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Effects of Sowing Time and Density on Growth, Development,

Yield ,and Quality of Luodou 16095
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( Luoyang Academy of Agriculture and Forestry , Luoyang , Henan 471023 , China )

Abstract: To determine the optimal sowing date and planting density for Luodou 16095 in Luoyang and sim-
ilar ecological environments,a split—plot experimental design was employed. The main plot factor was the sowing
date (B1: June 21,B2: July 1,B3: July 11), while the subplot factor was planting density ( M1. 135,000
plants/ha, M2 180,000 plants/ha,M3: 225,000 plants/ha,M4 . 270,000 plants/ha). This study analyzed the
effects of sowing date and planting density on the growth,development,yield ,and quality of Luodou 16095. The
results indicated that under the conditions of this experiment, delayed sowing primarily shortened the vegetative
growth period, thereby reducing the overall growth duration,whereas planting density had no significant effect on
the growth cycle. The sowing date had a significant influence on photosynthetic characteristics. Early sowing at

an optimal time significantly increased net photosynthetic rate and transpiration rate during the full flowering and
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peak podding stages, enhanced stomatal conductance during the peak podding stage, and reduced intercellular
CO, concentration at the same stage. In contrast,planting density had a comparatively minor effect on photosyn-
thetic traits. Reducing planting density increased net photosynthetic rate , stomatal conductance ,and transpiration
rate during the full flowering and peak podding stages,while decreasing intercellular CO, concentration; howev-
er,the mean differences in photosynthetic parameters among different densities were not significant. In terms of
plant morphology and yield components, early sowing significantly reduced the number of ineffective pods per
plant while increasing the 100-seed weight. Lower planting densities significantly increased the number of effec-
tive branches, effective pods per plant, grains per plant,and grain weight per plant. Regarding quality, early so-
wing significantly enhanced crude fat content, crude protein content,and total protein—fat content. While planting
density had a relatively smaller effect on quality,lower densities tended to increase crude fat content while reduc-
ing crude protein and total protein—fat content,though the differences between densities were not statistically sig-
nificant. Sowing date had a pronounced effect on yield, with earlier sowing producing higher yields compared to
later sowing. The highest yield was observed in the B1 (June 21) sowing treatment , which was significantly grea-
ter than that in B2 (July 1) and B3 (July 11). In contrast,planting density had a lesser effect on yield. Under
the B1 sowing date, yield differences among the density treatments were not significant, and higher yields were
generally observed at M2 ,M3,and M4 densities. In conclusion,for Luoyang and similar ecological environments,

the most suitable sowing date for Luodou 16095 is June 21, with an optimal planting density of 180, 000 to

