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Abstract: In order to clarify the influence of climatic factors on sorghum grain quality, in this study, fixed—point
observation and data determination of sorghum agronomic traits and grain quality in 9 different ecological regions of sorghum
production bases were conducted, the correlation between climatic factors and sorghum agronomic traits and quality in 2023~
2024 was studied by correlation analysis and stepwise regression analysis, the response characteristics of sorghum grain quality
to climate change were analyzed, and a prediction model was constructed. The results showed that there was significant positive
correlation between spike length and the maximum temperature, average temperature difference, accumulated temperature,
and effective accumulated temperature during the growth period. There was a significant positive correlation between grain
weight per spike and the average temperature difference during the growth period. According to the predictive regression
equation, the total starch content was primarily determined by the minimum temperature in mid-September, the average
temperature in late August, and the accumulated temperature in late August. The content of amylose and amylopectin was

mainly influenced by the maximum temperature in mid-August, the temperature difference in August, and the rainfall in early
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July. The variations in protein content were primarily dictated by the maximum temperature in mid-August, the temperature

difference in mid-July, and the rainfall in early May. The tannin content was largely influenced by the minimum temperature in

early May, the average temperature in June, the accumulated temperature in July, and the rainfall in late May. The fat content

was mainly determined by the minimum temperature in early August, the average temperature in early September, the

accumulated temperature in early September, and the rainfall in mid-May. Based on the above analysis, the agronomic traits

and grain nutritional quality of sorghum were different under different climatic conditions, and they were correlated with some

climatic factors.

Keywords: sorghum; meteorological factors; regression analysis; prediction models; agronomic traits; grain quality

SR A RS KRR BETT L
T FH, SR TR T L A SRR g SR LA A N R
PL RIS 56 B 25 5 a5 o v AL B A D T
FEILE, BAELO R L vE R f EE R . B
i S HLAT 2 P S BT DL TR 1LV A IR A
R B I ARk, BRI K T R Y
B AS B R PR B 5T A TR T e S 7 R A
MM X RS TR A —ENESE
SCPOS SHEN 457 RE 58 2 BR, i 32 & b J67 i IN2
B 77 e 5 A R K R R R R R RO R T A R
M H A AOR L H BB S T R TR R OC
R WA EABR B R O RS
S R X R B S5 R W e K R R T
H S #5953, B BB 52 i f /. JONES 451
W5 & B, R EORAF R A K R B IR
M) & KOFF R o B SRR O R B, &N
AR SR R AR B BUR B A O (HE AR
[F] b 5 R AN (], ) b 38 56 b B /s IE AH DG 6 &, i
IR o N NN P SE NSt < e
B, TR e B ok R i S 52 AR S B )
BB A U SRR RN 2, & RO PR T
AR EOE A AR TR R RIS
KB, i S AN [ i Al Xt A TR 1 ) R A AE 2 S
P, b SRR S B AR RO
KRR, FRA R SRR EMEER,

H AT, 56 T 0% B % 4 4 9 4 20 M0k Rk
i TR M A O B P AEOK RS B ORAE R
KRR 11 7 v e b A R B AR S
S A X AR R X R e A 0T RS W ) BIF 5 ™
Ja AR TR R — P R R IRARA
i PR X6 i S8 AT R4 4 B 5 e AL, X TR S 4R
S SR AR B B F P SRR DL A
XA AR AL B R EL A A B MR .

BEXT B A AR T B R 5 R
KRR AE W) b T3 1) 52 e i S BH A A ), A B Y GE

84+

TS 9 AN A [ o B 2R 7 R ) S I T e SRR
IR AURF L A A S B HE AT 2 BT, A Y R R
75 S AR 2SR BORE L i B O B A T, O
Sz TR 55 AR T A T ] 0 5 R

