Arab Gulf J. Scient. Res., Agric. Biol. Sci., BT (1), pp. 43-51 (1989)

Effect of Soil Moisture on Growth and
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ABSTRACT. A greenhouse experiment was conducted to investigate the effect of soil
moisture on growth and phosphrus uptake by wheat. The experiment consisted of
three soils and five available water depletion levels: 30, 40, 50, 60, and 70%, each
replicated four times in randomized complete block design. The plants were
harvested 50 days after planting. In all soils, both shoot and root growth as well as P
uptake increased significantly (P = (.05) with the decrease in available water
depletion (AWD). Decrease in AWD from 70 to 30% increased shoot growth in the
loamy sand, sandy loam, and sandy clay loam soils by 33.6, 22.9, and 9.9%,
respectively. While 1out diy matler incieased in the same soils 33.1, 29.3 and 10.1,
respectively. Dry matter yield and phosphorus uptake uptake as a function of water
availability were described using the model Y = a + b In X.

Plant growth is accomplished by cell division, followed by cell expansion and
differentiation of individual cells. However, there are other related events that are
required for growth such as uptake of water and nutrients and transport of
substances between cells. Therefore, the rate of growth is strongly influenced by
water status.

Ion transport in the soil can be affected by soil properties, water content, ion
concentration and ion distribution in the soil and by the rate of root growth
(Barrow 1980; Barber and Mackay 1985). Adequacy of soil moisture level is
important to ensure non-limiting availability of water as a vital growth factor but
also to provide less resistant pathways for nutrient movement. Soil water content
affects nutrient uptake by influencing solute transport to the root surface by
diffusion and mass flow (Barber and Mackay 1985; Classen et al. 1986). Nye and
Tinker (1977) noted that, in dry soil, movement of ions to plant roots is restricted
by low rates of mass flow and diffusion. Barber et al. (1963) stated that mass flow
can account for most of the transport of Ca, Mg, and N but is inadequate to
account for much of the transport of P and K. Begg and Turner (1976) reported
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that the uptake rates of N and P are frequently increased more rapidly than plant
growth rates when adequate water is supplied to the crops resulting in better
availability of nutrients in moist soils as compared with dry soils. O’Toole and
Baldia (1982) showed in their study on rice that transpiration is highly correlated
with nutrient uptake of N, P and K during the development of even mild soil and
plant stress. The purpose of this study is to investigate the effect of soil moisture
on growth and phosphorus uptake of wheat and to find a mathematical model to
describe this plant growth and P uptake.

Materials and Methods

The surface layer (0-25 cm) of three soils differing in texture were collected
from the Experimental Station of College Agriculture at Dirab. Physical and
chemical properties of the soil samples are shown in Table 1. Mechanical analysis,
EC, pH, organic matter, CaCO; content, and exchangeable cations were
determined according to the procedure described by Jackson (1971) and the U.S.
Salinity laboratory staff (Richards 1954). Available phosphorus was extracted
using NaHCO; (1:20 pH 8.5) solution according to Olsen et al. (1954).

Samples of the three soils were prepared by air-drying and sieving through a
2-mm stainless steel sieve. Chemical fertilizers were mixed throughly with each
soil to obtain concentrations (mg nutrient/kg soil) as follows: 150 N, 75 P, 35 K, 10
Fe, 7 Mn and 5 Zn. Then, 3 kg of an appropriate fertilizer treated soil was placed
into plastic pots with perforated drainage holes. The experiment consisted of three
soils and five available water depletion levels: 30, 40, 50, 60 and 70%, each
replicated four times in a randomized complete block design. Fifteen wheat seeds
were planted in each pot and after ten days, the germinated seedlings were thinned
to four. All pots were watered to raise the soil moisture to field capacities, and
then weighed periodically (2-3 days). Pots were rewatered to field capacity
whenever the soil moisture in a pot reached the predetermined available water
depletion.

The plants were harvested 50 days after planting by cutting the top about one
centimeter above the soil surface to avoid any contamination from the soil to the
shoots. The roots were carefully removed from the soil and washed immediately
with distilled water. Roots and shoots were dried at 60°C in a hot air oven and
ground in a Wiley mill with stainless steel parts. The plant materials were digested
in acid mixture, HNO;—H,SO,—HCIO, (Takker and Singh 1978), and phosphor-
us concentration was determined colorimetrically (66 nm) by ascorbic acid -
molybdate blue colour method of Murphy and Riley (1962).
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Results and Discussion

