STUDIES IN CROP PHYSIOLOGY.

PrysrorLogicArl ROLE oF NITROGEN IN GROWTH AND METABOLISM OF
SUGARCANE.
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INTRODUCTION.

Nitrogen is known to affect growth and metabolism of crops in many ways.
Applied to cane it improves vegetative activity, increases reducing sugars, total and
alcohol soluble mitrogen, promotes succulence and electrical conductivity of juice
but produces no difference either in polysaccharides or in pH of juice; sucrose is,
however, lowered. Absorption of ash constituents is greatly affected with consequent
changes in hydration state, enzymic efficiency, concentration of soluble substances
and elaboration of carbohydrates (Das, 1936). That nitrogen increases height, leaf
number and girth of stem, augments accumulation of dry matter, improves assimila-
tion rate of leaves at all stages and respiration only during early periods, induces
high yield and low juice purity have also been pointed out earlier (Singh, 1941a).
Its deficiency decreases height and girth, reduces starch and total carbohydrates
in dry matter, diminishes assimilation rate and chlorophyll content of leaves and
decreases yield in pot cultures. In high nitrogen cultures on the contrary, improve-
ment in height and girth, reduction in sucrose, purity and °Brix, diminution in
respiration rate but increase in yield and glucose are recorded (Singh, 19415). Further
deficiency shows harmful effects on shoot growth primarily but improves juice quality
partially (Lal and Pathak, 1948). Its effect on photosynthesis is greatly determined
by presence or absence of other nutrients (Singh and Lal, 1940). Indications for
overcoming deficiency effects are also observed when boron is available in small
doses in deficient medium (Lal and Srivastava, 1949). Its response varies slightly
with time of application of nitrogen (Lal, Srivastava and Pathak, 1948), form of
nitrogenous fertilisers and ratio and combination in which this ingredient is available
(Singh, 1942), and s0il and climatic conditions under which investigations are carried
out. Lower doses are known to improve bud growth and tillering while higher ones
increase leaf size, succulence and total and soluble nitrogen in extract. Higher levels
reduce phosphate and sucrose in sap but do not necessarily decrease yield (Rege and
Sannabhadti, 1944).

It is the intention to marshall some of the relevant facts on nitrogen nutrition
recorded in these laboratories to elucidate (i) the manner in which this ingredient
brings about alterations in growth, yield and juice quality and (ii) to discuss the role
of nitrogen in various processes of growth and metabolism. This analysis is based
on manifold responses of this ingredient noted during the years 1937-1949 on (i)
vegetative characters, e.g. height, tillering, leaf number and size, girth and size of
internodes; (ii) physiological characters, e.g. dry weight, respiration and assimilation
rate, chlorophyll content, element composition and yield; and (iii) juice characters
and carbohydrate fractions. Relevant data and graphs have been presented. For -
other details reference may be made to the original source from which these infor-
mations have been secured.
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ExXPERIMENTAL RESULTS AND DISCUSSION,
A. Response of nitrogen on vegetative characters.

Irrespective of treatments and nitrogen deficiency, height, girth and leaf size
all improve with advance in age up to August; thereafter age effects are less char-
acteristic (Fig. 1). Tillers, exposed internodes and leaf number attain highest values
in July subsequent to which decline in tillering and leaf number ensues. Exposed
internodes show slight rising tendency towards end of season. Slight variations in
growth are, however, discernible in deficiency cultures. Evidences further indicate
that leaf width, leaf length, tillering and height are markedly higher in optimum
nitrogen canes (Fig. 2). Deficiency on the contrary, lowers these characters at all
stages. Compared with no manure culture, partial deficient plants show better
leaf size but no marked difterence in tillers and leaf number are noted. Nitrogen
deficiency thus reduces leaf size but not necessarily leaf number. Girth too is
reduced in deficient plants.
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¥F1a. 1.—Growth characters of sugarcane in relation to age and nutrition.
[Drawn from the date of Singh et al. (1941).
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F1e. 2.—Developmental and Juice characters of sugarcane as affected
by age and nutrition.

[Redrawn from data of Lal and Pathak (1948).]

Under adequate phosphorus and potassium supply, vegetative characters are
markedly affected by nitrogen deficieney (Fig. 3). Nitrogen fed canes show maximum
height, tillering, leaf number and fresh weight of plant. The greater the degree of
nitrogen deficiency relative to optimum nitrogen levels, the more is the reduction in
these characters. No nitrogen cultures containing P and K only, show least develop-
ment of these characters.

