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A 5E 3 F 7 MR £k ISSM (il 58, 73 #r
2009—2020 4F: 8] ISSM 75 20 T & B KFFRL™ it AR
T S R S WRMSOR - 1 KOS [RDRL AT SR AR
W IR & B AR Ak, BB ISSM 7 % ROk ™
i MW BT R R S e, B AR XA R |
BRI DA SR e 7 e 8T R 2 7 SR A
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1.1 KGR

FHEHALE T 2009 A AE S MR B4 L (43° 20 16" N,
124°03' 36" E)JFJ& , 122Hb X i T IH7 2 0 1 K it 2
RS AR SN 5.8 °C, AR S 4 [ i ol 570
mme

I R pp L 0~20 em )2 £
¢ L it BE AL PE B A0 R« pH 5.15, A HLEK 7.08 g/kg,
4R 1.04 g/kg, Bk A 92.0 mg/kg, 8% B 29.1
mg/kg, A H 52.0 mg/kg, ML # 16.0 g/kg, 4 &>
460.8 g/kg, ¥3fib 295.8 g/kg FZEh ki 227 .4 g/kg.

1.2 RWiEIT5HEERE

FH () 48 L 580 4 S Ab 31 (1) X R (CK) |, ANJit
JE AR 5 (2) 4% B 45t (FP) | 3 2 78 12 X SRk A 7 5
Rl F ) B R A5 =X, LA E 2 A R B ok
FH )4 817 =X 5 (3) w7 ARk 3 (HY ), A28 IR A AL
AHEN , HE T B e PRI %5 B 45 A R R A
A Z N | DA KA B & Bk 7 5 H br i 8 21
T3 (4) BIEAEY R G LR G P (ISSM) |, ARl X 5,
SRS GRS, R TR A R R A
PRT7 %, 38 2k PR R 2 A 3 i Y 5 0 A I RRE XoF
AT Ak At iz 7 , LS BRI H AR T AR A
BRI RCR A BT =

AR T ) AR TR 2 T AR 25 57 10
Fh A 2 B BE 7 20 R A B AUOR IR TR
iz 7545, ARSI i L3R 1,

/X LA 120 m*(20 mX 6 m) , 2R FHREAL
XHB, WA WRELE M LK G R CE R E 99,
WA T4 MRS LAHEM, O T
1% 10 H w1k

IR A R i Ao PR (4600 N (iR —
B (46% P,O5) AL RSN (50% K,O) , A HLALFH 2 H
Wi, 1 kg P EHENS2¢.P,0,4.3g. K04.7g, &
KAEF WD, A 0 Ak B Hy e BE Y A AR HE O =X
HEATRRF RN BT I6E AT H [R)#E
1.3 HEHERRESUE

BEAFE ORI, S U X Ho 65 m? Xk A 7
W=, JEAEREAS /N R 10 BRAS A S I bk , R 4R
M L FBEE S F 70 CRHET SRR IITES . AR R
FH HLSO,-H O, 1 25, 53500 2R ATV PH B L £k Ak
TN FE T 2 Wl BRI 0 i
14 TEHERRESNUE

2020 4 F KWK  BAS/NXERC 10 £, 43
BSRAE 0~20 F1 20~40 cm + )2 19 H4E IR AT, HARK
T R, 1 B i FLA%2 0.85.0.15 mm §if , I 2 4 43
OB R R e 2R . AR 0.5
mol/L. NaHCO4 12 #& -4H 6 §T b 0 3%, 3 %008 % H
NH,OAc ¥ 2 - K J@ 6 BE 125 5 48R F HC10,-H,SO,
T, 248 % NaOH SRl - K MG e

T AN HERFAINK RS 0~20 em A1 20~40 em +
25 104 BUIR A IR ST 5 B A BB RHE PO ], 8 K
B B AR BE R E R L LR 8 mm i, SE e X TR
G 1SR L 75 2 R O 32 0 - 9 P SR AR A B
D 7 i 15 380 11 25 A 2 A SR AR T 70 CTR ME T IR
JEhE B e L A% 0.85 mm i J I R T8 A58l A 2
i
1.5 IBHRITE

AR B 28 R WSt = > CRE RS [ 38 A7 I # X
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FEREAR Z W TR R

8 L [ S ) ) %6 = it R Ak A ke ol 28 R o —
AN it L Ak B R A Al R A ) < 100/ (i B il FH 2 <
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SI=(mean—SD)/max. SIHEITfLZHEKE
Kok B A A AR bR A TR E N2 mean o3
{E, SD MR #E 2, max N T A KA b 0 5 K2
HfH.

