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COMAR 15.20.08.05 ~ ~ con.sul1mlts utillze ~ BOil tests an4 crop yield ~ to. 

m8ke ~~Il$. Ckapt:er B ofihis secnon ~y ~ins soil ~ their Jnter~ons au~tbe 
use ofGrop yi~~. A.:gronomk Crcp N1Itrim1 ~ lJaJed (J1f Soil Tesill11'lll Yle1dGOaJa. Plant 

~.~ Bosd ()1J SQt1l.'em/w Vegetable Cn;p Praduction. NutriDll ~ 

~.p M P-r«lwZi01l in Maryland and Plant Nutrient ~ Based on Soil Testa/or Turf 
~~~ rstes by crop orp1enttb.(it ~.~ ~ 

~ ~uuoiont ~ratcs ~ not provid~ in UUs section fur a ~ crop ~ plant being 

growD, ·.leut OIl" of~ fiSte;d ~ in the tbllowing cmier afpte~~ is to be used to eatab1isb the me: 
• t~O'1l8 O/the Uitivemty ojAfaryJandCooper!.1lW4 ~kmfor$tmiJqr p~; 

., r.(JIU~ ill. this 8ectionjor erops Or ptanr, that ~ 1imf/Q11t1J1.rient r.~; 

~ 1'@O~ ftubt otber state univenitiu with si1n:fIaF growing cqndJtions Jor specific crops 07 plants; 

•. &I1tygenu{ll1y ~ growbtg practices for plants under comparable growing conditiolzs. 

If lIlY of~ ~e sources are I1sed by a certifi~ nutrient mansgewcmt coninltimt to develop BtItrient 

~~ the source ofittformatiotl and justification for its use is to be documented in the consultmlt"s 

~tds ~l'U ~ opemion. 

) When·~·reco~ are being made for out-of..ground agricuItmal ~ons, at least one of1be 

tbnMYlltg~ is to be used~ 

• r~ of the Uni"Per.rit;y of MaryIond Cooperative Exteruionjor the specific ~pa being grown 

07 for ntnilttTp1anta; 
____ e Wfel ~~ ftttilJzer prodUJ:bjor the croPs being grown or stmillJrptiDU.t,' 

• reco~ from other SUIte ltlJiv~sttlu for spectfo: t:rops being grown or far similar plantJ; 

• dotafrom tuearch tloni! by accredited torive'r8ities em specl.flc crops being grawn 07 similar pl.arIt8; 

• general nutrition guideJm.ea for s1milar plants; 

e a generalJy acapted grm?#ng practice for plants under comparable growing conditions. 

The source of inf'ornuUion and justification for its use is to be docmnented in the consu..1taut·s reoords fur that 

agricultura} operation. Chapter C of this section. Estimated Mbreralizatian Rates, N"ltrogen Credits for ugumes 
and Ammonia COhServation Factor for Organic Nltrogen. shall be used to determine residual nitrogen when 

animal tnanureor other organic sources of nutrients sucbas legcm.es or biosolids are used within an agriculturaJ 

operation. Chapter D of this section, Ti1Jring o/Nutrient Application, provides gcmeta1 guidelines as required under 

COMAR 15.20.08.0SH for when nutrients ~all be appliod and specific reqnirements for mrtr:i~t application in 

tpe fall and winter. Guidelines shall be used by the cOnsultant when developing a plan and .by 1hc agri~tural 

operator when implementing a plan. 
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Section I-Bl 
])I utrient Recommendations by Crop 
\.. 

Agronomic Crop Nutrient Recommendations 
Based on Soil Tests and Yield Goals 

(University of Maryland Cooperative Extension, 2009) 
~----------------------------------------------.--
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NUTRIENT RECOMMENDATIONS BY CROP 
Source: Unlvwslty of Maryland COopenltJve Extension, November ZOOS 

Regulatory CltatJon: COMAR 15.20.08.05 

AGRONOMIC CROP NlJTRIENT RECOMMENDATIONS 
BASED ON SOIL TESTS AND YIELD GOALS 

The Maryland Cooperative Extension Soil 
Testing Laboratory analyzed soil samples and " 
generating plant nutrient application 
recommendations from 1954 until its closing in 
2003. Over the years, fertility recommendations 
have been updated as improved laboratory 
methodologies have been developed, as cropping 
systems and crop genetics have improved., and as 
our understanding of the relationship between 
laboratory soil test results and crop yields has 
advanced. 

Philosophy of Soil Testing 

There are several philosophies that may be 
embraced when developing crop nutrient 
·ecommendations. Some of these different 

approaches involve attempting to Abalance@ the 
levels of nutrients in the soil, while others aim at 
maintaining a constaI1t soil fertility leveL Oo-e 
unwavering component of Maryland's plant 
nutrient recommendation program has been a 

component in the development of agronomic crop 
nutrient recommendations based on soil testing. 
