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1 MRE5FX
1.1 RIS &R IRt

AARE T 2012 —2014 FEAEBR UM B PE AL AR MR K
S R R DR K TR A S G 5 T R A
(108°05'E, 34°24'N> WHlAT. X /PMEAEKEFENR 10
H—w4 6 H, EKFENH P RERR 15.7°C, HF
YIAGELR 5.3°C, /N AR KT PR B EVER S 2 3 206 MY,
Rk & 296 mm. S L, R R AR LE
B 817418, KA 0~20 cm HHZE & A MR
11.17 g/kg~ 4=% 0.95 g/kg. XM 13.67 mo/kg FliE &5
183.20 mg/kg.

ARG R R DRI Bevh, HEK O X, HECh
X, /MXEK6mTE3m, &E - IRESE, LKA E
B 3K 10 (EREMIR) 11 GRATIREK 46 mm) |
12 (O3 AAERRACAANR T IIHEAK 46 mm) . RIS 4
K NO CARJE%D « N1 it 105 kg/hm?®) « N2 (i
A 210 kg/hm®) . N3 Citi% 315 kg/hm?) o Frf &%
FIaL 7. 3MEANLIE, JEARESRCTEET, SRR
TR, GBIECNREE . BT /NN L B TR I
INFE RO Y M AR SR ME 22, 10 AR AR, AT
PF 20 cm, 3&ECh 112.5 kg/hm?. ZEVED A K BE S
L BE R, AR B i S 2 b ) 5B
1.2 MEMBRAE

7£ 2012—2013 4FA1 2013—2014 /N4 K],
FESP BRI, MR, IR, R ITEA. SO,
R BERTFUG . BESR PRI, R 9 AR
ANKIEHUA ARE R 10 #R/NEZ, £E 105°C R4+ 30 min,
JGTE 70°C FHET R A, TSI/ b [k
Y. FCTPHREI 2013 RN HR 2012—2013 4F,
2014 fF/NFEH44R 2013—2014 4,

BT % HA G 500k A TRE IS 100m 14
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Table 1  Significant levels (P-value) of effect of irrigation, nitrogen and years on fitting parameters and derived characteristic parameters
from Richards function describing biomass accumulation by ANOVA and MANOVA method

L #EJK Irrigation % Nitrogen 4F Year HE/K*JE% Irrigation * nitrogen
Parameters ANOVA MANOVA ANOVA MANOVA ANOVA MANOVA ANOVA MANOVA

A 0.044 2.75E-04 0.008 8.45E-07 NS NS NS NS
b NS NS NS NS NS NS NS NS
c NS NS NS NS NS NS NS NS
d NS NS NS NS NS 0.032 NS NS
Xinf NS NS NS 0.047 NS 0.001 NS NS
GRmax NS NS 0.011 0.001 NS NS NS NS
GRayg NS NS 0.007 4.71E-04 NS NS NS NS
Xmax NS 0.041 NS NS NS NS NS NS
X1 NS NS NS NS NS 0.001 NS NS

#: AL by ¢ d ¥4 Richards TRRMIIASEG Xan Xins Xmaxe 280 TR A POE AR BB KA KA 5 I AE KRBT AL GRmaxs GRavg 77
AT R KPP ARGl . NS RORAE 0.05 KF E2ES AR, TH.

Note: A, b, ¢, d, fitting parameters of Richards function; X1, Xinf, Xmax, thermal time required from sowing to rapid growth stage, maximum growth rate and terminal
growth stage; GRmax, GRavg, the maximum and average growth rate of biomass accumulation; NS, Non-significant of difference at 0.05 levels, the same below.

