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Abstract: [ Objectives ] This study investigated the effects of one-time basal application of controlled-release
urea (CRU) at different blending ratios on grain yield, dry matter accumulation, and nitrogen use efficiency
(NUE) in spring maize under rainfed conditions in the Longzhong semi-arid region. The aim was to provide
theoretical support for high-yielding and green and efficient fertilization practices in dryland spring maize.

[ Methods ] Field experiments were conducted in Baiyin of Gansu Province consecutively in 2023 and 2024,
using the high-yielding spring maize cultivar ‘Xianyu 335°. The designed N application amounts included a no-
nitrogen control (CK), and three dosages of 180, 225, and 300 kg/hm*. Conventional urea treatments included the
three N dosages and were applied in two splits, denoted as N180-U1, N225-U1, and N300-U1, respectively; one-
time basal application treatments included two N rates (180 and 225 kg/hm®), with the blended ratios of CRU to
conventional urea set at 1 : 2 (N180-C1, N225-C1), 1 : 1 (N180-C2, N225-C2), and 2 : 1 (N180-C3, N225-C3).
Plant samples were collected at the six-leaf (V6), ten-leaf (V10), silking (R1), milky (R3), and physiological
maturity (R6) stages. The biomass and nitrogen content in various parts were measured to calculate nitrogen use
efficiency parameters. [ Results ] Under the three conventional urea treatments, the maximum grain yield was
obtained at N 225 kg/hm’. At the same N input, the two 1 : 1 blending ratio treatments (N180-C2, N225-C2)
recorded higher kernel numbers per ear and 100-kernel weight, thereby enhancing both yield and economic
returns. Over the two years, the average yields under the N180-C2 and N225-C2 treatments were 7.92 and 8.44
t/hm’, which were 4.76% and 8.34% higher than those under N180-U1 and N225-U1, respectively. Compared
with N180-C2, the N225-C2 treatment increased yield by 6.57%, and boosted net income and the output/input
ratio by 35.71% and 7.09%, respectively. The nitrogen input and blending ratios also significantly affected N
content in stems, leaves, grains, bracts, and cobs at harvest, as well as N translocation from stems and leaves. The
N225-C2 treatment recorded the highest values. At the 1 : 1 blending ratio, the N180-C2 treatment recorded
significantly higher nitrogen agronomic efficiency (NAE) and partial factor productivity (NPFP) than did N225-
C2, with two-year average increases of 11.36% and 17.32%, respectively. Compared with the conventional
fertilization treatment N225-U1, the N225-C2 treatment increased NAE, NPFP, apparent recovery efficiency, and
N uptake efficiency by 14.72%, 7.36%, 34.25%, and 29.49% in 2023, and by 16.37%, 8.94%, 39.89%, and
19.78% in 2024. [ Conclusions ] In the rainfed agricultural region of central Gansu, applying a blend of
conventional urea and controlled-release urea as a single basal dressing at the optimal nitrogen rate (225 kg/hm?)
enhanced nitrogen uptake and utilization in spring maize and promoted pre- and post-anthesis dry matter
accumulation more effectively than split applications of conventional urea. The 1 : 1 blending ratio outperformed
the other ratios by improving pre-anthesis nitrogen and dry matter translocation, leading to higher grain yield and
nitrogen accumulation, along with a significant increase in apparent nitrogen recovery efficiency. Thus, this
fertilization strategy can serve as an effective nitrogen management approach for achieving high yield and high
efficiency in spring maize production in the rainfed agricultural area of central Gansu.

