34K 12 LA = O 1 121—133
Vol. 34,No. 12 ACTA PRATACULTURAE SINICA 2025 4 12

DOI:10. 11686/cyxb2025019 http : //cyxb. magtech. com. cn
RS, SKIER, SR, AR PHOU DR R AR B R T AR e az BORP R G B AT A AL . Rl 2 A, 2025, 34(12) : 121—133.
HONG Zi-qiang, ZHANG Zheng-zhen, SU Ming, et al. Responses of maize dry matter accumulation, translocation and grain yield to potassium

application rates under drip irrigation conditions in the arid areas of Northwest China. Acta Prataculturae Sinica, 2025, 34(12): 121—133.

ALEXKFEZHTERTURRAE.
515 B AP AL = X e $7 & Y i A

BEEBLCKED AW EE A RER L REE"

(1. T HRRSA B, T E 811 75002152, 7 E BFE A G XA TR, 75 811 750001

FEE ARG F TSR I TR AR R 2 K I B S, A SR B X TR K P R Y A
SRR I AR S8 . F 2022 — 2023 4F 76 T B P35 SRR 1 9T J BE AL IX A5G 00 215 6 -4 A A B, 43531y
0(K,) .60(K,).120(K,) .180(K,) .240(K,) F1 300 kg-hm *(K.) . & Bl @ E W& E Ak TR ER S
ERAEHT ACE YT 5 38 B X RFRL 0 DTk R, e 2Ry e i R B JE N . 2 4R ) K AL B R T4 BB B4 2 K B e R
B 535024 37826 F1 36610 kg-hm ?, 4 HoAth &b 3 43 51 5 3 4 55 6. 53%0~23. 12%6 F1 3. 62%~18.79% . 24F i) K, &b ¥
FAEHT % 2 kR (DMRCG) e A, 35 T Al Ak 343 59 48 15 14 84 %0 ~81. 87 %6 F1 5. 61% ~25. 84 %, 2 4F i) K 4b B 4K
S 0 R R e i A, e At A B A R R 7. 13%0~17. 44 % (P<C0.05) F1 1. 48%~16.33% . 5 K At , K Ak BT
Wy I AR R S A ) A A I (W, 248 40 B 3 8 20. 63 %0 1 18. 47 %0, 2 4R 1] K, Ak 3 35 ok Wy 5 B R R
(V) B0 AL A B 53 5] 3 35 B 5 4. 4206 ~37. 219 71 1. 52 % ~18. 24 % , K, Ab B 2 F i B B R (V) B Hi At
b 353 B 5 6. 60%6~40. 50% Al 4. 250 ~22. 74% o 24F ] K, A #LF- BB R AR KO R (CGR) e kL B A Ak 28 43
B 4. 75%~26.36% F12.93% ~17. 16 % . A5 T #0 5 ( 45 i, 60K 5™ 5 8 I R e U5 B a2 K Ak 20 OK AT
LA B R, 2 4R 4000 R 15179 1 14944 kg-hm ?, A8 H A b BRA> 538 755 2. 294 ~18. 07 %6 M1 4. 32%~28.24% . &
SYRT R W], TE A R A N B — A R T R R B N R, R P IR BRI RER A R R S
B HEAT RO BRI E A5 B 2022 4 48 U dec AR BT 4 O 167, 25 kg-hm %, 2023 4k 170. 66 kg-hm °. Z8 G 4 BT 45
WY 7E T BRI TR R A B AT Rl 167~180 kg-hm 2, WU 5 B 5 7 o5 2k B 0 B A9

KRB 5D FOKGHIIE s T P

Responses of maize dry matter accumulation, translocation and grain yield to
potassium application rates under drip irrigation conditions in the arid areas of
Northwest China

HONG Zi-qiang', ZHANG Zheng-zhen®, SU Ming', LI Fan-guo', ZHOU Tian', WU Hong-liang" ,

KANG Jian-hong"

1. College of Agriculture, Ningzia University, Yinchuan 750021, China; 2. Seed Workstation of the Ningria Hui Autonomous
Region, Yinchuan 750001, China

Abstract: This research aimed to provide scientific and technical data to support high-yield and high-efficiency of

Wi H 39 2025-01-17 5 &[] H 39 : 2025-03-19

FEEIH T E B RS A SR B H R T H (NGSB-2021-3-02) , 7 5 X & S 0F & 30 H (2019BBF02003 ) 157 5k £ 15 9 Fh i 41 1
55 A R BB I 1 B (2022BSB03109) %% Bl .

