR B R BUARL, A PUILSS , ASFEFRSFFL H
J7 AR AER S B R A ROR A, 0 ~ 15 em -
JERRIEE B PR TR R BN RSM>DSM., SSM,
g m (K 34 ) (51,9, 384, 35.7) x
107 A em’; 15 ~ 45 em 2 HRISBOR &K

/NI FE PR SSM . DSM>RSM, 43 B34 i ( a6
SR (37.1, 324, 242) x 107 ANem’,

B0 ~ 15 em TJEMRIEH AN, Bt A AL
L REFTIL 7 U EAE X AR 2 B AR B B 4
BEIEZTAEM (% 3), tHEHAPHER, sSM
F1 DSM Hfig i R R R AR K
222 MFHEAAR

PP LT, B4t A HLAE BE % i i AR
PIEA, Hp A RIEHSE EAR N 0.13 mm; 50
LA 0.11 mm, SR 2 B FIAR QB0 B AT T AN
A, X TARSE EARM A, BRiail 15 ~ 30
em )2, SSM. DSM HI RSM 4k 3 [a] ¢ i & 2% &,
HHr 0 ~ 15 em 12 )2 SSM, DSM #1 RSM 42 F 1 B
74 s (P 5 5 1) 0.200 0.17 F10.21
mm; 15 ~ 30 em )2 43 513 /0 0.13. 0.12 1 0.07
mm; 30 ~ 45 em £ )2 43 513 /0 0.04. 0.04 1 0.03
mm, A HUIESFEFFE B 7 CEAEXTA EIE 0 ~ 15
15 ~ 30 em + )2 AL gil 15 ~ 30 em )2
PIHAREA B EIEZEER, w294 "
AmERW (£3), ALEEILFEASKRE, %
PR GEAAFEFEAA B + A HLAR AR SRS A + A AL
HE A ARST-H4 AR fe e o
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®4 FEFBFITHTEEGVRERKEEM

RRFZBENTLE
FRAC 2% B Ak i HRARE R L it
Ab (em/em®) (1074 fem®)
N FE Al AN FWE el
0~ 15cm 12
RSM 0.28 a 0.26 a 470a 56.7 a
DSM 0.22b 0.18 b 32.8b £2.0b
SSM 0.20b 0.19b 263 ¢ 452b
X 0.23 A 0.21A 35.4A 50.0A
15 ~ 30 em +J2
RSM 0.18 b 0.18 b 37.0c 34.7h
DSM 0.25a 0.27 ab 485h 46.1 ab
SSM 0.28a 0.31a 53.6a 482a
X 0.24 A 0.25A 46.4 A 43.0A
30 ~ 45 cm +)2
RSM 0.03 b 0.04 a 149b 72b
DSM 0.11a 0.15a 157b 193a
SSM 0.12a 0.13a 24.7 a 220a
X 0.09A 0.10 A 18.4 A 162A

3 g
3.0 ARG R F 72T 3t A HUIE X 7 4 8
REE A

S N A B R S R A SR AR
AR ZR 5 PR AR, L a1 4 52 ) - K
SPIRBAEIRRIER ' P AR R
FHLE RAEREAT IR T, 4t A HUIL)S 25 12 1R T
il X S R R AT, X BN A Y R
DA —H FHATIE LR b3 AT DAL E— 2D FA
THERE RS, alReE th T A E AR A
PUILS LSRG R FRAR LA E, I HAYC S
AR A IUR, B HIER S5,
AHLUIERESS R VERE AT M0 A 1), 2D B 4 4
BERE, TR L e A E R S XS RS AT
I HUIC S 25 L2 S KR b R, )
AE S 1 T 1 bt A AILIE I 38 2 o 0 4 09 5 S e
%, LHEFLBUIR OOk, e kKRR Ik P SR A ry I

P AL E (mm)

0.0 0.1 0.2 0.3 0.4

0.0 0.1 0.2 0.3 0.4
T

FZRE (em)

