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Abstract: To reveal the relationship between the SPAD value and its derived value of rice leaves and the pro-
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tein content of rice in the cold regions, this study measured the top three leaves at the jointing stage (T1) , booting
stage (T2) and heading stage (T3) of rice in 2020 and 2021. Based on the data of the pot experiments ( Experi-
ment 1 and Experiment 2) , the relationship model between the SPAD-derived index and the protein content of rice
was established, and the data of the field experiment ( Experiment 3) was used to verify the established model. The
results showed that in the nitrogen fertilizer experiment in 2020, the protein content of rice at A8 level was signifi-
cantly increased by 34.55%, 27.44% , 26.39%, 22.19%, 18.07% , 14.39%, and 12.23% compared with Al to
A7 levels, respectively. The taste value of A8 level was higher than that of A1~ A7 was significantly reduced by
8.10%, 5.06% , 4.99% , 4.10%, 3.45%, 2.96% , and 2.28% , respectively. The changes in protein content and
taste value in 2021 were the same as the former. Compared with C5, C4, C3, C2, and C1, the protein content of
C6 was significantly increased by 2.99% , 12.23%, 10.43%, 5.04% , and 15.63% , respectively, and the taste val-
ue of C6 was lower than that of C5, C4, C3, C2, and Cl and were significantly reduced by 1.17%, 12.09%,
3.54% , 2.89% , and 7.93%, respectively. Variety differences and nitrogen application rates had a greater impact
on the SPAD distribution of the top three leaves of rice at different growth stages, but the two “black and yellow al-
ternation” phenomenon in rice canopy leaves were not affected by the variety, among which the single leaf SPAD
value was affected by varietal differences and had no correlation with protein content. With the help of indexes
SPAD | 1110:13)/35 SPAD 5,13/ » the effect of cultivar and environmental differences on the prediction of protein
content was effectively reduced. Influence, the fitting equations of index SPAD ,,.,,.,,3,,; and protein content in T1 ~
T3 period are: Y=0.24X-1.94, R*=0.95"", Y=0.25X-1.69,R*=0.94"" | ¥=0.27X-2.45,R*=0.92" " ;
SPAD,,, 4.0, filling equations were: ¥=0.22X-1.05,R*=0.95" " | ¥=0.27X-2.43 ,R*=0.92" " | Y=0.26X-2.24
R*=0.92"", Y is the protein content, X is the SPAD derived value, and the fitting equations all reached the ex-
tremely significant level. The protein content of rice and the taste value score were linearly negatively correlated ,
the regression equation was Y=-4.21X+113.32 (Y is the taste value, X is the protein content) , and the goodness
of fit R*?=0.93" ", reaching a very significant level. To sum up, with the help of the indexes SPAD (14104133 and
SPAD

chieved, and to a certain extent, the quality of cooking and eating quality of rice were determined, and the results

Laxia/mean s Lhe purpose of fast, non-destructive and real-time detection of rice protein content was able to be a-
could be achieved. According to the requirements of quality harvesting and real-time monitoring of quality, the sus-
tainable development of high-quality cold rice was promoted.

Keywords: cold region rice ; SPAD value ;rice protein content ;taste value
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Table 1  Soil nutrient status

e R e O

soil 1oy Available N Available P Available K mitterl

D01l type o™ ! Lol o e ko™ ’

/(mg kb )/(mg kg )/(mo kg )/(g'kgil)

T

"mlﬂji 153.84 22.65 95.85 3.09 6.55
Chernozem

hit
Saline-alkali 97.24 13.77 106.10 2.00 8.89

soil
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100% 1R AE . B AL R AR R 4T (&% K, 0 50%) ,
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Table 2  Nitrogen application rate of experimental treatments

