
THE --.H VIVO AND ..u VITRO ITRATE REDUCTASE CmIVI ... Y 

I TEF (ERAGROSTI TEF C' uec . ) ~RO ER) 

UNDER DIFFERENT ASSAY CO lDITlO_TS 

A Thes i s 

S bmi t d to 

S hool of ra ate Studies 

Addis Ababa Universi y 

In Partinl Fulfillment 

of he Requirements for thp Degree 

Mas er of S ience i n Biology 

y 

Legesse c s 

J e , 82 



,'"'chcol c 

The I ,t'OO ir . t.. 0 ~!j ate :er lCtase 'I cti , . t 

, Trotter n cer if-fe e .t ;" c::;sa" Co . i io 

Legesse Negash 

.." .cul tv 0 f :::'cie ('..,e 

=-...,.....---::.--:;;--~--------- -
~er 

) 

_______ I_I __ ~------~ 



A C r IT 0 ,7 L ~ D ' E :.J T ~ 

,fuile stil r frainin~ m sel fro~ i . v rtent rig~aroles 

and lavish eudo- extolations , I Llly 'ckno lIe t;e , ire s o. se 

o the immense contrib ions one towor s the comple i~n of 

this paper the follovin " in ivi Is : 

My a visor , Dr . ,-sfa Zeleke , ~ho ot only shouldere the 

on er ous task of a vising me , but also shole considerable 

ersonal concern and interest . His deliberate avo i an e o f 

cavillin at me , I believe , has invigorate ne IDOS • 

Dr . Tewel e - Be r ehan G. E ., who , at the ~rim ros ect of 

havin~ to u dertake a ~rad ate research in this co r , 

i dent ifi ed t is to ic an Greatly encouraged . 

Mrs . SeEd ards , who , esides bein in e r ested n this 

work , mana ' ed to rocure several relevant re rints and enable 

me esta lish a c onnection with the Internat ional Hi e Research 

Inst itute i Ato Kassahun iJeda j o and to ~amirat Bekele who 

e ncoura,-,ed and su;) l i ed essen i · 1 rna er ' a ls for the work ; 

Dr . Berehan A. Gashe , 0 enl iuhtened ri ~ the initial 

ake - off rocess . 

S ecial th nks are also ue 0 t en 

in ts of enerv and ime h v bee found 

im or ance ; Masres a Fe ene , woe interes 

found 0 be a entin Tirsi Mo '"e I w 0 

r1 sshouse /Jo rk . 

: Saba A era , v 0 e 

o b of car inal 

ond hel as 

e ed in e 

I am articular y in ebte 0 : ( Bel ine en is 

who e man Ie tter which of en hel e acceler' "e he 



hle .... atic an ·v·!'.,tl 

r ' n u he r ocess of ma 

hesi t'n' indivi a ls 'n jnvtit ~io 

ineer ass ri rocureCle 

Yebe e , A 0 Ma i tem H. i orchis nd J\ 0 Fu s~ il I.ssefa , .v 0 

h 1 ed in he r e aration of he 

who cons i ent io 81 sh nned the no 

r3.ft , 'il Fe elework Tsi "i e , 

un sual alit of a y L , t ' s 

urfunctoriness in i n the man scr i 

M sincere a r ec ia i on also uoes 0 : Dr . Tewo r os Sol omon 

of the De artment of Chemi str for havin~ allo ed me borro m 

of the chemic al I have sed ; the Head of Tef Sectio a Debere -

Ze i Resear h enter , 'v / t Hir t for r ovidin ~ e \ i e f seeds 

and r elevan lit e r at re on tef ; tle Librarian of De r e - Ze i 

l ~,r i ult r a l Colle 'e , Ato A z i , f or havin made he library 

' ournal s " t r: dis os 1 . 

I a l so a r e ciate : the Head of the De ar tme t of Bi olo 

Dr . Teferi Gemech , f or h i s sincer e e rs on 1 co cern ow r s the 

com l et ' on of h i s )a e r ; the Dean 0_ Gr~ ate S ho ol , Dr . Sr i br 

Tedla , who not onl comba e the ro i t os ens i b ' l i t of his 

offi e , but cl lso of en cleared t e eri o ical "crop - s of 

r oblems assoc'ated with tle fin c e i ~ll those , ith m I 

have shared the man alternatin e e ions ' n exa ta ions 

.hi h oft en r ac erize a ~ra te en . 

L st , ot le'st , I 

Researc Coo e a io wi h 

fi ancin " this ro 'ec . 

owle e h S'e is l uenc or 

e De ve 0 inu Coun ries (SAR'C) f o r 



T BLE OF CO T E T S 

P e 

LIST OF TABLES iii 

LIST OF FI URES .... . ......... . ................. . .. • .. i v 

ABSTRAvT ......... . . .. . . . ... . . .... . . . . . ............... v 

INTRODUCTIO .......... . . . . . .. . . . . . ..... .. .... . ... . ... 1 

MATERIALS AND ~ETHODS .... . . . . ... .. . ... . . ...... ... .. . . 9 

I . Dark- room Experiments . . .. ... ................. 9 

En~e Induc tion 

In vitro Ni ra e Re ctnse A tivi y Assay .•. 

In vivo NR Activity Assny .......... .. ..... .. 

9 

9 

1 

II . Glassho se Experimen s . . .... . .............. 11 

Enzyme Ind 'ction ............. . .... . . . ...... 1 

In vivo RA Assny Under Li gh Condition ..... 

Leaf Tissu e ............... ... . ......... 
Root Tiss . " ....................... . . . 

RESULTS AND DISCUS IONS .......... . ............. . ..... 
I . Adaptive Formation of irate R d case i Tef 

I I. Iva1uations of the in vivo and in vitro 

13 

13 

13 

15 

5 

[etho s of Assa or Te NR ctivi y ......... 28 

III . The ~ffe s of Va uum- In i1 on 

fitrate Red io in Te .......... . . . . ... . ... 32 

IV . The Ef act 0 Ni r te Conca r~tion in he 

Infi1 ra ion-Inc ba ion 1e i pon he 

in vivo ivi y .... . .... . ... . . ............ 31) 



- ii -

Page 

v. The Effe t of pHon R A ivi Y of Tef ... . . 38 

I . i t r a e R duc ase A ivi y as a Func ion 

of Fr esh Leaf Ti ssue °e Ogh of Te •...... 1 

VII. Leaf ftge and NR Act ivi y i Tef 

VIII . Diurnal Vari at i ons d Si e of ajor NR 

Ac t ivity in Li gh - Grown Tef Plants •...... 7 

IX . ~he Eff ect of W ter - Loggi ng 0 NR A ivi Y 

of Tef ....................... . .. .. . . ... . . 51 

X The Effect of Ammon i um Sal t on NR A t i v i t y 

of Tef · ..... · ............. . ....... · .. 0 . 0 •• • 53 

CONCLUDING REMAR.T(S ................................. 57 

REFERENCES . ..... . ........................... . ' ..... .. 59 



- i " i -

LIS T 0 F T 1 B L E 

T LE Page 

1 UBSTRI TE EPENDENT I DUCIBILITY OF ITRATE 
REDUCT .. E IN TEE' . Jill I VITRO S Y OF 
IT~ TE REDUCT. SE j~CTIVITY ( RJ) OF 5- D - OLD 

TEE' EEDLINGS GRO. IN DIFFERENT NITROGEN 
SOURCES I THE DARK ......... " . . . . . . . . . . . . . . . .. 2 

2 IN VITRO CTI ITY OF ITRATE REDUCT SE FRO 
TEE' SEEDLI GS GERM IN i.TED I THE DARK AS A 
FUNCTION OF AGE AND DIFFERENT ITROGEl 

OURCES ......... . ........................... , 22 

3 COMPhRI ON OF I N VI TRO NR JCTIVITY OF ROOT 
i D SHOOTS OF DARK- GRO 5- DAY- OLD TEE' 

EEDLINGS ................................... 23 

IN IVO ASS"Y FOR THE ADAPTABILITY OF I TRATE ---
REDUCTASE IN LIGHT- GROVN . l5- D Y- O TEF PL TS 
UTI LI ZI NG DIFFERENT SALTS AS HTROGEN SO CES .. 2 

5 COMPARI SON OF THE METHODS OF I N VIVO D ---
VI TRO NR ACTIVITY SAY 0 5- DAY- OLD TEF 
SEEDLINGS GRO"m I DARKNE S AND 18- DAY- OLD 
PLANTS ROm II GREENHOUSE ................... 3 

6 COMPARISON OF NR ACTIVITY I 21 - D Y- OLD TEF 

PLAl TS GRO UNDER DRAINED . D 1 ATER- LO ED 
S D CONDITIO JS .............. , ........... . .. 52 



- iv ~ 

LIT 0 F I G U RE S 

FIGURE Page 

1 A TYPICAL STANDARD CURVE FOR NITRITE 
DETERMI ATIO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25 

2 TIME COURSE STUDIES OF I ~ VIVO NR ACTIVITY AS 
A FUNCTION OF NITRATE LEVELS I N THE GERMI A-
TION MEDI A OF 5- DAY- OLD TEF SEEDLI GS •...... 2. 