Keywords: Longzhong region; dryland spring maize; one-time basal application; controlled-release urea mixing
ratio; nitrogen application rate; yield; nitrogen use efficiency
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experimental site in 2023 and 2024
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Table 1 Nitrogen application rates and method of regular urea and controlled-release urea in different treatments
Jifi% & N input (kg/hm?)
i — : — LD LRUPZEN
Treatment Il IRE (U) FERIRF(C) B (U:0) Fertilization method
Regular urea Slow-release urea Total

CK 0 0 0

N180-U1 180 0 180 100%U 40%EAE,  10mH15160%:5 L

N225-U1 275 0 225 40% as basal fertilizer, and 60%

topdressing at V10 stage

N300-U1 300 0 300

N180-C1 120 60 180 1C:2U BT —IK A

N180-C2 90 90 130 IC: 1U Total applied as base fertilizer

N180-C3 60 120 180 2C: 1U

N225-C1 150 75 225 1C:2U

N225-C2 112.5 112.5 225 1C = 1U

N225-C3 75 150 225 2C : 1U
W (V10), BEECRE T (R, FPRLER SIEN H.SO, IHAE—dLIRE AL E 2 A (TN 20
(R3) L Rl &= 5L i (RO)', KA F WM (TP) FLEALE (AP) 4352k H.SO,~HCIO, 1 & kAl
H BRI I A A R RO R 20 B/ NXCREE 5 BRK# 0.5 mol/L NaHCO, ﬁRY %H%ﬁéht[:’é/z’ﬁuﬂ o AR
B — kR, 2 AARTRARE &, 72 105°C AW JHECREEM E s+
30 min J&, 75°C PMECFEREE, RIRTREREHED  HEAPIBCR SMINA-E 5 IR A kI E

0.15mm i, HTAGENE . £2FHTHERERIHA
BB TR S

ORI, BN/ XGE 10 m? BOH AL, P ARk
TR, REATHRC. AR, EORE. fKE . AR
T, OFPRIE R 13% K43 EI R e
14 MEFR*

FEAR S A R A SR be s, 4 B sh &k oy
B0,

HET R0 E K U AR RE pH!T

1.5 HEAR

AE BB (kg/hm?)=TH) 0 i it < A &R & =

R AR BT (kg/hm?)= A A K B2l
2R B

REHEHE (kghm’)=H 28 IR E R BfE-
B E SRR AR R

REWIE R (ke/kg)=Hitk A Z AR R/ A Y

RMEA 3505 (kg/kg)=(ill 20 DOFFRL ™ — AN it &
DA™ )/l R A

2 WK ERHAANXBE TN RIRN N E KR

Table 2 Dates of key growth stages and corresponding days after sowing (DAS) for maize at the experimental site

H 4 Date (mm-dd)

FEF S KEL Days after sowing

HF ] Growth stage

2023 2024 2023 2024
I Sowing 05-04 05-03 0 0
64 Six-leaf stage (V6) 06-05 06-04 32 32
10739 10-leaf stage (V10) 07-04 07-01 61 59
2214 Silking stage (R1) 08-02 07-28 90 86
FLEA] Milk stage (R3) 08-19 08-13 107 102
Y] Physiological maturity (R6) 09-30 09-25 149 145
AR Harvest 10-06 10-03 155 153

T LRI E SO% AR AGZIN 3 A i

Note: The growth stage was determined when 50% of the plants had entered that stage.
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1.6 BUBLIES SR

X Microsoft Excel 2016 #x{4:*f 548 vk 47 48
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Table 3 Effects of different blending ratios of controlled-release urea via single basal application on yield of spring maize

