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Effects of field phosphate fertilizer
management on the energy-yielding and
functional nutrients of maize
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(1. College of Food Science and Nutritional Engineering/Beijing Key Laboratory of Functional Food from Plant Resources,
China Agricultural University, Beijing 100083, China;
2. College of Resources and Environment, China Agricultural University, Beijing 100193, China;

3. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract This study aimed to improve nutritional value of maize by precise fertilization management and identify

” o«

the effects of phosphate (P) fertilizer. Taking “corn”, “nutritional composition” “phosphorus fertilizer” and
“physiological metabolism” as keywords, a total of 70 relevant articles were retrieved from databases including
Web of Science, Scopus and CNKI. The effects of application rates, placement methods, the types of fertilizing
and timing of fertilization on contents and composition of energy-yielding and functional nutrients were reviewed.

The regulatory mechanisms were summarized briefly. The results show that: 1) Proper phosphate fertilizer
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application increases starch, essential amino acids, unsaturated fatty acids and functional components like

carotenoid, tocopherol and micro minerals; 2) The efficiency of P fertilizer is affected by varieties of maize,

properties of soil, environment and so on, and the overuse or lack of P fertilizer lower the nutritional value of maize

kernel; 3) The mechanisms involve phosphorus acquisition and translocation by roots, and P functions as part

of essential enzymes participated in the synthesis and metabolites pathways of carbohydrate, amino acids and

fatty acids. To summarize, research on P fertilization and nutritional values of maize is mainly in the field of plant

nutrition and agronomy. Further studies should be explored by integrating food science and nutritional in the future

to study the molecular mechanisms of P fertilizer management on nutrient synthesis, build the “phosphate fertilizer-

environment-maize nutrition” model, and raise the nutritional value.
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physiological metabolism; regulatory mechanism
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Table 1 Effect of phosphate fertilizer on the content, composition and particle size of starch in maize grains

F K A i I A

Corn cultivar P management

TE A P 4 B ORI /N SCHR

Content, composition and particle size of starch ~ Reference

B 100 kg/hm* Ca(H.PO -, 3N,

#2958 i B = > % 8 60 kg/hm® Al 180 kg/hm?,
e,

&4 1 68 g/100 g 4 m % 78 ¢/100 g, [12]

FrEl 71 g/100 g% 73 g/100 g, [13]

[ERRR=S it 90 kg/hm?* KH,PO, , HE AL

HEETE AR e h 11,39 /100 g EIL &

. 14
11.12 g/100 g, J5 # M 2 11. 19 g/100 g. L4

i 2909 Jifi B M 60 kg/hm” 34 Jifi & 120 kg/hm*, JEHE

B <C18 pm Y TE H BURL (5 EE 1 69. 63 %40
A ZE 65.90% , 1 T AR > 18 pm B BE UKL [15]
Fe H1 30. 37 % B4 2 34.00% .

50 kg/hm? Ca(H,PO,) - H,O, ££ Il 5 £ Fh i

PMH-1 . i VE M & & 81.5 g/100 A
e TR B B S o g o0 LS 100 g AR [16]
MRS 9% (w/ V) NHLHPO, e e
2 el g od
A K AR A S I i 2% R Ve OB 1 42 5 %5 17,73 . [17]

(N, P.05,K,0 45 528 225,75, 75 kg/hm™) .

¢ 9 M4 A8 A B B PR o XE R

Note: Changes of nutrients are referenced to phosphate-free control unless otherwise specified. The same below.

uil DL B I 20 1 180 kg /hm?® B HE I, 3 45 5 & 20
A3 2%

TE By B UE A RN S BE VE R 0 B R R EE 4
23 57 3 it Wl 1 AN S S T g B A
W LI, i 15 0 T 5% U8 M % ok Bl A5 it 9 et
F B ISR A RS BT SRR TE R
2 0 [ 5 it ol A0 4 0 7 3 T AR AR T ¢ PR 137 v
S VE By P i B A e R 0 1G0T BS 0 . e i
i 60 kg/hm* 34 il &= 180 kg/hm?, “ 1 #1909 Y B it
TEM 22 /100 g BRI = 20 g/100 g 24
Harish' " 450 57 % 81, LA J& A0 it B 50 kg/hm® i A JF:
&5 A o T e Al T DA R AR L LA B T
fiff TR L 5 it B I AH L, S RE E A il 81.5 g/
100 g BEAK 2 76.0 g/100 g, 1 4 JE W & & i 21 g/
100 g ¥4 fin % 24 ¢/100 g.

