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Abstract 
Technologies for reducing corn leaf burn caused by foliar spray of urea-am- 
monium nitrate (UAN) during the early growing season are limited. A field 
experiment was carried out to evaluate the effects of humic acid on corn leaf 
burn caused by foliar spray of undiluted UAN solution on corn canopy at 
Jackson, TN in 2018. Thirteen treatments of the mixtures of UAN and humic 
acid were evaluated at V6 of corn with different UAN application rates and 
different UAN/humic acid ratios. Leaf burn during 1 2, 3, 4, 5, 6, 7, and 14 
days after UAN foliar spray significantly differed between with or without 
humic acid addition. The addition of humic acid to UAN significantly re-
duced leaf burn at each UAN application rate (15, 25, and 35 gal/acre). The re-
duction of leaf burn was enhanced as the humic acid/UAN ratio went up 
from 10% to 30%. Leaf burn due to foliar application of UAN became severer 
with higher UAN rates. The linear regression of leaf burn 14 days after appli-
cation with humic acid/UAN ratio was highly significant and negative. How-
ever, the linear regression of leaf burn 14 days after application with the UAN 
application rate was highly significant and positive. In conclusion, adding 
humic acid to foliar-applied UAN is beneficial for reducing corn leaf burn 
during the early growing season. 
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1. Introduction 

Undiluted urea-ammonium nitrate (UAN, 28 and 32% N) is sometimes applied 
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directly on corn canopy as an N source via foliar spray during the early growing 
season. However, this practice has the potential risk to result in phytotoxic 
symptoms of leaf burn, necrosis, loss of leaves, and plant stunting. Hot and dry 
weather conditions will increase leaf burn and reduce plant growth. Leaf burn 
symptoms can be visible within 24 to 48 hours after application [1]. Darkened 
leaf tissues can even be observed within a few hours after application under dry 
and hot conditions [1]. Depending upon the severity of damage, reduced plant 
growth may be visible and last for several weeks. Because the plant growing 
point remains below ground for several weeks after emergence until approx-
imately the fifth leaf growth stage (V5), it is not directly influenced by foliar ap-
plication of UAN before this leaf growth stage. Thus, little prolonged damage 
will occur as long as plants are small. 

Leaf burn caused by foliar application of UAN during the early growing sea-
son may or may not lead to corn yield reduction. Randall in Minnesota in 1984 
reported that when corn plants were at the third leaf (V3) growth stage, phyto-
toxic effects were worse at N rates greater than 60 lb N/acre (rates applied were 
0, 60, 90, and 120 lb N/acre as UAN), but damage was not permanent and did 
not negatively influence plant population or grain yield [2]. When plants were 
larger than the V3 stage, plant damage was worse and some yield decrease oc-
curred with the 120 lb N/acre rate of UAN. When atrazine at 2 lb active ingre-
dient/acre was applied together with UAN, leaf damage and plant stunting in-
creased, and grain yield reduction was observed when atrazine was combined 
with UAN at rates greater than 60 lb N/acre [2].  

There are measures that can be taken to reduce leaf burn due to post emer-
gence UAN foliar application. For instance, Sawyer in Iowa in 2003 recom-
mended UAN at no more than 90 lb N/ac applied at the V3 stage of corn or 
younger, no more than 60 lb N/ac between the V3 to V7 stage, and no applica-
tion to foliage if plants are larger than the V7 stage to avoid grain yield loss [3]. 
When corn is too tall to risk damage during foliar application, UAN should be 
applied with drop nozzles in the between-row areas. Furthermore, if foliar spray 
of UAN is the only option available, the tradeoff between the potential for yield 
increase from added N nutrition and potential yield reduction from leaf burn 
needs to be weighed. 