A0y b3 Feit (Vhm?) TIALTE (g) Rk FEEL (<103/hm?)
Year Treatment Yield 100-Grain weight Kernels per ear Spikes
2023 CK 321g 21.25e 434 ¢ 37.00d
N180-Ul 6.13 f 2391d 540d 43.67c
N180-C1 6.31 cde 2440 ¢ 555¢ 4433 ¢
N180-C2 6.41c 2449 ¢ 567 b 4533 ¢
N180-C3 6.20 ef 2443 ¢ 557c 44.67 ¢
N225-Ul 6.39 cd 24.04d 570 b 4733 b
N225-C1 6.76 ab 2523b 588a 47.67b
N225-C2 6.86 a 2547 a 591 a 48.67 ab
N225-C3 6.74 b 25210 587 a 47.67b
N300-U1 6.28 de 23.90d 549 cd 49.67 a
2024 CK 417e 25.29d 426 ¢ 39.00d
N180-Ul 8.98 d 27.26¢ 570d 4533 ¢
N180-C1 9.17¢ 2745¢ 606 ¢ 46.67 ¢
N180-C2 9.42b 27.77 be 612¢ 4733 ¢
N180-C3 9.28 be 2774 c 609 ¢ 46.67 ¢
N225-Ul 9.19¢ 2899 a 625b 54.33b
N225-Cl 9.87a 29.37a 643 a 5733 a
N225-C2 10.01 a 29.63 a 650 a 59.33a
N225-C3 9.85a 29.57 a 644 a 5833 a
N300-U1 920 ¢ 28.74 ab 613 be 53.00b
Ji %5351 ANONA
Qb3 Treatment (T) ok o *K *
A5y Year Y) * *k sk %
TxY ke * Kk ek

. CK., N180. N225. N300&ZBEEiE A f43 5180, 180, 225, 300 kg/hm?; Ul—E5@ R ZAF(AM20056 H); C1. C2. C343Hifteds
BIRR SRR RS LB A 20 11, 2 ¢ 1 [ESEEEE ARR/NG F-REFRR R —4E A PR 22 5% i 3 (P<0.05); J7 2240 Hras i

ORI IR UM 6 810.05, 0.0 L E K-

Note: CK, N180, N225 and N300 indicate total N input of 0, 180, 225 and 300 kg/hm?; Ul indicate common urea treatment (applied in two splits);
C1, C2, and C3 indicate the blend ratios of slow-release urea to common ureaat 1 : 2,1 : 1,and 2 : 1, respectively. Different lowercase letters after

data in a column indicate significant difference among treatments in the same year (P<0.05). * and ** in the ANOVA represent significant variable

effect at 0.05, and 0.01 significant levels, respectively.
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7.92 Fl 8.44 t/hm?*, 4373w Fliti &AL BE (N180-U1,
N225-Ul) #7= 4.76% F1 8.34%, N225-C2 kb %
N180-C2 AbHH# ™ 6.57%, 4 i & 225 kg/hm? &b
P (N225-Ul., N225-Cl., N225-C2 il N225-C3) Fk
KPR HE R A RUR B 2 s T At UK
- (P<0.05), [F]— it AL BRPHAR[A] 7= 25 S ik B g 3
JKF- (P<0.05), Jifi & & 225 kg/hm? /KR, N225-
C1., N225-C2 fil N225-C3 AbBRAY T Kb =i, A
hr ORI AR B B R T N225-U1 463, HL
N225-C2 A PR B, 2023 4F N225-C2 4bHi oK
FERL™ o EORCE RIRER AU N225-U1 Ab B 43 5l 2
BT 7.28%. 5.95%. 3.68%, 2024 BRI T
8.98%. 2.21%. 4.00%, SRIM, PHAF=H5 2258 K,
X EEJEH N 2023 4ERERN I 2 A AN (B 1), HF
e ERAERK T (V6—V10 BB BB T 54k
TR, RAGEm T K,

H P 2 A5, BR T ARG VIO 100 B Ak,
b R X F B OKAA B W T4 i RAR R )
Wi 2 (P<0.01), HXF V6. V10 F1 R1 BT H AL
ERAAWEEL TN (P<0.01), fEr22] (R1) #if
FAEB R, DUH AU RS AL B N225-U1 #l N300-
Ul 9 S 0 3 T HALL B (P<0.05); 1iI7E
Tk (R6), VA 225 kg/hm? jifi BUKFE T #9440
YRR RL, HEES T HAEE K

(P<0.05),

HE— 25 AT AL 5 T AR R A SRR a1 G
F (B 3) FM, FRALE TH 0 SR 5 FPR™ i
W B E LY IEA S (P<0.01), [FIHJTFER y=2.95x—
10.59 (FFE 51 R*=0.843),