TE By 1 SO K /N L 23 A7 3 it ol o i o A
F 5 ) o 38 R A4 it 9l RS Wl S AL T R i R R TR
WO 22 1 W T 3R 8 By R AR R B it
Bl OHE N = 120 kg/hm? i, € FF B 909" JE 4 ik: 1
e 14. 308 K& 15.25 pm™', 7ERE E R AERK E
7N 3 it B A R RO R, T R UKL A
16,5834 K% 17.73 pm''7',

AR T SCHEUE Y , BB UE b 45 1 T R R A

Gy 55 NARTHE AL TE ity i Y TE o T RIS DE A Tl 45
EBEVE R G A SR TE R AR BT - R A A A
Y8 B, DA T B3I 3 3 19 9 A 3 38, et N4 19
b T AR 8 ORIk B AR, He T
RN, € #5355 T8 1 Tt 1 422 fi T RRURE B /DN il b |
FE B AR AR 8 Y L 25 b R AE S0l A R e
i R S B VE M A DL U M URL R N B ) AR
TE B 13 Ak R

2.2 EARKREER

FOKFFRL AR H S O 8~11 g/100 g, £ 8
FH TV A DRI A B AL, HL B A AR TS 1 9 Fi
Wb A TR A1 S R 4 BN 34 Al 0 A TR 8 5
M2 2 5 B BR A M R it Wl R N R 28
S W0 B 1 i R SRR A R, A2 R e B A
RS DL R R RN G B A TR 0 o R
A AR Z B R (R 2)

Jit B i X KRR R A A0 S R4 Y
SR 5 b 1 BT R i A R AR AR O L AR
TS AR AR T R it AT AT DL N &
oK AR T A R Y R E Y A i R
KXo 11 i R W AR Ak S 9 i R L B P R
N SRR RN, RO 4 R B B S
ol * FB B 058 14 KL AR 1 i B A it W9k S 1 m
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Table 2 Effect of phosphate fertilizer on the content and composition of protein and amino acids in maize grains

O B E SR R

FK A I A . g . SCHk
. . Content and composition of protein and
Corn cultivar P management . . Reference
amino acids
. B4 it 25 kg/hm® Ca(H>PO4) 2, . N
56958 o e/ CaliLrO: BRI A RN 29 72, 8% [12]
OANMEREAE  HEAARNTEFMFT, s T
. . . Sy N ° 23
K 2 45 i 145 40 kg/hm? CaC H,PO,), , 3L , RERTREEFEM [23]
o . 24~ R B B 4 B R 2. 74 ¢/100
H A ISCEMD . B 60 kg/hm? CaCHLPOL:, o PR B A B 2.74 8/100 g

HE 109 M) HI0,

) 15t 180 kg/hm* Ca(H,POL)»,

=il
P1197CYXR T K HPOWR W, 20 mg/L .
MC670 29.4 kg/hm*(NH)H,PO, , I F 3% # .
100 kg/hm* (NH,)H,PO, 5 4
Class 106 00 kg/hm* (NH, D H,PO, 5 4 t A HLIE AL

Jith , 35 A 5 I 432 Al fige % 7

B 3.17 /100 g, 3.17 g/100 g} & [24]
3.93 g/100 g.

U 5 & JE /R RN ATV MR B A ) I [25]
i 10.0% #111. 5% , i & 2 6 & 25 28 1k
w2 36% . [26-28]
Jil 22 R & 19 m 18. 6% (P<C0.05) ., [29]
EEF SN 9. 44 g/100 g = [30]
23.00 g/100 g,

WER I AR RN AR EEAR N ER e A
i e A X G 3, {E Y i IR & R 5 100 kg/
hm® B, FFRL 8] 1 & J0AS BB . e AR
FRAEAR S bt R Bl IE AT R b 2R A
TG 535 AR AR e I R E R R K A i IR Y Bk
filt - 7 P Wl TS, R B a0 0l 4 i 16 6 R
24 % AR ALt FH Bl I O AN 23 52 e 2R 1 e A4l
BN EOR TR S AR A R SR A B
Jiti 75 kg/hm® CaCH.POL) AT L3 fin n] 375 4 8 11 R
B R 1 i T SRR A TC W AR T Y
8 S it ) A e 6 K e KORT R ™ o T T 1 8 O
SRR R S H A T A R R
ST R B, 040 2 8 I8 i ) i A 580 mg/ Bk
B R e U B D T4 369610