270,000 plants/hm”, as this combination results in higher yield and improved quality.
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(A-B) (A-B) (A-B) (A-8) (A-8B) (A-8B) /d /d /d
BIMI  06-21 06-27 08-02 08-07 08-17 10-05 36 64 100
BIM2  06-21 06-27 08-02 08-07 08-17 10-05 36 64 100
BIM3  06-21 06-27 08-02 08-07 08-17 10-05 36 64 100
BIM4  06-21 06-27 08-02 08-07 08-17 10-05 36 64 100
B2M1  07-01 07-07 08-09 08-13 08-23 10-12 33 64 97
B2M2  07-01 07-07 08-09 08-13 08-23 10-12 33 64 97
B2M3  07-01 07-07 08-09 08-13 08-23 10-12 33 64 97
B2M4  07-01 07-07 08-09 08-13 08-23 10-12 33 64 97
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Bk R SLGE AR CO, HE MR E
A3 (pmol /m” - ) (mol/m’” - s) (pumol/mol ) (mmol/m” - s)
AL BEH At BEH Bt BEH B BEH
BIMI 43,14+0.91a  19.95x0.57a  0.15+0.00bc ~ 0.12#0.0lab  123.06£7.27e  H.52+10.04  8.27+0.12a 3.46+0. 13a
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B3M2 20. 63+0. 45¢ 8. 79+0. 30f 0. 160. 00b 0.11£0.0lbed  160.33£1.26cd  234.17+2.75b 4. 03z0. Odef 2.400. 06de
B3M3 18. 11+1. 78f 7.48+0.32f 0.21£0.(2a 0.11£0.00bc ~ 237.28+8.31b  257.75+6.0lab  4.47+0.61d 2.42+0.2de
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iy (pmol/m” - s) (mol/m’® - s) (pumol/mol ) (mmol/m’” - s)
BACH BEH BAtH BEH BAtH BEH Bt BEH
B1 39.66+3.68a  16.59+3.23a 0.13x0.02ab 0.1120.02a  188.H+110.038a 117.82+25.84b  7.16+0.Ra 3.15+0.38a
B2 153242176 12.23+3.79ab  0.1120.02b 0.08+0.03a  11871#9.53a  96.30+25.80b  3.38+0.72b 2. 54+0. 36b
B3 18.904. b 8.43+2. 56b 0.17+0.03a 0.09+0. 00a 176.58+66.68a  2A0.42+36.10a  4.05+0.31b 2.09+0. 8b
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BFEH BFEH A BEM BIEH A BACH 2
M1 29.74+18.07a 16.32+8. 80a 0. 1420.07a 0. 12+0.06a 105.53+57. 14a  141.31£81.4la  5.54+3.38a 2.95+1.53a
M2 25.43+16.49a 13.28+7.60a 0. 1420.07a 0.100. 06a 119. 15£68.86a  150.434197.34a  4.99+3.(0a 2.87+1. 50a
M3 24.48+16.Ra  11.39+6.76a 0. 14+0.09a 0.09+0.052a  201.58+113.19a 146.04+107.78a  4.77+2. Tha 2.64+1. 35
M4 21. 82+14.26a 8.83+5. 14a 0. 12+0.06a 0.08#0.05a  197.51x132.99a 168.40+117.33a  4.18+2.6la 2.2+1.4a
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e JREZE e %#ﬁoﬁ 5?%75 ﬁ#ﬁkﬁi Py iHhbEE BEE =%
/em oM REH E# /g /g (kg/hm?)

BN 15.35+  18.60= 2.95+ 72.55% 2.95+  178.80x  36.40x  24.80= 5 108. 48+
0.21b 1.41a 0.35a 12.94a 0.21a 44.97a 5.09a 0.85a 449. 34abed

