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Abstract: [ Objective ] Controlled release of potassium chloride can achieve slow release of potassium ions
synchronized with crop absorption, while ensuring the effectiveness of potassium ions in the soil, meeting the
demand for potassium in the later stage of crop growth, and significantly improving the utilization rate of
potassium fertilizer. Exploring the effects of long-term application of controlled-release of potassium chloride

and its mixed fertilizers on maize yield and quality, providing technical support for achieving high-quality
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maize production. [ Methods] Based on the long-term field experiment of controlled release potassium chloride
applied to summer maize (Zea mays L., Zhengdan 958) (started in 2014), six treatments were set up: no
potassium fertilizer (CK), constant ordinary potassium chloride (K), constant polyurethane coated
potassium chloride (CRK1), 1/3 potassium reduction polyurethane coated potassium chloride (CRK2),
constant mixed potassium chloride (BBF1), and 1/3 potassium reduction mixed potassium chloride (BBF2).
Relevant indicators such as maize growth, soil potassium supply level, potassium uptake capacity,
photosynthesis, etc. were measured during the tasseling stage, and relevant indicators such as maize quality
and agronomic benefits were determined during the maturity stage. [ Results] 1) Compared with K treatment,
CRK1, BBF1, CRK2, and BBF2 showed an increase in yield of 9.82% ., 12.06%, 7.13%, and 10.68% , respectively.
The aboveground biomass increased by 9.22%, 10.44%, 4.16%, and 6.09%, respectively, and the economic
benefits increased by 16.29%, 28.37%, 14.15%, and 21.12%, respectively. 2) The potassium ion content in
CRK1 and BBF1 increased by 19.93% and 13.89% respectively compared to K treatment; The chlorophyll
SPAD values of CRK1 and BBF2 increased by 7.32% and 6.59% compared to K treatment; The leaf arca
index LAI value of CRK1 increased by 7.04% compared to K; The net photosynthetic rate of CRK1 and
CRK2 increased by 18.58% and 18.66% compared to K. 3) Compared with K treatment, the starch content
of CRK1, BBF1, CRK2, and BBF? increased by 4.27%, 2.51%, 9.32%, and 7.16 % , respectively, while the
oil content increased by 5.65%, 3.11%, 6.63% ., and 5.92%, respectively; The crude protein content of
CRK1 and CRK2 increased by 4.23% and 1.06% respectively compared to K treatment. Compared with K
treatment, CRK1, BBF1, CRK2, and BBF2 increased starch production by 14.73%, 19.10%, 17.56% , and
18.96% , crude protein production by 14.47%, 14.04%, 8.27%, and 8.03%, and oil production by 16.03%,
19.67%, 14.27%, and 17.23%, respectively. [ Conclusion] Controlled release potassium chloride can meet the
potassium requirements for maize growth and quality formation, improve maize growth, optimize maize grain quality
traits, and significantly improve maize yield and potassium fertilizer utilization efficiency when mixed with ordinary
potassium chloride. It also reduces fertilizer input costs and achieves the goal of reducing production and quality.

Keywords: maize; controlled release of potassium chloride; potassium reduction; quality; yield; tasseling stage

Received:2024-07-10 Revised:2024-09-10 Accepted:2024-10-15 Online(www.cnki.net) :

FAZMR W ENEY Z— B EA BRI
$, P EEZRSGH R Statista 3248 BAED BOR,
20232024 AEABRILAE = £ 2K 12,36 12 16 3% 12.48 {2
t, Hodr, A E KRR 0.442 12 hm? L 3o A2 77 2,89 42 ¢,
THP 31842 ¢, BRE AN, T K& M & 1 T R
ORI T S b R S SRR (A
FEAE WU Tl A= 7 Al AR 7 A5 A T TR B
RAF N AT 5. oK Z BT DLEAT an b iy ) 3z A
T S 5K Y TR S AL S WORD

oK it 5 B AN A2 gt A R DR R i) L 52 PR 5 DR 3R
PR 26 IR . T ORE R 20 2 52 R 3K a5 R AR
REENR, BRENZREFRITLRZ — YR
AR R T BTz B AN A AR P 2 Rl
Bl )35 1 L B 1 O B VR OBk K AR A B B i iz
A2 AT PR TR L R SR TR A R T R
M) T T TR AL A L A B ST R R 4
X KOG AR R BT R O G % K S 0l i
R S 0 R A R 1 B R R R T L G 7 T 68

