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RCP8.5 5 F, 5 2007—2019 “EAHLL, 2020—
2060 4E P b X IR A oK A I, 2 Fhig
53N AE 38 H B vl B R AE A 4 ) = 0.84 0.9 C,
FEYHBAREE S 5F 5 0.9, 1.1 °C, FEKES
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1.1 RIE XKL

KBRS XA T H i 44 7 PE T 2258 IX XU %2
FYgk (10438'E, 3535N) , J& T M A% + I
BRI FRAROLIX, #1980 m, IR E, BRIRE
K, FEWFEKE 385 mm, FEFEAEZRLEN 1531
mm, J& TP TRRMEEAE REUEs AT,
R HIEARTR BN 1.26 g/em®, HIEANLREN
12.01 g/kg, =& EN 0.61 gikg, HAATIEEMESH
WE 1R,

k1 LB M
Table 1 Soil properties

T PRAR R R TG AT KRS MR KRR A KRS AR AR

(gem?®) (mm hh) (mm mm?) (mm mm?) (mm mm?) (kg hm'?) (kg hm™®)
0~5 1.290 0.013 0.013 0.270 0.460 4671 14514
5~10 1.226 0.013 0.013 0.270 0.490 5.895 12.462
10~30 1.325 0.046 0.046 0.271 0.450 5.014 12.623
30~50 1.200 0.071 0.071 0.270 0.501 3.663 8.311
50~80 1.140 0.087 0.087 0.262 0.520 4.030 10.572
80~110 1.140 0.103 0.103 0.270 0.520 5.854 9.081
110~140 1.250 0.107 0.107 0.273 0.482 3.913 9.332
140~170 1.120 0.115 0.115 0.270 0.530 3.350 8.772
170~200 1.110 0.127 0.127 0.274 0.532 3.436 9.023

1.2 APSIM #RBUfE i RS

APSIM (Agricultural Production Systems Simulator)
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BHETT L ek DL S A H Al A S5 T e .
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&, Widizra, HPa L@l Python. R &4
Pt R XA I Re R TR oK, TPRE R DhRe, #
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gl (D
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s n ARIGEND s Yo Nrm BT Y AR
Yinean FSEIF= B T Yomean A= B I35
fi. R*. D MR AT 0~1, HAgMEET 1,
NRMSE H{E#k#aiT T 0, FUIBIME 5 Sl 1]
RN, AR R T AR
1.3 Rt
1.3.1 & X3 i% it

H [A] R 56 /N X AR A 80 m? (20 m=<4 m) , kit
INFZRRFCAE T 35 S HENE, ERISEINE 2 Fis.
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FERbI 1]l 2005—2009. 2013—2017 4E434E 3 A
1, BHETT X e bE s, P A S R R L
— KA E B AE AR A, FERIREE DY 30 mm, ATER
Jy 250 mm, #FEFhEA 187.5 kg/hm?, % & A 105
kg/hm?. WK [A] Ay 2005—2009. 2013—2017 4F4F
7 A, WERER 2, 4-D RIS HBERE, Ik
KL 5 AT E AR ATOIRE (B em ), 3
NEGEAEEFEX, NEBHEGEREN 2 250
kg/hm?, - At FET T2 B0 485 i ) 24 0t K

(2 “"BIBF” HAIEREFTEH
Table 2 Growth parameters of spring wheat of Dingxi N0.35

e Ul
FBR g 4

P Ei/mm 1000

EBUEA T 1.0

ot P U R 2.0

5y BE /g 1.22

PES B AR BURI(C 4 580
HEREZE N (mg d7™) 2.30
BRI g 0.045

1.3.2 B R e ikt

T APSIM SR 6 X P /K4 R /N2 7= i (A4
ROR B ZE,  RICAE N sR~F /K SR A0 ) ity b=, R
I X KK (2008, 2009 4E) | “F/K4E (2006
2007. 2014. 2015 4) . F/K4E (2005, 2013 )

