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Effect of Sulfuric Acid on Ammonia Volatilization under
Furrow Irrigation’

T. A. YAHIA anp J. L. STROEHLEIN?

ABSTRACT

In this study, anhydrous ammonia (NH ;) was applied in the irrigation water along
with and without the additional sulfuric acid (H,SO,4). Ammonia losses by volatiliza-
tion were measured indirectly by measuring nitrogen (N) in soils, plant tissue and
irrigation water at two field locations. This study showed that adding H,SO, with
irrigation water reduces the loss of nitrogen ammonia volatilization, especially when
the irrigation water contained high levels of sodium relative to calcium. The reduction
was as high as 499

According to this study H,SO, application is recommended as the best and most
economical way to minimize or prevent NH; volatilization losses under alkaline soil
conditions, especially for those waters high in Na. In particular, if summer application
is necessary, the acid rates should be sufficient to reduce the water pH to near neutral
during NH; application. The data indicated that losses took place mostly from the
soil and increased with distance along irrigation furrows.

INTRODUCTION

Anhydrous ammonia is becoming the most common source of fertilizer nitrogen
because of its high analysis (829, N), convenience of handling, and lower cost than
other commonly used materials. Ammonia may be injected into the soil at any time
prior to or during the growing season. After the crop is established, however, NHj is
often added to the irrigation water. Ammonia applied to the water is a very simple
and inexpensive method of application and can be done without driving equipment
through the field. In addition the desired amount of NH; can be metered into the
water very precisely.

Loss of NH; by volatilization is of concern to soil scientists and farmers. Mills et al.
(3) concluded that NH, losses by volatilization increase as pH increases, as a result of
the increase of OH activity. Total N loss, however, was reduced by the presence of
plants as compared with bare-soil treatments. Volatilization of NH; presumably
occurred as a consequence of the hydrolysis of applied urea to (NH,4),CO,; which
could raise the pH of the surface layer of the soil. Volk (6) reported that increasing soil
pH decreased the NH; adsorption potential of Florida soils, and resulted in greater
volatilization from applied urea.
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Sulfuric acid application in the irrigation water was found to lower the pH of both
the water and the soils, and was found to reduce the concentration of NH,OH
relative to total N applied as NH; principally, by lowering pH. Thus simultaneous
application of acid and ammonia helps to control ammonia loss, Miyamoto et al. (4).

The objectives of this study were (1) to indirectly measure N losses from ammo-
niated and acidified water by soil, water and tissue analysis: (2) to determine the
distribution and forms of N from treated waters in the irrigation ditch and down the
furrow, and (3) compare the results of yield of cotton (Gossypium hirsutum L.) between
the treated and the untreated plots under the two different soil and water conditions.

MATERIALS AND METHODS

Two field experiments on cotton were conducted at two different locations for the
purpose of comparing the results under two different soil and water conditions. The
properties of soils and waters of the two locations are listed in Tables 1 and 2
respectively.

Anhydrous ammonia (NH3) versus NH; plus H,SO, applied in the irrigation water
was applied. The rates of fertilizer and H,SO, application are shown in the general
information table of the appendix A.

Soil samples of about 10 cores per plot 15cm deep from the side of the beds were
collected periodically. Sampling the soil in this manner has been found to give the best
estimate of available nitrogen in irrigated soils (5) because it takes into account the
salt movement from furrow to bed under furrow irrigation. The collected soil samples
before and after treatment were air dried and sieved through a 6.23 mm screen and
analyzed (routine analysis). Petioles from the youngest mature leaf were taken several
times during the season from 25-30 plants per plot. These sampling periods corre-
spond roughly to the time of the early stage of growth, first flower, first boll, first open
boll and just prior to harvesting. The petiole samples were analyzed for NO;-N.
Water samples were also taken at 200 m intervals along the ditch starting from the
well and then through the field and analyzed for NH,-N, NO;-N by Kjedahl method,
pH and, other important ions using the atomic absorption technique.

Table 1. Properties of experimental soils collected from the two study areas.

Saturation extract

EC, x 10 TSS* Na K ESP NO;-N P CEC
pH mmhos/cm ppm meq/1 % ppm meq/100 g
Marana Farm
Pima clay loam 8.0 04 283 23 )03 50 12.7 23 315
Buckelew Farm
Gila loam 78 0.7 490 42 0.3 9.0 11.5 24 325
Vinton fine sandy loam 78 0.6 420 37 02 170 11.5 26 20.6

“Total soluble salts.

Table 2. Chemical properties of water wells used for the study.

mg/l or ppm

Water EC x 10°
sample mmhos/em pH TSS Ca Mg Na CI SO; HCO; CO; F NO,-N
Marana 0.35 75 383 100 40 36 26 48 166 0 0.2 27

Buckelew 0.41 79 388 17 10 7 51 72 166 0 1.6 89
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The cotton cultivars used in these experiments, the planting dates, harvesting dates,
fertilizer application rates and H,SO, rates, are shown in the general information
table in the appendix A.

