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Simulation analysis on water leakage and nitrogen leaching of winter wheat farmland under micro sprinkler
irrigation in Huang—Huai—Hai Plain

QIAO Yibo', WU Pengnian®, WANG Yanli®, LIU Changshuo', LI Yuming', WEN Pengfei', GUAN Xiaokang', WANG Tongchao"*

(1. College Agronomy, Henan Agriculture University, Zhengzhou 450046, China; 2. College of Resources and Environment, Henan
Agricultural University, Zhengzhou 450046, China)

Abstract: Understanding the characteristics of water leakage and nitrogen leaching from winter wheat in the Huang—Huaihai Plain, can
help optimize the irrigation system for wheat production and reduce the environmental impact of soil nitrogen leaching after water and
fertilizer application on farmland. In this study, based on a field trial with different irrigation treatments (eg., full irrigation, deficit
irrigation) and rainfed treatments set up in 2020—2022, the Soil Water Heat Carbon and Nitrogen Simulation (WHCNS) model was used
to evaluate the applicability of the model by optimizing soil hydraulics and crop parameters. The calibrated model quantitatively analyzed
the nitrogen leaching, water seepage, and characteristics of farmland under different water management conditions. The root mean squared
error(RMSE) ranges for soil water content and nitrate—N (calculated by N) were 0.01-0.07 em’+cm™ and 3.37-6.39 mg - kg™, respectively;

the simulated R* for leaf area index (LAI) and dry matter mass were 0.9, and the consistency indices were both >0.7, and the model
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simulations achieved the expected results. The results of simulating the dynamics of water seepage and nitrogen loss in the 0—100 c¢m soil

layer using the validated model showed that nitrate nitrogen seepage and water seepage were consistent, and both were characterized

by small single-day amounts but long duration, with the cumulative number of days of seepage accounting for 59.2%—-69.4% of the total

number of days in the reproductive period. Compared with full irrigation, N leaching and water leakage were reduced by 3.88%—-66.94% and

37.01%—44.87%, respectively, in the two seasons of deficit irrigation, and there was no significant difference in yield between the two

treatments of full and deficit irrigation, which were significantly higher than that of rainfed. The calibrated WHCNS model can be used to

simulate water and nitrogen transport and crop growth in the study area.

Keywords : winter wheat; WHCNS model; water leakage; nitrogen leaching
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Figure 1 Daily air temperature and precipitation during winter wheat growing seasons in 2020—2021 and 2021—2022
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Table 1 Field management for winter wheat in 2020—2022

FH [E] 4% B Field management

2020—2021 4E

2021—2022 4F

J&F H W Date of sowing 20204E10 A 19 H
1% Fh i Seeding rate 180 kg-hm™
FENEFPE R H AL (N-P-K :28-6-6) ;600 kg-hm™;
Base fertilizer type, dosage and date 2020410 A 19 H
JBAERRSE K H PRZE (JrE4EN) 5225 kg-hm?;
Additional fertilizer type, dosage and date 20214F3 A 20 H
P B R 1 DAEFR20214£4 4 9 H 155 1 8 H 35l 33.26 |
Trrigation volume and data 58.47 mm ; F AP [E] 13- 51 E 8% 55.24 .78.62 mm
Wik H 9] Harvest date

20214E10 A 19 H
195 kg+-hm™
HAME(N-P-K:15-15-15);
750 kg-hm 252021410 H 19 H
PRE (HTE4EN) 5225 kg-hm?;
20224E3 A 20 H
DAbFR 202243 F1 23 H 54 7 22 H4- 518 29.13
47.13 mm; F 2L FR R 23 50ERE 76.09 .81.39 mm

R.D.F 3FMbFRN 2021465 H 28 H 6 2H 614 H  R.D.F 3FbFRAM1 0 2022465 28 H 6 1 H 6 H 3 H

A R.DVFAM AR R 5 SO 2. T

Note: R, D, F represents rain—fed , deficit irrigation , full irrigation, respectively. The same below.
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Table 2 Soil hydraulic parameters