HZ A K% B HZE A K% B
A Factor B Factor A Factor B Factor

B1=0.00 B1=0.00

Al1=0 B2=51.72 A5=206.88 B2=51.72
B3=103.44 B3=103.44

B1=0.00 B1=0.00

A2=51.72 B2=51.72 A6=258.60 B2=51.72
B3=103.44 B3=103.44

B1=0.00 B1=0.00

A3=103.44 B2=51.72 A7=310.32 B2=51.72
B3=103.44 B3=103.44

B1=0.00 B1=0.00

A4=155.16 B2=51.72 A8=362.04 B2=51.72
B3=103.44 B3=103.44
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Table 3 Characteristics of the varieties
N /
i [ R
. Number of leaves -
Variety . Characteristics
on main stem
Pl 22 14 g, A
Songjing 22 Light—colored leaves, fragrant rice
FAHE 16 » R
Songjing 16 Darker leaves
JeE 203 5 M@k, AR
Longdao 203 Light-colored leaves, fragrant rice
RS 13 I e
Kenjing 8 Darker leaves
Jet 21 . R
Longjing 21 Darker leaves
=iL6 s 12 g, A A
Sanjiang 6 Light-colored leaves, fragrant rice
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[, A1, A2 A3 A4 A5 A6 A7 53 BIFEAR 27.78% .
21.81% .19.03% .14.86% .12.50% 11.11% .7.64% .
TEB2 T, 5 A8 /K FEAHEL, A1 A2 A3 A4 AS A6,
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15.29% .14.01% .10.45% , B3 F,5 A8 /KFEHE
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Table 4 Effects of nitrogen application rate on

protein content and taste value of rice

2020 2021
AL 2

Test  ®pmait/o SWE/% HBAFSE/ % KL %

treatment - proiein content Taste value  Protein content Taste value

Al 5.73eE 89.43aA 5.65¢E 89.53aA
A2 6.05deDE 86.57bB 6.10dDE 87.07bB
A3 6.10dDE 86.51bB 6.22dDE 86.81bB
A4 6.31cdCD 85.70bcBC 6.43c¢dCD 86.00bB
A5 6.53bcBCD  85.13¢CD 6.65bcBD 85.73bB
A6 6.74bBC 84.70cdCD 6.86bBC 83.92¢DC
A7 6.87bB 84.11dD 6.99bB 83.01dD
A8 7.71aA 82.19¢E 7.53aA 81.19¢E
F, 25.284" " 38.986" * 27.35" 29.224™ "
B1 6.17¢C 88.17aA 6.25¢C 87.87aA
B2 6.47bB 85.17bB 6.48bB 84.97bB
B3 6.88aA 83.29¢C 6.78aA 83.34¢C
Fy 22.968" " 140.982" * 19.30" " 32.4427 "
Fixp 6.498" * 9.606 " * 10.12"* 10.245" "

T RS AT/ RS R 53 5 R [ — 186 P 3OS [ Ak B
8] 22 5% .45 (P<0.05) M .35 (P<0.01) 5 # | % * 435l 37K S 0i .
% (P<0.05) MR 23 (P<0.01)

Note: Different lowercase and uppercase letters within a column in-
dicate significant (P<0.05) and extremely significant (P<0.01) differ-
ences among treatments under the same experimental factor, respectively.
% and * * indicate significant ( P<0.05) and extremely significant ( P

<0.01) influences ,respectively.

SR, AL, A2 A3 A4 A5 A6, AT 43 9 FEAK
24.50% 21.66% 18.94% 15.47% .14.23% .12.38%
11.14% . KL, FEA R B REAL T, FOK & A & &
LA 2 AR R, B, B2 . B3 THEH
e B St B 5 BRI R (LA ) 400 Ky
0.92°* 096" .0.96" ",