Standard cultural practices for the area including cultivating, irrigating and pest
control, were used at both locations. Cotton was harvested by a mechanical picker.
Two rounds were made in each treatment area at one site. In the other site one round
was harvested. In both cases yields are presented in terms of seed cotton in pounds per
acre.

A multivariate analysis of variance was run for all the cotton data collected at
different dates. Three main variable factors were considered (Treatment, Blocks and
Pairs). A separate multivariate analysis was then run for the combined dates that
showed significant difference. Furthermore, the Least Significant Differences Test
(LSD) was used to detect where the differences are. A Linear Contrast Test was also
run to show whether or not the soil plant nitrate-nitrogen varied linearly down the
field.

RESULTS AND DISCUSSION

Soil analysis

The results of analysis of soils presented in Table 3 show that soil NO;-N content
increase for a time following N application, compared with the initial contents, gradu-
ally declined, then started increasing again toward the end of the season. The increase
could have been a result of a decreased rate of cotton growth following the last
irrigation on August 31 and defoliation prior to harvesting. Nitrification could have
continued since the soil was warm and not completely dry. The increase in NO;-N of
the acid treated plots could be evidence of reduced NH; volatilization. With the
exception of the first two months (May and June) in all cases, the NO;-N content of
soil samples was higher in the acid treated plots compared with the control; the
difference between the treatment and the control was statistically significant at the 5%,
level. The same pattern took place for NH4-N as seen in Table 4.

Data presented in Fig. 1 show a linear decrease of NO;-N of the soils down the
field. This leads to the conclusion that the length of irrigation runs should be short-
ened if anhydrous ammonia is to be applied in the irrigation water. This could be of
particular concern on light-textured soils, as sandy soils lack the capacity for adsorp-
tion of large quantities of ammonia and excessive losses will take place (2).

Table 3. Nitrate-N (NO;-N) in the soils during the season (Buckelew
Farm, 1976) in ppm.

May June July August September October

Control 13.7 80 127 6.0 6.5 11.0
Treatment 130 78 132 15 9.7 16.2

Table 4. Total-N (NH4-N + NO;-N) in the soils during the season
(Buckelew Farm, 1976) in ppm.

May June July August September October

Control 205 165 — 9.7 11.8 15.1
Treatment 195 158 — 1.5 16.6 199
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Fig. 1. Variation of soil nitrogen (NO;-N) along the field beginning at the irrigation ditch
(Buckelew Farm).

The data presented in Table 5 show the decrease of NO,-N as the growing season
progressed. This pattern was to be expected; however, the levels at Marana were
slightly in excess while those at Buckelew's could be considered to be minimal for
good vyields (5); this is very clearly indicated by the shape of the Figs. 2 and 3. Acid
treatment apparently reduced the NH; loss as indicated by the higher levels of
NO;-N in plants which received acid-treated water. The difference between acid treat-
ment and control was highest in July (approximately 4000 ppm in Buckelew Farm)
during the hottest part of the season. The low petiole NO;-N levels in August and
September are normal and are due to the high N consumption by the plant during
this period of heavy fruiting.

Table 5. Nitrate-N in the cotton petioles during the
season in ppm.

June July August  September
a. Buckelew Farm
Control 6,489 5,153 1,048 559
Treatment 6.554 5.842 1.464 814
b. Marana Farm
Control 22,600 13,100 5.832 4,256

Treatment 23,400 17,000 6,022 5.645
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Fig. 2. Effect of H,SO, on plant nitrogen (NO;-N) and its variation during the season (Marana
Farm).

Data presented in Table 6 show the increase of pH as a result of NH; application.
The maximum pH reached is 9.6. Under field conditions, however, and as a result of
CO, pressure, the reaction is less alkaline than was expected. The acid treatments
reduced the carbonate and bicarbonate concentration and lowered the pH levels of
the irrigation water. The data also showed that acid treatment increased the NO;-N
content of the irrigation water as compared by the control, but decreased the NH,-N,
however, the total N(NH,-N + NO;-N) appeared to increase very slightly with the
exception of the first sample which is allocated at the beginning of the furrow near the
ditch where not much variation is expected.
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Fig. 3. Effect of H,SO, on plant nitrogen (NO,-N) and its variation during the season (Buckelew
Farm).
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Table 6. Representative water analysis from Buckelew Farm (samples collected July 3-7, 1976).

mg/l or ppm
Sample EC x 10* TSS° NO;-N NH¢-N
Number pH mmhosiem ppm Ca Mg Na ClI SOy HCO; CO; F ppm
1 79 0.5 369 9 04 78 18 126 107 0 12 1.6 79
2 9.6 0.3 282 21 01 79 17 9 117 41 14 03 103
3 7.7 0.5 345 10 09 75 16 126 103 0 16 1.8 70
4 9.6 0.3 280 21 03 75 17 9 127 38 1.2 04 8.3
5 7.6 0.5 346 6 04 76 16 132 103 1.2 1.6 1.8 7.6
6 9.5 0.3 322 3% 02 77 17 9 142 36 12 04 83
7 7.6 0.5 349 8 06 77 16 132 105 0 14 1.8 6.8
8 94 0.3 276 20 01 77 17 9 137 3% 13 05 s
9 75 0.5 356 7 05 78 16 132 112 0 16 1.8 6.8
10 9.5 0.3 306 21 01 78 I8 9 142 36 12 04 47
11 7.3 0.5 348 9 05 74 16 132 107 0 16 1.8 6.3
12 94 0.3 292 21 01 75 17 9 127 41 15 04 15
“Total soluble salts.
*Numbers refer to sample sites in Fig. B.2, Appendix B.
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Fig. 4. Effect of H,S0, on water nitrogen (NO;-N) and its variation along the cotton field
(Buckelew Farm, July, 1976).