1 #pfe 7k

1.1 RIe A

At e B o Ay e B v G A DX 3 A R R e
225,
1.2 RKEHE

HEIR 5 AP T 2023—2024 4FE A A 7E 9 IR 56 5
H(G1.G2.G3.G4.G5.G6.G7.G8.G9) . £ HiHk
B B AR FEAAH [, 39 i it &2 A A2 600 kg/hm” fE
BN 46 AR B R 3~4 em, B TR BB K — R
HF G1.G2.G3.G4 3 Hb JC 75 9 45, BUR AL, i
T4 Ao AR IR E A ;G5 .G6.G7.G8.GY
Fb T 5 AWIEATRE AP . G1~G4 3 1 Y& 3 i 8] 78
10 A %1, G5~G9 5 b W 4k 1) 6] € 10 7 g
1.3 MEMEBRAFE
1.3.1 RZMERME 10 H 1—15 H & & Ry
PR R BRI TR T A AR R L
ARFEHF
1.3.2 FFRLE G FFRLE 5 & 43
o R T R R JER S, BT
il FH A AR R (A A TR )
A PR ED J5 vk E 5 B 7 & W E S R T A
K b5 #E GB 5009.6—2016C £ i v Ag 7 iy il 22 )
D7 AT B T A I SR A 4 A T R
#E GB 5009.5—2016 & & v 2 F1 5 /9 I 7 ) 7 vk
T 7 4% v SR O AR P B Y AT R A R
Z I8 GB 5009.9—2016 £ & w3 #y 1 0 52 ) Jy 32
POATHY, HHE E R & R E 2 I GB/T 15683—
2008 KK BLHEVE #1190 78 ) I B AT
1.4 E\EHHH

1.4.1 B¥EALEE  2023—2024 4F (1 445 LI Kk 4



PR U T i SRR AR BORE ALl 5 Y S5 23 A

ISR AL VG R 2 A am Bh 2 2 B AR W AR W B R I
N FH S22 AE G1~G9 38 56 58 b A3 3% i /N B A 3
KRG ul , % 2R 4 2 1% B3 2 2% 1 Microsoft Excel %
BRI SPSS 27.0 X A5 B 4l i 47 5 K R 7 2545
Br, JF R IS5 2k 17 2 8
142 #E7 S5 R 550k RL o 5T A o 0 R AR
50 R SPSS 27.0 8% 43 i 6 A - 5
SR AR 2R AR FURF R S BT BR AT TR R b AH DG M
3T o IR A OC FR B T R DG AR k] 4 AH L
RIEI S-S U O e DO WA IR - W TS|
TR R A3 BT, R0 5 Gt A AR B A O OC
R, DT B A s e e SRR KR B AR L
) 3 T AR T o O R R A G M i 1 A
B Ak Ry pR B, SR 3% A [ U g S o o A AL
GP AR S K AL R D AR A 2T S A
Xif 15 22 FF S 2R

FH AR 25 = (SC bR — B0 & {8 ) /55 bR fE X
100% (1)

B — (L JHIR 5222 )) /R AN (2)
2 HREHM

2.1 AEEMSRFMES

HH 2% 1 AT AT, AN TR BE e B T A [) ) AU R AT
Hd,G1.62.G3.G4 Kb ifE 3K 1 041~1 568 m),
X4 A O B AR, BURAR , FER R T
G5.G6 Fl G7 5& 7 ¥ i 4K, 78 735~803 m, &
B R R T R M BUR &L B R G8
F GO He - Y9945 55 B O 993~1 048 m, H A
R AR R K, T TR R . R AR
TR W X S A T 3R AE AR R L 1D
REEFEX R GL.G2.G3 . GA KM, S
TR E (1000 m A b)) P40 BE AR R . 5 2
JEVT A F X G G5.G6 . GT R . S A A
Je R RAR VYR R L R D 2 3 R
TE X, G G8 GO H b o A5 A AR AT [ R
S-Sy I B VR v R R

F1 SRBEMEFTHHKERE

Tab.1 Climatic data of growth period in each test base

T e i /°C

IR /C

-2 /C 2 /C FRIE/C AR /C

R%gign Maximum tem- Minimum tem- Average tem- /\verag§ tempera- Accumulated Effective accumu- ﬁ%lﬂja%f/a?m ﬁﬁ\:g;
perature perature perature ture difference temperature lated temperature
Gl 34.00 -3.00 16.30 15.43 2994.50 1407.70 177.30 1238
G2 36.50 -0.26 17.95 13.48 2995.86 1446.27 122.81 1041
G3 35.50 2.50 19.27 12.67 3058.94 1573.94 234.12 1085
G4 32.00 2.00 18.18 11.30 2784.00 1284.00 375.80 1568
G5 38.00 7.00 23.90 13.00 3671.50 2141.50 131.90 803
G6 38.59 0.41 19.15 12.93 3112.05 1702.05 115.60 766
G7 37.54 4.04 21.49 13.10 3442.92 1922.92 266.03 735
G8 35.92 2.78 19.85 13.51 323441 1694.41 287.55 1048
G9 37.00 4.00 22.25 13.50 3406.50 1876.50 457.37 993
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Tab.2 Agronomic traits of sorghum in different bases