FEAKIKA il KRR 2 R) 1 22 S L s 25 L A
2. 78104 11 R 12 BEAK KR AR A i B 75 B R
391 1604, 1761 F1 1936°C-d, /NEH A TY)iHS>
51k 10831, 11977 A1 13 812 kg/hm?. X3 HIHEMA K
R T KB B8 2 2 S KN T T AR BRI TR), AT
EmT Y. HE la v UG H A KR K (12)
AbHE R (R4 R AR AN A K R R R SR KT S AR
ANFEARKEEE, HERTTK A1) ABFRAEA KIS A4 H B KT
ANHEK (10) AbEE, ZRUHHEAKGHT4) A S 52 S5 K
IRIETEERE RS S

7E NO N1, N2 F1 N3 7K-F T+ 5AR 5 EBR 73000 4
8001. 12635, 14 112 1 14 078 kg/hm? I+ N2 F N3

WA BFHZE R BB KR R R, L N1
(1292°C-d) 5 N2 (1175°C-d) A W& %5, XEYIEE
R (210 kg/hm?®) HER /N2 AT LU PIA $IT4) 5
R, £ 4 MEEAKT TR RrEK
MM 9.26 (NO) . 17.15 (N1) . 17.13 (N2) #1
17.40 (N3) kg/'C, “F¥Jdi#4r5)°h 6.01. 10.95. 11.35
A111.29 kg/'C, M N1. N2, N3 /K R85 %
S, RWALEARI 40 PR 105 kg/hm? gl LUk 35
EH TR B R (R 2) o HE 1b W LUE A
7T A R AR K R, o N2 5 N3 AE K
LT EA, RWEARTR A 210 kg/hm? &L T,
T s AR B AR A W AR A

F2 AREEK. BERKEMES T TFHRRZMESHIFER
Table 2  Fitting parameters and characteristic parameters describing biomass accumulation process under different irrigation and nitrogen regimes

SES K £k 2% Fitting parameters FFHES %L Characteristic parameters
Factors Levels A b ¢ d Xin GRuax GRayg Xmax X1
i 10 10 831c 11.90 0.00890 2.69 1240 15.78 10.09 1604c 1032
Irr%;ﬁon 11 11977b 8.58 0.00644 1.96 1237 14.67 9.61 1761b 980
12 13 812a 6.98 0.00541 1.60 1250 15.27 9.99 1936a 948
NO 8 001c 9.08 0.00656 221 1285ab 9.26b 6.01b 1840 1020
i N1 12 635b 12.06 0.00863 2.77 1292a 17.15a 10.95a 1703 1070
Nitrogen N2 14 112a 6.73 0.00558 1.36 1175b 17.13a 11.35a 1749 901
N3 14 078a 8.73 0.00691 1.99 1216ab 17.40a 11.29a 1774 956
EGY 2013 11897 7.46 0.00631 1.41b 1179% 15.34 10.09 1785 913b
Year 2014 12 516 10.85 0.00752 2.76a 1 305a 15.14 9.71 1749 1 060a

TE: 100 11 12 3B ANER . WERHK 46mm. MEBAKRIR 17K 46mm; NO. N1, N2. N3 Z-5I#Riti% 0. 105, 210, 315 kg hm?; [l — 31 sh A 5
BER7RTE 0.05 KV N HREZS: R

Note: 10, 11, 12 represents rainfed, irrigated 46 mm at jointing stage, irrigated 46mm at wintering and jointing, respectively; NO, N1, N2, N3 represents applied nitrogen
rate 0, 105, 210 and 315 kg hm; Different letters within a column indicate significant differences at P=0.05 level; same as below.
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a. #EKK P b. HEIAKTF a. Biomass accumulation curves b. Monthly precipitation

a. Irrigation levels b. Nitrogen application rates

e 100 110 12 20 A ASREZK « #EARTTK 46mm. JEBLACK R 57K - 46mm;
NO. N1. N2. N3 Z5l#Rifi% 0. 105, 210. 315kghm?.

Note: 10, 11, 12 represents rainfed, irrigated 46 mm at jointing, irrigated 46mm at
wintering and jointing, respectively; NO, N1, N2, N3 represents applied nitrogen
rate 0, 105, 210 and 315 kg hm?.