Technologies available for reducing leaf burn caused by foliar spray of UAN 
during the corn early growing season are limited. Humic acid is a mixture of or-
ganic acids with long chain molecules, high molecular weight, and dark brown 
color. It is extracted from ancient humic shale and soluble in alkali. Although 
humic acid has been used to improve the quality of some soils and stimulate 
plant growth, its influence on crop leaf damage caused by foliar UAN applica-
tion is unknown. Therefore, the objective of this study was to examine the effects 
of adding humic acid to foliar applied UAN on corn leaf burn at different UAN 
application rates and different humic acid/UAN ratios early in the growing sea-
son.  
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2. Materials and Methods 

A field experiment was carried out on corn to evaluate the effects of adding 
humic acid undiluted UAN solution for foliar spray on reducing leaf burn 
caused on a Granada silt loam soil at Jackson, TN in 2018. Thirteen treatments of 
foliar spray of the mixtures of UAN and humic acid with different UAN applica-
tion rates and humic/UAN acid ratios were evaluated in this study (Table 1). 

An initial composite soil sample with thirty probes of 2.5-cm diameter was 
collected at the 0-6 inch depth from the entire experiment area before the treat-
ment imposition on February 5, 2018. After the soil sample was air dried, 
ground to pass through a 2-mm sieve, and thoroughly mixed, it was analyzed by 
the Brookside Laboratories Inc. (New Bremen, OH). The results showed this ex-
perimental field had pH: 7.1, organic matter: 1.52%, total exchange capacity: 8.89 
meq/100 g, nitrate-N: 0.8 ppm, ammonium-N: 2.9 ppm, estimated N release: 50 
lbs/a, P: 28 ppm, K: 204 ppm, Ca: 1442 ppm, Mg: 232 ppm, S: 5 ppm, B: 0.40 
ppm, Fe: 186 ppm, Mn: 243 ppm, Cu: 4.03 ppm, Zn: 1.66 ppm, and Al: 703 ppm 
with Mehlich III as the extractant. 

Phosphorus and K fertilizers were applied at 80 lbs P2O5/acre as triple super-
phosphate (N0-P45-K0) and 60 lbs K2O/a as muriate of potash (N0-P0-K60), 
respectively, to soil surface uniformly across the test area with a Gandy spreader 
on April 17 according to the initial soil testing results. Corn cultivar DK 62-08 
was no-till planted in 30-inch rows at a seeding rate of 1500 seeds/acre on May 8. 
The plot size was 10 ft. wide × 30 ft. long with four rows of corn. Corn was 
grown using the standard no-till non-irrigated corn management practices (in-
cluding the management of weeds, insects, and diseases) of the region.  
 

Table 1. Treatment combinations of UAN and humic acid. 

Treatment # UAN Humic acid Humic acid/UAN ratio 

 Gallons/acre Gallons/acre  

1 15 0 0% 

2 15 1.5 10% 

3 15 3 20% 

4 15 4.5 30% 

5 25 0 0% 

6 25 2.5 10% 

7 25 5.0 20% 

8 25 7.5 30% 

9 35 0 0% 

10 35 3.5 10% 

11 35 7 20% 

12 35 10.5 30% 

13 0 0 0% 

https://doi.org/10.4236/ojss.2024.143010


X. H. Yin 
 

 

DOI: 10.4236/ojss.2024.143010 183 Open Journal of Soil Science 
 

All the UAN and humic acid treatments were foliar sprayed on corn canopy in 
the designated plots at V6 of corn on June 4. The seasonal N application rate was 
180 lbs/acre for Treatments 1 to 12, but Treatment 13 received zero N as the 
control. In addition to the N from the UAN treatments, the rest of N was 
broadcast on soil surface as coated urea (ESN) along with granular humic acid 
on June 4 in making up the total N application rate to be 180 lbs/acre for Treat-
ments 1 to 12.  

Leaf burn was visually rated beginning from June 5 on a daily basis for seven 
days. Leaf burn was also visually rated on June 18, two weeks after foliar spray of 
UAN and humic acid. Leaf burn was expressed as percentage of total burned leaf 
area ÷ total leaf area × 100.   

Analysis of variance was conducted on the leaf burn measurement with the 
ANOVA procedure in SAS for Windows V9 (4) (SAS Institute, Cary, NC). A 
randomized complete block design with four replications was used for the analysis. 
Treatment means were separated with the Fisher’s protected least significant dif-
ference (LSD) test. Probability levels lower than 0.05 were designated as significant.  

3. Results and Discussion 
3.1. Weather Conditions 

All the treatments were foliar sprayed on corn canopy in the designated plots at 
V6 of corn on June 4. There was no rainfall during June 4 to June 18 except June 
14 and 18 which received 0.48 and 0.41 inch of rain, respectively (Table 2). Over-
all, the weather conditions of 2018 were normal and favorable for non-irrigated 
corn production.  