3 TIME COURSE STUDI ES OF I- VIVO NR ACTIVI TY I 
ROOTS AND SHOOTS OF 10- DAY- OLD TEF PLANTS GROWN 
IN THE GLASSHOUSE UNDER LI GHT CONDI TIO S .... 27 

4 EFFEC,TS OF VACUUM- I NFILTRATION COMPARED WI TH 
FLOATING LEAF PIECES ON THE INCUBATI ON MEDDnA 
ON LEAF TISSUE FROM 25- DAY- OLD TEF PLANTS ... 34 

5 THE EFFECT OF NITRATE LEVELS I T THE INFI LTRA­
TION- INCUBATI ON MED I A UPON MJ I N VIVO ITRATE 
REDUCTION OF 25- DAY- OLD TEF PLANTS . . ........ 37 

6 EFFECT OF H OF I NCUBATIO MEDIUM 0 THE IN 

VIVO NR ACT IVITY OF 15- DAY- OLD TEF LEAF 
TISSUE ......... . ............................ 40 

7 NITRATE REDUCTASE ACTIVI TY AS A F CTION OF 
LEAF TISSUE WEI GHT OF 30- DAY- OLD TEF PLANTS 
GRO m I THE GREENHOUSE UNDER LI GHT 
CONDITIONS ......... . . , .................. ..... 3 

8 RELATIONSHIP BETWEEN LEAF A E AND R ACTIVITY 
OF 50- D Y- OLD TEF PLANTS ....... . .... .. ..... . 

9 DIURNAL VARIATIO S I NR ACTIVITY OF 20- DAY-
OLD LEAF D ROOT TI SSUES OF TEF PLANTS ..... 50 

10 THE EFFECT OF 1\1 ONI 3ll 0 NR ACTIVITY 
OF TEF .•................... . .. ... ..... . ..•. . 56 

/ 



- v -

A B S T R ACT 

The presence , s bstrat e ind cibility and regu a i o s of 

the enzyme n i trate reductase ( ADH : Nitrate Oxi ored case , 

E . C . 1 ~ 6 . .• 1)(NR) of b o h ark- grown and l i gh - gro n tef plants 

( Eragr ost i s te f (Zucc . ) Trotter) were st died . The relat ive 

meri ts of the in vivo and i n vitr o methods of assay for t he 

en zyme we r e ev a l uated . Major fac ors affecting n i t r a e 

r educta se act ivit y and the dist r ibution of the e zyme in both 

t h e dark- an d light - grown plan ts wer e investigated . 

Ni trate and ure a induced the fo r mation of nit r ate reductase 

i n 5- day- ol d da r k - gr own tef plants ; and the activ i ty of the 

e n zyme was predomi nantly associated ith the root s . In the 

g l asshouse - grown plants , however , both the ammonia - type and 

the nitrate - type n i trogen sources elicited NR activi ty although 

nitrate was stil l superior in enzyme induction ; and the leaves 

were foun d to be the major centeres for nitrate reduction . 

A pH of 7.6 was found to be op tima l for an in v i vo NR 

a t i vity of tissu e ob ained from leaves of lig t - g rown tef 

plan s . 

Diurnal variations in NR a tivi ty ere observed , wi h eak 

activi ty at mid- day , sugges ing ha he enzyme is un e r the 

control of l i ght . 
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Log ing e pl s or 11 ys' "er 10 sy'" of ma' u 

tio i no b tan illy' ec "h enzyme BC ivi y . I 

85 0 served t at te s e li gs iscrimins e e ee a oni 

and ni ate u ing eir early s a es evelo e y 

ref rentially assim1 ating t e o me .'J en given i com na on 

"th e la er . T ese fi di s sug s ha tef 1 an , 

at leas at thei ear ly s ages of velopme , s cess lly 

wi hstand reductive soil co ditio s . 



I T ROD U , T I 0 

After many deca es of s udies 0 nitro~e me abolism in 

p lants and microorgani sms , i i s no consi ered that early 

all plants and many mi croorganisms which are capable of 

t ransformi n g the ni t rogen atom fr om i ts various oxidized 

st ates (other than molecular nitrogen in most cases) t . e 

more reduced forms , namely ammoni a and amino gro ps , r epresent 

the base or founda tion of a typical ecological pyramid . 

Dependent upon this base are all other forms of l i fe which 

can fulfi l the i r n i trogen requirements only from an exogenous 

source of organic n i t rogen and ammonia for they a re incapable 

of converting the oxidized sta es of ino r ganic nitr ogen to 

the reduced l evel . Therefore , green lants and a larg e 

n umb e r of microorgani sms , y virtue of possessing the necessary 

complements of enzymes for carrying out nitrate assimila ions , 

are ultimately responsible for providing nitrogen u many 

hetero t rophic forms of life on our p anet ( ason , 1962) . 

Nitrogen , because it i s foun i n a varie ty of compounds , 

has a compl ex metabol i sm . Nitrate assimilati on represen s 

the biologi cal reducti on of ni r ate t ammonia r the ami 0 

level with the end pr oducts be ing sed for e iosyn esis 

of nitrog n - containing cell cons i t e ts suc s ro eins and 

n ucleic acids ; and the convers ion of ni ra te • ni ite in he 

process of nitrate assimi lation is the irst s e in he enzymatic 

pathway of ni trate r e uction (Beevers , 1976) . Hence , h 
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organic forms of nitrogen are most of en erived y t e 

incorpo at ion of the ammonium ion in 0 amino gro s or 3Jlli 

gro ps . Once it i f: incor porat into an organi vmpoun , 
nitrogen can e transferred into nany ther car camp un 

Certain com ounds incl ding gl tamic acid , as arti ac id 

glutamine , asparagine and carbamyl phospha e are especially 

active i n these t ransfer reac ions (Metzler , 1977) . Thus , 

these substances s eem t have consti uted a nitrogen pool 

from which nit r ogen can be withdra n an to which it can b e 

returned . 

As ide from the establishmen of the fact that the 

e 

s . 

reduction and assimila ion of ni t rate belongs to the fundamental 

b iochemical react ions in the plant kingdom , the enzyme catalyz­

ing the firs t s ep of nit ate reduction was firs obtained 

by Evans and Nason (1953) and Ni holas and a s on (1954) from 

the fungus Neur0spora cr assa . It is believed to e a 

metalloprotein containing FAD , molybdenum and ac ive sulf ­

hydryl groups , with ADH serving as a hydro en d nor (Kessle r , 

1964) Beevers and Hagemn , 1964) . 

As a result of he initial work with s oyab an (Evans 

and Nason , 1 53) , nitra e reducta e w s class · fie as AD( P) H-

nit r ate oxidoreductase , .C. 1 . 6 . 6 . 2 . However , s sequent 

works have omonstra ed tha nitra e r ed case s of many 

plants have a requiremen specific for NADH hence t he c a ss i ­

fication E. C. l . 6 . 6 . 1 (Beevers e al ., 1964 - Schrader ~ al . 

1968). 
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e co ce 

e uc a s 

ni ra e conve sio 

o 

firs 

roge me t a 0 ism 

d cr 'al e zyme 

o ami 0 aci s , nd a 

sue i s the 0 len c n hese enzyma ic p ocesse (E ' lric 

and Hageman , 73 ; Brunet i Hageman , 1976) . 

Ni trate red cases an be b oa ly classi i dint wo 

groups : assimil~tory an respira ory (Naso , 1962) . The 

respirator y nitrate eductases are mos ly bound 0 membranes 

are p esen i n bact ria , and their synthesis is in ibi ed by 

oxygen ; hereas the assimil tory ni r e re uctases , found in 

fung i , a l ae an h i her plants re solub e , ni ra e i ucib l e 

and are not i nhi i e y oxyge ( bramanian an Sor e , 

1972(a)) . Furthermore , many investiga 0 s h ve es a is e 

that i n h i gher pla ts , ni ra e re c ses are ADH- de 

(Ingle et al ., 1 66 ; Beevers ~ al . , 1 64 , Schrader ____ . , 

1 68 ; Re i nba gh nd ' i 198 ) . 

I is thus appa en that he ssim ' la 0 y reduc i of 

he h i ghly oxi ize n ' trogen in n a e 0 the hi hly re ce 

nitrogen in ammo as en b o h ex ensive1y an ensively 

s die t a or an , cell 1 r , s bcel1 ar an 

level (Ud yakuma ~ ~ . , 1981 ' Ramar 0 , 1 n ez 1 8 ' 

liflin , 1967 ' C oy d H em 970 ' Roe 77 ' 

L sa a e al . , 1 81 ' e dez n 18) . 



F hermore , i as emo s v r'a "i ons 

as 0 s i tes 0 jor red ction a e immens (C erj e ~ a . 

1981(a , )) , almos 11 pl t ti oues re apable 0 red c i on 

and assimi lation of ni trate nce e e zyme is ':i de y 

distrib te in t ese issues (B e e sad Ha eman , 69) . 

H~wever , with t e except ' on of ape rees an rela e 

spec i e s , i t is demons t rated lat leaf issue has a greater 

capacity to r educe n'tra eta h s roo t'ss e (Kle er an 

Ha man , 1969 ; Rao and Ra ins , 1976 ' K am ~ al . , 974) . 