Bl RREEAKKFFEIKE T THRREHL
Fig.1 Biomass accumulation curves according to accumulated
temperature with different irrigation amount and different nitrogen
application

£ 2013 H1 2014 FEZAF R IEF B KRR R8P A5 1
B 904 1179 A1 1 305°C -d, HEN U A K 3 T 75 A
W43 913 F11060°C-d (K2, Kl 2a) . i 2b wJ
%1 2013 =/ B IR KR A AL, 11 ] 43 B /K 106 mm,
N 2 AN IRAT R AR IE T R K 2R A A AT
2013 A E NP AR K 1 I AR T . 2014 4 4 H A1
LB K EE 2013 AEAH NI ]2 156.4 mm, fii43 2014 4F
AN T TR R AR S W T 2013 47,2013 Fi 2014
SRR TR A B84 5] 4 11 897 A1 12 516 kg/hm?,
ErARE.

#=3 2013 #02014 FEhEFEE

B2 2013 440 2014 4 AT Y& RAndh & A Al K E 5 A
Fig.2 Biomass accumulation curves according to accumulated
temperature and monthly precipitation distribution in 2013 and

2014 year

2.2 KEEEMNEFERTEMREZENZIG
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W= . P2 R A B R I 7 22 90 B LR 3.
PR A Bl A RE K BRS8N RIE KA R,
2014 “E/NFE AL 2013 AFELE . X RS T 2014
HE 3—4 Bk Z (B 2b) , I IE RN ERF KR
B, I RKAR TN R AR, 1Y 2014 K&
HEAOK T rm¥is, RN, KRR 2014 4F
TEK P BN AN o FEAKON] 7= i ) 35 (A S IO
R, 75 2013 FRE/KATRFR M 52, HA
HEKSAE T 35.8 g WUINBIHEM K& N 417 g, 1M
2014 SFEREA TR UL s AN B3, SRS T TR0
B . WKk, 2014 AEREKRTHEW B3,
13 833 a4 15 749 i, 1 2013 FEFEKK HAEmA 2
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Table 3 Variance analysis of yield and yield components in 2013 and 2014 year

= KT 2013 4 2014 4F
Factors Levels Ui =y bR T-hi i PR gL Thr i
Yield/(thm?)  Grain number/(No. m®) 1 000-grian weight/g Yield/(thm?)  Grain number/(No.m?  1000-grian weight/g
10 4.74b 13322 35.8b 5.98 13 833b 42.8
YE{E)E 11 5.75a 13783 39.6a 6.34 14 742ab 43.2
Irrigation
12 6.29a 16 132 41.7a 6.94 15 749a 43.8
NO 4.30c 10574c 36.8 4.54b 10 254b 415
Wi N1 5.73b 14 079b 39.4 7.00a 15 988a 43.7
Nitrogen N2 6.61a 15 554ab 40.1 7.30a 16 268a 44.2
N3 6.66a 17 442a 40.5 7.55a 16 590a 44.4
HEWE Irrigation 0.001** 0.06 0.000** 0.062 0.048* 0.787
Jii%l Nitrogen 0.000** 0.002** 0.190 0.000** 0.000** 0.609
WS I *Nit. 0.675 0.790 0518 0.721 0.452 0.793

He: **OrRIRIRAE 0.05, 0.01 KT LARSGHER .
Note: *, **represents significant at the 0.05, 0.01 probability levels, respectively.

SN SR 7= o R A il D 5 ) A Y A R B —
B, B AR KRB R R, T TR R
MR . i 8P 5 KR e A i S 1 1
TR, SR ARSI, P B AN 4 R I 4.42 thm?
P B 210 kg/hm? R4 6.91 thm?, &7 7 K ki3
10 414 4753 15 911 Hi/m?, 4RS84 it UK B A AEF-

TR BAT B, R 210 kg/hm? 76
X B2 e LA EMII A TR, IR BB R A Rk .
PE K S PR AZ FL AR A P AR08 2 1R o0 7 ™ i
P PG B8 AT B R
2.3 THRRESFERFEMNERNXR

