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Effects of phosphorus placement depth on dry matter and phosphorus
accumulation and transfer of spring maize

DUAN Gang-qiang, YANG Heng-shan, ZHANG Rui-fu, BI Wen-bo, HE Dong-dong
(Agronomy Department of Inner Mongolia University for Nationalities , Tongliao , Inner Mongolia 028042, China)

Abstract: Zhengdan958 was employed as the experimental material under the condition of earth pillar cultivation,
using no phosphorus as control, to investigate the effects of four phosphorus placement depths including 6, 12, 18 em,
and 24 c¢m, on the accumulation and transportation of dry matter and phosphorus nutrient in spring maize. The results
showed that with the increase of phosphorus depth, dry matter accumulation amounts and grain yield were increased first
and became decreased afterwards, all reaching the maximum at the 12 cm phosphorus placement depth. For leaf and
stem-sheath dry matter translocation amounts and translocation rates, the contribution rates to grain were all the maxi-
mums at the 6 ¢cm phosphorus placement depth. The phosphorus contents and accumulations of organ at the 12 ¢cm phos-
phorus placement depth were the maximums. For phosphorus translocation amounts and translocation rates, the contribu-
tion rates to grain at the 6 cm phosphorus placement depth were overall the highest. The phosphorus element partial factor
productivity, absorption and utilization rates were all the maximums at the 12 em phosphorus placement depth, reaching
significant different levels. It showed that moderately increasing phosphorus placement depths was an effective approach to
the improvement phosphorus utilization rate.

Keywords: spring maize; dry matter; phosphorus content; accumulation and translocation

AR, BT /N I HUBRER X SERIGAE — Y R AR TR S AR A TR
PRAGA WL B 45 e FURE G 0 B OB IR, 7 A RO RS AR .5 -0 Bl A 4 8%
WERERFZ RN PR AL 2 BUREARS bk, WIEIES B FAGBE — AR 1~3
A PR 228 (A1 0 A B A R 1) B4, NI S " B0 e, PRTTR S R0 e F) MR AT BT L1 gl 2 AR AR 1) 2 A

Wk B #:2015-07-16

EETE : HRE ARFFEE ST H (31360308) ; I 5 3 7R TF2 (2012BADO4B04)

YEE A BNISR (1990—) , 53, IR BT 77, BP9 A, B FOR S 3 BE F5¥ o E-mail: duangq @ 163. com,

BEEE MEL967—), T, NS FIN, B2, WL, ERNEAEY 7 B PHE o E-mail : yanghengshan2003 @ aliyun . coms,



104 THH XA AFTE

5 34 45

LR =8 I B A S R R RAR R M A
1] DC P P AR 2, 2 M 1) 6 R 4l ) MR AR AR
FEF LT AR A ARG AT Bt
REEXT 7 AT Y M = 2 IR R 55iE
SO, DU R 0K R 7 5 W s RO 5% 0 AR A
WEH, A FORBENE A R R R R B iR 12
1 MRS
1.1 RGN

ST 2014 4, TEHAL PU IR P A N 52l R
R EF 52 4 37 (43°36' N, 122°22' B) #6477, 136
ZAESE RN 150 d, 4 4R R 6. 8C,
= 10°CHY 1% 3 BUR 3 200°C, Z4AEE Y[k & h
384.6 mm, TIEASAUN IR @K+ JEHT L AR
(0~20 em) F2 ARG A AHLIT 15.2 g- kg™ ' 2R
0.96 g- kg~ ' BAF A 53.45 mg- kg™ H BB 10. 63
mg- kg™ HEACEN 79.88 mg kg™, pH {H 8.38, iR 5% H
HLA 58 35 (W HE I % A
1.2 ke

PEIR T Fl R 4 B 958, H b T A Bl A BR 2
AR AL (R w0 N O R A, A S B 2
=44.0% , S IF B TTATA PR A A2 7
1.3 gt

RIAE AR B AT AT, A AR 32
em, 5 100 em AY B FEIR PE 4, B AL MR, FH
R 22 S B TR EA A 10 m, 98 2.5 m, IR 1
m [ EYN . RAZE L5550 i Bl K sk
W77 AT REPRRE R L RUIR 4 . BEAb 3 26 4>+
o AT, 3 5 47, Bk B 32 em, fTHE 41.6 cm, FIAE %
BE 7.5 TRk - hm ™2, A A 23 A R 3ESE

