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Evaluation of SPAD and Dualex for In-Season Corn Nitrogen Status Estimation
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Abstract: Nitrogen (N) is one of the most important nutrients influencing both yield and grain quality, and N supply is one of the
few production factors that can be controlled and which is known to effectively influence crop performance. Both SPAD reading
and Dualex reading are shown to be highly correlated with leaf N concentration, and crop N status can be assessed through the
SPAD reading and Dualex reading. The purpose of this study was to evaluate the suitable N rate at topdressing time. In order to
evaluate the N application rates on SPAD reading and Dualex reading of corn after silking, corn field experiment was conducted
with application of 45 kg N ha™' at sowing and planting density of 79 000 plants ha™' in 2008 on the L’ Acadie experimental farm
(Quebec, Canada). Topdressing N was performed with 0, 34, 68, 101, 135, 169, and 203 kg N ha™! at jointing stage. N-saturated
reference plots with topdressing of 180 kg N ha™' at 10 days after sowing, besides 45 kg N ha™' at sowing, was established. With
increasing topdressing N rates, SPAD reading, aboveground dry biomass and corn grain yield increased, and Dualex reading de-
creased. The SPAD-NSI of topdressing N treatments with 101, 135, 169, and 203 kg N ha™' was always higher than 0.95 at all
samplings dates. The Dualex-NSI of topdressing N treatments with 101 kg N ha™' was higher than 0.95 from 18 d to 46 d; the
Dualex-NSI of topdressing N treatments with 135, 169, and 203 kg N ha™" was also higher than 0.95 at all samplings dates. SPAD
reading, Dualex reading, SPAD-NSI and Dualex-NSI were strongly correlated with topdressing N rates. The maximum yield was
reached when topdressing N was 101 or 135 kg N ha™' at jointing stage. When maximum yield was reached, any additional N was
no significant effect on SPAD reading, Dualex reading, aboveground dry biomass and corn grain yield. Topdressing N rate of 101
or 135 kg N ha™' was enough for corn growth after silking and getting maximum grain yield. There was no significant difference
between splitting the N into two applications and N-saturated application on grain yield; however, splitting the N into two applica-
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tions significantly decreased the total N application rate and growers’ inputs. In the present study, the suitable topdressing N rate
was 101 or 135 kg N ha™' with 45 kg N ha™ at sowing. SPAD and Dualex could be integrated to evaluate in-season N status of

