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Study on the Uptake and Utilization Efficiency of Nitrogen,

Phosphorus and Potassium in Maize Seedling Stage
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Abstract: Zhengdan958(ZD958), Weike702(WK702), Zhengdan1002(ZD1002), Xianyu335(XY335), Zheng-
dan538(ZD538) and Yudan606 were used as the experimental materials that were planted in large areas in Huang-
huaihai. The nutrient solution test and field test were used to study the absorption and utilization efficiency of nitro-
gen, phosphorus, and potassium in different maize varieties at seedling stage. The results showed that there were dif-
ferences in NPK accumulation between different maize varieties. Compared with NPK treatment, the highest relative
nitrogen accumulation(RNAA) of maize seedlings under NPK—N stress was ZD958. Under the NPK—P stress, the
highest relative phosphorus accumulation(RPAA) at seedling stage was XY335. The highest relative potassium accu-
mulation(RKAA) at seedling stage under NPK-K stress was YD606. Under N, P and K stress, there were also geno-
type differences in NPK utilization efficiency of maize seedling stage. Nitrogen, phosphorus and potassium stress sig-
nificantly increased the N, P and K utilization efficiency of maize seedlings. Nitrogen stress increased N relative uti-
lization efficiency by 2.91 times, phosphorus stress increased the relative utilization efficiency of phosphorus by
3.98 times, and potassium stress increased potassium relative use efficiency by 6.16 times.
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1.1 iXgE R

R RECK H 5K LSS, KHE T
2014 ~ 2015 A T30 1 8 A A LA & SE - (N 34°
47" E 113°407), 20506 i dth BP0 HEVE D7 (8, b
o) — 3, BhoRa i BE Sl — AR BN - BOKR AR AR
il FHOMFEEET 1. K HHZE 0 ~ 20 em)
REAE ) IEY PR AR R R LR 1.4 2, R
P 4 [ 58 Rk A A bR E™ U+ e
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Table 1 The soil particle constituents and nutrients content at 0-20 cm soil depth in tested soils

i T AL TR ) AR AL pHH
Year (g/em’) (e/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) pH value
SBD SOM AN N AP AK
2014 1.23 13.18 52.35 804 25.77 126.35 8.17
2015 125 12.25 54.67 796 23.51 135.70 8.06
®2 EREKPESKERHE
Table 2 Meteorological conditions during maize growth
q SEERE(C) 2 R £ (mm) H R % (h)
Average temperature Rainfall Sunshine duration
Month
2014 4F 2015 4 2014 4F 2015 4F 20144 20154F
6 29.90 26.60 68.70 29.23 178.80 160.70
7 26.93 28.70 61.10 77.2 63.40 208.40
8 25.43 27.60 17.87 115.00 57.10 191.80
9 19.83 22.10 93.17 39.60 45.07 167.30
6~9 HF 25.53 26.25 60.21 65.26 86.09 182.05

1.2 REHRSiET

A3 T oK A R R4S B 958(ZD958) | At 335
(XY335).45.606(Y D606) SR H.538(ZD538) KB 1002
(ZD1002) R} 702(WK702), 2R T 2015 4F
6 ~ 9 H 1E T F A8 IRAR AR Y AT & 5 b 308 T A
7o KB ZRYBRIAEK 34 cm, 9% 26 cm, 5 12 cm),
WA BEHUOR/N—20 R 1 B 28 15% 1)
H,O, 1 5F 15 min i FHZZ 1B A PE T4, SR 5 K Fih 7
B B A TR e A & 2 A, B — )RR

TEIEAR, A EIRAR (25°C, 75% WA XTI BE) , B KM
Mz S8R, PR A R — 228, B AR
TV 2R E T O ik K S— S0 i
A0 B Je R A AL B IR AR L Y IR AR
PR Lo O T AR R A Ry 12
PR KRR AR RIS TR AN IO i 28
BHEIR, LA 1 6L 0E A 74 N TR AR SOt fif v
(SLFTE

HIR S LIV SRR vk e, DA SR
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NPK (W ), 35 NPK-N(ZUHHA , 1/10 () N % 1) NPK-P
(B i, 1/10 /9 P &5 i)  NPK-K(H e, 1710 /9 K
i) MR NPK A 5 AN AR P (K 2) . B 1A AL R (4
), 4 IRTEE . 2E IR : Ca(NOs), 2.0 mmol/L,
KH:PO, 0.25 mmol/L, K,SO, 0.75 mmol/L., MgSO,
0.65 mmol/L, KC] 0.1 mmol/L., Fe—EDTA 0.1 mmol/L,
H;BO; 1.0%x 10" * mmol/L, MnSO, 1.0 %X 10" mmol/L,
ZnS0O, 1.0x10"* mmol/L, CuSO, 1.0 x 10" * mmol/L,

