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Fig. 1. Seasonal changes in five-day mean of daily maximum temperature and
solar radiation, and precipitation and evaporation (each bar represents
total of 5 days) in Fukuyama.

Data obtained from the average of 5 years (1973, 1978, 1982, 1984

and 1986).
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~ Fig. 2. Vertical distribution of soil water content under a sandy-loam soil in
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B 4 WTRRH OB ORI BRI TR A b L A DR & T B0 B4 A o > 055k
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DREBSTHHEIN & BN L, Lo b HERE B R ORI, w0 H SIS L 0 288 I FIE o hss i 5,

T, FEEZOWOKERUPSPHOBNTH LWL R0, MM TREL LCEENEED
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BUEMIEARA ML AHI L CHEER TV B E VS T TREWD L {, HCETLARAMLATTEN
BRET, EEDEG HHFCELBMAMHE Ly, T, 9 LABWERE VD T80 6%
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BLEOBLE D & ARE T, RIS R O, BLCTHRIRIL CIE PR S 000w B 3D B BllK
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075\@&15342 CEBEIE T IBIRET L, BT MR, D ATE O M TR I U 2 R0 88 2 4T
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1981, 1983’110} JEMAT, S4EE b BRI S N/ OTAE TIRIIBIEITIT » LRSIV T

izﬁ&%)o

B2E MBRUFEE

1) #EERRURIESE

B REE A AR E BEN GE BRI I BB R SE A R L 72 1 K4.0X5.0m DR BRIX %558 L, Table 1
L3R L7 (B EN % 198348 6 1325 [ 12 BEMRS0cm D IINE T4 L 72 %, P8 0 3 2 3MEMI 25em T 23R L
Fro FEMEFEIEN (BEBE7 » £ 4) #1.2kg 10a, P.Os GEBEBEAIK, BREBIEA LR D) %2.0k
A10a, KO (GE{LINE) %#2.0kg /108 230 E LCaBEEL, #3102 KSR L, Tl
pH i, HEEHEFEKTpH (H0) 6.512 L7 7 A29HICN (BERET > E=w A) #1.2kg /102 & 1S
BB L7z, %33, Table 2ICZE8RIM S OB LA E LR L7z,

it 8 B4 HA5 8 H24H £ To20H M, HBEIAKRE (Fig. 3) 124 W AKREH 2T, Mo

Table 1. Species used in experiment

Species

(Cultivers) Scientfic name Seeding rate
g{z;l:::%;ags) Paspalum dilatatum Poir. 3kg/10a
(%12;?1%1?23 Paspalum notatum Flugge 3kg/10a
géﬁgsfgg??) Chloris gayana Kunth. 2kg/10a
(S?égr ?é?x) Sorghum bicolor Moench 3kg/10a
(?{);I%?Kg) Sorghum bicolor Moench 2kg/10a
(M;r\;rei;iré I\l,zili:ny) Eleusine coracana (L.) Gaertn. 3kg/10a

(Sno(x:v%r:m 1 Zea mays L. 8000plants/10a
Job's tears Coix lacryma-jobi L. var. Sky/10a

(Marketing varienty) mayuen(Roman) Stapf

Table 2. Some soil chemical properties of experimental field soil

Available™ * Exchangeable base™™* *
(meq/100g dry soil)
K Ca Mg Na

Soil pH Total N*

Soil texture P
(KCL) (%) (ppm)

Sandy-loam soil 5.61 0.06 3.14 0.14 7.93 0.47 0.11

~™: Kjeldahl digestion, **: by Bray No.2 solution,
*E % IN NH30Ac extractable base
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Fig. 3. Irrigation system for controlling of experimental field soil moisture.
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Fig. 4. Changes of three-day mean of daily maximum and minimum tempera-
ture, solar radiation, snd precipitation and evaporation (each bar rep-
resents total 3 days) during experimental times.
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Fig. 5. Changes in soil moisture (pF) controlled by automatic system.(+:
watering.)
(&—a): pF1.7, (@—B): pF2.3, (&—»D): pFL8,
(O—O): non-irrigated

Table 3. IL‘op dry matter yield (ky/a) of grass species under various soil moisture condi-
Hons.

Species pF1.7 pF2.3 pF2.8 non-irrigated
Dallisgrass 41.0 42.0 35.0 © 345
Rhodesgrass 35.5 35.0 28.0 27.5
Bahiagrass 235 22.5 21.0 18.0
Sorghum (Rancher) 71.5 63.5 64.0 53.0
Sorghum (Sweet) 119.0 117.0 78.9 76.0
Corn 117.0 99.5 81.0 64.0
African millet 60.0 73.0 52.0 34.5

Job’s tears 70.5 57.0 47.0 32.5




110 e

1001

8ol

60p

a0h

Relative growth (%)

20}

1

ol . ;
> non-
pF1.7  pF2.3  pF2.8 irrigated

Soil moisture level (pF)
Fig. 6. Effect of water stress on shoots growth of grass species. Relative
growth represented as the ratio to the maximum dry weight of each
species which grown on high moisture conditions. The dry weight of
whole plants were presented Table 3.
(O—Q): Dallisgrass (@-—&): Rhodesgrass
(&—A): Bahiagrass (B—8): Sorghum (Rancher)
(&---@): Corn (T3~ Sorghum (Sweet)
(X—X): Job’s tears (A—a4): African millet
O3S OEERES0% D EIST L7as, W T IR, YUAYIA, O-XFF ATIRI0~25%8AE &b
DFEFFZ AN TH - 72,
3) RBEDELRBEYE /S LEEYEL (R/TH)
KGO E D YV RS T A, ST ST AT L A, oM CIIcE T L
(Table 4), £ 7=, HBHMOR/TIHIEKA FLAIZL DML, ZOWMIRIE LT F5ATITY%, 5
AT A, FIEOALTE2~67T%, N PLAFETINY, B—XTIA, YVAHLTIERTH-72,
4) Y1&Ts DEED
pH1. 7R TOKHEMD Y s 13 10sec/embLF, WE~10barll LT, KARMA LD SN dd » 72 (Table
5l LA LAMEKAORAIZE D TsiddmL, WHIMIZET LA, BHRKETOYTsiE by Y, 2

Table 4. Root dry weight and root-top ratio (root dry weight/top dry weight) of grass
species grown on various soil moisture conditions,

Species Soil moisture Root dry weight (kg/a) Root-top ratio
Dallisgrass pF1.7 6.90(100)* 0.168(100)*
non-irrigated 6.70(140) 0.281(167)
Rhodesgrass pF1.7 7.05(100) 0.199(100)
non-irrigated 6.35( 90) 0.231(116)
Bahiagrass pF1.7 6.00(100}) 0.255(100)
non-irrigated 9.05(151) 0.503(197)
Sorghum pF1.7 14.40(100) 0.121(100)
non-irrigated 10.65( 74) 0.141(116)
Corn pF1.7 15.25(100) 0.125(100)
non-irrigated 13.00( 85) 0.203(162)
Job’s tears pF1.7 7.70(100) 0.109(100)
non-irrigated 4.65( 60) 0.143(131)

{  )*: Relative value
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Table 5. Maximum stomatal resistance and minimum leaf water potential of grass sprcies
during the experimental period.
_ \ . Sromatal resistance Leaf water potential
Species Soil moisture
(sec/cm) (-bar)
Dallisgrass pF1.7 2.5( 100)* 6.0(100)*
non-irrigated 35.8(1432) 11.5(192)
Rhodesgrass pF1.7 6.2( 100) 12.0(100)
non-irrigated 46.7( 753) 20.0(166)
Bahiagrass pF1.7 2.3( 100) 6.5(100)
non-irrigated 43.6(1896) 15.5(238)
Sorghum (Rancher) pFl1.7 2.8( 100y 6.5(100)
non-irrigated 126.7(4525) 15.5(262)
Sorghum (Sweet) pF1.7 6.3( 100) 7.0(100)
non-irrigated 117.9(1871) 16.5(236)
Corn pF1.7 5.1( 100) 8.0(100)
non-irrigated 184.5(3681) 24.0(300)
African millet pFL.7 6.0( 100) 6.5(100)
non-irrigated 68.95(1148) 14.5(223)
Job’s tears pF1.7 5.8( 100) 7.0(100)
non-irrigated 139.6(2406) 18.5(264)

(  )*: Relative value

FNAXE, YNTLTEL, WNETTIR, FYVATIA, U—=A 7T ATRP 2, Fiz, FLEBEOW]
ERWETDY, O=XT IR, N AFT—18~—2Ubar& ik, NET Y IR, YAH L, PasEL
T—14~—1Tbar, ¥ AZ T ATHLE  ~11.5bar T = 720
5) BBROBNE L EFE

WOHOBEIIIBGTHRA P LAILEIN, PEFEOYE LWETHRO S (Table 6), KEFHH
BEYATS A, O=X7 9 AT, CaGHBIEY AT S A, ST FIRT, $/, MgaH®Rido—
KTG A, INHL (T rFa—), NeTFIRAT, KANLAIZL DML A2, WORRCRET L7

Table 6. Effect of water stress on nutrient content in tops of grass species.

Species Soil Nutrient content (% of dry matter)
moisture N p’ K Ca Mg
Dallisgrass pF1.7 2.37 0.314 1.82 0.815 0.472
non-irrigated 2.15 0.262 1.88 0.684 0.451
Rhodesgrass pF1.7 2.18 0.321 1.28 0.471 0.150
non-irrigated 2.02 0.266 1.50 0.562 0.170
Bahiagrass pFL.7 2.37 0.396 2.09 0.418 0.428
non-irrigated 1.99 0.281 1.61 0.372 0.520
Sorghum (Rancher) pF1.7 1.67 0.254 0.85 0.520 0.215
non-irrigated 128 018  0.62 0541  0.333
Sorghum (Sweet) pF1.7 1.49 0.254 1.09 0.488 0.273
non-irrigated 1.09 0.197 0.97 0.382 0.215
Corn pF1.7 1.25 0.269 1.13 0.447 0.285
non-irrigated 0.94 0.181 0.90 0.341 0.253
African nillet pF1.7 2.69 0.492 2.83 1.336 0.861
non-irrigated 1.73 0.255 2.24 1.288 0.711
Job’s tears pFl1.7 2.17 0.361 1.12 0.979 0.620
non-irrigated 1.44 0.246 0.89 0.805 0.458
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Fig. 7. Effect of water stress on nutrient uptake of various grass species.
Figure shows the values expressed as the expressed as the percentages
of plant’s with non-irrigated to pF1.7,
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Fig. 8. Changes in plant height of each species as affected by water stress.
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Table 7. Dry weight (g/pot) of each grass species grown under various soil
moisture conditions.

Species pF1.7-2.0 pF2.3-2.5 pF2.8-3.0
Dallisgrass 92.3(100)* 63.3( 69) 47.0( S1)
Rhodesgrass 166.1(100) 134.1( 80) 78.1( 46)
Sorghum 144.7(100) 112.9( 78) 50.2( 34)
Corn 136.4(100) ‘ 87.1( 58) 37.9( 20)
Job’s tears 130.3(100) 79.6( 60) 24.6( 17)

( )*: Expressed as the percentages of dry weight with pF2.3-2.5 and pF2.8-3.0
to pF1.7--2.0
0.6
0.5}
0.4f ]
2
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0 Rhodes Dallis Sorghum Corn Job's

grass grass tears

Fig. 9. Changes in root-top ratio of species as affected by water stress.
« D pF1.7-2.0, (E=—=)): pF2.3-2.5
3: pF2.8--3.0

Table 8. Effect of water stress on relative growth rate (RGR), net assimilation rate
(NAR) and leaf area ratio (LAR) in rhodesgrass, sorghum and job’s tears.

Start-Harv. 1(0--9days) Harv:1-Harv. 2(10-27days)

Species Soil moisture RGR* NAR** LAR*** RGR NAR LAR
Rhodesgrass pF1.7-2.0 0.101 5.43 186 0.087 8.28 105
pF2.8-3.0 0.086 4.68 181 0.062 5.85 106
Sorghum pF1.7-2.0 0.125 422 294 0.09%4 4.76 198
pF2.8-3.0 0.091 3.38 269 0.058 3.00 192
Job’s tears pF1.7-2.0 0.116 4.04 282 0.090 4.00 224
pF2.8--3.0 0.067 2.27 256 0.054 2.13 255

RGR™: g/g/day, NAR™™: g/n¥/day, LAR™™™™: /g
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A AT pFLT~2.0KOfli g C, £/, D L\*r'c & pF1.7-2.0, pF2.3—-2 5K DfliL h & LT T
B S NIAY, ZOWEHE R MoRATREmL 722
4) HEREE (RGR), MEMLE (NAR) &U"ﬁﬁﬁﬁﬂz (LAR)
HEMO RGRIE, KA F LAWY L, ZOBEIZKEREHMERIGED OGN, KA P L AR
F AL aE O 1 B T pFL.7—2.0[K 1244 5 pF2.8—3. 0 THRGR GO —XFF R, VIV h, M
P AFTE n%ms 17, 43% T3 72 (Table 8), KA b L ZAHBWHI B A 7E1070 527 H H 0> pF2.8~
SOEDT =X 75 ARV LA LD RGR DI FEIEFNZENZ9, 39% T, WM HHICH~NE 62D
Lo NN AFOETEE, WO HEIZHTRELEME LD o728, £ORIEKRE Lo 2 5
IZHANTRE (, 0% -7,
3 #HEO NAR %) FAARAMLAILLDETL, FORIER RGR &L EIN %R L)Y, LARIZ,
KA AIZ EIEO SN T,
5) %WJKT’%‘//W (Y1) RUKFLIEIR (Ts)
SRS ORI E S VWHT L, 24 pF2.3—2. 5K T i 4 p o 7225, pF2.8~3.0K
OUHINBEOWIRO—-X¥I A, FYATFI A, YAHLTIE—10bar DL EE iz LT, b
BT, N AFTE—100 6 ~15bar TR T LA (Fig. 100, KA ML AMH2IABOWHE, &

Days after the beginning of treatment

2 11 23 3 2 1123 3 2 l‘l 23 3'1 J'? 1‘1 %3 3'1 'Lg I’I 23 3‘1

Leaf water potential (-bar)
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T ] \
! \
{
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- | \
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~30} L oe k i - \
k// ‘L(,/'b x
- Dallisgrass - Rhodesgrass Sorghum Corn Job's tears

Fig. 10. Changes in leaf water potential of each species as affected by water
stress. Symbols are the same as in Fig.8.

LI F LY — X759 AT—30bar LLF, VibH A, boEwal, Nk LFT—20~—25bar Th -7,

pF1.7~2. 0T s 13, s & QIR &5 U T 5 sec/em BUF THAZIR VG IS HER S 0o 7s (Fig, 1)
FEARSOWAIZE DT s 38nL, OB pF2.3 -2 5K T, pFL.8—3. 0 TlEATH -7,
PF2.8—3 0D T s EF VAT S A, =AY 5 A, VI LT~22ec/ om, F7ETITLRI/ND A
FTENEFNLT, 33sec/ onTd -7,
6) YIORZEIL

pFL7=2 0ROAHMEOWE, FRidii— 8bar L &m <, 128 & MUBEOIZE— 805 —10barE T
WATIET U722f, FALBRIEEN o L~ CRL LB L TCvo s (Fig. 12),

pF2.8—3 0K DR S O WHEHA I & & —~10bar & ILEHR - 7225, BHORKBLE L IICEREN
L CKTL, 13 EI5IEOMIZIEZF DM IR E R L. OBYLEEAIIINL, &R E 100
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Fig. 11.

Fig. 12,

Days after the beginning of treatment

Changes in stomatal resistance of each species as affected by water
stress. Symbols are the same as in Fig.8.

Leafl water potential (-bar)

0 8 9 10 11 1213 1415 16 17 18 19 20 21

Time of day

...20.

AN

L

Diurnal course of leaf water potential in rhodesgrass, sorghum and

job’s tears,
Rhodesgrass: (a—a&) pF1.7-2.0, (&-—A) pF2.8-3.0
:(@—@®) pF1.7-2.0, (O—O) pF2.8-3.0
Job’s tears : (E—8) pF1.7-2.0, ((J—) pF2.8-3.0
(=) wilting point

Sorghum
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IO E CHERBE L2, U—X 73 AB LY AT L2OWINRKMIZ13ME) S 14 IR, 20
I FNEFN—29~~308 L U~26~—27bar THh o7is LL, N PAFOWINME F LMo 2 St
ANBRHPT, FORALMIZ 4B L BN, Lo b ZOMidflhod 2 BHHZ TR R { —24~ —25bar
TH ol

7) REHREE (Po)

THEARFOBETIZE W HEMO Po ZRT L, ZOBIEIIAE2HMMERISROSNRA (Fig. 13),
pF17—20RD0—XZ 5 AL VI ALD Potd27, O 3 HHTIEH20mgCO:/ d it/ hr Tdh o 72747,
PF2.8—3. 0TI~ Xy I X, ¥URATIATHIZ~3, YAHL NFLERUFIYETILTER
FRFT, 5 R 1mgCO»/ d /' hr ThH 70

Dattisgrass Rhodesgrass Sorghum Corn Jor's tears

x__‘ﬁj..:

I %

“1d a3 28 17 23 2“9 ;7"2.‘3 2.8 1.?‘ z.‘ 28 1.‘7 'z;‘ o
1 N i
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Apparent photosynthetic rate
Relative value (%)

{mgCO»/dni/hr)

[ ar ™S

Soil-moisture level (pF)

Fig. 13. Effect of water stress on apparent photosynthetic rate - ) and
relative photosynthetic rate (@—@) in grass species.