TR ) E TR m K, FE TG
BAAE TH] AR 7 e BT AR 7 AR =R R R R
AN L 5] 4 8 PR 2R — U P L it W A R0 B = B v
B X R AT S (R 4). TEMREA
W, BORPE . U DU B S DL BUR &
H5EBIRZEE 1 1 BIR-REEGVCERIE. 5
N225-Ul 4bBRAH L, N225-C1, N225-C2., N225-
C3 A BN A ST I T 31.90% . 44.70% .
59.70%, ¥R MG T 74.19% . 83.87%.
64.52%, PP BIIE M T 13.56% . 15.25% .
11.86%. 5 N180-C2 AbFREAH L, N225-C2 Ab B[
W2 RN = A HE A B3I T 35.71% A1 7.09%. L,
TE 225 kg/hm? i Z/K P T HEBIR R 5858 IR R 1%
12 1 IR — R MEER I AT AR AL R 2l a5 = 4% L
22 AELLHIERREZFAMEENEEREER
IR U FR % 15 HY =20

AR B OKAETT . EE AR R A
EHEHEEREE (P<0.05, [K4), N225-C2 4b3
R B, /00N 144.49. 82,55, 227.04 kg/hm?

AR K8 Source of varieties

V6 V10 Rl R3 R6

Kb B Treatment (T)
)y Year (Y)
<Y

sk kk kR Rk kek
k% NS wE kE kk

#% k% %% NS NS
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Fig. 2 Dynamics of dry matter accumulation in spring maize under different nitrogen treatments
TE: CK. N180. N225. N300 ZbFE &40 0. 180, 225, 300 kg/hm’s Ul—3d JRFE AT (43 2 Wit fH); C1. C2. C3 45tk

ERIRR SRR AR AN 12, 1

1. 2 1o TRMEHR IR AN K] 0.01 BEKF, ns FrRICREBUN

Note: CK, N180, N225 and N300 indicate total N input of 0, 180, 225 and 300 kg/hm?; U1 indicate common urea treatment (applied in two splits);
Cl, C2, and C3 indicate the blend ratios of slow-release urea to common ureaat 1 : 2,1 : 1,and 2 : 1, respectively. ** in the ANOVA represents

significant variable effect at 0.01 significant level, while ns indicates no significant effect.



51 B, R PEREIRER U LU X B SR K™ SR E R AR AR R 1011

g 17 12 (2023 4F) i1 165.86, 79.31. 245.17 kg/hm® (2024 4F),
< —" —
£E o I N225-C2 AbH W 4F T 4 4 A B 2 it 236.11 kg/hm?,
S 108 | e N
mﬁ 11 2 PN (P<0.05), #HMEANAE TR, &
ié 99 | 10 FORAEHT . EJ5 AR Z B ERUE R N225-U1>
2z 9.6 N300-UI>N180-U1; [F—EEHLEIT, 0. £
E i R o1 IR 2 3 BB L 80 225 ke/hm? &b i 5 15 T
=
RE 1% o 8.6 180 kg/hm?> b (P<0.05), 7EJifi & &M 225 kg/hm?
Z e e i : B o S T B L A 2 14 B R )
& 6.60 6.75 6.90 7.05 7.20 7.35 7.50 I, FERTRIZEIG RO B B SR R B DA N225
¥R & Grain yield (thm?) C2 Ab¥f =, WEH ST N225-C1 1 N225-C3 4b3
= P<0.05), 1M N225-C1 il N225-C3 23 F £ oK AE
B3 R ESEETIRENBHXR (P=0-0 )ﬁ o e e ok et =
Fig. 3 Relationship between grain yield and post-anthesis (INIATE-E 2SS0 ETE Pt A O IR
(PA) dry matter accumulations MMM, ERIERTAIEE AR B &

o E SR EEXT RE EAR R T R G, aRRE 5 R B S B E R IEAEE (P<0.01), BIETY
PELG SR, R WG IEE, =RRMIA5ERAF] 0.01 K-, R \

3% y= - _ - 5
Note: The color and shade of the dots correspond to the amount of dry Eeilbe) y=53.69x-245.87, y=31.08x-151.93, il

matter accumulation after anthesis on the scale. The red line represents JGH R %%U)Jﬂ 0.904 #1 0.968 ([?—I 5), ﬁﬁiﬂéﬂ\%ﬂﬁ@
the linear fitting result, R* is the goodness of fit, ** indicates the FET 90.4% F196.8% =285 .

