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Research Questions

Can we increase spring wheat yields and protein con-
tents with additions of (1) starter fertilizer (10-52-0), (2) 
Sulfur, (3) Copper, (4) Zinc, and (5) Root inoculant (Tricho-
derma spp)  under field with poor micronutrient availability 
condition?
   
Results

   We had frequent heavy rainfall events during the 2015 
growing season. Rainfall amounts were comparatively 
greater during the early vegetative stage (May) compared 
to late vegetative or early reproductive stage (June-Aug) 
(Table 2.). Due to the frequent wet events, the whole 
growing season had relatively higher humidity compared 
to previous year due to which the leaf rust disease were 
sparsely observed in spring wheat. 

   Despite sparse occurrence of leaf rust diseases, the 
spring wheat grain yields were comparatively greater com-
pared to previous cropping seasons. The average grain 
yield and protein content obtained from the unfertilized 
plots were 53.1 Bu/ac and 11.3%, respectively. Frequent 
rainfall events during this growing season prevented crop 
from having water stresses during all the stages of their 
growth, which might have resulted in higher grain yields.

   All combinations of starter fertilizer (11-52-0), micronutri-
ent (Cu, S, Zn), and root inoculants with the recommended 
NPK dose resulted in significantly higher grain yields and 
protein contents compared to the control (Table 2). The 
recommended NPK alone also resulted in significantly 
greater grain yields and protein content compared to the 
control treatment. The grain protein content was similar 
among all of the treatment combinations. Application of 
starter fertilizer (11-52-0) along with the recommended 
NPK dose significantly increased spring wheat yields by 
5.1 Bu/ac compared to the NPK alone. Similarly, supple-
menting the recommended NPK dose with single micronu-
trient (Cu, Zn, or S), double micronutrients (Zn + S), or by 
all of the three micronutrients (Cu+Zn+S) did not resulted 
in significant yield advantage over recommended NPK.  
However, the addition of Cu and S with recommended 
NPK dose significantly increased spring wheat yields by 
4.8 Bu/ac compared to NPK alone.  

   Addition of root inoculant (Trichoderma spp.) with recom-
mended NPK did not showed any yield advantage over 
NPK alone. However, the combined application of root 
inoculant along with all three micronutrients (Cu + Zn + S) 
with recommended NPK significantly increased spring 

wheat grain yields by 4.5 Bu/ac compared to NPK alone.

Application and Use

   Spring wheat grain yields and protein contents were 
highly influenced by the availability of nutrients during the 
early vegetative stage and late vegetative or early repro-
ductive stages, respectively. Adequate and efficient use of 
fertilizers have potential to increase the spring wheat yield 
and quality. Although, spring wheat is most responsive 
to nitrogen, the role of micronutrients and root inoculants 
should not be avoided. Micronutrients such as Cu, Zn, and 
S as well as root inoculants might play a synergistic role 
in improving the production and quality of spring wheat. 
Our results suggested that the supplemental application of 
starter fertilizer (11-52-0), or root inoculant (Trichoderma 
spp.) along with micronutrients (Cu+Zn+S) might poten-
tially increase spring wheat production under silt clay loam 
soil conditions. The addition of micronutrients showed 
yield advantage over recommended NPK, only in some 
cases (Cu + S) suggesting the need of further studies to 
confirm the results. Thus, the addition of starter fertilizer, 
or root inoculants, or micronutrients could be a beneficial 
approach to increase spring wheat production for wheat 
growers in Minnesota.

Economic Benefit to a Typical 
500 Acre Wheat Enterprise

  Soil fertility management has potential to increase grain 
yield and protein content.

Materials and Methods

   A field experiment was conducted during 2015 grow-
ing season near Glyndon, MN on a Beardon Silty Clay 
Loam soil to determine the response of spring wheat to 
starter fertilizer, micronutrient, and root inoculant. Eleven 
treatments of various combinations were arranged in 
a randomized complete block design with four blocks. 
The treatments were: 1. Control (no fertilizer applied); 2. 
Recommended NPK; 3. Starter fertilizer (10-52-0) @ 3 
gallon/ac with recommended NPK; 4. Sulfur @10 lb/ac (as 
ammonium sulfate) with recommended NPK ; 5. Copper 
@ 5 lb/ac with recommended NPK; 6. Zinc @ 1 lb/ac with 
recommended NPK; 7. Copper + sulfur (as CuSO4 match-
ing the amount of Cu and S with treatment 4 and 5) with 
recommended NPK; 8. Zinc + sulfur (as ZnSO4 match-
ing the amount of Zn and S with treatment 5 and 6) with 
recommended NPK; 9. Copper + zinc + sulfur (as CuSO4 
and ZnSO4 matching the amount of Cu, Zn and S with 
treatment 4, 5 and 6) with recommended NPK;10. Root 
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inoculant (Trichoderma spp.) with recommended NPK;  
and 11. Root inoculant+ (Trt. 9: copper + zinc+ sulfur) with  
recommended NPK. Individual treatment plots measured  
10 feet wide and 30 feet long.

