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Effects of nitrogen and phosphorus reduction on grain yield, quality, and soil
biological properties in strong-gluten wheat varieties

Xu Bei—Ming**, Hao Zi-Rui", Feng Jian-Chao, Ma Geng, Wang Li-Fang, Xie Ying-Xin, Wang Chen-Yang,
and Ma Dong—Yun*

College of Agronomy, Henan Agricultural University / National Engineering Research Center for Wheat, Zhengzhou 450046, Henan, China

Abstract: To evaluate the effects of nitrogen (N) and phosphorus (P) reduction on grain yield, quality, and soil biological proper-
ties in strong-gluten wheat varieties, a three-year field experiment (winter wheat seasons from 2021 to 2024) was conducted in
Henan province using three cultivars: Kexing 3302, Yuzhou 118, and Xinmai 26. The experimental design included four treat-
ments: (1) conventional fertilization (CF: N/P,0s/K,O = 240/135/135 kg hm™), (2) nitrogen reduction (RN: no N application in
2021-2022, and 30% N reduction relative to CF in 2022-2024, with P and K maintained at CF levels), and (3) phosphorus reduc-
tion (RP: no P application in 2021-2022, and 30% P reduction in 2022-2024, with N and K maintained at CF levels). Results
indicated that N and P reductions had no significant effects on soil total N (TN), total P (TP), or organic matter content in the first
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year. However, under RN treatment, TN and TP at maturity were significantly lower than those under CF during the 2022-2023
growing season. Both N and P reductions decreased soil nitrate-N and ammonium-N concentrations. Soil enzyme activities
(urease, invertase, and phosphatase) showed declining trends under nutrient reduction, with RN causing significantly greater re-
ductions than CF. P reduction had no significant effect on yield across all three varieties, while N reduction had no impact in the
first year but led to significant yield losses in the second and third years. These losses were primarily due to reduced spike num-
bers, with RN having a more pronounced negative effect than RP, which intensified over time. Grain processing quality under RP
generally met the standards for strong- or medium-strong gluten wheat, whereas RN significantly reduced protein content (by
0.85%) and sedimentation value (by 4.49 mL) compared to CF. The negative impact of RN on quality parameters was greater than
that of RP. Under current agroecological and soil fertility conditions, omitting N fertilizer in the first year and applying a 30% N
reduction in the second year maintained grain yield and quality while increasing N partial factor productivity by an average of
26.24%. Similarly, omitting P in the first year and applying a 30% P reduction in the second and third years stabilized yield and
quality while improving P partial factor productivity by an average of 34.45%. These findings offer empirical support for opti-

mizing fertilizer strategies in strong-gluten wheat production systems.
Keywords: wheat; reduction of nitrogen fertilizer; reduction of phosphate fertilizer; soil biological properties; yield
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Fig. 1 Temperature and precipitation during the wheat growing season
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Table 1 Fertilizer application rates and methods used in this study

G fb g ZJE Nitrogen (N) 5 Phosphorus (P,0s) AT Potassium (K,0)
Vear  Treatment ot A3t ot TYCEN it A3t
Amount Method Amount Method Amount Method
2021—  WHUMEAE CF 240 kg hm?®  50%3EJli+50%3% 19 18 it 135kghm?®  FLjifi Basal 135kghm?>  FEjifi Basal
2022 50% basal+50% topdressing
I AAEEE RN 0 kg hm? — 135kghm?®  FLjifi Basal 135kghm?>  FEjifi Basal
WEEALPE RP 240 kg hm?  50%JE i +50%3K 738 i 0 kg hm™ — 135 kghm? 3 Basal

50% basal+50% topdressing
2022—  HHUENE CF 240 kg hm®  50%3EHE+50%3% 3 16 Jiti
2023 50% basal+50% topdressing
WAMLTE RN 168 kghm?  50%HE i +50%3K 7738 i
50% basal+50% topdressing
WEEALPE RP 240 kg hm?  50%HE i +50%3K 7 38 i
50% basal+50% topdressing
2023—  HWHUENE CF 240 kg hm®  50%3EHE+50%3% Y 6 Jiti
2024 50% basal+50% topdressing
WAMTE RN 168 kghm?  50%HE i +50%3K 7738 i
50% basal+50% topdressing
WEEALPE RP 240 kg hm?  50%HE i +50%3K 7 38 i
50% basal+50% topdressing

135kghm?®  JLjifi Basal 135kghm?  3Ejifi Basal
135kghm?®  JLjifi Basal 135kghm?  3Ejifi Basal
94.5kghm?  FLjfi Basal 135kghm?  3Ejifi Basal
135kghm?®  JLjifi Basal 135kghm?  3Ejifi Basal
135kghm?®  JLjifi Basal 135kghm?  3Ejifi Basal

94.5kghm?  FLjfi Basal 135kghm?  3Ejifi Basal

CF: conventional fertilization; RN: nitrogen reduction; RP: phosphorus reduction.
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Table 2 Effects of nitrogen and phosphorus reduction on grain yield and its components in different wheat varieties

N . b AR gk Thi [
?{Ee{'fr V::ieﬁly Tr:Latfent Spike4numtz)er Kernﬁij&spike 1009—kernel Grain yiild
(x10"hm °) weight (g) (kg hm )
2021-2022 B} 3302 W HUEAL CF 640.00+£57.79 a 40.50+3.70 a 38.50+0.08 b 8486.00+433.86 a

