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PVC ( 35 cm 12.5cm 30 cm)
7 kg 21 3
3
63 (Cdo)
1 (Cd1) (Cd2)3
1.1
(0.3 mg/kg)
21 2 (0.6 mg/kg) CdS0O4-8/3H,0
1 ( pH 5) 5% ( 80%
65 pH 17.5) 5% (5 pH<6.5) 3 3~5cm
5 mm [34] 3~5cm
2000 130 d 0.05 g/kg CO(NH,), 0.04 g/kg Ca(H,POy4), 0.10
[33] g/kg K,SO4
1.2 CO(NH,), 0.05 g/kg
2011 6—9 2~3cm 48 h H,0,
( )
14 ~ 37°C 26.2°C 3 3
F 1 BRKBELOERELER
Table 1 Basic physical and chemical properties of tested paddy soils
pH
(uS/cm)  (cmol’kg)  (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
- HK-BRP 523 146 222 197 1.25 0.28 19.0 29.7 623 4728 2572 270.0
- GZ-RP 5.18 286 7.07 23.5 1.27 0.55 407 11.2 727 7344 156.0 109.6
- QY-YP 5.30 100 6.97 23.9 1.27 036 31.1 103 70.8 6844 176.8 138.8
- NN-PP 5.64 195 9.09 43.7 224 046 895 28.6 61.1 5568 2348 2084
- NN-YSP 535 113 11.2 184 1.09 036 135 24.6 69.8 4972 203.6 299.2
- ZZ-GP 496 111 11.9 442 2.04 041 306 228 83.1 580.0 260.0 160.0
- YT-RCP 5.07 60 9.39 20.8 1.86 0.53 8.88 13.0 41.1 464.8 346.8 1884
- CD-RSP 5.49 103 12.4 304 1.63 037 159 18.8 46.1 5432 260.8 196.0
- CD-PP 5.66 32 8.89 21.8 1.56 031 12.8 13.8 345 611.6 230.8 157.6
- WH-LP 6.74 94 13.3 21.0 131 0.88 18.7 255 619 5044 387.6 108.0
- WH-BRP 520 85 9.90 344 192 0.54 147 229 56.6 2168 5244 2588
- CQ-YP 532 132 3.33 13.0 0.75 043 283 737 21.1 8788 56.8 64.4
- JX-YP 529 269 16.1 21.0 152 0.63 197 31.6 740 3192 3912 289.6
- XC-SP 595 60 12.2 18.5 1.2 0.6 21.0 283 64.7 3932 4276 179.2
- XC-YWP 5.41 60 10.4 26.9 1.59 0.68 12.7 189 48.6 259.6 517.6 222.8
- CS-YP 6.15 194 18.0 46.1 1.29 0.51 158 29.6 67.8 3444 3948 260.8
- YC-RLP 6.12 55 11.0 17.5 1.21 0.62 208 274 61.2 3984 4224 179.2
- YZ-HLP 6.47 133 16.8 16.8 143 092 199 266 62.8 3504 4264 2232
- SY-BP 633 114 22.0 339 1.74 0.58 193 30.0 79.8 3228 357.6 319.6
- JX-BCP 5.73 156 20.0 240 1.12 0.58 21.6 227 69.0 5756 1948 229.6
- HL-BSP 6.10 153 14.2 33.0 090 0.56 21.8 23.6 67.7 571.6 3004 128.0
1.3 SPAD ) (SPAD-502, Minolta
5 ( Camera Co., Ltd., Japan)
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SPAD (CEC) 1 mol/L
1/3 3 3 3 (pH 7.0) (SOM)
27  SPAD -
5 1.4
NH,"-N SPAD
0.45 pm
15 ml 4 21 3 (1
NH;-N 71.2%
(BRAN+LUEBBE AA3) CEC( r=0.72) SOM(r = 0.65)
[35] (r =0.82) pH(r = 0.73)
pH 2501 (r=-0.67)
L oY
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G S B
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Fig. 1 Grouping of tested paddy soils based on PCA of soil properties
) CEC pH
(CQ-YP) (GZ-RP) 2
(QY-YP) (CD-PP) 2.1 SPAD
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CEC pH (HL-BSP) 2 2
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Fig. 2 SPAD values of rice leaves in different rice growing seasons in tested paddy soils under different Cd pollution levels
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Table 2 Effects of paddy soil types on responses of rice leaf SPAD values to different Cd pollution levels during rice growing seasons

SPAD
Cdl < Cdo Cdl << Cdo Cdl > Cdo Cdl > Cdo
Cd2 <Cdo Cd2 <Cdo Cd2 < Cdo Cd2 > Cdo
- ) - -
Cd0 Cdl  Cd2 <<
x3 KFBLABMBITRAIENKFEM F SPAD ERNT SPAD
B E S +
Table 3 Variance analysis of effects of soil types and Cd pollution (NH4 _N) (TN)
treatments on rice leaf SPAD values ( 6)
SPAD
21.43* 29.25*% 28.07* 18.2* 11.7* ) 031
156.48% 212.04* 94.34* 22.57* 1.89ns
SPAD
X 2.91* 3.61* 3.05% 3.15*% 6.14*
* (P<0.05) ns (P>0.05)
- . R SPAD
F4 BEHHAMOATTIRERIKFEZEEGH SPAD &
8948 X $2 00
Table 4 Relative influences of soil properties on variations of SPAD 2.3 SPAD
values evaluated by aggregated boosted tree
pH 21.4% 21.5% 21.6% 16.6% 18.9%
124% 144%  13.9%  184%  22.4% SPAD (P<
12.2% 14.0%  13.7% 14.2% 12.9% 0.01) (RZ) 0.45~0.58( 3) SPAD
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(P<0.01) R* 0.20~030( 4)

