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Abstract: The replacement of chemical fertilizers with organic fertilizers is an important technical measure for achieving fertilizer
reduction and efficiency and for controlling soil pollution. In this study, we aimed to investigate the responses of maize yield, maize
nitrogen uptake and use efficiency, and soil nitrogen leaching to different substituion ratios of chemical fertilizer with organic ferti-
lizer. The main objective was to provide a scientific basis for the efficient use of maize nitrogen resources and for the prevention and
control of agricultural non-point source pollution in the Yellow River Water Irrigation Area of Ningxia. To this end, we conducted
field experiments in 2022 and 2023 at the National Meteorological Station of Yongning County, Ningxia. A completely randomized
block experimental design was adopted based on the local conventional nitrogen application rate of 270 kg-hm >. The fertilization
treatments were as follows: 100% chemical fertilizer treatment (T1), 2/3 chemical fertilizer + 1/3 organic fertilizer treatment (T2), 1/3
chemical fertilizer + 2/3 organic fertilizer treatment (T3), 100% organic fertilizer treatment (T4), and the control treatment without
fertilizer (CK). Soil nitrogen loss, maize yield, nitrogen uptake, nitrogen transport, and nitrogen use efficiency were analyzed. The
results showed that maize yield and aboveground nitrogen uptake at maturity stage under T2 treatment were the highest. Based on 2-
year average, maize yield under T2 treatment increased by 73.42% compared to that under CK treatment, while it increased by 3.67%
compared to that under T1 treatment; aboveground nitrogen uptake at maturity stage under T2 treatment incrased by 97.09% com-
pared to that under CK treatment, and it increased by 9.98% compared to that under T1 treatment. Additionally, translocation amount,
translocation rate, contribution rate to grain nitrogen of nitrogen accumulated in vegetative organs pre-flowering, as well as nitrogen
assimilation after anthesis under T2 treatment increased by 171.18%, 19.67%, 36.89%, and 72.17% compared to that under CK treat-
ment, respectively, and 24.36%, 6.74%, 12.94%, and 3.55% compared to that under T1 treatment, respectively. The mean values of
apparent recovery efficiency of nitrogen, agronomic use efficiency of nitrogen fertilizer, and partial factor productivity of nitrogen
fertilizer under T2 treatment increased by 22.58%, 9.17%, and 3.67%, respectively, comopared to that under T1 treatment. However,
there was no significant difference in nitrogen harvest index among different treatments in 2022 and 2023. In addition, the total nitro-
gen, nitrate nitrogen, and ammonium nitrogen concentrations in the leachate under T2 treatment were relatively low. The total nitro-
gen, nitrate nitrogen, and ammonium nitrogen leaching losses under T2 treatment decreased by 24.56%, 25.29%, and 23.70% com-
pared to T1 treatment, respectively, and corresponding leaching coefficients decreased by 37.95%, 39.44%, and 26.83%, respectively.
Indicators of maize nitrogen uptake, translocation, and utilization showed a significant positive correlation with maize yield. In the re-
gression curves of maize yield versus organic fertilizer substitution ratio, maize yield with organic fertilizer substitution ratio at
36.53% was the highest, nitrogen uptake, translocation, and nitrogen use efficiency were also high, while nitrogen leaching was low.
Therefore, the optimal organic fertilizer substitution ratio for maize production in the Yellow River Water Irrigation Area of Ningxia
is 36.53% (98.64 kg-hm* organic fertilizer replacing chemical fertilizer), which supports the higher nitrogen use efficiency for maize
and reduces agricultural non-point source pollution.

