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Three varieties of Pennisetum typhoides (viz. var. Hybrid, RSK and T55)
were subjected to different moisture regime by watering to field capacity
when the soil moisture tension increased to 1, 8 and 15 atm respectively.
Plants maintained at field capacity served as control. Results narrate the
changes in various characters of plants, changes in the concentration as
well as in the absolute quantities of total, soluble and protein nitrogen
contents of the shoot tissue at successive stages of growth, alterations in
the nitrogen uptake rates and the grain nitrogen status. Vegetative growth
was maximum in var. RSK but var. Hybrid showed the highest yield. Yield
was depressed equally in all varieties under the 15 atm regime but var.
Hybrid displayed superiority over others between the range of field capacity
and 8 atm regime. Decrease in so0il moisture brought about an increase in
the nitrogen concentration of the shoot tissue at all stages of growth.
There was a general decline in concentration with the age of the plant. A
marked decrease in the absolute nitrogen content per plant, as well as in
the nitrogen uptake rate, was noticed under 15 atm regime. These varieties
showed two distinct peak periods of nitrogen uptake. The relative dernands
for nitrogen of these varieties at their different developmental stages have
been outlined. Decrease in soil moisture increased the nitrogen content of
the grains although the yield was adversely affected. Basic and applied
implications of different findings have been discussed in the light of current
concepts.

INTRODUCTION

There is a general unanimity amongst the contemporary reviewers
(Wadleigh and Richards 1951, Stocker 1960, Vaadia et al. 1961) that the
data so far obtained on the effects of soil moisture level on the nutrient
accumulation of plants are rather equivocal. With special reference to
nitrogen, certain workers (Gates 1957, Leamer et al. quoted by Wadleigh and
Richards loc. cit.) have found that decrease in soil moisture leads to a decrease
in the nitrogen content of the tissue, while others (Miller and Duley 1925,
Emmert 1936, Janes 1950, Chen et al. 1964, Lahiri and Singh 1968) have
found that the nitrogen content increases under conditions of water shortage.
It may be speculated that decrease in water content may act to increase the
concentration in the nutrient but this effect may be offset by such factors
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as decreasing water turnover and hence restricted movement within the
plant, or decrease in root growth. It may be possible again that these contra-
dictory findings were due to varietal or plant differences.

However, there is no dispute about the fact that soil water shortage,
in general, brings about adverse effects on the performance of plants, although
the magnitude of effects, particularly in crops, may vary depending on the
variety. It has been demonstrated (Tanaka ef al. 1959) that varietal differ-
ences in growth and flowering may markedly change the nitrogen uptake
pattern. Soil water shortage has also been found (Lahiri and Kharabanda
1965, Lahiri and Kumar 1966) to bring about significant changes in the exprés-
sion of different vegetative characters. It will be logical to assume that
such changes would also reflect on the nitrogen uptake behaviour, But
our knowledge about the changes in nitrogen uptake due to variations in soil
moisture is rather inadequate because of the foregoing controversies regarding
the tissue nitrogen status. However, for the crop varieties, particularly
for those which are grown in arid areas under rain-fed conditions, information
regarding the changes in nitrogen uptake at successive stages of growth, as
well as other changes which are brought about by soil moisture conditions,
has an applied interest since they outline the relative demands for nitrogen
at different growth stages of plants depending on moisture regime.

In nature, however, there is a continuous drift in the soil moisture
reserve and thus the plants are subjected to tensions of different magnitudes.
In view of these, attempts have been made here to study the relative perfor-
mance of three varieties of pearl millet under conditions of soil moisture
fluctuations (or cycles) from the field capacity to different specified tensions.
The over-all impact of such moisture regime on the nitrogen status of the shoot
tissue of these varieties has been studied at successive stages throughout
their growing period. Moisture mediated changes in the rates of nitrogen
- uptake and the consequences on the nitrogen status of grains have also been
outlined.

MATERIALS AND METHODS

Three varieties of Pennisetum typhoides, viz. var. Hybrid 1, RSK and
T55, were sown on 14 July 1967 in earthen pots (12 in dia.) containing sand,
soil and farm-manure mixed in 1: 2: 1 proportions. Each pot contained
about 7 kg of this mixture. Several seedlings were allowed to grow in the
initial stages in each pot which were subsequently thinned to one plant per
pot. Each pot received in the initial stages about 72 kg/ha of N as ammonium
sulphate, 57 kg/ha of P05 as superphosphate and 19 kg/ha of K,O as potas-
sium sulphate.