PHAFTE] 6 /™ o 18) 85 11 0 2 B B AL ) o
SEUURLL, DL 2021 AR B A (B 2) . AR
W1,6 A-ahfh Z B 8 BT B R 2 AR,
Hr C1 AT A, B (E R &, Co Bl
i, BWERM, 6 A A E A5 & h s
KA Ry C6>C5>C2>C3>C4>C1,C6 EH &=
A C5.C2.,C3.C4,C1 435I b 3542 55 2.99% .5.04% |
10.43% 12.23% ,15.63% , B WRAE 1 = 2K A0 Ky
C1>C4>C3>C2>C5>C6,C6 EIR{EE: €5.C2.C3,
C4.C1 43 5 A i 25 B AR 1.17% . 2.89% ., 3.54% .
7.93% 12.09% , FILATAT, ASTR] &R RS K 28 1
T B 2E SRR, BRI A Y A L
BERMER .
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6.5 ~ 651 265
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L5 T 55F sl
50 . . L 5.0 1 - . & 5.0 * * !
0 103.44 206.88 310.32 0 103.44  206.88 310.32 0 103.44 206.88 310.32
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Fig.1 Relationship between fertilization amount and protein content under different panicle fertilizers
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K5 45 R RRIFEAE R , T2 W01 /K AE TR 3
R SPAD B 5l 20 i 2 4R M 1EAH 56, Fe R
T2 R H IR B8 W 2 K F, 78 B1,B2 B3 T, 3 5Kt
F SPAD i K/N KRB K . L, >L, >L,, B2 B3 /KF
T5ES 3 1t SPAD {E & T B1,

TEEL 6 1, T3 B 3 5Kt 5 SPAD fH K/NE R
ML, >L,>Ly, Ti—M- ) SPAD {8 K e i (8, A A i
F SPAD {57t 2 1 32 I 0 4 M 1E AH C, [ 05 J
1) R* Rt i /K-, 7E[R S5t A & T, T3 B 0 Y
R SPAD {ER LS =5 T T2 BH ka5

25 b 78 T1~T2 BHW/KFF A - SPAD fH 2
PRREAR G S, T2 ~ T3 WHPI/K AF 0 0 B SPAD {H 5h
ABTE . AT A KR R AE T1~T3 B %
Py 7 - - PR i S I HAS [ B 3 KRR Tt
TR SPAD fH 70 MR LA 22 S0 K (A S it Al i 3
TIHLME R, $2 i ZN A Gl i 37 2 8] 1)
SPAD {E 22 {E/IN, 78 T2 F1 T3 BHIAS L EE R B 8
232 RREKAGmAAETH SPAD /A8 bE  TF
& 7 w6 ANSEEK S A ZE T1 YT 3 A SPAD
HRNRFRE R L,>L >0, 75 T2 B, s Fh Cl



156 TR XAV BT 541 &

1 C2 WS 3 Ak SPAD HA/NER N L >0 >0, FERIEREH 3 AaHI A S R 5055 0.817 7
fff C3.C4 (C5 A1 C6 THHE 3 A it SPAD fHAR/NE 0.8377 . 0.817 ", 78 iy A ik 56 v A OC R 800 51 by
AN L,>L>L,, T3 B S AL A TES 3 At 0.85°° .0.85°* .0.86° *, SPAD 5/ me FE ALK IE
SPAD (HA/NKER BN L >L,>Ly, HILFTHL6 4 th3 ASEHH A E R BT 9 0.817° 0.827 ",
PER S FPAE T1 T2 B A TIREMT0 2 1 SPAD fH 0.82° " ; 78 A Fl K 58 rh AH DG 2404 5 0.847 7
e, 7E T3 WAL REAHT— 0t SPAD Bk . A 0.82°7 .0.86° ", SPAD,,0us/ e TE RAEIRER 1 3 4
[Fl i Al SPAD {EL7E T1~T2 BH R BB TR, e mAaE 25050510 0.707 .0.83° .0.84°* 7
TE T2~ T3 BRI NS B, At al A, AN JR7K ARRES TR RN 01 0.727 0.78° .0.89% % 3 A4
FERM AP TR I - SPAD fH 0 M A MBUE A R 2 i 5B H RS B R MIEMH L LR,

st LRFD R FE T1 T3 R 1 s -
=L, y=0.022X+34.26 =098
o E s B IA, oL, ¥=0.023X+31.70 *=0.96"

