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ABSTRACT 
The effect of water-table management practices on leaf 

photosynthesis and com yield was investigated under two 
different field conditions in 1989 and 1990. In one field, 
water-table depths were maintained at 0.3, 0.6, and 0.9 m 
in field lysimeters during the growing season. In the other 
field, average water-table depths of 0.2, 0.3, 0.6, 0.9, and 
1.1m were maintained through subirrigation. Photo
synthesis measurements were made regularly during the 
growing season, and yield data were collected at harvest. In 
1989, a relatively dry year, photosynthesis rates were 
higher at shallow water-table depths than at deep water-
table depths. In 1990, a very wet year, photosynthesis rates 
were not significantly different for water-table depths 
between 0.3 and 0.9 m, but rates decreased significantly for 
water-table depths shallower than 0.3 m. Statistical 
analysis indicates that water-table effects on photosynthesis 
rates were not consistent. However, effects of various 
water-table depths on photosynthetic water-use efficiency 
(PWUE) were highly significant in both dry and wet 
seasons. Com yields increased with increasing water-table 
depths. At water-table depths of 0.2 to 0.3 m, com yield 
decreased significantly. In both dry and wet seasons, 
effects of water-table treatments on grain yield were highly 
significant and significant relationships were obtained 
between PWUE values and yield. 
KEYWORDS. Water-table management. Corn yield. 
Photosynthesis. 

INTRODUCTION 

Crop responses to drainage have been reported from 
several studies (Evans et al., 1990; Kanwar et al., 
1988; Kanwar, 1988; Mukhtar et al., 1990). Previous 

studies, however, have not provided crop parameter(s) 
besides yield that may be suitable indicator(s) of shallow 
water-table and drainage effects on crop production. 
Although yield is generally a suitable indicator, the effect 
of a given water-table management practice is not known 
until harvest. Thus, yield assessment has limited usefulness 
in adjusting management practices during the growing 
season. A more useful indicator is needed for seasonal 
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evaluation of appropriate water-table management 
practices for crop production. 

Photosynthesis is an important physiological factor 
limiting crop production. Crop growth and yield responses 
depend upon the production and partitioning of carbon 
assimilates. However, dry matter production rates and 
partitioning patterns can be influenced by a wide variety of 
environmental stresses such as drought, high temperatures, 
low irradiance, nutrient deficiency, and airborne pollutants 
(Treshow, 1970). Under nonstressed conditions, irradiance 
is the most important environmental factor causing 
variation in photosynthetic rate in maize (Reed et al., 1976; 
Hari et al., 1981). Dwyer and Stewart (1986) reported that 
the dependence of photosynthetic rate on irradiance was 
nonlinear and could be described by a rectangular 
hyperbola. Dwyer et al. (1989) reported cultivar dif
ferences in photosynthetic rates as a ftmction of plant age, 
and that late-maturing cultivars had higher photosynthetic 
rates than early-maturing cultivars at comparable 
phenological stages. 

The maximum rate of leaf photosynthesis is generally 
represented by measurements on fully expanded upper 
sunlit leaves near midday. Therefore, the topmost fully 
expanded leaves (at optimum physiological condition and 
plant position) are examined. The correlation between net 
photosynthesis and crop yield have been examined in 
several studies. Evans (1975) and Elmore (1980) reported 
no significant correlation between yield and rate of carbon 
dioxide (CO2) exchange per unit of leaf area, although 
Elmore (1980) stated that higher rates of photosynthesis 
should lead to higher yield. Moss (1976) reported that it 
was difficult to document if economic yield and photo
synthesis were related in any direct way. Results from 
these studies may have limited application because of 
single leaf measurements in control environment tests. 
Individual leaves in a plant community in the field often 
differ in their net CO2 assimilation rates depending on 
irradiation, temperature, water, other climatic factors, leaf 
age, and development stage (Zelitch, 1982). Zelitch (1982) 
strongly suggested that crop yield is closely related to the 
net photosynthetic assimilation of CO2 throughout an 
entire season, but that instantaneous measurements of 
photosynthesis may be misleading. Christy and Porter 
(1982) found that adverse climatic factors such as clouds, 
cold, and water limitations generally decreased net 
photosynthesis of soybeans. They compared yield with the 
cumulative net photosynthesis for two soybean varieties for 
two seasons and observed a near unity correlation 
(r = 0.98) although no correction was made for carbon 
lost by respiration in the dark and by roots. On a seasonal 
basis, integrated net CO2 exchange rate and com growth 
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were closely related in field experiments by Victor and 
Musgrave (1979). 

