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Effects of Nitrogen Application Levels on Grain Yield and Yield-related Traits of Rice
Genetic Resources

Tae-Heon Kim"? and Suk-Man Kim"'

ABSTRACT Nitrogen is a major and essential macronutrient for plant growth and development. However, excessive nitrogen
application can lead to ecological pollution or greenhouse gas emissions, consequently resulting in climate change. In this study,
we used 153 genetic resources of rice to evaluate the effects of the levels of nitrogen application on grain yield and yield-related
traits. Significant differences were noted in the yield and yield-related traits of genetic resources between two nitrogen application
levels, namely, 4.5 kg/10a (NN: normal nitrogen condition) and 9.0 kg/10a (LN: low-nitrogen condition). Among the tested traits,
days to heading (DTH), clum length (CL), grain yield per plant (GYP), number of panicles per plant (NPP), and number of
spikelets per panicle (NSP) decreased by 1.8 to 17.9% when the nitrogen application levels decreased from NN to LN. The
1,000-grain weight (TWG) and percentage of ripened grain (PRG) increased by 2.6 to 11.2% under these conditions. Based on
nitrogen application levels, two-way analysis of variance (ANOV A) demonstrated significant differences in GYP, NPP, and PRG
but not in NSP and TGW. NPP exhibited negative correlations with NSP (=0.44) and TGW (-0.44), and TGW displayed a negative
correlation with PRG (-0.34), whereas, GYP exhibited a positive correlation with PRG (0.37) and NSP (0.38). A similar pattern
was recorded under the LN condition. NPP, TGW, and PRG were clustered as PA (principle axis) 1 under the LN condition by
factor analysis. NSP and GYP were clustered as PA (principle axis) 2. These results demonstrated NPP and NSP as the primary
factors contributing to the decrease in grain yield under LN conditions. In conclusion, we selected eight genetic resources that
exhibited higher GYP under both NN and LN conditions with higher NPP or NSP. These genetic resources can be considered
valuable breeding materials for the adaptation of plants to nitrogen deficiency.

Keywords : grain yield, nitrogen application levels, rice, yield-related traits
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Table 1. Major agronomic traits, grain yield, and yield-related traits in the rice core set under different nitrogen application

levels.
Trait Nitrogen levels Range Mean+SD Skew Kurtosis
NN 72.7-132.0 97.4+11.5™ 0.59 -0.10
DTH (day)
LN 72.0-131.0 95.7+11.0 0.55 -0.09
NN 67.4-166.7 95.67+23.3™" 1.10 0.25
CL (cm)
LN 64.8-154.9 89.4+20.9 1.22 0.58
NN 16.8-33.0 23.6+3.0"" 0.29 0.04
PL (cm)
LN 15.1-30.3 22.842.9 0.23 -0.38
NN 5.6-20.9 12.8£2.7" 0.10 0.41
NPP
LN 4.6-20.2 10.7+2.4 0.36 1.38
NSP NN 60.6-262.9 133.4+33.6"" 1.12 2.55
LN 68.2-260.4 129.0+£30.9 1.34 3.71
NN 13.7-53.6 26.7+4.8"" 2.06 7.52
TGW (g)
LN 13.4-58.8 27.4+5.0 2.45 11.13
NN 5.5-94.7 72.0+13.1" -1.31 3.83
PRG (%)
LN 6.1-94.8 80.1£10.7 -2.66 13.55
NN 19.8-59.2 35.9+7.5™ 0.4 0.29
GYP (g/plant)
LN 15.0-44.1 29.4+5.5 -0.01 0.44
NN 30.5-55.8 41.6£52" 0.37 -0.05
SPAD
LN 27.5-52.3 38.7+4.8 0.21 -0.09

NN: normal nitrogen level, LN: low nitrogen level, DTH: days to heading, CL: culm length, PL: panicle length, NPP: number
of panicles per plant, NSP: number of spikelets per panicle, TGW 1,000-grain weight, PRG: percentage of ripened grains, GYP:

grain yield per plant, SPAD: soil plant analysis development.

