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ARG T 2019—2020 4F 7 8 4 5 J5 w0 v
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filf 2 & 15.5 mg/kg, 4> & 0.84 g/kg, A %8 133.5
mg/kg, 13 pH (H,0) H 8.17, % 5 1.23 g/cm’, ik
SR (5—9 H) H PR 4308 76 .128 .96 . 124
100 mm, PS5 1719212016 °C.
1.2 iK@i&t

RER FH 2 X3, 3 AL H A 7 A (FMD) IR
B (NM) , FM Ab 2 2R FH 42 50 28 1 4% 5 A =0, NM
Qb FER TGRS XL ZE VA R BB ) Ak 3 Ry A [ A
I it P 5 7« 2% it 2Rl TR 2 (LAPP) Ut &3 198 2 5
(BSSP) | 2% it 13 # R 45 (1LSSP) Xf #R (CK) . Hiep
CK Ak BRAN it FF U0 R AR AL , 45 Ach B0 07 A it AL 2
i N 225 kg/hm?*, P,O570 kg/hm?, K,O 96 kg/hm®,
BB (APP) N N:P,0-: K,0=18:58:0, /it &
FETEFE B R MMEAT 5 cm A2 10~13 em 1934,
PN ST P O /IR B Y 50 0 Fi 4
Pl B A Sy BE AR AE - e B N O ( S b
FREERAN) I EABEZ , HoAx 5090 RUIAE A i AR Al
WU 35 7, it AE A5 BE ES AR AR 10 em, ¥R 10 cm. 56
A58 K B AP S E 335, B %5 JE 65 000 Kk /hm?,
PREE 31 em 3 A H WM 4 H 30 H A2 A, A AbFE
2 3R A T R R P 2T IR T ) A5 R
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FERRRE S R4 < 7E 2019, 2020 4 F K& M5 45 30
K VE 50 KA1 A /N DXAZ B 3 bk K A Bk T4
JF53 R b 15 5 AR R PR 43, G T RR T S R A A
FH 5 5 A /N X FEE 2 Bk 0~20 em I FRAR &, Tk
TG AT R

- SRE AR A ARV L 2 T AN KR
“h TR RRATIE 0~20 em BY L IERE S Ph
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(v6.5) BRI AT AL BN BE T 43 Mt , SR LSD ¥E k17
F7 255 H1 (=0.05) o

2 ZEREHH

21 EFEEREBRHTEKSESERERE

B TR KRB AT EA B K
KARBAEA (1M 1) . 2019—2020 4F 78 B b #
B B2 0 K o i B K AN 7 Ak B
81 24.7 % (R 1) s 45 FoRHE RS 50 d P 7 Ak 2R
(B2 L LN A B2 3 11 %60 (T 1) .
2.2 TIETMBEEREEE

AN [R) B35 R A A it A it 552 i) - S8 i 2 Tl 2 i 1%
P, BN SN 2 Fp 25 AF T 25 R R A 4
(1 2), BT, LAPP &b B 0% il 8 B 15 M7
&5 30 d F150 d H BSSP 4k 343 515 H1I% 28.7 % Al
30.8%, bt LSSP b 43 51 V- 34 &5 7.4 % F120.4%
ANEREAE T, LAPP b B B i B2 i % e 15 I
30 d 5 50 d kb BSSP 4k # 43 51 SF ¥4 5 45.9% F1
14.8%.,
23 TEERYBISE

LAPP K LSSP &b # v] I 35 48 @ B )2 1 3 44
Wi (K13) . BIEAM T, #)5 30 dBF 5 LAPP 4b
PR 2 4F - 18 1 o 0wl B 1 Lk BSSP L LSSP &b 3 433l

2020N Il NM

20208 5 FM

1 1 1
30 40 50

)5 KEUd Time after sowing

B1 20192020 FBEEKREBRHHELIREEE
Fig.1 Soil temperature in the surface layer at the early growth stage of spring maize from 2019 to 2020
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Table 1 Soil water content and storage in the 0-20 cm soil layer at the early growth stage of maize from 2019 to 2020

TSR RN 2019 2020 344 Mean
ffIEl/d SRSt 4k 2 BRI/ ok /mmo FOKE/Y% WOKE/mm EOKEE/ Y KA /mm

Time after Main treatment Sub treatment Water Water Water Water Water Water
sowing content storage content storage content storage
LAPP 20.2Aa 46.4Aa 16.7Aa 38.5Aa 18.5Aa 42.5Aa
BSSP 21.0Aa 48.2Aa 16.2Aa 37.2Aa 18.6Aa 42.7Aa