The relationships between water-table depths and crop 
yields have been reported by several investigators. 
Wesseling (1974) reported that shallow water-table depths 
reduced oxygen supply to the roots and decreased nutrient 
uptake and crop growth. Similar results have been reported 
by Evans and Skaggs (1985), Kanwar (1988), and Carter 
et al. (1988). Williamson and Kriz (1970) found that 
optimum water-table depth was a factor of crop species and 
soil type. Cavazza and Pisa (1988) found the maximum 
yield of wheat at 1.25 m water-table depth, and shortage of 
water resulting from a water-table depth of more than 
1.25 m reduced crop yield. 

Previous studies have indicated that depletion of root 
zone soil water and crop water stress reduce photo
synthesis rates. However, previous studies have not 
reported the effects of excess soil water, water-table 
management and/or drainage practices on crop photo
synthesis rate. Therefore, this study was conducted by Iowa 
State University to investigate the effects of water-table 
management practices (drainage, subirrigation, and 
controlled drainage) on photosynthesis and com yield. The 
specific objective was to determine photosynthesis rate and 
photosynthetic water-use efficiency at various stages of 
corn growth, and crop yield under various water-table 
management practices. 

MATERIALS AND METHODS 
EXPERIMENTS 

Experiments were conducted in 1989 and 1990 at 
research farms of Iowa State University near Ames and in 
Ankeny. At the Ames site, experiments were conducted in 
field lysimeters by maintaining three water-table depths of 
0.3, 0.6, and 0.9 m during both years. Water-table depth 
treatments were replicated three times using nine field 
lysimeters. Water-table elevations were raised to the 
desired depths on 53 and 52 days after planting in 1989 and 
1990, respectively. The elapsed time between planting and 
treatments allowed com roots to develop within the 0.9 m 
soil profile before establishing water-table treatment. 
Water-table elevations were maintained at treatment depths 
until harvest dates. Soil moisture contents (by depths) were 
monitored using a neutron probe. Crop-growth parameters 
of plant height and photosynthesis were measured weekly 
during the growing season. 

At the Ankeny site, experiments were conducted in a 
field equipped with a dual-pipe subirrigation system, 
water-table depths ranged in the subirrigation field from 
0.03 to 1.25 m during the growing season in 1990. The 
average water-table depths at five major locations A, B, C, 
D, and E (where monitoring devices were installed in the 
subirrigation field) were 0.2, 0.3, 0.6, 0.9, and 1.1 m, 
respectively, during the growing season. A maximum 
water-table depth of 1.25 m was observed at location E in 
the beginning of the season, and a minimum water-table 
depth of 0.03 m was observed at location A once during the 
season due to heavy rainfall. However, specific water-table 
depths were maintained through subirrigation from 2 July 
(54 DAP) to 12 September (96 DAP). Plant height and 

photosynthesis rates were measured at 15-day intervals at 
the Ankeny site. 

PHOTOSYNTHESIS MEASUREMENTS 
Photosynthesis was measured with the LICOR-62001 

portable photosynthesis system consisting of a CO2 
analyzer, a system console, and a sensor housing with 
interchangeable leaf chambers. The CO2 analyzer is a 
differential, nondispersive, infrared-type (NDIR) 
instrument calibrated for measurements of 0-1100 ppm. 

