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Effects of planting pattern and density on photosynthetic
characteristics and yield of foxtail millet

QU Yang', MA Wen', WANG Kezhen', GAO Xiaoli*, FENG BaiLi’, WANG Baomei'
(1. Baoji Institute of Agricultural Science, Qishan, Shaanxi 722499, China;
2. College of Agronomy, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract; The Yugu 31 of foxtail millet variety was used as the experimental material to explore the effect of
plant pattern and density on photosynthetic utilization and yield of foxtail millet. Two planting pattern treatments of
plant pattern of 2 : 0 (P1) and plant pattern of 3 : 0 (P2) and three plant densities of 2.7x10° plants + hm™
(D1), 3.3x10° plants + hm™(D2), and 3.9%10° plants -+ hm™( D3) were used to form different cultivation
patterns by split zone design with 3 duplicates in 2019-2020. The results showed that highly significant effects were
found in year, plant pattern, plant density, and interaction effect among treatments ( P<0.01). P1 yield with
2 971.1 kg - hm ™ was higher by 20.37% ( P<0.05) than that of P2, and D2 yield with 2 872.1 kg - hm™> were
higher by 10.34% ( P<0.05) and 6.98% ( P<0.05) than that of D1 and D3, respectively. Under the same plant pat-
tern, plant density increasing led to decrease of SPAD, Pn ,IWUE, WUE, and CE. Values of SPAD, Pn IWUE,
WUE, and CE from P1 in tested seasons increased by 4.73%, 1.95%, 3.77%, 8.61%, and 12.54%,
respectively, compared with that of P2. In addition, density increasing had no significant effect on ear length and
ear diameter, but density increasing had significant effects on plant height, kernels per ear, and 1000—seed weight.
Kernels per ear and 1000—seed weight from D2 in P1 increased by 9.11% ,13.53% respectively compared with that
of D1, and 11.76% , 7.55% respectively compared with that of D3. Kernels per ear and 1000—seed weight from D2
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in P2 increased by 7.98%, 6.06% respectively compared with that of D1, and 5.77%, 22.22%, respectively,
compared with that of D3. The plant pattern of 2 : 0 (P1) with 3.3x10* plants + hm™>( D2 ) was the effective culti-

vation pattern for increasing yield due to better use efficiency of light and temperature.

Keywords: foxtail millet; plant pattern; plant density; yield; photosynthetic characteristics
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HZL % (Instantaneous water use efficiency, WUE) J&
{b34 % ( Carboxylation efficiency , CE) 2K H LA F 242X
TGaE

IWUE = Pn/Gs (1)
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Table 1

Effects of different treatments on yield of foxtail millet

Ti H Tt 2 2

Item Plant density 2019 2020
D1 3418.38a 2366.63¢
- D2 3453.11a 2800.88a
D3 3182.15b 2605.47b
35 Mean  3351.21 2590.99
D1 2633.26¢ 1993.18¢
- D2 2980.66a 2253.73a
D3 2820.85b 2127.80b
-4 Mean 2811.59 2124.90
B S P ZEWLE  EHE
Sources of Multiple Yield mean
variation P value comparisons value
Y Year/(Y) 0.0005 * * P1 2971.10a
A3 Plant pattern/ (P) 0.0001* * P2 2468.25h
¥ Density/ (D) 0.0001 " * D1 2602.86¢
YxP 0.0107* * D2 2872.10a
YxD 0.0001 * * D3 2684.07b
PxD 0.0006 " *
YxDxP 0.0001 * *

T : SRR 5 R RR 28 5 B3 (P<0.05) , " " R Z B35
(P<0.01), R,

Note: Values followed by different letters in the same column indicate
significantly different (P<0.05). **
0.01. The same as below.

means significantly different at P<



52 3 Ji RS R SRR BEX A TOL A PR RE AN B 1R 55

R2 AEEIMEFIE SPAD EHEIE

Table 2  Effects of different treatments on the leaf SPAD value of foxtail millet

4y ke 75 5 s HATH 2R TSR LA S
Year Plant pattern Plant density Jointing stage Booting stage Filling stage Milk stage Mean value
D1 51.70a 58.40a 63.70a 60.00a 58.45
P1 D2 52.90a 57.90a 61.20b 59.40a 57.85
2019 D3 52.10a 55.70b 55.20c¢ 52.00b 53.75
D1 44.70a 56.40a 62.20a 53.90a 54.30
P2 D2 46.20a 55.70a 61.00a 52.90a 53.95
D3 45.70a 49.20b 58.60b 51.1b 51.15
D1 51.90a 56.60a 66.97a 61.93a 59.35
P1 D2 50.73a 53.23b 64.27b 60.77a 57.25
D3 51.33a 51.47¢ 61.87¢ 54.63b 54.83
2020 D1 49.67a 56.23a 64.93a 60.60a 57.86
P2 D2 48.43a 54.97b 62.57h 55.13b 55.28
D3 50.37a 51.77¢ 61.33b 51.17¢ 53.66
F3 TEGEREFIH A EEEEROEM (umol - m” - s™')
Table 3 Effects of different treatments on Pn of foxtail millet
G0 FftE 75 5 W P 2R TR FLAY SFEME
Year Plant pattern Plant density Jointing stage Booting stage Filling stage Milk stage Mean value
D1 15.51a 22.30a 25.93a 16.91a 20.16
P1 D2 15.50a 20.79b 24.46a 13.74b 18.62
2019 D3 14.87a 15.82¢ 17.65b 10.96¢ 14.83
D1 14.15a 22.69a 25.11a 15.60a 19.39
P2 D2 14.85a 20.92b 25.89a 13.44b 18.78
D3 14.09a 16.18¢ 18.47b 8.40¢ 14.29
D1 12.31a 24.12a 25.33a 15.52a 19.32
Pl D2 12.87a 21.99b 24.65a 14.68a 18.55
D3 12.89a 16.76¢ 19.71b 8.75b 14.53
2020 D1 12.23a 22.46a 24.87a 17.07a 19.16
D2 12.65a 21.63a 23.88a 16.70a 18.72
P2 D3 11.59% 15.77b 18.32b 9.03b 13.68