corn
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Table 1 The N application times and N rates on corn (kg N hm™)
10d
Treatment N at sowing Banded N at 10 days after sowing Topdressing N Total N
N45 45 0 0 45
N45+34 45 0 34 79
N45+68 45 0 68 113
N45+101 45 0 101 146
N45+135 45 0 135 180
N45+169 45 0 169 214
N45+203 45 0 203 248
SAT 225 45 80 0 225
(22% K,0) 170 kg hm™> lemx3m= 2 LRE54HH
48 m?, 4 (Zea mays 21 SPAD
L.) Pioneer 38B84, 2008 5 12 . ’ ,
B 4 75 cm, 7.9 SPAD  (P=0.001),
hm™, (P<0.01) SPAD
1.2 N45  N45+34
1.2.1 SPAD /& 11 830~  <paD
11:00, - SPAD  N454101 N45+135 N45+169  N45+203
(SPAD-502, ) SAT 225 N45+68 N45+101 N45+135
172 ; N45+169  N45+203 SAT 225
20 6~8 d SPAD
1.2.2 Dualex 1& SPAD , SPAD )
SPAD Dualex  (Dualex3.3, 11~40 d, N45+68 N45+101 N45+135 N45+169
) Dualex 20, N45+203 SPAD :
Dualex ; 46 d, N45+101 N45+135 N45+169  N45+203
022, SPAD ,
Dualex SPAD , N45+68
123 A%E. HEEEATE N45+101 N45+135 N45+169 N45+203
6 ; 70C 74 SAT 225 SPAD 11~46 d
2.2 SPAD-NSI
9.5m , SPAD-NSI (P
1.3 =0.001), SPAD-NSI ,
SPAD- (SPAD-NSI) (P=0.05)
SPAD SAT 225 SPAD SPAD-NSI ,
Dualex , N45+101 N45+135 N45+169  N45+203
Dualex-NSI SAT 225 Dualex SPAD-NSI N45  N45+34
Dualex Microsoft 11~46 d  N45+68 18~46 d
Excel SAS  PROC MIXED ,  SPAD-NSI 0.95; N45+101 N45+135
Excel N45+169 N45+203 11~46 d
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Table 2 Influence of topdressing N rates on SPAD-NSI of corn ear leaf after silking
Days after silking
Treatment 11d 18d 25d 33d 40d 46 d
N45 0.60+0.08 ¢ 0.59+0.06 d 0.62+0.09 d 0.53+0.10 ¢ 0.50+0.12d 0.52+0.10d
N45+34 0.86+0.08 b 0.82+0.06 ¢ 0.87£0.09 ¢ 0.81£0.09 b 0.76£0.18 ¢ 0.75+0.21 ¢
N45+68 0.96+0.07 a 0.94+0.08 b 0.94£0.15 b 0.93+£0.23 a 0.92+0.05 b 0.92+0.13 b
N45+101 0.98+0.04 a 0.97+0.08 ab 1.08+0.16 ab 1.09+0.24 a 1.06+0.10 ab 1.12+0.22 ab
N45+135 1.02+0.04 a 1.02+0.10 a 1.1340.17 a 1.14+0.20 a 1.10+0.18 a 1.19£0.26 a
N45+169 1.02+0.07 a 1.00+0.09 ab 1.10+0.17 ab 1.12+0.22 a 1.11£0.22 a 1.20+0.28 a
N45+203 1.02+0.08 a 1.00+0.10 ab 1.11+0.13 a 1.12+0.19 a 1.09+0.14 a 1.20+0.26 a
N rate Hkok
Growth stage NS
N rate x Growth stage )
0.05 ( + , n=4) * FEE 0.05 0.001

NS

Values within the same column followed by a different letter indicate significant difference at 0.05 probability level (data are mean+SD,
n=4). * and *** indicate significant difference at 0.05 and 0.001 probability levels, respectively, and NS means no significant difference.
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Table 3 Influence of topdressing N rates on Dualex reading of corn ear leaf after silking
Days after silking
Treatment 1d 18d 25d 33d 40d 46 d

N45 1.10+0.07 a 1.13+0.14 a 1.25+0.06 a 1.25+0.10 a 1.3140.05 a 1.31+0.09 a
N45+34 0.96+0.07 b 1.12+0.07 a 1.14+0.11 b 1.18+0.18 a 1.27+0.11 a 1.30+0.12 a
N45+68 0.87+0.06 ¢ 0.93+0.07 b 0.96+0.07 ¢ 1.03+£0.16 b 1.13+£0.08 b 1.16+0.10 b
N45+101 0.83+0.03 cd 0.86+0.03 be 0.95+0.09 ¢ 0.96+0.13 be 1.00+0.05 ¢ 1.06+0.07 ¢
N45+135 0.74+0.09 e 0.87+0.08 be 0.90+0.06 cd 0.94+0.04 be 0.93+0.10 d 0.95+0.12 d
N45+169 0.75+£0.07 e 0.80+0.05 ¢ 0.84+0.10 de 0.89+ 0.09 be 0.91+0.06 d 0.94+0.05 d
N45+203 0.74+0.07 e 0.78+0.06 ¢ 0.82+0.09 e 0.85+0.04 ¢ 0.87+0.09 d 0.89+0.06 d
SAT 225 0.81+0.05d 0.85+0.05 be 0.88+0.12 de 0.92+0.11 be 0.92+0.06 d 0.95+0.08 d

