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) FH A 2 e . i 6 N3 1) RS HARAF RE HANE (CKL); 2) ANAEFRFHE HAAARE (CK2); 3)
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¥ E KRR E E BRI R R 5 5.9%H1 13.3%; CRF2 .CRF1 A8 Lt BBF2 Ab 3 E K 5 4R P47 820 5 B E 4R 5 12.0%
1 4.2%, RAERRBRIHIZ 5 0 E 5 57.3%F 42.4%; 2) 5 2013 4EH:Al +4%, 2018 4F F KIHKZ: CRF2, BBF2, CRF1
F1 BBF1 AL + A MU & 570 IR 33.5%. 25.9%. 19.5%F01 11.4%, & S ED MR 26.6%. 18.6%. 9.9%F1 7.0%;
3) FEFFIE MY CRF2, BBF2 A [AIZALRHEAT AL M B CRF1, BBF1 AbHH, +HEAHUE & 500 8 E 15 11.8%, 13.0%,

SRR BERE 152%. 10.9%; 4) % BBF1 AL, CRF1 AbBRAYHIERAR . SR . A RS /3 5 4R
5 52.0%. 18.6%. 19.5%F1 24.7%; KA Mt — L4 T LR & i, CRF2 HHEUNAA. SR A AL
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GAO Yongxiang', LI Ruochen', ZHANG Min" %, ZHOU Hongyin', ZHENG Wenkui', CHEN Degqing’, LIU
Zhiguang" '

(1. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Recourses and Environment,
Shandong Agricultural University, Taian, Shandong 271018, China; 2. State Key Laboratory of Nutrition Resources Integrated Utilization,
Kingenta Ecological Engineering Group Co., Linshu, Shandong 276700, China)

Abstract: [ Objective ] Effects of straw returning coupled with application of the mixture of controlled-release urea(CRU)and
common urea on maize yield and soil fertility were investigated, in an attempt to provide a scientific basis for rationalizing the
application. [ Method ] A long-term field experiment from 2014 to 2018 was conducted to investigate effects of application of
the mixture fertilizer consisting of sulfur and polymer-coated urea, polymer coated urea, and normal urea at a ratio of 3.5: 3.5:
3 in terms of N to summer maize (Zea mays L., Zhengdan 958) on yield. The experiment was designed to have six treatments:
1) No nitrogen applied or straw returning (CK1); 2) No nitrogen applied in addition to straw returning (CK2); 3) Common urea
applied only (BBF1); 4) Common urea applied in addition to straw returning(BBF2); 5) Application of the mixture only
(CRF1); and 6) Mixture applied in addition to straw returning (CRF2). At the mature stage, soil samples were collected from
the 0-20 cm soil layer of each plot for analysis, and LAI, SPAD, yield and yield composition of the maize were measured.
[ Result ] Results show that: 1) Treatment BBF2 was 5.9% and 13.3% higher than Treatment BBF1 in 5-year mean of grain
yield and accumulative N use efficiency (ANUE), respectively, and Treatment CRF2 and CRF1 was 12.0% and 4.2% higher in
maize yield, and 57.3% and 42.4% higher in accumulative N use efficiency, respectively, than Treatment BBF2; 2) The soil
samples collected from Treatments CRF2, BBF2, CRF1 and BBF1 at the maize harvest stage in 2018 were 33.5%, 25.9%,
19.5% and 11.4%, respectively, higher in soil organic matter content, 26.6%, 18.6%, 9.9% and 7.0%, respectively, higher in
soil total nitrogen content than their respective samples collected in 2013; 3) Treatment CRF2 and BBF2 was 11.8% and 13.0%
higher in soil organic matter content, 15.2% and 10.9%, higher in total nitrogen content, respectively, than Treatment CRF1
and BBF1; 4) Treatment CRF1 was 52.0%, 18.6%, 19.5% and 24.7% higher in soil NO;3-N, NHZ-N, available phosphorus
and available potassium content, respectively, than Treatment BBF1, indicating that straw returning further increased soil
nutrient content. Treatment CRF2 was 66.3%, 25.2%, 47.5% and 30.4%, higher, respectively, in soil NO3-N, NHX-N,
available phosphorus and available potassium content than Treatment BBF1. [ Conclusion ] All the findings demonstrate that
long-term application of the mixture of urea fertilizers coupled with straw returning can significantly improve maize yield,
ANUE, net income and soil fertility due to their synergistic interactions.

