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Nitrogen use efficiency and low nitrogen tolerance in waxy corn
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ABSTRACT: Nitrogen use efficiency was evaluated in 27 genotypes of waxy corn to utilize as germplasm in breeding
program for sustainable agriculture. Yield, yield components and agronomic traits analyzed similarity coefficient
by Squared Euclidean and cluster analysis by Ward’s method could separate genotypes into 4 groups depending on
ear size, plant height and flowering date. The large ear group gave yield higher than that of the small ear group and
showed high value of low nitrogen tolerant index (LNTI) and nitrogen use efficiency (NUE). The genotypes, namely
BW, PEK and SLKM showed high NUE, high yield in high nitrogen condition (HN) and low yield in low nitrogen
condition (LN). WPP, BW and NSW genotypes showed high value of LNTI, and high yield in both low and high
nitrogen conditions. The genotypes, namely THT and TNO gave low yield in both LN and HN; they showed low
NUE and poorly responded to nitrogen fertilizer. The relationship among yield, LNTI and NUE indicated that the best
genotype should be good LNTI and high NUE, and also gave high yield in both LN and HN. Selections of high yield
genotype in HN and LN are suitable method for NUE improvement and low nitrogen tolerance genotype respectively.
Keywords: cluster analysis, correlation, low nitrogen tolerant index and low nitrogen susceptible index
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Cluster of 27 varieties of waxy corn for 14 trait means across 2 nitrogen conditions.

ANENNTRENLATAUALLDANAA L LANG 1T
P9ER eRansudnEIEIININERT WL
Tuanmiilddelulasiauludnasa inlfans
aanAansing angeantuudindi wardaaingaas
ma‘fa'aﬂm@nﬁqéﬁumqﬂ@ﬂiwmuﬁu WAAIN
@enuaaluanad (Table 1)

Wugdaln m‘lumjuﬁ 4 Lﬂuﬁuﬁ:ﬁﬁ fnaumLan
uarangeanAaniza 1Hwn s THT, TNO, SKT, MP
waz TBK Lﬁ@ﬂ@ﬂ‘lmmw”lu‘immuﬁﬂﬁmamamrﬁ:ﬁ
m'ﬂLﬁfﬂﬂgﬂlu@mwh‘fmmuqﬁ@ﬂm 11,18, 27,
33 waz 37 ANAAL wslluansnaiunieada uay
Frsatin131mlulngian (NDI) 1.83, 1.71, 1.49,
1.40 waz 1.31 Auansy aeelsfnuiugaingnn
WnandnsniewFouiaufowuglung iy
A lidandsz@nsnnnnslddelulnsauiies
1.71,3.71,8.29,9.14 Uz 7.71 nn./nn.N Assiandn
S unguan g THT uasTNO Serdaiiaanm
BaULaAaN17970 blRgan (LNSI) 0.22 waz 0.35
LL'&quﬁﬁuﬁfﬁmmmuﬁmﬂzgn‘lmmwh‘immu
flatnenandnanadlinin nafiarsaniagu
mem'wm\ir;mcﬁmiummwﬁiz&ﬂﬂiu‘imlﬂuﬁh\ﬁu
evnendinsmelulnsau lnedaiugingtne
fldasduiugilinausuassanisladauas
fisz@nsninnnaldilasn anunsnlgniuanan
ulpnausinldlnsnanananasluunn



236 WAWNEAT 39 : 231-240 (2554).

Table 1 Group means for yield, ear size and agronomic traits of waxy corn grown in low nitrogen (LN) and
high nitrogen (HN) conditions.