EH A B A SR (2001—), T, %8S, 721+ . E-mail: zigianghong@qq. com
* W5 {E# Corresponding author. E-mail: nxuwu@163. com, kangjianhong@163. com



122 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 12

maize cultivation in the arid region of Ningxia and investigated the effects of potassium application rates on dry matter
accumulation, transport, and yield formation of maize (Zea mays) under drip irrigation. A randomized block trial
was conducted in 2022 and 2023 at Pingjipu Farm, Yinchuan, Ningxia, China. The trial included six potassium
fertilizer treatments: 0 (K,), 60 (K,), 120 (K,), 180 (K,), 240 (K,), and 300 kg-ha ' (K,). Appropriate
potassium supplementation significantly enhanced dry matter accumulation and improved both pre- and post-anthesis
substrate translocation efficiency, thereby establishing the foundation for yield improvement. The K, treatment
achieved maximum dry matter accumulation of 37826 kg+ha ' in 2022 and 36610 kg-ha ' in 2023. These values
significantly exceeded those of other treatments by 6. 53% —23.12% and 3. 62% —18. 79%, respectively. The pre-
anthesis dry matter translocation contribution rate under the K, treatment was 14. 84 % —81. 87% (2022) and 5. 61%
—25.84% (2023) higher than other treatments. Post-anthesis dry matter accumulation in K, increased by 7.13%
—17.44% (P<C0.05) and 1.48% —16.33% across the two years. Compared with K,, K, exhibited 20.63%
(2022) and 18.47% (2023) higher biomass at maximum biomass accumulation. The maximum dry matter
accumulation rate under K, surpassed other treatments by 4.42% —37.21% (2022) and 1.52% —18.24% (2023),
while the mean accumulation rate increased by 6.60% —40.50% and 4.25% —22.74%, in 2022 and 2023,
respectively. The K treatment also achieved the highest mean crop growth rate (CGR), exceeding other treatments
by 4.75% —26.36% and 2.93% —17.16% in 2022 and 2023, respectively. Maize yield initially increased then
decreased with increasing potassium application rates, peaking under K, at 15179 kg+ha "' (2022) and 14944 kg-ha™"
(2023) , corresponding to average yield improvements of 2.29% —18.07% and 4.32% —28.24% , respectively,
over other treatments. Path analysis revealed that under high-density planting conditions, prioritizing enhancement of
100-grain weight, followed by ear number and kernel number per ear could further boost yields. Quadratic regression
analysis identified optimal economic potassium rates of 167.25 kg-ha ' (2022) and 170.66 kg-ha ' (2023).
Integrated analysis therefore demonstrates that the recommended optimal economic potassium application rate for

1

maize in arid regions of Ningxia ranges from 167 to 180 kg-ha ', thereby achieving the dual objectives of high-yield
and resource-efficient cultivation.
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Fig. 1 Daily mean temperature and precipitation at the test site during the spring maize growth period in 2022 and 2023

F1 2022712023 FiIX WM E T BEERBHMAERK
Table 1 Basic physical and chemical properties of plough soil in experimental land from 2022 to 2023

G0 pH AL o B A K AL

Year Organic matter Total nitrogen Available nitrogen Available phosphorus  Available potassium
(g-kg ") (g-kg ") (mg-kg ") (mg-kg ") (mg-kg ")

2022 7.68 11. 86 0. 80 49.00 16. 89 87.62

2023 7.71 12.56 0.63 41.00 16.43 81.31
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Table 2 Irrigation frequency and amount for each growth period of maize under drip irrigation

EoR=Ring i 2022 2023
Growth T K 2 K UCE T B A T AR E T K R Ktk
period Trrigation quota Number of times ~ Amount of irriga- Trrigation quota Number of times ~ Amount of irriga-
(m*hm™?) of irrigation tion (m’-hm™%) (m®~hm™?) of irrigation tion (m*+hm™?)
S 240 1 240 240 1 240
VE~V6 240 1 240 240 1 240
V6~V12 280 3 840 280 3 840
V12~VT 300 2 600 320 2 640
VT~R3 300/320/350 3 970 350 3 1050
R3~R6 200 1 200 200 1 200
A1t Total 11 3090 11 3210

S.VE.V6.VI12.VT R3.R6 73 5l 7R 5 R0 630 50300 R m WU EH ) ikl k22 400 000 OB T 1Al S, VE, V6, V12, VT, R3, and R6

indicate sowing stage, seedling stage, jointing stage, big bell mouth stage, tasseling and silking stage, filling stage, and maturation stage. The same below.

L3 MERB L7 &
1.3.1 ERTYRHRY R T EARFETHI(VE) KM (V12) ShkEnk 228 (VT) R (R3) g
U (R6) , TE 45 /N XL 3 BR K A — B M #k , T 105 “CA_F 30 min, 80 “CHE R fHH & & a8 B T ¥ i dE . Ifit
4K 1 % 32 12 (dry matter remobilization at pre-anthesis, DMR, kg+hm *) | £ fif ¥ iz % (dry matter remobilization
efficiency at pre-anthesis, DMRE, % ) . #£ il # iz 77 #k % (contribution of dry matter remobilization to grain at pre-
anthesis, DMRCG, % ) . f£ 5 f1 2 & (dry matter accumulation at post anthesis, DMA , kg-hm ) fl {£ 5 f B 51 #ik R
(contribution of dry matter accumulation to grain at post anthesis, DMAC, %)
DMR = NDM; — NDM
DMRE =(NDM; — NDM )/NDM; X 100%
DMRCG =(NDM; — NDM)/DM, X 100%
DMA = DM, — DM:
DMAC =1 —[(NDM; — NDM,,)/DM, X 100% ]

