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STUDIES ON SOME CHARACTERS OF WATER CONSUMPTION AND
WATER USE EFFICIENCY ON SOME SOYBEAN VARIETIES
R. BLANCHET, N. GELFI, A. MERRIEN, I. PUECH

Cooperative Research Program bhetween

People’s Republic of China and France, 1981

The modest contribution of the Station d’Agronomice to this cooperative
program was directed on 3 points concerning soybean water problems:

A-Maximum evapotranspiration of 4 soybean types, in lysimeters.

B-Ohservations on water consumption, leaf aera and stomatal hehavior
on 30 varieties in a pot experiment.

C-Production of 25 varieties in small plots in the field, without irriga-
tion.

The technics concerning these 3 points being quite different, they will
be bricfly described for cach of them, before the indication of the results.
A) Maximum evapotranspiration in lysimeters

These 4 tysinieters have 3 m2 of acra and 1 m of depth and are dayly
supplied in surface hy water according to the consumption of the day belore:
furthermore, a water table is maintained constant at 0,90 m depth, and the
water supply-or the drainage-by this way is also registered. They are disposed
in open air an irrigated soybcan {ield of 0.5 ha, variety llodgson, 35
plants by m?, planted on April 24, giving an homogeneous environment,
I'he soil is a well strucltured loam, well fertitized.

Table T gives Lhe main climatic parameters of this year,

The undetermined varicties compared (1 by lysimeter) have about the
same carlyness, but differ in their sizes and leal characters:

~-Iodgson, well adaptated to these conditiors

—fleinong 26: about the same size and leaf aera index (LAD

~liling 14, smaller LLAT and sizc

—-Hefeng 23, shortest and smallest LLAT, about 10 days earlicr

As it was not possible to make samplings in lysimeters before the end
of growth, the same varieties were also cropped in pots (sce below, part
3y and harvested on August 19, at the maximum leaf aera (begining of
grain filling) ; their characters, comparahle to those of lysimeters plants,
are given on table 2. The water consumption increascd there with the size

and leal acra of plants, but decreased by dm? of leaves: that is not surpr-
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ising. But these plants were not in an agricultural canopy, and for this

{rait let us consider the results of lysimeters, given by figure 1 and table 3.

Averages for periods 'Tfﬂ)zimesfig Hours of ‘i Rainfall }of(:l;?nvt:;l: ]thjiv:hu“lid_i_tlf’_fiai:j%

T T TR S v B

S L UV U ad Sl A

May 1 —10 | 8.3 ( 15,8 ! 32 36.0 1 33.0 , 67 “ a6
11—20 9.4 | 183 | 66 3.5 7.8 | 54 : 9

21—31 | 10,4 © 194 | 72 33.C 37,2 | 57 94

Jume 1 —10 | 13,0 | 24,1 i 85 a.5 19,2 } 52 | 35
11—70 | 14.0 | 26,7 I 131 | 0 59,5 g 20 us

2130 118 20,6 ’ 67 ‘) 35.0 ‘ 62.2 | 55. a2

July 1 —10 ' 13.8 25.1 80 0.0 1 61,3 58 97
11—20 \ 14,2 | 22.1 52 | 7.0 1 40,5 62 96
21—31 13.8 : 23,5 | a4 21,0 ' 53,0 57 a6

August 1 —10 17,1 26,1 53 12.0 1 i2.8 63 98
11—20 4,8 | 27,3 100 0 Poosea 18 98

21—31 ' 12,7 ¢ 26.8 l 109 | 36.0 73,0 10 aR

Sept 1 —10 14,5 | 25,2 | 66 5,0 28,2 56 08
11—20 | 14,4 | .24,5 61 0 27.9 56 98

21—30 | 11,8 C 20,3 | 19 , 18.5 30,9 62 97

Oct 1—10 \‘ 12,1 21,3 * 51 ' 13,0 26,5 61 98
1n—20 13,5 \ 19,9 32 | 17.5 25 74 98

21—31 PoT.2 1 14,3 3 44 43.0 22,0 66 08

(x)measured in lysimeters with Festuca Arundinacea cropped as a continuous caropy