*3

(NH.)M0,054 5%10°° mmol/L., PK4ZbFRLL CaCl, - 2H,0
FAFEA R B Ca; NK 75 AN DL KCLAM FEAS 2 1Y K
NP 4b # DL NaH,PO, - 2H,0 , Na,SO, 1 CaCl, - 2H,0 b
FEAEHIP.SHICL, 1 mol/L i NaOH ¥ #1437
pH{E } 5.95 ~ 6.05. HZ R4 LA, i1t 238
AR AR AR A HA S5 (e s A shgHg
20 min/2.7 h)o BES5~7 d EH L RIG IR, IFREPLEE
AR

e 15

Table 3 Experiment treatments

it P

N (mmol/L) P (mmol/L) K (mmol/L)
Treatment
NPK 4.0 0.250 1.850
NPK-N 0.4 0.250 1.850
NPK-P 4.0 0.025 1.850
NPK-K 4.0 0.250 0.185
It NPK 0.4 0.025 0.185

K H A 56 S 152 5 A Ab L, NPK(H5 Fh 15 it A
40% 1) ZAE + 4= 3B A Bl I , w11 38 60% 1) L
JE) . NPK-N(A it ZUIE , Jite B8 A AR IE , 4% st it A
ST BT ) . NPK-P(ASJiti i AT, Jiti 20 A4 AE
TR it A 40% Pt BUIE +45 30 A A0 AR, SR L 1 3
60% 1) ZNE) NPK-K (At # AL, it ZIE FIBEAL , ENRE
FhBs it A 409 1 AL +2 5B B , Kl 11 60%
A ENE) OCRTENE) o X80k FH 24 X 3 11, T4k 2R
REX, EFCTEIX . ANXTE L 18 m*(3.6 m X 5 m),
BEMLHES 4 IREE . HHAEE HIR R (5 N 46%);
A AIE S 3t B R 45 (5 PO 12% )3 B AT g S8 AL (7
K20 60%), T A TR AT R 8T 2 o0 i O A R
AR
1.3 MEMBESFA*

IRIGZER R/ INX 38K, E 105°C FAYH 30 min,
T5CHT EEEFHRTE . MR TFRE S 5518
PR G, SR FH H.SO0,—HL0, T AL , DL fom LG E A
PN A PUBR B L D 4l , SO E T Tk
I 44

AR E=M LT HEXN IR0 & E+HRTEXN
FROr o

B R h =4 T HXP 405 B+ T HExP
oy &

PR R = AT E XK SRS R T EHXK
FEOr

AR =1 AR T SR R R i

BRI AR =1 R T AR N 2R

BRI PR 2K A = P AR R T SRR B AR R

B 7= R (IR )=(Ab B 7™ e — ANt A Ak B () 7= i ) AS
it N Ak B 7 B X 100 %65

N 3 7= 2 (NIR) =(NPK 4b B 7 & — NPK-N &b Ff
(7= 15 )/NPK-N Ab B4 7= X 100% 5

P 3877 3% (PIR)=(NPK 4b # 7= 5 — NPK-P b P 1)
FEA)/NPK-P Zb B 7= X 100 % 5

K 34 77 3 (NIR) =(NPK 4b B /= i — NPK-K 4b i
(1) 7= £2)/INPK - K Ab B 14 775 100% o
1.4 HIELESS R

R T I BRAS R b R ] A AR o 25 S B R
FHABRHE , AHXT N FR R 5 X N R HRCR S HE bR ik
Geit o , A f AN T RO 32 00 AR B 25 570 AH
Xof i =1 6 A 3R ) A N (L /% B S (B
SR SPSS19.0 Ge i H (- A TAb B