RGP 6.12.18 cm Fl 24 cm Jti B B 4 44k
B it 4k P,0s1.6 g+ A (120 kg-hm™=2) -4
ASHERERE A % HE, 4331 L T6 \T12, T18 . T24 Al CK >k
PR, RGN K0 1.2 g+ HE71(90 kg-hm™2),
FEHIIE T 15 em )24 FE3T AR 0 14538 it
N2.6 g-H:1(195 kg-hm=2).5.2 g+ ~1(390 kg-
hm™2) o DU Sl A B2 B AR ORI AT, R it
NEACE-Sy1m] AR . X5 T 2014 4F 4 H 28 HEE
Fl,9 H 29 HISOHR, A& IR 4 IR, B E R
WM 750 m® e hm 2,
1.4 HRRESNE
1.4.1 FHRERHAZTMNE S HEREIO
(07 - 01) .BE22 11 (07 - 25) .22 )5 15 d(08 - 10) .
FLAJH (08 - 25) FI5E W (09 - 29) , 34 FRIBCA X
FMEELE 34K, 400 2R (25 + M) RS R

R CELM: + B Ah + AR ) FIFFRL, 76 105°C R 7 30
min, 65 CHLT B E 5N E TP E, /R
J | FEVBUAR B e (0 0 R 45 2 O i 100
1.4.2 FEAEFEMAREE  BERATE A H
Pl AR TR, ORI S b b K i, 975
H 14% KRR FFR™ i
1.5 fExsHitEARI

T Fkia i = it 22)5 15 d 2B TYRM
S — ORI R A T R R

TYI a2 = 8 E TY s R/t 22 )5 15
d R R E TP R 2R 4 x 100%

W E YR s i R DT = 25 T
[l iz & /PR i x 100%

Wikia i = 225 15 d &8 B A 2R —ik
HIVIRH N 2% B B A R o

Wibia R = R E B E W/t 22 )5 15d #1048
B R x 100%

R E B B TR TR = ST s R
/KPR 5 x 100%

BEAEAR A= 7 1 (PPFP, kg kg™ ") = MM Ab BOFE L
P/

WAL SRR (PAE, kg kg™ ") = (iEBEAL X
RIS — A it A8 A X 10 2 I A ) /it ol A e

AR A% (PUE, kg ke~ ") = (it X FPRL
AN B RPRL = ) /W X b R AR bR K
B R
1.6 ¥iEALIE

X A Microsoft Excel 2003 1 DPS 9.05 #4447
BEALBRFI G0 o

2SR5

2.1 MBREMNEERFERFEMHERNR

i

H2e 1 Al DL, S Ab P B OKRBERIEC DL T12 H,
T6 IRZ., T24 Ak, T24 5 H Al Ab B 2 [H] 25 5 35 B )
BEKT, HA AP (8] 25 AR B3, TRIE A
FIH T12 > T6 > T18 > T24 > CK, T12 5 HiAth b
)22 BR8] T 8K, 5 K T24 Z (1]
(25 7R B TR KT o A A0 3R FOK 7 e R
WL T12 f i, 5 HoAth A B ) 22 S 2458 31 T &8 3% K
- o CK L T24 Z (8] 19 22 Sk 8] T 4 S 27K F
AR T EE AR AL A AR — 2, 156 12em J2&
AR TR B, T T 3 2 4% it Tl 1% 5 4b 1 7=
HET CK i EEFRA,



55 1

B 580 25 « T TR L X 7 R o SRR 2R 5 s (1 5 )

105

2.2 MBRENEEXREHRTYRMREENTM

B 1 AT, & 42 B IR EOK SR T4 R
SR Ak 22 g 4 R B T6 > T12 > T18
> T24 > CK, H ik 22 W& i R FE AL B 5 CK Z [
125 S8R 3 T I 2 KO, 45 it il TR Ak 3 ) 22 S
AN FLAH RN 58 B 25 A0 B oK Bk T
MR St 22 WA 25 55, R T12 >
T6> T18 > T24 > CK, & il W VR FE AL B 5 CK Z [H] 11y
ZSEYREN T K, MR B AL B[] T12 2L
1N 5E YT 23 B T6 TR 1.69% 1 5.83% , 4B G
WSRO R B T B AR R i, i W T T12 Ak
P KRG T YL e R
2.3 MBMRENEEXSRETYURERE B