KX3302 B AL B RP 537.50+45.57 a 47.235.06 a 39.22+1.21 ab 8462.85+1377.50 a
U A AL EE RN 507.50£110.59 a 43.10+6.36 a 43.28+3.47 a 8046.10+1037.87 a

B 118 WAL CF 585.00£109.66 a 38.70+1.75 a 46.50+0.60 ¢ 8945.10+1572.05 a

YZ118 VB b T RP 568.75+119.87 a 38.37+3.95a 48.61+0.87 b 9015.51+891.47 a
U A 4b FE RN 447.50£50.18 a 38.13+5.62 a 53.79+0.61 a 7802.00+1016.20 a

B 26 W HUEAL CF 596.25+112.54 ab 43.40+1.97 a 39.00+2.46 a 8578.30+894.12 a

XM26 W BEAL R RP 660.00+104.76 a 47.3742.45a 39.1942.09 a 10,414.73£1000.81 a
A AL EE RN 482.50+54.84 b 44.67+3.34 a 43.80+3.14 a 8023.10+573.71 a

ANOVA F-value

A 0.62 631" 63.75™" 1.26

T 7.80" 1.32 20.617" 4.76"

VxT 1.20 0.58 0.44 1.12

2022-2023 B2 3302 W HUEAL CF 573.75£40.65 a 43.1142.67 a 38.40+0.49 a 8073.50+24.92 a

KX3302 AL B RP 552.50+88.38 a 44.4442 48 a 38.9242.02 a 8121.424279.60 a
U A 4b FE RN 611.67100.17 a 39.73£1.20 a 37.47+132a 7739.87+742.32 a

BN 118 W HUEAL CF 601.67£101.56 a 39.70£0.57 a 45.00+0.13 ab 9136.46+1332.96 a

YZ118 VB b T RP 535.00+104.08 a 41.33+0.38 a 46.15+0.87 a 8674.51+1150.29 a
WAL RN 516.25+15.91 a 40.17+0.70 a 44.27+1.16 b 7802.28+551.34 b
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N . ¥ AL gk Thi Fr
i{i V::ieﬁzy Tr:Latfent Spike4numtz)er Kernﬁieﬁpike 1009—kernel Grain yiild
(x10"hm °) weight (g) (kg hm )
2022-2023 Bk 26 W B AL CF 602.50+81.31 a 42.07+5.11 a 39.20+1.30 a 8445.01+899.98 a
XM26 WAL P RP 563.75+62.07 a 39.97+3.71 a 38.58+1.64 a 7387.70+534.11 ab
U A AL EE RN 592.50+61.17 a 39.03+0.61 a 36.0240.51 b 7080.21+453.66 b
ANOVA F-value
A 0.51 1.85 136.56""" 4.24
T 1.32 1.86 1.90 3.83°
VxT 0.72 0.95 5.80" 0.92
2023-2024 B} 3302 W RUEAL CF 712.18+58.87 a 37.86+0.87 a 37.5940.90 a 8599.84+458.83 a
KX3302 W BEAL R RP 654.24+17.15 a 37.76£3.10 a 39.61£1.32a 8338.03+1022.00 a
A AL B RN 621.43+75.34 a 37.57+4.18 a 36.87+2.27 a 7247.46£417.40 b
WA 26 W BLREE CF 649.29+98.50 a 42.57+1.05 a 36.60+1.62 a 8559.26+771.34 a
XM26 VB b B RP 647.14+94.58 a 39.0242.67 b 36.4040.90 a 7754.70+516.79 a
U A A4bFE RN 505.29£69.80 b 40.590.90 ab 36.76+0.75 a 6405.83+890.60 b
ANOVA F-value
A% 3.15 6.57" 4.77" 1.88
T 4.06" 0.83 1.20 8.47"
VT 0.81 0.73 1.97 0.44

ARPRFEFR 1, Ve fA T ARBE; VXT: GFioab PR 2Bl W hn v 25 B 5 A R 5 RER R ) — i A AR R SRR BE R 25 52 8
F(P<0.05), ", 7L TAMMRETE 0.05, 0.01 F10.001 KV EERBE,
Treatments are the same as those given in Table 1. V: variety; T: treatment; VxT: variety x treatment. KX3302: Kexing 3302; YZ118: Yuzhou

118; XM26: Xinmai 26. Data are presented as mean + standard deviation. Different letters within the same variety and column indicate sig-
nificant differences at P < 0.05.", ™" and """ indicate significant differences at P < 0.05, P < 0.01, and P < 0.001, respectively.