223 sARSARZFEGFw  WE PR B 8.73%(2019 4F) £l 8.49% (2020 4E), P1 &4 F,

PL R  BEE B0 m, & FAEF NN
TEIK 53 F AL A (IWUE ) B A%, Horp AR B D1 AN
D2 ZHZERARE, 5 D3 EREBFH(P<0.05), it
HP2 AN, MEEBEMIS I, & 47 WY
IWUE ZEAb a3 S5 A0 3 P1ARIE (& 1), 403 PL A=
B IWUE % P2 43 9 3.63% (2019 4F) F1 3.90%
(2020 4F), P1 %1 T, D2 Fl D3 4B 4= B
IWUE %% D1 43 A% 4.99% F1 16.89% (2019 4E) |
0.46%71 14.68% (2020 4F) ;P2 24+, D2 1 D3 4k
A B IWUE % D1 43 3K 0.19% 1 19.02%
(2019 4F) .1.69% 1 20.58% ( 2020 4F)

W 2 fizs, Pl AP HE % W3, 41
A H WIS K 5 R R (WUE) Bk,
D1 ORI D2 AbB ] 2 AN A5 D3 b
2R 0E(P<0.05), P2 &M, B %5 B 81
AT EE WS WUE bS50 2 P AHIF
(Bl 2), b3 PL A H M WUE 3 P2 47 5] &

D2 1 D3 A FR A= B W WUE %8 D1 20 914K 6.87%
F110.30% (2019 4E) 9.73% Fl 11.29% (2020 4F) ;
P2 Z&1FF,D2 fil D3 AL BRRYA=F ] WUE 435138 D1
FAK4.4% F119.0% (2019 4E) .0.26% 1 16.71% ( 2020
)

224 rH;AMAEFH A AFELBEXTA IR
HIRIEHA(CE) WK 3, P1 &M, Bl FhE 2 5
FIBGIN 25 it R (R AL R B Wi B AR, Herh D1 RN
D2 WY CE 25 AR, — &5 D3 25
W2 (P<0.05) , H P2 B AT A [A) 25 B Ab 2 1
AL PR, AP Pl AR R AL R
P2 73T 11.57% (2019 4F) F1 13.51% (2020 4F) ,
Pl £&1FF,D2 A1 D3 Zb B4 F ) CE 38 D1 43 5
FAARK 10.62% F1 33.52% (2019 4E) .32.24% 1 6.79%
(2020 4F) ;P2 45444, D2 F1 D3 AR A F W] CE
5 D1 4 I FEAK5.04% 1 33.84% (2019 4E) [ 7.08%
1 33.64% (2020 4F) .
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Note ; Different lowercase letters indicate that there are significant
differences between different sub-treatments (D) in the same main
treatment (P)in each year (P<0.05). The same as below.
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TR FEK S F AR AR
Fig.1 Effects of different treatments on the mean IWUE

of growth stage in foxtail millet leaves
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Fig.2 Effects of different treatments on the mean WUE

of growth stage in foxtail millet leaves

B3 AELEXNEFHFEFHTEHRUENZME
Fig.3 Effects of different treatments on the mean

CE of growth stage in foxtail millet leaves
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AL T R ERe AR R 22 5 (3R
4), [Al—F R SR E T Bl R 2 BE Y 3
R FIRORH 22 59 K Wl 38 Pk R UK 50N T ks
TR 225, AT P12 T AS TR Ak 3 )
PRk TORLEE 43 4 P2 A FRAY R 11.11% F11
5.60%, P1 AT, Bifi 5 o 2 3 1, ok o5 AS B
BN REA KA, FEUR 50ORT T s E SSRGS REAIK, B
ALFE D2 WAR 1) S-S5k B TR 4S D1 A D3 43
M 9.11% 13.53% F11 11.76% [ 7.55% ; P2 5144 F,
Bifi 5 R 2% B3 I, bk e REG  BERLESORN TR AL
A5 P1AHFIR A AL, H D2 b 38 P A 1 34 7
Hr RO TR 43 %8 D1 AT D3 755 7.98% .6.06% I
5.77% 22.22%,
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Table 4 Effects of different treatments on agronomic traits of millet population

ARy Ak 7= Tl 285 R/ em 1/ em FHH/ em LY R TR/ g
Year Plantpattern Plant density Plant height Ear length Ear diameter ~ Kernels per ear 1000-seed weight
DI 155.67b 29.00a 3.67a 6698.77b 2.80b
P1 D2 159.00b 26.33b 3.00a 6819.05a 3.00a
D3 164.67a 24.00c 3.00a 6518.06¢ 2.40c
2019 D1 123.25b 30.50a 3.00a 6327.38b 2.80a
P2 D2 126.33b 29.00a 3.17a 6590.80a 2.90a
D3 133.67a 27.00b 3.33a 6339.68b 2.10b
DI 101.33¢ 30.00a 3.83a 5780.95b 2.10b
Pl D2 107.67b 29.00a 3.17a 6797.92a 2.90a
D3 113.33a 30.00a 3.50a 5475.86¢ 2.90a
2020 D1 107.00b 27.67a 3.50a 6729.03¢ 2.40b
P2 D2 109.67b 27.33a 3.50a 7507.14a 2.60a
D3 112.67a 27.00a 3.50a 6904.17b 2.40b
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