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Abstract: [ Objectives ] Investigating the regulatory impact of phosphorus (P) and potassium (K) application
patterns on grain yield and quality of medium and strong-gluten wheat can offer technological support for high-
quality, high-yield cultivation of wheat in a rice-wheat system. [ Methods ] A wheat field experiment was
conducted in Jiangdu District, Jiangsu Province during 2022—2023. The cultivation system was rice-wheat
rotation, with all the rice and wheat straw being consistently returned to the field. Yangmai 39, a medium-strong
gluten variety, was utilized as the experimental material. The nine treatments of P and K fertilizers were composed
of single application, combined application, basal and top-dressing application, single nutrient fertilizers and
compound fertilizer (N—P,0,—K,0, 15%—15%—15%). Before and after anthesis stage, plant samples were
collected for determination of N, P and K contents and accumulation. At harvest, the yield and yield components
were investigated, and the grain nutrition and procession quality were measured. [ Results ] Application of P and
K fertilizers significantly improved grain yield, quality, and nutrient accumulation, and significant differences
were observed among the treatments. Compared to the control without P and K fertilizers, the split application of
total amount of P and K fertilizers (120 kg/hm’* for both) half as the basal and half as topdressing were recorded
the highest grain yield, with the yield increase of 61% by applying single fertilizer and 65% by applying
compound fertilizer. Total amount of P and K fertilizer in basal application were recorded the second high yield
levels, while total K in base application alone was recorded the lowest yield effect. Split application of total PK
fertilizers also increased grain total protein content, and the ratio of gluten to alcohol-soluble gluten, thereby
improved the procession quality indexes like wet-gluten content, hardness, and sedimentation value. Like yield
results, compound fertilizer showed better effect than the single fertilizers at the same application amount and
method. The split application of PK fertilizers stimulated the N, P and K accumulation before and after anthesis
stage, and the transportation of N and P accumulated before anthesis. [ Conclusions ] High amount of P and K
fertilizers applied half in base and half as topdressing is most conducive to enhancing the absorption and
translocation of nitrogen, phosphorus, and potassium nutrients in wheat, elevating grain yield and total protein
content. The method also increase the ratio of glutenin and gliadin, thereby improving the wet gluten content,
hardness, and sedimentation value of the flour. With the same amount and method of fertilizer application,
compound fertilizers are more effective than single-nutrient fertilizers. Basal applying potassium fertilizer only
increases potassium absorption in wheat but does not enhance yield or quality.

Key words: medium-strong-gluten wheat; phosphorus fertilizer; potassium fertilizer; yield; quality
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Table 1 The types, application rates and methods of chemical fertilizers in each treatment
P,0; (kg/hm?) K,O (kg/hm?)
Qb3 Treatment 5 AR L e L v
Abbreviation Fertilizer At A At it
Basal  Topdressing Basal  Topdressing

KT AC X 1 POKO 0 0 0 0
Not applying P or K fertilizer
i P2K0 R % 120 0 0 0
Basal applying P at full dose (NH,),HPO,
L FIEILE POK2 AL KCl 0 0 120 0
Basal applying K at full dose
B L At PIKI KCl, (NH,),HPO, 60 0 60 0
Basal applying P and K at half dose
BT AC A it POKO+PI1K1 KCl, (NH,),HPO, 0 60 0 60
Topdressing P and K at half dose
SRR ETAL ALt P2K2 KCl, (NH.),HPO, 120 0 120 0
Basal applying P and K at full dose
eyl e SR PIKI+P1K1 KCl, (NH,),HPO, 60 60 60 60
Applying whole P and K fertilizer half as basal
and half as topdressing
P & LG CP2K2 R 120 0 120 0
Basal applying PK compound fertilizer at full dose Compound fertilizer
o MRS UR SRR CPIKI+CPIKI E&HE 60 60 60 60

Applying PK compound fertilizer half as basal
and half as topdressing

Compound fertilizer

H: ZAMEN-P,0~K,0N15%—15%—15%.,
Note: The N—P,0,—K,O in the test compound fertilizer is 15%—15%—15%
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Table 2 Grain yield and yield components of wheat under different P and K fertilizer application strategies
£431 Treatment R, (x10%han’) FRBRE TR (o) HEEL it (kg

Spike number Grains per spike 1000-grain weight Grain yield
POKO 357.1e 3l4¢g 50.1 be 5435 f
P2K0 4192 ¢ 335ef 5l.6a 7557 cd
POK2 374.8 de 33.1f 49.5 be 6022 e
PIK1 391.0cd 399b 49.9 be 7446 d
POKO0+P1K1 356.8 ¢ 339e 50.6 ab 6073 ¢
P2K2 464.7b 383d 48.9 cd 7932b
PIKI1+PIK1 511.7a 389¢ 47.7d 8975a
CP2K2 398.1cd 42.7a 50.2 be 7730 be
CPIKI1+CPIK1 506.6 a 37.7d 458 e 8729 a