K NDM R I E R E T Y B R & NDM, O UG8 R 8 B T Y B R & DM R PR T ) B 2
i DM, N FF G T Y BB R i, DM o B T AR R i
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Fig. 2 Changes in maize dry matter accumulation under different potassium applications

Ky K K, Ky K K 28 AR T 5 4051024 0.60.120,180,240,300 kg-hm ™ %5 A [l /N5 7 5 % ] — i 1 4% b 3 7 P<<0.05 K F 2R B F. Y.K.
Y XK 3 5 Fe 8 Ay HE B A AR O 5 B Y SC LN o R 5 R Sl R R e AN IS F 0.01 F10.05 K NS FORRUN A 3 . R The
potassium dosage in K, K,, K,, K;, K,, K; treatments were 0, 60, 120, 180, 240, 300 kg+ha ', respectively; Different lowercase letters indicate
significant differences among different treatments at the P<C0.05 level for the same period. Y, K, and Y XK denote the interaction effects of year,
potassium application, and interactive effect of year and potassium application, respectively. ** and * indicate variable effect at 0.01 and 0.05 significant

levels, NS indicates not significant. The same below.
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Fig. 3 Changes in maize dry matter distribution ratio under different potassium applications

2.1.3 T Yhikiz A5y LN A B RN AR 43 55 B0 B 52 AR R X R oK B T 42 B (DMR) | AE i §% 8 R
(DMRE) £ 17 5% iz 57 Bk R (DMRCG) £ 5 FL 28 (DMA) FIAE J5 B R 5Tk R (DMAC) 4 77 4 1z g 35 5% i (P<<
0.01,23), 24F & Bt 47 A 504 i EORAE T AL IS W) 5% 38 Ko FF Ry sk R . b K, (K, F1 K, [i] DMR
DMRE ¥ JC 8 # 2 5% . K, 4 B DMRCG % K , 2022 F1 2023 4F %8 H Al b B 3 5] 32 55 14.84%~81.87% #
5.61%~25.84% . K, &k # DMA ¥ # K, 2022 F1 2023 4 5 Ho Al 4b 2 43 51 $2 5 7. 13%6~17. 44% (P<<0. 05) Al
1.48%~16.33% .
2.1.4 T YR Logistic J5 #2 [71 15 43 #r FIHH Logistic J5 B 4G5 A R i 81 & F oK T4 B R &, i A7
ARG RAR A S SR, A [a] it 8 Ak 34 1 5 75 3 D€ &R B R*=>0. 98, Ui B Logistic 77 2 1] AR &5 &2 400 T ) o
KA @ijzo AE Ay B AR 5 R 1 58 B AR R K T R R R K A KR (W) i
REWFAHREAR (VO FCEE TP FAR RE R (V) 77 RN 8 2 (524, P<<0.01)

LogisticﬁﬁiﬂA?ﬁ;’ﬁﬁﬂ? 2022 4F K AL B] T, 08 B R AH L (H 5 K K A B]JC W 35 25 5+, 2023 4F K b 3
T BB KA o 25F 1, W Voo 1V, 2 B it 480 2 00 38 0 22 e 8 R R il 34 K b RS sk e KAl . Hob
Kﬁa FE , 2022 i1 2023 4F K, 4b 3 W, 43 91 5 2 14800 20. 63 % F1 18. 47 % 3 Ko Ab B V7, 6 He Al 4k B0 43 991 & 35 4% v
4.42%~37.21% F11.52%~18. 24 % ; K b 38 V..., 8 Ho A b 3 53 51 4 15 6. 60 26 ~40. 50 % F1 4. 25%6~22. 74 % -
2.2 AT EA ERBAAEKEFE(CGR) M H M

N T i B 6 CGRELA 3 52 M0 (P<<0. 05, % 5) . 24F B % £ ok 4 B B A9 #EiF , £k CGR 2 el 5
B e 3he Bl B B A3, CGRAL R I B3 IS R A A % o 248 v Bk 2023 AF 4K 5 ] ~ sl wl 11 41, K Ak 3
TE 25 BB R A2 4G B3 3 38 3 o KM . P, 2022 4F 5 Ko [l K, b 38 4% B0 i CGR B 35 42 5 25. 266
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Table 3 Changes in maize dry matter translocation and analysis of variance (ANOVA) under different potassium applications

