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(Epicotyl) ttaziivneou (Pubescence 1130 Trichome %30 Hair) Unaguagnali snduludes
=
waznauaen
4
lu szozdusoudilu@es (Cotyledon 130 Seed Leaf) fowu1danuiialuagag
§ { o esj
usn@uilulu@en (Unifoliate Leaf) wasa1niudlsinglulsznou uuy Trifoliolate § 3 T
o Ao lugpsaiuLla1e (Terminal Leaflet) 1 v uazludos@1uing (Lateral Leaflet) 2 1u #
Tauvosmuludsznoy (Petiole) 111y (Stipule) 2 6w dauTauvesduludos (Petiolule) it
lugee (Stipel) 1 o4 upuveInululszneuszninasesrovesnuludesduilatenaz i
4
Tugosdrudna ;58091 Rachis (53aqua, 2541)
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W30 Lateral Divergence) HazAUANBIY (Primary Axis 130 Embryonic Axis) 13 LNOUAIY
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<3| < 1 a o a [T aa
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Yy 9
= v A

VY v o Ay ~ Y Y o Ao 0w o o A 9 A Y o
aulmdinuasnald s uin auldidnnu 5 i idinu 2 aseasen 3 ameld 15 win udia
' 3 ' y A A
manuiunsa-a1elaelHaTosio pH — meter (Wayne, 1980)
a a Y] a o a o A
Ysunadounisiagludu (Soil organic mater) 111UATIZH IA8TT Walkley
and Black (1947) 1tag FAO (2008) IagBaaUNAIUAZINTITOUUUIA 0.5 HadIUAT 31U 1
nsu masluvaawuy yuia 250 adans Mndsazate K,Cr,0, 10 Haaans wauws 1ddn
Y Y v
AumagiAy 1,80, Wudu 20 Tadaas 1913 30 i udgantu) mninau 100 Hadaas vea
g‘ a a 4 =1 . I . . Y k4
WeouAnnes 3-4 viea laoll O-phenantholine iU indicator 1a21aATAAIY 0.5 N Ferrous
{ I :} o ' a { 4 o
sulphate aut/asunindideniudivaduuasiuinalSuiasves Feso, 7141 e
o J A Y a
MUIUMIANUND5
YSunaeanesanana’ld (Extractable Phosphorous) 1Ag7% Brayll $4@20814
a o [ ] Aan 4 v Y g’ o a Aaa a ya a
aunitn 2.5 n5u lalunaoawuaiig anane11e1 Brayll 314U 25 Uadans Uarlvidaya
1 o 4 an I a ~ @ = g’
ey 1A Tinseasuaihd Itauanazneu udinsesasazarei 1o Wwannaiih
QuUUAsUTAIY ascorbic acid MUITAITVDI Watanabe and Olsen (1962) tag FAO (2008) 12
Wi llemlsuarleanlesadienied Spectrophotometer
UsSuna TnuneFeon uaaFen uazuuniliGeunanald (Extractable Potassium,
v o L] a [ ] Aan 4 [
Calcium, Magnesium) a@nadleeeay 5 n3u lalunasawuaiag anadieansazals I N
o Aa aa a Jya a [ A o 9 A Aan o
NH,0OAc, pH 7 311721 25 iadans dachniara mguilunar 30 win duduaeusuavad
THauanazneu nsesansazasi 1 1e1uaA1d61ATe9 Atomic Absorption Spectrophotometer
a . a d a =~ A A
(AAS) (Wayne, 1980) 1A} Lanthanum oxide 1uMsnsienlsunaunadoutazuuniiden
a <3 o 4 v o l a o [
USuauvan uuamilea dened vaznetileos Tas¥eddodeau 10 N5y dna
Y v
arwihenada DTPA §1u3U 25 Hadans ey 2 9310 udavuiumsanaznauiih
A o k% ' v 9 A . .
asavanenanala 118 1uA1a81AT09 Atomic Absorption Spectrophotometer (AAS) (Wayne,

1980)
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0.05 N HCI (98011, 2548)
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a 4 J gl 1 d,; o ¥ o
mﬂmiagmwwmﬂﬂﬁzﬂamm"luimmuiuumaammamu ATUIU

~

[ Jdou o I a J
Relative ureide index (RUT) aaiigs loaduiing lugilvesensilsznonys lod (Peoples et al,

u

1989)

