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Effect of planting density on population quality, chlorophyll
fluorescence parameters and yield of wheat
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Abstract: To further improve the wheat population quality, the differences in main physiological indexes and yield
of Wanmai 52 and Yannong 19 under different planting densities were investigated. The results showed that the leaf area
index of Yannong 19 was higher than that of Wanmai 52 under basic seedling 120 x 10* plant-hm~2(M1) and 210 x 10*
plant'hm_z(MZ) , while was lower than that of Wanmai 52 under 300 x 10* plant * hm~2(M3) and 390 x 10* plant *
hm~2(M4) . The chlorophyll content at each growth stage and each chlorophyll fluorescence parameter ( Fo . Fm . Fv/
Fm qP .ETR and @) at filling stage of Wanmai 52 and Yannong 19 were decreased with the increasing of planting
density, and the difference between the two wheat varieties was insignificant under the same planting density. The yield
of Wanmai 52 and Yannong 19 had a change trend of first increased and then decreased with the increasing of planting
density, the yield of Yannong 19 was higher than that of Wanmai 52 under M1 and M2, and increased by 13.4% and 2.
4% respectively, while under M3 and M4, the yield of Wanmai 52 was higher than that of Yannong 19, and increased
by 10.7% and 1.0% respectively. The economic coefficient of Wanmai 52 and Yannong 19 was decreased with the in-
creasing of planting density, and there were some differences between the two varieties, but under the same planting den-
sity was insignificant. Correlation analysis revealed that the actual photochemical efficiency (@) of wheat leaves were

positively correlated to dry matter weight per stem, chlorophyll content with the shape of a straight line; the leaf area in-
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dex was negatively correlated to dry matter weight per stem with the shape of a straight line, and had a parabolic relation-

ship with yield. All the findings demonstrated that the suitable planting density of Yannong 19 was the basic seedling 120
x 10* ~ 210 x 10* plant*hm =2, and Wanmai 52 was 210 x 10* ~ 300 x 10* plant*hm~2.
Keywords: density; dry matter weight; chlorophyll; chlorophyll fluorescence; yield
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Table 1  Effects of planting density on dry matter weight per plant (stem) of different wheat varieties at different growth stages
s A B i e A
Density Variety Jointing stage Heading stage Flowering stage Maturity stage
M1 WM52 2.32+0.14 b 2.05+£0.09 a 2.64+0.15 a 3.79+£0.11 a
YN19 2.55+£0.08 a 1.94+0.04 ab 2.55+0.12 ab 3.62+0.08 b
o WM52 2.26+0.05 be 1.87+0.11 be 2.49+0.13 be 3.56+0.08 be
YN19 2.41+0.07 ab 1.80+0.07 ed 2.39+0.03 ed 3.46+£0.06 ¢
3 WM52 2.15+0.06 cd 1.77+0.05 ed 2.36+0.10 cd 3.23+0.08 d
M
YN19 2.09+0.09 de 1.69+0.09 de 2.31+0.05 de 3.18+0.05 de
WM52 2.13+0.06 cd 1.59+£0.05 ef 2.18+0.05 ef 3.08+0.06 ef
M4
YNI9 1.97+0.06 e 1.55+0.07 f 2.09+0.05 f 2.98+0.07 f
AR (P {H) Significance test (P values)
5 Density 0.0001 0.0001 0.0001 0.0001
FaFf Variety 0.2369 0.0199 0.0361 0.0045
FEE X Al Densiy x  Variety 0.0043 0.8488 0.9522 0.6135

T R AR 8 « bRifiE . B8N E AR RNG 7

BEFIRAE 0.05 K L 2EFBE(P<0.05),

i 52(WM52) s M4 19(YN19) . % % .

M1(120 x 10"+ hm™2) ; M2(210 x 10*#% -hm~2) ; M3(300 x 108k -hm~2); M4(390 x 10*#% - hm~2) 5 & 15 W1 A Bk T4 2, S0 00 . T 46 1 0 i 22

W T

Note: Values are means = SD. Small letters in the same column indicate significant difference (P <0.05). Jointing stage: dry matter weight per plant;

Heading stage, flowering stage and maturity stage: dry matter weight per stem.
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Fig.1 Effect of planting density on leaf area index of

different wheat varieties at filling stage
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Table 2 Effects of planting density on chlorophyll content of different wheat varieties at different growth stages ( SPAD values)