MAXIZHZEKE. FKE. RIULE. SR,

I S A B 2 A R i A K 4k A A R ) G B
o BEE 7 30 A T A s e PP DR 2016—

2017 ERHE GHHEREE T R N ES AT B
R A R B 1) SRR S A R BT R S I8 AE . 7
22 it NP2V ) e (B S S S S b,
FRESE 1 APSIM I DLER X 1970—2017 ik
4 48 a MISEI S RBIE KRB ENE &, HPhix
PR ERUENE S (HPPIRE . HOP S =2
N0, CO, FiENHN 370 mglkg, ZUIE T &N
105 kg/hm?) , 43 BIEAS[F] B K 46 70 R 847 H P 23R
£ HPRfES R, CO, B/, LA =21k
5 T b o S /N 2 7 R R LR .
H, HP98E AR E-2.0~20 'C, BL1C
NAGEREE s H P4 S K AR E B D -20%~20%,
PL 10% MARAE B B s CO, Joit & 4 B I A% 1k 3
370~570 mg/kg, LA 50 mg/kg NASALERE: BUIE
BTG FE 9 0~105 kg/hm?, LA 26.25 kg/hm? 7%
WREEE s AT ERARLE 5565656 1K, KA
SERLo) 3PP EK AR
1.3.3 MeRKFAX] 5
KAFNEEEEMSP), WETRIX 1970—
2017 FIXH K EHIE, RIESHNEAETFERK
BRISRKE, FRE. FKE, HHELN:
S=(C-R)/o, (4)
X SMETEEH: CIRBREFYHEAKE; RA
EHETPEIEKE; o RonhrfEZz. $<-0.35 kK
5 -0.35<<S5<<0.35 N TFK4E; $>-0.35 AFKE.
HAKBE K ERI R 43 W3 3.

% 3 1970—2017 [ KA %) o
Table 3 Classification of precipitation year types from 1970 to 2017

i I Hitla G FH R K B /mm
ke 13 1971, 1974, 1975. 1976. 1982. 1995. 1997. 136
2000, 2001. 2008. 2009. 2011. 2017
FoKAE 21 1970, 1972, 1973. 1980. 1981. 1983. 1985. 1987. 1988. 1989. 203
1992. 1994, 1996. 2002. 2004. 2006. 2007. 2010. 2014. 2015. 2016
kA 14 1977. 1978, 1979. 1984. 1986. 1990. 1991. 270

1993, 1998. 1999. 2003. 2005. 2012. 2013
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R E R SN E R s, E5it
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FRUEZEAREAL T 0 B R AT TAL BE, THE AN

Zi=(Xi-X)/o, (5)
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CV {H /N R B = B AR e M
CV=oM, (6)

e o = EmbrdEZE; MO FIE.
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i (V) NIRRT 2 B K EAETGE TR HUH H TR] 52 0 Sk B N 2 B A E B B

VA 53 BT SRR 7 5% BR8] ) LA 0 R?=0.92. NRMSE=5%1¥ L& 4: K& 1 AA[F KA
BB/ P B S S APSIM DL 56 204k 5t

2 RS Hgb 5, R*=0.91. NRMSE=12%, D=0.95, iX# W]

GoR, 91, 0. .95,
2.1 APSIM tEEIFS FLIE 12 JE 1) APSIM ALK G F A s kA 77 0N
W T HNE R E BN BRI E N REY, BN R R R AT
AR PGB 7T X G B 78 o 10 HH ) /N 22 & A2 B B BORf 2
& 4 2016—2017 A&k & £ F B 5 R AR A 52 A
Table 4 Measured and simulated data of duration days of spring wheat at different growth stages in dryland from 2016 to 2017
BRI B (REFh—H D N GRE—RTD  REERNER I FPRE R B T E— i)

