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Effects of irrigation mode and sowing density on photosynthetic
efficiency and yield of spring wheat in Northeast China
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(1. Crop Research Institute, Liaoning Academy of Agricultural Sciences, Shenyang, Liaoning 110161, China;
2. College of Agriculture, Shenyang Agricultural University, Shenyang, Liaoning 110866, China)

Abstract: The purpose of this study was to examine the effects of optimal seeding density and irrigation meth-
ods on wheat photosynthesis and yield, and to explore the potential for increasing the yield and profitability of the
Liaoning wheat variety, Liaochun 33’ . The split-plot design with two factors was adopted. The irrigation modes
were the main area, including two sprinkler irrigation modes (P1; one sprinkler irrigation belt served 10 rows of
wheat; P2 one sprinkler irrigation belt served 12 rows of wheat) and two drip irrigation modes (D1 one drip irri-
gation belt served 6 rows of wheat; D2 one drip irrigation belt served 8 rows of wheat). The sowing density levels
were 225(M1), 262(M2), 300(M3), and 337 kg - hm™>(M4). The results showed that the photosynthetic char-
acteristics, SPAD value, leal area index and yield of spring wheat under drip irrigation were higher than those in
sprinkler irrigation. The yield of irrigation treatment D2 was 2.15%, 4.57% and 6.16% higher than D1, P1 and P2 at
the same seeding density. Under the same irrigation mode, the photosynthetic characteristics, SPAD value, leaf area
index and yield of M3 density treatment were better than M1, M2 and M4 treatment, with the increase ranging from
2.44% to 10.75%. The grain yield of spring wheat treated with D2M3 reached 7 025.48 kg + hm™, which increased by
1.24% ~15.90% compared with other treatments. In conclusion, one drip irrigation belt serving 8 rows of wheat with

the seeding density of 300 kg - hm™ can be recommended for the spring wheat planting mode in Liaoning Province.
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Table 1  Analysis of variance of irrigation mode and sowing density on photosynthetic characteristics indicators
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PR EL (LA 5 2 % 5 (SPAD) (¥t A R
(P,) ZEBHAR(T,) SR (G,) 2k W3 EA
KRR KRBT M 0.795.0.672 .0.677 .0.871 ,

