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Studies on the Efficiency of Nitrogen Utilization in Orchardgrass

1. Fertilizer nitrogen uptake at various developmental
stages before the first cutting

Jusam LeEg, Naohide TAKAHASHI
and Kanji GoToH
(Laboratory of Field Crops, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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A —F v — V77 AOEYNEITEFMEICT X » TK
ELELEEND, T TEHPNELIREEGDIVLHYD
BIEWERNER 5, T, HWECRINSh 55%
AEERELIOh, ERTMCE CBRE TS, #- T,
BHEOFTLOLERBENEIEEERC L > T E
EFHTB L0 EBbh3, HCEFEHBEEREER
ERBUERTPRAMCT 500 - LIBHE L OEEHBT
o, HIEENCHEENSBA ST oL R T
Do FooT, AMAEREE V2 ELRBEELTHHTF
DEREUEGL LT, BANCLBRRINE - EHIR
BLoMHEREGYHESMCT S L3, EHEROSEE
BIGER S O NEOWRBE R TR T 5 D1
B THETHS,

—77, FEIB& UTHIE S h s MEEi £ Tk
R&h, ZotECHBEFIIRININS, £, +
BEROFHHROBGFHEIE ERAEHINECET S
FEREKEEDE S & & AR CTHIL i i,

T, SEOERTIIHEMECRIN S W 2BHK
BT OV T AT ORI O ERY X CEIRE & D
BitRa & L, T, MRS ES v B G ings
FORMPHT TH4AEER R T L &b, R
X5 TIBEFEOBINDER L OSGTF SEOLEHER &
MBS FR I E & OMREESREH G GEIFL, Pt
WoRr s EROERZHLIC LIS ET540T
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%Z)O

Teds, RERORTICHIz- T, BFETHEES,
FEEEROTAR %, HeZl, BEBR=HE LS
LOBHEEI T3 LIEWTHS,

LZESECENOY;)

LA B 23R 7: 5 Chinook (BFA), # £ ¢
FU(FA), S143 (k) o 3 BT, REETHEL
7= plantlet (4 3EH) % pot & b 2 KT 2L, 2K
T L, 7ok, Mz bhi plantlet 225X FOED
FAEL, HERRED TP, £ikeo2 14K
THo7,

MEAEAEE LR B & FARR o 2 A TT 7R\, WK
&b pot (1/5000a) X4 b, EBEEEEK 640 mg, $FEALIN
H 600 mg, AKX 2,000mg &5z, b, HIEKT
WEFRE & LT, EHEIL 31 atom % 160 mg % fiti
L7z,

AH B, W, MR, BRTERS, TR
(BEU) © 4 BB, BEAMBEORBEECIL T,
Chinook T 6/3 (6 4 3 H), 6/15, 6/30, 7/15, & 3
J C 6/3, 6/15, 6/30, 7/22, S 143 ¢ 6/10, 6/22, 7/7, 7/29
R ER D HE L, B s XU, HREoo
20 B, 2% b, Chinook B LU+ & I Y Tid 514,
S143 TIX 520 B Chote, T1, DT 2EHEHFAN
W EIES, BEH+ZE, % @btk 3en ¥7),
R, B 5 20WMLH, ThThOMMOTHE,
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LEREHR, BIESFEEFRLIE L1,

42 FESHRIL micro-Kjeldahl $: ¢, MIESHSH
% BN-analyzer (NIA-1 HASXHB) CRIEL, 2&
DFRIC L T BN atom %, B IOREIEEFRRINEL R
DI,