2

1 ARFEFEEAXTEEAVEERFEHEENENLE
e A= LR/ NG P RN BERTIE I IREIRFR S AR AT A 22 5 B (P<0.05),

B, R R B KRR RE S T

KA AL, ASFERSFRE B 7 2 P R
P BB RO AN ], AR G0 45 S 32 B3t HLIE 5
0 ~ 15 cm 1JZ RSM Kb+ e 4 BiE bRk ot b R i
I, 1M 15 ~ 45 cm +JZ SSM I DSM Ab34 670k
SRR S T RSM ALFR X AT A 2 32 06 Ml
TG AR E R EE 52 m AR5 e B A2 4 40
LG TERFAR H 0 A LA 450 a4 75 o - 4
BSEE (R 1), e AL H RAR A — e
JE e T HEARRIESL . KRR, B

ROR AR, Hk 36 B R G SSM I DSM 4k
B, Feng % 2 P E PG AL X L, DLRARTR
PR AR R A TSI UE R 13X — 85 FEULE
fill A HLAL)S , RSM AbBE 332 2 Wi Hide bn A
TERBEMNE, B TRELRCZENAE, 1
AT AP RE R SRR REVER . REEMEH SRR M
N2 A FRARRE, I SSM AT DSM &b B4 HE
FIGAR)Z, FEFERTA HLAL BENS A R ak 2 b
JZLLVF R IELERY, (#1515 ~ 45 em )2 RSM 43
S Y PRFR RS A B AT SSM ORI DSM AbHE
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3.2 OR[EIRS AR 5 =T Bt AT ML XT EORAR &
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AL e % 8 o o F AR R, W RIS
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TESBAG A+ | SREIRSE 1 KT+ R TT s R —
o X RES A HLL S e B A e
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L, AR R ARG, B AR A R ARSI
WRESE, I — A NUIEAUS A B 55 145 Fh
BIRUR, MHSHRKEWEYEEY R, e
EREFT I f G AL 8 Y, DO A A1 AR
RIER RS0

A HLIE 5, SSM., DSM Al RSM 4k B %} 4%
MR AE KA MCE SUR AT 035 25 5 o ABFOTSS
REW, WEAEIIEIE 0 ~ 15 em +JZ RSM 4L 3
HRAC G B | AR QB o AR -5 B AR 14 s 2 1=
T SSM A1 DSM 4k B, i 15 ~ 45 em + )2 5 Z 4
JZ o X AELS 0 B B A AL R A e Y
METTE AT TS, RSM &b 3 4 3 25 W B ik
HEACORI R, IE RRE LR ALK, IR
1T RSM Ab PR 5 A R 5 br i SE A B AR, i L AE
A HLIEIS 0 ~ 15 em + 2440 R 5 FR B HE I
J& R 25 T SSM AT DSM ;. RAA RS FF 38 T AR BAFS
b HBREF T AL Z , HHE s 21l 78
A 3G A MUIEHE— Lo IR W [ =
A, AR, Oy RIEGUEDROE
MR, A A R R AR KR IR, (115
15 ~ 45 em 12 SSM 1 DSM 4b FH45AR 2 48 b ol 3
ROREE RSM AN 2

4 Z5ig

BT HUALJS X RE D] W PR TR - e F A+
SRR, MO SE KR, ST ORI
MROSECE BEFARF 2 AR, (R bR R AR STt
PUIEHERS L, AN [RIRS A T 5 204 BIURR R MR 2
FER AR RCRAR, K0 ~ 15 em HJZBEHH
FHL T + AR SRGERCR B, 15 ~ 45 em 1JR
GAMEFTIC H + A HUC IR BIFS AR+ APLUEH
BEERCR IR . LR G KRF, ARG FRIE AR BIAS
i TH LR L S84 HILIE S A M T Bl st Ay PR

PERE AR R AR, AR i E A Py 3
BEA .

