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Abstract: In order to investigate the effects of different phosphorus fertilizer application methods on root mor-
phology, phosphorus absorption, and yield of summer maize, field experiments were conducted in Yuanyang and
Xuchang, Henan. The experimental material used was Zhengdan958, and four treatments were applied at a rate of
75 kg/ha: broadcast application(SP), layered application(LP), strip application(BP), and hole application(HP). The re-
sults showed that, under different phosphorus fertilizer application methods, compared with SP, LP and HP signifi-
cantly increased root dry weight, root length, root surface area and root volume. The phosphorus absorption amount
of LP and HP was higher than that of SP in each growth period, and the phosphorus transport amount was HP>LP>
BP>SP. The phosphorus absorption efficiency of LP and HP was 14.3%— 23.2% and 25.0%~-26.0% higher than that
of SP in the two test points, respectively. Compared with SP the yield of summer maize increased by 22.3% in HP at
Yuanyang test site, 18.5% and 34.7% in LP and HP at Xuchang test site, respectively. In conclusion, the applica-
tion of layered and hole application techniques can optimize the spatial matching of roots and phosphorus, leading to
increased phosphorus absorption and utilization efficiency, and obtain higher grain yield, which is a suitable phos-
phorus application method for summer maize.
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Fig.1 Temperature and rainfall in the experimental field



106 £ K B % 3%

i , 2022 444 [ T B R 579 mm, 356 + 392 Ry e
+o mHMATE6 H AR 30.0 C, BHZE 5
Fe oy S RAA LT 14.5 olkg AR 1.25 gkg . B AL #E
14.4 mg/kg R 122.5 mg/kg(E 1)
112 AR E RS M

(EA3 70 57 oy B = 2 = e 04 Y e S22/ Y e o N
HBHL958(ZD 958)., Fh -4 3K 0] 5 4 FK AR Bl 2
Al o MR AR R A R R (N 46.0%) . 1 8 iz £5 (P.O;
12.0%) B R (K0 52.0%).
1.2 Rt

IRI I 4 Kb B WA 53 ) HARUE (SP) | 432 Tt
(LP) 45Jiti(BP) /it (HP) , R FHREHLIX 2 1511, 3 IR
5o BERAEARSH IR ZE BEIR — S FB R AR , NE kit F
0 N: 180 kg/hm®, P:0s: 75 kg/hm® . K,0: 75 kg/hm?,
A AL IR RE R — I F A BRI TRER A
THEA o FRIEFNE LN 67 500 H/hm’, 4 Fl T E]
J920224FE6 A 12 H ,#REE 22 em, 4715 60 em , /NMX i
N 50 m?e PRI FH A FE A5 A it A5 DX 3 7
T 32, JEBH AN 2 S F ok 9 A 23 H .
24 HWCHR o U 85 8 B 25 ) SHUEE S 58 /N X 2 1
G3IE N  AERE B FORFIEAT S om Kb FHEREKIZ Fh 71K
JE+10 em 2247 1078 B =40 2 — BB AR S 1A
N O R IO R UR B +5 em Ab, BRI AT
AT =50 2 — B IE , 2 J5 56 43 2%t « 76
BIAJ A N 5 I o 7R AP AT 5 em 4k
FERBIZ A2 5 em ZE 47 /NI, DR B R AT IR B +
5 em, SR A AR 5 SRS
1.3 MEmMBES5A%
131 REFRFTHREASZ

A3 T BRI k22 0] A
/N IR 5 PR — 3 B B A AR 0y R AR
FE PTG RERR 5 28 (A, ik 22 30K R iR
O3 N 25 (ELHE ) b R 3 A, A A o 2 (e
FHOT) o R R 4R B RS AL
FET 105 CAA T 30 min, 285 80 CHET 246, i)
FHFRAPAECRE 8 B2 0.0 PRI T it . 7R E0K
BT, AN /INX SR ER 217 5 m K BAEAR IS T H [R]HR
FE AR T A RO, I Tk = &, 3B Y
IR A3 72 A PM—-8188—A il 2 -7 1% /K 58, P a3 th X
VA=W & =
132 HRABS

TR AR R IR A KA — B i
SEREAR 5 0E , DUREAR 0 L350 R oty 782142 20 em (1)
IR DX 38k P 2R A7 4R T[] 0 ~ 40 em A9 T 3R R 42

i, 23 B0 ~ <10 em ., 10 ~ <20 em .20 ~ 40 cm AJAR
e A4S Z H AR K R sh i T 1Pk 4
AR BB 1 CHRAE