Table 1-Main climatic parameters

| .
Green leaves | Dry weight of | Total dry Water consumption

1
Variety [ Height, cm
|

: sopl . - -

area, dm green leaves, g | maiter, g Total.1/ day | g/dm® leaves/day

‘ I I H R
Hefeng 23 | 75 | 9,5 | 3,8 17.6 0.16 17

Jiling 14 | 95 | 17,8 | 6.4 ~ na.8 0.24 13,5
Hodgson | 120 | 26,3 J 10,4 b2 0433 12
| |

Heinong 26| 110 \‘ 24,5 | 10,6 D42 0.36 15

mn i TS A_am o T mEEes WToncr TEmAmSA ¢ omeomosi f s i L 2 ST Srememi st s RS

Table 2- Main characters of plants at complete vegelative developments August 19.pots of 4

plants, results for 1 plant; lower leaves already dry in Hefeng 23,

Total water

Variety ! consumption H‘eaiﬂl: chm ' ‘Ye,i,ght, gf}, ﬂfmﬂelg/jj aiﬁmaturity -

; mm P ’ | Stems + petiolus 1 Leaflets i Seeds 1 Total D. M,
Hefeng 23 | 542 | 79 L 202 . 200 | 576
Jiling 14 | 587 94 183 Co1sz 0 283 265
Hodgson ! 614 100 393 | 152 385 | 1048
Heinong 26 | 666 a 106 633 180 24 1178

Table 3-Main characters of planis at maturity (lysimeter«)
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We can see that the 4 varieties had about the same evapotranspirations
till mid-July, when they were developing their canopies. After, the warter
consumptions differed with ILAI and probably propers characters, mainly in
dry atmosphere (end of August) ; then the cvapotranspiration increased
markedly from Hefeng 23 to Jiling 14, Hodgson and Heinong 26, according
to their Vegetativé development and giving total water consumptions ranging
from 542 mm (Hefeng 23) to 666 mm (Heinong 26) . They were harves—
ted at mid-October; despite the smaller transpiration of Hefeng 23 and
Jiling 14, the best water use efficienc'y for total dry matter production

T. D, M.

—-)is given by Heinong 26 and Hodgson. The seed produc-
water consumption

tion is obviously a matter of adaptation to the environmental conditions.
where Hodgson has the best place, but this experiment is interesting as an
indication of the variability in water requirements and water use efficien-
cies among types in the field.

We can peculiarly observe on figure 1 that the greatest differencies of
water consumption between varieties, when their foliage is well developed
(mid-July) ,occur when the minimum relative humidity during the day is
the lowest, The temperature seems to have a smaller effect. This behaviour

leads to think that the extent of“doors of exit” of water (leaves and their



1 W o BHG%: LHKE B TR ER A SRR MO g

stomata) , on one hand, and the differences of water potential between leat
and atmosphere, on the other hand, play in such disparities of transpiration
the main roles. The following pot experiment may precise these views.
B) Observations on water consumption, feaf aera and stomatal behavior in a
pot experiment ) :

This study was conducted in the natural environment, under a plastic
shelter, with a controlled water supply ensuring maximum evapotranspira-
tion. Each pot started in mid May with 5 plants; one plant was cut when
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the {oliage was well developed (July 30) in order 1o estimate the leaf aera,
and the other 1 plants werc harvested at maturity (from the begining of
September to carly October). The dried leaves were carefully stored and
weighied.

The: pots were disposed in o canopy of about 18 plants per m?*, with
addition of non-cxperimental border pots. For some detailed measures of
stomatsl rosistancd, the studied pots were extracted from the canopy in a
sunny aund warm day. These measures were made with a dilfusion parametcer
(Lielta, ziving also the leal temperature) |, on the upper and lower faces,
In addition, some measures oi leal tcmperature were also made with an
infrared emission pistol. Plastic impressions of the upper and lower epidemis
were made; they are still in microscopic examination.

The varictics then studied are listed on table 4, in their order of rea-
ching maturity.y Because of the small number of available seeds, there were
no replicates, and the results of production and water use cfficiency are
only indicative. Four replicates were only made on Heinong 26, Hefeng 23,
liling 14, Swilt and Hodgson.

B 1-Stomatal pehaviors

The main results are sammarized in figure 2: the more characteristic
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varieties studied arc classified by increasing stomatal resistances of the
upper {ace, measured in the canopy by a sunny and {ine weather €27°C, 60%
relative humidity, no wind) . There was a large variation of Rs, from
about 3 to 8 sec.em™!., Rs generally incresed in the afternoon, ina various
cxtent depending on varieties.