£S5 FRLEBKBLMESRAETKEHE SPAD ESKBIFH A RS EMTREMENHEXREY
Table 5 Correlation coefficients between SPAD values of rice leaves and rice grain biomass and nitrogen concentrations in different paddy soils
and under different Cd pollution levels

GN GB GN GB GN GB GN GB GN GB GN GB GN GB
0.45**  -0.11 0.44* -0.16 0.50** -0.26* 0.44** 0.04 043** 0.07 0.57** -0.16 0.46** -0.05
0.54**  -0.08 0.49** -0.23 0.40** -024 0.42* 015 049** 0.15 0.57** -0.33* 048** -0.05
0.76**  -0.04 0.68** —0.07 0.67** -0.21 0.57** 0.08 0.68** 0.19 0.65** 021 0.62*¥* —-0.02
0.46**  -0.04 0.51** —-0.13 0.49** -0.19 0.51** —-0.16 0.56*¥* 0.11 045** —-0.14 0.50¥* —-0.06
0.39%* 0.12  0.59%¥* —0.16 0.32** —0.29*% 0.36%¥* —-0.06 0.56** 0.06 0.52%¥* —0.44** 0.50** —0.11

GN GB *k (P<0.01) * (P<0.05)

6 ARIEBKIFLFBITRKETKIEH SPAD ESLIEREREZRIEMHEXRE
Table 6 Correlation coefficients between SPAD values of rice leaves and nitrogen concentrations in soil solutions in different paddy soils and
under different Cd pollution levels

TN  NH;-N TN  NH;-N TN  NH;-N TN  NH;-N TN  NH;-N TN  NH;-N TN  NH;-N

0.38%* 0.37*%% 0.36*%* 0.46%* 0.56%* 0.55%* 0.66** 0.62%* 0.55%* 0.51** 0.38% 0.38%* 0.49%* (0.45%*

0.39%* 0.38%* 0.40%* 0.31*%* 0.35%* 0.44** 0.66** 0.65%* 0.36%* 0.43** 0.49% 0.48** 0.45%* (0.48**

0.49%*  0.49%*  0.44** 0.33** 0.55%* 0.46*%* 0.64** 0.63** 047** 0.40** 0.51*%* 0.48* 0.50** 0.46%*
0.13 0.03  0.26** 0.25* 0.29** 0.31** -0.13 -0.12 0.18 0.24*  0.28* 0.21 0.17 0.19

0.10 0.08 —-0.08 0.20 0.12 0.01 -0.17  -0.03 0.01 0.05 —-0.02 0.04 —-0.02 0.04

N NH;-N
227 o 2 i 2 s
Jeh Y T Y E SRS

£ y=0691x-107 ° y=0.488x-2.87 y=0.417x-0.874
w18} R =0.582, P<0.01 18 R'=0465P<001 © |8f R*=0.448, P<0.01
it 0°
N o 8¢ 2o
o141
e
—:‘-S-
E 10t
%

1 1 1 6 L L L ;
28 32 36 40 24 28 32 36 40
IKFE: i SPAD{E
3 AREBIBEFRKFTKEHTHM F SPAD ESHFRARSEMMEXM
Fig. 3 Relationship between SPAD values of rice leaves and nitrogen concentrations in rice grains at rice joint stage under different Cd
pollution levels
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Fig. 4 Relationship between SPAD values of rice leaves and total nitrogen concentrations in soil solutions at rice joint stage under different Cd
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Diagnosis of Nitrogen Nutrition in Rice Plant by SPAD Chlorophyll
Meter for Paddy Soils Under Cd Pollution

LI Changming'?, ZHOU Yanli"?, LONG Guangqiang’, SUN Bo'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China;
3 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: A rapid diagnosis of nitrogen nutrition status in the soil is fundamental for precise fertilization during the
remediation and safe use of heavy metal polluted paddy soils. Determination of leaf chlorophyll content using the SPAD (soil and
plant analyzer development) Chlorophyll Meter has been widely used as nitrogen nutrition diagnosis for corn, wheat and cotton.
However, its applicability in rice plant is unclear for the different types of paddy soils under cadmium (Cd) pollution. In this study,
twenty-one types of paddy soils collected in the main rice-planting regions of China were used for a pot experiment with a rice
variety (DN 2000). Three Cd pollution treatments were established: without Cd addition (no Cd pollution), low dose Cd addition
(slight Cd pollution), and high dose Cd addition (severe Cd pollution). Rice leaf SPAD values and nitrogen concentrations in soil
solutions were measured at seedling, tillering, jointing, heading and mature stages. The results showed that soil type had a
significant impact on the response of rice leaf SPAD value to Cd pollution, and soil pH played an important role (with an average
relative contribution of 20%) on the variation of SPAD value. SPAD values were significantly correlated to rice grain nitrogen
concentrations, with the highest correlation coefficient in the jointing stage. At the same time, SPAD values were significantly
correlated with the total nitrogen and ammonium nitrogen concentrations in soil solutions at seedling and tillering stages, which
was independent of Cd pollution level and soil type. In general, rice leaf SPAD value during rice growth season, especially at the
jointing stage, could characterize the impact of soil nitrogen supply on nitrogen nutrition status of rice plant in different paddy
soils under Cd pollution.

Key words: SPAD (Soil and plant analyzer development); Cd pollution; Paddy soil type; Soil nitrogen supply; Nitrogen

nutrition diagnosis
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