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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. lherefore, an understanding of physiology and 

biochemistry of its uptake and assimilation is necessary to 

develop protoc~ls 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 scat.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 "Rut.in" 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 eMtensively 

and comes under the category of under utilized crops aa 

classified by International Bureau of Plant Genetic R~source5 

(IBPGR). Although some studies have been made on the require-

ment. 01 phosphate fertilization in buckwheat, not many 

reports are available on the nitrogen fertilization require-

ments in crop. The present study was therefore undertaken tOI 

(a) assess the various accessions of common buck-

wheat for the growth and yield attributes, 



3 

(b) characterize the uptake of nitrate in int~ct 

seedlings as well as excised roots of buckwheat 

seedlings under hydroponic culture, 

function of time, 

accompanying ions, 

NU- concentration, 
s 

as a 

pH 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 

gr"ains and growth behaviour. The conclusion has been cOl-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 t.he 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. 

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 808-1354 distingui-

shed itself by possessing determinate growth habit and 

synchroronization of seed maturity. Seedlings of the plant 

showed a linear" and steady nitrate uptake during the initial 

60 minutes upon exposure to the HDagland~s nutrient medium 

containing 5 mM nitrate as KNU-. Significantly, there wa~ rlo 
~ 

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 ~mbient nutrient 
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medium showed a gradual decrease with progressing time. When 

expressed as ~mol nitrate taken up mg dry weight root- • -j. 
mIn· , 

the seedlings showed a maximum uptake rate during the initial 

80 minutes of inCUbation in the nutrient medium. The rate of 

uptake showed a pregressive decrease with progressing time 

uf,til no signficant uptake was ob~erved after the 3rd hour of 

incubation. Decrease in t.he concentration of nit.T·ate in the 

ambient nutrient medium had no apparent effect on t.he rates 

of nitrat.e upt.ake by t.he 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 nit.rate 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 

inWestigation, it can be assumed that the uptake of nitrate 

across the f'OOt plasma membrane in common buckwheat is 

mediated through a low capacity basic system. It seems 

rea~onable to postUlate that the carrier for nitrate ionH 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 

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 nitrat-e .. s a r-esult of 

the uptake were made. 

When t.he concent.ration of nitrate in the nutrient 

medium was varied from 0.05 to 5.0 mM, the rate of nitrate 

ubsor-ption by buckwheat seedlings was a function of external 

nitrate concentration according to Michaelis-Menten Kinetics. 

The Michaelis-Menten constant (Km) and maximum velocity 

(V ) for nitrate absorption by buckwheat seedlings were 200 
mo.x 

~mol and 0.276 ~mol mg dry weight 
-1 _ -1 

root mln. respectively. 

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

nitrate by the seedlings was markedly suppressed; the 

mcagnitude of suppression increasing with the increasing 

concentr-at-ion of either ammonium or chlorate ions. A 

Lineweaver-Burk plot for the uptake of nitrate ions as a 

-function of subst.rate concentration, at various levels 01 

either ammonium or chlorate clearly revealed that while the 

inhibition due to ammonium was non-competitive in nature, 

that due t.o 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 ~mol 

-t -t . 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 1-11001 respectively. Chlorate ions had no e-Ffect on the 

V CJf t.he plocess. Our I('sul ts lndic.:.te Ulat. the inhibit-ion 
max 

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

of ammonium providing a cOllrlt.er-ion fur nit.rate~ the 

inhibition appears to be due the efect of ammonium ions on 

t.he net I-a te of nitrate influx int.o the seedlings- The 

inhibitory role of chlorate ions on nitrate uptake may be 

because the ion act.s as an analogue for ni trate in the 

process of nitrate uptake by pl~nt.s. 

In the present invest.igation presence of nit.rate 

ions in the nutrient. solution had a stimulatol-y influence on 

the Yl-owt.h of the plants- The highest. dl-y matter accumulation 

was ubserved in plants irrigated wit.h Hoagland nutr-ient. 

meuium cuntaining 20m'" kNO • Similarly plant.s irr-iyated 
s 

wi t-h 

Hoagland's nutrient. medium cont.aining 20 mt1 nitr-ate had the 

highest value for kGR, LAR dnd NAR. lhe pre5~nce of rlitrate 

ions in the nutrient mediLlm had a stimulator-y effect. on the 

net assinlmi lation rate of the plants. Thus plants irrigated 

wi ttl Hoagli:lIlu's Ilutr·ient medium containing 20 filM nit.rate 

showed a more than two-fold increase in /-JAR than those 

ilTigated wi th nitrate free Hoagland"s nutrient medium-

IITE'spectiv!:? of the treatment, the highest value of RGR was 

r·-ec.:or-ded un 7UI uc\)I after planting, after which it shuwed a 

cunsistent. decrease with progressing time till it. rEc'gistered 

negative values un 6'lt.h day. Thel-e were a signi f icant 
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difference in the number of qr-ains produced per plant. between 

t.hose iriqated with Hoaqlcmd's nutrient- medium cont.aining 5mM 

nit.rate ~nd those dld not. receive any nit.r~te. However~ 

mal-ginal decline in the grain yield was obsel-ved if) those 

plant.s supplied wit.h Hoagland's nutrient mediun, cont.aining 20 

and 501llt-1 nitTale ions. From the result it is clear- that the 

increased concentr-ation of NO in the nut-rient medium beyond 
3 

5 011'1 did not play any posit.ive Tole in increasiny the grain 

yield faT" the crop. 

The plants suppl ied wi th Hoaqland Tlutrient. solutio ... 

cont.aining 5~ 20 and 50 011'1 nitrate iOf)s~ showed a nearly two-

fold increase in leaf area as we 11 as leaf dry mat.ter 

acculllulat.ion than that of nItrate starved contr-ol plants. In 

cOllt-rast the total le~f area ratio was nearly independent. of 

nitTate supply. However~ the m~>:imum leaf area 

obselved in plants that. were irrigat.ed wit.h Hoagland"s 

f1ulTient. medium supplemented with 5 ml"l nit.rat.e. In ri:lgoPY'rum 

esculeTitum~ the effect of nitrugen aplicat.ion on LAR could 

be assumed to be the major cause o'f the effects uf the 

t.,-eatment.s on NAR i:\nd kGR. Further~ the incr-eased NAR and RGR 

wi th incn:?ase ill the supp 1 Y' of e>: terna 1 r1it.r~t.e~ 

augmented wily vegetat.ive gl-owth i:\nd not t.he g,-ain filling. 

fhe r'esul ts of st.udy on par-ti t.ioning of variOLIS 

nit'.,·oye.>noLIS t:ompurlpnts wit.hin t.h"", plant.s r-evedled t.hi:\t plant. 
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supplied with Hoagland nutri~nt solution containing 5mM KNU-
9 

hCld the llla>:IIllUm level of various nit,,"ogenous constituent.s. 

Inc,"easing t.he nitrate concentration beyond 5m/1 fai led to 

bring about remarkClble var·iations. When the whole plant WClS 

in te ,-conn~c t.ed un i t.s , namely, root, 

st.em~ pet.iole and leaf~ the leaves wer'e found to be 

e:·: t.el' nCl 11 y se If suppo,-tiny in terms o't nitroy!::.'n balance 

wit.hin the plant .. The leaves had the hi qhes. t, level of NR 

i:<.ct.ivit.y in t.he plant. as c.ompar·ed t.o r'oot,~ st.ell! and p~t.iC/Ie. 

reduced nitroyen for' thei r-

y ,-ow t.1l 'f r'om ot.her' t.issues of t.h~ plant. In Fagopy-rum 

escule,.,tum leClves act as st.or'age ol'gClns. This speculation is 

CI r'eflection cd significant.ly higher' amount.s of vClrious N-

components and NR act.ivi ty in t.he levaes, specially in 

younge,- leaves. The expected highest rate of nit.rCtt.,e 

reduction wer~ observed In lamina~ followed by root Clnd then 

CIt CI generally much lower level~ the petiole and stem. 

fagopyrentum esculentum showed a significant.ly 

posit.ivE' J"t,:,l.,;ltlorl~;"lp llrlklng nitrogen content.~ 

and plant mClss· The percentage nitr'ogen in the plant. declined 

r~lationship 

bet.ween percent N in t.he wllole plant and k (F), 
)( 

t.he growth 

'-dte coefficient. The linear relationship between percent N 

in t.he leaf and t.hat in the whole plant !:thowed t.hat there 

is Clrl interdependency between leaf Clnd whol e p I art t" in 
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respect of nitrogen. tu support the growth 

accumulatIon in the pl~nt. 

and dry matter 

Ou,- n,,'sults indic.~te ~/l upt.imulII ,-equirelllE'nt. of 5 ml1 

nit.I-Clt.e in the il-,-igating solution fur ubtaining t.he mClximLlIll 

under 

sLipply~ the dry matter 

condit.iolls of sub-opt.iOlCll 

e>:pressed as 

':'~5sil1llflllalioll ,"ate in U,e C,"OP during t.he e>:ponE'nt.ial 

of gT"owth had a direct rel~t"ionshjp wit.h t.he nitroyen 

of t.he plant with the equat.ion 

NAR = 0.308 + 0.0012 x 

net: 

ptlClse 

5 t.~tLlS 

is the nitrogen c.on t.en t of t.he plan t e>: p rE'ssed as 

my/IOO my dry weight. 
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CHAPTER I 

'lntroductioll 



1 

Among the physiologically well defined adaptations 

of plants to alterations in nutrient availability from the 

environment are changes in root nutrient acquisition and 

assimilation systems- Because the availability of nitrogenous 

nutrients is often rate limiting for plant growth, the effect 

of exogenously supplied nitrogenous compounds on plant growth 

has been of interest for many years (Clarkson, 1988). Nitrate 

is the major source of inorganic nitrogen utilized by plants 

and productivity is to~ large extent determined by nitrogen 

nutrition. Because of the scarcity of nitrogen in a form 

ready for assimilation, the N cycle is of key importance to 

the structure and function of most agricultural ecosystems-

1 t N(-) ~nd NH+ ~l·-e t.t~e p an .s. _ = =- I 

9 • 
principal source of nitrogen. 
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Because of its importance in determining crop productivity~ 

the relationship between uptake and utilization ions 

and growth of the plants has been a subject of e:-:tensi ve 

investigations. 

Among the best characterized l-esponses o·f higher-

plant roots to exogenous nitrate are the induction of an 

enhanced level of nitrate uptake system and activity of 

enzymes responsible for 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: 

NiF~ ----->NH+ 

'" 
GS >Gln 

+Glu 

The absorption of nitrate by plant roots occurs 

with rate comparable to those for l:.·+ 
r". , Rb+, CI and 

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

however, plays a major role in r-egu I at. i ng the ammount of 

nitrate supplied to the plant when soil is not a 

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

defining aspects of the regulation of nitrate assimilation 

and an understanding is presently being reached of atleast 

the basic underlying mechanisms of some of the p l-ocesses 

involved in the control of enzyme synthesis and activity-

Other outstanding aspects of where nitrogen and 

carbon metabolism are integrated and interact with each other 
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to balance the productivity of the plant, 

unanswered. Nitrate uptake and utilization 

considered as a major and early point of 

development of organisms. Nevertheless, despite 

importance of nitrate in most agricultural 

still remain 

is presently 

control of 

the extreme 

ecosystems, a 

number of serious deficiencies remain in our understanding of 

how this ion is absorbed, partitioned and assimilated by the 

plants. Therefore, an understanding of the physiology and 

biochemistry 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 

Wheat, Soyabean, Barley, Maize, no such work has been carried 

out on common buckwheat (Fagopyrum esculentum Moench) a 

pseudo cereal of extreme economic importance because of its 

short growth span, high nutritive value of its grains and its 

capacity to grow on poor soils. 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 hardiness of the plants; 

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. However, because of some problems 

associated with its growth like indeterminate growth habit, 

the crop has not been CUltivated extensively and comes under 
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the category of underutilized crops as classified by National 

Bureau of Plant Genetic Resource (NBPGR). Although some 

studies have been made on the requirement of phosphate 

fertilization in buckwheat~ there are no reports on nitrogen \ 
\ 

fertilization requirements in common buckwheat. The present !-

study has therefore been undertaken to determine the kinetics 

of nitrate uptake in the plant and to work out the 

relationship between nitrate supply and growth so as to 

develop a nitrogen fertilizer programme for the crop for 

improved protein levels and grain yield. 
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CHAPTER II 

'R§view of CI.,iterature 



5 

The assimilation of inorganic nitrogen into 

organic compounds is, next to CO assimilation 
2 

in photo-

synthesis, the most important metabolic requirement of plants 

for growth and development. The principal source of inorganic 

-nitrogen higher plants is NO Depending the plant in . on 
9 

species and the concentration of nitrate 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 

organic nitrogen (Beevers 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 
9 

of NO- uptake system and the activity of enzymes responsible 
9 

for the reduction of nitrate to ammonia. When availability of 

soil nitrate is not a limiting factor, the uptake efficiency 

of the roots playa 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 few 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 (Breteler 

and Nissen, 1982) and Cd) a single saturable carrier-mediated 

uptake system plus a simple diffusion component (Ibarlucea et 

aI., 1981). Hole et aI., (1990) and Siddiqui et aI., (1990) 

have suggested the involvement of at least two mechanisms for 

uptake of nitrate ions by plant roots. At low external 

nitrate concentration ([NO-] ). 
90' 

net uptake of nitrate and 

nitrate influx are saturable and exhibit high affinities for 

nitrate; Km values for this high affinity transport system 

(HATS) fall in the range of 10-100 mmolm-3. Based on a consi-
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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 that the induced 

high rate of nitrate uptake by plants is an active process 

(Clarkson, 1988; Glass et aI., (1990). Another characteristic 

feature of HATS for nitrate is its extremely low constitutive 

level of expression in plants deprived of nitrate (Siddique 

et al.~ 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), 

(Pace and McClure~ 1986), Tobacco (Guy et aI., 1988) • This 

type of transport has been designated as low affinity 

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

Ed a I ., (1990 ) probed the metabolic dependence of this low 

affinity transport system by Q determinations and metabolic 
to 

. h· b . t . t9NGj-In I I ·Ol"-S USIng • 
9 

Their observations have lead them to 

conclude that LATS is a passive transport system with 

constitutive expression. Yet apart from noting 

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 seedlings 

of sugarbeet (Mack and Tischner, 1990). This system by which 

seedlings, grown from seeds which germinated without an 

external N-supply, would absorb nitrate at low 

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 ~~ystem in seed lin g s of 

common buckwheat. Experiments 

" 
with cereals have revealed that 

the rate of titrate reduction 

(Ashley et a1., 1975). Jackson 

is dependent- on upt-ake rates 

that. 

root.s of corn seedlings grown in an ammonium supplement.ed 

medium showed a biphasic patt.ern of nitrat.e upt.ake when 

transferred t.o a medium containing nit.rat.e. Their result.s on 

experiments using RNA and protein synthesis inhibit.ors have 

lead t.hem to suggest that the accelerated l--a t.e of 

uptake was dependent upon a cont.inuous protein synthesis, 

implicating t.he involvement of NO- transport.er protein in the 
~ 9 

pr-ocess. APpa1nt Substl-at.e inducibility of a 1-00t. nitl-at.e 

t.ransport.er in many higher plants has been known for over a 

decade. However, t.he report.ed induction periods required t.o 

achieve a steady state upt.ake rat.e differ; values l-anging 

between 1-2 hours for corn root.s (Neyra and Hageman, 1975), 

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

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

1972). The lag period has been interpret.t.ed as t.he t.ime 

required for the induction of the nitrat.e-specific t.r-anspor-t 

syst.em by nitrate. 

The app'::'ll-ent 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 a1., 1987). Clarkson, (1988) 

and Larsson and Ingemarsson (1989) have reported that uptake 
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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 nitrate 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~S-methionine CDhugga et ala, 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 (Ornata et al., 

1989; Scazzocchio and Arst, 1989; Unkless et ala, 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 al., 

(986) have observed that these activities would also require 

a transporter. While Jackson et al., (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 • 
initial brief phase of rapid uptake followed by a slower 

linear rate (Minoti et al., 1969). Information 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 
3 

reported (Clarkson and Warner~ 1979; Lewis et al., 1987; 

Morgan and Jackson, 1988) - However- , most of 

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). 

uptake the second step in the process of NO 
3 

utilization by plants is the reduction of nitrate to nitrite 

by the enzyme,nitrate reductase (NR EC-l.6.6.1). Oaks et al., 

( 1972) and Jackson et ala, ( 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 o'f nitr'ate 'c'eductase 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 ala, 1986; Cr-awf or-d , 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 (NR) and nitrite reductase (NiR) depend on 
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the products of photosynthesis and photosynthetic electron 

transport for the supply of reducing power. 

Although there is a strong correlation between 

increased rate of NO- uptake and NR activity, the induction 
9 

of nitrate uptake does not depend on functional NR (Jackson 

eta I ., 1986; Larsson and Ingemarsson, 1989; Warner and 

Hussaker, 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 the 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, pheny I g I yo;·: a I , 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, 

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

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

nitrogen met.abolism, except GS, were more or less 

to MSO. Several newly synthesized plasmalemma and 

proteins from 30 t.o 150 kD become labeled when 

l-esist7nt 

tonoplast. 

maize roots are supplied wit.h NO in the presence of 
9 

Methionine (Dhugga et ai., 1988; McClure et aI-, 1987). These 

results suggest t.hat NO uptake by roots is mediated by 
9 

plasma membrane protein system. 
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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 al., (1987) have demonstrated 

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

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

gold localization of NR in spinach leaves showed NR 

exclusively associated with the chloroplast (Kamachi et ala, 

1987) . 

Since both NR and NO- transport are simultaneously 
9 

induced by NO- inhibited by 
3' 

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 
9 9 

cou I c:1 

be expected. Neyra et al., (1975) favour the concept of "co"'" 

ordinated induction" of both NO- tr'ansport system and nitl-ate 
9 

reductase. It has further been suggested that the membrane 

associated nitrate reductase protein could function as 

carrier for NO 
9 

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 
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(Omata et al., 1989; Bcazzocchio and Arts, 1989; Unkless et 

a I " 1991). 

Higher plants also have systems that translocates 

NO- within and between cells (Jackson et al., 1986). However, 
3 

due to dependence of these processes on the uptake of 

external NO-. it is difficult to separate the properties of 
9" 

translocation from transport. NO- may be translocated intra 
3 

cellularly to the vacuole, where it may get accumulated and 

be exchanged for cytoplasmic (Gl-anstedt and Haffakel-, 

1982; Jackson"et ala, 1986). This is particularly true in the 

leaf, where vacuole NO-
9 

pn:lbab 1 Y ser-ves as a NO 
9 

(Granstedt and Huffaker, 1982; Clarkson, 1988). A 1 though thf? 

effect of environmental NO- on 
9 

intracellulal- tl-anslocation 

has not been defined, those activities would require a 

tonoplast NO- translocator, which might be different 
3 

plasma membrane NO- transporter. While the kinetic patterns 
3 

for enhanced NO- uptake into root cells and its translocation 
3 

into the xylem are similar (Jackson et ala, 1986), there is 

evidence that indicates that transport and translocation 

process for NO- are distinct (Redinbaugh and Campbell, 1991) a 

3 

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 • 
3 9" 

was nearly the same (Minotti et al., 

1969). In the presence of CaBO nitrate uptake was much ... , 
greater with K+ than with Ca++ (Belvins et al., 
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Minotti et ai., (1968) have shown that nitrate uptake and 

translocation were impaired in the absence of either l.··+ 
p" 01"' 

Ca++. Ammonium and nitrate ions interact in a 

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 inf lu;·: in S.hOl"·t 

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 

36CI-Chlorate, Deane-Drummond and Glass (1983a) have observed 

that accumulation of radioactivity was unaffected by the 

composi tion o'f the ambient medium. They conc 1 Llded that 

al tel-ations in nitrate ef·flu;·:, than 

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

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

inhibition of nitrate influx in barley and pea when 0.3-0.5 

-3 
mmol ammonium was added to the ambient nutrient medium. Lee 

and Drew (1989) have repol-ted in 

investigaticms in barley. AccOl-ding to these 

inhibition of nitrate influx is in propOl-tion to the log 

value of the concentration of ammonium ions in t.he ambient 

medium. This relationship has been found 

atleast three to four orders of magnitude. Glass et a I • , 

36 ". product of C-Chlorate could introduce significant error"s 

when labelled Chlorate 'is used as a tracer. Uill-ich et aI., 

(1984) have attributed the dec 1 ine in nitrate uptake in 
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Lemna, when ammonia was added to the ambient nutrient medium, 

to membrane depolarization-

Despit.e t.he ext..reme impo,-tance of NO~ in most.\ 

agricultural ecosystem~ a number of serious deficiencies \ 

remain concerning how this ion is absorbed, partitioned and \ 

is \ assimilated, within plants. Central to such understanding 

the development of methods for monitoring accul-ately t.he 

relative extents t.o which below and above ground parts of a 

plant cont.ribute to nit.rate reduction and the impact of such 

activities on the nutritional interdependence of plant parts 

for reduced and unreduced forms of nitrogen- The relationship 

between photosynthesis and nitrogen ut.ilization in plants has 

been a subject. of extensive investigat.ion because of the 

importance of photosynt.hesis in plant. productivity and the 

status of nitrogen as a limiting essential element. Dejong 

and Doyle (1985) and Olesinki et al., (1989) have suggested 

that nitrogen can affect photosynthesis by altering the 

concentration of photosynthet.ic pigments or the activity of 

enzymes involved in carbon fixation- Sinclair and Horie 

(1989) have, however' , obsel-ved that the main effect of 

nit.l-ogen nub-itionon photosynt.hesis is due t.o changes in 

t.otal leaf area and hence light. absorption. Dale ( 1972) and 

Metivier and Dale (1977) have shown that nitrogen affects 

leaf extension rate, leaf lengt.h of the first leaf of a range 

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

-~ nitrat.e 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 Triticum aestivum L., Kemp and Blacklow 

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

conditions lead to an almost doubling of the extension 

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 .. :3.S field 

condit.ions (Andrews et al., 1989a; Dickson et al . !f 1990) • 

Radin (1983) has shown that. reduct.ion in leaf ext.ension 

due t.o decreased availability of NO- were small in case of 
9 

maize and sorghum. On t.he basis of t.hese observat.ion 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 dicot.yledonous species, low 

nit.ogen nutrition 1. eve 1 s )-esu 1 t.ed in )-educed 

conduc t. i v i t.0y'. the transpiration generat.ed 

deficit. in expanding leaves result.ed in a reduced 

cell expansion. In cereals, t.ranspiration occurs from the 

exposed lamina but. cell expansion occurs at. the base of the 

leaf blade. Radin (1983) argued t.hat this spatial separation 

of transpiration and cell expansion allowed 

to be maintained in expanding cells of nit.rogen nutrition 

stressed plants despite wat.er deficits in the leaf blade. On 

the basis of their observations Andrews et al., (1.991.) 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 

rat.es and length of leaves. 
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Recording of plant growth as a tool 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 
I 

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, 1983). In addition, 

demand for photosynthates for growth 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 
. 1 I 

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 (the 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 

(Osman, et aI., 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 al., 1987) and organic 

manures (Bhat, et al., 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 plants 

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 al-, 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; Hirose and 

Werger, 1987; Koch et ala, 1988). In fact, when the maximum 

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

range of different C wild species grown in different 
9 

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 to N concentration within the plant (Ingestad, 1979; 

Ericksson, 1981 and Agren, 1985b). 

