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Effect of planting density on grain yield, physiological traits of winter wheat

grown under the oasis conditions of Northwest China
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Abstract; The optimum planting density is needed to achieve maximum crop yield. The effect of planting density on grain
yield, agronomic and physiological traits of winter wheat cultivar Linkang No. 2 was studied under the northwest oasis
condition of China. Six seeding rates from 225 to 450 kg hm’ (275 to 516 plants - m ™) were evaluated. Significant
differences in grain yield, spike number per unit area, kernels per spike, kemel weight, water use efficiency ( WUE) ,
spikes per plant, stems per plant, leaf area index ( LAI) , plant height, photosynthetic rate ( Pn) , transpiration rate ( 7r) ,
stomatal conductance ( Gs) and the canopy apparent photosynthesis rate ( CAP) were found among the density treatments.
The highest grain yield (8650 kg hm®) was obtained with the planting density of 390 plants-m >. Grain yield was highly
correlated with spike number per unit area (r=0.89** ) , but not with kemnels per spike and kernel weight. The grain yield
in this experiment was not affected by Pr, Gs and Tr of the single leaf measured on five occasions throughout the growing
period. However, a significant correlation was found between yield and LA at the early and middle grain fill, and with CAP
at anthesis. The change in Pn, Tr or Gs for the growth period for all planting densities was bimodal with peaks at heading
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and early grain fill. The highest value of Pn appeared at heading, but those of 7r and Gs appeared at early grain fill.
Although highly positive correlations were observed between the means of Pn, Tr and Gs across the five times of
measurement (r=0.94"" 100.97 ** ), their correlations at different growth stage still showed considerable differences (r =
0.531t00.99°). Pn, Gs and Tr for the single leaf showed were not significantly correlated with CAP.

Key Words: plant density ;agronomic trait ; physiological trait ; grain yield ; winter wheat
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Table 1 The differences of agronomic traits and grain yield among planting density treatments

S r ot Mems o wmms o Gobn Gy moi
treatment ( kg-hm ~2) (Plants-m %) (kg-hm2mm™!) (kg-hm~?)

T1(225.0) 275dC 3.23aA 3.95a A 8.19b A 6963.0 b B 5.42bB
T2(262.5) 345 ¢ BC 2.84 ab AB 3.42 ab ABC 9.04 ab A 7770.4 ab AB 5.93 ab AB
T3(300.0) 384 bc B 2.55 cA BC 3.79 a AB 9.13 ab A 7941.3 ab AB 6.38 a AB
T4(337.5) 390 bcB 2.61 bc AB 3.23 ab ABC 10.10 a A 8649.9 a A 6.52aA
T5(375.0) 424 b B 2.25 cd BC 2.72 be BC 8.06 b A 7055.7b B 6.14 a AB
T6(450.0) 516a A 1.84dC 2.30cC 8.17b A 7156.4 b B 6.24 a AB
#1{H Mean 389 2.55 3.23 8.78 7589.5 6.10
BAZREPR(%) 87.8 75.5 72.0 25.3 2.2 20.4
BRAK CV(%) 20.7 18.7 19. 6 9.1 8.6 6.4
ot 3 SPU ALK FAE # e SR
ceatment(kg-hm -2y (SPke™ ) KPS TKW(g) PH(cm) H BYP (g/plant)
T1(225.0) 835b A 21.05 ab A 54.65a A 79.63b A 0.48a A 2.50aA
T2(262.5) 975 ab A 20.25b A 53.61 ab A 85.29 ab A 0.43aA 2.62aA
T3(300.0) 974 ab A 20.88 ab A 53.24 ab A 86.24 a A 0.46a A 2.67aA
T4(337.5) 1016 a A 22.00 a A 53.27ab A 83.89ab A 0.47aA 2.72aA
T5(375.0) 950 ab A 21.05 ab A 52.16 ab A 83.41 ab A 0.48a A 2.55aA
T6(450.0) 942 ab A 20.40b A 50.68 b B 83.37 ab A 0.50a A 2.41aA
#1{H Mean 957 20.94 52.93 83.64 0.47 2.58
BAEREPR(%) 14.9 8.6 7.8 8.3 16.3 13.2
BRAK CV(%) 4.6 3.0 2.6 2.7 5.0 4.6

WHANRATERSERTERABE, FELER A LSD &, /NEMAE F/5-HF0R 0.05 H0.01 KFPHBEHKK  Means followed by
the same letter are not significantly different based on Least Significant Difference test( LSD) , small and capital letter are significance test at the 0. 05 and