T fif 47 45 i PR 2 AN T 430 o PRI, B R Kl B X e
B OKE IR E R BT AR R 4 A3 B R (B
Lefie A 22 5 & e BAT G L,

K 5T 32 SR B R B R AN T T
TEE 7 b T T 36 B0 BERY IR M AR R AR
PR o A 2 LR L SO | SORE A = 1 RE B, LB R )
VNS 0 B S SN b A S < SN L R

$£ 15 Rubisco & Rubisco {if £b fiff 1 P4 A1 5T 2 50 50 %
TRARURR &R K6 M (ROS) Ji & 40 BB 1k A 2k 2
AeRPCAVEIE R #EA7 .
ERAAHELREYEEFE LR
PRI, T RE Aaod 22 0 B R T e A A T L kD
PRZ AL R T 95 T B AR W AR Y L
HAEYIMR R AR R 035 4 A IS ) 5 A

http: // stbexb.alljournal.com.cn



%13

X S22 25 B I S A B0 X B R 0 R O B8R B R K A | SR Y 5 T 3

o, (HAE R AL B R U it X K A B A S ) ff A
A8 . PR, A 5 3 K I T AR 5 SRR
[7i) i A 7K I ) 3 S A B SR T A ST A R S
A 5 5 U 5 S A B B TR X EOR AR K
PR B2 KRR i SR B W L SR R OK R A TR O IR
A £ 48 52 B R 5 A BIE S E

1 #MRERE

1.1 ks

K Al T I AR A i Il Rl K= +
JIES 5 455 R P ) 2R T AR AF 5 oo 3R 56 3 (367097407 N,
117°09"48"E)#E47. 1568 A 2014 4F 6 H IR EASEH 10
a, R /N -BFRFEAER 1 a P2, FRIi R 20 2,
2 b DX B R R i Pk 2 AU AR 38R 135 °C
AR & 750 mm, AR 4 SRR AR, 7E T E
TR G 3 58 1R B IR IE A+ (Typic-Hapli-
Udic Argosols) . i85 H#EZ TIEFAMER R pH 47.32
OKA 2.5 + D AP BR8N 11.7 g/kg, AR
HECN 0.58 g/kg, A RUBE BT & 43 408 21.3 mg/kg,
PR R H0R 92,1 me/ke't .

A R S A B 9587, A= F W4 100 d, Fh
MEW AEE6 A LA E 10 A FAadd D, AHie
B SR (3 K, O 60 %) 58 & B 4 I8 S AL A1 (5
B4~ H. & KO 56%), RECE N 46%) iR
TERCE N 18Y . & P, O546 %) I RS FUIE IR B (P R
W13 H & N 43%) BRI IR R IR R (BB 3
AHEN35%) . R CRE N & AL AR
AR PR 28 B AR i A5 5 PR 22 #49 #h I R AR
TRV G O kil g . o, R Ps a4 fb 4
(B Ko O 56 %0) LUAa W Sk U J2 S0Pk BE R 0 L T3 LA
B PR Y A W i TR A TR AR R AR R AL A R A5

20 40 60 80 100 120
HEE R %/ d

B 1A W iE SRR

Fig.1 Meteorological data of the experimental site
1.2 RIig it

P[] 38 96 2R FH B AL DX 4 34 o AR 40 e E it 4 i
PRI NE LAY AN it BN X B A B (CKO) L 2%
AL AR AL B (K, 225 kg/hm® K, O) | # & B & ik
£ AL AP AP 40 B (CRK 1, 225 kg/hm® K, O) il &
1/3 3 & e £ 15 5 1k A0 AR 4b B2 (CRK2, 150 kg/hm®
K, O) | # &= 158 1R S 1k #f it 4 # (BBF1, 225 kg/hm’
K, O) Jd & 1/3 iR S AL I & ¥ (BBF2, 150 kg/
hm* K,O)6 NAab#, AN EE 3 (R 1), H
o S AR B ER T (K, O) Fh, A(N 150 kg/hm?®) H 4§
60 %6 ¥ B AR (i 3096 A9 Bt in %% Il A 58 IR K A
30 Y6 A i AL R PR 3R 4R ) T 40 06 1 1% e LR CHR %
PR % R BURE R 2 4R 1) 5 85 (P, O, 75 kg/hm*) H
Wl R PRt KA AL BRI A B BR 3 FRIE ML
) BRSBTS