The plants of all the three varieties were subjected to the following
soil moisture regimes: (a) Plants maintained at field capacity (control);
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(b) Plants watered to field capacity when the soil moisture tension increased
to 1 atm ; (¢) Plants watered to field capacity when the soil moisture tension
increased to 8 atm; (d) Plants watered to field capacity when the soil moisture
tension increased to 15 atm. Time of watering (in measured quantities)
was adjudged for different treatments by periodic soil moisture determination
from the root zone of 8 to 10 pots. Tension was determined from a curve
relating the tension in atm with the per cent soil moisture for this soil. All
the plants were watered to field capacity up to the 27th day from sowing
and thereafter the differential watering commenced. Plants of var. Hybrid 1
were watered 35, 20 and 14 times under 1, 8 and 15 atm regime respectively.
In var. RSK watering was done 34, 21 and 13 times under 1, 8 and 15 atm
regime respectively. Similarly in var. T55, plants under 1, 8 and 15 atm regime
were watered 32, 19 and 12 times respectively. Plants under field capacity
were watered every day. Pots were kept in the open under natural conditions
and a transparent plastic tent was put over the plants at the time of showers
in order to prevent alterations in soil moisture.

Observations were recorded periodically on the growth in height, leaf
number and tiller number throughout the growing period from the 26th day
of sowing. Data were also collected on the number of days taken for ear
emergence, length of ear, grain yield per plant and dry matter at harvest.
All these observations were recorded on 15 plants (or pots) of each variety
grown under each of the four moisture treatments. There were 50 other
pots under each treatment from which samples were collected for -nitrogen
analyses and dry matter determinations.

For sampling purposes above ground portions of five plants under each
treatment were collected on every 7th day between the 27th and the 90th
day of sowing. After recording the dry matter, representative samples of
the whole shoot portion was prepared by powdering in a 3 h.p. Willey grind-
ing mill. The method of analysis for total, soluble and protein nitrogen
was substantially the same as described in an earlier communication (Lahiri
and Singh 1968). In all cases mean of three determinations has been pre-
sented, The nitrogen content per plant was derived from the dry matter
weight and nitrogen concentration at different stages of growth was
determined. The rate of uptake has been calculated as the amount of
nitrogen (total) absorbed per day per plant for each seven days interval of
growth between two sampling dates. The significance of the results has
been adjudged by analysis of variance wherever necessary.

REsurts

Plant performance—The growth in height, leaf number and tiller number
of the three varieties at successive stages has been presented in Fig. 1. It
is of interest to note that the effects of soil moisture variation on the growth,



PLANT-WATER RELATIONSHIPS V. INFLUENCE OF SOIL MOISTURE 115

height and leaf number were discernible only at the later stages, but marked
differences in tiller number could be found in all the varieties from early
stages of growth. Again, a progressive decrease in growth, height and leaf
number with decreasing moisture regime is often not consistent between
field capacity to 8 atm, although plants under 15 atm tension showed large
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Fra. 1. Growth in height, leaf number and tiller number of var. Hybrid,
RSK and T66 on different days from sowing.

and consistent inhibition. In var. T55 decrease in growth under 15 atm
regime was relatively less as compared to the other varieties. Tiller number
of var. Hybrjd was much higher in comparison with the other varieties,
although the decrease in tiller number with the progressive decrease in soil
water status was found in all the varieties.