FRFNTFF AL A BT 8k 2 Y R

% 2 AT UL, 45 A B oK I M ZE 8 I T
Hin iR M T6 > T12 > T18 > T24 > CK, HALH
Z A 22 S BR B T KT, s SR AR L L
SEHE RAF 25, W EE i F UL T6 I i, T18 1K
Z, CK &A%, 228 n 5%z 2 L T6 e, TI2 IRZ, CK
A%, 52 T W a8 e s, T o8 X kPR

I 22 14
Trumpeting stage

Silking stage

FITTRRER , I S 258 L CK B A, A [) i B 1% 3 Ak
B[R] S ZE RS LL T6 Sk, T12 IRZ, T24 e /e 45
AbFRF FOKMEREAE S5 T4 SR R AR R S LA
T12 ferm , CK 55 fik, T12 5 Al AL B 2 8] 7y 22 5 336
T BEKF

®1 HEHREXNEEKRTERTEMHEFE
Table 1  Effects of phosphorus placement depths on grain yield
and its components of spring maize
FRLEL TR FrhE e
Qb Kernel 100-grain Actual Increase
Treatment number weight yield rate
(No. /ear) /g /(g k1) /%
CK 531.60abAB  319.88cB 170.00dC —
T6 540.00abAB  353.88bA 191.07AB 12.43
T12 551.60aA 360.94aA 199.07aA 17.12
T18 538.80abAB  349.65bA 187.60bcAB 10.82
T24 519.00bB 339.65bAB  176.27c¢dBC 3.7

T R FUAS ) /N RS 5 B 53 53] 2 AR [ 8 A6 A [7] 4 L[] 22 e
HBE(P<0.05) Mk (P<0.01), T,
Note: Different small or capital letters in the same column meant signifi-

cant difference among treatments at 0.05 and 0.01 levels, respectively, and

hereinafter.
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Single column dry matter accumulation of each period
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Table 2 The amounts of transfer, transfer ratio and contribution ratio of dry matters in spring maize

M Leaf ZEHH Stem + sheath HERE Ear
Lb TR Eidht L3RS TURR Fein L3RS P& R AR BRER
Treatment Amount of Transfer Contribution Amount of Transfer Contribution Amount of Total amount
transfer ratio ratio transfer ratio ratio accumulation after of accumulation
/g /% /% /g /% / % flowering/ g /g
CK 8.33e 21.70 5.70 8.69d 12.53 5.95 200. 16¢ 263.85¢
T6 16.48a 33.24 9.99 16.88a 19.49 10.23 210.71b 296.76b
T12 14.07b 28.62 8.18 13.55b 16.14 7.88 229.99a 312.13a
T18 12.98c 30.08 7.89 12.21c 15.56 7.42 217.62b 295.11b
T24 11.19d 25.53 7.41 4.0% 6.05 2.70 212.69bc 276.29¢
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Table 3 Contents of P in different organs at different growth stages of spring maize

wE i3] pNCILANEE ] - 22 14 LA SER
Organ Treatment Trumpeting stage Silking stage Milking stage Maturity stage
CK 0.688a 0.723d 0.572¢ 0.354c
T6 0.699a 0.754cd 0.623b 0.362¢
I

Leaf T12 0.707a 0.828a 0.692a 0.426a
T18 0.705a 0.798ab 0.646b 0.398b
T24 0.701a 0.772bc 0.632b 0.394b
CK 0.508¢ 0.426d 0.368d 0.251c
T6 0.650a 0.532ab 0.472b 0.321b

e
Stem and Sheath T12 0.652a 0.554a 0.503a 0.353a
T18 0.630a 0.514b 0.467b 0.318b
T24 0.560b 0.474c 0.441c 0.257¢
CK — 0.851ab 0.294d 0.225¢
T6 — 0.729¢ 0.299¢d 0.241b

RERRE TR _

Bracteal leaf and Far axis T12 0.813b 0.310¢ 0.242b
T18 — 0.862a 0.337b 0.249ab
T24 — 0.886a 0.359a 0.258a
CK — — 0.792a 0.466b
T6 — — 0.682¢ 0.483b
FPRL TI2 — — 0.697he 0.489b