Incorporation of these relationships into 

simulation models of N-response is 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 sea 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: % N 

in the plant/critical % N during N-limited growth (Greenwood 

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

be devised that relates % 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 ala, 

1986). 
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Amongst the available biodiversity of crop plants, 

the International Bureau of Plant Genetic Resource (IBPGR), 

has identified common buckwheat (Fagopyrum 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 nutritive 

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 (NBPGR) has 

developed a germplasm bank for the crop and the regional 

station of NBPGR at Phagli (Simla) is devoted to the 

collection 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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(Ganyushima, 1972; Sokolor & Semihov, 1983; 

Potszyinski, 1984; 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 Plha 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 kglha (Campbell and Gubbels, 1978). Ganyush in,,", 

(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 yif..~ld, urea had no effect on the same. Sokolov and 

Semikov (1983) have reported that local applici:":ltion o'f 

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

cm, prior to sowing, considerably increased the grain yield 

thf:"? crop- Singh and Atal (1982) have recomendE~d 

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 

eCCJsystems, 

tioning and assimilation in common buckwheat at various 

stages of growth- Information on these parameters would be of 

i mpor·tance in devising adequat.e N ferti 1 i zel-
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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 

for 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 

accompanying ions, 

time, NO- concentTation. pH and 
9 . 

(c) determination of the relationships between photosynthetic 

activity and nitrate utilization during various phases 

of growth in the plant, 

(e:l) deVelt1pment~'f a mathematical 

ionship between photosynthetic 

model t.he r"e I at .... 

act.ivit.y expressed 

t.erms of relative growt.h rate and net assimilat.ion 

growth and t.he nitrate nitrogen requirement. of 

at various st.ages of growt.h. 

in 
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Seven accessions of common buckwheat (Fagopyrum 

esculentum Moench), Viz. IC-18889, Kulugangri, PRB-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 these accessions 

is shown in Fig. 1. 



Regions' ·.of· Buckwheat 
. in India. 

1. Ltth 12. Uttarkashl 
2. Pahal gaon 13. Chamoli 
3. Srinagar 14. Pall'i 
4. Udhampur 15. Almora 
5. Chamba 16. Pithoragarh 
6. Kangra 17. Oarjttttling 
7. Lahaul a. SpUi 18. Siliguri 
8. Kinnaur 19. Assam 
9. Mandi 20. M.ghalaya 

10. Kulu 21. Arlnlchal 
11. Shima 22. Nagaland 

23. Monipw-

Cultivation 

Prild~h 
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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 

total weight of the grain and the weight of the hull. The 

hull groat ratio has been calculated by dividing the 

of the hull by the groat weight. 

\l-Jeight 

Moisture content of the seeds has been determined 

by "Low Constant Tempel--atun? Oven Method". A known f l-esh 

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. Aft-el"· 
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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 S 

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

M - the weight in grams of the container~ z 

and its content before drying and 

M = the weight in grams of the containers~ 
3 

contents after drying. 

TISSUE CONSTITUENTS 

its cover 

cover and 

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 PO. 
Z 5 

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 

determ ined by the method of McCl-eady eta 1.. (1. 950) . {~ 

suitable quantity, generally 50 mg, of the alcohol 

insoluble material was transferred to a centl-ifuge tube 

containing a small volume of distilled water- The contents 

were heated over a water bath to gelatinize 

A-f t.er coo ling, 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 
-" -~~\ 

filtrate, 4ml of 0.1. pe~cent anthrone in conCA 

added; the solution was cooled for 10-1.5 minutes. 

H SO 
2 .. 

the 

was 

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 a 

suitable aliquot of the alcohol soluble fraction, alcohol was 

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

odour of alcohol 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, ----7 
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 overTlight, 

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-

Tot.al Ni t.rogen 

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 concentrated H SO 
2 .. 

using 

selenium-copper catalyst, according to the method of Chiball 

et ala, (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 

d i st.i lIed in a Markham's apparatus into boric acid buffer 
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and est.imat.ed by t.itrat.ion against N/140 H SO 
2 .. 

con t.a i n i n g 

phenol red-bromocresol green indicat.or (Conway and O"malley, 

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

The percent. of protein has been calculat.ed by mult.iplying the 

cont.ent of nitrogen det.ermined by Kjeldahl"s-tit.rimetric 

met.hod with a const.ant 6.25. 

Total Free Amino Acids 

Total free amino acid were estimated from t.he 

alcohol soluble fract.ion as a-amino nitrogen by t.he method of 

Rosen (1957). A suit.able aliquot of t.he alcohol soluble 

fraction~ from which alcohol had been completely removed by 

heat.ing over a water bat.h~ was made t.o 1 ml by distilled 

water. 0.5 ml of 0.002 M acetate-cyanide buffer~ pH 5.4 and 
- I 

0.5 ml of 3 pedcent. ninhydl-in wel-e added to t.he solut.ion in 

succession. The mixture was heat.ed in a boiling wat.er bath 

for 15 minut.es followed by the addit.ion of 4 ml of isopropyl 

alcohol-wat.er diluent (1:1). Aft.er cooling absorbance of t.he 

coloured complex was recorded on a Spect.ronic-20 spectro-

photometer at 550 nm wit.h glycine as t.he st.andard. 

Tot.al Lipids 

The lipids were extract.ed from t.he alcohol soluble 

fract.ion with Met.hanol-Chloroform mixture (1:1>, af ter the 

alcohol was removed from the sample by gentle heating over a 

water bat.h. The solution was centrifuged at 1000 x g for 10 
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minutes and the supernatant transferred to pl-eweighed 
f-. 

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. 

Tot.al Phenol ice 

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 et-hanol ic 

extract was diluted to about 7 ml wit.h dist.illed wat.er, 

followed by the addition of 0.5 ml Folin-Dennis reagent. 

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

was 

added and t.he mixture made t.o 10 ml with distilled wat.er. 

Absorbance was measured after one hour at 700 nm in a 

spect.ronic-20 spectrophot.omet.er wit.h gallic acid as t.he 

standard. 

GROWTH ANALYSIS 

All the seven accessions of common buckwheat were 

assessed for the periodicity of t.heir growth behaviour by 

convent.ional growth analysis under field conditions. To 

ca n~:)pu t. t.he fie I d e;-: pel- i men t, a 7;-: 4 metl-e fie 1 d was se I ec t.ed 
\ .... 

in t.he campus of North-Eastern Hill University, Shillong. 14 

raised beds, prepared as rows along the breadth of t.he field, 

were prepared; t.he distance between each row was approxi-

mately 50 cm and two rows were allott.ed 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 and 65 percent R.H with 

constant illumination. The seeds were maintained in the 

growth chamber for 7 days till 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, blott.ed 

dry wit.h t.he help of a filter paper and separated int.o st.em, 

leaves and root portions. The length of t.he st.em was measured 

by measuring t.ape. The leaf area was calculat.ed by measuring 

t.he imprint.s of t.he leaves made on t.he ferrostat.e paper with 

the help of Plajfimeter. 
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After recording their fresh weights, the samples of 

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

an oven samples were cooled in a 

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 t mg/mg dry weight/day = t t 
2 t 

W W 1 LA - 1 LA 
NAR 

2 t n 2 n t mg/cm 2 leaf al-ea/day = }~ 
LA LA t t 

2 t 2 t 

(8 8 ) (In W In W ) 

LAR 
2 t 2 t 2 dl-y weight = cm /mg (W W ) (In 8 - In 8 ) 

2 t 2 t 

where W & Ware the initial and final dry weight of 
t 2 

P lant. LA & LA are initial and final . t 2 

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

whole 

the 

dates, 

between two consecutive sampling intervals and 8 & S are 
t 2 
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the initial and a final dry weight of leaf between two 

consecutive sampling intervals-

NITRATE UPTAKE 

Seeds of common buckwheat (Fagopyrum 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 

transferred to a modified full strength 

Hoagland's nutrient solution (Arnon and Hoagland, 1940) 

having the following composition. 

Salt gram/liter 

Ca(SO ) 0.492 ... 2 

KH PO 0.23 
2 ... 

MgSO '7 H 0 (1.49 , ... 2 

H BO 0.00286 
9 9 

MnCI · 4H 0 0.00181 
2 2 

CuSO · 5H 0 0.00008 ... 2 

ZnSO · 7H 0 0.00022 ... 2 

H MOO . H 0 0·00009 
2 ... 2 

} FeSO . 7H 0 0.5% 0.6 ml ... 2 

Tartaric acid O. 4~\ 
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The germinated seedlings were suspended in thE' 

solution through a stainless steel mesh, so that the root 

port.ion dipped int.o the solution. The seed lings wen~ 

maintained in a growth chamber under continuous white 

flourscent light 30 mmol cm-if S-i at. 27±2°C and 65 

R.H. The solution was aerat.ed to provide ample Oxygen and 

solution mi:·: ing. For this purpose a perist.alt.ic pump was 

used, in which cont.inous air flow was maintained. 

The assay of nit.rate 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 det.ermined 
3 

in 

aliquot of the solution at t and one hour after 
o 

The 

an 

the 

experiment was raised (t minutes). The difference between cso 

the nitrate level represented the amount of nitrate taken up 

by the seedlings. 

Experiments were initiated by placing 8 day old 

seedlings (grown as described above) in 50 ml pyrex 

containing 25 ml of Hoagland solution with 5 mM Nitrate given 

For the determination of nitrat.e uptake as a 

function of time, samples in triplicate were drawn from 

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

300 minutes intervals and nitrate levels in 0.1 ml al iquot. 
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of the test solution were determined using 

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

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

test tube and the total volume made up to 5 ml with H O. 5 ml 
2 -

of H SO • 1 ml of sodium chloride solution and 0.25 ml of 
2 4-

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. 

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

For the determination of nitrate uptake as a 

f Ltnct i on of NO- concen tTat i on in the nu tl- ien t med ium, 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. 

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 
o 

t minutes l-epl-esented the amount of nitl-ate taken up by the 
t5 

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

of the seedlings were transfered to Hoagland 

nutrient solution containinq 5mM NO-', each of 
- 9 

the solution 
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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, the • 
nutrient solution containing 5mM KNO- was supplemented 

3 

arying amounts of the particular metabolite/compound. 

of the nitrate in the solution was determined in the 

way as described above. 

with 

Uptake 

same 

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 
3 . 

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 (as described above). 
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The values for uptake rate expressed as ~mol NO 
9 

-1 -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 
9 

in the 

nutrient medium after a definite time interval has been 

expressed as amount of NO 
9 

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 vis NO- concentration in the 
9 

nutrient medium 

using Lineweaver and Burk plot (Lineweaver and Burk, 1934). 

The data of Ilv and lis 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 JoworSki (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 iso-

KNO-. Incubation 
3 

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

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 forced draught oven at 80°C for 48 hours. The 

dried sample was weighed and used for the estimation of the 

tissue content of tot.al and nit.rate nitrogen. For the 

estimat.ion of t.ot.al nitrogen a suit.able dry weight. of the 

sample was digested as described earlier. The tot.al nitrogen 

cont.ent was est.imat.ed titrimetrically by semi-micro Kjeldhal 

method as described earlier- The nitrate content of the dried 

sample was estimated after extract.ion 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 tit.ter 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 • 

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 

solution, containing 5 •. 20 and 50 mM KNO-. 
9· 

which 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 over for 72 hours at SOoC. 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 
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been expressed as ~mol nitrite 

weight/houl-. 

l-educed/100 mg f r-esh 

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 

eta 1 ~ (1986 ; 1991). 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 

covers 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 (Fagopyyum esculentu) using the following 

equations; 

dW (F ~ t) = 
dt. 

[Kx(F)] x [W(F~t)J 

X + W(F,t) 

where W(F~t) is the dry weight of 

root) per unit area 

the plant 

( F) , is the growth rate coefficient. 

:.: is a constant 

(e:·:c Iud in(.:;) 
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Integration of the above equation gives~ 

[K;·: ( F )] [T - T ] 
o 

= X In W(F,t) + W(F,t) 

X In W(F.t ) + W(F.t . 
. 0 . 0 

where~ W (F,t) is the dry weight of the sample (e;·:c Iud ing 

root) at time t and W(F.t ) 
. 0 

is the dry weight of sample 

(excluding root) at time t . 
o 

T l-ep l-esen ts 
o 

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 aI., (1991) have defined Kx(F) as Kc and W(F,t) as Wc(t), 

so that 

d Wc(t) 
dt = Kc h Wc(t) 

X + Wc(t) 

is the critical growth constant and Wc(t) 

critical dry weight at critical nitrogen level. 

is 

Greenwood et aI., (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)] 
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MODEL II 

In this Model the relationship between percent N 

and photosynthesis has been derived by using the formula 

derived by Greenwood et ai., (1986). This has been done by 

regression of the rate of photosynthsis, P against 
L 

t.he 

concentration of (N ) nitrogen in the leaf. It is, therefore, 
L 

written as 

P = M N + C 
L L L L 

whel-e, P = Leaf Phot.osynt.hesis. 
L 

N = Ni tl-ogen in the leaf 
L 

M and C are coefficients 
L L 

There is a linear relat.ionship between percent N in 

the leaf (N ) 
L 

and percent N in t.he whole plant 

Therefore, it is written as, 

N = M N + C 
L V V V 

( N ). 
v 

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, 

that P is linearly related to N . 
L V 

M C + C are constants so 
L v L 
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The model based on the linear regression equation 

Y = a + b X~ can therefore 
1 

used to relate photosynthetic 

efficiency of the leaf to the total nitrogen content within 

the plant. In the plant under study the leaf photosynthetic 

capacity defined as net assimilation rate has therefore been 

related to percent nitrogen in the whole plant at various 

stages of growth under varying 

supply-

levels of external nitrate 

The entire data presented in the present study 

represents experiments carried out over three consecutive 

years under laboratory and/or field conditions as applicable­

The data represents the mean of at least three 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 (F ago py~-um 

IC-13145, e:..=:cuientum Moench) viz. IC-18889~ IC-13141, 

IC-13411 ~ BDS-1345, ~:::ulugangl-i and PRB-8901 were pl-ocun-ed 

from the North Eastern Regional Station of National Bureau 

of Plant Genetic Resources~ Sh ill ong . Mature grains from 

each accession were scaned by electron microscope for their 

seed code structul-e. The grains wel-e also analyzed for­

moisture content, grain weight, hull groat ratio, ger-mination 

per-centage and the tissue level of total tot.al 

sugars~ total proteins, fr-ee amino acids, phenolics, and 

total lipids- The concentr-ation of the tissue constituents 

has been expressed as per-cent of gr-ain dry weight. 
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accession were germinated in 

the laboratory and 5 day old seedlings were transplanted in 

l-aised beds 

Gal-den of 

in the e>(perimental field of the Botanical 

North Eastern Hill University~ Shillong. The 

experimental design was a split plot with three replications 

for each accession. Plants from each of the accessions were 

harvested, at l-andom~ at periodic intel-vals till seed set. 

Shoot length, shoot dry weight, root dry weight~ leaf dl-y 

weight and total leaf area was recorded for each hal-vested 

plant. Fl-om the dat.a on dr·y weight and leaf area 

indices of growth viz. Relative gl-owth n~te (RGR), Net 

assimilation 

computed. 

rate (NAR) ~ Leaf area ratio (LAR) ~ 

Results presented in this chapter are based on 

studies can-ied out. in the year- 1991. Each pl-esented valuE' 

represents t.he mean 01 at least five independent replicates. 

The data has also been subjected t.o ANNOVA and least 

significance calculated at PO.05. 

RESULTS 

The scanning electron microscopic photgraphs of 

seeds of seven accessions of buckwheat revealed marked 

veu-iations in theil- patter··n of sLIl-face wa}:y coating. The 

accession IC-13141 showed pal-allel wa>:y coat.ing, while PRB-

8901, IC-13411, IC-13145 and BDS-1345 showed t.hick waxy 

coating wit.h high raticulation- However, Kulugangiri and 
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IC-18889 showed miled waxy coating with medium raticulation 

si ze of the gl-ains from t.he seven accessions tested. E;·:cept 

f01- IC-13141 and IC-18889 which measured 0.27 and 0.318 mm 

l-espect.ively. The br-eadt.h of grains of PRB-8901, IC-13411, 

IC-13145, BDS-1354 and Kulugangl-i l-anged bet.ween 0.409 to 

0.45 mm. The grains of each of the seven accessions, 

analyzed, did not. differ from each other in lengt.h. Thus t.he 

lengt.h of grains of all t.he accessions ranged bet.ween 0.60 to 

0.65 mm (Fig. 4.2). The grains of common buckwheat. showed an 

average grain weight. ranging from 12 t.o 15 mg and a moisture 

content. ranging from 10 t.o 13 percent.. Howevel-, mad::ed 

differences in the hull growth rat.io bet.ween grains from 

different accessions were observed. While IC-13141 showed a 

lowest hull gl-oat. l-atio o·f 0.31, IC-13145 had the highest 

hull groat. ratio of 0.53 (Table 4.1). Expressed as percent of 

dry weight, the starch content. of grains ranged between 53.1 

to 55.0 percent and the content of total sugars ranged 

between 10.8 t.o 12.94 percent.. The level of non-reducing was, 

than that of 

l-educ ing sugar consti t.ut.ed an average of 5 per cent. of the 

t.otal sugar cont.ent of t.he grains. Expressed as percent of 

dl-y weight, the total pl-otein content of the gl-ains was 

marginally more than 11.3 percent; no marked differences 

could be observed in the protein content of the grains 

bet.ween accessions. l'1ad::ed 

howevel- observed in the le\lel of total 
/ 

I ipids and total 

phenol ics in the gl-ains of the seven accessions of common 



Fig. 4.1 : The Scanning electron microscopic photographs of 

seeds of seven accessions of common buckwheat 

(Fagopyrum esculentum Moench). 



lC-18889 



Fig. 4.2 : Differences in the size, breadth and length of 

seeds of seven accessions of common buckwheat 

<Fagopyrum esculentum Moench) 





Table 4.1: Changes in the Hull/groat ratio, percent moisture 

content and percent 
seven accessions of 
Moench) • 

germination at 72 hours of the grains of 
common uckwheat (Fagopyrum esculantum 

Accession Gt'ain 1···lull/Gr·oat 1"10istUl-e Content. F'erlcent. 

I C--'18889 

l<ul ugang r i 

F'RB·_·890 1 

IC>-131L~1 

IC·····1::1145 

BDS·····:I. ~35t+ 

IC··-·1:341 1 

weight 
(mg) 

13. 7 

13.5 

1.Lt . 4 

15.5 

13.5 

14.5 

14.0 

F~atio (~O Ger·nhnat.ion 
(7r:~ hOUl-S) 

0.34 13.0 8El 

0.50 10.0 64 

0.42 1i.?O 92 

0.31 10.0 80 

0.53 :1.3.0 84 

0.42 12.0 (i~, 

0.35 13.0 71 2 

Table 4.2 : The content of total protein, total lipids~ total 
amino acids, phenolics, reducing sugars, non-reducing sugars 
and starch in the grains of seven accessions of 
common buckwheat (Fagopyrum esculentum Moench). 

Access i ems 
Component Ie····· PF:B····· IC···- I C-- IC-- BDS····· 

18889 Kulu 890.1 13.14.1 1.3145 134.1 .1 13~i4 

Total Protein 1 .1 n 2(> 1 1 .30 1 1 II 5() 1 1 .2 .1 1 .30 1 .1 .20 .1 1 .50 

Total 1 ip ids::, 5.90 7.00 3·00 6.00 4.00 '+.00 6.00 

Total amino 0.33 0.42 0.38 0.40 0.28 0.32 0.43 
acids 

Phenol ics 2.6B ~3 .. ~~<!:i 2 • ::V+ c~. 63 1 .03 1 .70 3 .. ~.5!' 

Rf-"duc i ng Suqars 4.77 3.88 3.65 4.77 3.71 e:;-
,..i. 10 4.7:3 

Non·····Reduc i ng 6.03 8.02 6.BB 6. 12 '";7 .66 7.84 ;' .. 2.!:> 
Suga l-S 

Total Sugal-s 10.80 1 1 .. ("?() 10.53 10.89 i :l. .37 12 II (:;)l+ 1 1 .99 J. 

St.al-ch 53 .. 2(j 54 "' ~:5() 54 .. 2(i ~S~5. 00 53.80 55 II (H) 53. 10 
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buckwheat. While PRB-8901 showed the lowest (3.0X) lipid 

content, I<ulugangl-i had the highest content of total lipids 

representing about 7.0 p~~cent of total grain dry weight. 

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

of (1.03X) 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 tempol-al changes in the pattern of gl-owth. The seven 

accessions tested in our labol-atory for t.hei 1-

showed a germinat.ion percent.age ranging bet.ween 60 t.o 90 per 

cent. at 72 hours after imbibition. However the grains could 
~ 

be separated into two groups based on their germinat.ion 

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

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

However, during the same time only 60 to 70 per cent grains 

of IC-13141, Kulugangri and IC-13411 showed visible signs of 

germination (Table 4.1, Fig. 4.3). 

Being a short. duration crop, t.he plant.s achieved a 

maximum dry weight. in about. 40 days aft.er plant.ing. Increase 

in the dry weight of the shoot. followed a typical sigmoid 

curve wit.h t.he lag phase last.ing upt.o 7t.h day aft.er plant.ing-

The logarit.hmic phase of dry mat.t.er accumulat.ion in shoot. 

last.ed bet.ween 7t.h and 30t.h day when a mOl-e t·han 15 fold 

increase in dl-y weight of the shoot was observed. Beyond 

40th day, however, no further increase in dry weight of the 



Fig. 4.3 : Percentage of germination of seeds of common 

buckwheat (Fagopyrum esculentum Moench) under 

laboratory conditions at 72 hours of imbibitLoh 
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shoot. cOLIld be observed (Table 4.3, Fig. 4.4). Incl-ease in 

the dry weight of the roots in plants of common buckwheat 

followed a hyperbolic pattern without any lag phase; t.he 

maximum dry weight. being recorded 40 days aft.er plant.ing 

CTable 4.3, Fig. 4.5). The changes in the pattern of dry 

matt.er accumalation in stem and leaf followed a t.rend 

similar t.o t.hat shown by shoot.. The logarit.hmic ~hase of dry 

weight. accumulat.ion in leaves, howevel-, last.ed fl-om 7 to 20 

days only beyond which t.he t.ot.al leaf dry weight. did not 

increase markedly (Table 4.4, Fig. 4.6 & 4.7). The t.otal leaf 

area in each of t.he seven accessions increased lineal-Iy wit.h 

time upt.o 30 days aft.er plant.ing recording a nearly 20 fold 

increase during t.he period. Beyond 30 days t.here was a slight 

decrease in t.he t.ot.al leaf area of t.he plant.s ( Table 4.5, 

2 -~ Fig. 4.8). The leaf area rat.io (cm mg shoot. dryweight. ) of 

t.he plant.s showed a pl-ogl-essive incl-ease with t.ime dUI"ing 

init.ial seven days aft.er plant.ing t.he seedlings. During t.his 

period a more t.han 6 fold increase in t.he LAR was observed. 

Diffel-ence was, howevel-, observed on t.he 7th day in LAR 

bet.ween different. accessions wit.h BD8-1354 showing t.he least 

LAR, when compared wit.h ot.her accessions. Aft.er 7t.h day t.he 

LAR regist.ered a marginal decrease upt.o 19t.h day. Aft.er 19t.h 

day t.here was no appreciable change wit.h t.ime in t.he LAR for 

each of t.he seven accessions (Table 4.6, Fig. 4.9). 

In each of t.he seven accessions t.he l-at.e of 
\ 

.".,-

accumulat.ion of dry mat.t.el- ( RGR ) e:-:pressed as mg mg dry 

weight -~ d-~ showed posit.ive inc)-ements upto 43 days- The 



Table 4.3 : Chaneg'e; in t.he fjr'Y IrJeight. of shoot and d'("y weiiJht. 
of root with time in 7 accessions of buckwheat (Fagopyrum 
esculantum Moench) grown under field conditions. 