0.01 probability level, respectively

PPU . Plants per unit area; SPP; Spikes per plant; STP; Stems per plant; WUE ;. Water use efficiency; GYU: Grain yield per unit area; BLAI. The
Bigest leaf area index; SPU, spike number per unit area; KPS kernels per spike; TKW . Thousand-kernel weight; PH . Plant height; HI. Harvest index;
BYP: Biological yield per plant;CV: Coefficient of variation; PR; Percentage of range,PR = ( Max. — Min. ) / Min. x 100; T[] the same below
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Table 2 The correlation coefficient between agronomic traits

PPU BIAI SPU KPS TKW PH SPP STP BYP GYU HI
BIAI 0. 65
SPU 0.30 0.8~
KPS -0.18 0.33 0.36
TKW -0.99%** -0.52 -0.16 0.28
PH 0.36 0.73° 0.77* -0.19 -0.26
SPP -0.99%** -0.63 -0.26 0.20 0.99** -0.36
STP -0.90%% -0.42 -0.16 0.18 0.94%** -0.11 0.90**
BYP -0.33 0.49 0.76~° 0.54 0.47 0.55 0.34 0.47
GYU -0.04 0. 67 0.89°* 0.53 0.20 0.57 0.11 0.22 0.87°
HI 0.47 -0.04 -0.48 0.16 -0.53 -0.56 -0.49 -0.50 -0.67 -0.55
WUE -0.15 0.58 0.84 = 0.56 0.30 0.49 0.22 0.30 0.87 = 0.99** -0.57

* FREFRBE(P <0.05) ;= « FRERBEF(P <0.01) = Significant at P < 0.05 ; * = Significant at P < 0.01; T[] the same

below

MHERERERNIAHSE , LA KD RSB RBESHNE R, ™ BREKN T4 44
BN ERRA R LAL, MRS R AR BB S LA $3fH(r =0.72) R RS &XAET N LA #A
IEARHEH(0.35 ~0. 84" )  JLH SN AIAA P A9 LAI IEAHCERE (r=0.81" ~0.847),

FAL AT BB LAI R AL ED 2 Bt 2 (1B La) , UG (E 3 H BRAESHAESY , HG M A P 2R 2558 (LA TR,
AbERIE] LA 225 oKk, A BRIGIE SRS LAT B9 PR 70 CV R TR ~ JFAER . E3RAT. 5 AL BRI i) PR
N T72.2% ~T73.6% ,CV 4 18.4% ~20.3% ,MIRT 80 ~ FH4EHH LAI & PR 5 20.4% ~29.2% ,CV 5 6.4% ~
9.3% . FERAMR LAIEFIRHN T4 >T3 >T5 >T6 >T2 >Tl, M LAl =T B SIEMKE , T4 FXEER
%, ET IR PR A CV X8/h, 403 162. 5% F1 39. 0%, i H E AL B A T AT/ PR v 188. 3% ~
278.7% ,CV 5 39.4% ~48.8% ,

2.2 FEABEEDLAER FEER AL EEZRLAREER

WX AMEAER(Pn) ERBER(Tr) VSIS (Gs) LR EER(CAP) RAWI B, Bk
TFAEHRY Pn JHAEHIRY Gs ABRIRIBLA B2 2540, HARE R Pn Tr Gs LI K& CAP 7EALBRIRIF7E B & 2
5o KPR BERF ) T4 7ETFE/E RABKE PnTr 71 Gs(E 1) ,JFAEH) CAP (L T4 Hemi (B 2) , XA AER
T4 m R EERE

M CV Hl PR FINMEIRRE , RN Tr ¥ Gs B WRT Pn, AbFRE Tr,Gs . Pn SHHEIRY CV 39{H I H
42.6% .41. 6% ,20. 8% ,PR H{E 45377 281. 0% ,324. 8% ,108. 5% , - ¥R [8] P Tr F1 Gs B9 225 LAY BAAIE
KPR 8 NETHIRUEZIERE , R B (T1.T2.T3) i Pn AT IR T RER L (T4.T5,
T6) AR AL BAFHAE Pn 1 CV ¥ KT 36% ,PR X 187% ~308% , it 2 AL HE CV ¥/NTF 25% ,PR Xy
68% ~83% ,

AFREEALT PnTr | Gs 704 T IR B AR AL ZEACHT 2 X0 o 28 (1] 1b [ 1c J&] 1d) ,  E WM SR B HH =
FHRIGFFEBE TR, =F R R H BB AR SRR, Pr BB ORIE(E H BRI , T Tr.Gs &%
RIGAR H BUAETE S RIS , 3% T BE S A R SR A= SRR BBt Pn # Tr, Gs BOREIAA A Ko