3
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In order to adjudge the significance of the effects of moisture regime
on plant performance and on the relative varietal traits, data on the final
growth in height, leaf number (i.e. observations recorded on the 75th day
of sowing), number of days taken for ear emergence, length of ear, grain yield
per ear and dry matter at harvest were analysed by analysis of variance
and the means have been presented in Table 1. The marginal means for
moisture treatments for final growth in height indicate that difference between
field capacity and 1 atm regime was just significant at 5 per cent level while
there was no significant difference between 1 and 8 atm. However, plants
under 15 atm showed large and significant inhibition in comparison with
other treatments. Marginal means for varieties indicate that plants of var.
RSK showed significantly higher growth than the other two varieties but
the difference between var. Hybrid and T55 was not significant. Significant
interaction between variety and moisture regime suggested that soil moisture
variation caused effects of different magnitudes in the three varieties. It
may be found from the cell values that the variation in moisture regime
between field capacity and 8 atm did not bring about any significant effect
in any of the three varieties while at 15 atm, where the maximum adverse
effect was produced, the magnitude of effect was significantly less in var.
T55 as compared to others. The marginal means for moisture treatment
for the character of leaf number suggest that there is a slight increase under
1 atm regime in comparison with the control. However, at 8 and 15 atm
leaf number showed significant decrease. Marginal means for varieties
indicate that var. RSK had the largest leaf number and the minimum was
found in var. T55 while var. Hybrid held an intermediate position. Inter-
action between variety and moisture regime was not significant in this case.
Marginal means for moisture regime under dry matter production at harvest
indicate that the values decrease with decreasing moisture status, but the
difference between field capacity and 1 atm regime and that between 1 and
8 atm were not significant. However, plants raised under the 15 atm regime
had significantly low dry matter in comparison with the other treatments.
Marginal means for varieties indicate that var. RSK produced significantly
higher dry matter in comparison with the other two varieties. Difference
between var. Hybrid and T55 was not significant. The number of days
taken for ear emergence increased in general in all cases with increasing
mojsture tension. But the marginal means for moisture regime indicate
that the differences between the range of field capacity and 8 atm regime were
not significant. Only the value obtained at 15 atm regime was significantly
less than all other treatments. Differences between varieties indicated that
var. T55 required the minimum number of days for ear emergence while
var. Hybrid and RSK had more or less similar values. Marginal means for.

moisture regime under the character of length of ear indicated that the values
3B



TasBLE 1

Performance of var. Hybrid, RSK and T35 under different moisture regime

Final growth in height in em Leaf number Dry matter at harvest in gm/plot No. of days taken for ear emergence Length of ear in cm Grain yield per ear in gm

Treatments - ; — T
Hybrid RSK T55 Mean Hybrid RSK TH5 Mean Hybrid RSK T55 Mean Hybrid RSK Ta5 Mean Hybrid RSK T35 Mean Hybrid RSK T55 Mean
1. Control kept at F.C. 756 883 744 794 13:1 13-6 11-9 12:9 7-8 8-7 6-9 78 69-5 68-2 61-2 66-3 13-6 17-2 16-5 15-4 3.33 1-35 1-31 2.06
2. Watered at | atm 70.0 80-3 68-0 72-8 13-6 13-9 121 13.2 6-8 79 58 6-8 70-9 688 60-9 66-9 12.7 16-5 14-3 145 2.86 1-36 1-25 1.82
3. Watered at 8 atm 67-1 786 66-8 70-8 12-2 125 114 12-0 5.7 75 55 6.2 713 69-5 60-0 66-9 12.3 15-3 13-9 13-8 1.9} 0-85 0-87 1.21
4. Watered at 15 atm 48-3 505 61.7 53:5 11.9 i 9.9 11-0 34 4.2 3-2 36 771 80-5 65-7 744 115 13-4 12.2 124 0-45 0-42 0-36 041
Mean 65-3 74:4 67-% —— 12.7 12-8 11-3 5-9 70 54 — 722 718 62-0 — 12:5 156 14-0 e 213 1-04 0-95 —_—
L. L.8.D. L.S.D. L.S.D L.8.D. L.S.D
S, Em. S. Em S.Em. ——— S.Em. —————— 8. Em —————— - 8. Em.
5% 19 5% 1% Ca% 1% 5%  19% 5% 19 5% 19

1. Marginal means for varieties +2-0 35 72 *004 011 014 103 082 1.08 +1.0 27 3.6 031 08 112 01 0-27 0.36

2. Marginal means for moisture regime 23 63 83 *005 014 018 037 102 133 +1.} 30 40 £03 082 18 1012 033 043

3. Cell values t4.0 11-0 — +0-4 — _— 10-65 - - +2.0 —— ——— +0-6 — — +0.2 0-556 2.72




TaBre II

The concentrations of total, soluble and protetn nitrogen in the shoot tissue of var. Hybrid, RSK and T55 at their successive stages of growth wnder different soil moisture regime

