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Table 1. Experimental materials

Species Variety
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African millet (Eleusine corocana {GA RTN) Snow brand
Fall panic (Panicum dichotomiflorum MICHX) Kagawa native
Rhodes grass (Chloris gayana KUNTH) Fords Katambora
Halianryegrass (Lolium multiflorum 1.LAM) Wasehikari
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Frozen leaves

Grind with 20mi of extraction solution containing
(0.4M sucrose in 0.04M plosphate buffer solution
(pH=7"5) for 15 sec.

Filter the mixture through 80um nylonnet. (3 times)

Residur Green juice

Stuructural protein

Centrifuge at 1250g for 20 min.

Green sediment Supernatant
Chloroplastic Adjust to pH4.2 with 20% acetic
protein acid.

Centrifuge at 2500g for 20 min
after 12hr.

| |

Sediment Supernatant

l Cytoplasmic protein ' l Non protein-N I

Fig. 1. Procedure for fractionation of leaf protein.
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solution on photosynthetic rate, re-
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Table 3. Effects of NO,-N concentration of nutrient solution on dry weight and leaf-stem ratio
of sorghum on 7 days after the treatment,

N-concentration Dry weight (mg/plant) Leaf-stem
{ppm N) Leafl Stem Root ratio
0 151 88 159 1.72
2 161 101 191 1.59
10 242 134 208 1.81
50 298 150 164 1.99
250 299 158 171 1.89

WA YRR S R O J-&?«ﬁi{’l’ﬂflifﬁm fro MEHMOVHT ARNICH B &, Hili 5 I hs s it
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oo & LT, HEHUBSSABIED FRHCHE - T, MEEATRII B Sy oo s 2 ERVH SAREERT
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RGOV IE SRR I LTy 0 o7 R S ESEVE NS & AT VI 4 o B BE
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Fig. 3 Effects of NO3-N nitrogen in culture

solution on protein
(PPR*), L-GR* and PN%.
(7 days after the treatment)

* see text.
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Effects of NO3-N concentration in culture
solution on the proportion and amount
of chloroplastic, structural and cytoplas-
mic proteins.

Table 4. Effects of nitrogen concentration in culture solution on increment of N in the protein fractions, proportion
of prot-N and distribution of nitrogen to leafin sorghum.

N- Ammount of nitrogen  (mgN/plant. 7 days) Proportion * of | Distribution
Concentration | Structural | Chloroplastic | Cytoplasmic | Non-Protein | Total-N | protein-N of N*¥* to
(ppm N) protein protein protein -N (%) leaf (%)
0 0.50 ~0.41 ~0.10 0.03 0.02 e 4.0
2 0.63 -0.09 ~0.05 0.06 0.55 90.9 21.5
10 1.74 0.69 0.17 0.47 3.07 85.0 43.6
50 3.17 3.7 1.22 1.86 10.22 81.9 56.2
250 3.13 4.10 1.19 1.97 10.39 81.1 54.0
*  Proportion of prot.-N to total-N which was increased in leaf for 7 days.
#* Nitrogen absorbed for 7 days to leaf. r N absorption
ThHEMTETF L, 250 ppmN XTI 81.1% T & T °
< Y 2RI 1 LA SGE L. IR (Ard % 100
%7z, RIS AEE &R B
SRR RIIE D ST PE - T, 0 ~50 ppmN K[ S . .
Tk LR L, 50~ 250 ppmN KT~ & 15 - 7 0 N assimilation
Fig 5 ) &
( Fig 5 ) d%
% 10}
E
oGy 1:) 3 70
NOgN concentration {ppmN)
Fig. §  Effects of NO3-N concentration in culture

solution on

respiratory efficiency for

absorption or assimilation of N.
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Table 5. Effects of light intensity on dry weight and leaf-stem ratio in sorghum.

Source Relative light Dry weight (g/plant) Leaf-stem
of N intensity (%) Leaf Stem Root ratio
100 0.74 0.47 0.41 1.57
NOSN 50 0.61 031 | 027 1.97
20 0.57 0.30 0.27 1.90
] 0.52 0.27 0.24 1.92
100 0.68 0.39 0.36 1.74
NH4-N 50 0.55 0.31 0.25 1.77
20 0.54 0.26 0.23 2.08
0 0.51 0.27 0.24 1.89

* 100% represents the natural light condition.
PPRIZNOs—~NX, NHi—~NX & bIclEED
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Table 6. Effects of light intensity on the fate of 15N incorporated into sorghum.,

