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TRANSPIRATION REGULATION IN SOME LEGUME CROPS UNDER
DIFFERENT FERTILITY LEVELS IN SEMIARID FARMING
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ADSTRACT

To develop a mathematical model which can be vsed for prediction, one needs to have an
assess of all varishle pertnining fo that system funttion. For water relation studies and to develop
medels, parameters like flow, leaf temperature, relative humidity, light intensity, difTusive resistance
50 dlso water/osmotic potential of leal and soil, total trenspiring area, their dynamics ane
prerequisites. However, during the present study, due to the lack of compatible apparatus 1o suit
other measurements, no record could be made an a few parmmeters. And thus, a complete prediction
eruations could not be developed. Despite this fact, this investigation identificd that flow and
resistance have commendable relationship with transpiration than quantum and leaf temperature,
changes in fertility levels bring non significant changes (sensu lofo) intmnspiration regulation,

mothbean by exhibiting random varishility indicates o

complex mechanism involved in nis

transpiration regulation, warranting a detailed investigation,

EEY WORDS @
Maothbean

Leaves are most directly exposed lo variation
in light, temperature and moisture deficit in
aunosphere and hence indicative of the evolution of
adaptation o environment (Larcher, 1983; Sen and
Lekhak, 1984). The crops cultivated in arid and

Transpiration, Fertility Levels, Moonghean, Clusierbean,

semiarid regions are confronted 1o maintain 2
favourable balance between absorption  and
transpiration  under the adverse conditions of
environment, The hot-and  dry  atmosphere
demands excessive transpiration , while deficien
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soil moisture impedes absorption (Sen, 1982).
Water relation studies were carried out on many
desert plants . by various workers (Mathur and
Sen,1972; Sen and Chawan, 1972: Sen and
Bhandari, 1978) following the traditional methods
which led to the pattern of changes in the
parameters studied over season. However, little
.efforts were made to interrelate the parameters (Sen
et al, 1990). This paper deals with the inter
relationships of some parameters which affect
transpiration in three legume crops of semiarid
farming.

MATERIALS AND METHODS

Three | légume crops, viz, moongbean
(Phaseolus aureus Roxb cv. Pusa Vaishaki),
clusterbean (Cyamopsis refragonoloba (Linn.)
Taub. cv. Maru), mothbean (Phaseolus
acenitifolius Jacq cv. Jadia) were selected for the
present study, And these crops were cultivated in
the experimental fields during the monsocon season
of 1988-89, under five fertility levels: M1-0 Kg N +
0 Kg P20s + Kg K20; M2-15 Kg N + 10 Kg P20s
+ 30 Kg K20; M3 -30 Kg N + 20 Kg P20s + 30

KgK20; M4-45 Kg N+ 30 Kg P205 + 30 Kg K20,
M5-60 Kg N + 45 KgP20s + 30 Kg K20,.ha” with
45 cm apart rows and 15 cm within rows. With the
help of Steady State P-::mme.ter (Li- "Cor) various
parameters like flow (em3 § Y, leaf temperature
°0), relatwe humidity (%), quantum. of Tight (L E

m*Sec”! ), diffusive rems!.ant:e: (S ‘cm I) and
transpiration (Jg em™ Sec™') were measured, by

- clamping the leaf sample in the cuvette and the

data of that time were recorded. The observations
were made during different hours of the day for
each crop and fertility levels from 20 days after
emergence (DAE) to 65 DAE. An average of 75 for
moongbean, 55 for clusterbean and 50 for
mothbean, times with pentaplicate observataions
each time were made. The mean value of each time
and parameter is used for analysis.

The transpiration measured was considered as
a dependent factor (Y) of various independent
factors. And simple correlation coefficients (r) and
best fitting linear or curvilinear equations were
computed individually- to understand the
relationships. Step-wise regression. analysis for
each fertility level and considering all fertility

Table 1. Relationships between flow and trnnspiratlnnrnﬂegumc crops at different fertility lovels

50

Cmp{s}!anility]:u:ls N"::E:;:E“ Range of Flow Equations
- Moongbean
Ml 75 0.013-7.756 " Y =6.788 A 0.870 X (r = 0.986)
M2 75 0.008-8.310 Y =6.9250.883 X (r=0.991)
M3 75 0.008 - 8.386 Y = 6755 4 0.879 X {r=0.987)
M4 75 0.012-8.223 Y = 6.986 ~ 0.874 X (r = 0.969)
MS 75 0,008 - 8.534 Y =6.869 ~ 0.898 X (r=0.991)
Clusterbaan
M1 55 0.004 - 5.028 Y =7.361 »0.894 X (r=0.990)
Mz 55 0.133 - B.990 Y =8.529 4 0.807 X {r=0.979)
M3, 55 0.138 -7.533 Y =8481 % 0.802 X (r=0937)
M4 55 0.140- 8.045 Y =8.348 A 0.810 X (r=0981)
Y=3174 +6772 X -0.196 X*
M5 .55 0.110-8.936 ol whitets
Mothbean :