Keywords: organic fertilizer; chemical fertilizer; isonitrogen replacement; maize; nitrogen use; nitrogen leaching
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Fig. 1 Daily precipitation, maximum and minimum temperatures during the growth period of maize
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Table 1  Soil physico-chemical properties of the 0—100 cm soil layer at the experiment site
PN T2 AHLB ) 0 Exil it A A Faxiin WAL BRL BAL
Year Soil layer pH Organic matter Total N  Total P Total K Available N Available P Available K Bulk density Sand ~ Silt  Clay
/em Ngkg)  Negkg') Agkg') Agkg') /Amgkg) Amgkg') Amgkg') Agem®) % % /%
2022 0~20 8.14 12.63 0.72 0.55 3.53 3131 18.32 102.20 1.34 25.81 40.85 33.34
20~40 8.23 6.84 0.55 0.48 3.42 15.45 13.24 84.83 1.42 28.95 39.44 3l1.61
40~60  8.24 2.47 0.43 0.36 3.37 9.52 9.56 43.92 1.36 18.37 45.69 35.94
60~80 821 1.96 0.28 0.18 3.21 7.96 7.66 29.18 1.33 21.89 4156 36.55
80~100  7.96 1.29 0.13 0.16 3.19 4.86 3.48 12.89 1.33 21.18 34.69 44.13
2023 0~20 8.06 14.76 0.77 0.68 3.55 33.78 19.70 110.30 1.32 22.11 4295 3494
20~40 823 7.83 0.64 0.56 3.28 16.17 16.30 88.16 1.40 2246 42.18 35.36
40~60 7.95 5.56 0.49 0.43 3.34 11.29 10.35 4991 1.35 24.39 3737 3824
60~80  7.94 2.49 0.25 0.21 3.11 8.65 8.27 31.65 1.33 24.94 3479 40.27
80~100  7.86 1.17 0.24 0.17 3.17 4.14 4.08 14.33 1.32 16.67 31.25 52.08
#2 SREHIEMEHEEE
Table 2 Fertilizer type and fertilization rate of each treatment kg'hmfz
L Base fertilizer
4y S _ HIKIBIEIR % RRBNIRE
Treatment AP IRZ L TR R The first top dressing of urea  The second top dressing of urea
Organic fertilizer Urea Calcium superphosphate ~ Potassium sulfate
CK 0 0 0 0 0 0
T1 0 293.48 937.50 86.54 176.09 117.39
T2 5696.20 195.65 670.50 59.15 117.39 78.26
T3 11392.41 97.83 403.50 31.77 58.70 39.13
T4 17 088.61 0 136.50 438 0 0
RO (135 mm) F09E I (90 mm) #E47, HE B NA = NUges — TA Q)
o S
It NHI = NUggs /NUyx 100 6)
1.3 WEIEIRKRTTIE
131 EXEENE REN = (NU; ~NUc)/Nx100 ™
TR I FE A/ NXAE R 2 mx2 m A7, 521
KA NI 2 2 m 7 S AEN = (Yo Yol /N ®
WK B, JEA SRAEXT 5 ORI 7 RAE 5 R PR
T, Bl RR I (FORKPRL 3K 3% 14% H50). PFPN =Y;/N ©)
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TR 22 1 BRI AR 25 /N X BEHLE B 3 PR
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B e L ROFFREE o Bl , B b A B R B S
it 0.25 mm i, 2R F ¥ H,S0,-H,0, X 48 k45 #% B i

26, LI SE S S BR P . 2
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NU =} (NC;xAGBx107) (1)
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TR = TA/NUg, x100 3)
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U NU AR 3% AU, kg-hm ™ NC, AR
BWEE AR, gkg s AGB, WAHMRSE — S E AW
, kgthm™; TA 3 3R 28 B AL A A R A 46 i3 1,
kg-hm *; NUy, by i 22 3 M |- 350 W% & & , kg'hm >
NUpex F R E F2 85 B WA=, kg'hm % TR HE TR
W EAFBROR, %; TC N E R BALHT R B A Xk
K7 R BT R R, % NUpes N B 20 01 FF B 0 A =
kg'hm*; NA 76 J5 ARk i, kg-hm *; NHI S &k
FEHL, Yo; NUpq N B i _E 3% % 5, kg-hm™; REN
N REE I RNISOR 2R, %; NU, Ay Jite JE Ak 23 |- 358
W 4B, kgrhm ™ NUcy Ay F B8 A 24 1 340 Wi 460 &
kg-hm *; N Ay it 0, AR 7% Hp 45 it A Ak L 2 2 34
Jy 270 kg-hm *; AEN N A ER #%0 K, kgkg s Yo N
it AE A B = kg-hm 2y Yo %t BE AR P =4 kg-hm >

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

290 Hp AR ARl 2A R (HP ) 2025

533 %

PFPN R &L G 71, kekg -
133 MERBRESNE

SR FH ML bR S A7 A e B SR R R W . R
/N A B U, SRR, RN R 1 &
MBERMEEE . BIEBK 2m, % 1m, ¥ 1m, 2
W R 2, E 2 Rl iR
TE I 45 5 1 T S, (Db 26 8 A T 2021 48,
FiAE 1 a BOKJE, HIEE5HE AR, 2022 4 HF ih
AP

FARAE N, FIREEKIGRE 5~7 d #E47— Kk
RWERAE, FI A0 2t 90K 0 T AR RS G TR )
JKFEAT B, BT -4 C UK NARAE, T 7 d W8 dEbn
ME . ARBFFE AR (NH, -N) FTARS 25 & (NO, -N)
W SR AU B T S A3 A A 2 , S L (TN) AP it
TR BRI - 22 A0 OB B e o AR IR 1= Ak
%%ﬁﬁ%@%i%#m%ﬁ%ASWMQ

NL=Z[(NC,»><V,-)/S]><10‘2 (10)
i=1
K= (NL. — NL)/N x 100 (11)
A NL M AFIE SR Rk &, kg-hm™; NC Rk
AR
Connection tube
B R A 4\