R — — - — - \ - ‘ R? NRMSE
B Sl B/ Snfd Bl Sl B Selied
2016 38 413 40 412 19 205 25 252
098 5%
2017 40 402 40 418 19 186 25 2538
4000 [ e PR, Hdr, MiokE, SHPFWEREZRLER-1C
3500 1 NRMSE=12% AL, HPSREAR M E N 1 CH¥ S EE /N
— 3000 D=0.95 e R A
E peop TEF= B [E(K 158%, FERERIH K HiKFEHFI945E
<~ B —
2 om0 | SR 10960, F/NZZTEAE RIFIR 28%, PR
}ﬁﬂiﬂ 1500 | K. 3FEKERN, CO,imnH. ALt E
ﬁ 1000 | HI I N5 T 8RN P I, (I i =
500 TN 3 /N 22 R B 7= 30 R I M S 38 = B . Rk 7K
0 . . . . o . Wi
0 1000 2000 3000 4000 i CO it} é‘ﬁjj‘ 520 Tg/kg H—‘JL’ COZEE? %Eia Jm
S il (kg hm?) 50 mg/kg, F/NEELEEHIGIN 140%, SGIEHEK;
B 1 X5 K A& = B 52 A AL S 49 2 P =03 A RNt A &/ 105 kg/hm? i, U it FH & 082> 26.25
Fig.1 Linear regression fitting of measured and kg/hm?, KiK. PKE. FREHNEBETE
simulated spring wheat yield in experimental area oA 20%. 26%. 27%, BEIEIS K. FEAE
22 B—SREFTUNENZEBETENE T RN, FEKE B A KEA KRS, FNE

B 2 AR KER T BRI 0 ™ RER N 45%, HEiEGOR. 3 MR KERT,
NEFERIE . BIE 2 TR, 3AMEAKERTS, B MFEEMBIR R E R T, FANZEE T ERI
SRR HOFREE RGN SBEENL R NEKES TKES RiKE.

5000 VoK AT, 3000 5000 3500
—e— MK | 3000 |
4000 | SFKAE 2500 4000 |
- FAE S~ 000 | T T 2500
£ £
£ 3000 | < < 3000 =, 2000
2 21500 | < £
I§ 2000 | i 1 2000 | & 1500 |
LN #1000 | FEAKAEA: + £ 1000 E2 G
—o— HliK4E e KA |/ e HkE
1000 500 | Tk 1000 FEAER: qZ;kip 500 | ok
o . o 0 o .
2 -1 0 1 2 20 -10 0 10 20 370 420 470 520 570 0 26.2552.578.75 105
H PR R &/ C H 7244w 4 B A 5/% CO,Jii &7 %/(mg kgt It &/ (kg hm'L)
(2) H-PHyiR AR (b) F-F¥fm bt B (c) CO, &4 % (d) ZAE i &

B 2 REERFRT A DEBAE>EXE R TR0
Fig.2 Response of potential yield of spring wheat to single factors
3 AAFBEAKFER FHERNENEFREY  RIAFKE<TPRE<HKE; YHPHREL L
WA ARG I 3 R, HHTERRARE BON-2~-1. 0-2°C, HTRERS EAEN-20%~+10%
N-1~0 CI, F/NEP B RZBEERIVFKE< B, HPEERER H V255 =g, #kait
RKEE<TPKEE, FKER, HTFHEERN0~2°C ®mENEFRNERRL, F—RELEFENE
i, HTERE RIS InE N B AR ARG PR R R BRI FIKE <TKE <HliK4E,
L HFR RS RN 20%N, BAOAEPBEERRRH  FEEERETENZ BN RRBERI N E
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KA <HiKE<FKE. Y4 CO, i & 4> 1E
370~470 mglkg ZEkis;, CO, &/ ¥t e, Mk
T, HINEFFRMNL R RZBAFEAE, FAREME
IKEEF/NE P BT RBUEMIEK: 2 COo, RED
BALE 470~570 mglkg i, 3 FhfEKERT, FNER"
BMAR T KA RE CO, & 7 B i ik 3 P4
. 24 CO, FiES¥ N 570 mglkg I, FH/PNEF &