The ac ivity of ni rate ed se as been relate o 

to al nitrogen , grain n i rogen and rain yiel (J hnso et al . , 

1976 ; Brune ti e a l . n Cha e j ee e al . , 1981) . Also 

genetic variations in the ac ivi y 0 is enzyme 

found in plan s c i es (Beevers d Heman , 1969 ' 

and Hageman , 1 7 Deckar e ~., 1977 ' Oh ~ 

"'arner an Kleinh , 1974) . I as 

ave een 

rei 

1980 ' 

a r e 

is a posi ive corr ation et e e n 

grain protein in cor (Deck r e 

i a e re 

973) 

e 

d Ihe (Croy 

e 1. an Hageman , 1970 " Eilr ' n 1 '/3 ' e r 

1977) . It s t fol10 ng e e 0 se 

mak e p r ompt emb kmen e e imen io 

lead 0 the selec ion 0 t mo t eff'c ' en " 

g iven po la '0 (Zeiserl ~ a . 3 ' Oh 

al __ al . , 1976) . 10 eove it is pro ose 

io s 

f om 

1 O J 

, h 
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a ffinlty of ni t ra e r e ctase co 

for the capacity of t h e p l an 

e a ioc e ical m rker 

e assim ' la ory 

ni rate reduct i on fo r an ex ended erio during he las 

s tage of growt h and d ev e lopmen t (Baer and Co let , 981) . 

The pot ential us e of physiologi al and/or b i oc emi al criteria 

in breeding programmes f or he development of plant ith 

eff i cient nitrogen utilizat ion is ap arent ( roy and Hageman , 

1970 ; Rao et al ., 1977 ; Ch ev a lie r and S hrader , 1977 ' Si mons 

and Mos s , 1978) . In citrus , for exam le , the nitr a e 

reductase act i v i ty of leave s as a measure of he p e tential 

of n i trate ass imilation capacit y of he tested plan i ss e 

has been suggest ed for ni t rogen r e quiremen dete rmina i on 

(Bar - Ak i va et al e in Bar- Akiva , 1970) . I t i s also emphas'zed 

tha t t o i mprove the efficiency of i t ogen fe r t i l i zers and 

reduce the oncomi tant probl ems (~ . eu r ophi cat i on , i ncreas­

i ng osts) more inf orna ion i s r eq i red on the r ocess of 

n i t rogen util i zation b y p l an t s (Bae r an Collet , 198 ) . 

I t has become conven t ional 0 mak e a r el e , 

eye to i ntroducing a p i e c e of or k i n E h i op i a , by s arting 

with phrases like " . . . l i tt l e has bee done re arding ... I , 

I I ••• nothing isknow abo II II o ly a cr e s rvey 

done with r e sp e c t o ... " , et . ' an t u 'es m e 0 ef 

cannot be exc e ional , part i cularly r egarding its h siolo ica l 

aspect s like en zymology , n tri i o , water rel tio s an 

e ff e c s of environm e t 1 factors . 



Earl y . t:.avo r s owa s 

~ions an group "n gs of e Itiv s 

es re 

se on 

qualita ive har ete s (Eb a , 975 ' en sh 

nu ritio al s urv y h vas m de 1959 

'.i 

e 

e 1 

y a 

T e 

7 ) 

w s yet anothe o elue i a e , se 0 b i oe ernie 1 

and el i i e al a a , he vi al" y 0 ef as be l ife so ee of 

E hiopians , par ic larly in i ts im or ce as a pro e i 

s ource . DHta gathered by a s urvey eam and r epro ee i 

Mul ge a (1978) i i c a ed t a be a ily in ake er ea of 

pr otein was 87 m, 71 gm of wbic came from pl s e r es 

(ce r eal s , 87 .0%; p I ses , 6 .6%' ve e ab l es , 1 . 9% " fr i s , 

0 . 1%) . Of t he cer e Is , i was l a ime , 56% of be pr e ei 

c ame fr om tef which also s p l i e ha of he t a e er gy 

budge . J n sen -.! al e ( in M l u e a 1978) r epor ed ha e 

has a hi gh r a i o f essen ial 0 on - es sen i al n o a i s , 

and an ' exe elle alan e " amon e s en i al amino a i 

except for l ysine . I is al s r epor e tha m s eare 

owards lys ine impr eveme m s y i e 

into a co t e a se e form e am"n e i d orre a e h 

the 1 tte wo am"no ae s (Bekele , 978 ' es 

Bd, 1 , 1 81) . 

e se s i ivity of ih ny 10 s 0 f 0 s a 

han - emase 1 i on an ol lina on me ho e r e 

to ~ar s devel o i bree ing e s or ef ( .. e 

Ber ehe an iller , 1976 e ehe r 1 78) . 
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Bekele (1978) and ekele n d ester (1 81) arr i ed ou 

quite a sUbstantial work on he morphological and i oc emica l 

relationships of wild Er agrostis species 7ith 

stud i ed eleven cultivar s of the ereal E. tef an 

e . They 

o r een 

wild Eragr ost i s speci es and at emp ed 0 i en ify he degree s 

of affinity among these species of t e gen s . T e 51 i 

characters of stem , l eaves and inflorescence were s bjected 

to r i gorous c l ass i f i cator y techni ques ( i ncl ding the principal 

comp onent analys i s , to identify the maj r axes of ariations) 

in or der to be able to further corroborate the ir a a 

obtained f rom amino acid and secondary compoun s analyses 0 

p l ant t i ssue . The s i gni f i canc e of the work of hese investiga ­

t ors lies in the f act that a major breakt hrough could be rna e 

t o improve the def i c i enci es of ~ . ~ r eflec ed by the lover 

c ont ents of amino ac i ds like lysine and hen e grad e he 

quali t y of pr ote i n produc t i on . 

Mulugeta (1978) studied he morphogenesis 0 te f fl wers , 

the e ffec t of t emperature 0 grow h devel men 

analysed component nutrients and t heir i strib tio 

f ef , and 

n he 

seeds of the cultivar s he stu ied . He f rnished orrobor ve 

evidence agains Mengesha~ s claim (1966) a ef has 

except i onally hi gh iron conten . It t h s appea ha no 

only al l the h i ther 0 offered explan ions se ,n he unique 

nature of te f as a source of iron and enc e erne ial r 
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anaemia needs a re - eval uation , b t 01 0 me ic 10' s searc 

f or s ourc es of s uch variab i lity in the n rien 

of t he c er eal te f mus be unde r ken . 
• 

ist 

Better accounts of the hi storical pers ec ives , the 

imp or tanc e of t ef to Ethiopi a , i ts b "ology and is ri 

ion 

ion . 

a r e wel l documented el sewher e ( ~ 1 geta , 197 ; Bekele , 

1978 ; Ber ehe , 1974 ; "Summary of tef Resear ch" , 1981 , Debre -

Ze i t) . Here , in thi s paper , suffice i t 0 quote Harlan 

(1977), who eloquent l y puts te f at the Ilbase of the n ritional 

pyrami d II for the mi llions of Ethi op i ans ~ 

" ••• Tef i s the staff of life f or some mi ll i on s . 
I t i s a royal , if not act ally a sacred , grain 
as is planted on more acr eage han y 0 her 
crop in Ethi pi a .•• The gr i n i s gr und vho e ' 
the flour i s fermented an ough bake in a 
r emar kably pal a t abl e and n ri t i ous la brea 
called " i njera" . To E hi opi ans , h " i 
to life ..• but t he crop has been lit le 
studied ... II 

Although statements like : IVer y l i t le rk seems to 

have been done , except for the selec io of goo hay ypes 

in South Afr i ca " (Pur seglove , 1976) are no longer tr e e 

ext r eme dearth of informat i on on the physiolo ica spe s 

of te f mus t , natur ally , gi ven an i m lsive veheme ce o ' ar s 

gearing endeavour s on these line . The primary objec ve of 

this thes i s i s , therefore , to make a modes erfor o ..... ar 

e luc idating the way t ef met abo i ses nitrogen . I is bo e 

that t his study would ini t i ate more 0 k on he bi , chemis y 

and physiology of tef . 
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MAT E R I A L 0 AND \ E THO D 

I . Dark- room Experimen s 

Enzyme Induction 

Whi te tef seeds , variety DZ- 01 - 354 (1981 - 82 arvest) 

obtained from Debre Ze i t Agr icultur al Research Cen re , were 

surface sterili zed wi th 0 . 1% merc ri c chl eride f r one 

mi nute and washed wi th dist i lled a er e These were then 

evenly distributed and germinated over Whatman o . 1 fil er 

paper i n steri l i zed Petridi shes in arkness in an ·nc be or 

of 30+2°C for the required number of days * . The germinat·on 

media cons i sted of solutions of the following nitrogen 

s ourc es : 8mM of KN0
3 

or urea , or ( H4)2S04 or H Cl , buf ered 

at pH 6 . 6 . Experimental seedlings in each me ium were given 

the correspond ing solut i ons ad lib . 