™ means significantly different at p < 0.001 by r-test. In mean

+ SD, SD represents the standard deviation of the mean value for each trait in the rice core set.

factor analysis 242 3] corrplot, agricolae, ggplot2,
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Rate of change for nine evaluated traits under low
nitrogen application level. DTH: days to heading,
CL: culm length, PL: panicle length, NPP: number of
panicles per plant, NSP: number of spikelets per
panicle, TGW: 1,000-grain weight, PRG: percentage
of ripened grains, GYP: grain yield per plant, SPAD:
soil plant analysis development. Error bars represent
the standard deviation (SD) among the rice genetic
resources.
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Table 2. Analysis of variance for major agronomic traits, grain yield, and yield-related traits.

. . F-value
Analysis of variance
DTH CL PL NPP NSP TGW PRG GYP SPAD
Nitrogen application levels (N)  1.84™ 931" 8.95"  63.02""  1.45™ 1.53" 38317 89.77""  30.81"
Ecotype (E) 469" 5396 65477 1822  4.80" 543" 11377 2225 17417
NxE 0.04™ 0.13™  024™  0.18" 045"  0.07™ 1.86™ 1.55™ 1.28

skk kk
>

, and ™ mean significantly different at p < 0.001, p < 0.01, and not significant by two-way ANOVA test, respectively.

DTH: days to heading, CL: culm length, PL: panicle length, NPP: number of panicles per plant, NSP: number of spikelets
per panicle, TGW: 1,000-grain weight, PRG: percentage of ripened grains, GYP: grain yield per plant, SPAD: soil plant analysis

development.

4.6~20.2, 68.2~260.49] HYE 22 YeEALE S50
g4 LN 24004 16.6%$} 3.3%7F H4stch o
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2022; Manzoor et al., 2006; Zhou et al., 2019). FR =<
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11.5, 95.67+23.3 cm, 23.6£3.0 cm, LN XA A= H0o]
Z+7F 95.7+11.0, 89.4+20.9 cm, 22.8+2.9 cmZ 1.8~6.6%
wrashle

FAE FARY] AaAE] 0] T2 SPAD gHe
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Fig. 2. Correlation coefficiency among nine traits in the rice core set. Normal nitrogen level (a) and low nitrogen level (b).
DTH: days to heading, CL: culm length, PL: panicle length, NPP: number of panicles per plant, NSP: number of
spikelets per panicle, TGW: 1,000-grain welght PRG: percentage of ripened grains, GYP: grain yield per plant, SPAD:

soil plant analysis development.
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, and = mean significantly different at p < 0.001, p < 0.01, p < 0.05, respectively.

Table 3. Factor analysis with orthogonal rotation of nine evaluated traits in the rice core set.

) NN LN

Trait PAl PA4 PA2 PA3 PAl PA2 PA4 PA3
DTH 0.94 -0.03 0.09 -0.03 -0.04 0.12 0.94 0.02
CL 0.05 -0.02 -0.02 0.87 0.00 -0.15 0.04 0.87
PL 0.03 0.23 0.09 0.79 0.11 0.29 0.08 0.80
NPP 0.19 0.27 -0.81 0.09 0.71 -0.41 0.14 0.21
NSP 0.08 0.38 0.80 0.16 -0.17 0.91 0.07 0.05
TGW -0.42 -0.44 0.42 0.10 -0.71 -0.16 -0.29 0.01
PRG 0.12 0.71 -0.20 0.12 0.82 0.12 -0.04 0.00
GYP 0.02 0.80 0.22 0.11 0.39 0.74 -0.02 0.06
SPAD -0.84 -0.24 0.28 -0.20 -0.40 0.13 -0.82 -0.14
Proportion explained 0.28 0.25 0.25 0.22 0.30 0.25 0.24 0.21
Cumulative proportion 0.28 0.53 0.78 1.00 0.30 0.54 0.79 1.00

NN: normal nitrogen level (9 kg/10a), LN: low nitrogen level (4.5 kg/10a), DTH: days to heading, CL: culm length, PL: panicle
length, NPP: number of panicles per plant, NSP: number of spikelets per panicle, TGW: 1,000-grain weight, PRG: percentage
of ripened grains, GYP: grain yield per plant, SPAD: soil plant analysis development.