Y 4

¥iig3 loddurinsuouinaes (%)RUI = 4 X Ureide* * 100

(4 X Ureide* + Amino* + Nitrate*)

* 91178 mmoles

TuTasnunldninmsesalulasnuane1ma (Nitrogen derived from air,

Ndaf) a1301)sziiv ldannaumsnaueuus Tag (Herridge and Peoples, 1990)

Nyzey Vegetative x=1.56 (y-7.7) (V1-V5)
Nszezoonaon y=4.8+0.83x (R1-R2)
Nszezhnain y=21.3+0.67x (R3-R6)

A A
4o x 1D %RUI

y A9 %Ndaf
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NAAdY (Duncan's New Multiple Range Test, DMRT)



UNN 4

a v a 4
HWaN13IVLASIVIIM

ANaN13INaNasg

v
=

A IS a \ Q:I I~ =
qmauummamnmmﬂunauﬂgnmmamms‘nmam‘luﬂ‘n 1

=1

= a Ay v = o o A o Yo
ﬂ"l'iﬂﬂ‘l&l']ﬂﬁll']mulujﬁﬁlﬂu%llﬂzlnﬂﬂ']ﬁﬁi\‘]‘ﬂQﬁmﬂﬂlﬂﬂﬂ?tﬁﬁ@ﬂﬁﬁﬂu’]ﬂklﬂi‘ﬂ
a A 9 + A 2d A 1 A A 9 &)
N?Iﬂﬁ$‘VI‘]Jfl]']ﬂ‘].]iiﬂil!‘ﬁ']iﬂﬂ”lﬁ”liﬂ@]ﬂﬂWQ%Wﬂﬂﬂ@uﬂﬁﬂ‘ﬁuﬂﬁ?QﬂWlﬁaﬂﬁ]’]ﬂl!ﬂﬁ\?ﬂJTQUTﬂ Glu
dy A o 1A @ v A = I =
NWUNUBDUNHATINT Klu'ﬂ']!,ﬂﬂlmiu ﬁ]ﬂﬁ?ﬂlcﬁﬂﬁﬂlﬁﬂ Fmmsneasaduscezar 29 Tﬂﬂ'ﬂ\?

3 o (] Aa [ o A A o = A = A =1
UAUNTITINUNIDYIINAU ﬂ@uﬂgﬂmmammm‘umma N 0-25 Y. INDANHIAUTUUANIUAY

=

a v o ) A = = I 1
ﬂlﬂﬂﬂuﬂ@u“ﬂ”lﬂﬁﬂﬂa’EN‘].IQf‘Iﬂ’JL“I’Tﬁ’EN msnaadludusnnunimanudunsa-  auma

an o

o o = < J A A = 2 '
7.11 Iﬂﬂ@ﬂi‘ﬂﬂ’)‘ﬂﬂm&lﬂWﬂ’NiJLﬂMﬂiﬂ-@]NQQVIQ’ﬂﬂfJ 7.25 G]N'luummu,mmﬂummaﬁﬂu

[

o = 1 4 = oA + o 1 o H + o 1 o 4+

Msunrunsldijonsn iesednaune) fJeninsunuileasnuazivunag Jening mwnuile
+ v 1 @ & A I 1 = [ ] ~ o o

Aen wazilening mWAULHULAI FalamnNuunsa- Alundeed 1ueI9 7.09-7.13 Taghdsy

A 1+ 1 @ = IS 1 o A A 1 a
‘VIF\Huﬂﬂﬁ'slﬁﬂElﬂ'E'Jﬂi’JiJﬂ'IJLL’I’TuLm\HJﬂ'Iﬂ’JHJL‘]JHﬂiﬂ- mmmqma 7.00 ’ﬁ’)uﬂilﬂﬂ!