R WIS AR T RS, T AR SORN Tk A
B AR AL A% 18 T FEORL BRI T RL B A 3
Jn—E R FE TR AN 7RO FEXS 7 i 05, T 7R
Jite RN 25 AT R B8R T Y B S 2 LA TR A
BT X7 i Y S )

20222023 4 FEAS [l Ak # 2 [] 7= i 9 AR i 3
55 2021—2022 4EFEAHML, Hrf YZ118 .XM26 7E RN
SRR R i AR T CF ARER, 7= it i A
R HEEE RP. RN &0 T4 CF 2 TREEH

20232024 4 JEAS [R] b B 2 [] 77 e 119 AR ks
5 20212022 4F ORI 20222023 4F A
KX3302 Al XM26 7E RP F =5 H: CF T /=2
SRR LR EKE, HEA R REARES, 5
/b 261.81 kg hm 2 1 804.56 kg hm?%; [MiifE RN
T 24P B AR T AR CF R A=, 43 s
1352.38 kg hm 2 Fl1 2153.43 kg hm 2, 4 3 4F/5 &
KB Z T IR, WA . BT = i i
BB RS TR, s U 7 i Y5 e RO K
TR AE, L A PR A 3G T, 5 M 50N K

RN Ab R B AN A= 7= J1 3¢ CF A 37 448 5
26.24% (2022—2023), 1fii RP AbEET FmEAE O A 7
J1#% CF Qb FEF- 2442 55 34.45% (2022—2024),
22 @|EEBEXNMARREA/NMNERmMLIESLR. £
BMANENRSEN

2 3 W%, 2021—2022 4= JF RP &f RN Zb# T
TR G EYS CF A 25 28I ARIL B E K
S, AHAR A RN ARSR (9 2R/ 8 B KT CF 4
B 2022—2023 4, RN AbHF KX3302 fil XM26
TE A T 1 A A 2 W I T AN CF A3,

2021—2022 4F &, AN i AP AE RP RN 544 F
M) R CF SMAR TR (HZ2H0N
BT, 5 CF ZIEMZER KRB L EKF.
2022—2023 4E %, RP, RN 4b# T KX3302 A48 &
W E KT AN, CF AbBE, 344 F 4354 CF
b HSF- 34 TR B 13.00%F1 10.65%; 1M XM26 NI 7E i 24
WAL T CF AbFHE, 4303 CF TR 15.22%7F
14.13%, 2021—2022 4FJ¥, RP AP T + G WL &
it 5 CF AbFE 2 8] 25 S 2 oK 5K W 7KK, 1 RN b3
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TR £ BT CF AP, 20222023 4R, L CF P FF& 15.13%H1 3.32%; 1fii RN 4b £ 0] -1
KX3302 Fll XM26 7E RP AL B R i RIEA DL S EE TR 19.09%F1 1.76%.
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Table 3 Effects of nitrogen and phosphorus reduction on total nitrogen, total phosphorus, and organic matter content in rhizosphere
soil

Ty A Qb 7 4% Total N (gkg™) 42 Total P (g kg ™) A ML Organic matter (g kg ™)
Year Variety Treatment ]S AS MS IS AS MS ]S AS MS
2021— B 3302 HHLIE 1.35+ 1.21+ 1.09+ 1.02+ 1.00+ 1.00+ 14.34+ 14.25+ 14.66+
2022 KX3302 CF 0.03a 0.08 a 0.09 a 0.04 a 0.00 a 0.10a 0.85a 131a 0.67 a

Yol gt Ak 3 1.20+ 1.17+ 1.19+ 0.99+ 0.98+ 0.90+ 13.67+ 13.89+ 13.73+
RP 0.02b 0.07 a 0.12a 0.03a 0.00 a 0.03 a 0.36a 0.05a 0.15 ab
A AL H 1.13+ 1.24+ 1.07+ 1.01% 0.98+ 0.92+ 15.19+ 13.95+ 13.02+
RN 0.03 ¢ 0.08 a 0.01a 0.01a 0.04 a 0.01a 1.81a 0.50 a 0.96 b
B 118 R E 1.25+ 1.24+ 1.07+ 1.03+ 1.10+ 0.95+ 13.90+ 15.04+ 14.42+
YZ118 CF 0.05a 0.09 a 0.04 a 0.02a 0.07 a 0.03 a 0.23b 0.92a 033 a
IR ol Ak P 1.25+ 1.18+ 1.16+ 1.00+ 1.06+ 0.88+ 14.95+ 13.65+ 13.22+
RP 0.03 a 0.03a 0.01a 0.01a 0.02a 0.02b 0.16a 0.20a 0.22b
IR AL 3 1.05+ 1.13+ 1.20+ 1.05+ 1.07+ 0.82+ 1421+ 13.37+ 13.25+
RN 0.02b 0.04 a 0.17 a 0.04 a 0.00 a 0.00 ¢ 0.08b 137a 0.08b
B 26 it 1.18+ 1.15+ 1.16x 1.00+ 1.02+ 0.91+ 14.42+ 13.72+ 15.00+
XM26 CF 0.01a 0.04 a 0.04 a 0.05a 0.09 a 0.05a 0.45a 0.72a 0.18 a
AL 1.13% 1.25+ 1.21+ 1.03+ 0.97+ 0.87+ 13.75+ 13.76+ 13.82+
RP 0.03b 0.07 a 0.09 a 0.05a 0.04 a 0.05a 0.15b 128 a 139a
P UEL 1.12+ 1.21+ 1.17+ 0.83% 1.00+ 0.90+ 14.30+ 14.99+ 14.14+
RN 0.02b 0.01a 0.08 a 0.10a 0.02a 0.04 a 0.14ab  0.14a 0.83 a
ANOVA F-value
Y 1.70 0.29 0.43 2.72 9.81™ 3.09 0.30 0.07 2.48
T 6.92" 0.41 1.28 422" 1.42 6.47" 0.98 0.95 8.75"
VxT 3.02 1.49 0.29 6.827 0.05 1.31 2.51 2.16 0.49
2022— B 3302 HHLIE 0.83+ 1.21+ 1.20+ 0.86+ 0.86+ 0.91+ 17.57+  21.56+ 18.09+
2023 KX3302 CF 0.04 b 0.13a 0.02a 0.02a 0.01a 0.01a 035a 327a 134 a
AT GEL 0.86+ 1.07+ 1.16+ 0.79+ 0.78+ 0.72+ 15.67+ 15.67+ 17.22+
RP 0.08b 0.05a 0.01a 0.00 b 0.02b 0.05b 0.62b 0.29b 037a
I R4k B 0.98+ 1.06+ 1.03+ 0.80+ 0.79+ 0.76% 15.51+ 16.19+ 14.59+
RN 0.02a 0.09 a 0.04b 0.03 b 0.02b 0.00 b 0.29b 0.61b 0.16 b
B 26 R E 0.94+ 1.08+ 1.18+ 0.84+ 0.83+ 0.92+ 15.77+ 17.54+ 16.68+
XM26 CF 0.07 a 0.06ab 0.0l a 0.05a 0.06 a 0.04 a 1.05a 0.73 a 0.65a
U 8 Ak 3 0.86+ 1.15+ 1.13+ 0.85+ 0.80+ 0.78+ 15.89+ 16.37+ 16.07+
RP 0.01a 0.02a 0.04 b 0.03a 0.02a 0.00 b 1.58a 1.11a 1.01a
I R4 B 0.90+ 1.05+ 1.02+ 0.81% 0.82+ 0.79+ 17.60+ 16.21% 15.30+
RN 0.02a 0.00 b 0.00 ¢ 0.04 a 0.01a 0.01b 0.97 a 0.28b 0.71a
ANOVA F-value
\Y% 0.15 0.32 2.30 1.01 0.58 8.19" 0.15 2.50 2.62
T 4.64 2.02 56.71" 2.09 5.24 64.64" 1.61 10.88™  14.377
VT 5.53" 2.81 0.40 1.78 1.54 1.42 6.61" 4.49 3.06