W A1 B A o 24 o R 1 0T A A B TR A A A7 T
W EE A BEIE MRS INEA RS R, O
A 5T Kk B K Z4 38 R MC670° it FH T 14 i e
AR KRR Hh A IR 2 R R AR E SR R g X
F K “Class 106" i i A AL T I 422 b £ 8 77 2 ]
DA 1R R R AR 2R B e
2.3 FRRA R g RAER

F K OFF KL T B 10 2 g D R & 2 R 3~4 g/
100 g, 4 Hha Ak 2 25 46 1T 43 Sk 160 R R 07 TR At il T2

JI R AN A6 A TR 45 ) RN A 1 A B 75 R Il R I i R A
SRR 2 45, 7E R A AN G R b, S0 I R R T
Ay, 2905 IR R B 60 %4, i TR G Bk A B 3
1, A1 O 0 20 38 3o TR BT F5 B, DL 2 R A OE B AR PR
AEEI(E 3D,

it B 2k 2 R ) R K I 0 4 B 2L, — 2 S LN
it it IS T L B e e G U N AN e A T R 1
T, B AR AN R I R Y AR T T B )
IR A A B, For S0 18 it e A - A 2 fif B A 7 e P 634
T, N 3k 5t T RE S5 B ATCAR U A i, LR v R OR A AR
T K A7 5 e AR R O T N, By it
90 kg/hm® B AL 1T i < 59k 1557 A W & &t 2 3% 19
16.87 %", Mam i 25 kg/hm* i, < £ 81 958 il iR
BB BN 2. 3%, A AR R R A i R S B A B R AR T
0.9% F10. 5%, Ifii >4 Jita 8% it 4 2 25 kg/hm”, g [y iR
Fr TG AR AR M 135 kg/hm B AT, < PU
%257 MM R A et SR R M TR 5 ) i 5 it
R PR 0 T A R e L it ) 2 e S R I JRR
iR IR i 18 %) B R (A AR5 o, 8 A4 1
] 2% 38 A K 19 R U TR 5 i 2 47 o st 03 01t o 1) 52
AN 32 8 A it FH 2k 9 52 00, 3 AT B A pR T — 2 K
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Table 3 Effect of phosphate fertilizer on the content and composition of fat and fatty acids in maize grains
oK b A Wl E 48 1 JIg 105 K Vi 115 2 2L ok B 5 SC ik
Corn cultivar P management Content and composition of fat and fatty acids Reference
P HRL 958 4 25 kg/hm? CaCH,PO ., B L, SV Y R S I, R R R R B R W 2 e [12]
1 JE WGt 7.17 g/100 g 3 % 8. 43 g/100 g,
LY WA 17.57% .
it 90 kg/hm* KH,PO, , JE AL . [13]
o JIG W5 i1 4. 13 g/100 g 14 % 4. 62 g/100 g,
135 N
A 15 B2 11.86% .
Ca(H:POy) .t 3044 90 kg/hm?*, .
P3396 ;HE W2l M g/hm JIG W5 & & i 5. 17 /100 g I 2> & 4.0 g/100 g, [33]
) Wl R 5. 84 mg/g I & 4.89 mg/g, Ik 2
Ca(H,PO,), M 75 kg/hm*## % 135 N .
1 kq/hniz g‘ﬂf g/hm 5 5 16.30% , W B4 1 0. 11mg/g W > % 0. 06 mg/g., [34]
oA Wb 45.5%
V4 % 25 135 kg/hm* Ca(H,PO,),, #EE . AN VR FNR 0T PR B 3 R [34]
84~ 1t =] it 52. 9 kg/hm*(NH,).HPO,, e A
L ) A L E*"‘;ﬁﬁ . 35
PN e 17 4 ik A [35]

3 BIEXIERINBEEFMSOHIF N

3.1 mELFEERS

TR KF R H B AR I 1 R T AR i H AR A
S50 TN T BE R A A3 R e v T 2 R B TR 2K ) R L
b 470 S5 AR T M A X S B A LA T R A R BT
AL E 2 R A BT RESY . A B Ok 4
HARE, EXRTHETB AN o B-y-Mo-EH
iy, Horpry-A B R ok EE AR, 0T L
R 41 R (1 5% B P AR R B v b B SR AR T
FEORPAEIAE PR FES N B-AY MR
B R K B TR e T, v i 3 OR R OK T
SO L R D R 18.50~51.9%
F128.6%~53.3% ., MEZREA LIMENEA R AR
AR | L R W E e B S N i I L SR B/ S
HERSREAABEZSY ., HWC A WX E
BB AC X AR B By S N R X WS AR I BT
= A A S S S YA S o o <N A
i L2l (e 4,