%

a A v a J o A 12 A v 1 Y (A a A v
sunsoiaglu aunun ludsuniimslddunioingaslidwmaldilSunadunioiag

o A 1+

1 o d! o = Y 1 o+ = ) I Aa
MNNNAITUAILAN FITunLMs 1a feniingunvijensn tazurunas Unai lnudsum

Q Q

v
a A W J [ =

BUNTEINTINNATUNAADIDUYAD 3.26% Fodasmfomsuiiums ldileneniieindi

QU

a A W 4

@eaan 3.12% vazi ludsuauguiilsunadunisingiiigane 2.48% FaNANULANAIY

] a

)Y

'
[ v A

nulunnadanunndisunaassedeitisdingianudeiy  99% dilsmudunisiag

)

Tassrunaeagn 2.99% vazndSnaeassananalaludunsunsnaaosluiln 1 wua

Ysmnaoaeianana laluduiinundeodn 64 mgP kg’ Msvfidumsldijenoniiesodis
werdanalilSinueavesananalaluduiinunniigafio 71 mgP ke s0900nARM5UN

iumslailedunsd 3 viiaswiu dauludmsumuquilinaeaesananaldluduiles

[ [ =

Ngano 55 mgP kg Tnslinnuuananlunuadanuediiidvdiny (P<0.05) m1319 1 dmisy

a { [ a 1 { - { [ a u'og.:
YsmnaTnunaFounana ldluduiiaunasio 106 mgk kg wilasirumsldilodunsdns

a

awyiaswiudenenswivileminuazununag) dnaildlSina Inunadounanalaly

IS

Auilgangafo 118 mgkK kg ¥ luilanuuandislunadanugndisunases ludisy

& A A = ~ [ Y a :; A A -1 A =
AIVAN «m3J1Js3JmTwLmmmawam%imuquma 92 mgK kg Vs unaisenuas



29

N A A o nyg a = A = 1A B
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USuna uunilFen Aanaldluau nauasi dumsldileneniiosediuden i Sual
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44 mgMn kg 118z 1.65 mgCu kg vauzNiSunadnzd@nana ldludunnulasiimumslade

v
[

v 1 [ S A [ aS A Y d' = -1 d‘o [ [
‘Villﬂﬁ’JiJﬂ‘IJLL‘ViLlLLﬂQﬂJ‘]JﬁJ1mﬁQﬂ$ﬁﬂﬁﬂﬂllﬂq\i‘1/lf‘1ﬂﬂﬂ 9.9 mgZn kg Iﬂfﬂ/l@ﬂi‘ﬂﬂ?]‘ﬂﬂllf] JFN

A (a o AA o MY) a 9 A A & o w ~ '
NﬂiﬂJ”lﬂ!ﬁQﬂ%ﬁTlﬁﬂﬂulﬂ‘luﬂu u@fﬁ/]q@ﬂ@ 6.7 mgZn kg G]f\inﬂ@'lj‘]_]‘ﬂ@laﬂqu AITULANAN

luneadaoduausa (P<0.01) A1514 1
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B2 = a ' ) = A o A
afnuauUANIualvesauneulano uvassnIsnaaesluln 1 (W.A. 2555) DUNDLUTY

SR RGICHNIEY
oM P K Ca Mg Fe Mn Cu Zn
Treatment pH
(%) (mg kg )
Control (No Fertilizer) 725" 2.48° 55 92 2,894 157 87 44 1.65 6.7
Animal Manure (AM) 7.19" 3.12% 71° 105 2,871 200° 87 45 2.08 7.8%
Compost Fertilizer (CP) 7.06" 3.027 62" 105 2,994 160° 92 47 2.03 8.6"
Azolla (AZ) 7.01" 2.99® 60" 112 3,023 177" 93 48 2.35 8.5"
AM-+CP 7.12" 3.06" 65" 113 2.885 180" 90 44 2.05 7.9%
AM+AZ 7.00¢ 2.96" 62" 101 2,996 172 96 51 2.03 9.5"
CP+AZ 7.09" 3.05" 66 106 2.857 174 96 49 2.15 9.9°
AM+CP+AZ 7.13" 326" 70" 118 3,043 189" 97 53 2.15 9.4"
Grand Mean 7.11 2.99 63.47 106.16 2,945  176.03 9231 47.41 2.06 8.53
CV (%) 1.77 4.57 9.16 13.49 536 9.56 11.30 10.78 12.20 9.07
F-test * *k * ns ns * ns ns ns *k

HULY Mean in the same column followed by different letters were different significantly by LSD *=0.05 and **=0.01

ns= Nonsignificant
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1 o A 1 ' [ % a J a v A A
Taileriniesedruded feasnsaunuijevidn  waziledunss 3 sliaswiu Hisua
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IS ~ Y + A ~
319 2 WavedlsuasIne1IsNanA1eINtedunsd

