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Abstract The study was to explore the optimal diagnosis period and leaf position of rice leaf SPAD in
Chongming District, and preliminarily predict the rice yield and construct a nitrogen nutrition diagnosis
model based on SPAD values. Field experiments with different nitrogen application rates (0~375 kg/hm?)
were carried out from the tillering stage to the heading stage in Chongming District, Shanghai in 2023 using
hybrid rice varieties ( *Shenyou 26’ and ‘Shenyou 28’ ), and conventional rice varieties ( ‘Nanjing 46’ and
‘Chongshang 2022’ ) as materials, and the SPAD values of different leaf positions of rice were obtained
during the critical growth period of rice, and explore the relationship between SPAD values and nitrogen
application rate, and rice yield, respectively. The results demonstrated that: 1) Under the same conditions
of rice growth environment and field management measures, nitrogen application rate was the main
influencing factor of rice growth and development. The changes of nitrogen application rate of rice were
reflected by the leaf SPAD value in real time, but the changes of rice SPAD values would vary with different
rice species, leaf positions and growth periods. 2) The relationship between SPAD value and nitrogen
application rate, SPAD value and yield was fitted, and it was found that the SPAD value of L1 (inverted leaf,
flag leaf) could indicate the changes of nitrogen application rate and rice yield. 3) The relationship between
the optimal leaf position SPAD value and rice yield was fitted by the quadratic function. The optimal
diagnostic period for hybrid rice was the booting stage, and the critical SPAD value was 37.77, while the
optimal diagnostic period for conventional rice was the spikelet differentiation stage, and the critical SPAD
value was 40. 13. Therefore, the L1 leaf of hybrid rice at booting stage and the L1 leaf of conventional rice
at spikelet differentiation stage can diagnose crop nitrogen nutrition status, and the critical value of SPAD is
compared with the actual value of SPAD, if the SPAD(actual value) —SPAD(critical value) <0, it means that
rice is deficient in nitrogen and needs topdressing. If the SPAD(actual value) —SPAD(critical value) =0, the
nitrogen content of rice is sufficient and no topdressing is required. In conclusion, the nitrogen model
established by SPAD can provide a reference for the diagnosis of nitrogen during the key growth period of
rice.

Keywords hybrid rice; conventional rice; SPAD value; leaf position; nitrogen nutrition diagnosis
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B AR Bl R RE 467 C S 1 20227 R Be M RL
0(N0) . 105(N1) ,135(N2) . 150(N3) ,225(N4) 300
(N5),337.5(N6) 375 kg/hm* (N7) 3t 8 4 Jifi & 4k
RS AL P E A 3K, 3L 96 AN /NIX, AN ] 3 it G
WL 1, AR RERE A R ON 37,5 kg/hm”, & LA
& Fh &% N 75.0 kg/hm?, B 71 & ik i 2 5 T
20234F 6 H 10 H #& %, 1% Fh i O 35 M (8] 982 98 , I 9
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Table 1 Nitrogen application rate of each treatment kg/hm®
Ab B MABA L oy BENE R
Treatment Total nitrogen input Base fertilizer Tillering fertilizer Panicle fertilizer
NO 0 0 0 0
N1 105 15 90 0
N2 135 90 45 0
N3 150 45 90 15
N4 225 90 90 45
N5 300 135 90 75
N6 337.5 112.5 90 135
N7 375 180 90 105
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T, J, S, B, and H represent tillering stage, jointing stage, spikelet differentiation stage, booting stage and heading stage, respectively. The

standard deviation is the standard deviation of the same leaf position at different growth stages. The same as Figure 2 and 4.
1 EXBARERKE EBRP HALSPADEEEURE

Fig.1 Dynamic changes of SPAD values at different nitrogen fertilization levels, growth stages and leaf positions in hybrid rice



%123

A A FE T SPAD B 5% B DK RS 7 ik 50 FR R 8 IR 12 WA B Y 49

B 3. 11,1, 68CIE 1Ca) (DA 2Ca) . (d)) . &
TR AS T it 2R kR R R L RS, HL o i R
FECA R mKAE AR KR SRR SPAD A2
R g . A ] KRG b R AS T3] i 3 114 28 A S5O T

i —I
50.00_(21) fE—nt Top 1 leaves
P 45.00r
T =
B
<A
40.0
&5 "
[}
35.00+
30.00 1 1 1 |
T J S B H
IKRE A F )
Critical growth period of rice
¢) {8l =} Top 3 leaves
s0.00 TP
E
3
<A
7
w1

KRR CHEA 77

Critical growth period of rice

SPAD(H

X RS [ A2 1 SPAD {77 78 22 57, 76 it
4 0 kg/hm? i, 2% 52 A 8] — i A {8) — it &2 e 3 s
Ul P 48 A e £ = o B O e D 5 5 R R DAY
[ER2I8

_(b) {5} Top 2 leaves
00

Q
=
A
< B
Zhs
w
J S B H
IKRE A F )
Critical growth period of rice
) pgn
50,00 (d) f#1PUM Top 4 leaves
o 45.00
=
<
>
9: 40.00
-9}
w1
35.00
30.00 . : :

T ] S B H
YN EPS N ]