Vacuum pump Buffer bottle Sampling bottle 1

R ARRIE SRR WS, mg- L V IR AR TR, L;
i R RCRARE B, i=1,2, 3, -, n; S KIS BCEE
1AL, m?, A ST P AN 2 m* (K 2m, BE
1 m); K Rk BB, %; NLy ki JIE A B3 A ) 9 745 4
F K, kg-hm ™ NLo 0 X BEOR [ B 28 AR kR
I, kg-hm % N AR FE A &, ASBFIE O R A,
A FE i A 270 kg-hm 7,
14 HIELKESSH
F]H Microsoft Excel 2016 4 #E4T 8045 4& 31, )
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Fig. 2 Schematic diagram of the subsurface in situ leaching detection device
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Fig. 3 Changes in yield and aboveground nitrogen uptake at maturity stage (NUy,) of maize under different fertilization treatments
in 2022 and 2023
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T4 b Hf i 4R 8 72.17%. 3.55%. 2.74% F1 9.74%
(P<0.05), Ui B T2 4b 3N i A £ K FFRLA B K =
AR E R, el W, T2 43 (2/3 fLAE+1/3 A HL
ME) 386 T ERERBEMNHRERAR Kicw, %
18 B O R RL AU STk R, R T AR AR
RLER

WAL, 13 3 Al AT, 2022—2023 4F F K A E sk
FEE (NHI) H 72.60%~73.99%, 4% &b F 8] 241 G i 35 2%
5 (2023 4F T4 AbFLBRAM . BEAk, EREE RN
FIF 2 (REN), FEA ERE (AEN) FIRUE (i A= 7=
71 (PFPN) 34 LA T2 Ab B &% &, P 4F 3 {8 43 5 K
44.54%. 21.85 kgkg ' Fl 51.60 kg-kg ', % T1. T3 Fl
T4 4k ¥ 43 9 B F £ 5 18.35%~44.88% (REN),
9.17%~32.87% (AEN) il 2.54%~11.68% (PFPN) (P<
0.05); LYk T1 A0 T3 AC3E, Wi ia) 0 & 2% 5, T4
A H A . F B T2 (23 fBAE+1/3 A ALAE) b FE T &
K EA B AR R HRE,
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R3 AEMEELETEREFRFDEXNRREARREIMFHNAZTHRERAZMREH AKLE
Table 3 Translocation amount and contribution to grain nitrogen of nitrogen accumulated in vegetative organs pre-flowering, nitro-
gen and nitrogen fertilizer use efficiencies of maize under different fertilization treatments

LENy pist TA TR TC NA NHI REN AEN PFPN
Year Treatment  /(kg-hm ) 1% % /(kg-hm ) 1% 1% (kg'kg™") I(kg'kg ")
2022 CK 24.14£091d  42.44+1.55c  26.77+1.85¢c  66.13£3.76c  73.38+0.11a
Tl 52.16£0.38b  47.44+0.73ab  31.73£021b  112.21£1.92a  73.98+0.69a  36.72+1.75b  19.72+0.31b  49.77+0.42b
T2 63.44+1.10a  49.1940.79a  35.66£0.60a  114.47£0.99a  73.08+0.29a  44.60£1.06a  21.48+0.28a  51.52+0.40a
T3 53.64+2.25b  47.53+2.05ab  32.17+1.26b  113.09£1.75a  73.80+0.84a  38.12+0.67b  20.24+0.56b  50.28+0.54b
T4 4542+0.90c  44.62+£1.08bc  30.39+0.50b  104.07+4.52b  72.60+1.19a  30.68+2.88c  16.17+0.63c  46.22+0.57¢c
2023 CK 23.02+0.62d  40.69+0.44c  25.27+1.13c  68.11+2.25d  73.09+0.52ab
Tl 50.68+1.34b  45.76+0.91b  31.35£0.47b  110.98+0.50bc  72.91+0.43ab  35.94+0.95b  20.31£0.53b  49.78+0.53b
T2 64.45+3.42a  50.29+1.74a  35.58+1.67a 116.65+2.33a  73.99+0.43a  44.47+0.48a 22.224+0.63a  51.68+0.60a
T3 53.17+0.38b  47.01+0.05b  32.22+0.46b  111.85£1.52b  73.35+0.31ab  37.14+0.28b  20.89+0.70b  50.36+0.73b
T4 44.69+2.61c  44.10£1.88b  29.55+1.57b  106.53+1.79c  72.76+0.46b  30.80£0.56c  16.72+0.83c  46.19+0.83c
J5 255541 ANOVA
Ny Year (Y) ns ns ns ns ns ns * ns
QbFH Treatment (T) *% *% *% *% *k *% *% *%
YT ns ns ns ns ns ns ns ns
CK: ANHAEXT R T1: 100% L IBALEE; T2: 2/3fLAE+1/3 HLACAREE; T3: 1/3fbA0+2/3 B HLALALEE; T4: 100%A HLALALEE; TA: EIEHE LM RAR