In Vitro Ni t rate Reductase A) 

At the r equir ed time of a ss y *, he seedlings we e 

col l ected into a 100 ml b eaker , t horo hly as e i t 

dist illed , sterile wa er an were b lo e rY e One ram 

of the seedl ings (parts of whole)was then rit e in 

iced porce l ain mortar in 4 ml phosp ate b fer ( H 6 . 6) fo 

five minutes . The triturate as then po r e i a e 

*The age of s eedlings at hich assay is done i s iven 
with the data . 
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t ub e and made upto 20 ml by ding i s °lled sterile 'a e • 

Each trit urat e belonging to the orrespondi ~ medi m , s 

d i v ided int o two equal 10 s : on lot w s boiled or 15 

minut e s , the other was left unboiled . ter ad 

of MilO KN03 t o "each , sampl es , were inc bated at 30 

fo r 1 . 5 t o 2 . 0 hrs , wi t h occasion 1 stirring . Five rops 

of 10 p g/ml of chloramphenicol were included in 0 each es 

t ub e to arrest microb i al act ivit i es . fter the comple ion 

of incubation , the r eacti on mixtur e was cent rif ge , sing 

a clinical centrifuge , at 3000 r pm for hree min es and 

filt ered through a gl a ss fibr e f Olter paper . The reac ion , 

in t he final fil t rat e of 5 ml , was stoppe by adding . 5 ml 

of 1% (W/V) sulfanilamid in a mix ur e of 25 ml conc . HCl 

and 225 ml of dis t ill ed wate r . After 2- 8 minut es of a 

r eaction peri od , 0 . 25 ml of 0 . 01% ( \ / V) of N- (l- na 

ethylenediamine dihydrochl ori de was a de and he 

hyl) -

be was 

s haken wel l by hand . The ni tri e concentra ion was 

dete rmined t hrough t he fo r mat ion of a r ed is azo ye by the 

coup l i ng of di az ot i zed sulfanilic acid wi h - (l- naph hyl) -

ethylenedi ami n e dihydrochlor i de . Spec ropho orne ri e in s 

were made at 540 nm us i ng Bausch n Lom spec oni 20 . 

The corresponding bo i led filtr tes served as blanks 0 zero 

the i nst rumen t . Amo unt of ni ri e of each s m e s 

calculated from the standar d c rve (Fig . 1) . Th e zyme 
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act i vi ty was expr essed as .J1..l1 of n i ri e form ri 

i ncubat ion period , and thi s in tur was e ress e s 

nitrite per gr am fr esh weight per our . 

In YiYQ NRA As say 

One g . of seedlings , washed in dis t i lle an sterile 

water , was p l a ced in a Buchner flask of 250 ml con a i i g 

e 

20 ml of MilO KN0
3 

and 10 ml of phospha e buffer ( H 6 &6) . 

Five drops of 10 p g/ml chloramphenicol e re adde a co trol 

mi c robi a l interfer ence . Then , ai r i the flasks as vigoro 

removed by evac uat i on using oil pum an the see ings ver e 

thus infiltrated by a r epeated process of infil ra io and 

re-infiltrat ion. Upon the comple ion of t he . fil 

part i a l an ae robo s i s was creat ed as the t issu in 11 a es 

wa s visib i 1y moist ened and submerged bela t e f ace 0 t he 

medium . The flasks wer e then i nc a ed n the ark a 

30 + 2°C for 1 . 5 - 2 hrs . At timed - in ervals , 5 m1 of he 

al i quo te was removed and the amo un of ni ri e s e er ine 

following the i n vitro pr ocedur e describe above . 

II. Glasshouse Experiments 

Enzyme Induction 

Sc oraceous I1sand l1 was purchas n ieved ° et s n -

sized particl e s . ~he s and was then le c e i a r e 

l ' 
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aquarium with occasional \ashi g for 15 da s using 
~a er . 

Following this i t was aga in soak d i is ille ~a er Ji 

occasional washing to avoid a po sible n·trate on aminatio 

from the tap water . Two kgs of he fi al washed san s 

Bllotted i nto p ots (ECAFCO rna es) of mean i e er 15 cm _ 

The p ots were divided into four groups base 0 he ni ro en 

sourc e s to be gi ven to the pl an s , i . e . 

Group I . Pl ants utili zing ammonium sulf e as 

ni trogen source . 

Gr oup II . Pl ants ut ili zing ammonium hlori e as a 

n i t rogen source . 

Group I I I . Plants ut i lizing r ea as a nitrogen so rce . 

Group IV . Plants util i z'i ng po assium ni tr te us 

nitrogen source . 

The p otass ium ni t r ate gr oup was fur her divi ed in 0 wu er ­

logged and freely- dr ained groups to s e i f here is 

difference i n ni t rate reJuctase act ivi y un er hese 

conditions . The tet plants were sa ' d 0 e un er 0 

condit i on when the solution comple ely covers he s rface 

of the sand i n the pot .. The pparen isp ri ty be ee e 

free ly- drai ned and logged po , while i rrigu in n ri en t 

solut i on , was compensat ed for by the i t ' on 0 di il e 

wate r in the logged lot o main in a 10 ge con i ion . 0 

minimize the edge effec , s er e g o n in s ic 

bags in soil and kept al l ar oun he experimen al 0 s . 
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Tef seeds we r e then pr epar ed s escribe above or 

t he dark room experiments and er e sow in he pr e ar e po s . 

Th e pots wer e thoroughly irrigated every ay vi t Ho 1 nd 

No . 1 solution adopted fr om Hewi t t ( 19 6) an mod i fied to 

c ontain higher amounts of the corre ponding ni ro e so ces 

(i . e . twice the amount add ed in Hogl and No . 1 sol t i o ) . 

Soaking the l eached sand with Hogl and n t r ien sol i on f or 

a day or two prior to sowing was f ound to be expedie as 

t he t e f seedlings , wi thout pr e soaking , developed e f i c i ency 

symptoms presumably because of t he dimin i veness of he 

seeds and hence the rapid depletion of the reser ve ood . 

In Viv~ NRA assay under Light Condi t i on, === ... -

Leaves wer e r emoved from p l ants s ing a l ea 

pair of scissors , thoroughl y w shed wi t di s i ed 

wat er , blott ed dry , cu into 8 - 10 mm p i ece n thor o -hly 

mixed . The fr esh we i ght wa en e ermined i mme '8 ely . 

Root Tissue 

The sond in the pot , on hich he 1 n 5 er e 

maint a ined , was compl e ely soaked in il le 

wat er and individu 1 p l an wer e r ef 1 Y upr oo e 
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manually~ Samp l es wer e wa s he an hen V7ei ~he 

immedi a t e ly to dete r mine fr e s ~e ig t . For all he 

ex pe*imen t s , tef s amp l es e r e ak en from si gle po 

~~ mini mize errors due to vari a tion s amo g po s . 

Th e in vivo NR a c t i v i t y assays of b ot h the lea d 

the root t issue s we r e c arri ed 0 t a scri 

earl i er . 
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RE S UL TS N D D I CUoSIO 

I . . Ad aptive Formation of 

When t ef s eedlings were maintai e in 8 ,1 of t e 

different nitrogen source s ( i . e . mmonium ch ori e , ammoni 

sulfate , urea and potassium nitra e) i was fo d a the 

max imum activity was developed i n those seedli gs ermina ed 

in a nitrate medium as a ni t r ogen sour ce (T bl e 1) . Re 1 s 

al so indicate that urea stimulates he syn hes's of the 

enzyme . Tef s eedlings maintained in the b ff er , 1 hough no 

fully di fferentiat ed into roots an sh ots , showed s g if ic n 

enzyme act ivity . This act i vi ty migh be d e par ly 0 e 

pr esence of nitrate i n the s eeds and ar tly e 0 he s10 ~ 

turn over of the enzyme in the i mb i b i ng but no ac ive1y 

metabo lizing seeds . Radin (1974) observe ha he ac ivity 

of nitrate r eductas e of cotton seeds germino e i e i um 

wi thout n i t rat e was not zero and pr es e ho nitrate pr esen 

in the dry s eeds was r esponsib l e or he sligh act i vi y . 

s ing n i r o en Other inve s t i gator s hnve also repor e tha 

d ef ici ent et i olated barley s eedling , n iv Y v s 

pr esent in seedlings cultured i n distill ed N d e 

act ivity was pr edominantly associ te wi t h r oo e ve 

Hageman , 1969) . Beevers et al . e on --
that ammonium fail ed t o induce R in c er ee l ' s . A 

similar failure of t he induc i on of c t ivi y on 

was also obs erved in wheat (Afri i and ) . 
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ermi a i ng Sh en (1 969) r eport ed tha t excise embryos a 

seedl ings of r i ce grown in med "a co taining n a e nitr te 

had very l ow NR act i vi t y . He alluded 0 the possi " y of 

some of t he NR as being a consti t u i ve e zyme i ri ce . He r e 

e hemer a i n this pap er we r epor t , although very smal l 

t he p r e s enc e of NR act ivi t y i n s eedl i ngs 0 e rna a i ed 

i n medi a containing ammoni um salts (Tabl e 2) . Fur hermor e 

be s i de s furni shi ng cor robor ative evidenc e fo r e f tha 

tef n itra t e r educ tas e i s adapt i ve , t he r esul s given in 

F i g . 2 r eveal t hat there i s NR ac t ivi ty even i hos e ay-

old s eedlings gr own i n di st ill ed wate r . 

The fac t t ha t urea i nduc es NR act ivi y i n tef appear s as 

if the adaptive f or mat i on and henc e ac i vi y of t his enzyme 

wer e not compl e t e l y specific f or ni r a e as an in er . 

Analogous ob s ervat i on s wer e made by Ingl e et ~. (1966) he r e 

n i t ri te wa s demonst r a t ed to cause i n uction of e en z e i 

h i ghe r p l an ts . 

The r e sul ts of t hi s i nves t i gation ( Ta I e 2) also sho ho 

t h e r ate of en zyme f or mat i on incr eases i h ime p 0 the 96 h 

hour at whi ch t ime t he experiment as stop e I i s in er es -

tha hi s hIs only ing , however , t o make note of he 

f er t hose s eedlin gs mainta i ned i n e ni t r a e me 

mai ntained in di s t i l l ed wat er , ammonium c l or " e , mmon 

s ulfate had the i r i ni t i al NR c i v "ty progr e s sively ec n 
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with t ime . This seems t o show tha i r e i s esse i 

not only for the in~uc tion of the enzym e bu al 0 or i s 

st ab ilization (Shaner and Boyer , 1976 ; S br e al . , 

1974 '- Afri di et al ., 1964; Ud ayakuinar et al . , 1981) . 