Rs markedly incrcased in putting the plants oul of the canopy, {for
comparable weather; that can be cxplained by greater infercepiion of cnergy,
and air circulation.

The resistances were lower on the lower face, according to the well
known greater number of stomatcs on that face, and also increased with
cvaporative conditions,

In a general way, we found that varicties with low Rs (ex. Heinong
26) had a rather low regulation when evapcerative demand increased, alth-
ough varieties of higher Rs had a rather higher vegulation. But there arc
exceptions, such as:

-Hodgson, with moderate Rs in good condition, has an important scalc
of regulation.

-Jiling 3 has a a higher“basal”’Rs, bul not a large regulation in thosc
conditions.

The highest resistances, both “hasal” and “rcgulative”, were {ound in
Hcizhushidou 2005, Weng Feng 5 and Quingmoshidou 533, yet vigorous and
perhaps interesting for drought adaptation. Other varicties, such as Xibeiwa,
had a good rcgulation on the upper face, but not at the lower, il scems. It
was the contrary for FFced brown 549.

These stomatal regulations had a marked <ffect o¢n leal temperatures
(figure 3) .For instance, always Hceinong 26 had a lcaf temperature lower
than atmosphere, while Heizhushidou 2005 had by warm weather 2 or 3
degrees more than Heinong 26. In rather drastic conditious (39°C in the
atmosphere) , we obscrved among varicties, by infrarcd cmission, diflcrenc—
es of near 10° C in leaf temperatures, the highest corvesponding to highest
Rs and conversely.

These types of behavior arc summarized on {igure 1, assuming that leaf
temperature can be an indicator of the evaporutise demund and ol the
plant reactions: Heinong 25 docs not show a greal stomatal regulation, and
the contrary happens in Hcizhushidou 2005, llodgsen haing intermediate.
But thesc results were oblained at the end ol the developmont cyele, and

are only indicative of ways of further rescarch.
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B 2- Water consumption, leaf characters and production

As indicated by table 4, we observe u Jarge variability in leaf areas,
water consumptions, and productions. Let us note that, in this experiment, the
leat aera index was in average (all the varieties) of about 5, allowing a
rather good penetration of light and circulation of air. Then, the varicties
were not in tlieir own environment, but in a common one, and that probably
advantaged the most vigorous omnes, whiclh werc nol in a strong competition.

The weights of the dry leaflets at maturity seem lo give a better indi-
calion of the foliage development than the leal arcas at a given date; we
are used to consider this character when it is possible. Plotiing the water
consumptions as lunction ol it, we can obscrve on ligure 5:

~a general and less-than-proportional ralatiouship;

—some “waler-saving” varieties, whose transpiration is inferior to the

common behavior for the same weight of leaflets: Jiling 3, 4 and 10, Feed
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549, lJiunion 6, Heizhushidou 2005, Jiangedou, Quingmoshidou 533, Tie
FFeng 18.

-a “wasting” variety: Dong Nong 4 ‘

-in those conditions the carlyness had no great influence on that
relationship: although the water—saving varielies arc rather late, there is
no general distinction belween carly and late on the basis of their {oliage
extent, and on the ratio watcr consumption/{oliage extent.

Trying to appreciate the CO, assimilations of these foliages, wc¢ made
an estimate derived from the works of PENNING DE VRIES, and taking
in account the energy requirement ol the synthesis ol oil and proteins in
seeds (the publication of our approach is in press in the review “Agron-
omie”) . For thal purpose and in a first approximation, we calculated this
estimate of assimilation (glucose) by the sum:

Weight of stem-+petiolus+leaflets-tempty pods+2 {weight of seeds)

It is a very coarse estimate, but more accurate than the total dry matter.
1{ we plot those values as function of the weight of leaflets (figure 5,
above) , we camn see that the “water—savig” varieties also seem to have
rather low assimilations by unit of leaflets, except Jiangedou and Quingmos-
hidou 533. Some performant varieties such as Heinong 26 and 10, Jiling 14,
Hodgson, nn the contrary, appear in a good posilion.