¥zt TR: FFRASE LTI B A RIS F; TC: FHIRAF B LA R A IAPRE TR, NA: 1B/5 AR R L it NHL: 2R IBGREEG REN: AR R M
W A AEN: BALAR2ARCR; PFPN: ZUALGRA ™ J1 o [ [6]—4F-A3 R[] /NG - 1 3R AN ] Ak BRI 22 5 1 25 (P<0.05), ** . *Hins 7353 m RO 1 25
(P<0.01), 3 (P<0.05)MIAN L%, CK: the control treatment without fertilizer; T1: 100% chemical fertilizer treatment; T2: 2/3 chemical fertilizer + 1/3
organic fertilizer treatment; T3: 1/3 chemical fertilizer + 2/3 organic fertilizer treatment; T4: 100% organic fertilizer treatment; TA: translocation amount of
nitrogen accumulated in vegetative organs pre-flowering; TR: translocation rate of nitrogen accumulated in vegetative organs pre-flowering; TC: contribution
rate to grain nitrogen of nitrogen accumulated in vegetative organs pre-flowering; NA: nitrogen assimilation after anthesis; NHI: nitrogen harvest index; REN:
apparent recovery efficiency of nitrogen; AEN: agronomic use efficiency of nitrogen fertilizer; PFPN: partial factor productivity of nitrogen fertilizer. Different
lowercase letters in the same column for the same year indicate significant differences among different treatments (P<0.05). ** and * indicate significant effects
at P<0.01 and P<0.05 levels, respectively, and ns indicates no significant effect.

22 FAHRERERLENTERITRENZNG
221 HERBRPARESERERE

A AFENO, -N R EE (5 TN W EE 1 A5l 47.56%~
67.20%, HALEE — W HE K 5 T1-T4 &b Bk 25 0 H 1)

w1 4 W0, AR [E] CK 4 BEE K IS bk 2k WP
TN, NO; -N Fll NH, -N ¥ F& K 4 i) 1] I 2%
ATt AEAL HE (P<0.05), T1 AL PRSI TN, NO, -N
1 NH, -N ¥ B (2022 4= 8 A 12 H ) NO, -N [ 41)
2 T HAA UL E AL B (P<0.05), £ i It b
PR, R W A TR A8 A 3R v B AR B A HLIE
A BB MRS, BAERA TREREN, KBS
RE R 5 B E K OB G T AR . AHER T T
RbBR W AETA] T2, T3 A1 T4 4b Bk 2< W b TN Mk B
(11 4) 7 B I K 5 53 07 YRR 16.18. 16.17 Al
31.83 mg-L"' (5 — W /K), 10.01, 9.10 Fl 15.48
mg-L (5 K HEIK), 2.51, 2.46 A1 3.77 mgL ' (55 =
HE K ); NO; =N R B2 (18] 4) 43 3 °F 24 B IR 10,95,
11.20 F1 20.08 mg-L "' (3 — K # /K ), 4.87. 4.78 I
9.08 mg-L ™' (5 ¥k HEIK), 0.79 . 0.85 il 2.10 mg-L™
(5 = UHEZK); NH,-N MR BE (&1 4) 43 51PF- R4 0.60
0.59 F1 1.07 mg-L ™" (35 — K #EK), 0.28. 0.31 1 0.79
mg- L' (3 " K#EK), 0.11 , 0.11F1 0.20 mg-L™' (58 =
WHEAK)

NO, -N i & F (HUF /KB bnifE ) (GB/T 14848—
2017) HLAE B LT KA FR R % 42 20 mg L5 45 kb 3
NH,'-N V& B 7 TN W B2 19 LU0 1.57%~5.25%, fie =
WEN 272 mg L. AT IR R TR P A TE SRR
J A v L A% A L R) AR R ASS R, 3 T R R PR Dy 3B A (]
P ] i) P i, 45 = WRIE K (SR BT K 45 TR,
WG HHER T1 AL FRAN, Hp 25 A PR SRR FE 22 BN
Ui B MLAE it AR DL S R R T A TR AR
RUREE, PR TT 2 Y[R, 78 R T /R Rk
222 AEESEEMRIERMKKRE
M 4 AT, PIAR [ 4 A FEAR RDE S R FE Rk &
AL EE A — 2, HRIK TI>T2=T3>T4>CK, H
1 CK AL FEAE S TN, NO, -N Fl NH, -N k2 & {8
4y 91 M 6.54 kg-hm >, 3.74 kg-hm > il 0.12 kg-hm
2022—2023 4E £ AR AL FE TN, NO, -N F1 NH,'-N jif
9K 10.81~18.77 kg'hm . 5.54~10.59 kg-hm
1 0.35~0.69 kg-hm *, AN [FJE AR K MK &P FEL
LA T1 AbFR IRy, T2-T4 Kb FR FE T1 ALFR TN ok &
I3 IREAR 24.56% . 23.75% K1 41.27%, NO, -N ik &
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CKTI T2 T3 T4 CKTIT2T3 T4

