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Abstract: To investigate the effects of nitrogen and phosphorus management during mid-late growth

stages on starch and protein synthesis and accumulation in wheat grains, a study was conducted using
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the medium-strong gluten wheat cultivar Zhengmai 1860. Two single-factor completely randomized
experiments were implemented across two locations (Kaifeng Longting and Zhoukou Dancheng) with
consistent soil fertilization rates. Six nitrogen-phosphorus management treatments were established:
CK(control) : topdressing urea at jointing stage; Nt: twice topdressing urea at jointing and flowering
stages; Nu: post-flowering spraying urea; P: post-flowering spraying K, HPO, ; NtP: twice topdress-
ing urea at jointing and flowering stages + post-flowering spraying K; HPO,; NuP: post-flowering
spraying urea and K, HPO,. The study analyzed differences in grain soluble sugar content, starch syn-
thase activity, starch content, amino acid content, nitrogen metabolism-related enzyme activity, pro-
tein content, dry matter accumulation at maturity, grain yield, and yield components under these
treatments. The results showed that compared with CK, post-flowering urea or K, HPO, spraying
significantly increased grain soluble sugar content at both sites. Notably, the NuP treatment demon-
strated a more substantial effect, registering an increase of 16. 91 to 37. 63 percentage points; Nt en-
hanced starch synthase activity only at Zhoukou Dancheng, while P significantly increased both bound
and soluble starch synthase activities at both sites, with NuP exhibiting superior effects(18. 34%—
32.24% increase); Nt had no significant effect on starch content, but NtP significantly increased
starch content at both sites. NuP improved starch content only at Kaifeng Longting; Nu increased
amino acid content only at Zhoukou Dancheng, whereas NuP enhanced it significantly at both sites;
NuP significantly boosted glutamine synthetase and glutamate synthase activities at both sites. Nt
showed no effect on protein content, but NtP increased protein content at Zhoukou Dancheng, and the
NuP treatment significantly increased the protein content in wheat grains at both experimental sites.
During the maturity stage, the increase ranged from 3. 35 to 3. 68 percentage points; Both NtP and
NuP significantly increased grain yield at both sites (8. 12%—11. 51%); In conclusion, combined
treatments of twice topdressing urea at jointing and flowering stages with post-flowering K, HPO,
spraying (NtP) or post-flowering co-application of urea and K;HPO, (NuP) effectively promoted
starch and protein synthesis/accumulation and enhanced yield in wheat grains.

Keywords: Wheat; Midlle and late growth period Nitrogen and phosphorus; Protein synthesis; Starch
synthesis; Yield
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Fig. 1

Effect of nitrogen and phosphorus management at middle and late growth stages on soluble sugar content of wheat grains



.+ 1532 - X fF Y ¥ M %45 &
EACK BNt EANu zarp FANtP Il NuP
120 Fr#} b5 Longting, Kaifeng 120 J& O B8 3% Dancheng, Zhoukou
[ [ a
110} b2 110k b P2 a ,
o100k g e a o 100f o <P b P
= gof & 2% b = 9ol & 72 d g £ P
2 8o 4 4 45 #2 SO 2%
ﬁS } 70 / }z{ ﬁE E, 70k / /
@5 60f 7 ] 7 % T 60f %
a2 & 2 n 2 4% /]
23 Sop 2% " 2% sof 7
72} 40p ;’4 // 72} 40t /
2 30F & 2 30F 7z
8 20f 2% % 9% & 20f 2%
1o} [} 10} 21%
0 / ’ . 0 2
b AR EREH EX T EREW
Middle filling Late filling Middle filling Late filling
£ B I Growth stages HE B I Growth stages

SSSTEH:

SSS activity/(U - g™

2 EFHREHEABEENNZIFRLE SRR S K (GBSS)EEM RN
Fig.2 Effect of nitrogen and phosphorus management at middle and late growth stages on the activity of
grain-bound starch synthase( GBSS) in wheat grains