PR 1o Ve ghAl; T ARBE; VXT: =GB IS, AS. MS ZRBIUERIET . JFAERUSEN . SR Bl BB R 2% s s
AN B F R Al — s AR TR AL B R 22 53 835 (P < 0.05), T ZEAHr v F A 5IMC#EAE P <0.05 Fl P<0.01 KF ERBE,

Treatments are the same as those given in Table 1. V: variety; T: treatment; VxT: variety x treatment. KX3302: Kexing 3302; YZ118: Yuzhou
118; XM26: Xinmai 26. JS: jointing stage; AS: anthesis stage; MS: maturation stage. Data are presented as mean + standard deviation. Dif-
ferent letters within the same variety and column indicate significant differences at P < 0.05. " and ™" indicate significant differences at P <
0.05 and P < 0.01, respectively.
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23 @EBEEMEXEMG/NEMAIRE LIEMEY
EYEHRAN N

2% 4 AN ER PR i R KX3302), 3E
YA YRR SR CF AP R4 5, 1 RP FII RN
Wb B A, AR CF AbEE b4, RP b 2 4373
TR 7.61%, RN AT IEEE 6.15%. A9
AR S ENAEARR AL F B BIRIA T2 5%, RN
b 3T I B AR W A ) e UL RT3 T A
CF Kb, ifife FFAE 3 0 B &K T CF AbFE, XAl fE
EANTRVAE B B A AR R B A R A G o
RP. RN ZbHEFIFAEHI I E D A N i
AR CF ALBEA» 3 R % 3.68%~6.67%F1 2.92%~
15.64%. EYEY R C/N ZRIMN CF A TF 4
&, 7E 2021—2022 4EJE, RP A1 RN 203 R A w4

x4 ABBRM/DERELIEMEVEDSERENTN

Yt C/N TEIR T MKW 40 58 CF Ab 3T &
10.50%7%11 39.07%. 14.09%F1 14.61%; TifE 2022—
2023 A, RP I RN ZbHL A Y A Y& CON
4 CF FFE 11.78%7F1 24.75%.

2.4 FEEEHEXT A [E 5E A /N & G AR BR £ 1R
T BERAENE

241 NHERAEEH YA & 2 AT, bEE
INERERKET, TEMESRAS EEZ T EEH.
2021—2022 4EJF, RN AbFF KX3302, YZ118 Al
XM26 A AR & s HAR Y CF A H) 3% T RE,
I FRE 27.10%~37.68% . 39.86%~58.54%Fll
31.00%~47.63%; RP ALFHT Y KX3302 #1 YZ118 5
FCAHRY CF M3 W25 22 7, 1 XM26 7518 75 Fl
WCHWEH N, CF B FE 5 (18.90%F1 24.08%),

Table 4 Effects of nitrogen and phosphorus reduction on microbial biomass carbon and nitrogen in wheat rhizosphere soil

Tl A e i

(R ER 7Ry

A= A R R R

A Ay Kb 3 Microbial biomass carbon content Microbial biomass nitrogen content . o
B B Microbial biomass C/N
Year  Treatment (mg kg ) (mg kg )