0.924; T 5 HalE] CO, M (C,) FEM 3 AR &R
(FHRREHN-0.924) , Z P HERHIESES 81
AR IR K, I 33 P SR AL T
FHICEd i, 506 A FR TR bR 22 [A] 22 B0 0 A B 3
FIAE G
3 1’
30 AREBEANBHZEERENETERT
=g ) Al
PO TR RUREER | Rk H5ORD Ty 2 B A 7 i
A E SR TE S ATV s Sl b L R )
FERIN, BT TR FE iy =CaA R = AR L X
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Table 2 Effects of different treatments on yield and yield composition factors of spring wheat
T AR s BE % R4 . P4
Irrigation Sowing Spike number Grains per 1000—erai (eht/ Grain yield
mode (1) density (M) /(10* - hm™?) spike gram weight/’g /(kg - hm™)
M1 589.56+12.81a 31.11+2.04ab 36.78+1.96ab 6648.47+104.27ab
P1 M2 575.33+17.02ab 29.89+1.71ab 35.43+1.52ab 6335.19+£207.57bc
M3 603.22+11.55a 33.44+2.59a 37.68+1.61a 6773.27+£107.62a
M4 554.00+15.90b 27.56+1.84h 34.12+1.14¢ 6010.27+245.58¢
M1 577.11+£12.69a 29.56+2.01ab 35.62+1.55ab 6505.09+59.31ab
- M2 559.56+21.84ab 28.33+1.67ab 33.37+1.89b 6304.53+27.04b
M3 588.44+12.61a 32.00+2.08a 36.32+2.12a 6618.37+91.55a
M4 535.33+26.30c 26.33+1.86b 32.04x1.41c 5908.67+254.10c
M1 602.22+12.61ab 32.56+2.01ab 38.19+1.46ab 6752.28+136.90ab
DI M2 590.22+10.75bc 31.44+1.50bc 36.62+1.51ab 6523.64+201.16bc
M3 617.44+12.74a 35.11+2.04a 39.24+1.52a 6938.57+100.03a
M4 571.67+14.38¢ 28.56+1.50c 35.48+1.41b 6205.63+266.40c
M1 625.56+8.64ab 34.67+1.67ab 38.94+1.54ab 6915.86+157.08a
D2 M2 606.78+15.22bc 33.22+1.50b 37.86+1.15ab 6701.99+193.21a
M3 635.00+7.09a 36.33+1.67a 39.88+1.40a 7025.48+138.19a
M4 593.00£12.39¢ 30.22+1.50c 36.60+1.13c 6357.71+209.21b
T 2531 ANOVA
I * ns ns *
M * ns # Y
IxM E * * * %
1 RS R NG 1k ] — AR T 45 b 3 ) 25 5 W 3 (P<0.05) .
Note: Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05).
#x3 BMEFESAEHEIERZBINEXRE
Table 3 Correlation coefficient between yield and photosynthetic characteristics of spring wheat
ok I T AE B LSS S EED g R A KIS JlH] CO, e BE R
Index LAI SPAD P T, G, C; Yield
IR SR & AT 1.000
M43 & i SPAD 0.897 " * 1.000
HOLAHR P, 0.854** 0.876" * 1.000
MR T, 0.831" " 0.844" 0.811** 1.000
LT 6, 0.788" 0.729" " 0.738* " 0.901" * 1.000
JaIR] CO,#E C; -0.818* -0.701* -0.675" " -0.868* * -0.940* * 1.000
e Yield 0.795" * 0.672" " 0.677" " 0.871" " 0.924* " -0.924* " 1.000

AR /NGZ P AT I VR Ak B R R R R, X ]
FE S R MR TR AT s AR DX K AR 78 4 B R e
K A3 ¥ 5 LR ) B BRAR R AT A R /)N
A2 0vBE | [IRHIRGZAE Jo i i R R R Oh A
VEFIHETA B T2 B 5 W8 2 i LR AR
W5 R B, D2 b3 B/ NA 7 4% D1, P1 Fil P2 4b
PR BIHEES 2.15% . 4.57% F1 6.16% , i #E AL B (D1
1 D2) By 7= FEA AR ASOR T 2 2 v I A
FL(P1 AT P2) X 5T ABIBFIES R —2, nTRE S
TR T 32 /N A A A o B S ) e T W K A3
ATANES) | T T AR 8 K 4 38 50, 1 Bk 2 78 40 HF
KPR IE A BT =T

B S S R B, BRI B G, /N
T AR RIOZ W 3 i, AR S T e D) 52 T
FaH, AT, AR [F) 7 AL PR /A R B
KA, T-RLEE BI/E M3 AL PR A ) fe A, ™ s K]
R RE K BB o 22 e in s B AREa 3, i 1
X 23 PR o B T 4R T /N A R A | {EL R e
R T, AT ke B, A O
ol B 52 A 3 S 7 e R M N B LT Ak
PRGN 22 1 g 7 MRG ™ RO T W 98 A B, G
D2M3 A B S AR 1 DR 28 3R B e, Ul A 8
R IR TS 8 4T/INAE O EIEAS S g b o
JEVCE N 300 kg - hm ™ AF TR /N
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32 AEEBEXBMZEENENEZEMNXE

MR R M

TR B0 i /N 22 BEAR OG0 A 5 R, 2
INZEPERAR T SERE " AHIR ST B T Ak B 1Y
I T AR S B v T AL B X R BB T E TR
IR RREE 3 AL 25 2= B M bR, A7 R T o 1 AR v
n s [ —E RS T, /0N 22 T o i T AR g £ Bl 4% b
WK TR TR A a3, I A 7% b 2
J& 300 kg + hm B3k B 5 K, 13X R B 2% 5 0938 in A
TR T/ IN 22 v T RS SR R 1 g e (%% 1 3 Tl
Ty i BBV Y O R A 4 Ak, e A RE TR A, I
AR, DT it i 1 RS B AIC £5 b HL2 &
TEAL)S O d Bt AR B0 &, B &2 B R R RS
TN AR TS B T R A, W RE B T KT AE RS /N
BT RE B, T AR K, A6 W 5 R AN BE
A, MR R BT AR, X5 ET N B 5 A R
#ﬁz[m-ﬂ] .

