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Response of Forage Oat Yield and Post-Season Climate Resources to Early

Sowing under Future Climate Scenarios in Northern Shanxi Based on APSIM
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(1. College of Grassland Science, Shanxi Agricultural University, Taigu, Shanxi 030801, China; 2. Shanxi Key Laboratory of
Grassland Ecological Protection and Native Grass Germplasm Innovation, Youyu, Shanxi 037200, China; 3. Shanxi Youyu

Loess Plateau Grassland Ecosystem National Observation and Research Station, Youyu, Shanxi, 037200, China)

Abstract: To explore the stable yield of forage oats under future climate change conditions and to cap-
ture more climatic resources after the main crop season, based on the Agricultural Production Systems
Simulator(APSIM) crop model, the sowing dates were adjusted to different degrees of advancement at
six locations in northern Shanxi. The responses of forage oat yield and climatic resources to sowing
date adjustments under different climate scenarios were simulated and evaluated. The results showed
that under future climate warming, moderate early sowing(advanced by 10 days) can increase the cli-
matic resources available after harvest and before the first frost, including accumulated thermal time
(1 200—1 800 °C), precipitation(55—188 mm), and solar radiation (861—1 523 MJ « m ?), without
significantly reducing the main-season forage yield. Consequently, the utilization efficiency of climatic
resources was improved. Early sowing has a limited direct effect on forage yield, it demonstrates ex-
cellent performance in terms of forage yield stability and resource enhancement. Overall, appropriate-
ly advancing sowing dates is an effective field management strategy for adapting to climate warming

and enhancing resource use efficiency.
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Table 1 Basic information of six sites in Shuozhou
¥l 1 Z i TR 1R FHERHBA/ D
Site Longitude/® Latitude/* Altitude/m Sowing date(month/day)
M= Huairen 113.10 39. 82 1044.6 5/2
W& Yingxian 113.17 39.57 1 000.7 5/4
# E Youyu 112. 45 40. 00 1 345.8 5/15
44 Pinglu 112. 27 39.52 1409.4 5/13
111 B Shanyin 112. 82 39. 50 1045.0 5/4
¥ Shuocheng 112.43 39. 37 1114.8 5/5
x2 MARZHELSH
Table 2 Basic parameters of forage oats
ZH Parameter i Description {i Value
tt_end_of_juvenile TTE] H #7374 K& AR Thermal time required from emergence to end of juvenile/°C 210
tt_floral_initiation TTFI I 4EM AYFLE Thermal time required from floral initiation stage to flowering/°C 290
tt_flowering TTF FFAEW B LR Thermal time required in flowering to start of grain filling/°C 130
photop_sens S R B AHUR P 45 28 Photoperiod sensitivity 1.5
y_height i Kk Maximal plant height/mm 1 500
Rue 56 5 ) FH 80K Radiation use efficiency/(g « M] 1) 1.9
Vern_sens FAK A F8 %0 Vernalization sensitivity 3.0
tt_start_grain_fill HES W T 35 B Thermal time for grain filling stage/°C 545
sla_max B K L Maximum specific leaf area for delta LAI 2 000~2 200
sla_min fe /N T A Minimum specific leaf area for delta LAI 1 800
R3I AFHRITENELSH
Table 3 Basic soil parameters in Youyu site
e wh T ORTRE i LR T mmAKR
Soil depth/cm Bulk densi{y/ Air dry coefﬁmlent/ Wilting c<)eff1c1$nt/ Field capacn}ll/ Saturated water C(l)ment/
(gecm *) (mm * mm ') (mm * mm ') (mm * mm ') (mm * mm ')
0~10 1. 256 0. 040 0. 140 0.235 0.483
10~20 1. 324 0.042 0. 148 0. 259 0.477
20~40 1.313 0. 044 0. 160 0. 254 0. 457
40~60 1. 327 0.048 0.172 0. 264 0. 436
60~80 1.354 0. 046 0.231 0.275 0.428
80~100 1.368 0.047 0.173 0. 285 0. 447
100~120 1.418 0.047 0.174 0.311 0. 334