Number of days from sowing

[
3

Moisture regime Variety 34 4l 48 55 62 69 76 83
90

Total Soluble Protein Total Soluble Protein Total Soluble Protein Total Soluble Protein Total Soluble Protein T So i -
- s o N o Total luble Protein Total Soluble Protein Total Sol i Q .
N9% N% N% N9% N% N% N9 N9% X% No% X% N% N% N% No No N9% No X% No No No %“‘;"’ N o it;’l “E“Z}’le o el Sojuple Protein,
| | N N9 6 N9% N9 N9 N9 NY N9

. Plants maintained at field

capacity Hybrid 3:1909 0-7726 2.4183 1.8375 0-3843 1-4532 1-4437  6-3090 1-1847  1:3225 0-2979 10246 13000 0-3421  0-957Y 597 y '
322; 207 2 ‘342 9579 09597 0-2847  0-6750 0-8496 0-2745 0.6 8932 027 5
. O st ‘ i 7 0-8996 0-2745 0-6248 0-8932 02711 0-6221 0-8521  0-2647 0-5874 0-8595 0-2697 0-3898
decreased to 1 atm. _— — —_— — 1.4540 0-3974 1-3566  1-5060 0-3157 1-1893 1-2669 0-2847  0-9822 1.3671 0-3378 1.0293 1-0118 0.3140 0-6978 0.9269 0-2648 0-6621  0-8170 02712 06458 6-8983  0-2795 0-6188 0-89
- ¢ 2 ks - 8¢ 2795 . 8909  0-2852  0-6057

. Watered when soil moisture
decreased to 5 atm. -— —— — -— 2.2190 0-4547 1-7643 18705 0:3380 1:5314

-5 3157 2DRTT A5 . . = .49 - . . -
434 03157 12277 14533 0-3618 10915 1-4318 0-3937  1.0381  1-4000 0-3855 1-0145 14538  0-4050 1-0483  1.1697 0-3302 0-8395 1-0599 0-3353  0.7246
. 2 . 059¢ .335¢ ,