F R /em 4 /em ToRr i &/ g Tk /g AE/(g/L)
Region Plant height Spike length Grain weight per spike 1000—grain weight Bulk density
Gl 178.6346.73c 30.20£1.82¢ 68.87£8.92¢ 32.76£0.23b 780.00£2.15b
G2 177.4448.12¢ 29.24+2.83cd 60.79£6.81d 24.57+0.83f 741.00£0.83¢
G3 160.3248.32f 30.23£2.21c 57.90+7.33e 31.10£0.14c 779.50£2.92¢
G4 180.3044.91b 26.85+£1.33e 24.95+0.22¢ 28.38+£0.82¢ 766.67+3.31d
G5 185.904-6.84a 29.10£2.41cd 47.3840.63f 29.2340.33d 783.33+2.43a
G6 172.004+4.71e 30.40£2.91c 48.80+5.31f 28.96+£0.22¢ 784.00+£3.61a
G7 174.384+7.14d 33.12£2.42a 70.51£3.33b 30.62+£0.14d 761.33+4.44d
G8 180.2045.42b 32.05£2.32b 72.25+5.62a 33.76£0.72a 785.67+4.32a
G9 176.454+6.52¢ 29.194+3.24cd 69.01£6.91bc 30.86+£0.21d 775.00£1.72¢

TE 25 GBI 5 AN TR /NG S B 7R AN [ el 1) 22 57 . 35 (P<0.05) 6

Note: The different lowercase letters after the column of data showed the significant difference among different bases(P<C0.05). The same as

Tab.3.
£3 TREEMEREFHMFERTRA

Tab.3 Grain quality of sorghum in different bases %

HEH ELVE A ELHEVE M STEEVE M HARE A B Ji 107 5
Region Total starch content ~ Amylose content Amylopectin content Protein content Tannin content Fat content
Gl 73.60£2.13¢c 23.39£1.22cd 76.61+2.45bc 9.71£1.78b 1.4140.02ab 3.99+£0.04b
G2 68.55+1.93e 21.06+£2.13e 78.94+2.09a 10.74+1.24ab 1.5240.04a 4.5240.03a
G3 71.74+3.09d 24.78=+1.04bc 75.2243.14cd 9.30£0.99b 1.2940.09b 3.78+0.05¢
G4 73.90£2.66¢ 26.43+2.13a 72.57+£2.03f 10.194+1.25b 1.4140.05ab 4.05+0.08b
G5 79.08+3.15a 25.82+1.16ab 74.18+3.01def 9.78+0.55b 1.2540.04b 3.74+0.03¢c
G6 70.40+4.12d 23.02+2.01d 76.98+2.87b 12.404-0.82a 1.3340.03ab 3.37+£0.04e
G7 74.744-2.85bc 24.34+1.05bed 75.66+2.74bed 9.9541.27b 1.36£0.07ab 3.7540.06¢
G8 76.1943.01b 26.54+2.34a 73.46E3.77ef 9.88+1.08b 1.4240.04ab 3.06£0.03f
G9 75.51+2.88b 25.49-£2.09ab 74.51£2.08de 10.124+1.13b 1.5240.05a 3.594£0.07d
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Tab.4 Correlation analysis between sorghum agronomic traits and climatic factors

e 7 /=1 K TR AL I3 TR HE

Index Plant height Spike length  Grain weight per spike  1000-grain weight  Bulk density
iR Maximum temperature -0.059 0.491" 0.376 -0.113 0.101
LR E Minimum temperature 0.196 0.047 -0.113 0.044 0.194
SEHEE  Average temperature 0.231 0.150 0.074 0.065 0.228
2 Average temperature difference 0.115 0.402° 0.747" 0.386 0.127
P Accumulated temperature 0.284 0.421° 0.369 0.210 0.272
F A Effective accumulated temperature 0.201 0.401" 0.288 0.175 0.317
[&F i Rainfall 0.003 -0.176 0.013 0.324 0.048

T ¥R 28 Pearson AH & ME /0 M 7E 0.05 K- B FAH G, E 5 [R]

Note: * Showed significant correlations at 0.05 level by Pearson correlation analysis. The same as Tab.5.
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T 25 5B W IEA K (P<<0.05) , Sk i ik T 2 B %
HRH 6 (P<<0.05) , 34 VE -5 55 o i R AR 2
3 IE A OE (P<C0.05) , 5 - 35 i B 5 2 60 AH ¢
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AR A T 25 A R T LR UE R i R R L T AR
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Tab.5 Correlation analysis between sorghum quality and climatic factors