   The initial nutrient status of the soil was presented in 
Table 1. The soybean stubbles were removed from the field 
before the application of the treatments. All of the above 
mentioned treatments were mid-row banded, and spring 
wheat was planted on April 18/2015 with an 8’ wide, small 
plot sized grain drill. ND Wheat variety Faller was planted  
at the seeding rate of 2 bushels per acre. Overall germina-

tion and plant stands were very good. Husky herbicide was 
applied one time for weed control on the spring wheat.

   At physiological maturity, the middle five rows of each plot 
were harvested using the small plot combine harvester on 
August 4/2015. Wheat grains were dried at 60˚C for 3 days 
and adjusted to 14% moisture level before recording grain 
yield. Grain protein content was analyzed using Infratec 1241 
Grain analyzer (FOSS analytical AB, Hoganas, Sweden). 
Statistical analyses were performed using PROC-ANOVA 
procedure for RCBD in SAS 9.3 (SAS Institute Inc, Cary NC). 
Means comparisons were conducted at the 90% confidence 
level using Fisher’s least significance difference method.

Soil depth pH EC
Initial nutrient status

Soil texture
Particle size distribution

NO3-N P K Sand Silt Clay
inches dS m-1 lb ac-1 -----------ppm-------- -----------------g kg-1----------------
0 - 6’ 8.1 0.30 28 8 125 Silty Clay Loam 92 578 330
6-24’   21       

Table 1. Initial nutrient status of the soils.

Year Month

Fargo
Avg Air Temp 

(°F)
Avg Wind Spd 

(mph)
Avg Solar Rad

(Lys)
Total PET Penman 

(inch)
Total Rainfall 

(inch)

2015 April 47E 9.1 435 7.11 0.63
2015 May 55 8.3 423 5.84 7.86
2015 June 67 6.4 505 6.87 2.51
2015 July 72E 7.1E 546E 7.84 2.80

Averages: 60E 7.7E 477E
Totals: 27.65 13.80

Max: 72E 9.1E 546E 7.84 7.86
Min: 47E 6.4E 423E 5.84 0.63

Std. Dev.: 12E 1.2E 58E 0.83

Table 2. NDAWN monthly weather data for the 2015 growing season.

Treatments Grain Yields
Grain protein 

content
   Bu/ac %

1. Control (no fertilizer applied), 53.1  ± 3.0 C 11.3 ± 1.3 B
2. Recommended NPK, 70.4 ± 6.0 B 12.2 ± 0.4 A
3. 11-52-0 @ 40 lb/ac with recommended NPK 75.5 ± 1.9 A 12.3 ± 0.6 A
4. Sulfur @10 lb/ac (as ammonium sulfate) with recommended NPK 71.9 ± 0.5 AB 12.2 ± 0.8 A
5. Copper @ 1 lb/ac with recommended NPK 73.7 ± 2.4 AB 12.3 ± 0.7 A
6. Zinc @ 1 lb/ac with recommended NPK 72.7 ± 1.2 AB 12.3 ± 0.5 A
7. Copper + sulfur (as CuSO4 matching the amount of Cu and S with treatment 4 and 5) with      
    recommended NPK 75.2 ± 1.4 A 12.2 ± 0.5 A

8. Zinc + sulfur (as ZnSO4 matching the amount of Zn and S with treatment 5 and 6) with  
    recommended NPK 73.3 ± 3.6 AB 12.2 ± 0.4 A

9. Copper + zinc + sulfur (as CuSO4 and ZnSO4 matching the amount of Cu, Zn and S with  
    treatment 4, 5 and 6) with recommended NPK 73.1 ± 3.7 AB 12.2 ± 1.0 A

10.  Root inoculant (Trichoderma spp.) with recommended NPK 72.7 ± 3.3 AB 12.6 ± 0.5 A
11. Root inoculant+ (Trt. 9: copper + zinc+ sulfur) with recommended NPK 74.9 ± 4.5 A 12.0 ± 0.7 A
Mean ± standard deviations followed by the same uppercase letters within each column were not significantly different from each 
other.

Table 3. Effect of starter fertilizer (11-52-0), micronutrients (Cu, Zn, S) and root inoculants (Trichoderma spp.) on spring wheat grain 
yields and protein content at Glyndon, MN under Bearden silt clay loam soil conditions in 2015 growing season.