Nitrogen sufficiency also shows marked effects on vegetative characters. Height
and leaf length increase with doubling of dose beyond 150 Ibs. N. Sufficiency
at 2N level is also helpful on girth; tillering remains unaffected up to 4N level
(Fig. 4). Further increase to 8N level lowers tillering but girth is unaffected.
In contrast to these, lack of nitrogen, under otherwise similar conditions reduces
tillers, girth, height and leaf length. In another work again, nitrogen deficiency
has been found to lower length of shoot, leaf number and tillers at all stages (Fig. 5).
Further, relative nitrogen deficiency compared to optimal dressing, lowers height,
reductions being more severe under greater nitrogen deficiency. Tillering and leaf
size improve markedly when plants are well fed with nitrogen. Partial deficiency
of this ingredient is better than high deficiency in so far as girth is concerned. Differ-
ences in other directions are less characteristic (Table 1). In sand nutrient
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Fie. 3.—Growth characters and ash constituents in dry matter in
relations to age and nutrition.
[Drawn from data of Singh et al. (1942),]

cultures, lack of nitrogen also significantly lowers height, leaf number, leaf size,
number and length of exposed internodes, girth and length of stripped cane (Table 2).
Tillering is less markedly affected.

These results portray the deleterious effect of nitrogen starvation on vegetative
growth in height, tillering and leaf size. Number of green leaves at least at some
stages is also reduced with increasing nitrogen starvation. Girth is similarly lowered
in minus nitrogen cultures in some of these experiments. Irrespective of the medium
of growth, harm done to the plant is found proportional to a certain extent to the
level of nitrogen starvation in the culture medium. Nitrogen starved plants are
as a rule, pale and stunted in size with thin, narrow and short leaves. pYellowiﬁh
green colour is uniformly spread throughout the lamina. Nitrogen fed plants on
the contrary, show greater depth of leaf colour, larger leaf surface and rapid increase
in shoot number (Singh et al., 1942),

B. Responses of nitrogen on physiological characlers.

Respiration:—Decrease in respiration of leaves in gemeral, is noted with age.
This is characteristic in no-manure cultures (Fig. 6). Under optimum doses rise in
respiration is noted up to 135 days followed by a fall and a slight rise towards the end.
At 45-90 days and also at 180 days, respiration of nitrogen deficient plants is higher
than that in optimum nitrogen culture. At other stages, respiration of starved
plants is usually lower. In another experiment, leaf respiration in normal nitrogen
culture has also been found to be high (Fig. 4). Deficiency or excess of this ingredient
shows-deleterious effect.

Photosynthesis:—Apparent assimilation of leaves shows two high values at 45
and 225 days in fully manured plants (Fig. 6). Nitrogen deficient plants also exhibit
pesk values at 135 and 225 days. Deficient supply of nitrogen in general, lowers
apparent assimilation. Real photosynthesis too shows two peak values first between
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Fia. 4.—Plant characters in relation to nitrogen levels.
[Redrawn from data of Singh (194158).]

90-135 days and second at 225 days. Nitrogen deficient plants show lower photo-
synthesis but are better than no-manure cultures. In sand fertiliser cultures (Fig. 4)
standard dose of nitrogen (150 1bs.) proves to be better than all other lower or higher
levels. Partial deficiency too is slightly better than sufficiency at two times the
standard dose of nitrogen.

Chlorophyll:—Chlorophyll content of leaves is also lowered by nitrogen deficiency
(Fig. 6). In sand fertiliser cultures, partial deficiency (N/2) has been found to be
better than excessive nitrogen feeding at 2V level. At still higher levels of sufficiency
excessive nitrogen, however, proves better than extremes of deficiency at N/4 and
N/8 levels.

Fresh and dry weight and yield:—Optimum nitrogen cultures prove definitely
superior to nitrogen deficient cultures on fresh and dry weight of plants (Fig. 3).
In general, the greater the deficiency of nitrogen the lower is the dry weight at all
stages of growth. Similar results have been recorded in sand nutrient cultures
where complete nutrient cultures are found better than plants raised in deficient
medium (Table 3). Yield of stripped cane is always higher in sufficiency cultures
a8 compared with deficiency cultures (Fig. 4).

Intake of elements :—Nitrogen absorbed shows proportional decrease with degree
of nitrogen deficiency (Fig. 3). Optimum nitrogen cultures show highest nitrogen
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Fi1e. 5.—Growth and Juice characters of sugarcane in relation to
nitrogen levels,

[Redrawn from data of Lal and Pathak (1948).]

in dry matter. Decline in nitrogen intake with increasing deficiency is more charac-
teristic towards early stages. In nutrient cultures (Table 3) again nitrogen intake
is noted to be higher in complete nutrition than in deficiency medium. Nitrogen
deficiency lowers percentage of total nitrogen in dry matter.

