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Response of Chlorophyll Fluorescence , Photosynthetic Characteristics and
Yield of Yannong 19 to Sowing Date and Density
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Abstract ; In order to understand the impact of sowing date and density on photosynthetic effect and yield of
wheat , the effect of six sowing dates and four kinds of planting densities on wheat variety of Yannong 19 ( Semi-win-
ter and inclined to winterness ) was studied. The results showed that the leaf area index of wheat at heading and mid-
dle of filling stages was increased with the increasing of planting density under the same sowing date , and the sowing
dates of October 10 (S2,normal sowing date) and October 17 (S3,moderately late sowing) had the highest values.
Under the same planting density , the highest values of chlorophyll content at different growth stages and each chloro-
phyll fluorescence parameter (¥ ,F ,F /F ,ETR and ® ;) at middle of filling stage were all appeared at the so-
wing dates of October 10 and October 17 ,and they decreased with the increasing of plant density under the same so-
wing date. The photosynthetic rate, stomatal conductance, intercellular CO, concentration and transpiration rate of
wheat were obviously influenced by sowing date and planting density,and they performed the best under reasonable
sowing date of October 10 and October 17 and suitable density of 120 x 10*/ha and 210 x 10*/ha. The two-year
high yield combinations of sowing date and density were S2M1,S2M2 ,S3M1 and S3M2 ,and the yields of 2011 were

7 892.8,7 978.6,7 996.2,8 020. 6 kg/ha,of 2012 were 7 911.5,7 978.6,7 970.1,8 032.9 kg/ha,respectively.
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Correlation analysis revealed that the leaf area index of wheat had a quadratic parabola relationship with yield , and
chlorophyll content, photosynthetic rate and actual photochemical efficiency were positively correlated to yield with

the shape of a straight line. The study indicated that the suitable sowing date of Yannong 19 in Huaibei area was Oc-

tober 10 — October 17 ,and the reasonable density was the basic seedling 120 —210 x 10*/ha.
Key words: Leaf area index ; Chlorophyll content ; Photosynthetic rate ; Chlorophyll fluorescence
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Tab.1 Effect of sowing date and planting density on wheat chlorophyll content at different growth stages ( SPAD values)
B ] w P e THAEHA R
Sowing date Density Jointing stage Heading stage Flowering stage Middle of filling stage
S1 M1 35.03 +2. 70efgh 42.83 £2.97defg 53.07 +3.93cdefgh 34.00 = 1. 65cdefgh
M2 34.27 +2.72fghi 41.53 £2.611{ghi 52.00 +2.26fgh 33.07 = 1. 46defghij
M3 33.07 +3. 07ghij 40.43 +1.96ghijk 50.43 +2.84gh 32.43 +3. 0lefghij
M4 31.50 +£2. 74hij 39.77 £2.63hijkl 49.57 £3.16h 30.47 +1.90ijkl
S2 M1 41.37 £2.64ab 47.63 £2.71a 59.67 £3.00a 38.90 £2.17a
M2 39.47 +2.81abcd 46.37 £1.99abc 58.70 £2.36ab 37.67 £2.50ab
M3 38.40 +2. 40abcdef 44.63 £2.71bcde 57.33 £2. 16abc 36.57 +1.80abc
M4 37.27 £2.23bedefg 43.57 £2.89cdef 56.67 £2.61abcede 35.63 +1.38abcdef
S3 M1 41.83 £3.00a 47.23 £3.23ab 59.80 £2.45a 38.23 £1.90a
M2 39.90 +2.26abc 46.70 £2. 11ab 58.27 +3.69ab 37.63 +2.11ab
M3 39.07 +2.39abcde 44.97 +3.07abcd 57.07 £2.72abced 36.07 2. 11abed
M4 37.13 £2.87cdefg 43.33 +£3.66def 56.23 +3.33abcdef 34.77 £2.33bedefg
4 M1 37.07 £2. 51cdefg 44.53 £3. 11bcde 56.93 +2. 60abed 35.87 £1.79abcde
M2 35.47 £2.08defgh 43.63 £3.55cdef 55.87 +2.06abcdef 34.17 £2.55cdefgh
M3 34.87 £2.35efgh 42.03 +£3.20efgh 53.57 £2.35¢cdefgh 33.80 +3. 10cdefghi
M4 33.97 +1.48ghi 41.20 +2. 85fghij 52.70 £2.72defgh 31.57 £2. 64¢hijk
S5 M1 35.53 +2.38defgh 40. 13 £2.45ghijkl 54.93 +2.30bcdefg 33.83 +2.30cdefghi
M2 33.63 + 1. 86ghij 39.33 +1.91hijklm  53.57 +£3.33cdefgh 32.37 +2.42(ghij
M3 32.37 +3.46hijj 38.67 +1.89ijklm 52.30 +2. 74efgh 31.50 +£2.35ghijk
M4 30.57 £0.91jj 37.53 £2.25Im 50.77 £2.43gh 29.77 £2.45jkl
S6 M1 33.17 £2.30ghij 39.03 £2.43ijklm 52.10 £2. 86fgh 31.07 +£3. 12hijkl
M2 32.63 +£2.90hij 38.50 £ 1. 65jklm 51.77 £3.09(gh 29.83 £2.62jkl
M3 31.33 £2.94hij 37.60 +1.81klm 50.57 £3.42¢h 28.70 +1.35kl
M4 29.57 +2.97;j 36.53 £1.96m 49.53 £2.80h 27.93 +1.891