Source | Relative light Amount of nitrogen incorporated (mgN/plant-3 days) Proportion™ | Distribution
of | intensity Structural | Chloroplastic | Cytoplasmic | Non-protein | Total-N | of protein | of 15 N** 1o
N (%) protein protein protein -N %) | -N (%) leaf (%)

100 4.17 3.15 1.77 1.05 10.14 89.6 342

N‘O;; 50 1.05 0.93 0.21 1.75 3.94 55.6 36.7
N 20 0.84 0.54 0.18 0.97 2.53 61.7 304
4] 0.39 0.24 0.09 0.66 1.38 52.2 241

100 4.14 1.68 0.60 0.07 6.49 98.9 34.0

NIH4 50 2.01 1.17 0.33 0.38 3.89 90.2 357
N 20 1.11 0.78 0.24 1.01 3.14 67.8 40.1
0 0.81 0.60 0.27 0.90 2.58 65.1 35.8

* Proportion of prot.- 15N to total —15N which was incorporated into leaf.
I
#% Nitrogen incorporated into plant.

Table 7. Effects of light intensity on respiratory rate and amount of 5N incorporated into sorghum.

Sourc Relative light Respiratory rate Respiratory rate Amount of nitrogen
O?:e intensity of top of root incorporated
© %) (mg COafplant.d) | mgCO,/Plant.d) | (mgN/plant.d)
100 127.3 23.62 9.89
NO=-N 50 76.4 9.66 3.58
3 20 82.2 5.38 271
0 65.2 4.90 1.91
100 142.2 24,71 6.36
50 107.8 7.26 3.63
N -
NHq-N 20 66.2 5.91 2.61
0 74.2 5.88 2.40
W0 iABEE R DLEMO LS GIHED LT ic -
T, NOs=N R THMEIRIE02 L FTEFL, N e, Nebomin

i NIXTRZEH LA -7, F/, ERDAL

400
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) . —

Td -7z ((Table7 Jo & LC, 4 HRUUNTFR )R
HENOs— NIX, NHi—N[X & &I 100~ 0 N asimletion
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FUBIEOIE T - T, NHi—~NIXTliw 50
I, NOs—= NXTHEFEIET L (Fig? Jo
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160 30 Edi] o

Relative light intensity (%)

FFig. 7 Effects of light intensity on respiratory
efficiency for absorption or assimilation of
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Table 8. Effects of light intensity on dry weight and leafstem ratio in sorghum.

Source Light intensity Dry weight (mg/plant) * Leaf-stem
of N (Calfem® .d) Leaf Stem Root ratio
49 70 138 85 125 1.62
(2) 280 208 121 145 1.69
NO,-N (3) 400 250 144 164 1.74
4y 490 358 158 199 2.27
{5y 563 293 161 183 1.82
€3] 70 168 75 126 2.24
(2) 280 153 104 123 1.47
NH,-N 3) 400 270 149 153 1.81
4) 490 318 183 176 1.74
(8) 565 345 175 191 1.97
PPRIZ BRI E-T, WEE T LR L, @~BRTldbPhic 15 “5‘ », BIE—ELD,
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Fig. 8 Effects of light intensity on the protein
production rate (PPR), L-GR and PN %
Table 9. Effects of light intensity on the fate of 15N incorporated into sorghum.

Source | Light Amount of nitrogen incorporated (mgN/plant-3 days) Proportion™ | Distribution
of intensity Structural | Chloroplastic | Cytoplasmic | Non-protein | Total-N | of protein N | of15 N** 0
N (Cal/cm2.d) protein protein protein -N (%) feal (%)

1y 70 0.25 0.23 0.07 0.36 0.91 60.4 27.6

(2) 280 1.01 0.90 0.31 0.60 2.83 78.8 349

NO,-N| (3) 400 2.07 2.05 0.58 0.59 5.28 88.8 39.1
4y 490 2.77 2.63 0.61 1.74 7.74 77.5 47.0

(5) 565 3.22 2.11 0.61 0.97 6.90 85.9 45.2

70 0.58 0.36 0.11 0.11 1.15 90.4 41.8

L (2) 280 1.01 0.89 0.22 0.11 2,23 95.1 35.3
NHN 3y 400 3.01 2.13 0.65 0.07 5.86 98.8 48.8
4) 490 3.23 2.57 JL22 0.83 7.85 89.4 50.6

(5) 565 3.77 2.76 0.94 1.23 8.70 85.9 52.0

*  Proportion of prot.”13N to total 15N which was incorporated into leaf

** Nitrogen incorporated into plant
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Table 11. Effects of planting season on the fate of 5N incorporated into sorghum.