B 17.15¢  17.15= 1.65+ 53.75+ 1.70+  121.55+  28.00x  24.70= 5492, 82+
2.33ab 0.35a  0.49abcd 0. 64bc 0.85a 1. 48bc 1. 13be 0.57a 716. 75ab
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/cm B BE R =4 /g /g (kg/hm*)
BIM3 18.35+ 17.45+ 1.35+ 45.50+ 1.45+ 104.25+  21.35+ 24.95+ 5 163. 89+
2.05ab 0.49a 0.92bed  15. 13cd 0. 64a 39.95bed 8. 70bed 0.07a 576. 50abc
BIM4 18.91+ 16. 02+ 0.76+ 38. 63+ 1.43+ 85. 60+ 16. 20+ 24.45+ 5 564.02+
4.37ab 2. 65a 0. 45d 0. 68cd 0.17a 2.42c¢d 3.96cd 0.78a 318.78a
BoMI 14. 65+ 18.75+ 2. 80+ 62.20+ 2.45+ 141.80+  29.30=+ 23.45+ 4 661.92+
4.17b 0.21a 0. 85a 4. 10ab 0.07a 2.55ab 2.97ab 1. 06ab 190. 66abcd
oD 18. 48+ 17.51+ 1.31+ 41.29+ 2.54+ 96. 20+ 18. 85+ 22.65+ 4 588.45+
1.52ab 1.97a 0.27cd 3.55¢cd 1. 08a 13.0led 0.92cd 0. 07be 157. 44bcde
BOM3 14.32+ 19. 46+ 1.28+ 43.94+ 1.40+ 100.42+  22.05+ 24.63+ 4614.01x
1.39b 0. 49a 0. 54cd 4.0lcd 0. 85a 7.10bed  2.33bed 0. 60a 611. 95bede
BoM4 22.95+ 16. 80+ 0. 80+ 32.45+ 1. 15+ 70.05+ 13.70+ 21.35+ 4 981. 69+
1.48a 2.12a 0. 00d 0. 64d 0.21a 0.35d 1. 84d 1. 06¢ 282. 17abed
B3MI 20. 15+ 17.20+ 3.05+ 49. 40+ 3.60+ 118.75+  23.45% 21.55+ 4245.57+
2.90ab 1.70a 1.20a 3. 11be 2.26a 10. 68bc 1. 63be 0.07¢ 297. 11de
B3M2 17.25+ 16. 65+ 2.65+ 41.90+ 3.95+ 95.95+ 18. 65+ 22.10+ 4624.93+
3.46ab 1.20a 0. 07abc 0.42cd 0.07a 5.02cd 0.35cd 0. 99be 471. 48bcde
B3M3 22.75+ 15. 45+ 1. 80+ 41.75+ 2.95+ 98.95+ 19.35+ 21.25+ 4 030. 06+
0.78a 1. 06a 0.42abed 6. 86¢d 1. 06a 6. 72bed 1. 34cd 0.07c 425. 11e
B3M4 22.00+ 18. 05+ 1. 80+ 32.15+ 2.40+ 79.20+ 15. 15+ 21. 10+ 4275.79+
1.27a 0.07a 0. 28abcd 1.91d 1.70a 4.81cd 1.20cd 0.57c 552.51cde
5 -0.33 -0.02 -0.38 0.22 -0.58" 0.15 0.21 0.74"" /
EEE
Eeor o o2 SRR TREMKRE FEAAXBEREF MIEKF,
xo6 AREBHTEE 16095 K4 M EEREHERER . ENESEILER
g JRE & e %7}*%‘ «‘f’—ﬁ%‘ $7ﬁii’6 P PHEE  BHREE ¥
/em A it e L /g /g (kg/hm*)
B1 17. 44+ 17.31% 1.68+ 52.61+ 1.88+ 122.55+ 25.49+ 24.73+  5332.30+
1.57a 1. 06a 0.93a 14. 66a 0.72b 40.27a 8.73a 0.21a 229.43a
- 17. 60+ 18. 13+ 1.55+ 44.97+ 1.89+ 102. 12+ 20.98+ 23.02+ 4 711.52+
4.04a 1.20a 0.87a 12.49a 0.71b 29.67a 6.53a 1.38b 182.67h
B3 20. 54+ 16. 84+ 2.33+ 41.30+ 3.23+ 98.21+ 19. 15+ 21.50+  4294.09+
2.45a 1.09a 0. 63a 7.07a 0. 69a 16.22a 3.40a 0. 44c 246.21c¢
R7T AETEETEE 16095 113 MEHRZHRIER FENESEILER
ap FERE L RRE O RRE RRE L BRRE TRE  CF
/cm A LEX 2E /g /g (kg/hm”)
i 16. 72+ 18. 18+ 2.93+ 61.38+ 3.00+ 146. 45+ 29. 72+ 23.27+ 4 671.99+
2.99a 0. 85a 0.13a 11. 60a 0.58a 30.29a 6.49a 1.63a 431.54a
2 17. 63+ 17. 10+ 1.87+ 45.65+ 2.73+ 104. 57+ 21.83+ 23.15+ 4 902.07+
0.74a 0.43a 0.70b 7.02b 1. 14a 14.71b 5.34ab 1.37a 511.93a
3 18.47+ 17.45+ 1.48+ 43.73+ 1.93+ 101. 21+ 20.92+ 23.61x 4 602. 65+
4.22a 2.01a 0.28b 1. 88b 0. 88a 2.74b 1. 40ab 2.05a 567. 00a
V4 21.29+ 16. 96+ 1.12+ 34.41+ 1. 66+ 78.28+ 15.02+ 22.30+ 4 940.50%
2. 11a 1.02a 0. 59 3. 66b 0. 66a 7.82b 1.26b 1.87a 645. 10a
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2.6 EEAMMZEINEE 16095 FERAIE I