HEFM
LSSP 21.3Aa 49.0Aa 16.4Aa 37.7Aa 18.9Aa 43.4Aa
CK 20.7Aa 47.5Aa 14.6Aa 33.6Aa 17.6Aa 40.6Aa

30

LAPP 17.8Ba 40.9Ba 10.0Ba 23.0Ba 13.9Ba 32.0Ba
R NM BSSP 17.6Ba 40.5Ba 10.5Ba 24.1Ba 14.0Ba 32.3Ba
LSSp 17.6Ba 40.4Ba 10.3Ba 23.8Ba 14.0Ba 32.1Ba
CK 17.6Ba 40.5Ba 11.0Ba 25.3Ba 14.3Ba 32.9Ba
LAPP 18.4Aa 42.3Aa 16.9Ab 38.9Ab 17.6Ab 40.6Ab
- BSSP 19.2A 44 2A 18.2A 41.8A 18.7A 43.0A
M SS 9.2Aa a 8.2Aa 8Aa 8.7Aa 3.0Aa
LSSP 18.2Aa 41.8Aa 17.6Aab 40.5Aab 17.9Aab 41.1Aab
- CK 19.3Aa 44.5Aa 18.5Aa 42.6Aa 18.9Aa 43.5Aa
LAPP 15.2Ba 35.1Ba 13.7Bb 31.5Bb 14.5Bb 33.3Bb
R NM BSSP 16.1Ba 37.0Ba 16.0Ba 36.7Ba 16.0Ba 36.9Ba
LSSP 16.1Ba 37.1Ba 14.8Bab 34.1Bab 15.5Bab 35.6Bab
CK 16.2Ba 37.2Ba 14.7Bab 33.8Bab 15.4Bab 35.5Bab

TE B B [R5 PR [R]RS R R AR B 9] 22 5 35, A/ 7 RER R Bl AR B W) 22 57 (835 (P<<0.05) . T IA], Note:Da-
ta are shown as the mean values.Different capital letters in the same column indicate the significant differences between the main treatments and

the different lowercase letters in the same column indicate the significant differences among the sub treatments (P<<0.05).The same as below.
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Fig.2 Soil alkaline phosphatase activities in the surface layer at the early
growth stage of spring maize from 2019 to 2020
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Fig.3 Soil available phosphorus content in the surface soil at the early

growth stage of spring maize from 2019 to 2020
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Table 2 Root morphological parameters per plant at the early growth stage of spring maize from 2019 to 2020

SOKERI S . ) . ) , ,  <<0.50 </
S S 7= il BRE/n  REEB/m® KB/’ oo
. . Year Main treatment Sub treatment Total length Surface area Root volume } & )
Time after sowing with less 0.50 mm
LAPP 334.0Aa 71.9Aa 1.25Aa 321.5Aa
- BSSP 285.2Aa 58.6Aa 1.14Aa 273.0Ab
B FM
LSSP 327.5Aa 67.1Aa 1.24Aa 297.0Aa
CK 287.1Aa 62.2Aa 1.08Aa 235.8Ac
2019
LAPP 340.1Aab 58.7Aa 0.91Ba 218.7Ab
. BSSP 265.1Ab 57.0A4 0.83B¢ 193.6Abd
Z:?sﬂﬁ NM D) D a a
LSSpP 436.5Aa 74.6Aa 1.02Ba 297.0Aa
CK 344.3Aab 67.9Aa 0.74Ba 217.9Abe
30
LAPP 763.6Aa 201.0Aa 4.21Aa 401.3Aa
" BSSP 599.4Ab 168.1Ab 3.87Aa 267.1Abc
BIE FM
LSSP 659.0Aab 174.8Aab 3.79Aa 349.7Aab
CK 461.5A¢ 140.4Ac 3.41Aa 174.7Ac
2020
LAPP 545.0Aa 121.9Ba 2.17Ba 346.7Aa
. BSSP 489.8Aa 117.3Ba 2.24Ba 276.1A%
REENM ¢ ¢ ¢ ¢
LSSP 441.9Aa 120.5Ba 2.63Ba 238.7Aa
CK 573.2Aa 131.1Ba 2.39Ba 353.7Aa
LAPP 1775.9Aa 537.5Aa 13.33Aa 1 046.4Aa
BSSP 1248.7Ab 318.6Ab 10.56Aab 808.4Ab
B FM
LSSP 1787.7Aa 472.9Aa 11.25Aab 1218.0Aa
CK 1274.7Ab 336.2Ab 8.31Ab 851.1Ab
2019
LAPP 1612.0Aa 377.1Aa 8.59Ba 1 080.0Aa
BSSP 1124.0Ab 324.0Aa 7.32Ba 848.2Ab
AHLENM
LSSP 1 330.9Aab 312.5Aa 7.44Ba 889.4Aab
- CK 674.1Ac 281.2Aa 2.32Bb 508.2A¢
LAPP 4111.1Aa 1114.8Aa 25.50Aa 2798.7Aa
_— BSSP 3853.1Aa 1 065.8Aa 24.93Aa 2523.2Aab
B FM
LSSP 3254.1Aab 1037.7Aa 27.38Aa 2071.8Aab
CK 2 847.9Ab 890.0Aa 23.54Aa 1834.1Ab
2020
LAPP 2566.1Aa 581.6Aa 12.03Ba 1894.2Aa
FAEENM BSSP 2 287.7Aa 536.0Aa 10.32Ba 1587.6Aab
LSSP 2593.1Aa 617.0Aa 12.13Ba 1 806.2Aab
CK 1462.7Aa 399.7Aa 9.01Ba 962.7Ab