RS JS AS RS JS AS RS JS AS
2021-  HHLUEAE 108.76+ 122.56+ 133.11+ 9.81+ 12.70+ 14.83+ 11.90+ 9.65+ 8.98+
2022 CF 1.62a 5.68a 325a 0.15b 0.24 b 0.44 a 0.0l a 0.63 a 0.05a
YR It Ak 3 105.51+ 117.69+ 108.76+ 9.91+ 14.20+ 13.84+ 10.65+ 8.29+ 7.86+
RP 325a 0.81a 325¢ 0.39b 0.40 a 0.16 b 0.09b 0.17b 0.15b
A AL 3 99.02+ 119.72+ 122.56+ 13.66+ 14.54+ 12.51+ 7.25+ 8.24+ 9.80+
RN 1.62b 1.22a 0.81b 0.08 a 0.54a 0.15¢ 0.16 ¢ 0.28 b 0.05a
2022—  HHLUEAE 131.08+ 134.73+ 130.43+ 14.38+ 14.47+ 14.37+ 9.11+ 9.33+ 9.07+
2023 CF 4.46 a 1299 a 0.82a 0.23 a 0.31b 0.07 a 0.16 ¢ 1.10a 0.01a
U ok A 2 123.37+ 116.88+ 128.79+ 991+ 14.20+ 13.84+ 12.46+ 8.23+ 9.31+
RP 1.62 ab 1.62b 246 a 0.39¢ 0.40b 0.16 b 0.33a 0.12 ab 0.28 a
Il Ak 120.12+ 122.96+ 129.61+ 12.04+ 17.51% 13.95+ 9.97+ 7.02+ 9.30+
RN 4.87b 4.46 ab 0.01 a 0.01b 0.01 a 0.30 b 0.40b 0.26 b 0.20 a

ARPRIA SR 10 RS, IS, AS SRR E M . TR B o R B I (EpR i 22, Bl o A R 7 B R A R DAL R 22 5%
B (P <0.05),
Treatments are the same as those given in Table 1. RS: regreening stage; JS: jointing stage; AS: anthesis stage. Data are presented as mean +

standard deviation. Different letters within the same column indicate significant differences at P < 0.05.

2021-2022

351kx3302 % g}E 1YZ118 1XM26

301 I RN 1 |
~ 254 1 1
'on
"o 20 ] a |
g a

a a

= a a a
Z 154 a% a 1 g 1 b a a
S a a @ b b
Z 104 b b ] . ;

5_ - -

0 : : : : : : : , :

RS IS AS RS 1S AS RS 18 AS
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TKX3302 Tyz118 ]xm26
a
30 4 a i a
aba %a E3
=~ 251 R a 1
22U o8 0, ala ;
%n 20 HL|b | a | b b
s b
& 151 . 1 ¢
S a a
“ 10+ a =L b
54 |
0 : : : : : . . : .
RS IS AS MS RS IS AS RS is

2 ABBREMTE/NESMRFELIEESASENZIT

Fig. 2 Effects of nitrogen and phosphorus reduction on nitrate nitrogen content in rhizosphere soil

AEFREIFE 1, KX3302: BF2%3302; YZ118: M 118; XM26: i 26, RS: iRFHW; IS: AW, AS: JFEH; MS: . F—4F
B AR R A /NG B 3RR 25 5 1 2 (P < 0.05)

Treatments are the same as those in Table 1. KX3302: Kexing 3302; YZ118: Yuzhou 118; XM26: Xinmai 26. RS: regreening stage; JS: joint-
ing stage; AS: anthesis stage; MS: maturation stage. Different lowercase letters above the bars within the same growth stage indicate signifi-
cant differences at P < 0.05.

2021-2022
359 Kx3302 %CF 1YZ118 7 XM26
RP
304 RN 1
T 254 1 1
]
on
E 204 - -
Z
L 154 a . & a . g a
o a a b
z ab b ab a4 a b
104 b b a b B b b B b a
b C C a
5_ |+|fi _ c _
0 . , ' , ' . , , ,
RS JS AS RS JS AS RS IS AS
35 i 2022-2023 .
KX3302 YZ118 XM26
30 4 .
—~ a a
Top 25 a {»a 4 a B
< a
of a
E 204 b b B a a a 4 aa
Z
o154 1b a , 4 b b
s a
“ 10 o] 8 a 1 o b[*]o
b ab a a b a
0 . . , , . , . . : : :
RS i AS MS RS IS AS MS RS IS AS MS

B3 FEEPEREX AR ERMRERDIRES RN

Fig. 3 Effects of nitrogen and phosphorus reduction on ammonium nitrogen content in rhizosphere soil

PR R 1, FERE 2. F—4F AR B/NG FRERIR 22 7 B3 (P < 0.05).

Treatments are the same as those in Table 1. Abbreviations are the same as those given in Fig. 2. Different lowercase letters above the bars
within the same growth stage indicate significant differences at P < 0.05.

20222023 4EFE, RN ZbHETF KX3302, YZI118 Ml X HIEASASA S R mE/N, 1 RN AP F + 4
XM26 A EF M HIEM A A S BN CF b SRS RS R NE FRaE.