EICK BNt EANu
Fr & = Longting, Kaifeng
\ gy
4 4P
d ¢d g 7b' 2
I 2
% 2%
2
% 4
A% 2%
% %%
R PH BEREH
Middle filling Late filling
HE Y Growth stages

zare

NtP Il NuP
J& O ¥83%, Dancheng, Zhoukou

a a Cc

7 d

o

SSSEEHE
SSS activity/(U » g™
NN
XXX
MONONINNNNINNNNNNNN e

NN\
IR

VAN

VAN

4
HH Y HRIGH
Middle filling Late filling

4B Growth stages

3 AFPRHEUEEN /N EFR A A EEY S B (SSS) iE R R
Fig. 3 Effect of nitrogen and phosphorus management at middle and late growth stages
on soluble starch synthase(SSS) activity in wheat grains

2.3 FARASETMNEFHENSENER

N 4 0] LR H L 76 T 3 ) 3 3R
B Nt Nu, PLNtP Fl NuP 4b 3y /)N 22k RLTE
B o B S m T CK, b fEJT B e
=, NuP 403 5 CK 22 %78 = ArH ¥ &K, Hik
B 5 F K- B 0E 4 )k 46. 31,32, 84 i1 10. 55 4

A G TEJE B3, 7E R P B NuP b3 5 CK
2 S d R RIA B 44, 85 ANEAY S T AERE S S
WA A DL NP 4B 5 CK 22 5 5 W 3%, 1
&2 A 19,76 A1 9. 51 NE A, BACkE, =
A H NP A1 NuP b B X /N 22 k7 b7 3 By 22 FR
B4 2 50 e B

EICK BNt EANu
90, FF#f B2 Longting, Kaifeng

32 bcabbal

g ol K

7 60} b B 7%
3 A
29 s 129 B 7%
B ol M v (194 W9 1799
530K 91729 W 777
7201 M v 779 W 928
Sl N

' Y 177 Y 777

TN R ALY
Middle filling Late filling = Maturity
4B Y Growth stages

SR
Middle filling Late filling
4B Growth stages

ZAar PANtP Il NuP
90, J& O 83%, Dancheng, Zhoukou
80| ababaab
. 70} D lrhP]
<3 % 3 ?é
g 50p 3 1497
& S 0] 1 ”
RS 50l N (7157
3 5l 6 o 71919
20¢ g ?‘
K 3 792

5% 8]
Maturity

HR)E

4 EBEHRPEAHEEN/NEFIENS BN

Fig. 4 Effect of nitrogen and phosphorus management at middle and late growth stages on starch content of wheat grains



F1

LT A < AR TR 1 U B /N S KR VE A LR 11 B LR R A 5

+ 1533 -

2.4 AERETINENFHNESERSENER

FERESR A ) IR R AV L NeP Al NuP
Ab 3 /0N 2 R A SR IR 1 e AE T A U 8
T CK (B 5), Hodr, 78 5 & g 55, 3 3% b 1
NtP Zb ¥ 5 CK 22 5 5 KL 5 R 82. 50 %0, M 1E
TE K e R B 4 L NuP kb BR S CK 22 %
B3 R SR R 90, 7195 1 20, 16 % 5 7E JR 1 #R
W NP S CK 22 7 A =0 5 4 85 0K, 1 i
351k 32.94% ,135. 68 % Fl1 32, 13%, iksegh L
WY /N A A ZUGE AT S it
PRZ R IR — A0 0 /N2 bR B R PR R LA IE
R AR A
2.5 AEKSEBETNEHHNE RS KE(GS)
MBS S B (GOGAT) FEHHWESR

FEMER I, 5 CK A H, NtP NuP 4h ¥
INFEFRERL GS FI GOGAT % METE P AN 56 A 1
FEHON L, P ALY GS 16 AL E 1 6 5
GOGAT T P 7E I A~ 12l A5 38 18 35 1 hm (&1 6 A

BACK BNt EANu

2.0 FFHIEZ Longting, Kaifeng

HEERSR
Free amino acid content/(mg * g™)

Middle filling Late filling

Maturity
4 E B Growth stages
5 EEHNRHAMEEN M EFHNEERSENTMN

Effect of nitrogen and phosphorus management at middle and late growth stages on amino acid content of wheat grains

Fig. 5
EACK BNt EANu

E L8 gpgfjpe Longting, Kaifeng
< 1.6} "