A2 5 BRI K <P K <HiKE; Btz
bk, CO, BN ML T A — 4RI, FPHE B
5t RBEIRINFIKF<RIRFE<PRE, 3 FpFEK
FRT, RUIL B /N2 7 B AL 7 AR HU 52
BRI e N ek, MAZIERAET, FK
TN B REED
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0.7 09 WA A
06 08 e R
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N\ 5 06 KA
o4 | X .
\‘ < /
503 %04 .
~ PR ° 0.3 - \\/
02 1 —o—hlikte 02
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FKEE 0.1
o . . R ——
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B3 ARFMEKRFFUTERZERNTADLBEZ ST R A
Fig.3 Variation coefficient of spring wheat potential yield under single factor of different precipitation year type

2.3 SREFMAREEAENRET A ENEEBE
FEREN
2.3.1  AE M E 35 AT

H% 5 WAL, AEPEKFERT H P&,
YR . COp iR A BN F &Yy 3 R
FANEE (P<0.05) . FiKE 4 NETFIENE
7 R RS (1K /N 4 ) R IR IR = > H PR
[E>CO, B H> H %Rt &, FKETR, MEF
/N 7B R R RN R I B B > H P R
[E>CO, 8> H P& FKET, X
FR/NZE P RS 1K/ R BN R &> H P
TE > HT¥4R 4 8 >CO, i E /4.

£5 3 AKEEEHAT

Table 5 Multiple linear regression analysis

BRI AN KT~ KA s SRR H P S8 4 S B G
W FEENEERIN: CO, it & 7 F gt 5
B /N P BN, HE 0N B P K B ) T e T
B FIKEE CO, it &7 B x4 /N 22 7 B i 4
PR B AR N UL 0 AR A 2 e e B G
FRRENL,  HAEFE RN T AR R R, XN R
T BSCHRY 1 7 20 L o 7K 2 PR 1 i 4 0, SR K A
I LT B 1 7 RO e K
2.3.2 BAER 5 HT
HI% 6 A%, BRAGKAET X Xs i p /6>0.05, HI
FiZKAE TN HF YRR CO, & 2 B 28 BN AN
©EA, HABREAKER T, HFSEE. P
. CO, iy 4. RUIEHEHIE AR p {4<<0.05,
PRI 2% PR3~ 22 T B A2 ELAONE S 25 R /N 22 77
k6 BFHRHAE. B-FHER. COMESHK.
RACH R E 2 & D& F 2R EAER ST
Table 6 Interaction analysis of daily mean radiation, daily mean
temperature, CO, mass fraction and nitrogen fertilizer

application rate on spring wheat yield

[ i ¥ LR tE P #HE KR
SRS i 0312  -15.148 0.000 0.774 1.292

] HFifEs&  -0145  -7.034 0.000 0774 1.292
A CO, &A% 0230 12272 0.000 0.938 1.066
SUETEF & 0.444 23.724 0.000 0.938 1.066

H 3538 B -0.228  -14.665 0.000 0.875 1.143

Tk HP#fEhts  -0.049 -3.113 0.000 0.868 1.153
CO, &% 0.186 12359 0.000 0.934 1.070

U it £ 0.534 33535 0.000 0934 1.070

H-F¥ia s 0542  -16.141 0.000 0.239 4.185

KA HFisEsteE 0.338 10.058 0.000 0.239 4.185
CO,Jlimssr4  0.149 8.740 0.000 0937 1.067

IR 0.612 35919 0.000 0937 1.067

FEBUE R RO FE I SR, 3 MIBRKERT,
H P B3R T R 2 SR N 2 B AR, HAFK
N B RN K T AR R R KSR KA H
FEPE ST BRI T SR N B, B ALK
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FEAKER  AFE XXz X1Xs X1Xq XoX3 XoXy XXy
H%