Accession 

I C"" 1 !3BB9 
I<u 1. u<]an<] I'" i 
PFB .... ·B901 
I(>-13141 
I C> .. 13145 
IC-13411 
ROS .... ·135Lj· 

'} 

6 
'""/ 

7 
6 
7 
'7 

7 

· 1 

· 8 
,::l · ,.-

· :;:l 
· 9 
a ~3 

· 0 

Days after planting 

19 31 43 

Dry Weight of Shoot (mg) 

~5() · 8 EJ9 · 9 91 · i+ 
52 ~:) 87 C::' 8 1 a 0 · a ~.-( 

54 a 
:::) ,.- B7 · t::' J 93 · 0 

55 · "" J B3 · 1 90 a "" ~, 

t::'r", 3 O'.::l 6 gr.? 3 ,-t l · .... ' ..... · · 
5B · (j 82 a (:J 86 · 1 
:),~) · 0 EJ:::.l a 5 Ej5 · 7 

LSD PO. O~ for Accessi.ons = 4.27 

Dry Weight of Root (mg) 

I C .... · 1 BB89 1 · t} 2 · !:::' J li· n 1 Lj. · Lj. 
1<'11 1 ug.:~ng '( .. :i. 1 · <:1 2 · 9 4 · 3 

..,. 
J · b 

FHD· .... EJ90 1 1. · '7 .::) · "'I Lj. · '::) i+ · 7 1._ .' ,-' 

J C .... 1. 3 1 4 1. 1 · '/' :::l 
L. · /' 4 · 1 4 .. LI' 

1[;...' 1 c) 1 !;.~) 1 '? 2 c;) 
r.~ 1. C'':" ~5 ~ ••• 1 · · .. J · J · 

I C·- 1 34 1 1 1 · ':? :::i 
L. · f::'1 1.-::-

"_J · 3 r.:' ,_.I n c:.\ 

nD:::::"'" 1 3~=;l+ 1 · {) ':::i 
L... · t'-"! 

l 
I:~ 
~, · t:) "". J · f:3 

LSD PO. O~ for Accessi.ons = o. ~1 

67 

~35 · 1 ~J:') · (i 
88 · .1 87 a 8 
91 · f.:. Ef7 '. 3 
B8 · 3 86 · (> 

8"-" 1::- 83 0 5 __ ' a ._' · 
0' \",,,+ · 3 83 · ::3 
BL+ a ./ EJ3 · B 

L, · ;:3 l+ .. ':::j 
I .... 

4 · -:::-, 1.." 4 · 1. 
i~J' · if i+ " E: 
Lj. n 1 I~ · :3 
,~. · D 'oj- · ~i 
i+ · \~) L, · 1. 
l+ · t3 I~. · 1.+ 



Table 4.4 ~ Changes in the dry weight of stem and dry weight 
of leaf with time in 7 accessions of commonbuckwheat 
(/:'aqop,/I··um €'$(::ulantum tv1oench) (Jf'OWI') under' field condj.tions. 

Days after planting 
Ac::c:es:.sion 

'} .19 31 43 

Dry Weight. St.em ( mg ) 

lC····:1888<:1 4 · 1 30 · '::t 63 '::) · ...... 63 · B 
f<u.1 u~~ang)- i 4 · .1 29 · ~l 6E:2 · c::-

"J 51 · :3 
pr;:H"-B(~O 1 4 · 1 31 · (> (')2 · !:;.-J 63 · ':::i I •• 

I C· .. ·· 1 3141 4 · Q 
L. 33 · :3 ~'::;8 · 1 \'S() · 6 

I e····· 1 :':11 : &:;' 4 () 32 !3 
£_. I 

6 58 (> ,+". . ..1 · · ".)\::\ · · 
I C····· 1 ~34 1 1 4 · i.~ 33 · 3 ~j.b · El ~iEj · 1 
BDb·····1 3::;:it.'.j· 4 · 1 33 · (J !:.i'7 · .1 !:if3 .. 1. 

LSD PO. 05 for ACCQssi.ons = P. 44 

I C····· 18S89 
Ku 1 ugang )-i 
pp:U·····8~?Ol 

I C·····13141 
I C;""131 t.'.j.~i 
1C·····:1.:341l 
BDE, .... 13~'54 

3. 1 
2 .. r? 
:;;:( • 1 

3.1 

3 . .1 

Dry Weight. of Leaf (mg) 

i9.::ji 

22. (1' 
2:::{" E~ 

24.S 
23.0 

i.~t,. b 

E~5 .. (J 

2~'5 .. () 
E~5" () 

2:':i.8 
2t~ .. 4 

i..=!9 .. '"7 
E~9 .. Ec 
F~9 .. C.;i 

2c.:l .. ~3 

27' .l:.-

LSD PO. 05 for Accessi.ons = :I.. c50 

59 · (> 

60 · 0 
,~)c.~ · 0 
5S · 8 
t;: .. -. 0;;:' 
J/ · J 
J:::'r'" ~{ \..ofl · 
J:;.-''7 
,.J ~ · \1:. 

i:.?6.1 
28. 1 
i:~c.;). 6 

28.0 
E~')' • () 

c.~7. 1 

~:j9 · t.;' J 

,-:d · L:' 
d 

61 · 3 
~:~~3 .:.,' · ,.J 

C' ' (I l • ..It:> · 
':::'i.. 
,.-'0 

f=:;' · d 

C""" () , . .1 / · 

(':~!:.i .. !:,i 

E~.6 .. 2~ 



Table 4.5: Changes in the leaf area with time in 7 accessions 
of common buckwheat (Fagopyrum esculantum Moench) grown under 
field conditions. 

Days after planting 
Accession 

3 7 19 31 43 67 

IC-18889 1 .20 4. 1 12.3 21 .8 29.3 28. 1 27.0 

Kulugangri 1 .25 4·5 13. 1 21 .6 26.0 23.6 22.8 

PR8-8901 1 .40 4.6 13.0 24.0 28.3 27.3 24.6 

IC-13141 1 .20 5.0 13.8 23.3 28.0 25.3 24.0 

IC-13145 1 .20 ' ~ 
~'J 13.5 23.0 27.3 25.3 24.3 

IC-1341 1 1 .50 4.8 14.3 23.3 27. 1 25.3 24. 1 

808-1354 1 .30 4.8 13.3 19.6 27.0 26.8 25.0 

LSD po. 05 for Accessions = ~. 72 



Table 4.6 : Changes in the relative growth rate, net assimi­
lation rate and leaf area ratio with time of 7 accessions of 
common buckwheat (Fagopyrum esculenntum Moench) grown under 
field conditions. 

Days After Planting 

Accessions 3 7 19 31 43 55 67 

RGR (mg dl-y -1 -1 
mg weight d ) 

1C'-18889 0.007 0.04 0·159 0.047 0.002 -0.006 
I<a 1 u 0.029 0.028 O. 159 0.04P 0.004 -0.004 -0.0070 
PRB-8901 0.014 0.043 (>·154 0.039 0.005 '-0.001 -0.0040 
1C-·13141 0.01 0.046 0·156 0.033 0.007 -O.OOp -0.0020 
I C'-13145 0.007 0.035 0-16 0.003 0.005 '-0.002 "-0.0020 
BD8-1354 0.03 0.034 0·16 0.034 O.OOp -O.ClOP -0.0020 
1C·-13411 0.017 0.045 0·158 0.031 o . (10:-3 ·-O.OOP · .... 0.0014 

LSD po. 05 for accession = 0.028 

NAR (mg/Cm 
-2 leaf d-1 ) al-ea 

1C·-18889 0.021 0.43 0·487 0.21P 0.008 -0.018 -0.002 
I<a 1 u 0.068 0.398 0.4B8 0.200 0.018 -0.006 -0.002 
PRB-8901 0.037 0.400 (1.490 0.174 0.019 ·-0.005 -0. 01 L~ 
H>··13141 O.02B 0.398 0.4B3 0.134 0.024 '-0.005 -0.008 
1C .... ·13145 0.020 0.401 (1.518 0.128 0.015 -0.007 -O.ClOP 
BD8-'1354 0.074 0.223 0.600 0.187 0.099 -O.OOB '-0.004 
I C···13411 0·043 0.410 0.490 0.120 0.114 -0.007 "-0.006 

LSD po. 05 for accession = 0.0.2 

LAR (cm-2 leaf areal dry weight) 

1C·-·1B889 0.085 0.50 0.230 0.240 0.320 0.330 0·310 
Kalu O. 100 0.66 0.249 0.246 O.P80 0.267 0.259 
PRB-·8901 O. 102 0.63 0.239 0.274 0.300 0.290 0.280 
1C·· .. 13141 0.085 0.68 0.240 (>.280 0.300 0.286 0.279 
1C'-13145 0.082 0.65 (1·230 0.270 0·312 0.290 0.292 
[lD8 .... ·1354 o. 104 0.65 0.246 0.282 0.314 0.300 0.280 
I C·"13411 O. 110 0.68 O. i~30 0.230 0·310 0.316 0.298 

LSD po. 05 for accQss;ion = O. 28. 



Fig. 4.4 : Changes in the shoot dry weight with time in 7 

accessions of common buckwheat 

e5culentum MDench)during growth under 

field condition. 

(Fagopyrum 

nat.ural 

Fig. 4.5 : Changes in the root dry weight with time in common 

buckwheat. (Fagopyrum esculent-urn Moench) during 

growth under natural field conditions· 
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Fig. 4.6 

Fig. 4.7 
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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 ratio with time in 7 

accessions of common buckwheat (Fagopyrum 

esculentum MOench) 

field condition. 

during growth under natural 
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va 1 ues for RGR showed a p l-'Og ress i ve inc l-ease t. iII 19 days, 

l-ecol-ding a mOl-e t.han 3 fold incl-ease during t.he pel-·iod. 

Aft.er 20t.h day, however, t.he relat.ive growt.h rate of plants 

st.arted t.o decline wit.h progressing t.ime. While, t.he values 

showed a posit.ive sign bet.ween 20 and 43 days, a negat.ive 

deviat.ion for the relative growth rate was observed bet.ween 

43 and 67 days. The highest values for RGR were recorded on 

19t.h day. Even though Kulugangri and BD8-1354 showed slight.ly 

higher values for RGR during t.he first. week of growt.h, t.here 

were no significant. differences in RGR between the accessions 

at. any st.age of gr-owt.h (Table 4.6, Fig. 4.10). The net. 

assimilation rate (NAR) expressed as mg 2 cm 

each of t.he seven accessions incl-eased bet.ween 31-d and 19t.h 

day of growt.h aft.er which it start.ed to decline with t.ime. 

However, t.he magnit.ude of increase was mOl-e marked bet.ween 

31-d and 7th day t.han dUl-ing the t.ime int.erval bet.ween 7 and 

19 days. Positive values fOl- t.he paramet.er wel-e, howevel­

obsel-ved till 43 days aftel- plant.ing. Beyond 431-d day of 

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

18889, Kulugangri, PRB-8901, IC-13141, IC-13145 and IC-13411 

showed a similar pat.tern and rates of net. assimilation of dry 

the values for NAR for 8D8-1354 showed marked 

differences from those recorded for ot.her accessions. In case 

of BD8-1354 the NAR showed a longel- durat.ion fOl- highel­

values (Table 4.6, Fig. 4.11)· 



Fig 4. 10. : Changes in the relative growth rate with time 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 

esculentum Moench during growth under natural 

field condition. 
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Discussion 

Our results on the chemical composi tion of buck --

wheat grains reveals that the various nutritive components of 

the Cl-OP al-e compar-able to those l-epol-ted for cel-eals like 

rice and wheat. Joshi and Paroda in "buck --

wheat in Ind i a" l-epol-ted t.ha t wh i I e the g l-ain is va r i ousl y 

used as an article of food in different countries the forage 

of the crop is extensively used as fodder for cattle 

Proteins being one of the determinants of nutritive value of 

any food grain~ numerous workers have analysed 

content in different cultivators of buckwheat. While Pomeranz 

and Robbins (1972) have found 13.7 percent pl-otein in ten 

Buckwheat cultivars, Kraft and Javornik (1979) have reported 

a maximum of 11.5 percent protein in thirteen cultivars of 

buckwheat. Kirilenko (1981) has determined the grain protein 

content in some varieties of common buckwheat derived from 

various breeding techniques. He could not find significant 

differences in protein content 

different years. The range 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 of protein content on grain 

dry weight basis. Thel-e were no significant diffel-ences in 

the protein content in the grain from the seven accessions of 

buckwheat analysed in our laboratory. 
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Various investigators in their studies with buck­

wheat gl-ains, have l-epOl-t.ed that besides containing a high 

leve 1 of protei n the g I-a i ns a 1 so a good sou l-ce of ca l-bo-

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

leaves of F. esculentum, F. Sagittatum, F. tataricum and F. 

kashmirianum had higher levels of sugars and starch and 

l-el ati vel y levels of total phenolics than the othel-

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 comparable to the amount of 72.9 percent as reported by 

Joshi and Paroda in t.heil- monogl-aph "Buckwheat. in India". The 

lipid and phenolics cont.ent. of 6 pel-cent. and 2.5 pel-cent. 

respect.ively makes the plant. suit.able for human consumpt.ion. 

Even though the buckwheat seeds constitute an 

impOl-tant source of dietar-y pl-oteins and cal-bohydl-ates and 

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

it carries an inherent property of less digestibility (Food 

Policy and food science service FAD 1970, Fal-rell 1978, 

Eggum et al., 1981, Thackel- et al., 1983). Ikeda and Kusuno 

(1978) have pl-esented evidence fOl- t.he occun-ence of a 

trypsin inhibitor in buckwheat. seed. There are also some 

reports indicating the presence of a proteinase inhibitor in 

buckwheat seed (Laporat.e and Tremolieres 1962, Pokrouski et 

al., 1978 and 1980). The low digestibility has been ascribed 

to the presence of the trypsin 

grains, by these workers. 

inhibitors in buckwheat 
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Joshi (1991) have repOl-°t.ed t.hat. 

buckwheat. is a short. durat.ion crop (3-4 mont.hs) and 

moist. and cool temperat.e climat.e t.o grow. They have furt.her 

l-epOl-t.ed t.ha t. it. is a su i t.ab Ie crop for summel- season at. 

higher altit.udes. In investigation, seeds of 

F ago pyr-um e::.=:cu 1 en tum Moench wel-e sown in the month of Ju I y. 

The crop attained maturit.y in about 6 weeks t.ime and 

comp I et.ed i t.s Ii f e cyc lei n about. 9 t.o 1 (> week s. Howevel-, 

because of t.he indet.erminat.e growth habit t.he t.ime period of 

flowel-ing e}:t.ended fl-om about. 4 t.o 7 weeks aft.el- plant.ing 

(Table 4.7). Among t.he sevel-n accessions of buchwheat. BDS--

1354 dist.inguished it.self by possessing det.erminat.e growt.h 

habit and synchronizat.ion of seed mat.urity. Thel-efOl-e BDS-

1354 can be in t.l-odLlced among the 

cultivation. The percent.age of germination observed with 

Fagopyrum esculentum Moench was comparable wit.h t.he 90 

percent. germinat.ion observed by Gohil and Rat.har (1981) wit.h 

diffel-ent accessions of buckwheat from west.elTJ Himalayas. 

Common buckwheat. (F. esculentum Mcench) is a herbacious erect. 

annual attaining a height of 60 t.o 180 cm· (Joshi and Paroda 

1991). The stem is hallow, angulal- wit.h swollen nodes with 

pink and groeen col OUI-· The leaves 

t.riangular wit.h the blades being hesit.ate or cordat.e. The 

lea\/es were almost. sessile, but. lowel- leaves wit.h 

petiole of consi del-ab Ie lengt.h. The in 

awo: i I iary and t.enTli na I Cyme with more or less densely 

clust.ered flowers (Fig. 4.12). 



T~bl. 4.' : Changes in the harvest index~ days of apprearanee 
of flower, days of appearance of grain and grain weight in 
common buchwheat (Fagopyrum esculantum Moench). 

Accession 

IC··_·18889 

I<u 1 ugang r i 

F'RB--8901 

IC-··13141 

IC·_·13145 

BDS'--1354 

rc;"'-134 1 1 

Hal-vest. 
inde:-: 
(~O 

2.006 

c~ . 1 C~O 

2. 176 

~=I 170 L_ • 

2.220 

2.600 

2.080 

Days of 
appea j-anee 

ai' 
flower' 

(:~ 1 

24· 

22 

'-)~:) 
L...J.._ 

24 

22 

i~4 

Days t.o 
appearance 

of fir·st. 
grains 

30 

30 

32 

29 

29 

30 

30 

Tot.al 
~.~Il-a i n 

weight. 
(gl-ams) 

per' plant 

2" 5C>cJ 

2. 7~30 

2.800 

2.74 f+ 

2.730 

3.220 

2. ~S4El 



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

(Fagopyrum esculentum Moench) grown in the 

botanical garden of Botany DepartYne~t of North­

Eastern Hill University Shillong : A - 7 th day 

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

43rd day after planting. 



A 
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Joshi and ( 1991 ) have 408 

accessions of buckwheat. in monograph. Buckwheat 

Catalogue report.ed by Joshi and Paroda was prepared by using; 

plant height., number of branches, number of int.ernodes, 

colour of st.em, number of leaves, pet.iole length, colour of 

pet.iole, length of the leaf, leaf breadth, blade shape, leaf 

colour, mat.urity, lengt.h of cyme, seeds per clust.er, seed 

coloul- and seed shape as the descriptors. Tak ing the above 

ment.ioned descriptors as the reference the seven accessions 

of buckwheat. as analysed by us fall under a single category 

except. minor fluct.uations in An 

analysis of t.he polygonal diagram in which variables such as 

dry weight. of stem, shoot, leaf, root and leaf area, for the 

seven accessions at various st.ages of growth, have been 

combined into one figure (Fig. 4.13), reveals that the seven 

accessions did not. differ from each other markedly in their 

obsel-vation of seed coat of t.he seven accessions revealed 

diffel-ences in t.heir seed coat patt.ern and thickness. Based 

on the pat.t.ern and t.hickness, t.he seven accessions could be 

classified into three groups-

In so far- as the k inet.ics of growth is concel-ned 

all the seven accessions showed the same behavioLtl- e>:cept 

minor diffel-ences in theil- gl-owth CUl-ves- IrJhen tested for 

significance at the differenCes) 

however, proved to be insignificant. The results of dry 



Fig 4. 13 : Polygonal &agram representing variations with 

time in the Stem dry weight (I) 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 

esculeptum MOench) 
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mat.t.er accumulat.ion~ l-evealed by dl-y weight. dat.a of shoot.~ 

st.em and root.~ separat.ely~ showed t.hat. t.he plant.s ~chieved a 

maximum rat.e of dry mat.t.er accumulation in about. t.hree weeks 

aft.el- plant.ing. Howevel-~ a declining t.l-end was observable 

aft.er 40t.h day after plant.ing. This declining trend could be 

attribut.ed to dry matt.er loss from t.hese region of t.he plant. 

during lat.er st.age of growt.h. While people differ in t.heir 

views on t.he fat.e of t.he cal-bohydl-at.e and dl-y weight. lost. 

fl-om t.he st.ems~ it. is generally accept.ed t.hat. dUl-ing lat.er 

st.age of growt.h t.here is a shift. in t.he sink from st.em/leaves 

t.o t.he grains. The loss in dry weight. has also been reprot.ed 

t.o be due t.o act.ual t.ransport.at.ion of dry mat.t.er from shoot. 

t.o t.he grains during later stage of development. The est.imat.e 

varying from 2.7 percent of grain yield in wheat. (Rawson and 

Evans 1971) t.o 70 percent in bal-ley (Gallaghel-~ et aI. ~ 

1975). It. seems probable that. there are differences bet.ween 

species~ and between genot.ypes of a species~ in the amount.s 

of st.em losses which can occur and in t.he e>:t.ent. t.o which 

sUbst.ances lost. are t.ranslocat.ed t.o t.he grains. Aust.in et aI. 

(1977) have report.ed t.hat. t.he dry weight. loss from int.ernodes 

of t.he stems of si}·~ 
-2 genotypes of wheat. as 172 gm cm . They 

have viewed t.he loss of materials from stem as a reflect.ion 

of t.he balance between t.he demands exert.ed by t.he grains and 

t.he supply from t.he assimilat.ory organs. 

In all t.he seven accessions of Fagopyrum esculentum 

Moench t.he leaf area (cm2
) reached it.s maximum on 43rd day. 

However, LAR in all t.he seven accessions reached it.s peak in 
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between 7th and 19th day after planting. In the present study 

direct relationship was 

matter accumulation. The increase in dry weight of the shoot 

con-esponded wi tt-"I t.he changes in the total leaf al-ea of the 

plant. Leaves being the source of photosynthates, 

contl-ibution towal-ds the dl-y matter accumulation naturally 

has a significant role. However, opinions on the significance 

of LA as well as LAR as a gl-owth index in the conventional. 

growth analysis vary. 

Watson (1952, 1963) has laid much emphasis on leaf 

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

bett.er det.erminant of crop growth, mainly because, the photo-

synthetic capacity of the crops depends on leaf area which in 
a 

turn responsible for dry matter production. Intel-val-i tal 
f... 

difference in CGR have been found almost inval-iably to be 

positively l-elat.ed t.o leaf al-ea of t.he val-ious variet.ies of 

pea (l"lahon, 1982), wheat (Rewson et aI., 1983) and pel-enial -
rye (Rhoden, 1972). Correlation between leaf growt.h and tuber 

growt.h in potato have been described by Humphries and Dyson 

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

tuber growt.h in pot.ato. They found that a gl-owth inhibitOl-

which slowed leaf gl-owth hastened tubel-

weeks. This result. suggest that supply of photosynthate 

controls dry matter accumulation in the potato tubers. 

Howevel-, in the view of aalliffe et aI., (1990) leaf al-ea 

I-atio was the least inter-esting factOl- in gl-owth analysis. 

They have been tempted to make such a suggestion because leaf 
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area ratio was not strongly affected by population densit.y 

t.reat.ment.s. Therefore~ they turned their at.tention towards 
.. , ... ~---- ._-------------, 

.--'·-·50il l-esoul-ces~ and suggest.ed that. t.he compet.it.ion for soil 

nu t.l- i ents andior o;.:ygen may have been the main source of 

int.erference during crop growth. In the present investigat.ion 

though attent.ion war.",' not paid on t.he intel-fel-ence of soi 1 

nut.l-ient.s and o;·:ygen on gl-owt.h ~ all the seven accessions 

t.est.ed in the same field with similar 

environmental and edaphic factors. 

The NAR for t.he seven accessions, increased upto 19 

days after which it. showed a rapid decrease bet.ween 19th day 

and 31st. day. Net assimilation rate is t.he net diffel-ence 

between t.he amount. of dry mat.ter assimilat.ed and 

ACcol-ding t.o Shivakumal- and Shaw (1978) impOl-tant in the 

calclllation of NAR by classical methods is the assumption 

t.hat dry weight. is 

observation wit.h soyabeans, t.hey found t.hat. 

1 inear' l-e 1 a ti onsh i p bet.ween leaf and mat.ter 

accumulation. They flll-ther suggest that NAR, like RGR has 

photosynt.hetic and respiratory component.s and t.he 

E't a 1 " (1970) has in t.erp r-eted (J the inc I-ease in t.he NAR with 

t.ime as a of the photosynthet.ic 

apparatus to an increased demand for assimilates. The decline 

in t.he NAR aftel- 19 days&, __ ~.~_C?g~d in the pl-esent st.udy 

could be att.ributed to eit.herior (a) diversion of dry matter 

towa l-ds 9 l-ains; (b) a lowel- phot.osyn thet. ic ac ti vi ty in lowel-
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due t.o mut.ual shading and (c) increase in t.he 

respiratory act.ivit.y during lat.er stage of growth. 

value of 

of 0.6 mg 

The plant.s of common buckwheat. showed a maximum RGR 

0.16 mg mg..,[,.~-I~~~'~~d-t. and a ma}: imum NAR value 

2 cm leaf 

(1.167 

-1 -t. area d . 

and 0.445 

These values compare well with 

fo',- RGR and NAR respec t i \Ie 1 y 
i ! 

l-epol-ted by Blackman and Wi lson (1950) in case of f-agopy.,.-um 

esculentum Moench. A large number of workers have 

t.hat relat.ive growt.h rat.e change with t,ime <e.g. Blackman, 

1961; Eagles, 1969; Evans, 1972)· Hunt. and Burnet.t (1973) 

showed t.hat it. only changed slight.ly over a period of eight 

weeks in plant.s of Lolium per-t:!TIQ,E. Unit shoot root I-esembles 

unit leaf rate expect that the increase in the tot.al weight. 

of t.he plant. is calculat.ed I-elat.ive t.o t.he weight of the 

shoot rather than leaf area. Unit. leaf rat.e has been reported 

by a numbel- of wod;:el-s to show no significant. trends with 

time dUI-ing the vegetative phase of gl-owth (Heath, 1937; 

Hammond and Kirkham, 1949; Blackman and Wilson, 1951). Other 

workers have reported a decline in unit leaf rate with age 

(Ballard and Pet.rie, 1936; Eagles, 1971). 