 
Table 2. Weather conditions for the 14-day period after foliar spray of UAN. 

Date (dd/mm) 
Rainfall High temperature Low temperature 

Inch ˚F ˚F 

04/06 0.00 84 60 

05/06 0.00 85 61 

06/06 0.00 86 59 

07/06 0.00 90 63 

08/06 0.00 92 63 

09/06 0.00 94 68 

10/06 0.00 92 70 

11/06 0.00 93 71 

12/06 0.00 93 72 

13/06 0.00 91 70 

14/06 0.48 88 73 

15/06 0.00 92 72 

16/06 0.00 93 72 

17/06 0.00 94 74 

18/06 0.41 94 72 
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3.2. Regression of Leaf Burn with UAN Foliar Application Rate  

There was a highly significant and positive regression of leaf burn at 14 days af-
ter UAN application with UAN (without any humic addition) foliar application 
rate under a linear model without any humic addition to UAN (P < 0.001; R2 = 
0.49) (Figure 1). Specifically, leaf burn increased by 0.725 percentage unit with 
the increase of one gallon of UAN per acre. Similarly, the linear regression of 
leaf burn 14 days after UAN foliar application with UAN rate was highly signifi-
cant and positive at each of the other three humic acid/UAN ratios or with all 
the three ratios combined (data not shown). 

3.3. Effects of Humic Acid Addition to UAN for Foliar Application 
on Leaf Burn 

The results showed that leaf burn at 1 day, 2 days, and 7 days after UAN foliar 
application with or without humic acid addition significantly differed (Table 3). 
In general, the percentage of leaf burn caused by UAN was increased with each 
increment of UAN application rate from 15 to 25 gallons/acre and from 25 to 35 
gallons/acre. Furthermore, the addition of humic acid to UAN significantly re-
duced leaf burn at each UAN application rate, and the effects of humic acid on 
reducing leaf burn were increased as the humic acid/UAN ratio was enhanced 
from 10% to 30%. Leaf burn values at 3, 4, 5, and 6 days after UAN foliar appli-
cation were similar to those 2 days after UAN foliar application. Leaf burn values 
14 days after UAN foliar application were exactly the same as those 7 days after 
UAN foliar application, indicating that leaf burn did not turn worse one week 
after UAN foliar application. 

Figure 2 shows the effects of UAN application rate on leaf burn four days af-
ter foliar spay without humic acid addition. Obviously, the severity of foliar 
damage went up with increasing N application rate from 0 to 35 gal UAN/acre. 
Figure 3 shows the effects of humic acid addition to UAN for foliar application 
on leaf burn at 35 gal UAN/acre 4 days after foliar spray. It demonstrated that 
adding humic acid to UAN for foliar spray reduced leaf burn of corn plants.   

The positive effects of humic acid on reducing corn leaf burn might be ex-
plained as follows. Similar to the use of humic acid in drought stress reduction, 
plants responded to humic acid by regulating osmotic potential through main-
taining water absorption and cellular swelling [4], which reduced the severity of 
leaf burn caused by UAN foliar application.   

Urea-ammonium nitrate can also be foliar sprayed on corn canopy during the 
late growing season, which will result in moderate to severe leaf burn. Research 
in Missouri showed that for two-foot tall corn, 32% UAN resulted in much 
greater leaf burn than ammonium nitrate or urea under foliar spray [1]. Be-
tween-row applications resulted in little damage. Therefore, they did not rec-
ommend foliar spray of UAN when the corn is over one foot tall, while be-
tween-row applications of UAN and other N sources are recommended when 
the corn is between one and four feet tall.  
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Table 3. Effects of humic acid addition to UAN foliar application on corn leaf burn. 
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Figure 1. Linear regression of leaf burn at 14 days after UAN foliar application with UAN 
application rate without any humic acid addition. 
 

 
Figure 2. Effects of UAN application rate on leaf burn without humic acid addition at 4 
days after foliar spay. Pictures from left to right with 0, 15, 25, and 35 gal UAN/acre, re-
spectively. 
 