The net exchange of CO2 between a leaf and the 
atmosphere was measured by enclosing a leaf section in the 
leaf-chamber and monitoring the exchange rate in CO2 
concentration of the air in the chamber during a short time 
interval of 10 to 20 s. Area of the leaf section in the 
chamber was measured. The net photosynthesis rate was 
calculated based on the rate of change in CO2, leaf area 
enclosed, volume of enclosure, and air and leaf tempera
tures. Details of this measurement system are given in ZJ-
6200: Technical Reference (1987). 

The photosynthesis measurements were made at the 
Ames site on 70, 77, 84, and 98 DAP in 1989, and 48, 55, 
64, 70, 77, 84, 91, and 98 DAP in 1990. At the 1990 
Ankeny site, photosynthesis measurements were made on 
34,48, 64, 77, and 91 DAP. The latest fully developed leaf 
(generally third or fourth leaf from the top) was used for 
photosynthesis measurements. Measurements representing 
normal leaf position and orientation were replicated on five 
plants per plot. 

SITE DESCRIPTION 
The soils at the Ames site are predominantly Nicollet 

loam in the Clarion-Nicollet-Webster soil association. 
Physical properties of the soils are presented by Kanwar 
(1988). Nine field lysimeters of 3 m x 6 m were installed at 
this site in 1986. Lysimeters were enclosed using a 
0.25-mm thick plastic barrier to a depth of L2 m to prevent 
lateral subsurface water movement among plots. The 
plastic barrier was placed in a 0.2 m wide x 1.2 m deep 
trench around the perimeter of each lysimeter. A 
corrugated, perforated plastic tube (0.1 m dia) was installed 
at the bottom of the trench inside the plastic barrier. 
Corrugated plastic pipe (0.46 m dia x 1.35 m deep) was 
installed as a sump at the comer of each lysimeter. The two 
ends of the perforated plastic tube were inserted into the 
sump at 0.15 m from the bottom and trenches back-filled 
with excavated soil. In 1989, all lysimeters were enclosed 
with a 0.25 mm thick pvc (polyvinylchloride) flexible liner 
to a depth of 1.70 m. Each liner encased a square area 
(9 m X 9 m) with the 3 m x 6 m field lysimeter located in 
the center to prevent lateral movement of subsurface water. 
A detailed procedure for the lysimeter installation was 
presented by Kalita and Kanwar (1990). 

A float mechanism was installed in each sump to 
maintain the desired water level in the lysimeter. An 
isometric view of the lysimeter with installed sump and 
fioat assembly is shown in figure 1. Each lysimeter was 
connected to the main water-supply tank using a 0.075 m 
diameter pvc irrigation pipe. The main water-supply tank 
(1.6 m high and 1.3 m dia) was raised 2.0 m from the soil 
surface and placed on a concrete floor. Hydraulic head was 
adequate for free flow of water from the tank to all 
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Figure 1-An isometric view of tlie lysimeter with sump and float assembly. 
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Figure 2-Layout of the experimental plots at the Ames site. 

lysimeters. The layout of the experimental area is shown in 
figure 2. 

At the Ankeny site, a dual-pipe subirrigation system was 
installed in 1988 on a 0.5-ha area with significant natural 
ground slope of 2.5%. This site is located on Nicollet silt-
loam soils and was selected for this study for its relatively 
large field size (130 m x 40 m). The basic concept of the 
dual-pipe subirrigation system is illustrated in figure 3. 
Shallow irrigation pipes were installed at a depth of 0.5 to 
0.6 m parallel to and midway between drainage pipes, 
which were installed at 1.2 m depth. The natural ground 
slope along the length of the field allowed water tables to 
be maintained at various depths by controlling the 
subsurface drainage outflows and by supplying irrigation 
water through the subirrigation pipes. 

