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Nitrogen Metabolic Characteristics in Rice Genotypes with Different Nitrogen
Harvest Index (NHI)
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Abstract: Nitrogen harvest index (NHI), defined as ratio of nitrogen accumulation in economic organs to whole plant at
harvest, is an important index for evaluating nitrogen utilization efficiency, but less information is available on its
physiological mechanisms and regulation methods in rice cultivation. Pot experiment was conducted using three rice
genotypes including 4434 (low NHI), Dianrui 302 (medium NHI), and Yuchi 231 (high NHI) to elucidate nitrogen
metabolism characteristics in leaves, panicle intemodes and grains during grain filling and their relationships to NHI. The
results showed that change patterns of grain yield, harvest index and nitrogen accumulation in grains were consistent with
that of NHI among three rice genotypes, and all the parameters were the highest in Yuchi 231. Highly significant
differences were observed in nitrogen translocation amount after anthesis in plants with the order of 4434 < Dianrui 302 <
Yuchi 231, while rate of N translocation and contribution rate of translocated N to grain had no significant difference among
three genotypes. At maturity, the contents of total nitrogen, protein nitrogen and non-protein nitrogen in leaf-stems and
grains exhibited the order of 4434 < Dianrui 302 < Yuchi 231 with significant genotypic diff for the par but
non-protein nitrogen. Protein nitrogen accumulation in leaf-stems of Yuchi 231 was significantly lower than those of 4434
and Dianrui 302, while that was significantly higher in grains, suggesting higher nitrogen accumulation in grains was a key
characteristics of the rice genotype with high NHI. Moreover, the activities of glutamine synthetase (GS) and glutamate
synthase (GOGAT) in leaves of Yuchi 231 were highly significantly higher than those of 4434 and Dianrui302 at filling,
which would be in favor of the formation of free amino acids in leaves and its translocation to grain, and resulted in higher
bleeding intensity and free amino acid content in panicle internodes and providing the substrate for nitrogen accumulation in
grains. Meantime, activities of GS and GOGAT in grains were higher in Yuchi 231 than in 4434 and Dianrui 302 which
accelerated more proteins synthesis in grains. Stepwise regression indicated that free amino acid content in bleedings of
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panicle internode was a main physiological index involving in nitrogen assimilation related to NHI. The above results suggest

that higher post-anthesis nitrogen translocation amount, protein nitrogen accumulation in grains and free amino acid content

in bleedings of panicle internode are more beneficial indicators for enhancing rice NHI in nitrogen management and genetic

improvement.

Keywords: Rice; Genotype; Nitrogen harvest index (NHI) ; Nitrogen metabolism
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1.1 REigH

T HEABRRE T 2004 4£ 7~ 10 A LT R
REMYEARRERIT. RAIIETHEA—
B{H NHI % B & 2 5 MK RS HE E R 4434 (i NHI) .
EI 302( 7R NHD) f&AR 231(% NHD®, @4k F A
BH24cm  FHARN18 cm & 17 cm, B KT+
Skgo THAWETRAKBL, FANFE25.46 gkg™" .
2W1.97 g kg BB E 7425 mg kg7, FE
1.07 gem™ ,pH 6.12, HHABHBHEFTHE,5 1.0
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BEAN204. AFEFEEE KT NH BHH
R EE,RABREREKAT0.250 g N kg ' £,
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ARRE x100% ; (7) BRI EB(NHD = R A
RER/MBAFRR(ERE) x100%,
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BERUBEEKRD—BHSHKB.2RETSY
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MG HGRE, ETHPES, T -25CHRER
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1.2.3 AR MBEEEH FF#E 15 d, BUIE 1.1
2. TM3 MK 20,8100, BMEERSWAE .
BEABRE S R (GS) MA &M A B (GOGAT) 1 #
W E SR Zhang S " , R F RSB 1 cm
WA PRI P 1 om BAREMY,
1.3 MESH