Planting| Light Amount of nitrogen incorporated (mgN/plant-3 days) Proportion™ | Distribution
season | intensity Structural | Chloroplastic | Cytoplasmic | Non-protein | Total-N | of protein-N | of ISN** to
(Cal/cmz.d) protein protein protein -N (%) leaf (%)
1y 70 0.03 0.03 0.01 0.04 0.11 63.6 23.9
2y 210 0.07 0.07 0.02 0.14 0.29 55.2 315
Oct. 3y 300 0.22 0.25 0.05 0.16 0.69 75.4 38.1
4y 390 0.30 0.38 0.08 0.48 1.24 61.3 44.8
(5) 465 0.68 0.73 0.12 0.51 2.04 75.0 42,1
(1) 70 0.25 0.23 0.07 0.36 0.91 60.4 27.6
(2) 280 1.01 0.90 0.31 0.60 2.83 78.8 34.9
Aug. (3) 400 2.07 2.05 0.58 0.59 5.28 88.8 39.1
4y 490 2.77 2.63 0.61 1.74 7.74 71.5 47.0
(5) 3565 3.22 2.11 0.61 0.97 6.90 85.9 45.2

*  Proportion of pmt.—15 N to total *N which was incorporated into leaf,

*%  Nitrogen incorporated into plant

APHAR O ZRER A A ~ OB R DABIIZI0AR LD 8 ARTE L, MK E b HEHEoR

WP T 7o, % LT, BMEES O o/
THERIIU b -1,

e

Tl 5y~ DS EI S S B R S e, KR

BRI 1 B R OB - TIOAK, 8ARES LAL, 10ARLD & 8 AR TEM» 12

(Fig 11 )o 24T U CHEE VB A pE PRI 23R 13
AR OBNICR » ¢, —E L% R S, 10
HERE 8 ARDER U TlEh - 720

ft-C, 8 FIH~I0H icdkis Liciey, /%
e MR AR oK ER QBB A~ 05 H &
Lo, PPR, SERBINORIANER, HERID
ABBEROBE AR AIIET Ui,

B B

AR TEBEEAREQ I 00T SR EIAT
AdE7ld9 A 7BOETTE B R0 ERISEL,
B0 20 R ER G T SRS SO M
MEMBHE o7 IR MERAE, Sbov Ry
THE A OMEE AL & SR A AT 4 i
YL e

DG & - THE L BHiSC>0 T,
fﬁ‘ﬁ}iﬁ%&'f"@iﬁl rng_‘gwm mo)‘ /){ 59 g% 94 95)
Fraction 1 Protein ™ ®+1"% %9 & RuBP carboxyl-

ase JEVE'*L OBIRR, & 7o, BRI MEER &1

Fig. 11

4004
N absorption
g o
23
£9
Z 200k :
£%
2E
g oof
[
0 + PR e
spb OO August N assimilation
Gorm® Optobes
. s .
2
&
B
]
= b
& % 0
£z
FE ab
s
-9
W
o + 1 — i
i3 o e W ®
o 280 400 49D 565
200 300 390 465
ay @ Gy Wy ey

Light intensity (Calfem®+d)

Respiratory efficiency for absorption or
assimilation of N in sorghum at different
season.

B9 & DB ﬁ“““““ﬂ“mmcwfmgmifmﬁ EXfEEE AL, sooTs R MEEENEA
BREEZC LENANMEEA LS ER2EIED, vooy 5= FEEMYE & MORESERE, VbW
BIRB LV TN YU 5 )~ VAEHEDED TH » T CHORMREE B & EFBOMNLEE

B, RBER LSBT EHIEEZLLND

fofll, 2007 A P EERKMNT A CEERETHL, MR Y VL T8IY, 415y T Y3



PEHE O BB AN ICBE T A 15T 87

477XT%/WWTthouW%Ti%HiWWWﬁ%@LTHD,ﬂ a7 5 R~ OfiiHseRE >
2,5, 150w, | DA OZEIUL EICCy, Cy HIDIEOMIEDETUC L B EHA B, 7 LTl
CHlity O i @ 225U 10B LN T8 - 7o

fr, KMAITET 5100 E 8 AXO B & BT E & OBIRICB VT, WKL EE Lcsn
DR EEZ, DTk 5,

%%1@wmm6,%é&%émﬁﬁ@MMU@ﬁwfmﬁWﬁ SHREOPBRIC OV TA B L, S
BfEd v w7y 2 S EREEIS & OBICEOIEOHBAES SN, LhL, 20075 2 b IEES
ummm¢ LA I OFEE S 23 N B EH, DS NOEER BB TS EARE & IE
DB SNt (Fig12 )e £ LT, ABIKAEE 7 007 52 FEREETIE5MN i, SUEN
ﬁfwsmy@micml