Blackman and Wilson (1950) in theil- comparative 

studies with H. annus and F. esculentum, have con-elated 

relative growth rate with light intensity. They found that 

the ma~':imum I-elat.ive growth I-ate was at.tained by FagopynJm 

esculentum at. higher intensity of light. and t.he magnitude pf 

relative growth rate at any light intensity is dependent on 
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the result obtained from their data showed that higher leaf 

area ratio of buckwheat more than offset any difference in 

growth rate of F. esculentum. 

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 moistul-e. Ruszkowski and Zebl-owski 
~\ 

(1982) have reported that~ in the same climatic conditions 

the productivity of buckwheat is higher on heavier soil than 

on lighter soil. Kr-otov (1963) l-epelrt.ed t.hat f lowering at 

temperat.ures above 30°C is accompanied by desiccat.ion of 

lowering of yield. Since the t.emperature in 

Shillong is on an average lower than 30°C, t.he possibility of 

desiccation of fn,lit.s due t.el high t.empel-atuf'e can be r'uled 

out.. Howevel- ~ lighter soil, less moist.ure cont.ent., lat.e 

spring and early fall frost.s and shading of the field could 

be the causat.ive fact.ors for low yield. 

The present investigation deals with the import.ance 

prospects and limitat.ions which are associated with the 

classification and cultivation of seven accessions of 

Fagopyrum esculentum Moench in the Nelrth-Eastern regions. 

The result.s of the present invest.igation clearly reveals that 
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the criteria used for the classification of accessions are 

and some more physiological features should be 

taken into consideration for the same purpose- Even though, 

the seven accessions differ from each other morphologically 

as supported by SEM photographs of seed coat morphology, they 

show similar values in their nutl-itive content and gl-owth 

pattel-n. 



CHAPTER V 

'Kinetics of 51itrate by 

Seedlings and 'Isolated 'Rgots 

i) 'Experimental 

ii) 'R9sults 

iii) Ci)iscussion 
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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 gel-minated for·· 48 hours in dar·kness at 27±-I··2°C. The 

48 hours old germinated seeds were transferred to a solution 

of 0.2 mM CaSO and maintained 
<& 

2L~ hours. The 

hour old seedlings were transferred to a full strength 

Hoagland's nutrient medium and maintained in a 

growth chamber under- continuous white light (30 mol Cm-2 S-1
) 

pel-cent RH. The solution was aerated to 

provide ample oxygen and solution mixing. 
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Experiments were initiated by placing two eight-day 

old seedlings (grown as above) in 50 ml Pyrex beakers 

containing 25 ml of full strength Hoagland's nutrient 

solution supplemented with 5mM nitrate given The 

seedlings were held in the centre of the beaker by a stain­

I est,tee I wi l-e mesh - FOl- the detel-m i na t i on of n i tt-a te up tak e 

as a function! timeA'" samPles) in tr"ipl icate wel-e d,-awn 
~ ! 

each tl-eatment solution at. periodic intel-vals viz. 15~ 30, 

45, 60, 120, 180, 240 and 300 minutes: nitrate levels in 0-1 

ml aliquots of the test. solut.ion were determined using the 

Bn.tcine reduct.ion method. the effect o'f 

depletion of substrate concentration on the uptake of 

nitrat~ an e)':pel-iment was l-aised in which the level of 

nitl-at.e in the ambient nutr'ient solution was kept constant 

throughout the duration of the experiment by periodic rep le-

nishments- The uptake of nitrate from such solution was 

det.el-mined by dl-awing suitable aliquots, in tl-iplicate, at 

periodic intervals and estimating the content of nitrate in 

the aliquot. For studying the effect of substrate concen-

and metabolic inhibitol-s/activators on nitl-ate 

uptake by buckwheat seedling~. samples ) in 

t 
15 

trip I icate wen? 
) 

and t minut.es; 
90 

the content of nitrate in the sample was determined as 

described above- The values for uptake, expressed as ~mol NO 
9 

-1 .-1 taken up mg dl-y weight 1-00t. mIn. wel-e computed 'from the 

concentration of nitrate and the volume of the solution d.t 
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each sampling- The t<m and Vma;.: values were calculat.ed f)-om 

t.he dat.a of upt.ake vs· NO concentrat.ion 
11 

in t.he nut.rient 

medium using t.he Lineweaver-Burk plot.. After t.he t.ermination 

of the experiment~ the t.wo seedlings were harvest.ed. One of 

t.he seedl ings was dried and used fC)l- the detel-mination o·f 

t.issue level of total and nitrate nitrogen. The ot.her 

seedling wc:~s used fo)"- the assay of NR act:ivity. In vivo 

nitrat.e reduct.ase activity was measured in the shoot. as well 

as the root tissues of t.he harvest.ed seedlings as described 

in ~aterials and ~ethods, 
i".. _~.~ __ ~ ______ - -~_~~. __ ,~ 

RESULTS 

E;·:pr-essed as cumulative upt.ake, the seedlings crf 

common buckwheat showed a s t.ead y up t.ak e o·f 

with time during t.he first hour without. any lag phase; t.he 

uptake o·f nih-at.e gr-adually slowed down beyond 60 minut.es 

unti 1 it. att.ained a plat.eau at t min. 
i.S() 

(Tab le 5.1; Fig. 

5.1). Bet.ween 0-180 minutes, nearly 25 ~mol of NO were t.aken 
11 

by each mg d)-y weight. of t.he r·oot.. Con-espondingly, t.he 

concent.rat.ion of nit.rat.e in t.he ambient. nut.rient. medium 

to t. 
i.S() 

min. While t.he nut.rient. solut.ion had a concent.rat.ion of 5 mM 

NO- at. t • the level of nit.rate ions in t.he medium showed a 11 (). 

progressive decrease wit.h t.ime t.ill t. minutes 
i.S() 

when it. was 

1.5 mM, thereby recording a more than 3 fold increase (Table 
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5.1; Fig- 5.2). An analysis of the uptake of nitrate from the 

ambient medium by the seedlings as a function of time 

revealed that the rate of uptake was maximum during the first 

30 minutes. During this period the seedlings showed an uptake 

of Llptake, 

NO- mg dr-y weight 
s 

however- , 

-i -i 
I-OOt minute- The 

with a 

pl-ogressing time till no significant uptake was obsel-ved at 

240 minutes. The decline in the uptake was~.--

significantly mad::ed between 30 and 120 minutes 

incubation. During this period a nearly five fold decrease in 

the rate of uptake was observed. After 120 minutes, however, 

the rate 

5.1; Fig. 

of uptake remained by and large statio7'-Y <Table 

5.2). In order to determine the effect of decrease 

in the concentration of nitrate in the ambient nutrient 

medium on the uptake of nitrate by seedlings experiments were 

raised in which the concentration of nitrate in the ambient 

nutrient medium was maintained at a constant level by 

per' iod ic r-ep 1 en i shmen ts . The uptake of nitl-ate by the 

seedlings under such conditions showed a pattern similar to 

that observed for seedlings maintained under conditions of 

depleting nitrate concentration. The seedl ings 

showed a maximum uptake rate of 0.42 ~mol/mg dry weight rootl 

minutes which was maintained upto 45 minutes of incubation. 

After 45 minutes, the uptake rate showed a study decline with 

pr-ogl-essing decline upto 240 minutes; the decline in the 

uptake I-ate was, howevel-, mOI-e mal-ked between 45 and 120 



Table 5.1 : Changes in 
common buckwheat (F. 
hydroponic culture 
supplemented with 5 mM 

the uptake of nitrate by seedlings of 
esculentum Moench) growing under 

in Hoagland's nutrient solution 
KNO-. and the concentration of nitrate 

3' 

in the nutrient medium, with progressing time. 

Time Cumulative uptake Uptake rate 

(min.) (~mol NO- taken upl (~mol NO- taken upl 
9 9 

mg dry weight root) mg dry weight/min.) 

0 0.00 0.00 

15 5.50 0.36 

30 11.15 0.37 

45 14.23 0.20 

60 16.15 0.12 

120 20.38 0.07 

180 24.23 0.06 

240 24.23 0.00 

300 24.23 0.00 

NO Con. 
3 

(mM) 

in t.he 
nutJ-ient. 
medium 

0.00 

8.00 

4.00 

3.30 

3.10 

2.90 

C:.OO 

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 with 5 mM KNO- in which nitrate 

3 

ions were maintained by periodic replenishment. 

Time (Minutes) 

o 
15 
30 
45 
60 

90 
105 
120 
13~i 

150 
165 
180 
195 
210 

240 

Uptake rate (~mol NO· s 
taken up/mg dry weight root Iminute 

0.(>0 
0.42 
0.42 
0.42 
0.30 
0.25 
0.21 
0.12 
0.11 
0.10 
0.10 
0.08 
0.06 
0.05 
0.03 
0.01 
0.01 

Table 5.3: The effect of H+ ion concentl-ation of the 
nutrient medium on the uptake of nitrate by seedlings of 
common buckwheat (F. esculentum Moench) growing under 
hydroponic culture in Hoagland nutrient medium supplemented 
wi th 5 mM KNO-

4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
8.0 
9.0 

pH 

3 

Uptake I-ate (J.Jmol NO­
s 

taken up/mg dry weight root Iminute 

0.00 
0.02 
0.12 
0.16 
0.32 
0.34 
0.34 
0.16 
(> .16 
0.06 



Fig.5.l; Cumulative N0 3 - uptake as a -function o-f time by seedlinqs o-f 
common buckwheat ( Fa.aoavrum esculentum >, -fr-om Hoaqland's 
nutr-ient solution containinq 5 mM N0 3 -. Vertical line in the 
~igur-e represents LSD at P o_o~. 

.. 
Fig.5.2; Nitrate uptake by seedl inqs o~ common buckwheat .=lS a function 

o-f time. lhe solid curve depicts thechanqes in tile 
concentration o-f nitrate in the nutrient medium. The br-oken 
cuyve represents the change in the yate of uptake o-f nitrate 
by the seedlings with time. Vertical lines in the fJqut'e 
represent LSD at P o_o~. 
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minutes <Table 5.2; Fig. 5.3). The change in the concen-

t.l-at.ion of nit.l-at.e in t.he ambient nutrient medium~ did not 

appear to have any significant influence on t.he rat.e of 

nit.rate uptake. The H+ concent.ration of the nutrient solution 

had a marked influence on the upt.ake of nitrate by the 

seedlings. Thus~ in relation to pH~ optimum uptake of nitrate 

was between pH and 6.5 in (l.01 

buffer. The uptake rate dropped significantly even a change 

of 0.5 units of pH, beyond the optimum )-ange, towards the 

acidic or alkaline scale <Table 5.3; Fig. 5·4). 

The uptake of nit.rat.e by t.he seedlings was 

dependent on the concenb-ation of nib-ate in the ambient 

of NO in 
9 

the nutrient medium. Thus, when the concentration 

nut.l-ient. medium was val-ied fl-om 0.05 t.o 5 ml"l, the rate of 

nib-ate upt.ake by buckwheat. seedlings was a funct.ion of 

external nit.rate concentrat.ion~ according t.o Michaelis-Menten 

Kinetics. Changes in t.he concentr"ation of nitrate in the 

ambient nutrient medium resulted in a linear increase in the 

uptake of nitl-at.e by t.he seedlings up to 1 mM e:-:t.el-nal 

concent)-at.ion. Thus, there was a folt)--fold incl-ease in the 

uptake rate with change in the concentrat.ion of nitrate from 

0.05 to 1 mM. Beyond 1 ml"l concent.l-ation of nib-ate, thE~ 

uptake of nitrate slowed down and tended to form a plateau. 

Thus a t.ypical hyperbolic relationship could be observed for 

the relationship between the concent.ration of nitrate in the 



Fig. 5·S : Nitrate uptake by seedlings of common buckwheat 

<Fagopyrum esculent-urn l'1oench) as a function of time. The 

concentration of nitrate was adjusted by adding suitable 

amounts of NO; at periodic intervals. The curve with data 

points (. ) represents concentration of nitrate in the 

nutrient medium. The curve with data points <e> depicts the 

changes i~ the rate of uptake with time. Vertical line in the 

f i gu re rep resen ts LSD a t. pO. 05 

Fig. 5.4 : Effect of pH of t.he ambient 

the uptake of nitrate by seedlings 

<Fagopyrum esculentum MOench> Vertical 

represents LSD at p 0.05 

nut.rient. medium on 

of common buckwheat 

line in the figure 
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amb i en t. nu t. ro i en t. med i um and up t.ak e of t.he ions in seed lings 

of common buckwheat. A plot. of the values of l/V against l/S 

gave a linea)- )-el at i onsh ip wi t.h a slope va 1 ue of 0.772 and 

int.ercept value of 3.24. The Lineweaver and Burk plot for the 

)-elc:'1t.ionship between uptake of nit)-ate by the seedlings and 

the concentration of nitrate in the ambient nutrient medium 

revealed a maximum velocity (V 
max 

of 0.276 ~mol/mg dry 

weight I-oot/minute and a Nichaelis-Nenten (Km) constant of 

200 ~ mol in the presence of 0.01 M Tris-HCI buffer at pH 6.5 

(Table 5.4; Fig 5.5). Chior-ate and ammonium ions mad::edly 

suppressed the uptake of nit.rate by buckwheat seedlings; the 

mr3.gnitude of supproession incl-easing with incl-eased concen-

trations of eit.her NH+ or CIO ions. When compared with the 
" 3 

untreated cont.rols~ superimposition of 0.05 mM KClO- at 
3 

5 mN 

external nitrate concentration lead to a nearly two-fold 

decrease in t.he uptake oof nitl-ate by the seedlings. At the 

same external nitrate concentration, however, (> • 05 ml'1 oof Mot 
" 

lead to a five-fold decrease in the amount of nitrate taken 

up by the seedl ings (Table 5. '-I.; Figs. 5.6) . A 

Lineweaver-Burk plot for uptake of nitrate as a function of 

external nitrate concentration, at different levels of either 

NH+ CIO - c leal-l y n:vealed that due 01-
3' 

whi Ie the inhibition 

" 
to NH+ was non-competitive in nat.ul-e, that due to the 

" 
presence of ClO- in the nutrient. medium was of competitive in 

3 

nature. Analysis of the regression of l/V against liS in the 

presence of CIO- ions in the ambient nut.rient. medium revealed 
9 



Table 5.4 : Effect of varying concentration of nitrate (substrate) on 

the rate of nitrate uptake (V) 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 Conc 
s 

(mM) 

(S) (liS) 

Control 

V liV 

0.005 (mM) 

KCIO­
s 

V liV 

0.05 (mM) 

KCLO-
s 

V liV 

0.005 (ml'l) 

(NH) SO 
.. 2 .. 

V l/V 

Uptake rate (f-lmol NO­
s 

taken up/mg dry weight root Iminute 

0.05(mM} 

(NH ) SO 
.. 2 .. 

V 1/V 

0.05 20 0.05 20.00 0.045 22.20 0.033 30.30 0.016 80.40 0.012 83.3 

0.1 10 0.05 20.00 0.066 15·15 0·055 18.18 0.027 37.03 0.020 50.0 

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 nitrate uotake in seedlings o~ 
common buckwheat in the p~esence o~ va~yin9 concent~ation9 o~ 
C 1 0 3 - ions. •• co n t r 01: X, O. OOSmM C 1 O~ - : ., O. 01 mM C I 0","- . 
Inset: VIS yelationship ~oy the same. Veytical line in the 
inset ~iguye depict LSD ~oy any two observations at P O.O~. 

Fig·a65 Lineweavey and Buyk plot for the ~elationshlp between 
substrate concentration and nitrate uptake in seedl1nqs of 
common buckwheat ~n the presence of varvinq concentrations o~ 
NH4"'" ions. e, control: X, O.OOSmM NH 4 "'"; A, O.OlmM NH 4 ..... 

Inset: VIS relationship for the same. Vertical lines in the 
inset figure depict LSD for anv two observations at P o.o~. 
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2 Table 5.5 : Valuews of a, b, r, Km and V for t.he 
max 

relationship of 11V against. lIS for nitrate upt.ake by 
seedlings of common buckwheat. (F. esculentum Moench) growing 
under hydroponic culture in Hoagland"s nutrient solution 
supplemented with varying level of NO-. 

3 

Contl-o} 

+ 

a b 
2 

r 

3.24 0.772 0.98 

0.005 (mM) I<CIO- 3.90 0.900 0.94 
9 

+ 

0.05 (mM) KCIO- 4.44 1.260 0.95 
3 

+ 

0.005 (mM) NH+ 12.42 2.580 0.91 
" + 

0.05 (mM) NH-t­.. 17.76 3.120 0.96 

I<m 

(I-lmol/mg dry 
weight root.! 

min. ) 

200 

307 

500 

200 

200 

v 
max 

(I-lnlol/mg dl"Y 
weight. root.1 

mi n. ) 

0.276 

0.276 

0.276 

0.083 

0.064 
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that pl-esence of CIG ions in the nut.l-ient. medium affect.ed 
s 

bot.h t.he int.el-cept. as well as t.he slope of t.he I-egression 

that. described t.he relat.ionship between t.he concent.rat.ion of 

n i tl-ate in the amb i en t. med i um and the up take of n i t.l-"a te by 

the seedlings. Ammonium ions did not. affect the intercept but 

alt.E:'r"ed t.he slope cd t.he r-egression. The values for" v 
mo.x 

Km~ t.he int.el-cept of the regr"ession equat.ion and slope fO)-

t.he relat.ionship of l/V against. liS for uptake of nit.rat.e by 

buckwheat. seedlings in t.he cont.rol experiment. as well as in 

presence of varying concentrations of ammonium and chlorate 

ions al-e pl-esent.ed in Table 5.5. Thus~ t.he Km and V fO)-
mo.x 

t.he upt.ake of nit.rat.e 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/minut.e respect.ively. 

In the presence of chlorat.e ions in the nut.rient medium~ the 

Km for t.he process was 307 and 500 ~mol at. chlorat.e ion 

concen t.l-a tion of 0.005 and (1.05 mM l-espec t.i ve I y. Ch I ol-a te 

ions had no effect. on t.he V fOl- nitrat.e upt.ake by 
mo.x 

buckwheat seedlings. While ammonium ions had no effect on the 

Km for the upt.ake of nit.rat.e by buckwheat seedlings~ the V 
ma.x 

for the upt.ake of nit.rat.e was markedly affect.ed. The uptake 

pl-ocess showed a V of 
mo.x 

0.083 and 0.064 jJmol/mg dl-y weight 

root/minut.e in t.he presence of 0.005 and 0.05 ml'1 NH~ 

• 
r-espec t i ve I y (Table 5.5; Figs. &:" J::" w-\-', 5.6) • 
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The activity of Nib-ate )-eductase in the l-oot as 

well as the in leaf ti ssu'es showed a pl-ogl-essi ve inc I-ease 

wit.h inCI-ease in concent.ration of nitl-at.e in t.he ambient 

nutrient medium. The magnitude of increase was~ however, 

more marked in the root. t.issues than in the leaf. Thus~ while 

was a four-fold increase in the activity of nit.rate 

reductase in root with increase in the concentrat.ion of 

nit.rate in the ambient nutrient. medium from 0.05 mM t.o 5 mM, 

the activit.y of t.he enzyme in t.he leaf t.issues regist.ered 

less than t.wo-fold increase wit.h increase in external nitrate 

ion concentration from 0.05 t.o 5 mM (Table 5.6; Figs. 5.7, 

5.8). Ammonium and chlorat.e ions had an inhibitory effect on 

t.he act.ivit.y of nit.r'at.e )-educt.ase in t.he root. t.issues; t.he 

inhibit.ion being to t.he level of more than 50 per cent of the 

untreated cont.rol. While t.he effect of chlorate ions showed a 

dose dependency~ t.he magnitude of inhibition did not show 

any increase with increase in the concentrat.ion of ammonium 

ions in the nutrient medium (Table 5.6; Fig. 5.7). The 

act.ivity of the enzyme in leaves from seedlings gr"owing in 

Hoagland's nut.rient. medium cont.aining choriate ions, was 

marginally lesser as compared to those growing in the medium 

which did not. have any chlorat.e ions. The magnitude of 

decrease in t.he activity of the enzyme was, however", mon::-

marked at higher concent.rat.ion of nit.rate and chlorate ions. 

Ammonium ions on the other hand markedly suppressed the 

act.ivit.y of nit.rate reductase in the leaf ti sSLles; the 



Table 5.6 : Effect of varying concentrations of (NH ) SO 
424 

and 

KCLO on root NR activity of common buckwheat 
9 

(Fagopurum 

esculentum Moench) maintained for one hour under hydroponic 
culture in Hoagland nutrient solution containing varying 
amounts of KNO and supplemented with varying doses of 

9 

potassium chlorate or ammonium sulphate. 

KNO Cone Control 
9 

0.005 0.05 0.005 0.05 (mM) 

(mM) 

0 · 05 

0 · 1 0 

0 · 20 

0 · 50 

1 · 00 

2 · 00 
~ 00 ~ · 

(mM)CLO CLO 
+ 

(mM)NH 
4 

+ 
(mM)NH 

4 9 9 

-1 -1 
~mol NO released mg dry weight root hr 

2 

0 · 1 ~ 0 · k 066 0 · 080 0 · 074 

0 · 1 0 0 · ~ 068 0 · 080 0 · 072 

0 · 20 0 · 068 0 · 025 0 · 092 

0 · 20 0 · 093 0 · 1 02 0 · 1 30 

0 · 21 0 · 1 1 5 0 · 1 24 0 · 1 75 

0 3 1 0 1 07 0 1 24 -) 1 97 · · · l · 
0 4 1 0 1 22 0 1 24 0 0 1 4 · · · · ~ 

0 · 
0 · 
-( ) · -

( ) · -
0 · 
0 · 
-( ) · -

066 

066 

069 

064 

077 

078 

095 



Fig. 5.~ : Changes in the nitrate reductase activity in root 

tissues from seedlings of common buckwheat (Fagopyyum 

esculentum Moench) kept in varying concentrations of NO 
3 

either separately or in combination with different levels of 

NH+ (curve)/CIO- (histogram). vertical lines in the figure 
4 3 

represents LSD for any two observations at PO.05. 
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magnitude of inhibition increasing with increase in the 

concentration of ammonium ions in the ambient nutrient medium 

(Table 5.7; Fig. 5.8). 

The uptake of nitrate was markedly higher in 

seedlings in the presence of glucose. Thus, presence of 2 mM 

glucose in the nub-ient medium lead to a neal-Iy 30 percent 

increase in the amount of NO taken up by the seedlings as 
3 

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 activit.y of NR in 

roots of the seedlings. A marked suppression in the uptake of 

nit.rat.e 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 t.he control, thus r-egistering a 92 pel-cent. 

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 t.he roots of control seedlings (Table 5.8). The 

wavelength of the incident light undel- which the seedlings 

were maintained also had an effect on the uptake i-·ates. 

However, while ther was no difference in the rat.e of nitr-atE? 

uptake between seedl ings maint.ained undel- whi te 'f luor-escent 

light or red light, in seedlings maintained under blue light, 



Table 5·' : The activity of nitrate reductase in the first 
leaves from seedlings of common buckwheat ~tagopurum 

esculentum Moench) maintained for one hour under 
hydroponic culture in Hoagla~d nutrient solution 
containing varying amounts of KNO and supplemented with 

3 

varying doses of potassium chlorate or ammonium sulphate. 

KNO Conc Control 0.005 
3 

( ml'1 ) 
+ (mM) NH 
4. 

() to (>!:.i 

+­
( mN) NH 

4. 