4. % &

BRI IR S F A E o BV T S, 20T % B OEBETICE L CERT 5 L THOMWE
FLeid, RGP L GBI LKA R L AT T%H%%&%h<%%(é% SHITH A E WD 2 EAH
$eb,

2T, RERTH SN/ EBED pF1.7—2,0R 1234 % pF2.8—3. 0RO EFRER DL &, €hid
VUX75A>u»x77x>/»wb>lﬁ{mn/>nbA#®m~A§#ot(nMeno:w%%,
Ty I AT 9 A, u»f“%xf@<,bv%mav,nbb¥f%< VI LTI B RO &
FTLOEELONI OFIIEE 2 HOMBIERE B CH - 72,

KA N LA DR OET ﬁmﬂéh&%m&,if%wuﬁ%%mmmm~x79x,%wnrA¥
HPIREED VL MDD TTERENE R F o TRE LS,

3%@@MHGQTIKm)mp*ZFbXKiﬂﬁTL,%WﬁE@W%K%VU~27?ZT¢éQ
BBV P AFTKRTH o7 (Table 8, RGR DEMELETH MR (NAR) LBEMMIL (LAR) |
FTHB L, NAR IE RGR KA F L AL VKT 525, LARTRELSROLNT, ToHErs
RGROETFIXE L LT NARDETIZE D b 26 8 TwadoLigahi, £/, NARDETEHE
mfmﬁﬁéhmﬁwﬁwnbA$fimz~vsz&o#%9B1®k%Mﬁmm@mz~vz@@
B 2 BRI T E O TR E D o 7o LLLOFE, KA N LA L D IEDOEFE AHHE & g 4 g
e AMET ?&@@,i ST NS THHENREE (LAR), ﬁoﬁm&;wﬁtLa%n@mb

(NAR), BIHHORAERADTH I EFBEHOBEREEZ OND, - T, BTRHOBVIETTEE, K
Z%beT%tﬁ&ﬁﬁF@T,NAR%%<%%T§&%ﬂ@%bofﬁmfﬁétmmf%éo

SORHIARA LA LD NAR A L, #OREIHMEI RO SN DERE & 6 RN, £BEN
S ST EIT 9o
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e O AR RE L IR R S OHFFRE D 2RI E LC, EEVIAL M S RTw A, W, ik

GBI E S WIET L, FOMTRIEEKA M ADMS, FROBENNS LV IZEME A R
Bolze KAFLRAIZLD RGR, NAR 24 L, #NIZHEM A AL 2Rk 0B 9 ~11 0 H oW 10K
TR 3T T A L MO P AE, PYETILTIR, WYY RASIR, U~ T TR
IARTEDIRTFIARE R o7 (Fig. 10)o F7:, RGR & NAR IHREATRD &7 { d o 7ok ML B
H2BHBIZIZU—-XT 5 A, YRS T A YEUITL, NP LAFIHANTWHIETT LAY, Wsif
B s MGl e odee 2O EHRS, BFPRIZBWERE-ClIR 2 K lx/d)%ub\i;‘}, FICIRIWIOET
BRSAMABHZE ,wa%mmpﬁmwmwf1wtméua tkh, KARA DL APEMESE
W1k L )IRT S OPRTEBO LI LIZL DKA M L AILHIE wa%%@&m tENT,

Ve AR A T »xrf%mﬁki%MMé&&twmww&Lux e DKUY & 3 & D KGO
RE NS LD 2T 28I ER SN TS, #2CET, (BWoWmARN)OF#EO—D &
a@ﬂé%%%h?/me%m@ufR/Tm)cﬂwf#%¢&0

FAFERAFEHTE, KA LAY RTINS A H -7 (Fig. 9. 4 5HO

WLWJom“4¢&pmﬁ—&m“mR/Tuwww& i, PYEOILTROLKREL, YT L, O
K75 A, Uxﬁ?x@ibﬁ%m:&rmwtf%wmimé#c%ﬁ,:@3M% P THEAKA b
VARELIZFE LA RoThLHNTALDEEZLNA, T Mwmmxbuzcﬁﬁtf

MATHER L TIRAD EE R LT B b0 L s D, 2 HL'C NP LAFTEARA ML AILE
DR/ATHHHEL T LA, BiG, NP LAFTRROAEFIRAFLALINHESN, 20200
RIDPETFS Do TORE, B~ORPEHRAHIRS N, EOXARIET L, EROLEENEKTISS
DEWFEINDL,

WINIKTIZL 0 EOT s L, %Uﬁ BEI PO ORI TR ED o722 (Fig. 11), £/, &3

MOT s EW1EDMIZIE 1 %RETHE L AOHMATRG SN/ (Fig, 14, ML, #EHMowl (Y) &
stomatal resistans (sec/cm)
10 B 0

i
=S

leal water potential (bars)

Fig. 14. Relationship between leaf water potential (Y) and stomatal resist-
ance (X) for grass species.
Dallisgrass (@—@): Y=-1.23X-2.72 (r=0.977)
Rhodesgrass (O~—0): Y=-1.19X--2.50 (r=0.954)
Sorghum  ([J—{1): Y=-0.90X—2.62 (r=0.933)
Corn (A—AD): Y=-0.69X—3.41 (r=0.989)
Job’s tears  (&—aA): Y=-0.65X—4.34 (r=0,9806)
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Ts (X) LOBRIE, FRELRKCREN, WFFHEOMORE CRMOM S 2k & v 2 & A
ol FNVATITA L Y==1,23X~2,72(r =0.977), =AYV I A Y=~1.19X~2.50(r =(),954),
VT L Y =—0.90X~-2.65 (r=0.973), FYEOIL I Y==069X~—3.41 (r=0.989), NhoF
TY=—0.66X—4.34 (r=0.986), ZORLHVHPHEOMVT XTI X, ¥) A5 ATWIOETIC
AT s DRIMABEEAVNE {, WIAKTF LARETL LIS Tuwha, 2z LT, BHEo§wu b
AFEFYETILTEHPIORTIZE LR T, TsiEBMinL, W1 2T Iz LT b ELss
BEUCEUG L CHEiT 2 b 0 LB SN, Turer 13 (1979), FYEQIY, YATLREZ/SNIDED
TsoHmLibo s, HEEILSHE LiGDsWHE, FRFNR~17, —20KkF—13bar TH Y, HHEOE
iy ssa, bR TRV Y AT LIERTE SO WITEAL ST A2 L, S5I220KA M
VATFTO2HE 3barfRIEDOWIOMEDS, WHIZH Ty VT LN Py B0 22 b~TEI A8 U
TOBEHIZ > TR EHRELTvb, KA P LATCOSILHBIOBIKE LCid, W10@zebh
VDT 7YYV EE (ABA) GHROMMATHBEOEKE LTELLNTHWA (CUMMI& ete, 1971 ; ik &
ANHIK, 1981 5 WRIGHT, 1972) 2%, REBROEHMEIZFTVREREO T sk, KA P L ARG LTHILHWE
T A, LI MY BT T L0 ABA A, MG UL H AKX R b/&b TR, O
4+, 2L{L7b>;«zv‘ﬁ< PAL % & vy BEARDSELLS (1975) O#fiti & 4 —3 L Tuwb, 7, JEHRAKA ML AL
RIS UTYT s L S il &, - rErimuve E2 ohcuizds, SILMSIE IR COmELA &
PHELEAREFRTEES, HE-T, HTHo— OV)%" & L CSULOMBIERNIZ S R 2 LA HE 6 R
Ty, T BN ETHEWTEEILAML, LEEPETF LYV L ELF LT L AnEE 2
5415 (KHAN and TSUNODA, 1970 ; VAN BAVEL, 1967)9 PRI, WIS AF R OV LS
KA BV A& DAL Llfﬂr‘u&i)‘BLUM (1974, 1980) 2L BHAMIZENTW B,
RBRICYHAEEOME E 2D HEMIfT N CEET L, FHHONBEHIEE (Po) AR ML AIZLDY
BFLAD, ZORTRIFTHEORCT—XFI A, FYATIATREL, Bunbad, byveoay
TRED o7 (Figll)e 72, Po & Ts L DR ERTHLE, T sf)\]]sec/cmuY RN A IS
i Po 1£18mgCO»/ d nf /hr LA L & HlR005s <M S /20, KA B AT sHHMTHIZE bR
WV Po ISR L, FORTRBTHOMV I~ XTI A, FJATIATRPEL, T o,
FYEDISTERED o7 (Fig. 15)0 & 612, HHOMOET~ZY IR, ¥)R5TATHEKR LA
TCH T s A25sec, em & o 722 S DS, Po i310mgCO/ d i S hr LLETdh o7z, FRIZHLT,

30

S @ 8 5

Apparent photosynthetic rate {mgCO»/dmi/hr)
bl

o
(=}

5§ 1526 2530 35
Stomatal resistance (sec/cm)
Fig. 15. Relationship between stomatal resistance and apparent photosynthe-
tic rate,
(O—0O): Rhodesgrass, (@—@®): Dallisgrass,
(A—a): Sorghum, (&—a): Corn,
(O0—0): Job’s tears
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PRI ENDLFTEARAPNL ZATFTT s A830sec,” embh 1T, %’OH%‘N) Po 14 5 mgCO»/ d ¥ /hr
T - 72,

U\J:U):"*"%’*J: 9, WA AKA ML AOEEIIINE 2 B SSRS 5N, BT oMV S

AR ML AFTEREMELEOETAVN SV EHIHTE DL, MERABMIEIITHKA b L A0

Oﬁﬁ' HEIERDEIIF DI LWL,

BHEDFI NN AF, FPYETILTEAKR P LALE DWIAET L, EOKSREAET B & 20
IZEILPHBIL, 207 ENAD CODIRGRIEATRD LA T+ 5, )7, mvo—-Xr9 =,

FUAZ T AT, KAPLRAIZLOWIAT LAEETE T s OIIEI/NS , TDIHCOMEW
HEATE CHEFR SN, EEMATE T Lk,

WO BB A FHEARHENOEDORE wax, N Lipid SREE, 7 F 7 SRR
CEOKFIBHEICRET KR b L ADHE

1. U & £

fitgEogLix, 252 bR, [ALUY S OBEROMEBIIEE R B R LTV 5 (DENNA,
1970 ; RADLER, 1963 ; RI:NOLDS, 1965 ; W4, 1982), WAMKOBENIIH T 5252 5B MOBEE, 0.05
PHAS% ERUIZE DR E CBG B (LARCHER, 1975), 72, 2 00F L AL EOHBRBECEORE
Wax ZHL) 7B E IZ B0 0 F 2 SHEMDBINT A2 & h 6, O Wax PEOKSRIBRI SO LE
RLRHEHEHETHL EEZ SN TS (JEFFREE ete, 1971 ; O'TOOLE ete, 1979 ; PASSINGHUM etc, 1967) #%
KA MV ATTO Wax E5W, 85I ERYERE L OBEGE T B mEE 2 0,

ENRG Q,O&@k&WM@ M&UWMLmd AT AN &f#*z MLeADEEERO ML, @F
NSO, SRR EDOMATEH Z R/ L Thbd, 25 IIQEOREIT Wax 2 fi+
BT LI o THOKRS BN Y, &®m’ mmmﬂmwwﬁ@ib,mzbvx T b WA B
AR TSI O TEATRE S N A2 &) o d Mat L7z,

2. ME RV F &

KR, EORE Wax DEBRUERE Wax, WEE Lipld SREEICRIFT KX ML 2OBE
1) $#EHBERURES &

XSGR,V IH BRI b LK R8RS IS H SRR T by & /8= 7 1 10Tk HHTL
721720000 7 7 A NA g MIBHIL, 6 A16HIS MR A WG L7 b, B8R UK s
TR 3 1 BT - T,

2) RALER (Ts) TFVSER (Te) RUEDKEFL D wIb (Y1) OREH

Ts RO VNI 3BE 1 MOEBR T o2 7 F 27 98I (NFABRL T T c L LTHELbT) i
Hﬁ"ﬁ?‘:%‘%ﬂ‘?i:ﬂﬁw% TWAL, 1IEMA 7%, Ts &z Ad - bRa =y —CillsE Lkdiz,

3) BEOFEM Wax DEERY Wax B BRAIEE

WD Wax 1&, LIRS 2 W62 g OBN IRIL, EIMET WETHE 1ok b Rt
Mg L7sth, 2wkl 22830800 LA L 72 Wax O5EHRHE, Bragdon (1951) & Ebercon (1977)
DF A o 7 emsE Rk 2 O CRSE L 72e 738, Wax BUERIE AR Y 2F L v &) o — L4000 % BV 7z,

4) FEOHRE Wax RUAE Lipid A\O“C—< OB, “C—EROIAHXBORE & SETRE

WEOHEE Wax BOAHES Lipid ~O"C—-w v v i, "C—~FrBEOHGAA L IL Weete & (1978) O Fi:i%
—H#EIE LTI - f:o

V& e Al ﬂ'O)/}J&l MJ)* 10aml4 75 DEER % F9200mg ¥ D HLY , KTMLBETIZ K AW %
Tl FhHIHIZ, %ab;z‘ufwkqﬂ PR L 7c, FO, B PR R IS B LK R D B
#. 2.0uCio> [2~"C] = /m& [1-="¢] ?‘11‘75’“0)]\07 /MMB fisvh, RAE30T, MERFI0KIX
DEHRTTS lk&lfhiﬁz L7zo PR ACThopibif L2tk 3H % 7 0okl A122080 08 LIEOD Wax
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A LAz Wax SlHE, T/ GRL & — CHl Rz L2oHR 2 ook b a2 MA TESE L2, —ERD
Wax flHH % 20me /¥ 72 & B Aquasol— 2 (NEN #E8) &Iz 728, Wk v FLb—Sardhvro—

(BB TYCOREHEME 2% Lz, Wax OISR T LAERE, 2 0 120tk 28 /-~
VBTV 2 &~ % -C30R B L2, K (No 5 C) Tl LIEDONE Lipid 23 L7,
Lipid fHUE, Wax S & BIREIIE L C R iebing & flse L7z,

RB2, EOXSREE, REEERCKHAHBICRETEO Wax EROBY

1) #RERRUHESE

R LAY L F A BHE Wax SR OB BHERWEE J 2 Fx— KU Combine Kafir-60
(CK60bloomless) O 3 GMiTh b, 203 FEH 19814 7 A9 H SRR HIR S+ M L 72 1,72000a 7 &
PRy ML, 8 A17HIZAKMLBL % AG L7se 2033, MG, ORI 3 W 1 M-
72e

2) REREERUENEEORESE

KALE20 F B HERI A 1 IS CREETE 2 IV ORAMORE (Po) & BEHGEIE (DUFARERCTI
TkLT%?)%iﬁLtonﬁkﬁ YA DIDBROWEKE BERE L H—~2 v 2 & > & 8 Clll
EL, HEXRERE L TRD, Po gAY 0 COLRIERE % R COBHRITIE LR 2B,
MU;E I640KIx, [MLASIRAESO L 2°C, WHEFIA D KIOMAEN 0L 3 $DEEN T T -7

3. % R

EER 1 BEOERM Wax OZBRUEH Wax, KB Lipid BRBEEICRIFTAI b L AORE
1) s EgpipE

ﬁ';%zt’x“'ﬂfmt,ﬂl:%:fzwcmx FLAIZE DAL, 2ORERTI-XF5IATHEL, HNELAFTHRD
KEL, ORI "?’3’%1'1‘%?50),{:':1%’: B CTdH - 72 (Table 90

Table 9. Total shoot weight of rhodesgrass, sorghum and job’s tears plants grown
under well-watered and water-streesed conditions (experiment 1),

. . Rhodesgrass Sorghum Job’s tears
Soil moisture (g/po) (g/pot) (g/pot)
pF1.7-2.0 152.1 5.2(100y* 141.5 8.2(100) 79.8  0.3(100)
pF2.8-3.0 87.4  2.4( 57) 60.9 6.1( 43) 269 3.5( 34)

The results are shown as an average of three pots. ( ): Relative values of water-stressed
plants to those of well-watered plants,

2) , TsBRUTc DB
LA 'T!@Wlti/kx FLAZE WKL, #OREICHEMBERSEG SN (Fig, 16) MBLISR U2

H ﬁ@pFl,?—Z.OLLJJ'?‘"Z) pF2.8~3.0E>£o>w10>1&"1“?%= ;t, U X579 ATENFN248, 270%, Vi
HATENENILE, 439%, b2 FTENFNAL, 338%Thore TSEHAKAFLAIZIVETL, &
M25H B To pFl.7—2. 020§ 5 pF2.8—3. 0RO FNOMMMBE IR0 - X 75 A, VILH L, NFLF
TENFNG.S, 4.8, 8.9 TdH »720 '

=, O—=XT5ADT cldKA P L A RASIIMM L 72A5, N P AFTIRRE RBMASED SRl
AR A
3) BEO Wax BEDHR

FATMIRFNIC BT D I HHO Wax Sz 0 — X279 AT LW <2.68mg,” d nf T, /NP AFTRLILL
0.92my/ dmtCTdh 72 (Fig. 17)o pF2.8=3.0K DU~ XS ARV N H LTI, KA ML ADKAE &

LI Wax I 280 L 7245, N AFOZNOEINEM,rTH - 72, MA2SHEIC B AT — X
A, VIWH L, N AFO Wax GG ENEFNS.08, 2.63, 1.13mg  d M Tdh 72,
4) FFE Wax RURES Lipid AD"Cc—<v0O B, "C—EROBAKE
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Fig. 16. Changes in leaf water potential, diffusive resistance and cuticular re-
sistance of rhodesgrass, sorghum and job's tears plants as affected by

water stress.

Rhodesgrass: (O~—Q) pF1.7-2.0, (@—@) pF2.8~3.0
- (A—A) pF1.7-2.0, (A—A) pF2.8-3.0
Job’s tears : (1~ pF1.7-2.0, (@) pF2.8-3.0
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Fig. 17. Changes of the amount of leaf surface wax in rhodesgrass, sorghum

and job's tears plants as affected by water stress.

Symbols are the same as in Fig.16

ThHY, NPAFTRED o720 pF2.3—2.5K 0 3 KAl
=201 LT D AFTUBLIGRD SR Ao 728, O=Z 7R, YU # LCIE23~19% BT
L7 (Fig. 18), L#*L, KA ML AXHE L < % o 72 pF2.8—3.0K i, # Wax ~OTEEOTGAA I,
pFL7—2 02~ P AFCUSIUET LD LT, u—X4s A, VNI LTI REIZE E

i ’_)f:o

, MaTU— X752

IBU LR Wax ~OTREO A K, pFl.7
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Rhodesgrass Sorghum Job’s tears
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Effect of water stress on incorporation of [2—*C] malonic acid and
[1-1%C] acetate into surface wax and internal lipid of grass leaves.
Y“C content in leaf surface wax and internal tissue lipid of
rhodesgrass at high soil moisture condition (pF1.7-2.0) were 985,
1009, respectively, and those in sorghum were 1380, 5390, respec-
tively, and those in job’s tears were 286, 2744 dpm X 10% ¢ fresh
weight of leaves, respectively.
(O—0): Surface wax, (@—@): Internal lipid

F 7z, PIEB Lipid ~OWiEEORAM G, pFL7—2.0TEV AT LHHLEH L, HOTHFLETHY,
0= X275 AT D 572 WL Lipid ~OWMBEORUAKE, T—~X 79 A, Y VFTLATIFIAA ML RIS
LOHEmL, Nk AFTRIET L s

Fig. 19.
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,
w0
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©

Ind
o

[ 2,41%0.46

2.24k0.13

isd
°
T

Amount of leaf surfape wax (mg- dm

| Zairai-Tokin Rzmcwr CK 60 bloomless
Effect of water stress on the amount of leaf surface wax per unit leaf
surface area in bloom and bloomless sorghum. The valuse are the
four replicates.

(M- pF1.7-2.0,

o

: pF2.8-3.0
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KB 2 BEOXRGHRE, BEEERUAAAMECRETEO Wax 8RORE
1) VAHALH BED Wax ERORKIEMER

VI L3O pFL.7T—2.0K IS B A D Wax HRGAERIGE, F 05+ — Tl < 2.24~2 . 41mg,/
dnf, 12 CK60bloomless TIHK<0.71mg” d i Tdh o 72 (Fig. 19). /2, ARWHE, 50 F+— Tk
KA RV AL D Wax RGN 2 D120 LT, CKé0bloomless T4+ 2Bl H - 720
2) TsRUTc DRHEEER

pFL.7=2. 0D T s i3, 1.7~1.9sec/ em THIMMIIERFH SN LD o7 (Table 10). KA ML AITED
SEMOT s 1T, pF2.8—3.0K D2 NI RUGE, T > F v — R U CK60bloomless T+ 21432,
37K U28sec/ emTho7ze £72, 3MMOT clTKA FLAIZIDEIML, pF1.7—2.0RIZ5¥ 5 pF2.8
=3 0D ZF DU, (ERULE, F 5 v — LU CK60bloomless TEILFNH2.0, 1.2, 1.2(5TH »
AR

Table 10. Change of diffusive resistance and cuticular resistance in bloom and bloomless
sorghum lines on 17 to 19 ciays after water stress treatment (experiment 2).