Table 7. Effect of H,SO, on cotton yields.

Plot Marana Farm

I* Z 3 4 5
1160 1130 1040 990 1060

Buckelew Farm

Rep! Rep? Rep? Total  Average
Treatment 1215 1250 1350 3815 1257
No treatment 1130 1110 1135 3375 1125

“Acid treated plots as shown in Fig. 1B, Appendix B.
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Table 8. Effect of treatment as shown by the multi-variate analysis of variance data at both locations.

Soil Plant
TSS NO;-N NO;-N
ESP Na K
Treatment o pH meq/l ppm

a. Buckelew Farm

Control - 7.952** 5603* 03031 600.4** 7.898* 3725+
Treatment — 7.870** 6.034* 03266 679.2** 9.262* 4015*
b. Marana Farm

Control 2.063 — — — 640.9 18.93 5114
Treatment 1.667 — - = 711.9 19.71 5364

*Significant (5%, level).
**Highly significant (1%, level).

Data shown in Fig. 4 show no difference in the NO;-N distribution along the field
neither in the control nor in the treated plots, as an indication of the uniformity of
distribution of NH; in the irrigation water.

The data presented in Table 7 indicate that acid treatment can have a significant
effect on yield of cotton if higher rates of acid were used. The rates used were not high
enough to totally reduce the amount loss of NH; during the hot season especially at
Marana Farm.

Statistical analysis:

The results of the multivariate analysis of variance presented in Table 8 showed a
significant effect of acid treatment on the soil pH, Na, TSS, soil NO;-N and plant
NO;-N at Buckelew Farm. No significant effect was found at Marana, which was
expected because there was no soil or water problem and the available soil N level
was adequate. The analysis also indicated some statistical significant difference at the
various sampling dates. The significant difference was at the 19 level for the TSS, soil
NO;-N, plant NO;-N and ESP at Marana but at the Buckelew Farm the difference
was significant only for TSS and ESP and it was also at the 19 level.

Table 9. Variation of soil properties, soil NO;-N and plant NO;-N due
to sampling dates as shown by the Least Significant Differ-

ences Test.
Soil Plant
TSS NO;-N NO,-N
ESP
Dates % ppm

a. Buckelew Farm**

2 - 615.2° 7.650%< 6046°

3 — 953.1° 12.980" 5498°

4 - 501.6° 7.400° 5721°

5 — 603.9° 6.715¢ 12564

7 — 519.1¢ 8.116° 702.9¢
LSD 0.05 - 2241 0.49 84.73
b. Marana Farm

3 1.563° 865.4° 19.76% 5891¢

4 1.550° 714.7° 23.69* 5573

5 2.500" 4728¢ 14.45¢ 4334°
LSD 005 0.14 38.75 201 86.38

**ppm concentrations are significant at the 5 level.




180 T. A. YAHIA AND J. L. STROEHLEIN

A Least Significant Difference Test was run to detect where the difference exists.
The data presented in Table 9 showed variation between sampling dates for almost all
the tested values which are indicated by the different letters. The same letters, how-
ever, indicate that the values are statistically equal. This leads to the conclusion that
sampling date is a very important consideration, especially when dealing with soil
properties such as TSS and soil N.
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APPENDIX A

GENERAL INFORMATION TABLE

Buckelew Farm Marana Farm

Variety Deltapine 16 Stoneville 213
Planting

date Apr. 10, 1976 Apr. 9, 1976
Harvesting

date Oct. 7, 1976 Nov. 2, 1976

Fertilizer application rates
Lbs of NH 3/ Acre
Pre-irrigation 33.6 30 Ibs N/Acre
Ist irrigation 28.4 0
2nd irrigation 324 54 Ibs NH;/Acre
3rd irrigation 14.6 54 |bs NHj/Acre
4th irrigation 0 0
H,S80,4 Rates

Pre-irrigation 63 0
Ist irrigation 63 0
2nd irrigation 63 79
3rd irrigation 63 79
4th irrigation 0 0
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Fig. B.1. A sketch of the field showing the
locations of sampling sites at the Marana Farm.
N* = no nitrogen fertilizer was applied at pre-
planting time. N** = nitrogen fertilizer was
applied at preplanting time.
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Fig. B.2. A sketch of the field showing the
locations of sampling sites at the Buckelew Farm.
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