K H Epson Perfection V700 Photo FH AR
ZEEN SR)EdFH WinRHIZO 2016 #3220 Hr 4k 4430
TERRAC ARAFRRAR F2 R B4 50 iU AR R AE
PEAEHETFRE .
1.3.3 HHAHESE

PR 5 A AR AR B (R M B R TR
¥y e, ik 100 H i 7, A R 48 B R brid, 8 H
H.SO.—H0, T4 2, BHLAH ¥5 Lo € 75 I 5 A i 4 B 75
=,
1.3.4 AMXAHTHEAR

T AR S R =P YR ML L R S R 24 (A
PO IBORE S 8] 18] B 5

8 2R W A e = AR B B AR R BT
EXIZAE B IR R R R AR

A NE AR i = LI Rl 2R WA/ i 2
Hb b FAF AR 22 WL X 1009% 5

W 22 M 2 7 =it g A BT P R

BB R L =t 25 SR E R
RE-AHE RS BRI R ED,

BRI IB R =B AN B R s it 228
et BB R R EX100%;

BRI R DT R =E R B R s
/AR R P R 5 x100% ;

BE 2 R ISR R = AR b R e R R it e x
100%™,
1.4 HIELESHW

eI B A 1 2SR ]S 4G, SR S )
FH two—way ANOVOA £ 55 B NE it HH 7 =5 b S 28
HAERINE F oK BT T R R T E AR
W R AR, [ LSD YA BE T 7 22 ] Bt AG:
By o T B8 Y SPSS 22.0 #4347 7 22 40 Hr F
FHIEME ST, Fe ks TR FH Excel 2019, B2 il fii
HH Origin 2021

2 R0

21 AEAEHARMEEXM LR TURRES

BRI

211 EERBEFTHRRREEFRREEE
A TR0 it Al ORI 06 b s S 3 5 )

EB T R B (P<0.05) . FERET, S BHIRE

M 3T SR R i R B HP>SLP>BP>SP, 1F 5 i

55 M T B R R A R B LP>HP>LP>SP,



13 UG5 - WAL 7 06 = ORI RIS

R WM R P 5 107

FE WS 5, LP AL HP AL BEAH % SP AL PR 2 25 42
K FER T R B i 43.8% . 18.4%F145.3%
13.7%, BP AbBRAEVF 5 00 54 SP AL HLA Fr i s (H
T FHES . PR 22, 5 B ok EE T

JE AR B 5 A R B — 2, U S L BP

T4 o B R R A 4 R, Rk 22 WS TR 2 R R
18 ; niéﬁZJﬁ , TR AR SR AR T B A
o b b o AR R AR AE 3 A Y LP A
HP b BAR AL SP Ab BRI BT RS I s 7emk 2230, b3
T4y 5 R % LP A HP b BRAE PSR 5 5 48 SP

HP 2 FEAR [ SP Lﬁf‘]ﬁ%‘ﬁm o ME—DRTEEAR AP B RN 24.0% (17.7% F128.9% . 16.8%
Hy EFRT B R R TR RSO k28, (Kl2).
F1 BEEAAXSHRASNEERFRMN _—ERTESR
Table 1  Two—factor variance analysis of the effects of phosphate fertilizer application mode and land plot on each factor
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Source of variation
F P F P F P
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Fig.2  Effect of phosphorus application method on dry matter accumulation and accumulation

rate in the upper part of summer maize field
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Fig.3  Effect of phosphorus application mode on summer maize yield
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Table 2 Effects of different phosphorus application methods on root dry matter quality at maturity stage g

TR 4b B +ZE Soil depth A
Test location Treatment 0~<10cm 10 ~ <20 ¢m 20 ~ 40 ¢m Total
Ji FH SP 6.95b 2.66 b 0.34b 9.54 ¢

LP 8.74 a 317 a 0.46 a 12.27 ab
BP 7.62b 3.05 ab 0.41 ab 11.08 b
HP 891 a 348 a 0.45a 12.84 a
WA sp 7.36 b 2.79b 0.41h 10.56 b
LP 9.50 a 351a 0.61 a 13.62 a
BP 7.81b 3.08 ab 043 b 13.02 a
HP 9.26 a 3.67 a 0.59 a 13.52 a
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Table 3 Effects of different phosphorus application methods on root morphological

distribution in mature stage of summer maize(Yuanyang)