Realistic crop yield goals will differ among farms, 
among fields within a f~ and with different 
levels of management of a given field. A yield 
goal should be a realistic target yield that is 
achievable given favorable growing conditions. 

Soil Testing Procedures 

The Maryland Cooperative Extension Soil 
Testing Laboratory employed the Mehlich 1 (e.g. 
double-acid) procedure for determining the levels 
of soil test phosphorus (P), potassium (K), calcium 
(Ca). magnesium (Mg). manganese (Mn), copper 
(Cu), and zinc (Zn). A hot water soil extract is 
used for boron (B) determlnation and an acidic 
monoca1cium phosphate solution is used to extract 
sulfate sulfur (S04-S), All nitrogen 
recommendations are based on crop nitrogen 
requirements and yield goals. 

continuous commitment to the sufficiency level~ ___ S=---o::....:.i=---1 T---=-es_::....:.t....:.I::....:.n:..:...te_rp.£.:...re--.!i"~· :.....:e:.....:C-=-:.....at:,::eg=-:...on:_·_e8=--___ _ __ _ 

---pllilosophy of soirte§ting. The SUffiCleiiCylevel 
concept is based on long-term calibrations of soil The Maryland Cooperative Extension Soil 
tests with field yield response data that reveal Testing Laboratory generated numerical values, or 
soil test levels above which no yield response to soil test results, that describe the relative 
appHe"d nutrients is observed. At soil test levels availability of a given nutrient to the crop and the 
below the sufficiency "level, fielq calibration data expected crop response to application of that 
determine the quantity of applied nutrient that is nutrient to the soiL The soil test results were 
necessary to obtain maximum yield under local grouped into four interpretive ~tegories, "Low," 
growing conditions. "Medium," "Optimum" and '~Excessive." 

Crop Yield Goals 

Crop yield potential, or yield goal, also 
changed over the years as a reflection of the 
cumulative advances in crop production practices 
md management expertise. Practical, realistic 
.I ield goals are now included as a vital 

l-B1-1 

Low: The nutrient concentration in the soil is 
inadequate for optimum growth of most crops and 
will very likely limit plant growth. and yield. There 
is a high probability of a favorable economic 
response to additioI).S of the nutrient " 
Medium: The nutrient concentration in the soil 
mayor may not be adequate for optimum growth 
of most crops. Plant gro,wth and yield may be 

Maryland Nutrient Management Manual Supplement 8 



limited by the availability of this nutrient There 
is a low to moderate probability of a favorable 
economic response to additions of-the nutrient. 
Optimum: The nutrient concentration in the soil 
is adequate for optimum growth of most crops. 
There is a very low.'probability of a favorable 
eeonomic response to additions of the nutrient. 
Excessive: The nutrient concentration in the soil 
is more than adequate for optimum: growth of 
most crops. Nutrient additions most likely will be 
unprofitable and may have undesirable effects on 
growth of some 'Crops. 

Fertility Index Values 

The actual numerical soil test values are 
products of laboratory procedures that determine 
the concentrations of extractable plant nutrients 
in a measured volume of soil (mg nutrient per 
dm3 soil). Thus, soil-test values are merely 
arbitrary index numbers and not measures of the 
actual quantity of plant available nutrients 
present in a soil. . 

Historically, these numerical soil test values 
have been converted to· units of "pounds per 
acre" of soil test nutrient or as a concentration of 
the nutrient in the soil, such as parts per million 

. (pap). 

continuous relative scale that is calculated from 
the concentration of extractable nutrients 
measured in the laboratory, where the highest 
concentration within the "optimum" range is set 
equal to a fertility index value of 100 (FIV = 100). 
Thus, the FIV ranges for the four soil test 
interpretive categories are: low = 0 to 25; medium 
= 26 to 50; optimum = 51 to 100; and excessive = 
>100. 

. The nmnerical values generated by different 
soil testing procedures employed by different soil 
testing laboratories can be easily converted to the 

. FIV scale for relative comparison. For more 
information on converting soil test results from 
one laboratory to another, see "Converting among 
Soil Test Analyses Frequently Used in Maryland," 
SFM-4, which is available from your Maryland 
Cooperative Extension county office, or online at 
http://anmp.umd.edu. 

Agronomic Plant Nutrient Recommendations 

Agronomic plant nutrient recommendations 
based on soil tests and yield goals for the major 
agronomic crops grown in Maryland are presented 
in Tables 1 through 10. These recommendations 
are based on the cumulative knowledge derived 
from deCades of soil fertility research. Where 
ranges of applied nutrients are indicated, the 

An alternative-method-for-expressing thp:-e -----1amount-(}fplant-nutrien~nds-6n-thp,.e -----
relative level of plant available nutrients exact numerical soil test value within the soil test 
measured by soil testing uses "fertility index category. 
values" (FN). Fertility index values comprise a 

1-81-2 
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Recommended Nutrients Bued on Soil Tests 
TolBI Amount ofNutriem Nitrogen Soli Test Phosphorus Caqoty Soll Test POfBSsium CateIlO!! 