From t he.s e exp~riments it i s also noted , ha i y-

old tef s eedlings maintai ned in 8 roM of ni t r a e or r ea , he 

root appears to be t he most act i ve center f or nitra e 

reduct i on (Tab l e 3) . Under the assay condit i ons empl oyed , 

root NR activity was more than seven- f old when compa ed 0 

shoot NR act ivity in nitrate- grown seedlings , hi le i t I 

more than nine- fold in ure a- grown seedlings . In 0 h ases , 

there f ore , t he roots of dark- grown five- day- old e s eedlings 

tur n out to b e the ma j or center of nitrate redu io . Thi 

might b e due to the fact that the substrate was more easily 

available to t he roots than to the shoots since the ~hole of 

the roots were immersed in the me ium or ue 0 he th1t 

the substrate not only induc es the enzyme bu 

it (Vfuite lam and Johnson , 1980) . 

Iso s a i i. ... f., 

J\.t t empts to r eproduce t he dark- room experimen s i 

greenhous e , i . e . the substr ate inductio of R c ivi Y 

t f f 1 All t he ni troge so rces rovi e e , Wer e unsuccess u , 

to the p l ants elicit ed , wi th varyin R vi -y 

although the of ni trat e as a nitro en so e s i 
use 

he 

1 

in i nduction (Table 4) . The r eason hy he moon 
Superior 
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typ e plants develo ed R activi co no e o 
sand , as it was ne0at ive f or ni rate , u , er s , mi 
be due to the p ossible microbial co ver s i o 

n i t rate as the cultures wer e not steril e . 

\er e encounter ed by Klepp er et al .) (1969) 

(1971) . 

o B.IIl.ClO i o 

r ob1eCls 

Barker ~ ~, 

From Tabl e 4 and Fi~ . 3 it i s not e ha t e 00 s of 

te f crown in light are by f ar su erior to t e r oots i 

r espect to their NR activity . The shoo : 00 r a ios of 

activi ty per unit fresh weisht ranged from 6 . 67 0 20 . 

The se values appear to aLree wi th tho s 0 ained for b rle 

NR act i vi t y (Lewis et al ., 1982) . The i me co 5e st 

(Fib ' 3) indicate s that the 120th minut e shoo 

is more than 42- f o1d when com ared wi th hat 0 

ae iv Oty 

e root . 

\ve have demonstrated that in dark- room rr o tef 5e 1-

in8S it is the root system whi ch is r e omina S 0 e 

with hi gher NR act i vi t y . Thi s mus ere 5i e 

be lieved that in non- photosynthet c is sue , i ra nees 

oXYgen consumpt i on ; and the exis enc e of n 

nitrate r eductase imp l i es that r es ira or et bo i sm 1 ° s 

the el ectron don or s for ni t rate red cion ( Beeve s n 

1969 ; Ramarao et · a1. , 1981) . If thi s were he e 

appears that there should be no dis ari t be e e 00 

and the root wi th r espect to metabol i es s y s h 
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withdraw these met abolite s from the commo pool - the reser 

food of the se ed . Henc e ·the di spropor tiona ely hi er evel 

of NR activity of the root s of dar k- r oom grown ef s ee lin s 

mi ght be due to the constant b athin~ an continuous in 1 x 

of n itrate into the root. It mi ght also be e 0 e lac 

that the roots have not yet developed NR ac ivi y i i b ' tor 

whi ch is normally present in light- grown pla ts (Kadam e al . 

1974) • 

In t he light- grown tef plants , however , the shoo mus 

be the center of nitrate r eduction f or the following hre e 

major r easons . 

1 . The r e i s a copious generation of a r edu po er 

namely , NADH , e i ther through glyc olysis (Kl ep er 

et al. , 1971) or fr om the citric cid cyc e 

Ramarao et al ., 1981) a s well as a const n syn-

thes is of the enzyme (Sawhney et al e , 1 7 2) . 

Sinc e the light - grown te f plants wer e m i i ned 

enh nces on a high nitrate l evel , an since lie;h 

nitrate upt ake and translocation (Whi te l 

Johnson, 1980 ; Beever s et al . , 1965 ' Uday k 

e t al ., 1981; Rufty et al . , 981) i us be 

h t most of the n i r a e i possible t a 

l eaves wher e i t e i c i s hi towards the 

act ivi ty . 

r 

r spo 
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3. It i s possibl e that ef roo s mi~h have a ni ro. e 

r educt a s e inhibitor ~ hich wa s s 0 0 e t e c s e 

fo r r ice se edl ings (Kadarn ~ al ., 1974 ; Leon an 

Shen , 1980) . 

The other i mpor tant featur e of Fi '· • 3 is th r ev lation , 

b y the shoot NR act ivi t y , of a la- erio be een r o 1 

0 and 30 mi n utes . The length of the la erio s , hoyever , 

var i able f rom assay to assay r ar ely exceedin- 30 m tes . 

This seems to i ndi cate that there 'is an ac t ive d nitra e -

induc i b l e permease system in tef leaf t issue . La erio s 

wer e observed by Dusky and Galitz (1977) i n t eir effor to 

dete rmine the i n vi t r o r eaction rates for he ei . ht r ass 

species they studied . 
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TABLE 1 

SUBSTRATE DEPENDENT I NDUCIBILITY OF NI RATE REDUC TAoE 
IN TEF . (AN IN VITRO ASSAY OF NITRATE REDUC TASE 
ACTIVITY (NRA) OF 5- DAY-OLD TEF SEEDLINGS GROV 

IN DI FFERENT NI TROGEN SOURCES I N THE DARK . ) 

Nitrogen Sour ce pM N02 - I g . f r . tjb.r 

Distilled Water (contr ol) . 0 

NH4Cl 0 .0 

(NH4 )2S04 O. 

Ure a 1.8 
1-. 

Buffer 3. 

LKl'W3 9.3 
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TABLE 2 

I N VITRO ACTIVITY OF NI TRATE REDUC TASE FRO EF SEE LI 
GERMINATED IN THE DARK AS A FUNCTIO OF GE AND DIFFERENT 

NITROGEN SOURCES . ACTIVITY IS EXPHE cED I TE S OF 

plVI N02 - / G .FE . ' 7l'7\ . ;1rn • 

Age (hrs . ) 
Nitrogen Sourc e 

24 48 72 96 --
Dist ill ed Water (contr ol) 0 . 25 0 .00 0 .00 0 . 00 

~' 

NH4Cl 0 . 40 0 .10 0 .00 0 . 00 

(NH4 )2S04 0 . 35 0 . 05 0 .00 0 .00 

Urea 1.15 1. 75 2 . 50 3 . 70 

Buff er 0 .80 1. 10 2 . 0 3 . 50 

KN0
3 1 0 · 50 3 . 50 2 . 25 7 . 75 
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TABLE 3 

COMPARISON OF. IN VI TRO NR ACTIVITY OF ROOTS D HOOT 

OF DARK- GROWN 5 - DAY- OLD TEF DE DLI S . C IVITY S 

EXPRESSED I N TERMS OF 1 O
2

- / . FR . /H . 

P an 
Ni t r ogen Sour ce * 

Roo 

Urea .875 0 · 500 9. 

KN0
3 

29 . 500 4 . 000 7 . 

* Seedlings grown i Ure 03 
sinc e they were well i er e n 0 

roots an hoo s he i h r c v J' , 
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TABLE 4 

I N VIVO ASSAY FOR THE ADAPTABILITY OF I TRATE REDUCTASE I - - -
LI GHT- GROvVN

l 
15- DAY- OLD TEF PLANTS UTILI ZI DIFFEREN 

SALTS AS NITROGEN SOURCES . ENZYME ACTIVITY I S EXPRE 
I N TERMS OF pM N02- /G . FR ~ WT . /HR . 

Elant Part 
Nitrcgen Source 

Root Shoot S 0 0 Iroo 

NH4C1 0 .3 5 .0 20 .' 

(NH4 )2S04 0 . 5 7 .0 14 .0 

Urea 0 . 5 7 . 5 . 7 

KN0
3 

3 .0 20 .0 . 7 
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II . Evaluat i ons 

As s ay for Tef y . 

The r esults , give i Ta 1 5 , s o' ha i vivo R 

a ssay a r e bet er than the in vi t r o RA 55 Y or 1 1 n 

regions sampl ed . The r easons v y t e i vivo 5 y e r ---
to be superior to the in vit 0 assay m e e 0 : 

1 . The less extractabili y of he enzyme em tin froe 

ei her the metho we ha e em oye or ro e a 

of the enzyme and 

2 . The partial inac iva ion 0 he enz e rin e 

process of t ri r t i on (Lewi s ea . 1 2) . 

Mor eover , i t mus be no e h he i 5 Y h s 0 

ma jor advantages over e in vi ro 

especi ally va luable i h tiss h e n 

a tive nitrate r e u se i'"' . r obl m. 5 

that thi s method of f ers 'on of e i Y of 

car bohydrat es and i s at boli m (K1cp e 7 ) . 

