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Evaluation of the Pressure Chamber For Timing
Early Season Irrigations

P. Brown, J. Silvertooth and J. Malcuit

Abstract

Use of the pressure chamber to time the initial post- planting irrigation of short season
upland cotton was evaluated in a pilot study at Marana during 1992. Top yields and better
overall plant performance were obtained when the initial post - planting irrigation was
applied before leaf xylem potential NO dropped significantly below -15 bars. Our findings
were similar to those previously observed with Acala cotton in California. The authors
believe more work is required before use of the pressure chamber is recommended for
irrigation management in Arizona. Specifically, an effective means of separating changes
in lx resulting from day -to-day climate fluctuations from those caused by soil -water
depletion must be developed. This study also clearly showed the importance of avoiding
early season water stress when growing short season cotton.

Introduction

Increased pest problems and lower cotton prices have reduced profit margins for many Arizona cotton
producers in recent years. To lessen problems with insect pests and lower annual production costs,
many growers have switched to short and medium maturity cotton varieties which shorten the active
cotton growing season by two to six weeks. This switch to shorter season varieties, while seemingly
simple, does require some alterations in overall crop management. A fact of critical importance to growers
is that short and medium maturity varieties are highly determinant, meaning they produce a single and
more compact fruiting cycle. As a result, these varieties do not recover well from early season production
stresses. Avoidance of early season water stress is particularly important when growing short and
medium maturity varieties. Water stress early in the fruiting cycle can delay fruit set and seriously reduce
yields since the determinant nature of these varieties often eliminates the possibility of producing a top
crop.

The first post -planting irrigation may in fact be the most important irrigation for shorter maturity cottons
since it is typically applied in May or early June when cotton is just beginning to flower. Unfortunately
for growers, the decision of when to apply this irrigation is often not an easy one. Weather conditions,
soil type, soil moisture, and plant (root and canopy) development all affect soil water status early in the
growing season, and thus make timing of the first irrigation difficult. liming irrigations on the basis of
days after planting is especially difficult early in the season due to year-to-year variability of spring weather
conditions.

Research in the San Joaquin Valley of California (Johnson et al., 1989) suggests that use of the pressure
chamber (or pressure bomb) to measure plant water status has potential in assisting with timing the initial
post -planting as well as subsequent seasonal irrigations. The pressure chamber measures leaf xylem
potential (ex) which relates to overall plant stress. The California work revealed that yield of Acala cotton
was highest when the first post -planting irrigation was made before 4rx dropped below -15 bars.
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Significantly lower yields were observed when the first irrigation was delayed until *rx waseither -19 or -23

bars.

During 1992 the authors initiated a pilot study for the purpose of investigating the use of the pressure
chamber for assisting with decisions related to early season irrigation timing on a short maturity cotton.
The results of the first year of this study are reported here.

Methods

The study was conducted in Field E2 of the University of Arizona Marana Agricultural Center located 25
miles northwest of Tucson at an elevation of approximately 1970'. The soil at the study site is classified
as a Pima clay loam (Typic Torrifluvent).

The field was pre- irrigated with 6.4' of water on 1 -2 April 1992. The variety DPL 20 was planted in 40' rows
on 16 April 1992 (Heat units (86/55F thresholds) accumulated after 1 Jan. = 481). The experimental
design was randomized complete block with three treatments (irrigation timings) and four replications.
Individual plots were 8 rows wide and ran the full length of field (600').

The three irrigation timing treatments, designated T1, T2, and T3, were designed to duplicate the protocol
of Johnson et al. (1989) and consisted of initiating the first irrigation when the midday *x reached -15
bars, -19 bars and -23 bars, respectively. The three treatments were subjected to differing irrigation
regimes only during the period from 15 June through 7 July (Table 1). All treatments were irrigated in a
similar fashion from 8 July on. All irrigation water was applied via furrow irrigation.

Leaf xylem potential (Ix) was measured with a pressure chamber (PMS model 600) during the early
afternoon (13:00 - 15:30 MST) between 9 June and 7 July on fully developed leaves that were exposed
to full sunlight. Leaves selected for *x measurements were first excised at the petiole, then wrapped in
moist cotton cloth and inserted in a plastic bag for transport to the pressure chamber. Once at the
measurement station (edge of the field) the petiole (leaf blade still encased with moist cloth and plastic
bag) was inserted through the hole in the pressure gasket located in the head of the chamber. The head
was then reattached to the chamber and the chamber pressurized with nitrogen gas. Chamber
pressurization was halted and the final pressure recorded when moisture appeared at the cut surface of
the xylem vessels. This endpoint pressure was rechecked a second time by first reducing the chamber
pressure by about 2 bars (^' 30 psi) and then repressurizing the chamber until the endpoint was again
attained. The two endpoints typically agreed within 0.3 bar (^' 5 psi). Total measurement time from
sample excision to completion of the measurement amounted to 2-4 minutes and depended on the transit
distance from the field plot to the measurement station and the level of plant water stress. Two leaves
were sampled from each replicate by treatment combination making a total of eight leaf samples per
treatment per day.

