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Effects of Planting Density on Photosynthetic Characteristics

and Yield of Summer Soybean in North Xinjiang

ZHANG Yonggiang' ,ZHANG Na',WANG Na®’, TANG Jianghua',LI Yajie' , XU Wenxiu'"
(1 College of Agronomy,Xinjiang Agricultural University, Urumqi,830052,China;2 Center of Spreading Agricultural Techniques
of Yining County,the City of Yili, Yili, Xinjiang 835100, China)

Abstract ; The field trail was conducted by setting five different planting densities 37. 5X10* (Treatment A,
TA),45.0X 10" (Treatment B, TB),52. 5X 10" (Treatment C,TC),60. 0X 10" (Treatment D, TD) and 67.5
X 10" (Treatment E, TE) plants « hm ?,under drip irrigation by using of randomized block experimental
design in 2012 and 2013 summer soybean(‘Heihe 43”) growing seasons,and the leaf SPAD,leaf area index
(LAD, specific leaf area(SLA), photosynthetic characteristics and yield components of summer soybean
were observed. The result showed that: (1) The leaf SPAD value of summer soybean was less affected by

density in seedling stage,but had significant differences among different treatments after seedling stage and
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increased with higher density in the whole growth period of summer soybean. (2) The ILAI was also im-
proved along with higher density in the two trials,and reached the highest in the seed filling period,and the
maximum value of 2012 and 2013 in TE were 6. 24 and 5. 56, which was Significantly higher 18. 41% and
36.17% than that of the lowest treatment TA at the same period. SLA increased with higher density.,too,
and had significant differences in the early and late growth stages while the difference was relatively small
in middle growth stage. (3) The net photosynthetic rate(P,) ,transpiration rate(T,) and stomatal conduct-
ance(G,) were increased firstly then decreased with density increase. P, and G, reached maximum in the
pod-filling period, but T, reached maximum in the flowering period;intercellular CO, concentration(C;) was
first decreased and then increased with density increase, TC was the lowest both in 2012 and 2013,185. 70
pmol « mol™' and 179. 61 pumol » mol ', respectively. (4) Treatment C obtained the highest yield of
3 205.04 kg » hm *(2012) and 3 142.53 kg « hm ?(2013) , which was higher 1. 42% —14. 26 % and 1. 08 %
—27.65% in 2012 and 2013, respectively. Therefore,the summer soybean with optimum density was bene-
ficial to light utilization for the high chlorophyll content,and the optimum LLAI without plant canopy clo-

sure of suitable density ensured the gas exchange between internal and external, which improved the photo-

synthetic rate and yield.
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Fig. 1

The leaf SPAD value of summer soybean with different planting densities during growth stages

The planting density of treatment A—E are 37. 5(A) ,45.0(B),52.5(C),60.0(D) and 67. 5(E)

plant( X 10*) hm™?,respectively; The same as below
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Fig. 2 The LAI of summer soybean with different planting densities during growth stages
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Table 1

Effects of planting density on P, and T, of summer soybean

LA A Py/(pmol e m™2 « s 1)

ZMBEHZR T, /(mmol » m™2 « s 1)

A R I T B T T
Seedling Flowering Podding Graining Seedling Flowering Podding Graining

stage stage stage stage stage stage stage stage

A 18.30b 23.30bc 24.01ab 20. 40ab 7.10b 8. 20bc 7.40a 6.80b

B 20.10a 25. 30ab 26.07ab 21.50a 7.60ab 8. 40bc 7.90ab 7.10b

2012 C 20. 30a 25.70a 26.50a 21.63a 8. 40a 9.80a 9. 20ab 8. 30a
D 19.70a 24. 0abc 24, 23ab 21. 20a 7. 8ab 9. 40ab 8. 60b 7.60ab

E 17.89b 23.00¢ 22.93b 19. 30b 6.90b 7. 80c 7.20b 6.60b

A 18. 74c 22.37ab 23.45bc 19.42¢d 6.80b 7.90b 7.20b 6. 60bc

B 19. 33be 23. 16ab 24, 63ab 22.31ab 7.40ab 8. 20ab. 7.90ab 7.00b

2013 C 20.87a 24, 28a 25.44a 23.15a 8.00a 9.30a 8.80a 7.90a
D 20. 29ab 22.68ab 23.03c 21.47be 7.60ab 8.00b 7.40b 6. 20bc

E 18.72¢ 21.29b 22.59¢ 20. 18cd 6.70b 7.50b 6.80b 5.90¢

U [ 9 AS ] Bk 3 b B i) 22 57 35 810 0. 05 12 3% KCF 5 T IRl

Note: Different letters in the same column represented significant difference among treatments at the 0. 05 level. The same as below.



