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Nitrate uptake and utilization IS presently 

considered as a major and early point of control of 

development of plant. Nevertheless, despite the e>: trema 

importance of nitrate in most agricultural ecosystems, a 

number of serious deficiencies remain in our understanding of 

the physiology and biochemistry of its uptake and 

assimilation. lherefore, an understanding of physiology and 

biochemistry of its uptake and assimilation is necessary to 

develop protocals for fertilizer regimes for improving the 

quantity as well as the quality of the harvest. 



Even t.hquqh qu1te a qood .:>mount. of 1--IOr k has he en 

r.lunr on thP r.rpt-oll·e ,<nd utili~ation of ni tr·-=~te nit •-oqen in 

nitrate nit1oqen in common buckwheat (Fagopyrum escul~ntum 

1'1oench > • a psuedocereal of economic importance 

because of its short growth span, high nutritive value of its 

grains and its capacity to grow on poor soils, is sca\.y. 
1\ 

A 

survey of the 1 i terature reveals that certain characte•·istics 

p05S£':'5Sed this crop give it an advantage over the 

conventional c•·ops. The importance of t.he plant. lies in the 

p1·otein quality of its g1ains. short growth span and hardi-

ness nf ti1R pli'\nl-, E~esidesthe foliage is used as a 

vegetable and 1r1 an impo•-tant commercial source o·f the gluco-

side "Rut.in" wllich is used as a medicine. However. because of 

some problems associated with i~s growth 1 ike indeterminate 

g ,-owth habit, the crap has not being cultivated e>t tensi vel y 

and comes Ltrrde•- the of under ut.11 i zed crops a a 

classified by International Bureau of Plant Genetic Resources 

< lBF'GR >. AI t..houqh some studies have been made on t.he require-

ment of phosphate f e r t i 1 i z a t. i on in bLICk wheat, not. many 

report.s are available on the nitrogen fertilization require-

mer1ts in crop. The present study was therefore undertaken to: 

(a) assess the various accessions of common buck-

wheat for the growth and yield attributes, 
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nitrate in i nt.ac t. 

s e P d 1 i n g s as we 1 1 a 5 e >: c i sed ,- o o t 5 of buck w he a t 

seedlinq5 unde,­

function of time~ 

accompanying ions. 

hydroponic cult.un~~ 

NO concentration~ 
!I 

(c) determine the relationships between 

as a 

pH and 

photo-

synthetic activit~ and nitrate utilization 

in the plant. during 

growth in the plant. so 

various phases of 

as to determine the 

11itrate nitrogen requirement of t.he crop at. 

various stages of growth-

In order to assess tlte g1-owth and yield at.t.J-ibut.es, 

the seeds of seven accessions ot buckwheat. which were 

pr-oLured f1·um the N8FGR ,-egional station at Shillong, were 

scanned by electon microscope tor t-heir se;-ed coat. 

ctJ.=u-acteristics- Based on the scanning electron microscopy 

of the seed coat. the seven accessions have been grouped in~o 

t-h r·ep c a t-eqo1-1 PS. The dat-a un t-he size and shape of t-he seeds 

of seven accessions fur-tiler· i llust.rat.ed that- the seeds of 

Si':'Ven accessions were not similar to each other· at least 

morphologically· However, 

from each othe,- markedly 

the seven accessions did 11ot differ· 

xn the chemical composition of their 

g r·a ins and q ,-owth behaviour. The cone 1 us ion has been coJ-robo-

rated by qrowtll indices such as Leaf Area, LAR, NAR and RGR, 

c a 1 c u 1 a t-ed sepe~rate1y in each of the seven accessions-



Further an analysis of the polygonal diagram representing 

variables such as dry weight of stem, shoot, leaf, root. and 

leaf area for the seven accessions at. various stages of 

growth revealed that the seven accessions did not differ 

from each other~ at least in their growth attribute. 

The plants accumulated maximum dry matter in about 

three weeks after planting. However, the rate of dry matter 

production was maximum between 7 and 19 days after planting, 

in each of the seven accessions. A significantly positive 

relationship was observed between leaf area and dry matter 

accumulation in the crop. 

lhe crop attained maturity in about six weeks time 

and completed its life cycle in about 9 to 10 weeks- However, 

because of the intermediate growth habit, the flowering 

extended from about 4 to 7 weeks after planting. However, 

among the seven accessions of buckwheat BDS-1354 distingui-

shed itself by possessing determinate growth habit and 

synchroronization of seed maturity. Seedlings of the plant 

showed a linec:u· and st.eady nitrate uptake during the initial 

60 1ninutes upon exposure to the Hoagland"s nutrient medium 

cont.aining 5 mM nit.rat.e as KNQ-. Significantly, there was. no 
s 

lag phase in the uptake of nitrate by the seedlings. After 60 

minutes the uptake of nitrate gradually slowed down until it 

attained a plateau at t minutes. During the 
180 

corresponding 

period the concentration of nitrate in the ambient nutrient 
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medium showed a gradual decrease with progressing time· When 

e>:pressed as J.lmol nih-ate taken up mg dry weight ,-oot.-

the seedlinqs showed a ma>:imum uptake rate dul-ing the initial 

::!(I minutes of incubation in the nutrient medium. The rate of 

uptake showed a pregressive decrease with progressing time 

until no signticant uptake was observed after the 3rd hour o·f 

incubation· Decrease in the concentration of nitr·ate in the 

ambient nutrient medium had no a~parent effect on the rates 

of nitrate uptake by the seedlings as a function of time. 

Seedlings in test solutions whose concentration of nitrate 

was kept constant, also showed a pattern of uptake similar to 

that shown by seedlings in test solutions in which the 

concentration of nitrate ions was allowed to deplete over the 

period. Thus~ from an analysis of the cumulative uptake of 

nitrate by buchwheat seedlings and changes in the rate of 

uptake with progressing time, as determined in the present 

incestigation~ it can be assumed that the uptake of nitrate 

across the root plasma membrane in common buckwheat is 

mediated through a low capacity basic syst.em. It seems 

reasonable to postulate that the carrier for nitrate ion~ in 

the seedlings is already present in the system because of an 

endogenous supply of nitrate. The observed decrease in the 

rate of uptake with time could be ascribed to a refilling of 

the available storage components in the seedlings and not to 

a decreasing nitrate concentration in the ambient nutrient 

medium, because the rate of uptake in the seedlings, which 
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were kept in test solution in which the level of nitrate was 

l:ept. constant all t.fn·ough. shuwed ~ t.1 end simil.ou- to that 

observed for seedlings which were kept in test solution in 

which no replenishment. tor· the loss of nitrate .:..sa r·esult o'f 

the uptdke were made. 

When the concentration of nitrate in the nutrient 

medium was varied from 0-05 to 5-0 mM~ the rate of nitrate 

obsor·ption by buckwheat seedlings was a function of e>: ternal 

nitrate concentration according to Michaelis-Menten Kinetics. 

The 1'1ichaelis-Menten constant <Km> and maximum velocity 

<V ) for nitrate absorption by buckwheat seed! ings were 200 
ma.x 

~mol and 0-276 ~mol mg dry weight -· . -1 root. m1n. respectively. 

In the presence of ammonium and chlorate ions, the uptake of 

nitrate by the seedlings was markedly suppressed; the 

magnitude of suppression increasing with .the increasing 

concentration of either ammonium or chlor·ate ions- A 

Lineweaver-Burk plot for the uptake of ni t.rate ions as a 

·function of subs t.ra te concentration, at various levels of 

either ammonium or chlorate clearly revealed that while the 

inhibition due to ammonium was non-competitive in nature, 

that due to the presence of chlorate ions was of competitive· 

in nature. While the Km for nitrate uptake in the presence·of 

ammonium remained 200 ~mol, the uptake process in presence of 

0·005 and 0-05 mM ammonium had a V of 0-083 and 0-064 pmol 

-· -· mg dry weight root min- . In the presence of 0-005 and 0-05 

mM of chlorate~ the Km for the uptake of nitrate was 307 and 
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500 J..lmol respectively. ChlorC\te ions had no e·ffect on the 

V of t.hP process. Our rPst.dts jndicc.te t.h.:.t~ the inhibition 
rna)( 

of the nitraate uptake by ammonium ions is not simply a case 

of ammonium providing a counter-ion for nitrate~ the 

inhibition appears to be due the efect of ammonium ions on 

the net rat.e of n i trat.e influx into the seedlings· The 

inhibitory role of chlorate ions on nitrate uptake may be 

because the ion acts as an analogue for nitrate in the 

process of nitrate uptake by plants. 

In the present investigation presence of nitrate 

ions in the nutrient solution had a st.imulator·y influence on 

the growth of the plants. The highest dry matter accumulation 

was observed in plants i rr iga ted with Hoag 1 and nu tr· ien t 

medium containing 20mM KNO • Similarly plants irriyated 
9 

with 

Hoagland"s nutrient medium containing 20 mM nitrate had the 

highest value for RG~, LAR and NAR· lhe presence of nitrate 

ions in the nutrient medium had a stimulatory effect on the 

net. assiffimilat.ion rate of the plants. Thus plants irrigated 

with Hoagland"s nutrient medium containing 20 mM nitrate 

showed a more than two-fold increase in NAR than those 

irrigated with nitrate free Hoagland•s nutrient medium. 

Ir-respective o·f the treatment., the highest value of RGR was 

recorded on 7th day after planting, after which it. showed a 

consistent decrease with progressing time till it registered 

neg at. i ve va 1 ues on 67t-h day. There wer·e a significant 
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those ir·iqC'Ited ~o-Jith Hodqle~nd's ntltl-ient nH:>diurn conte~ining 5mM 

nitrate C~nd those did not recet· ... e nit r·ate. 

rndrqinc:d der:line in the yt-~in yield WC'IS obse1ved in l.hos~ 

pla.nts supplied with Hoagldnd's nutrient mediLtn• containing 20 

dnd 50mt·1 nitr·dte ions. From t.he result it is clear that th~ 

inc1··eased concentration of NO in the nutrient medium 
3 

beyond 

5 mM did not play any positive role ir1 increasing th~ grain 

yield for· the crop. 

The plants supplied with Hoagland nutrient. solution 

containing 5. 20 ~nd 5lJ ml"l ni trat.e Ions. showed a nei:lrly two-

fold increase in leaf as well as leaf dry matter 

accumulation than that. of nitrate sti:\rved contr·ol plants. ln 

collt.re~st. the total leaf area 1·atio was nearly independent o·f 

nit-r-ate supply. However~ the me~x1mum leaf area 1·at.io Wi:\S 

obse1ved in that were wiUt Hoagland's 

nulTlent. medium supplemented w1th 5 mt'l nitrate. In 1- i:igo pyt·um 

PsculeTttum. tt.e ef h?ct of nitrogen apl ic.:d.ion on LAR could 

be i:lssumed to be the major· cause of the effects of th~ 

t.recdmE•rd·s on NAH e:md kGH. FurtheJ-. the incr·eased t-IAR and RGR 

with inc1·ease in the supply of e>: tern a 1 

i:\Ug111enled only vegetative qcuwth .::.Hld not. t.he gl-ain filling. 

I he n:>sul l-,; of study on par·ti tioning ot va \- i OLIS 

nitroyenous components w1lhin the plants reve~led that plant 
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5 ll p p 1 1 £o•ll W 1 I h I I 0 <::< q I <.H 1 d r 1!.1 t I l !.: r 1 t ~olut tort corll.alninq ~11111 

hc--d t llP rna;: 1 un.-.n J.-.... -p I ot VtJ I 1 (_itJS r1 it I nQPrlDIIS c cH·t s t i tut~n ts. 

I ncr e<3sing the ni tT<3te concent r-O'It 1 on beyond tailed to 

plant WC:lS 

cCJnsidt>Jed as a fou1· units~ namely~ root~ 

stem. petiole c>nd leaf. the leaves foUnd t.o l>e 

e:-: te1 11a 11 'I Sf::' 1 f in tenns of balance 

vJi t.h in the plant. lhe 1 f::'aves had the hiqhest. level of NR 

<1ctivit.y ir1 thf::' plant as compa1ed to root~ ste.rr. and petiole. 

Prub.:-~bly. thP petiole acquired nit l"TI~jl?rl for· thei •-

f 1· "C!IO other t.issut::'s of p 1 ant. ln fagopyrum 

a reflPction c•f siqnificarltlv hlytH:c>r- amounts uf Vi:\ 1- i OLIS N-

components e111d NR activity in the 1 evae!:· • specially in 

younger leaves- The expected highest rate of 

~-eduction Wf!l't::' obseJ-ved in laminae followed by root C:~nd then 

C:~t C:l gent::'rally mucl1 lower· level. the petiole and stem. 

fagopyrentum esculentum showed a significantly 

pusitivf.~ ,-elat.Ionslltp lir.l~1ng nitrogen content~ ,-ate 

and plant m<:~ss- The percentage nitrogen in the plant. declined 

.,;~s t.l•e pli:\nt wass incre<:~sed- The1·e wc:ts a 1 inei::'ll- relationship 

bet.ween pe1cent N in the whole plant and k < F > • 
)( ' 

tile growth 

1-i::\tl:::' coefficient- The linea•- relat-ionship be1ween percent- N 

plant that there 

in t:er·dependenc y be! ~<.1een leaf 1t1hole plant:, in 
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1espect of 11ihnqen. tu s• . .1pport the 

c.<LCUIIIUlat i011 Ill t.tre plant • 

t~nd 

U•.11 n::-su 1 ts i 1 HJ i c. c. te a11 up t. i rnwrr r equ i r emen t. of 5 ml1 

nitT<:~t-e in tht> irTigt~ting solution fur obtaining the 

supply~ the dl-y matter· 

conditions of 

p1·oductioll 

sulJ-optim.:~l 

t>>: pres sed 

me~>: i mum 

as net. 

dssin.milatjon ,-C:~te in the c1op during the e>: ponen t i a 1 pll'e:~se 

st.atus of gr·owth h.:~d a direct relat.ionship with the nitrogen 

of the p 1 ant with the e4ua t ion 

NAH - 0. ::~(18 + 0. 0012 >: 

" is the nitrogen content of the plant e>:pressed as 

mg/10(! mg dry weight-
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CHAPTER I 

'Introduction 



1 

Among the physiologically well defined adaptations 

of plants to alterations in nutrient availability from the 

env i ,-on men t are changes in a-oot. nub-ient acquisition and 

assimilation systems- Because the availability of nitrogenous 

nutrients is often rate limiting for plant growth~ the effect 

of e>: ogenous 1 y supp 1 i ed nit 1·ogenous compounds on p 1 ant growth 

has been of interest. fo,- many years <Clarkson~ 1988). Nitrate 

is the major source of inorganic nitrogen utilized by plants 

r:\1\d pr·oductivlty is t.o a lal-ge e::tent. det.ermin.;>d by n i t.a-ogen 

nut,- i t. ion . Decause of the seal-city of nitl-ogen in form 

fen- assimiJatior1. U.,~., N cycle is of key impol-t.ance to 

~) lT U C t U I P cH I U f U !l L 1: i (111 0 f nt (J S t a lJ I i C ll ) t U r· a 1 r:>cosystems. 

plants~ NO and NH+ are the 
9 4 

principal source of n i tl-ogen • 
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Because of its impo•-tance in determining crop productivity, 

the relat1onship between uptake and utilization of NO 
9 

ions 

and of the plants has been a subject. of e:: tens i ve 

investigations. 

Among the best characterized responses of higher 

plant. ,-oots to e;-:ogenous nth-ate a•-e the induction of an 

enhanced level of ni trc1te uptake sy·stem and activity of 

enzy·mes responsible fo•- the reduction of nitrate to ammonia 

<Neyra and Hageman. 1975>· Ammonium ion enters the amino acid 

pool primarily by way of the action of the enzyme glutamine 

synthetase- The entire pathway can be written as: 

NO- uptake >NU 
9 9 

NR 
-----; t'J(I 

2 

NiR -.. 
-----•~NH • ~-::8~5~-> G 1 n +Glu 

The absoqJtion of nitrate by plant •-oots occurs 

with .-ate compa•-able to those for Rb+~ Cl and H P0-
2 • 

(Jackson et aJ. ~ 1973) . The uptake efficiency of roots, 

however. plays a major role in 1-egulating the ammount of 

nitrate supplied to the plant when soil nitrate is not a 

limiting factor. A great deal of progress has been made in 

defining aspects of the regulation of nitrate assimilation 

and an undeJ-stand i ng is presently being reached of atleast 

the basic underlying mechanisms of some of the processes 

involved in the c:ont.-ol of enzyme synthesis and activity. 

Other· outstanding a spec t.s of control and 

carbon metabolism are integrated and interact with each other 
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to balance lhe ploduct1v1ly of the plant.~ 

utilization 

still r-emain 

Nitrate uptake and is p l-esen t.l y 

flli.\JlJI" and f!ar·Jy point of 

development of organisms. Nevertheless. despite the e>: t.reme 

importance of nitrate in most agricultuJ-al ecosystems~ a 

number of serious deficiencies remain in our understanding of 

how this ion is absor·bed. pal-titioned and assimilat.ed by the 

plants. Therefore~ an understanding of the physiology and 

biochemist•-y of its uptake and assimilation is necessary to 

develop protocols for fertilizer regimes for improving the 

quantity as well as the quality of the harvest. 

Even though quite a good ammount of work has been 

done on the uptake and utilization of nitrate nitrogen in 

l.Jheat~ Soyabean~ Bal-Iey. t·1aize. no such work has been carried 

out on common buckwheat <Fagopyrum esculentum Moench> a 

of e:: t.reme economic importance because of its 

short g•-owth span, high nutritive value of its grains and its 

capac i tr· 

•-evea 1 s 

to gt-ow on poo•- soils. A SLn-vey of the literature 

that certain characteristics possessed by this crop 

give it an advantage over the conventional The 

importance of the plant lies in the protein quality of its 

short growt~ span and hardiness of the plant.s; 

besides the foliage is used as a green vegetable and is an 

important commercial source of the glucoside Rutin which is 

used as a medicine- because of some problems 

associated ~-Ji t.h 1 ts yroi-Jlh 1 ike indete.--rninate gr·owth habit~ 

the crop has not been cultivated extensively and comes under 



the category of underutilized crops as classified by National 

Pl~nt Genetic Resource < NBF'GR >. Although some 

s t: Ll d i e s h a v e tJ P E' n made on the phosphate 

fertilization ir1 buckwheat. there are no reports on nitrogen 

requirements in common buckwheat. The present 

ot nitrate upt~ke in the plant and to work OLit the 

l-e 1 at i onsh ip between nitrate supply and growth so as to 

develop a nitrogen fertilizer programme for the crop for 

improved protein levels and grain yield· 



QUALITIES AND USES OF COMMON BUCKWHEAT 

1. Buckwheat proteins have better amino acid composition 
with high level of lysine which is generally deficient 
in proteins in most of cereals and millets. The 
nutritive value of proteins is comparable to that of 
Casein. Therefore the grains, unlik~ other cereals, can 
serve as a source of good quality protein even without 
supplementing with pulses or lysine. 

2. Common buckwheat is a rich source of honey. One acre of 
land of common buckwheat can produce about 60 kg of honey 

3. ·Buckwheat is a rich source of rutin, a glucoside. The 
leaves and flowers are richer in rutin which varies from 
1.0 to 6.0 percent. The stems have little while see.ds 
have no rutin. 

4. The grain is used as an article of food in different 
countries. In the hills of India, Bhutan and Nepal, the 
flour is the staple food. 

5. The plant is also used as a food for livestock 



ESSENTIAL AMINO ACIDS OF BUCKWHEAT GRAINS AS 
COMPARED TO OTHER CEREALS 

------------------------------------------------------
Food Grain Lysine Methionine Tryptophan Leucine 

------------------------------------------------------
Buckwheat 5.9 3.7 1.4 5.8 

Amaranth 5.0 4.4 1.4 4.7 

Wheat 2.6 3.5 1.2 6.3 

Rice 3.8 3.0 1.0 8.2 

Maize 1.9 3.2 0.6 13.0 

FAO/WHO 5.5 3.5 1.0 7.0 
Recomendation 

------------------------------------------------------
* 

Source: Proceedings of 2nd Amarant conference, 1979 (USA)· 

(As percentage of protein) 



CHAPTER II 

~view of 'Literature 
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The assimilation of inorganic nitrogen into 

organic compounds is~ next to CO assimilation 
2 

in photo-

synthesis, t.he most important metabolic ,-equirement of plants 

for growth and development. The principal source o~ inorganic 

in higher plants is NQ-. 
. 9 

Depending on the plant 

species and the concentration of ni trat.e in the ambient 

medium a portion of the nitrate is taken up by the plants 

where it is reduced· The uptake of nitrate is, therefore, the 

first step in the process of nitrate assimilation by plants. 

Nitrate uptake determines if and how much nitrate can be 

utilized by the plants. The reduction of nitrate to nitrite 

is usually the rate limiting step in the conversion of NO to 
9 

and Hegeman, 1969) · Because the 
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availability of nitrogenous nutrients is often the rate 

limiting factor for plant growth, the effects of environmen-

tal nitrate on plant growth have been of interest for many 

years. Among the best characterized responses of higher plant 

roots to exogenous NO- are the induction of an enhanced level 
3 

of NO- uptake system and the activity of enzymes 
9 

responsible 

for the reduction of nitrate to ammonia· When availability of 

soil nitrate is not a limiting factor, the uptake efficiency 

of the roots play a major role in regulating the amount of 

nitrate supplied to the plant. Of the numerous reports 

available on the use of nitrogen by plants, only a f~w deal 

with the kinetic parameters that describe the mechanism of 

nitrate absorption by plants. The concentration dependent NO 
9 

uptake in higher plants is currently believed to occur via 

one of the four ways: <a> two different uptake systems - one 

mediating uptake at lower concentrations and the other at 

higher concentrations <Doddema and Telkamp~ 1979); (b) a 

single uptake system <Lycklama, 1963>· <c> a single uptake 

system with distinct concentration dependent phases CBreteler 

and Nissen, 1982> and (d) a single saturable carrier-mediated 

uptake system plus a simple diffusion component (lbarlucea et 

aJ., 1981). Hole et aJ., (1990) and Siddiqui et al-~ (1990) 

have suggested the involvement of at least two mechanisms for 

uptake of nitrate ions by plant roots. At 

nitrate concentration ([NO-J >. 
9 0 . 

net uptake of 

low external 

nitrate and 

nitrate influx are saturable and exhibit high affinities for 

nitrate; Km values for this high affinity transport system 

<HATS> fall m-3 in the range of 10-100 mmol . Based on a consi-



7 

deration of normal cytoplasmic and external nitrate concen-

tration, the measured negative electrical potential gradient 

across the plasma membrane <-70 to -250 mV> and the action of 

metabolic inhibitors it has been assumed the induced 

high rate of nitrate uptake by plants is an active process 

(Clarkson, 1988; Glass et aJ., <1990). Anot~er characteristic 

feature of HATS for nitrate is its extremely low constitutive 

level of expression in plants deprived of nitrate <Siddique 

et aJ., 1990). At higher concentration of nitrate, a second 

transport system has been reported to operate in the 

absorption of nitrate in barley <Rao and Rains, 1976), Corn 

<Pace and McClure, 1986) ,. Tobacco <Guy et aJ., 1988) . This 

type of transport has been designated as low .:dfinity 

transport system <LATS). Siddique et aJ., (1990) and Glass 

e t a 1 • , < 1 990 > probed the metabolic dependence of this low 

affinity transport system by Q determinations and metabolic 
10 

inhibitors using 19NQ-. Their observations have lead them to 
9 

conclude that LATS is a passive transport system with 

constitutive expression. Yet apart from noting the linear 

response to nitrate there has been virtually no characteri-

zation of this system- Yet another type of uptake system, 

referred to as BASIC system has been described in seed I ings 

of sugarbeet <Mack and Tischner, 1990). This system by whic.:h 

seedlings, grown from seeds which without an 

N-supply, would absorb nitrate at low rates 

immediately upon exposure differs from the constitutive one 

because it was induced by the endogenous seed nitrate during 

germination. Paulsamy and Chrungoo (1994) have also reported 
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the operation of a similar type of system in seedlings of 

common buckwheat. Experiments with cereals have revealed that 

the rate of Nitrate reduction is dependent on uptake rates 

<Ashley et aJ., 1975). Jackson et aJ., <1973) reported that 

roots of corn seedlings grown in an ammonium supplemented 

medium showed a biphasic pattern of nitrate uptake when 

transferred to a medium containing nitrate. Their results on 

experiments using RNA and protein synthesis inhibitors have 

lead them to suggest that the accelerated rate of nitrate 

uptake was dependent upon a continuous protein synthesis~ 

implicating the involvement of NO- transporter protein in the 
s 

process. Apparant substrate inducibility of a root nitrate 

transporter in many higher plants has been known for over a 

decade· However, the reported induction periods required to 

achieve a steady state uptake rate differi values ranging 

between 1-2 hours for corn roots <Neyra and Hageman, 1975>, 

3-4 hours for barley seedlings CRao and Rains, 1976) and 6 

hours for wheat seedlings have been reported (Jackson et aJ., 

1972>· The lag period has been interpretted as the time 

required for the induction of the nitrate-specific transport 

system by nitrate. 

The apparent inducible characteristics of the 

nitrate transport system in higher plants initiated a search 

for membrane proteins, which might be associated with the 

transport mechanism <McClure et aJ., 1987). Clarkson, <1988) 

and Larsson and Ingemarsson <1989) have reported that uptake 



of nitrate could be blocked with inhibitors of RNA and 

protein synthesis· In addition, certain amino acid modifying 

reagents, particularly phenylglyoxal, have been reported to 

inhibit ~itrate uptake in induced systems (Ni and Beevers, 

1990). Several newly synthesized plasmalemma and tonoplast 

proteins from 30 to 150 kD become labelled when NO- starved 
9 

maize roots are supplied with nitrate in the presence of 

9~8-methionine <Dhugga et aJ., 1988>, indicating that nitrate 

uptake by roots is mediated by a plasma membrane localized 

protein system- Although no plasmalemma NO- transport protein 
9 

has been definitely identified from higher plants, genes 

encoding for NO- transporter protein have been identified and 
9 

cloned in prokaryotes and lower eukaryotes <Omata et al., 

1989; Scazzocchio and Arst, 1989; Unkless et al., 1991). 

Jackson et al., <1986> have observed that higher plants also 

have systems that translocate NO- within and between cells· 
9 

Although the effect of external nitrate on intra and inter -

cellular translocation has not been defined, Jackson et af., 

(986) have observed that these activities would also require 

a transporter. While Jackson et af., <1986> have reported 

that the kinetic patterns for enhanced nitrate uptake into 

root cells and its translocation into xylem were similar. 

Redinburgh and Campbell <1991> have presented 

show that transport and translocation processes 

evidence 

for NO 
9 

to 

are 

distinct. On the other hand ammonium uptake by plant roots 

+ 
during early exposure to NH has been characterized as an 

4 

initial brief phase of rapid uptake followed by a slower 

linear rate <Minoti et a I • • 1969}. Info~mation on the 
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substrate inducibility of the NH+ transporter has not • been 

previously reported. The significance of NH+in the regulation • 
of NO- uptake and metabolism has been widely recognised and 

9 

reported <Clarkson and Warner, 1979; Lewis et al-~ 1987; 

Morgan and Jackson, 1988) . However~ most of the reports 

reveal that the interactions of ammonium and nitrate in 

higher plants depend not only on the composition of nutrient 

solution <Marcus-Wyner, 1983) but also on the genotypic and 

phenotypic responses of the plants to ammonium and/or nitrate 

in the soil <Bloom and Finazzo, 1986; Smart and Bloom, 1988). 