Ji 22431 ANOVA

31.4%%* 352.8%* 16.6%* 220.3%*

T POKO—ARMEBEFIALX IR 5 P2KO—A it EALAEH ; POK2—2 i HILIERE ; PIKI—FBERESI AL AL ; POKO+PIK1—F Ht AT ALIE i 5
P2K2—2 AL S ; PIK1+PIKI—2 AL 42 CP2K2— A A & IJEHE ; CPIKI+CPIK I —2 i B i A S35 45
Ao FFEAREA R/ NG FRERIRAL HIE] 22 5 B35 (P<0.05), ** RN 35 210.01 KT

Note: POKO—Not applying P or K fertilizer; P2K0—DBasal applying P at full dose; POK2—DBasal applying K at full dose; P1K1—Basal applying P
and K at half dose; POKO+P1K1—Topdressing P and K at half dose; P2K2—Basal applying P and K at full dose; P1K1+P1K1—Applying whole P
and K fertilizer half as basal and half as topdressing; CP2K2—Basal applying PK compound fertilizer at full dose; CP1K1+CP1K1—Applying PK
compound fertilizer half as basal and half as topdressing. Different lowercase letters after data in a column indicate significant difference among

treatments at 0.05 level. ** indicates the fertilization effect is significant at 0.01 level.
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Table 3 Grain quality of wheat under different P and K fertilizer application strategies

W Treamen EPBCO W) HEEL  BEG) ) UHEL (mL)

Protein Wet-gluten Unit weight Hardness Flour yield Sedimentation value
POKO 132f 30.5d 797.0 ¢ 68.6 ¢ 70.5¢ 296 g
P2K0 15.1cd 37.1b 810.0 a 74.2 bed 74.6 a 359cd
POK2 13.7¢ 345¢ 810.5a 73.1d 72.8b 324f
PI1K1 14.7d 36.5b 815.0a 73.5d 73.5 ab 35.0de
POKO+PIK1 14.1e 35.0c 801.0 be 739 cd 702 ¢ 33.6ef
P2K2 15.4 be 373b 817.5a 74.9 be 72.3b 37.0 be
P1K1+PIK1 159b 394a 815.5a 77.0 a 72.8b 38.5ab
CP2K2 157b 375b 808.5 ab 753b 74.6 a 37.5bc
CP1K1+CP1K1 16.5a 40.1a 817.5a 774 a 73.0b 39.8a

Ji 2531 ANOVA
51.2%* 52.7%% 8.0%* 41.0%* 12.7%* 23.0%*

T POKO—ARMEBEFIALX IR 5 P2KO—A it EALAEH ; POK2—2 i HILIERE ; PIKI—FBERESI AL AL ; POKO+PIK1—F Ht AT ALIE i 5
P2K2—2 AL S ; PIK1+PIKI—2 AL 42 CP2K2— A A & IJEHE ; CPIKI+CPIK I —2 i B i A S35 45
Ao FFEAREA R/ NG FRERIRAL HIE] 22 5 B35 (P<0.05), ** RN 35 210.01 KT

Note: POKO—Not applying P or K fertilizer; P2K0—DBasal applying P at full dose; POK2—DBasal applying K at full dose; P1K1—Basal applying P
and K at half dose; POKO+P1K1—Topdressing P and K at half dose; P2K2—Basal applying P and K at full dose; P1K1+P1K1—Applying whole P
and K fertilizer half as basal and half as topdressing; CP2K2—Basal applying PK compound fertilizer at full dose; CP1K1+CP1K1—Applying PK
compound fertilizer half as basal and half as topdressing. Different lowercase letters after data in a column indicate significant difference among
treatments at 0.05 level. ** indicates the fertilization effect is significant at 0.01 level.