Sk :

(0] AT, M, BB, 45 FEFrd Y LR s &
WroetE ()], deirEZe, 2019, (17): 140-144.

(2]  WOR, FaE, KER, 5 B AUUELREERS
TR KRS A A HLBTS s (7], AR,
2010, 30 (13): 3584-3590.

[3] Mosaddeghi M R, Mahboubi A A. Safadoust, short—term effects
of tillage and manure on some soil physical properties and maize
root growth in a sandy loam soil in western Iran [ J]. Soil and
Tillage Research, 2009, 104 (1): 173-179.

(4]  BRIGRE, EV4F, BHER, & ARFZEAPUIL R Y
R S S TR s [T ], P E S AR
2019, (6): 182-189.

[5] Rasool R, Kukal S'S, Hira G S. Root growth and soil water
dynamics in relation to inorganic and organic fertilization in maize—
wheat [ J ]. Communications in Soil Science and Plant Analysis,
2010, 41 (20): 2478-2490.

(6]  whlEhy, 483055, ERUN, % RAEALRPHEER0L [T].
A A, 2000, 20 (12): 2996-3002.

(7] 23T 2 EPTAKIRSFRE AR RS T 3R PE (5 e i
FE LD ] M. WK, 2015.

(8]  HWB. FEFFIL HRIA HLIE BCHE X H 3 RVER R 52m [ D ].
KAv: IPGRAE R, 2018

(9] shfedy, B%, EOUH|, 55 AL H 5 A PUIL R X &
AN R KRB [T ] T AR, 2011, (9):
118-120.

[10]  EmEWE. SERRRSFFIA R A AL XSk + ny s Rl
[D]. miat: fEatphllRE:, 2009.

[11] XieJY, XuM G, Ciren Q J. Soil aggregation and aggregate
associated organic carbon and total nitrogen under long—term
contrasting soil management regimes in loess soil [ J 1. Journal of
Integrative Agriculture, 2015, 14 (12): 2405-2416.

[12] Iversen C, Murphy M, Allen M, et al. Advancing the use of
minirhizotrons in wetlands [ J ]. Plant and Soil, 2012, 352
(172): 23-39.

[13] Bandyopadhyay K K, Misra A K, Ghosh P K, et al. Effect
of integrated use of farmyard manure and chemical fertilizers on
soil physical properties and productivity of soybean [J]. Soil &
Tillage Research, 2010, 110 (1): 115-125.

[14]  HEDWH, FoR. SIEAHUILHR REMW LrRCR (1], 70
FAOWEE, 2010, (2): 345-346.

[15]  EPUHL RKBIEAIE T BREE A LTS 4y B 5 i) 28 AL
il [D ] BEASE: Bl ke, 2014.

[16]  EBH, XN ARERIN b PSR ARx £LE B 5
[, e, 2013, 45 (5): 868-874.

[17] ®K, BRI, W07, 55 AHUEX T 2 i il A X 4
PBIMEAR KR AT sz (1], PEACRMBHE I =0 (AR



rhiE RS TR 2020 (2)

[18]

[19]

[20]

[21]

[22]

[23]

B ), 2010, (7): 112-117.
WR, ZEEX, SKFT, S IR S V2 R
R BONEAK R [T]. RHAS %M, 2017, 28

in a wheat—maize cropping system on the North China Plain: the
journal of the European Society for Agronomy [ J ] .

Journal of Agronomy, 2016, 78: 32-43.

European

(4): 1211-1218. [24] Zhou K, Liu X, Zhang X, et al. Corn root growth and nutrient
Ma S, Yu Z, Shi Y, et al. Soil water use, grain yield and accumulation improved by five years of repeated cattle manure
water use efficiency of winter wheat in a long—term study of tillage addition to eroded Chinese Mollisols [ J ]. Canadian Journal of
practices and supplemental irrigation on the North China Plain [ J . Soil Science, 2012, 92 (3): 521-527.