DY fib 3 AL 378 TR 18 % BT 5 3 BTk % A=Y AL S 5 B R BTk %
Year Treatment DMR (kg+hm ?) DMRE (%) DMRCG (%) DMA (kg-hm %) DMAC (%)
2022 K, 2496. 20d 18. 00c 14. 89c 16178. 22d 85.11a
K, 4071. 84c¢ 25.88b 22.30b 17036. 04c 77.98b
K, 5060. 46a 30. 63a 23. 58ab 17492. 74b 74.91cd
K, 5216. 28a 30.23a 27.08a 18740. 72a 74.06d
K, 4801. 65ab 29. 86a 21.39b 17092. 65¢ 74. 72¢d
K, 4560. 42b 29. 34a 20. 58b 15957. 90d 76. 44he
2023 K, 1485. 55b 13. 26ab 8.82b 18878. 95e 91.19%
K, 1518. 34b 13.21b 8.67b 19642. 89d 91. 34a
K, 1841. 25a 14. 99ab 10. 33ab 20861. 20b 89. 68ab
K, 1998.07a 15. 33ab 10.91a 21961. 62a 89. 09b
K, 1881. 24a 15. 18ab 9. 82ab 21641. 23a 90. 18ab
K. 1708. 10ab 15.71a 9.28ab 20230. 82¢ 90. 72ab
/.T,{h\year(y) kok *ok ok koK koK
Jifii £ £ Potassium application (K) ok ok ok ok ok
AR X H Y XK ok ok ok ok ok

Al /NG 7 ) 6 7 S [ kb B je] 22 5 @ 2 (P<C0. 05), F [l . Different lowercase letters indicate significant differences among treatments (P<<0.05), the
same below. **: P<C0.01.

*4 AEAHEAETEXM EFTWREREMN Logistic FRREPAS MR FES
Table 4 Logistic equation regression analysis and analysis of variance (ANOVA) of aboveground dry matter accumulation of

maize under different potassium applications

ARy piE:l J7 S HL Parameters of equation R* T i L 2 2% Dry matter accumulation parameters
Year Treatment A B K T, () W, (¢ V, (gplant '+d ) V., (g-plant '+d )
2022 K, 401. 90 20.93 0.06 0.99 5. 85bc 200. 95f 6.02¢ 8.05¢
K, 438.78 24.57 0.07 0.98 5.92ab  219.39d 7.22b 9.70b
K, 453.10 27.77 0.07 0.99 5.99a 226. 55b 7.91a 10.61a
K, 484.81 25.30 0.07 0.99 5.91ab 242.41a 8. 26a 11.31a
K, 445.82 21.28 0.06 0.99 5.81c 222.91c 7.10b 9. 86b
K, 418. 89 21.65 0.07 0.99 5.82¢ 209. 45e 6.76b 9.40b
2023 K, 421.96 15. 24 0.05 0.99 5.75b 210. 98e 5.10f 6. 20e
K, 440. 51 15.27 0.05 0.99 5.75b 220. 25d 5. 35d 6.52d
K, 468. 68 15.17 0.05 0.99 5.73b 234.32¢ 5. 76¢ 7.12¢
K, 499. 88 14. 14 0.05 0.99 5. 68¢ 249. 94a 6.03a 7.61a
K, 481. 81 15.46 0.05 0.99 5.75b 240.90b 5.94b 7.30b
K; 442.17 15.54 0.05 0.99 5.7% 221.08d 5. 26e 6.27e
A Year (Y) - - - - o % % x
Jifi #1 H Potassium application (K) - — — — * ok ok ok
ARy XA R Y XK — — — - o o o o

A BRIKS A ERHEERKTYHRER R R WHESHE ERERSE Ton s W Vi B Vo 2350 278 T4 08 256 385 KA (8] T4 0 B 28 R
AN AERE RKTYHRBREZERMEY TP RMBAEHEEK, A, B, and K denote theoretical maximum dry matter accumulation, initial
4 Vs and V.

parameters, and growth rate parameters, respectively. T, ., W ., V| mean TEPresent the time of maximum dry matter accumulation rate, growth

at maximum dry matter accumulation rate, maximum dry matter accumulation rate, and average dry matter accumulation rate, respectively.
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N, 2 AF b 2 A N0 e g A , EoR R R . Fig. 4 Changes in maize grain yield under different potassium
TR SR AL R B ey PPROOn
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Table 6 Quadratic relationship between different potassium applications and yield in 2022 and 2023

Ay TR ERBAUA R R* 22 % e At B Economic optimal 25 5% fie e 77 i Economic
Years Quadratic function fitting potassium application (kg-hm *) maximum yield (kg-hm *)
2022 y=—0.07562"+29. 7682+ 11998 0.8892 167. 25 14861

2023 y=—0.04082"+18. 406+ 12420 0.8298 170. 66 14372
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BRI E R E S e B W8 2 E A6 & (P<0.01), Table 7 Changes in maize yield components and analysis of
OB S P B B E ML R (P<0.05), il variance (ANOVA) under different potassium applications
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SN: %% Spike number; KNE: 4 %t Kernel number per ear; HGW :
HRLTE 100-grain weight; T [i] The same below.