Then, it seems to appear a sort of linkage betwcen transpiration and
assimilation in the leal activities, and we tricd to see if it was related to
stomatal resistances. For that, we took the averages of two faces Rs obser-
ved in good conditions of light and temperature (Table 4) and we made

in them 3 classes. Figure g shows thal waler consumptions, plotted like above

Results for 1 plant

varietics, classi-} Stomatal B - -
. . . . Dry matter Water use
fied in their jresistances | Approxim. | Dry weight Total ‘ (D.M.) efficiency, g/l.
order of reaching | Rs, (1) \ leaf area on | of leaflets water con production on:
. | July 30, dm? | at maturity | sumption | =7 77T | TTotal
maturity sec/cm (2) g 1 Total,g (Grain,g D.M. Grain
| . R
Hei Ha 3 3,1 ‘ 12 I 5,50 . W1 “ 21,7 “ 8,17 ~ 2,63 0,59
Hefeng 23 3,3 L7 1,88 6,73 19,7 | 7,09 ‘ 2,95 ‘ 1,06
Swift 4,1 20 6,6 9,73 ; 27,0 110,0 ' 2,80 1,04
Heinong 11 3,4 \ 21 \ 8,8 D111 | 3640 \13,35 i 3,07 1 1,18
Jiling 15 3,6 17 7,45 125 | 28,8 1 10,0 2,55 0,89
Kexi 283 4,2 41 12,8 16.15 15,2 | 14,0 2,80 0,87
i I

Jilin 10 3,55 35 11,9 TRY: \ 37,4 | 10,1 3.05 | 0,82

& |
Jiling 14 3,1 24 9,1 |izs61 1 38,6 13,0 3,06 | 1,10
Hodgson 3,4 36 L850 | 11.70 36,8 | 13.2 \ 3,04 | 1,15
Xibeiwa 4,35 53 | 11,7 C16,40 43,1 14,2 2.64 ‘ 0,86
Jiunion 5 3,15 ! 35 9,6 | 14,41 | 36,5 12,3 2,53 0,85
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Dong Nong I 3.6 33 12,8 | 14,95 ' 46,6 | 14,9 | 3,12 | 1,0
Zhinuanong 2 2,8 33 11 “ 15-19 | 40,9 | 13,9 | 2,69 | 0,92
Jiling 4 5,2 : 33 7,6 | 7,83 \ 24,4 7,0 3,24 0,93
Heinong 1 40 | 26 9,4 13,57 | 37,6 | 13,0 2,83 | 0,98
Zhinuanong 3l 3.9 14 | 14,6 17,67 \ 51,4 | 16,9 2,01 | 0,9
Heinong 18 2,55 48 R S 12,64 | 35,0 | 13,7 | 2,77 | 1,08
Jiling 3] 5,0 | 19 L 7.8 l 28| 25,4 | T3 3,51 | 1,01
Heinong 10 3,05 35 \ B9 1217 38,1 11358 2,98 | 1,08
Feed brown 5481 4,9 32 8,4 | 10412 | 29,4 | 7,8 2,91 | 0,77
Jiunion 6‘ 3,50 18 ‘ 9,1 9,80 1 31,5 10,8 3,21 | 1,10
Dong Nong a 3.3 25 13,0 | 21,52 | 52,5 | 14,0 | 2,44 | 0,65
Heizhushidou 2005) 5,3 | 28 ‘ 9,7 L9,39 1 33,5 | 9,0 l 3,61 | 0,96
Jiangedou 445 30 b4 15,00 l 50,3 | 15,0 3,35 | 1,00
Heinong 26] 2,65 \ 23 90 | 13,34 | 39,7 |14 | 2,87 | 1,07
Tie Feng 18 3,65 | 32 ; 16,6 r 17,78 | 51,6 | 14,7 2,90 | 0,83
Quingmoshidou 533 6,55 | 45 | 14,3, 15,58 l 50,2 | 13,2 3,22 | 0.85
Feed Yellow 531] 5,05 ; 83 Po10,4 \ 22,85 | 54,6 | 11,3 2,39 | 0,49
Weng Feng 5 6,1 | 30 y 20,3 | 21,65 } 68,5 | 20,4 3,16 .94

(1)Average of the two Faces, 11/8/81, 10 h a. m, 27°C,60% relative humidity, sunny weather
(2)Some late varieties, especially Jiangedou, Dong Nong 4, Tie Feng 18, Weng Feng 5,had not

achieved their leaf development

Table 4—Main characters of the planis in pot experiment

as function of dry weight of leaflets, classify rather well according to Rs:
the “water—saving” varieties mainly have a higher Rs. The estimates of CO,
assimilation give a rather similar picture, but not so well differenciated
by Rs than water consumptions. Then, here, increasing Rs seem to moder-
ate transpiration (this is quite logical) , but also to moderate photosynth-
esis, so that the water use efficiency does not increasc in a general way
with Rs.