2 RS
21 AHEHERHETIHEEMEKFSR

28
211 REMNSREE

1%, 5 NPK Zb#EAH L, 75 NPK-N \NPK-P .
NPK-K B8 4540 T, K 1 B A N AR X R R 0
D gl MRS L AT 5. NPK-P NPK-K 2R3,
A i AP AR X N LU 55 T NPK-N 40 F] . NPK-N
4b BER , ZD958 . XY335, YD606, WK702 ., ZD538
ZD1002N #H % FH 82 £ 43 il Uik /b 68% . 82% . 81%
79% . 78% .74% . 7ZD958 F1ZD1002 1 N FHXTFH R it
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K, XY335.YD606 . WK702 . ZD538 fY N AH X R 2
/N, WK702 5 7ZD538 255 A 3%, HAx i fl
(A7 AE 2% 5 i 2 . NPK-PALFEF ,ZD958 . X Y335,
YD606 ., WK702.ZD538 . ZD1002 (1) N AH % £ 443
s 48% 37% 36% 33% .29% 44% . ZD1002 Al
WK702 () N FLER AR, HoAR SR/, ZD958 .
WK702.ZD1002 Z [A] JC i 3 25 5, Hox i Fh 2 (8] 47

R E#E5 . NPK-K 4 # R, ZD958 ., XY335,
YD606 . WK702.ZD538 . ZD1002 A%} N FH £ 4543 51l
WP 33% . 17% . 16% . 19% .22% 13% ., ZD1002 FlI
YD606 1 N AHXS B Rk, A A NI R B
/No H ZD958.YD606.ZD1002 2 [i] JG it & 2% &,
WK702 F1 ZD538 2 [H] JC i 3% 22 5 , X Y335 Al H A /i
FIFEAE 5 25 5

OZD938 AXY335 EYDe06e EWEKTOI EZD338 B ZD1002

NiEHINER
Relative N acownulation

NFE

NPK-P NPE-K flENPK

018 Treatment

ARV NG TR ROR 3525 5(P<0.05) . R,
Note: Different small letters indicate significant differences at P<0.05 level. The same below.
1 REFSLENAREFREERGRENRESHZM

Fig.1 Effect of NPK—-N, NPK-P and NPK-K treatment on relative N accumulation of different maize cultivars
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Fig.2 Effect of NPK-N, NPK-P and NPK-K treatment on relative P accumulation of different maize cultivars

2 %0, 5 NPK Zb#EAH L, 7F NPK-N \NPK-P
NPK-K Wil 258, K 1 AR X PR R k2D
U/ I BE DA S AR T 5. NPK-N NPK-K B R, 4%
i R A AE XS P AR 2R B KF NPK-P AR BE . NPK-N 4b
R, ZD958. XY335. YD606. WK702, ZD538 .
ZD1002 (1) P AHXTFH R4 43 038070 59% . 54% .55% .
74% .68% .58% . X Y335 F1 YD606 [ P A% F 54 i

K, HA B R P AR AR B /N . H ZD95S |
WK702.7ZD538.ZD1002 2 [8] JC 8 % 25 5+ , 5 X Y335
F1YD606 1775 i % 25 5 . NPK-PAbH R ,ZD958 .
XY335.YD606 . WK702.ZD538 . ZD1002 fit] P AH X} FH
Z5 0 3 86% . 84% . 85% 89% 88% . 86% .
XY335 1 YD606 [ P AH X FR R g A, HA4x dh Ff P
AT A R AN . H ZD958. WK702, ZD538
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ZD1002 Z [B) JC i 35 25 5, 55 HoAh b i 22 [ A7 A B 2
7= 5 o NPK-K 4t 3 K |, ZD958 . XY335. YD606
WK702.,7D538 . ZD1002 {1t P AH XF £ 2 4 43 531 ek 21>
38% .35% .39% .47% .15% .36% . 7ZD538 i P AH X
MR R, KM PR EER /N, H
ZD958 \WK702.ZD538.ZD1002 Z [ L #H %%, 5
HAMAZ A E R E 2R
213 APEANREE

&3 %0, 5 NPK Zb3AH L, 75 NPK-N .NPK-P,
NPK-K i385 485, 5K B A K AR X R 3R 6 03
b JE R R AT S+ . NPK-N NPK-PAbHE T,
2 b AR K AE X R B 5 KT NPK-K 42 . NPK-N
4b BER , ZD958 . XY335, YD606 ., WK702, ZD538 .
ZD1002 (1) K AH X R 8 1 9 1| 9/ 64% . 57% .60%
65% .67% .63% . XY335 Fl YD606 1) K #H X} FH 2 &