®8 FRAEHETEXNNTESHMMEZRNEESN

Table 8 Path analysis between maize grain yield and yield components under different potassium applications

A [BElES LIPS 4 BB R [i1] 4238 72 Z A Indirect path coefficients
Variable Effect of factor Correlation coefficient ~ Direct path coefficients 431 Total % SN B KNE GBI EHGW
s A SN 0. 907 0.211 0.377 0.190 0.187
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B RE RER 0. 98, 45 R HAT AR BIE T T W) B KA S R OB S . AT R I, 76 B K FIAE % i
70000 ¢ - hn * i, 38 7t B AC 3 — 20 B i 1 T B e R B SR R R R R R R, LT W b AR 2 B I 30 R A
AR SR R B E] R TR AT AT b R AR 85 B2 S 90000 Bk - hn B4 S A £ AH LR AR T RS
T o AR R R i R IR ] A e A B R R R I B A R B e R T R R R R 2 RO R
AR IX T R A O T A AIE A R ORIE T 5 OK AR 7R A DR A A T AT AL ST R s e A s =R
(N PEF) M, B e 7 20 38 & it (ALY AR B 5 M RO D RRITAE R A G g 2 T I 0T DA B R
SERDE A AR, T4 AR Yy i L 38 ) B R AR A0 TRV AL R IX, R A IR S AR T R AT R
Héﬂiﬂ@ﬂ@ﬂﬂ;}i,lﬁiﬂfﬁ%%,U\ffﬁ{%ﬁE)'cA’f‘*{%:@ o A B IR EAT , 90 IR R A S B T A K i
T LIS 5 KA PR B DR AL B A R T, BT AR AR AR PN 2 A R R B R AR (A SR T L A AR )

X 3 P A2 ko A e S AR A A o B T T LR Y T A T T A R A ) A I L SR TR ) T A AR )
05, B v A O T SR R D A R R 7 0 B v R LR AR KA T BB



130 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 12

3.2 A ENERTHRBERAREREEN Y A

KA U T 32 AR E IR A B R S RS T B AR R U R R o LRl A R A SR s
W PR AL TS B Be T 9 B 58 20 BRI [ I 384 53 8 10 T 4 B0k 7 6 1 STmK L 2 4 T K 7 A A R 7 T R Y G
JIRAE 2 /i ABEFEAE  , AE 4 A 5 3004 5 AR B B4 BT R R i T AR, S e R R IE A OGO R
AU T B AE #1871 I SRR, B0 A RE A8 T 2 TR A TS A BRI, DA AT JOR M S BEATOL AR,
HEM AR R 7 o RFFAESS FE R 166 7 58 A R TR A3 dwe i ™ o, 5 B0 S R S0 B 90 45 SR DR fp — B0
(EG B S, AR 9 IR % 12 0 AR A0 STRR R AR 5 1T o — O T AT RE R DO RO AR PR N Z M R SO R, 2 S
RN Z AU R, e BEAE DG A 1, 98 35 LT P 39 0 R B v el Wy B A, fie 2R R % iz, E T
Y& 5 A T T B 35 0 AP RLIG TTRR R 5 53— 0 T, 9045 20 AR DA OG0 it BRI LR A R o 3R IR AR
[l 1k, 38 B A RR B IR S R AN L, BE S £ 2 4K AR PR 3R B 5 BRI B AR . ARBTIE R B, 2022 4F
KAL) o % d R T 2023 4F TR AERT 9 I 4% 12 AR, Rl AEJE 2023 4F TR AT R &, S ECE kY
Jo PR R, T B IS A A 248 P FOR B AR DR B e R B B, HAE V12~V T BRE A4 K
R AR R AR, B PR ORI I 5 R e, BIIE A M TG R I A R ZE AT S A R A A TR AR
A R E RS, T A T B IX R OK AR TS I AL, FORFE IR A . W, R AEF R E SRS E =
BRSTY B2 JLP A AR K, S B OK A T 5 R MR A R R A5G o DRt 5 B4 o 0 A £ T e s Rk W)
BRFR R U B iz HEIORF R T S8 K 7 R AT R A R L B o
3.3 #AENERSFASEMRATHH