Key words: Long-term experiment; Accumulative N use efficiency; Single fertilization; Wheat and corn rotation

hEREBHRER N FENERZ —, HhE
W E LG ED RS AT AL H )y . AR AR B T 5L
HAE R T R LU EE T R, s ik T 0
IKARIREE S, T B Ts Yoz gr et wE A
R T AR R AR IR S R i Lz —,
AL BE e AR R = AR . REFF A P
2+ U YIS R AR S R £ R RS AT A &
AR AL (C/N) SRR i R A R0, 8
HMAEYEH CON —fh 20~25: 1, RAFR
YEIREFFAY C/N B8 A 65~85: 1, /NE | T KFE
FRIE M 5 2t e A et i, P e 2 i s
YIEAE LIEFR o SEM R RMNING, 5 iE AEYhT
WImAE ks e e e

il R 340 FH 7 = 498 0% il 2 BL 2 e Tl A 4 T R R
F AR ZE ) B A0 AT SR RS FF G T T R
P, EE i, PRFEEI IR R OR, IR R A
R, e e R R i8R AL AT
M PG PR 25, B it PR 25 A #4125 92 e 7K R - il =2
BARAEY PR 17.5%~28.6%. SR PR 2% — bk
FE e TG % TR o il T T R AR S
TR, MR EvGait, %fTHr, BFERE
RO RSN, BERIRE TR
IYBERGE R, AR S AR AR, s Ae
EAGEAL KA, & TA T, EEA RS AT
RN . EREFE R 8.22%~15.06% {H4
W BIR ZEAEY TR B g8, Toik A b
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IRAEAT 6 H /5 23 CO/N, AT RE2 2 VR AR Wik,
FLid v AR BRI T e R

R 308 PR 2R N5 R R R A IR — 7 LU R 5 e o
PHERBIRIRER, Horb 9538 IR 3 AR B K v 30
ARTOR, FRREE L TR RIIR K,
AR T e U, SR BB IR IR R LGRS T 14
FX B BRI = SR B S A il . HLDLTERG AT
i HTBIFSE P £ i RS - 329 O AR sl 8 B A
RIETTHIE R R A PR AR 225 . 8
1 5 AR/ BORBR AR I e E L, R 9 ARG AT
WHAET, FRABIRIR AR BT AL ) 0 £ oK
PR AYSEI , AR FE A LA RS R IR IR R S5
Tt R B AR S

1 bRk

1.1 REH Y

2014—20 18 4FAE L AR 48 28 & T L AR ARl K2+
JIEL 5% VR e 50OF) B R TR SE  2  A IX HR k 3 b
(36°09'14" N, 117°09'01" E ) #E47T T iELE 5 4E 1) E
PORES . fH HHERARU A, 7F P E RS
53287 (CST, 2001 ) k3t 368 &7 & M 9 k375 -+ ( Typic
Hapli-Udic Argosols), TR AR FE L (S0P
ki 569.7g-kg ™, Bk 119.8 gkg™, Bk 310.5 gkg ™' ).
BEZE SRl o pH7.28 (KL 1: 2.5), #
ML & & 1140 gkg', &4 078 gkg',
NO;-N 10.7 mg'kg', NH;-N7.8 mgkg', # &%
39.2 mgkg ™', AN 75.7 mgkg .

A3 N0 e 5 A g A B i B IR R (PCU, N
430 g'kg ', BEHAN 3 AN ). BRIRAR LR R R
% (PSCU, N 350 gkg', Bl 34H ), R
# (N460 gkg ). HBERRES (P05 160 gkg ' ). B
s — &2 ( N 180 g'kg ™', P,Os 460 gkg™ ). S L4 ( K,0
600 g-kg '), FEBBIRIRE B PCU, PSCU, il R
FH 3.5 3.5 3 TBIRGI, HEBRARIE S
(1), BEEKR SRR AR 9587, EFH MY
103 d.

1.2 RIegit

R 6 MbFE. (1) CKI, AR AE B
AL AR, (2) CK2, ANt ZA RS FF A M 4k
#; (3) BBFI, #Hi@REMERFHAKL LI (4)
BBF2, iR & HAEFFE HALEE; (5) CRFL,

BBIRRZ AR/ AL HLAR; (6) CRF2, BERE
TRIRZE DFEFFA AL, B ER 3k, R
BIRIR B PR A S B AR 70%, K PCU
Ml PSCU 15 35%, #ALEN 30%, HENILAE
—RPEREA ; R R AL PR RN 60%3E0E, 40%
TR WBEAC; /NEFE N-P,0;-K,0 F 4% 1R
150-150-75 kg-hm 2 jfi A ; FKkZs N-P,0s-K,0 &
Fie M8 150-75-150 kg-hm 2 jifi A o ASHF 55 H RS FF a4 H4b
HUR/NAE . BORFEAF A M, REFR R M ALY
KAEFFAB M o /INEZREFERLEF 448 £ORFEFF, H
T e IR PR T 5 ) S A, T EOR RS AR S K
FYREAs HwE, HAHLF 4 2 R 5 A, Bk
R BAUNEREFFE I, T RFEFF AR [ .

