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Effects of nitrogen, phosphorus, potassium and their combined application
on nutrient absorption and utilization of seed maize
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Abstract: A randomized block experiment was conducted to study the effects of nitrogen (N), phosphorus
(P), and potassium (K) and their combined application on nutrient absorption, fertilizer utilization efficiency,
and yield of seed maize production. The experiment included no fertilizer (CK) , N deficiency (PK) , P deficiency
(NK) , K deficiency (NP) , combination N, P, and K (NPK). The results showed that the combined N, P, and
K application obviously promoted biomass accumulation and yield of maize seed production, the yield of NPK treat-
ment reached 9 834.0 kg - hm™, the yields of N deficiency (PK), P deficiency (NK), and K deficiency ( NP)
treatments decreased by 6.06%, 10.07%, and 4.88%, respectively, compared with NPK treatment. The limiting
factors of yield were P, N, and K in order. The utilization efficiency of N, P, and K fertilizer under NPK treatment
were 22.64% , 26.82% , and 60.10% , respectively. The agronomic efficiency of N, P, and K fertilizer was 1.33 kg

- kg™ of N, 7.17 kg - kg™" of P,0;, and 6.66 kg + kg™' of K,0, respectively. Therefore, we should pay attention

to the application of P and K fertilizer and strengthen the management of N fertilizer for maize seed production in

e 7E B #5:2019-06-13 &5 H#1:2019-12-20

ESUH . BRHRBIEIES (41867010) 5 A VERE IR ( H2018005 ) 5 Hk 4 i S5 24 MBI H (2016A-078)

YEZ B FRHEEE(1980-) 55, K B SR 200, FZNFE s 58 L IEKE AR5, E-mail :58719422@ qq.com
WBIEMESE A (1963-) , 5 BePEARBI A HE) BF9E B, 2550 N TR st B 8 T 5 75 | - SRR AR 4 7 FH 3 ) FIAE 9 o E-mail ; gsny-

water@ 163.com



222 TRIB XA AT

o538 %

Hexi region.

Keywords: maize seed production; N, P, K fertilizer; combined application of fertilizer; yield; fertilizer uti-

lization efficiency

Hil A m v X R, BRIRZER,
A 3k | SR D0 A0 1) PR B A R e JEE
FAR &M, B B 4 B o KB T K il b 327 X, A=
FET A 50% L BRI ER RN Bl AR R K
MBS AR Y K, VR4 AR 7 3 o, T 8 R
Oy ORA BRI RE S R I B, AR RO T 3B R &, R
W it A i, S BOW BRI RN B, 35 20 i R
R BTG YN PR SRR AR,

FEAR P GE I T R T ok A 7= it R AR = £7 7
HA BRI, AR A HLIE, B H ki e
LA BE D LS RL 2 RERE A ol B — 4 )
R, 1 PR R AIG, - 3% 0 AR A, - 4 1f RS
el —Z G Y 2015 4E FE R AR R T 4k
REZEIE R AT, 3] 2020 4F FEAAEY AL Al FH 2 52
PUEIEK, BEORER R A 5 40% LA 17 Aok,
SV FRL N TR T K 56 T T K i e 1 At S
RIS AR TAE, B AR 28E T
—E RO FER (H T Ul F i AE 45 28 1 31 b 35 K BERL
FIF BT 40 ARG 3 1 FF R H ) 3R 06, B i
il KGR B BT R AT B T AR R SRR, Sy —
A5 3 A T KA A D R 3 3 R IR FE R AR &R
DAL AR FC 7 B2 BB AR

IR i

1.1 AR

IR ZIE WIRE , S A (N) 46% , KK
B S RAG LS\ A 775 E sk BE PR A, & W (P,O5)
46% , H EIILT Ak T A=A BRZS W A 77 4 I8 R 4
FRER , F 8 (K,0) 24% , M k308 K 5 R LA R AE
7 o A K i ol R S R 958 (BEAS K 5854C
K ET7-2),
1.2 iR