Coming back to a more usual character,if we plot the total dry matter
productjons as functions of water consumptions (figure 7) , we can see
here a linear relation, without any effect of Rs. But we note the good
behavior of Jiangedou and Quingmoshidou 533, and also Heizhushidou 2005
and Weng Feng 5, that we emphasized above.

Seed production does not give a linear relation with water consumption
and foliage dévelopment; we already observed that in previous works, the
cquilibrium between vegetative and reproductive organs being a difficult
question of both physiology and environment. We will not discuss here this
point, because this experiment is not sufficiently prccise. But we note the
particular intercst of varieties both “water-saving” and productive in seeds

(liangedou...)
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of course, this experiment is only a first view, and these results have
to be precised and perhaps confirmed in more detailed and occurate studies.
But the large variability of this plant material in its water relationships
is very interersting, and we are grateful to our Chinese colleagues for
providing us with it.
C) Production of some varieties in small fieid plots, without irrigation

These varieties, indicated on figure 8, were cropped in a loamy decop

soil having about 250 mm of water available for crops, well fertilized, and
inoculated hy Rhizobium japonicum. Depending of available seeds, each

variety was planted early May on 1 to 3 lines 5 m long, in an environment
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ol the early variety Adepta, 35 plants/m? ({igure 9) . Such small and vari-
able areas, with non-uniform competitions, and lack of replicates, of course
do not permit correct comparisons, and the results are only indicative of
tendancies of behaviors,

Current varietics cropped in France were also ohserved in the same
field and in the same conditions, in larger plots.

Although August was dry, the plants did not sufler too much, and we
only noted marked wiltings on lJiling 15. On the contrary, Jiling 3, Jiling
10 and Tie Feng 18 marked no great signs of suffering.

Harvest was made as maturity occured, from the end ol August to the

end of Gctober, by hand for the small plots, and by a combine for the
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larger plots. We must note that the late varieties in small plots, especially

those in one row, were advantaged hy the carly maturity ol their euviron-
ment of Adepta, which matured at the end of August. T'rom that time, to
their own maturity, the isolated rows of late varieties had no competition
hetween rows, in the air and in their root system.

Figure 8§ indicates the rerults. We can see that numerous Chinese
varieties had a good behavior, for instance Jiling 3, 4,10, 11, 13, 14; Jiunion
1, 4, 6; Heinong 26; Zao Feng 2; Tie Feng 17 and mainly Tie I'eng 18 which
reached a very high vield. Although we know the very good reputation of
Tie Feng 18, its so high performance here is rather surprising; we must
remember that it had no competition alter Adepta maturity, but certainly
this variety is of the greatest interest (unforiunately it is late for our
regions) .

Of course, the yields in such a moderate water deficit result both of the
characters of the aerial parts (transpiration, fructification) , and of thosec

of the root system. But we can note that all the varieties emphasized

&

above as “water-saving” (figure 5) , when present here, have good results:
Jiling 3, 4 and 10; Jiunion 6; Tie Feng 18.

All these results are then coherent and encouraging.
CONCLUSIONS

From these various studies it appears a large variability in the plant
ability of an eflficient water wuse {or production, and probably of their
aptitude to pick 1t in the soil by their roots. The processes of saving
water are only [oreseen, and there is a great need lo understand them. We
will try to do that next year, and in Lhe (uturc. ['his material is conven-
ient for that purpose; perhaps could we wish earlier types adaptated
to drought, the most adaptated of the present collection being rather late
(figure 5) : no early type appears “watcr-saving”. Do they existe Do any
earlier types jointly have rather low transpiration, moderate [oliage, high
photosynthesis and productivity, as seem to have liangedou, Quingmoshidou
533..., in a later way»?

We leave our Chinese colleagues judges of this question, and of course

of the present results.
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