HRUH B EOHE . IR R R 2 M,
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Bdls (% 6), LML BE 38 16 RCP8. 5 %} 2010—
2039 4FE (2010s). 2040—2069 4 (2040s) Al
20702099 4 (2070s) IX [B] #F 47 I, 1980s,
2010s.,2040s £ 2070s X [H] ) CO, HeEEAEfL ] 2
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Table 4 Soil types and parameters of each sites(http://vdb3. soil. csdb. cn/)
j:l.ﬁﬁji‘ .\ j:lﬁ(*]f{ Bulk density/ Wilting coefficient/ Field capacity/ Field saturation/
Soil type Soil depth/cm i . - i
(ge+cm ?) (mm * mm~!) (mm * mm ') (mm * mm~ ')
0~20 1. 396 0.042 0. 184 0.473
FE TR A MDD 20~32 1.398 0. 045 0. 190 0.472
Light castanozems
(Huairen) 32~179 1. 405 0.065 0.262 0.470
79~150 1. 406 0. 069 0. 248 0.470
0~20 1.423 0.041 0.182 0.463
R 1 (D 20~65 1.422 0. 046 0.179 0. 463
Light castano cinnamon
(Yingxian) 65~104 1.433 0.054 0. 207 0.459
104~150 1. 430 0. 045 0.199 0.461
0~16 1. 405 0.091 0. 294 0.470
LA A QL] /A 1) 16~62 1. 400 0.099 0.293 0.472
Light castanozems
(Shanyin/Youyu) 62~104 1.406 0.104 0.275 0. 469
104~150 1. 440 0. 054 0. 180 0. 456
0~5 1.419 0. 090 0.170 0. 465
5~15 1.417 0.086 0.172 0. 465
LT L CFE) 15~62 1.416 0. 084 0.169 0. 466
Castano cinnamon
(Pinglu) 62~90 1.418 0.122 0.216 0. 465
90~128 1. 560 0.119 0.236 0.411
128~150 1. 560 0.119 0.236 0.411
0~23 1. 428 0. 104 0.211 0.461
AT+ (IO 23~50 1.418 0.126 0. 240 0. 465
Castano cinnamon
(Shuocheng) 50~90 1.410 0.130 0.252 0.468
90~150 1. 411 0.128 0.251 0.467
®5 BFTEXBWNFHEER pH
Table 5 Nutrient content and pH of different soil types
e +HEA LB + A Lk RS (/&Y
Soil TJ‘ Soil organic matter/ Soil organic Nitrate nitrogen/ ~ Ammonium nitrogen/ pH
Dot type (g kg™ ) carbon/ % (mg + kg™ 1) (mg + kg™ 1)
& H T2+ Light castanozems 9.8 0.568 27.5 5.6 8.3
IR BEH + Light castano cinnamon 4.5 0. 261 13.5 4.7 8.3
WA TS 1 Light castanozems 5.6 0.325 21.5 4.3 8.2
BFLIFE £ Castano cinnamon 9.4 0. 545 30.0 12.0 8.7
Z 4% # + Castano cinnamon 6.6 0.383 21.5 6.3 8.2

o WARMEZ (kg « hm ), Y ... WA 4EG v i 5%
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Table 6 Selected 20global climate models for the study

G2 BR AR ¥ KB EP
Global climate model Institute ID Country
ACCESS1-0 ACCESS BKFII. Australia
bee-ecsml-1 BCC F1[E China
BNU-ESM GCESS 1 E China
CanESM2 CCCMA Jing K Canada
CCSM4 NCAR FE USA
CESM1-BGC NSE-DOENCAR %[ USA
CSIRO-Mk3-6-0 CSIRO-QCCCE K F. Australia
GFDL-ESM2G NOAA GFDL F[E USA
GFDL-ESM2M NOAA GFDL % USA

HadGEM2-CC NIMR/KMA % E Korea
HadGEM2-ES NIMR/KMA i [E Korea
Inmcem4 INM 2 W Russia
IPSL-CM5A-LR IPSL < [# France
IPSL-CM5A-MR IPSL ¥ H France
MIROCS MIROC H A Japan
MIROC-ESM MIROC H 7 Japan
MPI-ESM-LR MPI-M 1% [E Germany
MPI-ESM-MR MPI-M #E Germany
MRI-CGCM3 MRI H 7 Japan
NorESM1-M NCC )8 Norway
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CK:Normal sowing date; S1: Early sowing for 10 days; S2: Early sowing for 20 days; S3: Early sowing for 30 days. Different let-
ters above the columns indicate significant differences among the sowing dates at 0. 05 level. The same in figure 2.