After uptake th~ second step in the process of 

utilization by plants is the reduction of nitrate to nitrite 

by the enzyme nitrate reductase <NR EC-1.6-6-1). Oaks et al-~ 

( 1972) and Jackson et a 1., (1973) have concluded that 

continuous nitrate uptake was essential to maintain the 

activity of nitrate reductase enzyme in excised corn root. In 

an "Induced System" the activity of nit.rate reductase in 

higher plants has been reported to be regulated by enzyme 

synthesis and/or degradation <Zilke and Filner, 1971; Somers 

et al-~ 1983, Remmler and Campbell, 1986>, rather than the 

activation and inactivation mechanisms as reported for algae. 

With the cloning of NR <Cheng et af., 1986; Crawford, 1986) 

it has been possible to demonstrate that the substrate 

mediated induction of enzyme occurrs at the level of trans-

cription. Beevers and Hegeman <1983) have demonstrated that 

nitrate reductase <NRJ and nitrite reductase <NiRJ depend on 
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the products of photosynthesis and photosynthetic electron 

t.J-anspol-t. fol- the supply of reducing power. 

A 1 though t.here is a strong correlation between 

increased rate of NO- uptake and NR activity, 
9 

of nitrate uptake does not depend on functional 

the 

NR 

induction 

(Jackson 

e t a I . , 1986; Larsson and lngemarsson, 1989; Warner and 

HL1ssaker, 1989). Inactivating factors of NR, which may 

regulate level of NR activity in tissues have been found in 

extracts from a number of plant sources <Wallace and Oaks, 

1986). Solomonson et al-,<1984) presented evidence describing 

the molecular basis of t~e action of corn root inactivating 

protein. They showed that, Cell Inactivating Protein <CIP> 

acted on Chlorella NR by cleavage of a 30 kD fragment from 

each of the NR sub unit· In addition, certain aminoacid 

modifying reagents, particularly phenylglyoxal, inhibit 

nitrate uptake in induced systems <Dhugga et ai., 1988; Ni 

and Beevers, 1990). Kumar and Abrol <1990) have shown that L-

methionine sulphoximine, a potent inhibitor of GS, decreased 

NR activity by 50 percent at the end of 12 hours treatment 

while NiR was not affected- They inferred that the enzyme of 

nitrogen metabolism, except GS, were more or less resistent 

to MSO. Several newly synthesized plasmalemma and tono~last 

proteins from 30 to 150 kD become labeled when starved 

maize roots are supplied with NO in the presence of 
9 

Methionine <Dhugga et al-, 1988; McClure et ai., 1987>· These 

results suggest that NO uptake by roots 
9 

plasma membrane protein system-

is mediated bv 



Microscopic investigations of NR have presented a 

confusing picture of NR localization. In a histochemical 

investigation of etiolated barley leaves, Ekes (1981) 

demostrated ferricyanide reduction, a partial activity of NR, 

in the plastid envelope and suggested NR was present in this 

compartment. Vaughn and Duke (1981) have obtained both histo-

chemical and immunochemical evidence to support a cytoplasmic 

localization for NR in soyabean cotyledons. Using immunocyto-

chemical techniques Roldan et aJ., (1987> have demonstrated 

the localization of NR in both cytoplasm as well as chloro-

plast of spinach leaves. However, a recent report of immune-

gold localization of NR. in spinach leaves showed NR 

exclusively associated with the chloroplast <Kamachi et aJ., 

1987) . 

Since both NR and NO- transport are simult~neously 
!I 

induced by No;, inhibited by protein and RNA synthesis 

inhibitors and increased in activity by supplying glucose to 

root <Butz and Jackson, 1977> a possible relationship between 

NO- transport and NO- reduction in the plasma membrane 
!I 9 

could 

be expected· Neyra et aJ., <1975) favour the concept of "co-

ordinated induction" of both NO- transport system and nitrate 
!I 

reductase. It has further been suggested that the membrane 

associated nitrate reductase protein could function as 

carrier for NO 
9 

transport. Although no plasmalemma 

transport protein has been definitely identified from higher 

plants, genes encoding for NO- transporter protein have been 
9 

identified and cloned in prokaryotes and lower eukaryotes 



<Ornata et al., 1989; Scazzocchio and Arts, 1989; Unkless et 

a 1 • , 1991 ) . 

Higher plants also have systems that translocates 

NO- within and between cells <Jackson et aJ., 1986). However, 
9 

due to dependence of these processes on the uptake of 

external NO;~ it is difficult to separate the properties of 

translocation from transport. NO- may be translocated intra 
9 

cellularly to the vacuole~ where it may get accumulated and 

be exchanged for cytoplasmic (Granstedt and Haffaker, 

1982; Jackson et al., 1986>· This is particularly true in t~e 

leaf~ where vacuole NO- probably serves as a NO reservoir 
9 9 

<Granstedt and Huffaker, 1982; Clarkson, 1988>· 

effect of environmental NO- on 
9 

intracellular 

Although the 

translocation 

has not been defined, those activities would require a 

tonoplast NO- translocator, which might be different 
9 

from 

plasma membrane NO- transporter. While the kinetic patterns 
9 

for enhanced NO- uptake into root cells and its translocation 
9 

into the xylem are similar (Jackson et aJ., 1986>, there is 

evidence that indicates that transport and t.J-anslocation 

p•-ocess for NO a•-e distinct <Redinbaugh and Campbell, 1991). 
9 

Belvins et al., <1974) have studied the effects of 

cations on uptake of nitrate nitrogen in wheat seedlings. In 

some experiments uptake of nitrate supplied either in the 

form of KNO or NaND • 
9 9" 

was nearly the same <Minotti et aJ., 

1969 > • In the presence of CaSO nitrate uptake was much 
• 

greater with K
9 

than with Ca
99 <Belvins et aJ., 1978) . 
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Minotti et aJ .. (1968> have shown that nitrate uptake and 

translocation were impaired in the absence of either K+ or 

ca••. Ammonium and nitrate ions interact in a characteristic 

way during their absorption by plants. In almost every case 

external ammonium has been found to strongly suppress net 

uptake of nitrate (Jackson, 1978; Haynes and Goh, 1978) • 

Whether external ammonium affects nitrate influx in short. 

term experiments has been a subject of much controversy. 

Based on the established interactions between nitrate and 

chlorate during their absorption by plants and the use of 

3<' Cl-Chlorate, Deane-Drummond and Glass (1983a) have observed 

that accumulation of radioactivity was unaffected by the 

composition of the ambient medium. They concluded that 

alterations in the ra t.e of nitrate eff lln:, rather than 

influx, regulate net nitrate uptake. Base on the use of 

nitrate Glass et aJ., (1985) observed more than 40 percent 

inhibition of nitrate influx in barley and pea when 0-3-0.5 

mmol-9 ammonium was added to the ambient nutrient medium. Lee 

and Drew <1989> have reported similar results in their 

investigations in barley. According to these workers 

inhibition of nitrate influx is in proportion to the 1 og 

value of the concentration of ammonium ions in the ambient 

medium. This relationship has been found to extend over 

atleast three to four orders of magnitude· Glass et •aJ., 

( 1985) have however, suggested that 3 <'C-Chloride, a breakdown 

3<' product of C-Chlorate could introduce significant errors 

when labelled Chlorate is used as a tracer. Ullrich et ai., 

(1984) have attributed the dec 1 i ne in nitrate uptake in 
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Lemna, when ammonia was added to the ambient n 

to membrane depolarization. 

Despite the extreme importance of 

agricultural ecosystem, a number of serious deficiencies 

remain concerning how this ion is absorbed, partitioned and 

assimilated, within plants. Central to such understanding is 

the development of methods for monitoring accurately the 

relative extents to which below and above ground parts of a 

plant contribute to nitrate reduction and the impact of such 

activities on the nutritional interdependence of plant parts 

for reduced and unreduce~ forms of nitrogen- The relationship 

between photosynthesis and nitrogen utilization in plants has 

been a subject of extensive investigation because of the 

importance of photosynthesis in plant productivity and the 

status of nitrogen as a limiting essential element. Dejong 

and Doyle (1985> and Olesinki et aJ., <1989) have SLtggested 

that nitrogen can affect photosynthesis by altering the 

concentration of photosynthetic pigments or the activity of 

enzymes involved in carbon fixation- Sinclair and Horie 

<1989) have, however, observed that the main effect of 

nitrogen nutritio on photosynthesis is due to changes in 

total leaf area and hence light absorption- Dale < 1972 > and 

Metivier and Dale <1977> have shown that nitrogen affects 

leaf extension rate, leaf length of the first leaf of a range 

of cultivars of Hordeum vulgare L· In general, application of 

nitrate at a dose equivalent to 22 kg ha-~ has been shown to 

result in a 20-30 percent increase in final length and area 
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of the first leaf. In TrJtJcum aestivum L., Kemp and Bl~cklow 

<1982) found that addition of nitrogen as nitrate under field 

conditions lead to an almost doubling of the extension rate 

and a 50 per cent increase in the area of leaf 4- Similar 

responses to nitrogen nutrition have been reported in Avena 

sativa L· under controlled environmental as well as field 

conditions <Andrews et aJ., 1989a; Dickson et al•, 1990) • 

Radin <1983) has shown that reduction in leaf extension rate 

due to decreased ava i 1 ab i 1 i t.y of NO- were small in case of 
9 

maize and sorghum. On the basis of these observation he 

concluded that low levels of nitrogen nutrition inhibit leaf 

area growth more strongly in dicotyledonous species than in 

cereals. It was proposed that for dicotyledonous species, low 

nitogen nutrition levels resulted in reduced hydraul it: 

conductivity. Further the transpiration generated water 

deficit in expanding leaves resulted in a reduced rate of 

cell expansion- In cereals~ trarispiration occurs from the 

exposed lamina but cell expansion occurs at the base of the 

leaf blade. Radin <1983> argued that this spatial separation 

ot transpiration and cell expansion allowed turgor pressure 

to be maintained in expanding cells of n i t.·,·ogen nu t.r i ti on 

stressed pldnts despite water deficits in the leaf blade. On 

the basis of their observations Andrews et aJ., (1991) have 

concluded that for temperate cereals in general, increased 

external nitrate concentration resulted in a decrease in the 

duration of growth but increased maximum and mean growth 

rates and length of leaves-
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Recording of plant growth as a too] to study the 

nitrogen requirements and to determine the optimum nitrogen 

fertilizer requirements of plants at various stages of growth 

therefore assumes much significance. The importance of growth 

analysis as a potential device to give an insight into the 

physiological basis of yield is well known <Watson, 1955). 

Several studies have related plant growth either as biomass 

or leaf area, to different levels of applied nitrogen <Nata, 

1975>, as most of the nitrogen in leaves is used for the 

synthesis of components of the photosynthetic apparatus 

<Epstein, 1972). Numerous investigations have related photo-

synthetic rate to the levels of various nitrogenous 

components in the whole plant or to leaf nitrogen 

concentration <Brown & Wilson, 1983; Novoa & Loomis, 1981). 

Differences in nitrogen nutrition cause physiological and 

morphological changes <Marschner, 

demand for photosynthates for 

1983). 

growth 

In addition, the 

has also been 

reported to affect photosynthetic rates <Novoa & Loomis, 

1981). The determination of the growth analysis coefficients 

may therefore show the effects of nitrogen nutrition on shoot 

growth <Hunt, 1978>. The coefficients include RGR <the change 

in mass per unit mass per day>, RLGR <the change in area per 

unit area per day>, ULR Cthe change in mass per unit area per 

day, also called the net assimilation rate) and LAR <the 

ratio of leaf area to shoot mass). The ULR is the average 

gain in mass over 1 day by net photosynthesis and should be 

comparable to the instantaneous net photosynthetic rate 

COsman, et al-, 1977>- The RLGR and leaf area are probably 
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the characteristics most affected by nitrogen deficiency 

<Novoa & Loomis~ 1981). 

Nitrogen is often regarded as limiting to biomass 

production in agricultural ecosystem- Principles about the 

role of nitrogen have been incorporated into models that are 

being used to improve the efficiency of use of fertilizer 

<Aslyng and Hausen~ 1985; Neetson~ et af., 1987) and organic 

manures <Bhat, et af., 1980) and to minimize waste and 

environmental pollution. Fundamental to these models is 

knowledge about the dependence of plant growth on %N in the 

plants. Even when there is an ample supply of nitrogen and 

other nutrients, the concentration of nitrogen in plant.s 

declines as they grow- Numerous models <Greenwood and Barnes, 

1978; Caloin and Yu~ 1984; Agren, 1985a,b; Charles Edwards 

et al-~ 1987; Hardwick, 1987> have been advanced to describe 

the phenomenon. Evidence has been obtained that the decline 

in the critical percent N in the plant <the minimum % N in 

the plant needed for maximum growth rate> is related to plant 

mass per unit area in much the same way for a variety of c 
9 

arable and herbage crops <Greenwood, 

Salette~ 1984; Greenwood, et af., 1986 ). 

Leaf photosynthetic capacity of 

from many species have been found to be 

with leaf-N content <Field and Mooney, 

1982; Lemaire and 

individual leaves 

highly correlated 

1986; 

Werget-, 1987; r~och et al., 1988>. In fact when 

Hirose and 

the ma>: i mum 

leaf photosynthetic rate measured under standard conditions, 
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is plotted against X N in leaf dry matter for leaves of wide 

range of different C wild species grown 
9 

in different 

habitats, all the points fall closely about the same straight 

line <Field and Mooney, 1986). Relative growth rate in the 

early stages of growth has also been found to be linearly 

related toN concentration within the plant <Ingestad, 

Ericksson~ 1981 and Agren, 1985b>· 

Incorporation of these relationships 

1979; 

into 

simulation models of N-response 1s complicated by the fact 

that even when growing conditions are constant and supplies 

of nutrient and water meet·crop demand, relative growth rate 

declines and absolute growth rate increases during growth. 

Both are affected by plant mass per se. A growth rate 

coefficient~ however~ has been devised that is independent 

of plant mass throughout the growing period- Moreover, this 

coefficient appears to be linearly related to the ratio : X N 

in the plant/critical X N during N-limited growth <Greenwood 

et ai., 1986). It therefore seems that a single model might 

be devised that relates X N in the plant dry matter to the 

rate of dry matter production as the fraction of the 

potential maximum and to plant mass per unit area. It would 

also be possible to determine how much N must be in the crop 

to permit maximum growth rate and how shortfall in that N 

restricts growth rate as the crop develops (Greenwood et ai., 

1986). 
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Amongst the available biodiversity of crop plants, 

the International Bureau of Plant Genetic Resource <IBPGR>, 

has identified common buckwheat CFagopyrum esculentum Moench) 

as a potentially important crop species. This is because of 

the short growth span~ capacity to grow in poor soil, high 

protein and lysine content of its grains and high nutritiv~ 

value of honey produced as a result of pollination by bees of 

the crop. The plant thrives under cool temperatic conditions 

on rather poor well drained sandy soil <Gubbels, 1978). 

Flowering in the plant begins 5-6 weeks after the seed is 

sown and continues for at least a month owing to the indeter-

minate growth habit of the· plant. The plant is generally 

grown as a rain fed crop in the hilly regions of the country. 

Because of the critical importance of the crop in 

hill agriculture, specially around the Himalayan foothills, 

National Bureau of Plant Genetic Resource CNBPGR> has 

developed a 

station of 

collection 

germplasm bank for the crop 

NBPGR at Phagli <Simla> is 

and the 

devoted 

regional 

to the 

and maintenance of buckwheat germplasm from 

different regions- The centre maintains about 408 accessions 

of the plant in its repository. However, because of its low 

level of utilization the plant has not been a material of 

choice for scientists. Not much information is available on 

the agronomy~ physiology and fertilizer requirements of the 

crop during differnt stages of its growth. Although some 

studies have been made on the phosphorus fertilizer require­

ment in buckwheat~ with growth and yield as the reference 
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parameters <Ganyushima, 1972; Sokolor & Semihov, 1983; 

Potszyinski~ 1984; Kalra, 1971; Strong and Soper, 1974; 

Gubbels, 1980>, the reports on nitrogen fertilizer require-

ments of the crop are scanty. It has been reported that 200 

kg of super phosphate and 50 kg N per hectare is beneficial 

for higher yields- In the hills of India a maximum dose of 

15-20 kg P/ha has been recomended to raise a good crop when 

grown on soils of poor fertility. The crop has been estimated 

to remove 47 kg Nitrogen, 22 kg Phosphorus and 40 kg 

Potassium from the soil for each hectare planted and gives a 

yield of 1600 kg/ha <Campbell and Gubbels, 1978). Ganyushina 

<1972) has observed that application of nitrogen either as 

ammonium nitrate or urea increased the dry matter and 

chlorophyll content as well as the levels of proteins and 

soluble sugars- However, while ammonium nitrate increased the 

grain yield, urea had no effect on the same. Sokolov and 

Semikov (1983) have reported that local application of 

nitrogenous fertilizer in the form of a band at a depth of 30 

em, prior to sowing, considerably increased the grain yield 

of the crop. Singh and Atal <1982) have recomended 

applications of NPK combinations at 40, 60, 40, 50, and 40~ 

40 kg/ha respectively for high herbage yield and good grain 

quality in the crop. However, despite the extreme importance 

of NO as a nitrogen fertilizer in agricultural 
9 

ecosystems, 

no data is available on the kinetics of nitrate ions, parti-

tioning and assimilation in common buckwheat at various 

stages of growth· Information on these parameters would be of 

immence importance in devising adequate N fertilizer 
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programme for the crop for higher yields. With such a purpose 

in mind the study is aimed at : 

(a) assessment of the various accessions of common buckwheat 

tor the growth and yield attributes, 

(b) characterizing the uptake of nitrate in intact as well 

as excised roots of buckwheat seedlings, under hydroponic 

culture, as a function of time, NO- concentratibn, pH and 
9 

accompanying ions, 

Cc> determination of the relationships between photosynthetic 

activity and nitrate utilization during various phases 

of growth in the plant, 

(d) developmental of a mathematical model for the relat-

ionship between photosynthetic activity expressed in 

terms of relative growth rate and net assimilation rate, 

growth and the nitrate nitrogen requirement of 

at various stages of growth. 

the crop 



CHAPTER III 

~aterials and ~ethods 
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Seven accessions of common buckwheat <Fagopyrum 

esculentum Moench>, Viz. IC-18889, Kulugangri, PRS-8901, 

IC-13141, IC-13145, IC-13411 and BDS- were obtained from 

North Eastern Regional station of National Bureau of Plant 

Genetic resources, Shillong and maintained in the experimen­

tal fields of the Botany Department of North Eastern Hill 

University, Shillong. These accessions are native of 

different parts of North-Eastern States and Himalayan 

ranges- The geographical distribution of th~s~ accessions 

is shown in Fig. 1· 



Regions· ·.of · Buckwheat 
·in Inda. 

1. L~h 12. Uttarkashl 
2. Pahal goon 13. Chamoli 
3. Srinagar 1.4. Pau-i 
J.. Udhampur 15. AI mora 
5. Chamba 16. Pithoragarh 
6. Kangra 17. Dar~~ling 
7. Lahaul & Spiti 18. Siligu-i 
8. Kinnaur 19. Assam 
9. Mandi 20. M•ghalaya 

'o. Kulu 21. Arlnl.chat 
11. Shima 22. Nagatand 

23. Manipur 

Cultivation 

Pr.ciKh 
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All the seven accessions were evaluated for their 

seed characters. Scanning electron microscopic photographs of 

the surface features of the seed coat of the accessions were 

taken using the method of Hayat (1974). Seeds were dehydrated 

by gradual and sequential passage through 30, 50, 70, 80, 90, 

95 & 100 percent acetone. After dehydration the seeds were 

subjected to critical point drying, followed by fixing in a 

copper Stub for gold coating. Gold coating was done for about 

5 minutes; soon after seed coat photograph was taken in SEM. 

For the determination of weight per grain, 25 

grains from each of the seven accessions were weighed in a 

monopan balance. The weight of each grain was calculated by 

dividing the total weight by the number of grains. For the 

determination of hull groat ratio, the hull fraction of the 

grains was separated from the grains manually and weighed. 

The weight of groat was calculated as the difference between 

t.ota l weight of the grain and the weight of che hull· The 

hull groat ratio has been calculated by dividing the 

of the hull by the groat weight. 

weight 

Moisture content of the seeds has been determined 

by "Low Cons t.an t. Tempera t.u re Oven Method". A known fresh 

weight of the grains was placed in the preweighed weighing 

bottles and kept in a forced draught oven at 110 ± 2°C for 

24 ± 1 hours. At the end of the prescribed period the bottles 

were placed in a desiccator for cooling for 1 hour. After 
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cooling, the final weight of the bottles was determined. The 

moisture content of the grains, expressed as percentage by 

weight, has been calculated by the following formula : 

M 
2 

M X 
3 

100 
M - M 

2 l 

where M = the weight in grams of the container and its cover 
l 

M = the weight in grams of the container, 
2 

and its content before drying and 

its cover 

M = the weight in grams of the containers, 
9 

cover and 

contents after drying. 

TISSUE CONSTITUENTS 

For the estimation of grain tissue constituents, 

a known fresh weight <usually 1 gm) of the dehulled grains 

was fixed by plunging it into boiling 80 percent ethanol. 

After 24 hours the tissue was macerated in the alcohol in a 

tissue homogenizer- Separation into alcohol soluble and 

alcohol insoluble fractions was carried out by filtration 

under suction over Buchner funnel. The alcohol soluble 

fraction was made to volume and used for the estimation of 

soluble sugars, free amino acids, total phenolics and total 

lipids-

The alcohol insoluble residue was dried in a forced 

draught oven at 70°C for 72 hours over P 0 · 
2 ~ 

The dried 
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material was weighed and used for the estimation of total 

starch and alcohol insoluble nitrogen. 

Carbohydrates 

Starch : The starch content of the grains has been 

determined by the method of McCready et aJ •• (1950). A 

suitable quantity, generally 50 mg, of the alcohol 

insoluble material was transferred to a centrifuge tub~ 

containing a small volume of distilled water- The contents 

were heated over a water bath to gelatinize starch. 

After cooling, starch was extracted from the jelly by 

repeated trituration with 72 percent perchloric acid. The 

solution was filtered through a sintered funnel and the 

filtrate made to volume. To a suitable aliquot of the 

filtrate, 4ml of o.t percent anthrone in cone. 

added; the solution was cooled for 10-15 minutes. 

H SO 
2 4 

was 

Absorbance 

of the solution was measured at 700 nm in a spectronic 20 

spectrophotometer. 

Sugars : Reducing sugars were determined colori-

metrically according to the method of Nelson <1944). From ~ 

suitable aliquot of the alcohol soluble fraction, alcohol was 

removed by keeping the tubes in a boiling water bath till the 

odour of alGohol disappeared completely. The sample was 

allowed to cool and then the sample was made to volume with 
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distilled water. To a suitable aliquot of the aquous extract, 

1 ml of mixed copper reagent was added and the solution 

heated in a boiling water bath for 20 minutes. After cooling, 

1 ml of arsenomolybdate reagent was added and the final 

volume made to 20 ml. Absorbance of the solution was measured 

at 490 nm in a spectronic 20 spectrophotometer. A calibration 

curve was prepared with glucose as the standard· 

Total sugars were estimated as reducing sugars 

after hydrolysing enzymatically by 0-2 percent invertase 

<yeast). The solution was allowed to stand overnight, 

protected by layering a drop of toluene on top of the 

solution. Values for non reducing sugars have been obtained 

as the difference between total and reducing sugars. 

Nitrogen was estimated from the alcohol insoluble 

fraction by semi-micro Kjeldahl's method· A suitable amount 

of the alcohol insoluble powder was transferred to a Kjeldahl 

digestion flask and digested with ~oncentrated H SO 
2 .. 

using 

selenium-copper catalyst~ according to the method of Chiball 

et aJ., <1943>· Digestion was continued till the solution was 

faint blue in colour. 

The digests were made to volume. Ammonia was 

estimated from the digests titrimatrically. Ammonia was steam 

dis t. i 11 ed 
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and estimated by titration against N/140 H SO 
2 • 

containing 

phenol red-bromocresol green indicator <Conway and O'malley, 

1942). Anhydrous ammonium sulphate was used as the standard. 

The percent of protein has been calculated by multiplying the 

content of nitrogen determined by Kjeldahl's-titrimetric 

method with a constant 6-25. 

Total Free Amino Acids 

Total free amino acid were estimated from the 

alcohol soluble fraction as a-amino nitrogen by the method of 

Rosen <1957>· A suitable aliquot of the alcohol soluble 

fraction; from which alcohol had been completely removed by 

heating over a water bath~ was made to 1 ml by distilled 

water. 0.5 ml of 0-002 M acetate-cyanide buffer~ pH 5-4 and 

0-5 ml of 3 percent ninhydrin were added to the solution in 

succession. The mixture was heated in a boiling water bath 

for 15 minutes followed by the addition of 4 ml of isopropyl 

alcohol-water diluent Cl:J). After cooling· absorbance of the 

coloured complex was recorded on a Spectronic-20 spectre-

photometer at 550 nm with glycine as the standard. 

Total Lipids 

The lipids were extracted from the alcohol soluble 

fraction with Methanol-Chloroform mixture ( 1 : 1 } ~ after the 

alcohol was removed from the sample by gentle heating over a 

water bath· The solution was centrifuged at 1000 x g for 10 
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m i nLI tes and the supernatant transferred to preweighed 

petriplates- The solution was allowed to evaporate and the 

petriplates weighed again- The total lipid content was 

determined as the difference in the initial and final weight. 

Total Phenolics 

Total phenolics were estimated from the alcohol 

soluble fraction according to the method of Swain and Hills 

(1959). A suitable aliquot, usually 0-5ml of the ethanol ic 

extract was diluted to about 7 ml with distilled water, 

followed by the addition of 0-5 ml Folin-Dennis reagent. 

After 3 minutes, 1 ml of a saturated solution of NaCO 
2 9 

was 

added and the mixture made to 10 ml with distilled water· 

Absorbance was measured after one hour at 700 nm in a 

spectronic-20 spectrophotometer with gallic acid as the 

GROWTH ANALYSIS 

All the seven accessions of common buckwheat were 

assessed for the periodicity of their growth behaviour by 

conventional growth analysis under field ·conditions- To 

carryout the field experiment, a 7x4 metre field was selected 

in the campus of North-Eastern Hill Universit.y, Shii"long. 14 

raised beds, prepared as rows along the breadth of the field, 

were prepared; the distance between each row was approxi-

mately 50 em and two rows were allotted for each accession. 
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Healthy seeds from each of the seven accessions 

were selected and washed thoroughly under running tap water-

The seeds were germinated in petriplates in the laboratory in 

a incubator- The germinated seeds were transferred to a 

growth chamber maintained at 25°C ar1d 65 percent R-H with 

constant illumination. The seeds were maintained in the 

growth chamber for 7 days t.i 1 1 the cotyledonary leaves 

unfolded completely. The 7 day old seedlings from each of the 

seven accessions were transferred to the allotted raised beds 

in the field; 40 seedlings were sown in each row- The crop 

was watered periodically. Mild dressings of FYM were applied 

to the field twice~ one at the time of sowing and the other 

after 30 days of transplanting. 

All the seven accessions were sampled in a fixed 

order at random- The first harvest was made on 3rd day after 

planting and the subsequent harvests were made on 7~ 19, 31, 

43~ 55 and 67 days after planting· 10 plants from each 

accession were harvested on a given sampling date. The 

harvested plants were washed in running tap water, blotted 

dry with the help of a filter paper and separated into stem, 

leaves and root portions. The length of the stem was measured 

by measuring tape. The leaf area was calculated by measuring 

the imprints of the leaves made on the ferrostate paper with 

the help of plannimeter. 
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After recording their fresh weights~ the samples of 

leaves~ stem and root were allowed to dry for 48 hours in 

The dried samples were cooled in 

desiccator and then weighed for recording their dry weight. 

