2026,39(5):211-221,227 FE K K K BE = T

DOI: 10.16861/j.cnki.zgge.2025.0665

AEIERREZESEBRER/EX KR
RZMAR T IRYEFA == B9 =200
X L E R R, oy L ANEALE O FLFHRE?

LA R AR MY R 22 B R PR 2 B « 0] 5 8 A St i DR R R 7y HFIH 450002
2RO E ML TAVERBI RO WMEH 2 453700, 3. A BN FE  WEidE 475299)

B ONRAAS SRR RS S8R RGN KR MR T2 0 ISR 77 5 AR50, LA 18-10-18 (¥ &L 8 7% /3
Bt EE , 76 A0 FH B 2 P RTH R 5 AN [ EL A1 (20% . 40%  60% ) 3538 JR 25 435905 60 d.90 d $58 JR R HEATHC M , 3 2%
FMEAC LA 100%, 14 5% 9 MRIE AR (T1~T9) , I LR @ JR 2 A B (CKD , REUMT T 35 b BT Kaifk &
MR TR E R E R VR BBRESNEW. 45RRY, 5 CK AL, R IR R 5 08 R 2 F it Ab 22 ) o
AR SR B T R RS AR, R R R SR AR VTR BRE S A CK N T 4.97%~
35.18%-3.39%~13.68%-5.66%~41.27%-1.68%~31.63%. 5 T2(20% il JR Z+80% 60 d = BEJR 2 +0% 90 d =B IR
F)T5(40% 3 JR 2 +60% 60 d 5B JR 22 +0% 90 d =R KD W T8(60% 1 1 JR & +40% 60 d 5B IR Z+0% 90 d %
B IR ZO M KT CK Ab, oAb #R % 25 BRI CK 3251 6.02%~21.39%. Hrf, T9 A FE (60% i JR ZE+ 0% 60 d
FERE IR FH+40% 90 d R IR FO M 2 A REIR bR R IR < 5k 2 5 SN 5w, 20 3% CK R 242 1 35.18%
35.18%, HAU R WORIEE R =1, 9 47.51%, 80 CK R E 25 8.45 H 4 rle L3 L, FEARIRIS 251 R T9 AL 3T (60% 15 i
JREA+ 0% 60 d #B R 2 +40% 90 d #8EJR 20 A I AMEL I 77 58, WAL md K55 F 7= X HE R

RHEIR) : FR R R s L LA s R 2R P

FEHHKS:5633.4 HRARESRD: A NEHE:1673-2871(2026)05-211-12

Effects of combined application of controlled- release urea and conven-

tional urea on agronomic traits, nutrient uptake, and yield in garlic
LIU Ruyue', PAN Yueru', ZHONG Wenjin’, TONG Ruifang’, LIU Ruijie’, WANG Yang', YUE Yanjun’

(1. College of Resources and Environment, Henan Agricultural University/Henan Agricultural Green Development Engineering Technol-
ogy Research Center, Zhengzhou 450002, Henan, China; 2. R&D Center, Henan Xinlianxin Chemical Industry Group, Xinxiang 453700,
Henan, China; 3. Qixian Agricultural and Rural Affairs Bureau, Qixian 475299, Henan, China)

Abstract: To explore the effects of different controlled-release urea and ordinary urea on the agronomic traits, nutrient up-
take and yield of garlic, a field experiment was conducted with a constant total nitrogen application rate. Specifically, ordi-
nary urea was combined with 60 d and 90 d controlled-release urea at different proportions (20%, 40%, and 60% ), with
the total proportion of the three nitrogen fertilizer types being 100%, resulting in 9 experimental treatments(T1-T9). Addi-
tionally, ordinary urea alone was set as the control treatment (CK). The effects of each treatment on agronomic traits, dry
matter content and nitrogen, phosphorus and potassium accumulation were systematically analyzed. The results showed
that compared with CK, the combination of controlled-release urea and ordinary urea could significantly improve the agro-
nomic indicators of garlic at maturity stage, including plant height, pseudostem thickness and dry matter content, the
yield, allicin content, nitrogen and potassium accumulation of garlic under the controlled-release fertilizer treatments in-
creased by 4.97%-35.18%, 3.39%-13.68%, 5.66%-41.27% and 1.68%-31.63%, respectively. Except for T2(20% ordinary
urea + 80% 60 d controlled-release urea+0% 90 d controlled-release urea), T5(40% ordinary urea+60% 60 d controlled-re-
lease urea+0% 90 d controlled-release urea), T8 (60% ordinary urea + 40% 60 d controlled-release urea+0% 90 d con-

trolled-release urea), the phosphorus accumulation of the other treatments was 6.02%-21.39% higher than that of CK.
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Among them, T9 treatment (60% ordinary urea+0% 60 d controlled-release urea+40% 90 d controlled-release urea) per-

formed excellently in several key indicators: Garlic yield and total income were the highest, significantly increased by
35.18% and 35.18%, respectively, compared with CK. It also had the highest nitrogen harvest index of 47.51%, which

was 8.45 percentage points higher than CK. In conclusion, under the experiment conditions, the T9 treatment (60% ordi-

nary urea+0% 60 d controlled-release urea+40% 90 d controlled-release urea) was the optimal combination scheme,

which could be popularized and applied in the major garlic producing areas of Henan province.