Drainage 
Lines 

Figure 3-A schematic sketch of the dual-pipe subirrigation system. 
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TABLE 1. Mean photosynthesis and PWUE values and their statistical significance for Ames site in 1989 and 1990 
and Ankeny site in 1990 

Site 

Ames 
1989 

Ames 
1990 

Anlceny 
1990 

DAP 

70 
77 
84 
98 

48 
55 
64 
70 
77 
84 
91 
98 

34 
48 
64 
77 
91 

1.1 

343 
94.7 
43.9 
30.9 
31.1 

Mean Photosymthesis Rate 
pmolm--2s-i 

Water Table Depth (m) 

0.9 

36.0 
25.7 
29.5 
29.7 

40.6 
272 
34.7 
53.0 
463 
31.5 
30.9 
25.9 

33.9 
86.0 
453 
26.0 
23.6 

0.6 

34.8 
24.7 
3a6 
314 

27.2 
34.7 
49.5 
50.0 
45.6 
28.6 
30.0 
36.0 

21.4 
83.7 
42.4 
31.1 
27.2 

03 

36.6 
31.0 
31.5 
34.9 

293 
36.2 
40.1 
50.9 
44.0 
303 
34.8 
28.2 

17.8 
70.7 
38.0 
29.2 
19.4 

02 

4.9 
37.5 
2a2 
17.0 
103 

LSD* 

102 
10.6 
11.6 

3.9 

18.9 
7.1 
52 

11.0 
9.4 

12.2 
16.7 

72 

12.6 
103 
11.2 

5.4 
6.9 

1.1 

44.1 
73.6 
353 
99.8 
83.9 

Mean PWUE 
pmolCO^/molH^O 
Water Table Depth (m) 

a9 
69.4 
96.9 
81.7 
%.9 

13.7 
23.7 
56.5 
81.0 

110.4 
95.9 

108.9 
63.7 

36.3 
67.7 
34.4 
933 
83.4 

0.6 

53.2 
97.5 
59.9 
89.9 

16.8 
27.0 
52.1 
66.1 

100.9 
89.0 
79.9 
62.2 

31.7 
582 
34.7 
92.6 
83.7 

03 

35.2 
87.8 
47.7 
81.0 

12.5 
24.0 
31.5 
62.9 
83.9 
99.1 
75.8 
42.7 

233 
46.2 
29.6 
83.0 
61.5 

02 

93 
39.8 
27.4 
61.8 
56.7 

LSD* 

12.5 
83 

113 
6.8 

5.9 
4.8 

10.7 
13.6 
11.4 
10.7 
142 

9.1 

123 
143 
10.9 
133 
162 

* Least significant difference at P0.05 level. 

CULTURAL MANAGEMENT 
Corn * Pioneer 3379' was planted at both sites on 

23 May 1989 and 8 May 1990. Harvesting dates were 
31 October 1989 and 16 October 1990 at both sites. The 
plant density was 6.7 plants m-2 and row spacing was 
0.75 m. Urea nitrogen fertilizer was applied at planting at 
the rate of 200 kg-N ha-l in both fields, both years. 
Atrazine and Lasso herbicides were applied at the rate of 
2.2 kg ha-i in 1989 and 1990 at the Ames site and in 1989 
at the Ankeny site. 

RESULTS AND DISCUSSION 
PHOTOSYNTHESIS RATES 

Photosynthesis rates as a function of time and water-
table depth for the Ames and Ankeny sites are shown in 
Table 1. The photosynthesis rates at the Ames site during 
August 1989 were higher for the 0.3 m treatment depth than 
for the 0.6 and 0.9 m depths. The rainfall data during the 
growing seasons of 1989 and 1990 were collected at both 
sites within 100 m from the experimental fields. The 1989 
season was relatively dry with May to October rainfall of 
456 mm. In this dry season, the 0.3 m shallow water-table 
depth supplied more water to the plant-root system than did 
0.6 and 0.9 m water-table depths. Good and Bell (1980) 
reported that photosynthesis rate is enhanced by providing 
adequate water supply that prevents stress. This may 
explain why higher photosynthetic rates were observed 
under shallow water-table conditions in 1989. 