T4 2.2:91 NSPS} PRG7} 7kato] wet 458 7447

L Ao ols)drct. sk

N

NNZ} LN ZEoA GYPLR= AFato] ¢l
t}. Park ef al. (2009)2 AAH|E AH]Zo] 9 kg/10a%} 6
kg/10aQl 7= 7oA =5 4=5Fa} NPP7lof AataA| 7}
olttal ¥ 38k O, Choi e al. (2022)2 =1} NPP=
frofet Az dokar Barskgich 2

o] NPP9} TGW=

Ao Uepg

SLERRIE)

E AL A2 Zol7t U= A0S FAE FF B
Ax e zpolek AxprE Wo] Foll oJa b= Ao R
SEh g aaTtel= NN LN27 B5of| 4] NPP
7} NSP (NN: -0.44, LN: -0. 44), TGW (NN: -0.49, LN:
-0.44)9} L0 AAAS B TGWE PRG (NN: -0.34,
LN: -0.47)¢} 22 %ﬂrﬁﬂla UEHHEH(Fig. 2). o]2h= 1h
& LN 27 A5 NPPS} PRG (0.32)7} ko] Alatat7)



EaHZE AH 2

L
ox
(=)
ue

. Choi et al. (2022)2- NPP7} NSP 2 TGW ¢}
A=, Park et al. (2009)2 NPP2} PRG7} 9]
etk Basle] 2 el A
th o] e oz AavE 7ulx NPP
NSPS} TGWS Z7}A17]0], 0|2 918} PRG:=
L Ao wctEch

SPAD g2 4484l
%151 NPP, PRGOH: £9 A#HAS e 2ick(Fig. 2).
w}e} A SPAD ZFo| e LA QA o|=2a 2 9 A BE
g8 4 9L Aoz peH

AR A 59 ao) aele 2Helsty] 98] NN
3 LN 249 4o, $27A 0L @ Fa5A9h9 97}
Fof ek RS ANSAT RARAL FHRE
X ®H(principle componens analysis)2 AF8-5}o] 2] 135] %
(varimax)& 43514 1L scree test= Z 47l1¢] PA (principal
axis) 2 =239tk NN 2704 PA1-S DTHS} SPAD 7}
2 QolHslEFS B9 o, PA4= PRG, GYPY} PA2E=
NPP, NSP7} =2 Q2R aleS Vel ¢ith(Table 3). =
T 9 R RaTe] BAE EQlsHH PA4= PRGY
77k GYPE 27}*]%1 ™ PA2 o|Al= NPPQ| 47}
NSPE Z7HA]7]= Ao =2 Ueldth PAL, PA4 2 PA2=
A Holo] 78%E @ T AUATE LN 2704 PAL
2 NPP, TGW, PRG 7} & Q8915alaFS K1 NPPY]
FAaE= TGWE Z71X]7|3 PRGE TaA7]|= AL E U
EFuttt. PA20J A NSPS} GYP7} & f0155teEe 1]
ow NSP9| F717F GYPE S7HAZlth PA4o|A= DTH

oA

1o o o2 do
o i
tlo i
)
au

bR

B

e
2

o
B
of
l

TGWe} ko] A IAE B

o

a

254

ab a

o W = D
5 e ab ab
2 | - - b
g 15{ - T
o ‘
o |
: | ==
2w ]
- : i —
© - - !
2 5| g 3 e

