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Abstract: [ Objectives ] To clarify the characteristics of nitrogen flux balance, nitrogen fertilizer use efficiency,
and nitrogen loss thresholds (maximum environmentally permissible emissions) in maize fields of the Qingtongxia
Irrigation District, Ningxia, and to establish a corresponding management system. [ Methods ] From 2018 to
2023, total nitrogen input in maize fields across the irrigation district increased from 47800 t in 2018 to 65000 t in
2023, an increase of 35.83%, primarily due to a cropland expansion of 17100 hectares. Concurrently, environmental
nitrogen emissions rose from 8900 t (18.70% of input) to 12100 t (18.55% of input), a 34.69% growth, with
ammonia volatilization as the dominant pathway (accounting for 56.98% of total environmental emissions),
followed by leaching (accounting for 26.54% of total environmental emissions) and runoff/erosion (accounting for
9.99% of total environmental emissions). The nitrogen fertilizer use efficiency in the irrigation district reached
42.92% in 2023, an increase of 5.72 percentage points compared with 2018. Notably, in Jinfeng District, ammonia
volatilization risk decreased from 208% above the threshold (high risk in 2018) to low risk in 2023 through
fertilizer reduction, while leaching risk was effectively controlled—by 2023, only Xixia District remained at low
risk, and all other counties achieved risk-free status. Balanced fertilization combined with enhanced-efficiency
fertilizers (S2) was identified as the optimal strategy. Compared with nitrogen reduction alone (S1), S2 increased
nitrogen fertilizer reduction potential by 5.19—8.42 percentage points, improved use efficiency by 4.80—5.14
percentage points, reduced total environmental emissions by 44.13% (with all loss pathways below thresholds),
and decreased environmental emissions by 52.50% while increasing nitrogen fertilizer use efficiency by 12.45
percentage points, compared with the 2023 baseline (SO). [ Conclusions ] Integrating balanced fertilization with
enhanced efficiency fertilizers, together with water saving engineering measures, can reduce all forms of nitrogen
emissions below environmental thresholds in the Qingtongxia Irrigation District, representing a key technological
pathway for achieving regional agricultural green development and nitrogen emission mitigation.

Keywords: Nufer model; Qingtongxia irrigation district; maize field system; nitrogen balance; nitrogen loss;
loss risk assessment
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Table 1 Technical list of nutrient management practices in maize field systems

%5 Scenarios 1T Section $iR Technique MR Effect
Sl JENE PENE e ERRH29.51%
Fertilizer application rate Chemical fertilizer reduction Reduce 29.51% of NH, emission
S2 Ak IR New-type fertilizer FHERW40%, FIRFWL60%
Fertilizer products Reduce 40% of NH, emission and 60% of N leaching
S3 HEAE 73X 4Jiti Band application BRI 20% , BARRIND50%
Fertilization method Reduce 20% of NH, emission and 50% of N runoff
S4 WEWR Irrigation THRETK R 40%

Engineering water-saving method

Reduce 40% of N leaching

T SI—RALHtTE 5 S2—HRUALRHE =5 S3—iIL Ty =5 S4BTy s =

Note: S1—Fertilizer reduction scenario; S2—New fertilizers scenario; S3—Fertilization method scenario; S4—Irrigation method scenario.
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Fig. 1 Nitrogen supply and demand of maize fields in different counties of the Qingtongxia Irrigation District
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Fig. 2 Spatiotemporal characteristics of nitrogen inputs and outputs of maize fields in different counties
of the Qingtongxia Irrigation District
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Fig. 4 Environmental nitrogen emissions from maize fields in different counties of the Qingtongxia Irrigation District
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RELE 4.80~5. 14 NE A, DRI R . IR 12.45 MESS. S2 R T, EXMEIEH AR
TEPLALHEIE 05 (S3) T, 5 S1AHH, S EXEA %uﬂ:ﬁlﬂnazﬁfﬁ%%jjmjt, I3 1H 55.37% 1 27.17%,
2 FRBETEREEXSEXERKARRNA . [IEREES D REBFARE

