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Abstract: A field experiment on the sorghum variety ‘lLiaoza 52° was conducted in 2021-2022 to investigate
the effects of row spacing, reflective film mulching, and nitrogen fertilizer on its photosynthetic characteristics,
yield, and quality. The experiment used a three-factor split-plot design with varying row spacings (50 cm for A, and
60 cm for A,), reflective film treatments (no mulching for B, and mulching for B, ), and nitrogen fertilizer levels
(150 kg « hm™ for C,, 300 kg + hm™ for C,, and 450 kg + hm™ for C,). The results showed that experimental
factors and their interaction effect had the significant effect on sorghum yield ( P<0.05). The row spacing of 60 cm
yield increased by 5.12% than that of row spacing of 50 ¢cm, yield of reflective film mulching increased by 7.73%
than that of no reflective film mulching, and C, yield was the highest with 6 807.0 kg - hm™ and increased by
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3.90% ~9.48% than that of others. Experimental factors and their interaction had the significant effect on the SPAD
value and P, of sorghum leaf. Enlarge row spacing increased the SPAD value and P, of the sorghum leaf in the
heading stage, postulation stage, and dough stage, and reflective film mulching, and nitrogen fertilizer increased
the SPAD value and P, of the sorghum leaf in the tested stage. Enlarge row spacing and reflective film mulching in-
creased sorghum seed protein content by 6.94% and 2.84% , respectively. Sorghum seed protein content of C; was
increased by 2.50% than that of others. Enlarge row spacing and reflective film mulching increased sorghum seed
starch content by 1.75% and 0.70% , respectively. Sorghum seed starch content of C; was increased by 3.85% than
that of others. However, increased row spacing, the use of reflective film mulching, and nitrogen fertilizer resulted
in a reduction in the fat content of sorghum seeds. A row spacing of 60 cm, reflective film mulching, and the appli-
cation of nitrogen fertilizer at 450 kg - hm™ during the elongation stage proved to be an effective cultivation combi-

nation for enhancing both yield and seed quality. This was achieved through more efficient use of light and tempera-

ture, as well as improved photosynthetic performance of sorghum leaves.

Keywords: sorghum; row spacing; reflective film mulching; nitrogenous fertilizer; yield; quality
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Table 1  Sorghum yield of different treatments
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G, 6027.70+301.39h  5185.93+259.30h
B, C, 6151.22+307.56fg  6061.36+303.07g
A Cs 6472.37+323.62d  6686.68+334.33cd
! C, 6348.85+317.44e  6419.88+320.99¢f
B, G, 6571.19+£328.56cd  6820.08+341.00bed
C, 6670.00+333.50bc  6936.80+346.84hc
G, 6093.58+304.68zh  6405.98+320.30f
B, G, 6237.69+311.88ef  6802.01+340.10bced
A Cs 6525.90+326.30d  6739.48+336.97cd
2 G, 6587.65+329.38cd  6670.00+333.50de
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Cs 7143.49+357.17a  7281.42+364.07a
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Table 2 Leaf SPAD value of sorghum of different treatments