N rate HAK

Growth stage Aok

X ks
N rate x Growth stage

0.05 ( + , n=4) *x* 0.001

Values within the same column followed by a different letter indicate significant difference at 0.05 probability level (data are mean+SD,

n=4). *** indicates significant difference at 0.001 probability level.
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Table 4 Influence of top-dressing N rates on Dualex-NSI of corn ear leaf after silking
Days after silking
Treatment 11d 18d 25d 33d 40d 46 d
N45 0.74+0.01 d 0.76+0.05 d 0.70+0.06 e 0.73+0.03 d 0.70+0.02 d 0.72+0.01 d
N45+34 0.84+0.01 ¢ 0.76+0.02 d 0.77+0.03 d 0.78+0.03 cd 0.73+0.02 d 0.73+0.01 d
N45+68 0.93+0.01 b 0.91£0.02 ¢ 0.91+0.06 ¢ 0.90+0.03 be 0.81+0.04 ¢ 0.82+0.00 ¢
N45+101 0.98+0.03 b 0.99+0.02 b 0.92+0.04 be 0.96+0.01 ab 0.92+0.01 b 0.90+0.02 b
N45+135 1.10+£0.07 a 0.98+0.03 be 0.98+0.07 b 0.98+0.08 ab 0.99+0.04 a 1.00+0.04 a
N45+169 1.08+0.03 a 1.06+0.04 a 1.05+0.02 a 1.03+0.02 a 1.01+0.00 a 1.01+0.03 a
N45+203 1.10+0.06 a 1.10+0.03 a 1.07+0.04 a 1.08+0.08 a 1.06+0.06 a 1.06+0.01 a
N rate oAk
Growth stage ok
x
N rate X Growth stage NS
0.05 ( + , n=4) F** 0.001 NS

Values within the same column followed by a different letter indicate significant difference at 0.05 probability level (data were

mean+SD, n=4). *** indicates significant difference at 0.001 probability level, and NS means no significant difference.
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5 TREREFHTHRHERMITEYE. FRTERFR~SHTN
Table 5 Influence of topdressing N rates on aboveground dry biomass, dry grain weight, and grain yield of corn at maturity stage

Treatment Aboveground dry biomass Dry grain weight Grain yield
(g plant™) (g plant™) (14.5% humidity, x10° kg hm™)
N45 135.4x179 ¢ 70.0+15.2 ¢ 4.13+£0.73 e
N45+34 197.2+43.7 b 109.8+27.2 b 6.92+1.50 d
N45+68 220.5+10.3 b 127.6+4.4 b 8.64+0.59 ¢
N45+101 258.7£23.0 a 153.7+11.9 a 10.35£0.91 b
N45+135 264.5£10.8 a 157.9+8.9 a 11.08+0.55 ab
N45+169 269.6+18.6 a 163.3+£7.8 a 11.68+0.45 a
N45+203 255.6+9.6 a 157.8+6.5a 12.07+0.34 a
SAT 225 280.8+30.1 a 149.6t11.3 a 11.18+0.49 ab
0.05 ( + , n=4)

Values within the same column followed by a different letter indicate significant difference at 0.05 probability level (data are mean+SD, n=4).
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Table 6 Correlation of SPAD reading, Dualex reading, SPAD-NSI and Dualex-NSI with aboveground dry biomass at harvest stage
and corn grain yield

Days after silking

Parameter 11d 18d 25d 33d 40d 46d
SPAD  SPAD reading 0.88" 0.90™ 0.86™ 0.89™ 0.917" 0.87"
Aboveground  gpap Ns] 0.91°" 0.89™ 0.84™" 0.82"" 0.86™ 077"
dry biomass
Dualex Dualex reading -0.79 -0.76 -0.78 -0.73 -0.82 -0.79
Dualex-NSI 0.79"" 0.73"" 0.69™" 0.68""" 0.77"" 0.75™"
SPAD  SPAD reading 0.90"™" 0.92" 0.91™ 0.92™ 0.95" 0.94™"
Grainyield  qpap_NsI 0.87"" 0.88" 0.83"" 0.80"" 0.87"" 0.80""
Dualex  Dualex reading -0.86™" -0.84™" —0.84™" —-0.80"" —-0.88""" —-0.85™"
Dualex-NSI 0.88"" 0.87"" 0.86™" 0.86™" 0.89"" 0.88""
. 0.001 "™ Significantly different at 0.001 probability level.
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