COLLEGE OF

N.C. STATE UNIVERSITY LIFE SCIENCES

Tillage Options in the N.C. Piedmont: Constraints and Potential for Soybean Production

Robert Walters, Research Specialist + Department of Soil Science, North Carolina State University, Raleigh, N.C.
Soybean and Tillage Field Day « 05 September 2012 «+ Upper Piedmont Research Station, Reidsville, N.C.

Soil: The |deal and the Real

AGRICULTURE

ACADEMICS ~- RESEARCH ~ EXTENSION

DEPARTMENT of SOIL SCIENCE

NORTH CAROLINA

SOYBEAN

PRODUCERS ASSOCIATION, INC.

Rationale Tillage and Soil Water

Wedowee sandy loam 2-yr average (2008, 2010) cumulative profile

Figure 8. - o) .
. : . . . , : . . L . change in soil moisture (May-Oct.) vs. average soybean yield
North Carolina is one of the 18 largest soybean producers in thG; United States. What would an ‘ideal’ soil look like? Here’s our profile: Tillage strongly controls the amount of water that enters the soil via infiltration. TR %O&Julyto- X X y
However, N.C. has the lowest 10- and 20-year yield trends, the 3" lowest 5-year iltrati i ion ti i i : i 12 July(norainfall) 7 1
) . | year yie ) y Deep rooting zone. easilv nermeable to air. water. and roots Infiltration occurs at the soil surface. Inversion tillage often buries all the residue & | 10 July(+3.42 inches) A sttt 7 thiat .0 g 25bulacre <, 2.
O p g ) y p ’ ’ : : . = 8 2 8 2 &) 1.0 = T
trend and, the lowest yield trend in all three categories compared to peer producers from last season’s crop, leaving a clean surface. Heavy rains beating down on the & 5 £ " g o
in other southern states AR, KY, LA, MS, TN (Figure 1). o Good water-holding capacity exposed mineral soil causes slaking and collapse of aggregate structure. The result 12 12 12 § °f 25 8§ Mo
: : : A T 06 £ 2 £ 2
= o Balanced nutrient supply is a hard, thick surface crust (Figures 5 and 6). 15 94 total K0 18 18 g e 52 o2
Copyright 2012 DTH/Telvent. All Rights Reserved. E:QE)P GRES 5'25?_0V¥total . S 04 ope 53
2 - ~ : , DT SSRGS B 24 T 997 24 i e 24 @ o g o g
55 e e i \ o Good aggregate structure resistant to erosion F;giﬁ-egss_* L e Egure € Moisture bulge /i s 02 a a
ina R L S e ol v = 26 bu/acre 27 bu/acre
/ . o . o _ RPTCR s CoRE .t 36 36 36 S 0.0 = T
- '/"*"* P W Most agricultural soils in the Piedmont fall short of this ideal! Figure 3 shows a [ 7 £ L, D 5%
. og—d a W SN breakdown of the dominant soils in the N.C. Piedmont felsic crystalline soil system R S No-till UR Subsoil Spring Chisel % o 38 2 2o
g ' ' | : and their yield potential for soybean in Rockingham County (full-season, non- = : : S . g3 288
2 wif — — -\ -— - — i B\Y Ti B B irrigated, representative slope). g8 4 4 4 5
= .| | o _ A g 10.4” total H,0 8 106 total HO g 11" total H,0 a 08 - - i X |
2 No-till  UR Subsoil Chisel Disk  Moldboard
el o 3 iBEEEBEEE B B AYVE = § Figure 3.
Y ‘1 2000000 r 12 12 12
: JEE W TN S WEF WG S . I . . - -M-_——m—