Seed
T18 — — 0.707be 0.517a
T24 — — 0.721b 0.526a

2.5 MEBSFREXNEEXBERIENZN

3 4 UL, b5 AR B IR, & R £ ok
W N ZE R AR R Y B SR T e B A, b e DA
w22 W o ANIR) AL PR 2 (R AR 22 5, R A
L T6 f i, 5 Hofth b B 22 0] (1 22 53 459 54 31 (g 25K
V- nk 22 1L T12 fem, bR S T6 Z B 28 54
Ab, 5 H AN 2 (8] ) 22 SR B T B KO 2
B R AL LA S5 R, & AR B DL T12
T, 22 ABR S Te Z [A] i 22 571 B3 40, 5 HoAh
ARFRZ ) (4 25 SR 3] T R Ko RS SR R
TR TR A A B RS 118 M I, #5 AL 334 LA
T12 fe iy o FPRLBEFR 2R 1 L2 A 52 2 3 L T12
B, o LU T12 5 T Z Al 2% SN B, 58

P B Z R 22 Sk B T R K B T12 40
PR AT B AN U
2.6 HMEBEREXNEERBEZHZIG

H 2 5 0] UL, £ Ab PR ORI B 2L B L 12 5
PILL T6 feimy, T12 IR 2, CK A%, Hir )5 3 501 —
B P2 RE R T 8 E K, J =38 Z B2
SN AR SRR s i 5 AR AR D
T24 f e, TIS IRZ, CK ik, K 5 &E 5 —# Z
(B 25 S 3R 3 1 I8 & KR 1 A Z R 25 A
B WL R IR T LA T6 i ; e is XHAF kL o1
Bk, i SRR LA T6 e, T12 IR Z, BEHR A SRR
DL T24 f5 , TI2 IRZ



B 530 25 « A TR 2 X 7 K ot S i R 2R 5 i Y R ) 107

R4 BERTRREBRRRENIHEEL/ (kg'hm™?)

Table 4  Accumulation of P in different organs at different growth stages of spring maize

R i3] pNCILANER ] - 22 14 LA e
Organ Treatment Trumpeting stage Silking stage Milking stage Maturity stage
CK 13.624¢ 20.821d 14.021b 7.987¢
T6 23.565a 29.388ab 19.069a 8.983bc
Ir
Ljaf T12 20.638b 30.550a 18.710a 11.226a
T18 19.337b 26.405bc 17.130a 9.897ab
T24 15.866¢ 25.361c 16.330ab 9.650b
CK 14.026¢ 21.867¢ 16.917b 11.282¢
o T6 19.748a 34.069a 24.642a 16.553ab
2y
- T12 20.860: 34.430: 24 .988:¢ 18.371¢
Stem and Sheath 4 a 4 4
T18 19.072a 29.867b 22.979a 15.598b
T24 15.929b 23.679¢ 21.395a 12.074¢
CK — 11.620b 7.721c¢ 4.580c
. T6 — 15.669a 8.270b 5.228¢
-~
L R T12 — 17.026a 8.333b 6.272a
Bracteal leaf and Ear axis
T18 — 16.620a 8.772a 5.812b
T24 — 16.642a 8.831a 5.629b
CK — — 28.616b 51.010¢
T6 — — 36.875a 59.821b
Frk T12 — — 37.592a 64.054a
Seed
T18 — — 33.949ab 63.768a
T24 — — 33.167ab 59.561ab
x5 BEBRENEERSREBHZZNZN
Table 5 Effects of the phosphorus depths on P translocation of spring maize
I e A E IR A
Leaf Stem and sheath Bracteal leaf and Ear axis
I gpEh e gk RS femk gk SR ek bk
Treatment Amountof Transfer Contributi Amountof Transfer Contributi Amountof Transfer Contributi
transfer ratio on ratio transfer ratio on ratio transfer ratio on ratio
/(kg*hm~?2) /% /% /(kg*hm™2 /% /% /(kg+hm=2) /% /%
CK 12.83¢ 61.64 25.16 10.73d 48.41 21.03 7.04c 60.59 13.80
T6 20.40a 69.43 34.11 17.75a 51.41 29.68 9.89h 65.43 16.54
T12 19.32a 63.25 30.65 16.28a 46.64 25.81 10.75a 63.16 17.06
TI8 16.51b 62.52 25.89 14.24b 47.05 2.34 10.81a 65.03 16.95
T24 15.71b 61.95 26.38 11.76¢ 49.01 19.75 11.01a 66.18 18.49
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Table 6  Effects of the phosphorus depths on phosphorus

absorption and utilization efficiency of spring maize

b ()] Uigies igives
Treatment PPFP PAE PUE
T6 102.84b 0.96bc 11.55h
TI2 107.55a 1.20a 16.26a
TI8 103.12b 1.00b 11.83h
T24 94.43c 0.89¢ 4.39¢
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