~edlllldS~ N'rtropn ifnoPAK 
Method of lication recot'M1l1r1ded Low Medium 0 'mum Excessive Low Medium 0 timum Excessive 

FlELD CORN FOR GRAlN 
" 

lbaN I A Ibs nos I A Ibs 1<20 I A 
(140 bu I A yield goal) 

1. Conventional-tiI1ap· Total R.ccommcndcd 140 140 65-135 30-65 20:.30 0 11'0-180 60·110 20-60 0 
Broadoat 30 30 35-9.5 0-25 0 0 80-140 30-70 0-30 0 
Blinded with p~ 30 0 30-40 30-40 , 20-30 0 30-40 30-40 20-30 0 
Sfdedress 80 110 0 0 0 ' 0 0 0 o· '0 

2. No.dUaga,· 
A. Altetllllling No-ti1laael Total RecommeDded 140 140 65·135 30-65 20-30 0 110-180 6().110 20-60 0 

. CorMrntJooaJ. tillage ' Broadcast 30 30 35-95 0-23 0 0 80·140 30-70 0-30 0 

i 
Banded with planter 30 0 30-40 30-40 ~o..30 0 30-40 30-40 20·30 0 
Sidedress 80 1I0 0 0 0 0 0 0 0 0 

"" ,I 

I 
B, CootinUOUl ~tfllap·· Total Recommended 140 .140 7Sa180 30·70 20-30 0 110·180 SO·1I0 20-50 0 

BroadoIIst 30 30 4S·14O ' 0-35 0 0 , 50-110 30-80 0-20 0 
-"' , 

Bandod with plantar 30 0 30-40 30-40 20-30 0 30-40 20-30 20-30 0 OJ 

f 
..... Sicledress 80 110 0 0 0 0 0 0 0 0 ~ 

r GRAIN SORGHUM 
(100 bulA yJold.goal>' Total Recommcmh:id 75 . 75 65-135 30-605 20-30 0 80·150 30-80 20-30 0 

Broadcast 45 75 35-95 0-25 0 0 50-110 0-40 0 0 
Banded with plm2Jer 30 30 3G-4() 30-40 20-30 0 30-40 :30-40 20-30 0 

Notal for Tablo' 1 on fullowing page. 

f 
w ' 



• __ OIIS ,,, ... ,, .... soil....,.. ........... &om the 1_ plow ""'" dopIh (0-3lnda) or"'l ''''do, '"Iud"", ...;....,d""'I.""''''' .. ''' 
reduced and rotational tillage, u wellu no-tilIagD management 

•• Foe continuous no-tillage, a Bopande'SOIl samples should be coil ftom the 0-2 Inch depth 10 monitor SI.rlace soil acidlty (pH only). " 

Where rBl1gC9 ofnutrlentli are indicated for phosphorus aud poWs' precise amount ofp1aot nutrient required depends upon the oumerical soU test inc* value fur that nutrient. 
A .wter fertifazer i.s nOnnaUy W8i"""d. IMII1 (JQ those soils testing 0 um or exceAivo in phosphate and/or potash and where little or DO total nos &: DO is recommended by soil test. 
A sWter is often beneficial in stimulating early plant growth, especial on cold ~ soil". A complete starter fertilizer shouid suppty 20 to 30 IbsIA ofN. nOS,and rao. 

FIELD C9RN FOIl GRAIN , , 
Apply 1.0 lb N I bushel ofexpected gttln yield up to 250 bulA. No adtIitfonal nitrogen is reooaunonded foryietd goals abovo 250 bulA. 
Nltmpn r=ommendalioaa assumo 'Plit appJicatioos (sidedress or TOO)' , ' 
For ~ana1-tillaie or Do-tilIagB com.: 

1) Where N solution (UAN) it the N 1Ourte. N rate asswnes inj . D or subsurfaoe band ~ 
. , 2) If UAN is S'Url'aoe \m)adoa!t at pI.mIiD& ~ rate by IS-2m 
, 3) If sidedrm UAN is dribbled or streamed on the ion IIIlrf8ce, iIdeaae rate by S-lOo/ .. 

4) [fsldedress N SQUI'CIC i8 granuIa1ed Urea, lnmase 'rate by 25%. I 
For com yield aoats above 140 bu I A, adjust P2QS lIS ft,llows: I ' 

1) Ifpbosphorus soil test inda is less than 51, increase nos 0.6 I A for each bushei of expected. yield above 140 bushels. 