40} AL.Y=0.021X+30.23 R*=0.98" &

24 RtH SPAD EREITHIERSEARSENXR
HHTRS: 1 F0I5: 2 pPIAEEEE 0 TR 3 7 i
SPAD {H -5 R 8 15 5 8 A MR 3 M b 47 48 s
e, 3% 5 BR BN R ENEH RS b3 AT
BRI SPAD {H-5 8 5T & A A A B e &

25
A TSRS L0 SPAD {15 328 15
FRIOAEERRGATI R EACE . AT, (B R Ty TI T T Y
Fiub SPAD (AEHEFT 26 1 o ik BUME M2 52RO B U e <)

Nitrogen fertilizer application

Mg HLA —E M, (BT A PR bR e 25 3 R 78

B4 T1HHERESTARM R SPAD ERX R
3 /I\ HE H HTJ_ :/H;ﬁ N ]ﬁ ll:H 3 /I\ *EI 1:/7“ SPAD(L1+L2+[3)/3 N

Fig.4 Relationship between nitrogen application rate

SPAD 5 mean ~SPAD, ot /mean » FLH SPAD (14120133 and SPAD value of top leaves during T1 period
407" L, y=0.021X+26.84 R°=0.94" 40r= L, ¥=0.019X4+29.26 R*=0.95" 40r "L Y:0.022X+28.§1 Rf:ooszz
*L,y=0.023X+28.46 R*=0.91" oL, Y=0.021X+29.68 R'=0.94" oL, ¥=0.023X+29.51 1(’::0.93“
AL, y=0.024X+24.96 R"'=0.86" AL, Y=0.026X+29.26 R*'=0.95" AL, Y=0.028X+26.54 R"'=095
L]

(a) Bl (b) B2 (c)B3
20 1 Il 1 20 1 Il 1 20 Il 1 1
0 103.44 206.88  310.32 0 103.44 206.88  310.32 0 103.44 206.88  310.32
SN0 i ] 4/ (kg « hm °) SR it ] B/ (kg hm 7) SN0 it FH 4/ (kg « hm )
Nitrogen fertilizer application Nitrogen fertilizer application Nitrogen fertilizer application

5 T2HRHAAEERTERESMEMF SPAD ERXER

Fig.5 Relationship between nitrogen fertilization rate and SPAD value of top leaves under different panicle fertilizers during T2 period

[=L, ¥=0.021X+30.35 R*=0.94" [ =L, ¥Y=0.022X+30.44 R*=0.90" [ =L, ¥=0.021X431.19 1{:0 89"
a0 k* L, ¥Y=0.023X+29.25 R"=091" 40F L. Y=0.022X+29.86 R°=0.89" q0f * L2 Y:0.020){+30.16 R'=0. 89" .
AL, Y=0.024X+27.35 R'=0.94" al, Y=0.025X+27.63 R°'=0.96" } AL, Y=0.022X+28.46 R"=0. (.)5 3
- 3 L]
= | 1 1 11
T 35F . 4 i 35F — P a
35 ' . £ A : . e ‘ 3 i "I X 4 2
[a) s ! | o) - I3 ' A A o 1
< ¥ - < . K A < - ‘ A
TN e 5. LF 3t N 24
0f -+ 4 30F # f &1
r . A 7e { A
A 3 )
251 25F L
(a)B1 (b) B2 2 (c)B3
I | L I I L L L L
0 103.44 206.88  310.32 0 103.44 206.88 310.32 0 103.44 206.88 310.32
S0 it ) 4/ (kg + hm ™) S0 Bt 1 4/ (kg » hm ™) SR it i 4/ (kg + hm )
Nitrogen fertilizer application Nitrogen fertilizer application Nitrogen fertilizer application

Elo T3HARRMEETHERESNARM A SPAD EHX &R

Fig.6  Relationship between nitrogen fertilization rate and SPAD value of top leaves under different panicle fertilizers during T3 period
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