0.005 (mM) 0.05 (mM) 

CLO 
a 

CLO 
3 

_ -1 -1 
~mol NO released mg dry weight root hr 

2 

0.05 0.014 0.01i:~ 0.008 0.015 0.01 

0 . 10 0.014 0.01i:~ O.OOB 0.015 0.01 

O. C~O 0.015 O.OlE! 0.008 0 .015 0.0.1 

o .~.:iO 0.01.7 0.016 0.01.::1 O.Ol~.i 0.014· 

1 .00 0.017 O. 01/.:.' 0.013 0 .016 O. 014 

r:~ . 00 0.023 O. 016 0.01:::1 0.016 0.014 

Table 5.8 : 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 
esculentum Moench). 

Treatment Conca 

Contr'ol 

Glucose 2.0 mN 

2 • (> m!''! 

DC!'1U 1 • 1 ~!'1 

Ni t.r"at.e uptake 
(~mol NO- taken 

3 
-1 -1 

mg dry wt root min 

0·4.1 ± 0.1 

0·54 ± 0.12 

(131)* 

0.41 ± 0.12 

(100) 

0.032 +- 0.02 

(7.El) 

I'm ac t i v i t Y 
(~mol NO- released mg 

3 
-1 -1 

dry wt root min 

O.'t ± O.1Z:~ 

o . '+2 ± O. 1 L~ 

* (105) 

0.41 ± 0-14 

(100) 

0.016 +- 0.04 

(4.0) 

* Figures in parentheses represent activity as per cent on 

the untreated control. 



Fig. 5·8 : Changes in the nitrate reduct-ase acti vi ty in \.ei'lf 

tissues from seedlings of common buckwheat (Fagopyyum 

esculentum Moench) kept in varying concentrations of 

either separately OT in combination with different levels 

NO 
:I 

of 

NH+ or CIO- • vertical I ines in the figure represent-s LSD 
~ 9 

for any two observations at PO.05. 



.c; 
_ Control ...... 

+ + Q 0.005 mM NH4 r?ZZl 0·05 mM NH4 

- 0.025 t;·:·J Control 
0 

o 0·005 mM C1O") [ITIll 0·05 mM CIO) 
<U 

~ 0.02 . 
"0 

Cj\ 0·015 E 
-(\.J 
~ 0.01 
N 

0 
z 

0·005 
0 
E 
~ 0 

0·05 0·1 0·2 0·5 1·0 2·0 5·0 
Nitrate conc. mM 



69 

the uptake of nitrate was only 40 per cent of that observed 

in control seedling maintained under white fluorescent light. 

Uptake of nitrate in seedlings exposed 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 I-ole o"f shoot on the uptake o"f 

nitrate by the seedlings experiment were carried out on 

determination of nitrate uptake rates by isolated roots from 

seedl ings of common buckwheat. Fa\"- studying the uptake of 

nitrate by isolated roots~ eight day old seedlings (grown as 

desc 1- i bed above) wel-e r"emoved f I-om t"he nu t r i en t so I uti on, 

washed with deionized watel- and blotted dl-y on c;\ filter 

paper. The root portion was detached from the seedlings and 

a sui tab I e f l-esh wei ght transf en-ed to Haag I and's nutr i en t 

medium containing 5 ml'l KNO-. 
9 

Expressed as cumulative uptake, the isolated roots 

from seedlings of common buckwheat showed a linear and steady 

uptake of NO- dUl-ingthe f i l-st 30 minutes without any 
9 

lag 

phase. Therea"fter, the uptake gradually slowed down till it 

reached a plateau at t minutes. During this period a total 
60 

of 14.5 ~mol of nitrate was taken up by each mg dry weight of 

the root. When e:":pl-essed as ~mol nit.rate taken up/mg dr"y 

weight root/minute, the uptake was maximum at 15 minutes of 

incubation after which it showed a gl-adual decl-ease wit.h 



Table 5.9 : Influence white, red, blue and far red 
the uptake by seedlings of common buckwheat (F. 

light.s on 
escuientum 

Hoagland Moench) growing in hydroponic culture in 
nutrient solution supplemented with 5 mM KNO- • .. 
Light 

quality 

L-Jh i I te Ii gh t 
ned 
Blue 
Fal- l-ed 

Uptake rate (~mol NO-
9 

taken up!mg dry weight root !minute 

0.45 
0.45 
0.16 
0.(13 

Table 5.10 : Changes in the cumulative nitrate 
time by isolated roots of common buckwheat 
Moench) supplied with 5 mM KNO-. 

3 

Ltptake wi th 
(F. e:..=:cuien tUfll 

Time 

minut.es 

.15 
30 
45 
60 

.120 
180 

Cumulative uptake 

(/ .. .IIno I NO- tak en up / mg 
9 

dl-y weight r-oot.) 

7 
10 
14 
14 
14 
14 

uptake l-at.e 

(~mol NO· t.aken up/ 
9 

mg dl-y weight. 
)-oot/min. 

().55 
0.40 
0.39 
0.29 
O.1!:i 
(1.00 



Fig. 5.9 : Nitrate uptake as a function of 

seedlings of common buckwheat (FagoT ·-U~ esculentum Moench) 

from Hoagland nutrient solution con~~ining 5 mM NO-. 
9 
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progressing time till no significant uptake could be observed 

at t minLttes. A ma:-: imum uptake r'ate of 0.55 J-lmol/mg dl-y 
180 

weight root/minute was recorded at 15 minutes incubation time 

(Table 5.10; Fig. 5.10). The H+ ions concentl-ation of the 

nutrient medium had a pronounced effect on the rate of uptake 

of nib-ate by the e;.;cised I-OOts of buckwheat seedlings. In 

the highly acidic range of pH 2.0 and 3.0~ root did not take 

up any nitrate from the nutrient medium. The rate of uptake 

increased gradually with decrease in the H+ ion concentration 

when the maximum uptake was observed between pH 4.5 and 6.0. 

With further increase in the H+ ion concentration the rate of 

uptake showed a gl-adual decline. At pH S.O, the uptake was 

1/3rd of that observed at pH 6.0 of 0.01 N Tl-is-HCI buffer" 

(Table 5.11; Fig. 5.11). 

The upt.ake of nitl"'ate by e:·:cised roots showed a 

hyperbolic relationship with the concentration of nitrate 

ions in the nu b- i en t med i um. Thus when the concen t r"a t i on o'f 

nitrate ion in the ambient medium was varied from 0.05 to 5 

mN, the rate of nitrate uptake by excised roots was a 

function of external nitrate concentration, according to 

Nichael's-Menten Kinetics. Increase in the concen t I-a t i on of 

nitrate in the ambient nutl-ient medium lead to a lineal-

increase in the uptake of nitrate by the excised roots up to 

1 mM external NO-. Beyond the concentration of 1 mM the 
3 

of uptake tended to form a plateau with the uptake 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 Hoagland nutrient medium supplemented 
with 5 mM KNO-

Time 

(minutes) 

15 
30 
45 
60 

120 
180 

9 

~mol 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 isolat.ed roots of common buck-

wheat (Fagopyrum esculentum Moench> as a 

The solid curve depicts the changes in 

of nitrate in the nutrient medium. 

function of time. 

the concentration 

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 PO.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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r-ema i n i ng nea r I y s ta t i oner-y beyond 2 mM e;.: t.erna I nit. r-a te 

concent.1-ation. Thus a t.ypical hype1-bolic 1-elationship could 

be observed f01- the 1-elat.ionship bet.ween e;-:ternal nitrat.e 

concent.rat.ion and nit.r--at.e uptake in e;<cised I-OOt.S of common 

buckwheat.. The values for- inverse of "V" and "S" gave a 

linear relat.ionship wit.h a slope of 2.586 and int.ercept. value 

of 3-147. The Lineweaver- and Bud:: plot fo)- the upt.ake of 

nit.rat.e wit.h varying external nit.rat.e concentration revealed 

a maximum velocity ( \) 
max 

of 0.208 }-lmol/mg dl-y weight root/ 

minut.e wit.h a Km value of 227 }-lmol in the presence of 0.01 M 

Tris buffer- at pH , c;-
(:) ..... ..1. Superimposition of either chlorate or-

ammonium ions in the nut.rient. medium lead t.o a malo-ked 

suppression in the upt.ake of nitl-ate by the e;-:cised roots~ 

the magnit.ude of suppres~ion incl-easing wi th 

concentl-ations of or The dose dependency 

of suppression was~ however-~ more marked in case of 

ion induced suppl-ession th21n that f01- ammoniumion induced 

suppression (Table 5.12; Figs. 5.12~ 5.13). A Lineweaver-Burk 

plot for upt.ake of nitr-at.e as a function of exter-nal 

concentTat.ion at. varying concentl--ations of either CIO­
s 

Nt1+ I I ,.. c ear y r-evealed that. wh i Ie the inhibition due t.o 

presence of CIO- was of compet.itive nature. 
3 

Tha t. due t.o the 

pr-esence of was non---compet.i ti ve in na tu )--e. ThE' P r-esence 

of the chlorat.e ions affect.ed bot.h t.he int.ercept. as well as 

t.he slope of t.he regression equat.ion describing t.he r-elation-

ship of 1 ,'! I 
- I " vs· l/S. Wh i I e ammon i um ions in thE-? ambient. 



Table 5.12 : Effect of varying concentration of NO (5) on the rate of 
3 

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 
KClO- Ol- (NH ) SO . 

3 • 2 4 

NO Conc Contl-ol 0.005 (mM) 0.05 (mM) 0.005 (mi'l ) 0.G5( mi'l) 
3 

(mM) KC~ 0- KCT.O - (NH ) SO (NH ) SO 
3 9 4 2 4 4 Z 4 

(S) ( liS) V liV V l.lV V 1/V V liV V llV 

Uptake rate (J.lmol NO-
3 

taken up.lmg dl-Y weight root .lminute 

0.05 20 1.11 0.75 1.00 1.00 9.90 1.10 0.625 1.60 0.62 1.60 

0.1 10 2.00 0.50 1.81 0.55 1.61 0.62 0.780 1.28 0.62 1.60 

0.2 5 3.33 0.30 2.85 0.35 2.50 0.40 0.780 1.28 0.62 1.60 

0.5 2 7.50 0.13 ' E:"' Lf-d't 0.22 4.16 0.24 3.900 0.25 3.12 0.32 

1.0 1 12.50 0.08 6.66 0.15 6.25 0.16 6.250 0.16 e:- " ...)·'+0 0.18 

2.0 0.5 15.62 0.06 14.00 0.07 10.93 0.09 6.250 0.16 6.25 0.16 

5.0 0.2 17.18 0.05 14.00 0.07 10.93 0.09 6.250 0.15 6.25 0.16 
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nutrient medium did not affect the intercept they altered the 

slope o-f tl-"H2 r-egression that described the 1-elationship of 

1/\/ against l/S. ThE.' value!:.; for- v • 
max -

Km, the intercept and 

slope for the relationship of I/V with I/S in the control as 

also in the presence of ammonium and chlorate ions are 

presented in Table 5.13. While the Km for the uptake nitrate 

by e>:cised roots in presence of 0.005 and 0.05 mM chlo1-ate 

ions was and 416 J-lmol r-especti vel y, the \/ 
max 

the 

pn.!Cess of uptake was 0.138 J-lmol/mg d1-y weight l-oot/minute. 

Ammonium ions had no effect on the Km for the uptake of 

nitrate by excised roots. However, the \/ f01- the pl-ocess 
max 

was markedly affected by the presence of ammonium ions in the 

nutrient medium. Thus the uptake of nitl-ate in pl-esence of 

(>.005 and 0.05 ml'l ammon i um had Km of 0.227 J-lmo I . -rhe 'vi 
max 

for the process in the presence of 0.005 and 0.05 mM 

ammonium was 0.069 and 0.052 J-lmol/mg dry weight root/minute 

respectively (Table 5.13; Figs. 5.12, 5.13). 

When expressed on per seedling basis the uptake of 

by each seedling showed a dependency on the 

concentration of the substl--ate in the ambient nutrient 

medium. Thus with incl-ease in the concentrCl_tion of nih-ate 

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. Con-espondinglv the amount of nitrate 
-j 



Fig. 5.12 ; Lineweaver and Burk plot for the relationship 

between substrate concentration and nitrate uptake in 

isolated roocs of common buckwheat (Fagopyrum esculentum 

Moench) in the presence of varying concentrations of NH+ 
4-

ions, ., control; K 0.005 mM 1<Ckl;; A, 0.01 mM kClo;. Inset 
: VIS relationship for the same· vertical 1 ine in the 

Inset of figure depicts LSD for any two observations at 

PO.05. 

Fig. 5.10 .; Lineweaver and Burk plot for t.he relationship 

between substrate concentration and nitrate uptake in 

isolated roots of common buckwheat (Fagopyrum esculentum 

Moench) in the presence of varying concent.rations of NH+ 
4. 

ions, ., control; J( 0.005 mM NH+ . .' ;., 0.01 mM NH+ . 
• Inset 

: VIS relationship for the same· vertical line in the 

inset of figure depicts LSD for any two observations at 

PO.05· 
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T.ble 5.13 : Value s of a, b, 
2 r ,Km and the 

relationship of llV against liS for 
seedlings of common buckwheat (F. 
maintained under hydroponic culture in 
solution supplemented with varying level 

a b 
2 

r 

nitrate uptake by 
esculentum Moench) 
Hoagland's nutrient 
of NO • 

9 

Km V 
max 

(J.lmo I I mg d I-y 
weight root.1 

min. ) 

(J.lmol/mg dl-·y 
weight root/ 

min. ) 

3·15 2.586 0.89 

+ 

0.005 (mM) KCIO- 5.41 2.400 0.79 
9 

+ 

0.05 (mM) KCIO- 6.35 3.054 0.81 
9 

+ 

0.005 (mM) NH+ 15.75 4.734 0.82 
" + 

0.05 (mM) NH+ 

" 
21.09 4.902 0.89 

227 ·0.208 

357 (1.208 

416 0.208 

227 0.069 

227 0.052 
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accumulat.ed by seedling showed a with 

increase in the concentration of nitrate in the medium. 

Changes in the amount of nitrogen reduced by the seedlings in 

the corresponding pel-iod followed a pat.t.ern in simi lal- t.o 

t.hat. observed for upt.ake rat.e (Table 5.14; Fig- 5.14). Super-

imposition of ammonium ions in the nutl-ient. medium~ had a 

ma rk ed 1 y i nh i b i tOI-Y ef f ec t. on the up t.ak e ~ accumul at i on and 

reduction of nit.rat.e in the seedlings; the magnit.ude of 

inhibition incl-easing with incl-ease in the concentl-ation of 

ammonium ions (Table 5.14; Fig. 5.14). ChlOl-ate ions had 

raltively less mal-ked effect. in t.he uptake and accumulation 

of nitrate by t.he seedlings. Chlorat.e ions had~ however~ no 

significant effect on t.he process of reduct.ion of nit.rate in 

t.he seedlings (Table 5.15; Fig. 5.15). Thus at e:-:t.er-nal 

nib--ate concenb-ation of 5 mM~ sLlpel-imposition of 0.05 m"" 

ammonium lead t.o a 77 pel-cent decl-ease in the uptake and 

nearly 80 petnt decl-ease in the reduction of nitrate in thE~ 

seedlings, t.he t.reatment. result.ed in a 55 percent decrease in 

the accLlmulation of nitrate in the seedlings. At. the same 

e>: t.el-na 1 n i t.l-a te concen t. ra t i on ~ however ~ supel- i mpos it i on of 

chlorate ions lead to only 11 percent decrease in the uptake 

and I-eduction of nit.l-ate by the seedlings; the accumulation 

of nitl-ate being to the level of 50 PTnt of that. pbsel-ved 

in the cont.rol seedlings. 



Table 5.14 : Effect of different concentrations of (NH) 50 
.. 2 .. 

on uptake, accumulation and reduction of nitrate by seedlings 
of common buckwheat (F. esculentum Moench) cultured in 
hydroponic system with Hoagland nutrient solution supple­
mented wi th 5 mM KNO-. 

Concentration 

of 5ubst.rate 

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 

0.005 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 

9 

NO- uptake NO- accumulated 
9 9 

(,..,mol/seed- <,..,mol/seed-
ling) ling) 

Control 

5.80 
11 .71 
13.67 
21.09 
35.15 
35.15 
35.15 

1.95 
1.95 
1.95 

11.71 
11.71 
13.67 
13.67 

1.95 
1.95 
1.95 
7.81 
7.81 
7.81 
7.81 

1.95 
1.95 
1.95 
7.81 
7.81 
7.81 
7.81 

0.005 

0.01 

O.O~ 

0.06 
0-12 
0-12 
0.16 
0.17 
0.19 
0.20 

(NH ) SO 

(NH 

(NH 

.. 2 .. 
0.059 
0.076 
0.076 
0.090 
0.110 
0.130 
0.130 

) SO 
.. 2 .. 

0.05 
0.05 
0.07 
0.07 
0.08 
0.09 
0-12 

) SO 
.. 2 .. 

0.03 
0.03 
0.05 
0.06 
0.09 
0.09 
0.09 

NO- reduced 
9 

<,..,mol/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. 5.14;Changes in the uptake~ accumulation and reduction 

of NO- by seedlings of common buckwheat (Fagopyrum esculentum 
3 

Moench) kept in varying concentrations of 

with varying concentration of NH~ ions. A~ .. 
NO-

3 
superimposed 

control; B, 0.005 
+ + 

ml'l NH .. ; C, 0 • 01 mM NH .. ; D, 0 • 05 mM NH+. .. Vert-ical line in the 

figure represents LSD at PO.05· 
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Table 5.15 : Effect of varying concentrations of on 

uptake, accumulat.ion and reduct.ion of nit.rat.e by t.he 
seedlings of common buckwheat (F. esculentum Moench) cultured 
in hydroponic system with Hoagland nutrient solution 
sup p 1 emen t.ed with 5 mM KNO-. 

9 

NO- Concen-
9 

tl-at i on ( mM ) 

(1.(105 
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 

0.005 
0.100 
0.200 
0.500 
1.000 
2.000 
5.000 

NO- uptake NO accumulat.ed 
9 9 

(I-'mol/seed- (I-'mol/seed-
ling) ling) 

Cont.rol 

5.80 0.06 
11 .71 0.12 
13.67 0.12 
21.09 0.16 
35.15 0.17 
35.15 0-19 
35.15 0.20 

-0.005 mM KCIO 
9 

5.80 0.04 
9.70 0.06 

13.67 0.06 
13.67 0.08 
33.20 0.11 
33.20 0.13 
33.20 0.16 

0.01 mM KCIO-
9 

3.90 0.05 
9.76 0.06 
9.76 0.07 
9.76 0.08 

31.25 0.08 
31.25 0.08 
31.25 0.08 

0.05 mM KCIO-
9 

3.90 0.03 
9.76 0.04 
9.76 0.07 
9.76 0.07 

31.25 0.09 
31.25 0.09 
31.25 0.10 

NO- reduced 
9 

(I-'mol/seed­
ling) 

5.73 
11.58 
13.54 
20.93 
34.98 
34.96 
34.94 

5.89 
9.63 

13.60 
13.58 
33.08 
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 
31.15 
31.15 



Fig. 5.15 ; Changes in the uptake, accumulation and reduction 

by the seedlings of common buckwheat 

Moench> kept in varying concentrations 

(Fagopyrum esculentum 

of N~ 
3 

superimposed 

with varying concentration of KCIO- ions. 
9 

A, control; 

0.005 mM KClO-; C, 0.01 mM KCIO-; D, 0.05 mM KCIO-. 
999 

B, 
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DISCUSSION 

Plant roots show selectivity in absorption of ions 

from the soil. The uptake of ion is dependent on free energy 

+ 
of H across the plasmalemma of the cells of the root 

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 is subjected to both 
9 

positive and negative feed back regulation. The absorption of 

nitl-ate by plant I-OOts has been I-eported to occLll-ed with 

rates comparable to those t:--+ 
r". , Rb +, CI and H Po-

2 " 

(Jackson et al.~ 1973). A low level of tissue nitrate and low 

rates of net- NO- uptake have been obsel-ved IrJith t.he plants 
9 

which have not been pretreated with NO- before 
9 

t.he determ i ---

nation of nitl-at.e (Clarkson, 1986). Following e;-:posure to 

nit.rate~ root [NO ] 
9 

and NO- uptake have been reported 
9 

to increase several fold with time (Glass~ 1988). Glas~:; 

(1988) has observed that this increase in t.he upt.ake was a 

specific response of t.he root t.o t.he presence of NO- in 
9 

the 

ambient. environment.. The net uptake by plants 

can be modelled as a summation of two factors: (i) induction 

of t.ranspor-tor t.his would increase t.he upt.ake r--ate wit.h 

t.ime unt.il a st.eady st.ate is achieved, (ii) ambient. nit.l-at-t'? 

concent.rat.ion a progressive depletion of nit.rate would 

r-esu It in lowel- up tak e I-a tes. I n the p I-esen t i nves t i ga t. i on 

t.he uptake of nit.rat.e by buckwheat seedlings wit.h progressing 

time follows a typical hyperbolic curve without. any lag 
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phase. In sugarbeet, Mack and Tischner (1990), have observed 

that seedlings grown from seeds which germinated without an 

external nitrogen supply absorbed nitrate at low rates 

immediately upon exposure. Such a low capacity uptake 

mechanism has been referred to as a 'basic' system instead of 

a 'constitutive' one because it was assumed that the system 

was induced by the endogenous seed nitrate during germi-

nation. Rudolf et aI., (1988) in their experiment 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 nitrate 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 

after t minutes. From an analysis of the cumulative uptake 
240 

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 basic 

system'. Tahir (1985) has reported that the hull was a source 

of nitrate for buckwheat seeds during early stages of 

germination. It seems reasonable to postUlate that the 

carrier for nitrate ions in the seedlings is already present 
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in t.he syst.em because of an endogenous supply of 

nit.rat.e during their early stages of growth. There was a 

significant decrease in the rate of uptake of nitrate by the 

seedlings after 30 minutes of incubation in the nutrient 

solution containing 5 mM nitrate. Con-espondingly~ howevei-~ 

the level of nitrat.e in the ambient nutrient medium showed a 

marked decrease with time up to 240 minutes. 

Could~ the decrease in the uptake rate therefore ascribed to 

t.he decrease in t.he concentration of nitrate in the ambient 

nutrient medium? To answer this question~ an experiment was 

raised in which the concentl-ation of nitrate in the ambient. 

medium was maintained at 5 mM by periodic replenishment. The 

rate of nitrate uptake in seedlings, from Hoagland nutrient 

solut.ion in which the level of nit.rate was maintained at 5 mM 

by periodic replenishment~ showed a t.rend t.o that 

observed for seedlings which were kept in a test solution in 

which no replenishments for loss of nitrate as a 

uptake were made. Thus, the observed decrease in the rate of 

nit.rate uptake with time could be ascribed to (i) l-efilling 

of the available storage components in the seedlings and/or 

(i i) any factol- which inf luences the tLll-novel- of pl-oteins 

invol ved in t.he t.l-anslocation of ni tl-ate in the plant, and 

not. to a decreasing nitrate concenb-ation in the nub-ient 

medium. Behl et aI., (1988) have report.ed t.hat p-fluropheny­

lamine induced SLlpl-ession of nitrate transport into XYl~m 

effect on the uptake of nitl-ate ions by nitl-ate stal-ved 
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bal-Iey I-OOt.S. They have emphasized about. t.he secl-et.ion of 

ions int.o t.he xylem vessels as a mechanism indirectly 

modifying t.he upt.ake of ions. 

Changes in the pH of the ambient nutrient medium 

had a marked effect on upt.ake of nit.rate by buckwheat 

seedlings, with almost complet.e suppl-ession of upt.ake at pH 

values below 4.0 and above 9.0. Bassioni (1971) has 

attl-ibuted such an effect of pH on nitl-ate upt.ake to the 

delet.erious effect. of high concentrat.ion of H+ ions (at low 

pH value) on t.he root. system and a direct. competit.ion between 

values. Since at. pH values between 6.0 and 6.5, t.he nit.rate 

ion concentration (5 mM) would exceed t.hat. of t.he OH- ions by 

of 5 " ,., a possible compet.it.ion 

t.ransport.er by OH- ions would be ruled out.. This would result. 

in highel- upt.ake rat.es as has been obsel-ved in the present. 

st.udy. 