..:..

i

AL, TR ECRIZEA T fo | gae | %,
J'J‘f-Lﬁu’)vﬂ":o .°° 3' 8°
Hz, BUEEEETIN 0 T e [ e E)
LS & TR T P o
FIEOMBIAR L "5 wh Yh;’:ﬁfi;é‘z‘%x“”‘zs Y060+ 1104658 _;;i%i%’*im
( Table 12 ), I - o -
-, 6.5MN /dﬂf * g , ;Suucmr;l vto!ci: , | :Chmm;la&lic P:;mtcm e ;Pmteiz
TOREHVEEE GO £ or ° o
S b 0 35 (T St Pt oo ®
DI A Hehle il ob “
B s L8 L, v 3 v‘»
77 L DR & SVE O ol
Wic#s L, Zhpl o i e
HEGUEL ORI RS ot prosen
LT ol#esbd 5 R R R R R
bOLEL S Leaf protein content (mgNfdm?)
VK LD PPR IR Fig. 12. Relationship between photosynthetic rate and leaf protein content.

Table 12. Relation between the production rate of leaf protein fractions and leaf expansion rate.

Leaf protein fraction Regression equation R(n=14)
Structural protein Y=463X~ 796 0.916%*
Chloroplastic protein Y =76.6 X ~342.7 0.881%#
Cytoplasmic protein Y=233X-~ 94.1 0.782%#*
Total protein Y =154.1 X - 592.1 0.876**

** Significant at the 1% level.
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Table 13. Some properties of the soils used.

Exchangeable ©) ppm
Texture pHY KCI TN % P ppm K Ca Mg
Sandy loam 5.4 0.20 12.5 260 1480 80

a) Soil/water ratio = 1.0:2.5 ¢} Extracted with IN NH4OAc, pH7.0
b) Extracted with 0.2N HCI



fEpRH e O R FER I 3 5 BEE 89

SR 27, 54, 108kg ha R B 7z, 72751, ONIX Tidbdhg ha R B4R oo HRERAEZL
A BT TS b QBRI (M 5 on 3B BR2 ) & L, MIEEEZ 120, 60, 30emEZE
ABT Ik > THMBEEALL, ZHEN3R, 6R, 12RIKE Uiz COZMIHERIC 3 BIMORHRAN
5Lt b, WSS LA (100kg P2 Os /ha) , Hin (150kK.0ha) &¥—cfidfiL,
W%oli5mE 0, 60, 120, 240kgNha @ 4B (ON, IN, 2N, 4N) &L, Z2hZhoi%
PEERME & Lz D78, HEBEMECX TR DIEEHEE C - fo, sk —2 Hs it
DHGHTHKITHZ X300, 60kg N ha [Ki312R — I NKEMEST Ecl, 1 KOKS S 36 mx 9
me Ui

WAFIS14E 6 FHITENCHE L, SSE B BICIS OOk L foe IRINE LT 7 BHBICEE, 2, RSNz,
WAL £, BEAmERR (5 %R TR AR R ERORRD) BEERME L, Bk
RIS DO T iE 50 s 2 4 B SR L, 35, 2, HURIC S, 3R IR ANE L, —8

% SEEEIR L I L oo B IOMiEd I L, ot EAlE L, MY GBEE ifa\b‘)
A ﬁj}l‘. L7z
B B B R

FEIELE 3 R — 4 NI TR D SRS b -l fodh, DEDPIRRTH » 1208, FhBAORE P
TdH-Ts

RT3 R~ 4 NKTRAEB BT EDEMIDI D - 1ohi, FRLADK GRS & 5
@Ry ohd, 3R, 6R, 12R TEZNENI5~0, 180~190, 390’\’3704\%%2 THb, HFoORE
EAEBDB NI T,

MY RO R 0)—*'*?' e ad, BEREEC, 4 NKOBBEX ) 191 o, BEE T 185mTdH - /.