ST 2018 4 4—10 A FETRARTT H N X ST
B FERT 2 [ il A oK H (39°27407N, 100°25'10"E,
TR 1 472 m) 47, H3ERARERAE I 1, 0~20 cm
HEZ 145 pH o 8.40, ML & &4 43.9 ¢ - kg™, Bk
fit A 96.2 mg - kg, A AW 42.65 mg - kg™, HAH]
137.35 mg - kg™, RUFEVED R hilFR £ K,
1.3 RIE A E

TRE R LI 317 3 5 b B, 43 5]
s A A ((CK ) 5 B0 (PK) 5 BB (NK) ; Bl

(NP) ; ZBEFIECHE (NPK ) (440 3R FH i 0L 3R
1), ZIEH 30%4FE MFEAE, 70% 15 A AT, 5 $IHE
KRR I R WG I RN A S e 38 L 5 A
30% 40% F1 30% , W A A 4354 S0 FE AT | 4% P g 25
B —IRPEIEA/NX . B 3 RS 3 15
AN /MR AR 39.2 m* (K 7.0 mxTE 5.6 m) , /)
XA 5% 50 em 7 30 em BYHBIE PO R AR X
ACBEASR FHHG R 2 T B 3, BEAS SR I S8 A5 A T RP A Oy
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Table 1 Experimental fertilizer treatment

, RS T R
i 2 pul
AL IR Calcium Potassium N P,05 K,0
Treatment Urea
superphosphate sulfate
CK 0 0 0 00 O 0
PK 0 300 300 0.0 138 72
NK 975 0 300 448.5 0 72
NP 975 300 0 4485 138 0
NPK 975 300 300 448.5 138 72
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em, ZEMLL NPK b B K (2.404 em) , s AEXT 5
BRI RO AN K AR IR TE 7.5~7.8 R 22 1], {HX M
AR R A ) B A — R, Hop
NPK &b 3 bR 555 T E 58 8 i K, #h - 3
Oy T E B BRI 2.370 g - BRT', NK &b FEAR R A
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b P PR R TR 834.0 em? B AN T 64.9
em’ T NK, NP NPK 435l & %5 B34 fin 17 104.6,
174.8 203.8 cm®, PK NK NP NPK #& 5 i i i f1
FEBC(LAD) 4351353 0.83 ,0.87.,0.94 F110.97 , % xf IR

A3 538 110.06 ,0.10,0.17 F1 0.20,
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e 3 AT LUE Y, A [a] it A Ak 280 % o] A oK SR
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em, A FEFT R ZE RO K, AR IRAE 12.1~12.4
T2 M8l A B T4 i AR %k, PK ONK NP |
NPK FER £/ 955 277.5 .270.7 .287.4 289.6 K,
O IR I M N 23.8,17.0,33.7 ,35.9 i, FREFF
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(99.8 g) ., Jifh B X s T4 B0 5 M 44 G, AR IR E
336.1~387.6 g Z[u], Hrft NPK 2b 3 T k. 5 ik 5|
387.6 g, BN HERAN 15.3% , PK NK NP NPK 5 %}
HERH FE B3R BI04 B 35 25 5 (P<0.01) . FTLLE Y, i
JIE 32 05 5 ) 3] K 5™ ) B Y SR AR TR AR
TR,
2.3 A EHERE AL BT HIFh E K =2 R RN

e 4 T LU AR X s T oK = i S i 4
K, PK NK, NP NPK 4b /N [X S35 7= & 45 51
36.2.34.7.36.7 kg 1 38.5 kg, 455 T At IE AL 3
PK NK NP %52\ i = 2 43 5 15 5] 9 238.5.8 844.0
kg Al 9 354.0 kg, B 5 it & (NPK) 43 51 B A%
6.06% .10.07% F14.88% , A jifti AL ALk P 7 2 5 fic it
HEFEAG 16.499% , A ULz H X il b T ok = iy 28
R ] PR AR R il EURIER
24 AEMIELENHMERAERE TS BRE
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2.4.1 siestdl A 2R AR BE R F Rk
why R Kl A A B A B R R A LR
5, A Bl 48 i RS FFRIRERL AU, NK
NP F1 NPK AUk & R 5058 2.973% 3.105%
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Table 2 Effect of different fertilizer treatment on growth characters of seed maize