Cluster means across
Traits N conditions 1 2 3 4 all varieties
mean SE mean SE mean SE mean SE  mean SE
Yield with husk (ton/rai) HN 2.65 0.12 2.85 0.10 2.04 0.09 1.36  0.13 2.38 0.12
LN 1.33 0.08 1.64 012  1.29 0.12 110 0.10 1.38 0.06
Husked yield (ton/rai) HN 1.51 0.08 1.63 0.10 1.1 0.05 075 0.09 135 007
LN 0.65 0.06 0.84 0.08  0.55 0.08 055 0.05 067 004
Ear length (cm) HN 14.6 0.3 15.8 0.6 13.9 0.5 134 02 1461 0.28
LN 11.9 0.3 12.9 0.5 121 0.3 12.2 0.3 1227 0.19
Ear width (cm) HN 447 11 44.9 1.3 33.4 0.9 33.1 2.7 40.51 1.26
LN 4.2 0.9 411 1.6 325 08 300 24 3758 1.12
number of seed row HN 14.0 0.3 13.7 0.5 10.9 0.7 10.0 09 1262 040
LN 13.8 0.3 13.5 0.5 10.8 0.7 9.4 0.8 1239 0.41
Number of seed per ear HN 400 14 410 14 292 1M1 247 17 356.44 14.40
LN 324 12 330 10 275 19 233 12 301.33 942
Tassel date HN 41.0 0.3 40.9 0.3 40.3 09 364 07 4011 0.39
LN 429 0.4 42.9 0.4 43.0 09 378 03 4217 044
Silking date HN 421 0.3 42.1 0.4 41.3 1.0 369 06 4113 044
LN 454 0.4 45.1 0.3 45.3 1.2 3841 0.5 4420 0.58
Tassel and silking HN 1.2 0.2 1.3 0.2 1.2 0.2 0.5 0.3 1.1 0.11
interval LN 2.7 0.2 2.3 0.2 2.5 0.3 0.5 0.3 2.19 0.18
Plant height (cm) HN 199.2 4.4 177.5 5.9 158.0 4.1 1355 21 17419 494
LN 186.2 4.2 166.9 6.1 159.3 32 1320 25 166.48 4.18
Ear height (cm) HN 106.8 3.0 95.0 4.2 82.5 33 693 34 9233 3.10
LN 98.6 33 90.9 3.9 84.8 18 653 3.1 8830 268
Leaf greenness at R1 HN 52.0 0.7 56.8 1.3 51.2 0.4 49.8 11 52.89 0.69
stage (spad unit) LN 43.9 0.8 49.1 0.8 46.5 09 430 12 4589 0.63
Leaf greenness at R3 HN 57.2 0.5 62.0 1.0 55.3 1.1 52.8 11 57.56  0.77
stage (spad unit) LN 471 0.8 52.4 0.9 48.2 2.1 490 0.7 4919 0.72
Stay green HN 23 0.4 1.4 0.3 3.3 0.2 14 0.9 235 0.18
LN 8.28 0.17 7.38 035 742 0.47 6.00 058 213 0.24
Low nitrogen tolerant index 0.56AB"” 0.07 0.76A 0.09 0.33BC 0.05 024C 005 052 0.05
Low nitrogen susceptible index 1.13A 0.07 0.95A 0.10 0.98A 0.16 0.49B 0.12 095 0.06
Nitrogen Use Efficiency 2454A 1.86 22.89AB 3.14 16.05B 3.08 557C 172 1935 1.81
Nitrogen Uptake Efficiency 1.38 0.25 1.72 020 1.41 027 058 019 137 013
Nitrogen Utilize Efficiency 2056 259 1433 255 1293 247 994 118 1545 144

"In a row, means followed by a common letter are not significantly different (P<0.01) base on DMRT.
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Table 2 Yield in high N (YHN) and low N (YLN) condition, Nitrogen deficit index (NDI), Low nitrogen tolerant
index (LNTI), Low nitrogen susceptible index (LNSI), Nitrogen Use Efficiency (NUE), Nitrogen Uptake
Efficiency (NUpE) and Nitrogen Utilize Efficiency (NUtE) of 27 waxy corn genotypes.

Entry VAR YHN YLN YHN-YLN NDI  LNTI LNSI NUpE NUtE NUE
(ton/rai) Kg.Kg'N
1 NSW 1.68 CD" 1.02 AB 0.67 ** 122 095 0.78 136 13.85 18.86
2 BW 215 AB 0.89 BCD 125 ** 0.83 1.06 1.16 125 28.89 36.00
3 WPP 1.81 BC 127 A 0.55 ** 1.41 127 059 1.83 845 1543
4 PEK 1.74 CD 0.53 D-G 120 ** 061 051 1.38 195 1769 3457
5 GR484 1.60 C-F 0.70 B-F 090 ** 088 062 1.12 193 1330 2571
6 KWSX91 125 E-J 0.43 EFG 0.83 ** 069 030 1.30 3.37 6.94 2343
7 KKU1116  1.63 CDE 0.97 ABC 0.66 ** 120 087 0.80 139 1358 18.86
8 KKU2901 1.43 C-H 0.70 B-F 0.73 * 099 055 1.01 2.88 725 20.86
9 TSW 1.08 H-K 0.63 B-F 0.46 ** 117  0.38 0.83 1.03 1246 12.86
10 LH 1.74 CD 0.83 B-E 0.92 * 095 0.80 1.04 0.89 29.38 26.29
" HP 154 C-G 0.57 C-G 0.97 * 075 048 1.25 112 2480 27.71
12 SLES 1.19 UK 0.83 B-E 0.36 ** 140 055 0.60 1.31 7.84  10.29
13 RCT 160 C-F 0.70 B-F 0.91 * 088 062 1.12 1.05 2451 2571
14 SLJT 1.38 D-l 040 FG 0.97 * 0.58 030 1.41 1.07  26.15  28.00
15  SLPF 1.63 CDE 0.70 B-F 0.93 ** 0.86 063 1.13 134 1987 26.57
16 SLKM 168 CD 0.58 C-G 1.10 ** 0.70 054 1.30 116 2710 3143
17 PPT 155 C-G 0.80 B-F 0.75 ** 1.04 068 0.96 121 1769 2143
18  NYRE 0.93 UK 0.58 C-G 0.34 * 126 030 0.75 2.03 4.93  10.00
19  THT 053 L 047 EFG 0.06 ns 179 014 022 015 11.24 1.71
20 TBK 0.73 KL 0.46 EFG 0.27 ns 127 019 0.73 0.61 1259 7.71
21 TNO 0.74 KL 061 C-G 0.13 ns 166 025 0.35 0.49 7.59 3.71
22 TCST 123 F-J 052 D-G 0.70 ** 0.85 035 1.15 1.02 1999 20.29
23 SKT 1.06 H-K 0.77 B-F 029 ns 146 045 054 0.68 12.20 8.29
24 TCHT 120 G-J 0.71 B-F 0.50 ** 119 047 0.81 1.79 7.82  14.00
25  MP 0.98 JK 0.66 B-F 0.32 ns 136 036 0.65 1.09 8.37 9.14
26 MR8R 122 F-J 021 G 1.01 ** 035 0.14 1.64 218 1322 28.86
27 TPL2 1.03 UK 0.51 D-G 051 ** 1.00  0.29 1.00 0.76 19.45 14.86
Mean 1.35 0.67 0.68
relative yield reduction = 0.50