A9 B (B3 46 E ) oonEippihL OV 0 IS REAAERERY) &l LR R H AU W, 2%

FXBE L, 6REKIE3RRERREOPRHOM, 2 NKid 1 NKE 4 NROBE RO AR L7
( Fig 13 )

HEd P ERE R A - ”‘Dmmm

SHHRXEE L, 12R~4 e

[ ﬂm Nitrogen

NK Cl384kg N/ ha T -

t(me)o % T §
(PPRIFt12R 4Ny £ ¢ é

3R—4N>I2ZR—IN> £ * £

3R-1INOMTHY, & 2

%183, 113, 80, 59mN,/ = °

m/B THot, LT " ok 120
PPR 0)“_1"\1 {’}’j&'ﬂd i Trextmeny
THBE, BRI -T Fig. 13 Effects of plant density and nitrogen application rate on the dry matter
19R ~ 4 ’N {Y”C :iy(‘ﬂj"ff‘;() and nitrogen yield in 46 days after germination.
- 2, CEIEH R
FE S CREF I LAL, * See text
ZOWETL, 3R—-4NKTHAEFRBAHFTEAL, 2OBIETL, 3R~1NR&IZR~1NEK

x PPR (BB I I3 & %l & OB A HAEHETH L0, EHROREE 3 ~ 7 AW THEEL, 1
200 DR IVE A TR L, —F, R uw AR EHEADL FTORM DD EEOLE

j*[i]’ﬁfi’;.f“ TR Y B SRR 248 &5 B OIS BRI G & A BT, AREEIREN O LD & TR
B &R T B Az b, AT D B D O REE (BRI AX D Y SO BRAKTCRLT,

XY HO PE SR A mEEE ( (PPR)Y ) 2Lk, -7, PPR LFEUHMRTH B,
AR PPR &R CIR LD, ZTTPPR EEMT B4, [ ) AU TRET EICG 5,
(CGRJ, (L —~GRJ, (PN%) blEfsEkET () & &9 3,




100 ¢
5
&
% s
& 12RAN
‘é 60
e 1 W geeemmeT
B a0 -
) -
H
3
o
560 b
G oawpp
&
Z 300p
£
& 00p
&
100
o L L ,
5 M
5
|3
B L
&
3 oop
o L s
4
e
£
2 b
1
¥ L : A A "
16 20 30 40 50

Days after germil;auon {Dayy

Fig. 14 Effects of plant density and nitrogen
application rate on leaf protein yield, PPR,
L-GR and PN %.

RIS ELITNc @R IARE L, PN % 3563
BISHEATT T2 BT TH »720 LinL, il
BIEATEE S L~ GR A -7272%, (PPRY &
3R~ INKIDbbhdMhitdEh-1.

LAT @AEF Ik - ¢, SHIK T S ms6 1 H
ETHML, ZORbFMCHET L, BRI TE 5
A6 1T TN L 58 - e RIKIAE <,
JAAMIEIZR — 4 NR D 18.7 T#H -7z ( Fig 16 Jo

BRI BT IC > T, 3R =4 N, 12R
— 4N, 3R~ 1NKTEI#ERI6HEE L,
ZOWIEF L, 12R — | NKTRIEERI HEM S
8T L, Skl PN% ST, SR—4N>I2
R—4N, 3R~ 1IN>I2R~ I NODITH -7
Z LT, A ki e HE R & 5 CHEE 4
ODIC G5 HERR CVRTREIE 6.5 9N /Aot (315 8 55) B
FEisofomi, 3R —4 NRCRBIEHEHRI0HE,
12R~4N, 3R~ 1NKXTRZ0HM, 12R—-1N
KCEIOHETH > 720

[

TR & A EEE FEH MR8 U TED - 72,
Z LT, PPR OfAMIFIZR~4N» 3R~ 4N
>3R~—1N, 12R~ 1 NOIHTHRAMIZIZR — 4
NIXD 510mN 78/ T - F2o

PPR #L —GR & pPNHIcfithid 5 &, L-GR
BTk - T, BEROHEETLERL, 20&K
BFL, WHEKTRE, 12ZR—4NDIZR~1N
>3R-4ND>3R~1INODIiTEH e —Ti
PN % BT - THRIK & BT LAohd, Jeifik
W0HHETIR3R~4N>I2R~4N, 3R~1N
SIZR—INOIATHO, PNB 2 BLITF &1
20, 3R— 4 NKTEHIa8%BHE, 12R ~ 4
NIX&E 3R~ 1NKTE0HE, 12R -1 NRTIE
15HET&H =7

FHbhB, 3R~ 4 NETEHD o RS0k
Mo Bh 1o &ip s, FIFEH0E FILHE TEH
HEA AR TH D, E DN B EHER L/obd, EiH
WIEAMEL, L ~GR 8 72729 (PPR) W