Irradiance (photosynthetically active radiation) effects on 
photosynthesis rates were evaluated in the relationship 
presented in figure 4. A best-fit hyperbolic mathematical 
relationship was determined that accounted for 57% of the 
variance. Similar results have been reported by Dwyer and 
Stewart (1986) for water deficit conditions. 

The 1990 season was very wet in comparison with the 
previous season. Rainfall between May and October 1990 

was 822 and 775 mm for the Ames and Ankeny sites, 
respectively. At the Ames site, excess drainage water was 
continuously pumped (particularly after every major rainfall 
event) from the sumps to maintain the water tables at 0.9 m 
depth. Photosynthesis rates for all water table depths 
increased with time until the middle of July (70 days after 
planting) and thereafter decreased with small variations 
between water-table depths. The 1989 data (DAP 70, 77, 
84, and 91) also showed a declining trend for August. 
Because of excessively wet conditions in 1990, soil water 
contents in the root zone remained near field capacity 
during most of the growing season. Therefore, water-table 
treatments had little effect on profile water distribution by 
depth and no clear relationship was observed between 
photosynthesis rate and water-table depth. 

At the Ankeny site, water-table depths during the 1990 
growing season fluctuated from 0.03 to 1.25 m due to the 
combined effects of field slope and subirrigation practice. 
Table 1 shows that photosynthesis rates for five DAP at 
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Figure 4-Relatioiiship between irradiance and leaf pliotosyntliesis of 
corn at tlie 1989-90 Ames site and tlie 1990 Aniteny site. 
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Ankeny site increased as water-table depths increased and 
were extremely low at a location where water table was 
nearly at the surface at one time during the growing season. 
This finding documents the effects of high water table on 
photosynthesis rates in a field crop. High water tables 
restrict oxygen supply to roots and soil microorganisms. 
Root growth and survival require metabolic energy that is 
generated in aerobic conditions, but in absence of oxygen, 
this energy is significantly reduced (Cannell and Jackson, 
1981). Therefore, crop physiological activities and photo
synthesis rate may decline significantly. 

Least significant difference (LSD) values of treatment 
means for photosynthesis and PWUE are presented in Table 
1. The effect of water-table depth on photosynthesis was not 
statistically significant on DAP 70, 78, and 84 for the Ames 
1989 site. At the 1990 Ames site, photosynthesis rates were 
not statistically significant for treatments on DAP 48, 70, 
77,84, and 91. The overall crop growth at the 1990 Ankeny 
site was poor because of poor germination and weed 
damage associated with the effects of an error in herbicide 
application. Photosynthesis rates with 0.2 m water-table 
depths were significantly different from those with 0.3, 0.6, 
0.9, and 1.1m water-table depths. 

Comparison of photosynthesis rates for 1989 and 1990 at 
the Ames site on DAP 70, 77, 84, and 98 shows that 
photosynthesis rates were higher in 1990 than in 1989. For a 
water-table depth of 0.3 m, photosynthesis rates in a 
relatively dry season varied from 31 to 37 p, mol m-2 s-i, 
and in an extremely wet growing season from 28 to 
51 ji mol m-2 s-l. xhe maximum photosynthesis rate at a 
1989 water-table depth of 0.9 m was only 36 \x mol m-2 s-i. 
In 1990, it was as high as 53 |i mol m-2 s-i at similar plant 
age. In a relatively dry year like 1989, plants at shallow 
water-table depths were neither restricted to water supply 
nor subjected to excessively wet conditions, and hence they 
showed relatively higher rates of photosynthesis than did 
plants at deeper water-table depths. In fact, the 1989 data 
show a positive subirrigation effect on photosynthesis. In a 
very wet year like 1990, the soil profile was near field 
capacity because of continuous rainfall between May and 
October, and the water-table elevation had little influence 
on water supply to the plants. Thus, photosynthesis rates for 
plants at shadlow water-table depths were almost equal to 
those at deep water-table depths. Therefore, the effect of 
water-table depth on photosynthesis rates in a wet season 
was not conclusive. 