CK-60 bloomless Rancher Zairai-Tokin
pF1.7-2.0 pF2.8-3.0 pF1.7-2.0 pF2.8-3.0 pF1.7-2.0 pF2.8-3.0
Diffusive resistance (sec/em) 2.99 29.42 1.77 37.11 1.75 31.87
Cuticular resistance (sec/cm) 29.34 34.86 44,17 54.85 55.36 109.10

3) REBEE (Po), HEDERE (T) RUEOKFBIE (Po/ T)

KAMLAWL Y 3RO Po ik L, FOBIEEZHERIETNS L, I ¥ F v — KU CK60bloomless
TRED o7 (Table 11),

=75, pF1.7—2.0X® T ¥, CK-60bloomless T#5<, 4.40 g HyO/ dnf /hr Td » 7295, LR IGE T
C143gHeO/ dnf /hr Tdhofzg KAMLRIZE Y 3HHOTIEMA L7, O Wax 8Ok
CK60bloomless @ T142.45mgH.0.7 d nf,/ hr THO 2 ST W IEIDSHS S vt

Fr2, BOWax B8, RAPL ALY T e AL CHIMULZAERIGETIE, KA MLAIZEY
Po/ TICIE#IM L 7225, Wax GAME <, KA ML AL DT ¢ OWINATED & 17 - 72 CK60bloom-

less @ Po,/ T AL L7,

Table 11. Change of apparent photosynthetic rate, transpiration rate and water use effi-
ciency in bloom and bloomless lines at 20 days water stress treatment (experi-

ment 2).
CK-60 bloomless Rancher Zairai-Tokin

pF1.7-2.0 pF2.8-3.0 pFL.7-2.0 pF2.§-3.0 pF1.7-2.0 pF2.8-3.0

Apparent photosynthetic rate 33.59 11.29 36.62 12.25 32.22 14.25
(mgCO/dmy/hr)

Tanspiration rate 4.04 2.45 2.60 1.10 1.43 0.51
(gH,0/dm/hr)

Water use efficiency 8.31 4.61 14.08 11.14 22.54 27.94
(mgCO,/gH,0)

4. & =

TEWARA DL AT COEDKGREZ A NS T HAMA L UTIZROWAR 1M S 45 2 L DR
KL D THEP L DEMENELT I ENELHND, KETEITHORE BRI VT,
@ Wax &8t B U B Wax B U Lipid SRBEICRIET KA b L AOBBEH~, 35 12HREO
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Wax &l & HOKFAME L OB LB S5 2 &2 50 il OB TV 58 B 4 45 1238 o 35 S
el BME L7,

KAR VAL DHED Wax BREUT c 3L, ZOREHEOMyO—-ZX 59 2 TR KE L,
B b AFTAS o/ (Fig, 16, 17). REBREFHHIIED Wax BRAKA P L A2 L D85 2
ERELDEMICBWTED SN TWA, (BARKER, 1974 5 SKoss, 1955), 77, 2 0okl AlZL HED
Wax # DRV CR B L EOT ¢ PYRBIZEINT A 2 &S HME SN Tv b (JEFFREE etc, 1971

; O'TOOLE etc, 1979), Zh 5 OfEHIE, BOFE Wax 5, B0 OKMELHHTAEM LR LTy
LI ERRELTBY, HOREA, Wax DREFENTSWEE L EORKEIHIL S A b D L RS
b,

—J5, WI1&HD Wax DB L OMGBERALE, U—-X I 2RV LT L TRVIORTE LS

Leaf surface wax (mg/enf)

10}

154

201

Leaf water potential (-bar)

30~ =)

Fig. 20. Relationship between leaf water potential and leaf surface wax.
(@—@): Rhodesgrass, (4—a): Sorghum, (B—8): Job’s tears

Fel Wax AR BUIHIM U225 S P AFTE Wax B OMNNIKE (b o/ (Fig. 20), HEORE
Wax AN LIGO WIS HEET AL U — X VT A T—10~—15bar, V)V # A T—15~—20bar,
LAFETIE—~20bar WFTH Y, BV CEWION > 2T I3 LT Wax SRIEAYRES A L O
EMBREND, F2C, 3HMOBORE Wax BUWH Lipid EEHIZRIFTRA b LAOEE Y, KHE
REOREETH LT CTI AN LR, <o BOMHMAORGAR BT HI 12 L - THEL
7o ) :
WD Wax ~OTWEEOPGAAR L, 3KSUMKX L b —-X 7T X, VIWHLRUN N LFTERE
#L700~1000, 1000~ 1400 UF140~300 X 10°dpm /HtHCTH Y, ZOPARIE Y VT LTRREH L, N
LFTHS NS o72d, IEME SKA ML AL O EORE Wax ~NOWEEORGAMTML LA (Fig.
18)e & ZBHY, HOEKME Wax OFRAIE LA, KA ML AIZL Y FRGEEIIMINL A (Fig. 16) 25,
AHFFED Wax ~OWFEOPUGARIIRTIE Wax ~OMEEDPGAL DD B & V) MO RIE L, 2O
BWRIEBLIZRD 20WEZ OGNS, —DIF, "CHGAAER T, KOUEB TOWIOEWIC X AW
DR WEAR 2 B i, W S0 Mo 7238 — R AW A L[ — L XV IZ [T A
R Lo ZOE, KA N L ADEE LW IIEII L Ao o b1, Wax EAEAHE SR 2
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Lo ZoHIE, Wax i~ Il e LOREOREHRTER Sk, BRI R Y fiko Rk cHilss
i L, —HiE s F i, Bk 0 TR AR D L MUK A (KRAMER, 1983), Tt o

T, HBWAKTORENR 03#?1{%)*/}(1‘7“ YU OEEEFERLL, FRWax OB EHE LS ENELS
NAEHFZD2HIZOWTEE ST A LENH S,

$r, U—Xr3 x&v/wmmwmfi’ Lipid ~OWEEOWGAS IR A b L AL DL 22012
HLT, A M AFETIRE L LT L7 RIEERD 5 14 Lipid 0GR 2 2 O A BRI &5 A sk e hr o
7o UL, MURECHARSNAIREIE, iR O, s, 3 bar P 78T &N
S,z 8 N T A (NIR ete, 1970 ; VIETS, 1979) 2%, Lipid 3K A M L AFT, #1229 wWao 2flifod:
HACEHI B D A, AROBKRICEELREHERILTOL LRSS,

/N b A FTHE Lipid ~OWMEEOI Y A& AMET L2 BERUIERIER 2 S EH S MR e d o 7205, B
KRDZEHEZLND,

R OWEMETH L 7T CoA ld, VNI — AL VIR ERTELE VEIZAR YD, 86127k
PPN FE R, BEERERBCHEASNDS K E/NE, 1975), 85T, T F I CoA OWREHE TH HHEE
Rk, “CEHBE LCHFoRME LA EhS, MHOWMBYHEORRIZEA LD TIERL, LLATEF
WV CoA DELEIZMD L 7TV CoA ¥ % —+H, ATPase fith, LW LIRHEEGHICMbETS 2 P Vb
GUVAT 2T —ERT LG~ EOFMESHEINL I LIILBEHEI LMD, WIRIZLTY, THEOMV
FHITUE Lipid AR A P L AL DIRFR9I, S LaMnlicehs, ¥ Lipid 2S¢ 5
ZEBHEORAKEEEO T BT 2 5 0E R HRER I b LB D,

KL, BEOEE Wax PEMOLEMIIRITTERE, BEO Wax FROBR LV VT L3 HEOED
Wax @i, Po RUTZMETHI LIZL OMET Uize SR L A v L 4 3 R0 ED Wax Fit Mm{ }~
LS L DERBGE, 9 v F v —~ TN L, CK60bloomless Tlddh A 124 F L7z, pF2.8—3.2IXIZ
5 3 SO OERE Wax O FIEERIGE, T ¥ v — KLU CK60bloomless T % L##.3.20, 2.6(),
0.60mg,” d i C, FERUGETH o720 SHMD PoldARA ML AL YA L, FORIE SR T/
& <, CK60bloomless TR & o7z (Table 10), F7:, HEHRIGETIE, CK60bloomless 2t~ KA b L
ATFTH Po iréuﬁ‘c FIZSMb ST, TEH» o/, #oT, Po/Tihid, HERIETEKA ML RIZL
DI L 7224 LT, CK60bloomless THEMIZEA Lze KA ML ATFIZBY APo/ TIdHiE TldthE
A LT3~ TRES o2 KEBOL I IZHED Wax FHORL BEWIIH T, KA ML ATTO
Wax if‘eﬁ“l)\(hé:f’i:%@!:ﬁ*ﬁéi DR Lo Ed T v, L L, Chatterton & (1975) i, b4t
KA T B &M T C Wax &0V bloom #itd, vy bloomless 12 ~<T Po BT T 12KV
L b f:’”“ Po,/ T3 £, $ED Wax i OB RED KR HBROU I T2 S L iR L T b,
5612, Depio (1975) &, MORSEEED O VA F L F R, SIS ATET A0,
72 BENGTSON & {1978) 14, Wax SOVt 4 4 F{IEIERKA MLV AT Cr 57 9EMANEL, L
b Z O GHET R ”7’)""1/‘»,((:?“ FDFRP KA ML ATFIIBIT S Wax G028, Tk

J*l‘«‘ﬁ'ﬂ‘l»\:is‘rxrlﬂ"&ﬁi'}}x T AHBEDA UJ’;‘J!&‘!‘:";'% Kbl vl LTk,

Bonffieliy Lob s, BETHRISHOEITHE, KA P L AIZLDHEO Wax B L0 Lipid 274 9
ZLOPMT A, FOLOROBRENTETY, 757 RIS N SE, Z oY, HEoRME=RT
e BEEMIIET S COMUERIERIEE A LX), KA MLV AT TL{EM O T892l
LR ANUE LIS (PR NORE - S F (I

I BB A ZEEAEEROYCRILEYDIR, E, EAOPERURIORE
CRIFTAKXNL ZADE
1.4 L &»

1’!14*04‘11 W, MEMEBMHII T AME T AL L O, MR SRS E I, TR R
T A & BHRRHE L Twd, T, MOEFFHESILY, ZOBEMMETLALI TS
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S G i RO KOG AL S IR & R T R M A EREN T IS 5 bATEO
FHER B/ MIEE, BOKRIZH L TR ENRTh A, UL, Mok & BSHROMB» /R A L, £
K 4 il U Tk oS 4\””55 LD, BEWOEFORBEINI N2 HMEEO T ~8 A0 2 s AMThH L, 1
MOMWIE, FoREPE{, il a/Lﬂ’J“C&)/{ao S50, REROMRI L) EIROMER Y 25k Zaé:l/")}\
BN E LD, £D7I ’l‘fm:llf/@;,'nhi, ZHOIENN L FEROKOBRE I LT, ATk

+"‘me%ﬂ&wfm®A¢*Lbu, FIdodsgtdid b, o, wott%WFﬁi,i KEr D
DEEGE L ZZHRIBIARE 504 3, & 5 1RO A BT ASHE R C
£

EADIok QUK i 2 3 S NI Sty
UL, KA ML AL B OEEREFLHM L, SERESOL I ENHRL b LB SN,

T 1 i PR 7 B KR ‘1’~‘L\“C”C ELEE O T L ARADFRR RS O G5 ~0C
@liixiso&m AR, WEITHEEI IET R DL AOEERWH S Uiz, 8T, ZFOREH
RO FEE "’J’f‘ AR OHOLH LKA b L ADOMREEGE L, ROREEHN & R0 o RS
TR L2

2. MBI RV H &

R8BI “CHEMLEBOE, ¥, BAOBTHLULEREBRRFI O COBRAKCRIFTAI LD
7

1) SEREER USRS %

WFHORREAT—X G A, YNHLBUNELFO3EMHE19814E 5 I3 H ISR 7 kg &
R=S A MO Thg BT L 72 1.72000a 7 #7500 o MBI, 6 A16HIKRGMBEIT » 72, SEAREIL
UL BRI GEE 3 RE Loy Th b,

2) “CRMEH L UBBIORE & 5

JKAMLEE30H H o 7 A4V CO % ML 84 70, Bl b, S0 BW L o — V7 4 b A% i 22 B8 (2.0
xomHSm)raﬁvb&ﬁ« TP NaH Y CO, (25uCH) D A » A8 8 L, 1

5 P w14 . 3 . = U N poriede )
I oW HBE LI NGBIEREA AL T (/Of g8 34, # BT 10KIx), [{bHsdEE3L
Grinded and dried sample
Extract with Ether at 30°C
{third)
Supernatant Residue
[y Extract with hot 80% Ethanol
mﬂ for 30 min.
Centrifuge at 3000 rpm for 15 min
{third)
Residue Supernatant A
Extract with lon-exchange resion
cold 4.6NHCIO. Amberiite CB-48
for 15 min Amberlite CB-120
(third)
™
Residue Supernatant Supernatant B A~-B
Extract with P :
" . Starch Soluble sugar i | Amino acid
IN N,'OH at 80°C ]iauwn {raction } Organic acid
Centrifuge at e fraction
3000 rpm for 15 min
Residue Supernatant
Oxidize by Prou;in
the catalytic [ fraction
combustion.
The resulting COz was absorbed by Hiamin.
Lignin
Cellulose
fraction

Fig. 21. Procedure for separation of "“C labeled consituents.
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£2°CTIRMYCO 2 LS W7, %k, FLIZ LA /B BUAEIC X 0 U & 48 L 72, me%
BEMFRICRMER R D 220, WM SIRIL, 755008, B, MRS, 80T TR L, B
L7

RO C et BEIAEEEE GRIEMFH Y FHO B 9 23) 2 Av, B ERE 1 0ng
%%%%@,%&Lt“d»%nf?i>0HMX~w@ﬁume% L, Z®i#i% Aquasol-2 (NEN
D BT TSGR Y F L~ a v h v v — (ML) T L s 3 510K
P T Fig, 1R L 7R (2010 L, 509500 C UL % %2 L 7

T2 *ﬁ%ﬁﬁ’i%ﬁ RE, RREHMRUBRZROIFIRIFTARI b [/J(C’)%%

WA b (% lem, BES60cm) ZHEAEEILML L, SOHEy Mo, 28CHMERBIIARS
>w»vWT%wﬁﬁﬂttmwx77x,/»b&,MbAﬁﬁ%h%anKQHwJLﬁvF%UZ
AT ORBH L7 20 H D108 8 & 0, v b OHIEHINIA 5 30~ 35emhl 0 41k 45 4¢ pF1.7—2.0,
pF2.8—3.200 2 KA 4 B X H ViR & 8 L CohBR S O WLBL 54T o 72,

M5 HOLITAISHIZH B, 2, BBIEEm A S 10em, 10~20cm, 20~30cm, 30—~40cm, 40~
50cm, 50~60cm@® 6 By 'ﬁi 3([, BEEHR T4 0e8 L, R 2B Moo tk, TR 2 ilse /LSOC“C
ARG T A R e I 2 e L 7o, BB b — F 2% v F — (Common wealth aircraft 34y ¢ (U’J/L L7z

RE3 BRERUHEEEIIRETKA N AOEE

P2 EFMEHCHE W LA~ X R EN P AFLI984ET B 1 HICHCRAEER » MoBHIL 2, $UE
&, 8 HI4H PG 8 A20H OBIZHIE Lz, SIMEITEIZHIESS 3anDBiCYINF L7z, WO #4935
TANLTHZEL, TOYIRITLELBL, 2REKEY/ A9 - 2L CRIBICAEDE S 28
FRLZ, KREDW S L, Pk o/ EOKEEHIEL L7,

MR OflE i, L2 CHEL2E Y FERFAVT, 108250 &£ 10826 HIZHE oI5 & FER: B8
IR S 3emDBI YW L, 739 7 4 WA THEE LR, WIHIAMERER LT v » 2Ry 5L >
P VIREWB T L THEE L e — BRI AME Yo — VS 28R L, A LA vE D IclE B IC
AN o 22— WBOE R 258 LT, WENOTAE & oo i 20 L,

Table 12.  Effect of water stress on the dry weight and total '*C activity in grass species.

v weioht (o e s 3
Species Soil moisture Shlz:))t/ weight (c/pf({)z))ot Cs;ll;:llty (x10 dgr:(/)lz o)
Rhodesgrass pF1.7-pF2.0 166.9 393 1270 239
pF2.8-pF3.2 86.3 28.8 523 158
Sorghum pF1.7-pF2.0 141.8 81.0 1369 404
pF2.8-pF3.2 51.8 24.3 451 123
Job’s tears pF1.7-pF2.0 93.8 42.5 825 216
pF2.8--pF3.2 30.8 13.5 229 59
3. # ®
K1 VCEMLEMOE, %, BAOBFTRUEBREBRBANOCOMAKICREFET K b L ADH
o
1) #.EER - REPEYE
3 RO ﬁm FORRAAZ I DT L7z (Table 12)o KA b L AU & A 188, REWIE

wm*%mm~“/7x, WIf BB b AT CEREIASKINT, 63070, 67 T68% Tdyoie &
o, KAPVLAIZE DO —~ A“?AWR/TK@MWLf# UL, N LT L,
2) HPEADO"COORAHES LU, &, BAOVCOIRE
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He distribution ratio (%)
2 50 ¥

LG
(]

pF1.7 ~2.0
Rhodesgrass
pF2.8 3.0

pFL7 -2.0[
Sorghum
pF2.8 ~3.0

pF1.7 =2.C
Job's tears
pF2.8 3.0

Fig. 22. Distribution of C assimilated into leaves, stems and roots under wa-
ter stress conditions.

{0 Leaves, (C]): Stems, (E2): Roots

HCRb2dRE M0 pF1.7 2. 0IZ BT A RO CRIEN - XY 9 A, VL H L, BUN P LETE
NERI519, 1773, 1041X10°%dpm/potTdh 72, ZHUZHF LT, pF2.8—3.2IK 1081 A4 CHid 3 %Al
ELHAL, TOREEO XTI A, SNH LRUN D LFTERENSS, 68RUT8% T -7

—, pF1.7-2. 0K B 53, %, WMAOUCOGREEIE, 38 & 4 BHC2~24, EHCI8~61,
W C15~23% T, E~AOFNOHEHEL 3 uwa b A olr, (Fig, 22) KA LA LD O— X5
AT, B, EADHCHEEIHD LD , MERTCIEMIZEIN L s LA L, VILH A, b LE

100

50F

Relative content of "*C (%)

Rho csgmss

Fig. 23. The relative content of C in various top fractions of each species
under low soil moisture (pF2.8--3.2). Figure showes the value ex-
pressed as the percentages of the "C concentration with pF2.8-3.0
to pF1.7--2.0.

(E)): Lipid Fraction (): Starch F
(. 3: Amino acid-organic acid F. : Protein F.
_ (& Soluble sugar F.  ((_)): Lignin-cellulise F.
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=
5

AR Efa

Relative content of "C (%)
o
>

ot g
R
Fig. 24. The relative content of '*C in various root fractions of each species

under low soil moisture (pF2.8--3.0). Symbols are the same as in
Fig. 23.

i 2h
hodesgrass Sorghum Job's tears

TUEHBAOBEESH R L, BEANOFILEEDL S v, XA L, E~NOFREGWHICET L,
3) BEE - BRPERRIOVCOBAKE

KADLALZEG Y AT A, N LAFOT I/ ARBHSOVCEREEL S LD, 2L
A5 MW, M, s H, Ursr e n - AWSONCHERIEEL CHMA L (Fig. 28), 37, o-
75 ADEWMHR O CEilE, KA PV AIZLD 6HIGE b Lice Fr 7y, 58y Elimyho
VCEROETT Y, 3HMMTEE R o8 R, OB Vs s au - ARG o s, UL
I dn, NP LEFIARCH — X575 AT Eh ot

e BOClE, =X 207 2 7/ - HEEESOYCHERAIIM L0 LT, a—-Xr3 X
DO B Y NI b, v b 2D 6 E b CHERIEMD L (Fig. 24),

Distributive rate of "*C (%) Distributive rate of "C (%)
50 100
pF1.7 —2.0E8 pFL7 - l
Rhodesgrass . Rhodesgrass
pF2.8 -3.0 pF2.8 -3.0 l
PFL7 -2.0 pFL7 2.0
Serghum Sorghum

pE2.8 3.0
PFL7 2.0 pFLT 2.0

Job's tears
pF2.8 -3.0

Job’s tears .

pF2.8 3.0

Fig. 25 Distribution patterns of “C assimi- Fig. 26. Distribution patterns of "C assimi-
lated into top constituent com- lated into root constituent com-
pounds of grasses under water pounds of grasses under water
stress conditions. Symbols are the stress conditions. Symbols are the

same as in Fig. 23. same as in Fig. 23.



B AR AR A L AR 133

Table 13. Effect of water stress on root dry weight, root length, root diameter, root sur-
face area and root-shoot ratio in rhodesgrass and job’s tears.

Root dr Root R J
Species Soil moisture weighty Root Ie“g”‘ diameter 00;1§§;f3CL ROOt'S.hOOt
(g/pant) (m/plant) (mm) (cn/plant) ratio
Rhodesgrass pF1.7-pF2.0 4.91 536 1.47 24643 0.35
pF2.8—-pF3.2 2.83 392 1.11 13515 0.41
Job’s tears pF1.7-pF2.0 2.25 148 2.09 9719 0.46
pF2.8-pF3.2 0.93 72 1.76 3732 0.62

4) HEBRUBFHBRR IO COPEEE

KA P VAL DW= X7 AOM LIBHEES~O T COGRM AN, 73 /B - g RS
THIML, F> 7y, Y usE, U rony o enu—- AS T L7 (Fig. 25), YA LTido-—-X
7o 2 L FERMCHE, 73 R - ATERERI ORI L oA, BREMIO TR, v, TS,
Yoy s - AT L FIUIH LT, NRAFTHE, 7/ A U=y b
- AWATHIN L 222, W, TS, v r Sy BT A L,

i, BEHLRE SOV COSEERE L, O—XTF A, YNFTLOY 20 R, Tyl
DU CHBEZILRA P LA X RS LS, B 7 3 8 RN O Z U L 7 (Fig. 26).