*4 TRIBFRERABRN TR ERRER

Table 4 Composition of grain proteins under different P and K fertilizer application strategies

4T Treatment HHEA (.%) BRiEH (.%) BN (%) . HHEH (%) HEAMEAEA ‘
Albumin Globulin Alcohol-soluble protein Gluten Gluten/alcohol-soluble protein
POKO 1.7¢ l.6e 4.2bc 50f 1.2 ef
P2K0 23¢c 2.3 be 4.1bc 6.1d 1.5¢
POK2 2.0d 2.0d 45a 5.0 f 1.1f
PIK1 2.6b 2.7a 4.0c¢ 53e 1.3d
POKO+P1K1 2.1d 2.1cd 40c¢ 50f 1.3 de
P2K2 2.6b 2.5ab 4.1bc 6.2 cd 1.5bc
P1K1+PIK1 3.1a 2.2bc 40c¢ 6.5b 1.6b
CP2K2 2.1d 2.7a 4.4 ab 63c l.4c
CP1K1+CP1K1 31a 22cd 40¢c 69a 1.7a
FE5rHT ANOVA
59.4%* 49.6%* 31.5%* 88.1%** 44.0%*

E: POKO—ARHFEHFFIIEXT ;. P2KO—2 g MRINALHE ; POK2—2 B ; PIK1—P R ILHERG ; POKO+PIKI—F e i ITIATE ;
P2K2—AhEBEAIAE L ; PIKI+PIKI—2 B AIARILIE 421 CP2K2— 2B R S AL ; CPIKI+CPIKI—4aibBhH & A a4
Ko RSB R AR NG PR R A PR 225 B35 (P<0.05), **FoREHLRY 1550.01 3K

Note: POKO—Not applying P or K fertilizer; P2K0—Basal applying P at full dose; POK2—Basal applying K at full dose; P1K1—Basal applying P
and K at half dose; POKO+P1K1—Topdressing P and K at half dose; P2K2—Basal applying P and K at full dose; P1K1+P1K1—Applying whole P
and K fertilizer half as basal and half as topdressing; CP2K2—Basal applying PK compound fertilizer at full dose; CP1K1+CP1K1—Applying PK
compound fertilizer half as basal and half as topdressing. Different lowercase letters after data in a column indicate significant difference among
treatments at 0.05 level. ** indicates the fertilization effect is significant at 0.01 level.
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CPIK1 4b¥, # POKO $&F 41%, HApRHEIRA RN
M EER, CP2K2 A H I M AR ERT
P2K2 4bHR, fRBEAFIESE A KR, P2KO 1 PIK1 Ab
BRI A EZ R R . BRI R AR
kiftia s | AR AR B RE B E ST POK2 Fl POKO+
PIK1 4bFE, P2KO 5 PIKI1 AbFHEI G B #EE 5,

2.5 BEERARHE A AR XX i 2R IR U A A RO =20

3¢ 6 RIN, Jith FH A 0 JIES X A AR 1 2R ) B SR
MR WEL W m e IC R AT IR
LI R RIS TR T A e R A A e
AFEEIERE R, CPIKI+CP1K1 ¥R T FFAE AR,
AR R AT BEER mk R s . FF
PR R B T HAMB, % POKO 73 52Tt
102% . 56%. 69%. 62%; PIKI1+P1KI1 4b# T~ H1E
IR LA B R AR R i B E LT CP1K1+CP1K1 4t
B, 5 POKO 43 BIHETF 99% Fl 43%, HiAFekr k3
PR 25 CP2K2ALH T T AL AN e b i &%
ER, Wi RSl Rmbrhific i WEsmEM
S PR R R G T P2K2 b8, AHLK POK2.,
P1K1. POKO+P1K1 SRmHHI L ATK 402, P2KO

*® 5 TEBRAEHE AR/ ERRIRUF AR (kg/hm®)

Table 5 Effects of different P and K fertilizer application strategies on N absorption and utilization in wheat

AL ey AR AR 1] e - o o
s g5 g e o R R R KRR R BRI
AR B AR KRG iz . .
AbFH Treatment : : . N accumulation at N accumulation
N accumulation at N accumulation at Transportation of . . .
. . . post-anthesis in grains
anthesis stage maturity stage ANPA to grains
POKO 141.1f 160.8 £ 1262 ¢ 19.7 de 1459¢
P2KO0 171.0d 198.5d 148.1¢ 27.5 be 175.6 ¢
POK2 152.1¢ 168.2 ¢ 135.3d 162 ¢ 151.5¢
PIK1 167.1d 192.8d 147.8 ¢ 25.8 cd 173.5¢
POKO+PI1K1 148.5¢ 172.5¢ 136.8 d 24.0 cd 160.8 d
P2K2 178.7 ¢ 219.0¢c 1652 b 403 a 205.5b
PIKI+PIKI 185.6 ab 2269b 1752 a 413 a 216.5a
CP2K2 182.0 bc 2147 ¢ 165.7b 32.7b 198.5b
CP1KI1+CP1K1 188.5a 2349a 176.2 a 464 a 2226a
F 25381 ANOVA
173.7%* 161.6** 230.2%* 30.0%* 170.0%*