- i#fE  -0.037  0.027 -0.223  -0.048 -0.146 0.138

pfi 0045 0.173 0000 0.016 0.000 0.000
H %

sEaA N N N

Tkt Jj;ﬂ:g 0.042  0.058 0.171 0.124 0.070  0.127

pfi 0.003 0.000 0000 0.000 0.000 0.000
Hi#%

- #fE  -0.064 -0.626 -0.385 0.642 0.190 0.115

p 1E 0.000 0.000 0.000 0.000 0.043 0.000
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3 MEARFERT, XX, M EEIEA RE MK
BUARE KA (-0.037) >TFIK4E (-0.042) >FKE
(-0.064) , il HFHEE A H PR =
VEFX R /N = B e AR k™ R, HL R K & 1 3
X 3 A8 TAE S B B0 R G B R AN B R
XiXs I E#IER R BRIUNT/KE (0.058) >k
E(0.027) >FIKE (-0.626) , B BAE KR
IKEEH PR CO, i & 73 B0 28 HAE F XT3/
e e RPN, HFEKER X FANE B
AL RN Xo Xy (B BB R RECERBLUN KA
(-0.171) >Hi/K4E (-0.223) >F/KE (-0.385) ,
Ui B H P 23R B A e I AR S S8R
e s,

XX M HLHZ1E 4 RECER N FKE (0642) >
Fi7KEE (-0.048) >FIKE (-0.124) , Uil H V4R
SERAN CO, R 43 U8 HAE FHTE R KRR XS
FNFETE R AR, AHFE KR S0 N
PP RNG XoXg I EEHES RECRIUNFIKE
(0.190) >-F/K4E (-0.070) >Hi/KHE (-0.146)
YHATE R K E I RE L T, HFI5ES EmEn
Jite FF 8 (158 E A FH R 0% 0 3 /N 22 7 B e AR B R N
H 1 35 S 5 0 U000 it FH 2 1 28 B A R R /N 22 7
BRI AP O I A 7K R sl T AR

XX, MBI R RPN K (0.138) >
KA (0.127) >F/KEE (0.115) , P CO, &
S BN ENE I E RS BHAE R iE SR N L &,
{EBE A BRI 3G 00, 58 TAR 3 77 34 R
A

Fili 7K AP KE H PR E R CO, Jit & 40 5L
(0.027. 0.058) M52 HAEFIXHE /NG = 5= A 1
RNE, CO, Jot & 2 HOA &8 i ] & 1 %8 BAE
(0.138. 0.127) PRI = RS KT HAR 72
WA BAE R o Al K AR A 7K AR H S 235 5 A EUIE
i B2 HAER (-0.223. -0.171) XHHE/NE-&E
i R R RN e N R . FOKEE P AR S E A
CO, BB BIMAZ AR (0.642) FTIF BRI 7 2L
MK T HAWR 72 2 BHAEH, H ¥R E A
CO, REDBINAZEAER (-0.626) XML, Eik
S ak 77 235 e o ¥ %

31 g

APSIM FERIY: 32 N T FL R E N e
TE RO S AR T N o A SR B, H PR
5 H V558 5 w0 AT = 2 S 8RN E P E R,
T IR HAE R R AN PR R AR IR AN, X
S NBU o s g R A B BN,

5 AR PR KERIAREE, 32K AE H il B B T sond
IR/ R ORI . B TE R,
KA H - 293 FE I T ALK H P3R5 H 1 24
O E A HAR s SRR /N BIE N KK
FSFIKAE T HAFBIR R CO, i & /3 Bt A2 HAEH
XN P RAR BN IE RN, X ER TR K
AT REE H PSR R T i el 1 R aa, T
FETRERT, CO, FENBINT R R I /N
PSR . A RER BORREOR R, RN 2 /N
B, REE N R R RN F SRR
FIE W R AR A Iy, S S5 %05 8 Al 7K 8 AP 7K 4R
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Influence of Meteorological Factors and Nitrogen Fertilization on
Spring Wheat Yield in the Longzhong Dryland Region