321’1"2;3 pFL7 -2.0 PF2.8 ~3.0 [Z:;f;‘?cn?)f pF1.7 2.0 pF2.8 ~3.0
0-10 0-10
10-20 16--20
30-40
30-40
40-50 050
50--60 060

Fig. 27. Distribution patterns of rhodesgrass and job’s tears root under water
stress conditions.
*: Dry matter weight of root in each soil layer per whole dry weight
of root (%)
Root length (m/plant)

] 20 A{O 69 89 100 120 140

0 ~10

10-20} 10-20
—
B
= 20-30 2030
g
v
-
; 30-40 3040
[~%
3
a 4050 40-50FP
50604 5060

Fig. 28. Effect of water stress on total root length of rhodesgrass (A) and
job’s tears (B) in each soil layer.
(O—0O): pF1.7-2.0, (@&—@&): pF2.8-3.0
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FRIZH LT, N I‘Az\f"éii“}ic. RIS SNt o oy

K2 RBEYHE, RE, REERRUVBRSFCRETRI ML AOEE

1) REBEYE, RRRUBREHR

PR T — X5 208, G50 P AFIHEATRA L2 E BHIBIEMEOWTAE {, Lbd
KA B L AT nﬂ«‘R/T]L&:!/ WIR AT S S (Table 13),
2) BROPH

m~z’7—7 ATHAKA P VAT COMRAMEBHETCHA LD LT, N PAaFTRAZILRIZED
HROEENHE S NEB R COMOPANITEE RO SN h o7z (Fig. 27)6

~J, Q= X75 A0 pF2.8—3. 2K DFAEIL 0 ~10emDFIE THW0em &K<, & 7“‘10~50cm0)q-"'}§%l'
T55~80m & | iéi‘*"’ifﬁﬁ’f'%of‘i)f 50~ 60em DESGH-CLEEIML, B¥oMH1SmiZE L (Fig. 28).
LopL, NI AFTCERA DL AROLO~S0emDBEGERCEEBARRIE S mlTTh o720

K3 RERUHEBICRIEFTKI ML XOEE
O—Z 75 ARG P LHFEDpF1.7—2.0[K & pF2.8—3. 21’?‘@4&3’41; FNFNAIETE.0, 7. 7Tem LT
41.4, 3.8emTH N, KA P LAZL D0 — X7 AOHTIEIIML, /b 2 FTEMIACT L (Fig. 29),
F/z, WARES ) oW, KA ML RIZE DAL, FORIEGT - X759 A T76.4, NP LF
T98.6% Tdr -7z (Table 14),

45¢

41
40}

Root pressure (em H,O)

Rhodesgrass Job’s tears

Fig. 29. Root pressure of rhodesgrass and job’s tears grown under high
(pF1.7-2.0) and low (pF2.8-3.2) soil moisture.
C ) pFLT-2.0, o i pF2.8-3.2

Table 14.  Water uptake rate of rhodesgrass and job’s tears under two (pF1.7--2.0,
2.8--3.2) soil moisture conditions.

Species Soil moisture (mg;;‘; ét;z 3}?‘&‘;;5 dry)
Rhodesgrass pF1.7-2.0 2043
pF2.8-3.2 483
Job’s tears pF1.7-2.0 2647

pF2.8-3.2 36
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4. % =

)mm&%,”omﬁ@%mﬁ,z BAOHERCHEHERAINOYCOBRAMIDNT

KA P L AL DIRERMOBOEF EHE s h, ZOHEBREGHTFRHEOMeo—-X 79 AT/ha <,
[IAVARN A”\'T}\%?’J‘o 7z (Table 12), MOAH I, iLJ;}‘"I"Cl b B ok by e oG & g &
n%m&%*wmmm CH S LB B E OB D x&éﬂ%o T, KA RLAIZE DB
LAROEH OMEMM & £ OB ORI LR a:H)}oMmé“Zot fil PR pbu—-Xrs X, VI
ﬁA&UﬂFAkiimmﬁ@ﬂ BT f&mL,”ah@& flul FE e b, MCOM1L
24ME MR I2COEMER:, M CR{LEYOR, %, BRUFBEHERS O CHEREWEL L, £0
R, SHMOVCOMERIEIAKA L AL DAL, FOREET-ZFSA, VT L, NELFT
FRENSS, 68, 78%TH Y, WTHNHMGHEMTIKRA ML ATFTTHMCELRIEE S » 7 (Table 12),
B 512, W— X7 F A TIEIAKG O ihkﬁbkﬂé,% LAREE~ M CIRILEE Y OB I3 BLE &
Ntz (Fig, 22)0 FRUIH LT, N FAFTHIKRA P LA E DD S E~DRHLEY Ot A5 HHE
s, BICEHLEWPERT AHAEN LR L, 3 5ITRNOGERES R T HEHILH 72,

KA B L AL D HED S E, RAOKEREDOERATHE SN D 2 LIEE S 3 T % (BREVEDAN
and HODGES, 1973 ; HARTT, 1967 ; Jounson and Moss, 1976) 42, Warprow (1967) &, KA P L A

12 & BB REY ORI w,3@&%&8@%%&%ﬁ<v~x)#%%ﬁ&%%%%ﬁﬁ%%,m%
D () ~AOITRE, HHMSROENITMLTEI LIV LL LAY — ADEROBPI L » TH]
ERIENDL LML TV D,

—J5, WIBE IMIBVCH TR M CHAMIIRITTRA NV ADEHE ILERT LD
2, WREHOEAEMIEEAKRA LA L Y EPL, %@@@ummmmmmmx77x14é<,%w
NFLAFTRED o7 TORGHE Y CIRILEY ORI RITTRA M L ADEE,S, KA PL AL
BAROEF A SN AN L FRIC RN SERS AT A ERNEERTHERIIROIENEL LN,

POy — X479 2C, KA P LA LD EONERGIE T LA, BaiEy o il
BEANFILLAMIML A, A LT, Beuan P AFTIRAKA B LA L DRERITRI L, »poXs
WEYOER L RKECHES A, 2o S, BT HEomuEIETELE RO LD bt LARE
WAREARA L, Kk &K%@ﬁ#&&T&OW% mwiH@F&KMLTqu@Eiﬂﬁvwxwm
YA LTRERTHILEEL LN L, TR LT, O [CURA M LA LD v~ AEED
R L, ZREFEEHIIEH AR S, RICRARILIMAE D CROEFFHES NS SO LS
o,

AW E ORI, v — AOHEERUTHEAORE & B, B EoME - ke icd r oy 0
PIZE > TLEBENL, F2TRIZ, BAIZHIT LA CORBMBBIK T ~ORAME LT L, ROK
WL D, BOMEEN L EET 5,

HTFHOMOT — X7 20K T, KAMLAIZLD 7 3 /8 - FHEBESOYCERDIUM0% b 1)
s LT, §3vn P AFTRI0%E ST LA HgZMOMﬁ,%,yfnaﬁ,U7ﬂ/-ﬁw
0= AWHAOCORGAKIE 3 EHE b LS, 2ORTRED - X7 AT0~68%, /N FLAFT
A71~78% T » 720 E72, HEMIIBOTEKRA MLV ALY F LTy, ¥ o BEOEGF LM
HGAE BN CERA MWL, WKTE/@'ﬁ%@&f@ﬁﬁ%ﬂﬁ%«@%ﬂ*wﬁ?%MWK%ot
(Fig. 23)o ZO&HHE, KA PV RIZE N F ¥ 7 > ORIk RO S VAR OB &0 TTENE
%n, WLy HOSH, EEROWPI L BT 3 BEORSTLE wm HHT ALV IR

D (EaTon and ERGLE, 1948 ; HansoN and Hitz, 1982 ; NAYLOR, 1972) k-3¢ L, T OWHEMNH
%%mﬁmi&ﬁﬁmwm’“EOéw&m AN, WEIE L L LAEST LD ERTIEs, Ko
WAz L R L =i & LTRSS B, MEOHKICHER S D, $82, HPtRomewn—-X7 9
ZCIEDTFALEY DM CORGARIE, §v b AFILNRTHES LA D 72, Z0806, WTED
MOERIE LKA P L AT THARD L VEROILKO DTG B SR b b o LR h

%o
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Ho b3, AREHAOIEE B SA~ON CORGARIIAKA b L AL DT L2, CO|TFIE - X5 AT
N, NEAFTRED T (Fig. 23, 24), IRHEIE, 2OEREA LR K 53 ORI 7 BN, 0
’ﬂft?&!‘?—?ﬁﬁfﬁ*{f:“&“% IhIY YT, RERETD 4144\0)’5 ARPERIZHEAE LT D (L 1985) - T,

KA B LRI E ) IR~ CORGARIRIEA T 5 2 L3, HEIECIREO L SRS S, Bk
BEAMETF LS < 73:% & 727\ L’Cb\éc E AN, WISV ERTIEY C OB~ ORGA R b R
‘éﬂ%:ti)‘ 5, ZOREMTCIEBUEEY, KA PLALEIDHESNI O ERHRTEL, JORIIBITL

le EEICB LI RA } LAOEEIR S LIRS ALES S LD OB E oL &, 10—
79 AHTT MV ERE LT, QKA ML AT f“C{u'L SRR L BT A U“ I, R
‘:%-Eim*!ié < RGP IZ B Ao B £ ﬁzﬁ%%f.s CHEFEL, 38 KPWIRER LT S8dwy, 851@U 7=y &
nue- A, 7/A7F%®Mﬁ{ﬂmwmﬁ&mbﬁﬁzbvz LhESRIZCL, c@%' {[ESnts 1]
KT GEFTCHOMDIABENE T FIBE L CRETAIED 2OFE L LI,
2) ROFE EIROKBARBEANIZDOWVT
=X 75AENMLFORTHIE, THEARSOEAIZL DML, pF2.8~3 2R TOZREHHET
0.405, #%#T0.616Tdh -7 (Table 13) F7:, MORMRIE2HEME LKA LALZIYRLL, 20
%j?;m KT ANA5%, NP LK% T ol HROWMBIZL DL, HEOMVWETHOR /T
R w2 &/ T A A R il%@%wwﬁ“ﬂNfﬁw(AmEuAmawm;H%,wm)téh
wa’» REBROYE, WO - X S, B9V P AFOR/TIESEC, 9T LLR
ST O & i v 2 a\/")‘o/:o SHUZH LT, O—XY 9 ATIEKA VAT CHREAD
M H&h, LfM)ﬁ‘dfé»ﬁéHﬂw?&‘[ﬁm‘f®1lk“l~‘7&f/ B H o, TOBEE D, AOHTEE RS S
GRS OB L CIROBE S 2 WINsE5 L0 b, MoOENR T K& L, WK% BTz iiK
THOPDPEELRERII LB LDEELONE, —J, B—X7 7 AOHE, KA ML AT CREIIZIEASE
BRI & AT L ds, A D AR TIEIBII RO i e o S o7 (Fig. 27). £/, EH

%10cm~’m«0>1ﬁ5{i‘wi IDIRFE R LA S &, pF1.7-2.0K I LT sz 832K 01— X7 T ADHMIEL40
71 5 60em DIERHRTlade L AR B 57225, /3 b AF TREA0m & TR TRARDEH DIE s, HUl
R (Fxg. 28)

ARGERR & RAICES & A (1981 b, KR & BERROMR AT O BRI PR 1G5 v ok

TR A b L AT CHUDTRRG RIS U‘ F RN S T kR Hf’leT L"C‘«’Zbo

U A5 ORI S CHET AR S LCid, DIRKS AT Li{ i u[)f’""ik& L7oiar T b i
BB o THBIR DD ERIHEET B 2012, TOHTROLFMERILT LI LB EHELLNS, &
I A, B UHERKSRIET T/ b AFOMROEFHIHLL le;f’,-“éfL*fW)’V1f7ﬁ-‘"""ft Lz ks, u—X
7 77\0)41&7{”{”“?3 TR AR, NOEBBHAEES L TCwb b0 LR ENE, MBI k
WA & ML LY CRLER OER & BRSO ERORGAA T ERELE IS, B-X
75 Z’Chtd\l FUATTLHLES D SREAZ ISR LCBITL, LobWoy ooy BRI '
ol Tha ) roy = ANODFNONGAR G S B Nz, SO, 0— X279 ADKA
FLATTHIROIEGENRIFCh B EHBER & L CREAOARED DR OMREID L b {CBHRIE M
BhblmbEILND,

2HMOMAART N Y DKL, KA PLALZI DML, FORABEET X 7T AT b

FTREP o (Table 14)o /KA ML AT TORTR T~ X FIRATHML, N LAFTCIHHETLA
(Fig. 29), RMIE, &ILASHM L/'l’driﬁ(%ﬂ o T\, F#s J(JJ RZIW - 7o BT B KDL
MO EFEAOFRICH L TEELWE R T 5, BRI, SHUKGIRZ LIHEI W’M/ﬂ) RC
WAL L AoRE E R LS T L RV A 1 i B EORG 5 o W R if'j AL Db+ b I &k b,

B LA (1983) 1, AREEOWIRESHIZ oW ORHEEL & OB A BGREE & B0 Lo, I oy 1B RHE
ZHARTE ST S S Lo b A RlEN S w2 &, T4 b BIRIENTW <, HEOLIURER
BV OFED, FENSORIIE, #0RBRIETEC, TORMEKA MLV AT TE ZOMRENFEMT
ELEHMLTWA, RIEW, RAFEFONHH 11/:3?* R LT ’U*Z”"%"LV)’%AYQ‘V*HJ{ZL F D
B, AR CRENE R T v D v WD LRI K ABEE NI A > T AT &L Y »)(;1:,53,7}‘%
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IKRGPIZ STV L TRIZ LCh, RIEOMRHIIES 5 VI N RO WIS s T
WhHEHII S NG, O X7 AOMIEAE HEFCELERE LT, 30 o BEAEEmER IR &
CHAL L, ZO7OROEBWEMIE (RSN s L, ROEERT » 2 v LT L, sy
SRMAMNEAORBHEASBML 22 2k B E# LS, OO CEROERMEEE EH TS
SIS HLEDH 5,

EAE KAPLATICET 2BHE A ZBERHEMDIROBK S & H EEA DK
ERENDEERER

. U & i

TR B BB ATV, BAEMEIC I D E LSRR MR L OB OKET > ¥ v VO

AL EWFAIE &2 X D884 5 (BARR, 1966 ; BEGG and TURNER, 1976 ; SLATYER and TAYLOR,
1960) o M LEASUIRA L 2KkE, MEEKEF L 2 L OGEIZL - CHER L LA L, B P&8Ea
M orEL, RIS hotk, LS s s, Lo L, WAhSH BB T ARk E b ICHRADIL
Y, MOWSIH B VIR, FhEOMGEMSE RGN & EORA RBEIRIC L » TREE 25,

Bover (1971) (&, MEMEHUICIEAEREDTEA L, RETRHIBC & 5 22150+ 50 Kk asd 0 s s
F O FGEIATK & W 72D ISHEWER I B A S 2T OB RS TN, M EB~DOKOBIIHES RS D
L LT b, 8510, BLzzarp & Bover (1980) &, ¥4 ZXIIDWwTi, £, MBREUHEOKEF
Yy WOSHR AR R E L, KRGS & T R OSBRI R Kb fr. FOME, LIRS
WA 5 & LWL Y LHHOENHDBML, EIZKA PV ANEL A R LRGN LA,
L L%de, KRAMVATIZBIT A5 H E~OKERR L2 O EBHE 58 000 12408 U3

Feld v,
R CTLIAER OWIK ST & H A~ O KB ERE ) 00 3 BU BRI % MR D B B 55 M B OB 0 7B B R e &0 & 1
L7

2. MM RV K&

RB1 BELSHEBADRNIFILAKOBITEEROEFTIIRIETKA L AORE

BCBAHEE o b (R em, R 3600m) (ZHEHEMEAIRET Sy B FML, 28COERIMBTTHRIYES
YO -A 7 A B, N AFEEEEEEL 2, BYESRIERE QMBI THERy F YY) 3 A
&L MO R D20 IE % o Fo b 2 A TR 2 G U7z, b, R R UK S
TR 2 BYERR 2 & FIBRIC L2,

KIFMBR27 0 B29 A B OB SR HAIZ b Uy 4K CH0) OISR % 5T - 720

R o b O A 5 20em & 40em® 2 EITIZELRE 3 m @ H 0 K OIEA L & 3, WD 5 ORODE
B BE 20028 5 mndSFRWF L 2o B8I0AF 0 — L RS 2 el B FiD, SHIZFDLEENNT T4 VLT
Wolie DOTEEBHS 6cndP CHLEE LWL, ZEMOWMA» S DEMZH OIS 7 40
LTCH stk FOUNITFOERFZIEL TBOAERERB LR nF L v B o~ VS 2T AT
M5 Lize 2 WMo EA LIS H.02,5m¢ (25uCi § 5550 X 10%dpm) 0B CiEA L, —ERHEII Y = —
WS LI EZR L, BABEBLAVE JREB IR L Ao Vo~ L EORREFN - C, EEED
E S W 2 ME L oe PR B IS8 TviZvi, Aquasol-2 (NEN #8) #ia TR LT
RSy F L= arhy s =12k 0PH ORGHRRIE L. 8510, S ORI & FBHIR 0
BEFT-2MOR s b 2T, M AR E R OHE R E Uz, 7, REHRIIRENER, —
O E WM L DIRFELEWEL, COPGPFELREL SN L,
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Table 15.  Composition of culture solution.

Elements Concentration (ppm}) Forms
N 40 NH;NO;
P 1 NaH,P0,-2H,0
K 40 K,80,, KCl
Mg 20 MgS0O,-7H,0
Ca 30 CaCly-1H,0
Fe 5 FeSO47TH0
B 0.5 H;BO;
Mn 0.4 MnSO,-4~6H,0
Mo 0.05 (NH,)sMo-034:4H,0
Cu 0.02 CuSO,4-5H,0
Zn 0.05 ZnSO4-TH,0

XR2 HEBRUVROKBERCRETKI L IOHE

FOL - VR TCRELLLT-X 7 I AL b AFDORFIT % Table 15, 12557 L A e Ak 3% g
(pH5.2) THIEAE L, MRHOILAI0D S 15emFEFE 24 % L 22 5hiisy e:J~7‘<Jf‘5'i"i4{f<0>/\of 661 7KHF
sy MZRBHEL, JEBRPAMA S CAE S/, BRI SR L, RIS L 7. — 1k AR o
VEMITEA0.40~0.70 g & 7 o 7o SRABE RN EIRE 1T 5 720 Table ISIR LB OARETF » ¥ v g
Vaxg Ly 7)o A60000 ks L —0,14, —0.84, ~1.05 —1.55, —1.98, —2.75M% 0 —~6.5bar

BT L, S OB A 500D =17 9 2 22w, SISHIY & MRS ORI L, £ OBERE,S 3
DT L, FEB 1 LER BT L, MRS ZROKRRET v L e v EIE LA, SiH—
FEOEBRITEIRA27 £ 2°C, Wi 1Ti7‘90%l1i:0)!g”"U)l”(mw*“fﬂ vy, Bl w‘n”ij-l_.)?\. T olze K
B L UHBEOKRET > v Mg —Eh v T A{ 20 A~ — (Wescor #15) E L e i,

LR & 0RO HGRIE (Lv), W (Wx) BROKIHE (Wo) DRHEF> L% )WN?)lthJMy./szz.@/FEV)/ku
B (Lp) #RTFo 1R ko7 (Dalton ete, 1975)

=LP (Wo—Wx) #x 1

RER3 ROMIREE, ROTF/ P2V B (ATP) BRICRIEFTRI L AORE
1) RO ATPIRHRURIET &

ORI EER 2 L FMIZ L7z —ROMOPIFENE ~ 6 g & oz & 2HTHRIUIv = b~
TN 400mM I HFHACRT v 2 e LAT=9.Tbar) TAH I EIZL N KRA B L AMBETG, O ATP &
il L7,

ATP O R OER G, &KW (1981) RUHE (1984) OF k% —#MEIE LTiTo 720 KA N L A4
Bo, 1, 2, 4, 5BEIZFHINED D128 IS0 S F D W U BIK CIR % JEinte, 13w
A\«flﬁl DERE, MA1.5~2.0emlZU0HF L7z, MIWGHR 1 ¢ ’55“3”@(f:WmmLP“C"kL’Cdob\LoOppm @ Triton
X-100 & 40.02M b 1) AW (pH7.8) 100D A o 72 KBIERERTE 12 R 50 < AFL2045 1 TR 2 gl L
2o ATPORSERN T 720 2« W7 29— FRIBIZ&X V)""'é HEIENAFANI F LAY -5 —

(Aloka #1#! BLA-102 ) #1To7z, M5, % 4SHMS0C TR LIS % s L7,

2) ROMBEEUNFESE )

ATP JERCHEH DA 6 ATP I RHIZAROD— 2 3 L, SR CERARCHRB LR, BTy
AT TRGRREREN »720 & OWGARE10m0GH € 2 12— b 7% unk G, TARCEE L,
WHERIIE S L D0.5~1.0mDEHEEF ALY » I TEBM LT, 8612, ¥y %24+ 1 COEBAMIIZL
3~ 5 MRS ek, BUE0.S~1.0nd DK E YL L DERILL, 20 COMEE %5 Lz, CO%
AL, FIDBIF Az 0= b9 7 4~ (HUSGH) Gl L, ¥33 ~55MIZBI5s COm R4 8
FLIREIT 2 0 0 COLMEIE b F3E 10T L CHROIPYLHIE 2 35 L 7,



IRMBEROK A b L AR 139

Table 16. Effect of water stress on total shoot and root dry weight, root length and root
surface area in rhodesgrass and job's tears (experiment 1).

