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Abstract

Through four years of field experiments, the economic benefits of different tillage methods and
different fertilization levels were carried out on sloping farmland of typical loess soil planting
area in Loess Plateau. The results showed that the economic indexes and yield of fertilizer treat-
ment were better than that of non-fertilizer treatment, and the economic indexes and yield of op-
timized fertilization treatment were higher than that of conventional fertilization. The perfor-
mance of the whole film mulching cultivation was superior to that of semi-film mulching cultiva-
tion, and the performance of ridge culture was superior to that of semi-film cultivation. The opti-
mized fertilization and the whole film double-furrow planting model effectively extended the
growth period of maize, and the economic performance was the best, and the yield was the highest,
which reached 6686.68~9514.76 kg/hm?, and increased by 49.96~64 and 22.44~45.09, respec-
tively. The mode of fertilization is the best model for planting sparse crops on sloping cultivated land
in the region, which not only can make the corn stable and have high yield, but also can significantly
reduce the surface runoff N, P loss, and reduce nitrogen and phosphorus pollution in farmland.
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1. 58

HEmRREERRE. LR, b StREHEEE, RRERERZEN LK, X iR
90% /e A7 A R LA Fe i A &R, ot 0°~5° (1P 3B Y 10%, 6°~15° K133t (5 58%, 25° LA E[IBES 5
32%. JCHEMRSK I R TEIRIRL) N 1654 5 hm?, (5 @ BB 87%. %XK- LA™ E, Hifl[R
RENRRESIZE, EEMEMIS[1]. Aol seikrh, KREAENmGER. #HIE, matEmAse, A
HUIEHE 9 S5 AN S BEELR . A UE TR 7 BEIRTR 9%« AHERI T A B A, 197 R A1 B O A e 1R 1 B
FAX ST R fE E[2] [8]. it ERAKRBITHRRIuhTF e 1 AN R LA AT 15 Tt ] 24 45
b DX TR 22 G R I T, oW 1 AN e A A o it JES e o B e K 22 B IR K 7= B S
LA 12 X % ) SR e X 38 o oK A 7 S B i PR 4

2. MR55%E
2.1. it

BERAEWBE TSR AT 2 50 BIENIRE(E N 46.4%), HEA MM AAT LR B T
RS ES (& P,0s 12%), =% T Al 45,
2.2. AERER

TRIG VAL R KT AN R0 78 i R 56 5 1 56 FE 4 (34°05'N,  104°5'E), ZIXJ@FT R ILX, 41
BN 11.5°C, #4k 1650 m, 4 RN & 500~600 mm. 46 Hh 13 Jg g s 4n +, H3EAE J1 4845 4: pH 8.6,
HHLR A& 11.87 g/kg, 2% 0.76 g/kg, 4= 0.69 g/kg, AR 45.6 mg/kg, R 18.55 mg/kg, A4
147.8 mg/kg. REGHHONIE B, SR 15°C, A AR,
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2.3 WEE

HHUMEAE: FRZ 228.45 kg/hm?, i BERR4S 625.05 kg/hm?; RALHGEAN: FRZ 489.15 kg/hm?, i B R4S
1249.95 kg/hm®. [ 50061 bR 2 T KM\ U136 AR AR RAR IR 54T M i, BEAE PR 15 om, it 5 HE2E),
HAR IR ERAE .

RIGIL W 6 ANMAEFE: 1) XFRAALHER(CK), ANt AT o] AL+ 38 P 1 26 M8 2) i 0t L+ A 0 1 1 2%
JE(CON); 3) e fh i AR+ 3 VR A% J s 4) ARt A+ 4% 3 2B A 2 IE(OPT + TR); 5) e fhojite AE+ 4 3
SPAEAE(OPT + FM); 6) A4k it AT +AE 35 X 22 V4 2 BE(OPT + TR + FM + NT). BENLIX 4, 3 KEE,
ANX A 30 m?. SEARRE R N TSR, #7 6 Jifk/hm?, e AR B A R A K . AR/
X7 BIHL 10 FRIE MR m s ARG, BERIE. TRIESEFEAR . /NI B, R R ERE R 06 X ik B T
JERRFE . MR 1. BRI Excel fEE, DPS7.05 #E47 #4351k 20 #r, JFH) LSD A
W7 W E