Key words: Garlic; Controlled-release urea; Blending ratio; Agronomic trait; Yield
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Fig. 1 Meteorological data of the test site from September 2024 to June 2025
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Table 1 Physical and chemical properties of tested soil
L TR E wCHHLED w(E %D wOf 2 wCHE R
S 'ikt Soil bulk density/ pH  Organic matter Total nitrogen Available phosphorus Available potassium
ot fexture (g-em™) content/(g-kg") content/(g-kg')  content/(mg-kg™) content/(mg-kg™)
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PR i MO R IR R G R R AR, AR B BTEUR Y 60 d LR K ER A S N &
AR JRFE AL Z A A F W 260 d, ERRHLE:, O 2.5%, BEUR 12 90 d (AR AR 2R IE R VR o

i FE M, JUm i ar, 5 H TR 6 A LAk, #
BEIRE D NBEUE N 60 d(IEFE SR Z 1D A1 90 d
(BEREIRE 2)2 M A, Hrp G IR & I A

A 100

[ —=— 8 JR % 1 Controlled-release urea 1
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Fig. 2 Nitrogen dissolution rates of the two controlled-release ureas under the conditions of hydrostatic release at 25 ° C
(A) and buried bags in the field (B)
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Table 2 Proportion of combined controlled-release urea
and ordinary urea in total nitrogen fertilizer application

R UL 2t

Proportion of total nitrogen fertilizer/%

hb ¥ N -
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release urea 1 release urea 2
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T9 60 0 40
CK 100 0 0

1.4 NEERSHE

73 ) F R A& (2025 4E 3 A A L
(2025 4F 4 H N gD ARV (2025 4 5 R
A1) BEAS /N X TS W 10 BR KR 00 B R PR Ak
R R SPAD {f , e Ak i 2 DA R
SRR iR 55, AR R 350 A A v T RE P AR 1 I LB
B R R A AR ) b S em &b fE SRR
{X (SPAD-502Plus , #] J& = 3& Geik) 4t — W & H _F 1
T 3 AR BL SPAD fA .

THIHI(2024 4F 12 H oA (A 12025 4 3
H R A]D i EE A (2025 45 4 A AR A AR G
(2025 4 5 H FAD AN REK B E)— M
FA RN 8 #REEM , 37 Kk 75 22 I IT 40 2 K,
W5 5 Sk 5 Hb b SRR (1) 37 2 43 0l D 5 76 R
WIRE A SECRIE SR — & 7 & & RERIM

214

FEFRAE T 100 °C5T5 1 h J5 80 °CHET 2= 18 i & , I
SE T B Ry e e 0 i A 3ok A5 A I
T E AR B VS R . SR e BT,
KA IR E BOE W Fr sk S EEMEARE S &R
FHEH A bb 2 58 7 Sk 5 1 B SRR PR B 5 &, R
KI5y G BE R E FR kS AR A B
Kivn 2 R TR VRFAEVE PR Fa b, 1 B2 3k 7 i A2 P
FIGE B 2 A EBR AR, 3 RE A T R K 5
B it A AR P A P 22 A S SRS 37 BTN s i Sk
Kirr HEIR R & &, Forh Kar 2 R H IR ER L B ok
FEDTERY, FERR 35K SR A3 66 BEVE I e ™
KFRBGRES BEAS /N X IEEL 30 #as, wask T 7 H
B ER R BT AR, BT TERE B 555k 4 om AL BT T
25 KRk ERYe P T R AR R RO SE
LEAR, H B RS I B hm’ 77 & r
Sk E ARk KB AR EAT 2 R R s kiR =
65 mm, —Z¢=55 mm, _Z¢=45 mm, =Z¢=30 mmo.
R TR B E R R R kR S
A5 e R AR B R N A 5, o
I KA TR R E NG TR R R E S
Ltk TR R EZ A HEARW T
JeE B E/ (kg - hm™)=T%) i & (kg-hm™) xJG
RHOE Y% D
%3 WK T B0/ %= B3 1 7 Sk R R
B (kg - hm?)/ /% 2 00 b b &0 0 #k & R
& (kg hm?) . @)
T-W 5 A B %/ (kg - hm? - dD=CJF — N T
VIR E-w— AT D (kg - hm™ /B B A K
BFIE] (D 5 (3
TR B F/ (kg-hm? - dD=CF — K Pxx
SME-IT Ko ER RHE) (kg hm™»D/EF H4E
KA (D o 4
1.5 HiELIE
K- IBM SPSS Statistics 26 #4712 36 4 19
Guit o3, K LSD fe/h 2 2 722 R AT A [ A 3
IH) [ %2 B L. R Excel 2021 Origin (2021) %
AT HH AL BN 2
2 ERE5H
21 FREEBRKRESEERRRENKFERZE S
Nl
211 TR#EHRKEZEEBRFRET KFHS