. Watered when soil moisture

decreased to 13 atm. —_ —_— — — 2-9459 0-4407 1-8052 ° 2.4551 0:4298 2:0253 23264 0-4254 1-9010 2-0720 0-4305 1:6415 1-6898  0-4011 1-2887 1-G635 0-3974 1-2681 1-6424  0-4451 1-1973 1-6185 0-452 .
. Plants maintained at field 4 04523 1.1662  1-6112 04772 1-1340
capacity RSK 30152  0-7859 2.2299 1.6800 0-3805 1.2995 1.3447 0-3313 1-0134 1-2812 0-3518 0-9294 1-2942 0-2972  0-9970 356 ]
) : 2812 E l 2942 2972 1-1356  0-3011  0-8345 1-1317 0. h .83 . . 705 - :
. Watered when soil moisture )-3L17 08200 1-0808  0-3108  0-7705  :0-9397 0-3125  0-6272 08547 02864 0-5683
decreased to 1 atm. — — — — 1-8015  0-4168 1-3847 1:3810 0-3406 1-0404 1-2588 0-3157 0-9431 1 "42‘0 0-3 7 i
8 b ; 28 - 2 -3023  0-9397  1.1707  0-3009 0-8698 1-3487 3105 -0382 o8 . 7 77
e e ol mistare 7 0:3105 1-0382 1.3114 0-3137 0-9977  (.9138 0-2858 0-6280 0-9043 0-2840 0-6203
decreased to 8 atm. — — — — 1-8355 0-4185 14170 1-8015 0-4454 1-3561 1-4988 0-3282 1-1706 1-4685 0-3498 7
; § 2 . . ]'1]81 14000 0-3405 1-0595 15034 qren RD . . . DYod -
i st 5 b 0-3776 1-1268 1.3866 0-3137 1-0729  1.3324 (-4411 0-8813 1-2880 03745 0.9135
decreased to 15 atm. - — —_ - 2.1861 0-5036 1-6825 2:0604 0-4695 1.5809 1.9764 0.4238 1-5226 1-9743 0-4250 1-5493 1-9675 0-4381 1.5284 1-9833 0-4398 1-4035 1-9066 0-3400 1-3666 1-875 0-542
f : ‘8755 0-542 3327 1.7 .
Plants maintained at field ” PR TARTTTION 0005 12100
capacity Tao 3-3841 0-9357 2.4484 2.0564 0-4882 1.-5682 1-6258 0-3467 1-2791 1.-2684 0-3360 0-9324 1.2060 0-3427 0-8623 1.06 7 {
: 2 2 862 0681  0-3069 0-7612 1-0105 +30¢ -7 45 8264 6333
o soil moisture 7 5 0-3054 07051 0-9594 0-3262 06332  (-8696 0-3851 0-5345 1.0105 0-4117 0-5988
decreased to 1 atm. — — — — 2-3333 0-5378 17955 1-7580 0-3568 1-4022 1-35560 0-3313 1-0237 1-3486 0-33 4
. . ; 3346  1-0140 1-0780 0-2815 0-7965 1-0229 0-2847 -7383 0075 . 7993
e o ool soisture 0-2847 0-7382 1-0075 0-2783 0-7292  (.9161 0-3441 0-5720 0-8980 0-3433 0-5547
decreased to 8 atm. — — — — 2:4818 0-4744 2:0074 1-8430 0-3850 1-4540 1-5272 0-3548 11724 1.4567 : ‘
2 ! . -172 4567 0-35564 1-1013 1-2207 0-3136 0-9070 1-1935 0O- .8807 1-15 K :
. Watered when soil moisture ! 0-3128  0-8807 1-1501 0-3178 03323  1.1719 0-4191 0.7528 1.1259 0-4309 0-6850
decreased to 15 atm. — — — — 2:6152 0-5669 21483 2-1572 0-4330 1.7243 1-8996 0-3848 1.5148 1.5039 (-3853 1-2086 1.4857 0-3833 1-1124 1.5060 0-3947 11113 1-4886 (-4021 1-0865 1.4674 04935 0-073
: : -9739  1-3817  0-4880 0-8937
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progressively decrease with decreasing moisture status. The differences
between field capacity and all other treatments were significant but the
difference between 1 and 8 atm was not significant. Marginal means for
varieties indicate that the var. RSK had the longest ear and this was followed
by var. T55 and Hybrid in decreasing order. The marginal means for
moisture regime for the character of grain yield indicated that yield decreased
with decreasing moisture regime and all the differences between the treatments
were significant except that between field capacity and 1 atm. Marginal
means for varieties suggested that var. Hybrid had significantly higher yield
than var. RSK and T55 but the difference between the latter two was not
gignificant. The magnitude of effects caused by moisture regime was, however,
different in the three varieties. Results indicate that in var. Hybrid, which
showed the highest yield, decrease in soil water regime brought about a larger
depression in yield in comparison with the other two varieties. Although
under 15 atm regime yield was more or less the same in all the three varieties,
var. Hybrid had a significantly higher yield than the other two under 8 atm.
At field capacity and at 1 atm regime var.. Hybrid, RSK and T55 had a
decreasing order in yield and the differences in every case was significant.

Nitrogen status of shoot tissue—The total, soluble and protein nitrogen
contents (as per cent) in the shoot tissue of the three varieties at their successive
stages of growth under different moisture regimes have been presented in
Table II. The results suggest the following facts:

(a) Irrespective of the variety, concentration of total nitrogen, at all
stages of growth, remained much higher in plants grown under lower moisture
regime in comparison with those raised under higher soil moisture conditions.
As a matter of fact, in most cases, a progressive increase in total nitrogen
content could be found with decreasing moisture regime.

(b) In general, nitrogen content decreased with the age of the plant.

(¢) Soluble nitrogen content also showed a small increase under lower
moisture regime and its level declined with the age of the plant.

(d) Protein nitrogen showed a marked increase at all stages of growth
under lower moisture regime in all the three varieties. A decline in concen-
tration was observed with increasing age of plants.