HE: POKO—ARHEHFFIEXT I P2KO—ax i BRI ALHE ; POK2—ax Bt ; PIK1—FE @A ILAER; POKO+PIKI—F2 BT ILIATE ;
P2K2—4 WAL ; PIKI+PIKI—2 B IEAGE 4 CP2K2—2 B M A S0 ; CPIKI+CPIKI—42 B E A a4
o [FIFVBHRE A F)/ING S REFR AR BB 22 5 B3 (P<0.05), ** SRR AR 25510.01 . %K F-

Note: ANPA—N accumulation at pre-anthesis. POKO—Not applying P or K fertilizer; P2K0—Basal applying P at full dose; POK2—Basal applying K
at full dose; P1K1—Basal applying P and K at half dose; POK0+P1K1—Topdressing P and K at half dose; P2K2—DBasal applying P and K at full
dose; P1K1+P1K1—Applying whole P and K fertilizer half as basal and half as topdressing; CP2K2—Basal applying PK compound fertilizer at full

dose; CP1K1+CP1K1—Applying PK compound fertilizer half as basal and half as topdressing. Different lowercase letters after data in a column

indicate significant difference among treatments at 0.05 level. ** indicates the fertilization effect is significant at 0.01 level.
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Table 6 Effects of different P and K fertilizer application strategies on P absorption and utilization in wheat

THEM
43R BERA R

A

L . YR
FpREE L HEURTRE e

P accumulation at

Treatment P accumulation at P accumulation at Transportation of . P accumulation
anthesis stage maturity stage APPA to grains post-anthesis in grains
POKO 16.1f 28.6 103 f 125a 228¢g
P2K0 279¢ 34.9 de 232 cd 7.0d 30.2d
POK2 199e¢ 31.7¢ 13.8¢ 11.8 abc 256 f
PIK1 25.1d 33.0de 21.3d 79d 29.2 de
POKO+P1K1 209e¢ 33.1de 154¢ 12.2 ab 27.6¢
P2K2 27.1cd 36.1cd 23.1cd 8.9d 32.0c
P1K1+P1K1 32.0b 40.8b 26.9 ab 8.8d 35.7 ab
CP2K2 29.1¢ 38.8 be 24.7 be 9.7 bed 3440
CPIK1+CPIK1 353a 445a 278 a 9.1cd 369a
Jr 2530 ANOVA
62.7%* 27.4%* 51.1%* 6.1%* 72.7%*

E: POKO—ARHFEHEHIIEXT s P2KO—2 g MINILNE ; POK2—& b #REAL G ; PIK1—P i BEAR LN ; POKO+PIKI1—F it B ILIATE ;
P2K2—& 4 IE R ; PIKIH+PIKI—2 MBAIIERE &2 CP2K2—2 Bl & G IS ; CPIKI+CPIKI—2 i & A3 a &
e [FAFNVEAR G AN F)/ING PR R A IR 25 7 W3 (P<0.05), **Fm i ITRAUN 1K 30.01 B K-

Note: APPA—P accumulation at pre-anthesis. POKO—Not applying P or K fertilizer; P2K0—Basal applying P at full dose; POK2—Basal applying K
at full dose; P1K1—Basal applying P and K at half dose; POK0+P1K1—Topdressing P and K at half dose; P2K2—Basal applying P and K at full
dose; P1K1+P1K1—Applying whole P and K fertilizer half as basal and half as topdressing; CP2K2—Basal applying PK compound fertilizer at full
dose; CP1K1+CP1K1—Applying PK compound fertilizer half as basal and half as topdressing. Different lowercase letters after data in a column

indicate significant difference among treatments at 0.05 level. ** indicates the fertilization effect is significant at 0.01 level.

PR IFAE B R R AT R R kR
it MR R R R s, B POKO 43l 4
Tt 74%. 125%. 32%., PIK1 Zb3 I AE M £ E
i LT P2KO b3, AR HEhR B 2K T P2KO 4b
B, OHESREE,; PIKL A FHAEMBEH R
L AR R R MR i 5 3 S T POKO+
PIK1 A3,

2.6 B0 AL AR AR X X $ 2= IR LR FR R B2

FH 2 7 AT, it FH B IE X R AR R A AR R
U R BT AR A K R
HIPRR LR R R R R B TR A K
R, ANFEFEACAL B, CPIKI+CPIK1 AbFE I AE 1
ISP R Rt TIHAMALEE, %% POKO 4342
Tt 45% . 55%; HKH PIK1+P1K1 I CP2K2 4b3,
2P R TG 35 25 . AHLE P2KO, PIK1, POKO+
PIK1 {RER 4 AL FE, POK2 40 3T 46 3 F0 ns s b 40
RHE B RS, 0% POKO AT T 24%
M139%, HK A PIK1 AbFE, P2KO fil POKO+P1K1
A PRIA