FFAEIAFITE SR PSR CAP AR 2 5 B8 (1B 2)  ALBIR] CAP ZRER AT IEH, K P CAP
B PR 4 80.7% ,CV % 21.3% , i FFAEH CAP ) PR 5 40. 8% ,CV 2 12. 2% ; AL HH CAP =N T4 > T3 >
T2 >T6 >T5 >T1 (& 2a) , TS -3 CAP REE B B3 KTl / (B 2b)

HRARI (R 3) , ZANER Pn.Tr Gs IERFERZEIEMXK(0.947" ~0.97"" ) LU Tr 5 Gs |8
B SCE BT —F R A AR B IEAESR(0.9477 ~0.99™" ), BAMERM =% M XENRERA
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Fig. 1 Change of LAI(a) , photosynthetic(b) , transpiration rate (c)and stomatal conductance(d) at different growth stages

TI; 4BEHA Tillering; JO:3%835H} Jointing; HE: §lif8#] Heading; AN:FF7EHA Anthesis; EF ;% 3Z#)#} Early grain fill; MF .7 3% ##}] Middle grain
fill; LF . #3254 Late grain fill. T [F] the same below

16.0 - a a 250 a b
14.0 - p X ab
zZ al o _
A 120 b b ab ab ({) 20.0 ab ab b )
‘E 10.0 g 150
S 80 S
=]
\‘Eﬁ 6.0 — é 10.0 -
a8 Ay
< 40 <
50
&} 20 L @)

TI1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6
b3 Treatments

B2 FFER(a) JER P (b) RS EALIE CAP R
Fig.2 Differences of CAP among different density treatments at anthesis (a) and middle grain fill (b)
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RAEEEALBE P Tr Gs .CAP FEE BE R, BAN PN ERK M P Tr G SHAFEHBAE L
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Pk, CAP ) SRFARR S T AP R B R REB . FFAER CAP 23 5 A T AR (0. 9477 ) (LAT
(0.857 ) \WUE(0.917" ) HatRAY ™ &(0.817 ) R BEBIRBHIEMX, EXTH CAP BREHATE N
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WUE , TRIEH TR E K, BTN Tr.6s 5 Ak EY= 8 B E TR B ERMK, Pn.Tr G SHAH
PSS RRL R BEMEAE 2K, InBCW 8 Tr S AR -0.787 ) JER P Tr SHR%(0.767 ) BE M
K, TR PR Gs 73R SREREE E IEAX(0.787,0.867 ),

£3 TRAMBLGER ZEBELE SASENRELSEEZ ANAXRY
Table 3 The correlation coefficient between Pn, Tr, Gs and CAP at different growth stage

TE Tiem S A T 7S G B RE CAP
Growth stage FFAEH AN R PH MF

HEEE Jo 0.70 0.86° 0.01 0.00
Pn HE 0.59 0.65 -0.44 0.51
AN 0.68 0.63 0.29 0.22
EF 0.92°° 0.93°° 0.29 0.24
MF 0.55 0.53 0.13 -0.14
Mean 0.97°° 0.97°° 0.06 0.19
EEER Jo 0.75 -0.58 0.18
Tr HE 0.99°* -0.62 0.13
AN 0.99°* 0.60 -0.42
EF 0.99°* 0.00 0.34
MF 0.97°° 0.20 -0.07
Mean 0.94°° -0.11 0.09
SILBE Jo -0.21 0.34
Gs HE -0.69 0.11
AN 0.60 -0.46
EF 0.00 0.30
MF 0.30 -0.05
Mean 0.14 -0.01

F4 TRAMHBESMERAEZE BHFLGEEESRZERAHHEXRY
Table 4 The correlation coefficient between Pn, CAP, agronomic traits of winter wheat at different growth stage

HEEE Pn Bt EER CAP

JO HE AN EF MF Mean AN MF Mean
SPU -0.28 -0.57 0.13 0.15 0.36 -0.04 0.94 % -0.46 -0.07
KPS 0.61 0.31 0.69 0.64 0.11 0.60 0.50 0.02 0.25
TKW 0.05 0.33 0.27 0.28 -0.19 0.15 -0.04 0.92+* 0.97°*
PH -0.52 -0.93** -0.46 -0.43 -0.06 -0.63 0.69 -0.48 -0.20
SPP 0.02 0.42 0.29 0.30 -0.12 0.21 -0.15 0.97** 0.97°*
STP 0.13 0.17 0.15 0.13 -0.48 -0.04 0.03 0.84 = 0.92°*
LAI 0.02 -0.60 0.02 0.01 0.10 0.05 0.85 = -0.52 -0.39
GYU -0.04 -0.27 0.43 0.45 0.23 0.19 0.96°* -0.11 0.31
WUE -0.02 -0.18 0.50 0.52 0.24 0.26 0.91°* 0.00 0.42
PPU -0.02 -0.38 -0.20 -0.21 0.18 -0.13 0.21 -0.97%® -0.94"*
BYP -0.12 -0.39 0.17 0.17 0.01 -0.07 0.81 = 0.11 0.49