2022-07-05

2022-06-11

2022-08-12

CKTI T2 T3 T4

CKTI T2 T3 T4
2023-06-13

CKTI T2 T3 T4

2023-07-06

CK Tl T2 T3 T4
2023-08-14

A PHAVEE K I [E] (4F-J1 - H) Treatment and irrigation time (year month-day)

2022-06-11 F1 2023-06-13 43 51 2}y 2022 4 1 2023 4F25 —
2023-08-14 %5 =

YR KI5 2R S K 2 I Bsf 1], [) B 2022-07-05 F1 2023-07-06 R 55 —
W CK: ANt B XTHR; T1: 100% L AR AL FE; T2: 2/3 fLAE+1/3 A HLACALFE; T3: 1/3 fbAE+2/3 FHLACALFE; T4: 100% A HUALAEFE, A~

W, 2022-08-12 Al

[R] /NG A 3 7 ) — P 7K s [)AS [] b B 7] 22 5 8 3% (P<0.05). 2022-06-11 and 2023-06-13 are the specific times of leachate collection after the first irrig-
ation in 2022 and 2023, respectively, 2022-07-05 and 2023-07-06 are the second irrigations, and 2022-08-12 and 2023-08-14 are the third irrigations. CK: the

control treatment without fertilizer; T1: 100% chemical fertilizer treatment; T2: 2/3 chemical fertilizer + 1/3 organic fertilizer treatment; T3: 1/3 chemical fertil-

izer + 2/3 organic fertilizer treatment; T4: 100% organic fertilizer treatment. Different lowercase letters in the same irrigation time indicate significant differ-

ences among different treatments (P<0.05).

B4 AEEELETERBEKEHREBRPARBESERZRESN

Fig. 4 Changes in concentrations of nitrogen in different forms in leachate in maize field after irrigation under different fertilization
treatments

I3 AR 25.29% . 25.72% F1 45.02%, NH,'-N itk g &
I3 B REAR 23.70% . 23.70% F1 45.93%. 45 4bF A K
k2K £ 1, NOy -N itk 2k i o TN ik 25 & 19 50.59%~
57.76%, & R R kR 2L 1M NH,'-N kR &
B, AT TN ROy 5%, HAEPRIFTAAE B 225,

2 il T Ak B R0 2R Uk SR AR B A R S A R e
A MR, B R BE AP AR R AR R A 488 R A
2022—2023 4F, TN, NO, -N FI NH,-N k2 £ />
MR 1.57%~4.54% ., 0.69%~2.56% F1 0.08%~0.21%.
T1 AR MR R, T2-T4 Kb TN 2k R 4%
BT APMFEIEE 37.95% . 36.71% #163.74%,NO, -N
WK R BUF ARG 39.44% . 40.04% F170.02%, NH, -N
Wk ZRBERIFEAR 26.83% . 29.27% H1 56.10%

23 BHRERERUELETEXRTE
F AN K ISR K 1
il 1 Pearson AH 5 AT Al Al (K 5), EK=mE 5
B IR A BRI R AR s
it Rz R SRR R R TTiR L 5 A E RML
L ARFM BRI . R RR N BT
AP T R TE A DGO R (P<0.01), AHSCREUY =
0.86; 5 AR UCRAEE . SAMKE . AL
AR BN A DG R 38 B 2 KO, M R <
0.68. 33X 7843 i I F KR B ZE I/ i . %32 FF
FHAH DG A8 bR 5 7= 1 (8] A7 7 8w 1y R IR, o 3 7™
T A, T R 2R I 2 R R MOIR i Bz T K it
JIEL R K it o g, PRI e R DG IR AR .