2) If phosphorus IOU _Index is between 51 and 100 Ib I A, nos OJ lb I A for each bushel of ~ yield above 140 bushels. 
3) Ifphosphorus soli test index. Is greater thaD 100, no IIdjusbnant oecessary. 

For com yield goals above 140 bu I A. adjust K20 as fbDOWJ: 
I) Ifpotushan soil teat indox is Jess,than S I; increase K:2O O.8lbl A for each trushel. ofexpected yield ,above 140 bu I A. 
2) If potassium !lOll test iadex II bDtween 51 and 100 Ib I A, K20 0.4 Ib I A fbr .:b busbel of ell}*ted yield abovo 140 bu I A. 
3) Ifpocasslum soU test index II gtealerthan 100, no adjustment Is ' 

GRAIN SORGHUM 
For grain sorgbwn, apply 0.15 Ib N Ibwlbel ofc:xpected yteld up to 1 bul A. No additfonal nitrogen Is recommended for yields above 125 bul A. 

For no-tiUage p1lin sorghum: 
I) Where N solution (UAN) Is tho N ~ N race usumes If\J on or subsurfac8 band placament. 

-2) HUAN is surface broadcast lit plantiDa. increase rate by 15-2 
3) Ifsidedms UAN Is dribbled or streamDd OD.1hD soil surfJJace. . rate by 5.10%~ 
4) If sldodross N source Is gnmulated ~ Increase rate by 25%. 

For grain sorghum yield goaIa above 100 bu I A, adjust nos as foIl 
I) Ifpballpbonu 1011 teat Index Is less than 51, iDcraIse nos by 41b I A for every bushel ofcrxpccted yield over 100 bulA. 
2) If poosphoru.' soil test index is between S 1 and '100. increase P 5 by 0.2 Ib I A fbuvery bushel of expected yield over ~ 00 bulA. 
3) IfP~fWlIOU test Index is greater,than 100,00 adjumnent r necessary. , ' 

for gndn sOQilrum ylold goals above 100 bu I A, acUust K20 as foUi ' 
I) If potassium soU test index bless than S 1, incrcue IC20 by 0.6 Ib I A for every buIboI. of oxpcoted yield over 100 but A. 
2) [f potwium soil test indaJc is between S I and 100 , Increase by 0.3 Ib I A Ibr 8vefY bushel of e:xpceted YHlld over 100 but A. 
3)'1£ pola5sium loil test indalt is greater than 100, no aqJusament I Dec~. 

,-7"\ 
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T~ 2. Plant Nutrl.ilt Rooommeadatlon. Based on S n T" .. and Yield ~ ror Corn Slia e Productlou 

,/) 
'-' 

'! 
Total Amount ofNutriCillts Nitrogen Soil Test Phospborw Catcgo!l: " Soil Test Potassium Category 
Recoounend8d and Suggested Nitrogen IfnoP &K. 

Crop 
CORNSI[.AGE 

Method ofAPP.liaation (N) recommended Low M8d1um Optimum Ex.ccs.!lve Low Medium Optimum ExcesSive 

(20 tooIA yield loa!) 
. I. Convcotional-tfUagc. 

2. No-tiJlage· ... 
A. A11ematiDg No-tiUa8et 

Coovmtf.ooaJ·tWap 

B. Con~UOUI No-tillage 

Total~ 
Broadcast 
Banded with planter 
Sidedms 

Tom) Rocommeoded 
Broadcut 
Banded with planter 
Sidedress 

Total R.ecomInonded 
Btoedcast 
Banded with plaDter 
SicJedRSS 

120 
30 
20 
70 

I~O 
30 
20 
70 

120 
30 
20 
70 

IbsN/A 

120 55-125 
30 ·30-85 
0 15-40 

90 0 

120 55·125 
30 3D-8S 
0 25-40 
90 0 

120 95-165 
30 5'·125 
0 40 

90 0 

Ibs nos fA Ibs K20 fA 

35-55 20-35 0 150-250 80-150 20·80 
0 0 0 120.:210 . 60-120 0·50 

35-55 20-35 0 3()..40 20·30 20·30 
O. 0 0 0 0 0 

35-55 2()':35 0 J50-250 SO-150 20-80 
0 0 0 120-210 60-J20 O-SO 

35-55 20-35 0 30-40 20-30 20-30 
0 0 0 0 0 0 

35-95 20·35 0 150-250 80·1S0 20-80 
0-55 0 0 120-210 60·120 0-50 

35-40 20-35 0 30-40 20-30 20-30 
0 0 0 0 0 0 

NOTES: · . l ' 
~d8d0lli uaume tbat loll samples were Iake:n from conventional plow layer depth (0..8 Inches) or all fields. inoludinS conventional. COIJSeJVatloo. 
reduced and rot&dooal tin.. u wellu no-tiIlap manaaem JyStems. . . . 