In the later part of the field experiment the observations 

were made regarding the time of flowering and number of 

The data recorded were used to derive the growth 

components or indices which were interpreted with reference 

to the differences amongst accessions. The growth components 

like Net Assimilation Rate <NAR>, Relative Growth Rate <RGR> 

and Leaf Area Ratio <LAR> were calculated with the formula 

given by Watson <1950). 

1 w - 1 w 
RGR 

n 2 n 1 mg/mg dry weight/day = t t. 
2 1 

w w 1 LA - 1 LA 
NAR 2 1 n 2 n i mg/cm 2 

leaf area/day = X LA LA t t. 
2 1 2 i 

<S s ) <In w In w ) 

LAR 2 1 2 i 2 dry weight = em /mg <W w ) <In s- ln s ) 
2 ' 2 1 

where W & W are the initial and final dry weight of 
1 2 

whole 

plant. LA & LA are initial 
. 1 2 

and final leaf area of the 

harvest. t & t represents initial and final harvest 
. 1 2 

dates, 

between two consecutive sampling intervals and S & S are 
.1 2 



the initial and a final dry weight of leaf between two 

consecutive sampling intervals. 

NITRATE UPTAKE 

Seeds of common buckwheat CFagopyrum esculentum 

Moench) were washed for one hour under running tap water 

followed by rinsing with deionized water- The washed grains 

were germinated for 48 hours in darkness at 27±2°C. The 

germinated seeds were transferred to a solution of 0.2 mM 

CaSo for 24 hours. After 24 hours the seedlings were 
4 

transferred to a modified full strength nitrat.e free 

Hoagland"s nutrient solution <Arnon and Hoagland, 1940) 

having the following composition· 

Salt gram/liter 

Ca<SO ) 0-492 
4 2 

I<H PO 0-23 
2 4 

MgSO . 7 H 0 0-49 
4 2 

H BO 0-00286 
9 9 

MnCl . 4H 0 0-00181 
2 2 

CuSO . 5H 0 0-00008 
4 2 

ZnSO . 7H 0 0-00022 
4 2 

H MOO . H 0 0-00009 
2 4 2 

} Fe SO . 7H 0 0-5X 0-6 ml 4 2 

Tartaric acid 0·4X 
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The germinated seedlings were suspended in the 

solution through ~ stainless steel mesh~ so that the root 

portion dipped into the solution. The seedlings were 

maintained in a growth chamber under continuous white 

-1 -1 0 
f lourscent 1 ight 30 mmol em I S at 27±2 C and 65 percent 

R.H. The solution was aerated to provide ample Oxygen and 

solution mi>: ing. For this purpose a peristaltic pump was 

used~ in which continous air flow was maintained. 

The assay of nitrate uptake was carried out on 8 

day old seedlings from each of the seven accessions. The 

seedlings were transferred separately to beakers containing 

Hoagland nutrient solution supplemented with 5 mM 

concentration of KNO- in the solution was determined 
!I 

in 

The 

an 

aliquot of the solution at t and one hour after the 
0 

experiment was raised Ct. minutes). The difference 
cSO 

between 

the nitrate level represented the amount of nitrate taken up 

by the seedlings. 

Experiments were initiated by placing 8 day old 

seedlings Cgrown as described above) in 50 ml pyrex beakers 

containing 25 ml of Hoagland solution with 5 mM Nitrate given 

as I<NO- · 
9 

For 

funct.ion of 

the determination of nitrate uptake as a 

time~ samples in triplicate were drawn from 

each treatment solution at 15, 30, 45, 60, 120, 180, 240, and 

300 minutes 1ntervals and nitrate levels in (1.1 ml aliquot. 
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of the test solution were determined using the Brucin 

reduction method~ described by Nicholas and Nason (1957). 

According to this method, 0.1 ml of sample was taken in a 

test tube and the total volume made up to 5 ml with H 0, 5 ml 
2 

of H SO • 1 ml of 
2 •. 

sodium chloride solution and 0-25 ml of 

Brucine Sulphanalic acid mixture were added to the above 

solution and the test tube heated for 25 minutes in boiling 

water bath. The tubes were allowed to cool· The optical 

density of the cooled solution was read at 410 nM. Standard 

graph was prepared with KNO- using the same procedure. 
9 

For the determination of nitrate uptake as a 

function of NO- concentration in the nutrient medium, an 
9 

experiment was raised in which the 8 day old seedlings were 

transfered to Hoagland nutrient solution containing varying 

levels of KNO-. In each solution the amount of nitrate 
9 

taken 

up was determined by drawing 0.1 ml aliquot from the test 

solution before the start of the experiment and 15 minutes 

after the seedlings were transfered to the solution. N0-
9 

levels in each aliquots were determined by the Brucine 

reduction method described above~ The difference in the 

nitrate levels in the ambient medium between t and 
0 

t minutes represented the amuunt of nitrate taken up by the 
.5 

seedling. For the determination of effect of pH on the uptake 

of nitrate. the seedlings were transfered 

nutrient solution containing 5mM NO-; each of 
9 

to Hoagland 

the solution 



35 

having a diffrent pH. Uptake of nitrate under such conditions 

was determined in the same way as described above. For the 

determination of the effect of glucose, sucrose, DCMU, 

+ 
and NH on the uptaeke of • nitrate by the seedlings, 

nutrient solution containing 5mM KNO- was supplemented 
9 

the 

with 

~rying amounts of the particular metabolite/compound· Uptake 

of the nitrate in the solution was determined in the same 

way as described above. 

In order to determine the effect of depleting 

substrate concentration on the uptake of nitrate, an 

experiment was raised in which the level of nitrate in the 

ambient nutrient solution was kept constant throughout the 

duration of the experiment. This was done by constant 

replenishment of NO- depleted from the nutrient solution. The 
9 ' 

amount of nitrate depleted from the solution was determined 

by measuring the nitrate content in suitable aliquots from 

the test solution at regular intervals. The drop in the 

nitrate content during two successive tests gave the amount 

of nitrate depleted during a particular time period· The 

uptake of nitrate from such solutions was determined by 

drawing suitable aliquot (0.1 ml> in triplicate at 15, 30, 

45, 60, 120, 180, 240, and 300 minutes intervals and 

determining the level of nitrate in the test solution by 

Brucine reduction method Cas described above). 
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The values for uptake rate expressed as ~mol 

-l -1 
taken up mg dry weight root min ~ were computed from the 

values of nitrate at each sampling time~ i.e., the difference 

between final and initial concentration of NO­
s 

nutrient medium after a definite time interval 

in the 

has been 

expressed as amount of taken up by the plant. The 

cumulative uptake has been expressed as ~mol nitrate taken up 

per 100 mg dry weight root during a particular time interval. 

The Km and Vmax values have been calculated from the data on 

uptake rate v/s NO concentration in the nutrient 
9 

medium 

using Lineweaver and Burk plot <Lineweaver and Burk, 1934>· 

The d~ta of 1/v and 1/s were subjected to regression analysis 

by using the formula 

Y = a + bX 

The two seedlings which were used for nitrate 

uptake study were harvested from the nutrient medium~ washed 

thoroughly in deionized water and separated into root and 

shoot portions. After measuring the fresh weight of the shoot 

and root one of the seedlings was used for NR activity study, 

as per the method of Jaworski (1971). According to this 

method suitable quantity <usually 100 mg> of freshly 

harvested tissue was chopped into small pieces and incubated 

in a test tube in 4.5 ml of substrate solution containing 3.9 

ml phosphate buffer <pH 7-5>, 

propanol~ and 0-1 ml of 0-02 M 

0.5 ml of 5 percent isn-

KNQ-. Incubation 
9 

was done in 
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dark for one hour at 30° C in a water bath. After one hour 

from each sample~ 0-8 ml aliquot was taken in sterilized test 

tubes to which~ 0-6 ml of NEDH and 0-6 ml of sulphanilamide 

were added. Optical density of the solution was recorded at 

450 nm in Spectronic 20 spectophotometer. Measurement of in 

vivo nitrate reductase activity was carried out separately in 

shoot and root portions of the harvested seedlings. 

The root and shoot portion of the other seedling 

was dried in a 0 forced draught oven at 80 C for 48 hours. The 

dried sample was weighed and used for the estimation of the 

tissue content of total and nitrate nitrogen.· For the 

estimation of total nitrogen a suitable dry weight of the 

sample was digested as described earlier. The total nitrogen 

content was estimated titrimetrically by semi-micro Kjeldhal 

method as described earlier. The nitrate content of the dried 

sample was estimated after extraction with HCI. The solution 

was filtered through Whatman No. 1 filter paper. The nitrate 

content of the sample was estimated from the filtrate 

according to the method of Nicholsen and Nasson (1957). 

From the titter value of total nitrogen, the 

content of total nitrogen per 100 mg dry weight root and per 

100 mg dry weight shoot as well as per shoot and per root 

have been determined. Similarly the content of nitrate 

nitrogen per 100 mg dry weight shoot and per 100 mg dry 

weight root as well as per shoot and per root have been 
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determined from the data of absorbance for nitrate. The 

content of reduced nitrogen has been determined as the 

difference between total and nitrate nitrogen. 

For the determination of nitrate uptake by excised 

roots the 8 day old seedlings~ raised as described earlier, 

were washed in deionised water and dried on a filter paper• 

The root portion was excised from the seedlings by cutting 

with a sharp blade. A suitable fresh weight of the root 

tissue was transferred to Hoagland nutrient solution supple-

mented with 5 mM nitrate to determine the uptake~ following 

the same protocol as that for intact seedlings. 

PARTITIONING OF NITRATE IN WHOLE PLANT 

For nitrate partitioning study the seedlings of 

common buckwheat were raised in the laboratory condition. 

Eight day old~ seedlings were transplanted into pots, each 

containing 2·6 Kgs of fine sand washed with 0.3 per cent of 

H SO . The pots were arranged in 4 sets representing 
2 4 

four 

treatments. The plants were maintained in the net house with 

four plants in each pot and 10 pots for each treatment. The 

pots were regularly supplied with full strength Hoagland 

1 t . t . . ~ 2l) ~nd 50 mM KNO wh1"ch so u 1on~ con a1n1ng ~~ ~ s' represented 

the 3 levels of nitrate supplied to the plant. The untreated 

controls~ representing one set on treatments~ received 

Hoagland nutrient solution which did not contain any 
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nitrogen. The plant were harvested at random from each set of 

treatments~ on 7. 19, 31, 43, 55 and 67 days after planting. 

At each interval 5 plants from each treatment were harvested. 

The harvested plants washed under running tap water and 

blotted dry on sheets of filter paper- The length of the 

shoot was measured and the plants were separated into stem, 

leaf, petiole and root segments. The stem was further 

divided into 2, 3 or 4 segments according to length. The 

• fresh weight of each segment was determined and the segments 

dried in an oven for 72 hours at 80°C· From the oven dried 

materials, the dry weight of each segment was determined· 

Based on dry weight data of different samples and leaf area, 

the growth indices, viz., RGR, NAR and LAR were calculated 

from the plants for each treatement and each samplings. In 

order to determine the partitioning of Nitrogen between 

various tissue segments of the plant, harvested plants were 

separated to shoot, leaves, petiole and stem. The leaves and 

petiole were numbered in the acropetal order. The stem was 

divided into 2, 3, or 4 segments from the base and each 

segment numbered in an acropetal order. In each segment the 

amount of various nitrogenous components viz. total 

nitogen, nitrate nitrogen and reduced nitrogen and the 

activity of nitrate reductase was determined. In figure the 

values for various nitrogenous constituents have been 

expressed with illustration in ~g per total amount of dry 

weight of the particular unit- The units for NR activity have 



been expressed as ~mol 

weight/hour. 
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nitr~te reduced/100 mg fresh 

Based on the information collected, an attempt has 

been made to determine the relationship between the nitrogen 

content of the plant and growth behaviour. The data thus 

obtained has been fitted to the models proposed by Greenwood 

et al~ (1986; 1991). The theory, which backs the model 

attempts to relate the percentage nitrogen in plant dry matter 

to growth rate and to plant dry weight per unit area. It 

~overs all stages of growth untill senscence, of crops grown 

at optimal and sub-optimal N-nutrition. 

MODEL I 

This model attempts to test the effects of applied 

nitrogen on the growth and photosynthtic activity with plants 

of common buckwheat <Fagopyrum esculentu> using the following 

equations; 

dW<F,t> = [Kx<F>J x [W<F,t>J 
dt X + W<F,t> 

where W<F,t> is the dry weight of 

root> per unit area 

the plant 

Kx <F>~ is the growth rate coefficient. 

x is a constant 

<excluding 
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Integration of the above equation gives, 

[Kx<F>J [T- T J = 
0 

X ln W<F,t> + W<F,t> 

X ln W<F,t > + W<F.t. > 
0 . 0 

where, W <F,t> is the dry weight of the sample (excluding 

root> at time t and W<F.t > 
. 0 

is the dry weight of sample 

<excluding root> at t.ime t • T 
0 0 

rep res en t.s the time of 

initial harvest and T represents the time of next harvest. 

For specific conditions where there is just 

sufficient N-fertiliser to permit maximum growth, Greenwood 

et al., (1991> have defined Kx<F> as Kc and W<F,t> as Wc<t>, 

so that 

where Kc 

d Wc<t> 
dt = Kc x Wc(t) 

X + We< t. > 

is the critical growth constant and Wc<t> 

critical dry weight at critical nitrogen level. 

is 

Greenwood et aJ., (1986) have assumed that there is 

a relationship between critical percent N in the plant dry 

matter Nc<t> and plant dry weight Wc<t> and have defined the 

critical nitrogen constant in a plant by the equation 

Nc<t> = 1-33 + exp [1-4- 0-26 Wc<t>J 
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MODEL II 

In this Model the relationship between percent N 

and photosynthesis has been derived by using the f ormu 1 a 

derived by Greenwood et aJ., <1986). This has been done by 

regression of the rate of phot.osynthsis, P against 
L 

the 

concentration of <N > nitrogen in the leaf. 1~ is, therefore, 
L 

written as 

P = M N + C 
L L L L 

P = Leaf Photosynthesis. 
L 

N = Nitrogen in the leaf 
L 

M and C are coefficients 
L L 

There is a linear relationship between percent N in 

the leaf < N ) 
L 

and percent. N 

Therefore, it is written as, 

N :::: M N + C 
L V V V 

in the whole plant ( N ) •. 
w 

where. M and C are coefficients which have positive values· . v v 

The integration of above equation gives 

P = M M N + M C + C 
L L V V L V L 

For a given crop of a given size, M C + C are constants so 
L V L 

that P is linearly related toN 
L V 
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The model based on the linear regression equation 

Y = a + b X~ can therefore used t.o relate photosynthetic 

efficiency of the leaf to the total nitrogen content within 

photosynthetic the plant. In the plant under study the leaf 

capacity defined as net assimilation rate h~s therefore been 

related to percent nitrogen in the whole plant at various 

stages of growth under varying 

supply-

levels of 

The entire data presented in 

represents experiments carried out over 

e>: ternal nitrate 

the present study 

three consecutive 

years under laboratory and/or field conditions as applicable· 

The data represents the mean of at least thn?e independent 

replicates for each study. The entire data has been subjected 

to statistical treatments and the LSD value depicting the 

level of significance at 5 percent probability determined 

using a computer programme for ANOVA. 
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EXPERIMENTAL 

Seven accession of common buckwheat <Fagopy't'um 

IC-13145, esculentum Moench> viz- IC-18889, IC-13141, 

IC-13411, BOS-1345, Kulugangri and PRB-8901 were procurred 

from the North Eastern Regional Station of National Bureau 

of Plant Genetic Resources, Shillong. Mature grains from 

each accession were scaned by electron microscope for their 

seed code structure- The grains were also analyzed for 

moisture content, grain weight, hull groat ratio, germination 

percentage and the tissue level of. total starch, total 

sugars, total p•-oteins, free amino acids, phenolics, and 

total lipids· The concentration of the tissue constituent.s 

has been expressed as percent of grain dry weight-
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from each accession were germinated in 

in the 1 abot-a tory ~nd 5 day old seedlings were transplanted 

111 the experimental fie 1 d of the Botanical 

North Eastern Hill University, Shillong. The 

experimental design was a split plot with three 1-epl ications 

accession- Plants from each of the accessions were 

harvested, at random, at periodic intervals till 

Shoot length~ shoot dry weight~ root dry weight, 

seed 

leaf 

set. 

dry 

weight and total leaf area was recorded for 

plant- From the data on dry weight and leaf 

indices of growth viz. Relative growth 

assimilation 

computed-

rate ( NAR > , Leaf 

Results presented in 

area 

this chapter 

studies carried out in the year 1991. Each 

each harvested 

area various 

< RGR > , 

C LAR > , 

presented 

Net 

were 

on 

value 

r·ep l-esen t.s the mean of at least five independent replicates. 

The data has also been subjected to ANNOVA and least 

significance calculated at P0-05-

RESULTS 

The sc:~nning electron microscopic phot.g r·aphs of 

seeds of seven accessions of buckwheat 

variations in the1r pattern of coating. The 

accession IC-13141 showed parallel waxy coating, while PRB-

8901 • I c--134 11 • IC· 131'•5 and BDS-1345 showed thick 

coating with hlgh ~- ~ t i c u 1 2 t ion . l:.u 1 ugang i r i 

waxy 

and 
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IC-18889 showed miled waxy coating with medium ,-aticulation 

<Fig- 4.(). MArginal differences were also observed in the 

si;:e of the gt-alns from the seven accessions tested. E>:cept 

for IC-13141 and IC-18889 which measured 0-27 and 0-318 mm 

respectively. The breadth of grains of PRB-8'101 ~ IC-13411~ 

IC-13145~ BDS-1354 and Kulugangri ranged between 0-409 to 

0-45 mm. The g•-ains of each of the seven accessions, 

analyzed~ did not differ from each other in length- Thus the 

length of grains of all the accessions ranged between 0-60 to 

0-65 mm <Fig- 4-2>· The grains of common buckwheat showed an 

aveJ-age gt-din weight ,-anging from 12 to 15 mg and a moisture 

content ranging from 10 to However, marked 

in the hull gt-owth ,-atio between 

different accessions were observed- While IC-13141 showed a 

lowest hull groat ratio of 0-31, IC-13145 had the highest 

hull gt-oat ,-atio of (1.53 (Table 4-1>· E>:p•-essed as pet-cent o·f 

dry weight~ the starch content of grains ranged between 53-1 

to 55.0 percent and the content of total suga•-s ranged 

between 10.8 to 12-94 percent. The level of non-reducing was, 

however~ more predominant than that of reducing sugars; 

,-educing suga1- constituted an avet-age of 5 per cent of the 

total sugar content of the grains. Expressed as percent 

pr·otein content of the grains was dry weight~ the total 

marginally more than 

could be observed in 

11-3 percent; 

the pt-otein 

no mad~ed 

content of 

differences 

the grains 

between differ-ent accessions-

howeve•- obset--..ed in the level of 

phenolics in ti1P g• ,;nns of the 

l'larked 

total 

differences were~ 

lipids and total 

accessions of common 



cunl.E'Ilt c:~r1d peo <J:fll 

seven accessions of 
t·1 n en c h ) . 

ge1 mlliil.t ion at 72 
common uckwheat 

l;our·s o·f t-he yr··ains of 
<Fagopyrum E$Culantum 

Accession Gl-a in Hull /Gl-oat t·lo is tu re Content. F'el-cent 
weight Ratio < ~u Gel-minat.ion 
(mgJ (72 hours) 

I c--18889 13. 7 1). 34 13-0 88 

l:::u 1 ugang ~- i 13-5 •). 50 1(1.(! 64 

F'RB-8901 14.4 (>.42 12-0 92 

l c: - 1 31 ft 1 1~~-~.; (.I • 31 1 (1 • (I 80 

IC-13145 13-5 (1.53 13-0 84 

BDS--135'• 14-5 (1. 42 12-0 95 

IC--13411 14.(1 (1. 35 13.(1 72 

Table 4-2 : The content of total protein~ total lipids~ total 
21m i no a c i d s , ph en o 1 i c s ~ red u c i n g s u g .:q·- s • non - ~- e d u c i n g sugars 
and st.ou-ch in the grains of seven accessions of 
common buckwheat <Faqop'/r-um e:;culentum r·1oench>· 

Accessions 
Component IC- PRB- IC- IC- IC- BDS-

18889 l<ulu 8901 13141 13145 1341 1 1354 

Total Fl-otein 1 1 .2(1 1 1 .3(1 1 1 .so 1 1 -2 1 1 -30 1 1 ·20 1 1 .so 

Total lipids 5. 9tJ "7 • (h) 3-00 6-00 4-00 4-00 6-00 ' 

Tota 1 amino l). 33 <). ,:.2 l). 38 (I. ltO (1.28 0-32 0-43 
dc:irJs 

F'henol ics 2-68 3-35 2. 3l+ 2-63 1 .03 1 -70 3-57 

F\~=:'duc Hl~~ Suq.,:;,-s (' ... :-J. 08 3-65 4-77 ::3-71 = 10 4-73 .J• 

l'lr1n- F-\educ i nq t;. 1)3 fJ-02 6-88 6. 12 7-66 '7 -84 7-26 ' 
!')ug c"'l 1- s 

Tol.=~l ~3U!Jal '~ 1 (l. 8•.1 1 I . c·,:l 10-~~·3 1 (_). 8S1 1 .1 -37 12-94 11 -99 . 
~ l i , ., I ··I, i '' ~ ' ,· . . "' 

0 
'. t • j 'I J :··.: I • \)I I !·:i:l • tlt.l ~ .. , ~:.~, • (H) 5::J. 10 . ' 



Fig. 4-1 : The Scanning electron microscopic photographs of 

seeds os seven accessions of common buckwheat 

CFagopyrum esculentum MOench). 



Fig. 4-2 : Differences in the size, breadth and lengt.h of 

seeds of seven accessions of common buckwheat 

<Fagopyrum esculentum Moench) 
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buckwheat. While PnD-0901 showed the lowest (3.(1%) lipid 

content~ Kulugangri had the highest content of total lipids 

total grain dry weight. 

Amongst the accessions tested, IC-13145 had the lowest level 

of (1.03XJ of total phenolics. The content of total phenolics 

was highest in grains of BDS-1354 which had nearly 3.6 

mg total phenolics per 100 mg grain dry weight (Table 4-2>· 

All the seven accessions of buckwheat were analyzed 

for temporal changes in the pattern of g r·ow th. The seven 

accessions tested in our laboratory for thei,r germination 

showed a germination percentage ranging between 60 to 90 per 

cent at 72 hours after imbibition. However the grains could 

be separated into two groups based on their germination 

behaviour- At 72 hours of imbibition 70 to 90 percent grains 

of IC-18889~ IC-13145, PRB-8901 and BDS-1354 had germinated. 

Howe-ver-~ dur·ing the same time only 60 to 70 per- cent gr-ains 

of IC-13141, f ulugangri and IC-13411 showed visible signs ot 

germination (Table 4-1, Fig· 4.3). 

Being a shor·t dur-ation cr-op, the plants achieved a 

maximum dry weight in about 40 days after planting. Increase 

in the dt-y weight of the shoot followed a typical sigmoid 

curve with the lag phase lasting upto 7th day after planting. 

The logarithmic phase of dry matter accumulation in shoot 

lasted between 7th and 30th day when a more than 15 fold 

i rr c r ease i n rJ r- '•' ~·I e i a h t o t t h P shoo t w .:'\ s 
i ' .. 

obser-ved. Beyond 

4 (l t h clay • h o ~.>1 eve r • no f u ,- t he ,- 1 n c ,-ease i n d r 'r' ~.>J e i g h t of the 



Fig. 4-3 : Percentage of germination of seeds of common 

buckwheat <Fagopyrum esculentum Moench> under 

laboratory conditions at 72 hours of imbibit[ok 
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shoot could be observed <Table 4-3~ Fig. 4-4). Increase in 

the dry weight of the roots in plants of common buckwheat 

followed a hyperbolic pattern without any lag phase; the 

maximum dry weight being recorded 40 days after planting 

<Table 4-3~ Fig- 4-5>- The chan~es in dry 

matter accumalation in stem and leaf followed a trend 

similar to that shown by shoot. The logarithmic phase of dry 

weight accumulation in leaves~ however~ lasted from 7 to 20 

days only beyond which the total leaf dry weight did not. 

increase markedly <Table 4-4, Fig- 4-6 & 4-7>· The total leaf 

area in each of the seven accessions increased lineal-ly with 

time upto 30 days after planting recording a nearly 20 fold 

increase during the period- Beyond 30 days there was a slight 

decrease in the total leaf area of the plants < Table 4-5, 

2 -t Fig. 4-8>. The leaf area ratio (em mg shoot dryweight ) of 

the plants showed a progressive increase with 

initial seven days after planting the seedlings. During this 

pel- i od a more than 6 f o 1 d inc 1-t-ase in the LAR was obsel-ved • 

Difference was however, observea on the 7th day in LAR 

between different accessions with BDS-1354 showing the least 

LAR~ when compared with other accessions- After 7th day the 

LAR registered a marginal decrease upto 19th day. After 19th 

day there was no appreciable change with time in the LAR for 

each of the seven accessions <Table 4-6, Fig· 4-9>· 

In each of the seven accessions 

accumulation of dry matter < RGR expressed as mg mg dry 

wei qh t-1 d-1 showed positive increments upto 43 days. The 



Table 4-3 : Chaneqs Irl the dl-'f' Wl?iqht uf shoot and dr-y weight. 
I.Jf root. with t1me in 7 acct>ssic•ns of buckvJheat <Fagt1pyrum 
es•:ular,tum t·lcH;>ncll) yr·o\--Jrl undel- f1eld condit.ions. 

Days after planting 
Accession 

19 31 43 .:::-~::- 67 ... J.J 

Dry Weight. of Shoot. (rng> 

1C- 18089 "7 . 1 ::~o. 8 89.9 91 . { .. 85- 1 85-0 
l.u lugcmq r· i 6-8 r:":J • 

·--· (_ • t:t 87-5 81 .(I 88- 1 87-8 
F F:;;B--8901 .. , . ~~ 5'-+. (~ 87-5 93-0 91 .6 87 . .3 ; 

IC-·13141 / -3 c-o::- 1::' 83- 1 90-5 88-3 86.(1 .._1 ,_) • ..J 

IC·-13145 6-9 57-3 82-6 87-3 85-5 83-0 
IC-1341 1 -3 58-0 82-6 86- 1 84-3 83-3 
rros- 1.~154 ' . ,-) ~i.!J. (> 83-5 85-7 84- 7 83-8 

LSD PO. 05 (or Acc~sosatonso = 4. 27 

Dry Weight. of Root. (rng) 

r c--18889 1 . ~:) ~ r.· ,_ . ··' l • • 1 '• . (. .. 4-3 4-2 
I u I I I (I ,:u llJ I I 1 ... , ;') n . ' Lt . =l ~:_·, • t.J '• . ? 4. 1 
r ld< U'!•.t 1 1 i.' • ? it • ::3 '• .7 4. '• 't. 2 
IC·-13141 1 . ..., 

C.• i y. 1 4-4 4- 1 4-3 
IL- l.Jl···t~:i 1 (~ .. ,:_, c 1 c::- t::"' 4-8 4-5 ....! • .,_1 • \-I 

IC-13:tl 1 1 
. , 

c~" s 5-3 ~ .. 6 ..... 6 4. 1 . 
PDb .. 1 .]~ ... 1 ':J . ., C' ~). 8 4-8 lt. 4 . ( _, ,_ . ' ...J • L' 

LSD PO. 05 for Access tons = 0. 51 



Table 4.4 : Chanegs in the dry weight of stem and dry weight 
of leaf with time in 7 accessions of commonbuckwheat 
<Faqopy~·umnE~culantum Moench) grown under field conditions. 