MBI
oM P K Ca Mg Fe Mn Cu Zn
Treatment pH
(%) (mg kg')
Control (No Fertilizer) 6.95° 2.96" 27 81° 2,663 151 74" 33° 1.05 3.1
Animal Manure (AM) 6.80" 3.25" 39 121° 3,677 205 116° 41° 1.22 3.9
Compost Fertilizer (CP) 6.69" 3.07" 37 96" 3,569" 175 89 37" 1.16 3.0
Azolla (AZ) 6.66" 2.54° 32 109° 3,803 173 113" 41° 1.08 3.6
AM+CP 6.89" 3.53° 37 12°  3,710° 182 91% 40° 1.07 4.0
AM+AZ 6.51° 321" 30 105 3,624 181 126 39° 1.10 3.6
CP+AZ 6.89" 3.33" 36 94%  3,584" 191 94°¢  4r 1.06 3.6
AM+CP+AZ 6.60" 3.53° 37 106" 4206' 187 92% 40° 1.18 3.4
Grand Mean 6.75 3.18 3428 10291 3,604.40 18038  99.09  39.04 1.11 3.53
CV (%) 2.25 7.75 16.22 12.59 11.57 11.19 1229  7.64 10.19 14.59
F-test ** ** ns * ** ns ** ** ns ns

NV Mean in the same column followed by different letters were different significantly by LSD *=0.05 and **=0.01

ns= Nonsignificant
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A 1 1 [ = o Y g} @ M A A A
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A d‘ a a 1 =~ d' o a2 (% [
maesnesay Tnszeza1eq lumsnaaesin 1 (w.a. 2555) dunouaisy 3ania

Fealui (mg plant_l)

STAGES
Treatment
V4 R2 R4 R6
Control (No Fertilizer) 57.50° 87.00° 168.00 ¢ 142.75°
Animal Manure (AM) 82.00° 121.25° 169.25° 145.25°
Compost Fertilizer (CP) 61.75" 120.00° 169.25° 145.75"
Azolla (AZ) 60.00° 125.50" 212.75" 177.50°
AM+CP 92.75° 120.75" 231.00° 199.50°
AM+AZ 84.00° 122.50° 235.00" 211.50°
CP+AZ 104.25 124.00° 233.75" 211.25°
AM-+CP+AZ 76.25° 124.25" 231.75" 211.00°
Grand Mean 77.31 118.16 206.34 180.56
CV (%) 7.02 3.59 227 4.02
F-test * kk kk *

NU18LY6 Mean in the same column followed by different letters were different significantly by LSD *=0.05,

*%=0.01 and ns= Nonsignificant
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STAGES
Treatment
V4 R2 R4 R6
Control (No Fertilizer) 53.75° 87.25° 153.25° 133.00°
Animal Manure (AM) 80.25" 125.00° 198.50™ 180.75"
Compost Fertilizer (CP) 81.00° 123.75" 192.25" 178.25"
Azolla (AZ) 95.25% 148.00™ 215.50" 180.00°
AM+CP 100.25" 157.75° 226.00" 189.50"
AM+AZ 89.50" 160.75" 244.00" 193.75"
CP+AZ 101.75° 146.25" 236.50" 193.50"
AM+CP+AZ 101.50" 169.00" 237.25% 195.50"
Grand Mean 87.78 139.72 212.91 180.53
CV (%) 8.97 9.35 15.40 5.65
F_test kk kk kk kk

T{UYIHE Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=0.01 and ns= Nonsignificant
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STAGES
Treatment

V4 R2 R4 R6
Control (No Fertilizer) 37.58" 77.23° 60.82° 44.39"
Animal Manure (AM) 56.04" 85.13" 72.78" 63.10"
Compost Fertilizer (CP) 43.52% 86.16" 77.64" 53.28"
Azolla (AZ) 44.67% 86.23" 82.08" 75.91°
AM+CP 58.86" 84.48" 81.21" 63.47"
AM+AZ 55.61% 84.28" 78.62" 65.69"
CP+AZ 61.42° 86.58" 82.34" 63.99%
AM+CP+AZ 48.73% 84.72° 79.97" 67.33%
Grand Mean 50.80 84.35 76.93 62.14