1:JZ Soil depth/em %5 Bulk density/(g-cm™) Ef(ﬂf:ﬁf OE?(ium%\ﬁ;ii) afj/i(?m%\?;ii;) a/(em®+cm™) n

0~10 1.40 56.93 04317 0.050 2 0.0212 1.5472
10~20 1.42 58.63 0.390 7 0.050 2 0.024 0 1.693 7
20~30 1.46 44.49 0.378 9 0.051 1 0.026 0 1.670 5
30~40 1.50 35.55 0.364 7 0.049 6 0.026 0 1.679 8
40~50 1.48 37.47 0.372 1 0.054 9 0.028 2 1.684 2
50~60 1.47 38.72 0.374 2 0.055 2 0.020 1 1.650 5
60~80 1.43 8.02 0.4134 0.084 2 0.0115 1.5810
80~100 1.42 8.61 0.408 0 0.079 3 0.008 6 1.4373

T ol n 5 0 KM RHE 2 2 50(1=0.5)

Note:a and n are the water characteristic curves parameters (/=0.5).
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Table 3 Winter wheat genetic parameters

24 filiig PG {E kSN

Parameter Description Initial value Calibrated value
T VEWERKRTERMRE(C) 0 0
7} H R 2 BRI (C) 1700 1900
K. LR 0.6 0.6
K HIHITEY R AL 0.90 0.66
K _ia TR AEY) R 1.20 1.23
K_on I R AL 1.05 0.60

SLA R LT (m? kg ™) 25.0 30.5

SLA_uin /N A (m? kg ™) 9 12
AMAX e KIAMEE (kg-hm?-h™) 56 59
R Fx KA (em) 100 110

R FEME . — A RMSE FIE %I T 0, 57
S L e e O S IR SR T E A O DS
AT B —oo B 1, E=1 2 AL R A 520 B ) 153 1511

UF, E=0 2 WA RS HDL(EL RN SR ) ~F- 39 (8 AT AR 47 i —
Pk, - 1<E<0 R IR B AELAS REAR L HuASE 4L HH 1]
P SEIAE S . 0<d<1, Y d i F 1B, B RIE 5
SEE LA BT — Bk o AR TR SRR A Y 4
B ¥ E>0.36 F11 d>0.7 B, A Ay 158 AR AR AL 45 SR 2wl L
321
1.6 #HEabIE

{85 FH Excel 2021 XJ B R 4R 1Y 38 &K & H S
B i LAL, T 9 ot o 55 B0 64 7 o0 Br s 3L, v,
Origin 2021 2214 .

2 HERESH
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Figure 2 Comparison of simulated and measured volumetric water content of soil profile under wheat deficit irrigation in 2020—2022 years
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Figure 3 Comparison of simulated and measured nitrate content in soil profile under wheat deficit irrigation in 2020—2022
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Continued figure 3 Comparison of simulated and measured nitrate content in soil profile under wheat deficit irrigation in 2020—2022
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Figure 4 Simulated and measured values of aboveground dry matter mass and leaf area index of wheat from 2020 to 2022
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Figure 5 Dynamic of soil water leakage and nitrogen leaching in wheat from 2020—2022 years
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Figure 6 Cumulative water leakage and nitrogen leaching in 2020—2022
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Table 5 Nitrate nitrogen loss rate and yield in 2020—2022

G0 438 A Rtk R AR FPpLr=
Year Treatment N input/(kg-hm™) N leaching/(kg+hm™) Loss rate/% Grain yield/(kg+-hm™)
2020—2021 4 R 393.00 3.70 0.94 6 735.35+321.89b
D 393.00 8.60 2.19 9 193.84+255.82a
F 393.00 15.60 3.97 9 325.79+233.85a
2021—2022 4 R 337.50 443 1.31 6 479.40+388.23b
D 337.50 3.81 1.16 8455.51+216.22a
F 337.50 5.22 1.55 8704.49+224.61a

1 A SUAS )N SRR R A ) 22 55 4k 3 (P<0.05) .

Note : Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
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