Days af te1· plantinq 
Accession 

19 31 lt3 o::-c-
..J..J 67 

Dry Weight St. em (mg) 

IC·-18889 4. 1 30-9 63-3 63-8 59-0 59-5 
ku 1 ugang ~- i 4- 1 29- 7 62-5 51-3 6(1.(1 61-5 
fC•r<[l···89U 1 '• . 1 31 .(l 62-5 63-2 62-0 61-3 
[[·13141 . . ) 

4•L 33-3 58. 1 60-6 58-8 58-5 
IC-131'-+~:; ~ •• (l 32-8 c-' . 

~·o. o 58-0 57-5 56-0 
IC-13411 • '::J 4•L 33-3 56-8 58-1 57-3 56-5 
BDS -13~'-+ 4. 1 33-0 57. 1 58. 1 57-6 57-0 

LSD PO.O~ for Accessi.ons = P.<4<4 

Dry Weight of Leaf (rng) 

IC-··1888? ::J. 1 19-9 26-6 27-6 26. 1 25.5 
l.:u 1 ugang r· i ') 

' 22-? 25. (l 29-7 28. 1 26-3 L• 

F'RB-8901 :::_l • l 23-2 25-0 29-8 29-6 26-0 
IC-·13141 3. 1 22-2 25-0 29-9 29-5 27-5 
IC-·13145 2. (7 .2t-+. 5 26-0 29-3 28-0 27.(1 
IC-13411 3- 1 24-0 25-8 28. 1 27-0 26-8 
BDS--1354 2-C? 23-0 26-4 27 .. 6 27. 1 26-8 

LSD PO. 0~ for Accessnons = f.. cSO 



Tt!i\ble 4.5: Changes In the le-3f area 1--1ith time in 7 accessions 
uf c:urnmc•rl buc~-1·1heat (f"aq,,p;Tum es·~ulantum 1'1oench) grown under 
field conditions. 

Accession 

I C·-18889 

f:::u 1 ugang 1- i 

F'RB-8901 

1 c- 1 ~'3 1 '1 1 

IC-13145 

IL·····1:C.l41 1 

DDS --1354 

LSD PO.O~ for 

3 

1 • i:!t) 

1 :Jr= . ._._) 

1 .4!) 

l • 2() 

1 -2(J 

1 • ~~d) 

l . Jl:l 

...., 
! 

4-1 

(+. 5 

' i. "-+ • t__l 

5. (J 

i+ • 5 

'+ . B 

4.8 

Accessions = 

D~ys after planting 

19 31 43 55 67 

Leaf Area C cm
2 

> 

12-3 21 .s 29-3 28. 1 27-0 

13 . 1 21 .6 26.(1 23-6 22-8 

13-0 24-0 28-3 27-3 24-6 

13-8 23-3 28-0 25-3 24-0 

13-5 23.(1 27-3 25-3 24-3 

1 ••• 3 23-3 2~~. 1 2~j. 3 24-1 

13-3 19.6 27.(1 26-8 25-0 

l. 72 



Table 4·6 t Changes in the relative growth rate, net assimi­
lation rate and leaf area ratio with time of 7 acces~ions of 
common buckwheat <Fagopyrum esculenntum Moench> grown under 
field conditions. 

Days After Planting 

Accessions 3 7 19 31 43 

-f. -f. 
RGR (mg mg dry weight d > 

IC-18889 
Kalu 
PRB-8901 
IC-13141 
IC-13145 
BDS-1354 
IC-13411 

0-007 
(1.(129 
0-014 
0-01 
0-007 
0-03 
0-017 

0-04 
0-028 
0-043 
0-046 
0-035 
0-034 
(1.045 

0-159 
0-159 
0-154 
0-156 
(1. 16 
0-16 
0-158 

0-047 
0-042 
0-039 
0-033 
0-003 
0-034 
0-031 

LSD PO. 0~ for a.cc•••ion = 0. 028 

IC-18889 
Kalu 
PRB-8901 
IC-13141 
IC-13145 
BDS-1354 
IC-13411 

0-021 
0-068 
(1.(137 
(1.(128 
0-020 
(1.(174 
0-043 

0-43 
0-398 
0-400 
0-398 
0-401 
0-223 
0-410 

LSD PO. o:s for a.cc•••i.on 

0-487 
0-488 
0-490 
0-483 
0-518 
0-600 
0-490 

0-212 
0-200 
0-174 
0-134 
0-128 
0-187 
0-120 

= 0. 042 

0-002 
0-004 
0-005 
0-007 
0-005 
0-002 
0-003 

0-008 
0-018 
0-019 
0-024 
0-015 
0-099 
o. 114 

-2 LAR (em leaf area/ dry weight> 

IC-18889 
Kalu 
PRB-8901 
IC-13141 
IC-13145 
BDS-1354 
IC-13411 

(1.(185 
0. 1 (1(1 

(I. 1 02 
(1.(185 
0-082 
(1. 104 
0-110 

0-50 
0-66 
(1.63 
0-68 
0-65 
(1.65 
0-68 

LSD PO. 0:5 for a.cceasi.on 

0-230 
0-249 
0-239 
0-240 
0-230 
0-246 
0-230 

0-240 
0-246 
0-274 
0-280 
0-270 
0-282 
0-230 

:: o. 284 

0-320 
(1.280 
0-300 
0-300 
0-312 
0-314 
0-310 

55 

-0-006 
-0-004 
-o.oo1 
-0-002 
-0-002 
-(1.(1(12 
-0.(102 

-0-018 
-(1.006 
-(1.(1(15 
-0-005 
-0-007 
-o.oo8 
-0-007 

0-330 
0-267 
0-290 
0-286 
0-290 
(1.300 
0-316 

67 

-0-0070 
-0-0040 
-0-0020 
-0-0020 
-0.0020 
-(1.(1014 

-(1.0(12 
-0-002 
-0.014 
-o.ooe 
-0.002 
-0.004 
-0.006 

0-310 
0-259 
0-280 
0-279 
0-292 
0-280 
0-298 



Fig. 4-4 : Changes in the shoot dry weight with time in 7 

accessions of common buckwheat 

esculentum Moench)during growth under 

field condition. 

<Fagopyrum 

natural 

Fig. 4-5 : Changes in the root dry weight with time in common 

buckwheat <Fagopyrum esculentum Moench> during 

growth under natural field conditions-
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Fig. 4-6 : Changes in the stem dry 

accessions of common 

weight with time in 7 

esculentum Moench> 

field condition· 

during 

Fig. 4-7 : Changes in the leaf dry 

accessions of common 

<Fagopyrum buckwheat 

growth under natural 

weight with 

buclwheat 

time in 7 

<Fagopyrum 

esculentum Moench> during growth under natural 

field condition. 
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Fig 4-8 : Changes in the leaf area with time in 7 accessions 

of common buckwheat <Fagopyrum esculentum moench) 

during growth under natural field condition-

Fig 4- 9 : Changes in the leaf area 

accessions of common 

esculentum Moench) 

field condition-

during 

ratio with time in 7 

buckwheat <Fagopyrum 

growth under natural 
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values for· F<GF~ showed <:< progressive incr-ease till 19 days, 

1 ecord ing 8 mor··e t-h,:'n 3 fold incre~se during the period. 

Af t.e,- 20th d~y~ l1owever. thr.~ relative gr·owth ,-ate of plants 

started to decline with progressing time. While~ the values 

showed a positive sign between 20 and 43 days, a negative 

deviation for the relative growth rate was observed between 

43 and 67 days. The highest values for RGR were 1-ecorded on 

19th day. Even though Kulugangri and BDS-1354 showed slightly 

higher values for RGR during the first week of gr-owth, there 

were no significant. differences in RGR between the accessions 

at any stage of growth <Table 4-6, Fig. 4-10). The net. 

assimilation rate 2 -~ <NAR> expressed as mg em leaf area d for 

each of the seven accessions increased between 3rd and 19th 

day of g•-owth af te,- which 1 t started to decline with time. 

However, the magnitude of increase was more marked between 

3rd and 7th day than during the time interval between 7 and 

19 days. Positive values for the parameter were, however 

observed till 43 days after planting. Beyond 43rd day of 

growth values for NAR showed a negative deviation. While IC-

18889 ~ Ku lLtgang ,- i , PRB-890 1 , I C-13141 , IC-13145 and IC-13411 

showed a similar pattern and rates of net assimilation of dry 

matter-~ values for NAR BDS-1354 showed marked 

differences from those recorded for other accessions. In case 

of BDS-1354 the NAR showed duration for highe;-

values <Table 4-6, ~ig· 4-11). 



Fig 4. 10. : Changes in the relative growth rate wit.h timP in 

7 accessions of common buckwheat <Fagopyrum 

esculentum noench> during growth under natural 

field conditions. 

Fig 4. 11 : Changes in the net assimilation rate with time in 

7 accessions of common buckwheat <Fagopyrum 

esculent.um Moench during gy-owt.h under nat.ut·al 

field condition. 
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Oi SCLIS&ion 

Our results on the chemical composition of buck-

wheat grains reveals that the various nutritive components of 

the crop are comparable to those reported 1 ike 

rice and wheat. Joshi and Parada in their monograph "buck-

wheat in India" t-epot-ted that while the grain is variously 

used as an article of food in different countries the forage 

of the cn-_,p is e:: tens i ve I y used as fodder fat- cattle, 

Proteins being one of the determinants of nutritive value of 

any ·food grain, numet·ous workers have ana I ysed 

content in different cultivators of buckwheat- While Pomeranz 

.:md Hobbins <19?2J have found 13-7 pet-cent pt-ot.ein 

Buckwheat cultivars, Kraft and Javornik <1979> have 

in ten 

reported 

a ma::imum of 11-5 pet-cent thir·teen cultivat--s of 

buckwheat. Kirilenko (1981J has determined the grain 

content. in some vat·ieties of common buckwheat det-ived from 

various breeding techniques- He could not find significant 

d if ·f et-ences in p ··ate in 

different years- The 

content 

of 

in the same variety grown in 

protein content was from 15 

percent to 18 percent. In the present investigation the seven 

accessions of common buckwheat Fagopyrum esculentum Moench 

showed an average of 11-5 percent ot protein content on grain 

dry weight basis- There were no significant differences in 

the p1·otein content in the gr·ain from the seven accessions of 

buckwheat analys~d in our laboratory. 
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Vc:n·ious investtg~:.<tor-s in their- studies with buck-

wheat grains. have reported that besides containing a high 

c a r·bo-level of protein the gr·ains also a good 

hydrate and fats. Faroog and Tahir (1988) reported that. the 

leaves of F. escule~tun~ F. Sagittatum~ F. tataricum and F. 

kashmirianum had higher levels of sugars and starch and 

levels of total phenolics than the ot.her 

species indicating that it is more suitable as a green 

vegetable- The total carbohydrates content. of 70 percent in 

grains of common buckwheat as observed in the present study 

was compa•-able to t-he amount of 72.9 percent. as r·epOI-ted by 

Joshi and Parada in their monograph "Buckwheat in India"· The 

lipid and phenolics content of 6 percent and 2.5 percent 

r-espectively makes the plant. suitable fo,- human consumption. 

Even though the buckwheat seeds constitute an 

important source of dietary proteins and carbohydrates and 

high biological value <Pomeranz 1973, Pomeranz et al., 1975) 

it carries an inherent property of less digestibility <Food 

Policy and food science service FAG 1 970 , Far re 1 1 1978, 

Eggum e t a I • ~ 1 981 , Thacke,- et aJ., 1983>· Ikeda and Kusuno 

t.he occun-ence of ( 1978) have presented evidence fOI­

trypsin inhibitor in buckwheat seed. There are also some 

reports indicating the presence of a proteinase inhibitor in 

buckwheat seed <Lapo,·ate and Tr·emol ieres 19-~,2, Pok ,-ousk i et 

aJ., 1978 and 1980). The low dige~tibility has been ascribed 

to the presence of the trypsin inhibitors in buckwheat 
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Joshi and Parada (1991) have that. 

buckwheat is a short duration crop <3-4 months) and requires 

moist and cool tempe•·ale climate to grow. They have further 

reported that it is a suitable crop for summe1- season at. 

hi ghe1- a 1 t. i tudes. In the p l-esen t investigation~ seeds of 

Fagopyrum esculentum Moench were sown in the month of July. 

The c •-op attained maturity in about 6 weeks time and 

completed its life cycle in about 9 to 10 weeks- However, 

Llecausf." of t.he indeterminate growth habit the time period of 

flowering extended from about 4 to 7 weeks after planting 

(Table 4-7). Among the severn accessions of buchwheat. BDS-

1354 dis t. i ngu i shed itself by possessing determinate growth 

habit and synchronization of seed maturity. Therefore BDS-

1354 can be introduced among the for wider 

cultivation. The percentage of germination observed with 

Fagopyt-um esculenf:um 1'1oench was comparable with the 90 

percent germination observed by Gohil and Rathar <1981) witt, 

different accessions of buckwheat from western Himalayas. 

Common buckwheat < F, es cuI en tum Moench) is a heJ-bac i ous erect 

annual attaining a height of 60 to 180 em. <Joshi and Parada 

1991). The stem is hallow~ angular with swollen nodes with 

pink and green colour. The leaves are alternate 

triangular with the blades being hesitate or cOl-date. The 

leaves with uppe•- leaves wer·e almost sessile~ 

petiole of length. 

.:no: i 1 i a ry and Cyme with 

clustered flowers (Fig. 4-12). 

but 

The 

lowe•-

in f I ot-escence was 

less densely 



Table 4.7 : Chanegs in the harvest index, days of apprearance 
of flower~ days of appearance of grain and grain weight in 
common buchwheat <Fagopyrum esculantum Moench). 

Accession 

IC-18889 

Kulugangri 

F'F\B-8901 

IC-13141 

IC-13145 

BDS-1354 

IC-13411 

Harvest 
index 
(X> 

2-006 

2-120 

2. 176 

2. 170 

2-22(1 

2. 600 ' 

2-080 

Day·s of 
appearance 

of 
flower 

21 

24 

22 

22 

24 

22 

24 

Days to 
appearance 

of first 
grains 

30 

30 

32 

29 

29 

30 

30 

Total 
grain 

weight 
<grams> 

per plant 

2.5(16 

2-730 

2-800 

2-744 

2-730 

3-220 

2-548 



Fig 4· 12 : The plants of 7 accessions of common buckwheat 

<Fagopyrum esculentum Moench) grown in the 

botanical garden of Botany Departrne~t of North­

Eastern Hill University Shillong : A - 7 th day 

after planting ; B- 19th day after planting ; C-

43rd day after planting. 
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Joshi and F'aroda ( 1 991 ) have 408 

accessions of buckwheat in monog r·aph. Buckwheat. 

Catc:doyue rc~po1 ted by Josh1 C\nd J>aroda was pr·epan~d by Llsing; 

plant. height. of branches. number of 

colou1· of st£::.'111, numbe,- of leaves, pet-iole length~ cCJJour 

petiole~ leng~M of the leaf, leaf breadth, blade shape~ leaf 

colour ~t maturity. leaf margin colour, flowering~ flower 

colour. maturity. length of cyme. sE?eds seed 

colour and seed shape as the descriptors- Taking the above 

mentioned descriptors as the reference the seven accessions 

of buckwheat as analysed by us fall under a single category 

e>: cep t. fluctuations in their patt.ern. An 

analysis of the polygonal diagram in which variables such as 

d•-y weight of stem. shoot, leaf • r·oot and leaf a1·ea, for the 

seven accessions at Val· i OUS stages of have been 

combined into one figure (Fig. 4-13>, reveals that the seven 

c.1cc.:essions did not differ· fl-om each otheJ- ma1·kedly in their 

growth characters- However. scanning elec t.J-on ic ITiiCl-OSCOpic 

obseJ-va t ion of seed coat of the seven accessions ,-evealed 

differences in their seed coat pattern and thickness- Based 

on the. pat-.te•·n and thickness, the seven accessions could be 

In so fa,- as the kinetics of gr·owth is concerned 

all the seven accessions showed the same behaviour e>:cept 

tested 

significance pet-e en t probability, the differ-ences 

Ins1qnificant- The ,- esul ts of dry 



Fig 4. 13 : Polygonal &agram representing variations with 

time in the Stem dry weight <1> Total shoot dry 

weight <2> Total leaf dry weight (3) Total leaf 

area (4) and Total root dry weight (5) in 7 

accessions of common buckwheat <Fagopyrum 

esculentum MOench> 
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matter accumulation. revealed by dry weight data of shoot, 

stem and root. sepa1·ately. showed that the plants achieved a 

ma:·: imum l-ate of dry matte•· accumulation in about three weeks 

afte1- planting. Howeve1·· a declining trend was observable 

after 40th day after planting. This declining trend could be 

attributed to dry matter loss from these region of the plant 

during later stage of growth. While people differ in their 

views on the fate of the carbohydrate and dry weight lost 

from the stems~ it is generally accepted that during later 

~tage of growth there 1s a shift in the sink from stem/leaves 

to the grains- The loss in dry weight has also been 

to be due to <'lctui:\1 tr.:~nsportC\tion of dry mat.tel- from shoot 

to the grains during later stage of development- The estimate 

var-ying ft-·om 2-7 per·cent of grain yield in wheat (Rawson and 

Evans 1971) to 70 percent in barley <Gallaghel-, et aJ., 

1975). It seems probable that there are differences between 

species~ and between genotypes of a species~ in the amounts 

of stem lo~,ses which can occur and in the extent to which 

substances lost are translocated to the grains- Austin et al. 

( 1977> have n?pot·ted that. the dry weight loss from internodes 

of the stems of six genotypes of wheat as 
-2 172 gm em They 

have viewed the loss of materials from stem as a reflection 

of the balance between the demands exerted by the grains and 

the supply from the assimilatory organs. 

In all the seven accessions of Fagopy-,-um e:.:;;culentum 

l'loench the leaf area (cm2
) •·eached its ma:-:imum on day. 

1-towevet-~ Lr1r.: 1n all the sr:>ven accessions reached its peak in 
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between 7th ~nd 19th day ~fter planting· In the pl-esent study 

direct relationship was observed between leaf area and dry 

shoot. 

corresponded with the changes in the total leaf area of the 

plant. Leaves being the soLn-ce of photosynthates~ their 

contribution towards the dry matter accumulation naturally 

has a sign1ficant role- However~ opinions on the significance 

of LA as well as LAR as a growth index 

growth analysis ·.·ar-y· 

in the conventional 

Watson <1952~ 1963) has laid much emphasis on leaf 

area as an index of growth· According to him, leaf area is a 

bette,- determinant. of Cl-op gr·owth, mainly because, the photo­

synthetic capacity of the crops depends on leaf area which in 

turn responsible for- d1-y matte•- pi-eduction. 

difference in CGR have been found almost invariably to be 

positively related to leaf area of the various varieties of 

pea <Mahon, 1982>, wheat <Rewson et af., 1983) and perenial 

rye <Rhoden, 1972>· Correlation between leaf growth and tuber 

growth in potato have been described by Humphries and Dyson 

(1967J. They found that connection between leaf growth and 

tuber growth in potato. They found that a growth inhibitor 

which slowed leaf growth hastened tuber growth for a few 

weeks. This suggest that supply of photosynthat.e 

d ,- y m a t- t e ,- accumulation 1n the potato tubers. 

However. in the view of Jalliffe et af., leaf area 

ratio was the least interesting facto,- in 

( 1990) 

g•-owth analysis. 

They have been t£-o.'ll'l'f.ed to mal··e such a sugqestion because leaf 
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area ratio was not strongly affected by population 

treatments. Therefore they turned their attention 

densi t.y 

towards 

soil resources; and suggested that the competition tor soi 1 

nutrients and/or oxygen may have been the main source of 

interference during crop growth. In the present. investigation 

though attention was not paid on the 

all 

interference of soil 

nutl-ients and o;:ygen on growth, t.he seven accessions 

tested wen? cultured in the same field with similar 

environmental and edaphic factors. 

The NAR for the seven accessions, increased upto 19 

days after which it showed a rapid decrease between 19th day 

and 31st day. Net assimilat1on rate is the net difference 

between the amount of dry matter assimilated and respired. 

According to Shivalumar and Shaw (1978> important. in the 

calculation of NAR by classical methods is the assumption 

that dry weight is linearly related to leaf area- In their 

observation with soyabeans~ they t ound that 

relationship bet.ween leaf area and 

accumulation- They further suggest that NAR, 

phot.osynthet ic and r-esp i ,-a tory components and 

importance of •espiration increases with plant 

there was a 

matter 

like RGR has 

the relative 

age. ~<o 11 a r 

et al., < 1970> has interp•-et.ed, the inc•-ease in the NAR with 

t i mf.! as a ,-esponse of the photosynthetic 

appa•-at.us to an inc.-eased demand for- assimilates. The decline 

in theNAR c:\ftea- 19 days. as obse•-ved in the pr-esent study 

could be attributed to either/or <a> diversion of dry matter 

t.ow.:u-ds g•-ains; (IJ) a lowe•- photosynthetic act.ivity in lower 



57 

levels due to mutual shading and (c) increase in the 

respir~tory act1v1ty during later stage of growth. 

The plants of common buckwheat showed a maximum RGR 

-t -i value of 0-16 mg mg dry weight d and a maximum NAR va 1 Lie 

of (1.6 mg 2 em leaf area-td- 1
• These values compare well with 

the rates of 0-167 and 0-445 for RGR and NAR respectively 

reported by Blackman and Wilson <1950) in case of Fagopyrum 

e:.:::culentum l'loench. A large nL•mber- of worker-·s have reported 

that relative growth rate change with time (e.g. Blackman, 

1961; Eagles~ 1969; Evans, 1972). Hunt and Burnett (1973) 

showed that it only changed slightly over a period of eight 

weeks in plants of Lolium perehde· Unit shoot root resembles 

unit leaf rate expect that the increase in the total weight 

of the plant is calculated relative to the weight of the 

shoot rather than leaf area. Unit leaf rate has been reported 

by a number of wor~ers to show no significant trends with 

time du•-ing the vegetative phase of growth <Heath, 1937; 

Hammond and Kirkham, 1949; Blackman and Wilson, 1951>· Other 

~-Jor·kers ht=~ve r·epurted a decline in unit leaf rat-e wit.h age 

<Ballard and Petrie~ 1936; Eagles, 1971>· 

Etl~ckmt=~n and Wilson (1950) in their comparative 

studies with H. annus and F. esculentum, have correlated 

relative growth rate with light intensity. They found that 

the maximum relat1ve growth rate was attained by Fagopyrum 

e:.:::culentum at h1gher intensity of light and the magnitude of 

n:?lative gr·owth rt"te C\t <"ny light. int-ensity is dependent on 
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the net assimilation rate and the leaf area ratio- However, 

the result obtained from their data showed that. higher leaf 

area ratio of buckwheat more than offset any difference in 

the assimilation rates in determining 

gr·owth ,-ate of F. esculentum. 

relative 

The low yield of F. esculentum Moench grown in the 

Botany Department field of NEHU could be attributed to 

climatic and adaphic factors prevailed on the particular 

period of plant growth of the region. Veremichik (1972) and 

Gubbels <1978) found that the yield of common buckwheat 

increased with high soil moisture. Ruszkowski and Zebrowski 

<1982) have reported that, in the same climatic conditions 

the productivity of buckwheat is higher on heavier soil than 

on lighter soil· krotov <1963} reported that flowering at 

of 

in 

temperatures above 30°C is accompanied by desiccation 

t r·ui t and lowering of ]'ield. S1nce the 

Shillong is on an average lower than 30°C, the possibility of 

desiccation cf fruits due to high temperature can be 

out.. Howe vi?,-. so i 1 ' less moisture content., 

ruled 

late 

spring and early fall frosts and shading of the field could 

be the causative factors for low yield· 

The present investigation deals with the importance 

and limitations which al-e associated with the 

classification and cultivation of seven accessions of 

Fagopyrum escui€ntum Moench in the North-Eastern 

The r·esults of thE' pn~sent investigation clea,-Iy ,-eveals that 
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the criteria used for the C l ctSS if i C ~ t 1 Ofl of accessions are 

and some mor·e physiological featul-es ShOLild be 

t.=.1ken into consider·.:•t-ion for the s~me purpose. Evf?n though, 

the seven access1ons differ from each other mOl-phologically 

as supported by SEM photographs of seed coat morphology, they 

show similar values in their nut.ri t.ive content and growth 

pattern· 
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EXPERIMENTAL 

Seeds of common buckwheat <Fagopyrum esculentum 

Moench) were washed for 1 hour under running tap water 

followed by rinsing with deionized water. The rinsed grains 

were germinated for 48 hours in darkness at 27±+2°C. The 

48 hours old germinated seeds were transferred to a 

of 0.2 mM CaSO and maintained there for • 
hour old seedlings were transferred 

24 hours-

to a full 

solution 

The 72 

strength 

nitrate free Hoagland"s nutrient medium and maintained in a 

growth chamber under continuous white light <30 mol Cm-25~) 

at 27±2°C and 65 percent RH. The solution was aerated to 

provide ample oxygen and solution mixing· 
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old seedlings as abov·e) in 50 ml 

c:ur1 t:;C~. in i ng ')1: ,_,_J rnl uf t Ll 1 1 st.renqth Hoaqland's nutrient 

solution supplemented with 5mM nitrate given The 

seedlings wel-e held in the centr·e of the beaker by a stain-

lessst.eel wire mesh. For the determination of nitrate uptake 

as a function time~ samples in triplicate were drawn from 

each treatment solution at periodic intervals viz. 15~ 30, 

45~ 60~ 120~ 180~ 240 and 300 minutes nitrate levels in 0.1 

ml aliquots of the test solution were determined using the 

method. the effect of 

depletion uf substl .. ate cuncentl-ation on the uptake of 

nitrate~ an experiment was in which the level 

nitr·ate in the ambient nutTient solution was kept constant 

throughout the duration of the experiment by periodic reple-

nishments. The uptake of nitrate from such solution was 

determined by drawing suitable aliquots~ in tTipl icate~ at 

periodic intervals and estimating the content of nitrate in 

the aliquot. For studying the effect of substrate concen-

tr-<~tion. pH and metabolic inllibitcn-s/activatol-s on nitrate 

uptake by buckwheat seedlings~ samples in triplicate were 

drawn from each treatment solution at t and t 
90 

minLttes; 

t.he content of 

described above. 

1!5 

nit•-at.e in the sample was determined as 

The values for uptake, expressed as ~mol NO 
s 

-1 . -1 
taken up mg dry weight root mtn . were computed from the 

concentration of nitrate and the volume of the solution at 
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each samp 1 i ng. The f .m and Vrne>.~: va 1 ues were calculated 

U1 F' d a t a o f up t a I e v s • NO concentration 
9 

in nut.r-ient 

fill? d i u m us i n g tt 1 e L i r 1 P w P a v £:" ,.. r.~ u r·l. p l u t . A f t E' 1 tl1 e te nn in at. ion 

of the experiment~ the two seedlings were harvested. One of 

the se£:.>d 1 i ngo:; was d r i ed <JrHJ used for the determination of 

tissue level of total and nitrate nitrogen· The other 

seedling was used for the assay of NR activity. In vivo 

nit.J-at.F> 1-eductase activity vias measured in the shoot. as well 

as the root tissues of the harvested seedlings as described 

in materials and methods· 

RESULTS 

Expressed as cumulative uptake~ the seedlings of 

common buckwheat showed a linear and steady uptake of 

with time during the first. hour without any lag phase; the 

uptake of nitrate gradually slowed down beyond 60 minutes 

until it attained a plateau at t min. 
180 

<Table 5-1; 

5.1). Between 0-180 minutes~ nearly 25 ~mol of NO- were 
9 

Fig. 

taken 

by each mg dry weight of the Correspondingly~ the 

concentration of ni trat.e in the ambient nutrient medium 

showed a gradual decrease with progressing time up to t. 
180 

min· While the nutrient solution had a concentration of 5 mM 

NO- at t • the level of nitrate ions in the medium showed a 
s o· 

progressive decrease with time till t minutes 
180 

when it was 

1-5 mM~ thereby recording a more than 3 fold increase <Table 
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5-1; Fig. 5-2l. t-In anc-dys1s of the uptal.e of nitratE' from the 

ambient medium by seedlings function of time 

1 c>vealeLl lh,;1t ttJe 1 ,:~t·l' uf upli'l fl ~-'h~S mC\;:imum during tl1e fir-st 

30 minutes. During this period the seedlings showed an uptake 

rate of 0-37 ~mol NO mg 
9 

uptake~ however. 

dry 1-1eight 

decreased 

root-1 minute-1
• The 

wi t.h a 

progressing time till no significant uptake was observed at 

240 m i nu t.es. The decline in t.he rate of uptake was, 

significantly marked between 30 and 120 minutes of 

incubation- During this period a nearly five fold decrease in 

the rate of uptake was observed. After 120 minutes, however, 

the rate of uptake remained by and large <Table 

5-1; Fig. 5-2>. In o1·der to determine the effect of decrease 

in the concentration of ni t.rate 1n the ambient nutrient 

med i urn on the uptake of n i t•-a te by seed 1 i ngs e:-: pel- i men ts were 

,-a i sed in which the concentration of nitrate in the ambient 

nutrient medium was maintained at a constant level by 

replenishments- The uptake of nitrate by the 

seedlings under such conditions showed a pattern similar to 

that observed for seedlings maintained under conditions of 

depleting e:-: te n1 a 1 nitrate concentration. The seedlings 

showed a maximum uptake rate of 0.42 pmol/mg dry weight root/ 

minutes which was maintained upto 45 minutes of incubation. 