Furthermor e , Si mmon an . os ( p 

NR a t ivit y e ermina ions i ho 

a good approximation 0 he co c 

However , Klepper et al e (1971 ) o serv 

and pigweed t i ssue that he i 0 5 Y 0 , 
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in these two species v r e al I ys 

a ssays . For giant r agwee , oweve ese 'lork rs s r 

that the in vivo assay was more se si i e h e o 

a ssay . Other invest i ators for h 

plant species they studied , t i y . 5 

higher than the in vi t ro R c ivi Y (r e H n 

1973; Chisholm , 1975 ; treeter an osler , 1972 ' ner an 

Collet , 1981) . Dusky and Gal i (1977) , in e o 

standardi ze the t echniques of assay fo i rass eci 

observed that , in the pr esence of cys eine h i vi ro rn 
activi ty is hi gher than he in vivo in e e 

have not used cyst eine i n our in v ro R c 'vi y , 0 r 

eva luat ion of thi s ethod for ef NR a ivi y nee h r 

r efinement in or der to establish e rel ive e 1 e8 0 

t he two methods and hence s an ar i z ivi y 58 Y n 

tef . For exampl e , the in vivo/in vi tro Va e 0 or -
roots of light - grown ef plrul S (when com 0 or 

the dark- grown tef roots) , migh e r 0 

weakness of the mcnual tr i tura io (i. . 8 -h 

used were fr om 18- ay- old ef pl 8 nn 0 . r 
to grinding by h d i i s spe 

might not have r evealed the r. 

Table 5 al 0 off ers 00 

in the distrib tion 0 R ac ivi y 0 k-

e 
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The enzyme decr eases progr essively from e r oo 0 ar s e 

s hoot . The ,ttransi t i on r egion", defined her e s he r gion 

between the "true ft root and : "true ft shoot , occ i es i i s 

NR act ivity, a middl e posi tion thus corrobo at in the 

observation (discussed elsewher e) that t h r oot a d e 

shoot of a dark-room grown tef seedlin re resen 

ends of the proce s ses of nitrate reducti on ~ 

wo extr e 
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TABLE 5 

COMPiURI SON OF THE METHODS OF IN VIVO I VITRO ---
ACTIVITY ASSAYS OF 5- DAY- OLD TEF EEDL G D EvS 

AND 18- DAY- OLD PLANTS GRmlN I N REENHOUSE . em I TY I 
EXPRESSED IN TERMS OF 02- / G.FR . ' T. /HR . 

Expe r iment a l Plant Method of 

Cond i t ion par t A,s say 

in vivo i n vitro in vivo/ vitro 

Darknes s Shoot 6 3 2 .0 

Tr ansi t i on 40 32 · 3 
Regi on 

Root 53 0 . 
~. 

Light Shoot 23 - -

. Root 4. 5 0 . 5 .0 
: 
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III . The Eff ect of Vacuum- In 

Nitrat e Red uct i on i ef 

The time course follo w-ups of R ac i vity a s a f unc ' on of 

ae rob ic or anaerobic condit ion i s gi ven i Fi . 4 . e r es 1 s 

c l early show that anaerobosis enhance s he prod c i on an 

excre t i on of nitrite into the reaction me ium . I was observe 

t ha t when tef leaf-pi ec es we r e vac uum- inf i l tra e wi th n i r·te 

they we r e degassed and henc e s ank below t he r ace 0 he me( i .j 

t hereby increasing the permeabili t y of he membr ane 0 ni t 

of l R vVhen incubated in the dark, the N0i pr o c e , as a r esu 

act ivity , diffused into the surrounding me um . As be seen 

from Fig . 4 , the difference in the r a e of n i ri e ex re on 

betwe'en the two conditions is mor e pr onounced o e 60th 

mi nute , with a progressive decreas e of thi di f f er ence her e­

aft er . On the 30th minut e , f or exampl e, he amount of n i tri e 

pr oduc ed under the anae r obic condi t i on i s 3- fo ld mo h 

that produc ed under aerobi c condi t i on . ° he 120 h mi n 

howev er the nitrite cont ent of bo h sys ems appear , o 

essen t i ally the same. Thi s becomes obvious 
tlL ' 

v e 0 e no es 

the fa c t that starting from the 60 ml n e he me i n 

b d ecr eases i n vol e b s e whi ch the tissue is su mer ge 

i t to t he air in the f l ask . Si nc e , mo s t ob ly e ra 

of ;s t he same for bot enzyme turnover .L 

condi ions , 

be i nv oked f or the almost equal r a es Q 
ni r a e on 

at the l 20th minut e . 

no 
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Th e enhancement of nitrite produc t i on der ero ic 

c ondi t ion was observed by Klepper et al e (1971 ) -- as 0 

explained . I t i q r eport ed that .inhi bition of he ox a ion 

of NADH i n the mi tochondri al el ectron transpor cha i n s 

important fo r the in vivo nitrate reducti on i gree lea es 

(Sabalakshmi et al . , 1979(a ) ; Sawhney et al . , 978 (a , )) . 

Wallsgr ove et a1 1, ( 1978) proposed that when ADH oxi a io 

i s blocked by specific inhib i tors or by anaer obic cond · tio s , 

i t becomes avai lable for NR whi ch i s probab l y locat ed i t e 

cytoplasm . It thus app ears that compet i tion between oxy e 

and nitrate for NADH seems t o r egul ate the r ate of ni 

r eduction in l eaves . Similar explanat i ons are invoke 

for the observed differ ences i n the r ate s of ni ri e pro uc ion 

in tef under anaerob ic conditions . 
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IV . The Eife'ct of Ni t rat e Conce 

Incubation Med ium Upon 

To see the effect of subst r ate conce r a io 

infiltration-incubation medium pon the ~ vivo 

varying concentrations of ni trate were se . The 

(F i g . 5) indicate that the higher the s bs r a e 

ion-

n e 

ac ' vi Y 

es s 

on en r tion 

i n the infiltration-incubation medium , h 

NR activity. Except for the 0 .1 M po ass i 

lo' er the in vivo 

the dist i nction does not appear to e cl e8r o 

at , ovev r 

he 60 h 

minut e , the effec t s of conc entr a i on gr ada ions se em 0 be 

obvious. From these r esults , i t is post la e 

erratic behavior of NR act i vi ty be l ow he 60 

a he 

inu e 

particularly amongst concent r ations of 0 . 2 ., o. an 

1 . 0 M. might be due to the lag peri od iscusse e 5e here 

in this t hesis . 

Beevers and Hageman (1969) , l epper e 

(1974) and Dusky and Galitz (1977) obser e 

(197 ) , R i n 

he he ome 0 of 

l1exces s" substrate inhib i tions of in ~ NR a 

Howev er t hese wor kers did not elabor , 
t ions . Baer and Collet (1981) no only 

t ions b ut also noted that pretrea men 

on heir 0 se 

a e sim 0 

by nitrite did not r esult i n an i nhi i ion of 

Based on their observation , the workers 

possibility of feed -back inhibi ion of 

e 

iv 

v -

e 
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products is unlikely . to he a ove r e 

therefor e , it appears t hat in ibi i o of i v"vo nit 

reductase act ivity by excess s bs ra e see s 0 e a pIa si Ie 

explanat ion . 

Chatterjee et al e (1981) , ho eve , 

the period of in vivo assay , fr s s nt esis of ni 

reductase is not envi saGed . They then post 1- e 

ri v 

at t e 

decrease i n the ac tivity of t e enz me e 0 a s bstr- e-

induc ed inactivation i s r ul ed out ec se h enz e 5 

high affinity fo r nitrate . Th wo kers thus h 

conceivably some ot he r f or m of Ie~ 1 tion such as the l vn"l-

ab ility of reductant or release (bl ocka ~e of some " Obi ors 

may be inf l uencing NR act ivit y . 

To conclude , wi thout l osi n si 

the followin~ general statements c 

of t e abo e r en 

be bo tef 

based on the data obta ine fr om thi s inves i -r io . n vi e 

of the fact that a hi -h affini t of ni ra e re c as for 

nit r a t e mi ght be a biochemical marker fo 

t he plant to continue assimila ory ni rate (Ba 

and Col l et , 1981) and in vi ew of he ac r n 

p l ants have differen cr i ical co ce ations bey d c 

their NR activities ar e in i bited (Kle er e ~., 1 

it is propos ed that a om ara ive 5 of tl 5 

te f cuI ti vars could r eve 1 inter e t" . f 5 0 

enzyme nitrat e r educt s i n te . 
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V . . The Eff ect of pH on NR Ac Te f 

The pH opt imum for the i n vi vo NR ac i vi ty is in 

Fi g . 6 . Al t hough the r e seem t o be s o e "ir r e ul n 

HR act ivity wi th an i ncr ease in pH , a pH 0 7.6 ap e rs 0 e 

op timal for the in vivo tef NR ac t i vi ty _ From hese res 1 s , 

h owever , i t is not clear whether he al er a in I pSi an 

"downs" a r e due t o t he pH ' s of the ed i a e 0 he na ur 

of the l eaf t i ssues used fo r the assay . I i s also ossible 

that ther e may b e mor e than one ca aly i c cen er s per mol ecule 

of the en zyme r equi r ing diff er ent pH op ima (Sol omon son ~ ___ - , 

1979) . But f ur ther wor k i s needed t o establish th i s a i n 

tef HR. 