TR T P b DX B K R B K BT IR R B =, SO T RO % X R O R B A SRR 2 R
b Ay A 7 R T R RS B K M A BRI g A A RS R R AN ST A K AR A v A Y K 4
ROR X TR T B9 B 5 B AT SC B A T 3 WT LI A A ) A W 3 e AR A Wk 3E B9 IR T RE
Jy S i AR R WY, 2 A e 52 K S Wt I 3 At B IE , BE 85 A O 1 W K 4 R s VR K 4 R
RO, DT AR TR e 1 T K 7 0 R AR 1 b Fe B S A b 3 WD B A S S, oK T B AR
S FIRF L7 ek R B S 0 SR DA S A R F o B B A E KIS — PR AL A TR I B RO T K O I R
B, BRE T P B 7R 0~180 kg hm “I , Fifi 25 i 411 2 A 15 00, 60K )™ B Bl =22 390, 247 B9 6 35 21 240 kg hm “IF, £
K= D o AT AR AE R, B S A 3, TORORFRL P e B ST T A e R B B R it e e
— € B{ELIS (180 kg-hm *) KL &5k T K Ao 52 R T RS2 40 AL e 3ol 22, 6 Kouh 0 7 A B i " B B &
oKX B 2R B R Mo T R M R R B BT SRS SR OC R A, S BB T R A X B = R EOK A IE AR
o 7O AETHHER G, o w2t FH 0 A 2 5 OR300 1 R S el vy, 51 A8 a8 il O T 6 6 R AR R 3 bt
U5, R IR oy iz i At B AR ORH A8 o BT AT SR B, b U R (92 mg kg I, R
) X B S G P A A D S, 3 204t P I A R T K R RORL ORI TR A s AR TR A R R, B
A BRE T B O8G0, S OK R AR RO TR A B S DY L T B, AR TS BN A0 A R T R R R OR R R
REARLEON AR () I o P 0 I 2 k3 R T b S A e MR B (K ) Ak R i T BB 5| & R KT 5
PR (Ca® ") BB 7 (Mg™ ) Ll Rk flir . IR BB R 2 THAEY X KT (Ca® & Mg* B IE Wl , e & S BUEY)
TR WM A, o VW) R AL a7 A AN R

TE T BRI A T2 DX g ST K R 15 5T, A 3 9 K DI 4 A T 5 R0 e 5 3K, oA e F 5 T 3R A
Jit B4 AE - 2 B PR RS BIp [ ™ B AR B AR T - R AT HILAE (5 AT 2% Al i T A5 D 58 22 BEPE B0 IR, 205 A W T R0 16 1k
b HEXER PR, F A HLICHL D[R] 9 B 3R AN 45 TR AR AR AL SR BB AR . AR AR |, 5 AR GE A AT AR T
SEB ROV RCE WA v D RE A W A B AL A AR A 7 R AR ) RE 9 TR N i gl 5 XA ) BE U
LY IRBE AU ) R RS T 1) 5 B S BT IR e A A DR AR g o R AR R S



%34 B 12 1 Fll2F 3 2025 4 131

4 @i

T E TSI, %R — A B R, 2 3 K BhAE 28 B 34 21 90000 £k hm *, i 80 B 4 180 kg+hm *Af , 7]

R R N K T AR B R K A AR K R R T R R R T R R R e
FOKOP SR AE R R S5 25 Ao B0 R R R A DA 24 A R R AR K 2 I I A e
43R 167. 25 F1170. 66 kg-hm *o 8U7E T E 5 X T K fe Al B & 4 167~180 kg hm *RE S 14 3] 13 7= i 20k
B E W

£ % 3Lk References:

[1]

[2]

[3]

[4]

[5]

[12]

[13]

[16]

[17]