120 . e =2 e ek
2018425 I B R R B
Nitrogen release rate relative to growth stage in 2018
R 100 201845 R RERCE
2 Cumulative nitrogen release rate in 2018
2 80r
R E 40t
w3 v
5
g 20t
2
0 [l |1| [1 [ ﬂ ﬂ ﬁ (1 = =
10 20 30 40 50 60 70 80 90 100 110

EE S/l WEP S

Days after fertilization in the maize field/d

Pl 4R IR AL TR 3 b (il 325 B CRAAE
Fig. 1 Dynamics of N release from controlled release urea in maize
field

RE/NX AN 16 m* (4 mx 4 m), FEHLHES .
R B 45 /NX Z [ K A3 FIE B AR BB i 52, 45 7)N
X S 80 mm, HEVR 1 m f/K et [l DU JE B .
HLEXK 717, 17529 60 cm, #&IE 20 cm. FhFHETR
5cm, AMBIIEIEEE 10~15 cm, HFA 4T 10 cm.
FARFFAT AR TR 11 1,

TR TR . A A R R AR R
5% )45 BRAE i . MEIWSOIR S , i AL B RS AF 22
N TR i e 40 T 3%, JF ik /N BY e R ALK R AT
520 cm H3ERE
1.3 HEmRE

2018 AFE AR (HEACE 112 d) Z0 R4
FEAREA IR D . & /NX I R e, SRIE
JBRLAILAE R KL 5 F K7 BT AT T, R B
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FrkE (140.0 gkg ') Fror=m, BRAEYLE
B 10 A TR EFE L SRA TR AT BB o RS AT KRR
TFHEAH 105°CRTT 15 min, RIGHZE 65 CHEAMLT
ZiEE, HGFREBHGFMN . RE 0~20 cm 111
Fedl, AT RS/ )5d 2 mm Gifl 0.25 mm
g, A S FE A R
1.4 #HRNERHZE

YEYIUT Fr 2R 2 AR XS & B ( SPAD ) {ECR Hnt 4
Z X (SPAD-502, Minolta, H7) 7E4/NXBEHLIE
B 5 AR ORI E fie bR 0 58 42 e FF R A ik =2
[ HEATIE 5 i AR TR AL (LAL) @t #E 4 k)2 40
il (LAI-2200, LI-COR, [ ) fl%E; &R &&
FH H,SO,-H,0, BETHA, PlIRERAENE. +
HEA ML R KoCrO; A1k HoSO, kil e s A
s & 0.5 mol-L™! NaHCO, ( pH 8.5) 124 —4f
BHPT TR E 5 B 1.0 mol- L™ NH,OAC
(pH 7.0) IF 48— kI Em & NO;-N F
NH,-N &% H 0.01 mol-L™' CaCl, 242 ( £k 1
D10 ) J, 2 sh T O 4 BT A ( AA3,
Bran-Luebbe, fH[E ) il .
1.5 BEHWHE

RUE R . AR BRI R A AR
M A 7= TR AR AT ik

AN RFRA /%= (IR TT 1R 25 46 it A Ak
P R 3R AR Wit a6 0T iy 81 B AR ATt R Ak
e R Z AR ) /R BEA F i x100;

FUE R R (kgkg!) = GREFF i
AR i 220X R AR R BB T R B AF AT
RIXRFRPRL 8 )/ RBUEA R

A= 1/ (kgkg™ ) =t AU X 7= /it X
Tl R

R 55T HriEid Excel 2016 fil SAS
8.2 SEM, WIGFHINZE 2431 ( One-way ANOVA )
KA (Duncan ) 225 BEMEALR, AR L
HHEAE P <0.05 B FPEKSFE, 2R Excel 2016
BAFERL