MI 50 0.934 - 6.082 ¥ =11.124 A 0.439 X (r=0.773)
M2 50 1.599 - 8.540 Y = 19.968 + 0.477 X (r=0.812)
M3 50 1.700 - 7.940 Y =10742 20564 X (r=0.510)
M4 50 0.957-8.700 Y = 10.984 7 0.475 X (r=0.840)
M5 1.799-7.805 Y =7.562+ 3819 X (r = 0.947)

A =To the power
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Tgblc i;. Rchthﬁleps between leaf temperature and transpiration of legume crops at different fertility levels

541

-, Crop{s)/Fertility levels Range of leaf temperature Equation
‘Moongbean '
ML, 26.7-334 Y =-338.704 + 105.751 log X (r=0.701)
‘M2 26.5-34.4 Y =-393.668 + 122.870 log X (r = 0.767)
M3 26.5-34.3 Y =-440.756 + 136.239 log X (r=0.817)
Md 26.5-33.9 Y =-396.375 + 122,938 log X (r = 0.771)
MS 26.7-34.1 Y =-401.275 + 124.681 log X (r=0.761)
Clusterbean )
M1 269-339 Y =-487.857 + 149,575 log X (r=0.897)
M2 27.1-342 Y =-511.644 + 156.137 log X (r = 0.905)
M3 27-343 Y =-486.166 + 148.577 log X (r= 0.815)
M4 27.1-34.8 Y =-483.836 + 147.942 log X (r = 0.905)
M5 23.6-33.4 Y=-82956+3345 logX(r=0722)
Mothbean
M) 27.4-345 “
M2 26.4-345 _
M3 27.4-347 Y=2207¢7917E-02X  (r=0.523)
M4 21.1-352 =
M5 274-358 -

Number of mean observatiions are same as Table

"¢ =To the exponential
E =To the power of 10
- = Vanables are scattered

Table3. Relationships between relative humidity and transpiration of legume crops at different fertility levels

Crop(s)/Fertility levels o Range of relative humidity Equation

Moongbean
M 15.6-82 Y =295395¢-0069 X (r=-0771)
M2 208-824 Y =440.193 e -7.485E-02 X (r =-0.802)
M3 12.8-824 Y =429,782 ¢ -7.761E-02 X (r=-0.799)
M4 208-81.6 Y = 348.001 e -7.37E-02 X (r = -0.798)
MS 17.6-82.8 Y =720.226 ¢ -8.815E-02 X (r =-0.805)

Clusterbean .
Mi 18- 82 Y =462.503 ¢ -7.36E-02 X (r=-0.757)
M2 22.4-80 Y = 154.271 ¢-4.342E-02 X (r =-0841)
M3 232-804 Y =129.512 e-3.936E-02 X (r =-0.747)
M4 22-804 Y = 164.961 ¢ ~4.586E-02 X (r = -0.862)
MS 188-79.6 Y =105.457¢-0038 X (r=-0662)

Mothbean
Ml 12.8-68.4 r=2.804 + 1.271 X -1.729E-02 X* (R* = 0.82)
M2 16-60.4 Y =1.259 + 1.493 X - 206 X* (R*=0.52)
M3 20.6-59.5 Y =202,926 ¢ -0.585 X (r=-0.603)
M4 13.6-68.4 *=6.729 + 1.107 X -5.104E-02 X* (R® = 0.69)
M5 206-572 . =45094 +3.933 X -5.104E-02 X* (R? = 0.60)

Number of mean obscrvatiions are same as Table |

¢ =To the exponential
E =To the powerof 10
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Table 4.‘ Relationship between quantum and transpiration of legume crops at different fertility levels

Crop(s)/Ferility levels Range of quantuin ‘Equation

Maoonghean '
MI 77 - 2430 Y =9.589 4 1.31E-02 X (r=0.733)
M2 73-1920 Y = -35.00 + 9.606 log X (r= 0.797)
M3 66 - 2140 Y =-24.518 +7.613 log X (r=0.803)
M4 78 - 1940 Y =-21.792 + 7.276 log X (r= 0.778)
MS 79 - 1920 Y =-23.115+7.613 log X (r=0.784)