The dry matter production per plant at different growth stages has been
presented in Fig. 2. It may be observed that dry matter decreased with
decline in moisture regime in all cases, the minimum being in plants watered
at 15 atm tension. However, it is apparent that var. RSK had the highest
dry matter production followed by var. Hybrid and T55. This trend was
reflected also in the data obtained at the harvest. But, it seems that the
differences between the range of field capacity and 8 atm were relatively less
(except perhaps in var. RSK) but at 15 atm the curve diverged to maintain
a very low value as compared to others. This agpect in the context of nitrogen
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Fig. 2. Dry matter production in var.
Hybrid, RSK and T55 on different
days from sowing.

status is being discussed because on the basis of these values nitrogen content
per plant was determined: (Fig. 3). It is obvious from these graphs that
nitrogen content per plant decreases markedly under lower soil moisture
conditions although the concentration per unit tissue weight may be high.
However, it is interesting to note that in all the varieties total, soluble and
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protein nitrogen per plant were more or less comparable with each other between
the range of field capacity and 8 atm regime. Between this range there was
no consistent relationship between decreasing moisture regime and the total,
soluble and protein nitrogen contents per plant. However, at 15 atm regime
there was a marked decrease in the levels of nitrogen fractions in comparison
with other moisture levels. This decrease was very much magnified in the
case of total and protein nitrogen contents per plant while in case of soluble
nitrogen the difference was small, and often, as in the case of var. RSK, not
conspicuous.
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Fra. 3. Absolute quantities of total, soluble and protein nitrogen
contents per plant on different days from sowing.

Rate of mitrogen uptake—The rate of nitrogen uptake under different
moisture regime has been presented in Fig. 4. In a generalized way it
may be said that in all the three varieties there are two distinet peak periods
of nitrogen uptake, the latter being bigger than the former. In var. Hybrid,
the first peak falls between 27 and 34 days, a period during which tiller number
in the plant increases at a very fast rate. The second larger peak in this
variety came at the time when the increase in the height of plants was about
the fastest. The emergence of ear took place at a time when the uptake
rate had considerably declined. However, the transformation of the shoot
apex from the vegetative to reproductive phase must have started much



120 A, N, LAHIRI & SUDAMA SINGH

earlier and thus it may be possible that the second peak is associated both
with the grand period of growth, as well as with the nitrogen demands at the
very early stages of the reproductive phase. Whatever the case may be,
it seems that the curves obtained for field capacity 1 and 8 atm were more
or less identical in nature, whereas, at 15 atm regime, the uptake rates declined
and both the peaks shifted possibly due to delay in flowering. In var. RSK
the rates increased slowly to reach the first peak between 45 and 55 days and
the maximum tillering wag noted about the same time. The second larger
peak followed immediately between 62 and 69 days. About this time the
peak of growth in height was attained which was followed immediately
by ear emergence. Under 15 atm regime decline in rates was associated
with shifting of peaks but the ear emergence in this case also was found
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Fi1¢. 4. Rate of nitrogen uptake in var. Hybrid, RSK and T55 under different
soil moisture regime. Arrow indicates the stage of ear emergence.

just after the second peak. In var. T55, the situation was slightly different.
Although the first peak was observed at a time when the tillering was maximum,
it was followed by a rather long period of low rate (particularly under field
capacity). Although, during this period, dry matter kept on increasing, the
demand for nitrogen was apparently less, maybe due to lesser growth in this
variety. But it is interesting to note that ear emergence took place just
before the second peak which possibly suggests a greater demand for nitrogen
in this variety during the post-earing phase. It seems further that this
demand is not related with the growth as such, since the rate of extension
growth virtually came to the very minimum during that period. It may
be observed again that, in var. T55, the uptake rate was relatively less in
comparison with other varieties, but as in other cages maximum decline in
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rate was observed under 15 atm. The occurrence of third peak in between
the first and second peaks, under 8 atm regime, could possibly be due to sample
variations.