Shoot and root growth as well as P uptake for all three soils increased
significantly ( P = 0.05) as available water depletion (AWD) decreased from 70%
to 40% (Table 2). There was no additional significant increase in threse
parameters with a further decrease of AWD to 30%. Decreasing in AWD from 70
to 30% increased shoot growth in the loamy sand, sandy loam and sandy clay loam
by 35.6, 22.9 and 9.9%, respectively. While the increase in roots for the same soils
were 33.1, 29.3 and 10.1%, respectively. The mean value of the roots/shoots ratio
at different AWD for loamy sand, sandy loam and sandy clay loam were 0.33,
0.47, and 0.47, respectively. As AWD decreased from 70 to 30%, P uptake of the
shoots grown in the loamy sand, sandy loam and sandy clay loam increased by

Table 2. Wheat matter production and total phosphorus uptake of roots and shoots

% Available P uptake
water depletion Dry shoots  matter roots Root/shoot
Shoots Roots
—— gm/pot —— —— mg/pot ——
Loamy sand
70 3.660 1.275 0.35 0.518 0.098
60 4.132 1.335 0.32 0.599 0.108
50 4.932 1.487 0.30 0.735 0.131
40 5.682 1.907 0.34 0.917 0.201
30 5.762 1.902 0.33 0.908 0.198
LSD 0.340 0.194 0.067 0.017
Sandy loam
70 4.090 1.807 0.44 0.591 0.153
60 4.390 2.022 0.46 0.675 0.177
50 4.750 2.335 0.49 0.801 0.198
40 5.302 2.555 0.48 0.904 0.272
30 5.255 2.535 0.48 0.948 0.254
LSD 0.287 0.183 0.045 0.041
Sandy clay loam

70 6.612 3.107 0.47 1.139 0.305
60 6.685 3.105 0.46 1.180 0.349
50 7.027 3.325 0.47 1.297 0.366
40 7.335 3.457 0.47 1.465 0.391
30 7.107 3.367 0.47 1.363 0.365
LSD 0.205 0.327 0.087 0.054
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about 44, 35 and 16.5%, respectively. On the other hand, the increase in
phosphorus uptake by roots were, 51, 77 and 22%, respectively, for the same soils
by raising the (AWD) level from 30 to 60%. However, there was no significant
increase in phosphorus uptake by both shoots and roots due to a decrease in AWD
from 40 to 30%.

The relationship between the water availability and the dry matter and
phosphorus uptake of roots and shoots are plotted in Fig. 1. A regression analysis
was carried out for the three soils and the results are shown in Table 3. The models
which describe the dry matter yield and phosphorus uptake with respect to water
availability are nonlinear. The nonlinearity of the curves suggested that, an
increase of water availability will increase the dry matter and phosphorus uptake,
however, a further increase in the water availability will not increase the plant
growth or phosphorus uptake with the same magnitude.

It is well documented that water deficit affects the growth and other
physiological processes in plants (Hsiao, 1973; Turner and Kramer 1980). It is
clear from the results in Table 2, that the 70% AWD level was too dry to support
optimal plant growth. This could be attributed to many reasons such as decreased
photosynthesis as described by Hsiao (1973). Also the reduction in the growth may
attributed to the low activity and the absorbing power of the roots associated with
low water availability (Ritcher and Wagner 1983; Backer and Fock 1986) resulting

Table 3. Relationships between the dry matter and phosphorus uptake of roots and shoots with respect
to water availability

Production Regression equation™ r?
Soil 1

Shoots, dry matter y = —5.73 + 2,73 InX 0.97
Roots, dry matter y = — 1.69 + 0.85 InX 0.86
P uptake of shoots y = — 127 + 0.52 InX 0.94
P uptake of roots y = — 038 + 0.14 InX 0.85
Soil 2

Shoots, dry matter y = — 1.20 + 1.54 InX 0.94
Roots, dry matter y = — 145 + 0.96 InX 0.96
P uptake of shoots y = — 095 + 0.45 InX 0.98
P uptake of roots y = — 033 + 0.14 InX 0.86
Soil 3

Shoots, dry matter y = 388 + 0.79 InX 0.78
Roots, dry matter y = 165 + 0.42 InX 0.77
P uptake of shoots y = — 0.07 + 0.35 InX 0.79
P uptake of roots y = 0.04 + 0.08 InX 0.75

* y is the dry matter or P uptake and X is the water availability.
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Fig. 1. Dry matter yield and P uptake as a function of water availability using the model Y . a + b Inx.
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in reduced overall uptake of the nutrients. The increase of (AWD) affected the
root system, especially in the loamy sand soils where the available water was
inherently low, and thus the root/shoot ratio was higher for these soils. Kramer
(1983) stated that the growth is reduced more than root growth because more
severe water deficits develop in the transpiring shoots.