regression relationship at 0.01 significant level. i e TR R ) U 25 B I A A 0 T oK % B a7

*4 TRIERLETEERE =LK

Table 4 Economic benefits of spring maize as influenced by different fertilization treatments

- He 7= RS Production cost (yuan/hm?) Pl Vinlkess FERE
Treatment A NT MU HoAth A Output value Net profit Output to
N fertilizer Labour & machinery Others Total input (<10% yuan/hm?) (x10* yuan/hm?) input
CK 0 11100.0 3457.0 14557.0 0.87 -0.59 0.59
N180-U1 743.53 12600.0 3457.0 16800.53 1.87 0.19 1.12
N180-C1 965.29 11100.0 3457.0 15522.29 1.94 0.39 1.25
N180-C2 1076.17 11100.0 3457.0 15633.17 1.98 0.42 1.27
N180-C3 1187.04 11100.0 3457.0 15744.04 1.94 0.37 1.23
N225-Ul 929.31 12600.0 3457.0 16986.31 2.00 0.31 1.18
N225-C1 1206.47 11100.0 3457.0 15763.47 2.11 0.54 1.34
N225-C2 1345.06 11100.0 3457.0 15902.06 2.16 0.57 1.36
N225-C3 1483.64 11100.0 3457.0 16040.64 2.12 0.51 1.32
N300-U1 1239.22 12600.0 3457.0 17296.22 2.00 0.27 1.16

. CK., N180, N225. N300LLFESJ A 4050 0. 180, 225, 300 kg/hm?; Ul K58 R ZABRCMUE); C1. C2. CIMUEREBIRE
SRR LA 20 11, 20 1o IORRATHRR, SRIREK3.670ke, FHHlIRE1.970/kg ., W BERRY575070/hm?, HRERHR
20770/hm?; BB 130000/hm?, H1BEALAS S 120070/hm?; FHAEA N 255070/hm? 5 AT BAS EAFR Al ORI T (R) 4 B 6750 0/hm?, 10R 4]
B ABAL B M 8250 0/hm?; AR 51z ki 180070/hm?, FE{E (JG/hm?2)=24E PR F 7= i (kg/hm?)x T KB (2.070/kg)+2 4ERSFFF 2 7 i
(kg/hm?)<FEFFEAT (0.670/kg)o FEFTTEE (kg/hm?) =GR APyt —FrRi =t Hollas Oomm?)={E—iRA, 778 = {E Sl .

Note: CK, N180, N225 and N300 indicate total N input of 0, 180, 225 and 300 kg/hm?; U1 indicates common urea treatment (applied in two splits);
Cl1, C2, and C3 indicate the blend ratios of slow-release urea to common ureaat 1 : 2, 1 : 1, and 2 : 1, respectively. Fertilizers costs, controlled-
release urea 3.6 yuan/kg; conventional urea 1.9 yuan/kg; calcium superphosphate 750 yuan/hm?; potassium sulfate 207 yuan/hm?. Seeds costs 1300
yuan/hm?. Plastic film costs 1200 yuan/hm?. Machinery costs 2550 yuan/hm?. Labor costs 6750 yuan/hm? for sowing and field management, 8250
yuan/hm? for the treatment with topdressing at the ten-leaf stage. Harvesting and transportation costs 1800 yuan/hm?. Output value (yuan/hm?) = [2-
year average grain yield (kg/hm?) x maize grain price (2.0 yuan/kg)] + [2-year average straw yield (kg/hm?) x straw price (0.6 yuan/kg)]. Straw yield
(kg/hm?) = total aboveground biomass at harvest — grain yield. Net profit (yuan/hm?) = output value — total production cost. Output-input ratio =

