Optimizing Soil Health and Cropping Systems for Producing Nutrient Dense Crops In Dryland Agriculture
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Background and Introduction Results and Discussion
* Environment and edaphic factors impact soil health as well » Solls data: —
as crop yield and nutrition. Soil pH (2021) Soil pH (2022) Soil pH (2023) ~CT NI NR * The pH IS highly |
»  Agronomic and soil conservation challenges in Palouse ; 4 ° 6 / 8 ; 4 5 6 7 8 ; 4 5 /?\ 7 ? — stratified in the soil
include soil acidification, diminishing soil organic matter T 15 L \ | ' 51 L | | e 15+ T —) —NT L NR proflle (F_lg. 5_) and an
content, high vulnerability to soil erosion, and limited water = 30 ¢ * \ S 3+ TSy S 07 Increase in soil pH from
availability. g oo 1 \ 2 oo 1 g o | NT_L_R 4 t0 6 was observed in
« Sustainable agricultural practices based on the principals of = 97;8 T = gg T % gg T ~NT NI NR t_he top 7 cm solil layer for
conservation agriculture can address soil health concerns ? 105 1 ” 105 1 105 | o limed treatments.
and enhance crop productivity and nutrition. 120 120 120 + \ NT NL R  Soll organic matter
) _ Figure 5: Graphs showing the variation of soil pH for 2021, 2022, and 2023 with soil depth (0-120 cm) for Conventional till + no lime + no residue Conte.nt showed a
Objective (CT-NL-NR), No-till + lime + no residue (NT-L-NR), No-till + lime + residue (NT-L-R), No-till + no lime + no residue (NT-NL-NR), and No-till + no gonsmtengtreng
To determine the impact of soil and cropping system lime + residue (NT-NL-R) treatments. ownward In the top 0-7

! health and - onat qual cm across all treatments,
management on soll health and crop nutritional quality. Table 1: The distribution of soil organic matter, nitrate-N (NO,), ammonium-N (NH,), phosphorus, and potassium at 0-7 cm soil depth for Conventional though differences were

till + no lime + no residue (CT-NL-NR), No-till + lime + no residue (NT-L-NR), No-till + lime + residue (NT-L-R), No-till + no lime + no residue (NT-

Methodology NL-NR), and No-till + no lime + residue (NT-NL-R) treatments. The means followed by same uppercase letter within a column for each soil parameter only significant for CT-
NL-NR and NT-NL-NR

are not significantly different at P<0.05 among treatments. The means followed by same lowercase letter within a row for each soil parameter are not