576

[N [ 7/ B S 4

35 #

AEF RN AL B C R B B 2 R 5
MAekERE MG H, Eir 5 ik G, IR
(£ 2., EENWEFHN, 2 FE54400 5 C 71y
EHI LA C Ak A AK, 43 50 24 217, 09 (2012 48) Fl
219. 323 pmol « mol (2013 4E) , 43 HI %4 B A B,
D.E & E AL T 16.80%.8.70%.6.50% ,17. 70%
F17.67%.9.42%.7.51%.13. 24% (P<C0. 05),
vl B R B SR F T RB A8 4 v A2 R R =L Il 4k
CO, WRE J7. AT A &1 I &2 #% R &M vk B W) =
ME,
204 MEFEENEBEAEFERFEHENEMN
3 WK Bl G AL RGN, 2 4F 5 AR R SR RL
FRR R T S AR A IR L C A B
(52.5 T3 #k « hm *) dge vy, H 5 H Al 2% b P 22 5 12
2 (P<C0.05) ;2012 4F C kb PR 54 3% A B.D.E
bR OB E R BT 14 26%. 4. 09% . 1. 42% Fi

8.50%, 2013 4F W 43 5 W F 2 & T 27. 65X,
12.71% 1. 08 %6 Fll 6. 36 % 5 [F] A, 2012 4F 1 2013 4F
SRR () X % o) B B Ay K y =
—1.250 92°+ 138. 353x — 619. 55 (R* = 0. 994 7,
2012) 1 y=—1.713 72> +197. 353x—2 553. 57(R*
=0.971 3,2013), R FF 1 1a) T (4 b9 4% 5 5 b [l
VA 7 RSO, 24 52 4 K 5% BE 43 I Ol 55. 30 T3 Rk
hm 2(2012 4F) F1 57. 58 J7#k « hm 2 (2013 4F) i,
KPR 5 43 5] 3k B B KA 3 206. 00 kg + hm *
(2012 4E) F13 128. 32 kg » hm ? (2013 4F) , 55 5 bF
SR B WA (3 3) .

LONCE-R i Ko ) INCE NGRS ¢ ) A S
BRI AR B R Y B s Horp, B
PRIEEL FRMRORL RIS 5 9% T 2 B O DG E R . 2012
2013 SEAH = R B A — 0. 98, — 0. 99 A0
—0.97,—0. 97, B %% FE 3% K RE W 3% 00 SRk R Oy

K2 MEZEXEBRAEHRSAIEMMEE CO, KERRME

Table 2 Effects of planting density on G, and C; of summer soybean

SAFE G/(mol e m 2«5

) COz ¥ JEE Ci/ (umol » mol™1)

t ]

Year Treatment ﬁ,ﬁ;ﬁ }HE/E;H éﬁj‘%%ﬁ ﬁﬂ%ﬁ ﬁ/ﬁﬁ ﬂ:ﬁ/ﬁ’;ﬁ Zﬁ;”g/ﬁﬁ ﬁﬂ,ﬁﬁ
Seeding Flowering Podding Graining Seeding Flowering Podding Graining
stage stage stage stage stage stage stage stage
A 0.54b 0.73c 0.84c¢ 0.75¢ 267.00ab 234.40a 214.00a 328.70a
B 0.56ab 0. 74bc 0.91bc 0.82bc 226.67b 206. 60bc 208. 83ab 309. 20ab
2012 C 0.69a 0. 88a 1. 04ab 0.93a 210.67b 196. 20c 185. 70b 275. 80bc
D 0. 64ab 0. 84ab 1.01ab 0. 89ab 233.17ab 213. 10abe 197.17ab 285.40¢
E 0.53b 0.72¢ 0.80cl 0.73c¢ 245, 00ab 231. 60ab 221.30a 356.90¢
A 0.46b 0. 64c 0.73¢ 0.66b 254.18a 242.11a 204, T4ab 331.29ab
B 0.51ab 0. 71bc 0. 85bc 0.79%a 237.22ab 213.82b 196. 37abc 312. 54be
2013 C 0.63a 0.83a 0.98a 0.84a 209.13¢ 199. 35b 179.61c 289. 20¢
0.57ab 0. 76ab 0.91ab 0. 80a 230. 60bc 209. 88b 191. 31bc 311. 40be
0.49b 0. 68bc 0. 82bc 0.72ab 248. 38ab 239.97a 218.45a 349.91a
®3 AEAZEXEGTEBREFERFEMHRER
Table 3 Effects of planting density on yield and yield components of summer soybean
S I gl S e g =
/(10* plants « hm™?) weight/g /(kg+ hm—?)
A 35.13 25.76a 48.13a 16.59%a 2 805. 05e
B 41.92 24.80a 45, 68b 16. 08a 3079.17¢
2012 C 48.83 21.96b 41.10¢ 15.97a 3 205. 04a
D 54.32 21.42b 36.66d 15. 87ab 3 160. 32b
E 60. 82 19.60b 32.51e 15.31b 3027.18d
A 35.23 22.27a 41.82a 16.71a 2 461.92d
B 42,15 21. 25a 40. 14a 16. 48a 2 788.25¢
2013 C 49,87 20.15a 38.40b 16.41a 3 142.53a
D 55.12 18.97b 35.10¢ 16.07a 3109.08b
E 61.03 16.09b 30. 20d 16.03a 2 954.50b
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