 
Figure 3. Effects of humic acid addition to UAN for foliar application on leaf burn at 35 
gal UAN/acre at 4 days after foliar spray. Pictures from left to right with 0% and 20% of 
humic acid/UAN ratio in volume, respectively. 
 

Leaf burn is associated with the application rate, timing, and source of N ferti-
lizer. Although any N fertilizer solution sprayed on cereal plants may result in 
visual foliar damage including leaf burning, scorching, and tipping [5], yield re-
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ductions may or may not occur, depending on severity of the foliar damage. Ket-
tlewell and Juggins observed in 1992 that wheat plants receiving the highest rate 
of N in one application suffered the most foliar damage; however, no significant 
yield reduction was observed [6]. Similarly, Phillips and Mullins found in 2004 
that when UAN was foliar applied on winter wheat at the recommended growth 
stage (GS 30), leaf burn increased with increasing N rate (0, 34, and 67 kg∙ha−1) 
[7]. Poulton et al. reported in 1990 that wheat yield reductions due to severe leaf 
scorching occurred after foliar application compared with soil application at the 
same N rate [8]. Powlson et al. found in 1989 that no leaf damage or wheat yield 
decrease when 40 kg∙N∙ha−1 was foliar applied [9]. Leaf damage was only ob-
served when a foliar spray was done with 60 kg∙N∙ha−1, which reduced wheat 
yield by 460 kg∙ha−1. Woolfolk et al. reported in 2002 a trend for increased leaf 
burn when an ammonium sulfate solution was foliar applied relative to UAN; 
however, no wheat yield difference was observed between the two fertilizers ap-
plied at the same N rates [10].  

Leaf burn is also related to various factors including characteristics of the crop 
and spray equipment and weather conditions. For example, a wheat variety with 
a prostrate leaf that leans out and tries to canopy over will burn worse. The ferti-
lizer needs to be sprayed on the canopy when the plant is small and dry or when 
it is raining. Less fertilizer will adhere to plants when they are dry or falls into 
the whorl when plants are small. Streamer nozzles also make a difference. Noz-
zles that shoot straight down will result in uniform and worse burn. Dilution of 
fertilizer solution is another key; adding one part water to one part UAN is 
beneficial for reducing leaf burn.  

3.4. Regression of Leaf Burn with the Humic Acid/UAN Foliar 
Application Rate Ratio  

The linear regression of leaf burn at 14 days after UAN application with the 
humic acid/UAN foliar application rate ratio was highly significant and negative 
across all the three UAN application rates (P < 0.001; R2 = 0.42) (Figure 4). Spe-
cifically, leaf burn decreased by 0.521 percentage unit with the increase of one 
percentage unit of the humic acid/UAN ratio. Similarly, the linear relationship 
of leaf burn 14 days after UAN foliar application with humic acid/UAN ratio 
was highly significant and negative at each of the three UAN application rates 
(data not shown). 

4. Conclusions 

The results generally showed that corn leaf burn at 1 2, 3, 4, 5, 6, 7, and 14 days 
after UAN foliar spray significantly differ between with or without humic acid 
addition. Addition of humic acid to UAN significantly reduces leaf burn at each 
of the three UAN application rates (15, 25, and 35 gal/acre). Reduction of leaf 
burn is enhanced as the humic acid/UAN ratio goes up from 10% to 30%. Leaf 
burn due to foliar application of UAN becomes severer with higher UAN rates.  
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Figure 4. Linear regression of leaf burn at 14 days after UAN foliar application with the 
humic acid/UAN ratio across all UAN rates. 
 
There was a highly significant and positive linear regression of leaf burn at 14 
days after application with UAN application rate at each humic acid/UAN ratio 
or with all the ratios combined. Similarly, the linear relationship of leaf burns at 
14 days after application with humic acid/UAN ratio was highly significant and 
positive at each UAN rate or with all rates combined. In conclusion, adding 
humic acid to UAN for foliar application is beneficial for reducing corn leaf 
burn during the early growing season. Since the foliar application of UAN on 
corn is increasingly used, further research may be needed to compare different 
corn varieties in their responses to UAN foliar application in terms of leaf burn. 
Different foliar application times of UAN on corn leaf burn also deserve research 
in the future.   
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