CV (%) 8.39 1.51 3.44 7.36

F-test Hok ok * *

TUYLHE) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=(0.01 and ns= Nonsignificant
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(W.71. 2556) SUNDUNTY DI Tauasea v

STAGES
Treatment
V4 R2 R4 R6
Animal Manure (AM) 4743 81.39" 78.92" 57.25"
Compost Fertilizer (CP) 43,57 86.93" 79.38" 48.13"
Azolla (AZ) 5441 88.65" 87.62" 59.80"
AM-+CP 52.31% 78.84° 83.18% 5435%
AM+AZ 43.09% 82.98™ 79.58" 55.54%
CP+AZ 59.59" 80.03° 85.41" 53.31%
AM+CP+AZ 54.16" 84.25™ 83.77% 55.94%
Grand Mean 49.23 81.13 81.79 53.53
CV (%) 9.61 4.41 3.13 10.09
F-test k% *k s %

NUYLHE) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=(0.01 and ns= Nonsignificant
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Fea v (kg rai)

STAGES
Treatment
V4 R2 R4 R6

Control (No Fertilizer) 117 173° 225° 309°

Animal Manure (AM) 156° 196" 251" 352°
Compost Fertilizer (CP) 167" 216° 242° 294

Azolla (AZ) 180" 229" 265" 380"

AM+CP 174" 215° 251" 308°

AM+AZ 166™ 202° 240 281°
CP+AZ 186" 240° 267" 208
AM+CP+AZ 183° 237" 271° 291
Grand Mean 165.97 213.31 251.22 313.97

CV (%) 5.81 3.18 3.12 3.31

F-test * * * *

T1UYLHE) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=(0.01 and ns= Nonsignificant
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Fea v (kg rai)

STAGES
Treatment
V4 R2 R4 R6
Control (No Fertilizer) 88 128 142° 306
Animal Manure (AM) 99 133 174" 411
Compost Fertilizer (CP) 97 142 173" 383
Azolla (AZ) 99 144 184" 443
AM+CP 114 185 189" 428
AM+AZ 120 143 194" 436
CP+AZ 109 155 196 426
AM+CP+AZ 110 150 199° 445
Grand Mean 105 144 181 410
CV (%) 14.40 20.66 12.75 14.99
F-test ns ns * ns

U1 E) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=(0.01 and ns= Nonsignificant
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Ferdasoe v (kN rai')

STAGES
Treatment
V4 R2 R4 R6
Control (No Fertilizer) 3.68" 4.61° 5.77° 761"
Animal Manure (AM) 5.67° 6.76° 8.12° 12.74°
Compost Fertilizer (CP) 5.65° 6.77° 8.03° 10.01"
Azolla (AZ) 6.38" 733" 8.83" 13.60°
AM-+CP 5.96" 6.69" 8.41% 10.56"
AM+AZ 5.93" 6.45" 8.85" 9.64°
CP+AZ 6.39" 7.46" 9.21° 10.04%
AM+CP+AZ 6.67" 7.47" 9.90" 10.86"
Grand Mean 5.79 6.69 8.39 10.63
CV (%) 7.44 5.14 4.94 5.84
F-test * * * *

TUYLHE) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=(0.01 and ns= Nonsignificant
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a = Y H A Al o

M1319 10 Nﬁﬂ]@\iﬂilﬂm‘ﬁwf]@ T‘YHTVIGIﬂﬂ'l\i"lﬂﬂ“]!fl@u“lfliEJG]’E]ﬂ'IiZ‘T%E‘T?J"’IJ@Q 'luimmumwm
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VDN AIUMUDAU mmmmuimzazmm lumsnaaesdn 2 (W.f1. 2556) DUND

@a o v A 1 -1
15U T IaBee v (kgN rai )

STAGES
Treatment

V4 R2 R4 R6

Control (No Fertilizer) 2.65° 3.52¢ 4.43 9.84
Animal Manure (AM) 3.24% 3.99" 5.75 12.51
Compost Fertilizer (CP) 3.42™ 428" 5.55 11.51
Azolla (AZ) 3.46™ 4.20™ 5.73 14.64
AM+CP 438" 4.82" 6.08 12.66
AM+AZ 451" 4.65% 6.09 13.23
CP+AZ 3.87" 4.94° 5.97 12.04
AM+CP+AZ 377" 4.44° 6.12 13.12
Grand Mean 3.66 435 5.71 12.44
CV (%) 18.15 11.83 18.63 14.74