AT R 17.35% ., 22.91%FM1 11.57%. RP AL 242 s&ZRALSEW TR 2021—2022 4FJF,
B KX3302 (9 HIEMASA S Y CF TREZES; RN RP A S HM CF ML, &SRS T
XM26 HFER T I5 CF 3% TR 41.97%, M YZ118 A STELZERE FHEBEHE(E 3), RP LM T
WIZETFAEHIAS CF 3 FTF 24.30%, MKW S, RP KX3302. YZ118 F1 XM26 HY#N4E & M 54 CF
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A BRI RFE 29.19% . 20.99%F1 23.36%; 1M
RN Kb FE 53 5152 F [ 33.95% . 54.35%F0 43.39%.
2022— 2023 4, AN[EAL PR AR PREE S A B AR
AR L AN AE B RS AT 25 5 0 RP ARBET, KX3302
TEFFAEH] . XM26 TEHCTT AN B S A S B3
WEMRT AN CF AbEE, 735 T RE 52.69%. 35.20%
1 24.04%; 1 YZ118 M A RP ALFE L CF 2 [A]
L T0 % 22 7GR EFWIBRSM) . RN A BT, KX3302 7¢
AW . XM26 7EIR T A T E S A S ES R
FILTAHN CF 4b3, 51 FFE 52.72% . 44.08%F
34.96%; 1M YZ118 W ZRM T i & 2 5 .
2.5 REBEE XN E R A /N ZE BRI 1B
i T B 2 i
2.5.1 X BREEEMG R I 4w, MRER L
SR A PR BE A F R AR R BT R R S, 1
PRI B B . RP AL BN A MR PR 1 598 R il 15
5 CF #Lk, Z2HCRiAG1T /K, 17 RN Zbs#
THPRARBEG PR CF 25 3 TR, HARR
s PP FAS [ AF 47y 2[RI B A 25 57 0 2021—2022 4R,

4.0

RP ZbFH~ XM26 #2 B 4 S IR B TS AR 7 . 4R .
FEAE BT B2 ) R R 19.77% . 17.99%F1 9.09%;
1M KX3302 Fll YZ118 7 20 45 HoAR iy % fE 43 51 14
i 25.18%F01 22.41%. RN 4B R, KX3302 fil XM26
MRPR 4 MR 3% PE e CF 252 B3 PR, 259
SEH R R 13.62%F1 14.51%; 11 YZ118 {XAESK
B CF W FFE 11.11%, 2022—2023 4EJE, KX3302
7E RP Zb LT AR PRIR A PE S CF Z [ %A B 3%
#Z5, YZ118 v RP 5 CF 2z [a) W 7E sl 3] 2 T &
(13.01%), 1M XM26 H' RP 7EiR H—IFAE % CF -
PITFRE 5.07%. RN A0 BT KX3302,YZ118 £l XM26
R I R I 3% A 5 A bz %o P2 TR B 3.00% . 9.33%
1 7.81%.,

2.5.2 S EAEEEEEG YA H & 5 Al RP.
RN Ab 3 AR BR A 38 MR AE M4 CF b3 SR 2R
RERa# . 7E 2021—2022 4F 2, RP AbFE T (1) KX3302,
YZ118 il XM26 FF 46 AR B 1 S ok ity % 1 k251K
T HAY CF, 439 R 18.15%. 10.02%H1 12.66%;
1M YZ118 1 XM26 7E44 15 1A ) il 1 14 W 8 CF 43 3]

2021-2022

KX3302 [JCcF ]YZ118 T xMm26
3.5 LIRP 1
o Il RN
= 3.0 . .
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g 25 . 1 kY
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E 2.0 . 12, 1a a . .
g 151 1 117 b Po Fabp
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© 1.0 _ ]
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0-5_ _ |+‘1 |+‘]— |_ﬂ m
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Fig. 4 Effects of nitrogen and phosphorus reduction on urease activity in rhizosphere soil

bR 1o HERIE 20 WL R R A /N

RN ER B E P <0.05),

Treatments are the same as those in Table 1. Abbreviations are the same as those given in Fig. 2. Different lowercase letters above the bars

within the same growth stage indicate significant differences at P < 0.05.
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§ 504 a B = B
£ == b a a
2z 40 - a . a
E b b ab C a a b
2 304 a a C 1 aap 4b b
2 a a.a &= b a b a a
£ 20 =P aga | <
E
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2022-2023
20 ] KX3302 ]yz118 ] xM26
e 60 1 N i
o _%_ a
; 1 ] ] a 3
o 50 2 . a 2
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5 304 J ]
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2
£ 20+ g i
4
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Fig. 5 Effects of nitrogen and phosphorus reduction on invertase activity in rhizosphere soil
bR 1o B RIE 20 [ A B R A EANG 53808 22 5 3 (P < 0.05).

Treatments are the same as those in Table 1. Abbreviations are the same as those given in Fig. 2. Different lowercase letters above the bars

within the same growth stage indicate significant differences at P < 0.05.