After 45 minutes~ the uptake rat.e showed a study decline with 

progressing decline upto 240 minutes; t.he decline in the 

uptake rate was~ however. more marked between 't5 and 120 



Table 5·1 : Ch~nges in 
common bucLwhe~t <r. 
hydroponic culture 
supplemented with 5 mM 

the upt~ke of nit.J-~te by seedlings of 
e~cuientum Moench> growing under 

in Ho~gl~nd"s nut.J-ient solution 
~NO-. ~nd the concentr~tion of nitrate 

3 

in the nutrient medium. with progressing time. 

Time 

<min.) 

0 

15 

30 

45 

60 

120 

180 

240 

3UO 

Cumul~tive upt~ke 

(~mol NO- t~ken up/ 
3 

mg dry weight root> 

(l.(l(l 

5-50 

11 . 15 

14-23 

16. 15 

20-38 

24-23 

24-23 

24-23 

Uptake rate 

<~mol NO- taken up/ 
3 

mg dry weight/min.) 

(1.(1(1 

(1.36 

0-37 

0-20 

0. 12 

(1.(17 

(1.(>6 

(1.(1(1 

o.oo 

NO Con. 
3 

<mM> 

in the 
nLI t.r i ent 
medium 

(1.(1(1 

s.oo 
4-00 

3-30 

3 .to 
2-90 

2-00 

1. 50 

1. 50 



Table 5.2 : Changes in the rate of nitrate uptake with time 
by seedlings of common buckwheat <F. esculentum Moench) 
cultured in Hydroponic system with Hoagland"s nutrient 
solution supplemented w1 til 5 mM f..NO in which nitrate 

s 
ions were maintained by periodic replenishment-

Time <Minutes) 

(I 

15 
30 
45 
60 
75 
90 

105 
120 
1-35 
150 
165 
180 
195 
210 
225 
240 

Uptake rate (1-Jmol NO 
s 

taken up/mg dry weight root /minute 

(1.(1(1 

0-42 
0-42 
0-42 
(1.3(1 

0-25 
0-21 
0. 12 
(I. 11 
(1. 10 
0-10 
(1.(18 
0-06 
0-05 
0-03 
0-01 
0-01 

Table 5.3 : The effect of H+ ion concentration of the 
nutrient medium on the uptake of nitrate by seedlings of 
common buckwheat <F. esculentum Moench) growing under 
hydr·oponlc cui tun? in Hoagland nut.r·ient. medium supplemented 
with 5 mt-1 KNO-

2-0 
3.(1 

4-5 
5.0 
c:- """ J • ._} 

6-0 

6-5 
7-0 
8-0 
r-t • (I 

s 

pH Uptake rate (1-Jmol NO s 
taken up/mg dry weight root /minute 

(1.(1(1 

0-02 
(1. 12 
(1. 16 
0-32 
0-34 
0-34 
(1. 16 
0. 16 
(1.(16 



Fig.5.1; Cumulative N03- uptake as a ~unction of time by seedlinqs of 
common buckwheat ( Faqoovrum esculentum >. ftrom Hoaqland's 
nut~ient solution containinq 5 mM N0 3 -. Ve~tical line in the 
figu~e ~ep~esents LSD at P o.o~· 

.. 
Fig.5.2; Nit~ate uptake by seedlinqs of common buckwheat as a function 

of time. The solid cu~ve depicts thechanoes in the 
concent~ation of nit~ate in the nut~ient medium. The b~oken 
cu~ve ~ep~esents the change in the ~ate of uptake of nit~ate 
by the seedlings with time. Ve~tical lines in the fJgu~e 
~ep~esent LSD at P o.o~· 
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m i r 1 u t e s ( T cl b 1 e ~::! • ;~ ; f· i g • ::J • :J ) • The ch<'\nge in the concen-

mPdium. did not 

appear to have any s1gn1ficant influence on the ,-ate of 

nitrate uptake. The H• concentration of the nutrient solution 

had <~ m a d: e d i n f 1 u en c E on the up tal~ e of nit.l-at.e by the 

seedlings. Thus~ in r-elation to pH, optimum uptake of nitrate 

was observed between pH and 6-5 in 0-01 Tris-HCl 

buffer. The uptake rate dropped significantly even a change 

of (1.5 units of pH, beyond the optimum range, the 

acidic or alkaline scale <Table 5-3; Fig. 5.4). 

The uptake of nitrate by the seedlings was 

dependent on the concentration of nitrate in the ambient 

nutrient medium. Thus, when the concentration of NO in 
9 

the 

nutrient medium was varied from 0-05 to 5 mM, the rate of 

nitrate uptake by buckwheat seedlings was a f Ltnc t ion of 

external nitrate concentration, according to Michaelis-Menten 

Kinetics. Changes in the concentration of nitrate in the 

ambient nutrient medium resulted in a linear increase in the 

uptake of nitrate by the seedlings up to 1 mM e>:t.ernal 

concentration. Thus, there was a four-fold increase in the 

uptake rate with change in the concentration of nitrate from 

0.05 to 1 mM. Beyond 1 mM concentration of nitrate, the 

uptake of nitrate slowed down and tended to form a plateau. 

Thus a typical hyperbolic relationship could be observed for 

the relationship between the concentration of nitrate in the 



Fig. 5-S : Nitrate uptake by seedlings of common buckwheat 

<Fagopyrum esculentum l'lOench) as a function of time. The 

concentration of nitrate was adjusted by adding suitable 

amounts of N03 at periodic intervals. The curve with data 

points (A ) represents concentration of nitrate in the 

nutrient medium- The curve with data points <•> depicts the 

changes i~ the rate of uptake with time· Vertical line in the 

figure representsLSD at p0-05 

Fig. 5-f : Effect of pH of the ambient 

the uptake of nitrate by seedlings 

<Fagopyrum esculentum MOench) Vertical 

represents LSD at p 0-05 

nutrient medium on 

of common buckwheat 

line in the figure 
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ambient. nut.-ient rr.ecJium and uptake of the ions in seedlings 

of common bud wheat- A plot of the values of 1/\l against 1/S 

gave a line~' relationship with ~ slope value of 0-772 and 

intercept value of 3-24. The Lineweaver and Burk plot for the 

,-elat.ionship bet~r1een uptake of nitrate by the seedlings and 

the concentration of nitrate in the ambient nutrient medium 

revealed a maximum velocity <V of 0-276 ,wnol/mg dry 

weight root/minute and a Michaelis-Menten (J<rn~ constant of 

200 1.1 mol in the pl-esence of 0-01 1'1 Tris-HCI bC.1ffer at pH 6-5 

(Table 5-4; Fig 5-5). Chlorate and ammonium ions markedly 

suppn-?ssed the uptal.e of nitrate by buckwheat. seedlings; the 

magnitude of suppression increasing with inc l-eased cone en-

+ -trations of eiU1e1- NH 01- ClO ions. When compared with the 
" 9 

untreated controls~ superimposition of 0-05 mM KClO at 
9 

5 mM 

external nitrate concentration lead to a nearly two-fold 

decrease in the uptake of nitrate by the seedlings- At the 

same external nitrate concentration~ however~ 0-05 rnM of 

lead to a five-fold decrease in the amount of taken 

up by the seedlings <Table 5-4; Figs. 5-6). A 

Lineweave•---Bud; plot fo•- uptake of nitrate as a function of 

external nitrate concentration. at different levels of either 

NH+ or ClO-. clearly revealed that while the inhibition due 
" 9. 

to NH+ was non-competitive 
• in nature~ that due to the 

presence of ClO- in the nutrient medium was of competitive in 
9 

nature- Analysis of the regression of 1/V against 1/S in the 

presence of ClO ions in the ambient nutrient medium revealed 
9 



Table 5.4 : Effr>cl of v.:wyi114 t;tJnLr.•lllr.1lloll of nit1 ,,tr, ("lllbor.t ,,..,,,,> 1111 

the rate of nitrate uptake <VJ by seedlings of common buckwheat 

<Fagopyrum esculentum Moench) cultured under hydroponic culture. in 

Hoagland nutrient solution supplemented with varying doses of either 

potasium chlorate or ammonium sulphate. 

NO Cone Control s 
(mf'l) 

(5) (1/5) V 1/V 

0·005 <mMJ 

KCLO 
s 

V 1/V 

0.05 (ml'l> 

KCLO 
9 

V 1/V 

0. 005 ( ml'l J 

<NH > SO 
• 2 • 

V 1/V 

Uptake rate (~mol NO 
9 

taken up/mg dry weight root /minute 

(1.(15(ml'l) 

<NH l SO 
• 2 • 

V 1/V 

o.o5 20 o.o5 2o.oo 0-045 22.20 o.o33 30.30 0.016 80-40 o.o12 83.3 

o.1 10 o.o5 2o.oo o.o66 15-15 o.o55 18-18 o.o27 37-03 o.o2u 5o.o 

0-2 5 0-09 10-98 0·108 9.25 0-083 12-00 0-039 25-60 0-033 30.3 

0-5 2 0-20 5-00 0-166 6-02 0-141 7-09 0-055 18-18 0-041 24-4 

1-0 1 0-25 4-00 0-208 4-80 0.166 6-02 0-075 13-33 0-049 20.4 

2-0 0-5 0-26 3-84 0-225 4-44 0-208 4-80 0-083 12-04 0-052 19-2 

5·0 0.2 0·30 3·24 0·241 4.14 0-235 4-29 0-116 8-62 0-058 17-2 



Fig.~; Lineweave~ and Bu~k plot ~o~ the ~elationship between 
subst~ate concent~ation and nit~ate uptake in seedlings o~ 
common buckwheat in the o~esence o~ va~yinq concentrations of 
Cl0 3 - ions. e. control: X, 0.005mM Cl03-; .6, O.OlmM ClO::s~. 
Inset: V/S ~elationshio ~or the same. Ve~tical line in the 
inset ~igure depict LSD ~or any two obse~vations at P o.o~· 

Fiq.a6; LineweaveY and Burk plot ~o~ the relationship between 
subst~ate concentration and nitrate uotake in seedlings o~ 
common buckwheat in the p~esence o~ va~vino concent~ations o~ 
NH ....... ions. •• cont~ol: X, 0.005mM NH ....... i A, O.OlmM NH..,. ..... 
Inset: V/S ~elationship ~o~ the same. Ve~tical lines in the 
inset ~igure depict LSD ~o~ anv two obse~vations at P o.o~· 
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Yso v 

5 10 15 20 

1 
S( mM) 

5 10 15 20 
1 
~ ( mM) 

·3 

v·2 

·1 

0·3 

v 0·2 

0·1 

•Y= 3·24+·772 X 
XY= 3·9 + 0·9 X 
A Y= 4·44+ 1·26 X 

2 3 4 5 
S{mM) 

• Y = 3·24+ -772 X 
X Y=12·42+ 2·58X 

A. Y =17·76+ 3·12 X 



z Table 5.5 : Valuews of a, b, r , Km and V for the 
max 

relationship of 1/V against 1/S for nitrate uptake by 
seedlings of common buckwheat <F. esculentum Moench> growing 
under hydroponic culture in Hoagland"s nutrient solution 
supplemented with varying level of NO-. 

9 

Control 

+ 

b 
z 

r 

3-24 0-772 0-98 

0-005 CmM> KClO- 3-90 0.900 0-94 
9 

+ 

0. 05 < mM > t<C 10- 4. 44 1 • 260 0. 95 
9 

+ 

0-005 <mM> NH+ 12-42 2-580 0-91 • 
+ 

0-05 CmM> NH+ • 17-76 3-120 0-96 

f<m 

(~Jmol/mg dry 
weight root/ 

min.) 

200 

307 

500 

200 

200 

v 
mo.x 

(~Jmol/mg dry 
weight. root./ 

min. ) 

(1.276 

0-276 

(1.276 

(1.(183 

0-064 



SG 

that pt·esence of ClO Ions i11 the nutTient medium 
9 

slope of the 

nitrate in the ambient medium and the uptake of 

affected 

the seedli.nq~;. nmmonium Ions did not affect the intet--cept but. 

altered the slope of the regression- The values for v 
max 

Km~ the intercept of the regression equation and slope for 

the relationship of 1/V against 1/S for uptake of nitrate by 

buckwheat seedlings in the control experiment as well as in 

presence of varying concentrations of ammon i Lim and chlorate 

ions are presented in Table 5-5- Thus, the Km and v for 
max 

the uptake of n i t. rate by seedlings of buchwheat under 

ydroponic culture in Hoagland's nutient medium~ pH 6.5, was 

200 ~mol and 0-276 mM/mg dry weight root/minute respectively. 

In the presence of chlorate ions in the nutrient medium, the 

Km for the process was 307 and 500 ~mol at chlorate ion 

concentration of 0-005 and 0-05 mM respectively. Chlorate 

ions had no effect on the V for nitrate uptake by 
max 

buckwheat seedlings. While ammonium ions had no effect on the 

Km for the upt~ke of nitrate by buckwheat seedlings, the v 
mClX 

for the uptake of nitrate was markedly affected- The uptake 

process showed a V 
max 

of 0-083 and 0-064 ~mol/mg dry weight 

NH"'" 

"' 
t-oot/minute in the presence of (1.(1(15 and 0-05 mM 

respectively <Table 5-5; Figs· 5-5~ 5-6). 



The activity of Nitrate reductase in the 

well as the in leaf tissues showed pr-ogr·essive increase 

wit.lr irrcrPc:\<c;e in cunc(::>nt.ration of nitrate in the ambient 

nutrient medium. The magnitude of increase was~ however~ 

mor-e mad:ed in the r·oot tissues than in the lr:•af. Thus~ while 

then=? was a four-fold increase in the activity of nitrate 

reductase in root with increase in the concentration of 

nitrate in the ambient nutrient medium from 0-05 mM to 5 mM, 

the activity of t.he enzyme in the leaf tissues registered 

less than two-fold increase with increase in external nitrate 

ion concentration from 0-05 to 5 mM <Table 5-6; Figs. 5-7, 

5-SJ. Ammonium and chlorate ions had an inhibitory effect on 

the activity of nitrate reductase in the tissues; the 

inhibition being to the level of more than 50 per cent of the 

untreated control. While the effect of chlorate ions showed a 

dose dependency~ the magnitude of inhibition did not show 

any increase with increase in the concentration of ammonium 

ions in the nutrient medium <Table 5-6; Fig. 5. 7) . The 

activity of the enzyme in leaves from seedlin~s growing in 

Hoagland"s nutrient medium containing choriate ions~ was 

marginally lesser as compared to those growing in the medium 

which did not have any chlorate ions. The magnitude of 

decr-ease in the activ1ty of the enzyme was, however-, 

marked at higher concentration of nitrate and chlorate 

Ammonium ions orr tile other hand mad~ed 1 y suppressed 

activity of in the leaf tissues; 

more 

ions-

the 

the 



Table 5·6 : Effect of vary1ng concentrations of ( NH ) SO 
• 2 • 

and 

~-::CUJ 
9 

e:..=:culentum 
culture in 
amounts of 

potassium 

KNO Cone 
9 

<mM> 

o.o~; 

u. 10 

•.>. ;:~u 

0-50 

1 • (H) 

2-UU 

5-00 

activity of common buckwheat < Fagopw··um 

Moench) maintained for one hour under hydroponic 
Hoagland nutrient solution containing varying 
LNO and supp 1 emen ted with va 1-y i ng doses of 

9 

chlorate 01- ammonium sulphate. 

Contl-ol (1.(1(15 0-05 (1.(1(15 0-05 <mM> 
+ + < mf'l) NH < mt-1 >NH <mMJCLO CLO 
4 • 9 9 

J.lmol NO ~-eleased dry weight 
-1 -1 

mg root hr 
2 

(l. 12 (l.(l66 o.oso 0-074 (1.066 

( ) . 1(~ u.ObO (l.(l8!) (l.0'/2 0-066 

(_) •• ~ <.l •.>. 1_1(,[3 (_) • (>2!:) U. U'/2 0-069 

0. 2•) (l. !.>9::.l (1. 102 (l. 130 0-064 

(l. 21 •J. 1 1 ::; (l • 12Lt 0. 175 0-077 

,_1 . ,ell (l. 107 (l. 124 o. 197 (1.(178 

0-'+1 (l. 122 (1. 124 0-214 0-095 



Fig- 5.S : Changes in the nitrate reductase activity in root 

tissues from seedlings of common buckwheat <Fagopyrum 

esculentum Moench) kept in varying concentrations of NO 
3 

either separately or in combination with different levels of 

NH+ (curve) /ClO- (histogram). vertical 1 ines in the figure 
• 3 

represents LSD for any two observations at P0-05-
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magnitude oi inhibit1on I'Jl t h in the 

concent.l-ation of <'lmmonium 1ons in the .,,mbient. nutTient medium 

<Table 5-7; F1g. 5-BJ. 

The uptake of nitrate was markedly higher in 

seedlings in the presence of glucose. Thus, presence of 2 mM 

glucose in the nutrient. medium lead to a nearly 30 percent 

increase in the amount of NO- taken up by 
!I 

the seedlings as 

compared to the control· Sucrose, however, had no effect on 

uptake of nitrate by the seedlings. Neither glucose nor 

sucrose had, however, any effect on the activity of NR in 

roots of the seedlings. A marked suppression in the uptake of 

nitrate by the seedlings was observed in the presence of the 

photosynthetic electron transport inhibitor DCMU. The uptake 

of nitrate by seedling in the presence of 1.0 mM DCMU (3, 3, 

4-dichlirohenyl, 1-dimethylurea> was only about 8 percent of 

that observed in the control, thus registering a 92 percent 

decrease in the uptake. DCMU had a marked inhibitory effect 

on the activity of NR in roots of the seedlings. The activity 

of the enzyme in presence of DCMU was only 4 percent of that 

observed in the roots of control seedlings <Table 5.8). The 

wavelength of the incident light under which the seedlings 

were maintained also had an effect on the uptake rates. 

However, while ther was no difference in the rate of nitrate 

uptake between seedlings maintained under white fluorescent 

light or red light, in seedlings maintained under blue light, 



Table 5-7 : The activity of nitrate reductase in the first 
leaves from seedlings of common buckwheat <Fagopurum 
t?s(.:u.lent-um l'loench) ma1nte:~1ned tor one hOLII- under 
hydr·oponic cultu1 e 1n Hoagle:~~d nutTiPnt solution 
containing var·ying amount-s of J:,NO and supplemented with 

3 

varying doses of potassium chlorate or ammonium sulphate. 

LNO Cone 
3 

< ml'l) 

0-05 

0. 10 

0-20 

(). ~;o 

1 • (H) 

(! • (H) 

Con t 1-o 1 c_1. 005 

~mol NO 
2 

(1.(114 

(1.(114 

0-015 

o.ut7 

(1.(117 

O-U23 

+ 
( ml'l > NH 

• 

r·e leased 

(1.(112 

(1.(112 

0-012 

1). 1.116 

(1.(116 

(1.(116 

(1.(15 

+ 
(mf't) NH 

• 

0-005 <mM) 

CLO 
3 

dry weight 
-1 -1 

mg root h ,-

().(l(J8 0-015 

(1.(1(18 0-015 

(1.0(18 0-015 

(I • (_) 1 3 (1. 01 ~j 

0-013 (1.(116 

(1.013 0-016 

(1. 05 ( mM) 

CLO 
9 

(1.(11 

(1.(11 

0-01 

0-014 

0-014 

(1.(114 

Table 5.9 : Effect of glucose, sucrose and DCMU on the uptake 
of nitrate by intact seedlings and the activity of nitrate 
reductase in the roots of common buckwheat <Fagopyrum 
e:..=:culen tum /'loench). 

Cone. 

Con tTo 1 

Glucose 2. 0 ml'-1 

i:'. 0 ml'l 

DC1'1U 1 • 1 ~r-1 

Nitrate uptake 
<~mol NO- taken 

9 
-1 -i 

mg dry wt root min 

0-41 ± 0.! 

(1. 54 ± 0. 12 

• ( 1 31 ) 

± 0-12 

( 1 1_1(1 ) 

(1.(132 + 0-02 

( 7. 8) 

NR activit.y 
<~mol NO- released mg 

9 
-1 . -1 

dr·y wt. ,-oot m1n 

(1.4 ± 0-12 

(1. lf2 ± 0. 14 

• (1(15) 

0-41 ± 0. 14 

<100) 

0-016 + (1.(14 

(4.(1) 

~ Figures in parentheses represent activity as per cent on 

the untt·eated contTol. 



Fig- 5-8 : Changes in the nitrate reductase activity in 

tissues from seedlings of common buckwheat. <Fagcopyrum 

esculentum Moench> kept in varying concentrations of 

either separately oT in combination with different levels 

NH+ or ClO- • vertical lines in the figure 
4 3 

represent.s 

for any two observations at P0-05-

NO 
3 

of 

LSD 
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the uptake of ni t~·ate was only 40 pel- cent of that obset-ved 

in control seedling maintained under white fluorescent light. 

Uptake of nitr·ate 1r1 seedlings e>:posed to far red light was, 

however~ only 10 percent of that observed for seedlings kept 

continuously in white light <Table 5-9; Fig. 5-9). 

For studying the ~-ole of shoot on the uptake of 

nitrate by the seedlings experiment were carried out on 

determination of nitJ-ate uptake •-ates by isolated t·oots from 

seedl-ings of common buckwheat. For studying t.he uptake of 

nitrate by isolated roots~ eight day old seedlings <grown as 

described above> were removed from the nutrient solution, 

washed with deionized water and blotted dry on a filter 

paper. The root portion was detached from the seedlings and 

a suitable fresh weight transferred to Hoagland's nutrient 

medium containing 5 mM KNO . 
9 

Expressed as cumulative uptake, the isolated 

from seedlings of common buckwheat showed a linear and steady 

uptake of NO- during the first 30 minutes without any lag 
9 

phase. Thet-eafter. the uptake gradually slowed down till it 

reached a plateau at t minutes. During this period a 
dO 

total 

of 14-5 ~mol of nitrate was taken up by each mg dry weight of 

the root. When expressed as pmol nitrate taken up/mg dry 

weight root/minute~ the uptake was maximum at 15 minutes of 

incubation after which it showed a gradual riecxease with 



Table 5-9 : Influence white. red~ blue and far red lights on 
the uptake by seedlings of common buckwheat <F. e$<:::Ulf!!ntum 
l'loench> yJowtng tn hydroponic cultun? in Hoagland 
nutrient solution supplemented with 5 mM kNO-. 

9 

Light 

quality 

1.-Jhilte light 
Red 
Blue 
Far- r-ed 

Uptake rate (~mol NO 
9 

taken up/mg dry weight root /minute. 

0-45 
0-45 
(l. 16 
(1.03 

Table 5-10 : Changes in the cumulative nitrate 
time by isolated roots of common buckwheat 
Moench) supplied with 5 mM IND-. 

9 

uptake with 
<F.esculentum 

Time 

minutes 

15 
30 

120 
18(1 

Cumulative uptake 

(~mol NO taken up /mg 
3 

dry weight root) 

7 
10 
14 
14 
14 
14 

uptake •-a te 

<pmol NO taken up/ 
9 

mg d1-y weight 
J-oot/min. 

0-55 
0-40 
0-39 
(l. 2<t 
(l. 15 
(l.(l(l 



Fig. 5·9 : Nitrate uptake as a function of different light by 

seedlings of common buckwheat <Fagopyrum esculentum Moench) 

from Hoagland nutrient solution containing 5 mM NO-. 
9 
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pl-ogl-essing time till no significant uptake could be obsel-ved 

(l • ~55 J.lmo l I mq dry 

weight r·out./muJute ~r;as ,-eco' dPd at. 15 minutes incubation time 

\Table 5-10; Fig. 5-10). The H+ ions concentration of the 

nu t.r- i en t med i urn had a p .-onounc ed effect on the 1-a te of uptake 

of nitrate by the excised roots of buckwheat seedlings. In 

the highly acidic l-ange of pH 2-0 and 3-0~ root did not take 

up any nitr·ate fl-om the nut.r·ient medium- The l-ate of uptake 

increased gradually with decrease in the H+ ion concentration 

when the maximum uptake was observed between pH 4-5 and 6.(1. 

With further increase in the H+ ion concentration the rate of 

uptake showed a gradual decline- At pH 8-0, the uptake was 

1/3rd of that observed at pH 6-0 of 0.01 M Tris-HCI buffer 

<Table 5-11; Fig- 5-11>· 

The uptake of nitrate by e>:cised roots showed a 

hyperbolic relationship with the concentration of nit.rate 

ions in the nutrient medium. Thus when the concentration of 

nitrate ion in the ambient medium was varied from 0-05 to 5 

mM~ the rate of nitrate uptake by excised 

function of nitrate concentration, accOl-d i ng to 

Michael"s-Menten ~inet.ics. Increase in the concentration of 

nitrate in the ambient nutrient medium lead to a 1 i near 

increase in the uptake of nitrate by the excised roots up to 

1 mM external NO-. Beyond the concentration of 1 mM the 
g 

of uptake tended to form plateau with the uptake 

rate 

rate 



Table 5·11 : The effect of H• ion concentration of the 
nutrient medium on the uptake of nitrate by isolated roots 
common buckwheat <F. esculentum Moench) growing under 
hydroponic culture in lloagland nutrient medium supplemented 
with 5 mM KNU-

Time 

<minutes) 

15 
30 
45 
60 

120 
180 

9 

pmol NO taken up /mg 
9 

dry weight root/minute 

0-55 
0-40 
0-39 
0-29 
0-15 



Fig. 5-10: Nitrate uptake by isolated roots of common buck-

wheat <Fagopyrum esculentum Moench) as a function of time. 