Critical grdwth period of rice

—#-NO - NI-4N2-—v N3-¢ N4« N5 » N6—e—N7

B2 EMBARERKTE EERE MALSPADEREELRR

Fig.2 Dynamic changes of SPAD values at different nitrogen fertilization levels, growth stages and leaf positions in conventional rice
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Table 2 Effects of different nitrogen application rate treatments on rice yield and its component factors
AR i TREORL B/ R
o . 9 ) SR/% TR /g
VBN Jib B 774/ (kg/hm?) (10*/hm*> Number of _ ,
. . . . Seed setting 1 000-grain
Rice variety Treatment Yield Number of grains per i
. ) . rate weight
effective spikes panicle
NO 3 587.56+52. 23f 179.00=%6. 76¢ 85.004+2.00d 85.00+4.36a 27.81+1.68a
N1 5251.15+395. 22¢ 201.33+1. 26d 109.33+3.21c  85.384+3.83a 27.92+0.58a
N2 6 049. 18+389. 14d 214.5044. 33¢ 117.67+4.93b 85.8543.44a 27.9340.52a
I A5 T N3 6 840.29+667. 68bc 225.834+9.12b 120.33+5.51ab 89.014+1.65a 28.23+0.57a
Hybrid rice N4 8 044.82+182.12a 238.0046. 25a 128.00+1.73a  90.5242.23a 29.2140.68a
N5 7 113.04+451. 31b 229.50+5.27ab  123.174+1.26ab 88.71+2.55a 28.33+0.48a
N6 6 505.07£199.82bed  220.17+5.03bc  119.004=7.94b 87.49+3.84a 28.42+0.72a
N7 6 229.19+198. 45cd 225.174+2.47b 115.67+4.16bc 84.67+1.44a 28.2540.40a
NO 2 886.95+183.97¢g 170.17+1. 26 78.50+3.91e 83.77£0.67c 25.75+0.38d
N1 4 684.36+235.03f 206.00+5. 77e 101.83+3.51d  86.244+2.91bc 25.9040.57d
N2 5 545.22+229. 18e 219.6748. 22d 110.5043.00c  86.384=1.78bc 26.434-0. 31cd
A% FN
LR N3 6 938.29+363. 56¢ 246.00+7.76abc 118.00+2.18a 88.80+0.78ab 26.87+0. 50bc
Conventional
rice N4 8 225.10£249. 66a 256.0043.91a 120.67+1.76a 91.6140.61a 29.0740. 14a
N5 7 542.30415. 08b 251.50+7.55ab  116.50+2.60ab 90.58+0.60a 28.42+0.54a
N6 7 078.05+183. 94c 242.67+6.83bc  119.00+1.32a 89.46+2.28a 27.42+0.35b
N7 6 019.94-+59. 71d 240.17+3.51c 112.67+3.40bc 84.414+1.95¢ 26.3740. 26¢d
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R N 5 S T e R R e e, T Ak B
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(P<<0.01). %553 b 7 it 0 19 389 n 258 & Ja
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Fig.4 Correlation coefficient between leaf SPAD value and nitrogen application rate, and rice yield

HR 4 7K 5 it i SPAD fH 5 it Ut L™ it A9 40 ¢
FBT AR LB — ) X it 20 2 R K AR 7 a2 1
A Ay R, AT AP SR AR Ay T it R S R K BT A
W7 Y BEAR 0

F K A8 L1 M7 SPAD (H 5 7= 5 i — R R B
[l 5 J7 #E, & BN [ A & 3 K R 7 i BE L1 R A
SPADH % AR TREMBHR R X TH3L
Rt , BT AN i B e R BORG A BEI 4T
4o A e RBURR, 1 22 Rl B (P<
0.01) o X% HAS , 4 B84 10 00 A 2 B e o R
B, A BEIH YT S0 R e e AR RO AIE L BR
PR H RS o BE I R A3 A0 1 | 2 A Rl e
W4 25 St 2 (P<0.01)., HIHE 2 3 ok fig ¢ it
AHWE i SPADH S = B RBOC R, T R
A5 R ) T DU ASE R A ¢« A A2 A AT LA 2 A 4] —
- SPAD B Tl K i 7~ 5, # H0RE AT LR FH 4 3
A 39318 — k- SPAD {8 10 7K F 7 4

A it i SPAD B 5 77 & (9 BB & L TR
B i& SPAD {4 Al A SPAD fH . LA & 5 77 4 % 1
) SPAD {8y f i {6, AR 4l it 7 SPAD {H 5 77 it 9
Il U9 7 B 4 D, 24 A8 R R AR T 2 R el
SPAD {8 Jy 42. 29, % #LAR = 77 45 18 T 4 B 50 4k 1
il SPAD{H 2l 43. 65, LU /™= & 1Y 90%6~95%
VE i B, AR 9 i SPAD i 5 7 & 1 [m] )9 7 78
e, 2 22 R 22 BRI B SPAD (E Ry 37. 77, H HLFA
AL I 5 SPAD {H ly 40. 13,
2.4 EFKTESPADEMAZREFRICHEIHR
2.4.1 KABSPADME LR ETW IHX A

MR 1 3 485 2R A5 3] 7K R it A 1) A A3 12 W it Ao
Bl — W, A 38 R B A2 W I Ol 2 R A
e A1 Wi st 30 O 4l A o3 A, PR O A ST K RS e 12
Wr i3 8 — b SPAD 5 i & B R B
R(EL,

T4 sC R, 2k L R IR BRI B G R RP>



52 0 LN ES I Y NS S 4

2024 4F 55 29 %

R3 KEXBEBTHE —MHSPADESFERNHHXE

Table 3 Functional relationship between SPAD value of top 1 leaves and rice yield at the key growth period of rice

B AERY . SPADfi&fH SPAD Il SHA
K R 2 FEA B LA bR AL , i
. } Growth o ) R? SPAD SPAD critical
Rice variety Sample Fitting function .
stage optimal value value
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Hybrid rice
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TR R Z R B (P<0.0D) *F£REREFEP<0.05, F.

Note: ** indicates extremely significant difference(P<<0.01), * indicates significant difference(P<<0.05). The same below.
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Table 4 Functional relationship between SPAD value of top 1 leaves and nitrogen application rate at the key growth period of rice

7K of 2 FEA % PR ROE AR B A Y .
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