18 Pacolet-Rion sandy loam 2-yr average (2008, 2010) cumulative profile

18 18

: 48 31 _ _ _ change in soil moisture (May-Oct.) vs. average soybean yield.
5% 5 & & 8 & 88 & & B F R B EE 1500000 - 7 7 Source: Daniels, R.B et al. (1999) Soil Systems in x 24 on on
. // North Carolina. Technical Bulletin 314. Dept. of i e LR o | 7R 4353 ~ 00
Ui W gl = e, Tomntios T Dol ot Sl St T o 5 oot s 1 [ / / Soil Science, N.C. State Upiv. and Reallistic Yield o 3 2 B B s Meijer. | [ I T"I\feij'er‘ NI I RO O NN N R 2 35 bu/acre
@ . / / database http://nutrients.soil.ncsu.edulyields/ 00 01 02 03 o4 00 0L 02 03 o4 00 01 02 03 o4 S %
Figure 1. Estimated 5-, 10-, and 20-year trend with actual 2011 yield in bushels per acre (bu/acre) for 5 1600000 / / : . . : o : ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' S 5 o
top 18 soybean producing states in the U.S. Image source: www.dtnprogressivefarmer.com; Data < [ / / SGuilford County data Our research group has monitored profile soil water in the Reidsville tillage Disk Spring Chisel+Disk Spring Moldboard § 04 P ‘_g,
source: USDA-NASS. ”52 / / gl(;)};)benesrh trlz %OTQC:OBDSQS,ZOO% (?é)’:l 1’) at?]d t,TI:ee Soybean (;’%[;76(2008, "[2010’ Volumetric Moisture Content (m3 m) o g % 25 bulacre
e L ’ weekly at 4, 8, 12, 18, 24, an epth with a Dynamax capacitance 2 g & g
North Carolina’s average soybean yield in 2011 was 30 bushels per acre for all 300000 / / Lo ) . 2 06 =8 =
ducti teqories. (full J° SOy d )E)I rmigated and P ted): vield % .?3/8 / / 308 probe hitp://dynamax.com/products/soil-moisture. Figures 7a-d show profile o _ . _ . . £ 5o, =
production categories (full-season, double crop, irrigated and non-irrigated); yie / / 33 38 38 - nfall Panels in Figure 8 (above) show typical profile moisture in a Wedowee sandy loam soil E » = 2
indicators over the past decade have trended flat to erratic (Figures 2a and 2b) / g7 4 moisture beneath soybean measured at 06, 12, and 19 July 2012. No rainfall was e = 08 2
' 0 KL &,/ 4777 “-‘“"WW""“ recorded at the research station between 06-12 July; on 13 July there was 0.06 tbegza(tp lf(a’beaf)‘ 'T‘t threte T?agyremfent dtites bdet\t/veen growth stages R1 (beginning bloom) : EF
% < A L. A - - - - 0 ull bloom). Important findings from these data: 8 s>
0, S0 Cy "0 R A Yo s, inches of rain followed by a brief, very intense storm on 14 July that dropped 3.43 S -10 53
32.0 __# (b) %%, Oy %, 0, %, 0 % '8, - : - : . . . . @ 5@ 32 bufacre
S 5 CARCNEAIN ¢ "o inches. See chart annotations for the interpretive summary... o Total profile volumetric water content (VWC) to 36 inches deep was 9.4 to 11.5 inches 5 £
' ' [a -1. I l I
é " Soil Series o across six tillage systems on 19 July. No-till No-till-disk Disk
5 : : : . . : igure ra. Figure 7c. :
o 27 : -I:;,get 305"2 sé)er;es n 'II':r:guIre 3 ?re labeled with averg%ebsoty;]beén Y;eld dmlimbelrs’; Pacolet-Rion sandy loam: 6-12 July (no rainfall) Wedowee sandy loam: 6-12 July (no rainfall o Based on measurements of available water capacity, the amount of plant available water Tilage
D . n” " o 'om 39 10 92 BUIACTE. [INE Argest acreages are oceupled by The Lecl and Facole | (PAW) under no-till was 5.2 inches or ~55% of total profile H,0.

) Jagged ‘sawtooth” pattern related to weather
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

mRecord (2009) ®10-Year Average B2011 B@August 1, 2012

Figure 2. (a) Soybean yield (bushels/acre) in North Carolina: state record (2009), 2011, 10-year average
and predicted 2012 vyield; and (b) North Carolina trend 2001-2011.  Source: USDA-NASS News
Release, August 12, 2012 and USDA-NASS.

Average soybean yield for Rockingham County (site of the Upper Piedmont

series, many which are under row crop production. All the soils in Figure 3 have one
thing in common: a sandy loam to sandy clay loam surface texture (uneroded). Then
why the large spread in average soybean yield??

The answer lies in the subsoil, specifically differences in physical and chemical
properties that influence crop rooting and water holding capacity, two key properties
of our ‘ideal’ sail.
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o In all tillage systems there was a moisture ‘bulge’ or surplus in the subsoil around 18-24
inches deep; this is potentially available water depending on how deep the soybean roots

penetrate.

o Under no-tillage, the upper 12-inch soil profile had 1.3 inches of PAW; at critical soybean
growth stages R1 (beginning bloom) through R6 (grain maturity), water use is 0.20-0.30

Interpretive Summary

o Low available soil water content in the soybean root zone is a
major factor limiting rainfed production in the N.C. Piedmont.

o Subsoil characteristics strongly influence soybean yield potential.

Research Station) in 2010 was 28 bu/acre and 18 bu/acre in 2011 for all production
categories. Top soybean producers in North Carolina regularly crack 80+ bu/acre,

inches per day; if soybean roots are limited to the upper 12 inches a recharge of 1.3 o We detected a surplus of potentially available water 18 to 24
inches of H,0 is needed every 4 to 7 days to avoid crop stress. This represents a inches deep beneath soybean in a Pacolet and Wedowee sandy

Tillage system

Profile change in VWC negative (reservoir drawdown) and
about equal across tillage systems

Tillage system
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