The solid curve depicts the changes in the concentration 

of nitrate in the nutrient medium. The broken curve 

represents the change in the rate of uptake of nitrate by 

isolated roots with time- Vertical lines in the figure 

represents LSD at P0-05-

Fig. 5-11: Effect of pH of the ambient nutrient medium on the 

uptake of nitrate by isolated roots of common buckwheat 

<Fagopyrum esculentum Moench). Vertical lines represents LSD 

at Po-05-
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concentration. Thus a typical hyperbolic relationship could 

be observed for the relationship between nitrate 

concenh-ation and nitJ-ate uptake in e>:cised roots of common 

buckwheat .. The values for inver·se of II"' II and us•• gave a 

linear relationship with a slope of 2-586 and intercept value 

of 3-147. The Lineweaver and Burk plot for the uptake of 

nitrate with varying external nitrate concentration revealed 

a maximum velocity CV ) of 0-208 ~mol/mg dry weight 
m<1 . .'< 

root/ 

minute with a Km value of 227 ~mol in the presence of 0-01 M 

Tris buffer at pH 6-5· Superimposition of either chlorate or 

ammonium ions in the nutraent medium lead to a marked 

suppl-ession in the uptake of nitrate by the e>:c i sed 

the magnitude of suppression increasing with 

concentrations of either NH• or ClO-. 
• 9 

The dose dependency 

of suppression was, however, more marked in case of chlorate 

ion induced suppression than that for ammoniumion induced 

suppression <Table 5-12; Figs. 5-12, 5-13). A Lineweaver-Burk 

plot for uptake of nitrate as a function of external nitrate 

concentration at varying concentrations of either or 

• NH clearly revealed that while the .. inhibit-ion due to the 

presence of CIO- was of competitive nature. 
9 

That due to the 

pl-esence of NH• was non-competitive in nat.ur·e. 
• 

The presence 

of the chlorate ions affected both the intercept as well as 

the slope of the regression equation describing the relation-

ship of 1/V VS· 1/S. While ammonium ions in the ambient 



Table 5-12 : Effect of varying concentration of NO-(S) on the rate of 
9 

nitrate uptake <V> by isolated root system of common buckwheat 
<Fagopyrum esculentum Moench) maintained under hydroponic culture in 
Hoagland nutrient solution supplemented with varying doses of either 
KD o- or CNH ) SO . 

9 4 2 4 

NO Cone Control 
9 

<mM> 

<5> (1/5) V 1/V 

(1.05 20 

0-1 

(1.2 

(1.5 

1 • (I 

10 

5 

E 

1 

1-11 0-75 

2-00 1).51) 

3-33 (1.3(1 

7.50 0-13 

12-50 1).08 

2-0 1).5 15-62 (1.1)6 

5-0 1).2 17-18 (1.(15 

(1.005 CmM> 

KCI0-
9 

V 1/V 

(1.(15 CmM) 

KCIO 
9 

V 1/V 

0-005 CmM> 

CNH ) SO 
4 2 4 

V 1/V 

o.o5< mm 

<NH ) SO 
4 2 4 

V 1/V 

Uptake rate (~mol NO­
s 

taken up/mg dry weight root /minute 

1 . (I (I 1 . (I (I 

1-81 (1.55 

2-85 (1.35 

4-54 0-22 

6-66 (1.15 

14-00 1).(17 

14-00 (1.(17 

9.9(1 1-10 

1. 61 (1. 62 

2-50 0-40 

4-16 0-24 

6-25 0-16 

10-93 0-09 

10-93 0-09 

0-625 1-60 0-62 1-60 

0-780 1-28 0-62 1-60 

0-780 1-28 0-62 1-60 

3-900 0-25 3-12 0-32 

6-250 0-16 5-46 0-18 

6-250 0-16 6-25 0-16 

6-250 0-15 6-25 0-16 
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nutrient medium did not affect the intercept they altered the 

slope of the J-eqn::ssion that- dPscribed the r·elationship of 

1 /'v' ag.::\ i rr:,; l 1 /~). J I 11.' v i"• 1 u c ~:: f o r· v • ~·: m • t h e 
max· · 

and 

slope fOl- the relationship of llV with 1/S in the control as 

alsu in· t.he pl-esuncP of 0mrnoniurn and ch 1 or· ate ions 

presented in Table 5-13· While the Km for the uptake nitrate 

by excised roots in presence of 0-005 and 0.05 mM chlorate 

ions was 357 and 416 ~mol respectively~ the V for the 
max 

process of uptake was o-138 ~mol/mg dry weight root/minute. 

Ammonium ions had no effect on the l<m for the uptake of 

nih-ate by e>:cised l-oots- Ho1--1ever~ the process 

was markedly affected by the presence of ammonium ions in the 

nutrient medium. Thus the uptake of nitrate in pl-esence of 

0-005 and 0-05 mM ammonium had Km of 0-227 ~mol· The v 
max 

for the process in the presence of 0-005 and 0.05 mM 

ammonium was 0-069 and 0-052 ~mol/mg dry weight root/minute 

respectively <Table 5-13; Figs. 5-12~ 5-13). 

When expressed on per seedling basis the uptake of 

nitrate by each seedling showed a dependency on the 

concentration of the substrate in the ambient nutrient 

medium- Thus with increase in the concentration of nitrate 

from 0-05 to 1-0 mM~ a linear increase in the uptake by the 

seedlings was observed. Beyond 1.0 mM nitrate concentration, 

however~ there was no change in the amount of nitrate taken 

up by the seedling. Correspondingly the amount of nitrate 



Fig. 5-l~ ; Lineweaver and Burk plot for the relationship 

between substrate concentration and nitrate uptake in 

isolated roots of common buckwheat <Fagopyrum esculentum 

Moench> in the presence of varying concentrations of NH+ 

" ions, e, control; K 0-005 mM l<cJOi; A, o.ot mM .1<CI03· In~ 
: V/S relationship for the same- vertical 1 ine in the 

lnset of figure depicts LSD for any two observations at 

Po.os. 

Fig. 5-1~-'·~' Lineweaver and Burk plot for the relationship 

between substrate concentration and nitrate uptake in 

isolated roots of common buckwheat <Fagopyrum esculentum 

Moench> in the presence of varying concentrations 

ions, e, control; )( 0-005 mM NH+ • 4, 0-01 mM NH+. •' " 
: V/S relationship for the same- vertical line 

of NH+ 

" Inset 

in the 

inset of figure depicts LSD for any two observations at 

P0-05· 
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Table 5·13 : Valuews of a, b, r 2
, Km 

relationship of 1/V against 1/S for 
seedlings of common buckwheat <F. 
maintained under hydroponic culture in 
solution supplemented with varying level 

and V f 01- the 
mcuc 

nitrate uptake by 
esculentum Moench> 
Hoagland~s nutrient 
of NO • 

!I 

a b 
2 

r Km 

(J..Jmol /mg d1-y 
weight root/ 

min.) 

v 
mcuc 

(pmol /mg dl-y 
weight root/ 

min. ) 

Control 3-15 2-586 0-89 

+ 

0-005 <mM> KClO- 5-41 2-400 0.79 
!I 

+ 

0.05 <mM> KClO- 6-35 3-054 0-81 
!I 

+ 

0-005 (mM) NH+ 15-75 4-734 0-82 
" + 

0-05 (mM> NH+ 
" 

21-09 4-902 0-89 

227 0-208 

357 0-208 

416 0-208 

227 0-069 

227 0-052 
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accumulated by seedling shov1ed with 

increase in the concentration of in the medium. 

Changes in tilL' amount of nit.r·ogen ~-educed by the seedlings in 

the corresponding period followed a pattern in similar to 

that obsel-ved for uptake rate <Table 5-14; Fig. 5-14). Super-

imposition of ammonium ions in the nutrient medium, had a 

markedly inhibitory effect on the uptake, accumulation and 

reduction of nitrate in the seedlings; the magnitude of 

inhibition increasing with increase in the concentration of 

ammonium ions <Table 5-14; Fig· 5-14). Chlorate ions had 

raltively less marked effect in the uptake and accumulation 

of nitrate by the seedlings. Chlorate ions had, however, no 

significant effect on the process of reduction of nitrate in 

the seedlings (Table 5-15; Fig. 5-15). Thus at external 

nitrate concentration of 5 mM, superimposition of (1.05 mM 

ammonium lead to a 77 percent decrease in the uptake and 

nearly 80 percent decrease in the reduction of nitrate in the 

seedlings, the treatment resulted in a 55 percent decrease in 

the accumulation of nitrate in the seedlings. At the same 

e;.:ternal nitrat-e concentTation, howeve1-, superimposition of 

chlorate ions lead to only 11 percent decrease in the uptake 

and reduction of nitrate by the seedlings; the accumulation 

of nitrate being to the level of 50 percent of that observed 

in the control seedlings. 



Table 5-14 : Effect of different concentrations of <NH ) SO 
• 2 • 

on uptake, accumulation and reduction of nitrate by seedlings 
of common buckwheat CF. esculentum Moench) cultured in 
hydroponic system with Hoagland nutrient solution supple­
ment-ed with 5 mM t<No-. 

Concentration 

0-005 
0-100 
0-200 
(1.500 
1 • 000 
2-000 
5-000 

0-005 
0-100 
0-200 
0-500 
1-000 
2-000 
5-000 

0-005 
0-100 
0-200 
0-500 
1-000 
2-000 
5-000 

0-005 
0-100 
0-200 
0-500 
1-000 
2-000 
5-000 

9 

NO- uptake 
9 

(#Jmol/seed­
ling> 

NO- accumulat-ed 
9 

(#Jmol/seed­
ling) 

Cont.rol 

5-80 (1.06 
11-71 o. 12 
13-67 0-12 
21-09 0-16 
35-15 0-17 
35-15 0-19 
35-15 0-20 

0-005 <NH ) so • 2 • 
1 -95 0-059 
1 -95 (1.076 
1 .95 0-076 

11-71 0-090 
11-71 0-110 
13-67 0-130 
13-67 0-130 

0-01 <NH ) so • 2 • 
1 .95 (1.(15 
1-95 0-05 
1. 95 0-07 
7-81 o.o7 
7-81 0-08 
7-81 0-09 
7-81 0-12 

o.os <NH ) so • 2 • 
1-95 0-03 
1 -95 0-03 
1-95 0-05 
7-81 0-06 
7-81 0-09 
7-81 0-09 
7-81 0-09 

NO- reduced 
9 

(#Jmol/seed­
ling) 

5-73 
11-58 
13-54 
20-93 
34-98 
34-96 
34-94 

1-89 
1-18 
1-18 

11.61 
11-59 
13-53 
13-53 

1-89 
1-89 
1 -87 
7-73 
7-72 
7-71 
7-68 

1. 91 
1. 91 
1 -89 
7-74 
7-71 
7-71 
7-71 



Fig. 5-t4;Changes in the uptake~ accumulation and reduction 

of NO- by seedlings of common buckwheat CFagopyrum esculentum 
9 

Moench> kept in varying concentrations of N0-
9 

superimposed 

of NH+ ions. A, control; B, 
4 

with varying concentration 0-005 

o.o5 mM NH+. 
" 

+ + mM NH ; C. 0.01 mM NH ,· D. 
• . 4 . 

Vert.ical 1 ine in the 

figure represents LSD at P0-05· 
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Table 5-15 : Effect of varying concentrations of on 

uptake, accumulation and reduction of nitrate by the 
seedlings of common buckwheat. <F. esculentum Moench> cultured 
in hydroponic system with Hoagland nutrient solution 
supplemented with 5 mM KNQ-. 

9 

NO- Concen-
9 

t ~-at ion ( mM ) 

(1.0(15 
0 • 1 (I (I 
0.2(1(1 
0-500 
1 • (1(1(1 

2-000 
5-000 

(1.(1(15 
(I. 1 (1(1 

0-200 
0-500 
1. 000 
2-000 
5.(1(1(1 

(1.(1(15 
0. 100 
0-200 
0-500 
1. 000 
2-000 
5-000 

0-005 
0-100 
0-200 
0-500 
1 • 0(10 
;~.111111 

~) • 000 

NO - uptake NO- accumu 1 a t.ed 
9 9 

CJ..Imol/seed- (J..Imol/seed-
1 i ng > ling> 

Control 

5.8(i 0-06 
11.71 (1. 12 
13-67 (1. 12 
21.09 (1. 16 
35-15 (1. 17 
35-15 (1. 19 
35-15 0-20 

o.oo5 mM KClO-
9 

5-80 0-04 
9-70 0-06 

13-67 (1.(16 
13-67 0-08 
33-20 (1. 11 
33-20 0. 13 
33-20 0-16 

-0-01 mM KClO 
9 

3-90 (1.(15 
9-76 (1.(16 
9-76 (1.(17 
9-76 0-08 

31-25 0-08 
31-25 0-08 
31-25 o.os 

o.os mM -KClO 
9 

3-90 (1.(13 
9-76 (1.(14 
9-76 (1.(17 
9-76 0-07 

31.25 1).(19 

; I I • i •;, 1.1. O'l 

31-25 0. 10 

NO reduced 
9 

(J..Imol/seed­
ling> 

5-73 
11-58 
13-54 
20-93 
34-98 
34-96 
34-94 

5-89 
9-63 

13-60 
13-58 
33.(18 
33-06 
33-04 

3-84 
9-69 
9-68 
9-67 

31 -16 
31. 16 
31 -16 

3.86 
9-71 
9-68 
9-68 

31. 15 
: .. 1 I • t ~.1 
31 -15 



Fig. 5-15 ; Changes in the uptake, accumulation and reduction 

by the seedlings of common buckwheat <Fagopyrum esculentum 

Moench> kept in varying concentrations of N~ 
9 

superimposed 

with varying concentration of KClO- ions. 
9 

A, control; 

0-005 mM KClO-; C, 0.01 mM KClO-; D, 0-05 mM KClO-. 
9 9 3 

B, 
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DISCUSSION 

F'lard r-oots sllov1 sPlectivity in absor-ption of ions 

from the soil- The upta~e of 1on is dependent on free energy 

+' of H across the plasmalemma of the cells of the root corte>: 

and carriers possessing specific affinities for particular 

ions <Spanswick~ 1981; Sze. 1985). In higher plants the anion 

NO is taken up uniquely, in that it 
9 

is subjected to both 

positive and negative feed back regulation. The absorption of 

nitrate by plant roots has been reported to occured with 

rates comparable to those for I<+~ + Rb , Cl and 

(Jackson et al-~ 1973). A low level of tissue nitrate and low 

1-a tes of net NO- uptake have been obsel-ved 
9 

with 

which have not been pretreated with NO- before 
9 

nation of nitrate <Clarkson, 1986) . Following 

the plants 

the determi-

e>:posure to 

l-oot [NO 
3 

J and uptake have been 

to increase several fold with time <Glass~ 1988) • Glass 

<1988> has observed that this increase in the uptake was a 

specific response of the root to the presence of NO- in 
9 

the 

ambient environment. The net uptake rate of NO- by plants 
9 

can be modelled as a summation of two factors: Ci) induction 

of transporter - this would increase the uptake rate with 

time until a steady state is achieved, <ii> ambient nitrate 

concentration - a progressive depletion of nitrate would 

result in lower uptake rates· In the present investigat.ion 

the uptake of nitrate by buckwheat seedlings with progressing 

time follows a t.ypical hyperbolic curve without any lag 
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phase. In sugar-beet. t·lacl ilnd T i schner < 19<7'0 >. have observed 

that:. seedling~; flt-own from seeds which germinated without an 

r11 trogt:n c:;upp l 'I J) i t..- i:-1 t.tc> low 

immediately upon e>: posu re. Such low capacity uptake 

mr?chanism has been refer-red to c:<s a ·basic' system instead of 

a 'constitutive' one because it was assumed that the system 

was induced by the endogenous seed nit-t-ate during 

nation. Rudolf et aJ. ~ < 1988> 1n their e>:periment with barely 

roots have observed that the low capacity uptake system was 

always present even in the absence of nitrate in the ambient 

environment of the root. In the present case~ the seedlings 

of common buckwheat. started to absorp immediately 

upon exposure to the ions, without any lag phase. Further the 

uptake of nitrate increased with time up to 180 minutes after 

which it remained by and large stationary. The seedlings 

showed a maximum of uptake rate during the initial 30 minutes 

of incubation after which the rate of uptake decreased with 

the progressing time when no significant uptake was observed 

af t.eJ- t 
240 

minutes. From an analysis of the cumulative Ltptake 

of the ion and the changes in the rate of uptake with time, 

as observed in the present investigation it is quite clear 

that the uptake of nitrate conforms to a ·low capacity baslc 

system'. Tahir <1985> has reported that the hull was a source 

of ni~rate for buckwheat seeds during early stages of 

ge=rmination. It seems reasonable to postulate that the 

carrier for nitrate ions in the seedlings is already present 
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in the sys tern .. .,. because of an endogenous supply of 

nitrate during their early stages of growth. There was a 

significant dPc1ease in the ,-.:de of uptal.e of nit.-ate by the 

seedlings afte•- 30 minutes of incubation in the nutrient 

solution containing 5 mM nitrate. Correspondingly~ however, 

the level of nitrate in the ambient nutrient medium showed a 

marked decrease with p ,-oq ,-ess 1 ng time up to 240 minutes-

Could, the decrease in the uptake rate therefore ascribed to 

the decrease in the concentration of nitrate in t.he ambient 

nutrient medium ? To answer this question, an experiment was 

raised in which the concentration of nitrate in th2 ambient 

medium was maintained at 5 mM by periodic repl~nishment. The 
•. 

rate of nitrate uptake in seedlings, from Hoagland nutrient 

solution in which the level of nitrate was maintained at 5 mM 

by pel-iodic ,-eplenishment~ showed a trend to that 

observed for seedlings which were kept in a test solution in 

which no replenishments for loss of nitrate as a result. of 

uptake were made. Thus, the observed decrease in the rate of 

nitrate uptake with time could be ascribed to (i) refilling 

of the available storage components in the seedlings and/or 

<ii) any factor which influences the turnove1- of proteins 

involved in the translocation of nitrate in the plant, and 

not to a dec•-easing nih·ate concent.rat.ion in the nutrient 

medium. Behl et al., <1988> have reported that p-fluropheny-

!amine induced sup ,-ess ion of nitrate transport in to >:y lum 

effect on the uptake of ni t.rate ions by nitrate starved 
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of 

ions into the >: y l em vesse I:,-:; a mechanism indi ~-ectly 

Changpc:; in the pH of the ambiEnt nutrient medium 

had a maded effect on up t.ak e of nitrate by buckwheat 

seedlings~ with almost completP suppn::>ssion of uptake at pH 

values below 4-0 and above 9.0. Bassioni (1971) has 

attributed such an effect of pH on nitrate uptake to the 

deleterious effect of high concentration of H• ions <at low 

pH value) on the root system and a direct competition between 

OH- and NO ions for transport across membrane at high pH 
9 

values- Since at pH values between 6-0 and 6-5. the nitrate 

ion concentration (5 mM> would exceed that of the OH- ions by 

a f ac to•- of 5 >: a possible competition 

transporter by OH- ions would be ruled out. This would result 

in higher uptake rates as has been observed in the present 

study. 

In the present study, nitrate uptake as a function 

of substrate concentration followed a saturation curve. This 

is a common feature to almost all carrier mediated t•-ansport 

systems <Annera et aJ •• 1990~ Siddigui et aJ., 1990, As lam 

et al-~ 1992). However the kinetics of NO- uptake are clearly 
9 

mor-e comple>: than the s1mple Nichelis-Menten relationship, at 

least in a great majority of cases <Nissen~ 1974, 1991; Nandi 

et al-~ 1987>- In the present investigation the uptake of 
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nitrate by buckwheat seedlings from Hoagland's nutrient 

solution (pH. 6.5) had a V of 
max 

0-276 pmol/mg dry weight 

root/minute and a Km value of 200 pmol. 

There is no consensus in · the 1 i terature as to 

whether the complexity of the kinetics of 

(including NO­
s 

arises from the simultaneous 

in the plasmalemma~ of two or more independent 

ion uptake 

functioning, 

mechanisms, 

one of which may be diffusion <Doddema and Telkamp, 1979 

Lee and Drew, 1986, Glass et af., 1990 Aslam et af., 1982) 

or whether there is only single mechanism either cooperative 

<Hodges, 1973> or multiphasic <Nissen, 1971, 1977, 1991>-

From our observation with Fagopyrum esculentum it is clear 

that the mechanism of nitrate uptake in the plant is mediated 

through the low concentration high affinity system. The Km 

for nitrate absorption by buckwheat seedlings and isolated 

roots from Hoagland"s nutrient solution <pH, 6-5> was 200 and 

227 pmol respectively- A range of Km values have been 

,-eported for the uptake of nitrate by the low concentt-ation, 

high affinity system. The reported values range from 4 ~mol 

in Arabidopsis thaliana <Doddema and Telkamo, 1979> to 250 

pmol in Hordium vulgare <Chatrotwong et al., 1979). Similarly 

the,-e has been great variation in the reported' affinity for 

NO- of the high concentration mechanism with a Km of 100 pmol 
9 

for Hordium vulgare <Siddiqui et al., 1990> and 25 pmol for 

Arabidopsis thaliana <Doddema and Telkamp, 1979) • This 
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variation in the affinity of the two s~stems for NO- has been 
9 

attTibuted to (t) rliffen::>nces in endogenous nitrate levels 

.=u 1 d , h en c e c E' 1 1 I t i s s u e n 1 t ,- a t e status ([lut:;: Jackson, 

1977, Lecand Drew, 1986~ S i dd i qui e t a 1 . , 1990) and/or (ii) 

N0-
9 

inherent inter and intraspecific differences in uptake 

capacity <Rao and Rains~ 1976>- There can be no doubt that 

rna y e>: p 1 a in at least the variability 

observed between species. 

The presence of either NH+ or CI0-
4 9 

ions in the 

nutrient medium had an inhibitory effect on the uptake of 

nitrate by buckwheat seedlings. While NH+ions 
• are 

known to repress uptake and assimi lat.ion in 

cyanobacteria~ algae and fungi <Marznef, 1981; Andrews et 

aJ., 1989; Fernandez and Cardenes, 1989). Their effects in 

higher plants are not clearly established. Bloom and Finazzo 

(1986> have reported the inhibition of net nitrate uptake in 

two cultivars of barley by <NH > So • A Lineweaver-Burk plot 
• 2 4 

of the uptake v/s nitrate concentration at various levels of 

ammonium, as worked out in the present. incestigation 

reveals the non-competitive nature of inhibition. Several 

explanation have been forwarded ion induced inhi-

bition of NO- absorption. <i> The inhibition may be a 
9 

result of NH+ accumulation • in 

accumulation of some product of 

( i i ) slowing of the act. iva t ion 

the cells or due 

NH+ assimilation • 
or synthesis of 

direct 

tot he 

pathway 

the NO~ 
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absorption system. ( i i i ) inhibition of nitrate reduction 

pathway in the cells <Deane-Drummond and Glass~ 1983) . It 

1 evr.~ 1 other 

than one involved in uptake of nitrate- While NH+ ions had no • 
effect on the Km for nitrate uptake by buckwheat seedlings~ 

the ions markedly reduced the V for the process. 
Jl'KU( 

While 

the process had a V of 0-276 pmol/mg dry weight root/min· 
Jl'KU( 

in the presence of 0-005 and 0-05 mM ammonium, the uptake of 

nitrate by buckwheat seedlings had a V of 0-083 and 
max 

pmol/mg dry weight root/min. Lee and Drew (1989) 

0-064 

have 

reported a 38-43 X inhibition of nitrate uptake by 0.5 pmol 

m-3 ammonium ions in barley; the V for nitrate influx 

being lowered by 20 - 42 % in the presence of 0-5 pmol 

ammonium~ as compared to the ammonium free control· 

-9 
m 

It 

appeal-s that the inhibition of nitl-ate uptake by <NH) SO as 
• 2 • 

observed in the present study is not simply a case of 

providing a counter - ion for NO-. rather the inhibition may 
g· 

be due to the effect of the ammonium ions on the net rate of 

nitrate influx into the root tissues-

Although ClO 
9 

ions also suppressed uptake of 

nitrate by buckwheat seedlings~ derivation of the Lineweaver-

Burk plot for V as a function of S at various levels of 

chlorate~ clearly reveals the competitive nature of the 

inhibition. In the presence of 0-005 and 0-05 mM of 

the Km for uptake of nitrate by buckwheat seedlings was 307 
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and 500 ~mol respectively- Chlorate 1ons had no effect on the 

'v' of 
mQX 

a analogue for nitrate during NO uptake by 
3 

as 

Araoidopsis 

thaliana <Doddema and Otten, 1979) bal-ley plants <Deane-

Drummondand and Glass. 1989) and 

assimilation by Chlorella <Tromballa and 

chel-a Deane-Dl-ummond ( 1984) has observed 

appeared to act as a substitute 

NO 
9 

Broda~ 

uptake and 

1971). In 

that chlorate also 

the induction 

site~ although the concentration of chlorate requ i ,-ed t.o 

elicit a response was lower than nitrate. 

Ammoni0m and chlorate ions had an inhibitory effect 

on the reduction of nitrate in the root tissues. However, 

while chlorate ions showed a dose response for the 

inhibition~ ammonium ions did not show any such response. In 

the present study~ however, the ammonium induced repression 

of NR activity is quite clear. In mosses~ Mallapadidam et aJ. 

(1991) have reported that ammonia repressed NRA even in the 

presence of nitrate. Hageman and Flesher <1960) have clearly 

established the requirement of both light and for the 

appearance of NRA in leaves. The requirement has been related 

to either the activation of a pre-existing protein or to the 

de novo synthesis of the enzyme protein. In Chlor-ella 

vulgaris~ Losada et al-~ <1970> have demostrated an immediate 

disappearance of NRA when NH+ was added to the medium. The 
• 

repression of NRA could thus ascribed to one or more of the 
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following (i) an inhibition of NO uptake~ (ii) an 
3 

inacti-

vation or enhanced degradation of the enzyme~ <iii) an inhi-

tJit1urt of trc:Ht,;c,·iptton or tranr.=,J.<ttort of mf~Nf-~ coding fol- the 

nitrate reductase protein- The dose dependency of the effect 

of ClO- ions on the ln ~"lVt~ 
3 

tissues as observed in 

,-eduction 

the present 

competitive nature of the effect of 

reduction. Aberg <1947) has emphasized 

of nitr·ate in root 

study reveals the 

ClO 
9 

ion 

the to>: i c 

on nitrate 

effect of 

ClO- ions on plimts. He has suggested that some 
9 

derivatives 

of chlorate produced w1thin the plant cell, and not the 

chlorate ion per se~ were the actual toxins. The inhibitot-y 

effect of chlorate ions on nitrate reduc~ion, as observed in 

the present study, could also be ascribed to the toxic nature 

of the products of chlorite, <ClD-> and 
2 

hypochlorite 

ions, the reduction product of chlorate. Hofstra ( 1977) and 

Labrie (1991) have also reported a decrease in NR activity in 

plants treated with chlorate-

The stimulation of nitrate uptake by glucose as 

observed in the present study indicates a requirement of 

metabolic energy for uptake of nitrate by roots. It is true 

that glucose could have many direct or indirect effects on 

protein synthesis in general and on the appearance of nitrate 

reductase in particular· Travi"s and co-workers <1970, 1971) 

have shown that glucose is responsible for maintenance of 

polyribosomes. results suggest that glucose could 
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enhance the synthesis of nitrate reductase by increasing the 

protein synthesizing machinery in the system. 

However~ the inhibitjon (more than 90 X> of ion 

absorption in the presence of DCMU as observed in the present 

study suggests that the factors which affect photosynthetic 

electron transport do have a marked influence on nitrate 

uptake. Gray and Cresswell (1984) have reported that infilt-

of excised mai;:e leaves with DCMU, an electron 

transport. blocker of photosystem II, ,-esu 1 ted in diminished 

rates of and utilization. Inhibition of 

photosynthetic transport will result in a decline 

Pquivalf.-"nts to the 

cytoplasm. In investigation, DCI'lU has been 

obser-ved to n1trate in buckwheat 

seedlings. The inhibitory effect of DCMU on nitrate uptake by 

buckwheat seedlings thus co1.• 1 d be att1·ibuted to its 

inhibit01-y ~-ole in nitrate reduction rathel- than an effect on 

the mechanism of transport. In the present investigation, 

although, no marked difference could be observed between 

uptake rates in seedlings, subjected to continuous illumi-

nation with either fluorescent light or with red 1 i gh t, 

more than 60 percent suppression of nitrate uptake was 

observed in seedlings maintained continuously under blue 

light. The results demonstrate the role of light in nit.rate 

uptake. Acco,·ding to Beavers et af., <1965>, light inc l-eases 



nitrate uptake by leaves~ leading to higher inti-acellular 

concenh-ation ot NO tor- induction. 
9 

Our 1nvestigations on the uptake of nitrate by 

buckwheat seedlings thus clearly indicate that the absorption 

and reduction of nitrate by seedlings of common buckwheat 

<Fagopyrum esculentum Moench) are energy dependent process 

1 inked to of the photosynthetic elect.ron 

transport chain in the plant. The results obtained in the 

present investigation also indicate that the process of 

uptake of nitrate by the seedlings is mediated via the low 

capac i t.y " BAS I C SYSTEM " of LIPtak e. 