Plant measurements, including mainstem node number, height, location of first fruiting branch, number
of fruiting nodes, percent fruit retention at the first two positions on the mainstem, bloom counts per 50'
of row, number of nodes above the top white bloom (NAWB), and percent canopy closure were obtained
every two weeks from early June to late July.

The terminal irrigation was applied on 21 August and defoliant was applied on 24 September. The field
was picked on 9 October and again on 13 November.
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Results

Wet spring weather maintained favorable soil moisture conditions well into early June in 1992 (Table 2).
As a result, regular measurements of *x were delayed until early June when clearer and drier conditions
prevailed.

Increasing water stress produced decreases in 1rx as expected (Figure 1). ifx decreased below the T1
irrigation threshold of -15 bars on 11 June and remained near the threshold value for the next two days.
Irrigation was ordered for T1 on 12 June and received on 15 June (Table 1). irx levels of T1 plants
recovered to levels above those of T2 and T3 plants following irrigation. It is interesting to note that 1'x
of T2 and T3 plants increased during the period from 15 -18 June, indicating a lower plant stress level.
This lower level of stress was likely due to lower environmental demand for water; both solar radiation
levels and wind speed were lower during this period. No effort was made to adjust Wx values for
temperatures as recommended by Grimes et al. (1987). This temperature correction is empirical in nature
and would need local calibration for use in Arizona.

iYx in T2 and T3 decreased in a nearly monotonic fashion between 16 and 25 June. By 24 June, of
T2 plants was just above the irrigation threshold of -19 bars and irrigation was ordered. A small amount
of leaf wilt was evident at midday on 24 June. Irrigation water was applied on 25 June, and by the next
day the Inc of T2 and T1 plants were similar.

A second, light irrigation (2.51 was applied to T1 on 1 July to prevent the development of water stress.
Cotton in T3, however, remained without irrigation through early July. irx of T3 plants dipped to -21 bars
on 30 June -- a dry and windy day, but then recovered somewhat over the next 3 days with the arrival
of cooler and less windy weather. Some midday leaf wilting was observed on most days during this
period. Extremely hot weather arrived during the 4 July weekend. Visual observations on 5 July revealed
moderate to severe wilt in T3 plots and slight wilt in T2 plots. By 6 July, ifx levels in T3 had decreased
to -26 bars -- below the irrigation threshold of -23 bars. Irrigation water was ordered on 6 July and
delivered on evening of 7 July and the morning of 8 July. iix readings obtained on 7 July revealed even
higher levels of stress with *x decreasing to less than -28 bars.

As mentioned above, T2 plants also exhibited visual signs of stress on 5 July. ifx measurements on 6
and 7 July confirmed this observation; 4% averaged -22 and -23 bars on 6 and 7 July, respectively. We
note that Johnson et al (1989) recommend subsequent irrigations be made when lYx drops to -18 bars
to maintain optimum growth, development and yield potential. Therefore, it would appear T2 plants were
subjected to a second unintentional stress prior to irrigation on 7 -8 July. In contrast, Wx of T1 plants did
not drop below -18 bars throughout the period.

Plant measurement data clearly shows the impact of the early season irrigation treatments (Table 3). By
16 July, T2 and T3 plants showed reduced numbers of nodes, decreased height to node ratios (HNR),
lower fruit retention and less NAWB. The lowest values for all plant measurements were observed in the
more severely stressed T3 plants. Of particular importance is the reduction in NAWB values to five or less,
which is a good indicator of early cut -out. It is interesting to note that by 30 July, the T3 plants had only
one less node than T1 plants. This indication of new plant growth following relief of the water stress was
confirmed by visual observations; however, this growth produced few harvestable bolls as is clearly shown
by the low and declining levels of fruit retention.