B A WF 5T & B, it B & o 25 kg/hm” B, f kL
MR CEORE A B-IE M RM SR B ERN,
1A= & By & & W AR AR, I Y il B 5 o 100 kg/
hm? B, y-2 B0 LR R A B B i R A

AR EBFFR B SRS EFTHREMK, S
FEA N RS, kR B S - B
EE A (r=0. 683, P<<0. 05) T 5 £ K i Jii £ i
S (r=-0. 629", {HLA H [R5 25 5 WoR i
FHBERE XTS5 8 N R0 B 5 m X nl fg e i T+
B A B i DL R K S R OR [R) T S B
25 b B NSt X EOR PR I 8 N R AAEE
B A R R Ol B E AT L R
EEE N RS A E B A R A
Kk BRI 2 S BOE MW E TR, I
A W AT 0t FH 23 388 I T KKk H R IR Y S T
TR Al AT — 5 BT R B A AR 080 IR B A
TR FE T G4 6 K FFRLTE fifs 77 20 A8 v 40 52 S Ak it
i, 3 K K IR 5 Tl LA S KSR 4 Ak 7
Iy ESIRE T e B S SN R i % 1 A E A3
T Re M i DU o AR i B S me S
3.2 ¥R

Jith W 2% 5% W KRR H Zn . Cu . Fe .Ca Mg &
R AR (R A, RIS SRS R,
T M bt P o it 2 3R KRR Zn & i R TR
Wit FH 5 300 kg/hm” B, © ] W68 4 45 1 ° B it 28
5 2 AR S AR R Zn 7 k2> 30, 08 % .
HE AWM, & Tk b Zn 596 B L Z i
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Table 4 Effect of phosphate fertilizer on the content and composition of functional nutrients in maize grains

DIfeE I

WA ER S I 3 FTR Iy T AL ik
Content and sition of functional
Functional ~ Corn cultivar P management ontentan compg@l ton of functiona Reference
nutrient nutrients
B NERMM RS EBFMM, y-4E
154958 Wi 25 kg/hm? Ca(H,POD., FE . FWm S E R EFWNME SR PSR [12,39]
Bt A I ‘ B AR
Antioxidant B4t 100 kg/hm?® Ca(H PO, FE AN . £ F By & & W s . [12]
43 52. 9 kg/hm*Ca(H.POD. H.O, A .
Amagrnao ;%“ g/ e ' HHTE N R R LS A [40)
HEH 285 i 300 kg/hm? Ca(H-PO,) , LI . Zn & & 1B 3 A%, 41K 30.08% . [43-47]
, , Cu&rih 2. 10 mg/kg W 2> % 1. 56 mg/kg,
B4t 200 kg/hm® Ca(H.PO ., AL, 48
- I 200 kg/hm” CaCHPOD B < o 1 05 609\ Fe 4 it 6 18 B 5 L. 48]
o X B Fe % i 1 25. 00 mg/kg I# /> & 18. 82 mg/
4 100 kg/hm® Ca(H.PO L), : : 12
. % Jiti 100 kg/hm* Ca(H.POL)», FE AL kg, T 24052, 80% . [12]
UAS
Mineral SEHTS 5 = -
JURELE , Ca it ih 0.19 g/kg Wi % 0. 15 g/kg,
i . M8 300 kg/hm® Ca(H.PO )., LT . [49-50]
I 3 A7, 4 WA T 2 21.05%
KB TS5
Simon 60 kg/hm?* L 5% 5% i3 $5 F1 180 g/hm® Mg & By 4. 56 g/kg 3 N % 4. 90 g/kg, (510
el

(Rze ) AR R E 4L 56 T .