Amount of phosphorus and potassium is also reduced under nitrogen deficiency
more during early stages than during later periods (Fig. 3). Percentage of phos-
phorus is also reduced in nitrogen deficiency cultures. Potassium is affected only
slightly during early stages when nitrogen deficiency is found to lower its percentage
(Table 3).

Evidences on physiological characters indicate that in general nitrogen deficiency
lowers photosynthetic rate of leaves at all stages. This is associated with low
chlorophyll, poor dry matter, reduction in percentage of phosphorus and nitrogen in
dry matter and low yield. Poor growth is therefore due to lower physiological
efficiency of plant as a whole in the matter of absorption of raw materials both from
soil and air.

C. Response of nitrogen on composition of plant.

Nitrogen deficiency invariably raises percentage of sucrose and total solids in
cane juice (Fig, 7). Glucose and purity are less affected. In sand cultures, differ-
ences between nitrogen deficiency and sufficiency are more evident. Deficiency
raises °Brix, sucrose and purity coefficient while glucose is reduced (Fig. 4). Increasing
levels of nitrogen deficiency do not materially alter these characters while increasing
sufficiency proves deleterious on sucrose, “Brix and purity. Glucose in the latter
case is markedly increased. Moderate nitrogen deficiency between N/2 and N/4
levels raises sucrose in dry matter. Majority of deficiency or sufficiency cultures
lower reducing sugars; in none of these cases the level reaches that attained in
normal nitrogen cultures. Deficiency also reduces starch percentage while sufficiency
at 2 or 4N levels improves its content. Total carbohydrate in dry matter are
reduced in both deficiency and sufficiency cultures below that of the normal
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Fia, 6.—Real assimilation, respiration and chlorophyll content of leaves in
relation to age and nitrogen.
[Redrawn from data of Singh (1941a).]

nitrogen plants. In another investigation (Fig. 5) nitrogen deficiency again has
been noted to raise sucrose, °Brix and purity coefficient as against the yield which
is lowered consistently with increasing deficiency. Further total carbohydrates,
starch sucrose and reducing sugars are all reduced in nitrogen deficiency cultures
(Table 4).

On carbohydrate content of tissues, nitrogen starvation shows two types of
responses, Sucrose and total solids in juice and reducing sugars and sucrose in dry
matter are increased while starch is reduced. On purity, deficiency shows useful
effects. Responses have been found to be largely determined by the relative
deficiency or sufficiency of nitrogen in culture medium.

D. Age and nutrient effects on nitrogen response.

Evidences recorded in different directions show that age effect is very predomi-
nant in controlling the full exposition of fertiliser response. Nitrogen feeding no
doubt varies the magnitude of several physiological, vegetative and compositional
characters but fails to materially alter the general trend of variations so characteris-
tically noted with advance in age. In the juvenile phase (45-135 days) nitrogen
starvation exhibite marked effects on intake of elements and largely regulates full
exposition of such physiological activities as assimilation and respiration rate of
leaves. In the adolescent stage (135235 days) nitrogen feeding influences develop-
ment of tillers, leaf number, leaf size, girth and height of cane. Finally in the
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Fia. 7. Juice characters of sugarcane as affected by age and nutrition,
[Redrawn from data of Singh et al. (1942).]

pre-senescent period nitrogen affects composition and quality of juice. Its effectsare
thus characteristically observed throughout the life cycle of sugarcane. The nature
of response differs as indicated with the developmental stage of plant.

Efficiency of absorbed nitrogen in dry matter accumulation is found to be affected
by nitrogen starvation (Singh,1942). Between 4-7 months this efficiency is highest
under extreme nitrogen deficiency and diminishes with increasing nitrogen supply.
Under lower nitrogen levels, all the absorbed nitrogen is utilised for various meta-
bolic and growth activities whereas in high nitrogen cultures part of absorbed nitrogen
remains unutilised exhibiting state of luxury consumption for the ingredient. That
medium nitrogen feeding results in greater dry matter accumulation has also been
recorded by Das (1936) and experience is not uncommon of obtaining higher
increments in yield with lower levels of nitrogen.