. s 2021 2022
(R LR 2 Ul i B sl 1 IR il Y [
for Mg VB MR mn AR TR VST VR TR 7 Y
ledee pattern N fertilizer Flare opening Heading Filling Dough Flare opening Heading Filling Dough
= stage slage stage stage stage stage slage slage
G, 4743+237g  51.60£258g  5530+2.77d  51.83+2.59% 43.83+2.19e  51.93+2.73e 53.70+2.52efg  51.47+2.64c
B, G, 49.80+2.49de  53.17+2.66f 59.63+298bc  51.93+2.60e 44.T1+224de  53.57£2.60cde  54.67+2.73ef  51.80+2.56¢
A G, 5007+2.50cd  58.83+2.94bc  63.17+3.16a  5233+2.62de = 47.07+235bc 54.03+2.72bcde 6047+3.06ab  52.53+2.66¢
! C, 48.80+2.44f 56.20+2.81e 5747+2.87cd  55.63+2.78b 44.13+221e  5243+2.62¢ 52.70+2.9g  52.00+2.75¢
B, C, 5090+2.55bc  57.23+2.86de  60.63+3.03abc  55.83+2.79ab  46.33+247cd  54.20+2.6lbede 59.80£3.05bc  52.17+2.71c
Cy 53.53+2.68a 59.53x2.98b  61.67+3.08ab  56.20+2.8lab  49.33+1.98a  55.03+247bed  61.00£2.58ab  53.03+2.60bc
C, 45.67+2.28h 53.80+2.69f  6023+3.0labc 5223+2.6lde  44.10+2.56e  52.70£2.77de  5347+3.02fg  53.30+2.8%abc
B, G, 46.43+2.32h 5747+2.87de  60.63+3.03abc 53.17+2.66cd  45.77+2.22cd 5543+2.64abc  57.40+2.67d 53.57+2.89abc
A Gy 48.10+241fg  5827+291bed  61.10£3.06ab  53.97+2.70¢ 4720+2.20bc  55.90+245abc  6047+2.87ab  53.83+2.69abc
2 C, 49.03+2.45¢f  57.80+2.89cd  60.00£3.00abc  55.67+2.78b 45.87+241cd  52.83+2.64de  55.07+2.75e 53.37+2.67abc
B, G, 51.07+2.55b 59.30£297b  61.00+3.05ab  56.23+2.8lab  46.83+2.34bc 56.50+2.79ab  5840+2.85cd  55.70+2.81ab
G, 5440+2.72a 60.90+£3.05a  62.63+3.13ab  56.93+2.85a 48.13+2.29ab  57.97+2.57a 61.43+3.02a 56.10+£2.79a
A & E ns ns ES * ok ns ns
Jras B * ok * ok ns ns * * * * ok ns
e C ® ok ® ok ® ok * ® ok ® ok ® ok ® ok
Variane AXB * ok * ns ns * * ns ns
anan.ce AXC * * * ns * * ns ns
analysis BxC * ok * ok ns ns * % % % ns
AXBXC * * ns ns * * * ok ns
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Fig.3 Standard regression coefficient between the

Fig.4 Standard regression coefficient between the
SPAD value and tested factors
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Table 3 P, value of sorghum leaf of different treatments

fil B = . 2 n
How  Muehmg N COMUUUEL WM WPRM smAB OWOUW mEE RN
ledse  pattern fertilizer Flare opening Heading Filling Dough Flare opening Heading Filling Dough
stage stage stage stage stage stage stage stage
G, 22.04+1411  2827+x141h  13.96+0.70;  15.00+0.75ef 24.28+1.21)  28.17+1.41h 24.58+1.23]  14.56+0.73f
B, C, 24.30+1.21i  29.19+146g  18.24+091h  15.00+0.75ef 25.56+1.281  29.81+1.49f 28.25+141g  14.56+0.73f
A Cy 25.07+1.25h  31.07+1.55cde 20.79+1.04f  15.05+0.75¢ 28.87+1.44¢  31.09+1.55d 28.65+1.43f  15.25+0.76e
! C, 23.54+1.18k  2831x142h  16.67+0.831  14.84+0.74g 28.15+1.41h  29.15+1.46g 2593+1.30i  15.38+0.77e
B, G, 25.89+1.29g  30.86+1.54def 22.58+1.13d  14.87+0.74fg 29.18+1.46g  31.26+1.56d 20.46+147d  15.63+0.78cd
Cy 2640+1.32f  31.38+1.57¢  28.89+1.44a  15.93+0.80c 30.29+1.51f  32.27+1.61c 30.14£1.51bc  16.75+0.84a
C, 23.93+1.20i  28.87x1.44g  1891+0.95g  15.23+0.76d 33.13x1.66e  30.45+1.52e 26.95+1.35h  15.34+0.77e
B, C, 29.62+1.48d  30.73+1.54ef 21.74+1.09¢  15.13+0.76de  34.29+1.71c  31.28+1.56d  29.16+1.46e 15.42+0.77de
A, Cy 31.14+£1.56b  32.67+1.63b  23.88+1.19¢c  15.09+0.75¢ 35.81+1.79a  33.24+1.66a 30.00£1.50c  15.86+0.79bc
‘ (oN 28.02+1.40e  30.66+1.53f  21.83x1.09¢  16.25+0.8lab  33.93+1.70d  31.20+1.56d 30.13+£1.51bc  16.00+0.80b
B, C, 30.81£1.54c  31.19+1.56cd 22.44+1.12d  16.18+0.81h 34.95+1.75b  32.70+1.64b 30.25+1.51b  16.76+0.84a
Cy 33.17+1.66a  33.59+1.68a  25.23+1.26b  16.37+0.82a 36.13+1.81a  33.43+1.67a 31.37+1.57a  16.98+0.85a
A * % * % * % # % ® ok * ok ® ok * %
Fz B * % * % * % * % ® % ® % % % * %
e C * % * % * % * % ® ok ® ok ® ok * %