The sensi t i vity of NR activit y in ef f or pH i graphically 

illustr ated when one not es the fac t ha in ease i H fr om 

7 .0 to 7 .6 i ncr eases NR activit y by over 10()o~ _ Simi a ly, 

j ump from 7.6 to 8 . 0 (a difference of 0 . 4) mu i a e 0 

act ivity by al most a 100% (Fi g _ 6) . 

Dusky and Galitz (1977) i ves i te e i v vo 

pH opt i mum f or ei ght gr ass species and e ort e 

t o that fo r t ef . Sanderson and Cocki 

tomato r oots , ca l i flo er leav s , he ac t ivity i n 

t oma to l eaves , mai ze leaves and marro v leaves ha pH 0 

of 7 . 5 ... Beever s et a1_ (19~) , ho ever , no e --
h e 0 

c ri y 

r 

m 

i!l 1 
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pH fo r NR acti vi t y of S.oyabean leaves is 6 . 25- 6 . 50 . vie.\ 

of the s e obser vations , i t appears a of dif ere 

plant species have different pH op imao. I s pos 1 e , 

ther efor e , that the so f ar coll ected and i de tifie c tivars 

of t ef might have nit r at e r educ ases wi th d Off er ent pH op i a , 

a lthough the magni tude of the differ e ces m y not be so 

drast ic a s to di ctat e these cultiv rs 0 occ y 

eco logical n i ches . 
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VI\ Ni trate R~ducta.se Act i vi ty as a Funct i o 

Leaf Tissue We i ght of Tef . 

resh 

In order to test the validity of the intac i ss e i f s i o 

method ; varying amounts of tef l eaf t i ssue wer e i c bated an 

the amount of nitrit e produc ed measured (Fi g . 7) . w h increa -

ing amounts of fresh l eaf tissue pi eces from 0-75 mg , R 

activity increased linearly' .. However, NR ac ivity observe 

using 100 mg fresh l eaf tissue ~eight was concider ab y 10' er 

than the 75 mg fr esh l eaf tissue weight . It can also be seen 

that the NR activity of 150 mg fresh l eaf tissue wei g is 

f ar from be ing twic e more than that obtai ned for 75 m fresh 

l eaf t issue weight. Repeat ed t rials and ri i d preca t i ons 

made to achi eve a linear r el ationshi p between NR a ivi y 

and fresh l eaf tissue we i ght wer e unsuccessful . I was 

observed that the general trends of irregulari t i es ver e mor 

or l ess similar although these irregularit i es appeare 

_ between the diff er ent fresh l eaf t issue we i ght in erval . 

For i nstance , in one experiment (data not pre ent ed) a 

depr e ssion appeared between 50 and 75 mg fr esh lea i ss e 

we i ght , in contradistinction to what is 0 serve 
in F' . 7 . 

Pe r e z (1975) studied grapevine l eaf 

function of fresh leaf t issue we i ght an 

l ess s imilar deviations from linearity . 

R ac ivi y 

observed o e or 

He co c ude 
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the fa ilure for achieving linearity migh be ue '0 e eri n 1 

error s or to difficulty i n handling s ch a sm 1 amo t of 

tissue . In thi s invest i gat i on , however , i is r e t 

difficulties in handl ing the smal amoun s 0 le f tiss e 

or some other experimental errors migh no acco or s ch 

large deviations . And henc e thi s observa ion ve im e fo 

investigating NR act i vi t y of the differ en laminae of ef . 
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VII . Leaf Age and 

I n many of the experi ments , aimed a 
i P' 

behavior and distribution of the enzyme ni r a e red 

t ef, it WaS observed that II abnormal" flu uat i o s d 

in the act i vity of the enzyme during the var io s 

I t has already been es tabli shed tha activi ty flue e 

wi dely und er the vagari es of environmen al factors (Levis 

e t al . , 1982) . Further dat a on tef (Fig . 8) i n ie te hat 

tissue age appears to be yet another f ae or ontrollin 

ac tivi ty . From Fig . 8 , it can be see that he firs forme 

lamina of a 50- day- old tef pl ant h s hi gher i 

fo llowed by the second and the hird laminae . h 

leaf and the apex together show hi gher me n e iv 

both the s econd and the third l aminae ~ The ae ivi 

in the sheath appears to be close o t he e iv · ty 

lamina suggest ing that tne sheath con ributes s b 

t . the r educt i on of nitrat e in ef . seems 0 

that nitr ate r educ tase i s wi dely dis i b te th 

Wal l ac e and Pate (1967) r e or ed ha 

t ' ' t ' s lowest in h 01 s pennsylvanic um NR ac lVl Y l 

eonelu h it is hi ghest in the youngest l eaf 

latt er cont ributed i mmensely 0 the enzym eon 

y 

n 

p l ant . Their resul ts appear to be 

ings of this inve stigati~n . 

i he iea o ' 

i y , 

0 h 

y han 

of 

' e r 

i ly 

i a e 

n -



- 45 -

Chatt erj ee et al, (1981) , hoveve , , os r 

ac t ivity is direct ly propor i o al o e e 0 

barley. being the highes t in 

a decli~e in the subsequently 

h 11' 9 

formed 0 

was similar to the pat t ern l ollowe i 

s, 
e 

cohcentY.st,lon in these . latni~ae , he or e s 

the disparities obsetved lh NR act i vi y mon 

se 0 

z 

of 

e 

t 

l aminae were due to the diff er en i ly 0 he s bs a 

Ramarao et al. (1981) thr ew fur er is 

ph enomenon indirectly , They note a m lon s 

nitrate r eduction and fumar ate r ever ses is e fe 
I 

older leaves, it was obs erved tha in ib i on as Be eve 

a t a higher malonate concentra ion su es a the 

potenti al of older l aminae for ni r a e io is r 

than t h e younger l aminae . I t s , however , 'Iort no 

t hat t h e r esult s of t 4e above me tione e er 'men s on 

of temporal r ather than spatial , i. e . t vorker 

the inhibition of ni trat~ r ed ctio i 10- y- ol e v o 

r ice pl an t s wi th that obs er ve in 13- y- o d P 
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VIII . ~nal Var i at i ons 

Act i vi t y in 1igh _ 
rn 

The f luctuat i on s i n NR act i vi .y 0 25- ay- o 

gr own unde r a gl asshouse condit i on i s . 1 rei 

p s 

9 . 
Ni t r at e r e ductas e act i vi t y in l eaves ap r s 0 in rea e from 

dawn to mi d- day and t hen dr op s 0 f owards the en 0 

day ~ The p eak act i vi ty i s attai ned a 12 noon ( mor 

~-f old increase wh en compar ed to the ae i o ser 

6 a . m. ). It i s appar ent that as e shoo R a iv ' y 

i nc r e Rs e s the root NR ac t ivi t y de l i n s . For exam 

be t ween 6 a . m. and 12 noon l eaf c i vi Y i rease y 

mor e t han 500% whi l e r oot NR a t ivi y ecrease y a 0 

90% dur i ng the same int erval of ime , Ho ever , levels 0 

NR ac tivi ty and their c ommensurate di ere c es i roo ~ 

shoot s we r e not necessar ily he s me in al e 

. and , although mor e or l ess si milar e 

stat i s t ical ly amenabl e dat a were 

ve 

I t i s shown that NR i n bar ley Inn 

c ul tur e had a di urnal r y hm (L w' s e , 
1 

1 . 1 82) . 

act i v i ty of t he enzyme f l uc t a es i ely i r e pon 

env i ronmental or phys i ologi cal a ors s c 

and qual i ty of l i ght (Udayak ar e al e 1 

J-ohnson , 1980 ; Nicholas e al . , 97 ( ) . B 

1969 ;, Sawhney and aik , 972) , and ail b 

e 

\111 

err 

1 t y of 

s ' 

han 

y 

o 
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(Klepper et al ., 1971 ; Jones et al e -- , 
1981; Losada et al ., 1965 ; Jtkins an 

Chatterjiee et al ., 1981(b)) . 

1981 ' R 

Ca ns 

Furthermore , sever al workers have proposed a ni t r a 

reduct i on in the root i s r eciprocally r elated 

nitrate transported through the r oot sympl s 

1981; Beevers , 1976) . Dal e (1976) observe 

o he r ve of 

(Ruf Y ~ _ 

ha he amo t 

of nitrate r educed by r oots is muc less whe co p r e '0 

that reduc ed by l eaves . Wallace and ate (1967) 0 ed t 

in Cockl ebur ni t r ate was ass imilated almo excl sively in 

the shoot , while in the fi eld pea , at lower evels of ni r 

it was the root whi ch was the mjor site of reduc i on . Recen oly 

Martin et a l e (1981) r eported that , b se on he xy em s p 

analyses of organi c nitrogeno scorn 0 s in coni e s ni r 

r eduction occurs mainly in he roo s a the p nsloc' -

t ion occurs pri marily as organic nitro enous s 

e specially as ami no ac ids an ami es . ore ov~ r i h s 

ob served t hat roots have NR . nhibi ors which ';0 1 0 v io 

a ccount for the low l evels of R y n 

(Kadam et al ., 1974) . iflin (1 67) , hot er con 

~rnA per unit prot ein of bar el y r oo s is Imos 

t hat of leaves , and that the 10\ in v r o 

t o lack of employing the a propri e roc 

conditions for extrac i on . He h oncl 

R 

s 

o 

c 1 

z 

r 
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homogenat es of r oot t i ssue cont in a l e el of i r' °e In 

nitrite r educt ase act ivities e iv l en 0 cell - f ree 

homoge nntes of l eaves . In l i gh of this 1 er e or 

the r efor e , it is appar ent tha our t ef roo act iv · t 

ev a luation could actually b e an .un er es i mat i o . For e 

possibl e r easons of l eaves for being he m j or ce er s of 

nitrate reduct i on , however , the r ea er i s refe r ed 0 

section I of this thesis . 
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IX . The Effect of Wa er - logging on 