o R WFWAT  RHET e s
g e ZEMl/em BRI Fi/ (g ) H/ (g B TR AR 0 o
f51/cm . . . A/ em EiEL 1
. Stem Leaf number Dry weight of Dry weight of Node root
Treatment Plant height A Leaf area Leaf area
diameter per plant above-ground part under ground part number per Lant index
/(g -+ plant™) /(g -+ plant™) plant per pran
CK 37.1cB 2.137bA 7.5aA 6.217dC 1.700dD 11.3¢B 769.1bB 0.77bB
PK 43.0abA 2.364aA 7.7aA 7.653bcAB 2.225bcBC 13.5aAB 834.0bAB 0.83bAB
NK 42.6bA 2.327abA 7.8aA 6.995¢dBC 1.998¢CD 11.5bcB 873.7abAB 0.87abAB
NP 42.9abA 2.368aA 7.7aA 7.902abAB 2.422abAB 13.0abAB 943.9aA 0.94aA
NPK 45.2aA 2.404aA 7.8aA 8.587aA 2.653aA 14.2aA 972.9aA 0.97aA

T BE G AR RVNS FIR S AR5 3 2 m Ab B H) 25 538 .35 K (P<0.05) Flfl 37K - (P<0.01) , T A,

Note : Values followed by different lowercase and capital letters mean significant difference among the treatments at 5% and 1% level, respective. The

same below.
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Table 3  Effect of different fertilizer treatments on economic characters of seed maize spike
LhFE K /em HiM/em  BEATEL 1T RiEL HERIEL REH/g  FRE/g  HFE/%  ThiE/g  KRK/em
Spike Spike Row per Grain per Grain per Weight per  Grain weight Seed production 1000—grain Barren tip
Treatment . . . . . .
length  diameter spike row spike spike per spike percentage weight length
CK 13.1bA  4.196bA 12.2aA 20.8bB 253.7¢B 99.5¢B 87.4¢B 87.9aA 336.1bB 1.6aA
PK 13.6abA  4.268abA  12.2aA 22.8aAB 277.5abA 106.1bcAB 94.7bcAB 87.9aA 382.7aA 1.1bAB
NK 14.3abA  4.359abA  12.1aA 22.4abAB 270.7bAB 103.8bcB 91.7bcB 88.3aA 379.6aA 1.5aAB
NP 14.5aA  4.372abA  12.2aA 23.6aA 287.4aA 113.5abAB 99.8abAB 89.0aA 383.4aA 1.0bB
NPK 14.7aA  4.466aA 12.4aA 23.3aAB 289.6aA 121.2aA 107.8aA 89.2aA 387.6aA 1.2ab
x4 AEHEARALIE X I Fh E K 7= 8 M50 F12.942% , 41 538 CK $2£ 75 0.090% . 0.222% F
Table 4  Effect .ofl(;hfieren.t fertlhjer treatment 0.059% . FEFFIL A LA NPK AbF 2 55 (280.4 kg -
on yield of maize see _ Y A 1 A N o
hm ™), FF L% 28 5 UL NP &b 335 25 (290.6 kg -
MR A hm™2) 43 B BRI 116.4 ke + hm 21 53.7 kg -
e Plot yield/ (kg + 392m™) =& Yield reduction 5 N = e 2\ ] A
Treatment Yield compared hm ° PK ‘NK \NP ﬁl NPK ﬁﬁﬁz'@ﬁ\ Wﬁ@ﬁjﬂj @CXUL
-atme Wby (kg - hm?)  with formule .
12 ¥ /g o) it formula A 16.69% 25.15% ,32.50% Fil 42.02% , 277 %
Average ertilization/ %
S3HTA T NPK AR HLS NP Ab B 22 50K B 3% (P>
CK 32.6 33.8 302 322 8212.5¢B 16.49 I}'*}:I:’T:‘FH:'] AL }:j AL‘ Ij % - ZA_H_ &l (
PK 36938235 362  9238.50bAB 6.06 0.01) ,fH5 CK PK NK &b B [A] ¥ ;A 1 . 25 22 5% (P
NK 32.8 36.8 344 347 8844.0bcAB 10.07 ) AT > =}
<0.01), HIULATLUE i, & o B IE T BT
NP 383 35.0 367 36.7 9354.0abAB 4.88 . ) lfia/: ﬁ R %Eﬁ ﬁ@ﬁ Tk
NPK 376 379 4001 385  98340aA - fei i o R RAE R
x5 AEMERALENHFHERRERERERBHIT
Table 5 Effect of different fertilizer treatment on nitrogen uptake in different organs of seed maize
e FAE N content/% % % & N uptake/ (kg + hm™2) TR
T F&FF FERL T LR Total N uptake
reatment . . -2
Straw Grain Straw Grain /(kg + hm™)
CK 2.043¢B 2.883bA 164.0cC 236.9¢B 400.9dD
PK 2.251bcAB 2.900bA 199.9b¢BC 268.0abAB 467.8¢C
NK 2.565abAB 2.973abA 239.2abAB 262.5bcAB 501.8bcBC
NP 2.406abhcAB 3.105aA 240.6abAB 290.6aA 531.3abAB
NPK 2.743aA 2.942abA 280.4aA 289.0abA 569.4aA