Data on ahsorption of nutrients further point out (Table 3) that nitrogen intake
is primarily a function of age and secondly the nutrient status of medium. Differ-
ential feeding not only affects percentage composition of nitrogen, but induces
alterations in potassium and phosphorus content as well. Increased nitrogen uptake
is accompanied by greater phosphorus and potassium absorption but increases in
the latter two elements are hardly commensurate with the demands-set up by state
of luxury consumption of nitrogen in plants, Compositional changes in carbohydrate
fractions also ensue (Figs. 4,5). These clearly emphasise the dual nature of influence
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of form of absorbed ion on metabolism. In the first instance, there is the absorption
of ion itself with marked effects on the 'absorption and accumulation of other ions;
secondly, there are the effects of concentration and form of ions within the plant
upon composition and growth. Absorption of ions, accumulation of ash constituents
and elaboration of carbohydrates are thus interrelated.

E. Nature of nitrogen response in sugarcane.

Nitrogen nutrition of sugarcane appears in the light of these researches to be a
highly complicated process. Difficulty arising out of a large number of edaphic
variables influencing availability of nitrogenous fertilisers in soil, renders thorough
analysis of the problem difficult. On basis of evidences so far accumulated a vivid
picture of nitrogen response may, however, be visualised. Nitrogen applied to soil
primarily affects solution phase in soil. Quantity of nitrogen absorbed depends
upon form of nitrogen ion, its relative concentration and also upon changes induced
by different ions on the permeability of absorbing membrane. Inside the roots,
changes in nitrogen concentration are accompanied by alterations in relative rate of
absorption of other ingredients, variation in hydration state, changes in efficiency
of enzyme system and elaboration of various nitrogenous bodies. Nitrogen in
inorganic or organic form is translocated to leafy regions where complex changes in
nitrogen fractions take place. The first visible effect of high nitrogen feeding is
noted in leaves which turn deep green and show high capacity of photosynthesis.
Leaf surface increases, changes in growth of shoot and other organs ensue as fresh
supply of carbohydrates and efficient metabolism of absorbed nitrogen are assured.
High respiratory activity of plants during early stages, however, does not permit
rapid accumulation of materials with the result that sugarcane plant exhibits increase
in size and form more than increase in dry weight. Materials formed and energy
liberated are utilised to maximum advantage in the development of various organs.

By the end of Juvenile phase, formation of various organs slows down, respiratory
activity declines resulting in surplus of materials which increases the dry weight.
Properly nitrogen fed plants invariably show better performance during juvenile
phase in all activities and there is every reason to believe that any deficiency during
this period not only affects the early developmental activities but also greatly hampers
the future development of plant. With inducement of greater vegetative vigour,
large surpluses of carbohydrate and other materials are likely to be available towards
the beginning of adolescent stage. Larger number of tillers are formed as a result
of these surpluses.. The survival of these shoots depends upon (i) extent to which
absorbed nitrogen keeps alive all the metabolic activities of the shoot, and (ii} upon
the surpluses left over for further development and independent establishment of
new shoots. If nitrogen absorbed is still commensurate with growth requirement
of this phase of high tillering mortality of shoots is low. If it falls short of the re-
quirement, shoots become weaklings due to starvation and ultimately die out. Itis,
therefore, imperative to check vegetative vigour of plants during juvenile phase
beyond a certain critical limit to enable sufficient nitrogenous materials in the plant
body to be left over for future use during adolescence. External feeding with nitro-
gen is of little avail as plant’s efficiency to absorb nutrients is very much lowered at
this stage. Balanced growth during juvenile and adolescent phases, is absolutely
essential for utilisation of conditions of growth and nutrition to maximum advantage.
Under field conditions this is difficult to be achieved. Due to constant variations
of growth factors, a nutrient may be entirely or partially limiting at one or more
stages and yet act as surplus at other periods of life cycle. Nutritional responses
are in consequences greatly marred by the effects of changing environment.

During pre-senescence when peak values are attained in dry matter and sucrose
content in juice and when plant’s activities are diverted towards accumulation of
sugars, nitrogen seems to have a less important réle. With cessation of all vegetative
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activity and reduction in efficiency of leaves to manufacture carbohydrates following
disintegration of chloroplasts and fall in chlorophyll content, the plant exhibits a
general breakdown of all constructive and tissue building activities. With desicca-
tion of tissues, interconversion of carbohydrates and other materials takes place
rapidly with enzymes playing a more important réle than nitrogen in this phase
of the life cycle. While this may be the normal state of affairs, in excessive nitrogen
cultures, absorbed nitrogen may still be in high concentrations with the result that
vegetative activities may be prolonged resulting in formation of fresh shoots. Some
of the upgrade processes involving carbohydrates and their utilisation in the initiation
and development of new shoots seem to be responsible for the low sucrose in cane
in all high nitrogen cultures. Significance of changes involved and réle of nitrogen
during this phase is less clearly understood so far. Further light on nitrogen meta-
bolism of cane would appear elsewhere,

SuMMARY,

The paper deals with effects of nitrogen deficiency and sufficiency on growth and metabolism
of sugarcane based on the results of investigations conducted during 1937-1948 under conditions
of soil and nutrient cultures, These portray the manner in which nitrogen feeding affects growth
of sugarcane.