output value / total production cost.
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Fig. 4 Pre- and post-anthesis nitrogen accumulation in spring maize under different fertilization treatments
H: CK. N180. N225. N300 4B St/ 3109 0. 180, 225. 300 kg/hm?; U1 NEiE IR ZALPE (43 2 KHE); C1. C2. C3 st

21,20 1, B EARFRVNG FRERR AR AR F AR R 22 57 8 35 (P<0.05).

Note: CK, N180, N225 and N300 indicate total N input of 0, 180, 225 and 300 kg/hm2; Ul indicates common urea treatment (applied in two splits);
Cl, C2, and C3 indicate the blend ratios of slow-release urea to common urea at 1 : 2,1 : 1, and 2 : 1, respectively. Different lowercase letters above

the bars indicate significant difference among treatments during the same growth stage (P<0.05).
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Note: The color and shade of the dots correspond to the amount of nitrogen accumulation on the scale. The red line represents the linear fitting result,

R’ is the goodness of fit, ** indicates the regression relationship at 0.01 significant level.

RAomEUSE, HMARNER R (P<0.05, % 5), i
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N180-Ul 43, 5 N300-Ul AbH LB E X5, W
N300-Ul AbFEfZE . MR EHH S N180-U1 b
Tom 25 N225-C2 AbHZE . i, Fpk . R

ASEYBERT N25-Cl, X, HEE#HBRER

25T N225-C1 f1 N225-C3 £ ¥R, 1 N225-C1 fl
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C2 bR E KM ZE | MAE R &7 8 CK ¥
271.51% F1 183.89%, # N225-U1 AbBEHE /i 4.15%
1 22.4%,
23 AREIREREEGIFE ERARFI AR
PAR IR I 25 R W], N[ AL 3 AN AR 225005
RN A= J7 . 2R W DR R 2 IR R AT
TER & 225 (P<0.05, 3% 6), FIERFHCE, W™
T3 TR R WM R 14 I it R P 2 AT,
RERUMIBCR A . fEREBIRE 58 KE
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Table 5 Effects of one-time basal application of controlled-release urea at different ratios on nitrogen content and nitrogen
translocation in spring maize at harvest

s WA i N concentration at harvest (g/kg) A Z 48 N translocation amount (kg/hm?)
Treatment ZX Stem M- Leaf F¥6i Grain 1Mt Bract %l Cob 2% Stem M- Leaf
CK 277 e 423 ¢ 713 f 543 f 4.06 f 7.02¢g 1713 g
N180-U1 3.57d 10.67 ¢ 1243 ¢ 7.69 ¢ 438e¢ 2429 f 3527 f
N180-C1 3.60d 993 f 13.22¢ 8.30 de 473 cd 24.61¢e 38.69 ¢
N180-C2 3.97 be 13.03 ¢ 13.36 ¢ 8.58d 472 c¢d 24.66 d 39.57 cd
N180-C3 3.77 cd 12.16d 13.26 ¢ 8.57d 4.69d 24.64 de 39.38d
N225-Ul 433 a 1297 ¢ 13.02d 8.37 de 492b 25.04 ¢ 39.73 ¢
N225-C1 3.97 be 14.47b 1572 b 10.37b 5.14a 2598 b 4797b
N225-C2 443 a 1530 a 1590 a 1193 a 521a 26.08 a 48.63 a
N225-C3 3.93 be 14.70 ab 15.80 ab 1093 b 5.18a 26.02 b 48.08 b
N300-U1 4.17 ab 12.83 cd 12.93d 943 ¢ 4.84 bc 2431 f 35.18f