CV=SD/mean X 100% . CV HN74& 57 2%k, /x wt
L3AE [ £ H8 bR iy 22 SRR L, SD s i 2% , mean 2 °F
BIfH.
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% FH Microsoft Excel #4730 3E & B F14143, Ori-
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Table 1 Field management method in different experimental treatments in maize production
I ZE X R R 5 S LA R G A
Management item CK FP HY ISSM
G (wIE BEMMATIEN 2 AT = FRRUCR G R 25 em TR HE BRKFRICIR G TR A 25 em , R ZEREFD
Tillage method 15 cm Rotary tillage 15 cm Rotary tillage to 15 FhETHERFZE 15 cm HIBERF 2 15 cm

to 15 cm before sow-  cm before sowing in spring

ing in spring
TR L/
(plants/hm?*) 55 000 55000
Planting density
iR/ N 0 225
kg/hm®
(ke/hm®) 0 100
Chemical fer- -
tilizer amount  K,0O 0 60
HHC A&/
2
(kg/hm(). 0 0
Organic fertilizer
amount
BRGEA/ N 0 225
kg/hm?*
(kg/hm®) —p ) 0 100
Total nutrient
input K,0O 0 60
FLii 50%6 N.100% P,O5F
KO3 4815 138 50 %6 N
50% of N, 100% of P,O;
and K,O applied as basal fer-
tilizer; and 50% of N ap-
lied as topdressing at the
& Y perene

- ) jointing stage
Fertilizer operations

Subsoil tillage to 25 cm after har-  Subsoil tillage to 25 cm after harvest

vest in autumn and rotary tillage in autumn and rotary tillage to 15

to 15 cm before sowing in spring  c¢m before sowing in spring

80 000 70 000
300 200
120 67
150 67

30 000 25000
355 241
165 101
199 104

FLjiti 35% N.65% P,Os A K,0,
6 Wit 10% N, 15% P,O; Al
KO, 48715 WAk 223917355136 s
35% NFI120% N,P,05,K,0

35% of N, 65% of P,O; and
K,O applied as basal fertilizer;
10% of N and 15% of P,O; and

K,;O as starter fertilizer applied

FE it 40% N 80% K,O Hl 100%
P05, 3 A1 391353 16 i 1026
NAI50% N.20% K,0

40% of N, 80% of K,O and 100%
of P,O; applied as basal fertilizer;
10% of N as starter fertilizer applied
with the seed at sowing; and 50% of
N and 20% of K,O applied as top-
with the seed at sowing, 35% of dressing at the jointing stage
N applied as topdressing at the

jointing stage; and 20% of N,

P,O; and K,O applied as top-

dressing at the silking stage

gin 2018 FRPFHEA T4 8], SPSS 18.0 8 kA7 BN 7
LG SR R/ N P 22 590 (LSD) B AE 7E o=
0.05 7K 25 b 31 i) 2 55 1y b 3

2 HBR5HM

EEXKEHRTREFNIFHE
2009—2020 4F:[1] 25 A FEAR FOKAB BT 1 IR
PR AR A B2 5 (B 1) . CKARSR AR
T BT R i SR N R FP AL PR (AR AT
K, HY FISSM AP S,y Eblass . REpkT i/
FERL A7 5 R B LA CK b BRI i 5 T Hofth 34