JEVREE (em) ib B HA (em) FAIFH (cm’) A (em)
Soil depth Treatment Root length Root surface Root volume
0~<10 SP 1839.03 b 954.82 b 37.19b
LP 2674.51 a 1102.06 a 5431 a
BP 254571 a 1072.48 a 45.74 ab
HP 2627.88 a 1092.16 a 41.40 ab
10 ~ <20 SP 1756.04 b 531.27b 13.56 b
LP 247723 a 824.41 ab 18.69 a
BP 2289.11 ab 711.03 ab 14.39b
HP 247634 a 882.12a 25.78 a
20~ 40 SP 634.16 b 161.11 a 3.61 b
LP 722.80 b 194.94 a 526a
BP 651.94 b 178.59 a 4.18 ab
HP 975.28 a 231.24 a 6.95 a

F4 FAEEEHAXNEERRAHRARSSHHZMOTE)

Table 4  Effects of different phosphorus application methods on root morphological

distribution in mature stage of summer maize(Xuchang)

FJEIE (em) Ak B K (em) R (em?) FRAAFH (em’)
Soil depth Treatment Root length Root surface Root volume
0~<10 Sp 959.19 ¢ 44329 b 7.73 b
LP 1 868.29 ab 468.75 a 19.46 a
BP 1.326.77 be 47382 a 16.83 ab
HP 2103.66 a 486.03 a 17.85a
10 ~ <20 SP 1039.16 ¢ 309.22 a 246 b
LP 1 745.53 ab 31871 a 337a
BP 1296.55 be 27728 a 2.38b
HP 1783.06 a 319.88 a 4.66 a
20 ~ 40 Sp 681.98 b 194.06 a 1.45b
LP 1205.63 a 23133 a 222a
BP 1131.63 ab 198.49 a 1.71 ab
HP 1156.57 a 237.50 a 2.58a
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HP>SP, M 5 5 i i 230 4 HP>LP>BP>SP. 785 fH
TR ZEFF A B S i LP O HP b 4% SP AL BRI
L 19.8% .30.2% 11 3.7% . 22.9% ; TE 1 B 56 5,
ZERTF SR LP A SP AL PR 5 4R 5 12.8%, M S
it P HP 4 SP Ab 373 1) 4 35 42 55 5.8% F1 19.7% o
FE k22 B W0 3l 00 R Y SR B LP>
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T B PRGSO LP BP Ab B B 2 5 SP



110

£ Kk B

2,
e

33%

HP ZbFE, SP AT HP 4b# G 18 2% 24 5 5 0 F v (R i &
&, LP HPAbFf g 3% 75 T SP . BP AL Bt , SP . BP Ab F 7]
AR R EZESE . TERERIY 25 FIREER A & 1Y
BT TR B RN E IR BB PR s, T

FRS B T T A PR S RS i i LP A
HP Zb PR F SP A i 25 4 15 31.3% .27.2%F129.7% .
19.2%.

®5 AEEHAXNEERFIEHSENZM

Table 5  Effects of different phosphorus application methods on phosphorus content in maize organs gelkg
BT 22 A
a6 kb 3 Jointing stage Silking stage Maturity stage
Test location  Treatment 2% nt il 2% it il 2% it Tk
Stalk Leaf Spike Stalk Leaf Spike Stalk Leaf Grain
5B SP 2.12b 2.18b 1.86b 2.45b 2.53b 1.72b 1.97b 2.12a 2.56b
Lp 2.54a 226a 239a 3.07a 3.14a 1.94 a 232a 223 a 336a
BP 2.18b 237a 230a 2.79a 2.73b 1.83 ab 235a 2.08 a 2.99a
HP 276 a 2.68 a 22l a 227b 3.65a 1.77b 2.14a 2.14a 332a
B SP 2.27b 2.59b 2.35b 2.60 b 2.67b 1.97b 2.05¢ 2.19a 2.50b
LP 2.56a 274 a 2.68a 3.02a 3.09a 249 a 224 b 217 a 3.18a
BP 2.46 ab 2.65b 254a 2.85a 275b 2.19b 2.67a 2.14a 2.68a
HP 2.36 ab 3.10a 248 a 2.67b 353a 2.28 ab 225b 1.86b 298a
232 FRAHFXAEERRFAFTHHHTRL  BERBICE Sk 225808, LP . BP Zb 3 A1 HP 4b