T HAMRE TN By, RA B R s R &

R st A P R e e U]
Density Variety Jointing stage Heading stage Flowering stage Middle of filling stage
WM52 42.63+£2.89 a 49.23+£2.60 a 61.00+£2.95 a 40.20+1.83 a
Ml
YNI19 40.73+1.93 ab 47.83+2.35 ab 60.13+1.99 ab 39.00+1.44 a
. WM52 39.97 +2.77 abe 47.30£2.25 ab 58.83+1.27 abe 38.73+3.59 a
YN19 38.37+2.96 bed 46.33£3.68 ab 58.37+2.72 bed 38.23+3.00 ab
3 WM52 36.67+1.16 cde 44.50 £ 1.35 be 57.57+2.16 cde 34.47+1.85 be
YNI19 35.53+1.63 de 42.07+1.85 cd 56.03 +1.70 def 32.40+1.35 cd
4 WM52 34.83+1.95 de 41.57£1.91 cd 55.67+1.86 ef 31.73+1.33 d
YNI9 33.07+2.21 e 39.63+2.51d 53.57+2.44 ¢ 29.83+1.64d
BE MRS (P {H) Significance test (P values)
HE Density 0.0001 0.0002 0.0001 0.0001
FaFf Variety 0.0866 0.1085 0.0534 0.1449
P X Bl Density X Variety 0.9900 0.9556 0.7718 0.9262

T R R T35 = dRifE 2 . KIS ARF/NE FEORTE 0.05 K P E2ER B (P <0.05),

Note: Values are means = SD. Small letters in the same column indicate significant difference (P <0.05).
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BEG il B A 38 00 (3 3), WMS2 il YN19 &+
BAICSEBAA L T, M1 T WMS2 F1 YNI19 1
Fo.Fm.Fv/Fm.qP.ETR ﬂt‘ﬂ@psﬂbbmﬂ:l\/m T4 B
XL B 5 G S BUE, S g m T 14.6% .8.7% .
10.5% \37.1% .25.0% . 13.6% 1 18.5% .12.2% .

8.1% .43.3%.25.3% .16.4% , H. 25 54 KR 25
F(P<0.05), F—%ET,WM52 KHEHLNSH
HE T YN (HESEREE . WL ESHraT L

SN RE 2 BE S AR/ N R RO SR,
A A R R VO S — R 2 7 (AR,
B X S R VS BN R2 KT SR Rl ) 25 57
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Table 3  Effect of planting density on chlorophyll fluorescence parameters of different wheat varieties at filling stage

R A IR RPN RIOEREE SRR TRl S deR
Density Variety Fo Fm Fv/ Fm qP ETR i
WM52 63.50 a 376.17 a 0.918 a 0.480 a 42.70 a 0.753 a
M YN19 62.77 a 370.97 a 0.882 ab 0.463 ab 41.23 ab 0.737 ab
WM52 60.57 ab 366.40 a 0.873 be 0.430 abc 39.73 abc 0.727 abe
" YNI9 60.53 ab 365.80 a 0.864 be 0.410 abc 38.30 abed 0.713 abe
WM52 58.40 be 356.83 ab 0.858 bed 0.387 bed 36.93 bed 0.683 bed
" YNI9 56.20 cd 347.53 ab 0.836 cd 0.377 od 33.93d 0.673 bed
WM52 55.43 od 346.13 ab 0.831 od 0.350 od 34.17 od 0.663 cd
" YNI9 52.974d 330.50 b 0.816 d 0.323 d 32.90 d 0.633 d
BEMARIS (P {H) Significance test (P values)
B Density 0.0001 0.0165 0.0008 0.0004 0.0024 0.0035
iRl Variety 0.1986 0.2974 0.0623 0.0132 0.199%4 0.2903
B x FhFF Density x Variety 0.7997 0.8933 0.7981 0.9912 0.9628 0.9720

B R AR RING FREFRRTE 0.05 K B2 R EBE(P<0.05),

Note: Small letters in the same column indicate significant difference (P <0.05).



55 1

S 1) T 45 < bR BE XS /N MR B 2R SR OSBRI 97

2.5 FEMNAR/NESEMHEENTME

e 22 1 38 Jn (1L 2) , WMS2 T YNT9 (17
IR I TR, WMS2 7E M3 T A
B 8 122.4 kg-hm ™2, YNI9 7£ M2 N 7% i fi &5
}37978.6 kg-hm™2, WM52 7E M2 Fl M3 F (1)=&
ZRARRE HHE ML A M4 TR E 2R B
(P<0.05); YNI9 7E M1 #1 M2 = H 2R AR
FHARE M3 R M4 FRY2ER R . RILRT RIS
H, WMS2 (14 7 B B R AR T 210 T ~ 300 7
Fkhm=2,YN19 24 120 /7 ~ 210 7k -hm=2, MJE
IRl & L, fE M1OAT M2 R YN19 i 7= B T
WMS2, 43 B3I T 13.4% F 2. 4% ; 76 M3 Fl M4
T, WMS2 A7 B B YN, 433 T 10.7%
M 1.0% . PRI A] RIAS S 78— 5 Y0 B, 35 4%
WA AT RN 8, AR E T YNI9 A
BRCF I REA ™ SO0 S T AE R R 3 % R
WMS52 RIS R AP AR P i 3

9000 a

8000 b
. o be ¢
75 7000

6000

5000

hm?)
i
o0

i/(kg
Yie

e
H

7

2 BEMAR/NERFEENE

Fig.2 Effect of planting density on yield of different wheat varieties
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Fig.4  Regression relationships of @, leaf area index with dry matter weight per stem, chlorophyll content and grain yield of wheat
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