The kinetic properties of the uptake process by 

excised roots were much similar to that observed for the 

intact seedlings. In both~ the cases pH optima for uptake 

ranged between 5.5 and 6-5 with a Km value ranging between 

200-220 ~mol- These results indicate the existence of a 

species specific nitrate transport. protein through which the 

nitrate ions are transported across the plasma membrane of 

the roots. 
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EXPERIMENTAL 

Seedlings of common buckwheat were raised in the 

laboratory as described earlier. Eight day old seedlings were 

transplanted into pots, each containing 2.6 kgs. of 

washed with 0.3 percent H SO . The. pots were arranged 
2 • 

sand 

in 4 

sets representing four treatments viz. control, 5, 20 and 50 

mM of nitrate given us KNO- in Hoagland's nutrient 
9 

medium. 

The plants were maintained in a net house with four plants in 

each pot and 10 pots for each treatment. Harvest were made 

on 7, 19, 31, 43. 55 and 67 days after planting. Five plants 

were harvested at random from each set of treatments. The 



86 

harvested plants were washed under the running tap water and 

blotted dry betwen sheets of filter paper. The length of the 

shoot was measured and the plants were separated into stem, 

leaf, petiole and root segments. Leaf area was measured with 

the help of plannimeter- The fresh weight of each segment was 

determined on a balance followed by drying in an oven at 

80°C for 72 hours- From the oven dried materials, the dry 

weight of each segment was determined- Based on dry weight 

data of the samples and leaf area, the growth indices, viz., 

RGR, NAR and LAR have been calculated for the plants for each 

treatment and each sampling. In order to determine the 

partitioning of nitrogen between various tissue segments of 

the plant, the harvested plants were separated into shoot, 

leaves, petiole, and stem portions; the leaves and petiole 

being numbered in an acropetal order. The stem was divided 

into segments from the base and each segment was numbered in 

an acropetal order- In each segment the amount of various 

nitrogenous components and 

determined. In figure 

the 

the 

level of NR activity was 

values for nitrogenous 

constituents have been expressed both on percent dry weight 

of the basis as well as pg per total amount of dry weight 

particular unit- the activity of NR has been expressed as 

pmol nitrate released per 100 mg dry weight of the tissue 

segment per hour. Based on the model of Greenwood et al., 

<1991) an attempt has been made to express the relationship 

between growth rate and percentage nitrogen in the crop at 
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various stages of development. An investigation has been 

carried out to understand the relat.ionship between 

photosynthesis and the nitrogen status in the leaves and the 

whole plant by using the model of Greenwood et aJ., <1986). 

RESULTS 

Irrespective of the treatment the dry weight of the 

shoot increased linearly with time between 7 and 43rd days 

after planting; the dry weight of the shoot also increased 

with increase in to amount of nitrate supplied, with plant 

receiving a dose of 20 or 50 mM KNO- showing the maximum dry 
s 

weight. On 7lh day there was no marked difference in the dry 

weight of the shoots between treatments. The magnitude of 

difference however increased with progressing time till 43rd 

day after planting. Further, the differences was more marked 

between plants irrigated with 0, 5 and 20 mM nitrate. Plant 

that were irrigated with Hoagland nut.rient. solution 

containing 50 mM nitrate showed the same level of dry matter 

accumulation as that observed in plants that received 20 mM 

nitrate (Table 6-1; Fig. 6-1>· 

Changes in t.he total leaf dry weight of the 

plants followed the same trend as that observed for the 

shoot. I l-respec t i ve of the level of applied nitrate a linear 

increase in the total leaf dt-y weight was observed between 

day 7 and 31- The total leaf dry weight in plants receiving 

an external supply of nitrate, continued to increase with 



progressing time till 
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lh it attained a plateau on 55 day. In 

the case of controls, however, the total leaf dry weight. 

attained stationary phase after day 43 of planting only. 

Marked differences were observed in the total dry weight of 

the leaves between the untreated control and those that 

lflM 
1-eceived either 5 or 20 or 50"of nit.rate with the irrigating 

solution. Thus, while the control attained a maximum dry 

weight of 18 mg, plants receiving 50 mM of nitrate attained a 

maximum of 35 mg of dry weight. There were no significant 

differences in the leaf dry weight bet.wee_r;J _,plants receiving 

either 20 or 50 mM nitrate externally <Table 6-1; Fig. 6-2). 

The changes in the total leaf area of the plants 

with time followed the same pattern as that observed for leaf 

dry weight. However, the value for the parameter did not 

differ significantly in plants receiving either 5, 20 or 50 

mM of KNO-. The leaf area of the plants receiving 
3 

ex t.ernal 

nitrate was marginally higher than that of control plants, on 

lh the 7 day. However, the magnitude of difference in the leaf 

area between plants which did not receive any external supply 

of n i trat.e and those irrigated with nitrate supplemented 

solution increased with progressing time, till it was nearly 

two-fold on 43rd day after planting <Table 6-2; Fig· 6.3). 

There was no marked differences ir t.he leaf area 

ratio of the plants, with progressing time. However, when 



Table 6-1 : Effect of varying doses of externally supplied 
nitrate on shoot dry weight and leaf dry weight of common 
buchwheat (Fagopyrum esculentum) grown under sand culture. 

Days Nitrate Concentration (~mol) 

after 
Planting Control 5 20 50 

Dry weight Shoot <mg) 

7 11·2 15-05 16-05 16-55 

19 30-5 33-88 46-25 48-20 

31 52-4 57-60 84-00 89-00 

43 67-5 88-30 117-50 122-50 
c·~ 
~~ 68-5 110-50 121-50 126-50 

67 62-5 111-00 116-50 116-50 

Dry weight Leaf <mg) 

7 4-0 5-00 6-0 6-0 

19 11.0 10-68 16-0 17-0 

31 16-0 16-00 28-0 30.0 

43 19-0 23-00 34-0 33-5 
~~ 
~~ 19-5 30-50 35-0 35-0 

67 18-0 30.00 34-5 35-0 



Table 6.2 : Effect of varying doses of externally supplied 

nitrate on changes with time in the total leaf area, leaf 
area ratio relative growth rate and net assimilation rate in 
plants of common buckwheat grown under sand culture. 

Nitrate cone. 
(mM) 

Days after Planting 

0 
5 

20 
50 

0 
5 

20 
50 

0 
5 

20 
50 

0 
5 

20 
50 

7 

3-5 
5-5 
6-0 
6-0 

19 

9-5 
14-5 
15-5 
14-5 

31 

2 LA (em ) 

15-5 
24-5 
25-5 
26-0 

43 

17-5 
32-5 
32-5 
32-0 

55 

16-5 
31-5 
32-5 
31-5 

67 

16-0 
30-5 
31-5 
30-5 

LAR 2 em leaf dry weight per day 

0-31 
0-36 
0-37 
0-36 

0-31 
0-42 
0-33 
0-30 

0-29 
0-42 
0-30 
0-29 

0-25 
0-36 
0-27 
0-26 

0-24 
0-28 
0-26 
0-24 

0-25 
0-27 
0-27 
0-26 

RGR mg dry weight/day 

0-1025 0-083 
0-175 0-0676 
0-19 0-088 
0-199 0-089 

0-0307 
0-0442 
0-0497 
0-051 

0-0211 0-00122 -0.0076 
0-0356 0-0186 0-0003 
0-0279 0-002 -0.003 
0-026 0-0026 -0.0068 

2 NAR mg dry weight em /day 

0-330 
0-583 
0-637 
0-675 

0-351 
0.402 
0-408 
0-45 

0-106 
0-171 
0-181 
0-19 

0-0755 -0.005 
0-0851 0-074 
0-095 0-013 
0-122 0-02 

-0.03 
0-001 
0-0016 
0-0025 



Fi9.6.1; Effect of varying doses of NO~ on 

shoot dry weight with time in plants of 

the changes in 

common buckwheat 

<Fagopyrum esculentum Moench> grown in sand culture under 

net house conditions. 

Fig.6.2j Effect of varying doses of NO~ on 

leaf dry weight with time in plants of 

the changes in 

common buckwheat 

<Fagopyrum esculentum Moench) grown in sand culture under net 

house conditions. 
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Fl'q 6 3 • Effect of varying doses of NO- on 
~ • J 9 

Leaf area ratio with time in plants of 
the changes in 

common buckwheat 

<Fagopyrum esculentum Moench> grown in sand culture under 

net house conditions. 

Fig.6.4: 
area ratf.o 

Effect of varying doses of NO- on the changes ttJ le.llf 
9 

with time in plants of common buckwheat <Fagopyrum 

esculentum Moench> 

conditions. 

grown in sand culture under net house 



35 D OmM § 5mM D 20mM • 50mM 

- 30 
C\1 

E 25 
c 
Q) 20 ~ 

c 

- 1 5 c 
Q) 

-J 10 

5 

0 
7 19 31 43 55 67 

Days after planting 

o. OomM § 5mM D 20mM • 50mM 

0-4 -
I 
0' 
E 0.3 

C\1 

E 
u -a: 0.2 
<( 
-J 

o. 1 

0 
7 19 31 43 • 55 67 

Days after planting 



89 

compared with untreated controls, plants irrigated with 

nitrate containing nutrient solution showed marginally higher 

leaf area ratio at any stage of growth- Within the 

treatments, however, the maximum leaf area ratio was shown by 

plants that were irrigated with Hoagland's nutrient medium 

containing 5 mM nitrate <Table 6-2; Fig. 6.4). The plants 

showed the highest net assimilation rate between 7th and 19th 

day after planting. The rate of assimilation decreased with 

progressing time till it showed negative values after 55th 

day of planting. Nitrate ions had a stimulatory effect on the 

net assimilation rate of the plants. Thus, plants irrigated 

with Hoagland's nutrient solution containing 50 mM KNO­
s 

showed a nearly two-fold increase in the net assimilation 

rate than that recorded for untreated controls· While the 

untreated control plants recorded positive increments for NAR 

upto 43 days of planting, those receiving an external supply 

of nitrate showed positive increment for the net assimilation 

rate up to 55 days of planting <Table 6-2; Fig. 6-5). 

Irrespective of the treatment, relative growth rate 

for the crop, expressed as mg dry matter accumulated mg. dry 

-· -· weight day , showed the highest value on 7th day after 

planting. With progressing time, however, the growth rate 

showed a consistent decline till it registered negat~ve 

values on day 67· Except on 7th day when the plant treated 

with either 5, 20 or 50 mM nitrate showed higher values for 



Flg.6·5;Effect of varying doses of NO~ on 

assimilation rate with time in plants 

the 

of 

changes 

common 

in net 

buckwheat 

<Fagopyrum esculentum Moench) grown in sand culture under net 

house conditions-

Ffg.6.6; Effect of varying doses of NO~ on the changes in 

relative growth rate with time in plants of common buckwheat 

<Fagopyrum esculentum Moench) grown 

net house conditions-

in sand culture under 
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RGR~ there was no significant differences in the raltiv~ 

growth rates of the plants irrigated with Hoagland's nutrient 

medium supplemented with varying concentration of nitrate 

(Table 6-2; Fig· 6.6). However, plants irrigated with nitrate 

containing Hoagland nutrient medium showed positive 

increments for relative growth rate for a much higher 

duration than those which were irrigated with nitrate free 

nutrient solution <Table 6-2; Figs. 6-6, 6-7). 

Irrespective of the treatments the content of 

total nitrogen in the plants, expressed as mg/100 mg dry 

weight of the plant~ showed a progressive decrease with 

pl"'ogressing time between 7lh and 67lh day after planting. The 

magnitude of decrease was, however, more marked, between 7lh 

lh and 19 day after plant.ing. Further, marked difference were 

observed in the content of total nitrogen between plants 

irrigated with nitrate supplemented nutrient solution and 

those which were irrigated with nitrate free nutrient 

solution. Thus, while the untreated control had a (1.7 

percent total nitrogen content on 7th day, plant receiving 5 

mM nitrate had a total nitrogen content of 1·2 percent on 

dry weight basis. The magnitude of difference, in the content 

of total nitrogen in plants receiving either 0, 5, 20 or 50 

mM nitrate nitrogen, however, narrowed down with progressing 

growth of the plant. When expressed as total 

nitrogen/plant, the content of total nitrogen in the plants 



Pig: 6.7 A: Plants of common buckwheat growing under sand 

culture and irrigated with Nitrate free Hoagland nutrient 

solution (a) , Hoagland nutrient solution supplemented with 

5 mM N03 (b), Hoagland nutrient solution supplemented with 

20 mm N03 (c), Hoagland nutrient solution supplemented with 

50 mM N03 (d) . Photograph taken 31 days after planting. 

Fig. 6.7 B: A close up photograph of plants of common 

buckwheat growing under sand culture with Hoagland nutrient 

-solution supplemented with 50 mM N03 . Photograph taken 31 

days after planting. 



91 

showed a consistent increase with a progressing time between 

7 and 43rd days. During this period the plants in each of the 

4 treatment sets recorded a two-fold increase in the content 

of total nitrogen. After 43rd days, there was no significant 

increase in the total nitrogen content of the plants. Plants 

irrigated with nitrate containing nutrient solution 

consistently maintained higher levels of total nitrogen than 

those which were irrigated with nitrate free nutrient 

solution <Table 6-3; Fig- 6-8>· 

In order to determine the partioning of nitrogen 

between various tissue segments of the plant, the harvested 

plants were separated into shoot, leaves, petiole and stem. 

The dry weight of each segment was determined, after drying 

in an oven at 80°C for 72 hours- The dried samples 

digested and the digests used for the estimation of 

nitrogen content of the segment- The nitrate content of 

were 

total 

each 

segment was determined after extraction with HCI · In each 

segment the activity of nitrate reductase 

determined- The content of reduced nitrogen 

determined as the difference between total 

nitrate nitrogen· 

was 

has 

also 

been 

nitrogen and 

When expressed as amount present per plant, the 

content of total nitrogen in the plants showed a consistent 

increase with progressing time between 7 ar1d 43 day after 



Table 6·3 : Effect of varying doses of externally supplied 
nitrate on the leaf nitrogen content and total nitrogen 
content in plants of common buckwheat grown under sand 
culture. 

Days of 

Planting 

7 

19 

31 

43 
~~ 
JJ 

67 

7 

19 

31 

43 
~~ 
J~ 

67 

Nitrate Concentration <mM) 

Cont. 5 20 50 

Total Nitrogen <mg/100 mg dry weight leaf) 

0-62 0-70 0-91 0-91 

0-50 0-66 0-75 0-79 

0-46 0-62 0-66 0-72 

0-44 0.60 0-64 0-65 

0-41 0-60 0-62 0-64 

0-41 0.53 0-57 0-60 

Total Nitrogen <mg/100 mg dry weight soot> 

0-71 0-81 1-13 1-17 

0-38 0-59 0-60 0-62 

0-31 0-50 0-52 0-53 

0-29 0-40 0-42 0-43 

0-29 0-38 0-41 0-43 

0-30 0-37 0-42 0-42 



Fig.6.8; Changes in the concentration of total nitrogen 

expressed as mg/lOOmg plant dry weight C6,A,A, .A> with time 

and the content of total nitrogen per plant < C1, E3, [Z}, • > in 

plants of common buckwheat <Fagopyrum e~culentum Moench> 

grown in sand culture and net house condiUons under varying 

levels of externally supplied nitrate. 
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planting. After 43rd day the level of total nitrogen in the 

plant remained by and large stationary. Plants that received 

an external supply of nitrate accumulated markedly higher 

level of total nitrogen than those which did not receive any 

nitrate externjlly. Thus, plant receiving 5 mM of nitrate 

showed a nearly two fold increase in the content of 

accumulated nitrogen. There werE no marked difference in 

the amount of nitrogen accumulated by plants receiving eit~er 

5, 20 or 50 mM of KNO-. However, 
9 

differences were observed 

in the pattern of accumulation of nitrate nitrogen in the 

plants. Thus with increase in the supply of external nitrate, 

the plants accumulated mo~e of nitrate nitrogen than reduced 

nitrogen. Irrespective of the treatment, the content of 

total, nitrate and reduced nitrogen, expressed on per plant 

basis, showed a consistent increase with progressing time. 

Thus a more than three fold increase in the level of each of 

the constituents was recorded with progressing time between 7 

and 55 days. When compared with the untreated control plants, 

marked differences were observed in the level of total and 

nitrate nitrogen in plants receiving nitrate supplemented 

irrigating solution. Thus there was a more than two-fold 

increase in the content of total nitrate and nitrate 

nitrogen respectively, in all the nitrate treated plants. 

However, no marked differences were observed in total and 

nitrate nitrogen levels in plants receiving either 5, 20 and 

50 mM nitrate in the irrigating nutrient solution. The 
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highest accumulation of each t.ota 1, nitrate and reduced 

nitrogen was observed in the leaf tissue of the plants; the 

petiole accumulated the least amount of each of these 

constituents. During the early stages of growth, the shoot 

accumulated more of total and nitrate nitrogen than the stem 

tissues of the plants in all the treatments. 

However, the pattern of accumulation reversed with 

progressing growth, with the stem showing more accumulation 

of total and nitrate nitrogen than the root (Figs. 6.9, 6-10, 

6. 11 , 6. 12) • I r respect. i ve of t1·ea tmen ts the p 1 ants showed 

higher activity of nitrate reductase during the initial 

stages of growth. With progressing t-ime, however, the 

activity of NR declined markedly. Higher level of NR activity 

was observed in plants that were irrigat~d with nitrate 

supplemented Hoagland's nutrient medium <Figs. 6-9, 

6-11, 6-12). 

Nitrogen fertilizer has a decisive influence on the 

growth and yields of most stable crops throughout the world· 

Principles about the role of nitrogen have been incorporated 

into models that are being used to improve the efficiency of 

the use of fertilizers. Fundamental to these models is the 

knowledge about the dependence of plant growth on the content 

of total nitrogen in the plants. Evidence has been obtained 

that the decline in critical X N (the minimum Y. N in the 



Fig.6.9~ The content of total nitrogen 0; nitrate nitrogen 

[]; reduced nitrogen [) ; and the level of activity of 

nitrate reductase expressed as ~mol NO- released/100 mg fresh 
2 

weight (] ; in root o; stem ~ ; petiole X; and leaf 

e;of common buckwheat <Fagopyrum esculentum Moench) 

cultivate~ in sand with Hoagland nutrient solution deprived 

of nitrate supply at 7th day adfter planting <Fig- A>, 19th 

day after planting <Fig. B>, 43rd day after planting (Fig. C> 

and 55th day after planting <Fig- D>· 
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Fio. 6.11: Tne content of total nitrogenO: nitrate nitrogen 

reductase expressed as umol N02 released/100 mq fresh weioht 

O : i n t h f.7.' ~- u o t 0 ; <::'- t:. F· in ~ ~ oPt. i o J. E? x : 0:1. n d t hE' 1 e 0:1. + e; of r: om m on 

t:.uc: k~Jheat CFaoocvrum csculentum Moenc:h) cultivated in sand 

~t-Jith Hoc:~.ql<":\nd nu'l::~·icnt ·::c:oJ.ution SL!Ctplf:::mented ~lith Z.O mf'1 

IJ l 8. n t i n q ( F i c:1 • :H > " 4 :~;; ~ .. ci cJ ,:;\ \/ €:\ ,:: +. t:2 ~.. r~' l a n t j_ n q ( F' i q • C ) .3. n d 55 t h 

adv after olanting (Fig. D). 
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plant needed for ma>:imum growth r·ate> in the plant is related 

to plant mass per unit area in much the same m~nner for a 

variety of C arable and herbage crops. Leaf 
9 

photosynthetic 

capacity has also been found to be highly correlated with the 

nitrogen status of the plant. Incorporation of these 

relationships into simulation models of N- response is· 

however. complicated by the fact that even when growing 

conditions are constant and supplies of nutrients and water 

meet the crop demand. RGR declines and absolute growth rate 

increases during growth. Greenwood et aJ., <1991) have 

devised a growth rate coefficient that is independent of 

plant mass throughout the growing period· This coefficient 

has been devised on the earlier observations of Greenwood et 

aJ., <1986) that the coefficient is linearly related to the 

ratio of X N in plants to the critical X N during the N 

1 imi ted growth. In the foregoing chapters, thel-efore an 

attempt has been made to describe the content of nitrogen in 

the plant in relation to the levels of the applied nitrogen 

fertilizer and its relationships with photosynthetic 

activity. The experimental data has been subjected to 

treatment with mathematical models developed by Greenwood et 

a I . , ( 1 986, 1 991 > • Attempts have been made to test the 

effects of applied nitrate nitrogen on the growth and 

photosynthetic activity with plants of common buckwheat using 

the equat.ions; 



dWCF,t.> 

dt = 

95 

EKx <F>J [WCF,t>J 

x + WC t) 

(1) 

Where WCF,t> is the dry weight of the plant (excluding root) 

per unit. a rea 

Kx<F> is the growth rate coefficient 

x is a constant 

Integration of above equation would give 

[Kx <F>J[T-T J = xln w<F,t) + w<F,t> - xln wCF,t >-w<F,t ) 
0 0 0 

••• ( 2) 

Where WCF,t> is the dry w~ight of the sample (excluding root> 

at time t, W<F,t > is the dry weight of the sample <excluding 
0 

root) at time t and 
0 

t 
0 

represents the time of initial 

harvest and t represents the time of next harvest. Greenwood 

et aJ., (1991> have defined Kx<F> as Kc and WCF,t> as Wc<t>, 

so that 

dWc ( t > KcxWc<t> 
= x +We< t > 

( 3) 
dt 

where Kc is a critical growth constant and Wr<t> is t.he 

critical dry weight at critical nitrogen level· 

Greenwood et ai., <1986) have assumed that there is 

a positive relationship between critical % N in the plant 

dry matter Nc<t> and plant dry weight Wc<t> and have defined 

the critical nitrogen content in a plant by the equation 
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Nc <t> = 1-33+ exp [1.4- 0-26 wc<t>J (4) 

In the present study a growth rate coefficient has 

been extrapolated which is independent of plant mass 

throughout during the exponential phase of 

have also been made to relate the growth 

wi t.h X N in the plant. 

growth. Attempts 

rate coefficient 

Wh.en derived from the model of Greenwood et aJ., 

<1991> the RGR defined as xln W<Ft> + W<Ft> for the crop 

showed a linear and positive relationship with progressing 

time for each of the four levels of nitrate under which the 

plants were growing. The ~reatment had a marked effect on 

the slope of the 

relationship between 

regression 

RGR and 

equation describing the 

time. Plants showed higher 

values for RGR than untreated controls. When compared with 

the controls the relative growth rate increased with increase 

in the concentration of nitrate upto 20 mM· With furt.her 

increase in the concentration of nitrate beyond 20 mM there 

was no further increase in the RGR for the crop <Table 

6-4; Figs. 6-13~ 6-14>. Corresponding with the increase in 

RGR~ Kx<F>~ the growth rate coefficient calculated from 

equation also showed a positive relationship with the level 

of applied nitrate in the ambient medium. Thus, the value 

for the coefficient increased linearly with increase in the 

level of nitrate from 0 to 20 mM- Beyond 20 MM nitrate 



Table 6·4 : Changes in the relat-ive growl:h l-ate~ e>:pr·essed as 
xln W<F,t) + W<F,t), with changing time in common buckwheat 
<Fagopyrum esculentum> supplied with varying doses of nitr·ate 
under sand culture. 

Ni l:rate Days after j.Jlantir1y 
cone. 
(ml'l> 7 19 31 43 55 

>eln W<F,t> + W<F,t> 

Cont.1-o1 13-60 33-92 56-35 71-71 72. '/2 

5 ml'-1 17-76 37-40 61-65 92-78 115. 2(1 

20 ml'1 18-82 50-08 88-43 122-26 126-29 

50 mM 19.35 52-07 93.49 127-30 131. 3' .. 



Fig .. 6.13j Changes in relative growth rate, expressed as 

xlnw <F,t> + W<F,t> with time in common buckwheat <Fagoeyrum 

esculentum Moench) supplied with varying doses of nitrate in 

sand culture under net house conditions-
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F;g.6.14; Changes in the relative growth rate expresed as Xln 

W<F,t> + W<F,t> in common buckwheat <Fagopyrum esculentum 

Moench> on±9th day, 31st day and 43rd day after growing in 

sand culture under net house conditions. 
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concentration there was no marked increase in the value for 

the coefficient (Table 6-5; Fig· 6-15). On the basis of this 

data the minimal level of applied nitrate required to achieve 

the maximum growth has been determined. Thus under conditions 

of the present study a concentration of 20mM nitrate in the 

external medium could support maximum growth of the crop. The 

growth rate coefficient <Kx <F>> at this level of applied 

nitrate has been described as critical growth coefficient 

<kc<F>>· Our results thus reveal a critical growth rate 

coefficient of 2-803 for the crop under conditions of the 

present study- The growth rate coefficient had a 

significantly positive correlation with the concentration 

of total nitrogen in the plant <Table 6-3; Fig. 6-16). 

However the slope of the equation describing the relationship 

between Kx<F> and concentration of total 

plant increased with increase in the age of 

relative growth rate described as a KxCF)/x 

nitrogen .in 

the plant. 

+ WCF~t> 

the 

The 

also 

had a significantly positive relationship with X nitrogen, 

expressed on dry weight basis, in the plant <Table 6.6; Fig· 

6-17). It is clear from the equation that a great deal of the 

effects of growth dilution and deficiency of nitrogen can be 

accounted for by this relationship and thus by differences in 

relative growth rate. The effects of N deficiency on 

relative growth rate can, therefore, be treated by assuming 

a linear relationship between the growth rate coefficient 

<Kx<F> and X N in the plant. Our results reveal a significant 



Table 6·6 : Changes in the Kx<F> with changing concentration 
of nitrate supplied to common buckwheat <Fagopyrum 
esculentum) grown under sand culture. 

Nitrate cone. <mM> Kx<F> 

Control 1-794 

5 mM 2-196 

20 mM 2-903 

50 mM 2-920 



Fig. 6.15; Effect of varying doses of NO on the growth rate 
9 

co-efficient Kx <F> in plants of common buckwheat <Fagopyrum 

exculentum Moench> grown in sand culture under net house 

conditions-
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Table 6.6 : Relationship between I<>:<F>h: + W<F, t.) and time in 
common buc.:kwheat <Fagopyr-um esculentum> supplied with v.::n-yiny 
doses of nitr·at:e under sand cui ture. 

Nitrate 
cone. 
<wM) 

Con tr·ul 

5 ml"1 

20 ml'1 

50 mM 

7 

0-147 

(1. 136 

(1. 164 

0-166 

Days at te1-

19 

Kx < F > /x + W<F,t> 

(1.0560 

(1.(1374 

(1.(1329 

(1.(1593 

planting 

31 43 

0-0330 (1.(1260 

(1.(13'74 0-0246 

(1.(1329 0-0230 

(1.(1324 (1.0236 



Pig.6.16; The relationship between growth rate coefficient 

<Kxf) and the concentration of total nitrogen in plant of 

common buckwheat <Fagopyrum esculentum Moench> grown in sand 

culture under net house conditions on 7th day, 19the day and 

31st day after planting. 

when Y = 0-267 + 2-251 x for 7th day 

Y = 0-201 + 4-049 X for 19th day 

Y = 0-365 + 4-379 x for 31st day 

fig.6.17j The Relationship between relative growth 
expressed as Kx<F>/x + W<F,t> and Y. N in whole plant 

common buckwheat <Fagopyrum esculentum Moench> grown in 

culture under net house conditions. 

rate 

in 

sand 
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and positive correlation between the two. Kx<F> was 

relate to % N at each harvest date: the gradient increasing 

with the incn?i:\se in the concent.·.ration of nitrate in the 

irrigating solution. However, the value of N0-
9 

,corresponding 

to 1<>: < F > = 0. 