5 &R
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F4 TEMEELETERBARESEZMRESHERE

Table 4 Leaching losses and coefficients of nitrogen in different forms in maize field under different fertilization treatments

BV Total nitrogen A% Nitrate nitrogen AR Ammonium nitrogen
G b3 IS I S R R E S R R A
Year Treatment  Leachingloss  Leaching coefficient Leaching loss ~ Leaching coefficient Leaching loss Leaching coefficient
/(kg-hm ™) % /(kg-hm ) % J(kg-hm™) 1%
2022 CK 6.50+0.32d 3.68+0.13d 0.12+0.00e
Tl 18.77+0.24a 4.54+0.12a 10.59+0.89a 2.56+0.35a 0.66+0.01a 0.20+0.00a
T2 14.41+0.56b 2.93+0.31b 7.86+0.17b 1.55+0.01b 0.52+0.00b 0.15+0.00b
T3 14.26+0.61b 2.87+0.11b 7.43+0.55b 1.39£0.17b 0.50+0.01c¢ 0.14+0.00c
T4 10.95+0.58¢ 1.65+0.19¢ 5.54+0.08¢ 0.69+0.06¢ 0.35+0.02d 0.08+0.01d
2023 CK 6.57+0.26d 3.79+0.17d 0.11+0.01d
T1 18.28+0.24a 4.344+0.18a 10.29+0.29a 2.414+0.17a 0.69+0.01a 0.21£0.00a
T2 13.54+0.59b 2.58+0.30b 7.74+0.16b 1.46+0.08b 0.51+0.02b 0.15+0.00b
T3 13.99+0.50b 2.75+0.26b 8.08+0.39b 1.59+0.20b 0.53+0.01b 0.15+0.01b
T4 10.81+0.47¢ 1.57+0.27¢ 5.94+0.43¢ 0.80+0.18¢c 0.38+0.01¢ 0.10+£0.01c
Ji 253K ANOVA
AEAy Year (Y) ns ns ns ns ok o
AbPE Treatment (T) ] ] w3k Hk wk e
YxT ns ns ns ns oK *

CK: ANHALAHAE; T1: 100%ARAREE; T2: 2/346A+1/3F HUARALEE; T3: 1/340AN+2/34 HLATAREE; T4: 100%A HUALALRE. S F—4E AR /NG 6
SRR R AL B R] 22 5 5 3 (P<0.05), ** | *Flins /| R m WA B 3 (P<0.01) . {35 (P<0.05)FI R . CK: the control treatment without fertilizer; T1:
100% chemical fertilizer treatment; T2: 2/3 chemical fertilizer + 1/3 organic fertilizer treatment; T3: 1/3 chemical fertilizer + 2/3 organic fertilizer treatment; T4:
100% organic fertilizer treatment. Different lowercase letters in the same column of the same year indicate significant differences among different treatments
(P<0.05). ** and * indicate significant effects at P<0.01 and P<0.05 levels, respectively, and ns indicates no significant effect.

1.00
Y| Y 094 090 092 08 097 068 093 099 099 053 056 06
NUys / NUy 099 096 098 094 058 099 093 094 029 033 038 080
TA / / TA 097 099 091 056 099 089 090 022 026 030 0.60
TR / / / TR 095 094 073 097 089 092 029 032 035
— 0.40
TC / / / / TC 086 049 098 084 086 017 020 024
- 0.20
NA / / / / / NA 077 094 097 097 047 051 056
NHI ’ ’ ' ’ ' , NHI 059 0.65 068 045 047 045 —0
REN / / / / / / ' REN 092 093 030 033 038
- 020
AEN ////,/’/ 099 051 056 061
040
PFPN ////,/’/ PFPN 053 056 061
N ’ ' ' TN 099 098 ~0.60
vor | @ ' A 4 VA =
@ o O S
100

Y: TR NUgg: A 38 Ui TA: B IR B AT B AR it TR: B RS E N RARLIE R, TC BRGBAENHEAR
XEFPRL R TTHRR NA: )5 AR FL il NHL AR 58 REN: Z R KM EIH TR AEN: LA 2 200%; PRPN: ZAL MR AL ™ J1; TN: Bk
1 NO; -N: A A AU S B NH-N: 808 EUMR AR Bt o * 435I 7R 8 P<0.05 Al P<0.01 /K 8 A1, Y: maize yield; NUge: aboveground nitrogen
uptake at maturity stage; TA: translocation amount of nitrogen accumulated in vegetative organs pre-flowering; TR: translocation rate of nitrogen accumulated
in vegetative organs pre-flowering; TC: contribution rate to grain nitrogen of nitrogen accumulated in vegetative organs pre-flowering; NA: nitrogen assimila-
tion after anthesis; NHI: nitrogen harvest index; REN: apparent recovery efficiency of nitrogen; AEN: agronomic use efficiency of nitrogen fertilizer; PFPN:
partial factor productivity of nitrogen fertilizer; TN: total nitrogen leaching loss; NO, -N: nitrate nitrogen leaching loss; NH, -N: ammonium nitrogen leaching

loss. * and ** indicate significant correlations at P<0.05 and P<0.01 levels, respectively.