B, HAR SR K AEXT B B /. H WK702,
ZD538.ZD1002 Z [b) JC ik 3 25 5 , 5 HAR i Fh 22 1]
TETE % 22 5% . NPK-P &b 3 F , ZD958 , XY335,
YD606 ., WK702 .ZD538 . ZD1002 A %} K F £+ /3 5]
W 59% . 65% | 62% . 58% . 60% . 58% . ZD958.,
WK702.,ZD1002 (1) K X R E3R, Hoap fFp
XA Z 8N, H ZD958 5 X Y335 Z [H £ 7E ik
F 25 ,XY335 5 ZD958 . ZD1002 /715 i & 2 5, H:
M Z B TC R E 25 . NPK-KAZLHT,ZD958
XY335.YD606, WK702.ZD538 .ZD1002 1) K AH X} FH
ZE 05 79% 81% . 14% . 18% 17% .78% .
ZD538K AFX FH B E i K, AR b AP KA X R R 4R
/N, H ZD958 . WK702.ZD538.ZD1002 2 [8] JC i %
25 HAR R Z A E B 25

OZDo38 EIXY335 EYDe06 BWETO? BEIZD338 EHEDIOOZ

1.4+
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KAFH R 24 0
Relative K acoumulation
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22 FEHEHBMELGTAREREEXFSFA
221 REAAARRE

[l 4 1] ,NPK-N .NPK-P . NPK—-K #ZbJ '~ 154
I K I NPK AR FH SR, HAS [R5 R i
ZIAFAEE S . NPK-NACEETR , WK702 A% N AH XA
FHRCR I, M 3.585 XY335 14 N AR % 1] 2803 o
/N, R 2.01, ZD958 . ZD538 . ZD1002 = [1] JC it % 2%
5 S HAR R Z BRI A B EE S . NPK-P A
T, XY335 19 N AR R AR B K, 8 1,685 2D958
/N, H1.47,XY335 F1 YD606 5 Hi4s i Fp =2 [AIFE A
WEZES . NPK-KALHT, XY335 % N A A FH 2L
R, K 1.29; ZD958 1 ZD1002 fit) N AH T F1] %4
Ko /N, ¥ ok 1.22, H ZD958., WK702., ZD538 .,
ZD1002 Z [0 JC i 3% 2 5% , X Y335 5 YD606 2 [1] UG i
E

NFK-P Il NPK

4118 Treatment
B3 REFSTLEMNAREEREERFRENRESHZMN

Fig.3 Effect of NPK—N, NPK-P and NPK-K treatment on relative K accumulation of different maize cultivars
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& 5 %], NPK-N .NPK-P . NPK—-K Zb B | 13
IR B I NPK @R FHRSCR , BXF PR FHRCR &
K, AN it o 22 ) PR 356 DR R [ A7 AR 7743 R RCR
1255 . NPK-NALFET , AHXF NPK Ab 33 fin A B
i, XY335 /9 P A XA 2% i K, 8 135, H
XY335 F1 YD606 Z [Al £ 7F . 35 25 57, Hogx d F 22 1]
¥ E 2R NPK-PACFET , fff T K WX P A
FBCR TR, Horp XY335 (1) P A R R R,
4.75; WK702 1 P AH %F F) FH &% 3 5 /I, R 3.51,
ZD958 . WK702.,7D538.ZD1002 2 [f] JC i & % 7 |
XY335 5 YD606 Z [0] JC b # 25 55 . NPK-K AR,
WK702 1Y P AH XA 838 5 K, Oy 1,185 XY335 i
/N, 2} 0.95, ZD958 . ZD538 . ZD1002 2 [8] JC it 3 2%
5, 5 XY335., YD606. WK702 5 ZD958., ZD538 .
ZD1002 Z [AAF7E B & 225
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OZD958 EXY333 EYDs06 BWETI2 BZD538 EHZD1002
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Felative N utilization efficiency
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Fig.4 Effect of NPK-N treatment on relative N use efficiency of different maize cultivars
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Fig.5 Effect of NPK—P treatment on relative P use efficiency of different maize cultivars
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KX F AR AN i, NPK-K A BEEE I BRI (8] J0 W 3 25 5%, 55 XY335 Fl YD606 2 [H) £ 7F b %
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Fig.6  Effect of NPK-K treatment on relative K use efficiency of different maize cultivars
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PR, & R R] Z B K/ ZD1002>ZD958>7D538>
WK702>YD606>X Y335, A [F) 3 K U 7= 5 A7 A
5o BN AR R, R ] i RN S ZD958>
ZD538>7ZD1002>YD606>XY335>WK702, J& P &b Bl
T, b R E] R K N O ZD958>ZD1002>7D538>
WK702>YD606>XY335, I K AL FE R, 4% A ] =
K/ A ZD1002>WK702>ZD958>ZD538>YD606>