In t.he present study, nit.rate uptake as a funct.ion 

of substrat.e concentration followed a saturation curve. This 

is a common feat.ure t.o almost. all carrier mediat.ed t.ransport 

syst.ems (Annera et al., 1990, Siddigui et al., 1990, Aslam 

et al., 1992). However t.he kinetics of NO- upt.ake are clearly 
9 

more complex t.han the simple Michelis-Menten relat.ionship, at 

least. in a great majorit.y of cases (Nissen, 1974, 1991; Nandi 

et al., 1987) • In the p n.:?sen t. investigat.ion t.he upt.ake of 
) 
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nitrate by buckwheat seedlings from Hoagland's nutrient 

solution (pH~ 6.5) had a 'v of 0.276 ,umol/mg dl-y weight 
max 

root/minute and a Km value of 200,umol. 

There is no consensus in the literature as to 

whet.her the complexit.y of t.he kinet.ics of ion upt.ake 

(including NO-
3 

arises from the simLlltaneous funct.ioning, 

in the plasmalemma~ of two or more independent mechanisms~ 

one of which may be diffusion (Doddema and Telkamp, 1979 

Lee and Drew~ 1986~ Glass et al-~ 1990 Aslam et al.~ 1982) 

or whether there is only single mechanism either cooperative 

(Hodges~ 1973) or multiphasic (Nissen, 1971 ~ 1977, 1991). 

From OLlI- obsel-vation with Fagopyr-um 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 nitl-ate absOl-ption by buckwheat seedlings and isolated 

roots from Hoagland"s nutrient solution (pH, 6.5) was 200 and 

227 ,umol, respectively­ A of Km values have been 

reported for the uptake of nitrate by the low concentration~ 

high affinity system. The reported values range from 4 ,umol 

in Arabidopsis thaiiana (Doddema and Telkamo, 1979) to 250 
~ 

,umol in Hor-d\um vulgar-e (Chatrotwong et al., 1979). Simi lal-ly 

there has been great variation in the reported affinity for 

NO- of the hiqh concentration mechanism with a Km of 100 ,umol 
3 l.t--

10)- Hor-dl um vu 1 gar-e (Siddiqui et al., 1990) and 25 ,umol ·fOI-· 

.Ar··abidopsis thaliana CDoddema and Telkamp, 19T:r:> • This 
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variation in the affinity of the two systems for NO has been 
3 

attributed to (i) differences in endogenous nitrate levels 

and ~ hence cell / ti ssue n i tr-a te status (Bu tz and .J ack son ~ 

1977, Lecand Drew, 1986, Siddiqui et ala, 1990) and/or (ii) 

in NO uptake 
3 

capacity (Rao and Rains, 1976) - There can be no doubt that. 

the latter factor may explain at least t.he variabilit.y 

observed bet.ween species-

of or ions in the 

nutrient. medium had an inhibitOl-y effect. on t.he upt.ake of 

n i tl-at.e by buckwheat. seedlings. Whi Ie NI-t .. ions are 

known t.o upt.ake and assimilat.ion n i t.r-a te in 

cyanobact.el-ia~ algae and fungi (Na)-znef~ 1981; And)-ews et 

aI- ~ 1989; Fer-nandez and Ca)-denes~ 1989) - Theil- effect.s in 

higher plant.s are not. clearly est.ablished- Bloom and Finazzo 

(1986) have report.ed the inhibition of net. nit.rat.e uptake in 

t.wo cult.ivars of barley by (NH ) So • 
.. 2 .. 

A Lineweaver-Burk plot 

of the upt.ake vis nit.rat.e concent.ration at. various levels of 

ammonium, as worked out in the incestigatic:m 

reveals the non-competitive nature of inhibi hon. 

explanation have been forwarded induced i nh i ._. 

bition of NO- absorption- (i) The inhibition may be a 
3 

result of NH+ accumulation in the cells or due tot he .. 
accumulation of some product. of NH+ assimilation pathway .. 
( i 1) slowing of the activation or synthesis of the 
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absorption system, ( iii ) inhibition of nitrate reduction 

pathway in the cells (Deane--oDl-ummond and Glass, 1983). It 

may/therefore be that the inhibition is at some level other 
I 

than one involved in uptake of nitrate. While NH+ ions had no 

"' 
effect on the Km for nitrate uptake by buckwheat seedlings, 

the ions mal-ked I y reduced the V fOl-
max 

the pl-ocess. Whi Ie 

the process had a V of 0.276 pmol/mq dry weight root/min. 
max -

in the presence of 0.005 and 0.05 mM ammonium, the uptake of 

nitrate by buckwheat seedlings had a V 
max 

of 0.083 and 0.064 

pmol/mg dry weight root/min. Lee and Droew (1989) have 

reported a 38-43 % inhibition of nitrate uptake by 0.5 pmol 

m-3 ammonium ions in bal-ley; 

being lowered by 20 - 42 % in the 

max 

presence of 0.5 pmol -3 
m 

ammonium, as compared to the ammonium free control. It 

appears that the inhibition of nitrate uptake by (NH ) 80 as 
"'2"' 

observed in the present study is not simply a case of NI-t 

"' 
providing a counter - ion for NO-. rather the inhibition may 

3° 

be due to the effect of the ammonium ions on the net rate of 

nitrate influx into the root tissues. 

Although ions also supp l-essed upt.ake of 

nitrate by buckwheat seedlings, derivation of t.he Lineweaver-

Bud:: plot for V as a function of 8 at varoious levels of 

clearly the competitive nature of the 

inhibition. In the presence of 0.005 and 0.05 mM of clef. 
3° 

the Km for uptake of nitrate by buckwheat seedlings was 30? 



81 

and 500 ~mol respectively. Chlorate ions had no effect on the 

V of t.he pl-ocess. ChlOl-ate has been l-eported to behave as 
max 

a analogue Llpt.ake by Ar-aoidopsis 

thaliana (Doddema and Ott.en, 1979) barley plant.s (Deane-

Drummondand and Glass, 1989) and dLll- i ng NO 
9 

uptake and 

ass i mil a t.i on by Ch I Ol~el) a, (Tl-omba 11 a and BI-oda, 1971). In 
~e:~""'~" 

chera Deane-Drummond (1984) has observed r--- that. chlorate also 

appea"t-ed to act as a substitute fOl- NO- at 
9 

the induction 

sit.e, alt.hough t.he concent.rat.ion of chlorate required t.o 

elicit a response was lower than nitrate. 

Ammonium and chlorat.e ions had an inhibitory effect 

on the reduction o'f nitr'ate in the root tissues. Howeve"t-, 

whi Ie chlorate ions showed a dose l-esponse the 

inhibition, ammonium ions did not show any such response. In 

thE-:~ pl-esent study, however', t.he ammonium induced r-epn?ssion 

of NR activity is quite clear. In mosses, Mallapadidam et al. 

(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 NO 
9 

for the 

appearance of NRA in leaves. The requirement has been related 

to either the act.ivation of a pre-existing protein or to t.he 

synthesis of the enzyme protein. In Chior-ella 

vulgaris, Losada et al., (1970) have demostrated an immediate 

d i si::l.ppea l-ance of NRA when was added to the medium. ThE'? 

repression of NRA could thus ascribed to one or more of t.he 
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( i) an i nh i bit. i on of NO- up t.ak e, (i i) an 
9 

vat.ion or enhanced degradation of t.he enzyme, (iii) an 

inacti-· 

inhi _. 

bition of transcription or t.ranslation of mRNA coding for t.he 

nit.rat.e reduct.ase protein. The dose dependency of t.he effect 

o·f CIO- ions on t.he in vivo reduct.ion of nit.l-ate in I-oot 
9 

t.issues as observed in t.he study reveals t.he 

compet.it.ive nat.ure of t.he effect. of CIO- ion on nit.l-at.e 
9 

reduct.ion- Aberg (1947) has emphasized the t.o:-: ic effect of 

CIO- ions on plant.s- He has suggested that. some der-ivat.ivf~s 
9 

wit.hin the plant. cell, and not. t.he 

chlol-at.e ion per- :..=:e, wen? t.he act.ual t.o;.:ins. The inhibit.PI-y 

effect. of chlorat.e ions on nit.rat.e reduct.ion, as observed in 

t.he present. st.udy, could also be ascribed t.o t.he t.oxic nat.ure 

of t.he p l-odLlc t.s of ch I 01- i te, 

ions, the reduct.ion product of chlorate. Hofst.ra (1977) and 

Labrie (1991) have also report.ed a decrease in NR activit.y in 

plants t.reat.ed wit.h chlorate. 

The stimulation of nitl-ate upt.ake by glucose as 

obsel-ved in the present. study indicates a requir-ement of 

met.abolic energy for upt.ake of nitrate by roots. It. is true 

that glucose could have many direct. or indirect. effect.s on 

prot.ein synt.hesis in general and on t.he appearance of nit.rate 
.J / 

reduct.ase in particular. Travi"s and co-workers (1970, 1971) 

have shown that. glucose is responsible for maint.enance of 

polyribosomes. Their results suggest. t.hat. glucose could 
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enhance the synthesis of nitrate reductase by increasing the 

protein synthesizing machinery in the system. 

Howevel- ~ the i nh i bit i on (mOl-e than 90 %) of ion 

absorption in the presence of DCMU as observed in the present 

study suggests that the factors which affect photosynthetic 

electl-on tl-anspol-t do have a mal-ked influence on nitl-ate 

uptake. Gray and Cresswell (1984) have reported that infilt-

ration of excised maize leaves with DCMU~ an electron 

transport blocker of photosystem II, resulted in diminished 

rates of nitrate uptake and utilization. Inhibition of 

photosynthetic electron transport will result in a decline 

in both ATF' levels and flow of l-educing equivalents to the 

cytoplasm. In the present investigation, DCI"1U has been 

to reduction in buckwheat 

seedlings- The inhibitory effect of DCMU on nitrate uptake by 

buckwheat seedlings thus could be attl-ibuted to its 

inhibitory role in nitrate reduction rather than an effect on 

the mechanism of tl-ansport. In the pl-esent investigation~ 

although~ no marked difference could be observed between 

uptake rates in seedlings~ subjected to continuous illumi­

nation with either fluOl-escent light 01- with l-ed light, a 

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 nitrate 

uptake. According to B1vers et a 1 . ~ ( 1965) , light inc I-eases 
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nitrate uptake by leaves~ leading 

concentration of NO for induction. 
3 

to higher intracellular 

Our investigations on the uptake of nitrate by 

buckwheat seedlings thus clearly indicate that the absorption 

and I-eduction of nitrate by seedlings of common buckwheat 

(Fago pyr-um e:..=:cul en tum 1"10ench) al-e energy dependen t process 

linked to the operation of the photosynthetic electron 

tl-anspol-t chain in the plant. The I"-esults obtained in the 

present investigation also indicate that the process of 

uptake o'f nitrate by the seedlings is mediated via the low 

capac i ty " BAS I C SYSTEI"1 " of up tak e· 

The kinetic pl-oper·ties of the uptake pl-ocess by 

e;·:cised roots were much similal- to that obse)-ved fCt)- the 

in tac t seed 1 i ngs. I n both, the cases pH opti ma for uptak e 

)-anged bet.ween 5.:'5 and 6.5 with a Km value )-anging between 

200-220 ~mol. These results indicate the existence of a 

species specific nitrate transport protein through which the 
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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 sand 

washed with 0.3 percent H SO The pots were arranged 
2 • 

in 4 

sets representing four treatments viz. control, 5, 20 and 50 

mM of nitrate given us KNO- in Hoagland's nutrient medium. 
s 

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 
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harvested plants were washed under the running tap water and 

blotted dry betwen sheets of filter paper. The length of the 

shoot was measul-ed and the plants were sepal-ated into stem~ 

leaf~ petiole and root segments. Leaf area was measured with 

the help of Planfimeter. The °froesh weighto of each segment. was 

determined on a balance followed by drying in an oven at. 

BoDe for 72 hours. From t.he oven dried 

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 in too 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 acrupet.al order. In each segment t.he amount of various 

nitrogenous components and the level of NR actiVity was 

detenni ned. In t.he values ni t:r-ogenous 
---------

constituent.s have been expressed both on percent dry weight 

basis as well as ~g per total amount of dry weight. of the 

particular unit.. the activity of NRhas been expressed as 

~mol nitrate released per 100 mg dry weight of the tissue 

segment pel- hOLIl-. Based on the model of Grooeenwood et al., 

(1991) an attempt has been made to express the relationship 

between growt.h 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 relationship between 

photosynthesis and the nitrogen status in the leaves and the 

whole plant by using the model of Greenwood et aI., (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 
3 

weight. On 7th day there was no marked difference in the dry 

weight of the shoots between treatments. The magnitude of 

difference ~owever 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 nutrient 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 the total leaf dry weight of the 

plants followed the same trend as that observed for the 

shoot. Irrespective of the level of applied nitrate a linear 

increase in the total leaf dry 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 
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progressing time till it attained a plateau 

the case of controls~ however, the total 

lh on 55 day. In 

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 

received either 5 or 20 or 50 of nitrate 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 ho significant 

differences in the leaf dry weight between 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 
9 

external 

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 nitrate 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 in the leaf area 

ratio of the plants, with progressing time. However, when 



Table 6.1: Effect of varying 'doses of externa!ly supplied 
nitrate on shoot dry weight and leaf dry weight of common 
buchwheat. (Fag,'pyrum es.::uientum) growp undel- sand culture. 

Days Nit.rate Concentration (J,Jmol) 
after 
Planting Contl-ol c' 2(1 50 oJ 

Dry weight Shoot (mg) 

7 11 .2 15.(15 16.05 16.55 

19 30.5 33.88 46.25 48.20 

31 52.4 57.60 84.00 89.(10 

43 67.5 88.30 117.50 122.50 

55 68.5 1 1 (I. 5(l 121 .50 126.50 

67 02.5 1 11 .00 116.50 116.50 

Dry weight Leaf (mg) 

7 4.(1 5.00 6.0 6.0 

19 1 1 . (I 10.68 16.0 17.0 

31 16.0 16·00 28.0 30.0 

'+3 19.(1 23.00 34.(1 33.5 
<=0:::-
oJ...! 19.5 3(1.50 35.0 35.0 

67 18.0 30.(10 34.5 35.0 



Table 6.2 : Effect of varying doses of externally supplied 

nitl.:lte on cll,:~llq",s \-lith time in the totAl leaf 
~ner:l I-at io I eLd.ive gl-{}W'-" '-cde and net assimi lation I-at.e in 
plants of common buckvilleat glOvm under sand cultul-e. 

Nitrate conca 
(mM) 

0 
5 

20 
50 

(I 

5 
20 
50 

(J 

5 
20 
50 

(> 

5 
20 
:50 

7 

3.5 
5.5 
6.0 
6.(1 

LAR 

0.31 
0.36 
0.37 
0.36 

0.1025 
0.175 
0.19 
(1.199 

0.330 
(1.583 
0.637 
(I. 67~i 

Days after Planting 

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 

67 

16.5 16.0 
31.5 30.5 
32.5 31.5 
31.5 30.5 

2 
em leaf dry weight per day 

0.31 
0.42 
0.33 
0.30 

0.29 
0.42 
0.30 
0.29 

(1.25 
0.36 
0.27 
0.26 

RGR mg dry weight/day 

0.083 
(1.0676 
(1.088 
0.089 

0.0307 
0.0442 
0.0497 
0.051 

0.0211 
0.0356 
0.0279 
0.026 

2 NAR mg dry weight em /day 

0.351 
0.402 
(1.'-+08 
\).45 

0.106 
O. 17 ~ 
0.181 
(I. 19 

0.0755 
0.0851 
0.095 
(I. 122 

0.24 
0.28 
0.26 
0.24 

0.25 
0.27 
0.27 
0.26 

0.00122 -0.(1076 
0.0186 0.0003 
0.002 -0.003 
0.0026 -0.0068 

-0.005 
0.074 
0.013 
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 

(Fagopyyum esculentum Moench> grown in sand culture under 

net house conditions. 

Fig.6.2; Effect of varying doses of NO; on 

leaf dry weight with time in plants of 

the changes in 

common buckwheat 

(Fagopyyum esculentum Moench> grown in sand culture under net 

house conditions. 
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Fig.6.3; Effect of varying doses of NO- on 
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: Effect of varying doses of NO- on 
9 

the changes Lt) lei1F 

llreil r atLo with time in plants of common buckwheat (Fagopyrum 

esculentum Moench) 

conditions-

grown in sand culture under net house 
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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 assimi lation I-ate between 7t.h and 19th 

day dfter planting. The rate of assimilation decreased with 

progressing time till it showed negative values after 55th 

ddy of planting. Nitrate ions had a stimulatory effect on the 

net assimilation rate of the plants. Thus~ plants i n-igated 

with Hoagland's nutrient solution containing 50 mM 

showed a nearly two-fold increase in the net assimilation 

rdte than that recorded for untreated controls. Whi Ie 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 

-1 -1 
weight day ~ showed the highest value on 7th day 

planting. With progressing time~ however~ the growth rate 

showed a consistent decline till it registered negative 

values on day 67. E>lcept on 7th day when the plant treated 

with either 5~ 20 or 50 mM nitrate showed higher values for 



Fig.G·~Effect of varying doses of NO- on 
e=~==~~ 3 
assimilation rate with time in plants 

the 

of 

changes in net 

common buckwheat 
CFagopyrum esculentum Moench) grown in sand culture under net 

house conditions. 

Fig.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 in sand culture under 

net house conditions. 
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RGR, there was no significant differences in the raltive 

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 muctl 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/l00 mg dry 

weight of the plant, showed a progressive decrease with 

progressing time between 7th and 67th day after planting. The 

magnitude of decrease was, however, more marked, between 7th 

th 
and 19 day after planting. 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 0.7 

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 



Fig: 6.7 A: Plants of common buckwheat groHing under sand 

culture and jrrigated with Nitrate free Hoagland nutrient 

solution (a) , Hoagland nutrient solution supplemented wi t.11 

5 roM NO.3 (b) , Hoagland nutrient solution supplemented wi th 

20 mm NO-; (c) , Hoagland nutrient solution supplemented wi th 

50 m!"! NO; (d) . Photograph taken 31 days after planting. 

Fig. 6.7 B: A close up photograph of plants of common 

buc}n.,heat growing under sand cuI ture wi th Hoagland nutrient 

solution supplemented wi th 50 rrll1 NO-.3 . Photograph taken 31 

days after planting. 
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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 

with nitrate containing nutrient. solut.ion 

consistently maintained higher levels of total nitrogen than 

those which were irrigated with nitrate free 

solution (Table 6.3; Fig. 6.8). 

nutrient. 

In order to determine the partioning of nitrogen 

between various tissue segments of the plant, 

plants were separated into shoot, leaves, petiole and stem. 

The dry weight of each segment was determined, a'f ter dr-ying 

in an oven at 80°C for 72 hours. The dried samples were 

digested and the digests used for the estimation of total 

nitrogen content of the segment. The nitrate content of each 

segment was determined after extraction with HCr. 

segment the activity of nitrate 

determined. The content of reduced nit.rogen 

In each 

was 

has 

also 

been 

determined as the difference between total nitrogen and 

nitrate nitrogen. 

When expressed as amount present per plant, the 

content of total nitrogen in the plants showed a consist.ent. 

increase with progressing time between 7 and 43 day after 



Table 6.3 : Effect of varying doses of e~ternally supplied 
nitr-ate on the leaf nitTogen content and t.otal nit.rogen 
content in plants of common buckwheat. grown under sand 
cultul-e. 

Days of 

Planting 

'7 
/ 

19 

31 

43 
L.- c:-
JJ 

67 

7 

19 

31 

43 

55 

67 

Nitrate Concent.ration (mM) 

Con t . 5 20 50 

Tot.al Nit.rogen (mg/l00 mg dl-y weight leaf) 

0.62 (1.70 0.91 0.91 

(1.50 0.66 0.75 0.79 

0.46 (1.62 0.66 0.72 

0.44 0.60 0.64 0.65 

(1.41 (l.60 0.62 0.64 

0.41 0.53 0.57 0.60 

Total Nit.rogen (mg/lOO mg dry weight. soot) 

(1.71 0.81 1 . 13 1·17 

(1.38 (1.59 0.60 0.62 

0.31 (1.50 (1.52 0.53 

(1.29 (1.40 0.42 0.43 

(1.29 0.38 0.41 0·43 

(1.30 0.37 0.42 0.42 



FiQ.6.8; Changes in the concentration of total nitrogen 

expressed as mg/l00mg plant dry weight (6,4,A, ~ ) with time 

and the content of total nitrogen per plant (O,[3,GJ,") 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 externally. 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 l-eceiving either·· 

5. 20 or 50 mM of KNO-. However. . :I. differences were 

in the pattern of accumulation of nitrate nitrogen in the 

plants. Thus with increase in the supply of external nitrate, 

the plants accumulated more of ni h-at.e nitrogen than I-educed 

nit l··ogen • 11- respec t i ve of the t.l-ea tmen t., t.he content of 

total, nitrate and reduced nitrogen, expressed on per plant 

basis, showed a consist.ent increase wit.h progressing time. 

Thus a more than three fold increase in the level of each of 

the const.i tuents was l-ecorded wi th progl··essing time between 7 

and 55 days. When compared with the untreated contr·ol plants, 

marked differences were observed in the level of total and 

nitrate nitrogen in plants receiving nitrate supplemented 

irTigating solution. Thus thel-e was a mor-e than two-fold 

increase in the content of total nitrate and 

n i tl-oyen l-especti vel y, in all t.he nit.l-at.e t.reated plants. 

Howevel-, no mad::ed diffel-ences wel-·e ObSel"Ved in total dnd 

nitrat.e nitnJgen levels in plant.s receiviny eit.her- 5, 20 and 

50 mM nit.rate in t.he irrigating nutrient solution. The 
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highest accumulation of each total, nitl-ate and reduced 

nitrogen was observed in the leaf tissue of the plants; the 

petiole accumulated the least amount of each of t,hese 

constituents. During the early stages of gl-owth, 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 

pl-ogr"essing gr'owth, with t.he stem showing mon;? accu/llult:ltion 

o"f t.cJtal and nib-ate nitrogen t.han the I-oot (Figs. 6.9, 6.10, 

6.11, 6.12). Irrespective of treatments the plants showed 

higher" activity of nib"-ate reduct.ase dur"ing the init.ial 

st.ages of growt.h. Wit.h progressing time, however, the 

activity of NR declined markedly. Higher level of NR activity 

was obsel-ved in plants that wer-e i )-rigated wi th ni b"ate 

supplemented Hoagland's nutrient. medium 

6.11,6012). 

(Figs. 6.10, 

Nitl-ogen fertilizer has a decisive influence on t.he 

growth and yields of most. st.able crops throughout the world. 

Principles about the role of nit.rogen have been incorporated 

int.o models that are being used to improve the ef-f icierlcy of 

t.he use of fert.ilizers. Fundamental to these models is the 

knowledge about the dependence of plant growth on t.he content" 

0"1" tot.al nitr"ogen in the plants. Evidence has been obt.ained 

t.hat the decline in cl-itical;Y. N (the minimulll Y. N in t"he 



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 0 ; in root 0; stem ..... ; petiole "; and leaf 

'e; of common 

cuI ti vate,c:J in 

buckwheat (Fagopyrum esculentum 

sand with Hoagland nutrient solution 

Moench> 

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). 