2 4 R

2.1 HEFTHEHREESRRENETEHEY

ERETAFSTENZIY

2014—2018 4%, FEFFEH AT, AREiEAL L
S AEMIE)HEA L HEAY N-P,05-K,0 B4 B H2%5
(2 1), FEFFiE MY CRF2 F1 BBF2 4bHiAs A+ 3
) N-P,05-K,0 43>8 599.7-321.1-1 195 kg-hm™
il 480.6-278.4-1 105kg-hm?; FEFF AL HIAY CRF1
fil BBF1 Ab¥a A+ N-P,Os-K,O 453518
224.0-96.9-470.5 kg-hm > 1 198.8-90.5-377.2 kg-hm 2,
R, AR M BBIRIKE CRF2 AR AL M
EBBIRIRE CRF A A HHEH Y N-P,05-K,0
WA Ay 375.7-224.2-724.1 kg-hm 25 F5 A b 11345

F1 BRCHAYERBEHLEFANRBNE

Table 1 Biomass of the straw returned and input of nitrogen, phosphorus and potassium with the straw returned

TR A Y= i HFE AR A L i sl A i
4 Biomass of the straw returned/ ( kg-hm™) Total amount of N returned from straw/ ( kg-hm™?)
54EZEM 54EZRH
Treatment
2014 2015 2016 2017 2018 S-years 2014 2015 2016 2017 2018 S-years
Accumulation Accumulation

CK1 5942f 6698d 6 165¢ 6463f 5830c 31 098f 22.7e 20.9f 23.5e¢ 24.7f 22.3c¢ 114.1f
CK2 14 444c 15711b 16 560c 15330c 5372c 67 417¢ 67.3c 66.7c  77.6¢ 76.0c  21.0c 308.6¢
BBF1 8444e 8802c 114l6d 8093e 9 882b 46 638e 346d 433e 47.0d 333e 40.7b 198.8¢e
BBF2 20 588b 23 860a 25165b 22693b 9 584b 101 890b 97.3b 119.2b 117.1b 108.2b 38.6b 480.6b
CRF1 9236d 10542¢ 12002d 9386d 10771a 51937d 37.0d 50.5d 48.0d 37.6d 51.0a 224.0d
CRF2 21 578a 26099a 27 706a 24 547a 11 180a 111 110a 115.4a 145.8a 1489a 1429a 46.7a 599.7a
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gk
I AFEFFA A LAy P,Os Y HFEFFAE A L3 1) K,0
e Total amount of P,Os returned from straw/ ( kg-hm’2 ) Total amount of K,O returned from straw/ ( kg~hm’2 )
Treatment 5 4R R 5ERM
2014 2015 2016 2017 2018 S-years 2014 2015 2016 2017 2018 S5-years
Accumulation Accumulation

CK1 11.2d 12.6e 11.6e 12.2d 11.0d 58.5¢ 44.6d  51.0e  46.6f 49.2f 43.8c 235.1f
CK2 46.0b 48.8¢c 53.1c 48.9¢ 10.1d 206.9¢ 148.5b  160.1b  171.6c 158.2c 40.9¢c 679.3¢
BBF1 16.4cd 17.0de  22.2d 15.7d 19.1bc 90.5d 68.4c  71.1d 923e  653e 80.1b 377.2e
BBF2 59.0a 67.6b 70.7b 63.6b 17.5¢ 278.4b 230.0a  269.1a 274.1b 253.4b 78.8b 1 105b
CRF1 17.2¢ 19.7d 22.4d 17.5d 20.1b 96.9d 833c  95.8c 108.8d 853d 97.2a 470.5d
CRF2 64.3a 78.3a 82.3a 74.0a 22.3a 321.1a 235.7a 285.3a 304.0a 269.9a 99.6a 1 195a

W CKI: AR B ML, CK2: At A EFEFFE M AL ; BBFI:

Pl R ZEAEFF AR AL ; BBF2: @R &

HFESFFA M AL T ; CRF1: #ERBIRIKZHEMFF AL AT ; CRF2: EBRBIRIKE DR E MR, 2014—2017 4FF5FF 6 M ALY &
SR /INGE RN K P 22 2 R, 2018 AEFE FF A FH A ) AU/ N 22 28 [ 9 80408 J A AR ) 2 B R A BETRLAE 0.05 K P25 A B3, Tl Note:

CK1: No nitrogen applied or straw returned; CK2: No nitrogen applied in addition to straw returning; BBF1: Common urea applied only;

BBF2: Common urea applied in addition to straw returning; CRF1: Mixture applied only; CRF2: Mixture applied in addition to

straw

returning. Biomass input with the straw returned was the sum of wheat and maize straw returned in 2014—2017, and biomass input with the

straw returned was just the straw of wheat in 2018. Means followed by same lowercase letters within the same column of each item were not
significantly different at 5% level. The same below.