2.4.2 EIEITE A E K RE B E B EBOK Y ¥
W HER 6 I LA Y, £ it A A B A KRR B
W TAS AT, PK NK NP 1 NPK AbFEFFRE & i
B A B 0.175% . 0. 069% . 0. 186% F1
0.216% , ki sk i il s 2K IUF 9 NPK>NP >
PK>NK>CK Ab¥  NPK AZb¥E 5 NP PK b3 ] 2% &
AR FE(P>0.01),/HE5 CK NK &b B[] 1 35 3] 4% &
FEF(P<0.01) , SR L) NPK AFH 5 (108.0
kg + hm™) , HK N NP A4 #(98.7 kg + hm™*) , NPK
R IR HA 4 A 4k B R] 413k 25 25 5 (P<0.05)
P AT AR H i A AT LA 0 KA R kR
& i AR HERE R B,

2.4.3 et H A 2R RE B E AT E BOK M
W W7 AT LAE £t A AL B A RS AT
PRI S TRERE, PK ONK 1 NPK 4b BRAS FF40 &

BN B 1 0.090% .0.117% F1 0.054% , PK |
NK NP Fil NPK 4b ¥R FF 0 8 12 73 %1 15 5] 160.5 .
170.6.140.1 kg - hm 1 180.9 kg + hm™ , & %} B 73
B 16.56% 23.89% 1.74% 1 31.37% , W Ep
DL NPK APk 345 5 (203.3 kg - hm™?) , Hik
NK 4Zb#H (189.3 kg - hm™) , NPK b5 PK AbFH
NK AkbHiE] 2% 58 B2 (P>0.01) ,{H 5 NP kb B A
X HR(CK) 7] 22 5 i 2 (P<0.01)
2.5 &JBECHRED e XTI Fh B R AR A E AR
H 2 8 1T LA Y, il P o6 DK C 5 it S v 40
BRRE A 2235 3 N1.33 kg « kg™ \P,0, 7.17 kg
- kg ' Ml K,0 6.66 kg + kg™, R FRCRBESE > AL
AW B AR R R 4 51 22.64% , 26.82% FI
60.10% , £ JE I HH 3¢ = R R
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Table 6  Effect of different fertilizer treatment on phosphorus uptake in different organs of seed maize

e R P content/% W #5 B P uptake/ (kg + hm™2) =N
Treatment AT FPAL FEFF g A Total P uptake
i Straw Grain Straw Grain /(kg - hm™2)
CK 0.371¢B 0.412¢C 29.8¢CD 33.8dB 63.6¢C
PK 0.409hbcAB 0.587aA 36.4bBC 54.3bA 90.7bB
NK 0.305dC 0.481bB 28.5¢D 42.5¢B 71.0cC
NP 0.427abAB 0.598aA 42.6aAB 56.1abA 98.7bAB
NPK 0.451aA 0.628aA 46.1aA 61.8aA 108.0aA
xR7T AEHEABALIE RS HIF E KA E R ERRR G
Table 7  Effect of different fertilizer treatment on potassium uptake in different organs of seed maize
e i K content/% U2 8P K uptake/ (kg + hm™) T A
) Fh&FF FPRL FhiFF FRL Total K uptake
Treatment . L ) . -2
Straw Grain Straw Grain /(kg + hm™)
CK 1.714aA 0.206aA 137.7¢B 16.9¢C 154.6¢C
PK 1.804aA 0.217aA 160.5bAB 19.9bB 180.2bAB
NK 1.831aA 0.216aA 170.6abA 19.1bBC 189.3abA
NP 1.403bB 0.217aA 140.1cB 20.3bAB 160.5¢BC
NPK 1.768aA 0.228aA 180.9aA 22.4aA 203.3aA