It is known that tef plants olera e 'Ja er - 0 co i -

tions (Tewolde- Berhan , G. E •• Per sonal Corom i i on ) 

observat i on gave a cue to comparing he behavior 0 

reductase under water- logged and fre ely draine s an 

tions . The r esults indicat e that the roo s of 

show higher NR act i vity upto the 19 h day of 

T 

r a 

0 

1 

0 

(T~b l e 6) . On the 20th day of illa ura io , ho\ e er b o h 

5 

e 

i -

n s 

c 

roots and the shoots of plants under t erlogge s n con i i o 

appear to show higher NR act ivi t y . It is al s o inter es i n 0 

note that when NR act i vity , by and l ar e , increases in he 

shoots from day to day , it al so i nc r eases in he r oo s he 

notable except i on being those of the 19
th 

and 20 

t he logged and drained lot s r espect ively . 

a s tef p l ants we r e grown in a gl shouse e vironme 

day f or 

e 

he r e 

a problem in r eproducing levels of NR acti i Y r om ay 0 Ay . 

From the overall mean val es g ' ven in T 1 e 

seen that NR act ivity in both the shoo s an r oo s of he 

drained p l ants appear to be hi gher ha he orre"pon 

waterlogged plants . The differences , ver r 0 9i n1 -

ficant even at 10% level of s i gnifi onc e . i s h one 

logging t ef plants for eleven days 
r -

that 
tion does not sub s t antially a1 er R et ivi y . 

o 
caut ion has to be exercised i n ev 1 

in h i i 
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the numeric al treatments an i mplicat·o S 0 

v i ew of the constr ai nt s i mposed by the n~ of 

i . e . the enormous variab i l i ty and sensitivi y of n rat 

reductase to the mul t i pl es of uncon r 'ble e viro 1 

f .qctors . An SD 2 of 893 .89 f r e shoo s is 

test imony of this fact (Tabl e ) . 

TABLE 6 

c 

COMPAliISON OF NR ACTI VITY I N 21- DAY- OLD EF PL T GRO" 
UNDER DRAINED AND IVATER- LOGGED S D CO DITIO 

THE LOGGED LOT WAS COMPLETELY LOGGED AFTER TEl DAYS OF 
MATURATI ON . NUMBERS IN THE MA RIX ARE I 

pM N02- /G .FR . NT . / HR . 

P L A T PAR T 
~. 

AGE OF PLANT ROOT 'HOOT 

( days:) 
DRAI ED LOGG:SD DRAITED LOGGED 

15 I 1. 5 3 .6 3.0 11.5 
l 

I 6 . 0 l 8 . 7 8 . 18 j 3. 5 , 

19 3. 5 5 . 5 13 .0 ~ . ( 

20 21 . 0 13 ·0 9 . 65 ·0 

21 10 .0 20 .0 90 . 2 1 7 . ? 

Mean 7 . 9 9 . 6 o. 7' · 

S 2 . 8 
D 

. 
f 

• • 

e 
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x.. The Effect of Ammonium 

Duri ng the course of the l assho se e er i 

was noted that te f seedlin s u ilizing ammoni 

a nitrogen source wer e more r een an vi orous hos 

utilizing potassium nit r ate or r ea a s i r oge so rce . 

Following this observation , shor er e eri en 

conducted in the darkroom to see if e s eedli s scrimi 

be tween nitrate and ammonium . The invest i ga i o w s arried 

out using the following four comb ina ions of he vo 

sources: 

(a) 5 mIvIof ammonium sulfa e w h 15 mJ 

nitrate j, 

(b ) 10 mM of ammonium sulfa e i t h 10 0 

nitratej 

(c) 15 mM of ammonium s lfate wi h 5 of 

nitrate j and 

(d) 5 mM of potassium ni r ate only .' 

Resul ts indicate th tef see l 'n s m n i 

combinat i on ( a ) appear to show higher 

maintained in combinat i on s (b) d ( ) 

a iv' Y 

(Fi . 10) . ' 

natural ly to be expect ed beca e he cone , 
r io 

0 

o en 

s ' wn 

po ssi 

0 ss m 

n 

n os 

, (a) towar s co bi 0 ( 
decreases from combina lon 

the level of ni trate r educ as 
DC i vi Y . r 85 

lev el of nitrat e in the ger mina on e i i ( i 

e 
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Furthermore , these r esul s se em to su es r 

n i t r ate level s , NR activi t y pear s to e l es n i iv 

to ammonium , while a lower ni t r ate levels e e zym 

act ivi t y s eem~ to be consider ably a fect ed . i r 1 '31so 

shows that when 5 mM of potas sium ni t r e alone is su lie 

to the germinat i ng seedlings , more NR ct ivity is deve l op 

For examp l e , the 120th minute NR a ivit y of s e lin s 

maintai ned in 5 mM potassium n i r ate al one i s mor e han 33~ 

of ot ssi a e h i ghe r t han those maint ained in 0 

and 10 mM of ammonium sulfate , altho he effec ive ir e 

concentrat i on in both cases ( i . e . combinat i o ( ) ( )) 

appear to be the s am~ ·. Thi s mi h s gges ha th nce 

of ammonium r educes the eff ec iv ne ss 0 ni e as in uc r 

of the enzyme ni trate r educ a s e in ef . 

Tef plants , at l ea s at the ir e r ly s e I a P o 

to lerate water- l ogged soil conditions . I is I so s lishe 

that water - logged soils r e r e ctive (8 en 19 9) . u e 

such r ed uctive so i l con i ti ons I her e f or 0 s ik 1 

to be the ma j or sour e of nitrog n f or t ef s i ce h n illy 

anaerobic cond i t ion ther e f aci l i ta e s r e c i on of i 

to ammoni a . 

lUthough tef s eedlings can 

beginning of germination (Fi • 2 ) , 

investigation (Fig . 10) , indic e 

s im ' l 

he 

he 

n Ot r r o h 

of 

o 0 



n itrat e might be suppr essed by t e re ence 

of ammonium suggest ing t he evol tion y a a io o 

r educt ive so i ls , at l eas t at i sear y st ge e 

Shen (1969) r epor t ed t hat rice see lOngs u °loze 

ammonia prefer ent i ally if t hi s i ro e so rce 'e e i 

combinat i on with nitrate . He noted that 5 500 s ammo 

i s dep l eted from the medium , ni t r te tiliza ion is res ~ 

by rice seedlings . A s i milar ar gumen co 1 e v ce 

what we have observed in t ef , al tho g fur er ork is 

needed to c onclusively demonstr e hat exa ly e 

p r oc ess is taking pl ac e as i s the ase for ri e in s . 

o 

A more rec ent r epor t (Lewi s et al ., 1 82) r eveale hll he 

p r e s enc e of ammonium , i n he nu rien cu ture 

barley plants, decr eased bo h the e or of i 

xyl em and i ts accumulat ion in leaves 

NR act ivity in l eaves decr eased commens r 

of ammonium . 

roo s . 
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CONCLU D I G REM l R 

From this preliminary s udy 0 

reduc tas e in t ef , it appear s ha t e 

he en yme i r 

s e 

potenti al for the capaci t y to as similate v r 0 i 

comp ounds and incorporate t hese in 0 ami 0 a i s . 

f ur ther work is ne eded to eval uate he r e atOve im or 

of fe eding the plant with ni t r ate or ammoni a or ~i h 

c omb i nation of the two ni t r ogen source , he i dOngs 0 

e 

t h i s work suggest that t ef seedl ings ssi milate ammonia n 

pr ef er enc e to nitrat e . Thi s proper t y of ef rin s i close 

t o t he mode of nitrogen metabol i sm 0 r i ce w e e 

crop is mostly maintained under f l oode soi con 

wher e ni t rogen f ertilizers ar e commonly app1 °e in 0 

aca1 forms (Martin et al . , 1976 ) . 

Under natural condi t i on s , ar i u ar 1y rin he 

per iods of active photosynthesi s an gr owth , c-

t ion in t he roots appear to make only a sm 1 0 

to t he overall nitrogen economy of e pI 

earl y s eedlings (dark-germin t e ) , owe e , h Y 0 

the t o reduce ni t r at e 0 e 0 m j 0 
r oot s 

Th e induci bl e pr oper y 0 ni e 

dependenc e of ni t r at e r educ ase a Y 0 

pr ovide tef plan s vi h e cie me h i 0 
seem to 
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cont r olling the input of r educ ed ni ro en d enc 0 rot i 

product ion . In this context , a study of he or elouio 

o be t ween nitrate r eduatase activit y and pr o ei 

t his crop appears to be promising fo r improving 

tive value s of the seeds . 

e n r -

The purported findings of gene i c con r ol 0 n e 

r educt ase and the associat ion of high enzymatic a ivi i s 

with incr eased protein production indica e the poss ' bil ' y 

of a biochemic al approach to pl ant bree ing . T i s be om 

particularly r el evant when one no tes the ri h riabil ' y 

of t ef in thi s country. I t i s postulated , ther e ore 

work along this line might be r ewarding . 
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