Rhodesgrass Job’s tears
pF1.7-2.0 pF2.8-3.0 pF1.7-2.0 pF2.8-3.0
Shoot dry weight 17.03 7.30 20.58 3.70
(g/plant) (43)* (18)
Root dry weight 4.15 1.56 3.66 0.98
(g/plant) (38) @7
Root length 720.8 301.2 441.3 148.0
(m/plant) (42) (34)
Root surface area 306.7 101.7 318.9 76.8
(dnf/plant) (33) 20

( )™: Relative values of pF2.8-3.0 to pF1.7-2.0.

Table 17. Changes in *H content in exudation of rhodesgrass and job's tears {experiment 1)

Hours after *H,O labelling (hours)
0-0.5 0.5-1 1-2 2-4 4--6 6--24
Rhodesgrass pF1.7-2.0 142443 17335 1672498  8254::559 1831111875  44852:+2437
pF2.8-3.0 30412 59421 135:4:33 305::108 3054135 8596::1194
Job’s tears pF1.7-2.0 1134£33 174426 1778457  7237:£425 1927841568  48196::3292
pF2.8--3.0 0 0 12410 27+11 161452 1302476

Species Treatment

Table 18. Changes in *H,O flow rate (FR) and "H specific activity (SP) in exudation of
rhodesgrass and job’s tears (Experiment 1),

Hours after *H,Q feeding
0-0.5 0.5-1 1-2 24 4--6 624
pF1.7-2.0 FR™ 282486 36470 1672498 41274280 9156938 2361128
SP**1683::538 1331:£250 5766336 196541333 38960::3990 342481856
pF2.8-3.0 FR 6024 118:£42 135433 153:£54 153468 452463
SP 1500600 2450 £875 450041100 762542700 508312266 190842600
pF1.7-2.0 FR  226::66 348::52 177857 361914212 96394784 2537173
SP 6287183 994144 71124456  12923:£757 32130:£2613 34925+2381
pF2.8-3.0 FR 0 0 12410 1442 81426 6914
SpP 4] 0 1200:£1000  1350:£400 402541300 87404507
FR*: *H,0 flow rate (dpm/hour), SP™* *: Specific activity of H,0 in exudation (dpm/m¢)

Species  Treatment

Rhodesgrass

Job’s tears

3. % &

EB1 BELPSBEBAO M FILKOBITEEROEFICRIFTRA L AOEE
1) #.EBRUREEYE, BE, RREH

KA RLAZE DM BT L, ZOREEO — X759 2 T/HE NP AFTRED o 72 (Table
16), WA A, HUE, MBI AKRA P L AL N FELCERTL, Z0O8EE LRSIz
FLAFTKREL, O=XTFAThEh -7,
2) BB H0 8, *H0 RERUHED HO L4t EE

Table 1702 R 1L O H,O SOOI %R L 720 pF1.7—2.0K ULFAMTIRIGKK & LT
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#F) T, WERE S P Ty LRIEARKEB OB &0 BRI L. L L, PHO EAR
25 TO pF2.8~3.2[K (BLTARBCEARA ML AR ELTEY) T, FRIEU X279 2 TE»Z
TR (R AR /\l A%~ TRIEEHD NG o, £OH, U—X 09 A TRIERARA L,
*H2O A28 M 3 (2 I3 K K122 LC19% $CRB L 2D LT, /P AFOFNIEMA0.3% Tdh
AN

WAL HLO HHEHE & (il 0 H FURUHRE ORI 1920 % Table 181273 L 72,

SHLO G, MR CIREMMSIIAEEO SN R D o7 KA ML AKOT — X7 5 20 B
FEIEPHLO (EA B SIRA IZHI L7225 3 D AFO T H0 AR 0 ~ 1 RN IO e o Lt
1~ 2B icioon, 2EEMURR A IS L2052 ORIE0 — X5 22 HRTHE LA S Do
720 MKEOWIRAOH R, *HaO AR 0 ~ 1 W T13628~1683dpm,/ mTH ¥, S ofifidn —
RFGATRLE N ol TOMK, MHORBE & O IZWREO LRI L 2258, WEMMclks
RERROLN Lol KA P L ARIZBITAT - X7 5 A0 MM oREE & b ot

Table 19. Volume of flow, total *H content and *H specific activity in exudation of
rhodesgrass and job’s tears after 24 hours of *H,0O feeding (experiment 1).

Species Treatment Volum flow *H content *H specific activity
{mé/plant) (dpmy/plant) (dpm/m¢ of exudate)
Rhodesgrass pF1.7-2.0 2.93 71929 24500
pF2.8~3.0 0.62 9114 147000
Job’s tears pF1.7-2.0 3.22 75233 23400
pF2.8~3.0 0.22 1472 6690
. 2501

n
[+]
(=]

g

Py
Q
(<]

Transportd *H,O (X 100dpm/ g root dry wt.)
o
<O

Rhodesgrass ~ Job’s tears

Fig. 30. Effect of water stress on transportation of *H,0 from roots to shoots
of rhodesgrass and job’s teras plants for 24 hours after *H,O applica-
tion.

b pFL7-2.0, E
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éﬁ@m&atﬂiwkw‘1&&&11»1um/ﬂ&0~2%}amm~mw@2uﬂbﬁxm~ﬁw
EPBNET U FRISH LT, N P AFDRA N LAKTIE, 0~ 1 HHOMN dl&#n@bn&#
Frrzabiz, CHORSHGIR AR T X B o 7248, PHLO TEA 1R E AR I A U H RO R AR i T
&2, FOLHTHEIIE KRR DI0~25% Td - 72,

Table 1912, *HoO % iEA L C24M M o B2l 45 U 7 HAHE & HaO RO U B OPHILRURE %55 L 72
‘mo%kafMW%®WKW%LW%KXW.mmiu AT AL~ D LAFETRRRKE DT
, KAPLAIZE D FNEFEHLCHD Lize KA PV AIZL 20O EEIE, O—-X 09 AT19%
AIA%T%%T&D,IM@wwaA$TiWﬁmm# LR Sdr o7z, Wil o H AT
B, AR CRMEMBTEES R h o2, KAPLVALLLDFREELETL, 20oREEo—
xﬁﬁzfmA,AIA$f@%% Cdyotze T/, "HOWMEREL KA ML AIZEDECTFL, FORE

- A5 ATH% ENE L, i\bA%-“C’/le)\éb*of_a
~75, B L ) OPH0 Bk R b TEDIKTL, FOETRIZEO - X9 AT42%,

1.2r

o © o
o o o
-y T

Rate of exudation
4
'S

(g HyO/hr/ g root dry wt.)

0,2[‘ | | | | | | | | | \O\—O

6 1 2 38 4 5 6 7 8 9 10 22 23

Time after excision (hr)

Fig. 31. Changes in rate of exudation from root to the xylem of rhodesgrass
(experiment 2).
1.2p

1.0k

o.8f

0.61

0.4}

0.2}

Rate of exudation ( g H;O/hr/ ¢ root dry wt.)

1 . —
kS ! %

L s, — ) . N
0% o 587105 155 1.08 2.75 ! 5.5
Water potential of cufture solution (-bar)

Fig. 32. Effect of water potential of culture solution on rate of exudation
from roots to the xylem of rhodesgrass and job’s tears (experiment
2).
(®—@): Rhodesgrass, (&—aA): Job’s tears



Table 20. Effect of water potential of culture solution on osmotic concentration of ex-
udation, and hydraulic conductivity of rhodesgrass and job’s tears (experi-

ment 2).
Water potential of Water potential Hydraulic
Species «culture solution of exudation conductivity
(-bar) (-bar) (mgH,O/hr/g/bar)
0.14 1.85 520
0.81 1.82 558
Rhodesgrass 1.05 1.99 552
1.55 2.45 431
1.98 3.19 123
0.14 1.31 1000
0.8t - 1.50 871
Job's tears 1.05 2.29 300
1.55 2.56 141
1.98 ND* ND

ND*: not determined

M LET82% Td 7 (Fig. 30),

K2 HEEERUROKEBECRIEFTKI ML IAOHYE
1) HAEE (L)

Wo H¥—0.14bar COW— A ¥ 5 A0 Ly &, FEILIBUIET 3 MMAICREMO1.11 g H0 g /hr/ g #R
L, £0®BIETFLAL (Fig. 31)o NP AFTHEELER/$F — > 2R LAOT, REHTO Lv OF I
WAl 2 aR A U Ze v 4 IR & CUTAlSE U7 R & 2 OB OOz i 23512 LT L7z,

Wo DEKTIZ& 49 Ly OEW % Fig. 3212/R L7

Wo H¥—0.1dbar EFH WA O T~ X5 T A0 Ly 1390ImgH0 hr /g, /N b AT 121172mgH,O ,/ hr
S g Chol, Wor{iTE8HAKAMLAFELSEAE, 28O LVvIZERTL, ZO/TFEIFIILX

HRHIBENREO LN, U= XTS5 ATEHEOETREEBLATH 2 /N P AFTIE, Yot
~—0.81bar DHFIE T~ X 7T A LN EHO Lv RO LN/, KA P L AL S Ly DR FEEG, n-X
U9 AR E {, —1.55bar TOEAUE142mgH0,/hr/ g, —2.75bar CiE50mgH,0/he/ g CHilkid
Wiz LD 6Nhdh T,

2) ROKERE (Lp)

U—X75 A0 Lp ik, oA ~0.14~-1.05bar D CTII520% 5558mgH.0 hr,/ g /bar & K & L EH)

O LNL D 7245, —1.55barTl3d31ngH.O hr,” g /bar T4 L7 (Table 20), #RISHL
T, /NP LFD Lp id~0.14bar TE1000mgH0 hr/ ¢ Abar TH — X 75 A2~ 25K o 7299,
Yo AT HDIZE b L Lp E#FHLLETL, —1.05bar TOZ N1 300myH0/ hr/ g / bar,
~1.55bar T13156mgH;0,/hr/ g /bar Th 1), ZOEFIZT = X7 5 RUZHATHE D o7,

EHR3 ROWRERE, ROATPEEBICRIEFTKRI M AORE

V) HPOEFRRRVEOKETF L2 vlb (Y1) OFH

RAPLVALZE YK 5 A, 8 b L5 13 - RIBOEFIZMES I, ZOBREEN P 2FTRED -
7= (Fig. 33)o

RO WIiE, KA ML AORKBE & i2id L (Fig, 34) 2%, KA b L ARAMIM A B Ta— X
TG AD WL, b AFIEANTED 5 2,
2) BOATP EREFREZEOLTEH



Fig. 33.

Fig. 34.

Fig. 35.
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Days after treatment

Changes in dry weight of shoots and roots of rhodesgrass and job’s
tears after PEG treatment (experiment 3).
The dry weight of shoot at start of experiment in rhodesgrass and
job’s tears were 3.00 and 2.57 g per plant, respectively.
The dry weight of root at start of experiment of those species were
0.53 and 0.54 g per plant, respectively.

Rhodesgrass: non stress (—O—) Job’s tears: non stress (—O—)

water stress (—@&@—) water stress (—&—)

Days after treatment
6 .31 2 .3 4 &

™

el Qg g —— 110¢ . .
£ Root respiration
Z

E wor \\/ 1001

2 5

8 E]

. =

el -

L 20 o eol

8 £

=z 3=

St S

~I 30! 80

Leaf water potential

TR

Days after treatment
Changes in leaf water potential and root respiration of rhodesgrass
and job’s tears after PEG treatment (experiment 3).
Root respiration at start of experiment in rhodesgrass and job’s tears
were 1.57 and 1.05 mg COy g / hr, respectively. Symbols are the

same as in Fig. 33.
0.7

0.6
0.5
C.4
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ATP content (umole/ g root dry wt.)

° 6 1 5 4 5

Days after water stress treatment
Changes in ATP content of roots in rhodesgrass and job’s tears roots
after PEG treatment (experiment 3). Symbols are the same as in Fig.

33
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RAFLAIZEY, WHMEORO ATP Giidd L, 2OBEIEKR ML R MBI 28 U T/ b
LFTKEMP -7 (Fig. 35)0
WOWVYSEE S ATP Sl L FARIZAKA b L ADMITE & SIZHP L, ZOREE NP LAFTREDP -7

4. % =

T4, 27~20E KA b L A AT 572 2 Hffxmﬂw@ﬂ\m}«l’&] FHZPH0 FiEA L, IEAESREL
L0 6en®FCHLEEEF WL, SH.O O LEA~OBBERETME L, TOB, KX ML ARTR
SHLO A 4 Wil T L~ L 72°H,0 0)1&%} 5%':39 Bo—2X7s5 ATEMIRD ORI, ]
AETUHFREED SN o7 (Table 16), 4 BHEUA T 3 HLO B R ITEAT L S8 L7228, 20
BREEGASL, 24l§re51/0>{{?/i<!x {ZHBKA L AR w«%imwiu;m X795 AT8L%, N b AFTI9.7%
Tdy o Tz ZORRITK SE DMK L HESRAD, HICHh e - X9 AT, v
M:rfa:i'\:v\“f%@f& 1 hziztgt/ AL I

F72, *HO A0~ 2l Cou~Xo5 XU)H%%&!TJ@‘*H Hhgtie s, Kol cEiRiEonh
Bt fods, 2 ~24BEMOMIIERK K OMH HHU AR IR LAAS, KA b L A OB
B, FOLBRSEBIEHKEIIH LT3N 5H55% T 35071 (T"tble Mo NIMLFDKA D L AKTI
SHLO JEA O ~ 1 RFRILAIZ IS b B B S R dr o 7278, L ISIIRR 4 (o8 L7248, 20%
BEO =X 79 AN TE LN E D o7,

&2 ATHRO i, B OBOIGHIEE & 2 v LI & A7 K O AR T o Ak 38 3l
EEETLOEELON L, WHAEE &R CIETHO AT B & 2RI it O°H Hoid feasuin
Lo L, KA M VARTIE, #ROBHIZHEESH, HIZFOBBIEZ0 - X759 22, NP AF
TRED oI, SOERENG, THBIOKGA+5H A ISR TR S ik, MRAAICEEIC S - 7oK
LRI, N AT A, £ AW, KA L AR TRIBCPAL S NoKIE, —imiRMARHITE

ST S, FICHEOKRE R, FIF SR ®R, BELARBT RO EE~BITTA O LS
nA, TOEEE, BOWKBHRLZ W LI EEA~OROBITAED, HIRIZKIHSHEETHHELEST
WAL IR LA EFRIBLTEY, ZOHIIAVTEE SIZBIFT 2087 5,

—J5, BRI D) O H0 Btk A L AL L D, FOREIGO - XS T AT6%, NhLF
TI3% Cholie Tr2, NI A%@ﬁ’ﬁklx DHAIE Y D O H,0 Bk, 0— X797 20FNIHE~NT
H1 28RBS o 2D LT, KA MV ATIERAIZT4% S IEF LA (Fig. 30), L E#EH & b R
EHARAFLRAILL Mﬁwka})aééh MADKBHEENGET T 22, HTHEOBOEHTIEEOREIE
WHEBTELLOLMBEEIN D, MUEOHVT LS ATIEHKAPLVAFTS Ts AL, BWviPo %
Rk, £, U=X7 5 ATHAKA b LRICE D FREOHA LA ABD NI LT, /b4
P A, BICRBHEOHIENE LI O LN, ThALOREG O -XS I ATRHAKARL

AFCHBROWKDOHEREAVNE , LB, FICEANOKMERTEAS CHIES MR E LD L%
oMb, £7, HEIBICHIT LR ERERITAMII IS ORED B VIZERIN CROBE MR
AL, BE, BUBTKOSRMNRLE LI ENRTFHIN, ZOHEOREIIH - T H0 OHAAF LY
Hpe#EzbNE,

A OKDBINIIERT I ) AR — R EMOAKRT 2 2 v VOBBIEIZTES ., Lo L, ikt
WRHIREOBH ORI BT HIE L W & ORITHRET » ¥ MdSiligE L, HIEOAKEF 2 v 1A
il & DRV DI S OWFEIZH S o ThED SHMA~KOBEIIFTh DA, T ORBEHIREIIC X 0 %3
45 CGERERAE, 1984 ; Morz and PETERSON, 1976 ; TAERUM, 1973),

HUE IR, ARSI AL F — 200 L THROE LT OB E 2 ROREEAE~IR® L, Fofa
ENOBERF Ly VAR T UM L L OB OKET ¥ 2 v L OEEDH: L"f/}i'/’ﬁntﬁ)f’)& AREBHEA I
AoTL ABMEIERST A EEL LGN TS (BARR, 1966 ; SLATYER etc 1960), #2°C, KYTFL ¥
UR=E )ueooomf\‘m 2 &) Wo & —0.14~ —6,0bar DT 7 BRI EZ /JUHMH T wmw
B EEEWRL, FOWEd s T AR & R AMELT 5 £ 30 Wo L bMRIER i Lto

MiRfioD Lv @ \Ifo OWPIZE VT L, FOBERO-XF5ATHEL, NPLAFTREDP -7 (Fig.
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Rhodesgrass, Y=3,05-0.36X

Job’s tears, Y==3.14~0.59X
A

Rate of exudation (log mgH,O/hr/ g dry wt.)

0" §om 0.81 %05 W85 188 275

Water potential of culture solution (-bar)

Fig. 36. Relation between water potential of culture solution and rate of ex-
udation in rhodesgrass and job’s tears grown in water culture (ex-
periment 2). Symbols are the same as in Fig. 32.

32), Fig. 3612 Wo & Lv & BT L 72 log HUHE L OMBRER L, Wo (X) &2 logLv (Y)
EDMITERD 2 TRENL L) ITHBOADEGER & 2 72,

=X A1 Y=—0,363XX3.05

AR LY =—0.588X X3.14 2

SOERROBEE L Ly OB THEERREL, FRIBO-X7IATHEL, NILAFTREDP T o
T, WEOFCERIE ZRKOUERIIIR S NS ERP S EHARBERIMET LS R DLEI LN
Ho

FILER A IR L2 & O IS IREE IS & D 8823 5, R, ZOMEMNLEE 570 Wo 2 MET 5
ZEICEDHEETEDL (PIRS, 1983), Wo # —0.1bar RHRAIZTIF T & LvA—E & &b Wo il
ELmE A, ZO{IE, O—X 75 AT—2.75bar, /b AFCT~1.98bar TH Y, IV LF
TUEHHEAED BN b Wold, U—X 7T A~k 2 A IH o7, HEPEDL LN R RS
Yo, HIb#RFI—1,98K0—2.75bar 12 & DK & 2 A TOMEBOMPITBHBRRIIL BOTERL
WERILD»SDERIZLEBLDEEIOND, (EoT, REHTHOAKIHED S BKEF V¥ v VAN
b v —6.5bar TOHBELSOMMAEF@IIRA LT, BT 5L 20 Wo 2HH L, WEMOR
FERERE Lice FOME, 0—X7 5 AOREIE3. 11bar, /b AFOENIL2,35bar TH - 7,

Wi oML L, KEECH2.2bar GRS, 1983), Fw FT 155 2bar (VAN OVERBEEK, 1942), b+
033 CH 3 bar (SCHOLANDER cte, 1965) TIHMIARIEIRE [ LR ARV O LN T B, L Lad?
5, INHDWMEICBOTHREDIRAEBE, S5 FIEME» T A ERICHVWTE S 3
T, £2C, WECHMEIE A HEHEROAGERS (Lp) L DT L7,

Lpid, MEMEHm AL v oE L%, WAROKEZMAYOLSHT B MR EESIOMB (MEES
and WEATHERLEY, 1957 ; PARSONs and KRAMER, 1974), HRIZWBIESMA FOHE T & ik & OBR

(SHIRAZI, 1975) S HHT BN iEd S 5, RERFTIERE 2 RPHIZR L C2OUHI S BT B
& IR KRB ORET ¥ ¥ v L E ORI (REFEHR-, 1984 ; NEwMaN, 1973) 7 h %4 D% i
L, #ofili% DaLtoN & (1975) AR LA LICAST A L i h#m L7,

Wo DILTICE  RWVIHHEMO Lp 2T L, #ORTERI-X7 I ACHBE LN LFTREDP -7,
AREBRTHPHIEORE, WRMHE OB~/ EHCTRA L AL EST, Ly & Lp 28
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Lo MOREIE—~I1ZHHOLFRA ML ALY Lp 3FH L KT L, 2HEHEOF G b 2 F TR
EMolle TORENG, ROWAKIT &M LEEA~O K LAY &fj/'?"z;)@li KA LRI L DIBOAH 2
Iﬁ SNBEILEN G, ZOWINROKEBENWMIT LI LI NETLEMEESNL, 8L, KA ML
LB OMEERE A ROBIIO S LT 5 L, A &:/‘ S B VIR O KR T 2 v VKT
OISR A T L ADE Uas, PR 'M\kau:j"% PEMT H, O TERICL DD G
B'\/}Wﬁyﬁﬁ\ HE SN, KBEF v VORT LS KEBE ST WIS SIUET T 5, £
DFOFIUTHS L, AEBRIEIE T 5.