Increase in the level of nitrate in the ambient 

nutrient medium had a positive effect on the accumulation of 

total nitrogen in the leaves as well as whole plant. However, 

the maximum accumulation of total nitrogen was observed at an 

ambient nitrate supply of 20 mM. Beyond 20 mM ambient nitrate 

supply there was no further increase in the content of t.ota 1 

nitrogen in the plants <Figs. 6-18, 6-19). The photosynthetic 

activity in the plant., described as net ass,imilation rate, 

showed a positive relationship with the content of nitrogen 

in the leaf. Thus NAR showed a consistent increase with 

increase in the concentration of nitrogen in the leaf, at any 

stage of growth <Fig· 6-20). Greenwood et aJ., (1986) have 

described the relationship between photosyntheic activity in 

the leaf with percent nitrogen in the leaf by the equation 

P = M N + C 
L L L L 

where P = leaf photosynthesis 
L 

N = content of percent nitrogen in the leaf 
L 

C and M are constants a and b respectively. 
L L 

(5) 



Fig.6~8; Changes in the nitrogen content of leaf expressed 

as mg/100 mg dry weight leaf in common buckwheat <FagopyYum 

esculentum Moench) grown in sand culture under net house 

conditions supplied with varying levels of external nitrate-

Fig.6.19; Changes in the nitrogen content of whole plant 

expressed as mg/100 mg dry weight in common buckwheat 

<FagopyYum esculentum Moench) grown in sand culture under 

net house conditions supplied with varying levels of external 

nitrate. 
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Fig. 6.2QjRelationship between net assimilation rate and 

leaf nitrogen concentration expressed as (mg/100 mg dry 

weight> during different harvest period in common buckwheat 

<Fagopyrum esculentum Moench) grown in sand culture under net 

house conditions-
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The values for a, b and equation 

P = M N + C obtained for plants of 
L L L L 

common buckwheat, 

growing under varying levels of nitrate fertilization, at 

various dates of harvest are presented in Table 6.8. An 

analysis of the data on net assimilation rate as a function 

of leaf nitrogen content reveals that a general decline, with 

progressing time, in the value of the slope of the regression 

equation that described the relationship between NAR and leaf 

nitrogen content. It is thus clear that with progressing 

growth there was an increase in the nitrogen requirement of 

the plant to sustain minimal photosynthetic activity. 

The relationship between the content of total 

nitrogen in the leaf with the content of total nitrogen in 

the whole plant has been defined by Greenwood et al., (1986) 

by the equation 

N = M N + C 
L W W y 

where N = content of percent nitrogen in the leaf 
L 

( 6) 

Nw = content of percent nitrogen in the whole plant 

M and C are constant a and b respectively. "' .., 

In the present study the concentration of N in the 

leaf showed a linear relationship with the average nitrogen 

concentration in the whole plant over a substantial range 

2 <average r = 0-9> <Fig. 6-21). Integration of equations 5 



Fig.6.21; Relationship between total leaf 

expressed as mg/100mg dry weight and total 

nitrogen content 

nitrogen content 

in the plant expressed as mg/100mg plant dry weight in common 

buckwheat <Fagopyrum esculentum Moench> grown under varying 

levels of externally supplied nitrate, under net house 

conditions. 
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and 6 would give the relationship between the photosynthetic 

activity in the leaf described as NAR with the content of 

total nitrogen in the whole plant by the equation 

= M 
L 

M N 
"' "' 

+ M C 
L W 

+ c 
L 

where PL = leaf photosynthetic activity 

N = content of percent nitrogen in the whole plant 

"' 
ML CW + CL and 

respectively. 

M M are 
L W 

To provide an estimate of 

the constants a and 

the importance of 

b 

the 

constant, average value of· M , C • Mw and C were obtained. 
L L" W 

Substitution of these values in equation 6 would give 

P = 0-0099 N + 0.656 
L W 

on 19th day after planting. 

P = 0-0012 N + 0-308 on 31st day after planting and 
L W 

P = -0.0554 N + 0-372 on 43rd day after planting for plant 
L V 

of common buckwheat growing under sand culture under varying 

levels of nitrate supply. 

DISCUSSIONS 

The presence of nitrate ions in the nutrient 

solut.ion had a st.imulatory influence on the growth of the 

plants. Thus when compared with those plants which were grown 

in a nitrate free medium, plants growing in a medium 

containing nitrate ions had significantly higher levels of 
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dry matter. A nearly two-fol increase in the amount of dry 

matter accumulated was observed in plant.s irrigated with 

Hoagland's nut-rient medium containing 20 mM KNQ-. There 
9 

were 

no marked differences in the dry matter content of plants 

receiving either 20 or 50 mM of nitrate. This observation is 

in accordance with the results of Huett and Dettmann ( 1991) • 

They have reported that the optimum predicted N-level for 

-1 maximum dry matter production was 14-2 mM for Lettuce, 18-l 

-1 -1 mML for Zucchini squash and 11-6 mML for potato. In their 

study on the efficiency of leaves in dry matter production, 

Pearman, et a 1 • , (1977) have reported that nitrogen 

fertilization had a stimulatory effect on the accumulation of 

dry weight of the vegetative part of the plants. They have 

stated that, when nitrate is given in higher amounts, more 

photosynthat was directed to the stem, which in t:urn lead to 

higher dry matter accumulation. 

The total number of grains produced by plants 

receiving 5 mM nitrate was 180 per plant. This was nearly 50 

percent more than the yield obtained for plants which did not 

receive any nitrate. However, a marginal decline in the grain 

yield was observed in those plants irrigated with Hoagland's 

nutrient medium containing 20 or 50 mM nitrate. From the 

results, it is obvious that the optimum N-requirement for 

maximum grain yield in common buckwheat was lower than that 

for tot.al dry matter production. Thus 
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showed a max1mum grain yield under 5 mM nitrate supply~ the 

maximum dry matter production by vegetative parts of the 

plant was achieved in pl.:mts irrigated with a nutrient 

solution containing 20 mM KNO-. 
3 

The results further 

illustrate that there is a competition for assimilates 

between vegetative and reproductive parts of the plant. Huett 

and Dettman <1991) have reported that~ the optimum N-levels 

for maximum yield in lettuce were 5 to 11 

-s. potato was 7 mML • In their analysis of 

mML -s. and for 

the growth of 

spring wheat, supplied with different amounts of nitrogen 

fertilizer, Thomas and Thorn (1971) have observed higher 

amounts of nitrogen produced bigger plants with large leaves 

but with decreased grain yield. They have attributed tha 

decreased grain yield to a significant change in the rate of 

photosynthesis of the leaves- This change makes the leaves 

i neff ic ient. in contribution towards grain production. 

Pearman et aJ., (1977) have attributed, this inefficiency of 

the leaves of crops, given higher doses of nitrogen, in 

producing grain, to the effect of nitrogen on respiration. 

As compared to the untreated cont.rol plants 

irrigated with Hoagland nutrient solution containing 5, 20 or 

50mM nitrate, showed a nearly 2 fold increase in leaf area, 

upto 43rd day after planting· This was also reflected in 

the dry matter accumulation of leaves. Irrespective of the 

treatments, dry weight of the leaf increased with progressing 
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time upto 43rd day. Beyond 43rd day there was no marked 

change in the dry weight of the leaf with progressing time. 

In the present experiment~ the dry matter accumulation in the 

leaf was dose dependent; thus leaf dryweight increased with 

increased nitrate content in the Hoagland's nutrient. 

solution. In contrast. the total leaf area ratio was by and 

large independent of n i t.rate supply; however, plants 

receiving 5 mM nitrate had a marginally higher leaf area 

ratio than the nitrate starved control plants or plants 

treated with 20 or 50 mM nitrate. It is clear from the 

results that, in Fagopyram escnlentum, 5 mM nitrate was 

sufficient to maintain optimum photosynthetic activity in 

the crop during the experimental phase of growth. Differences 

in the nitrogen treatments affect leaf expansion <Bottrice et 

al., 1980) 6y influencing photosynthetic quantum yiel.ds and 

dark respiration or by making changes in the demand for 

photosynthetic rates <Nova and Loomis, 1981>· Further, 

cellular expansion and leaf water relation ship has been 

reported to be affected by nitrogen deficiency <Radin and 

Bryer, 1982; Radin and Parker, 1979). Nitrogen deficiency 

may also cause secondary deficiencies of other essential 

nutrients <smith, 1962). Huett et aJ., (1985> observed that 

in Amaranthus poNelli wats. Variations in the nitrogen 

content brought about changes in the leaf area of the plants. 

In the present investigation, when the nitrate concentration 

in the irrigating solution was increased, the leaf area of 
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the plant also showed a corresponding increase. Therefore it 

to make an assumption that.~ in Fagopyr-um 

esculentum, increased nitrate level resulted in increased 

cell expansion and cell division. The increased cell 

expansion and cell division helped only to increase the leaf 

area and leaf dry weight but did not play any role in the 

ratio of leaf area to whole plant dry weight. The presence 

of nitrate ion had a stimulatory effect on net assimilation 

rate in common buckwheat; thus a more than 2·5 fold increase 
' 

in net assimilation rate was observed in plants supplied with 

Hoagland's nutrient solution containing 5, 20 or 50 mM 

than that observed in ~itrate starved control 

However, there was no marked difference in the NAR, 

plants receiving 5, 20 or 50 mM KNO-. 
9 

Leaf being a 

plants. 

between 

major 

contributor for dry matter accumulation in the plant, the 

factors influencing its photosynthetic capacity, affected the 

NAR. When compared with nitrate starved control plants, a 

nearly 2 fold increase in RGR was observed in plants 

irrigated with 5, 20 or 50 mM KNQ-. Like NAR, the RGR too did 
9 

not show any marked variation between plants receiving either 

5, 20 or 50 mM KNQ-. 
9 

Blackman (1961> has summarized 

effect of nitrogen upon plant growth by stating 

the 

that 

increases in relative growth rate due to ~ugmentations in 

nitrogen supply could be attributed to increases in leaf dry 

weight ratio rather than to changes in leaf area. In 
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Fagopyrum esculentum, the effect of nitrogen application on 

LAR appears to be the major cause of increase in NAR and RGR. 

In order to determine the partitioning of variuos 

nitrogenous components within the plant, plants from each of 

the four treatments were harvested at different intervals and 

harvested plants were separated into different units. From 

each unit nitrate nitrogen, total nitrogen, reduced nitrogen 

and NR activity have been calculated· The results, obtained 

during the course of the study reveal a maximum level of 

various nitrogenous components in plants irrigated with 5 mM 

KNO . Increase in 
9 

the nitrate concentration beyond 5 mM 

failed to bring about any significant variations, in the 

levels of various nitrogenous components in the plants. 

Leaves were extremely self supporting in terms of 

accumulating total nitrogen, and nitrate nitrogen-Petioles, 

by contrast were inactive in nitrate assimilation. Probably 

the petioles must acquired reduced nitrogen for their growt~ 

from other ti~sues of the plants. These observations are in 

accordance with the findings of Jeschke and Pate (1991>, who 

while describing the nutritional interactions of shoot parts 

of different age and type, have suggested that in caster 

been, the laminae of the three lowest mature leaves were 

more than self supporting in terms of generating various 

nitrogenous components. 
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In the present study~ levels of various nitrogenous 

components were maintained, in root as well as basal parts of 

the stem, throughout the period of study. This observation is 

in accord with the t.heOJ-y of downward translocation of 

nitrogenous compounts, proposed by Jeschke and Pate ( 1991 ) • 

kWhile the leaves possessed, relatively higher amounts of 

various nitrogenous constituents, the stem tissues 

accumulated relatively lower levels of various nitogenous 

constituents. This is in consonance with the observation of 

Robinson and Millar ( 1987) in potato. There observation 

clearly revealed that the young 

significantly higher levels of 

constituents than the stem tissues. 

leaves 

various 

possessed 

nitrogenous 

In Fagopyrum esculentum leaves probably act. as 

storage organs. This speculation is a refiection of the 

significantly higher levels of various nitrogenous compounts 

in the leaves, especially in younger leaves. 

leaves the nitrogen reserves are presumably diverted 

grains during their development. 

From the 

towards 

Fagopyrum esculentum showed a positive relationship 

linking nitrogen content, growth rate and plant mass- The 

percentage nitrogen in the plant declined as the plant grows. 

For this phenomena, Greenwood, et ai., (1991> have proposed 

a hypothesis· According to this hypothesis the photosynthetic 
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activties in the plant~ described as rate of dry matter 

production are strongly influenced by the content of nitrogen 

in photosynthesis tissues of the plants. The relationship 

between the nitrogen status of the leaves and the activity of 

RuBP carboxylase in the leaves has been emphasized by Evans 

(1983). Results obtained in the present investigation clearly 

revealed a linear and positive relationship between 

percentage nitrogen in the whole plant and the growth rate 

coefficient K <F>, as derived according to the model proposed 
X 

by Greenwood et aJ., (1991). The 1 inear and positive 

relationship between percent N in the leaf and that. in the 

whole plant as observed in · the present study reveals the 

interdependency between leaf and whole plant, in respect of 

nitrogen status, to support the growth and dry matter 

accumulation in the plants. 

In the present study, the plants receiving 20 mM 

nitrate showed the maximum rate of dry matter accumulation. 

Besides, the plants also accumulated the maximum amount of 

total nitrogen at this level of nitrate fertilization. 

However, the yiled response of Fagopyrum esculentum to 

nitrogen seems to be optimum at low <5 mM> than at high 

levels of applied nitrate. Under conditions of suboptimal 

nitrate fertilization the rate of dry matter increase 

appears to be limited by the photosynthetic and associated 

factors. This supports the concept in common buckwheat that 
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is a positive relationship between 

fertilization and nitrogen accumulation in the p 1 ant. Our 

results also cle~rly establish the positive relationship 

between the nitrogen status of the plant and the rate of dry 

matter production by the plant. During the experimental phase 

of growt~ the relationship between nitrogen status of the 

plant and photosynthetic activity in common buckwheat can be 

described by the equat.ion P = 0-308 + 0.0012 N where 
L W 

P = leaf photosynthesis. Further reduction ot N - supply has 
L 

also reduced (% N> in t.he leaves, stems and roots in 

proportion to one another. Since the rate of photosynthesis 

varied at different phases ~f growth, Fagopyrum esculentum 

needs to be given N -fertilizer at least three different 

stages of its young age. 



CHAPTER VII 

'l}~neral Summa.ry and 

CConclusion 
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Nitrate uptake and utilization is presently 

considered as a major and early point of control of 

development of plant. Nevertheless, despite the extreme 

importance of nitrate in most agricultural ecosystems, a 

number of serious deficiencies remain in our understanding of 

the physiology and biochemistry of its uptake and 

assimilation- Therefore, an understanding of physiology and 

biochemistry of its uptake and assimilation is necessary to 

develop protocals for fertilizer regimes for improving the 

quantity as well as the quality of the harvest. 
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Even though quite a good amount of work has been 

done on the uptake and utilization of nitrate nitrogen in 

wheat, soyabeen, barley and maize, data on the utilization of 

nitrate nitrogen in common buckwheat <Fagopyrum esculentum 

Moench), a psuedocereal of extreme economic importance 

because of its short growth span, high nutritive value of its 

grains and its capacity to grow on poor soils, is sca~y. A 

survey of the literature reveals that certain characteristics 

possessed by this crop give it an advantage over the 

conventional crops. The importance of the plant lies in the 

protein quality of its grains, short growth span and hardi­

ness of the plant, Besidesthe foliage is used as a green 

vegetable and in an important commercial source of the gluco­

side "Rutin" which is used as a medicine- However, because of 

some problems associated with its growth like indeterminate 

growth habit, the crop has not being cultivated e~tensively 

and comes under the category of under utilized crops aa 

classified by International Bureau of Plant Genetic R~sources 

<IBPGR>. Although some studies have been made on the require-

ment of phosphate fertilization in buckwheat, not many 

reports are available on the nitrogen fertilization require­

ments in crop· The·present study was therefore undertaken to: 

(a) assess the various accessions of common buck-

wheat for the growth and yield attributes, 



111 

Cb> characterize the uptake of nitrate in intact 

seedlings as well as excised roots of buckwheat 

seedlings under hydroponic culture, 

function of time, 

accompanying ions, 

NO- concentration, 
9 

as 

pH 

a 

and 

<c> determine the relationships between photo-

synthetic activity and nitrate utilization 

in the plant during various phases of 

growth in the plant, so as to determine the 

nitrate nitrogen reguirement of the crop at 

various stages of growth. 

In order to assess the growth and yield attributes, 

the seeds of seven accessions of buckwheat which were 

procured from the NBPGR regional station at Shillong, were 

scanned by electon microscope for their seed coat 

characteristics. Based on the scanning electron microscopy 

of the seed coat, the seven accessions have been grouped into 

three categories. The data on the size and shape of the seeds 

of seven accessions further illustrated that the seeds of 

seven accessions were not similar to each other at least 

morphologically. However, the seven accessions did not differ 

from each other markedly in the chemical composition of their 

grains and growth behaviour. The conclusion has been co1·robo-

rated by growth indices such as Leaf Area, LAR, NAR and RGR, 

calculated separately in each of the seven accessions. 
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Further an analysis of the polygonal diagram representing 

variables such as dry weight of stem, shoot, leaf, root and 

leaf area tor the seven accessions at various stages of 

growth revealed that the seven accessions did not differ 

from each other~ at least in their growth attribute. 

The plants accumulated maximum dry matter in about 

three weeks after planting. However, the rate of dry matter 

production was maximum between 7 and 19 days after planting, 

in each of the seven accessions. A significantly positive 

relationship was observed between leaf area and dry matter 

accumulation in the crop. 

The crop attained maturity in about six weeks time 

and completed its life cycle in about 9 to 10 weeks. However, 

because of the intermediate growth habit, the flowering 

extended from about 4 to 7 weeks after planting. However, 

among the seven accessions of buckwheat BDS-1354 distingui-

shed itself by possessing determinate growth habit and 

synchroronization of seed maturity. Seedlings of the plant 

showed a 1 inear· and steady nitrate uptake during the ini tia1 

60 minutes upon exposure to the Hoagland•s nutrient medium 

containing 5 mM nitrate as KNo;. Significant~y, there wa~ no 

lag phase in the uptake of nitrate by the seedlings. After 60 

minutes the uptake of nitrate gradually slowed down until it 

attained a plateau at t minutes. During the 
UtO 

corresponding 

period the concentration of nitrate in the ambient nutrient 
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medium showed a gradual decrease with progressing time. When 

expressed as ~mol nitrate taken up mg dry weight root- . -t. m1n. , 

the seedlings showed a maximum upt.ake rate during the initial 

::tO minutes of incubation in the nutrient medium. The rate of 

uptake showed a pregressive decrease with progressing time 

unti 1 no signf icant uptake was ob!Eterved after the 3rd hour o·f 

incubation· Decrease in t.he concentration of nit.r·at.e in the 

ambient nutrient medium had no apparent effeet on 
I 

the rates 

of nitrate uptake by the seedlings as a function of time. 

Seedlings in test solutions whose concentration of nitrate 

was kept constant, also showed a pattern of uptake similar to 

that shown by seedlings in test solutions in which the 

concentration of nitrate ions was allowed to deplete over the 

period. Thus, from an analysis of. the cumulative uptake of 

nitrate by buchwheat seedlings and changes in the rate of 

uptake with progressing time, as determined in the present 

investigation, it can be assumed that the uptake of nitrate 

across the root plasma membrane in common buckwheat is 

mediated through a low capacity basic system. It seems 

rea!Etonable to postulate that the carrier for nitrate ionH in 

th~ seedlings is already present in the syst~m because of an 

endogenous supply of nitrate. The observed decrease in the 

rate of uptake with time could be ascribed to a refilling of 

the available storage components in the seedlings and not to 

a decreasing nitrate concentration in the ambient nutrient 

medium, because the rate of uptake in the seedlings, which 
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were kept in test solution in which the level of nitrate was 

kept. constant all through, showed a tr·end similar to that 

observed for seedlings which were kept in test solution in 

which no replenishment for the loss of nitrate .:.s a r·esult of 

the uptake were made-

When the concentration of nitrate in the nutrient 

medium was varied from o.os to s.o mM, the rate of nitrate 

ousor·ption by buckwheat. seedlings was a function of external 

nitrate concentration according to Michaelis-Menten Kinetics. 

The l''hchaelis-Menten constant <Km> and maximum velocity 

<V > for nitrate absorption by buckwheat seedlings were 200 
ma.x 

~mol and 0-276 ~mol mg dry weight 
_., . -t 

root mtn. respectively. 

In the presence of ammonium and chlorate ions, the uptake of 

nitrate by the seedlings was markedly suppressedf the 

magnitude of suppression increasing with the increasing 

concentr·ation of either ammonium or chlor·ate ions. A 

Lineweaver-Burk plot for the uptake of nitrate ions as a 

·function of subst.rate concentration, at various levels . of 

either ammonium or chlorate clearly revealed that while the 

inhibition due to ammonium was non-competititve in nature, 

that due to the presence of chlorate ions was of competitive· 

in nature. While the Km for nitrate uptake in 1·the presence·of 

ammonium remained 200 ~mol, the uptake process in presence of 

o.oos and o.os mM ammonium had a V of 0-083 and 0-064 ~mol 
mo.x 

mg dry weight root- 1min: ... In: the presence of 0-005 and 0·05 

mM of chlorate, the Km for the uptake of nitrate was 307 and 
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500 1-1mol respectively. Chlorate ions had no e·ffect on the 

V of the pr·ocess. Our r·esults 1ndice.te l.ttat. the inhibition 
ma.x 

of the nitraate uptake by ammonium ions is not simply a case 

of ammonium providing a coLint.er-ion tor ni t.rat:e, the 

inhibition appears to be due the efect of ammonium ions on 

the net ,-ate of nitrate influx into the seed 1 ings. The 

inhibitory role of chlorate ions on nitrate uptake may be 

because the ion acts as an analogue for nitrate in the 

process of nitrate uptake by plants. 

In the present investigation presence of nitrate 

ions ifl the nutrient. solution hod a stimulat.ot-y influence on 

tile y .-c:..wtll of the p 1 ants. The highest. dry ma t.ter accumu 1 at.i on 

in plants irrigated with Hoagland nu tr· i en t 

medium containing 20mM kNO. Similarly plants irrigated 
9 

with 

Hoagland's rtut.rient medium cont.aining 20 mM nitrate had the 

highest value for RGR, LAR and NAR- lhe presence of nitrate 

ions in t.he nut.-ient medium had a stimulatory effect. on the 

net assin•milation rate of the plant.s. Thus plants irrigated 

wi lh Hoaglanr..J 's nut-r-ient. medium containing 20 mM nitrate 

showed a more than two-fold inc t-ease in I"AF< than those 

it·rigated with nitrate free Hoagland~s nutrient medium· 

It·respect.ive of the t.reatment., the highest value of RGR was 

recor-ded un 7th day after· planting, after which it showed a 

consistent decrease with progressing time till it registered 

negative values un 6"/th day- Thet-e were a significant 
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di t fe•-ence in the number of qr·ains p•-oduced per plant bet-ween 

those irigated with Hoagland"s nutrient medium containing 5mM 

nit-l-ate C:\nd those d1d not r·eceive However, 

marginal decline in the gre~in yield was obse1·ved in those 

plants supplied with Hoagland's nutrient medium containing 20 

and 50mt·t nitTate ions- From t.he r·esult it is clear· that. the 

inc rea sed concen tr·a t ion of NO- in the nu tr i en t med i urn . ~ 
beyond 

5 ml't did not play any positive r·ole in increasing the grain 

yield for· the cr·op. 

The plants supplied with Hoagl.:~nd nutrient. solution 

contc:"\ining 5. 20 c:"\nd 50 ml't nitr.:~te ions~ showed a nearly t.wo-

fold incree~se in leaf area as well as leaf dry matter 

accumulation than that. of nitrate stdrved cont.rol plants. In 

contrast the tote~l leaf area ratio was nearly independent of 

nitr·c:"\te supply· However~ the maximum leaf area 

obse1·ved in pl.:lnts that were irrigat-ed with Hoagland's 

nut.l·ient. medium supplement-ed with 5 ml'1 nitrate. In 1-i:lgopyrum 

esculentum~ the effect of nitrogen Clplication. on LAR could 

be C:\ssumed to be the major ce~use of the effects of the 

t.recd-ment.s on NAR emd kGR- rurthe•-. the incr·eased NAR and RGR 

the supp 1 'r' of e>: ternal ni t.:J-at.e. 

lhe ,-esul ts uf study on pC:l.r·ti tioning of various 

nih·oyr:.:>nous compunpnts w1t.hin the plants revealed t.hC:l.t plant. 
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supplied with Hoagland nutri~nt solution containing 5mM KNU-
9 

had the maximum level of various nitrogenous constituentg. 

Incr·easing the nitrate concentration beyond 5mM failed t.o 

bring about rem~rkable var·iations. When the whole plant was 

considen:?d as a four interconnected units, namely, root, 

petiole and leaf~ the leaves were found t:o be 

e:·: ter na 11 y se 1 f in terms o·f nitroyt:.on balance 

witt1in t.he plant. The leaves had the highest level of NR 

e~ct.ivity in the plant. as compar·ed to r·oot~ st.em and petiole. 

Pr·obably, the petiole acquired reduc.:ed ni troyen for· t.hei .-

·f r·om other· tissues of the plant. ln fagopyrum 

esculentum lt;.,>aves act. as stor·aye oJ-gi:lns. This speculation is 

a r·eflection of significantly higher amounts of various N-

component.s and NR activity in the levaes, specially i r 1 

leaves- The expected highest rate nitrC\te 

reduct.ion we1·e obseJ-ved 1n laminae followed by root and then 

at. a gen~rally much lower· level~ the petiole and stem-

fagopyrentum esculentum showed a significantly 

positive relationship linking nitrogen content~ growth rate 

and plant. mass- The perc.:ent.aqe nitrogen in the plant declined 

relationship 

bet.ween pe1 cent N in the whole plant and k < F > , 
)( 

the growth 

,-at~ coefficient- The linear relationship between percent: N 

in the leaf and that in the whole plant showed that there 

is an in ter·dependency between leaf and whole plant., i r1 
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1·espect. of nitrogen. t.u suppot-t the qt-owt.h and dry matter 

<-~ccumulatinn 1n the plant. 

Out- n:c•su 1 ts i nd i c.:<:< t.e an up t. i munr ,-equ i n~men t. of 5 ml1 

nit.t-C:\t.l:? in t.he in-iyating solution fur obtaining the maximum 

y i e I d s • F- u ,- UH:O> 1 • under conditions uf nitr..-t.:e 

SLtpp} y ~ the dry matt.er· produc.:t.iult 

sub-opt.im..-1 

e>:pressed ..-s nel:. 

e~ssinrmi lC:\1. ion ,-c:d.f? in Ute c.t op tJtu-ing the e>:ponent.ial 

of gr·owt.h hdd <:1 diJ-ect. relationship with the nitruyen 

uf t.he plant wit.h t-he equation 

NAR = 0-308 + 0-0012 x 

ph..-se 

s t.atus 

is the nitrogen c.ontent. of the plant expressed as 

mg/100 mg dry weight. 
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