F-test * * ns ns

TUYLHE) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=(0.01 and ns= Nonsignificant
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ﬁummmamwum%ﬂﬂm 60 DUNDLNTY N‘H’Jm‘b’ﬂﬂ‘ﬂll (kgN rai )

Fixed N
Treatment
Crop 1 Crop 2
Control (No Fertilizer) 2.80° 8.50°
Animal Manure (AM) 7.58" 11.76™
Compost Fertilizer (CP) 5.03° 10.64™
Azolla (AZ) 8.63" 14.18"
AM-+CP 6.62° 12.31%
AM+AZ 5.84% 12.75%
CP+AZ 6.70° 11.45™
AM+CP+AZ 6.41° 12.79%
Grand Mean 6.20 11.80
CV (%) 9.64 13.91
F-test * **

TUYLHE) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=(0.01 and ns= Nonsignificant
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A o A T4 A Aada Y] oaj a + 1 [T Y %
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N-Fixing efficiency

Treatment (% of tatal N uptake at R6 stage)

Crop 1 Crop 2
Control (No Fertilizer) 36.8 % 86.4 %
Animal Manure (AM) 59.5 % 94.1 %
Compost Fertilizer (CP) 50.2 % 92.4 %
Azolla (AZ) 63.5 % 96.9 %
AM+CP 62.7 % 97.2 %
AM+AZ 60.6 % 96.4 %
CP+AZ 67.0 % 95.1 %
AM+CP+AZ 59.0 % 97.5 %

Grand Mean 57.41 % 94.5 %
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Ao,

Yield
Treatment

Crop 1 Crop 2

Control (No Fertilizer) 157° 170°

Animal Manure (AM) 207" 190°
Compost Fertilizer (CP) 196" 188"

Azolla (AZ) 213" 192°
AM+CP 201" 182"
AM+AZ 198" 188"

CP+AZ 219" 194

AM+CP+AZ 234° 201"
Grand Mean 203.13 188.16

CV (%) 10.61 5.02

F-test ok ok

TUYLHE) Mean in the same column followed by different letters were different significantly by LSD *=0.05,

**=0.01 and ns= Nonsignificant
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(UREIDES, NITRATE, AMINO ACID)

UREIDES

Reagents

1. Sodium hydroxide (0.5 N) 20 g/lit NaOH

2. Hydrochloric acid (0.65 N) 65 ml/lit conc. HCI

3. Phenyldrazine hydrochloride (0.33%) 0.33 g/100 ml H,O, prepared daily
4. Potassium ferricyanide (1.67%) 1.67 g/100 ml H,O, prepared daily

5. Concentrated hydrochloric acid (10 N) 416 ml/500 ml H,O.

6. Ureides standard (1 mM) 39.53 mg allantoin/250 ml H,O.

7. Use 0.50 mM allantoin as internal standard.

Procedure

1. Pipette 0.5 ml hot water extracts or 0.05/0.1 ml xylem exudates samples into
test and dilution to 2.5 ml with distilled water. Include water blanks (*2) and internal standard.
(*2) with each batch. Internal standard is 2.5ml of 0.05 mM allantoin.

2. Add 0.5 ml of 0.5 N sodium hydroxide

3. Place tubes in a boiling water bath for 8-10 minutes

4. Remove and add 0.5 ml of 0.65 N HCI plus 0.5 ml phynylhydrazine solution
to each tube.

5. Shake the tube and place in a boiling water bath for exactly 2 minutes.

6. Remove from boiling water bath and immediately plunge tubes into an ice
bath (80% ethanol, chilled to 0°C) and leave for 15 minutes.

7. Remove from ice bath and add 2ml of 10 N HCI (also chilled to 0°C) and
0.5ml Potassium ferricyanide to each tube.

8. Mix contents well.
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9. Leave at room temperature for 10 mintes and measure O.D. at 520 nm on a

Spectrophometer.

There is some background noise with extracts of plant parts. For shoot axes,

subtract 1.7 u mol ureides/g dry wt; for root subtract 1.0 p mol. (Young and Conway, 1942)

Standard

Ureides standard (1 mM) 39.53 mg allantoin/250 ml H,0. Use 0.50 mM
allantoin as internal standard.