R BB HRELHEXS B A E R AR AR
Table 8 Effect of nitrogen, phosphorus and potassium combined

application on fertilizer utilization efficiency of seed maize

AR MR ERR/ (kg - kg™") NEARHFIHIZR /%

Fertilizer agronomy Fertilizer utilization

Fertilizer efficiency efficiency
N 1.33 22.64
P,0; 7.17 26.82
K,0 6.66 60.10
3 1 .

3.1 AEMERAE I EKRERKMZ=ENZME

SR A e T ) K AR R S )
W3, AU RN, A/ B IS R A A T
PEERAE K R ZE R S S R
L W S AR IE— 8, BRI
M EFRA AR BRADE AR E T AR ER,
R TR RRU /I | DA T e AR R R P o T RRLHE 4, kil
il KRR R AE K 32 BH, B AR N 3 43 2 ) 1 i F)
F B AE XS oK A K e AE XA /I K
TSI RN AR Y NPK AR B 7 B 5 155 (9 834.0
kg + hm™) | TMHEA (PK AL EE)  Hitil (NK AL BR) Bk
B (NP AbEE) 7= i 43 )55 NPK AL BEFEAIE T 6.06% |
10.07% Fi1 4.88% , iZHb, DX il # K 55 7 %) 32 22 BR 1l
AR B EURBR , A BF 52 4538 5 P 7 Rk 4
AN, AT RELS 24 M e it BE ) 150 0%, K 30 it
JE, 2 b - A R AR B £ i w IE AR AT fig
B,

3.2 A[EIHERE b B 34 i Fh F oK FF 5 IR U5 F0 BE A )

AZERNZm

R B A A T O R K M S
AE R FR AT S A A B2 NPK Ab BEA R b 13553
S R RN R 3 il 3k B 569.4 kg -
hm™ 108.0 kg - hm 1 203.3 kg - hm™>, ZEFFI A
KT REREL, T W 2 R B R R K T
FFo BRI LAE I, il Fp B KA R R B R4
BLEERSBAPRLD TR B RS 2L AT,

REARL A 22 B i AL B R S
B ARHESE A, NPK AL BE A B B0 IE 2 2
FHERAY K 22.64% 26.82% F 60.10% , R R il
T A A IR AR T P M X A A W
B A R0 h 24.0% ~28.0% 17.2% ~20.9%
M16.7%~22.1% , M L2 R, AR B 5845 H il A oK
RUEH]FH 2 A, B 0 I 1% 1) R 2050 3 A X A s
BEAEA 2R T B2 th TR Wi, Haerh FLER
TV A A 2050 {0 S ) Y 23 o 5 8 S ) T 2 A
FE TG X A R S e, Rl A
At A2 BT B3t FH /0N, ()4 3 — B Ab
T HORAE R TR R B IR 2R A
24 N1.33 kg - kg™ \P,0,7.17 kg - kg™ F1 K, 0 6.66
kg « kg™, MAE A A 77 S0 T 3R B R AL B 6
HEA2ERORAY N N 9.8~11.2 kg - kg™ . P,0,7.5~
9.5 kg » kg "M K,0 5.7~9.2 kg - kg™ 7' n] WL
RARERORIEAL T [ N A K, X 0T RE 5 H il
i ok AR = b A b IR e 3 22, A AR e A a2
Kt R 5 3 %
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L B W BT IE X R B BT R R g g

6.06% .10.07% Fll 4.88% , i 2 I 7= i 1=y (1 45 — PR
GlSE - ISR sy €T T N W 2 DioF SRS
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