FE: CK. N180. N225. N30OAbHEEfZ =440, 180, 225, 300 kg/hm?; ULRi@ fRELAFLGI20CH); CL. C2. CREHMBIRE
SESEREREIWHH0 20 1210 20 1, FFEEREAR R/ NG F-RERRAL LR 22 5 B3 (P<0.05),
Note: CK, N180, N225 and N300 indicate total N input of 0, 180, 225 and 300 kg/hm?; Ul indicate common urea treatment (applied in two splits);

C1, C2, and C3 indicate the blend ratios of slow-release urea to common ureaat 1 : 2,1 : 1,and 2 : 1, respectively. Different small letters after data

in the same column represent significant difference among treatments at 0.05 level.

1: 1 #BIR (N180-C2, N225-C2) #=F, N180-C2 4t
PRANE AR 7 88 e A 77 0 1 3 5 T N225-C2 4b
PR, AR PR N225-C2 AbFERE N T 11.36% Fi
17.32%, {EME% 225 kg/hm® F, N225-C2 AbFEf
TR R WA 0. RERM SRR
RE WIS 0 B R AE A 3 N225-UT #5m T
14.72% . 7.36% . 34.25% . 29.49% (2023 4F) Fl
16.37%. 8.94%. 39.89%. 19.78% (2024 4F),

XoF P AE R 0 45 SRk — 2P AT AR OG0 AT, 2
(1 6) W, A ZEWIHCE AL R 5 £
KFFRL = A 2R IE A G (P<0.01), G
9 R> 435114 0.814 F1 0.805, %45 W M e i 7
RO R P AR SR AL T B ARAE

3 e

31 ARHIEBREREEETEERTE
REMRERMENm
AT, A 3 R R A3 Uit F A 245
PR IR 2 53530 PR R 4R [R] L BB IR — R e i, 2
DIt i 225 kg/hm? (5 FORAFR =& . ERE
FERIB DL R e s 3, TR A R T, R
ZHERBRKRE 1 1B1R (N225-C2) BRUR X B EL
T8 HUIR 2 0 Uit FH (N225-U1 A3, 72k X — 4%

TR BRI 2 N225-C2 A FEARAUIRAS T %5 v 19 48 Bij A
e TYRMAZHEE, BFE T RMmHETT
VIR MAR BB Gk 5), XRY], fFEaEHARME
T, WEREGEBRIREL L LIRS — R
38 R 24 Uit F A UC S T ROk ek F I
A, AATROERERKANGEMHRESINER.
XFAETTFIAE J5 2028 W Wi 55 7™ a1 1] 0 43 A 45 SR AIE
By, ZHEWEREEML (& 5), THEE 2%
FLAM (R1I—R3) AR TR EIEN, T i
i PR R BRI R R RS IR AR 0, it
FH 13 #WRIRERS, TRERN S E IR R it &, &
HEARAEFTIH RIERER G R, EoRkt it B
AR, BRAG T Rk XGE S RO RE R H 20, [H]
W, BEEE IR AE 38 T A =W T FE,
PRV ARE R T By =0 190, i Yt 2/3 SRR R
BF, H bl m e s 28 ALERET , AR
AEMRAE, I ERAERD, & w7 AR P
W AR, RIDEE YR 5isr ™,
AT 3 iR BOR EORL AR, SRR TR R
TE 0~225 kg/hm? it 20tk i 1B, 7 ok it 2 o 185
M T, (Hd B (300 kg/hm?) ARk — 4
7L R RAR T ZAEA AR . FIE, R FoR$E
B IR 2 it I H 0 A M G BF ST G, sk e A 4R
Py, BT EXEBRR ST EIREL 7 3 BIRE
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Table 6 Effects of one-time basal application of controlled-release urea at different ratios on nitrogen use efficiency
in spring maize