A best-fit stepwise regression model (R2 = 0.66) was 
obtained that related photosynthesis rates to water-table 
depth, days after planting, and photosynthetically active 
radiation. The equation and the P-level of the partial 
regression coefficients with standard error (SE) values are 
given below: 

P = 24.8 + 13.0 (WTD) - 0.40 (DAP) 

+ 0.02 (PAR) 

P-level =(0.001) (0.0168) (0.0001) (0.0001) 

SE = ±8.76 ± 0.06 ± 0.09 ± 0.003 (1) 

where 
P = photosynthesis rate (|X mol m-2 s-i), 
WTD= water-table depth (m), 
DAP = days after planting, and 
PAR = photosynthetically active radiation 

(|X mol m-2 s-i). 
The numbers in parenthesis below the partial regression 

coefficients in equation 1 represent the probability that the 
partial regression coefficients are equal to zero. These 
values indicate that by using each of these variables in the 
model, there is no more than a 1.68% probability of 
accepting the null hypothesis. The null hypothesis states 
that the partial regression coefficients are equal to zero. 
Details of the "stepwise regression method" and statistical 
indices are given elsewhere (Rawlings, 1988). 

PHOTOSYNTHETIC WATER-USE EFFICIENCY 
Photosynthetic water-use efficiency (PWUE) indicates 

the rate of leaf CO2 assimilation relative to water vapor flux 
and is obtained by dividing photosynthesis rate by stomatal 
conductance (Ritchie et al., 1990). The portable photo
synthesis system was used to simultaneously measure both 
leaf stomatal conductance values and the photosynthesis 
rates. The relation between water-table depth and PWUE at 
the 1989 and 1990 Ames site and at the 1990 Ankeny site 
are presented in Table 1. Photosynthetic water-use 
efficiency values increased as water-table depths increased. 
Increase in leaf age also increased PWUE. At the 1989 
Ames site, however, PWUE values on DAP 77 were greater 
than those on DAP 84 and 98. Because of the overcast 
weather on day 77, the stomatal conductance was very low. 
Photosynthesis rates were also low but the stomatal 
conductance decreased to a greater extent than 
photosynthesis. Thus, PWUE values were high compared 
with clear day values on DAP 84 and 98. Similar effects on 
PWUE were reported by Ritchie et al. (1990) under 
moisture-deficit conditions. They also found that PWUE 
values decreased with the increase in relative leaf-water 
content. The LSD values indicate that PWUE values at 
Ames site in 1989 were significantly different at all three 
water-table depths on DAP 70, 84, and 98. The plants at 
shallow water-table depths possibly had higher relative leaf-
water contents and thus low PWUE values. 

Photosynthetic water-use efficiency values at the Ames 
site in 1990 show similar results. These values increased 
with leaf age for all three water-table treatments up to 
DAP 84, and then decreased for DAP 91 and 98. Although 
PWUE values increased with increasing water-table depths, 
the relationship was not clear on DAP 48, 55, and 84. The 
LSD values show that PWUE values for 0.3 m water-table 
treatment were significantly different from those for 0.9 m 
water-table treatment on DAP 64,70,77,91, and 98. 

At the Ankeny site, 1990, PWUE values were higher for 
increasing water-table depths for all days of measurements. 
The plants with a water-table depth of 0.2 m showed 
significantly low PWUE values. The LSD values show that 
PWUE values at shallow water-table depths (0.2 to 0.3 m) 
were significantly different from those at water-table depths 
of 0.9 to 1.1 m on all days except on DAP 64. 