3. RE55

1AL, 4 SRR T, GRALIIER RS, ARG T CK AR, 3
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Figure 1. Trial Planting diagram
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7 2 TLAEH, 1E 4 AR EARRR LB T, A R AR IS T CK, oAb it e Ak
HITE 2013, 2014, 2016 —4FRRIBIALF, 2015 FHKRIEL 1AM OPT, HARAF G ZE Rk
BEKE, HRAEZ MEREATZES: 4 FL5E6RMMACHEIELI IR T 5 HEAL LI CK, ki iE
AbFHA] 22 AN E % . B AR OPT + TR + FM + NT 5 CK #7320 54 3.59~7.59 cm. 2.05~3.59 cm;
FEK AR OPT 5 CK Z R4 58 1.33~4.57 cm. 0.65~2.31 cm; BIF 58 A B AN S 110 A it JIE Acb B0 5 00 i
JE A BT K AR FNFHORE R — e (I REA, AH B2 T AR B A= P 2 PR BB B A P 2 MR B A e
AT DATE AN [ (14 e R AR 455 A B X6 oA (14 52 e KT R

17 3 W] LUE H T A FR IS L CK M REAT BORBR B 506 A [ R 2 19 , 22 53 ol S35 112 OPT
+ FM 1 OPT + TR + FM + NT Ab#EFHAT 5053 1) b FE 30 1.25~1.55 47 1.26~1.81 1T, Fki% 3l L Xt
HHE N 5.01~14.41 ¥i. 6.38~17.43 i, KILPEHE AW FIRMERKSAEE CK ZR I EEMEE N, HE
BIEFE ZFEAEAL, LIRS TORIAE KK GIREEA TR, IR KA TR

WL HE R 0 R B K P =R S — AN R R o R AR A T P R 2R A A% A (A
HAEH, W RIS NS AW M N — RS ER R, A%
7. M7 4 nLAE H 500 ki, MRALHEIEALTE 4 42 CK A1 CON E L, CON b CK 18

Table 1. Effects of different fertilizer treatments and cultivation pattern on plant height and ear height in maize
F* 1. FEIRYHEARAL I A ISR A XS F Rk S TR L= RS20

2013 & 2014 & 2015 & 2016 4
h}'@ R N R R N R R, N R S N 3o
Phimi(em)  BEfimi(em)  MRmiem)  BEfimem)  FRmiem)  BEfigmiem)  Fisiem) A =i (cm)
CK 206.87cB 62.46bB 207.71cB 61.46bB 197.34cC 66.49cB 197.22eD 70.35dD
CON 212.66¢cB 63.97bB 211.5cB 63.97bB 222.01bBC 74.83bB 215.4cC 82.73cC
OPT 213.10cB 64.93bB 212.27¢cB 65.93bB 226.80bB 75.83bAB 220.73cdBC 85.87bcBC
OPT+ TR 220.03cB 69.7bB 217.73cB 71.7bB 247.64aAB 76.93bAB 225.50bcBC  89.53abABC
OPT+FM  245.13bA 82.7aA 240.83bA 83.7aA 247.15aAB 84.88aAA 231.62bAB 91.04abAB
OPT + TR +
EM + NT 245.13bA 82.7aA 240.83bA 83.7aA 247.15aAB 84.88aAA 231.62bAB 91.04abAB

T BUA G FNKE F-RE 3 ) R n A B IR 22 5 ik 5% 1% 2 35 KF.
Note: Different small or capital letters after the value indicate that the difference between treatments is 5% and 1% respectively.

Table 2. Effects of different fertilizer treatments and cultivation pattern on maize ear length and ear diameter
7= 2. NEIRHEARLERMFLIER RN F AR ATEE A 220

2013 4F 2014 4F 2015 4F 2016 £
hb3g
K (cm) U (cm) K (cm) U (cm) K (cm) A (cm) K (cm) FEHH (cm)
CK 19.54c¢ 13.63cC 18.99¢ 13.22cC 15.52cB 13.59bB 14.68cC 11.81dC
CON 20.87bc 14.28bcBC 20.55hc 14.03bcBC 20.09bA 15.90aA 18.27bB 13.87cB
OPT 22.12ab 14.47bcABC 21.86ab 14.55bcABC 21.13aA 16.23aA 19.33bAB 14.00cB

OPT+TR 21.84ab 14.53bABC 22.03ab 14.58bABC 20.64abA 16.5aA 20.23abAB 14.23bcAB

OPT + FM 22.56ab 15.52aAB 22.60ab 15.33aAB 20.89abA 16.52aA 21.49aA 15.14abAB
OE;\I;I :T\ﬁf 23.13a 15.68aA 23.33a 15.87aA 20.49abA 16.58aA 22.07aA 15.4aA

T BUA G FNKE F-RE 53 5 R n A B IR 22 5 ik 5% 1% 235 KF.
Note: Different small or capital letters after the value indicate that the difference between treatments is 5% and 1% respectively.