Lp 79K X b L X!-.I DKF35Z &ide~7) (BOYER, 1971 ; KRAMER, 1950), ;= b (BRrix, 1962

; KRAMER, 1950}, # 4 X (BOYER, 1971), ¥ F = % (BOYER, 1971), /K& (Hasecawa and YOSHIDA, 1982)

THROLNTVEA, KA MLARLLDEZNOETEBICHGCTEEL ISR TR Y, Ramos &
KAURMANN (1979) {4, Lp O, ROEFFHESNLI L L0 L, & LAHKES R LT 5
Z&izk Y, F7z, OostERHUIS & WIEBE (1986) 13, Lp OUCF BT 511 2 B 5 1 0 B 17 5 A0
LAROMEOEBMERIC LS L2 WML Tvh, L L, GINSBURG & GINSBURG (1970) i3, o
B & B FAMATKBE OB I T L S LT b, ZOMIZ Lp Ok A b L RIS L Bid & E
BRI WTIHEZHE SIS TRy, TRIZ L TH, BRI, BT & 510 3R A S
1240 Lp A5did4 5 (Somczyk ete, 1985 ; NEWMAN, 1976 ; LOPUSHINSKI, 1964) T & 706, Lp DFE/ S
WA G IRAN LSS OO B RE O T 2 EH OB 2 o TW B b D LB S LS,

ROVRREIE, KA P L AL DT LA, ZOREICHBZRRO O NEd o705 WO ATP &
WK A P L AIZENEHELCET L, ZOBEEZT — X795 22T b L F ”C}\féﬁ‘of (Fig. 32, 33).
’J‘ﬁ\!}]@ ATP RlZ A0 SR A T bR CEBY, JZTHE L ATP 850 20OEHO—HICHE

v $EoT, ZFOERIROAMELEOMIFCMPEEMT IO 0L ERE 2V, LAL, 7UERO LS
TN BB A TAR & B3 5 L ROWOR D AL LIS AR T4 5 2 & CRIR G, 1983) £, DNP LB
ICE MO ATP DML T 452 & (PIoTROWSKA and KACPERSKA, 1987), 3512 ATP O8O (2L
FHENHE L, FRMMET QIR TH D I L (CHiNe, 1973 ; B8, 1980) ASIRMI S NC WA, J ok,
ATP e DR L A S HDMBENH H Z EF R LT b, KEBRTIE, KA FLRIZLHEO
ATP ERAHA L, ZOREE T~ X5 A THEL, NIPAFTKED o/ 20 ATP Hi1E, WM
IDIROKEBRS, WD ol LHAOKRERCEEZRIFL T 0 LHEEI LS,

PLEDRRD S, HEOMVEIETE, ROWHIHRE NS KSRZ T COROEMGE LI, B
m/mm BAMET LIZK vy ZD7DRGATA L~ LIBPHIBITTE L, MIEDE L, FD/HKA ML

WCEDHEDKRETF ¥ 2 v VKT LABETEH, 2OREF V2 v WOF LA 78D & AR5
ﬂ’("l CBHETED, TOBE, KAV ATFTOLEILVIHE, FIUTL > THRERITE I TEL LD L
fgahs,

BOE RS ZBEREDOH0 ORLSHEBAOBEER, E, BEAOH
BRICRIFTKANL ZDEE

1.3 U &

ARELE 4 W T H0 O & HL LA~ OBT & il L7 5, 1‘@2*‘1}7’}{-*"‘L’Y?iﬁ'é‘?éb'}/r} IRc
WX S 7z kI, BRI BRI & o 7oK SR B AH D 4 QB BRI S RO LT, AR
P L ADSEMET TR TR S hiokid, —mRARIIICI DA TR, 22 CHEK LM L%, Bikk
LR AR TH RIS h D, %0);{ F A S DYR B KO LI~ DRI UK DL A
LERGHAITAAET BIHE LKA P L ADY A E TR LI L 2B L, T/, TR L
TR ~KOBREATIR S NI IRERESOWRE, LS THES ORI TROWEEHIELERE
THRA P VADBENS R B2 L 1L 72,

TITHREE, WEORE B0 X5 AL b L FF KPP =V ERINT A L2 DK
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APVAREZ, WEDLLHERAOKOBI L FROM, X, BAOHE, TLEHEEIBIIRTWS
AOFEED S DM EMTRILS HAH LOKROBRE~DHAR LT HKA L AORHEEH0
T H TNz,

2. PRV F&E

BB R, ¥, BEERURENEADH.0 OBITEEBENORLICRIETKI ML ADOHY
BT OF W 2 S OWIEE LS CRAREAWMER 2 X ol O-AXIFALNLLFD
BRBFEEEATA 25 6 g BIEICH » 2 RAOLRM OHIER & HERICH V2, v = b= VRO RBRE (BT

Table 21. The dry weight of leaves (expanding and expanded leaves) stems and roots,
total root lenght and leaf area in rhodesgrass and job’s tears used by ex-

perimental.
Dry weight (g/plant) Total root Leaf surface
Species Expanding Expanded Stems Roots length area
leaves leaves (m/plant) (cnf/plant)

Rhodesgrass 0.406::0.084 0.741:£0.073 0.809£0.103  0.588%0.109 181450 74.55£5.6
Job’s tears  0.436:£0.055 0.764::0.095 0.892:£0.110 0.814:£0.09% 24035 84,12 £7.8

AT PO~ LVEELTEY) &vs b~ VFNE GHUARHRT ¥ & v VA —9. Toar T LUF AT
HAZ PV ARELTETD) OAo/E7 5 A2 H0 (HHUHAED 2 ~ 4 uCi/me) BIME, KL
SHLO ML CIREAH L IITIRES LB e BIIL 7, 79 AT AOMLOERENH CADII7IATA
m@Mf LA ARV UTCHEEL, 3612289 7 4 VATHEHY, BEHICB LBERE T - . KK
WHBREF, BELHINORIES20~25C, HIXHBEDN6S~75% D4%M FCHEEBEIT - 72

Méh&f\o)dﬁzo @(L}\ FIFHT 9 ~10BHATY, AR L, 3, 6, 8, 20RUS4IFRNHIZALY & LA
LMD HL, REBEA TS Lo BT R—/S= ¥ 2 VTR Rtk 1, %, BH
WRURBHED 4 A PR G L, S8 LS TORBENE L TBW220m I AN, 7
WIZFEE AN, H9 AR 7 RATEERFME L% —20C 0@ HHIC AR TRIF L TV, &8E
5 D H,0 OHUIE 2R E (Mantell ete, 1979) &MV, i LKy z+ vz —F L CHEL
RSS2 A Bk s L2 R Ak 2 R L e S ORE —SER AT A5 7MW, Aquasol-2 I,
L LAY v F L= a v Ay o 4 — (Aloka HEI) 12 & 0 PH RUHRE & I5E L, A
SR ORI E F v, ERICHR LRy oe i, RE, JEHRIAREE L b 12IFRKRTH o 72 (Table
216

kB2 R, ¥, BEERVERMECSTA3KOBALHHICREFTKR L AORE
AT H0 Z Vi, & 04T CHIM ¥ 22 MR L, HMIZ5E4I®H0 2 BGA S ¢ 721k, Z D%k

PHERE L DHI R L, *HO TINNMLTuhn=ea b -—)bmwf\nu@: ¥ b= VX &400mM <
== RRIMLARA B lzx[;@&z& IRHIU A, BHIR L, 3, THRMIRICBUEK K o L RIL,
FER 1 LIRS U OO MO e L 7.

3. & 2

ER1 OB, ¥, BHERUREREAOM0 OBITEEBENOHRICRETRA ML AOKYE
1) ERABROEREBROKRFEFROED

TR & & JBRIAM &l U CHEE MoK ERERITIE R E REMIIRO LY, 88~96% TH - 7= (Fig.
37 KA MLARKTIEM, EOKRSEHFGWMEME 08K Ty Pu—VRESEEEDLL LD
7S, BEMRORBRIESL b, FRIEAKRA P L ARBE LSS RBBUTRD Ulze £ ORI RIRHE
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Fig. 37. Changes in water content in each plant part of rhodesgrass and job’s
tears after water stress treatment.

Fig. 38.

(O—0O): Expanding leaves,

(A6—aA): Expanded leaves

(@—@): stems, (&—aA): roots
5 "™r  Non stressed °F Water stressed
8
W
o 39) 50
L2
B //A
10 p 10
i i
O 7575 O ET T R

Relative value of radioactivity in tissue water to nutrient solution

Hours after treatment

Radioactivity of water leaves (expanding leaves, expanded leaves),
stems, and roots of a rhodesgrass plant held in a triated nutrient
solution, Data are expressed as relative vaues of radioactivity in nut-
rient solution and are means of 2 plants. (Specific activity in nutrient
solution: 19,800dpm/m¢). Symbols are the same as in Fig. 39.
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Fig. 39. Radioactivity of water leaves (expanding leaves, expanded leaves),
stems, roots of a Job’s tears plant held in a triated nutrient solution.
Date are expressed as relative value of radioactivity in nutrient solu-
tion and are means of 2 plants. (Specific activity in nutrient solution:
- 21,000dpm/mé). Symbols are the same as in Fig. 39.

IZIERBRMEC, $/4u—-X7 9 A~ N LAFTKREDP ST
2) *H.0 BEIKR
22 PO=VEDOT - X5 AT H0 A L IBHBROMR, £OMIRSIiRI17~22%, RN, RE
1‘;%1?%*6:142@#0.%0 8% Tdh o7z (Fig. 38), #DWH%, MOZIIIIS~22% L RY EDORhol0In L
T, HTIRI7~65, BRI TIZ0.7~52%, FEHETIH0.7~58% L B HIRO LN, £/, 2
FAFEOT Y = VR TIEH0 A 1 R OROR L E1X31%, ¥, B, RBHEETER
FNG6, 3, 2% THotz, HHELLHMOBGAL & SIIBMLAS, FolMIu—~Xr g 22T
R Td o 12,
=77, KA b AL YO0 O AR COBME L LB EAL (Fig. 39),
O— A9 ANDKA L AK T, *HO A LB OMI iR, %, JRME, RERECc?
NENZ2, 25, 5, 3%, 2ABREIHIIZFRENIY, 48, 10, 8 %ERL, % iﬁ?ﬁ*)‘)lh,dii&l HE STk
TEt oo 72, NFAFOKRA L AKTE, HO A 1EEOMR, é& JEBHRE, REPHIEDOHIN
it #h#h22.4, 3.0, 1.4, 1.1%Th by, 1, WEML I -XTTADKA P L AIZILNTE
IS b, LT, ﬁ%o;keus*fu4eatﬁ%ni@@faMMLtﬁgS@%
PAHE SaQEeT e Lto HLO A H B OAEE O, R, ¥, BRI, REBHECENRENISS,
10, 7, 4%&0—X75 ADLRTROFNEE P o 7255, ¥, BEErGOMES I)C’)%ﬂ(iég[,<1f(.f)‘
72
3) ], £, BMERUREHEEAD OFEHKA
Ty b O— LREIIFHWTh b, T— X5 ATIEH0 EA L BHZEOH RS R, % B
BHSE, RBMIETEREN, 75, 1.3, 0.7% CTHEDIZID A N H0 OXREGF IR BICER S v, #
0)?22 B, ETEFOGFERBIZSLOEN D EH S OOBMOFME & HISFIULHA LS, MR Tl
IEIN L 7ze PHLO HEAABEM RO HEEEIGAR, K, RME, RBMHECENFNI, 50, 24, 16%T
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Fig. 40. Distribution of *H in various plant of rhodesgrass held in a tritiated
nutrient solution. Symbols are the same as in Fig. 39.
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Rate of distribution of *H (log scale)
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Fig. 41. Distribution of *H in various plant parts of job’s tears held in a triti-
ated nutrient solution. Symbols are the same as in Fig. 39.
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(Fig. 41), .
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Hours after trandfer to non-labelled solution

Fig. 42. Radioactivity of tissue water in plant held 22 hrs in tritiated nutrient
solution and then transferred to a non-labelled solution (experimnt
2). (Specific radioactivity of nutrient solution, rhodesgrass:
33,045dpm/mé, job’s tears: 33,704dpm/mé). Symbols are the same as
in Fig. 39.
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Distribution rate of *H,0 (%)
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Fig. 43. Distribution of *H,0 in various plant parts of rhodesgrass and job’s
tears plant for 22 hrs in labelled nutrient solution and after 7 hrs
transferred to a non-labelled solution
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Table 22. Some chemical properties of experimental soil.

Soil pH * "y ¥ Exchangeable base™ ™ *
Soil texture ————em TOE;IO;\I Ava1(1ab:)P (meqg/100g dry soil)
(H,0) (KC) pp K Ca Mg  Na
Sandy-loam soil  5.01 4.35 0.012 1.19 0.16 1.41 0.82 0.25

* I Kjeldahl digestion, **: by Bray No.2 solution,
Y Y

*E ¥ IN NH;OAc extractable base

Eom MBERUFE

KB EHOEFRUBEMURICRITT PHES LKA ML AORE

1.,72000a 77 7 AN AgER y MCEEBELEELRML, 0-X7I32ENPAFEERENR P HD
0.25q £ 208 % 19854E 5 A10BICHBAE L /oe P LA OSEICIE 1358 3 048 L DI fE » oo PALEI,
Ps& LTS5k 10a (ARMiTIRPSEELTET), 15k, 10a (PI15K), 30k 10a (P30X) Yk
DBEREEIR F S Lz,

5H29HI28F » b & SMERE F CHlk L2tk MRKEMS LIRS 2R ARG L, 2B, Ky
VB 3 1 BT o Fn, MEEATO S A28H LM A HO 6 AI9BITHM AR L, S 5II%
BRI D1~ 5B IO ACE 7 ¥ & v VR URIURIE R ME L2 2B, TS OFERUTEE
DRSS HF IG5 2 MOEERITHEIHE - 72,

%8, Table 2212 OB LA 2R L 72,

ER2 HOXAREESLUBROIWICRIFTPHES LKA ML AOBE

AR o b (R lem, PER60cm) 12, HEER 1 CHWSNEEM IR SR L, 28CoOlEREIIW
N o= LHTTORFESEET XS I RENFLFRI985E T HISHIBM L2 PR OMES#IC
DVTIIEER T & FHICE 3B L IciE o7 PHliSaid, P0s& LTl0kg 104 (LUFARE Tl PI0K

Rhodesgrass I
Shoot

Job's tears
Shoot

100

Dry weight { g /pot)

[CECTIN |
[RAL) wWin
20 oL 1

0183

Ps P15 P30

Fig. 44, Effects of soil moisture and phosphate level on shoot and root dry
weight and root/shoots ratio in rhodesgrass and job’s tears on 21
days after stress treatment (experiment 1). Each value shows the
mean of two replications. *( ): root/shoot ratio. P5: 5kg P,Os ap-
plied per 10a, P15: 15kgP,Os applied per 10a, P30: 30kgP,Os applied
per 10a.

q "D pFL.7-2.0,

: pF2.8-3.0
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ELTHET), 28kg/10a (P28IX) S OMEBREAIKOMG "d' Tk 2 BEBCEL TT o fop #4200 B
D8 H 2 B 3B 1 & R R PG U7 BRI, BOKHEF v L v, SILIRHEE
DI > THE L7ze SOITHONERRAIL, 83 ‘“‘7% WIDFFEAHE UCRMSE T8 1 8IS
WCRMERTE IS K D, B4 S 1T H ORI L7,
OBk, BRETE 1 EEESILSONTHIMAL VDD EEL, ZOHEBWERE D S 0#iE
B B Iz EIU s % v TR o 7o, HIXERIED68~T70%, HRABI~2COFMEFIIBE, ZOHRBOMW
WIRIENOEM L7,

Tz, B, MKW L IR oA A &, BEITH B OMIIow-TE 3 SE 3 M E B LTl
B L7,
Days after the treatment Days after the treatment
or B2 or e 38 2
s 5
= ™
el g
£ 1o} = 1op
5_2 15} 55
s g
S 20 S 20f
2 _; 20
- -
§ 281 § 25}
30k Rhodesgrass 30~ Job's tears

Fig. 45. Changes in the leaf water potemial of rhodesgrass and job’s tears as
affected by water stress (Experiment 1). Symbols are same as in
Fig.46.

Table 23. Effects of water stress and phosphate supply on nitrogen, phosphrous and
potassium contents in shoot and root of rhodesgrass and job’s tears (experi-

ment 1).
Species Water Phosphate Shoot{% of DM) Root(% of DM)
treatment level N P K N P K
P5 1.75 0.275 2453 1.05  0.121 1.07
pF1.7-2.0 P15 2.18 0.376 1.65 1.15  0.177 1.35
P30 2.40 0.409 1.95 1.85 0,200 1.25
Rhodesgrass
P5 3.50 0215 291 225 0175 1.25
pF2.8-3.0 P15 2.90 0.301 3.31 2,15 0.295 1.60
P30 2.70 0.441 3.25 2.00  0.325 1.75
P5 3.21 0315  3.00 2,15 0.205 1.55
pF1.7-2.0 P15 3.67 0372 395 2.02 0245 201
P30 3.75 0.495  3.25 .72 0.421 1.95
Job’s tears
P5 - 4.45 0.205 1.95 255 0135 085
pF2.8-3.0 P15 4.31 0.321 4,76 3.01 0.215 1.72

P30 4.45 0.541 5.10 3.29  0.395 1.55
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~ 150 a)fi% DB RO N LS 2O N, TOBRBIZU - X 75 2NN P AFTCKEDH 5T
F 7, WEMOM LM - BB EIRRA ML AZEDEPL, TOBRERBI -5 AN LF
TKREMP o7 (Fig. 44)o PHESHEOMIMZE L& VIRA ML AT TY, WO E NN 560812
Hotfze LaAh, 20 PO VEDOZNINTHKA N AXDEROLIE, P30 TIEPISKIZHA~
INS L B BRI @ - 72,

O—=X7F2A0ay b= VEOR/ TG, EOPHEKTHEERDP o7, KAPLARDP 5K
CEVEIEZ S o 7e AU LT, N FAFOR/THIBAZ ML AIZEDRIML, ZORER P 5K
BRk&dhol,

2) BOKKFL T wlb (Y1) OFE

DY - VRO~ X5 A0OWHE, WHMM R L T~ 8 ~~1lbar, /v b AF T3~ 5 ~— T7bar
ThHY, FOMIENPLFCRLHDdo/2h, WEMEL T PO~ VETRRKELEEZROLN D
Fro FRASHLTHEME AR ML AL DWIOHET IR, WAL & PARR TR k&h o7 (Fig.
45) .
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HHR G & PGS L B WO LI ERIBON, P, KEHHOLD %, Table 231558 L7z
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Fig. 46. Effects of soil moisture and phosphate level on total nitrogen, phos-
phate and potassium uptake in rhodesgrass on 21 days after stress
treatment (experiment 1).

*( ). Relative values of nutrient uptake of each treatment to
those of well-watered (pF1.7-2.0) and high P (P30) conditions
(experiment 1).
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Fig. 47. Effects of soil moisture and phosphate level on toal nitrogen, phos-
phate and potassium uptake of job’s tears on 21 days after stress
treatment (experiment 1).

( ): Relative values of nutrient uptake of each treatment to those
of well-watered (pF1.7--2.0) and high P (P30) conditions.