AR AT U
3.2 MUMIESHEEENEERERKNZM
7 S ) DR U ORI A A R T8 oK A B AT IAR
ML e R E T ARRTT R, B AL AR
PR AR 1w A AR K R H AR <C0.50 mm A AR 1K #
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EBE T B (F3) . HeAh , MR T AL GO
WA, W5 vh 4%t i N0 0 45 6 K A & R S AR K %
MR A P e (% 2) , X 5 H & kA 7
Sy HER 7 8, AT A SORIEOR R AR s g B A

Pk £ TR B RSO B — BF ST A58 — 8. T
FEII TR, AL AR O A TR A K
SR R AR AU 2 45 35 ) A (] A e FH i
Jit Xof 7 K ) R AUIAR AR B s b 8 A W G W R
(3), AT AE i T2 D g 0 g K 58 2 B R
P KRR, S BEAL LA AR A B
3.3 R IESHEEEENFERBEE R A
AR

A BORHTAE T, B AL AR AR R 1A
BN B R TR R R R R E ]
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Table3 Biomass and phosphorus uptake and accumulation per plant at early growth stage of spring maize from 2019 to 2020

FRAFFE R ) L/ g W/ (g/ke) )
e iEp e | fll b 7 ‘ % AR /mg
1] /d ) Biomass P content )
. . Year Main treatment Sub treatment P accumulation
Time after sowing M Z Root Hb i Shoot #R % Root  Hb |3 Shoot
LAPP 0.28Aa 1.60Aa 2.07Aa 5.57Aab 9.54Aa
BSSP 0.27Aa 1.41Ab 1.80Ab 5.80Aab 8.64Aab
B FM
LSSP 0.29Aa 1.24Ac 2.08Aa 5.99Aa 8.04Ab
CK 0.23Aa 1.19Ac 2.20Aa 5.39Ab 6.87Ac
2019
LAPP 0.21Aa 0.68Ba 1.22Aa 5.13Aa 3.77Ba
7 =4 P P P -
R NM BSSP 0.18Aa 0.56Ba 1.39Aa 4.74Aa 2.93Bab
LSSP 0.24Aa 0.65Ba 1.28Aa 5.05Aa 3.56Bab
CK 0.23Aa 0.51Ba 1.31Aa 3.97Ab 2.33Bb
30
LAPP 0.47Aa 2.40Aa 1.30Aa 5.10Aab 12.80Aa
Y BSSP 0.47Aa 2.25Aa 1.23Aa 5.33Aa 12.51Aa
LSSP 0.45Aab 2.45Aa 1.28Aa 5.38Aa 13.74Aa
2020 CK 0.37Ab 1.86Ab 1.14Aa 4.77ADb 9.35Ab
LAPP 0.26Ba 0.58Ba 1.22Aa 4.63Ba 3.00Ba
P B, P P a ~¢ P
R NM BSSP 0.22Ba 0.54Ba 1.08Aa 4.17Ba 2.50Ba
LSSP 0.26Ba 0.62Ba 1.19Aa 4.33Ba 2.99Ba
CK 0.27Ba 0.46Ba 1.04Aa 3.73Bb 2.01Ba
LAPP 3.00Aab 28.4Aa 1.62Aa 3.78Aa 112.3Aa
B M BSSP 3.50Aa 27.4Aa 1.69Aa 3.73Aa 108.7Aa
LSSP 2.78Aab 28.1Aa 1.58Aa 3.66Aa 107.2Aa
2010 CK 2.61AD 21.0ADb 1.68Aa 3.42Aa 77.1Ab
LAPP 1.09Bab 12.8Ba 1.55Aa 3.58Aa 47.5Ba
KA NM BSSP 1.37Ba 8.7Bab 1.44Aa 3.60Aa 33.2Ba
LSSP 1.05Bab 11.1Bab 1.62Aa 3.56Aa 41.7Ba
- CK 0.49Bb 7.2Bb 1.39Aa 3.25Aa 25.0Ba
LAPP 5.96Aa 30.4Aa 0.80Aa 2.72Aa 87.8Aa
ey BSSP 6.20Aa 27.5Ab 0.84Aa 2.72Aa 80.0Aa
LSSP 6.40Aa 32.8Aa 0.78Aa 2.54Aa 88.5Aa
CK 4.93AD 21.5Ac¢ 0.67Ab 2.33AD 53.7Ab
2020
LAPP 2.31Ba 8.76Ba 0.68Ab 2.62Aa 24.6Ba
R NM BSSP 1.74Ba 9.47Ba 0.79Aa 2.46Aa 24.6Ba
LSSP 1.91Ba 8.81Ba 0.83Aa 2.49Aa 23.7Ba
CK 1.94Ba 10.8Ba 0.68Ab 2.42Aa 27.6Ba