•• For c::onti®ollll no-tillage, I Hp8l81e soil &1IIIlples shouJd be cJUected from the Q..2 Inch depth to monitor surface soil acidity (PH only) . 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

. Where ranges ofDUbirmlB are indicated fur pbospborus and poJtum. precise amount ofp1ant nuJrient required ~ds upon the llUmerieal.ISOU test index value for that nutrient. 
A staltm'rcrtili:zer Is normally NgCI1ed, even on those Ifoils foptim\IIn or excessive in phosphate andfor potash and wbe:rc little or no total nos & K20 Ls recommended by soil test. 
A &tarter 19 often beoe&ial in &tirnulating early plarrt arowth. lyon cold wet soib. A complete sfartEIr fertillzcr should supply 20 to 30 fbsIA ofN. P20S,and K20. . 
Nitrogen recommendations BftWDe $plit appHoatioo (sldedross or ptlon). . 

For llO-tilIap com lilage: . 
1) Whe:e N solutioa (UAN) Is tbc N SOunle, N rate assumes I~ 
2) If ridedrca UAN is broadeut aflec planting IWng drop ~ inerease ratzl by 15%. 
3) Ifsldedress UA}( is drlbbIed after pJantiug, Increase rate by 5-1D-1a. 
4) If sidedrcss N soun:e is granuJated urea, 10iCtCIISC rate by 15 D. 

For com silage yields above 20 tons , A, a4JUIt N as follows: j 
1) lnctease nitrogen rate by 7 Ib' ton fur each ton of «xpectcd eki betweGn 20 arxI 40 tODI , A-
2) Por axpccted com sllap yields grll8I8rtban 40 tons' A, no ·tioual nitrogen fa recoomleOded. 

For com ailap yioldJ above 20 too. f A. adjust nos as follows: 
I) Ifpbospborus soil test index Is less than S 1, Inoreasc nos Ibs I A for each addi,tlonal too of expected yield oVer 20 tons f A. 
2) If pboiphorus soil test lDdc:x.ls between S 1 and 100, P20S 2.S lbs' A for each addiUonal ton of sxpocted yiold aver 20 tons' A. 
3) Itpboephorus soil test iDdex is greator thm 100, DO acU . is DCCeSI8I)'. 

For com silage yields abow 20 toM' A. acijust IC20 as follows: j' . 
1) If potuslum soil t8st ~ b loss than 1 DO, incteasc DO 7 ~ f A fur each additfonal ton of expected yield over 20 toas , A. 
l) If potassium soU. test index is gradI:t than 100. no adju8tmOf is neccs&aIy •. . 

! 





Table 3 No-.l'kS; 

Where ranges of nutrieotJ are Indicated fi>r phosphom9 and potusfwn. precJ..e amount of plant nutrient requiJed depends upon tho m.lIUCIrical soil test lndex. value for that nutrient, 

• Use tbeso recoaunendalion!orwbeatyiold goals of 60-70 bill ~ fJYyleld goals ofBO-IOO b.1l' A. winter oat yield goals of70-80 bul A, and JYeyieki goala of.30-35 ~ul A. 
For hJghcr yield aoat .. use ICM Wheat management practices • 

.. sput topdnlsa N appllcatioo. Apply balfat srecm-up aDd baIf at F 

For ICM wbea1 (Intlmiivc Crop Mmagemcmt \\Ibcat): Total Ditrogcn plJcadon rate is 1.0 lb N IlnDhol of expected wheat yield plus 20 lb N ( acre when yield Soalls between 
80 and 120 bushels. 

For all smaIl graina production systems (coaverltional-tillap or no-tiIlagc): 
1) lfropdrea N solution (UAN) h!i surfacCI broadcur. bxnas:u ram 15-20%. 
2) Ittopc1:res8 UAN Is dribbled or ~od on ,tho soU IUdbco, • rate by S·IO%-

. ',3) Iftopdress N source Is grwmIated urea. lncrease rate by 2S%. 

For ICM wheat yield goals aboVe 100 bu I A. ~ nos as ftIIJows: 
1) Ifpbosphorua loll taIt index Ii less than S 1.1nemGo nQs by 1 I A tbr each buIbel of oxpoctod yield above 100 bu I A. 
:Z) IfphospborUssoD tart index II 'oetwCcn SI and 100, ~P2 by 0.5 Jb (A roreach bushel ofexpected yield above 100 bul A. 
3) Ifpbosphorus IOn test IndcDt Is amater than 100, no lUtiustmcmt Is n~. 

FDt ICM ~ yield pia above 100 bt.tl A. adjust K20 as follows: 
1) If ~ soil kISt IDdmt II ... than S I. IncR:aso DO by I Ib ( A for each bushel of expecttld yield above I 00 bu I A. 