DOI: 10.12677/hjas.2018.84061 393 =


https://doi.org/10.12677/hjas.2018.84061

Table 3. Effects of different fertilizer treatments and cultivation pattern on ear rows and row grains.
7= 3. NEIRFEARLIERMFL IR FARTBIT R TR I A2

2013 4 2014 4 2015 4 2016 4
AbFE
RATH(IT)  ATRERCRD)  BATHEL(TT)  ATRIERCRD)  RTHER(ET)  ATRIELCRD)  RRATE(IT)  ATRERCKD
CK 12.99bA 39.49bB 13.000A 38.99hB 13.01cB 31.81hB 12.52bB 27.77¢B
CON 13.4abA 44.03aAB  13.33abA  44.21aAB  13.730cAB  43.59aA 13.53aAB 39.67hA
OPT 13.8abA 4537aAB  13.65abA  45.33aAB  13.61bcAB  455laA 13.8aA 40.7abA

OPT+TR 13.86abA 45.7aA 13.77abA 45.51aA 13.45bcAB 44.78aA 13.97aA 41.47abA

OPT+FM  1427aA  445aA  1426aA  4577aA  1426abA  4402A  1407aA  42.19abA
Ol 1427aA  4587aA  1428A  4586aA  1450aA  4493A  1433A  442eA

T BUA G FNKE F-RE 53 R n A B IR 22 ik 5% 1% 2 35 KF.
Note: Different small or capital letters after the value indicate that the difference between treatments is 5% and 1% respectively.

Table 4. Effects of different fertilizer treatments and cultivation pattern on bald length and 500-grain weight in maize
= 4. NEIRFEARLIEEMFRIEAR A ERFETNACH 500 RiEHIFZ0

2013 4F 2014 4 2015 4F 2016 4
A
Wik (cm) 500 fiFE(g) FEWiH(cm) 500 fiFE(g) KK (m) 500 kifE(g) FEHH(cm) 500 FiE (g)
CK 1.26aA 129.67eD 1.30aA 129.66eE 2.14aA 125eD 2.32aA 125.05dC
CON 0.97abAB 137deCD 1.01abAB 137.01deDE 1.10bAB 136.33dCD 0.81bB 136.67cdBC
OPT 0.66abcAB  141.67cdBCD 0.82abcAB  147.05cdCD 1.00bAB 142cdBC 0.52bcB 141.67cBC

OPT+TR 0.85abcAB 150bcBC 0.77abcAB  148.33bcBC 1.06bAB 147.33bcBC 0.48bcB 146.67bcB

OPT+FM 0.23bcAB 155bAB 0.21bcAB 155.33bB 1.11bAB 154.33bB 0.44bcB 155bAB

OPT + TR +

EM + NT 0.06cB 168.33aA 0.05¢cB 168.67aA 0.71bB 168.33aA 0.42cB 168.33aA

T BUA G FNKE F-RE 53 5 R om A B IR 22 5 ik 5% 1% 235 KF.
Note: Different small or capital letters after the value indicate that the difference between treatments is 5% and 1% respectively.

5.35%~8.5%, HARAbHELL CK 3501 8.74%LL I, JLH OPT + TR+ FM + NT Ab# 4 4K CK 3901 22.97%
PAE, 5 B A T DA o K R B, A TR A 78 i X B R ) 381 K ks 2

T 7S T ) 50 5 S L, AL AR AR 2R 4 £ LE CK Al CON RILAG Ik, 7T LA H it AT ot A 42 1)
AR B RIBR AT LA AR S0, AMBE R B KR K e e, LR E KRB KEAR, FrLL,
A B P it A A ORAIE K a7 AR = 1 2 A o

12 5 Ha] DL HA AN [R] it AE AR 35 A0 B e, R it A Ak 2= B R IS4 AR T B A CK, T ZE AL,
JfEAL B AL BE OPT + TR + FM + NT 7E 4 47 8 R I fE, XA OPT + FM. OPT + TR . OPT. CON
5 CKAH L, %% i JE AL B 25 RE G 250R 1 Bk P2 &, OPT + TR + FM + NT AbHE 4 4E Ek CK #2751 49.96%~64%),
Lt CON #15 22.44%~45.09%, Hr=EHHE R 2.