Nitrogen contents in grains—The results of total nitrogen contents of
the grains have been presented in Table III. It may be found that the concen-
trations of nitrogen in the grains of all the three varieties tended to increase
progressively with the lowering of the moisture regime. It seems that the

TasLE II1

Nitrogen contents in the grains of var. Hybrid, RSK and T55 grown
under different moisture regime

Total N (%) in grains under different moisture regime

Variety

F.C. 1 atm 8 atm 15 atm
Hybrid 1.44 2:31 279 354
RSK 2-33 3.52 2-50 349
T55 2-09 2-33 2:59 2.71

grain yield may be poor under low soil moisture conditions but the grains
whichever were formed contained much higher nitrogen in comparison with
those raised under higher moisture regime. It may be observed again that
under 15 atm, var. Hybrid had the maximum concentration of total nitrogen
in grains in comparison with other varieties while under field capacity the
concentration was the least.

DiscUSSION

The results on plant performance indicate that the vegetative growth
as such wag maximum in var. RSK while the other varieties were comparable
to each other. However, grain yield was highest in var. Hybrid but var.
RSK and T55 had more or less similar yields. The greater yield in var.
Hybrid could not be attributed to the length of ear (var. RSK having the
longest followed by var. T55) but this could be due to a larger number of
nodal ears and effective tillers and to better grain formation in the ears.
Unfortunately, the number of ear-bearing tillers and nodal ears has not
been recorded in this study. ‘

The effects of moisture regime indicated that vegetative growth (as found
in the final stage) was affected most adversely under 15 atm regime. The
adverse effects on different vegetative characters between the range of field
capacity and 8 atm regime were of different magnitudes. However, a
decreasing trend with the decreasing soil moisture status was noted almost in all
cases. The impact of moisture status on growth in height and leaf number was
relatively less during the early stages except in the plants under 15 atm
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regime which showed marked inhibition from the initial stages. But towards
the termination of the vegetative period moisture variations brought about
the expected differences. It seems, therefore, that the sensitivity to moisture
variation increases towards the advanced stages of growth. A similar
conclusion was derived in our earlier studies (Lahiri and Kharabanda 1965,
Lahiri and Kumar 1966). However, soil moisture regime affected the tiller
number at a relatively early stage, but this effect was magnified at the
maximum tillering stage. These differences in tiller number possibly influenced
the dry matter production.

Under 15 atm tension, it was found that var. T55 had a relatively higher
growth in height in comparison with the other two varieties and it also showed
early ear emergence. But the yield was highest in var. Hybrid. Although
at 15 atm regime the yields of all the three varieties were comparable, var.
Hybrid displayed a superiority over others between the range of field capacity
and 8 atm. '

The basic issue in this context is the extent of involvement of tissue
nitrogen status in the foregoing growth and yield modifications. Ample
evidences have been furnished to show that decrease in moisture regime tends
to increase the concentration of nitrogen in the tissue. It seems that, when
growth of plant is limited by soil moisture supply, nitrogen accumulates in
the plant because the rate of entry is approximately maintained in conjunction
with a decreased rate of utilization in growth proeess. Even under extreme
conditions (as under 15 atm regime), where a substantial decrease in uptake
has been observed, poor growth and dry matter production lead to manifold
increase in per cent nitrogen in the tissue. In other words, under favourable
soil moisture conditions, increase in tissue weight brings about a dilution
and thus nitrogen content per unit tissue weight decreases. Therefore, it is
obvious that the observed changes in growth and yield were not mediated
by limitations of the tissue nitrogen level.

Such increases in total nitrogen concentrations have also been observed
even in short duration experiments (Lahiri and Singh 1968). It was also
found that water shortage leads to an impediment in protein synthesis and
protein degradation, if any, occurs enly when the plants are wilted. It was
observed that water-deprived plants synthesized protein at a very fast rate
when they were irrigated. These facts help us to explain the increased
accumulation of protein nitrogen in plants raised under low moisture regime.
Under the present experimental conditions plants were watered to field
capacity when the soil moisture decreased to the desired temsion. It is
possible that large synthesis of protein during the ‘wet phase’ and its addition
to the existent pool brought about an over-all increase in the protein reserve,
although synthesis may be low during the ‘dry phase’ and some of it may be
degraded during wilting under 15 atm regime. The increasing protein content
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under decreasing moisture regime leads us to speculate that protein turn-
over during ‘wet phase’ was increasingly more under increasing tension.
Less use of protein for growth processes in plants under low moisture regime
was an added advantage in such accumulation. This may be the cause for
the slight increase in soluble nitrogen. The decrease in concentration of
nitrogen in the aerial parts with increase in age has also been observed by
Myttenaere and Ringoet (1961) in rice and by Patel ef al. (1958) in pearl
millet.

