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Study on fertilization types and nitrogen application rates of
spring maize in dryland based on APSIM model
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Abstract: In order to explore the reasonable fertilization mode for high yield of maize and reduction of nitrate
nitrogen residue, the effects of different fertilization types and nitrogen application rates on yield, nitrate nitrogen
residue and nitrogen use efficiency of spring maize were studied through a field experiment and APSIM model simu-
lation of spring maize in the Shouyang drylands of Shanxi Province. In the field experiment, three main fertilization
treatments were set up, including single application of chemical fertilizer, combined application of organic and inor-
ganic fertilizer ( combined application ratio of 1 : 1) and single application of organic fertilizer. Seven sub-treat-
ments of fertilization gradients were set at 0, 50, 100, 150, 200, 250 kg - hm™ and 300 kg + hm™, respectively,
and the model was calibrated and verified by using the fertilization test data of spring maize at the test site from
2019 to 2021. The results showed that the APSIM model better simulated the local maize yield and nitrate nitrogen
residue status. Under different precipitation years, increasing amount of nitrogen fertilizer application caused the
crop yield to increase first and then decrease. The nitrate nitrogen residue increased significantly, with the nitrogen
fertilizer utilization rate decreasing. Under the same fertilization type and nitrogen application rate, the yield of

spring maize in wet year was the highest, the nitrate nitrogen residue was the lowest, and the nitrogen use efficiency
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was the highest. Under the same precipitation year and nitrogen application rate, the yield of spring maize was the
highest under the combination of organic and inorganic fertilizers, the nitrate nitrogen residue was in the middle,
and the nitrogen fertilizer utilization rate was the highest. In addition, compared with the single application of chem-
ical fertilizer and organic fertilizer, the combined application of organic and inorganic fertilizers had a better effect
on the increase of maize yield in arid areas. The sensitivity of soil nitrate nitrogen residue to precipitation change
was relatively low, and its nitrogen fertilizer utilization rate was less affected by precipitation. Overall, the best fer-
tilization method was the combination of organic and inorganic fertilizers. When the nitrogen application rate was be-
tween 148~ 168 kg + hm™, the nitrate nitrogen residue was maintained within the threshold, and the spring maize
yield reached about 95% of the theoretical yield.

Keywords: spring maize; nitrate nitrogen; nitrogen use efficiency; integrated organic and inorganic

fertilizers; APSIM model
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Table 1 Main parameters of soil module

R RE ‘ . JXH.D/EWK%% . %%%’;ﬂl Eﬂ!ﬂﬁﬁ%ﬁk% LA 7K e
Soil depth/cm Bulk denity Air drying mOlSturj Wilting cneffl(illent Max.lmum field watlelr Saturated water f:?ntent
/(g+cem™) content/ (mm + mm™" ) /(mm + mm™") capacity/(mm « mm™" ) /(mm + mm™")

0~20 1.18 0.04 0.06 0.30 0.44
20~40 1.30 0.04 0.07 0.27 0.43
40~ 60 1.33 0.02 0.07 0.33 0.47
60~80 1.36 0.02 0.07 0.32 0.48
80~ 100 1.28 0.02 0.06 0.31 0.41
100~ 120 1.28 0.02 0.08 0.31 0.43
120~ 140 1.37 0.02 0.10 0.35 0.43
140~ 160 1.36 0.02 0.11 0.36 0.44
160~ 180 1.40 0.02 0.11 0.35 0.43
180~200 1.40 0.02 0.11 0.35 0.43
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Table 2 Parameter values of varieties in the APSIM model

Ediesl ZHE X BT SHUH
Parameter class Parameter meaning Unit Parameter value
tt_emerg_to_endjuv i BRI CE RO B C-d 180
- g-to-end Accumulated temperature from emergence to the end of vegetative growth
tt_flower_to_start_grain ISR HER (9B C -d 120
- >rto_star_g Accumulated temperature from flowering to beginning grout
tt_flower_to_maturit IS KRR C-d 830
- - y Accumulated temperature from flowering to maturity )
tt_flag_to_flower et R PR C-d 50
—Hag_o_tlowe Accumulated temperature from flag leaf to flowering
e SR B S 1
h orit 1 h 12.
photo_crit Photoperiodic critical value 1 3
S FE HE (1
. JEFA IR SHE 2
photo_crit 2 Photoperiodic critical value 2 h 2
. SR
h slope . - h7! 2
photoperiod_slope Photoperiodic slope C-h 3
. TS R T
grain_gth_rate Potential grouting rate mg - grain " - d 83
PR L
x_stem_wt Stem weight g + plant 80
. YN
y-height Maximum plant height mm 2500
/i =) 7k 3
Head_grain_no_max . PR BB kernel « head™! 650
Maximum number of seeds per plant
. AR Pl R R B . s
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BN 0 43 In 26  BEI ] F9 2 4
Summer Cona m 2.5

Parameters of evaporation over time when soil water supply is inadequate
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Fig.1 Comparison of measured and simulated spring maize yield and nitrate nitrogen residues
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Fig.2  Comparison of measured and simulated soil moisture during spring maize fertility period
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Fig.3 Maize yield in relation to nitrogen application, fertilizer type and precipitation year pattern
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