ZE SIS DL, N5 Ak B ] IF 300 345 1 488 oo )
FEBUR(FK3) . X G550 4 [ AN ] X
LA FE 0 i 2R SR T 4 R — B Wi e e
(9 TS Bl BE 0 55 , e RSO P 18 3R e 0 BBk
FARFRAERAEIL Y, EANE T GBI, i 1 2R o
TR i 0l A T 8 5 W 3% WSO . AEAR IS o
LAPP b FORMR RIS SEE T HAL LB, AR R
W R AR b T A A PRAE TG 5 2
AR IX 2 4R A B TR K & LU EE AL, K A

SRR B 3 A PR A OG0 e, I3 ] R A
1 R 1 2 T A A 4 vt P T 4 VR D i R Y
W o FEASBIESE v, 2%t 08 AL Ak 2RO 047 SR B B
WRIPES o DR AEAS B e A S RE AR R A2 2%
52 32 R 3 A Oy A 205 R R
FHE R BRI T HE— DRI BREH R i
o F KA, SCERAIERE AL 1Y e ORI, SR B
AN - A0 WA A SR Wi PR ) i L RT3 B A AR
Bt o
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Effects of optimized cultivation and phosphorus fertilization practices
on spring maize growth and soil properties

LIU Xiaoyu, YANG Yu,MA Qin,JIAO Huijie, LIU Jinshan

College of Natural Resources and Environment, Northwest A&F University/

Key Laboratory of Plant Nutrition and Agro-Environment in Northwest China ,
Ministry of Agriculture and Rural Affairs, Yangling 712100, China

Abstract To study the effects of different optimized practices on the growth of spring maize and soil
properties under no mulch (NM) and plastic film mulch (FM) cultivations, and provide the optimized manage-
ment of phosphorus (P) fertilization that improve P use efficiency, a field experiment with four P fertilization
practices was carried out: CK(no P fertilizer), LAPP(localized fertilization of ammonium polyphosphate),
BSSP (broadcasted fertilization of calcium superphosphate), LSSP (localized fertilization of calcium superphos-
phate) . The results showed that in the early growth stage of spring maize, compared with NM cultivation, soil
water content and water storage under FM cultivation were increased by 24.7 %, and soil temperature was in-
creased by 11%.The aboveground biomass of maize under FM was 1.81 times higher than that under NM after
sowing. The accumulation of P in the maize shoot under FM was 1.59 times higher than that under NM. The al-
kaline phosphatase activity in the LAPP treatment was 28.7 %-30.8% lower but 7.4 %-20.4 % higher than that
in the BSSP treatment under FM condition, and 14.8%-45.9% higher than that in the BSSP treatment under
NM.Soil available P content in the LAPP treatment was higher than that in other treatments.In addition, at 50~
day after sowing, the total root length, root surface area and length of fine root (<C0.5 mm) in the LAPP treat-
ment were grow better than that in other treatments. Therefore, film mulching is still the main way to keep wa-
ter and heat and promote the growth of spring maize in the rainfed areas of Northwest China, and localized ap-
plication of ammonium polyphosphate is beneficial to the growth of maize and the use efficiency of P fertilizer.

Keywords film mulching; localized fertilization; broadcast fertilization; phosphate forms; spring
maize
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