RE/NXHF K 16 m* (4 mX4 m), /NXFp
MEXK 747, F FHIE 5 cm, 478 60 cm, BRI 20
cm. MR MEIEYR 10~15 cm, B TF4T4 10 cm,
FRFFAT AR TR 10 1,

Fx1 AELERERAZR

Table 1 Different fertilizer treatment schemes kg/hm’
e N-P,O;-K. O/ HWIREBIRE SERKRER R # BRIR — %% Ak S AL B
(kg « hm ™) 42-0-0 35-0-0 46-0-0 18-46-0 0-0-60 0-0-56
CK 150-75-0 107.13 128.56 66.56 163.06 0 0
K 150-75-225 107.13 128.56 66.56 163.06 375 0
CRK1 150-75-225 107.13 128.56 66.56 163.06 401.81
CRK2 150-75-150 107.13 128.56 66.56 163.06 267.88
BBF1 150-75-225 107.13 128.56 66.56 163.06 187.5 200.88
BBF2 150-75-150 107.13 128.56 66.56 163.06 125 133.94
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Fig.3 Content of available potassium and slow-release potassium in the 0 ~20 cm soil layer during the tasseling stage of corn
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Table 2 Nutrient element content of stem sap under different treatments
Mg/ K Fe/ Cu/ Zn/ Mn/ Ca/ P/
A3
(mg+kg ") (mg+kg ") (mg+kg ") (mg+kg ") (mg kg ") (mg+kg ") (mg+kg ") (mg+kg ")
CK 1.74£0.021 3a 14,60£1.815 1c ~ 0.006 740,000 84~ 10.7640.3b 9.25+0.42¢ 10.25+0.36¢ 5.13+0.02¢ 0.920.04c
K 1.54£0.040 7ed  22.36£1.291 5b 0,012 1£0.002 4b  11.67£1.29ab  13.15+1.81b 13.92£0.34a 5.33£0.03b 1.04£0.05b
CRK1 1.56£0.024 2cd  28.85£2.747 9a  0.012 6£0.001 5ab  12.4240.53a  14.9640.34a 13.67£0.98a 5.51£0.06a 1.08£0.01ab
CRK2 1.6240.032 1b 21.5840.832 9b  0.014 340,000 6a  11,60+0.7ab 16,02+ 1.14a 13.52+1.00a 5.47£0.02a 1.1040.02a
BBF1 1.58+0.015 7c¢ 26.3844.555 9a  0.011 640,000 9b  11.55+0.16ab  12,09+0.25b 13.31+0.94ab  5.3240.09b 1.1140.05a
BBF2 1.5340.024 8d 21.814+1.140 3b  0.009 340,000 7c 11.94+1.06ab  11.84£1.77b 12,43+0.33b 5.2640.20bc 0.9340.07¢
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Fig.4 Plant height and stem thickness during the tasseling stage of maize in 2023
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Fig.5 Chlorophyll content, leaf area index and net photosynthetic rate during the tasseling stage
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i, BRI EAL BT B B R R AR R
BEAR AT (2 3), CRK1 Fll BBF1 =448 K 43 5 i
HPE 9.82%0.16.06 %, W HE 1/3 J5 . CRK2 1 BBF2
5K 2r ) i B 7.13%.,10.68% . BBF1 % BBF2 &
R 4.86% , CRK1 1 BBF1 80 IE F %48 K 43 5
W P 5.85%0.48.69% ., W &= 1/3 J5. CRK2
BBF2 # K 43 % % F 3 & 26.23%.62.72% ., CRK2 F
BBF2 # CRK1 f1 BBF1 4% %l W 2 # & 19.25%.
9.44% ., CRK1 #1 BBF1 £ 358 25 8¢ K 40 0] . 35 2 =