BB U + FRAER (Mean + SE) TR, #
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Table 1  Differences of grain yield and nitrogen harvest index (NHI) in three rice genotypes
EEE EYrg it ¥ (&334 HHEBRER HHERRR P B4R B
Cen Biomass Grain yield Harvest index Plant N accumulation N accumulation in grains N harvest index
orpe (gplamt™')  (gplam™?) (%) (mg plant ™) (mg plant™") (%)
4434 68.6x1.8a 27.3x1.5¢B 39.8+1.9C 255.3+8.1a 130.2+5.3 C 51.0x1.7C
EL3 302 Dianrui 302 67.7+1.0a 29.6x1.1bAB 43.7+1.5B 264.2+7.1a 153.5£6.8 B 58.1x2.5B
3 231 Yuchi 231 66.2+1.6a 32.5x1.4aA 49.1£2.1A 268.4+7.6a 185.7+4.1 A 69.2+2.8 A

K NFBFHURR 19W SR ERBEKE,

Values followed by a different capital and small letter are significantly different at 1% and 5% probability levels, respectively.

2.2 FTAKBEEAAERRRSHiE

AR NHI KRS EHEBEFAENAKEHRRE
(PRNAZ B EER ,BIESAFRE(PSNA) A
FREEZE(NTAMNZRBEBE, WRIAN 4434 <
ER302< R 231, HEREAHBEERKTHRHE

AREBER(FE 2). &k 231 W5 B R (RNT)
MEZRARE(CRN)H 434 H 1024 £, XF#
HILEEARACEESERAB NI ZEBERSNE
EREA,

22 FTRAABEAFIRARSHEHESR
Table 2  Differences of nitrogen ion and ! ion in three rice genotypes
#E A Genotype PRNA (mg plant~') PSNA (mg plant™*) NTA (mg plant~') RNT (%) CRN (%)
4434 239.5+x6.4a 15.8+£0.9 bB 72.9x2.1C 38.5 55.1
AT 302 Dianrui 302 237.5+5.4a 26.7£0.8 aA 86.6:2.4B 46.2 62.5
#2231 Yuchi 231 239.8x7.6a 28.6+1.3 aA 95.3£3.54A 49.6 67.1

PRNA = FFIESH BB B PSNA = )5 MBUR B NTA = 5 A IZ B RNT = 5 M E R CRN = HEHHBRE, K DFELFERR

1% SHERBEKF,
PRNA = Pre-anthesis nitrogen accumulation; PSNA = Post-anthesis N

lation; NTA = N ion amount after is; RNT = Rate of N

translocation to grain; CRN = Contribution rate of translocated N 1o grain. Values followed by a different capital and small letter are significantly different at 1%

and 5% probability levels, respectively.
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EHEORARRABREINM B EEARTE
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REEMEAR/AALNER(E2), Hf, =0
ARFEEARRREEXERARERBREE, 20
MR EEAAPEEEREE WEHEAR/L
ERRXTERERER(A2), B AFBIHAE
HERREERMFREARARREER. LAE
REARRMNZHEAARREARE IR ER

2.3

ARERRERE NHI AN AHRNEERE,
2.4 FAEABEFRIVEAGREBERREAS
HIREEZEBNREERFASR, 76
“WHEBEEDNR, EXPRTERBENRE
FERSBMNHTHREREBREEZ KE, UAK
231 B K, 4434 Be/M(FK 3). HHR NHIKRBAAE
BRWBEERENMEHEN, AKBIFEES
ARMBENHERBTRENEN,
2.5 FREKBERIMF TR HEEEFYE
FEBKABRB(GS) IBERANE
(COCAT) RB S Y AR X em", LM
ARKBEBERM H R GS M GOGAT FHiEy
HHNAR 231> W 32> 434, HERFREF
(R4), FEBMEME LB, ik GS M GOGAT 7 4
BTHR, A RKFHRAY 3.60 ~ 3.87 451 4.17 ~
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The small letter above the error bar denotes significantly different at 5% probability level.
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B 4434 DIDianruiz02 O Yuchi231

Protein N aceumulation (mg plant-')
Ratio of protein N to total N(%)

Non-protein N accumulation (mg plant~')

Leaf-stem

Grain

B2 FAABBEEVERMFEPEARANEECRRRANES
Differences of accumulation of protein N and non-protein N in leaves-stems and grains in three rice genotypes
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The small letter above the error bar denotes significantly different at 5% probability level.
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and grains in three rice genotypes