JRZE BBF2 4bHIEANA H3E IR 2 BBF1 AbHHHF A
+ 3 By N-P,Os-K,O 34 fil & S 281.8-187.9-
7282 kghm ., FEFF R MK T, HERBIRRE
CRF2 ih 3453 5 ¢ 2% BBF2 Ab B (1% FT- 346 FH 14 i i)
YRR 9 220 kgthm 2, i HASFFH A )

T2 20142018 EARAFMEHEKRTE

Table 2 Yield of maize relative to treatment during 2014—2018

N-P,05-K,0 B4k 119.1-42.7-89.2 kg-hm ™2,

2.2

FEFTE H B R RS R IR R E R BRI
FAT i MR P2 BB R IR R 3%

FA RS/ S

(F2), BIFEHEAET, HBBIRIRE CRF2 4b#
B 5 AR FOK P i B R 2 BBF2 Ab B 35 42

EK % BBF1 7= %% CRF1 K™
Maize grain yield/ ( kg-hm™) ¥ BBF2 #4 7= Yield Yield
A
Qb FR Yield increment increment increment
Mean yield/
Treatment over Treatment over over
2014 2015 2016 2017 2018 (kghm™)
BBF2/% Treatment Treatment
BBF1/% CRF1/%
CK1 7 122d 7 094d 8093d 6 746d 7 728d 7377f -34.1 -30.2 -36.8
CK2 7 226d 7 899c¢ 8 689d 8 148¢ 8319cd 8035e -28.2 -24.0 -31.1
BBF1 9 683¢c 12122b  10538¢c 10 892b 9 608bc 10 569d -5.6 - -9.4
BBF2 10058bc  12236b 12021b 11441b 10 224b 11 196¢ - 5.9 -4.0
CRF1 9 943bc 12600b 14 030a 11463b 10 284b 11 664b 4.2 10.4 -
CRF2 10 624a 13258a 14330a 12776a 11 694a 12 537a 12.0 18.6 7.5

e 2014—2015 EAREALFE ) FK =8 B &%), Note: Yield data for the 2014—2015 different treatments was published!!

separately.
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B 12.0%; FEATIA A CRF2. BBF2 &b BEAH A5 FT
ANEH R ZE LR CRF1, BBF1 ZRHY 5 473 £
K= A3 ) B R 7.5%M1 5.9%. FEFFAIE I
T, CRF1 ARG 5 4FF-34 oK i 3¢ BBF1 Ab
PR ERE 10.4%. X FREFREFFL H AR BB IR
PR ZE 3G 77 85 AR TR 340 T B it 3 PR 2%
HEIRI ST, X 2018 4E 2478 £k A4 Wt
7 KO SR R AT A b (% 3 ). R AR AR AT,
R R BBF2 4bB, #HBBIRIKE CRF2 Ab#
FRAFR R IR 14.4%, ZEYRE R ER
fm 10.2%, i B FAE ) 0 AR S 7.0%, (H AR
T BATRE O B 225 PR E &M, 8
57 R 2 LA B AT BBF1 b3, CRF1 &b 38—y i
FAEAN B AEHSR AR . iR BIRIR R AT,
FEFFIA H B CRF2 4b3AHE CRF1 Ab3EAF R ™ 5 I

FREE 13.7%, i EEAE Y AR 3.4%; FEAT
S ) BBF2 AbFHAH LU ASFFANIA ) BBF1 Ab 3™
HILREXES, EMEYEEERS 7.1%.
23 HEHTHERERBREREXNERGEEZFA

R 3N

F5FFIA H Y CRF2 . BBF2 &b B AH A% FF A i H
B [RZEAERE CRF1, BBF1 AbHRA K 2AH 27351
WFRE 10.5%M 13.3%, HARKBRLFAFHR
FAENAmA = R E X AR HEGT,
CRF1 fHt BBF1 AHA R RBAHEE EFIRE
61.3%, RIEREBUR =R N E IR 27.4%; FifF
W HI 4444 F , CRF2 AH It BBF2 AbFRA &R BRFIH %R
BERE 57.5%, AFXBBRFEMAR D ERS
24.7%; FEFFE S A H AT, BBIRZE AP
38 PR F A AN = R EER (£ 4),

F3 TRALEBHERFENTEMHREER (2018)

Table 3  Yield and yield composition of maize relative to treatment (2018)