%5 B3 AT, A T ARERAR R, T2
REFEAR A, Hofh B abFR e 2 B AN G 3 .



5551

RUGRT , 85« ANEFERE PR 3R 5 338 PR 2R O Kma A AR S F7 70 W ORI 7 2 F) 2

A BT HF 5T

W1 T7 A FE AR B B CK 27 7.82%, &% #5 FE IR
R ER RN AT S CK ZR AT . il
T3 A FPR R 0 TR T2 A AN HAh
AbEE, BB 4R IR 3 5 E PR R i AL B CK 2
T 2.93%~25.52%

212 TR#EBEELEEERFIRES KFHRE
Ay Rsee AR MR AT B ORI AR AR R I O
Bhr. HIP 4 AT, AT, TO AbHE I 25 k0 B H
B CK BERE T 11.65%, HAh kb 5 CK % 71
ANERE . B T1 AR, 8 CK #25

b ab

i

ANANNNNNNAT

120
£
S 90
=
.80
2
.‘_:‘ 60 = abc abc abe abe
fE a abc ab o o ab
iy - &
30

0

kA3

Overwintering stage

He A
Maturity stage

234
Bolting stage

A H I 1 Growth stage
HANFE NG FREROR AL B AL B R 7R 0.05 KFZRRE. R,

Note: Different small letters indicate significant difference at 0.05 level among different fertilizer treatments at the same growth stage. The

same below.
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Fig. 3 Effects of combined application of controlled-release urea and ordinary urea on plant height of garlic at the

different growth stages
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Fig. 4 Effects of combined application of controlled-release urea and ordinary urea on the pseudostem thickness at the

different growth stages
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Fig. 5 Effects of combined application of controlled-release urea and ordinary urea on the leaf SPAD value of garlic at the

different growth stages
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Fig. 8 Effects of combined application of controlled-release urea and ordinary urea on the P accumulation of garlic at the

different growth stages
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Fig. 9 Effects of combined application of controlled-release urea and ordinary urea on the K accumulation of garlic at

different growth stages
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Fig. 10 Effects of combined application of
controlled-release urea and ordinary urea on the garlic
bulb yield at the maturity stage
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Jc it Ak B 55 Sk ELAR Y8 KT CK #88 CKO3E i1 1.30%~
14.03%. T8 AP CK ol % 5, HAh AL FE Y B
KT CK, H A TOT6 M T1 3rk HAR K, 437
B CK SN 14.03%13.47%F1 11.81%.
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controlled-release urea and ordinary urea on the nitrate

content of garlic at the maturity stage

*3 ERESEEKRRERNAFEFUEF M
Table 3 Effects of combined application of
controlled-release urea and ordinary urea on the

economic benefits of garlic bulb (10" yuan-hm™)

A Cost " e
f?:iment fepe BN :ll::fl}i;come I{\ii&pil)ﬁt

Chemical fertilizer Other inputs
T1 0.644 9 2.545 13.23 10.04
T2 0.644 9 2.545 11.13 7.94
T3 0.644 9 2.545 12.21 9.02
T4 0.6415 2.545 11.35 8.16
TS 0.6415 2.545 11.69 8.50
T6 0.6415 2.545 13.08 9.89
T7 0.638 2 2.545 12.39 9.20
T8 0.638 2 2.545 10.66 7.47
T9 0.638 2 2.545 13.73 10.54
CK 0.6316 2.545 10.16 6.97

T AR M A % 2025 45 5 Jeokg s IR FENHE 1900 TT-t'
PRI ER 2200 JC-t" BRI 3400 Joet' AL 3300 T ot'; A
FERREME AR Z N B

Note: The price of garlic bulbs was set at 5 yuan - kg' (based on
the 2025 market price). The prices of fertilizers were as follows: Ordi-
nary urea at 1900 yuan - t', controlled-release urea at 2200 yuan - t',
phosphate fertilizer at 3400 yuan - t', and potassium fertilizer at 3300
yuan - t'. Other production inputs included irrigation, pesticides, labor,

and machinery operation costs.
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