Bl 5 FRE. RRF AFHK SR E R HEXE

Fig. 5 Correlations between indicators of maize yield, nitrogen uptake and utilization, and leaching
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T2 i 45 AT HILA A5 0 A M X 5 K SRR WA B 3 R R IR K ) 52 e 295

Ab, REWOURTE B B SR 48 B AL T RA T 12 R A
TEJ5 A R 52 3 IEAH 56 R (P<0.05), HHG &
Hor o 0.73 F100.77, BEBH 3 I5T48 b ] A4 A ik 5 i
FREFE TR I (R b R R ) iz
FF AR SCT8 b5 5 R R kA 2 ]I JC 3 AH DGk
24 BHRRESEREGIEE

= m LA R (B 6) IT AR, 2022 4E A L
JE R 1C 98.16 kg-hm > fL B &, T K =B e, 1l
ik 13 908.38 kg-hm , AT, T A Al 20 4 Bk b b 35
WRE ., BERGEANRRAKZEMEEZR, &
T BALHT R R AL B PR A DTk R . ER AR
Ffbit . AEWBRIES . ARZUEBFHE, "
JIE A 2 350 R R R B A 7= 71 43 R 237.73 kg-hm
60.28 kg-hm >, 50.79%. 33.84%. 116.82 kg-hm”,
73.50%. 42.02%. 20.94 kg'kg ' Fl 50.95 kg'kg ', &
W% A HUIE AR LB, T oK X 03K 37 45 19 Wi
i R AR A Ry Je 0y, FE ML T E], EoRAE K ZEN
TN. NO; -N 1 NH,-N 2k 5354 15.56 kg-hm *
8.49 kg-hm* 1 0.55 kg-hm >, & 2% bk 25 & Al % 441K,
H NOy-N kit At iRk A ) (GB/T
14848—2017) K11 Y 1 /& N 25 £t B 1) il 28 Rk Kk
FRAE (18.4 kg-hm ), 2023 4E A HLIE & # 18 99.12
kg-hm * 16 I &0 B, £ OK 7= i B ATk 13 942.71
kg-hm °, EE K 20 M R U L SRR
AT R A B RN E R BRNELIHER
AR A DT R . R AR LR . AE Wk
B ARFWMECR AR ZRRER0R . B
PRSI AE KA K ZE N TN, NO, -N I NH,-N ik %k
4 9k 239.39 kg-hm °, 60.25 kg-hm >, 50.03%,
34.78%. 116.45 kg-hm”. 73.29%. 41.09%. 21.84
kgkg'. 51.29 kg'kg'. 15.03 kg-hm™®, 8.52 kg-hm™”
F10.56 kg-hm >, 45 5 2022 4E AR — 20, [HIE, 4
G B AR B MR 5 R R,
HEAE LA AR HLAR RS AR i 4 98.64 kghm * (36.53%
A PRI ) 7 B 51 35 X R KA AR B A AL
HE SRR AL AT 11 L 1]
3 itig
3.1 BHIEZEEERWIBX E X255 H A E

Hh b #R R = A R

A 15 B4 HLAB R AR AR AL H 451 X5 T K 028 Wi e A
FEE I E S AR 45 R R, SR KM
T K A R R A HLAE AR L
By m & % B s TR B, B R OKTE 23 16

JE+1/3 A HLIE (T2) A3 384T Foe e 7™ i R K &L
I, 2022—2023 4E ¥ {E 43 5]k 13 932.96 kg-hm il
244.10 kg-hm °, 3% 55 26 E 5507 iy it 42 45 SRR 5
SEIRMT . X R 2/3 LA +1/3 A5 HLAE AY L 49148
AaE, K bR AR B T K AT A R TR,
A HUE R 2802 B, JE K T R AU I, B FORAE R
A B WA RRE R IR, AR T R A
R, JEm TR U, A IE A AL
BAR H B K P A i i S R R . e, AR
WFSE I % B0 2022 4EF1 2023 4F B K A= 3 30 14 [ K
43924 191.0 F1 97.0 mm, H K7 2 5 i i |
S I AR TE AT (R 0 JC B B 25 5, R PR Ok R AT ]
R 7K o B 22 0K, (ELRA K AT 780 35 g T Al K AR, o
UK A LR A B8, PRt 6 0K ™ AR 0 30 e I
PSR R A2 B K SE MR /N, AR B R TC W W 25 5%
32 ANBERERLENERREZHIEZEF AN