A best-fit stepwise regression model (R2 = 0.71) relating 
PWUE values to water-table depth, days after planting, and 
photosynthetically active radiation and the P-levels for the 
partial regression coefficients are given below: 
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P = - 29.3 + 15.0 (WTD) + 0.95 (DAP) 

+ 0.015 (PAR) 

P-level= 0.0001 0.001 0.0001 0.0001 

SE= ±4.27 ± 0.03 ± 0.04 ± 0.001 (2) 

where PWUE is in the unit of \i mol CO2 (mol H20)-i. 
The units for WTD, DAP, and PAR are the same as given 
in equation 1. The probability levels mentioned below each 
of the partial regression coefficients in equation 2 indicate 
that all the variables used in equation 1 are highly 
significant in the model. 

YIELD RELATIONSHIPS WITH WATER-TABLE DEPTHS, 
PHOTOSYNTHESIS RATES, AND PWUE 

Water-table treatments had significant effects on com 
yields both in 1989 and 1990. Corn yield increased 
significantly with increasing water-table depths from 0.3 to 
0.9 m. Average com yields in the lysimeter plots at the 
1989 Ames site were 5480, 6970, and 8320 kg ha-i for 
water-table depths of 0.3,0.6, and 0.9 m, respectively, with 
a LSD value of 295 kg ha-̂  for treatment means. Average 
com yields at the 1990 Ames site were 7680, 8670, and 
9920 kg ha~i for 0.3, 0.6, and 0.9 m water-table depths, 
respectively, with a LSD value of 175 kg ha-^ The LSD 
values indicate that com yields were significantly different 
at 0.3, 0.6, and 0.9 m water-table depths at the Ames site 
for both years. Com yields in 1989 were less than those in 
1990. In 1989, top soil in the lysimeter area was disturbed 
by a trencher while installing pvc barrier around each 
lysimeter plot. Surface soil was also dry at the time of 
planting in 1989 and seed germination was poor that 
resulted in lower yields in 1989. A shallow water-table 
depth of 0.3 m reduced oxygen supply to plant roots in the 
growing season, and com yield decreased significantly. 
Wesseling (1974) reported similar results. 

At the Ankeny site, average com yields were 11 430, 
7640, 7610, 3500 and 2300 kg ha-i for water-table depths 
of 1.1, 0.9, 0.6, 0.3, and 0.2 m, respectively, with a LSD 
value of 110 kg ha-l. Com yields at 0.3 and 0.2 m water-
table depths were reduced significantly. Shallow water-
table depths of 0.3 and 0.2 m during the growing season 
were harmful to crop roots in a very wet year. Crop stress 

developed because of oxygen deficiency in the root zone, 
and yield decreased. Com yields were not statistically 
different at 0.9 and 0.6 m water-table depths. In a wet year 
like 1990, a water-table depth of 1.1 m could probably 
maintain adequate oxygen in the root zone and therefore, 
the highest com yield was obtained at this water-table 
depth. Relationships between photosynthesis and yield for 
the dry season (1989) at the Ames site, and for the wet 
season (1990) at the Ankeny site are presented in figures 5 
and 6, respectively. Both figures show that corn yield 
increased with increasing water-table depths. However, 
data for the dry season (fig. 5) show a reverse trend for 
increased yield associated with reduced photosynthesis 
rates. The data for the Ames site in 1990 show no distinct 
trend of photosynthesis rate with water-table depths, and 
therefore, photosynthesis and yield relationship was not 
clear. With the exception on DAP 34 and 48 at the Ankeny 
site in 1990, photosynthesis rate and com yield did not 
show any distinct trend between 0.6 to 1.1 m water-table 
depths. However, for the 0.2 m water-table depth, both 
yield and photosynthesis rate decreased significantly 
(fig. 6). The photosynthesis data at an early growth stage 
(DAP 34 and 48) indicated that com yield increased with 
photosynthesis rates. On DAP 48 and 64, the photo
synthesis rates from plants at 0.6 and 0.9 m water-table 
depths were similar, and differences in yield were not 
significant. Statistical analysis indicated low correlation 
between yield and photosynthesis (Pearson correlation 
coefficient = 0.25). However, a best-fit regression model 
(R2 = 0.64) was obtained that relates yield to water-table 
depth (0.2 to 1.1 m) and photosynthesis rate. The equation 
and the P-levels of the partial regression coefficients are 
given below: 