XY335. /i A IE) i T A 3 7 30 ¥ S XY335>
YD606>WK702>ZD1002>ZD538>ZD958 ; i Ft [ii] jifa
FH N B34 77 3 H A YD606 . WK702 i1 ZD1002 # 1+
T 5% ,7D1002 1 7= iz &2 , ZDO58 1 7= de /b s it JH P
K,6 A4 id 7 5%, P14 =y WK702 B2 K,
XY335 /b, K=k X Y335 5 K, YD606 52/)N

F4 AEEELEAREEFEEEXR~E2HM

Table 4  Effects of different fertilizer treatments on genotype maize yield in different soil types

ZimA N MR NI P=A PHEF=R KR
v Year NPK NPR=N PP NPR=K Nofertilizer IR NIR  PIR  KIR
ZD958 2014  1027661h  9732.80 940554h  9591.67h  914926¢ 1232¢ 559¢  926a T.lded

2015 1222852a  11947.04a  1131026a 1131482a  11069.19a 1047f 236h  8.12h  8.08bh
S 1125256 1083992 1035790 1045325 1010923 1131 381 864  7.65
XY335 2014  972817¢ 920441 9053.54b  895398c  8641.96d 1257¢ 569¢ 745¢ 8.65a
2015  1184459a  11436.79a  11142.67a 1100491a  1034259h  1452ab 3.57f  7.63¢ 630
FH 1078638 1032060 10 098.10 9979.44 949228  13.63 451 682  8.09
YD606 2014  10008.55h  9294.69 917429b  9395.53bc  879691cd 13.77h 7.68a  9.09a  6.52de
2015  11779.18a  1142882a  11064.16a 10978.68a  10528.14ab 11.88d 3.07g 646d 7.29¢
¥ 1089387 1036175 1011922 10187.10 966253 1274 514 766 694
WK702 2014 10139.48b  9411.72 927579b  9481.87b  9037.83¢ 12.19¢ 7.73a  93la 694d
2015 12041.78a  11191.14a  1102876a 1143092a  10530.69a 1435h 534d  9.19a 7.6¢
S 1109063 1030143 1015228 10456.40 978426 1335 766 924 607
ZD538 2014 10177.27h  9655.96 9336.24h  9527.77h  9059.11c¢ 1234c¢ 540cd  90la 6.82d
2015 1208721a  1172747a 1116570 11324.17a  10793.04a  1199d 3.07g  825h 6.74de
S 1113224 1069172 1025097  10425.97 992608 1215 412 860 677
ZD1002 2014  1008532h  9668.17 935280h  9622.09b  90828lc 11.04e 48le 7.83c 431f
2015  1232678a  1148527a  11360.56a 1152662a  1069494a 1526a 694h  851b 7.33¢
T 1120605 1057436 1035673 1057672 9888.88 1332 597 820 595

3 itk

ABEFER I, B ZATAT—Fh IR 50 AH FL T RRR
AT LRI R e ORI HTRAR T, it S A
AL B ERAC 1 LU ASHE AL 25 4 v R A AR Y
R W B AR SRR W B IRCR, S R
LB R BB RE R R KA
K, Ho, UPRA 2N EROR , DR SR, $1HE
SRR /N o T KA [ 2k PR B A AR R A A 4507
THAFAE 3 22 5 ARBIFGE R T, AN ) e (R 7Y
ORAE v DAL it S AN ] IR 3R R IZR
HARTa], BAS [l B 2 [ A A 35 22 5 Tl
BN , AN [) 5 PR Y K0 Ut A I o 22 5%
TEAR R AL BT, FFR0 o R0 U
R L O SR Y 2 S A R U
RIESFFRIR . ASBEFTE FI R b
P PR G o A A [ R PR R i o R 2

(SRR, 25 R —3 . EHOMFST R IAR FEK ik
PN R[] 56 AR oK R B B 8 AR 25 5+ .
XY335 FER W18 T P A0 AR O W o 2 v LAt
v, H KB W TR e ) 5 IR 2 i
IEAH, 5 7ZD958 22 5 3% . XIVEPE I, ZD958
55 XY335 16 it 4 40 ~ 80 kg/hm> i, B A7 1) FAR
R ERE , B SR 22 AR 2, A4S
SRS %) 55 PR AT B2 R Ay it e A A 27 X R AN [+
B A1 e S A2 ) STE I N N [ S 57 N B oY P
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