2) If poCISSlum·soif test iDdcx Is bot'fteIl 5 land 100, inoreaso 120 OS Ib K20 I A for eracb bulhel of expected yield above 100 bu I A. 

3) Ifpotassfum. sol~ test Index is ~ rhan'lOO, DO ~ ~. . ' . • 

For all small grain • doubI~p Ioyboaa rotation with doubJo-crop s ylekI goal above 40 bu I A. adjust P20S IS follows: . 
1) If pbosphorus lOil1rJSt IndaIlls ~ than 51, fnareaao P205 by 1 . Ib I A for every ~ of expected doubJe-crop soybean yield over 40 bu I A. . 
2) Ifphosphorus soil tat indtx is between Sl and 100, incmse P2 S by 0.75 Ibl A for every bushel ofexpccled doubJe...crop soybean yield over 40 bul A. 

, 3) If phospbOMI soil test fndGl[ Ia peter than l00. .DO 8(ljustmeot ia ~. . 

For all small ~ - dQub!e-crop SOy~ roIation with 'doublc-crop ~-j--- yield goal above 40 bu ( A, adjust 1<20' as follows: 
1) IfpatessiwnaolJ hlStlndex. it_ than 51, add31bl AKlO f~ bushel of~ doubh>crop 8O)'bean yield over 40 bul A. 
2) If potusium soli test index II betw!*l51 and 100, add L5 Jb/ A 0 Cocovery buShel of ~ doubto-orop soybean Yield over 40 bu I A. 
3) If pot.Bium son left index Is gn:arer Iban 100, no ~ustment is uy. 
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TABLE • Plant Nutrient Recommendations Baled 00 So Tests and Yield Goalll for So bean 8lJ.d Other Oilseed Production 

Total Amount ofNUtrlfllrtS 
R.lcommttlded and·SuPtcc.t. 

R.eoommended Nutrioots Bued on Soil TCIS1s 
SoU Test Potassium CategDl)' 

ero Method of Iication . 
, Soil Teat Phosphorus Category 

Low Medium O' um Excessive tow MedJwn 0 'mum Bxc:esstve 
lbsP20S I A Ibs K20 I A 

SOYBEAN (fuO season) 
(40 bu I A yield goal) 

Bmadcastor 
banded at Plarrtina: 

IbsNI A 
'0· 80·120 45-80 20-45 0 80 - 125 40 - 80 20 - 40 0 

CANOLA 
A. Lod&iDg not expected Total 

B. Lodgina expected 

" SUNFLOWER 
. 0.5 ton seed I A 

NOTES: 

Broadbast 
Topdress 

Total 
Broadcast 
Topdresa 

120·150 60-80 
20-40 60 -80 

100-lIO 0 

7().IOO 60- 80 
20 -40 60 - 80. 
5();.6() 0 

50 30 
50 3D 

. 40 - 60 20-40 0 60- 80 40 - 60 
40-60 20-40 0 60- 80 40-60 

0 0 0 0 0 

40- 60 20·40 . 0 60 - 80 40-60 
40-60 . 20- 40 0 60--80 40·60 

o· 0 0 0 0 

20 0 0 30 20 
20 0 0 30 20 

*Nitropn application Is nDt recommended fur soybean ho~, USC! ofcommcsrclally available fertilizer funnuJatlOll5 may J'e8lIlt1n application 
ofup to 50 lb NlBmI when mtfllzer formulation and appllCltlco 18 determined by c:rop P10", ~, S. or othar raJtrient noods. . 

20 -40 
20·40 

0 

20- 40 
20 -40 

0 

0 
0 

Orpnk waste nitrogen application to full-tl88SOll soybean is not lied becllUle it is aD agronomically IllfIffiomt use of IIPplled nubients .. 
Organio WuIBII should only be applied to smal1 grain - doubl to}'bean rotations at rms and timfnga to supply the tecQ[DtnCDdld nltmpn rat1) to the smalJ.-graln crop. 

For full-soason ~bean yie.ld goals aboYl! 40 bu I A, llIijust P20S funow&; 
I) If pboapbDIUS soD test fDdex It less than 51, Increase nos 1.5 Iblacre for each addlliooal bushel of expected yield over 40 bu I A. 
2) If phosphorus soil test index is between 51 and 100, 1nc:r P20S by 0.75 lb I A fur each additiociaI. buabel of expected yield ovec 40 bu I A. 
3) If pbospborus $Oil test 1Ddcx. is greater than 1 ~O, no adJustm 
. . 

For fulI w ge8$Oll soybean yield goals above 40 &u I ~ a4lust DO follows: . 