(" h:shoot, (EEEE): Root

HEMNEAR  WEAOM EANEGHRIL, EOPHEETERAFLAROHAa Y ba—- VKL
NRTHENolze POBBIZEY KA P LADOT—~ X7 T 208 LIINGAHBIZHA LS, b L FCIE
{LAED Bl o 72,

BB P A4S | WA B P SIS, PRSI L b POWEIZE b ER L,

WEHKEHR | WEMOBEFKERFEE, MLOPEBSKIIBWTHKA M AROHay fa—
MELEDE ol /2, U—XTIADKA ML AKTRPOMBIZL Y FRIBERL, 2¥ =LK
T L72AS, ZOHMEBIEANE P oo FRIZH LT NLAFOENIE, KA ML AROPSKTH2 %
THoleht, POKTIS.2% Mmoo on/,

BEENGHR 0 - X7 AORNEHEE, POMBICL Yy bo—-VRTEAL, KA FLRAK

Table 24. Effects of water stress and phosphate supply on growth rate of each organ,
leaf area and leaf thickness of rhodesgrass and job’s tears (experiment 2).

Species Water Phosphate Growth rate (mg plant/day) Leaf area Leaf thickness
treatment level  Leaves Stems Roots ({cnf/plant) (mg/crf)
pF1.7-2.0 P10 165 242 77 3175.0 11.90
P28 247 467 142 3170.2 12.10
Rhodesgrass
P10 111 150 46 1052.8 13.11
P28 169 304 118 2393.8 14.47
pF1.7-2.0 P10 42 105 58 1011.7 12.35
P28 128 187 117 2635.4 13.40
Job’s tears
P10 17 34 12 526.4 12.65

P28 54 74 53 1083.7 14.49
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Fig. 48. Effects of soil moisture and phosphate level on dry weight in
rhodesgrass and job’s tears on 18 days after stress treatment (experi-
ment 2).
*( ): Relative values of dry weight of each treatment to those of
well-watered (pF1.7-2.0) and low P (P10) conditions.

TREDLL R 7205, VTROPHSKIZBHTEI Y O~ VKIZHLANRA L AR TERIEE P o700

WERP EA4 R WHEHORE P EARIL, POBMIILY LA LAY, MhoPHSRIZBWTbar k
= VEDHFHFKAPLAK LY b o7 .

HEKERERE  u— X795 AOMBKEFZE, PUEN, BIUKLHEETKELZEIRDS LA L)
Fro FRUCKHLT, NFAFOPSRKTIARRA L AZINT Y PO~V EDOHBENEE 7245, PE
MBECIZIZRA P L AOFHPEIUIE e o T0
4) SRR E

MO PG RTENON, P, KWIHEE O~ X595 A Tid Fig. 46, N b A F Tl Fig. 4712R L7

WHAON, P, KBEIGKA ML AIZE YT L, 2OBERT - X279 AH~NNFAFTRED o
Fro FAMASMTEEHEMED, N, KIKENXPOENOE LWKTHRO 6N, PLABBTIE, Py
HOLHVEIFERAPLAIZEIYN, P, KWEROMPEBIEIIAED» 570205 PHSROMIMCIE L2

Table 25. Effects of water stress and phosphate supply on root length, root diameter and
root surface area of rhodesgrass and job’s tears {experiment 2),

W . Total root Mean root Total root
Species ater Phosphate length diameter surface area
P treatment level 8
(m/plant) (m) (cnf/plant)
pF1.7--2.0 P10 200.245.1 53394159 4479.7
P28 447.6+£2.4 451.0:£28.2 7146.8
Rhodesgrass
pF2.8-3.1 P10 214.5+6.7 422.61+26.6 3007.2
P28 483.0+9.5 366.9+17.9 5104.0
pF1.7-2.0 P10 68.8+3.8 842.24+45.7 3830.7
P28 77.8+2.5 739.4+34.8 3338.9
Job’s tears
pF2.8-3.1 P10 40.3+3.4 703.5£22.7 1565.7

P28 91.34+8.1 776.1+31.3 4316.9
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Fig. 49. Distribution patterns of rhodesgrass and job’s tears root under two
soil moistures and two phosphate levels (experiment 2).
* Percentage of dry weight of roots in each soil layer to total dry

weight of roots.
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Fig. 50. Changes in leaf photosynthetic rate of leaves of low P and high P
plants during drying (experiment 2). N,P,K content in rhodesgrass at

Fig. 51.

high P level were 2.12:£0.13, 0.261+0.052,

2.68+0.44, and at low P

level were 2.52 £ 0.30, 0.15 £ 0.048, 3.01 £ 0.59, respectively. And
those in job’s tears high P level were 3.42+0.35, 0.241£0.027, 2.35

+0.24, and at low P level were 3.83 £ 0.
0.39, respectively. (O—Q): 10kg P,Os
P,0; per 10a.

Rhodesgrass J

22, 0.141 £0.222, 2.12 &
per 10a, (@—@): 30kg

ob’s tears

20

Stomatal resistance (sfcm)
Stomatal resistance (s/cm)
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Leaf water potential (-bar)
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Changes in leaf stomatal resistance of low P and high P plants during
drying (experiment 2). Sympols are sames as in Fig. 50,

Minutes after cut the leaf-blades from main stem (min)
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Fig. 52. Dechydration curves of leaf-blades of low and high applied phosphate

plants.
10kg P,O¢/ky: pF1.7-2.0(0O—0), pF2.
28kg P,0s/kg: pF1.7-2.0(8—@), pF2.

8-3.2(A—A)
8-3.2(4—A)
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LRSS DY AUN S 45 72 (Fig. 52).,

Fig. 53.

Shoot dry weight

Fig. 54.
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Relationship between dry weight and nutrient content of shoot and

root in rhodesgrass (experiment 1),
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Relationship between dry weight and nutrient content of shoot and

root in job’s tears (experiment 1).
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Vo) v 38 LT O BRIV TR E S M SR Ty, £ 2TRERTIE ) Y EES& %
ﬁ&WKQi%%WTfm%Mmﬂ&éufffﬁz&mbA%%ﬁW L. ) v EEATE OB PRI RIET
BRI ST Ls, FORERA ML AL DR F IR L CMEFE SR, Uy BORMIEIC X

N EORERANS R, WMGMfU#Wb¢&m#mwahto

FIT, PRMGTLHIE ?ﬁ%@sﬂl#WMd% (L, OWoEE LRFEHE, ORAD
%ﬁt%ﬁ%ﬂﬁ,®%@m%ﬁ P LA BLRIE D 3 A BT LB 5,

1) FHOEFT LBPEFRIIOVT

2y - VRO PRSI L EBEYELI00E Lk EOKA L AROHMEYER, o-X
75 2A0P 5K, PISK, P3O TENENIY, 37, 47%, N M LAFCTRERENS, 26 4% THYH, H
RS & A WEORINE T — X &S 2T P AFTREN o7 (Fig. 44), 72, KA PV AD
@PETQWJWQAQ,%WW(TwWZm P &8 (Table 23), N, P, KWL (Fig. 46, 47) &

%%’?‘LU&(, INRGIEP ORI L D —FI LA LA, LJJ:@TnBHJ*% {EATARA b L A L7
WAA PV ADEEE B L, fﬂ’)@im é‘:ffiﬁ'@ /Tla» I LT PRENEE AR ERIILTHA L
4“’&6117@0 51, POSIBILLON, KICHEXPE 0)%” Lnidimasie shiel b, O

FiEiE, PAHHRYLbE P OMBREIC iofi}ﬁ‘”’v”%ﬁxﬁéc‘:i}!ﬁrf%&o I CPEHBEOMMIZL -

Table 26. Effects of water stress and phosphate supply on nitrogen phosphorus content
ratio (N/P) in shoot of rhodesgrass and job’s tears (experiment 1).

pF1.7-2.0 pF2.8--3.0
P5 P15 P28 P5 P15 P28
Rhodesgrass 6.36 5.72 5.86 16.28 9.64 6.12
Job’s tears 10.19 9.86 7.58 2171 13.42 8.22

T, WFHAMIL SN H LS hk, WEHON, P, KEHRLEWEOUIRL ) 255,

ifhk%,m~awm&Nuﬁ 2L DRI TR TAHAL EMHEMO D b — VB RPKRA ML A
K& b, b5, MENEGFRICIERKE BB SNk d o 7208, OB EIE L 8L /- Fig.
535M0§L,Kﬁﬁ$‘ﬁm TR — X7 T ADKA P L AZBWTHIBK SHRBOME»2imoy L
TR B OB L REND RO SN, - XTI AENPLFODT Y PO — L RIZ BTG

EEEAIINL TS, FOKEHBIZBIDSRO LN Loz, FRITH LT LAFOKRA ML AIZBW
TK@%? &0 WML O B OISR S oA, BT ERA 2 %, W EETIES %Lk

EHEMEISIIIRHEVII R o 1,

PEFRIIHOTRINEME SEAPEHEOLAIZE LBV, WM OEYMEOMMASRO SN, W

BRSO EBOKS I E  & T HL R P S EAYI0.3% LA IS o 2o A I B O K & AT
SNFIAS, PEHEO LA LW LmﬁmiMk&m@%mzbuxwfmé#otoit,m%
BT HIRIF0.2% U L CEOINIT LD sz,

INLOFRLY, PRS- ICL YV EDEOHNITRS SR, PHSIIL bR FNOMING, NEFHEIZ
WA BIZE LT X T I TP, NFAFTIERP, KEFRFEATAZLIZIVRBTLLDE
ffiggshsb,

L2 AT, ABO(1977) 1k, SRS OB TN & RSB AT IS T, %w®WWN&wP@
HHEIE (NP Ask& T, BIHEN, LRIl VERIEE LS ExHsIL, E0xtE
aLTMN,ﬁwwzwwﬁwmtfm%oﬁ%m-kwémwmwN/Pmu,:/\ — VXTI P

SHITRE BN R, U— X9 ATIR5.7~6.4, /b AFTIET.5~10.0TH -7 (Table 26), &2
%ﬁmxlvzum LS PROFNIET— X #5 ATI6.3, NFAFTATEELL Do L
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L, TNEPEMIET A LICEDMA L, PR TIHO—XF I ATE6.1, NFAETIHIATHY, 20
oy ro-—-vxo l//\“)lzi'f[]féi L7ce ZORBRIBKRAMUVATCNGHESHI LAOTIERL, &
L5 P ORIATHEENTELUHERTDHY, SON/PREOLAFIMIT I P EAR LIS 45 -
ENVLBETCH D, LLEOE, P FTKA ML ADEY D EPOWIIMESA, SHON, P55y 2
PN LOHED SN, L?b’ L, PRENGET 5L P OWILATEME SH, #0855, KN P &R 5
L, iy Fesssfbs s b0 LitBins,

2) RFEEBRDBRAIZONT

RAMVAROR/ TIL 2 WHEFMCLET AL 0 -X5 9 2DP 5K, PISK, P30RTHZREN
0.24, 0.19, 0.22TPHERIZI P KICHEANTRRIETF L7225, /v b 2 FTlE2REH0. 21, 0.28, 0.33C
POMIEIZE b VEREMmL, LobPSRERLZOMIEU XTI 2 LD @h ot | (Fig. 44) o
ZORERA L, POMIGIAT — X5 5 ATHROBE L D MR IO, F720 N AFTRBAORE S A

LCHFPHEZMILL T b b D eI N A,

MEMORPIE, P ORIEIC & Y ITADK E SHUML 2275, BHISHHEDTIV AN P AFTEAR FLAT
TP RS 5 & RS D40~ miIZb RAZ, 7, T—X79 AOROEHMIZD > b0 — LRGP
TR PRI LTLEM O, $42KR ML AR TELIEOMMDES SNAA, N Eaxoay bo—n
EDZENEP OB & DN L722%, KA ML AR G 1565740 64316nfi b I L 7= (Table
25)e S HIZ, PHIG-OBINC & Y WEARE ARG IO 45 028 5 0 (Fig. 49)

EYOMOEF L, HEMEOEP LI FTIES N, SOMHISHERILITIRINL LS P BT
EET LA BMOEFIHINM S LA ST D (NEY ete, 1975), L7 L, &P &KFIRZ
CHMABEDELARIIERIZE D &, KA L AL 2O % MR I P lXtZt EREL, WOEFE
THORG OB L DR E (BB B EAWE e o7, PETER (1957) 1%, FHOKEF v +
)vﬁf—o.osf)\% ~9bar ~NEETFYEE MY EU IS OMBENWS0%IET L, F 7 MACKAY & BARBER

(1985) &, FUEODIIIKA DL AN LB, BPROBER, [§PIRICHATY 2 SR
THIEERE LTS, TORUSKRA P L RATFCP 2T 5 L BOEF M SR, BHEAT T 209
BOLNT TOMEE LCEPRIGIC X BIROMBHEROIT A, 2RI VB ENL LI s L
BaNb,

BIG, KA L LARKO PRI BMHMORO P EHEE T —~ X595 270,325, 7 b 4 3T0.395%
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Table 27. Effects of water stress and phosphate supply on efficiency of P uptake of
rhodesgrass and job’s tears (experiment 2).

. Water Phosphate Efficiency of P uptake
Species
treatment level (mg P/orf root surface area)
pF1.7-2.0 P10 0.418
P28 0.524
Rhodesgrass
pF2.8-3.2 P10 0.201
P28 0.341
pF1.7-2.0 P10 0.138
P28 0.495
Job’s tears
pF2.8-3.2 P10 0.039

P28 0.098
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T B E AR SN DAY, B OFTENUI N L2803 b vy RITIROWOK) 2RO, RE, R
Tifl 2 & 4T L7z

iz g — X 59 Z3KA P L AT T LKA 5 50~60em O FEBIRIZMRABO% i < 54 L7z
WL, Fon b AETREREMED» 1 % T, ROKELHSIRGBIZHA L7 (Fig. 27, 28), F7o, KA b
LARKOT— X575 AOEMEROCRBEHEL, NPLAFEREFREFNS~6BLUI ~4HIELR
(Table 13), Hit, BHEOMVGEHRTE, ORI LA IR0 R 2 100, o g E
CHREEASETROTEPS KSR TE LD LT, NP LAFTIIROBESE, FhAKA b
LATFTHROBAN HETF S —FIZh T LB 2 5ND, BiFFik L ROSM I TIRBEIC B &
KA (1981) 4F, BHEIZHRGEIHIRA P L AT CRAEESIZAN T2 & &, THRPSHEET S
S EIZE DAROWARD EEOTIKRS R L AL TV A I EFREL TV H, ZORRIERERE
~HFHLDThh, LA LARX L AT CHUOBOEBOROIGERB N VWIS Mz sh T
Wy, FICRI, WROFREE AR THRAL L2205 A R OMAOUS & Z N OB AR S~
BHED LN B,

WARIZ L YL SN C o, £, BA0SEER L E, WSRO~ X795 AT, KA BRLA
T WA HMWEE, BIRAOFNOERIEHEES A b o 0lx L, BORHTRFLEL ISR
e EEY, % BAOBASHESRADNRD LN (Fig, 22), 7, BB LAMC oS
WAy, BRIy vy, D mr s ku - AROESTILEMAOBOAMRL, BEME LKA L AIZL
DI LA, U= X739 A TN P AFIZHESRTHIC OFNSIRT~NOBFEIZEETHLONHR I N/
(Fig. 24) o MW S /A MED ISR DU LER AN F~ e 2o L & b1, RO
B ~NE A ENBROERIZOELE - Tnd, IORICH RO b AFTClEl e S0
GREBWMOERD, BOIEFROY 20, oy o - AEOHEE BRI~ OB ATHE
BNDLIEPKA P LATTROEFTNE LB SNABEHEOBEREMEIND, T, KA ML AL
FEIZ 5T BT, b SARIBAE AR ER AR LT CROBERE O EOEM LAY
LIENEETHD,

2) By SH ERAOKBREND EMFHLCONT

TR DML H B VILBEOEBII L D, ROWILEHATAE Y bk CRIEEDRRET > v Vi
BFL, KA NLADES B, EoT, MTIILLAKE LD SRS ERICHEEL, BHICL>Thot
KAEMBE LD B0, HTHEHSL ETRTREENE 0D, 22°C, REOHLTIHRY &M LE~
DROFEERETIOBEMME L ZNOTRERZ, BETEROBE & EH, SFIIHADERISKA LA
DS E DR LS RIS 0 % H,0 F O T L2202 STHEF OB OV TS LIZERENA b,
(1) AR S R I~ ORI ORI & 2 OXREN
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RYLFL ) D= L OFENRTHELOKET S v VEMBL, Thilu-XrIaknbaxoli
FANTE EORYGS O BT BIMR DS, BHAGRT v o b & WG O BHRA R Sk 7z (Fig.
30), HHHEHIE D log i & EHIKAR T ¥ L v L EDOBIZERAOBBAS D, HTHOMVO—-X5T 2Tl
BGUan b AFIIIEA, AGEF 2 2w WORTF IS ) IS O IR T o s SORREMEIIEY
BRI & m®W{#MW%&&&&#%ermmmw&ﬁmﬁMFLJwbt%ﬁ%wa%O

ah,&l#%kLJﬁﬂbOm%ﬁm Raok, KA RVAIZE D FNROHD, S 1 LEA~DOBITH @%
5AMIETF L 7oA, O IEEEIRIPES  BRE T 8 < ‘GJW:L ECEAREVWIEIHL ML
7z (Table 17), #ROMAIIKA + vxz;ammhmwumwo&wm#ﬂvbt(ng)w#%
WMo ahEshidiicrsbiaonhsd, Lrl, 2HKS J‘f)‘“h} T AEAIIE, Bloh otk E
B DR A ORI B ICEERICBIT T ADIZH LT, KA L A TF TRk~ o2
ko bNE I CHAFR LR LI GBE >K1m¢émmmbbn (Table 18), Fifl4y %883 % KOH
M, BB RS TRET AN e, RRBHISERIZME LT BN 2 D0EET 5 2 & AR
ni.