%3 FENHABERIEAAFALGRHES
Table3  Differences of bieeding in panicle internodes
of three rice genotypes
HEA £ i3 B ELE RIS
Go = Bleeding intensity Total free amino acid
noype (mgh~" stem™") content (mg L=!)
4434 2.1220.10C 5.07£0.12C
B3 302 Dianrui 302 2.77:0.13B 7.23:0.14B
&R 231 Yuchi 231 3.53:0.124 9.26+0.14 A
KFBFR1%ERBEKT

Values followed by a different capital letter are significantly different at
1% probability level.
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¥R GOGAT Y& #E B 7 /K 78 NHI 19 92.7% , M
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Table 4

Differences of metabolic enzyme activities in leaves and grains of three rice genotypes

= = TN
H#E Organ FHA Genotype Gs ‘(}ﬁoﬁ:‘ﬁ f} ‘aﬁﬁfw) GOGAT ?wiﬁ::fiﬁg-' FW)
WK Leaf 4434 148.6+3.8 C 20.8£1.6C
3% 302 Dianrui 302 194.6:4.4B 26.2+1.9B
£k 231 Yuchi 231 246.9+5.1 A 31.1£2.1A
FFHL Grain 4434 39.9+1.2C 5.0£0.1C
VU3 302 Dianrui 302 52.9:2.48B 6.0£0.1B
A&7 231 Yuchi 231 63.6£2.7 A 7.4:0.14
ot K 7¥F 8L Leaf/ grain 4434 3.73:0.12a 4.17%0.13 a
{H{3W 302 Dianrui 302 3.68+0.16 a 4.34:0.11 a
A7 231 Yuchi 231 3.8720.21 a 4.2£0.12a
K ANFEEHETR 1R S ERBEKT,
Values followed by a different capital and small letter are significantly different at 1% and 5% probability levels, respectively.
&S5 KBARNMEKRRRMS NH GRS ER
Table 5 Stepwise regression of NHI to leaf physiological traits at milky ripeness in rice
LA Model A3 Selected dependent [E1H 57 Regression equation WERK R
1 iR A ER B R(X,) Y=18.636+5.514 X, 0.814" "
Free amino acid content in bleedings
2 "t GOGAT (X,) Y=12.284+0.722 X, +3.764 X, 0.874" "
GOGAT activity in leaves
GG EAERERE(X,)
Free amino acid content in bleedings
3 " GOGAT (X,) Y=18.790 + 0.654 X, +5.721 X, - 0.927°°
GOGAT activity in leaves 3.09 X,
GiR AR ER(X,)

Free amino acid content in bleedings
¥FEL GOGAT (X,)
GOGAT activity in grains

TERROONKFHESBHFHE.
" indicates significantly different at 1% probability level.

EEAMNAEACENMBEEATREEILE
4.7% ~ 66.7% F 29.6% ~59.7% 2 16, B 5 & #
BB AT I B E VA X" ; Norman 448 i FF
EEABEREFRRERENARSFRARTE
BH0%ER"™ . AMKEH,3 4 NHI R RAR
EENEKARRENALENEARRELEEE
# BURAREERALEAKCEEERREE. W
HERAREBRERATEGABRRE, KB
SNHI 4B, RALEARERESTK
MNHERBZRNEERE, XS HBEIGIR
EFENBEEERABENABERFER. B
NHI KRB R AR REABEREEE R, X
58 E44NERRSY RS LR, ERE
W NHI AR T HTEE, FERTHER
F=E NHI KRR R,
FEYERBEEAT SN ERANERSS,
FRESHARESERANSES LHITT RBEME

REHRANEHDBMNES, AL RARER
HARN—TEERBERY, TIFEHRE
HAREAREBRESHSAR, KfE WFEEE
REPEARSHEEEAEMN74.27% ~87.14%,
S5 SENARREEERBEEHX™, &
BREN, AR NHIKBEMEARSETBAE
1 73.52% ~74.03% , EEBE L E FEE R ;4434
B 302 AR 231 PR E A SR A AR S
BI% 75.04% .81.27% 1 87.55% , L B EER. B
NHI KBEMH TN LS AT R ZEAZATEANT
HERAPRRERHE, EHMFREEARHRERE
B X BREREETMFREEEAARRE, R
RIEEAESENRREERRRE KT NHI
MEERRE,

R RN ARKENFRAERRT
MERN BN EREEEEEMW™ , £FRF,
B NHIABEXPRIAGREBEER BN,
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HNEAABEERMNRBET, RSB AAABEAR
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