. AXB R * * ok ® ok * ok B %ok ns
Vanan?e AXC ¥ % * % * % * % * % * % * %
analysis BxC B ® ok ® ok % % * % * % ® ok

AXBXC # ok # ok * % ® ok ® % ® ok *
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2.3 AEAEX S RAFH G A R

H12 4 AT AT RE B ROGRRE AU SO BAE X
1R SRR AR (0 FUIR T & A B R,
PRI 2250 U8 M 2 12 1) 52 T A7 7E 25 5, B 2 R Ot S X
2022 AEFERY O i AT IR xR IO X T AR UE R 7
AN B 2 A AR IR L B AERUN B 3 (P<
0.05) . FFEEMEINZAE R, 2021 4E A1 2022 4F & Sk
RLER 10T 40 ) A 4.48% FN 9.41% (P<
0.05) ; B, AbFRHE B, Ab P WY 47 A7 b7 8 (BT 75 2 53 )
T EHEHN2.23% 1 3.44% (P<0.05) . FEZUIE i FH &
(BB TIN R FRL B A B R TR TN, 2021 4F A1 2022
A C AL RAFRLEE 1 5T 5 840 N 12.23% 112.99% ,
B HAB AL T E L 1.75% ~3.24% (P<0.05) , A~
(] Ak 38 ] FF o R 0T A AE 2 R, AR L
A,B, CAMH 5, 430 12.84% F1 13.71% , 3 HiAth
AT R 0.22% ~ 14.25% (P<0.05) . Rl 47
B B OGN RUIE 55 A7 R 8 57 2 9 b o 1] )
BN A HAF PR Ia AEAE 22 5, AR 44 43 1) R
0.81.0.35 F10.34 (&l 5),

2 4 WI1,2021 45 A1 2022 4F 47 34 fin 214
T e SRR RLTE K O o A R 1.88% Nl 2.32% (P<
0.05) , B, 4b BFF b7 JE A & B4 B, AL B 43 500 3
1.10% %11 0.30% ( P<0.05) . Bifi & AC it FH =2 1 42 i
FPRLTE R 5 i S 1S 0 #2021 4R 2022 4 C, 4k
T e SRR L E M 7 153 1) R 68.75% F1 58.79% , 5%
Hifth b #1034 5 1.95% ~3.72% (P<0.05) , AN

AR E] S FFRLVE By T AT AR Z R, WAR YN
A, B, CAbIRYEM & e, 401 70.10%F159.86%
A HABALBR 5 25 HE T 0.64% ~ 11.80% (P<0.05) ,
[l A7 7 s ' IS R R NE 5 ks 3 0 11) A
HE 1A R B4 (B ELAE PR R A7 E 22 5%, AR (E
Sr91H 0.47 .0.12 #10.81(E 6) .

% 4 T, 2021 4E i 2022 4F 7 A8 N 2k 14
T R SRR I Bt 43 ) b B AIR 7.92% F1 0.79%
(P<0.05) , B, AL BEKFRLIE I & R4 B, AL P23 51 AR
8.15%H17.51% (P<0.05) . 2N Jiti 1 5 4 384
e SRR B D B A TRRAIG, 2021 A AT 2022 4F
RIETKF- TR & 253 98 3.51% 1 4.50% , 5 H
kb L 2.67% ~3.84% ( P<0.05) . A[AjAb
PRIEDFFRLIR G & BEAFTEZE S, AR A B, C b3
B, N 3.98% 1 4.86% , 458 Hifth Ab 1 i 2 HE g
0.21%~31.35%(P<0.05) , [A]iF, 4750 A8 SOGIEFI
R 5 HERL G 5 2 A b v 1] )9 3R 55034y 1 {8 HL
AEBRIBIAAAE 22 5, W AR 34 {H 43 5 - 0.30,-0.63 FiI
-0.24(F 7).