FiC!. b.lO: fr··IE' 1:::Dni::':;~r1t uf: ::'D':::::,l nit~-oilenO: Ij.!.tr-D.te nit~-oC]en 

(Fagopvrum e5~ulentum Moench) cultivated in 

nit. r- c:d: E:? " on 7th day after plantlnq (-,\) . 19th day 
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Fig. 6.11: The content of total nitroqen 0= nitrate nitrogen 

CJ; t-educed nit t-oqE.'n O. ;:-Inrj t. hr:? 1 f:?ve 1 o·F act i v i t Y of nit t-ate 

reductase expressed as umol N02 released/100 mq ~resh weight 

0= in th!2 t-oot 0: stem ~~ \:H2t:i.ole x = and the leaf'.~elf t::Ditllf1l:jn 

buc kl-'Jhecit (Fagopvrum esculentum Moench) cultivated in sand 

with H03qland nutt-i€:~fit ::;.olutiofi supplemented I<'Jith ~o ml"l 

nitrate. on 7th day after p13ntifig (Fig. A). 19th day after 

planting (Fig. B). 43rd day after plantinq (Fiq. C) and 55th 

adv after olanting (Fig. D).' 
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1'- P (11 IC pci r, i '1" t- n('l i;;'r" 0 ~: ;:, '''',.--1 . - -- _.. . ........... , .... , .. .. ..... . t hF! level o~ activity o~ 

o ~ i 1''', t h f.0 t- U C) to; ~:. t E' in ~:: r' 0:: t. 1. C) 1 E? 'X.: c~ n c1 the J e a f. ~ 0 -f C Co iT! rn 0 n 

I::<uc: k ~Ihpi"t (F~)(]()IJ \i t·· \I. in C::"::.r:: U 1 e r·,l:. 1..11'1'1 I'·Ic..if:? nc: h) c: '.J 1 t i v 0. t 0? d in':" C<. n cl 

with Hoagland nutrient solution sUDplemented with 50 mM 

planting (Fig. 8), 43rd Cay after planting (Fiq. C) and 55th 
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plant needed for maximum growth rate) in the plant is related 

to plant mass per unit area in much the same manner for a 

variety of C
s 

arable and herbage crops. Leaf photosynthetic 

capacit.y has also been found too be highly con--elat.ed witoh t.he 

nitrogen stat.us of t.he p I ant. t.hese 

relat.ionships into simulat.ion models of N- response is. 

however. complicat.ed by t.he fact. t.hat. even when growing 

cCoHldit.ions i::H-e constant. and supplies of nubo-ient.s and wat.er 

lIfeet. t.he crop demand. RGR declines and absolute growth 

(1991) have 

devised a growth rate coefficient that is independent of 

plant mass t.hroughout the growing period. This coefficient 

has been devised on the earlier observations of Greenwood et 

al., (1986) that the coefficient is linearly related t.o t.he 

ratio of % N in plant.s t.o t.he crit.ical % N during the N 

In t.he foregoing chapt.ers, 

attempt has been made to descl-ibe the cont.ent. of nitn)gen in 

the plant in I-elat.ion to the levels ot the applied nitl-ogen 

fer-ti I i zer and its I"e I at. i on sh ips with photosynthetic 

ac ti vi ty. The experiment.al data has been subjected t.o 

t.roeatment wit.h mat.hemat.ical models developed by Gl-eenwood et 

iii 1 ., (1986 , 1991). Attempts have been made t.o t.est the 

eof fects oof app 1 i ed n i tl"ate n i tJ-ogen on the 9 r-owth and 

phot.osynthet.ic activity with plant.s cyf common buckwheat. using 

the equations; 



dW(F~t.) 

dt. = 

95 

[Kx (F)] [W(F,t.)] 

}( + W(t.) 

(1) 

Where W(F,t) is t.he dry weight of t.he plant (excluding ,'oot) 

Kx(F) is the growth Y'ate coefficient 

;.( is a constcant. 

Int.egl-atiol'l of above equation would give 

[Kx (F)][T-T J = xln w(F •. t) + w(F •. t) - xln w(F.t )-w(F~t ) o . 0 . 0 

••• (2) 

Where W(F,t) is t.he dry weight of the sample (excluding root) 

at time t. W(F.t ) is t.he dry weight of the sample (excluding 
. '0 

root.) at t.ime t and 
o 

t. 
o 

t.he t.ime uf init.ial 

hal"vest and t. I-epl-esent.s t.he time of neNt hen-vest. Greenwood 

et ~1., (1991) have defined Kx(F) as Kc and W(F,t) as Wc(t), 

so that 

dWc. ( t) Kc>(Wc (t) 
= x +Wc(t.) 

(3 ) 
dt. 

where Kc is a critical growt.h constant and Wc(t) is t.he' 

c,-it.ical dry weight at. crit.ical nib-ogen level. 

Greenwood eta 1 ., (1986) have assumed tha t thel-e is 

a positive "elationship bet.ween critic.al X N in the plant. 

dry matter Nc(t) and plant dry weight Wc(t) and have defined 

the cl-itical nit.rogen content· in a plant. by t.he equat.ion 
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Nc (t) = 1.33+ exp [1.4 - 0.26 wc(t)] (4) 

In the: pr'esent study a growth r'ate coeff icient has 

been extrapolated which is independent of plant mass 

ttH·OLlghout. dLl)-ing t.he e~·:ponerlt.ial phii:lse of gl-owth. At.t.empts 

have also been made to r'elate t.he gl-owt.h r'al:e coef'ficienl: 

with X N in the plant. 

When de:r'ived 'Fr'om the model o'f G)-eenwood et al.~ 

(1991) the RGR defined as xln WeFt) + W(Ft.) f or' the c r'op 

showed a I inear- and posi t.i ve r'el at.i onst) ip wi t.h prog)"essing 

time 'for' each of the fou)- levels of nitrate under' which the> 

plants weY'e growing. The treatment had a ~arked effect on 

the slope of equat.ion describing the 

r·elat.icmship bet.ween RGR and time. Plants showed higi1er-

valuesfoy' RGR t.han untreated cont.rols. When compared with 

t.he cont.r·ols the relat.ive g)-owth )-at.e increased with incr'ease: 

With 1:urthel' 

irler'ease. in t.he concentration o'f nitr-at.e beyond 20 111M there 

was no further increase in the RGR for the crop (Table 

6.4; Figs. 6.13, 6.14). Con-esponding with t.he incr'ease in 

RGR, K>:(F), the growth rate coefficient calculated from 

f:".1quation also showed a positive r'elationship with the level 

o·r applied nit.rat,e in t.he ambient, medium. Thus, t.he value 

'fcn- the coe'f'ficient incn?ased linearly with incr-ease in the 

I E:~ve I of nit rate 'f rom 0 t.o 20 mt'!. Beyond 20 Mt'! nit,r'abo? 



Table 6.4 : Changes in t.he relat.ive growth I-at.e~ e;·:pr·essed as 
xln W(F~t) + W(F,t), with changing time in common buckwheat 
(Fagopyrum esculentum) supplied wit.h varying doses uf nitr'ate 
under sand culture. 

Ni t.rate Days after ~lantirlY 
c:one· 
( /111'1 ) 7 19 31 43 E:,.-r. 

,J,J 

)(1n W(F,t) + W(F,t) 

Cont.l-ol 13.60 33.92 56.35 71.71 72.'72 

5 mM 17.76 37.40 61.65 92.78 11 ~. 20 

20 101'1 18·82 50.08 88.43 122.26 126.29 

50 mM 19.35 52.07 93.49 127.30 131 .3 ..... 



Changes in relative growth rate, expressed as 

xlnw (F,t) + W(F,t) with time in common buckwheat (Fagopyrum 

esculentum Moench) supplied with varying doses of nitrate in 

sand culture under net house conditions-
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bet.ween 
plants 

varying 

Nitrate Cone. (mJ.l) b 2 a r" 

Control 9.350 1.300X 0.965 

<::" 
OJ mIJ 4.829 1.692X (I. 93c"~ 

20 mIJ 7.000 2.392)( 0.97'1 

50 mIJ 7.419 2.493X 0.97:::. 



Fig.6.14; Changes in the relative growth rate expresed as Xln 

W(F,t) + W(F,t) in common buckwheat (Fagopyrum esculentum 

Moench) onf9th day, 31st day and 43rd day after growing in 

sand culture under net house conditions-
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concentr'ation there was no marked incr'ease in the value for' 

the coeffic.:ient. CTable 6.5; Fig. 6.15). On the basis ot this 

da t.a t.he min i ma 1 1 eve 1 of app 1. i ed rd tTa t.e r'equ i r'ed t.o ach i eve 

the ma)·:imum gr-owth has been detennined. Thus undel- condit.ions 

o'f the present. study a concent.r·at.ion of 20mM nitr·at.e in t.he 

e}: terTlal med ium could support. ma>: imulll gr·owt.h of the crop. The 

growt.h rat.e coeff ic ient. CKx CF» at this level of applied 

n i trat.e has been descl- ibed as c r it. i c.:a 1 growt.h c.:oeff ic 1 en t 

(k c (F) ). OIH" l""f?sul t.s t.hus r'evea 1 

c.:oef·fic.:ient. of 2.803 f01- t.he c.:rop unde.... conditions of t.he 

pn:?sent. study. The rate coedf ic ient had a 

significantly posi t.ive carr'elation with t.he conc:entr'a t.iol1 

of 1.:01al nitr"ogen in the plant (Table 6.3; Fig. 6.16). 

However' the slope of t.he equation describing the r'elationship 

bet.ween KN(F) and concentr'ation of total nitrogen in the 

plant incr'eased wittl incl-ease in t.he age 0'1' the plant. The 

also 

had a signi-Ficant.ly posit.ive r·elat.ionship with X nitrogen~ 

expr'essed on dry weight basis~ in the plant (Table 6.6; Fig. 

6-17). It is clear' fr-om the equation that. a gl-eat. deal of t.tl!:! 

etfects of growt.h dilution and deficiency of nitrogen can be 

accounted for by this y·elat.ionship and thus by di'ffel-ences in 

The effects of N deficiency on 

Y'elative growth rate carl~ theY'efoT'e, be treated by assuming 

a 1 inear' n~latiQrlship bet.ween t.he (.:;Jr·owt.11 I-ate coe·f·t'icient 

(K)·: (F) and ~~ N in the plant .• fOUl" r·esult.s r'eveal a signii:icant:. 



Table 6.5 : Changes in the V):(F) with changing concentration 
u f nit lcd·p SllPP 1 i C'd to common buck wheat (F ago pyrum 
e:..o;:;,:::uientum.l gr-ol.-Irl under- sand cult.ure. 

Ni t.r-at.e cone· ( ml'l ) K>: (F) 

ContTol 1.794 

5 mM 2.196 

20 mM 2·eO~ 

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 

condi t-ions-
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Table 6.6 : Relat.ionship bet.w~en i<}: (F)h: + W(F, t.> and time in 
common buckwheat (Fagopyt-UfII escuieTlium) supplied with vC:lryiflY 
doses of nit.r-C:ll.~ LInder sand cult.ur~. 

Nit.rat.e 
conc. 
(111M) 

Contr·ol 

5 ml'l 

20 ml'1 

50 mM 

7 

0.147 

0.136 

0.164 

0.166 

Days af tel-

19 

Kx(F)/x + W(F,t) 

0.056c> 

0.0374 

0.0329 

0.0593 

plant.ing 

31 43 

0.0330 0.0260 

0.03'74 0.0246 

0.0329 (1.(1230 

0.0324 0.0236 



Fig~6.16; The relationship b~tween 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 X N in whole plant 

common buckwheat CFagopyrum esculentumMoench) grown in 

culture under net house conditions. 
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~nd positive cor"relation between the two. Kx(F) w~s lineClr"ly 

I-elate to X N at each hal-vest date: the gr"~dient. incn:?asin9 

with the incre~se in the concentration of nitrate in the 

irTigat.ing solution. However, the value of NO-
9 

,cor"r"espond ing 

t.o K>: ( F) = 0 • 

Inc. r"ease in t.he level 01' in the ambient 

rlutr"ient medium had a positive effect on the ~ccumulation of 

the mal-:imull\ ~ccumulat.ion o"f total n.lt.l"ogen was observed ~t. an 

afllb i en"\.: nit l""a te supp 1 y cd 20 1111'1. Beytmd 20 ml'l amu i en t. 1"1 i t r"CI t.e 

supply there was riO further "inc.:n::~~se in t.he content of 

nih"oyen in the plar,t"!:> (Figs. 6-18, 6.19). "The photosynthetic 

activity in the plant, descr"ibed as net. assimilat.ion 

showed CI posi t.i ve relationsh ip wi th the cont.ent cd' nitlogen 

in the leaf. Thus NAR showed a consistenl increase wit.h 

incl""t?ase in the concent.r-ation of nit.r"ogen in t.he leCl"f, CIt. any 

stage of yr"owt.h (Fig. 6.20). Greenwood et al., (1986) have 

descr"ibed t.he relationship between photosyntheic activity in 

t.he lea"f wit.h per"cent. nitl-ogen in t.he le~t: by lhe equatiull 

P =l"lN +C 
L L L L 

wher"e P - lea"f photosynt.hesis 
L 

N = cont.ent 01' per"c.er,t rdtr"ogen in the lea"f 
L 

C ~nd M are constant!:> ~ and b respect.ively. 
L L 

(5 ) 



Fi9.6~8; Changes in the nitrogen content of leaf expressed 

as mg/100 mg dry weight leaf in common buckwheat (Fagopyrum 

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 

(Fagopyrum esculentum Moench> grown in sand culture under 

net house conditions supplied with varying levels of external· 

nitrate-
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Fig.6.20jRelationship between net assimilation rate and 

leaf nitrogen concentration expressed as (mg/l00 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, band equation 

P = M N + C obtained for plants of 
L L L L 

common buckwhe2lt, 

growing unde\- varying levels of nitrate fertilization, at, 

va 1-' i ous da tes of heH'ves t. a r'e p I"esen ted in Table 6.8. An 

analysis of the data on net assimilation rate as a function 

o"f leaf rdtl-'ogen cont.ent )-eveals that a genE-r'al decline, wit.h 

pr'ogr-esslng time~ in the value of l.he slope o'f the )-E.'gl"ession 

equation t.hat described the relationship bE-tween NAR 2Ind leaf 

nitr'ogen content. It is thus clear t.hat wi th pn.1gr'esslng 

qr'owth then= was an incl'ease in the nit.r'ogen l'equ i )"emen t. of 

the plant. to sustain minimal photosynt.het.ic activit.y. 

The rel2ltionship bet.ween the content of t.otal 

nit.rogen in t.he leaf with t.he cont.ent of to t.a I nitrogen in 

t.he whole plant h2ls been defined by Gl'''eenwood et i21., (1986) 

by t.he equation 

N - t'l N + C 
L W W W 

whel"e N = content of percent nitrogen in the leaf 
L 

(6 ) 

N - content. o'f per'cent nitn,:lgen in t.he whole plant 
W 

1'1 and c.; 2I\"e constant a and b \"espect.ively. 
W W 

In the present study t.he concen t.f'ation of N in the 

lea'f showed a linea)" )-elationsllip with the aver'age l'litTogen 

concentration in the whole p~ant. over a subst.antial 

2 
(average r' ::::: 0.9) (Fig. 6.21). Int.egration o'f equ2Itiol1s 



Fig. 6.21; Relationship between total leaf nitrogen content 

expressed as mg/l00mg dry weight and total nitrogen content 

in the plant expressed as mg/l00mg plant dry weight in common 

buckwheat (Fagopyrum esculentum Moench) grown under varying 

levels of externally supplied nitrate, under net house 

conditions-



-.-
.s::: 0·8 0" 

OJ + ~ 0·7 
>-
~ 

'0 0·6 
0" 
E 0·5 0 
0 
..... 0·4 0" 
E -
(J 0·3 
c 
0 
u 0·2 V=0·153+0·986X 
z 

- 0·1 0 
OJ 
-I 

. 0·1 0·2 0·3 0·4 0.5 0·6 0·7 0·8 
Cone. of N in whole plant 
(mgllOOmg dry weight) 



100 

and 6 would give t.he r"elat.ionship bet.ween t.he phot.osynthetic 

act.ivit.y in t.he leaf descl""ibed as NAR wit.h t.he c.ont.ent. of 

t.ot.al nib-ogen in t.he whole plant. by t.he equation 

P - M M N + M C + C 
L L W W L W L 

where PL - leaf phot.osynt.het.ic act.ivit.y 

N - cont.ent. of percent. nit.rogen in t.he whole plant 
W 

t'l C + C and t'I 1'1 c:lfe the const.ant.s a ,,:\lid II L W L L W 

l-espect.i vel y. 

To pr"ovide an est.imate of t.he impor"t.ance C"Jf t.he 

const.ant.~ average value of M • C • Mw and C 
L" L" W 

were obt.ained. 

Subst.it.ution of t.hese values in equat.ion 6 would giVE" 

p = 0.0099 N + 0.656 on 19t.h day at tE'l- plant.ing. 
L W 

F' = 0.0012 N + 0.308 on 31st. day at t.er- planting and 
L W 

P - -0.0554 N + 0.372 on 43rd day aft.er plant.ing for plant 
L W 

of common buckwheat growing under sand cult.ure under varying 

levels of nit.rate supply. 

DISCUSSIONS 

The pr"esence of nitrat.e ions in the nut.rient 

solution had a stimulat.ol-y inf luence on t.he gl""uwth o"f tile 

plant.s. Thus when compared wit.h those plant.s which were grown 

in a nit.rat.e free medium, plant.s gl-owing ina Illt:!d i Lilli 

c.ont.aining nib-at.e ions had ,ignificant.ly higher" levels cd 
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dry matter. A nearly two-fold increase in the amount of d,"y 

matter accumulated was observed in plants irrigated with 

Hoagland's nutrient medium corltaining 20 mM KNU-. There 
9 

wer"f."-? 

no marked dif"ferences in the dry matter content of plants 

receiving eithel"" 20 or" 50 R,I'1 o"f rlitrat.e. This obser"vat.ion is 

in ac.:col-dance wit.h t.he results of Huet.t and Det.t.mann ( 1991) • 

They have n:?po\"-t.ed that" the optimum p\"edicted N-"level "for" 

Illan:imum dry matter" production was 14.2 mM-:I "fOI- Lettuce~ 18.1 

-~ " -~ 
mML "fOl- Zucchini squash and 11.6 mML for potato. In t.hei r" 

study on t.he efficiency of leaves in dry mat.t.er production, 

Peannan ~ et al.~ (1977) have t.hat. ni t.r"ogen 

fert.ilizat.ion had a stimulat.Ol-y effect. on t.he accumulat.il:.lfl of 

dr"y weight. of the veget.ative part. of t.he plant.s. They have 

stat.ed t.hat~ when nitrate is giverl in higher amounts~ mOJ"e 

ptmt.osynthat was dil"""ect.ed t.o the stem~ which in turon lead to 

higher dr"y matter accumulation. 

The t.otal number of grains produced by plants 

J"ece i v i ng 5 mM n i b-a te was 180 per p I an t. Th i s was ne.:u-l y 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 Huagland's 

nutrient medium cont.aining 20 or 50 mM nit.rat.e. From the 

results, it is obvious t.hat the optimum N-requirement for 

maximum grain yield in common buckwheat was lower t.han t.hat 

for t.otal dry matt.er pr"oduction. Thus while the plants 
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showed a ma;,:imum grain yield Lmder- 5 ml'1 nitl"ate supply~ the 

ma>: imLlln dry matt.el" pr'oduct.ion by veget.ati ve par-t.s cd t.hl::: 

pli::int was achieved in plants irTigat.ed wi t.h a nutrient 

solut.ion cont.aining 20 mf'" KNU-. 
9 

The 

illust.rat.e that. t.here is a compet.it.ion for' assimilat.es 

bet,ween vegetative and l""'epl-'oductive pal-ts of the plant. Huett. 

and Dettman (1991) have reported that, the optimum N-levels 

fOI- ma>: imum yield in lettuce wer'e 5 t.o 11 'and for-

pot.ato was 7 m"'lL-~. In their- analysis of t.he gn:~th 01; 

sp',-ing wheat, supplied with differ'ent. amounts o'f nitrogen 

fel-tilizer', Thomas and Thor'n (1971) have observed high~r 

amounts of ni tr'ogen pr'oduced bigger plants wi ttl lar'ge leave:; 

Th~y have attr'ibuted the 

dec j"€:.' a sed gr'a i n yield to a sign i f i can t change in the rate 0-;' 

photosynt.hesis of the leaves. This change makes the leaves 

i nef f i c i en t, in con t1- i bu t i on towards grain p l"oduc t 1 on. 

Pear-man et al., (1977) have at.tributed, this inefficiency of 

the leaves of crops, given hi ghel- doses 0 f n i tl-'ogen, in 

pl-oducing gl"ain, to the effect. o'f nitl"ogen on respil-ation. 

As compared to the untreated control plant.s 

irrigated with Hoagland nutrient solution containing 5 , 

50mM nitrat.e, showed a nearly 2 fold increase in 

upt.o 43r'd day a'ft.E:f' plant,illY. This wa5 also ,'eflE:cted in 

the dry mi::itter accumulation of leaves. I I'Tespecti ve 01' the 

tl-eatments, dr'y weight. o'f the leaf incr-eased with pr'oyn='ssiny 
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time upto 43rd day. Beyond 43rd day then? was no mal-ked 

c.:hange in the dry weight of the lea'f wit.h pl"ogl"essing time. 

In the present experiment, the dry matter accumulation in lhe 

leaf was dose dependent; thus leaf dryweigl,t incr'eased with 

inc.:r'eased nitrate content in the Hoagland"s nutrient 

solution. In cont1-ast, the total leaf aj"'ea r'atio wa& by and 

large independent of supply; however, plant.s 

r-ec:eiving 5 111M nitr'ate had a mal-yinally higher' 

j'c:\tio than t.he ni trate star'ved control 

t r'e:a ted "'J i th 20 t:))- 50 111M n i t1-ate: • It 

results that, in Fagopyram escnientum, 

plants 01" plant.s 

is c 1 ea)" "f j""Ofil the 

5 mM nitrate was 

su1''1'ic.ient. to maintain optimum phot.osynthetic.: activity in 

the crop dUI-ing the expel-illlental phase of gr'owt.h. Diffel"enc.:es 

in the ni tTogen tr'eatments affect leaf e>:pansion (Bottl-'ice et 

a1., 1980) by influenc.:ing photosynthetic.: quant.ulll yields and 

dark respiration or by making c.:hanges in the demand fo)" 

photosynthetic rates (Nova and Loomis, 1981). 

cellular' expansion and leaf watel- r'elation ship has bee:n 

l"eported to be affected by nitl-ogen deficiency <Radin and 

Bryer, 1982; Radin and Parker, 1979) . Nit.rugen defic.iency 

lIlay also cause seconda)"y deficient..:ies of other' essent,ia .l 

nutrients (smit.h, 1962). Huett et ai., (1985) obsel"'ved that 

in Ama-,.'ani:hus pONe11 i wats. Va r' i at i on s in the nitY'l:Jgen 

cunt.ent brought about changes in the lea'f area uf the plant.s. 

In the pr'esent. invest.igat,iofl, when the nib-ate cuncenh"at.ion 

in the irTigat.ing solution was incr-eased, t.he 
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t.he plant. also showed a cOI-r'esponding increase. Ther'e"fon2 it 

is I.H·obable t.o make i:m assumpt.ion that., in fago pyt· um 

esculen"tum, incr'eased nib-at.e level r'esul t.ed in increased 

cell e>:parlsion i:lnd cell division. The incr-eC:lsed c.ell 

e>:pansion i:lnd cell division helped only t.o incr'ei:lse t.he lei:l1' 

i:H'ei:l i:lnd lei:l'f dry weight. but did not. play i:lny r'ole in t.he 

l--i:ll.io o'f leaf al-ea t.o whole plant:. dr'y weigh!: .• l"he presenL8 

(:yf .... itr·at.e ion hi:ld a st.illlulator-y e"f"fec.t. on net assilldlat.iol"l 

rat.e in common buckwhei:lt; t.hus i:I mOI"'e t.hi:lfl 2.5 fold increi:lse 

in net assimi li:lt.ion r·i:lt.e Wi:lS obsel"ved in plant.s sLlppl ied wi t.h 

Hoagland's nut.rient. solLlt·ion conti:lining 5,20 or' 50 mN 

l.han that obser'ved in ni tr'a l.e st.ar·ved cont.rol plant.s. 