MR 4 FTLLE Y, 7o REFJOKR RS T
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FZHE (GRpax M GRayg) HEHIEAMK, 5T
LB B Kints Xmax A1 X0 AHRPEAK, M0 05
IR AP R () B EF IR
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Table 4 Pearson correlation coefficients between yield components and characteristic parameters from Richards function

Xinf GRmax GRayg Xmax X1 i TR
P Yield -0.069 0.630** 0.667** 0.146 -0.160 0.920** 0.483*
$i% Grain number -0.262 0.696** 0.739** 0.174 0311 - 0.11
Tk JiiE 1000-grain weight 0.438** -0.019 -0.024 0.086 0.274
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3.1 KAMEZNETYRMEM=ENEIT

IRy YR LG S L B, AR A KBTI
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Rk 2 KT T BRACE K N . N 2013 25 11 A%
KEZ (K 2b) , K/NFEREEKANE T E A,
AR T IE R Xine 1 xq MIIFA] (R 2) 5 2) HAREKER
AN, BUEREARSON AR . 140 2014 ZE/ N A KT
T AR 46 mm FEAST TR R A 2 R,
A8 2014 Z=/NAZ Y Xing AT X0 (H I8 5 KT 2013 2045 |,
INFE IR B K 5 22 R4 HE ZK KT AR 5 S5 /K Ak
HEXS Xine R Xq VA R, 1A 0 5 W
Villegas 25M 1 5% 26 BIRE KON T4 AR 2 11 1) 3ok
(GRavg) A W3 52, 1 ASHFS T FE AR AT b3
TE A 25 S0, 3 ] AP AE B B K R 22 A 5% . Shimshi?®)
i 24 K KT 200 mm B, /N EEAE K R R R AL
IR, I AE A N A2 Z= B 7K 433 4y 334.3 Fi1 286.8 mm,
B8 T FEKER, FEANTREKN CGRayg 5EMIA T .
TR P R CEE 2R I AR PR AE R I ], 2013 Z=EK
PR A ks A4 IR T A NI RS S Oy P < 186 AL I N T
XATREE H T B4 11 KR 2, feki ) e 1
GRTID Ko7, SUTA FHEK AL B R R/ 7 KR £
AWz W4 A (RE-FFE) Bk, #
R T /N I RESR I RE AN [ K Ak 8 (1)
R BEES. 2014 RS HAM R, FEAR
VE K AR BT 5 KR B35 22 5%, 10 TR R TG B %

E5to

3.2 FAEMENEFTHRINEFM=EH S

W NEN G RN EEANRITCE, REMMNE
Homy TN A T G, AEPII A BRI T
TR MR EIEBAN . AT RILAE B i T
YR R IR R (GRpax) FIPPHIHAE (GRayy) 5 i
S B B KA KR I 1] (X)) 53X 525 [ 53R RIF 5T
23 TR P 2 R ] R R R S T R Bk
IR R, X 0] g5 2050 Hh S 46 IE ) A1
LT ZKCP- B B A Ko AHIFFE R SUIENS 77 B ) Rl L
RISEMAEWERIL 2, W ER S TRV KRR 4L
PSR R AT - ALTY N ) e e L N SRV il
Karam P RHFsea ji—580, IR RN A AR,
JIt A AR Y8 SN 3 N0 HEAS /N (1) A R A B 3 1
i, FACF BEE TRE () MTY)RaE (P
IR, ABT4 5 55 BE B RS R P R BT AS— e 3K,
FEAENEX TR E A W2
3.3 KEBZEMERAMZNEZTYRIREFM=E/EMN

AN Z TEAEAEAS A B2 o — AN A sk,
HFBES KR AR BRHE.
T RERI R 5 7K T IEAE A A 5B, dy ok ik ae h Ah 78
FEIK BB VEWD IR 5% i 52 - S5 eSS AN AR 7 S B K (R 52
SRR AN ) H DX AN ) A3 45 A1 BE Kt AU A8 AR 36
BB, faityn, PR T A 0] U (1 53 e
ZKCE S PRI AS T T [P R Y v (2 i 5K T 4 24 R
()R 1R 7 2 3 W R 7 it 520 A8 T I AE [P U A 2R oA W 5
25 1L B ] 05 2240 W 7 325 38 W E ZK R it L 1R 28 AR T
Y& NFZRI P BN B2 . AR5 4 58 I RE KO %
MIAZ EAE F T4 SR R RE AN = 5 R b il B 25 1)
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Effects of irrigation and nitrogen regimes on dry matter dynamic
accumulation and yield of winter wheat