1) If potassium 11011 test index is less dum SI. i.ncrea8 K20 by Ib I A for each ~I of expected yield over 40 bu I A. 
2.) Ifpotusium soil test indmr. Is betWeen 5 land 1 00, ~ 0 by I.S Ib I A fur oaoh basha1 of expected yiold over 40 bu I A. 
3) Ilpotusium soil test index. is greIltal'than loo, DO' is occessary. 

For all small grain - doubJIKlrOp soybean rotation with daubll)oQ'tl soybean yield goal above 40 bu I A, adjust P20S as follows: 
1) Ifpbosphorua son test index. is I_ than 51, iD.crease P20S 1.5 Ib I A for every bushel of expected double-ct'Ofl soybean yield over 40 bu I A. 
2) ICplwsphorus soil test ~ Is between SI and 100, IncmIso OS by 0.75 Ibl A for every buahel ofexpected double-erop soybean y~d over40 bul A. 
3) If phosphorua soil test index. iI greater than 100. no adJustm t Is QCCe!.IIary. . 

For aU small grain ~ doubIe-<:rop soybean rotation with doubl soybean yield goal above 40 bu I A, acijust KlO as follows: , 
I) Ifpolassium soil fest Indax. is less than 51, add 3lbl A laO everybusbeJ of~ doab5krop soybean yield oVIq'40 ~ I A. 
2) Ifpotasllum soli test index is between S 1 and 100, add 1.5 A [(20 fur every bushel of ~ doubl~ soybean yield OVOl' 40 bu I A. 
3) Ifpotassium soil 1m: index is greater than loo,no Is necessary. . 

. , 

For iI1lDfIowet seed yield goals between O.S lIIuH.5 ton. I A, aqJust foUows: 
1) Add 251b N I A for each O.2.51bDS I A of~yioId O.S tonal A. 
2) Add ~ Ib nos I A for each 0.25 tons f A of expected yield YO O.S tons I A.. 
3) Add 10 Ib K20 I A ftJr eaob O.2S tons I A of expected yJeld 8 \Ie 0.5 tonal A. 
4) For expected yields ifeater than 1.5 tons I A. no additional 'enls are necesaary. 

0 
0 
0 

0 
0 
0 

·0 
0 
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TABU. v' Plant Nutrient Recommendations Based on Soil T ts and Yield Goals for .r.stabllsbment ofHa 

Recommended Nutrients Based on Soil Tests 
Total Amount of Nutrients 

C'ro : NEWLY SEEDED 
Recommended and Sugges Nilrogen Soil Test Phos~horus Ca.te~ Soil Test Potassium Cat~0!1 
Method of A Hation Low Medium timum Excessive Low Medium o timum Excessive 

ALFALFA &. ALFALFA·GRASS MIX 
A. Spring seeded Broadcast and disk in 15-JO • \\0-205 70-110 20-70 0 185-295 115-185 20-115 0 

B. Fall Steded T-otal recommended IS-3~ • 155-280 I(lO-ISS 60-100 0 205-300 I <W-20S 80-140 0 
Broadcast and disk. in 15-30 • 60 60 60 0 60 60 60 0 
Topdress foUowing spring 0 95-220 40-95 20-40 0 14S-240 80-145 ' 20-80 0 

CLOVER, CLOVER-GRASS MIX, Broadcast and disk: in 15-30 60-100 40-60 20-40 0 60-100 4()..60 2040 0 
HAIRY VETCH. 
BIRDSFOOT TREFOIL 

LESPEDEZA, Broadcast and disk in 15-20 3HO 20-35 20 0 4Q.65 25-40 25 0 
LESPEDEZA-GRASS MIX 

f C~LSEASON '\ 0< 
ii PERENNIAL GRASSES •• 
&. A. Spring seeded mid-March to mi~April Broadcast or disk in 40-60 60-100 40-60 20-40 0 60-100 40-60 20-40 0 
z-+ 8. Late summer seeded Aug 1 O-Sep I 0 Broadcast or disk in IS-3~ 60-100 40-60 20-40 0 60-100 40-60 20-40 0 c til 
:i ..... except Garret County Aug I - Sep I III I 

~co 

f TIMOTHY 
i A. Spring seeded Broadcast or disk in 40-60 60-100 40-60 20-40 0 60-100 40.60 20-40 0 

1D B. L.ate summer seeded Broadcast or disk in 15-30 60-100 40-60 20-40 0 60-100 40-60 20-40 0 

~ a WARM SEASON Broadcast and disk in 0 40-60 20-40 0 0 60-90 20-60 0 0 
i: PERENNIAL GRASSES ... .. 