Y = 1,547 + 11,920 (WTD) - 4,200 (WTD) 

+16.1 (P) 

P-level = 0.0103 0.0001 0.0128 0.0536 

SE= ±596 ± 21.3 ± 0.17 ± 6.87 (3) 

where Y is yield in kg ha-i, WTD and P are same as given 
in equation 1. The P-level of the partial regression 
coefficients indicate that WTD is the most significant 
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Figure 5-Relationship between photosynthesis rate and com yield, 
1989 Ames site. 
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Figure 8-Relationsliip between photosyntlietic water-use efficiency 
and corn yield, 1990 Anlceny site. 

parameter in the model, but photosynthesis rate is not 
highly significant in yield prediction. 

Significant positive relationships were determined 
between PWUE and yield for both dry and wet seasons 
(Pearson correlation coefficient = 0.67, P value = 0.03). 
The relationship between yield and PWUE on four 
different days of measurements at the Ames site, 1989, is 
shown in figure 7. The PWUE data on DAP 70 and 98 
indicate relationship to be linear between crop yield and 
PWUE values for the dry season of 1989 (fig. 7). Similar 
relationship between PWUE and yield was observed from 
data in 1990 at the Ames site. The increased yield with 
increasing PWUE values for the Ankeny site, 1990, is 
shown in figure 8. At the Ames site, increased yield was 
associated with increased PWUE values for all days of 
measurement, and the average relation between com yield 
and PWUE was only slightly nonlinear. Thus, in all cases, 
a positive relationship was observed between PWUE and 
yield. A positive relationship was not established between 
yield and photosynthesis rate. This finding indicates that 
PWUE can be useful when combined with data on water-
table depth to project corn yield. A best-fit regression 
model (R2 = 0.82) was obtained that relates yield as a 
function of water-table depth (0.2 to 1.1 m) and PWUE 
values, and is given by the following equation: 

Y = 68 +6,450 (WTD)-6,000 (WTD) 

+ 83.8 (PWUE) 

P.level= 0.0004 0.0001 0.0096 0.02 

SE= ±9.5 ± 10.2 ± 0.17 ± 3.5 (4) 

where Y is yield expressed in kg ha-i, WTD and PWUE 
are the same as in equation 2. The P-levels of the partial 
regression coefficients indicate that all the variable used in 
equation 4 were highly significant in the model. Equation 4 
that quantifies yield as a function of PWUE and water-
table depths is a more consistent relationship than equation 
3 that quantifies yield based on photosynthesis rates. 

CONCLUSIONS 
Shallow water-table depths increased photosynthesis 

rates in a dry season. However, in a wet season, depth of 
water table ranging from 0.3 to 1.1 m did not seem to affect 
the photosynthesis rates. At very shallow water-table 
depths (less than 0.2 m), photosynthesis rates decreased 
significantly. Photosynthesis rates were affected by 
irradiance, and a hyperbolic relationship was determined. 
Photosynthesis rates were higher for the wet season than 
for the dry season. The effect of water-table depths on 
PWUE were highly significant both in the dry and wet 
seasons. Photosynthetic water-use efficiency values were 
higher for the wet season than for the dry season, and these 
values were higher on plants at deeper water-table depths. 
The effects of water-table treatments on com yield were 
highly significant. Com yields significantly increased as 
water-table depths increased from 0.3 to 0.9 m in 1989 and 
from 0.2 to 1.1 m in 1990. A shallow water-table depth of 
0.2 to 0.3 m significantly reduced com yield in the wet 
season. The relationships between photosynthesis rates and 
yield varied for dry and wet seasons and were not 
conclusive. However, positive relationships were obtained 
between PWUE values and yield under various water-table 
treatments for both dry and wet seasons. Photosynthetic 
water-use efficiency, when combined with data on water-
table depths, has potential as a physiologically based 
indicator for predicting com yield under various water-
table management practices. 
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