- be a a
2 Lar abeabe b abab ab
1.2t b

#Hg ol
2L
wn 5
0=

2 0.6}

2 0.4f
s
S 02}
© 0.0

HRDH EREH
Middle filling Late filling
4 E Y Growth stages

6 EEFRPAMETEIN /NS SBIESMEE(GS)E M

7). FERENRIG W] NuP 4 FEAY GS 6 P 7E 9 4 ik
B 5 A0 CK 28 8, NP kb B GS 3% #: 4L
JE) 1R 3 8 3 4 s Nt u Nu, P NP Al NuP 4b 2
1) GOGAT & M AE WA U S 3 B 2 1 m . &
TR L 76 /INZE ST WA TF A6 0 —0GE & T AR
W% it PR 2% B W IR — AU PP X B 4R AT B GOGAT
Tk WO PR R R R R AP RE 8 AT SR W GS
T
2.6 AEANEBETINEHFRNEARSENER
FEVES o ) SR S R AT Nt Nu P
NtP Fl NuP &b 3 14 /)N 22 ¥ Ri 25 F BT & 4 78 P
RIS ¥ T CKE &), Hdr, 78 7 & b ==,
NuP &b #E 5 CK 22 5 78 =0 W ¥ fe ok, H
FLBEE>R 7. 04,7, 67 F13. 35 AN S A TE
JE TR 3 , NP Fl NuP Zh B AE =B 5 CK 22
SR A IE 3 A 4. 11 F1 3. 68 M E
Ir . SRR E ., AT NP Rl NuP 4b 3
Xof 7N 22 F e AR 0 2R RR R B AR P 1 AR R SR

parp PANtP Il NuP
T:n 2.0  JA O ¥R Dancheng, Zhoukou
w 1.8}
E 1.6}
i ‘g 1.4}
an g 12}
& o 1.0}
2
I 2 0.8}
,E 0.6}
g 0.4}
<
§ 0.2
= 0.0 . -~
R HEREH BRI
Middle filling Late filling Maturity
H F A H Growth stages

parp PZANtP Il NuP
~18 J& 0§83 Dancheng, Zhoukou
< 1.6
Top 1.4
g
i3
£
7e]
Oy
o
£
g
©w
] A i A
R PH EREH
Middle filling Late filling
4 F AT H Growth stages
) %

Fig. 6 Effect of nitrogen and phosphorus management at middle and late growth stages

on glutamine synthetase(GS) activity of wheat grains
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Table 1 Effect of nitrogen and phosphorus management at mid and late growth period on

dry matter accumulation and yield and its composition at maturity of wheat grains

A Ty o ek s

(kg » hm~?) (X10* « hm %) per spike weight/g (kg » hm %)

% CK  15737.224301.51b  528.92%11.40a  34.9640.16b  43.15=1.71b 8 546, 224113, 75¢
Lheine Nt 16 135.19298. 17b 5362517, 04a 35,2240, 1lab  44.72+0.42ab 8 576.82494. 93¢
Nu 16 640, 24527, 83b  528.92+14.15a  35.07+0.22ab  46.53-+1,87ab 8 646. 58107, 99c
P 17 538214406, 042 528.37+11.5la  35.34%0.1lab  48.02+1.95a 9 080.8-147. 06b

NP 18129.114446.53a  533.50413.61a  35.0940.22ab  48.9542.18a 9 317.28126.48ab
NuP  18009.424182.16a  530.93+19.74a  35.4040.29a  49.17+1.44a 9 405.42+159.99a

BT CK  15738.23+824.66c  511.00+17.00a  34.94%0.57a  49.06+0.18c  § 521.09=165.81c
Dancheng Nt 15 858.934794. 41c  516.13+19.29a  34.97+0.30a  49.1240.5lc 8 569. 624142 05¢
Nu 16 255.394507. 13 508.67416.44a  35.0140.05a  49.130.44c 8 629. 204206, 03¢

P 17 478.11167.05b  503.53+17.69a  34.9540.05a  49.59+0.84bc 8 839, 174115, 37he
NP 18587.194265.0la  505.4017.10a  35.03%0.12a  51.540.63a 9 501.954186.57a

NuP 18 201.33£155.96ab  506. 10+ 15. 25a 35.0740.08a 50.21£0. 36b 9 212.724190. 71ab
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