2.1

TEAEAL B , T A A 3 2 7] 22 S A5/ 0N L b ISSM A 3
AHXFEAR (F 2) o ISSM AbBRAR IR T 5 it AUk kL )
ZARRAE TS ) 0.86 F10.85, i T HY A BE(0.85
F10.83) (0B & & T FPALFE(0.83 F10.82) . Ak
B A AR (AR AR T R A HE T HY ~
ISSM>FP>CK. HH, ISSM &b i 4 ¥kt kT
T B AR R4 A ) Y ARFEAY 96 %6 F1198 %6, 41
L FP A5 513 in 22 96 #1126 %, HY HTISSM b B
P8 2 T R R AR T B RO i, 1 ISSM
AL FRAEARAS K 87 5 T EAT B0 ] R AR
PE, BERSAEE TR MRS R =R ™=
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CK: ANti il ; FP R R B HY : 3 7= 4 L ISSM . H3E-VEM R G2 5% . TRl CK:No fertilization ; FP : Farmers ’ practic-
es; HY : High yield management ; ISSM : Integrated soil-crop system management.The same as below.
Bl 2009—2020 FAEAEEEKE®RTREAMIFR=EB WELES
Fig.1 Change trends of plant dry matter (A) and grain yield (B) of spring maize
in different treatments from 2009 to 2020
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B2 2009—2020 EREAAEEEKEREBEA SRBRKEMTHEE
Fig.2 Change trends of plant phosphorus (A) and potassium (B) uptake of spring maize in
different treatments from 2009 to 2020

31 it A Ak TR F ke 0 A [ oA ) SR A 12 4 [ B
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Fig.3 Change trends of phosphorus (A) and potassium (B) recovery efficiency of spring

maize in different treatments from 2009 to 2020
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Table 2 The mean grain yield , plant dry matter, plant phosphorus and potassium uptake , phosphorus and potassium re-

covery efficiency of spring maize in different treatments from 2009 to 2020

- . (7375 T bR B BEAC [ AT [T
Fe R T B/ P = a G P s /0 A % /0
) KPR e/ Wt/ WIS A/ FIIR/ % FIFIR/ %
i H yLpii] (t/hm*) 5 ) ) . . .
(t/hm?*) (kg/hm*) (kg/hm*) Fertilizer phos-  Fertilizer potassi-
Ttem Treatment Plant dry . . .
atte Grain yield Plant phosphorus ~ Plant potassium  phorus recovery — um recovery effi-
atter uptake uptake efficiency ciency
CK 11.343.0¢c 6.2+1.6¢ 16.645.7d 54.0+24.5d - -
B R FP 18.141.3b 10.44-0.8b 34.743.0c 93.1+11.5¢ 41.5+13.1¢c 78.24+29.7b
Mean=SD HY 22.8+1.5a 13.44-1.0a 47.5+4.2a 144.547.3a 42.84+11.6b 54.6+16.0c
ISSM 22.0+1.3a 13.140.9a 43.2+4.3b 122.945.4b 60.2+19.4a 79.4+28.9a
CK 0.49¢ 0.53¢c 0.39b 0.32¢ - -
RUEtE FP 0.83b 0.82b 0.81a 0.74b 0.46¢ 0.41b
SI HY 0.85a 0.83ab 0.82a 0.89a 0.55a 0.50a
ISSM 0.86a 0.85a 0.79a 0.90a 0.51b 0.42b
CK 26.75 26.06 34.58 45.33 - -
A5 RBU FP 7.15 8.17 8.62 12.38 31.57 37.97
cv HY 6.49 7.72 8.79 5.06 27.04 29.30
ISSM 5.99 7.15 9.91 4.39 32.17 36.35

HARFNG FHRFRIRTE «=0.05 K P77 B P2 . TR, Note: Different letter means significantly different at «=0.05 probability

level. The same as below.
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LAY SR T 45 Ak R P RSO 6 I
ISSM>HY=>FP, #f It [a 0 F] ] 2 = 4K 007 Hy
ISSM>FP>HY. ISSM kB8 A0 AL 1R
RO B HY Ab PRGN 17.4 F124 .84 43 45, B FP
AFRIE NN 18.7 F 124~ E 43 sl o ISSM AL PR GRS AIE E
B TR B R4 0 ROR T, O L S