TR Pt

ELEEVE R Ak

SCHEVER AR PP L

[

f‘dti Total starch ~ Amylose con-  Amylopectin ~ Protein con-  Tannin con- siﬂﬁoftit
content tent content tent tent
i RE  Maximum temperature -0.454" -0.558" 0.470° -0.111 0.292 -0.454"
A EE  Minimum temperature 0.060 -0.268 0.373 0.409° -0.232 0.060
SEHRE Average temperature 0.695" 0.617" -0.564" -0.278 -0.384 0.695
SEHJR % Average temperature difference 0.684" 0.458" -0.378 -0.151 -0.315 0.684"
BUE  Accumulated temperature 0.001 -0.399 0.481° -0.136 0.239 0.001
FRRR  Effective accumulated temperature 0.686" 0.272 -0.156 -0.178 -0.316 0.686"
Femitt  Rainfall 0.630" 0.271 -0.160 -0.059 -0.391 0.630"

26 HHmRSETESEERFHRUEEIGE
S
Oy T e st PR i SRR A B U TR T Y

HH O, AS BIF 506 K KL it 5 2023—2024 4F 32
SN AT T Ak, LA D B AT [0S oA
ESL T R SRRl TS A R T Y [T A T R L 2
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Tab.6 Regression equations for grain quality and major climatic factors

fEFhr  Index

57 F2  Regression equations

Total starch contents

i
HEHEFER & E Amylose content
it Amylopectin content
T Protein content
MR Tannin content
it

Fat content

Y=0.951X,—12.254X,+1.13X,+60.316(R*=0.976 , F=68.33, P<<0.001)
Y=-0.035X,— 1.468X,+0.056X,+43.712( R*=0.901, F=15.227, P=0.006)
Y=0.035X,+1.468X,—0.056X,+56.288( R*=0.901, F=15.277, P=0.006)
Y=-0.052X,—0.436X,+0.108X,+16.899( R*=0.807, F=6.987, P=0.031)

Y=-0.031X,+0.021X,,—0.001X,,+0.002X,,+ 1.769( R’=0.721, F=2.588 , P=0.19)
Y=-0.066X,,—0.134X,,+0.01X,—0.009X ,,+5.587( R*=0.784 , F=3.633, P=0.120)

W X,.9 A P A E IR X,.8 A A F 20 8 X,.8 H R AN AR X, 8 i A e i R 5 X8 IR 255 X, 7 H Ay e & 5 X,.7 A by
W25 Xe.5 A LA KRN i X5 A LA AR 5 X,,.6 A P3R5 X,,.7 A BUE X ,,.5 A F AT & 5 X 5.8 H LA AIGIE % 5 X, 9 H LA

I 5 X 5.9 H ARG X 5.5 H P AR 4

Note: X;. minimum temperature in mid-September; X,. average temperature in late August; X;. accumulated temperature in late August;

X,. maximum temperature in mid-August; X;. temperature difference in August; X,. rainfall in early July; X,. temperature difference in mid—

July; Xg. rainfall in early May; X,. minimum temperature in early May; X ,,.average temperature in June; X ;. accumulated temperature in July;

X ,. rain in late May; X ;. minimum temperature in early August; X,,. average temperature in early September; X ;. accumulated temperature in

early September; X ;. rainfall in mid-May.

STER I A R BN (£6),9 A A ik
IR (X)) 8 A M AEIRIE (X,) 8 A T A R
(X)) P PR B Ve & | EEH T, At
] P T 3EH 97.60 %0 MR S, 455 70 fy A X R 25 0
0.13% , ¥ i #f 2- h 99.87 %4 5 14 5% v b3 ol 19y 7
S5 WoR, 8 b A R (X)) 8 iR 2 (X5) .
7T 1A R (X)) SR P R ORL B TE R A Y
FLEHF, BT IRE eE T EAEVE R 90.10% /Y AR
SRR A X R 22 R -0.14 %, F 4 ik 1 R R
99.86 %6 5 S HE UE K [T U5 Oy RS R Wk, 8 H A i
R B (X)) V8 A 22 (X5) .7 b Ay W (X))
JE UL E KPR A VE R R R T EATIER
P E T VE R 90.10% 1y AR ST A AR B R R 25 K
0.03% , Y HErf %k 99.97 % 5 & [ 5 8] 9 )7 B 4%
RER,8 1 A e m iR E (X)) 7 A AR 2=
(X,;) .5 H I A) B (X)) e 2 0 FF 2 &
7 A3 R e e T 80.70 % AR
S, R AL A X R 25 O -0.19%, F 2 ik 1 R R
99.81% ; BT Ay FE LS R BoR .5 A b Ay e ik
B (X,) .6 7 ¥ (X)) 7 BUR (X)) #l
5 7 F AR A (X)) 2 D8 KPR T B i
HF, e m e 7T 72.10% B 48 5 B
Y ARXT 15 22 5 1.37 %0, - X e %2 98.63 %0 5 g 1l
E AR o , 8 H B AR AR (X,;) 9 H I
IS EE (X)) (9 T BRI (X5) A5 A R
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