A Ho b AR A ik KR it ZEFT YA JERA:S . TTRLER % BBF2 #47=
O i
Aboveground biomass Grain yield Stalk biomass Hundred-grain Grains Yield increment over
Treatment Ear row
/ (kg-hm?) / (kg:hm™) / (kg-hm™) weight/g per row Treatment BBF2/%
CKl1 16 541d 7 728d 8 813d 27.0b 15.2a 34.8a -24.4
CK2 17 366d 8319cd 9047d 27.6b 15.0a 34.9a —-18.6
BBF1 19 476¢ 9 608bc 9 868c 29.7a 14.9a 33.8a -6.0
BBF2 20 791bc 10 224b 10 568b 30.1a 14.9a 32.8a
CRF1 21 505b 10 284b 11 222a 30.2a 15.2a 33.1a 0.6
CRF2 22 245a 11 694a 11 651a 30.8a 15.0a 33.0a 14.4
F4 FRILEMERENFAER (2018)
Table 4 Fertilizer use efficiency of maize relative to treatment (2018)
PO £ ¥ YAV IR AL BB R T AT AR RRAER
ﬂf R IR /\E
A B Accumulative N Accumulative N N partial factor 4 im ANUE
N accumulation
Treatment ( ) use efficiency ( ANUE ) agronomic efficiency productivity change vs BBF2
/ (kg-hm™
1% / (kgkg") / (kgkg™) 1%
CKl1 110.1e
CK2 116.0e
BBF1 144.6d 33.1d 23.7c 64.1b -11.7
BBF2 155.3¢ 37.5¢ 26.7bc 68.2ab
CRF1 185.1b 53.4b 30.2ab 68.6ab 42.4
CRF2 198.0a 59.0a 33.3a 78.0a 57.3
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24 BEHTHREEREBRBERZXNEREFNE NS T 213.2 yuan, {HEWD TIEE, AI4E
g AR N T84S 493.8 yuan, FiAAHNT =58 B4
INDOR I S2FT SEU R BT R (e R A . SEBUR RIS RS FFA [ 454 T, CRF2 4b 345 BBF2

BHIE PR AR BT 225, (A& A H ) f Aot tege AP EOIAR F IR S 14.4%, s B 4R

WREAFEESZME, KFRLUET, RN 23.6%. fFFREH &/, CRFI AL BBFI Ab#

Beiti i BB R IR B0 BB A e B mm SRS 7.1%, dilcaade s 13.1%, U AT ie

(£ 5), BWEERELA, BRBIERZOHRS  HEBEDHESEREEIREZ IR .

#5 ARLEHERSFHUHEMGE (2018)
Table 5 Economic benefit estimation of maize relative to treatment (2018)

ISV € et T AE T HoAt sz e

4ib H Bk

Total revenue Fertilizer costs Fertilization labor cost Other costs Net profit
Treatment Change/%
/ ( yuan-hm™) / ( yuan-hm™) / ( yuan-hm™) / ( yuan-hm™) / ( yuan-hm™)

CKl1 16 494d 476.6 493.7 4497 11 027¢ -23.9

CK2 17 754cd 476.6 493.7 4497 12 287bc -15.2

BBF1 20 506bc 1852 987.5 4497 13 170bc -9.1

BBF2 21 820b 1851.5 987.5 4497 14 484b

CRF1 21 948b 2064.7 493.7 4497 14 893b 2.8

CRF2 24 959a 2064.7 493.7 4497 17 904a 23.6

e FRFEMHE: WIREIRKRE . SIS ERRE  ElRE . S, RS . BER 8. T RMIM& s 2373,
1919, 1626, 2541, 1017, 3050, 2 134 yuan-t”', BAUCGHEAEA T A SE: 494 yuan-hm™?, HABRA T . PG, BEBE. K25, FfhT
ZEU Note: The average price in China for PCU is 2 372 yuan-t ', for PSCU 1 919 yuan-t', for urea 1 626 yuan't', for potassium chloride
2 541 yuan-t™', for calcium superphosphate 1 017 yuan-t”', for diammonium phosphate 3 050 yuan-t”', for maize 2 134 yuan-t™', for labor cost

of single fertilization for one time 494 yuan'hm’z. Other costs include machinery, irrigation, pesticide, insecticide, seeds, other materials

and expenses!'®).