Clusterbean

‘ M1 1392170 Y =-71.788 4 14.787 log X (r=0.890)
M2 154 -2210 Y =-79.80 + 15.502 log X (r=0.909)
M3 160 - 2050 Y =-75,757+ 15452 log X (r=10.838)
M4 174 - 1870 Y =-74,180 4 15.056 log X (r=0.876)
MS 191 - 1880 Y =-74.792 4 14.366 fog X (r=0.904)

Mothbean
M1 70~ 1850
M2 99 . 1680 Y =6.402 + 2,769 log X (r = 0.484)
M3 73 - 1890 Y=6.178 10212 X (r=0.629)
M4 88 - 1880
M5 84 - 1850

Number of mean observatiions are same as Table |

¢ = To the exponential
E =To the power of 10
- = Variables are scattered

Table 5. Relationships between diffusive resistance and transpiration of legume crops at different fertility levels

Crop(s)(Fertility levels Range of diffusion resistance Equation

Moongbean :
M1 0.22-34.] Y = 11304 ~-1.221 X (r=-0.967)
M2 0.26-42.7 Y =10.533 41,229 X (r=-0.967)
M3 0.26-54.2 Y =12.0867-1.112 X (r=-0.971)
Mé4 0.29-472 Y =21.468 A -1.255 X (r=-0.967)
M5 0.28 - 53.1 Y =12.1144 -1.059 X {r = -0.905)

Clusterbean ‘ )
Mi 0,30- 620 Y = 11396 4-1.215 X (r =-0.970)
M2 0.31-3.59 Y'=9.729A.1.421 X (r=-0.858)
M3 0.28-3.45 Y =0.846 4 -1.354 X (r = -0,841)
M4 0.30 - 3.30 Y =9.661-1.530X (r=-891)
M5 032-462 Y =10.181 A-1.458 X (r=-0911)

Mothbean )
M1 0.31-231 Y =17.422- 1.520 log X (r=-0.526)
M2 0.29-297 -
M3 0.11-285 Y =17.342 - 9627 log X (r =-0.519)
M4 0.32-2.04 ' -
M5 0.36- 3.61 Y= 15,606 7-0.555 X (r=-0.741)

Number of mean observatiions are same as Table |

¢ = To the exponential
E = To the power of 10
- = Variables are scattered
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Spala T

‘mulgtive relationships of independent variables to transpiration of legume crops at different fertility levels

- Cmﬁs}fﬁﬁﬁiw fevels T of variation explainedfa

TFinal equation computed \b

Moongbean _
M 88,97 (4.60)
M2 92,05 (4.43)
M3 88.44 (5.40)
M4 87.81(5.46)
M3 86.87(5.62)
Clusterbean
M1 93.46 ( 4.07)
M2 96.83(2.75)
M3 96.12(3:15)
M4 96.75(2.72)
M5 91.40(4.25)
Mothbean :
M1 90.84 (2.06)
M2 91.12(1.54)
M3 92.84 (1.84)
‘M4 92.84 (1.88)
M5 95.69 (1.84)

Y =-44.173 + 6,471 X1 +0.17 X2 + 0.672 X3 4 5.815E-03 X4 -0.546 X5
¥ =-55.254 4+ 9.309 X1 + 1.457 X2+ 0.516 X3 4 |.202E-02 Xd = 0,163 X5

¥ = -48.660 + 8.554 X1 +-0.80 X3 + 7.815E-04 X4 - 0.422 X5

Y =-67.814 4+ 6:626 X1 4 1.177 X2+ 0,597 X3 + 1.198E-04 X5 - 0.463 X5

Y =-48:353 +7.639 X1 + 1.636E-02 X2 4 0.729 X3 + 8.865E-03 X4 - 0.238 X5

Y =-157.152 + 5.385 X1 + 4,120 X2 + 0.709 X3 -5.406E-04 X4 - 0,151 X5
Y =-215.009 + 5.513 X1 +6.159 X2 + 0.760 X3 - 5.545E-03 X4 - 3.828 X5
Y =.217.235 +4.734 X1 +5.912 X2 + 0.865 X3 + 7.238E-05 X4 - 4.951 X5
Y =-136.518 +4.282 X1 + 3.689 X2 + 0,653 X3 + 3.256E-03 X4 - 6.441 X5
¥'=-2.51145.619X1+0.180 X3 + 4.026E-04 X4~ 3473 X5

Y =-38.430 4+ 2,101 X1 +2.155 X2 - 5.856E-03 X3 - 16,939 X5
Y=16423 +3.125 X1 +4.203E-02 X2 - 2.204E-03 X4 - 11.00 X5
Y =-28.973 + 6297 X1 4 0.604 X3- 1,379 X5
Y =31467+ 1652 X1-0.183 X3-3.434E-04 X4 - 13.246 X5

" ¥ =-9413+4.74 X1 +9.053E-02 X2 + 0.240 X3

‘a= Values in paranthesis are standard deviation of residuals

\b = Independent variables X1 = Flow; X2 =Leaf temperature; X3 = Relative humidity; X4 = Quantum; XS = Diffusive resistance

Dependent variable Y = Transpiration
E =Tao the power of L0

levels together were also made (Snedecor and
Cochran, 1967).