16.29% .28.37% ., iH 1/3 J7.CRK2 il BBF2 % K 43
S e 14.15%.21.12% ., BBF1 % BBF2 i 3 2
155 5.99 %6, M b Az Py et it FH 6 BEEAI0 IS 14 % oAb 3 ML I
AR ERGN, CRK1 il BBF1 # A% K
O3 R 9.22%,10.44 %, WHEE 1/3 J5 . CRK2
1 BBF2 # K 43 i 3 & &5 4.16%6.6.09% . CRKI1
M BBF1 % CRK2 #1 BBF2 43 %Il i 3 42 55 4.86% .
4.10% . RUH EBIRA RO R4, BIREL
BT R AR B AL 43 B0 RO AL . BBF1 # CRK1
PR 21.87 %0, Wi A G0 BEBI T T S A 3G, R R
PR BOE . CRKL FFRLHR T &40 8088 K 3
P 7.36%, BBF1 5 K IF AW, KU BT
CIF =R S LR S AR o I
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Table 3 Relevant indicators of agronomic benefits of corn

o et/ Fifr s/ bR/ AT HRLH/ il G A/ Hrm/
(kg hm™ %) (kg* hm™ %) (kg+ hm™ %) (mg+kg™) (mg+kg™") /% (JCehm ®+a 1) %
CK 9587173 e 7 341£52d 16 929+186d 9 125.03+844.28d 3 843.36b 13 6494448 e —8.48
K 10 475£302d 7593+87c 18 068363c 12 441,95%1 509.27ab 3851.44b 20.17£1.53d 14 943£783d —
CRK1 11 5044+197be 8 230t1c 19 734+197a 10 941.79£270.04¢ 4135.81a 21.35+0.04d 17 377+512bc 9.82
CRK2 11 222+204c¢ 7599£72a 18 820+275h 11 049.484270.85bc 4038.84ab 25.4610.66¢ 17 0584529¢ 7.13
BBF1 12 157£263a 7797%123¢ 19 95413854 13 334.48%0ab 4 084.21ab 29.99£0.37h 19 182£680a 16.06
BBF2 11 594=+1b 7575+50b 19 169£50b 11 934.8741 083.62abc 3997.15ab 32.82+1.31a 18 099£1b 10.68
2.7 AEHAEALIE X B E K R E KIS AR B &2 AR SZ B . CRK1 JE M BT i 40 30 K 1 3 48

VET B ORI R J2 A= W AR i 0 3l BT A AL R
REVR Y RS 2 . At 40 Ak B AR KAk B X LA
il 5P SO NG LR DA TR S T e P ey (RT3 A
(R4, Bt A T A B0 0 3 3 o o 70 5 KL 2R 1 A

4.46% . Vg 1/3 J5.CRK2 M BBF2 # K 45l & %
P 9.73%.7.48% ., % CRK1 fil BBF1 43 % & % 2
B 5.04%,4.47% . CRK1 HLEE [ 5 ik 4§08 K &2
FRE A.23%, Wi 1/3 5, CRK2 AL [ i & 4y
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g K B 1.06% . CRK1 Al BBFL ji g i &
SR K 5 W E e 5.65%.3.11% ., R 1/3
J& »CRK2 1 BBF2 2 K 437l i 2 #2 & 6.66%0.5.91%
BBF2 % BBF1 & 255 2.72% . ¢ W] 58 G ik 4 Mt 2
AR AT EORTE A LR 1 MR B Ak, JF ELBE
A e 1 30, U R R R T A AR RIS M A
it AR . 4B TR it R ST B R B A R i
MO AL (£ 4), CRKI F1 BBF1 JEH# = #8 K 43 51
E R 14.73%.19.10% . W AP 1/3 J5 . CRK2 F1
BBF2 % K &b #5E ¥ 7 5t 43 5 42 5 17.566,18.76 %,