2.5 WEEHREEESRREX TEFRS MR KB 0~20 cm HIEMER SR T R

AFEGEACAN T i) H AR SR MeR e BERIHL: CRF2>CRFI>BBF2>BBFI (] 3),
5 2013 /NIRRT LR LM L 22 R B R BBIRIKE CRF1 ALFEAH L5# )R %= BBF1
F (K 2), 2018 4F 10 A FoRWGR)E , FEFFAmE  AbFRAHER R B AR 30 04 5 52.0%F1 18.6%.
CRF2. BBF2 Zb#AH HLILAE A WL & &l FEFFEHE T, CRF2 #H L BBF2 b B A8 AR 84
FTHE 33.5%. 25.9%, SAE RSB FERE BRI NP ERT 39.3%M 16.6%, XEWEBEE
26.6%. 18.6%. FEFFANIS MK CRF1, BBF1 AbHAH RIRZEA M T AR AN R, Bt i H
Fo T - A AL S ) BB 19.5% . 11.4%, S FFREAE B I Ry 5 B 1) S At gk — 2B 4R v R AR
LRGES D ERE 9.9%. 7.0%., WFECHAE  ZHMRARE.

CRF2 .BBF2 4bFAH L RS FFANIE H A [RI2EAE AL CRFL . FEFFA MY CRF2 . BBF2 AbHAH LS FF A4 H
BBF1 4bB o B E i m AV &= 11.8%. MRIZEAE B CRE1. BBF1 A FH I 25 8 v S 8 & =
13.0%, DA SGHE 15.2%. 10.9%. e HEET, 18.2%. 28.0%, AR mILEFE2ES (K 4), ¥

CRF2 1t BBF2 AbSA AL 1 B4 6.1%, 4 WIRS ARl TR 732 i s i i 35 i, RAT AT
AR ERS 6.7%. WUREHAMT LR AUESERES S5 RS T4, Moo EE
USRI R, IO BB R R Bl R R 25 FMAFAIEHIZMF R, CRF1 ML BBF1 ALBLA
AR TS AP RN EA SR SO AR B ) B R 19.5% 1 24.7%
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o Bh RN R SRR A B R R 25 5 B3 (P<0.05). T A, Note: Different letters in this figure indicate significant differences

between treatments at P<0.05. The same below.
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Fig. 2 Soil organic matter content (a)) and total nitrogen content (b)) at the maize maturing stage relative to treatment
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Fig. 3 Soil NO3-N content (a)) and NH,-N N content (b)) at the maize maturing stage relative to treatment
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Fig. 4 Soil available P content (a)) and available K content (b)) of maize at the maturing stage relative to treatment
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AL FEAH HEAS A AN IR A [RIZE 8B CRFL. BBF1 b3
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JRJR E CRF2 AbFEAH Lk BBF2 Zb ) i 245 7 SPAD
8.6%, ULHIFEFFiIf H B BB IR IR R — 4R
T AR ML 8 B R
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AEE, FOK S AR E RS 12.0% (R 3),
REBAH RS ERT 57.3% (£ 4). EKRFEFF
PR R Be A5 4L 15 d, SRR 205 . TER I
B TAF AR Ay, RASBIREFF I fie AL LR
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MBR Y, s BB TR IR 2 rp i 3 FR 2 AV Il 4 2%
DI — NG o REFF I G2 T 2 B BB 15 Rk
BN 190 KA, FESMAGRER . FHERMA
J B EMERE R I R FAIE AP, BBEBIRIR

a)) and SPAD (b)) of maize leaves with different treatments at mature period
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FEAEPT, RHFSY BBF2 MIHL BBF1 AbHZEFF A4
A TR E 0 o S R 7.1% 0 7.0% (R 3 AN
Kl 5a)); BBF2 At BBF1 b3 i B4 s A &
it 19.4% (&l 3a)), AIfg/&H T BBF2 Hid HFEFF
W+ HEEOKORILRE J) , WSRO . CRF2 M L
CRF1 AhFR 4 T FoRAPRL = 5 (% 3), {H25
FFEA i i E AR RO T W E RS (R 3 I
5a)), XFIAESEH TEBAR T HrLLil & ik MR
(AR, R v ORIk 22 301 1) - B 3% A (3b Ry A - 77
G AL FERLI B ROR P,
3.2 EFEHEBEEEFESRREX TER AR
B AR PSR, AR e UAE B A 5K
$Em 0~20 cm BHE P LA BHLR . AR

i) CRF2 #itt BBF2 4b¥E, HIEAPLRMEE & &
IR EIRTE 5.6%M 6.5%, HARLE MRS
TIELESE, AVUREEWAEC (F6), MTRERE
H THEBBIRIREZRREMEA, HRFFE H R
HR R L B PR IE R SRR, 4R R E s
Ptk ARG FTREME . FAT v = e 00 S0 ¢ 5 i 4
b SRR B AR, DA BLAR 25 4 I 4 e L
FeosE e, W+ gEa PURAE =D o S —Jrim, 14
VAT 2R A 1) 4y B R A 2 - S04 AL 1) B AR ML
B EE B 0] 5 R B 0T A A LR LS A R
B, Bl S W RAE R R DR A LEHLE S,
B A R KRR . B R B R AR IR
A IFF 178 54 5 T S Y v e T A