B R A EAMARBREFYTEEN R BRI E

Fig. 1

B 1

Response of average annual grass yield of forage oat to early sowing at each sites during different periods
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Table 7 Coefficient of variation(CV) and sustainability index(SYI) of forage oat
yield across each sites dates under different sowing dates
i ] CK S1 S2 S3
County Period cv SY1 cv SYI cv SYI cv SYI
1~ Huairen 1980s 0. 29 0. 39 0. 27 0. 46 0.29 0. 44 0.32 0.42
2010s 0. 26 0.43 0. 25 0. 46 0. 28 0.45 0. 30 0.45
2040s 0.25 0.43 0.21 0.49 0.23 0.49 0. 27 0.51
2070s 0.24 0.45 0.23 0.48 0.23 0.48 0. 26 0.48
4. Pinglu 1980s 0. 26 0.49 0.27 0.51 0. 28 0. 50 0.28 0.52
2010s 0.25 0.53 0. 27 0.49 0. 28 0. 50 0.28 0.51
2040s 0.23 0.58 0.24 0. 54 0. 26 0.53 0. 26 0. 54
2070s 0.24 0.52 0. 25 0. 50 0. 25 0. 54 0. 25 0. 54
1 F Shanyin 1980s 0. 20 0. 54 0.18 0. 64 0.17 0. 60 0.17 0.61
2010s 0. 20 0.55 0.17 0. 64 0.16 0.62 0.16 0.63
2040s 0.19 0.56 0.15 0.63 0.16 0.61 0.16 0.62
2070s 0. 20 0.56 0.17 0. 60 0.16 0. 60 0.15 0.61
3% Shuocheng 1980s 0.25 0.53 0.27 0. 46 0.29 0. 49 0.29 0. 44
2010s 0. 26 0.51 0. 28 0.46 0.27 0.51 0. 28 0.45
2040s 0.25 0.53 0. 26 0.48 0.24 0.52 0. 26 0.48
2070s 0.25 0.52 0. 28 0. 46 0. 26 0.47 0. 26 0. 50
B Yingxian 1980s 0.22 0.52 0.23 0.52 0. 25 0.48 0.28 0. 49
2010s 0.22 0.51 0.22 0.53 0.23 0.52 0. 26 0. 49
2040s 0.21 0.51 0.18 0.57 0.21 0.55 0.24 0.53
2070s 0. 20 0. 56 0.22 0.51 0. 20 0. 54 0.21 0.58
# E Youyu 1980s 0.28 0.71 0. 30 0.70 0. 27 0.73 0.28 0.72
2010s 0. 26 0.74 0.31 0. 69 0. 27 0.73 0.27 0.73
2040s 0. 26 0.74 0. 25 0.75 0. 26 0.74 0. 26 0.74
2070s 0.27 0.73 0.28 0.72 0.29 0.71 0. 31 0. 69
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Table 8 Average number of days from oat post-harvest to first frost during different periods d
1980s 2010s 2040s 2070s
3t A5, Site FMURH R H VR H IR H
CK S1 S2 S3 Dayof CK SI S2 S3 Dayof CK SI S22 S3 Dayof CK S1 S2 S3 Day of
frost frost frost frost
#4~ Huairen 75 89 103 113 288 78 90 107 120 293 83 92 108 124 299 81 91 102 123 306
% Pinglu 39 52 64 68 263 54 69 83 280 61 74 87 102 288 72 81 90 106 298
1B Shanyin 58 70 80 258 66 77 93 106 283 76 84 97 113 291 77 87 97 113 299
3% Shuocheng 59 73 87 97 276 60 71 87 100 278 69 77 90 108 286 76 85 93 110 296
Ji B Yingxian 79 94 105 282 70 80 97 110 287 77 86 99 115 294 75 87 97 115 301
#E Youyu 34 49 60 68 262 36 53 66 267 45 57 71 86 275 58 67 75 91 284
Il CK 3 81 82 83
3500 3500 .
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Z d 25 d
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Fig.2 Changes in accumulated temperature at various sites above 0 ‘C under different periods
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Table 9 Average precipitation from oat post-harvest to first frost during different periods mm
i 1980s 2010s 2040s 2070s
Site CK SIS s3 CK 81 8 S8 CK Sl S 83 CK Sl Sz S3

A1~ Huairen 141 188 222 242 136 180 225
SF-4 Pinglu 94 140 175 188 112 170 213
I BH Shanyin 103 143 175 200 124 163 209
I3 Shuocheng 124 183 228 253 127 174 223
M E Yingxian 118 167 206 231 119 162 205
#E Youyu 75 132 177 193 73 138 191

253 154 188 239 275 140 169 214 269
242 129 175 230 273 148 182 221 277
236 145 178 223 263 140 179 215 257
261 149 188 241 289 155 196 234 282
241 141 181 214 259 134 173 209 256

213 98 144 211 251 126 163 202 256
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Table 10 Average solar radiation from oat post-harvest to first frost during different periods MJ * m?
i 1980s 2010s 2040s 2070s

Site CK S1 S2 S3 CK S1 S2 S3 CK S1 S2 S3 CK S1 S2 S3

47 Huairen 1235 1523 1810 2016 1255 1492 1836 2107 1324 1489 1817 2144 1234 1412 1640 2066
44 Pinglu 651 887 1114 1209 847 1113 1385 1591 951 1166 1418 1707 1084 1236 1405 1713
1A Shanyin 827 1005 1262 1471 1090 1296 1629 1877 1212 1361 1634 1968 1189 1366 1577 1910
¥ Shuocheng 916 1161 1445 1639 919 1116 1427 1688 1044 1188 1432 1783 1116 1269 1422 1751
W& Yingxian 1108 1370 1688 1905 1161 1355 1704 1981 1258 1415 1686 2033 1169 1383 1594 1959
# E Youyu 579 861 1071 1237 597 902 1172 1368 727 951 1231 1533 934 1097 1250 1579
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