=iy b RAFRA (kg/kg) i1 (kg/kg) FMEE (%) WA (ke/kg)
Year Treatment Agronomic efficiency Partial factor productivity Apparent recovery rate Uptake efficiency
2023 N180-Ul 16.20 be 34.06 b 46.07d 0.89 f
N180-C1 1723 a 35.08a 52.09 ¢ 0.99 be
N180-C2 17.78 a 35.64 a 53.84 be 1.05a
N180-C3 16.58 b 34.44 b 51.92¢ 0.97 cd
N225-Ul 14.13d 28.41d 44.62d 0.78 g
N225-C1 1577 ¢ 30.05¢ 57.72 ab 0.93 de
N225-C2 16.21 be 30.50 ¢ 59.90 a 1.01b
N225-C3 15.68 ¢ 29.96 ¢ 56.74 ab 0.92 ef
N300-U1 10.21e 20.92¢ 36.58 ¢ 0.56 h
2024 N180-U1 26.73 ¢ 49.90 ¢ 47.4d 097¢
N180-C1 27.73b 5091b 54.06 ¢ 1.04 b
N180-C2 29.17 a 52.34a 56.10 be 1.12a
N180-C3 28.42 ab 51.59b 54.89 ¢ 1.05b
N225-Ul 22.30¢ 40.84 ¢ 4439d 091d
N225-C1 25.35d 43.89d 59.25a 1.03b
N225-C2 25.95¢cd 44.49d 62.10 a 1.09a
N225-C3 25.26d 43.80d 59.17 ab 1.04 b
N300-U1 16.76 f 30.66 f 3691 e 0.64 ¢
5P HT ANOVA
AbFE Treatment (T) *ok >k >k >k
/;':15]\ Year (Y) LS kK *k ki
<Y ns ns ns ns

1 CK. NI80. N225. N300AbHMiti =43 370, 180, 225, 300 kg/hm?; Ul—58 JREZA I (AF200i); C1. C2. C3RFIFHRIRE
SYE R ZARA BN 2, 101, 2 1, RPVEBIREAR /NG FRFOR R —FEA B £ 5 835 (P<0.05), FEMEER PR

AR RONIAEN0.0 LW E K, ns AN JC W E R

Note: CK, N180, N225 and N300 indicate total N input of 0, 180, 225 and 300 kg/hm?; Ul indicate common urea treatment (applied in two splits);

Cl1, C2, and C3 indicate the blend ratios of slow-release urea to common ureaat 1 : 2, 1 : 1, and 2 : 1, respectively. ** in the ANOVA represents

significant variable effect at 0.01 significant levels, while ns indicates no significant effect.

AR B s TR AR S AR L P IS WAy, 57
JREGERBEIRE 2 1 BB IR A RCR etk
UL, 5T X AR R TR . 7K AR 2% 1 14 43t
FEFEO PRI FR RN IS K () A B i AR 25 A A
FHAER AT e S8k L abgh a5

TH B R A 7 W R AR A3 e i e 4R
B, R 5 RS UIAE R, AR A R R,
2%t A 225 kg/hm? B4 5 BEUEROK, (HAE
PRIEAFAE—E 225, 1% 2 500 E B R R R e
YOG HE A F W A SO B A DL IR IR TR .

Ab, it A T IS E A AE Jr Ut B R T 5 R
Bl AbsErh, mh2zi =280 (R1—R3) 2 E KT
Yy b A R BB BE, N225-C2 b BR7E I B B
114 Jot 2R AR AR A H L U S AL B (N225-UT)
W PRI R R ] RE R R R
BRE S ERAEB PR AE T RS ELER, 4
TE T 5 Wint B DR IR, TR T 5K “U87 K5t
S CPET Al g A T PR R — R B B
TR R TR A R AR R0, AR E ST T
ETYRSARMES 72N ER (K 3 FE S),
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Fig. 6 Relationship between grain yield and nitrogen uptake efficiency and apparent nitrogen recovery efficiency
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Note: The color and shade of the dots correspond to the grain yield in the color scale. The red line represents the linear fitting result, R” is the

goodness of fit, ** indicated the regression relationship at 0.01 significant level.
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