AT 16.32% . 40.90%. RN AbHE R, KX3302, YZ118
Fl XM26 TEFFAEIF AU 43 5 H CF AbFRF-34
TR 22.6% .15.47%F01 15.65%.,2022—2023 4EJZ, RP
AEFER Y YZ118 J AR R A 3 AR il 0 4 5
CF W3 FF% 20.11%, 1 XM26 124K . TFAE . i
W AN, CF B3 F B 37.92% . 26.85% Fll
21.87% RN Kb HH R AS[R]/NZZ it ol BREA l 07% 4 5 A g
CF AbHYRRE, UL KX3302 FREIEERN, &84F
B2 B 15.43%. 5t 2 45 SR I, RP Ak
PEXT AR PR 4 HE R TG 2 5/, T RN A3 52
WAE A, EHLLA YZ118 H RN &b 34 BE N [ iR i
K, FHH 13.79%.,

2,53 AT ERBR B E M09 om M & 6 ATl
2021—2022 4EJ, RP AP KX3302. YZ118 A
XM26 HR B A HEwE IR it 17 1k 53 0 3 AH 0L CF P-4 T %
13.88%.21.67%F/1 10.42%; [F]A RN 43T KX3302
I YZ118 FREE RS CF AL B3 5152 F [ 8.94%
1 26.48%, 1M XM26 W5 CF Z[EI¥&A &% 5%

2022—2023 4EFE, RP AbFE T KX3302. YZ118 A
XM26  FIAR Brmi R i P DA IR T 100 30 FF 46 309 55 H
CF A3 S R 9.11% ., 19.68%F1 11.40%; 7
W, YZ118 FF&E 11.25%, 1 KX3302 F1 XM26
HCFZmERRELES, RNAHT, YZ118 KR
PR R TE PEAC . CF AbFEZ 5t 3 R R, i
KX3302 il XM26 |5 CF AbBRZ (6] 20 i 2 5.
26 REBEBEXNAREGA/NERFMNIRARYN
A
R WU AN [ /INAZ R oR P L B 1

T T A5 B i AN UCRRAELAT (B 35 5 (R 5). 2021—2022
AERE RP MR KX3302 B4R AR & &A1E 14%L) -
(P& /N FRIE), YZ118 FI XM26 195351 K
13.60%H1 13.87% (£F& Homfifi/NZbrifE); RN 4b#
T, KX3302, YZ118 Hl XM26 & [ 5 7 & A HoAH
Xof BR 3591 4 5 R B 1,48, 0.73 F1 1.68 N 40 4. RP
AEFRR, XK3302 F1 YZ118 (38 1 il & HI7E 30% LA
b, FFETR/NEARE(GB/T 17320-2013), XM26 1%
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Fig. 6 Effects of nitrogen and phosphorus reduction on phosphatase activity in rhizosphere soil
APRRR 1, FHEFE 2, F—AFREA R E/NG FRERIR 22 57 B3 (P < 0.05),

Treatments are the same as those in Table 1. Abbreviations are the same as those given in Fig. 2. Different lowercase letters above the bars
within the same growth stage indicate significant differences at P < 0.05.

i 2021-2022 .
YZ118 XM26
. ]
a
2 ab b ] {»a a
4 a
a b b a a a a2
1 o 2 Tab a
] ¢ al{T,
RS 1S AS MS RS 1S AS MS
_ 2022-2023 i
YZ118 XM26
) 1
— -
a a a b a
a b . b . aa b b b
Hj
RS IS AS RS 1S AS MS

£S5 [HEIE R E/INE GRS B IE R A0
Table 5 Effects of nitrogen and phosphorus reduction on grain quality indexes of different wheat varieties
2021-2022 2022-2023 2023-2024
L b EARSE  WIEA UREE EP5is DUREAE GHEN T T 75 UREE
Variety Treatment Protein i Sedimentation i Sedimentation o i Sedimentation
content ~ Wet gluten value Protein value Protein ~ Wet gluten value
(%) content (%) (mL) content (%) (mL) content (%) content (%) (mL)
223302 W MLMIAE CF 1439 a 30.70 a 4556 a 14.13 a 48.62 a 1624 a 33.55a 55.25a
KX3302  ygigssbP RP  14.422 30.94a 4522 a 14.05 a 45.05 a 1596b  32.38b 52.38a
WAALEE RN 1291b 27.11b 41.14 b 14.04 a 40.63 a 15.54 ¢ 32.93b 51.87 a
BM 118 HELEAL CF 13.46 a 31.27b 35.02a 14.83 a 3570 a — — —
YZ118 WBELLIE RP 13.60 a 34.83a 29.84 b 1335a 30.60 a — — —
WAL RN 1273 b 31.46 b 29.24b 14.05 a 31.80 a — — —
B 26 HHLRENE CF 1433 a 29.57 a 44.88 a 16.01 a 45.58 a 15.14a 32.13a 52.25a
XM26 WAL EE RP 13.87a 28.38a 44.54 a 16.56 a 44.03 ab 1577a  33.30a 50.25 a
WAALEE RN 12.65b 25.53 b 41.48Db 1512 a 41.14b 14.70 a 30.80 b 49.62 a

PR 1o GRS TRE 20 R —dh R B 5 A TR/ 'S A RS 7R 45 A B A) 25 55 135 (P < 0.05)

Treatments are the same as those in Table 1. Abbreviations are the same as those given in Fig. 2. Different lowercase letters within the same

cultivar indicate significant differences at P < 0.05.

A HP R /N AR R T P i = 28%); T RN A #
T, KX3302 F1 XM26 A9 % 1 ffi & it 5 AH L. CF Ab 3
30 T B 3.59 Fl 4.04 ANE 53, YZ118 A TG I 25 2%
5o KX3302 Al XM26 FEA . Wit &b BT DT FEE

Y7E 40 mL DL, £56 585 /N AR IME(GB/T 17320-
W00 T %

2013); i YZ118 fE& . Wit 4%t

16.50%7F1 14.79%.