However', t.here was no madf.ed diffel-ence in the NAR, bet.ween 

pli:lnt.s receiving 5, 20 or 50 10M KNU-. 
3 

contl-ibut.or· for dl-y mat.ter· accumulation 

Leaf 

in 

being a majol" 

t.he pli:lnt., t.he 

fact.ol"s influencing its photosynt.het.ic capacit.y, af·fect.ed t.he 

NAR. When compared with nitrat.e st.arved cont.rol plant.s, a 

nearly 2 fold increase in RGR was observed in plant.s 

in-igated wit.h 5,20 or' 50 \liN I<NO-. Like NAR, t.he RGR t.OO did 
3 

not. show any marked vi:ll-iat.ic)fI bet.ween plant.s reLeiving eit.her· 

50 /liM KNU-. 
3 

5, 20 or BlacklJlan (1961) hi:ls summarized 

effect. of nit.rogen upon plant. growt.h by st.at.ing t.hat 

increases in r·E:'li:lt.ive gl'-owth l-at.e due to i:lLlgmf::.'flt.ations in 

nitrogen supply could be attribut.ed to increases irl leaf dr'y 

weight n:.'\tio r'ather' than to changes in lei:l"f i:lr"ea· In 
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Fagopy.,-um es.;::uleTitum, t.he effect. of nit.rogen application Oil 

LAR appec:\r°s t.o be t.he majoro cause of irH:.roeasE' in NAR and RGR. 

In ordero t.o det.ermine t.he pal-t.i l:ioning of variuos 

nit.rogenous component.s wit.hin t.he pli:lnt.~ pli:lnt.s °fr°om ei:lch oof 

the fOUTo treat.llIent.s wen? hcoHovest.ed at. diffel-ent int.erovals and 

harvest.ed plant.s wer-e separated int.o diofoferellt. unit.s- Froolll 

each unit. nih-at.e nit.l-ogen~ t.oti:ll nitor-ogen, .,.-educed nit.l"I:Jgen 

arid NR i:lc.tivit.y have been calculcdoed. The I-esult.s, obt-c.dned 

during the courose of t.he st.udy reveal i:I llIi:lximulll level 01' 

vi:lroious nit.rogenous components in plant.s in-igat.ed wit.h 5 roM 

KNU • lncl-ease in 
3 

t.he nit.r-at.e concent.roat.ion beyond 5 IIlN 

failed t.o bring about. any significant. variat.ions, in 

various nit.rogenous component.s in t.he plant.s> 

Leaves were ext.remely self support.ing in t.erms of 

acculflul i:lti ng t.ot.i:I I n i t.n:Jgen, and n i t. I-a t.E' rl i t.r ogen > Pet-iul es, 

by contri:lsl: were ini:lct.ive in nib-at.e assimilat.ion. Pn:Jbably 

t.ht::~ pet.iolE's //lUSt. i:lcquiroed n:-duced nit.roogen °foro t.hE'ir 

fl-oom ot.her tissues of t.he plant.s. These observat.ions are in 

accordanc.e wit.h t.he findings of Jeschke i:lnd Pat.e (1991) ~ who 

while descroibing the nutTit.ional int.er-actions of shool. pi:lrts 

of diofoferoent: age i:lnd t.ype, 

bet. t.he li:lminae of tohe 

IflO~ than self supP9rt.ing 

nit.rogenous component.s. 

in 

o 
suggest.E'd t.hat. in cast.!1"" 

leaves we °e lowest. mi:l toure 

terms generat.ing va 1°° i ous 
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In the pr'esent. st.udy, levels of vc\l"ious nit'l"ogenous 

component.s wer'e maintained, in r'oot. as well as basal part.s 01' 

t.he st.em, t.hl'''oughout. t.he period of study. This obsel'''vat.ion is 

in accoy'd wi t.tl the t.heoY'y of dowrlwal"d translocat.ion 0,: 

,..1 t,j'"ogel10LlS COfllPOUI'lt.S, P)'''oposed by Jeschke and Pat.e ( 1991 ) • 

IWhlle t.he leaves possessed, relat.ively higher' amoLlnt.s 01: 

V"H' i OLIS nit j"ogenoLls constit.uent.s, the stefl! t.issLles 

i:\ccuilluli:\t.ed j"elat.ively lower levels of varioLls nit.ogenoLls 

const.ituent.s. This is in eonSOf'lance wit.h the observat.ion o'f 

Rollinson and Mi lli:\l" (1987) in potato. lher"e observation 

revealed t.hat the young leaves possessed 

significant.ly h ighel" levels of varioLls ni t.rogenoLls 

eOl'lst.ituent.s than t,he stem t.issues. 

In Fagopyr'um esculentum leaves probabJy i:\ct i:\S 

st.ol-age or gal'ls. '1 his specu 1 a ti 011 is a n:?'f 1 ec t. i on of t.he 

signiflci:\ntly higher levels of val"ious nit.rogenous compount.s 

in t.lle leaves, especially leaves. F )"(JJI) t.h e 

leaves the nit.rogen reserves are presumably divert.ed l:owi:\ l"d S 

grains dUl--ing t.heir" developl1lel"lt.. 

Fagopyr-um esculentum showed i:\ posit.ive relationship 

linking nit.r"ogen c.ont.ent., gr'owt.h rat.e and plant mass. The 

per'cent.age nit.n.Jgen in the plant. declined as t.he plant gl-OWS' 

For this phenomena, Gr'eenwood, et al., (1991) 

a hypot.hesis. ACcol-ding to t.his hypot,hesis t.he phot.osynt.het.ic.: 
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""ct.ivt.ies in t.he plant., described ""s rate o"f 

pl""oduction are stl-ongly influenced by t.he content. of nih-ogen 

in photosyn t.hc-s is t. issues (yf the plant.s. ThE' rel""t.ionship 

between the nitr"ogen st""t.us 0"1' t.he leaves and the ""ctlvity 0"1' 

RuBP car"bo>: y 1 ase in t.he leaves hi:\s been emph""si ~ed by Evans 

(1983). Results obt.ained in t.he pn:?sent" investigat.ion clearly 

revE'""led a posit.ive betwe!:?,., 

percentage nitr-ogen in t.he whole plant. ""nd t"he growth 

coefficient. K (F). as derived i:lccording"to the mouE'1 pr"oposed 
)( " 

by Greenwood et aI., ( 1991 ) • The positive 

l-el""t.ionship bet.wElen per"cent N in the leaf and that in the 

whole plant. ""5 obser"ved in the present study r"eveals the 

intel"uependency bet.ween le",,"r and whole plant., in respect of 

IIi h-ogen sta t:us, to suppor"t. the growt.h and dry mat.t.er" 

accumul at" i <"11'1 in t.hE' pI ""n t.s. 

In t"he present. study, the plant.s r"eceiving 20 mt'l 

nitr"""l:e showed the ma>:imum r"ate of dry matt.er acculllulat.icm. 

Besides, t.he plant.s also ""ccLilnulat.E'd t.he lIIa;":iIfILllil i:\IlH.)unt. 0"1' 

n i tJ"ogerl at t.h i s level of nitrat.e "fertilization. 

Howevc-r" , thE' Yi~\~d r"eSpOflSe of Fagopyyum ~sculeutum t.o 

nit-r"ogen seems to be optimum at low (5 mt1) than at high 

levels of ""pplied nit.rate. Under ccmdi t.ions of suboptimal 

nitr"ate fertilization ttle rat.e 01' dry matter increase 

""ppe""rs to be lil/lited by t.he photosynt.hetic. ""nd associ""tE'd 

fact"ors- !"tds supports the concept. in common buckwhe""t Ul""l" 
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is positive relationship be t.we I:::.'n 

fer'ti 1 izat,ion and ni tl"'ogen accumulation in the plant. OLlI'" 

results also clear ly establish the posit.ive l"elat.ionship 

between the nitr'ogen st.atus of t.he plant: and t.he rate of dr'y 

IOdt.t.el" product.ion by t.he plar,t. lJul"iny the e>:per'ill,ent.al ~hdse 

of gl"owt, t.he relationship bet.ween rlitrogen St.dt.US o'f t.he 

pldnt. dnel photosynthetic Clct.ivit,y in common bLu.:kwhedt t:drt ue 

deSCI"ibed by t.he equdtion P = 0.308 + 0.0012 N where 
L W 

P = lea'f photosynt.hesis. FU1"t.her r'eduction o'f N .... ' supply hdS 
L 

d I so l"edLic ed (X N) in t.he leaves, s t,ems dl'ld root.s in 

pr'opor'tion to one dnother'. Since the I-at.e o'f photosyr,thesis 

val" i ed d t d iff el"en t phases of 9 j'OW t.tl, F~gopyrum esculentum 

st.ages of it.s young dge. 
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Nitrate uptake and utilization is pr'esentl y 

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 b i ochemi stl-y of its uptake and 

assimi lat,ion. rherefore, an undel-standing of physiology cmd 

biochemistry of its uptake and assimilation is necessary to 

develop protocals for fertilizer regimes for imp,'oving 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 

nit.r"at.e nitl-ogen in common buckwheat (Fagopyrum esculentum 

Moench) , a psuedocen?al of extreme economic 

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

grains and its capacity to grow on poor soils, 
I\­

is scaty. 
1\ 

A 

survey of the literature reveals that certain characteristics 

possessed by this crop give it an advantage over the 

c.onventional cr"ops. The importance of the plant lies in the 

pr"otein quality of its grains, short gl-owth span and hardi-

ness of the plant, Besidesthe foliage is used as a green 

vegetable and in an impol-tant commercial SOUl-ce of t.he gluco-

side "Rutir," which is used as a medicine. Howevel-, because of 

some pl-obleHls associated with its gl-owth like indetenninate 

growth habit, the crop has not being cultivated extensively 

and comes under the category of under" uti I i zed crops aa 

classified by International Bureau of Plant Genetic kesourc.es 

(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, 
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(b) characterize the uptake of nitrate in in t.~c t 

seedlings as well as excised roots of buckwheat 

seedlings under hydroponic culture~ 

function of time, 

accompanying ions~ 

NU- concentration~ 
9 

as 

pH and 

(c) determine the relationships between photo-

synthetic activity and nitrate utilization 

in the plant dUl-ing v~l-ious phases (J"f 

growth in the plant~ so as to determine the 

ni tl-ate ni trogen r"egui l-ement of the cr"op at 

various stages o"f gl-owt.h. 

In order t.o assess the growth and yield attributes~ 

the seeds of seven accessions of buckwheat which were 

procur"ed 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 int.o 

three categories. The data on the size and shape of the seeds 

of seven accessions further illust.rated th~t the seeds of 

seven accessions were not similar to each other at least 

morphologic~lly. However, t.he seven accessions did not differ 

from each other markedly in the chemical composition of their 

gr~lfls and growth beh~viour". The cone lusion has been corTobo-

r·~ted by growt.h indices such ~s Leaf Area~ LAR~ NAR ~nd kGR~ 

calculated separ~tely in each of the seven ~ccessions· 
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Fur't.her an anal ysi s of the polygonal diagr'am r'epr'esenting 

variables such as dry weight of stem~ shoot, leaf, r'oot, ""nd 

leaf area for the seven accessions at various stages of 

gl-owt.h revealed t.hat. t.he seven accessions did not- differ­

-fr-om each ot.her, at least. in t.heil- gl-owt.h at.t.ribut.e. 

The plant.s accumulat.ed ma>:imum dry mat.t.el- in abuut-

t.hl-ee weeks aft.er plant.ing. However'~ t.he r-at.e of dr-y matt.el-' 

pr-oduct.ion was ma>:imulll between 'l and 19 days aft.er- plant.iny, 

in each ot t.he seven accessions. A significantly posit.ive 

relationship was obser-ved bet.ween leaf ar-ea and dr-y mat.ter-

accLHrfulat.iol1 in t.he cr-op. 

The cr-op at.t.ained lIlat.LIl-ity in about. si>: weeks t.ime 

and complet.ed it-s life cycle in about. 9 "\:-0 10 weeks. Howevey-, 

because o-f the int.el-mediat.e growt.h habit., the -1' lowering 

ext.ended from about. 4 to 7 weeks after plant.ing. HoweveI- , 

al/fong t.he seven ac.cessions of buckwheat BDS-1354 distingui-

shed i t.sel f by possessing det.enninat.e gr-owt.h habi t and 

synclH-oronizat.ion of seed mat.LIl-it.y. Seedlings of t.he plant. 

showed a I inear- and st.eady ni t.r'at.e upt.ake during t.he ini t-ial 

60 lIlirrut.f.~s upon e:-:posuI-e t.o the Hoagland's l1ut.r-ient mediulll 

cont.i::\ining 5 mM nitrate as KNO-. Significantly, there was 
9 

lag phase in the upt.ake of nit-rate by t-he seedlings. Aft-el" 60 

minutes t.he upt.ake tJ"f rfit.rat.e gr-adLlally slowed down unt.il it. 

attained a plateau at t minutes. )Juring t.he 
180 

corTesporfd i ng 

pel-iod t.he concentl-at.ion of nitr-ate in the ambient. nutrient 
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medium showed C:\ gl'"adual decn::ase wit.1! pI"ogressing t.ime. When 

expressed as ~mol nitrate taken up mg dry weight root-
. -1 

mln· , 

the seedl ings showed a ma>: imum uptake rate during t.he ini tied 

30 tTrinut.es of incubation in the nutrient medium. The rate 0'/ 

uptake showed a pregressive decrease with progr'essing t. i Ille 

unt.il no signficant uptake was obser-ved C:\'fter the 3nj houl- of 

incubation. Decl-ease in the concent.ra t.ion of: ni t.l"ate in the 

al/lb i en t. fiLl boo i en t !lIed i um I-,C:\d no appa )"I,:n t. ef f ec t. 01'1 

of nit.l·C:\te uptake by the seedlings c:\s a funct;ion of time. 

St:edlil'.gs in t.est. solutions whose concel'ltrC:\tion of niti"C:\t.e 

was kept cortst.C:\nt, also showed a pattern 01' uptake similC:\r t.o 

that shown by seedlings in test. solutions in which the 

corH.::entl-C:\t.ion of nitrat.e ions w.as C:\lluwed t.o deplet.e (.)vel" Ul+;: 

period. Thus, fl-om C:\n analysis of the cumulative uptake of 

nit.rat.e by buchwheat· seedlings and chC:\nges in t.he rat.e of 

uptakt: wit.h pr'ogr'essing t.ime, as detel-mined in 

investigation, it can be assumed that t.he uptake of nit.l"at.e 

i:\C n.J50S t.he root. plasma Hleilibrane in common buc.kwheat is 

filed i i:\ t.ed t.h l"ough C:\ low cC:\pacit.y basic syst.em. It seems 

reasclnC:\ble t.o postulate that the cC:\rr-iel- 'for' nitl'·at.e ions in 

t.he seedlings is i:\ll-ei:\dy pr'esent in the system becC:\use ot c:\f1 

endogt:noLls supply o'f nitrate. The obsel-ved decl'"E-aSe in thE-

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

the i::\ve:dlable storage component.s in the seedlings and not. t.o 

C:\ decrei:\sing nitrat.e concent.ration in the i:\mbient nutrient. 

medium, beci:\use the rat.e of uptake in t.he seedlings, which 
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we)"'e kept. in t.est. solut.ion in which t.he level of nit-l-at.e was 

kept. const.ant. all t.IH'ough, showed a t.rend similar t.o that. 

obsel-ved f or' seed 1 i ngs wh i ch wen:? k ep t, in test so I u t. i on in 

t'\lh i c.h no rep 1 en i sholen t. for' t.he loss o'f nit. r-a t.e as a r e:;ul t. of 

the uptake we,'e made. 

When t.hE' concentl"ation of nib-ate in t.he flu'lTient 

medium was varied from 0.05 to 5.0 mM, the rate of nitrate 

obso)'-ption by bLlckwheC:1t seedlings wt:ts a 'funct.ion o't e>:t.en1.::d 

nit.l"at.e concent,l"at.iofl according to Nicht:telis-t'lenten Kinetics. 

The Micht:telis-Menten constant (Kill) and lI'Ia:,:iIllLHfI velot:.it.y 

(V ) for' n i trt:tt.e absorpt.ion by buckwheat. seed 1 ings were 200 
max 

~mol t:tnd 0.276 ~mol mg dry weight. 
-t , -t 

root. mln. n:O'spec. t. i ve 1 y • 

In t.he pr'esence of ammonium and chlorat.e ions, the upt.ake 0'1' 

nitl-t:tt.e by the seedlings was markedly sLlpp,'essed; t.he 

lJlagrdt.ude cJ'f sLlppn:?ssion incn:>asing with l:he increasing 

concent.rt:tt.ion of eit.I'le)" t:t/JImonium or chlol-at.e ions. A 

Lineweavey'-Burk plot for the uptt:tke of nitrate ions as t:t 

'I' unc t. i on of substrt:t te concen t. n,\ t i on, at various levels of 

eit.her ammonium or' chlol-ate clec:\r'ly revealed that while tile 

inhibition due to ammonium was non-compet.it.ive in nat.ure, 

t.hat due to the pn~sence of chlorat.e ions was of compet.it.ive 

in nature. While t.he Km 'fOI- nitrat.e uptake in t.he pr-esenc.e 0'/ 

ammonium remained 200 ~fllol, the upt.ake process in pr'esence of 

0.005 and 0.05 mM ammonium had a V o'f 0.083 and 0.064 
max 

~mol 

-t -t . 
mg dry weight. root. min •• In the presence of 0.005 t:tnd 0.05 

mM of chlorat.e, t.he Km for the uptake of nit.fate was 307 and 
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500 I-IHlol respect.ively. Chlorat.e ions had no effect. em t.he 

v o'f the process. OLll- results indicate that t,he inhibition 
max 

of the nitra~ uptake by ammunium ions is not simply a case 

of amillon i urn p r'ov i ding C:\ coun tel-- i on f or' I'd t. n:I1,:e, the 

inhibit.ion appean;; to be due t,tJe efect of ammonium ions on 

into the seedlings. I he 

inhibitol"y I-ole of chlon,-\l:e ions on nitY"at.e uptake may be 

because the ion act,s as an analogue "for" nitr"at.e irl t.he 

process of nitrate uptake by plants. 

In t.he pr'esent investigat.ion presence 0-[ ni t.rate 

ions in the nut:rient. solut.ion had a st.imulator'y il1f luence un 

t,he gr"owt,h of t.he plants. The highest dr'y mat,tel accumulat.ion 

was ubser"ved in plants i ITigat.ed wi t.h Hoagland nutr"ien I:. 

-medium containing 20mM KNO • Similarly plant.s irrigat.ed 
9 

with 

Hoagland"s l"lui.Tient medium containing 20 mN nib-at.e had l:he 

highes;t value "for' RGR~ LAR and NAR. The pr"esence of nih"at.e 

ions in the nutrient. medium had a stimulatory efi'ect on the 

IH-:1t assimmilat.ion r-ate of the plants. Thus plants irTiyated 

wit.h Hoagland"s nut.rient medium containing 20 mt1 nib"al-.e 

showed a mor"'e t.han two-'fold increase in NAR t.han t.hose 

i rT igated wi ttl n i t.r'ate f r'ee Hoag land"s nutrient med ium. 

Ir'respect.ive of the treatment~ the highest value of RGR was 

n='c.:oi'ded un 7th day aft.er plant.ing, after which it showed a 

consistent decrease wit.h pr-ogressing time till it l-egister'ed 

negative values on 67th day. Ther"e wer'e a significant 
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diffel-ence in the 1'II"llllbel- o'F gr'ains pr-oduced per' plant. bet.ween 

t.hose i riga t.ed with Hoag land's rlU t r i en t. Illed i urn con t:a i rl i fly Smt1 

nit.l"at.e and those did not receive any nit,r'at.e. However' ~ 

Illarginal decline in t.he grain yield was observed in t.hose 

plan t.s supp lied wi t.h Hoag I and's nu tJ- i en t. HIed i U//l cor. t.a i 1'1 i ng 20 

and 50mt1 nitrate ions. Fr'om t.he r'esult it is cleal" t.hat, t.he 

incn~ased concenl',l"at.ion of NO- in the nutrient Illediu//l 
3 

5 mt'l did riot, play any posit.ive J'ole in incr'easing 

yield 'FOl- the crop. 

beyond 

The plants supplied wit.h Hoagland nutr-ient. solution 

cont-a in i ng 5 ~ 20 and 50 mM n i tJ-'ate ions ~ showed a neal" I y t.wo'-

'fold incrt2ase in lea'f area as well as leaf 

accumulation than that o'f nitrat.e st.al-ved cOfltl"ol plant.s. In 

cont.l-ast. t.he t.ot.al leaf area ratio was neal"ly independent of 

nitrate supply. However~ t.he maximum leaf area ratio was 

in plants that were ir''l''iyat.ed wit.h Hoagland's 

nutrient medium supplement.ed wi t.tl 5 mN ni tTat.e. In /-'agopyt'um 

es<.:ulentum~ thE? effE~ct o'f nit.rogen aplicat.iol'l on LAR could 

be assumed to be t.he major' cause of the effect.s of t.he 

t.r'eatll.E?nt.,s on NAR and RGR. FLll-t.tler-~ the incr'east2d NAR and RGR 

wit.h iner'ease in t.he supply of ex terTia I 

aug men t.ed on 1 y veyeta t i ve g r-owt.h and not t.he g r-a i n 'f i 11 i ny • 

The result.s of st.udy on part.it.ioning of var'ious 

nitr-ogenous components wit.~hin the plant,s n=vealed t.hat. ~lant. 
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9 

had t.he ma>:illlum level of val-ious nitr'ogenous constituent.s-

Inc.n.:?asing t.he nit.rat.e concent.rat.ion beyond 5/11t-l failed t.o 

bring about l-emci:u-kable variations- When the whole plant was 

considel-ed as a 'four" int.erconnect.ed urri ts~ nafllely, root.~ 

stem~ pet.iole and leaf~ the leaves were found t.o be 

ext.er·nally self supporting in terms of nit.rogen balanc~ 

within the plant.. The leaves had t.he highest level of Nf< 

activit.y in th~ plant as compared t.o I"'OOt.~ st.em and pet.i()l~-

Pr'obably~ the petiole aCljuir-ed r'educed nit.r-ogen for' thei,' 

growth 'fy 0111 ot.hel"' t.i sSLIes of the plant.. In 

f;!$,:,:uieTitum leaves act. as storage or'gans. This speculation is 

d. l-'Edl~ct.ion o'f siyni'fic.antly higher C:l.lTiount.s of various N-

component.s and Nf< act.ivit.y in t.he levaes, spec ied 1 y in 

younyel"' leaves- The e>:pec. t.ed h ighest r'at~ n i t.l"'ate 

y'eduction were observed in laminC:l.e 'followed by root and then 

at a generC:l.lly mucll lower level~ the petiole and st.em. 

Fagopyrentum esculentum showed a significc:\otly 

pos i ti ve r'e I a ti onsh i p link i ng n i tl-ogen cont.en t., 

and plant mass. The percentage nitr'ogen in the plant, declined 

as the plant mass increased. Ther-e was C:l. lineal- relationship 

between per-cent N in the whole plant and k (F). 
x ' 

the 

rate coefficient.. The lineaY' r"elat,ionship between percent, N 

in t.he l~C:l."f and that in the v..thole plant showed thC:l.t the)' e 

is an irll:el-deperldenc:y between lea'f and whole plant.~ in 
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r-I:?spect 0'( nitl-ogen, to suppor·t the growt.h and dr'y flIi:ltb::?)''' 

accumulation in the plant,. 

Our' results indicat.e an optimum requil"ea,er,t. of 5 111/'1 

nih-ate in the in'igating solution for obt.aining the Illa>(imurll 

yields. Furt.her, under' conditions of sub'-'optimal nitl"ate 

s:;upply, the dry matter e>:pressed as net. 

assi//illlilatif.Jn I-ate in the cr'op dur'iny the eNponential plH:Ise 

of gr'owth had a dil-ect l"elationship with t.he nitrogen status 

cd t.he plant wit.h t.he equatilm 

NAR = 0.308 + 0.0012 x 

wher-e II ),( II is the nit.l"oyen cont.ent. o'f the pli:lnt e)·(pl"essed as 

mg/lOO mg dry weight. 
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