FRAA LAI RS Pn 1 CAP Xt iR HAE{E  The LAI have the corresponding measurement stages with Pn and CAP for correlation analysis

3 itig

3.1 RIS REW B 275 ~516 EAW -m 2 IEEIA, RSB 2. 23(1.30 ~2.95) , P BEHER
FHEECR 1.55(0.84 ~2.23) , 2558 5 B BAARTELN 39.3% (31.0% ~54.4% ) , =B =B A FHRBER
TR ER BT, 2 B H7E 20 ~22 %7.50.7 ~54. Tg 2 8], 7= B 19 5 1 2 E B T o T BB 39

P
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FREZMHELHREANS BfREAE X, O 5ERHREXRET ., MENETIRET 58S
i 25 B E AR B 3 BB, LAH TR 78 3 B A R T JL P Bl X, SRR I AR AR e T/ R 95
Akt , AR TR R, AT UK ERBEZE R JERA R, RA R FRRMTE R, REIEEiH
Z(1996) SRENEAFESLKBR 22 MMBEFRFRAEHD  REL BN EFLBRX T EE X
6750kg-hm L) |, Hy= B g B K H T BB AR 3 (R 2B8) i F : 377 (150 ~900) A -m 2,
676(375 ~1164) Fl-m >, FRI$7 30.9(24.6 ~42.0) , FhiTH 40. 8g(36.0 ~46.0g) , T 2H 5 BARTESRL 55. 7%
(22.0% ~90.6% ) , it BRI, Zh F Bl X BARIG =5 7 , 75 70 A ) 24 3 BT B kL R 2 1R 9 A A0
SRR b, S 2RISR IR B G, B WA R AN A E BT, ZENER—EMENE,
ZRERSENER, SENFESSRZEMNSERBRNRKOEHEX, FEEREELAET/INER
ER, EEEL B IR, —BAH 900 BAH -m LR 1050 B -m 7 FERIE 25 BiEA, LAl B
BT ~9, HEHEAMKGSAIE T 14385kg-hm " HIR=IEFR, HPE B4 R 1164 T -m ™ BRI 29
THE 42.2g, REILAKY—BL/NE=X FERIEERE KEPERBRER,

AR, LGP 2 5 0 RRH ERIFE. /AR R /NE B, 7 L ZE X P 7770 ~
8650kg-hm ~* & = KT, E 345 ~390 E AW -m >, 125 974 ~ 1016 F-m 2,
3.2 ZAREELEN FAFE S5 NER Pn . Tr .G WA BEMRX, TEEHXNERELZFH
B, FEREETERE . F—, FENERE R EETHHRANE LR, =] R INZARE L YIsin i
HERZm , LHZ Pn.Tr.Gs S BA N Btk B BT S T8 57 818 BE M X227 DIEER,
WREH MR, HATREHT B SEAN S EN K Pn B3EIEH X, Richards A M AR T, M4
THERHFER | H e A AR E s EERE ™, Poonam 4 &3, 7EIEIS LAl T BRI 4R 1)
BEI R B AT WAEE R ARNEERRE™ . ARR GRS 85 LA L RN
H LAl BETFA X, BAR™  BHRE" PRy, =B8RS E IR AR £ R B, ABRE
BB R K A T TR IhE, R, R BB E T TRSENELED 8- 3
B 5HEL S SR BHREXRATEE ., NRBAH BN ER Pr.Tr.Gs H4EXT M, HIEBK 25K L
BRI, AR 2RERERI . AREIMA TR GRE KD CO,ERREMZRBR, LEMH LT
BREFMITEMEE AN, Krenzer FH A, HIMFLE SRR ER=BAEBRKWIER,BFE5
Pn. Tr F1 Gs 2 [ 3A =B AR LM, AN T RSB B H A X B4 G M EE RO AR
MEF=BIMEXE ., AMRRINEETEHIN CAP SiFRiF=8 R IFM X 2R F I CAP £
B 1g COpm™>h™"' FPRy= B 5 1140kg-hm > | AP tiE PR 8 5 T 6 10 E B9 CAP & IE
R, B SERMEN CAP FRABE,
3.3 SHAAEANA R COFKAHEHEITI, Prn Tr Gs ZRIMREAF £ Y45 LB R, B =F A%
PR R/ NEEREAE T B2, X 580 P Tr,Gs FF R E R A AR LK E —H T EE ST Pn Tr.Gs
HIR MR AFAE % BIANE R Pn Tr.Gs ZIMRLZIEM %, A B 2 25K ERMB/NSREK Tr 71 Gs, (B
HA—E SRS Pn BESHIBER
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