However, it has been stressed by Stenlid (1958) that the absolute quan-
tities of minerals per plant can help in the proper understanding of the physio-
logical processes. The absolute quantities of total protein and soluble
nitrogen per plant indicate that they were comparable with each other between
the range of field capacity and 8 atm regime. But the curves ohtained for
15 atm regime show a marked diversion to follow a low course. The differ-
ences for soluble nitrogen were relatively less because of the low quantity.
These suggest that only at 15 atm regime there was a substantial decrease
in the over-all nitrogen status of the plant. In certain cases a decrease
(or loss) in the nitrogen content per plant has been observed in the advanced
stages of growth. This could happen due to a number of causes like secretion
and gaseous losses, translocation to other parts, abscission of leaves (Stenlid
. 1958), ete.

It was earlier believed (Hasselbring 1914) that ‘the absorption of salts
by roots is independent of the absorption of water and the transpiration stream
does not exert an accelerating effect on the entrance of salts’. This view
which was held as late as the middle thirties has undergone a change in the
subsequent years and now it is more or less established (Wright 1939, Broyer
and Hoagland 1943, Hylmo 1953) that increase in water uptake may increase
in the rate of ion uptake and a relation exists between water and ion uptake.
Jensen (1962) observed that water and nitrate absorption follow uniform rates
and an increase in suction increases the rate of uptake of both water and
nitrate. If we assume that water is equally available to plants between the
range of field capacity and permanent wilting percentage (Veihmeyer and
Hendrickson 1950), differences in nitrogen uptake rates may not be expected
except under 15 atm regime, as it has been observed here. It was also
demonstrated in an earlier study (Lahiri and Kharabanda 1966) that trans-
piration rate does not alter due to variations in soil moisture over a wide
range and it decreases only when soil water decreases close to the permanent
wilting percentage.

However, the rate of uptake has been found to change at different stages
of growth. The double peak nature of the course of nitrogen uptake remains
more or less unchanged under different moisture regimes and alterations in
the position of peaks have been found under the 15 atm regime, presumably



124 A, N, LAHIRI & SUDAMA SINGH

due to changes in growth behaviour and time of earing. It may be mentioned
in this context that Tanaka ef al. (1959) also observed two distinct peak
periods in nitrogen uptake of rice varieties. However, in the case of rice
ear emergence is immediately followed by the second peak and therefore the
second peak is usually related with the nitrogen demands at earing. A
similar situation in var. T55 has been observed here. But in var. Hybrid
and RSK the second peak, which is relatively larger than the first, occurs
just prior to earing. It may be possible that in these varieties demand
for nitrogen is higher during the early reproductive phase of the shoot apex
and partially it may also meet the demands for growth. Whatever the case
may be it seems that the second peak is larger than the first which is related
with the tillering process.

Applications of high doses of nitrogenous fertilizers are not favoured
by Agronomists under arid conditions. Under unfavourable conditions it
leads to the so-called ‘burning’ of the crop. Our studies indicate that decrease
of soil water close to permanent wilting only impedes the intake of nitrogen.
The adverse soil moisture conditions, however, affect the photosynthetic
_efficiency and dry matter production. Under high dose of fertilizer increased
vegetative growth is expected to favour greater soil water exploitation.
Consequently, if plants wilt, it will automatically increase the ammonia
nitrogen in the tissue (Lahiri and Singh 1968) which being toxic may cause .
the burning. Many other diverse causes may also be related with this process.

It has been demonstrated that the yield decreases under lower moisture
regime but the concentration of nitrogen in grains whichever were formed
contained much higher nitrogen. This phenomenon has also been observed
in wheat by Asana and Sahay (1965) and they explained that this is due to
lower accumulation of dry matter in grains. It has been suggested by
Petinov and Pavlov (1955) that flow of nitrogen into the grains is less subjected
to unfavourable moisture conditions than the flow of carbohydrates.

In conclusion it may be said that the information provided in this inves-
tigation presents only a part of the complex influence of soil moisture on
plants. It is possible again that the processes of accumulation of other nutrients
are altogether different from those outlined here for nitrogen.
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