Agricultural Water Management, 2015, 150 (150): 9-17. [25] akEHE, R, SRMNS, 4 T RXAEFRFFL H A
EWUE, Ak, REL, F BHERIG SRR L X/ XF FIER RGBSR LY (1], hERER
A - AR R LT A (1], TR AT %, 2017, 50 (13): 2624-2634.

5, 2015, (4): 14-21. [26] @¢iE, BULHE, BAEs, 45 A VUL -3 Y PR
Feng F X , Huang G B, Chai Q , et al. Tillage and straw st ()], pEAESLA AR, 2010, 18 (6):
management impacts on soil properties, root growth, and grain 1372-1377.

yield of winter wheat in Northwestern China [J]. Crop Science, [27]  ZmesE, T WA YUIEDIA MR b Mo + A
2010, 50 (4): 1465. VIZREPERYREIR (1], R SRR, 2019, (4): 193-
Marinari S , Masciandaro G , Ceccanti B, et al. Influence 199.

of organic and mineral fertilisers on soil biological and physical [28]

properties [ J ].  Bioresource Technology, 2000, 72(1): 9-17.

Mu X, Zhao Y, Liu K, et al. Responses of soil properties,

TFWEIT, wRA, TR, SE PREINPEE L B K
e ORI R AR ()], A sEl ROl R,
2015, 43 (2): 19-21, 23.

root growth and crop yield to tillage and crop residue management

Effect of applying organic manure on improving soil physical properties and promoting root growth

HUAT Sheng-chang', LIU Ling-ling’, RU Jia-rong’, YAN Zhi-hao', WANG Jin-yu', WANG Shi-chao', XING Ting-
ting', WU Hong-liang', LU Chang-ai'", SUN Ji-ying”" (1. Institute of Agricultural Resources and Regional Planning,
Chinese Academy of Agricultural Sciences/ National Engineering Laboratory for Improving Arable Land/key Laboratory of
Soil Quality, Chinese Academy of Agricultural Sciences, Beijing 100081; 2. Keshan Branch of Helongjiang Academy of
Agricultural Sciences, Qiqihaer Heilongjiang 161005 )

Abstract: In order to improve the soil physical properties in the black soil area of Northeast China, the experiment of
adding organic fertilizer on the basis of returning corn straw to the field was carried out to clarify the improvement effect of
applying organic manure on the soil physical properties and root growth. Based on the in-situ experiments in Gongzhuling
City of Jilin Province and Keshan County of Heilongjiang Province in 2015 ~ 2018, the soil physical indexes of three only
straw returning treatments and their adding of organic manure treatments ( rotary straw returning + manure RSM, deep straw
returning + manure DSM, deep loose straw returning + manure SSM ) were measured on maize’s tasseling stage in 2018,
and the minirhizotron method was used to measure root growth index. The change value of each index was calculated.
The results showed that, compared with the only straw returning, adding of organic fertilizer reduced soil bulk density
and soil compactness, significantly increased soil moisture content, and significantly increased root length density, root
tip number density and root average diameter, in which root length density and root tip number density increased by 0.18
em/em” and 34.9 x 107/em’” respectively. The organic manure effect of different straw returning methods on the soil physical
properties and root growth is different, in which RSM treatment in O ~ 15 cm soil layer is the most significant, and SSM
and DSM treatment in 15 ~ 45 cm soil layer is the most significant. The interaction of organic fertilizer and straw returning
had a significant positive interaction effect on soil physical characteristics and root growth. The results showed that adding
organic manure on the basis of subsoiling straw returning and deep plowing straw returning was more conducive to improving
the physical characteristics of black soil and promoting the growth of root system, which was the technical choice to improve
the clay heavy ploughing layer in the black soil area of Northeast China.

Key words: application of organic manure; straw returning; root growth; maize’s tasseling stage; minirhizotron; black soil

region of Northeast China