The reduction of total phosphorus uptake with a decrease in water availability
as shown in Table 2, might be attributed to the lower mobility of the phosphorus
and to the reduction of flow rate in the absorbing zone of the roots. In addition,
absorption of phosphorus from soil depends on root growth and diffusion.
Moreover, the degree of soil moisture governs the physiological activity and
absorbing power of the roots. Therefore, increasing the soil moisture increases
total phosphorus uptake and dry matter production of the shoots and the roots of
the wheat. Our results also showed that the finer the texture of soils, the greater
the plant growth and total phosphorus uptake. This is due to the higher water
availability in finer textured soils. These results agree with other studies which
showed that both plant growth and total phosphorus uptake increase with
increases in soil moisture level (Begg and Turner 1976; O’Toole and Baldia 1982).

References

Backer, T., and Fock, H. (1986) Effect of water stress on gas exchange, the activity of some enzymes of
carbon and nitrogen metabolism, and on the pool sizes of some organic acids in maize leaves.
Photosynthesis Res. 8: 175-181.

Barber, S.A., and Mackay, A.D. (1985) Sensitivity analysis of parameters of mechanic mathematical
model affected by changing soil moisture. Agron. J. 77: 528-531.

Barber, S.A., Walker, J.M. and Vasey, E.H. (1963) Mechanisms for the movement of plant nutrients
from the soil and fertilizer to the plant root. J. Agr. Food Chem. 11: 204-207.

Barrow, N.J. (1980) Evaluation and utilization of residual phosphorus in soils. In: Kasawaeh, F.E.,
Sample, E.C. and Kamprath, E.H. (ed.). The role of phosphorus in Agriculture. American
Soc. of Agron., Madison, WI.

Begg, J.E., and Turner, N.C. (1976) Crop water deficits. Adv. in Agronomy. 28: 161-217.

Claassen, N., Syring, K.H., and Jungk, A. (1986) Verification of mathematical model by simulating
potassium uptake from soil. Plant and Soil. 95: 200-220.

Hsiao, T.C. (1973) Plant responses to water stress. Ann. Rev. Plant Physiol. 24: 519-570.

Jackson, M.L. (1971) Soil chemical analysis. Prentice of India Private Ltd. New Delhi, India.

Kramer, P.J. (1983) Plant water relations. Wiley, New York.

Murphy, J. and Riley, J.P. (1962) A modified single solution method for the determination of
phosphate in natural water. Analytica Chemica. Acta. 27: 31-36.

Nye, P.H. and Tinker, P.B. (1977) Solute movement in the soil-root system. University of California
Press. Berkely.

Olsen, S.R., Cole, C.V., Watanabe, F.S. and Dean, L.A. (1954) Phosphorus in soils by extraction with
sodium bicarbonate. USDA Ci. 939.



50 W.A. Al-Mustafa and A.M. Al-Omran

O’Toole, J.C. and Baldia, E.P. (1982) Water deficits and mineral uptake in rice. Crop Sci. 22:
1144-1150.

Richards, L. (1954) Diagnosis and improvement of saline and alkali soils. Agric. Handbook 60.
USDA, Washington, D.C.

Ritcher, H. and Wagner, S.B. (1983) Water stress resistance of photosynthesis: Some aspects of
osmotic relations. In: Marcelle, R., Clijstevs, H. and Van Pouche, M. (eds.). Effect of stress and
photosynthesis.

Takker, P.N., and Singh, T. (1978) Zinc nutrition of rice as influenced by rates of gypsium and Zn
fertilization of alkali soils. Agron. J. 70: 445-450.

Turner, N.C. and Kramer, P.J. (1980) Adaptation of plant to water and high temperature stress. Wiley
Interscience. New York.

(Received 03/04/1988;
in revised form 12/11/1988)



Effect of Soil Moisture on Growth and... 51

sl yolataly 5t Jo B b N (5 gimn 30

coi” C‘.JL:.J

O yordl J g Yl s e 5 gl Jo ary

NVEON LU N YA L o -3 S B a6\, I RIS S35 e e o
PRTII YIS ISV

Bl yo s pan AL Emalor dely P IS Ll 31 & gl (§ &2l s
¢ ot Dl phngdll olamaly sadl e JS e LA A5k (6 e 13T
Gk ) Il Boodall cadall Zko Iy 1 g gl BN e 2l el (g 524
(Fizad) L U dd) &b e ol grns Ay (Ao I Al dodally
R RPE VI I VIV U PRSI IS TP S S ST
G S e dely 1 Bl e g 00 Ay L JulS u.\}...p(.-.m.m
Gois (OLandls BV (g adl Ll 52 Oy O Ot A
oela| o= (P = 0.05) & 3nn 83 3155 sawsdll olanel ] ALY
deinall ALl eU i (o) OT LS . (awD) izl ALt =W A
Fadall 4 J1 45010 3 5 ) el Gask) cdasl /¥ 4LV e (AWD)
e 74,85 7Y, 4 YT s Db dnda I Aeda Il Ae 1 didalls
i Sl ) gl yoliataly (g oddly (g et seddl OF dargs 13!
dslag chwoy sy OF S el el iy a8 ey by ol o o

. Y=a+bInX &L,