T R PRI IR £ A2, BAVRARVNG FHRFIRAE 0.05 KP L2583 (P<0.05), F£2~3[F,

Note ; Values are means + SD. Small letters in the same column indicate significant difference (P < 0.05). The same as Tabh.2 -3.
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Tab.2 Effect of sowing date and planting density on wheat chlorophyll fluorescence parameters at middle of filling stage
N wosonr,)  TRTERE gy SRR
o il (F,)Initial Maximum o B HIEXITA (ETR) Electron (1) .
Sowing date  Density q I photochemical transoort rat Actual photochemical
uorescence uorescence - sport rate -
efficiency efficiency
S1 M1 58.90 £1.93abede  355.70 £13. 58abed 0.876 0. 01bcde 37.40 £2. 11abede 0.623 0. 05abed
M2 57.37 2. 82cdef 348.97 £11.81abede  0.860 £0.01defg 35.37 £1.32c¢def 0.593 £0. 04bcdef
M3 56.13 +£2.55defg 335.33 £17.96cdef 0.850 +0.01defgh 33.93 £1.82efg 0.577 £0. 0dcdefg
M4 54.07 +2.39{ghi 328.43 +£20.46defg 0.836 +0.02ghi 32.97 £2.40fgh 0.553 +0.03efgh
9 M1 62.13 £2.85a 375.47 £12.68a 0.912 £0.02a 41.07 £2.62a 0.677 £0.04a
M2 60.21 +1.55abe 358.83 £17.64abc 0.895 +0.01ab 39.87 £2.30ab 0.653 0. 04ab
M3 59.20 +2.33abed 347.83 £22.84abcde  0.878 £0.01bcde 38.83 £2.51abe 0.633 £0.04abc
M4 57.23 +2.38cdef 337.97 £16. 81 cdef 0. 844 +0. 02fghi 37.73 £2. 17abede 0.617 £0. 05abede
S3 M1 61.77 £2.30ab 372.97 £17.23ab 0.910 £0.01a 40.37 £2.54ab 0.680 £0.04a
M2 59.93 £2.07abe 359.47 £13.00abc 0.892 £0.02abc 39.30 £2.49abc 0.643 £0.05abc
M3 58.70 £2.72abcde 345.43 +13.57bcde 0.873 £0. 02bcdef 38.17 £2.62abed 0.630 +0. 04abed
M4 57.27 +1.65cdef 334.87 £19.37cdefg  0.841 +0.01ghi 37.63 £2.67abede 0.613 +£0. 06abede
“ M1 59.13 £2.63abed 342.83 £14.35cde 0.881 +0.02abed 38.90 £ 1. 18abc 0.623 +0.05abed
M2 58.20 2. 72bcde 333.03 £18.74cdefg  0.867 £0.03bedefg  37.73 +£2.70abcde 0.590 +0. 05bedefg
M3 57.50 2. 13cdef 324.10 £17.01efg 0.861 +0.02cdefg 36.47 +2.48bedef 0.587 0. 04bcdefg
M4 55.17 2. 76efgh 314.50 £19.61{gh 0. 844 +0. 02fghi 35.50 £1.95cdef 0.563 +0.03defg
S5 M1 56.00 +1.97defg 322.73 £22.73efg 0.847 0. 02efgh 34.70 £2.43defg 0.577 £0. 03 cdefg
M2 54.40 +2.35fghi 307.27 £7.98ghi 0.820 +0.01hjj 33.77 £2.95¢fg 0.553 +0. 0defgh
M3 52.87 +3. 19ghijj 294.67 +16. 55hij 0.812 +0.02ijk 32.57 +£1.70fgh 0.537 +0. 04fghi
M4 50.97 +2.47ijk 279.60 +17.45ij 0.798 +0.02jkl 31.37 £4.56¢hi 0.523 +0.03ghi
S6 M1 51.83 £2.36hijk 293.03 £16.55hij 0.801 +0.02jkl 32.77 £2.27{gh 0.490 0. 04hijj
M2 49.60 +2.65jkl 282.70 +24.60ij 0.781 +0.02klm 29.50 +2.05hjj 0.473 +0. 04ij
M3 48.67 +2.40kl 277.57 £12.95j 0.773 £0.02Im 27.93 +2.55j] 0.453 +0.05j
M4 46.87 +2.311 270.63 £23.07j 0.752 +0.04m 26.23 +2.71j 0.423 +0.04j
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Tab.3 Effect of sowing date and planting density on wheat photosynthetic characteristics at middle of filling stage