8, 9 Ik 10 KW, BlEAFE W R, F
PR ARG  fit S N B A B R
L BT B3R, A 0. 41%, BRI ARAL
XPRELRE WG & B2 AN K, BE %5 B i ST 2
BRIV & i T Rk AN 25 B ) - Y AR
TRESANDE,

Bl 25 45 A A AR SRR R 0 o i 2 R R
Bl IS iR, BT B3 B, S

2.05% ., Wi % RN, SR RURLEE (1 0 i At
Bk A [R) B5 B (8] B R R R 22 RN
ITE

SR ER L G IE SN ok ses =8 SL N
Mk Bl FE & i, B T B3 3B, &
2.46% ., W BRI, - R R R e
TGV B R TR 2% (RS- B R R B 25 5
ENTEN

*F8 HBHMZTEII®E 16095 MmRAMFMN

s HLAE B &% HEGREE ERESE
/% /% /%
B1M1 22.02+0. 41ab 41.17+0. 48ab 63.19+0. 89a
B1M2 22.18+0. 70a 40. 90+0. 78abed 63.08+1. 48ab
B1M3 22.08+0. 58ab 41.30+0. 63a 63.39+1.21a
B1M4 21. 63+0. 24ab 41. 82+0. 33a 63.45+0.57a
B2M1 22.03+0. 26ab 39. 83+0. 24cdef 61.87+0. 51cde
B2M2 21.91+0. 23ab 39. 86+0. 29cdef 61.77+0. 52cde
B2M3 21. 66x0. 36ab 41.01+0. 58abc 62. 66=0. 94abc
B2M4 21.95+0. 16ab 40. 04+0. 53bcde 61.99+0. 68bed
B3M1 21. 60+0. 68ab 38.73x0. 84f 60.33+1. 52f
B3M2 21.56+0. 26ab 39. 57+0. 34ef 61. 13+0. 60def
B3M3 21.71+0. 11ab 39. 04+0. 53ef 60. 75+0. 64ef
B3M4 21.42+0. 18b 39.66=x1. 16def 61.08+1. 34def

x99 AEEBHATIEE 16095 14 NEE
mEERES B

LTS

BEGREE

EEESE

5 .
/% /% /%
B1 21.98+0. 24a 41.30+0. 39a 63.28+0.17a
B2 21.89+0. 16a 40. 19+0. 55b 62. 07+0. 40b
B3 21.57+0.12b  39.25+0.44c 60,820, 37c

F 10 FARZEETEER 16095 B 3 MEH

mBERSES EILR

_ mEWSE REORAT EMiLE
FE

/% /% /%
M1 21.88+0.25a  39.91+1.22a  61.79+1.43a
M2 21.88+0.31a  40.11+0.70a  61.99+0.99a
M3 21.82+0.23a 40.45+1.23a  62.27+1.36a
M4  21.66+0.27a  40.51+1.15a  62.17+1.20a
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SR R A R A R — B AT AR
W, $ETH A e A R TR B s A = i i 5%
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WL 2 B R TR R i A R 5 R
HHLE B BRI AR RN e[ — R T,
AR 2R m A A R rT R th TR
PREE T HAT B e It 1 R il G
A X RN G S R A R B
SR G HERATE S WAt S Ve S R 31y | NEE 3
SRR A A R B
IR ARR e 2 o 25 I AR A R B BB A R e
B SRR SARRRLE X AR RS B4
R,
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