W 47.46% .

il 2 R T /N2 RUKRE S AR B AR X
AIRESE R TR R N Zn i i 35 (I R 36 2 BI85 1Y
P A, Zhang S5 USRI 2 B, i W 4 3 PR
IOFF KL Cu 3 5 5 22t 9 52 A O 38 i & 200 kg/
hm? i, ¥ K2 Cu & & 1 2. 10 mg/kg Il 2 1. 56
mg/kg, k> 25. 60% 475 Cu 7% i 19 ik 25 R AR 1T A
S H TR 2 A o b b AR TR EC TR, DT A
KX Cu® B W, AT AL Y Fe & 5 0 It 3 748
o AH R AL A A 5E o, il 5 100 kg/hm* B,
KR Fe & BEFRARZ 32. 8% . it b i FH g IE 4
W AROFF R Hh (Y Ca % 2t il 300 kg/hm?® B JIE B, 4
T &t K (9 Ca 1% b 2 88 AS it 9 0 9 2>, SF- 349 3k />
21.05% ity , H EARARK B (B E 8F 16
X W A 5| A 1 Ca B it S A= ) R FH B2 i) A2 AL T
B X AT AR R T R B Ca® iR, B3
Ca™ [a] iy 3843 ) 3 g b, i 15 350 Ca fE KPR
BB AT L s (R R T Mg Y & b
I o AR H A i FH 2 B R K R R b R
R Y A L AR 2 5 Zn Fe ., Ca % i & oL R Ik
VA M ) A TR BEL AR AR 14 XoF 3 S AR e O 2K 1 TR
WORT AN Y 25 o bt FH il E 2 BRI T R OFFRE

HZn Cu e Ca & i K AEWI R T o
4 BREEZMEREFRHINEHAR

4.1 WBERIRUL . FEIE R B

KRR P IR R AR S RS2 B R oK
AR e 38 By T O B 1 S ), e R 1 T 1
Al DLAR B G 28 E ACE U K AL B W = TR
25 [R) AR HE B 1) R R A2, R R Fp B G R SRR
FLH K ATP . NADPH 5 8 5 214 1 A 1l F1 95 iR
AR, A 8 55 0 0 1 JR A 3 B (it 00 5 1Y) i A
HEBkaEm e,

F K B A WA L B A R A T e R R R
R 2 Y+ 32 b 2L HLPO, F HL PO TE R AFAE R A
S, W A 1 AR A0 b R BR B4 T AR
RFR B S AT K, R 43 W 2o A 5T 35 1) Ml -
Moo ek NETEAKIE  B N R AR AR
T B AR s IR R Y

EL A B 55 & BR, J2 it A i i AT AR 45 T 0t mT
DA B B KR R A 3 m )2 AR K AR
Fm A R AR FURIR R T 3, 8 KR R 5 80 Y 2
fi 1T R, DT A1 2 K X6l 1) IR 5 A Wl A% 1R
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RO . T A AR A BE X T K P BB A BE S 3R L0 (Y R 33

TR ORAR R s K A O O 0 R M TR R
A LR V5 it - 18 ol I R B R 45 (Cas (PO ) IR
JBCHE PO K S it 5 A T LA 5% i A= 0 e 41
B, I AR T 9 40 T v G e 1 R P T R ) 3
H phoD (1 & 15 7= B, 8 10 5k 22 30 6 Bk 1 9 7 o T
it 35 1, 2 Al B % 40 ik - 9 v 1% T TR P I R W R
TG TR PO, RS T TR W s v B A
A0 ) A R AR R VS A A 2B K X s
W) AT LA G i - 1 v i) XV T W L B 0B P A R
MTT ™ AR R W i L R Ok Sk Y g
W g b AR RS AT R L = R e
i 30 3 ok 52 e+ 48 pH AR R S R &R 434
WRA F B AES 55 Y- Y EAERAT £
KX 1 W A L 32 B Ay T

(SR A TP e o L S N N s
A5 A0SR R B A 2 R e TR R X i G I i R R R Ak
U0 AR R B B TR A S 5 R OT
FGE AT M T R, BRI W W R
FAUT R [ Bl I it AR T] pHL 9 48 e, o A v
B 48 TF R AN 7], NHLGH PO LT (NHL) .HPO S A i
FHE R R pH, B o B Y A R
Ca(H,PO,+H,O W Al BEAL -3 pH, A 8] T + 5 H
BB 3G I 7 TR AT W K R RS
5 0 58 1) R Bl AR 0 A R A
4.2 BS5FEXERZRINER KR

W15 538 I T DR 7 Bk UK Ak B 8 BRI R L3
BB IS 384 R A AR AE G i TR M RN R B 3k
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