Nitrogen deficiency induces stunted growth, poor development and reduced size of leaves,
poor tillering, smaller girth, and reduced vegetative activity., It also lowers photosynthesis and
chlorophyll content. Intake of nitrogen is reduced. Reductions in phosphorus and potassium
content are occasionally evident, particularly during early stages. Poor growth in general is
due to low physiological efficiency of plant as a whole in matter of absorption of raw materials
from soil and air, Partial nitrogen deficiency is slightly helpful on sucrose and juice purity.

Nitrogen starvation does not materially alter the general trend of variations in growth chazr-
acters with age, though specific nitrogen deficiency symptoms are noted at different stages. Dur-
ing early juvenile stage, withholding nitrogen supply reduces intake of elements and checks
development of assimilating system. In adolescence, all vegetative characters are poorly develop-
ed. During pre-senescence partial deficiency proves helpful on sucrose and juice purity while
excessive nitrogen proves deleterious.

Efficiency of absorbed nitrogen in dry matter accumulation increases with age and nitrogen
deficiency. Nitrogen absorbed from partial deficient cultures is entirely utilised for metabolic
activities; that absorbed in larger quantity from excessive nitrogen medium remains in a state
of luxury consumption. Emphasis is laid on dual nature of the influence of form of absorbed
ion in the absorption and accumulation of other ions and in bringing about changes in growth
and composition of plant.

Suggestions have been put forward to indicate the manner in which nitrogen affects growth
performance during juvenile, adolescent and pre-senescent stages of life cycle. Nature of nitrogen
response has been discussed in its essential details with reference to the physiclogical needs during
different periods.

TaBLE 1.

Mean difference in growth characters from the no-manure cultures.®

Characters, N/3—0 2N [3—0 N—O
Height 9-06 + 2-06+ 11-33 + 4-02¢ 18-20 4+ 2-70¢%
Tillering 0-52 4 0-46 1-27 4 0-24% 0-567+40-16¢
Leaf length 6-50 3 1-53¢ * 1107+ 5-23% 10-90+ 1-28¢
Leaf width 0-104-0-77 0:1941:12 0:2541-32
Leaf number —0-57+0-16% —0-4540-23 0:52+0:56
Exposed internodes 0-6740-37 0-42 4 1:27 1:06 4 0-28%
Qirth 0-24 4 0-05¢ 0-2940-07¢ 0-0840-06

* Calculated from the data of Singh et al. (1942).

+ Indicates significant effects,
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TABLE 2.

Growth characters of sugarcane in sand nutrient cultures.®

97

Complete Nitrogen
Characters. nutrition, deficiency. SD.at 5%
Height .. 119-10 89-80 7-20
Tillering . 1-59 1-00 1-30
Leaf number .. 17-12 12-87 1-07
Leaflength .. 61-20 45-90 540
Leaf width 1-52 0-81 0-07
Exposed internodes 6-62 3-81 1-13
Length of internode 4-72 4-06 0-41
Girth .. 1-87 1-46 0-16
Length of stripped cane 60-70 44-46 714

* From the data of Singh ez al. (1942).

TABLE 3.

Dry weight, nitrogen, phosphorus and potassium content of cane grown in camplete nutrition and

nitrogen deficiency.

Taken from the data of Singh et al. (1942).

Nitrogen (N) Phosphorus (PgOg) Potassium (K;0)
Age in months.
Control. Minus N. Control, | Minus N, | Control. | Minus N,
1 1-81 1-61 1-72 1-41 5-11 4-31
6 0-70 0-47 0-50 0-51 0-86 0-88
9 0-567 0-19 0-42 0-33 0-73 0-76
Dry weight of entire plant
1 10-20 5-12
6 380-10 76-30
9 522-80 195-90
TABLE 4.
Carbohydrate fractions tn dry matter of sugarcane at nine months.
Taken from the data of Singh et al. (1942).
Total .
Treatment. Carbo- Starch, Sucrose, Redl;crl:lg
hydrate. sug
Complete nutrition .. .. 59-6 301 24-2 53
Nitrogen deficiency . .. 373 20-5 15-3 2-5
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