3 9 i

3.1 TR ERARFER RN SR ENZIT

S IR T R AR A B B R
{H v 85 AR R A T IR C AN 5 T2 5 25 HH (] XL
B2 MMM IUR & | 2 m 7 508 1
AR AEFPAE R B 13.5 THk - hm 5T

R4 TRELETRIFHNREFIE %

Table 4  Sorghum quality traits of different treatments

i EBOIR A — e
Row ledge  Mulching pattern N fertilizer ﬁﬁ)ﬁ ek Ll ﬁErﬁ ek L
Protein Starch Fat Protein Starch Fat
G, 11.49+0.57h 62.70+3.13j 3.88+0.19¢ 12.00+0.60j 56.85+2.84e 4.74+0.24¢
B, C, 11.76+0.59¢ 66.04+3.30f 3.95+0.20b 12.12+0.61h 56.93+2.85¢e 4.85+0.24a
A, Cs 11.75+0.59¢g 67.77+3.39d 3.98+0.20a 12.15+0.61¢g 57.77+2.89cd  4.86+0.24a
C, 11.86+0.59f 63.30+3.16i 3.74+0.19d 12.05+0.60i 56.44+2.82f 4.46+0.22¢
B, C, 11.81+0.59¢ 66.75+3.34¢ 3.62+0.18e 12.17+0.61g 57.81+2.89cd 4.27+0.21f
Cs 11.92+0.60f 68.42+3.42¢ 3.29+0.16h 12.75+0.64e 58.05+2.90¢ 4.20+0.21¢g
C, 11.92+0.60f 63.59+3.18h 3.55+0.18f 12.54+0.63f 57.74+2.89cd 4.48+0.22¢
B, G, 12.05+0.60e 67.71+3.39d 3.38+0.17g 13.24+0.66d 58.55+2.93b 4.70+0.24d
A Cs 12.41+£0.62b 68.71+3.44b 3.75+0.19d 13.34+0.67¢ 59.48+2.97a 4.71+0.24cd
2 G, 12.22+0.61d 64.44+3.22¢ 3.61+0.18e 13.62+0.68b 57.42+2.87d 4.82+0.24b
B, C, 12.31£0.62¢ 67.85+3.39d 3.37+0.17g 13.68+0.68a 58.77+2.94h 4.25+0.21f
Cs 12.84+0.64a 70.10+£3.51a 3.03+0.151 13.71£0.69a 59.86+2.99a 4.22+0.21¢g
A ® ok ® sk ® sk E ® % *
B % ok %k * ok % ok ns % ok
Variance AXB ® o ns # ok ® ns ® o
analysis AxC S S ® ok B * ok * ok
BxC * % * ok * ok * ok * % * ok
AXBxC ERES ERES B ERES * * %
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PIHR R 7.73% , 3K — 4505 11 5 55 A0 B T X
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RO TR B, R T R AR
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HEEASE B o 0 1) 25 0 TR AL B, AT ek
LAEREATERE ™ ARG, B R G RE IR
R SR A T R A I B SPAD {ELRN P, A 7
TCREAT NS T = SERER B 6 A R BE S T REIR
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AT BE SN 8 SO B e 00 s B KPR it i AT
£k S ALRIERNCIETIDE vC R S E U R (H D)3 A
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52 356 PR RN PR 23 B RUE R 0 5 20y, L
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4zt B

SR I RO A B SRR X SR
KL | T2 PR AT 2 A5 B RO AN I e
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em Qb BIRPRE FE AR HE R 5.12% , 26 A5 2 e
B R DR 6.95% 1 2.10% ; 78 OGRS
G AR FEF= AR B3 8 7.73% , B (A5 = AT
By 0 AR R 2.84% F1 0.70% ; 35 15 19938 it AU
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it A HRLE 5 9.48% , B T F e A UE K B LAY
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