0,

T T T T T
Total [Indica Japonica Tongil Others

=0| 20 DXz S 281

oo

9} SPAD7} L9
F 79%2] Mo .
AN ol WE £ 9 FPase dole)

o} B3 BALML Fof AuE 50% Fu] 20U

S FaAAE P 2 2

T O

o™ PAIL, PA2 4 PA4

Qlo]

B 23k k. NN LN HL5Fof| A oL sh8lo] 714 wre
NSPE YeER QAL TA4E EoF 7HAF Eolth(Fig. 3). ¥ A
3 Z QdortEe Axystgel vl Aate 9 okm k)
g o @ol FHathal 424 QIth(Ta & Ohira, 1981).

webd LN 2204 AnziE Fol 4 s 71y 2
Q9lol NPPEL= NSP7} =31 7-48o] U Ubehy o7
A2 ATk NP} NSP] 7 7| Zo] 93] Akl
Z 870 FAAES] GYP= NN} LN27 HFoA A
AR A9l 20%] sk chFig. 4). NPP7} =2
22258 0] = CHIEM CHANK, DHARIAL, SPIN MERE 2
YANG-SHA-TSAN©]|, NSP7} =& £==3 oj|= CIHERANG,
HSIANG-HA-TSAN, 93-11 ¥ Tequing®] Z3}+=| Tt Table
4). NPPS} NSP= A2 9] ATA(Fig. 2)% vehjo
2 % SATHRE BEE S AL ofelg Ao

25+
b a
- 204 "
e
L.
= o -
a1 7 | & b B
3 N P
20| =0 ==
s i —- ! i
; j ‘
£ 5 8 H o
0,

T T T T
Total [Indica Japonica Tongil Others

Fig. 3. Number of panicles per plant (NPP) by ecotype in the rice core set under two nitrogen application levels. Normal nitrogen
level (9 kg/10a) (a) and low nitrogen level (4.5 kg/10a) (b). Letters refer to one-way ANOVA tests (p < 0.01, Scheffe

test).
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Fig. 4. Three-dimensional scatter plots of grain yield and two yield-related traits, that is, the number of spikelets per panicle
(NSP) and number of panicles per plant (NPP) in the rice core set. Red triangles represent the selected genetic resources
with higher NPP. Blue triangles represent the selected genetic resources with higher NSP.

Table 4. Selected eight genetic resources in indica ecotype with higher number of panicles per plant (NPP) and number of
spikelets per panicle (NSP).

Nitrogen
GR Ecotype application level NPP NSP GYP Type
‘ NN 18.9™ 121.6° 42.1™ HP
CHIEM CHANK Indica
LN 17.1 101.1 37.4
NN 17.3" 140.3" 592"
DHARIAL Indica
LN 14.0 121.6 373
. NN 20.9™ 92.8™ 43.5°
SPIN MERE Indica
LN 20.2 91.4 31.7
NN 18.3" 142.1™ 45.8™
YANG-SHA-TSAN Indica
LN 15.0 129.9 40.4
‘ NN 13.7 150.0" 479" HS
CIHERANG Indica
LN 11.7 135.9 322
HSIANG-HA- , NN 12.0™ 158.2™ 426"
Indica
TSAN LN 11.7 151.3 34.0
NN 12.7™ 168.2" 41.6™
93-11 Indica
LN 11.4 145.1 39.9
. . NN 9.0™ 252.8™ 53.7"
Tequing Indica
LN 8.9 252.9 44.1

NN: normal nitrogen level (9 kg/10a), LN: low nitrogen level (4.5 kg/10a), GR: genetic resource, NPP: number of panicles
per plant, NSP: number of spikelets per panicle, GYP: grain yield per plant, HP: selected genetic resources in indica ecotype
with higher NPP, HS: selected genetic resources in indica ecotype with higher NSP. ***  ** * and ns mean significantly
different at p < 0.001, p < 0.01, p < 0.05, and not significant by #-test, respectively.
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