00
HEIESEHE A (N atom %) = g1

14Ne
UNIBN x (%)
M: HExEER

MABEFERINE (x)= A(B-C)D

A SEFRINE

B: #¥lo BN atom %

C: BN abundance %

D: Jjifnggsio N excess atom %

R=

HELSSUER
1. EHRE
JEABKHE RS Y OR 2 B BB 81 5 IRE R,
Table 1 O TH%H, Ticbb, BRI IEK

#, L BRER IO TEERERAD R, LEfE
P E B < i, HEIEKEE < EFRECRVWTER
TH o1

TEIEKHE TR OB R ERIEE X b &4F
BYpir B\ T EICE <, Chinook T456%, ¥ 3 F
Y 24.2%, S143 T 324% OMINE TR Lic. R, M
Wl THMLAl HY b 04 I & 12 Chinook T
787mg, *F# i FY T5L5mg, S143 T 414 mg/pot/
day 2385 3, Chinook 23\ ffii% 77 L1z (Table 3),
WO R BT b EYINER, TR T
BEEML, RMEBETRFZIFIAL-ELHT
Bote —H, WRlOGYIET, EE, EH+E,
¥k, BB ECEN LIS L, BRruTho
R BV THBTREERE THEmLTCV5, #£-7C,
YNBSS REERE T LA &1, ERBORK
PNEIBTHIE TN LA bk brb0LEb
b, BRYANT 5 (1961) i34 —F 4+ — N7/ T AD1FH
BomgNET IREREHEHE BRI L
I o THRREAS LRI EHE LTS,

%72, LEE & (1978) 135 E R E e s\ C, + —F +
— V7' 7 20l ESfEo R e iR, 1%

Table 1. Dry matter (DM), total nitrogen (TN) and fertilizer nitrogen (FN)
vields at four different growth stages
non-fertilized plot fertilized plot
stage C K S (o K S

G-1 1.32 141 1.33 1.67 1.71 1.76
2 2.07 2.09 2.79 2.46 2.64 3.80
DM (g/pot) 3 4.90 6.95 472 854 8.97 6.86
4 797 12.32 9.52 10.72 14.95 11.89
X 16.06 22.77 18.36 23.39 28.27 2431
G-1 24.38 26.82 30.40 34.80 4418 44.87
2 43.36 45,98 52.65 56.80 69.38 74.34
TN (mg/pot) 3 65.71 89.21 66.67 104.94 11343 96.47
4 73.70 108.95 80.20 108.58 139.98 127.45
X 207.15 270.96 229.92 305.12 366.97 343.13
G-1 9.50 13.93 13.35
2 14.49 18.21 21.11
EN (mg/pot) 3 20.77 27.06 25.06
4 23.92 29.28 31.26
X 68.68 88.48 90.77

Note. C; Chinook, K; Kitamidori and S; $143

G-1; early heading stage, G-2; end of the heading stage, G-3; anthesis stage and G-4;

seed set stage (soft dough).
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Table 2.

Mean distribution ratio in each plant part during

four different growth stages

non-fertilized plot

fertilized polt

variety Lb LS Sh R E Lb LS Sb R E
C 220 19.7 18.7 344 5.2 25.7 194 17.8 32.7 44
DM K 24.3 238 21.6 25.2 51 22.0 24.3 19.1 26.8 7.8
S 19.6 279 14.7 26.2 116 199 22.9 16.6 26.5 14.1
C 38.7 16.7 13.2 215 9.9 395 13.8 14.8 24.2 7.7
TN K 42.2 17.0 13.0 18.0 9.8 355 191 114 19.0 15.0
S 35.3 18.8 9.3 19.0 17.6 31.9 193 105 17.7 216
C 434 197 9.8 137 134
FN K 41.4 22,5 14.0 111 11.0
S 40.9 19.0 17.4 9.6 131

Note. Lb; leaf blade, LS; leaf sheaths and stem, Sh; stubble, R; stubble, R; root and E; ear.

Al DB - o S CEEAC T 5 & LT
5, T, RERE LCHATASHE, #—F+—F
75 ADH EMOmER BTN cRANEERTT L
DEHEIRD,

B BT HER—E OB S X - T E3AN D
RN, F0E LAY OBINIES B XUER+ETH
5, FIARhTELIF++RoRsryEgiEcsds
4 1%, Chinook 51.8%, # % ¢ N 464%, S143
4219 TH Y, 3 HETE 468% Thote. foT, Fl
HEnsi LMo EILE X #53% TH5,MACLEOD
(1965) 134 *EFRETHB T v —L S FA, d—F 4 —
V79 R, F%v—0hBEEINER LS sk IR O
BRENRLTNR52%, 47%, 3B% THHEHEL, KK
BofERIELHLTYS,