" In a column, means followed by a common letter are not significantly different (P<0.01) base on DMRT.
* and **: significant at 5% and 1% probability levels, respectively. ns: non significant

Table 3 Correlation coefficient among vyield in high N (YHN) and low N (YLN) condition, Nitrogen deficit
index (NDI), Low nitrogen tolerant index (LNTI), Low nitrogen susceptible index (LNSI), Nitrogen Use
Efficiency (NUE), Nitrogen Uptake Efficiency (NUpE) and Nitrogen Utilize Efficiency (NUtE).

YHN YLN YHN-YLN NDI LNTI LNSI NUPE NUTE
YLN 0.52**
HN-LN 0.83** -0.05
NDI -0.53** 0.41* -0.89**
LNTI 0.82** 0.90** 0.37 0.02
LNSI 0.53** -0.41~ 0.89** -1.00** -0.02
NUPE 0.31 -0.03 0.38* -0.46* 0.12 0.46*
NUTE 0.56** -0.05 0.69** -0.55** 0.25 0.55** -0.35
NUE 0.82** -0.05 1.00* -0.89** 0.36 0.89** 0.38* 0.69*

*and **: significant at 5% and 1% probability levels, respectively.
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Table 4 Correlation coefficient among yield component and low nitrogen tolerant index and nitrogen use

efficiency.

traits NUpE NUtE NUE LNTI LNSI
EL_H 0.40 * 0.10 0.54 ** 0.24 043 *
EW_H 0.25 0.49 ** 0.65 ** 0.70 ** 042 *
SR_H 0.18 0.38 * 0.45 0.71 ** 0.24
SNE_H 0.28 042 * 0.62 ** 0.65 ** 0.39 *
TAD_H 040 * 0.29 0.61 ** 0.24 0.61 **
SID_H 040 * 0.30 0.61 ** 0.23 0.62 **
ASI_H 0.17 0.27 039 * 0.06 0.43 *
PH_H 0.33 045 * 0.71 ** 0.38 * 0.58 **
EH_H 0.37 043 * 0.74 ** 0.30 0.61 **
SP1_H 0.61 ** -0.1 039 * 0.65 ** 0.18
SP3_H 0.60 ** 0.00 045 * 0.56 ** 0.30
SG3_H -0.14 0.31 0.12 -0.22 0.21
EL_L 0.12 -0.23 -0.06 0.02 -0.1
EW_L 0.25 0.36 05 * 077 ** 0.26
SR_L 0.16 0.38 * 0.43 0.76 ** 0.20
SNE_L 0.07 0.31 0.30 0.66 ** 0.08
TAD_L 045 * 0.34 0.70 ** 0.22 0.72 **
SID_L 049 ** 0.33 0.70 ** 0.22 0.73 **
ASI_L 049 ** 0.25 0.57 ** 0.15 0.67 **
PH_L 0.17 045 * 0.58 ** 0.31 0.51 **
EH_L 0.22 0.36 0.52 ** 0.27 046 *
SP1_L 0.38 -0.31 0.02 044 * -0.07
SP3_L 0.06 -0.22 -0.11 0.36 -0.27
SG3_L 045 * 0.30 0.66 ** 0.16 0.72 **

*and ** : significant at 5% and 1% probability levels, respectively.

EL = Ear length, EW=Ear width, SR=Seed row, SNE=Number of seed per ear, TAD=Tassel date, SID=Silking date,
ASI=Anthesis and silking date interval, LGR1= leaf greenness at R1 stage, LGR3= leaf greenness at R3 stage, SG3=
stay green at R3 stage, _H = High N condition and _L= Low N condition
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