20222023 4, ANFEIAHEZ BB & E R

=X

B



614 fE W 2

%52 %

WA BEER, XalR— S ESAEL K, 5
—Jr i 5 A . BEALRUE R AT ¢, [T RP. RN 4b
BRI DR (S CF ¥ 2 NS, H A XM26 £
RN 4bHE 5 CF Z ] (4 25 5738 1 K .
2023—2024 4EFF, RP ZbFGE (5. 3 i A7 A
DUFEAR M %5 /N, T RN AL B A4 S i 45k, (R
FT & i R T 14.00%, 181 A 7 2 KT 30.00%.,

WU AL S A A & i S e i 2 A A G A
FKF-. M 7 AT, Al R S
Z ) B 5 7 g 2 ) B AR DG M AR A BRI A A — o 22
S, BEERM S K5 EZE 2 8 EMEXK
2022—2023 4 BEIR T AR 0 AR A S
PRSI TR O 1 R ) R R IR ARG

3 it

O RN T 2 14 4 ke CF A 2 F I 0.57 Wit

ANESE, TV R 3.00 mL. 254 34t 3.1 EBEEME T/NERERLIFELZFE KBS
BRI, RP AEENHIN T 5 R m /N RN 4 1R

H, Hrh RN A TFEASTERE CF A TR
0.85 I~ E 43 s, TUTRE(E 34T % 4.49 mL,
27 MNERBRLIENFERMBEESEN
EESE S
2021—2022 4FRE, TR S ES DA
AowE. BSASEM L EBSRETE LS 2 IEMX
(K 7), Hh 5REFHAKTHNESEASE. BE
0 %) Wl T2 0% P 2 S AR A O R RI A B R A £
EHESASTEMESATEZR 28 BEIEMX,;
TR TG SRR AEE S LIS A S R
BAGTHRZNZ2IEMIG, 240 Bl Fifein
FBE S 5 7= g 2 (B 2R G, HrarH .
N-IS

N-IS |@ N-AS

N-AS @ N-MS

N-MS | @ © @ P-IS

P-JS ® pr-aAs

P-AS ® r-Ms

PMS |@® © @ ® cis

C-IS N

C-AS oe
C-MS @ |

- IENE T AT i AR S e A 7 i ) DG B R R
Z—, TEEASE. BEYAY AT 5w
AR /NG | TR R M EERE T, K
09t FH AR A e ATt A Ak 3L AT DA G 3 R v R R
0 W A AL FEREAR T 10~20 em H)2 P 2%
AR, BSAMMEDEDRA SR, AR
NN, iR EXT 0~20 cm HE BHER AR AfEE
A - AR 2 0] A G R i A R 22 5 nT g
it R (G 68% vs 100%) . T S Fl (557 vs
FRA LA B 5 )2 (10~20 cm vs 0~20 cm)f %, A
WA R, 155 1 ARRE, 3 A5/ N2 il b 145
SR . AP SRR F AL E T E 22

2021-2022
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Fig.7 Correlation analysis of soil chemical properties and enzyme activities and wheat grain yield

N-JS, N-AS FI N-MS fRF4K T | FFAEA LAY 13 42 %% 45 P-JS. P-AS I P-MS QIR | FFAEAN LAY 13 205 % ik C-JS. C-AS
I C-MS AR T« TFAEFIRIY A HLBT i NOs-RS. NO5™-JS. NO;™-AS Hl NO;-MS AURIRTF . #4015, TF LR £ e
AR E; NH,-RS, NH,'-JS, NH,-AS il NH,"-MS K& T . #17 . TR L8R % & UA-RS, UA-IS, UA-AS Al
UA-MS CFRIR T . 3R . FFAERUSA] + HEIRAG TS M TA-RS . TA-JS. TA-AS I IA-MS URIRTE . A7 . JFAE T3] + 1 ity
{fith; PA-RS, PA-JS. PA-AS il PA-MS fURIR T . #4017, TFAEM MBS T IR WA BTG 1 Yield fOFRAPR ™ . *FIRTE 0.05 KT
N-JS, N-AS, and N-MS represent soil total nitrogen content at the jointing, anthesis, and maturity stages, respectively; P-JS, P-AS, and P-MS
represent soil total phosphorus content at the jointing, anthesis, and maturity stages, respectively; C-JS, C-AS, and C-MS represent soil or-
ganic matter content at the jointing, anthesis, and maturity stages, respectively; NO5 -RS, NO; -JS, NO; -AS, and NO; -MS represent soil
nitrate nitrogen content at the regreening, jointing, anthesis, and maturity stages, respectively; NH4*-RS, NH,"-JS, NH4*-AS, and NH4*-MS
represent soil ammonium nitrogen content at the regreening, jointing, anthesis, and maturity stages, respectively; UA-RS, UA-JS, UA-AS,
and UA-MS represent soil urease activity at the regreening, jointing, anthesis, and maturity stages, respectively; IA-RS, IA-JS, IA-AS, and
IA-MS represent soil invertase activity at the regreening, jointing, anthesis, and maturity stages, respectively; PA-RS, PA-JS, PA-AS, and
PA-MS represent soil phosphatase activity at the regreening, jointing, anthesis, and maturity stages, respectively. Yield represents grain yield.
* indicates significant correlation at P < 0.05.
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