R & i AR A ME T, 2018 AR KUK BRI RO KU, SR T LBk A it A7

F6 EAFESFWAWIERAIERXRE
Correlation analysis of maize yield with various experimental indexes

LRSS AERIRE AEIIRS
AR R

MREAR ARXSE e B O R b b - i F
REC & R ANURT SR AR A R AR A

R ) wmaE
i .

Table 6

AEBH AR 0.860""
I T A A 0311
I3t 28 AR X5 1 0 g L

@

0.599"

0.780" 0.709 0.425

TR 0.674° 0.764" 0.654" 0.497

AL 0.584" 0.762™ 0.532  0.385  0.789”

AR 0.632°  0.827 0.635" 0.769” 0.594" 0.557

A" 0.433  0.536 0.49  0.551 0.346 0.243 0.7227

KR R 0.580"  0.753™ 0.634" 0.7477 0.679° 0.592° 0.897" 0.750"

B 0.606" 0.759™ 0.757" 0.614° 0.861" 0.823™ 0.7917 0.512 0.773"
ERREFFRE " 0.602°
SERREFFE AR 0.6307

AESREFF A P05 B 0.582°

AEBREFTIEA K0 1" 07177

0.716™ 0.596" 0.375 0.938" 0.891 0.471 0.14 0.521  0.831"

0.720™ 0.569 0.41 0.940” 0.885" 0472 0.151 0.532  0.827" 0.998"

0.698" 0.487 0539 0.763" 0.572 0.712" 0208 0.568 0.760™ 0.736™ 0.735™

0.864™ 0.665° 0.591° 0.918™ 0.904™ 0.769” 0.426 0.747" 0.957"" 0.914" 0913 0.815"

ek Foxr SRR B3 (P<0.05 ) AT &35 ( P<0.01 ) A% . Note: *, significant correlation at P < 0.05; **, extremely significant
correlation at P < 0.01. (DYield, @ ANUE, ®LAI, @SPAD, 5Soil total nitrogen, ®Soil organic matter, DSoil NO;-N , ®Soil NH;-N,

@Soil available P, (0Soil available K, @ Average year straw returned biomass, @Average year amount of N from straw, @Average year

amount of P,Osfrom straw, (@Average year amount of K,O from straw.

- S A R T AR [ R SR P AR i
e FRPY ) ARBFSTH, CRF2 M Lk BBF2 AbFH i 244

o AR AR 19.5% (K 4a)), WTREZ M T i6
RS AT B A HLA & 1 T SR A T K e
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Ak BN FE T RE B , 1&%%%%?%@;@@& . HH R C/N ratio mediated by straw retention and N
ﬂ]*zm%%ﬂ(%gﬁ , { %ﬁ*ﬂ@i}% %ﬁ?i E@@;M fertilization[J]. Chinese Journal of Eco-Agriculture,

SR A s AR B Y, S R A . i
FE il A 7 A 5 A 2 o 5 A B TR
X (% 6), FFFLMHE) CRF2 4bFR# BBF2 4bFH R
FRE A S 15.1% (8 4b)), XREHT
B2 AR T b 32 DAIR 40 M 5 R G e ML ER T AT
e, GERE SRR B R 0Ny
TR . 55 A DLER DY RE 8 1 7K e e 55 1
T YA KA . B EE AR TR, R
AR

4 4w

TERSFFE AT, BERBIRIRE — IRk
( CRF2) #H L8 JR R I INE AL ( BBF2 ) Ab#,
5 9 F BB WS OA WIS
( N-P,05-K,0 ) B A1 K 119.1-42.7-89.2 kg-hm 7;
2018 4 TR WOR I + A AL A4 A e o 4
6.1%. 6.7%, THAR SRS & D EERS 39.3%.
16.6% , A7 &0 W MR AL & i W F RS 19.5% .
15.1%, Ml A RAUR R 4 R 57.3%, &
Ky E R 12.0%,. BAAEBRIRE S TR
BARA, H—KEEEABAET A T AT,
Bo A B P2y, IR Raliliss B E 25 23.6%.
PR, RS FF I G A P BB TR IR R — W M i T
ERE R, ey R, EAA TR0 R
FHET i fA -
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