RESULTS AND DISCUSSION

Flow and transpiration were related
curvilinearly with a straight line on log vs log scale.
This relationship remained same in all five fertility
levels in moongbean and clusterbean, except for
clusterbean at M3 where the variables follow a
parabolic relation, However, in mothbean, flow and
transpiration were related linearly at M2 and M35,
and curvilinearly at M1, M3 and M4. In all the
three crops flow showed significant positive
rélationship (Table 1). Similar to fow, leaf
temperature  also showed significant positive
relationship with transpiration. In moongbean and
clusterbean, these variables followed a sigmold
pathway, whereas, they showed random variability
in mothbean (Table 2). Compared 1o flow, leaf
temperature exhibited lesser correlation coefficient,
Contrary to flow and leafl temperature, relative
humidity exhibited negative correlation with
transpiration, Relative humidity and transpiration
follow an exponential pathway at all five fertility

levels in moongbean and clusterbean. Interestingly,
these variables follow mostly parabelic pathway in
mothbean, except at M3, where it was exponential

(Table 3). Quantum of light at leaf surface and

transpiration follow a sigmold pathway and
exhibited direct. relationship in moongbean and
clusterbean, whereas, the variabilities were random
in mothbean (Table 4). Like flow diffusive
resistance also follows & curve linear pathway of a
straight line in log vs log scale with transpiration.
However these two variables show significant
negative correlation in moongbean and clusterbean
and random pattern in mothbean (Table 5), It is
clear from the equations oblained considening the
variables separately against transpiration that
increase in fertility levels did not bring any
significant change in the patiern of relationships.

As all the independent variables mostly play a
significant role in regulating transpiration, these
variables were related  together  and  their
contributions to transpiration were tested against
factorial ratio al 5 per cenl -Inlerestingly, the
contributions of all the independent vanables were
significant in transpiration regulation at all fertlity
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levels in moonghbean and clusterbean except leafl
temperature ot M3 of  moongbean and M5 of
clusterbean. In mothbean, the coniributions of
independent variables were random, However, flow
the significant at all five levels and diffusive
resistance al four levels. The percentage of
variability explained was low in moongbean
(87-92%) as compared to inothbean (91-96%) and
clusterbean (91-97%). Despite random variability
in mothbean, the standard deviations of residuals

were least ranging from 1.54 to 2.06 as compared.

of clusterbean (2.72-4.25) and moongbean
(4.49-5.62 ; Table 6).

In moongbean and clusterbean, the pattern
followed by the independent variables against
transpiration were mostly similar so also their
contributions. This fact led to further analysis of the
data ‘considering all fertility levels together. And
the final equations obtained for these crops were as
follows:

Y =-53.193 4+ 6.351 X1 + 0.681 X2 + 0.583 X3 +

3.803E-03 X4 - 0.335 X5 ......... moongbean

Y =-128.94] + 4.556 X1 + 3.638 X2 + )0.469 X3 -
2091E-058 X5-0.115X5......... clusierbean.

Where X1, X2, X3,X4 and X5 are flow, leaf
temperature, relative humidity, quantum, and
diffusive resistance, respectively, and Y represent
transpiration. - The variability explained  was
salisfactory for moongbean (85.58%) and
clusterbean (89.37%) with standard deviation of the
residuals of 5.43 and 4.61, respectively.

Transpiration cools leaves (Larcher, 1983) arid_ '

fluctuations in its rate may indicate the degree of
stomatal control and potential for the- assimilation
of carbon dioxide (Hall and Schulze, 1980).
However, these are indirect applications and it is

preferable to measure leaf temperature. stomatal

aperture and assimilation rates directly (Bannister,
1973). There is no unique relationship between
water content and water potential ‘of plant tissues
«(Jarvis and Jarvis, 1963). Plants growting in arid
conditions (physical drought) often show shallow
curves with relatively small reductions in water
content for large differences in water potential,

Stomatal closure and desiccation damage arc often-
more readily related to water content than. to water
potential  (Jarvis and Jarvis, 1963). The
considerations of the gesistance of leaves to the
diffusive of water vapour and carbon di oxide have
led to the formulation of a number of
mathematicals models which can predict both
physiological and ecological response (Lewis,
1972). |
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