2.7 BEEMNRSEEREFE. FREMG
FRHI%E R
 1(a) Bk, TEAERIBE 2 AT 2 R B E 57
ARG ERTBUR AL AR E DL
WERARMEEE D ELMIEMC, A, FFIEH
BEB RS B ERIEEMGCR, S5H
RLEE A . TR T S PR R B o Atk
AR R . R, A PR B AL i 5E 1% 38 in
AE BT R i, PR AERIIE S AR R B 5 EHT
TSR R RIREE 3 T R R R 1 R 22
B, SLHURRRL RS S B EREE T [ B 1b)].
3 e
3.1 W ATME A XN L B S R OB
8 HE R % 1 T P 0 T 5 0 3 A 20
B I I, 0N 2 R 72 T PR 22 0
TR0, BT AR P R T RE R ph TR BOR

RLE BB Y ABEFEAR BN, i e L 22
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Table 7 Effects of different P and K fertilizer application strategies on K absorption and utilization in wheat
b3 TR R R AT R PR FPRLR R R
Treatment K accumulation at anthesis stage K accumulation at maturity stage K accumulation in grains
POKO 163.0f 1242 h 18.7 ¢
P2KO0 1849 ¢ 156.1 £ 219 cd
POK2 202.7 ¢ 173.0d 23.5bc
PIK1 193.4d 168.7 ¢ 252b
POKO+P1K1 183.7¢ 151.1g 20.0 de
P2K2 226.7b 180.4 ¢ 31.6a
PIKI+PIK1 228.6 ab 188.0 ab 319a
CP2K2 232.5 ab 1853 Db 326a
CPIKI+CPIK1 236.2a 189.4a 323a
Ji 22431 ANOVA
102.6** 599.2%* 55.1%%*

T POKO—ARMEBEFIALX IR 5 P2KO—A it EALAEH ; POK2—2 i HILIERE ; PIKI—FBERESI AL AL ; POKO+PIK1—F Ht AT ALIE i 5
P2K2—2 AL S ; PIK1+PIKI—2 AL 42 CP2K2— A A & IJEHE ; CPIKI+CPIK I —2 i B i A S35 45
Ao FFEAREA R/ NG FRERIRAL HIE] 22 5 B35 (P<0.05), ** RN 35 210.01 KT

Note: POKO—Not applying P or K fertilizer; P2K0—DBasal applying P at full dose; POK2—DBasal applying K at full dose; P1K1—Basal applying P
and K at half dose; POKO+P1K1—Topdressing P and K at half dose; P2K2—Basal applying P and K at full dose; P1K1+P1K1—Applying whole P
and K fertilizer half as basal and half as topdressing; CP2K2—Basal applying PK compound fertilizer at full dose; CP1K1+CP1K1—Applying PK
compound fertilizer half as basal and half as topdressing. Different lowercase letters after data in a column indicate significant difference among

treatments at 0.05 level. ** indicates the fertilization effect is significant at 0.01 level.

FE . UIREESE S e bR, S IE AT e e
TR A AL B, F AR T T RO DR AL
TE AR T AT A il i SRR i [B) S Al 2 A
KF, BOE MR RTE 220~225 kg/hm?,  Ehfig A
B IR/ T 30 mg/kg I, R AT i
7, AR e 2 BT . Y IRV E, B
Jiti FH 5 AR i it R i, AU 180 kg/hm? i
FLHEBEAE 160 kg/hm>24, IS AT RIS, 18 0~
120 kg/hm? S BRYE P, /N2 7= o BE BT AE A 38 o iy 4
MM T 156 kg/hm? B, PR R A,
X AT R AR PR Sy ak i FH A S B TR AR P AR R
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FITF RPN, AR 3 (A% 12.8 mg/ke.
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BRI, (HAER R I8 R W] — U
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AT, WP AL P R it 5 A4 40 5 i AR
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Fig. 1 Relationship between plant P and K accumulation at anthesis stage and N uptake and utilization,
grain yield and quality of wheat
e K (a) R IR WA IZ it | RPN BERAR DG L J0 AT, R0 AE 0.01 ZKEAIC R . & (b) s & B P AL (2 /A2
7B P R R TR AR B AR
Note: Figure (a) illustrates the correlation analysis between nutrient absorption and translocation, grain yield, and grain quality. ** indicates a
significant correlation at the 0.01 level. Figure (b) provides a conceptual diagram outlining the technical strategy for enhancing grain yield and quality

through optimized phosphorus and potassium fertilization.
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