ETAHT, RA N L AL DRD S DR R UPH0 294§ 5 2 & R 2 NIZHIMENRO S b DI,
KA LRI L DBOKBEBRIET L (Table 20), ZFOBEAFHMICL ) R b Z &P EHWERTH
HEMBENL, MOKEBIIEKA L AL LY EDLT DA, FREHEOMOT —~X 75 AThEL,
GV P AFTREDN o/ (Table 20) o T OB L DFHEISHMGEIECIIKA M L AT CH AGEMELH
CHEFE 8B, 5T, BB 2 BIT BB L LT, KA P L2 L BBORKEBRORAPIIE AN
WAHELZ L, BSIZMOKEMRPUBTLILIZLVEWORTHEE2M ES LI ENTIETHL &
R HNb, KA LAZE WROTNAHAT HERERE LTIE, KA ML AT CRAKED OG5
HARL (Fig. 22, 24), ATP HRAHE SN L (Fig. 35) B2 X 0 ROMMEEES S LK T 514
HEEILND,

2} M B HROBE LMW, EROPFE~DSHHE

i35 B v id LR T TR R R L ,kxlbz&ﬂ$ﬁof%ub,*w%wﬁnhﬁbvﬁ%%
Bl EARMEATE L, TOBEGHBOBOEBTRS VI EBES L, o3, KA L ADOR
ARG CTRE DL, WHOMOERMITERSEREICDRLI(GEENTWL I E 2R, ol
i, SHILERPG 3&""’\0)%0)%1))0)!,&’?‘@7)‘\.0715&& BlafE LTwa LiERENG, 22T, "H0
FHOCHY MRS L KODE, BHIEAOSEICHE LooWEl Uiz, ZORE, HMiRys a4t
MENTVASEMTCW, RIZRFIZA L~ zc:%ﬁﬁ)\bti» W= X5 A TIEHA L72KDIF & A EHR
il L, ZIER L, BEAEBOERBAT LA L, N AFTEBEA L72RDSIREICER s, ik
ENIE I O —~ X 79 22w, L 2omidd i o7 (Fig. 40, 41, —77, b A ETE
KA M LAIZE S LWEAOKBIAH L HESRAOLEHL, O—X 75 2 ClakBERERIEER T
ol WhTOENEFNIBTT L0088 617 (Fig. 38, 39), Bih, u—X 79 ACIEKAML

ZAZE Y AROBE L FEOWEHAME I N, AP AFTEEDEES LT LRSI NL, 35
T = z#?xfwmzlvx ST h P AFLEREEEANOKRDOCRA L DL AThh b0t
LT, NP AFTEBIZIEAW EE oKD L BN LH0IIH -7 (Fig. 42, 43), %7/, o
LTS5 AT MR'/M:J"-i’C i/K(i?xL\ Ap@ha % Loh, EPSBEANORBIFHES N, —F, /b
LETEHRADSE, TLTCELIEDNOEAOKBIHLNFE SN OO LN, ZOHPSKROFENIC
W BN b LTRSS, D OEAOBITHET, $/o0—-X0 5 A TRED SBEADBITH
G A b0 EME3 s,

D EOENS, KOBNIZHT HHMELHBECORMOKE 85, 00— X795 A CTldTs e
BORERERL, H P AFTHEILBEIRT L TLA LM+ 5 (Table 5, Fig. 13, 14, 15)
BAER BRI R > TV D B LN L, o/ R L VEMTOMVEOEEE LCRo LIt es
BIEMMHED, BUIHA L7oKAS, RIS E A0 b B2 L ZIZBITL, Lo b 20RIE~R)
-’“.;t(uﬁdéﬂhlao A6, Eh6EANEDLBTUMCOMMKIHAVNE L, 2OHREHE COKRDH

A AR A ML AL D HE S, L L, RIERCIGIERIRTIOB IR, S8EERE R
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KO TEBE OISR b oz LA LGAS, BRI BT 5 58I 42 KSR 2 OF |
WEEEO LD, 4%, 29 LBl onTE S IZIT 5 08NS 5,
3) RAKEBHRU KA AR EMFHECHNT
TEMARA P VAT CHEOKDHIE CELIPNS LT HHEE LT, B LTS, WO, B
EHIZK D AEREER RIS L ETHD, EIAD, WL Y EELOEKREHHT DL L Tldh
{, KAMVATCHRAR TG, FOLEEFHTLIIEThH A, EoT, KGOWBIZHEYH B
Bicid, AT T é«i‘éiﬂ CHEMEIN S 45, WEHEOKIMNE LSOOI L EBE L L, #
CCCARH T AN BB L B E R L COLED 7 F 2 I OTC, FOWEBBE KA L AD
B s, ERoEORFAYELZ SO, HFEit s s d8mE L,
OU=XTF A, IYNFh, NELAFIIFOTARD S, BOKE Wax OFRIE, 0—X05 ACELEL,
BATY AT b, NP LAFWRHILL, FROFGRISEKELMMEIRO SN (Fig, 17), £/, KA
FLAIZED Wax SicidigmL, FoMimERD - X9 A TKkE L, RMSH f‘ﬁ@%h@bfwmim~
A5 AT2.0, NELAFCELIUETH 7, 20O Wax EROEVIE, BHIZWIOETIZE L%
Wax JEfifEOMVZ L B MBI s, HIL, o- z*7xfuqanMQMT<~w@%mmﬂaa¢
LT Wax 2MEH LI 5%, NI LAFTRENPERM LGOS PO~ X7 IR LN FEL LRV EDS
(#~—20bar) 120, ZOFEMZILHECO Wax KO Lipid GO I LT A8, Wax Bl B I
WO L CHBIC —FEfE L C —~ 0 L BOBEDFE A Wax T OPIES Lipid ~OWA RS & B & A
& o oo Bl S, ROV BN L PIED Lipid ~0OMC OHGAAZIEE <, #i2, BORBETIEMA L (Fig.
1&ozt,%&WM«w%nmtwﬁmfgmzb»xuinﬁTT%ﬂ FOBITE VAT SR
VOHTED BN, ORISR OV TR0 Wax B U8 Lipid A BRE IS TR AT L 72 3t
Bwnds, Weet & (1978) 1%, 7 ¥ O -CRHMZRBIR L 1T OARER & B2 RS R T HME L TW 5,
WOFE Wax OFRIE, TS F 7 SIPL (Ts) ZBEERIFL, 2RAPEINTAE TeAELL LR
L7z (Fig. 18, 17) & T AWM EROKTUENIE KA P L AT TORCHER S s b b 5,
Te gl GV T LS U7z (Fig, 16), Z0Mn s, FE Wax OGBS T & %80 IBH L
FRIETc 2 MMEEAZ L 2MUETEISOBBREPIHLTCHA LD EHESND, RIAZ, D Wax &
HAVKRRE IS E, TOERPBEL VLT A.fox%ﬁﬁwﬂ;‘wltfso O Wax FitoBEv
ST, /kM L A2 X O ZOERATEIIIIINT 5 (Fig. 19) 72012, FRIZE L -TTe dFL L
B4 % (Table 10), &i Z;i)\ Wax SO HHEICUHOR A B L AT T Fhdihnegd®, Te 180
L ﬁ’o/‘»o it, b ey L 3 SRR Clak & e 2 A v as, WaXfﬁ\W‘?@l SWRFE Tk A F LA
?e’#iﬁ(:'ﬁ*&f»a%txmw L'Ca‘a Y (Table 11), FO#HBAENGEIEIZH T HHEROLTE, WL, oK

X BRI S DI Wax BROBVIET ERT A0 RO SN, OB, Wax oyt 4 A
FEAEE, PO RS <, TedSkE L, 9 vio 225 sShv & 4
% DED!O (1975), BENGTSON & (1978) O & —H L THBY, T OMELSHEKREDHVATKA ML 2
FTTEMEMOEERIIKEREEERIEFL TS LEL OILD, EOEENO Wax DERIE, BAONE
BERE WA EEHER T LA SEALDIIRALZVEENTVS, L L, KRERTEAAMLATCIE
L LA Wax OYFEDT, 0L OMPARKENS 2, TRORFRRE SO THL I EXBEIE % -7,
EoT, KAPLVAFCHWOERESE DD ETIE, 30 Wax % L Lipid BBHEDKA ML ALY
ETEFOLAIME SN LA RILLBATL I EFEETHLEEZOND, '

2. BOWIREMTHEICOWT

W

PG4 % B A 7o L HRER & 0 e O R USRI BIET KA b L ADBE R T oMy g — X
TGALFN P AFCHT A L, WHREOEMEIIKZ L AIZLYVERTS 55, FOREEP S5
@ia,-’imc PR S NS (Fig. 44, 48), B HIIKA M L AKX OBEWE (Fig. 44, 48), MM (Table
24), PEAHE (Table 23), N, P, KWL (Fig. 46, 47) WM E L P K THWAS, P OBz
£ %hwm‘l, M5, Lad PEESAIAE, @RGEEIDLRA ML AROHFFEBETHL, 20
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BUICPIES 12k T, MOEHSRIFE Y, (Fig. 44, Table 25), H{UMRE Y ) o P UILEEL I3 5
(Table 27) 7=6{2, {EIIRNO P &4, ML P RBIRENSTH S N/NI L 5 LR S BT, KIZ,
FRAIZE RO EATE S AR wai“%wmmmmﬁ#%ﬁfw<:au$&o
TR ORI mxtvxw&ummﬁwabpm TEDRRY, BICHEOIG A AFDKA
FLAK TR PRS- IZ L DEREZ WY D400 50mIlb RUFOMMNMET - X9 AL 0 b RED o7
(Table 25), 72, U~ X9 ZAOMOBREHI KA P L AL DAL, 2ORDEBIEP X TI33%,
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GO%TREEMIA U7oA%, WP RT3 08hasiBo sd/e (Table 25), 3612, @KDEK, KA ML
ARE S PHEGAC L DG & D S E CREY 5 (Fig. 49), Mb, im&&w#%wm®£H&*XF
sz@m@}ﬁﬁ i, U—X75ADRPIKTIXI6S, BPIXTH23%THY, ﬂbhf?imPM
2 %BIBEDGH DL SN, P TRERI DN/, ZOHIZ, PORETIEKA b
vxrlhmwim#Uméh.%W&kaTi%WWP ﬁ$@&¢ﬁLLw#me«®m S IR EY
DR T D S, MORBHIES T 34, ZROBHRAPIMS A0 HEBENSL, KA FLATR
BIGEL LABEHIIANT5 2 &0, POMRHIRS N, FILodHs L4 Wi ¢, RATHigp
b ICUC & B & ARSI YEEE RS A0, HAVIHERER Y O PRI O
EHREAL, RNOPSEHRE ML SRR RE T B LEND S,
ﬁ%ﬁﬁ@@,mm@%%%&tiofk%<“w%xﬁ PRETFTTIEENIIKRE EKTFTT 5, KHER

IZBWTH XTI RAENPLAFOWIOKTIZE L %) REBRHEORARIE S PGS M Tl A &,
ﬁPEW%%@PﬁﬁW®R&MMw%QCL‘NWMI~ % ) A HMEOA R, PAEAE

DEGEIZHRTHER P TH o7 (Fig. 50). LALEPETIE WA, BPEL VEL L7 ;SB{:}“C b
WERNED LN, OIS PIES, O WITHEER L H MR TELERE LTI, PER

DI & Y BeORMERFFEN A T B2 & (Fig. 52) & WIDEFIZE 4745 Ts O LS &ﬁﬁPX
BT/ nZ e (Fig. 51) 2L b 883N 5, HIL, PHEROKVETRHEVIICL~N, L Hvwl
THALDSHEE L Ts DB B ONHEr & e 5720 TOEPETCEILAW LS 2 BHEE LTk, RabiN
(1984) 4%, MEHELTVHETCH ABA LT P AL VROT oS L AL WEHBITE L, HibHEOP
%%ﬁﬁ+ﬁﬂ&é&ABAﬁ%ﬁ%4bw4w/ﬁﬁrﬂ , AU S A EHEHLTED
WO LT PRSI EILRISIOEE S RIFL TV A S EEBLEVW W s EE L N L, B O N
$itwétﬁmtAxbbzﬁdbf%ﬁ“$%m®iﬁmﬁh Pt s RIFIDHET A2 &z k),
EIROFESIAE S, LhbEOREGIEEI S I ND 2 &8 o ¢, 1ol TrEduiib s h
LI ENHEPE L oz, TOREERORTHENY RGO, B SEEGER &, éa:,mx
B EOPIHMIZ L o T hBEA DI A ARG SN, BT iR A 00358 0 OO SR R )

LCHRMLRER G525 DEEZ LMD,

Bk, B oBTHoMMI A WTEHE»SBELTELN, RUROKEL S, bHEOWRERLD
£ MR BOMR, ST, Lo SRR AU IS, SURS D H4 L A L TT DA
A &S EIZ BT, OB R L LA A 8 B &JUJJU;‘J’}J(L’?"” Wl
FE EOFIE O E LT, 4\0«-15-7)‘4)5‘:157'1290

(D ROEFVRA ML AIZEYHESHTIRAORENIMER 2 MY, H5VEMOEENRITE R
HE R EAT S,

FAT D DFE A L AW O HIEM T CORGOGAT % A 5 &, MR Jua)h?mk EHIzEEA (0 ~20em) @

IRAPIEA UMK AT & 70 % & CHEET 525, SREE (20em & D F) 1213 L 5 7513 Ok ASH501C

BoTwd, o, BT UNK*‘U)U])(’C*Z)JZ A TARDNRIG AL & T8 L Ao RE WA T S SR
WHEND, EOLDICIEAKRA P L ATFCHI LMD SBEEEREDINER L, L SIBOMHERE A
HCHEE SN ARMEEAT AL L, MOBEEIMET S ) B & D ERBIZRS 5 5 3 2 8 A
T5,

(2) Mol BRI L CRMIBHR SN, BB SINSVETEAT S,

EM OB, BRSO ERIZEREND, T, KAMLATFTTLEROMLT LI Wik
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Nutrio-Physiological Evaluation of Drought Tolerance
In Warm Season Forage Crops

Hirohumi SANEOKA

Faculty of Applied Biological Science, Hiroshima University,
Saijo, Higashi-Horoshima 724

Japan belongs to an area of much rainy and humidi climate with an yearly precipitation of
1500 to 3000mm, but the greater part of precipitation concentrate in Baiu period of June and
July. In this period, plant grows vigorously, but their roots do not good well, compared to the
tops, due to the high soil moisture condition. Precipitation after baiu period is very less which is
about 10mm per month, and the evaporation rate is as much high as twice of precipitation due
to high temperature and stong sunshine. Plant production is restricted by soil water deficits dur-
ing dry season. Therefore, a wide study on physiological and morpological responses of crops to
water stress in drought areas is important.

The objectives of this study are (D selection of drought tolerant crops by comparing growth
rates under water stress conditions, and (2 evaluation of morphological and physiological
adaptation of the crops to water stress condition to estimate their drought tolerant ability.

1) Effect of water stress on plant growth, leaf water potential, stomatal resistance and photo-
synthetic rate of forage crops.

Seven species of warm season forage crops were grown in the field under irrigated and
non-irrigated conditions. Ratio of dry weight of foliage in non-irrigated plants to irrigated
plants was largest in Dallisgrass (Paspalum dilatatum Poir.), Rhodesgrass (Chloris gayana
Kunth) and Bahiagrass (Paspalum notatum Flugge), smallest in Afirican millet (Eleusine cora-
cana Gaerte), Corn(Zea mays L.) and Job's tears (Coix lacryma-jobi) and intermediate in Sor-
ghum (Sorghum bicolor L.).

Leaf water potential (W1) was decreased, and stomatal resistance( Ts) was increased in all
crops under stress conditions. But tolerant plants were able to keep stomata open than sensitive
plants under low W1. In conclusion, the opening of stomata increases photosynthetic rate,
growth, and yield under leaf water deficits conditions.

The roots of rhodesgrass distributed in deeper layer of water stress soil. The development
of roots in job’s tears was severely lowered by stress and the roots could not distribute and/or
penetrate in the deeper layer of soil under water stress. In sorghum and job’s tears, *C assimi-
late remained in leaves and stems and the translocation of MC assimilates from shoots to roots
was remakably reduced by water stress.

And in job’ tears, "*C incorporated into compartments of lignin-cellose and protein was
apparently suppressed, but in rhodesgrass it was not so much as job’s tears. The inhibition of
root development in drought sensitive plants by water stress may be occured as a results of the
lack of translocation of assimilate to roots from leaves.

The results obtained show that drought tolerant palnts might maintain a higher water
absorption ability under dry soil conditions by the development and penetration of roots.

2) Relationship between water use efficiency and cuticular wax deposition in forage crops
grown under water deficit condition.
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In order to clarify the relationship between water use efficiency (apparent photosynthetic
rate/transpiration rate) and the synthesis and deposition of epicuticular wax and the synthesis
and deposition of lipids in leaf internal tissues in various forage crops under different water
stress conditions, the contribution of cuticular wax to the leaf cuticular resistance and water loss
under stress was estimated.

Under water stress condition, cuticular resistance of the drought tolerant plant rhodesgrass
increased by about twofold compared with that of non-stressed condition, whereas the of the
sensitive plant job’s tears increased by about 10%. The amount of epicuticular wax deposited
on the leaf surface in both plants increased by water stress. However, the amount in the toler-
ant plant was much higher than that of sensitive one.

Radioactivity of **C incorporated into leaf surface wax of stressed rhodesgrass and job’s
tears plants was 27 and 50% less than that of non-stressed plants, respectively, when they were
treated with *C-malonate and 'C-acetate. Leaves of water stressed rhodesgrass assimilated *C
from “C-malonate and C-acetate into the lipids of their internal tissues 5.7 times more than
the leaves of non-stressed plants, while the leaves of water stressed job's tears assmilated 78%
of the amount recorded in non-stressed. '

On the other hand, the cuticular resistance of bloom line of sorghum with a high accumula-
tion of wax on the epicuticular surface increased by about 90% by water stress, whereas the cu-
ticular resistance of a bloomless line with a low amount of wax increased by about only 15%.

Water use efficiency of bloom lines of sorghum increased remarkably by water stress,
whereas that of the bloomless line of sorghum decreased.

These date suggest that in the drought tolerant plants the water retention ability of the
leaves increased due to the deposition of a larger amount of wax on their leaf surfaces, and a
higher accumulation of lipids in internal tissues. And also these plants produced larger amounts
of dry matter by increasing water use efficiency through the reduction of cuticular evaporation
under water stress conditions.

3) Effect of water stress on root hydraulic conductivity, root pressure, and exudation from root
system of forage crops.

Rhodesgrass and job’s tears were grown in pots in which the soil moisture was culture ad-
justed to pF1.7-2.0 and pF2.8-3.2. Tritium (°H) labelled water was injected to their rhizos-
pheres and exudations from the cut surface of stem base were collected to determine radioaci-
tivity of *H.

The total root length and surface area of roots in rhodesgrass were 1.5~2.0 times larger
than in job’s tears under water stress condition.

3H contents in the exuation of both crops which were well watered were higher than that
of water stressed. In the exduation of rhodesgrass, *H was obviously detected about 2 h after
injection of *H,0 and ®H content gradually under the water stressed condition, while *H in ex-
udation of job’s tears delayed markedly and was about one-sixth of the content in rhodesgrass.

The decrease of *H in exudation found under water stress was due to the decrease of the
exudation rate and the specific activity of *H in xylem sap. Thus, rhodesgrass can transport wa-
ter more effectivily from root to shoot, compared to job’s tears under water stressed condition.

The hydraulic conductivities of both plants were appreciably lowered by the water stress
and estimated as 431 mg Hy0/g root/h/bar for rhodesgrass and one third of that for job's tears
under water stress condition solution culture in which the water potential was adjusted to -1.55
bar by additions of polyethylene glycol 6000. The root pressure of rhodesgrass and job’s tears
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were estimated by using different water potential culture solution of 3.11 bar and 2.35 bar, re-
spectively.

From these results, it is assumed that the tolerance of plants to water stress is dependent
on the root hydraulic conductivity and the root pressure, which are the main factors for the
movement of water from roots to shoots under water stress condition as well as the root de-
veloping abilities.

4) Effect of water stress on movement of tritiated water through rhodesgrass and job’s tears
plants. ,

The movement of water in water stressed plants of rhodesgrass and job’s tears was studied
by following the uptake of *H,O from a tritium labelled nutrient solution. The movement was
less in stressed plants than non-stressed plants. Even after 24 hrs, in water stress condition, in
rhodesgrass, radioactivity of water compared to that in the nutrient solution, did not reach 8,
10 and 48% in the expanding leaves, expanded leaves and stem tissues respectivily, with respect
to that of 19% in the root tissues. In job’s tears, the values did not reach 4,7, and 10% in the
expanding leaves, expanded leaves and stem tissues respectivily, and that of 35% in the roots
tissues.

The movement of water in stem tissues is less than in root tissues and least in the leaf tis-
sues under water stress conditions.

Decrease of radioactivity in leaves of both rhodesgrass and job’s tears was considerably
slower than in the other organs, when the plants were transfered from a labelled to a non-
labelled solution. Under water stress conditions, the expanding leaves may have difficulty in
obtaining water required for its growth due to the strong competition by thr expanding leaves,
stems and roots. And also, there are differances in resistance to water movement between plant
organs. The main resistance to water movement in the plant is apparently in the base stem and
the nodes. Due to the reisistance to water movement, water absorption can not catch up with
transipiration during day time of a fine day, and consequently leaf water potential decrease
considerably. Leaf water potential is generally dependent on the resistance to water movement
and the sensitivity of the plant to metabolic process. This suggests that the resistance to water
transport could have an effect on plant growth and ultimately the yield.

5) Effect of water stress on the growth and amount of phosphorus in plants.

Plant production is effected by drought but the nutritional status of the plants may alter
the extend of damage. Some researchers have concluded that the application of nutrients im-
prove plant growth under water deficits condition. The role of phosphorus under to water stress
condition is not yet well understood.

Plants of rhodesgrass and job’s tears grown under various leaves of phosphorus were sub-
jected to drought. Leaf water potential and stomatal resistance were measured in the upper-
most fully expanded leaves, and the root and shoot growth was determined at vegitative stage.

In water stressed plants, phosphorus increased the rate of leaf area expansion, leading to
an increased total leaf area.

Leaf water potential decreased and stomatal resistance increased under water stress condi-
tion. Assuming a maximum stomatal resistance of 10 sec /cm in rhodesgrass, 50% stomatal clo-
sure occurred at a leaf water potential of — 8 ~ — 10 bar for P defficient plants and— 14~ —16
bar for P sufficient plants. These values of job’s tears was —7~ —9 bar for P defficient plants
and —12~-14 bar for P sufficient plants.
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These results confirmed that P defficiency increased stomatal sensitivity and also decreased
the photosynthetic rate under water stress condition. P sufficient plants maintained higher
photosynthetic rate under low water potential condition than P defficient Plants,