INEI Tz, 12R — 4 NIXE 3R~ 1 NK TN
PN% bid

DEFIGHRPHCTH - &ho,

ISHEEETTH -7, & il
5T, 12R~4 NKD { PPR ) kb dEid, 3R
= INEKTIED -tz F/, 12R~ I NXKTHFE

wh 12RaN
b
3ok WA o
=% 12RIN
L & om0
o220~ OTERAR
o 3 3 3
2 ashk
e
P
2%
g E
-1
g
K )
1ob
2
g5 08f
£
£ sk
g.
q o4k
&
-
g elp
:
O 50
Days aftet getmination (Day)
Fig 15 Effects of plant density and nitrogen

application rate on leaf area index (LAD,
leaf protein density and leaf area expansion
rate.



TR e O BRI I AR 91

LAT MR R AT Ict - T, 3R~ 4NKT il
m%%%mHH$Wtﬂu,%®mmfmmﬁvu ]
e, 2R~ ANKESR - INKT £ L
o uzonl] CTLL, TORMEFL, 12R — Pl
N REIOH i SIS F Ly 2 LTiA b

WiRI2R — 4 NKD 1.0H TH -1z 2
Hly LT LT ORI bR L i) T

"

P T, BIKEBRINL, 12R~ 4 NDI2R ~ 1 g
N>3R—4ND>3R—1NOWITH - 22%EK sk

%% {, 12R—4NKTW12.6 L /Ta ( (CCGRI= SRl

274 9,/ 1) TH -1 (Fig16 )e 5
CGRUL ~GR & @iElibtoimzsLse, &  *f

b, RS- T, W (2R) K TR o

2SI TLAL, ZORIEE L, Bl (3R) X ’ '
TR [T T B 0MIC EH L, 20fkb g oF

FPIALF T Bh, HHOE—ETH -1, £LT P

BEANIEI2R —ANDIZR = 1IN >3 R—-4ND>3 5‘[

R~ | NKOMTHH - SHHIRRAS < 12R - ’ . el
ijomﬁnfcmoto o et o
HLTIICHE 2 <, BKE BRFRIOHE B e ration ro. o sy yeatin yicld, COR

F T, FOBIET L, 95 %S e i and leaf-stem ratio.

T - TREB SN v - Foe 7z, MY BROBUT M LA S - B8RRI - 72,

1 e s dh OIE A S oM S B IE TE AT IINTCI5~20%, MO TR 5 ~10%HIET
& »tehi, BTN TE5~659%, MILD T H35~40% & <, i Lo g% R oT70~80%
TR UAs (Table 14 Do

Table 14. Proportion of non protein-N to total N, proportion of leaf protein to total protein in top,

recovery rate of fertilizer N and root-top ratio in sorghum at 49 days after sowing.

Non protein-N/total-N |Leaf protein® Recovery rate Root-top
Treatment (%) Total protein in top of fertilizer ratio
Leaf Stem (%) N** (%) %)
3R-IN 6.0 40.3 70.7 64.7 24.8
3R-4N 5.2 36.6 73.6 37.4 14.0
12R-IN 4.9 40.1 79.8 66.0 22.2
[2R4N 8.7 43.5 76.0 55.4 12.9

* Proportion of leaf protein to total protein in top.
## Recovery rate of fertilizer N = 100 (A-B)/C
A: Amount of nitrogen absorbed by plant.
B: Amount of nitrogen absorbed in O~N plot.
C: Amount of Fertilizer N applied.
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Table 15. Treatment and rate of fertilizer application.

Basal application (kg/ha)
Treatment
AS-N* CM-N* SR-N* 2,05 K20
ON 0 - -
2N+C 120 120 -
4N 240 - -
6N 360 - -
8N 480 _ B 480 410
4N+C 240 120 -
4N+2C 240 240 -
4N+S 240 - 120
4N+28 240 - 240
Nutrient concentration of dried cattle manure and slow-release fertilizer.
Nutrient concentration (% in F*W+)
Fertilizer N P20s K,0 Moisture C/N ratio
Dried cuttle 2.0 2.3 1.2 45 1.0
manure
Slow -release 13.0 24.0 20.3 - -
fertilizer

* AS-N: Amm

onium sulfate-N

CM-N: Cattle manure-N

SR-N:

Slow-release fertilizer-N
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Table 16. Relative value of dry matter yield and amount of nitrogen in top.