B AE DR R
23 TEMEEISE

SR T, 0~20 em 4 )2 B 4B A4 ACE A
P& B T 20~40 em 12 (F3) . AELH T
ERWT 20 LRSI bR, e LS5
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b P () 3R Al A U R A A Ak
FIHY AL B 89% .95% .87 %% Al 84 %4, Hovh 44 &
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PR E A, KRR E Y E R E 2R
ISSM AbHfY 4Bl A8 s RACm AN s 5 e 24>
+ 2B E ST FP AL, 0~20 cm + 2 A58 15 43 51
R 33%.12% .63% F166%, 1 20~40 cm + J2 (4 14

i 33 o4 2096 .8%6 . 81% M1 25% . HY HIISSM kb
PR R as W 253 g b gk B R4 & i ISSM Ak
H Ay T (1 FH ) R it S Ol A B, O T 4
e B0 35 40 B % A7 B8 7 LA B S IR g 0 ol o R SR
TG

R3 0~20emF120~40 em TEARF B LB ST £ FUBFESRSE

Table 3 Soil total and available contents of phosphorus and potassium in 0-20 cm

and 20-40 c¢m soil layers in different treatments

0~20 cm 20~40 cm
b LW/ 2/ AL/ AL/ LW/ Axf AL L
Treatment (g/kg) (g/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)
Total Total Available Available Total Total Available Available
Phosphorus Potassium phosphorus potassium phosphorus potassium phosphorus potassium
CK 0.56¢ 5.0c 48.2¢ 43.6d 0.41c 5.0b 23.7b 42.1d
FP 0.61c 5.2b 56.2¢ 60.6¢ 0.49b 5.1b 30.6b 50.6¢
HY 0.91a 6.1a 105.7a 120.1a 0.67a 5.7a 57.2a 75.4a
ISSM 0.78b 5.8a 91.6b 100.7b 0.64a 5.5a 55.3a 63.4b

3 A X A A SRR AT 2 G, K B4 R G AT 2R
A e Al B 7 AN TR A R Y S R
(F14.5), 0~20 cm + )2 45 h7 9% - 48 AT 344 1) 3 Ak
W RO S B R T 20~40 em 1 )2 . 0~20
em 2 JZ A A B SRR SR A5 i R 2 T D
AN SRR IS B B 7E 2~0.5 mm R & it ik
F IR, 17 20~40 em 2 500 2 A1 R4 1 3 A5l
22 SR X N o X AR & i, 0~20 em Al
20~40 cm - JZ ¥ 5 30 Bl R G080 /)N T2 VT B Y
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E; 2 80

A S & g ¢ b
% ) d b bb
&®E 40
*»*;S 20
O 1 it 1
=2 2~0.5 0.5~0.25 0.25~0.053

AR AR /mm Aggregale size

AL PR HY A1 ISSM Ak B 2 4~ + 2 4% ki 9% 4]
AR KW B 0 R T FP ORI CK AR i
Wi & Z B AE 0~20 em + )2 19 >2 mm 1 2~0.5
mm AL A 2 (B 4) . Bk 1, 0~20
em + J2 ISSM Ak $ (1 AT 5 44 3 200l 75 o5 7F 45 R 2
Al 3k #] HY b FE Y 53%~95% , 1 A e FP Ab B
A 184 1 7F 86 %6~97% . 20~40 cm - JZ 1, ISSM Ab
P 1A R R AW AR A5 BL YR WA B HY &b
) 90 %5~99% , i Al H FP Ab B %) 384 iE 78 66 %~
144% .

OCK  ®mFP
- mHY mISSM
w £
=
B\\E/% aa a a
g2
=
K= b
"»'ESJE b b b
<

>2 2~0.5 0.5~0.25  0.25~0.053
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B4 0~20 cm(A)F20~40 cm(B) T R HEA RGN ENENBS =
Fig.4 Available phosphorus content of all aggregate size fractions in 0-20 cm (A) and 20-40 cm (B) soil layers

AL B HY FTISSM AR BEAE 0~20 em )2 )
WA 20~40 cm +)Z A9 >2 mm ,0.5~0.25 mm $i.
G SRR 1) AL & i 48 S T FP ORI CK 4
H, A A H R 22 5 20k B E K (K 5) . Bk L,
0~20 cm /2 ISSM 4b B (1% 1 5 4 85087 7 1 45
B R AT IR HY &b B ) 82%6~90% , i #H Hb FP 4k
P A 38 I8 7E 81%~87% 0 20~40 em £ )2 1, ISSM
Aib B AT SR A SHURCER O B AE A R R AR HY Ab