¥ 70, BRI ER T A~ EER X (Table 2)
WTROREZ BT EEBBREC RV TEREN X
513, Chinook 7214.8%, 4% 3 VY 65%, S143 2
129% %3 L, BB TS U NEZLEN T, 20D
X 5w, BAONERIED TEL O THEYINE O N
B BEELLNTOENRETA LT XD, Thb
B, HWHINE &5 O & OBJRIT 0.8659%F DL
HEAT L, 24BRB R 2EINE OIS
DEOERLEELBGRYEIHIE VPR DL N DB,
W, DT ORDORENEL LN E XD R AHEIED
205 BITERT & CompRE ORI ThoRE s
TLE L o7,

2. EEFZRRNE

TEIEK#E B L O E BB 81T B RO SERRIN

/i3 Table 1 KRLIEBDITHSB, T TWHLE

Table 3. Accumulation rate of dry matter,
total nitrogen, and fertilizer nitro-
gen yields in each variety

O N N-O

C 158.8 2375 78.7
DM (mg/day) K 2358  287.3 515
S 166.9 208.3 414
C 1199.0 1902.9 703.9
TN (zg/pot) K 17473  2003.6 256.3
S 9742 1639.0 664.8
C 349.7
FN (pg/pot) K 326.8
S 3472

Note. O; non-fertilized plot, N; fertilized plot.

TR E & TEIEER L LB DRI I RO EE
fETH 5,

REFRINEIEHNE LR UL, BEKE, £2FH
R ORI B R ER A R, RRAFREILK
EXAEFER OB TEETH -1,

HRBC & » CTREFRRINEIHEN L, EEKO2ER
% IS B MR & v Chinook ¢47.3%, #x 31 NV
T 354%, S143T492%Z $in L, 1 H Y vt X » T
B L2 RRIE L Chinook 7039 #g, 4% 3 F
Y 256.3 g, S 143 664.8 pg/pot/day T Chinook 23—
BEhole UL, £EBRBCET 52ERRINEDOK
IERIE & Rie h, N EORMAEFHEEN £
TEETH -k L, £EHRRIBGBEHE oF
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FTHML, FoBreE B oheskbbo
LRI SR, £, WEHOSERPINE LT
o TR, s, B BTIXMIEHE T, B+
XS ©, BeETEEN: csRmmL T
Wh, ZDLXHR, RERRBEOLFERECETS
RIEHEYINE L3R BD T, IBALAOL % FER I
BEOME Ry UL E & OBRE T LT
(Fig. 1),

Chinook Kitamidori S143

Fig. 1. Schematic diagrams showing the correla-
tions of total nitrogen yield among 5 plant
parts, and relationship between the dry matter
yield (tops+root) and total nitrogen yield of
plant parts in each variety.

Symbols are as follows; DM (dry matter yield),
Lb (leaf blade), E (ear), LS (leaf sheaths and
stem), Sb (stubble) and R (root), respectively.
Ranges of correlation coefficients are as fol-
lows ; =ewesn 0.707-0.834 (significnat at 5%), ——
0.834-0.925 (significant at 1%) and == 0,925-
1.000 (significant at 0.1%), respectively.

REFRBINBEIER +E BV ThoBr By
THEWIE & OBCHEBR AL RS, Lok~
IO, BB - ThofEcksu BT
¥ CHIN LA ERN + Zo S RRINE 3 HEENE ©
WLz, Tabdh, EN+ZEOERKC LR ILER
BIEES B O HEL R 20 O0F, @EFERIUE Y
MTHEFEECLT CET L, TofRizIemoif
PEANDOEREMOBEE & LTix b &9, —Ki7csER
EE M Trbh s BBRM S TTh B L HER
ENDT Enh, EYINEEDERCIEBE 2 25 it
hofdbDBbhs, ¥, Bo2KRBERNEET
R TEBICHEM LIS L X > TEYINE & 0Bl
FixvThof@cis vy 01% Ll EowEy A BsE
Lh, £BIE LR IBROLEFRINEOHIMNL, Ho
FAE RS, HETOmHNES X OO EY
FRINE XA X2 5MBER TR T L Eb
ha, EHFLEHRE SHENDLBREEC L > TED
BEMNFEN b, Chinook €01%, 43 FyT1%,
S143 T 5% oMBE R L, B4 IEyvHENES