Treatment Ralative dry matter yield (%) Relative amount of nitrogen absorbed (%)
Ist cutting 2nd cutting | 3rd cutting| 1st cutting 2nd cutting | 3rd cutting
4N 100 100 100 100 100 100
8N 84 88 87 116 94 97
4N+ 2C 82 124 116 113 147 151
4N + 28 106 104 110 156 137 135
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Leaf-stem ratio Top-root ratio
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Ist cutting | 2nd cutting | 3rd cutting Istcutting | 2nd cutting | 3rd cutting
4N 0.81 0.68 0.70 5.86 4.56 3.00
8N 0.84 0.74 0.67 8.33 5.90 2.79
4N+2C 0.86 0.68 0.88 7.84 6.45 4.95
4N+28 0.88 079 0.69 9.45 5.67 3.58
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Dried and powdered Sample

Extract with 20ml of
ether for 4hr at 30°~35°C

(twice)
| 1
Supernatant Residue
Crude fate Extract with 20ml of hot 80% ehylalcohol.
etc Centrifuge at 3000 g for 15 min.
(twice)
i 1
Supernatant. A Residue
Ton-exchange resin Extract with 20 ml of 4.6N HCIO,4
Amberlite CG-120 for 15 min at 4°C.
Amberlite CG-4B (twice)
I |
Supernatant A—-B g
Soluble Amino acid | Supernatant Residue
Sugar Organic acid Starch Extract with 20 m! of

IN NaOH for 2hr at 80°C
Centrifuge at 2500 g for 15 min.
(twice) '

I I
Supematant Residue

Protein Add chromic acid.
mixture after drying
and takes up CO,
with Hiamin.

Crude fiber

Fig. 32 Procedure for fractionation of '* C-labeled constituents.
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Fig. 34. Leaf area expansion rate, leaf protein
density and leaf fresh weight per unit leaf
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Fig. 33. Effects of light intensity on protein pro-
duction rate (PPR) of Italianryegrass and

sorghum,
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Table 18. Estimation of maximum production of dry matter and leaf protein in four grasses.

Species Sorghum African millet Rhodes grass | Italianryegrass
*L-GR]
(g/m2-d) 13.0 22.4 13.5 11.3
*IPN %] 3.2 2.1 1.5 4.0
Max [PPR}
(mgN/mz @) 416 470 203 452
*LAI 18.7 11.0 5.0 13.1
*Density of leaf protein
at harvest (mgN/dmz) 7.4 10.0 8.0 11.0
Max leaf protein yield 140 110 40 144
at a harvest (KgN/ha)
Days required for the grow o
th  to harvest (Day) 34 24 20 35
*[CGR]
34 33 2
@ /m?-d) 1 23
Dry matter yield at
a harvest (t/ha) 11.7 6.9 4.4 8.0
Growing period  (Day/year) 120 120 120 150
Number per annum 3 5 6 4
Dry matter
. production (t/ha) 35 35 26 32
Maximum
Leaf protein
production (kgN/ha) 420 350 240 576

* The maximum value which was obtained in the field experiment.
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%o TOHGEOWPIERRIKDWTHSE, (CGR ) ORAIE34 9,7/ H TH 505, 1ENOWE
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CPPR) 20 L3200l E HIMERIE PPR O L&, 20 PPR AN D B T8 < 4 {4
THETHHH, HHHO PPR A LS E L2004 E UT, ISR O R OB ST
H5 30 FREMEMICE O THH T 2 MEHERE 0. L L, %0 7RbIicid EIIIC A - Gl A
d;/v}'i‘@o*é 5,

TLTC, EL0D PPR ORISR L SUEHO PPR 20 215080, BRI IR OBEIT > )
TN, ELICKEFD PPR 2 %4 B b DEMICHNTERT 5,
HRFOMELD O PPR ORKMIERD & 5 IHHATEY: SN (Fight ) T15bB, PPR A4




122 TN O ]

oA >vaser) r
YKL, a=—-XT5R> 100 - r -
A9 V75475 XD 30+ 3 -
THy, BEHMBETLD & sol . . -
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A9 VTYI4 7 52T, BHMEHMTEY VI ATRGEL, o-X7 5 2ATRbED -7,
&5 Lt PPR 2¥EY 2@, AMGERIC YO TOSEMOBERETOMY T 5(Table 19 )
Table 19. Morphological and physiological characteristics of several grasses.