4, &Eig
TR AE T B 025 TR PR B, R AT LA IR 2 TR A e BRI R AT, ABE R A ks

75 N FFFKRARL B MG e br SCRIUE AR S R, Prek, AT ONE 3 4 i IR s 40 1 F 7Rk
b X BESBO A BOK RO AR AR A, I & PR AL A Al E AR 2 BB U7 304 RE IS PO 28 57 A
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Table 5. Effects of different fertilizer treatments and cultivation pattern on maize grain yield

= 5. TEIRYHEARAL R A B R A RT FRAT R = S IS0

bR 2013 4F 2014 4F 2015 4F 2016 4
CK 3481.74eE 3425.05dD 3715.19cB 2541.27¢E
CON 5579.46dD 6990.16cC 5536.10bA 3671.84dD
OPT 6169.75cC 7220.28¢BC 6049.69abA 4545.61cCD
OPT+TR 6726.70bB 7827.25bB 6603.30aA 4875.77cBC
OPT+FM 6803.40bB 9074.54aA 7050.19aA 5792.90bAB
OPT + TR+ FM + NT 7193.60aA 9514.76aA 7423.71aA 6686.68aA
T BUA G FNKRE F-RE 53 5 R m A B IR 22 5 ik 5% 1% 235 KF.
Note: Different small or capital letters after the value indicate that the difference between treatments is 5% and 1% respectively.
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Figure 2. Comparison of maize grain yields

E 2. ERATRI=EBEER

200 i 292 DY A 7 5 SR 3R W EAS [ it A S R bR A 5 O oK AR & e R e i A [\, b
MR B E N IENLEN > RWTAE > KBZEE > FBEFE, HEEE &SN OPT > CON >
CK. OPT + TR + FM + NT 4B/~ BEIH &, N 6686.68~9514.76 kg/hm?, % CK F1 CON 43 Bl &
49.96%~64.00%. 22.44%~45.09%, HEEN T KAEKF7EMARERR D N T KB &AL AT L
Eih, ERSEET, MAELERIE AR e, A 0 IEEC A 2 0 R 8 =R VRV AR = R
Es 7E 4 SEAN [t A A AR B AL B A 2F T, ARAL M AR R AN AR AR T CK, LR Ab B IS 50 I 22 S ik B 3
K, 4 LA RO AL M AT AL B0 T8 FURLAC AL FE AT CK, 0 Bl T A B ) 22 57 R B 3% o ALK RN ARUR
OPT + TR + FM + NT 5 CK Z#4r%l°A 3.59~7.59 cm. 2.05~3.59 cm; FHK AR OPT 5 CK Z R4
79 1.33~4.57 cm. 0.65~2.31cm; 7% 3 ] LUE H A AL B L CK BREAT BOMBER B35 A FIREFE
wahn, ZRENRER R OPT + FM A1 OPT + TR + FM + NT AbBRAR4T 5020 51 Fo xR 0 1.25~1.55 47+
1.26~1.81 17, FERI 3 L HE 3 1 5.01~14.41 K0 6.38~17.43 i, K BLBE A A0 PR 0 28 K % A B 5
CK Z M EE MR N, HETREEZEANME, RS T KNAEKRFRIEE RIS, Nk
M) R K FRIATREE s L B % R B FOK P A o B — AN AR R 7. i3k 4 ATRUE H 500 FiEE, fi
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TE AL TR 4 4E1LE CK A1 CON E£HIAL#EE, CON b CK #4/n 5.35%~8.5%, HAALFELL CK 1411 8.74%
PLE, JoE OPT + TR+ FM + NT 4B 4 4EHEE CK #9i0 22.97% L, 15 B it fIE AT DLSE I K i ks 22
A [i) 40 7 B 7 X e 2 T 81 T DK PR B 5 T RS TG D) 50 o e S b, LA AL i A AR B 4 435 LG CK R CON
RIGEDR, 0T LA it AEXVE P I A2 K R B Rk i mT U= 2R jE M, ANME 2 B FOR R e 4k, W
AL SRR B AR . Bk, bk 5 KR 10 f A5 2 (0 it AR AL 2 A JR 2% 489.15 kg/hm?, 3L
Ji4% 1249.95 kg/hm? Bt & 4 R XUZBIAARHOR,, BEREIR AR B, SUREA B0/ 97 4y Bt Hh R A2 R 2
TGRS . ARSI HT A TSR B FORAEAT = B R a3 SR BB AR AR — 8, RN
ATt FIEL 5 Ak 8 s A it S Ak B R e AR B 5]

E&WE

o5t PEAT M (R MK ) BHE & T 32 AR X AR b T V5 G e P2 5 S0 50 N BB A (201003014-7) 3 43 Y
75 KRR R THRISCHE .
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