& CRK1 Ml BBF1 A& 2%, CRK1 Ml BBF1 iifi 5 ™= &
K AbERAY ) AR 16.03%0.19.67 %, WiEE 1/3 )5,
CRK2 1 BBF2 # K 405l i 88 = 14.27%6.17.23 % , 38
CRKI1 1 BBF1 A & 2% . it 1] A2 B 520 Ak 4 £ 4k 31
BEERmE N R, CRKL fl BBF1 & (/7 #5 K
Oy R IR 14.47%,14.04 %, 8 CRK2 #1 BBF2
Sl E R 5.73%.5.56% . WA 1/3 J5, CRK2
1 BBF2 & K 435I i 35 52755 8.27%6.8.03% , FK W5
Jo 7=t 7 5 VR A B Y 52 e B K, I B e B g
T34

x4 EXRERER
Table 4 Corn quality indicators

i HHERREM ) CHERREM  ERREAR  BEAREME MRREME Ve R/ HEnrme/ i/
(gr kg ) (gr kg™ ) (gr kg™ (ge kg™ (g kg™ ") (kg * hm™?) (kg hm™?) (kg hm™?)
(K 175.64£0d 523.21744.20¢ 735.34410.25d 73.3940.25¢ 40.8420.46¢ 7049.70£102.82¢ 703.59£11.66d 391.53£5.43d
K 187.0842.42¢d 553.3929.77he 738,06+6.83cd 79.82+0.04c 41,42£0.74c 7731.184265.53b 836.11424.15¢ 433.8720.49¢
CRK1 192,19£7.73be 602.91+14.88a 771.0148,73b 83.20+0.27a 43.76+0.14a 8 869.704203.07a 957.131+17.24a 503.4249,38ab
CRK?2 205.37%7.T4a 997181 1.67a 809.90£17.30a 80.67+0.63b 44,180,322 9 088.704297.85a 905.28416.11h 495.79£5.67h
BBF1 191.58£9.03¢ 584.49£1.35ab 757,40%12.83he 78.43£0.23d 42,71£0.,18b 9207.71£79.34a 953.47£18.84a 519.2310.74a
BBF2 203.45%6.89ab 570.58£1.13ab 793.28416.91a 77.9140.74d 43.87+0.91a 9197.294196.33a 903.294:8.86b 508.63£10.43ab
3 it @ HUBIRE K R340 165 0 BE R R L,
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JIE Ak 1) B o 446 e M ) R L e PR o R OK
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A 308 3 S ) A2 3 e B A, AT 3 28] S I R i )
RS o T A 28 O ) B T X - g el K T
Sy B RS E M R A T LA L 7E 5 it B = BBE Ab B
LR KBS VE R VR S OF T T S G 00 o i 43 K
Fe 1 B At it S Ak PR v 2.2290~10.86 %0 .

Jit B 180 AR A T A TR ) e g 2 o
FEER M ASBIFSE e B, BB KK P 5 85 Bk
J Ay BRI — B R R . B 25 RN R

ARHIF 5 S TR it B AT 0 ) e R X Mg B R AL A el L A
BIRICFE MM, Ho, PR 0 5 AR AE AT 32 & P Ca.
Mg.Zn Fl Fe BTig 40,5 K 40 34 & 3.85% ~5.77% .
2.63% ~3.38%.1.30% ~5.19%.13.76 % ~ 21.83% .
4.13%~18.18% ., I RE S A by i S A 4 Dkl % 4 1) B
B R ORI 4 A T B R R AR 1 A, DT PR B R K
HIRERN T 2R . PRI, A S S AR 8 1% it FH T v 1 4 X
B R VRE B R IR AT L A AR B P AL
3.2 ARELENMEXRNXEGHXIEIRHEIE

Filt g 30 1 v JE A A R ORI A R R Y
BRAL, WS A A Y SPAD T R A B 14 O A 4R T
fE ST ANAE K, BRI SPAD B & A 6 J2 45 A
IS . MR IR BEfE 0 SR WA A A K LR
BRI A F W SPAD R G A VE L B S e
B, TR AR AL B b Bl R RS
SPAD HI LAI 2351341 0.99 % ~5.00 % . 1.67 % ~7.30 % ,
A PR Sy B A %) R A P 1 756 IS e i ) 40 4t
i s FORER L 78 R B ER L bRt SR R A R ik
S ISR AR 55 A0 R e J2 25 A 1 Y . SR A5 R R
A TR A IR o L g e A R AR AT
SPAD 1 LAI nJ B #: s B F RGeS fAE K,

HRIEEABEAMAH AT oA RES
4.03% ~4.10% . AIBERTE E R )5 W, R 5218 Rt
A A PR A PR AR A R s Y . Rubi-
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