hic. Ti, HUEOLERRINEOHTRERIMRET
XoTRR D, HEBROBFIAEER E L OBFEI R
{, S143TO01% OoME%R LIz, Tibb, Bos
ERWINE DB CHEEEN AL, KAl e
FERINEL L, BROLBRBINE 3D 7oA flEaEk
BORE AR EMIN L2 0, iR
P H AR SR R L OMR & D oBkA S BT B
DG EHER SR, —0F, By LR oBIRbAER IR
EHBIAEE -,

ks, BOALRINIh s Rt L oEy, B+
X%, FOHrEFEEFI KL L0 B K LU
~DOEROEILE L, BT OHHINE OHER &
D EERBINE DL LR ITIEL € 66.8%, T 654% @
M, EW+E T4, HAHRTL59% DETH -7,
Tiebhb, H+HR~05ER:, Chinook 369%, + 4
3RV 30.7%, S143 283% %5 L, MAEEH 2% Th
b, 2BFFNEOK L% 1B KR+ RosBrfibhn
T, METIREEEEEE» -,

3. MEREZRTNE

ROLEB R 1 % IR % B X #13 Table 1
DML TH b, EFEMER LOREC X - THEEXN A
bhie,

AFRECRWThoSE T ETFR_EENE ©
BRECEM LI, ot E»Ehcohue
SL7eh, BLEFRICET D LT OEEEARS R
Bo ZOXOEL, S 0EEREDIEHROEIRERE O
MRS FoEDERE L LA KREL B LB bR
Bo foC, EREERNOHEEOBIEEERNIKT
THEEEMEAEGE LCHETA - L EETh S,
Z TR SN ISR OER T L, MOMIEER
NEPE BT 2EBEBELRET L
T, BREOEFRBWIRT T ETRE 2T &
WTEL Y, #oT, HLADOHINEZRINE, 3,
e, BCIBATE ¢, EH+RIHEESEN R, By
ETHERE CFRRNT5 s L 0n, AFEARMO
HHEZEE B\ CEIBORINAH T T 54 FEH R, f#o
MRS RRINE 2 ERCINT 50 cTh D L HE
WIhs,

L7 L, BONIN & (1968) i3 % v — D4 Hi4 R
B AEAENEIHEREE T L, £ENELED
NET$5 &85 L, LEE & (1978) i3 REE ORI
R E CCH D, TOBRITFCIBERITIE X
n, HEOESERFAGRNS AR Y #ETHS
EIER L,
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7535, MIEC & o THBEER OB X h 23419,
EEK o HBEER TER IR OERRINE (HEER)
I b\, Thebb, MR X - THEEE ORI
fnl, Chinook 2929 mg, # % 3 KV 753 mg, S143
2244 mg C, MK X5+ BEROBRIEIEIKE -
AR S 1 A0 EIREROW IUE B Ry, LEE &
(1978) 13 LIBER ORI V3 E  FAREIE E R RN I
BB IUSERRNECETHRIEKEIE D,
B & 5 HRER ORISR X - TRDZ &
%R L7, BROCKMAN (1969)%) (3l ¥ h D22 H R
WEIHEEFRE LOGREREORERERIC X » T8
FERBEL, LEEENSCEMN SIS X DY
oL FRNEITERCHEMT 5%, BROADBENT
B (1968)2) 1IMEICKEEN L b & & DI LBEREFEOR
W REL Y, H, REOHEIRIC X » ChHEEHE
ORIEAEHEBLDRS A A itk W BEFoEB L
DB ZRIIDTH A S LD, W IBE X - TIEY
TR I B HIBEREINT 2008, BIEIhcER
kb X 2 BEMRTHB E LTV 5, WESTERMAN
5 (1973) w X hESEHERIR 12 HEMEY P L, ©
OEFHIERILZ 0B = L X » CHEERY OLTA
RS h, EC X% ERORIDFIIE Y,
TOBRIBMENC L BB R TH B Ll T
b, Linl, REROFE, MELKES L OHPEER
(HHER) »ECEHTCH - T, BEOLEEROR
PRI R - T B, Tiobb, MR X - THEE
FORIUIIINT HH, FOWMBIIBIEELE LV
BRIREERETHH L1 b, REBEOLWMERD
TIEHH O TR OE B TR B X » CHRE
BhabolHElZhG, Tibb, HHEEROBRING
B2 » 7o Chinook 1R ~D 4 5 Bl R 2% Lo
B v ARCEL, WIBXTR7% %RL T 5,
SAPOZHNIKOV 5 (1968) 112 3EMiIRIC & % LEigEED
TS RIAB OBENB I EREL AL E L, BIET
I BIEEROBIHRIMC LB BT B, /o
T, WEOLIBER ORI R~ BRI
Wi EEl e b o EHERI S R,