Allantoin stock by distilled water as follow

- 1 ml in 100 ml distilled water (10 nmole/ml), use 2.5 ml = 25 nmole

-2 ml in 100 ml distilled water (20 nmole/ml), use 2.5 ml = 50 nmole

-3 ml in 100 ml distilled water (30 nmole/ml), use 2.5 ml = 75 nmole

- 5 ml in 100 ml distilled water (50 nmole/ml), use 2.5 ml = 125 nmole

- 10 ml in 100 ml distilled water (100 nmole/ml), use 2.5 ml = 250 nmole

**%* Take distilled water 2.5 ml as blank with standard everytime

NITRATE

Reagents

1. Salicylic acid in (C) Sulphuric acid (5% W/V) 5 g in 100 ml Conc.H,SO,

2. Sodium hydroxide (2 N) 80 g/lit NaOH

3. Nitrate standard (25 mM) 632 mg KNO,/250 ml H,O. Use 2.5 mM as internal
standard. (Cataldo et al., 1975)
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Procedure

1. Pipette 0.05 ml xylem exudates samples into test tubes. Include water blanks
(*2) and internal standard. (*2) with each batch. Internal standard is 0.05ml of 2.5 mM Nitrate.

2. Add 0.2 ml Salicylic acid in (C) H,SO,

3. Mix well until solution clears and room temperature for 20 minutes.

4. Add 4.75 ml of 2 N NaOH (to raise pH above 12.0), cool to room

temperature.
5. Read O.D. at 410 nm on a Spectrophometer.
Standard
Nitrate standard (23 mM) 632 mg KNO,/250 ml H,0. Use 2.5 mM as internal
standard.
KNO, stock by distilled water as follow
- 1 mlin 10 ml distilled water (2.5 nmole/ml), use 0.05 ml =0.125 micromole
- 2 mlin 10 ml distilled water (5 nmole/ml), use 0.05 ml = 0.25 micromole
- 4 mlin 10 ml distilled water (10 nmole/ml), use 0.05 ml = 0.5 micromole
- 6 mlin 10 ml distilled water (15 nmole/ml), use 0.05 ml = 0.75 micromole
- 8 mlin 10 ml distilled water (20 nmole/ml), use 0.05 ml = 1 micromole
*%* Take distilled water 0.05 ml as blank with standard everytime
AMINO ACID
Reagents

1. Ninhydrin reagent. Store in a dark bottle at 4°C.
1.1 4.79 g (Merck) Ninhydrin
1.2 167 mg ascorbic acid in 16 ml H,0
1.3 500 ml methoxyet

2. Citrate Buffer
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2.1 67.2 g Citric acid
2.2 25.6 g NaOH
2.3 400 ml H,0
3. Ethanol (60% V/V) 600 ml ETOH-400 ml H,O
4. Asparagine standard (1 mM) 37.5 mg/250 ml, Use 0.2 mM as internal standard. (Yemm

and Cocking, 1955; Herridge, 1984)

Procedure

1. Pipette 0.05/0.10 ml xylem exudates samples into test tubes and dilute to 1.0
ml with distilled water.

2. Add 0.5 ml citrate buffer.

3. Add 1.2 ml ninhydrin reagent.

4. Place in boiling water both for 20 min.

5. Remove, add 3.0 ml 60% ethanol

6. Cool to room temperature

7. Read O.D. at 570 nm on a Spectrophometer.

Standard

Asparagine standard (1 mM) 37.5 mg/250 ml, Use 0.2 mM as internal standard.

Asparagine stock by distilled water as follow

0.1 ml in 10 ml distilled water (25 nmole/ml), use 0.05 ml = 12.5 nmole

0.2 ml in 10 ml distilled water (50 nmole/ml), use 0.05 ml = 25 nmole

0.4 ml in 10 ml distilled water (100 nmole/ml), use 0.05 ml = 50 nmole

1.0 ml in 10 ml distilled water (250 nmole/ml), use 0.05 ml = 125 nmole

2.0 ml in 10 ml distilled water 500 nmole/ml), use 0.05 ml = 250 nmole

*** Take distilled water 0.5 ml as blank with standard everytime
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