& DA

HH 3% 6 AT J, B BRI = Wl i e 4 A B A
b R AT o) | P 2287 B N T R e W g
W i F 2 3 > HP>LP>BP>SP, LP HP 4b 3 L SP 4b
P 25 4 =, SP RN BP 4b B[R] G {2 3 22 57 (P<0.05)
- 22 3, s 28 WA i U S 2 B LP>HP>BP>
SP, ¥ B a5 5 I8 HP>LP>BP>SP, 76 P N i 56
S5 LP 1 HP Ab 288 2 W 0 & bE SP A B i 25 B
33.7% . 18.9%F128.8% .19.8% . R, KL 1

PR 2K 2 i T SPARER k223, SR BHIR G
SR R LP AT HP AbFHAS SP BP Ab B354 Ain
19.48 .17.50 F116.69 . 14.71 kg/hm?; VF 550 S w2
W2 S LP 1 HP 2345 SP . BP AC B4 5148 i1 11.90
5.08 kg/hm’ 1 12.47 .5.65 kg/hm®,
233 Hkiia

LP . BP Fil HP &b 3% 2 i ia 7 Wi Tk 3 |
WhGE R & T SPALER(FR 7). WG B R i
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®6 AEIEHAXMNEERFEEEHABEREENZMN
Table 6  Effects of different phosphorus application methods on phosphorus uptake of

summer maize at different growth stages kg/hm®
BRI
a6 i o5 At PR Phosphorus uptake
Test location Treatment A - 24 44 e 8
Jointing stage Silking stage Maturity stage

Jst BH SP 9.66 b 57.88 b 94.74 b
LP 16.03 a 77.36 a 11771 a

BP 12.85 ab 69.86 b 104.98 a

HP 1795 a 74.57 a 108.98 a

= Sp 8.99h 62.91 b 99.84 ¢
LP 1237 a 74.81 a 116.56 b

BP 11.05 a 69.73 b 111.82b

HP 1295 a 75.38 a 119.12 a
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Table 7 Effects of different phosphorus application methods on phosphorus transport and grain contribution rate of summer maize

0 i ik Tl 12 i (kg/hm?) G2 % (%) KR BTHR R (%)
Test location Treatment PTR PCR
Ji B SP 13.76 b 28.02 ¢ 32.51h
LP 2326 a 33.42h 3576 a
BP 2136 a 3557 a 34.02b
HP 21.59 a 36.67 a 33.92h
7T & Sp 17.58 b 30.83 b 31.13 b
LP 21.16 a 33.58a 32.01b
BP 19.05b 32.26a 31.68 b
Hp 20.03a 32.13a 33.39a
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HP>LP>BP>SP, 5 SP AbHAH Eb , 75 A1 56 55 B IE
25 7= 3 LP Al HP &b B 5 35 41 155 23.6% . 18.4% Al
15.7% .24.9% . 528 WS A R FH A S R BN
HP>BP>LP>SP, LP . BP 4b B Fl HP &b B4 SP 4k 43
R 14.3% .21.3%H125.0% ; V1 Bk 56 S R
W% 3% % 22 30 A HP>LP>BP>SP, LP , BP 4b #f fil HP
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Table 8 Effects of different phosphorus application methods on partial factor productivity, phosphorus

harvest index and phosphorus absorption efficiency of summer maize

TR L, ib B BRIk HE L Mt 71 (kg/kg) BEZR ISR (%)
Test location Treatment PFP PAE
Jt BH Sp 62.83 b 88.62 b 42.56 b
LP 68.24 ab 109.51 a 48.64 a
BP 67.28 ab 94.23 ab 51.63a
HP 7187 a 102.56 a 53.22a
A Sp 66.72 b 92.46 b 43.52b
LP 69.56 ab 109.43 a 53.61 a
BP 7226 a 102.64 ab 52.13a
Hp 73.63a 115.50 a 54.85a
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TEAA BT ERXT 2R A SRR, A58 g A
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1 HL 5 AR FR A o AR R, FOK R SOR T B &2
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3.2 AEMEBAXNE EXKBEREEZEHZME
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