Fie, EFEEHTH D h DA DS EIRE ST
¥125% THDTES, BRINSheBIlEE 0% il
FENOFEE Lok RBCFIH IR LD LB
ho, Tihbb, FFOOREIEHR+ZEoMEARER
X o T E 55, R ERCTIEH+ OISR
RN E I A BRI TERENL L R &
b, ¥ER+ZEOMEEED D OISO IT T

TATKT T B b0 EEz bh, HEREI LTS
RS e b, BEFREEE CEARCHN L,

Bboz &ds, S ORER - EoMRER OB
BEorsRl, MRERPRIME SR, MRAERN
BT LEBErOEUESBET L0 L-Bbhb, €
> T, B RBINE &5 o2 & OBIERL 0.9416%+F
DEVHEBERL, G 0E0L IR EEIRERR
&% h -7 (Fig. 2),
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Fig. 2. Relationship between the fertilizer
nitrogen yield and tiller number.

O ; Chinook
O ; Kitamidori
A, S143

ks, #4 B BRBeRT 2 SEOoRFRFIAERE Chi-
nook 7% 59% (G-1), 9.0%(G-2), 13.0%(G-3), 150%
(G-4) T 429%, 4 3 V) H87%, 114%, 169%,
183% ¢ 55.3%, S143 »183%, 132%, 157%, 195%
TH6.7% 1T Eig\, EHEFIAE I ERRIGEE & R
IO M ERARIZ X - THRES R BEY O T, AL
FUOCLIEIEE Y 4 3 TBb wie s &, IR
PEBECH ST L EnG, EYEOREIRES ORI
THET L, ERFAARLEL LofcbnEBbhs,

i =
B v B T5r -5+ - /32030 >
&, AFAERA 4 004 BEB o, £4BEERM
B AERRINBEOHB L EEEY AV GASFEREYT
2o,
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3. WOLEFRNEIEHIE L 01% KETHR
B H D, BOLERRIE O I I IE % 1%
KEBEEARE T 0 L H#HH I,

4. HFCOEEREDEEOIEIRERR TS T
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Summary

Using the i5N-labelled ammonium sulfate, the
absorption ability of fertilizer nitrogen at four
stages before the first cutting was studied in three
orchardgrass varieties. The results may be sum-
marized as follows;

1. Dry matter yield (included tops+root) in-
creased up to the seed set stage (soft dough stage).
But the dry matter yield of tops (leaf blade, leaf
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sheaths and stem, stubble and ear) and those of
the root increased up to the anthesis stage and
the seed set stage, respectively.

2. Total nitrogen yield (tops+root) increased up
to the anthesis stage. Increases of the total nitro-
gen yield in each plant part were significantly
different between the growth stage. Total nitrogen
yield increased up to the anthesis stage in leaf
blade, stubble and ear, up to the end of the head-
ing stage in leal sheaths and stem, and up to the
seed set stage in root, respectively.

3. The total nitrogen yield of root and the dry
matter yield (tops+root) showed highly significant
correlations (p>0.001) in all varieties.

4. Uptake of fertilizer N by the plant increased
up to seed set stage in tillers, and up to the an-

thesis stage in main stem with ear.

5. Uptake of soil nitrogen increased by the
additions of fertilizer nitrogen. The variety with
high dry matter distribution ratio to root absorbed
more soil nitrogen than those of the variety with
low dry matter distribution ratio to root.

6. Correlation coefficient between the fertilizer
nitrogen yield and number of tillers was 0.9416
(p>0.001). It means that the increased uptake of
fertilizer nitrogen by the plant was mainly due to
the tillering.

7. Gross recovery of applied fertilizer ntirogen
estimated throughout four growth stages were
42.9%, 553% and 56.7% in Chinook, Kitamidori
and S 143, respectively.