The timing of the first irrigation did impact yields significantly. Yields from T1 plots averaged
approximately 120 and 385 lb /a higher than yields from T2 and T3 plots, respectively (Table 4). T1 yields
were significantly greater than those from T3 at a = 0.05. The yield difference between T1 and T2 was
not significant at the a level of 0.05, but was significant when a was relaxed to 0.10.
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Conclusions

The results from this preliminary study suggest the *x thresholds recommended by Johnson et al. (1989)
for timing the initial post- planting irrigations may also hold for Arizona cotton. However, the authors
believe a more detailed study which includes measurements of soil water status is needed to fully confirm
these threshold levels. The authors also believe further refinements are needed to make the pressure
chamber a viable technique for growers and consultants. In particular, some form of technique is needed
to eliminate the fluctuations in *x that are induced by changes in environmental demand for water so one
can truly assess plant stress. A cursory examination of our data shows that climate/weather normalization
procedures based on temperature or vapor pressure deficit are unlikely to be sufficient. Some
combination of these parameters with wind or solar radiation is likely needed.

Perhaps the most significant finding of this study is the confirmation that 1) yields of the short season
variety DPL 20 are impacted negatively by early season water stress and 2) that DPL 20 does not have
the capacity late in the season to make up for early season fruit loss caused by water stress.

The authors plan to continue and expand this project in 1993.
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Table 1. Amount of irrigation water applied to each treatment. The *x level at the time of the first
post -planting irrigation is provided in parentheses.

T1 ( -15 bars) T2 ( -19 bars) T3 ( -28 bars)

Date Amount Date Amount Date Amount
4/01 6.4' 4/01 6.4' 4/01 6.4'
6/15 2.5' 6/26 2.5' 7/08 5.8'
7/01 2.5' 7/08 5.8' 7/22 3.8'
7/08 5.8' 7/22 3.8' 8/05 3.8'
7/22 3.8' 8/05 3.8' 8/21 3.8'
8/05 3.8' 8/22 3.8'
8/22 3.8'

Total 28.6' Total 26.1' Total 23.6'

Table 2. Daily rainfall totals from pre -irrigation to defoliation.

Date Amount Date Amount
4/01 0.43' 7/29 0.161
5/05 0.12' 8/06 0.95'
5/18 0.08' 8/07 0.08'
5/19 0.71' 8/09 0.04'
5/20 0.04' 8/15 0.12'
5/21 0.04' 8/19 0.28'
5/28 0.04' 8/22 0.67'
5/29 0.32' 8/23 1.44'
6/07 0.16' 9/14 0.16'
7/06 0.04' 9/21 0.20'
7/11 0.39'

TOTAL 6.47'
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Table 3. Plant measurement data obtained at two week intervals from 4 June to 30 July 1992.
Column abbreviations are as follows: HUAP = heat units after planting; NODES = number
of mainstem nodes; HNR = height to node ratio; FFB = first fruiting branch; FNDS =
number of fruiting nodes; %FR = percent fruit retention; NAWB = number of nodes above
the top white bloom; BLMS = number of blooms per 50' of row; WBTT = distance ('in)

from the top white bloom to the terminal; %CCL = percent canopy closure.

HUAP NODES HNR FFB FNDS %FR NAWB MKS WTBB %CCL

DATE Treatment

60492 1 907 10 0.9 6 5 75 . . . 19

2 907 10 0.9 6 5 75 . . . 20

3 907 11 0.9 6 6 65 . . . 19

61892 1 1212 15 1.0 6 10 88 . . . 33

2 1212 15 0.9 6 10 89 . . . 34

3 1212 15 0.9 6 10 90 . . . 34

70292 1 1566 18 1.2 6 13 77 7 75 11 53

2 1566 18 1.2 6 13 71 7 73 10 62

3 1566 17 1.2 6 12 73 6 81 9 51

71692 1 1920 22 1.3 6 16 70 6 61 9 75

2 1920 20 1.2 6 15 66 5 57 7 71

3 1920 19 1.1 6 14 51 4 38 3 58

73092 1 2575 23 1.3 6 18 59 5 67 5 86

2 2575 22 1.1 6 17 49 4 17 3 77

3 2575 22 1.1 6 17 44 4 4 4 67

Table 4. Lint yields for each treatment

Treatment Yield

T1 1151 Ib /a*
T2 1029
T3 764

LSD = 135 lb /a CV ( %) = 8.9

*Significantly greater than T2 and
T3 at a = 0.05 and 0.10, respectively.
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Figure 1.

6/13 6/18 6/23 6/28
DATE

15 BARS

-19 BARS

-23 BARS

7/3 7/8

Mean values of early afternoon leaf xylem potential (tIrx) for treatments 1, 2 and 3 for the
period 9 June to 7 July 1992 at Marana Treatment 1 was irrigated on 15 June and 1 July
while treatment 2 was irrigated on 26 June. All treatments were irrigated on 7-8 July.
Each point is the mean of eight itx measurements.
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