‘ N e % AL Hgl] co, e p—
e HIE 2 /(mol/(m?*+s)) /( pwmol/mol) 5
Sowing date Density /(pmol/( m. 's)) Stomatal Intercellular CO, /( mmol./( m 's))
Photosynthetic rate . Ttranspiration rate
conductance concentration
S1 M1 17.58 +1.72bcde 0.460 +0.02abed 252.23 +£22.75defgh 4.65 +0.28cdef
M2 16.97 £ 1.24bcdef 0.447 £0.03cde 257.47 £9.25cdefg 4.44 0. 33efgh
M3 15.77 £1.52defg 0.433 £0.02def 266.13 £18. 15cde 4.27 £0.23ghi
M4 13.92 +£3.38fgh 0.403 £0. 02fg 277.93 £21.17abed 4.14 £0.21hjj
S2 M1 21.33 1. 14a 0.497 £0.03a 211.90 £ 13.78j 5.06 £0.17a
M2 19.88 +1.36ab 0.483 +0.03abc 222.33 £20.81ij 4.92 £0. 19abe
M3 18.99 +£2.93abc 0.467 £0.02abed 228.73 +15. 58hij 4.85 +0. 18abed
M4 17.58 £2.81bcde 0.457 £0.02bed 233.83 +13. 66ghij 4.77 £0. 19abcede
S3 M1 21.52 £2.19a 0.490 +0.02ab 213.23 £20. 16 5.02 £0.24ab
M2 19.91 £2.21ab 0.480 +0.03abc 223.93 £21.97ij 4.98 +0.23abc
M3 18.86 +1.53abed 0.463 +0.03abed 230.47 £22.37ghij 4.82 +0. 19abed
M4 17.42 £2.85bcde 0.453 £0.03bed 237.63 £ 18. 48fghij 4.74 £0.23abcedef
4 M1 18.65 +1.40abed 0.470 £0. 02abed 232.53 £21.44¢ghij 4.84 £0. 16abed
M2 17.66 +£2.22bcde 0.447 £0.02cde 249.00 = 14. 87efghi 4.69 0. 18bcdef
M3 16.32 £2.12cdef 0.433 £0.03def 257.83 £21.27cdefg 4.55 £0.21defg
M4 14.73 £ 1. 54efgh 0.413 £0.02efg 263.53 +£12.36c¢def 4.39 £0.23f{ghi
S5 M1 15.27 £2.05efg 0.410 £0. 03efg 253. 83 +13.30defgh 4.29 £0.25ghi
M2 14.29 +1.87fgh 0.383 £0.02gh 266.77 £9.50cde 4.07 £0.25ijk
M3 12.73 £1.22gh 0.360 +0.02hi 275.17 £10.27bede 3.88 +0. 14jkl
M4 11.88 +1.88hi 0.337 £0.02i 283.17 £9.89%abc 3.63 £0. 19lmn
S6 M1 11.97 £ 1.34hi 0.327 £0.03ij 271.73 £8. 17bede 3.76 £0. 12klm
M2 9.57 £0.91jj 0.290 £0.02jk 283.27 £ 15.45abc 3.46 £0.20mn
M3 9.46 £1.05j 0.273 £0.02k 297.30 +12. 10ab 3.38 £0. 16n
M4 8.68 +1.46j 0.253 +0.02k 305.07 +14. 60a 3.29 +0. 15n
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