GuoJJ, FanJ L, Xiang Y Z, et al. Synchronizing nitrogen supply and uptake by rainfed maize using mixed urea and slow-release
nitrogen fertilizer. Nutrient Cycling in Agroecosystems, 2022, 122(2): 157—171.
Jiang C Z, You Y L, Lai X F, ez a/. Maximizing food equivalent unit yield for forage maize production without notably
compromising dry matter yield and feed quality in a semi-arid region. Industrial Crops and Products, 2024, 218(1): 118942.
Dordas C. Variation in dry matter and nitrogen accumulation and remobilization in barley as affected by fertilization, cultivar, and
source-sink relations. European Journal of Agronomy, 2012, 37(1): 31—42.
Srivastava A K, Shankar A, Chandran A K N, et a/. Emerging concepts of potassium homeostasis in plants. Journal of
Experimental Botany, 2020, 71(2): 608—619.
LiJF, LuJ W, Ren T, et al. Crop straw can optimize potassium fertilization strategies in rice cropping system. Better Crops
with Plant Food, 2014, 98(3): 13— 15.
Wang Y, Wu W H. Potassium transport and signaling in higher plants. Annual Review of Plant Biology, 2013, 64 (1) :
451—476.
Zhang Z 7, Mu R R, Wang J, er al. Effect of potassium application rate on absorption, transport and yield of maize potassium.
Chinese Agricultural Science Bulletin, 2024, 40(8): 47—56.
TKIEE, s, EAE, & M0 BRI R WO Tz b ik pgsg e . b EAR AR R, 2024, 40(8): 47— 56.
Yang X, Zhang L., Liu X F. Optimizing water-fertilizer integration with drip irrigation management to improve crop yield, water,
and nitrogen use efficiency: A Meta-analysis study. Scientia Horticulturae, 2024, 338: 113653.
Xiao D P, LiuD L, Feng P Y, et a/. Future climate change impacts on grain yield and groundwater use under different cropping
systems in the North China Plain. Agricultural Water Management, 2021, 246: 106685.
Kong L L, Hou Y P, Yin C X, et al. Optimal plant density and potassium application rate for spring maize under drip-fertigation
in Northeast China. Journal of Plant Nutrition and Fertilizers, 2022, 28(10): 1755—1769.
LI, MG, TRk, 55 . AR AU AR T K T it A A R R R A T Y . R SR SRR TR, 2022, 28(10)
1755—1769.
Hong Z Q, Zhang Z Z, Zhou T, et al. Optimal potassium dosage for high fluorescence parameters and target yield of spring
maize under drip fertigation. Journal of Plant Nutrition and Fertilizers, 2024, 30(8): 1461—1476.
dEESR, KIER, WA, 4 KL — R AL T #0IE F X E RO B 2O S B m . Y E SR S DR, 2024, 30(8)
1461—1476.
Gomez R C, Iniguez P C, Bdez W L, et al. Effect of the application of potassium on the yield of corn (Zea mays L. ) in La
Frailesca, Chiapas Mexico. Brazilian Journal of Development, 2022, 8(4): 29335—29343.
Song J, Wang S X, Li L, et al. Effects of potassium application rate on NPK uptake and utilization and grain yield in summer
maize (Zea mays .. ). Acta Agronomica Sinica, 2023, 49(2): 539—551.
KA, B, B, 45 B X B R OR AL B EIROBOR] T RURE R B B9S2 . PR 2E 4T, 2023, 49(2) : 539—551.
Pettigrew W T. Potassium influences on yield and quality production for maize, wheat, soybean and cotton. Physiologia
Plantarum, 2008, 133(4): 670—681.
Szulc P, Bocianowski J, Nowosad K, ez al. Assessment of the influence of fertilisation and environmental conditions on maize
health. Plant Protection Science, 2018, 54(3): 174—182.
QiuSJ, XiJ G, Zhao S C, er al. Long-term effects of potassium fertilization on yield, efficiency, and soil fertility status in a
rain-fed maize system in northeast China. Field Crops Research, 2014, 163: 1—9.

Wang F E, Guo Y, Li P, et al. Compensation mechanism of increased maize density on yield with water and nitrogen reduction



132

ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 12

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

supply in oasis irrigation areas. Acta Agronomica Sinica, 2024, 50(6): 1616—1627.

FAEIL, FEE, 2y, AF . LR UHTE DX 0T K SR TR B A HL R L R, 2024, 50(6) - 1616 —1627.

Yang L. D, RenJ B, Peng X Y, et al. Crop growth characteristics and its effects on yield formation through nitrogen application
and interspecific distance in soybean/maize strip relay intercropping. Acta Agronomica Sinica, 2024, 50(1): 251 —264.

Wsrik, ALRUE, A, 5. M A S5 A B 2R R S/ R OIR AR AR A R R B X 7 T s . AR
2024, 50(1): 251—264.

SuM, Liu QJ, Hong Z Q, et al. Effects of different nitrogen application rates on photosynthetic characteristics and yield
formation of potato in semi-arid region of northwest China. Journal of Plant Nutrition and Fertilizers, 2024, 30(10) : 1919—
1933.

Y, BIERGE, Ut E R, A5 PEL TR O R A TR S R B i TR R SN . A IR SRR R, 2024,
30(10): 1919—1933.

Wei T B, Chat Q, Wang W M, ez al. Effects of coupling of irrigation and nitrogen application as well as planting density on
photosynthesis and dry matter accumulation characteristics of maize in oasis irrigated areas. Scientia Agricultura Sinica, 2019, 52(3) :
428—444.

BRAEIR, Seim, TARIY, 4 K GURE G Bl 25 B X S I HE DX 6 0K 6 & A R T 9 o AR BRe i (0 R 2 007 . v O Bl 2
2019, 52(3): 428—444.

XieJ G, Hou Y P, Yin C X, ez al. Effect of potassium application and straw returning on spring maize yield, nutrient absorption
and soil potassium balance. Journal of Plant Nutrition and Fertilizers, 2014, 20(5): 1110—1118.

PHEESE, M, TRk, SF . ORRS AT X AR K 7 R o WA B ke S B R T RS L R R S LR R AR,
2014, 20(5): 1110—1118.

Yin C X, L1 Q, Kong L L, ez al. The effects of potassium management on maize yield, potassium absorption and utilization
under mulched drip irrigation. Journal of Northeast Agricultural Sciences, 2020, 45(3): 35—40.

TR, R0, FLAI , A5 . e R VA AT 2% T I 0 2 X K 7 o B R R ORI T B2 R . AR ARl ARR A, 2020, 45(3)
35—40.

Pottosin 1, Dobrovinskaya O. Non-selective cation channels in plasma and vacuolar membranes and their contribution to K~
transport. Journal of Plant Physiology, 2014, 171(9): 732—742.