YAO Qunying*, LIU Qiang"", GONG Jingjin®

(1. Gansu Agricultural University, College of Information Science and Technology, Lanzhou 730070, Ching;

2. China Agricultural University, College of Resources and Environment, Beijing 100193, China)

Abstract: [Objective] Longzhong is a region located over the transitional zone between the Sichuan Basin and
the Loess Plateau; it has a unique climate and agriculture. This paper investigates the interactive impact of
meteorological factors and nitrogen fertilization on yield of spring wheat in dryland in the region. [ Method] The
study was based on the APSIM model, using meteorological data measured from 1970 to 2017, crop growth data

measured from 2016 to 2017 in zero-till mulched fields, and grain yield data measured between 2005—2009 and
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2013—2015. We simulated the response of grain yield of the spring wheat to changes in next-day average
temperature, average daily radiation, CO, mass fraction, nitrogen fertilization, both individually or in combination.

[Result] @ The simulated growing duration and grain yield agreed well with the ground-true data with R?=0.98
and NRMSE=5% for the former; and R°=0.91, NRMSE=12% and D=0.95 for the latter. @ For the three precipitation
scenarios we simulated, changing meteorological factors and nitrogen fertilization individually or in combination
both had a significant impact on grain yield, especially in dry years. 3 When other conditions were the same, grain
yield reached its peak and showed greater stability during wet years. [ Conclusion] Elevated precipitation not only
boosted grain yield but also played a pivotal role in influencing the effects of other meteorological factors on crop
growth and enhancing the efficiency of nitrogen fertilizer.

Key words: dryland spring wheat; climate change; APSIM
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Effects of Planting Method on Root Growth and Nitrogen Uptake of Rice

HE Chunyu, LIU Yueyue, SHAO Xiwen, GUO Liying, TENG Yu, DU Juan, GENG Yanqiu”
(Jilin Agricultural University, Changchun 130118, China)

Abstract: [Objective] Water and nutrient uptake by plants is modulated by their root architecture. This paper
investigates the impact of planting method on root distribution of rice and the associated nitrogen uptake and grain
yield. [ Method] The variety Jiyujing was used as the model plant. The experiment compared three planting
methods: transplanting under flooding condition (TFR), direct drill under dry condition followed by flooding
cultivation (DDSF), direct drill under dry condition followed by alternate wet and dry cultivation (DDSA). For each
treatment, we measured morphological and physiological traits of the roots, nitrogen absorption from the top 0~20
cm soil layer, as well as the ultimate grain yield. [Result] (O Compared to TFR, both DDSA and DDSF increased
the dried weight of the roots, root diameter and root distribution in the top 0~10 cm soil layer, while reducing roots
in the 10~20 cm soil layer, during the primary growth period. @ After the young spike differentiation stage, DDSF
reduced root activity and other physiological traits, while DDSA enhanced root vitality and other physiological traits.
(3 The significance of the impact of planting method on yield, total nitrogen accumulation, nitrogen absorption after
the post-flowering and during the grain-filling and maturity stages was ranked in the order of TFR > DDSA > DDSF.
Transplanting increased deep rooting and root activity, resulting in high nitrogen accumulation and grain yield.
[ Conclusion] The alternate dry-wet irrigation combined with direct drill also increased deep rooting, enhanced
root vitality, thereby promoting nitrogen absorption and grain yield. It is a potential cultivation practice to enhance
nitrogen utilization and yield of the rice.
Key words: rice; planting patterns; root distribution; nitrogen accumulation; composition of root bleeding sap; yield
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