Table 2 Nitrogen input, fertilizer reduction potential, and nitrogen use efficiency of maize fields in different counties
of the Qingtongxia Irrigation District under different scenarios

SO S1 S2 S3 S4
HIX
Counties Nip  NUE, Ninpuc NRP NUE, Ninput NRP NUE, Ninput NRP NUE, Nipu NRP NUE,
(kg/mm? (%) (kg/hm? (%) (%) (kghm? (%) (%) (kghmd) (%) (%) (keghmd) (%) (%)

MLPRIX 270.00 4259 21698 19.64 53.00 197.80 26.74 58.14 208.43 22.81 5517 211.36 21.72 54.41
Xingqing
ARUIX 37275 3139 221.44 40.59 52.84 201.87 4584 57.96 21271 4293 5501 21571 42.13 54.25
Jinfeng
P IX 430.50 3046 25270 4130 51.90 230.37 4649 5693 242.74 43.62 54.02 246.15 42.82 5327
Xixia
KT H 33750 4125 270.56 19.84 5145 246.65 2692 5644 259.89 23.00 53.56 263.55 2191 52.82
Yongning
B 420.00 30.60 246.89 4122 52.05 225.07 4641 57.10 237.16 43.53 54.19 240.50 42.74 53.44
Helan
R 32250 3879 23930 25.80 5227 218.15 3236 57.34 229.87 28.72 5442 233.11 27.72 53.66
Lingwu
R 379.50 4439 33530 11.65 5024 305.66 19.46 55.11 322.08 15.13 5230 326.61 13.94 51.58
Pingluo
A IX 364.50 4771 34735 471 50.07 316.65 13.13 5492 333.66 846 52.12 33836 7.17 51.40
Huinong
KRAX 363.00 4580 33038 899 5032 301.19 17.03 5520 31736 12.57 5238 321.83 11.34 51.66
Dawukou
Fil3E X 37695 51.06  388.43 49.55 35410 6.06 5435 37311 1.02 51.58 378.37 50.87
Litong
T 412,50 46.41  386.19 6.38 49.58 352.06 14.65 5438 370.97 10.07 51.61 376.19 880 50.89
Qingtongxia
H e X 4049.7 4292 323552 20.1 50.48 2949.57 27.17 5537 310798 23.25 52.55 3151.74 22.17 51.82
Qingtongxiaguanqu

TE: N AL AR ; NRPARENEGENE /1 NUEACRENEHAREE, SOREILN T SURERANBUGT 55 S2URIES 1L [
T BT 5 S3URAES LA LALLM 7 AE 5t SRS LAY FORREME T =G 5 SO N BRMEAE Gy, PRI B UtSR &
RO, JELEERMTE LM S RIS R X SUMISAE BT F RBA N R, MORNANRP AL

Note: N,,,, represents nitrogen fertilizer input; NRP represents nitrogen fertilizer reduction potential; NUEc represents nitrogen use efficiency. SO
represents the baseline scenario; S1 represents the nitrogen fertilizer reduction scenario; S2 represents the scenario of applying new-type fertilizers
based on S1; S3 represents the scenario of optimizing fertilization methods based on S1; S4 represents the scenario of optimizing irrigation methods
based on S1; with SO serving as the baseline year, the nitrogen fertilizer reduction efficiency is defined as 0, and all subsequent scenario analyses are
calculated using this as a reference; since the nitrogen surplus under scenarios S1 and S4 in Litong is negative, they are not included in the NRP

comparison.
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Fig. 6 Environmental nitrogen emissions from maize fields in different counties of the Qingtongxia Irrigation District
under different scenarios
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Fig. 7 Pathway-specific nitrogen loss risks in maize fields of different counties of the Qingtongxia Irrigation District

under different scenarios
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