Guo B, Chen B, Wu D Z, et al. Effects of potassium ion on adventitious bud induction of Amygdalus pedunculata. Plant
Physiology Journal, 2013, 49(12): 1355—1358.

SO, BB, R, AF L BT N BN 2V SR L A AR A4, 2013, 49(12): 1355 1358.

Chen Y H, Zhang S Y, Du S F, et al. Effects of exogenous potassium (K" ) application on the antioxidant enzymes activities in
leaves of Tamarix ramosissima under NaCl stress. Genes, 2022, 13(9): 1507.

Du Q, Zhao X H, Xia L., et al. Effects of potassium deficiency on photosynthesis, chloroplast ultrastructure, ROS, and
antioxidant activities in maize (Zea mays L. ). Journal of Integrative Agriculture, 2019, 18(2): 395—406.

Latifmanesh H, Deng A X, Nawaz M M, er al. Integrative impacts of rotational tillage on wheat yield and dry matter
accumulation under corn-wheat cropping system. Soil & Tillage Research, 2018, 184: 100— 108.

Wang PF, YuAZ, Wang Y L, ez al. Effects of returning green manure to field combined with reducing nitrogen application on
the dry matter accumulation, distribution and yield of maize. Scientia Agricultura Sinica, 2023, 56(7): 1283—1294.

EMR, TEE, LR, 5. SIS HEES R ZO KT W B R 0T b iy m . T E AR, 2023, 56(7):
1283—1294.

Hou Y P, Kong L L, Yin C X, et al. Interaction between nitrogen fertilizer and plant density on nutrient absorption,
translocation and yield of spring maize under drip irrigation in Northeast China. Journal of Plant Nutrition and Fertilizers, 2021,
27(1): 54—65.

By, FLME , PRk, 5 2 N T AUIE 5 AR P AR X AR U AR R TR IR W S A R TR RN . A
HIRHEAER, 2021, 27(1): 54—65.

LiCS, Tang Y L, Wu C, et al. Effect of N rate on growth and grain filling of wheat in Sichuan Basin. Journal of Plant
Nutrition and Fertilizers, 2015, 21(4): 873—883.

BHIIN, kAR, A, S MR U1 N A R G R R . R IR SRR R, 2015, 21(4) : 873—883.

Li S. Effects of nitrogen-density interaction on dry matter accumulation, nutrient use and yield of maize. Zhengzhou: Henan

Agricultural University, 2017.



%34 B 12 1 Fll2F 3 2025 4 133

[32]

[39]

[40]

[41]

2RO i R ek R LA K T B R AR SR W SR B s e SN - R AR R, 2017,

Li Y F. Effects of potassium nutrition on photosynthesis and carbon and nitrogen metabolism of foxtail millet. Taiyuan: Shanxi
Agricultural University, 2022.

Y BPRE IR T 1R AR AU AR I . R IR0k R, 2022,

Yang P, Zhai X Y, Huang H Q, ez al. Association and driving factors of meteorological drought and agricultural drought in
Ningxia, Northwest China. Atmospheric Research, 2023, 289: 106753.

Zorb C, Senbayram M, Peiter E. Potassium in agriculture— Status and perspectives. Journal of Plant Physiology, 2014, 171(9) :
656 —669.

Zhang M L, HuY Y, Han W, ez a/. Potassium nutrition of maize: Uptake, transport, utilization, and role in stress tolerance.
The Crop Journal, 2023, 11(4): 1048—1058.

Frei J, Wiesenberg G L. B, Hirte J. The impact of climate and potassium nutrition on crop yields: Insights from a 30-year Swiss
long-term fertilization experiment. Agriculture, Ecosystems and Environment, 2024, 372: 109100.

Zhao X H, Yu H Q, Wen J, er al. Response of root morphology, physiology and endogenous hormones in maize (Zea mays
L. ) to potassium deficiency. Journal of Integrative Agriculture, 2016, 15(4): 785—794.

Tan J, Kong F L, Zeng H, et al. The suitable potassium fertilizer rate in spring maize in hilly area of central Sichuan Basin,
China. Journal of Plant Nutrition and Fertilizers, 2016, 22(3): 838 —846.

WA, fLLE, W, AF LI R TORE FE IR RS R E SR SRR AR, 2016, 22(3) : 838—846.

Mu R R. Effects of different potassium rates on yield and starch formation of spring maize integrated with drip irrigation.
Yinchuan: Ningxia University, 2019.

08 Fi Fit . A [ ) B B kX i R K R — R A K i FE R T R S R L R T ELOR A, 2019,

Khan A A, Khan M N, Inamuallah, ez a/. Effect of potash application on growth, yield and yield components of spring maize
hybrids. Pure and Applied Biology, 2015, 4(2): 195—203.

Liao Y L. Studies on evolution of potassium in reddish paddy soil under long-term fertilizer and rice straws application.
Changsha: Hunan Agricultural University, 2010.

PR R A S RS BT 2L KRS B R A AR ML A B KV TR AR, 2010.