B4 A

FARAR iz MR HRCE 56 VUL L f e
FEDIC, NI A A KRR R Y R 5 K R
TR MOBORAE R B TR A B I8 00 155518 M AL TS RO,
Jiti A HUIE A F T8 F5 88 B I 00 mFFRL AR 72, B2
FEAL A S 23 W AT B A8, 300 B 5 2 W AT S e, S
PAEPIHE = B A AT AR, A LR AU 4 B0
JIE &t FH S, AR T DU A5 MLAE 43 A, [R) B HLAE
Xof A T 5L A 2 6 R Ak S A, e AR I AU RS E M
BEAED N, IR HAEVEMIR N s i . AP R
W, EREFRBETANHBRAREZ R, HiEEK
FXH AR BTk R DL AR 5 R R ML = R 8 h 2/3
FERE+1/3 A5 HLAE (T2) Ab P &z 5, X 55 28 5l 4R B i ¢
BERFEAR B, FHIEH N, A1 i A HLIE
ACNE RE U8 B 1 HE L 4, e i FORM R AE K, 1o
R R R B CRE 7, A T OK S % &8 B A AR KT
MR BT 2 R, AR AR R 0 e 2 e 5
filts [R1ESF, A3 A AILIE AR L9 AT AR AL EOR AR
BB, A FORTE A K R b 50 G 34 1 43 T R
RER, RAERBEEAGE S B L AR Ki23
FERLR L P R TR AR B A R s A
iz R PRI KRR A TTRR . R, ARBIFSE
KRB, A A 3R] K AR MO B (NHT) 2478 1 357k
25 5 (2023 4 T4 A BRER A1), 3% FEIE K Dy, AR
Ab BT HUAE AR e A AR TR], (E2 35 K ol A oK
BTN ARMET FAEARE, A~ AR
Ay PR AR — B R NHT 2 53R K. Ibak, A4
W KRB, 2/3 ALAREA+1/3 A HLIB A (T2) b3 £ K
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A HLAEZ Nitrogen from organic fertilizer /(kg-hm™)
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250 15 000 4 24 60
. Y T 2022 z 2023)
o — NUg L °
240 v —- 22 56
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= £ < & 2
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6 Y f ° ~ m [=9
2220t o . 18 < 48 =
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/ .
/ )
12 000 o 1y =0.048 55+16.668 6x+12 476.204 5 R?=0.999 9 g , 0050 6¥+17.292 8x+12 4652375 R*=0.999 5] 3y
210 v Y, =0.001 3x7+0.418 4x+204.061 0 R=0.908 2 ;w0001 2:7+0.402 9x+205.567 0 R*=0.8514” 16 44
/' yren=0.000 5x*+0.155 0x+30.010 0 R*=0.908 3™ 0/ Vren=—0.000 5x7+0.149 2x+29.9575 R*=0.8511""
7 yaen=—0.000 2x*+0.061 8x+16.161 5 R*=0.999 9™ Vapn=—0.000 2x>+0.064 1x+16.700 0 R?=0.999 5"
Vprpn=—0.000 2x*+0.061 6x+46.211 5R*=0.999 9" Vpppn—=—0.000 2x%+0.064 0x+46.171 5 R*=<0.999 6"
200 11 000 7 25 14 40
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e 2022 T~ 2023
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N £ 34 = NS
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= < o iS¢ z
=
< 32 <
46 B e ® 73.0
e _ 2 2_, - 4 .
48 I{ + /Y1a=0.000 6x"+0.195 9x+44.287 0 R"=0.8452 &/ y1a=—0.000 7x*+0.217 9x+43.297 5 R*~0.811 1 104
o / Yr=—0.000 1X°+0.050 1x+44.5120 R*<0.978 4 /]y 0.0002:240.071 25+43.6910 R=0.8376" | 30
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FWL IR T AEN: BALA 242803 PFPN: ZUAL i 277 J1; TC: 5 Fr 4% B AL AT AR B A F X HHRL 2 Tk NA: 265 &R Rk i NHL Z R s
B NO, -N: filf 25 Uik 26 5 NH,'-N: 8 S AU i . # A=+ 43 JjI| 2/R 76 P<0.05 I P<0.01 /K 35 AH K, ns TR M G PEAR .35 . NUgq: aboveground
nitrogen uptake at maturity stage; Y: maize yield; TR: translocation rate of nitrogen accumulated in vegetative organs pre-flowering; TA: translocation amount
of nitrogen accumulated in vegetative organs pre-flowering; TN: total nitrogen leaching loss; REN: apparent recovery efficiency of nitrogen; AEN: agronomic
use efficiency of nitrogen fertilizer; PFPN: partial factor productivity of nitrogen fertilizer; TC: contribution rate to grain nitrogen of nitrogen accumulated in ve-
getative organs pre-flowering; NA: nitrogen assimilation after anthesis; NHI: nitrogen harvest index; NO, -N: nitrate nitrogen leaching loss; NH,'-N: ammoni-

um nitrogen leaching loss. * and ** indicate significant correlations at P<0.05 and P<0.01 levels, respectively, and ns indicates no significant effect.
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Fig. 6 Regression analysis of maize yield, nitrogen uptake and utilization and nitrogen leaching in relation to nitrogen application
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