B Rt R A B TR AR
SETHVEY I = 1 A T A T S A R 3 o 2
FEY e /N SR R S i, WESE R, A LT
TG TS N RN E M R s
R B /INAE PR 2 RE B3 I, A6 I
SPAD {HZ#i &A™, Ak 56 245 5 5w A A 52 A
oL, Ab BN i SPAD {H BB & & JE A HE g 2 P
FFE—2E N T R T R S 7 d
IR E A, X AT IR A Toie o] A e i 7y =C 38 P e 1
INETEE SRR M AT A K R B OCHERT I R kK,
AR RS e R S, AT e e
B ABESE R D2M3 AR BE R SPAD {5 T H Al
AbBE AR X A3l L R P A R TR
I ER R B, R R R R /N
A lEfeRE T,

HEAERVEM Y 7™ 58 B0 A= IR, /N A
B R SR O AR DI Y ol f
R(P,) FEEHEFE(T,) RILFE(G,) FHEE COo,
W RE (C,) S W 56 A 1 R A A 7 i AR
SUF L R RR ) M AR 2 S R
RO S E R EE R A g5 JF5E
RIN, TEAL R /N | G R A B IR R
T a AR AR bR FF RS 6 d 3B B RE; C,
WL BU NS TR JG L TH R a3, T HE 2% Fi b 3 4
S L F AE)E 24 d KB R RME, B 5 M N, A
WL R/ NZ TN POFI G FE PRI TR E T
REkas JEI5 7 d IRBIEAE ; ¢ 2B T LT A2 4k
I T AR F AR HERS B T T R, X SR

REERAFAEZ T Y ARIFFE KB, D2M3 4h B
B P, G AT T HABAL B ¢ AR T HoAd kb 2, AT BE
JE—ATNE IS5 8 11 /INZE R TT B A ) A B K
WA KT B E N A AR R K o
FHE [R5 B A 300 kg » hm 27K, 104 33°
BEURZEAE & 31 ARG G RS AL B RS n,
PEHE T CO, B W R A 25 1, 3 80 CIE BRAK;
P2M4 ZhEE) P, G A T AR T HABAL . C, & T HAt
AbFR AT A S I A IR K 0 RE NS T A0 4 Ak A
T2 A R SR A K, R AN T AR I - 22 s 3
%, R CO,HeBER S50 ¢ AT
FASEME AT B, /NZE 7= 5 TF A6 W T v 1
RS M X &8 P, T, G 2 W 3 IEAHCC
2,5 CEWBERMICCR, WA UGER
INEAE SR R B R R R B X
MR P, .G..C, R T, IR A 8 355, HOoR A K
BT H B A 2 CORGE SR T A RS A AT R
SRR R EE ST, IR THT TR /NE P

4 25 g

S AR AR L, — S5 IS5 8 11/NAZ T
4300 kg + hm 2 HEFR A A AT G ARG I /N A T
TR A, O O R, B2 5 SPAD A,
HE IR T b7 B R B8, DA I 2 B R R N A
P R AR B SPAD B L Tk ER R DR B0
R 5.54% ~ 82.03% .6.57% ~ 69.90% . 1.61% ~
24.44%F 3.00% ~37.97% , ;= HEHE 5 1.25% ~ 18.90%
AT U 320 Wy =R 49 o 2% 2 TC 8 AT A S 3T R/
38 H ARG RS THET I o

& % X k.
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