P Ay 83%~88%% , MMi #H Lt FP Ab B, H: 44 i 76 14 %0~
28% . HY F11SSM 4b FHBEAZ A 1 4 398 PH 2R {4 454 2
W B R A BB ISSM AR FREE A T E B
HEVE AL 775X, BE0S 5T A 280 b 1 5+ 18 1A SR A A
NEAEAERE 7, $2 T+ -4 T3 K-
2.4 FTUStRERIERES

X AR 5% 11 45 T 48 b A7 4H O 43 A1 & B8R, 4% 30
FEPR Z MIBAEAEIE A GO R (K 6) o Hirp, FAHFRL
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Fig.5 Available potassium content of all aggregate size fractions in 0-20 cm (A) and 20-40 cm (B) soil layers
DM
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AP(0.25)
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A A
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DM: T Bt ; GY: "5 PU KU AR BE B0 R W s PRE KRE: 8 SE RISCR FH A AP AK : BUBORE AT TP TK: 285 4241
AP(0.25), AK(0.25) : 3% >0.25 mm $7 g A AR P A9 R #E 2% . DM : Dry matter; GY : Grain yield; PU,KU: Plant phosphorus , po-
tassium uptake; PRE, KRE: Phosphorus, potassium recovery efficiency; AP, AK: Available phosphorus, available potassium; TP, TK: Total
phosphorus, total potassium; AP(0.25),AK(0.25) : Available phosphorus , available potassium in >0.25 mm aggregate size fractions.
6 HBIEFREEXE
Fig.6 Correlation analysis diagram of various indicators
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Long-term effects of integrated soil-crop system management on
spring maize yield and use effieiency of phosphorus and potassium

CAO Yaqi, WANG Yin,ZHU Lin, LI Yuxi,ZHENG Chunyu,
CHEN Anji, FENG Guozhong, GAO Qiang

College of Resources and Environment , Jilin Agricultural University/
Key Laboratory of Straw Comprehensive Ultilization and Black Soil Conservation,
Ministry of Education /Key Laboratory of Sustainable Utilization of Soil Resources
in the Commodity Grain Bases in Jilin Province , Changchun 130118, China

Abstract In order to evaluate the application effectiveness of integrated soil-crop system management
(ISSM) and provide technical support for sustainable high yield and efficiency in regional crop production,
based on the long-term (2009 — 2020) located experiment we discussed the effects of no fertilization (CK) ,
farmer’ s practice (FP) , high yield management (HY ) and ISSM on maize yield, plant phosphorus (P)and
potassium (K) uptake, use efficiency and soil P and K nutrient status. The results showed that the grain
yield in CK treatment decreased dramatically during the 12-year experimental period, a slightly decreased
yield trend was found in FP treatment, while continually increased yields trends were observed in HY and
ISSM treatments. Compared with FP treatment, ISSM treatment significantly increased the average yield
and plant P and K uptake by 26% , 24% and 32% , respectively , and reached 98% ,91% and 85% of those
in HY treatment. The average use efficiency of P and K fertilizer in ISSM treatment were 18.7, 1.2 units
higherthan those in FP treatment, and 17.4, 24.8 units higher than those in HY treatment, respectively.
Compared with FP treatment, the 12-year adopting ISSM significantly increased total and available contents
of P and K in 0-20 and 20-40 cm soil layers, and available contents of P and K for all the aggregate size
fractions in 0-20 cm soil layer. The positive and significant correlations were observed between all the mea-
sured parameters, of which the stronger correlations were found among grain yield, plant P and K uptake
and use efficiency, as well as between soil P and K contents and those in the aggregate fractions that >
0.25 mm size. In conclusion, ISSM could achieve long-term high and stable yield for spring maize , increase
P and K uptake and utilization in plants, and improve soil P and K nutrient supply capacity , consequently
promote the sustainable development in the whole soil-crop system.

Keywords integrated soil-crop system management ; maize ; yield ; phosphorus ; potassium ; high yield
and high efficiency ; soil fertility ; green and sustainable development
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