Song Mingdan®?, Li Zhengpeng'?®, Feng Hao'?***
(1. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China;
2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China;
3. Institute of Water Saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China)

Abstract: Wheat yield formation is mainly dependent on dry matter accumulation, which is influenced by irrigation and
nitrogen input. It will be very helpful for improving yield to understand how irrigation and nitrogen affect wheat dry matter
accumulation. Field experiments over 2 years with three-level irrigation and four-level nitrogen input for winter wheat were
conducted during 2012-2014 in Guanzhong Plain located in Shaanxi Province, China. Dry matter accumulation with growing
degree day was fitted by Richards function, and 5 derived characteristic parameters were analyzed using the univariate analysis
of variance (ANOVA) and the multivariate analysis of variance (MANOVA), the result of which was more appropriate when
there were significant correlations among dependent variables. None of the 5 derived characteristic parameters of dry matter
accumulation was significantly influenced by the interaction of irrigation and nitrogen fertilization. None of irrigation, nitrogen
and year had a significant effect on the function parameter b and c. Irrigation significantly prolonged the thermal time required
for the entire dry matter accumulation process and then led to an increase of dry matter at maturity from 10 831 kg/hm? under
rainfed condition to 13 813 kg/hm® with irrigation at wintering and jointing stages. Nitrogen fertilization significantly
enhanced the average and maximum rate of dry matter accumulation, and shortened the thermal time achieving the maximum
rate of dry matter accumulation since sowing. Dry matter at maturity significantly increased from 8 001 to 14 112 kg/hm?
under the nitrogen input from 0 to 210 kg/hm? in this study. No more dry matter was gained from more nitrogen input.
Weather conditions over 2 years had a significant effect on the thermal time entering the rapid growth stage and achieving the
maximum growth rate since sowing, but had no significant effect on the maximum of dry matter. The effect of irrigation on
yield and yield components varied with weather conditions in study period. Irrigation significantly increased the yield and the
weight of 1 000 grains in 2012-2013, however, it had no significant effect on those in 2013-2014. The weight of 1 000 grains
evolved from 35.8 under rainfed condition to 41.7 g with irrigation at wintering and jointing in 2012-2013, which resulted that the
corresponding yield increased from 4.74 to 6.29 t/hm? In 2013-2014, irrigation significantly enhanced the grain number per
square meter from 13 833 under rainfed to 15 749 with irrigation at winter and jointing. Yield and grain number per square
meter were significantly influenced by nitrogen, while nitrogen had no effect on the weight of 1 000 grains over 2 years. Grain
number per square meter increased from 10 414 to 15 911 as nitrogen input increased from 0 to 210 kg/hm?, which contributed
to the corresponding increase of yield from 4.42 to 6.96 t/hm?. No more yield and grain number were gained from more
nitrogen input, which indicated the nitrogen rate of 210 kg/hm? would be sufficient for wheat growth and yield formation. The
interaction of irrigation and nitrogen had no effect on yield and yield components during 2012-2014. The yield had a higher
correlation with grain number per square meter than with the weight of 1 000 grains, which indicated that yield was largely
determined by grain number. Both of yield and grain number per square meter had a strong correlation with the average and
maximum rate of dry matter accumulation, which indicated improving the rate of dry matter accumulation would be a
promising measure to raise yield in the future. This also indicated that nitrogen was the limited factor to wheat grain yield
improvement in this study area. The results obtained in this research provide scientific basis and valuable information for
selecting the optimum irrigation and nitrogen regimes in semi-arid regions of China.

Keywords: water content; nitrogen; crops; Richards function; yield components; interaction of water and nitrogen