el 519 significantly different at P<0.05 among years. (7 g kg* decline for both)
AT e 0-7 cm Soil depth (Table 1).
’ IM)A"V e i:gg:i;gg OrganiC Matter (g kg-l) NOB (mg kg-l) NH4 (mg kg_l) P (mg kg-l) K (mg kg-l) ° There was no Slgnlflcant
o o R = A A I 1500 - 1800 Treatment 2021 | 2022 | 2023 | 2021 | 2022 | 2023 | 2021 | 2022 | 2023 | 2021 | 2022 | 2023 | 2021 | 2022 | 2023 Jiff : ¢
ey BB B B CT-NL-NR |55ABa|53Aab| 48Ab | 90Aa | 37Ab |64Aab| 19Aa | 19Aa | 29Aa | 56Aa | 56 Aa | 62Aa |490 ABa| 432 Aa | 540 Aa JWUEIREnIEe T B
o R NT-L-NR |[50Aba| 49Aa [ 45.Aa | 74Aa | 20Ab | 71Aa | 14Aa | 7Aa | 7Aa | 44Aa | 44Aa | 56 Aa | 355Ba | 327 Aa | 401 Aa aggregate stability (%)
ﬁu!!“;f‘“ ey NT-L-R 48Ba | 47Aa | 43Aa | 91Aa | 22Ab | 70Aa | 27Aa | 9Aa | 25Aa | 47Aa | 47Aa | 65Aa | 355Ba | 307 Aa | 446 Aa between the treatments
. g NT-NL-NR | 58 Aa |54 Aab | 51 Ab | 95Aa | 21Ac | 60Ab | 12Aa | 7Aa | 21 Aa | 54Aa | 54 Aa | 56 Aa |554 Aab| 479 Ab | 604 Aa
o . . for 2022.
TN s ) W NT-NL-R | 49Ba | 46Aa | 44Aa | 98Aa | 17Ab | 66Aa | 14Aa | 11Aa | 15Aa | 47Ab | 49Ab | 62 Aa |380 Aba| 397 Aa | 530 Aa
| esources/aboutweshington/cmate geoeraahy/ > Crops data:
Figure 1: Washington State map with different _ ) _ _ : : : : :
o : ) Winter Wheat Yield Winter Wheat Yield Table 2: Grain protein content (g kgt ) for winter wheat, spring barley, and spring peas
precipitation (in mm) zones and trial location. . ) ) . : . )
9000 — 3 9000 under Conventional till + no lime + no residue (CT-NL-NR), No-till + lime + no residue
. _ _ 3000 8000 ., & a a (NT-L-NR), No-till + lime + residue (NT-L-R), No-till + no lime + no residue (NT-NL-
‘ The trial is located in Pullman, WA ol & Thatuna Silt Loam =~ 7000 a <000 -+ a " 1 NR), and No-till + no lime + residue (NT-NL-R) treatments in 2022 and 2023. Means
with a pH = 5 and mean annual precipitation = 533 mm 2 6000 [ <6000 followed by same lowercase letter within each column are not significantly different at
: % | 55000 +
(Fig. 1). = 5000 2000 P<0.05.
 The trial uses a strip plot design with 4 replicates. S gggg 3000 + Grain Protein Content (g kg™)
* Horizontal whole plots are assigned as crop (winter wheat, > 2000 >2000 _ 2022 _ _ 2023 _
. : . : : 1000 1000 L Treatment | Winter Spring Spring Winter Spring Spring
spring barley, spring field pea — rotated in that order) (Fig. 2) o ; Wheat | Barley Paas Wheat | Barley Peas
* Vertical whole plots are assigned management treatments Treatment Treatment CT-NL-NR| 129a 146 ab 261 a 125 a 166 a 260 a
1. Conventional till + no lime + no residue (CT-NL-NR) _ _ _ _ NT-L-NR | 140a 147 ab 260 a 119 a 158 a 258 a
2. No-till + lime + no residue (NT-L-NR) - Spring Barley Yield Spring Barley Yield N-T-LtER 1:2%2 a igig ;g(l) a Eg a 122 a ggg a
: : : — ab -NL- a a a a a
till + + |- a ab _
3. No-till+fime + residue (NT-L-R) ~ . 78000 NT-NL-R | 137a | 150ab | 264a | 126a | 162a | 2564
4. No-till + no lime + no residue (NT-NL-NR) s 6000 - b <000 3
5. No-till + no lime + residue (NT-NL-R) o < a a a a Tablef3: B-Glucan corllte_rlt of balrley (mg L'l)_'(l;or . I\_IT-I__-_R treatment had
» Analysis of Variance was performed using PROC GLIMMIX |- 4000 - 24000 + | 2022 tor Conventional till + o lime + no residue significantly greater
- D (CT-NL-NR), No-till + lime + no residue (NT-L- - -
(SAS 9.4). S 5000 > 2000 | NR), No-till + lime + residue (NT-L-R), No-till + protein content in 2022
»  Mean separation conducted using the PDIFF option in no lime + no residue (NT-NL-NR), and No-till + and NT-NL-NR treatment
the LSMEANS statement. 0 - 0 - no lime + residue (NT-NL-R) treatments. Means had significantly lower
Treatment Treatment fqllowed by same uppercase letter not significantly protein content as
Spring Pea Yield Spring Pea Yield Treatment B-Glu(can E_(l))”tent treatments, indicating
2500 + a 2500 - mg _—
- 2 a __ R . a CTNLNR 256 AL dilution effect (Table 2).
A S 2000 + e 2000 + A NT-L-NR 501 AB B-Glucan content in barley
_ S < . . NT-L-R 429 B was sig nifi cantly greater
Figure 2: Field trial located in Pullman, + <1500
g\J/VA. From left to right — field peas, %500 51000 1 NNT-I_-_NNLL_NRR gggﬁ for NT-NL-NR and NT-
winter wheat, and spring barley. E-LOOO S NL-R treatments (Table 3).
> Soil Measurements: 500 500 + Conclusion
* Wet aggregate stability (Cornell infiltrometer) | 0 - — _
 Macronutrients, soil pH, organic matter content (Fig. 3 & 4) ) Treatment Treatment Results have shown Ilttle_lmpact on sml_hfealth measurements and crop
-r pe— e NSO e NLR performa.nce: thus far, Whl_ch IS not surprising. Other resear(_:h suggests
_ _ _ —— _ —— _ changes in tillage and residue management practices take five or more
Figure 8: Graphs showing a) winter wheat yield in 2022, b) winter wheat yield in 2023, c) spring ears to show differences
barley yield in 2022, d) spring barley yield in 2023, e) seed peas yield in 2022, and f) seed peas y '
yield in 2023 for Conventional till + no lime + no residue (CT-NL-NR), No-till + lime + no
residue (NT-L-NR), No-till + lime + residue (NT-L-R), No-till + no lime + no residue (NT-NL- Future Works
NR), and No-till + no lime + residue (NT-NL-R) treatments. The means with same lowercase letter = Sl TreRE e e
v. are not significantly different from each other at P<0.05. '

Saturated hydraulic conductivity, total C and N, permanganate oxidizable

Figure 3: Soil cores Figure 4: Hydraulic » Barley yield in 2022 was significantly lower for NT-L-R (Fig. 8), however, carbon, mineralizable carbon, soil respiration, enzymes, and PLFA
collected for analysis Giddings probe used to this treatment had significantly greater protein content in 2022 as compared analyses
> Crop Measurements: collect soil fertility cores. to other treatments, indicating dilution effect. |
» Grain yield, straw yield, grain protein content, beta glucan * No other significant difference in grain yield and grain protein content were > Crop measurements:

Grain Fe, Zn, and Mn content, bread baking quality (for wheat)

(for barley) observed between treatments during 2022 and 2023.
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