B

Species Italian- Sorghum AI."nCan Fall panic | Rhodes grass
ryegrass millet

Leaf area expansion rate R

(em?/plant-d) 6¢ 462 37ab 438 31b
Density of leaf protein

{mgN/dm?) 12,08 7.8° 10,180 9,1be g.sbe
Thickness of leaf

(g F.W./dm?) 2.94 1.40 2.2b¢ 2.0cd 1.8¢d
Nitrogen uptake rate

(mgN/g) 528 3gb 568 538 632
Distribution to leaf’ of N a b a a
incorporated (%) 57 45 57 4
Distribution to chloroplastic and cytoplasmic
protein of leaf protein increased (%) 844 64b 928 864 72b
Photo synthetic rate

(mg COz/dm®-h) 174 29¢ 494 44ab 37bc
Respiratory efficiency in absorbing
nitrogen (mgN/gcoq) 200° 32pb¢ 6401 34¢b¢ 490ab
Respiratory efficiency in assimilating
nitrogen  (mgN/gcos) 578 35b 632 14¢ 23b¢

#*  The means not followed by the same letter differ significantly at the 5% level. Duncan’s New Multiple Range Test.
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SUMMARY

In the production of forage crops, especially warm sesson grasses, it is necessary to
improve not only the dry matter production but also the nutritive value for animals
(quality of forage crops). Nitrogen nutrition of leaves is closely related to both the dry
matter production and quality of forage crops. The purpose of this study is to clarify the
conditions for the establishment of techniques to produce efficiently the leaf protein
fraction which contributes to the improvement of photosynthetic rate and quality of
forage crops. ‘

The results obtained are summarized as follows:

1) The leaf protein of sorghum (Sorghum vulgare Prrs, Sweet Sioux IV) was 70--80%
of the total protein produced during its growth period. The leaf protein was fractionated
into chloroplastic, cytoplasmic and structural protein. The chloroplastic protein was
about 50% of the whole leaf protein, and it was found out that its content per plant
varied greatly with the change in the growth environments. Accordingly, it was con-
sidered that the chloroplastic protein may be responsible mainly for variation in photo-
synthetic rate and leaf expansion rate.

2) When the forage crops are grown under the conditions of optimum temperature and
adequate supply of solar energy and nitrogen, chloroplastic and cytoplasmic protein
can be vigorously synthesized in them, and as the result, the total leaf protein remarkably
increases. In sorghum, African millet (£leusine corocana Garrn), Fall panic (Panicum
dichotemiflorum Micnx , Kagawa native) and Rhodesgrass (Chloris gayana Kunth, Fords
Katambora). photosynthetic rate and leaf-area expansion rate increased linearly with the
increasing rate of leaf protein density (the amount of leaf protein per unit leaf area) at
the range of 0-6.5, 0-7.0, 0-6.0 and 0-5.0 mg N/dm? respectively, but had a tendency to
be constant at the range of the leaf protein density above them. Therefore, the dry
matter and protein production in sorghum, African millet, Fall panic and Rhodesgrass
will be improved by increasing the leaf protein density at the range of the above-
mentioned values, and especially the protein production will mainly increase if the range
of the leaf protein density can be kept over the above-mentioned values.

3) As nitrogen tends to be insufficient for crop growth in the field, it is necessary to
increase not only plant density but also nitrogen application rate in order fo increase
leaf protein production by grasses. High value of mean crop growth rate (34 g/m? d) and
leaf protein yield (310 Kg N/ha) were attained in this study by the sorghum which was
grown under the conditions of high plant density (370 plant/m?) and heavy nitrogen
application (480 Kg N/m?*).

4) The possible maximum yields of leaf protein of the four grasses were estimated by
using the data which was obtained in the fields experiments. The maximum yield of
leaf protein of African millet (550 Kg N/ha) and that of Italianryegrass (576 Kg N/ha) are
higher than those of sorghum (420 Kg N/ha) and Rhodesgrass (240 Kg N/ha). African
millet and Italian-ryegrass showed higher value than sorghum and Rhodesgrass in the
following parameters; leaf-stem ratio, thickness of leaf, nitrogen uptake ability, leaf
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protein density, proportion of protein-N to total-N in leaf, and proportion of chloro-

plastic and cytoplasmic protein to total leaf protein. The conditions to maximize leaf

protein production in sorghum and Rhodesgrass which were made clear on the basis of

the above-mentioned characteristics of each forage crop are:

Sorghum: To increase leaf-stem ratio, thickness of leaf, nitrogen uptake ability, and
proportion of chloroplastic and cytoplasmic protein to total leaf protein.

Rhodesgrass: To increase thickness of leaf, leaf protein density, and proportion of
protein-N to total-N in leaf.