:::I 

!. ANNUAL RYEGRASS ANDlor 
CEREAL GRAIN FOR GRAZING 
A. Seeded Sept Broadcast and disk in SO 60-\50 20-60 20 0 110-200 50-110 20-50 0 
B. Seeded OctINov Broadcast and disk in 15-30 60-150 . 20-60 20 0 110-200 50-110 20-50 0 

CEREAL GRAIN FOR SILAGE Total recommended 75-100 50-100 25-50 25 0 50.100 25-50 25 0 
Broadcast before seeding 15-20 50-100 25-50 25 0 50-100 25-50 25 0 
Topdress at ~nup 60-80 0 0 0 0 0 0 0 0 

BUCKWHEAT Broadcast and disk in 15·20 30-50 20-30 20 0 30-50 20-30 20 0 

tI) 
Wbm ranges of nutrients arc indicated for phosphorus and pobWium, Ih precise amount of plant nutrient required depends upon the numerical soil test index value for that nutrient 

I: Nutrient recommendations for mtm forages were developed fur hay prod ion systems. Where no grazing designation for a crop is given, pasturc.based producen may modify 

I the timing and rate of Dutrient applications as long 1) the total annual ap p ication rate does not exceed the total annual recommendation for each nutrient, lind 2) nutrient application timing 

I complies with "NutrIent Application Guidelines,· Section 1-0, ofthls uaI. 
• Organic waste nitrogen application for alfalfa CSlablishment in excess 0 30 Ib I A of plant available nitrogen is not recommet\ded due to inhibition of nodulation. 

GO •• Cool Season Perennial Grasses: orchardgrass, timolhy, bromegrass, ~ fescue, reed canarygrass, 8Mu&lryegrass, perennialryegrBSS. 

i 
I 



Table 6. 

trients 
Suggested Nitrogen 

Cro on Low Medium Optimldn Bxce5sive Low Medium °2timum Excessive 

ALFALFA &. ALFALFA-GRASS MIX IbsNI A Ibs P205 I A Ibs K201 A 
(more than 25% alfalfa) 
A. Yield goal: 4 tons f A Topdress annually O· 60-100 30-60 20-30 0 190-275 140-190 90-140 90 

B. Yield goal: 8 tons I A Topdress annually O· 100-120 50-100 20-50 0 470-555 420-470 370-420 370 

CLOVER & CLOVER-GRASS MIX 
(more than 25% clover) 
A. Yield goal: 4 tons I A Topdress annually O· 60-100 30-60 20-30 0 190-275 140·190 90-140 90 

B. Yield goal : 8 tons I A Topdress annually O· 100-120 50-100 20·50 0 470-555 420-470 370-420 370 

BIIRDSFOOT TREFOIL Topdress annually O· 60-100 30-60 20-30 0 125-195 75-125 40-75 40 
!: 
III .' 

(more than 25% trefoil) 

.:c! BLUEGRASS-WHITE CLOVER MIX Topdress annually 20-30 50-100 25-50 25 0 50-100 25-50 25 0 It 
::I (more than 25% white clover) 
Q. 

z 
BLUEGRASS PASTURE Total recommend 50-100 25-50 0 50-100 25-50 25 0 

i-~ 
100-120 25 

(with little or no clover) Topdres.s Sl green , 50-60 50-100 25-50 25 0 50·100 25-50 25 0 
::I ' Topdress mid-IBte~ay 25-30 0 0 0 0 0 0 0 0 ... m 
~ ...... Topdress in ISle s mer 25-30 0 0 0 0 0 0 0 0 
III ~ 
; 0 

ORCHARDGRASS and Total recommend 160-200 6Q.-150 2(k)O 20 0 110-200 50-110 20-50 0 

1 REED CANARY GRASS Topdress at green p 80-100 30-80 20-60 20 0 60-100 50-60 20-50 0 

::I (less than 25% legumes) Topdrcss after fir harvest 40-50 0 0 0 0 0 0 0 0 ... Yield goal: 4 tons f A Topdress in late s 40-50 30-70 0 0 0 50-100 ' 0-50 0 0 
i: 
III 
:J 'FESCUE 220-250 60-150 20-60 20 0 110-200 50-110 20-50 0 c 
!!!. (less than 25% legumes), 100-125 30-80 20-60 20 0 60-100 50-60 20-50 0 

Yield goal: 5 tons I A 40-50 0 0 0 0 0 0 0 0 
60-75 30-70 0 0 0 5Q.-IOO 0-50 0 0 

TIMOTHY, SMOOTH BROMEGRASS Total recommend 140-180 60-150 20·60 20 0 110·200 50-110 20:50 0 

and PERENNIAL RYEGRASS Topdress at green 60-80 30-80 20-60 20 0 60-100 50-60 20-50 0 
Yield goal: 3 tons f A TQPdress after firs barvest 40-50 0 0 0 0 0 0 0 0 

T opdress in Late s er 40-50 30-70 0 0 0 50-100 0-50 0 0 

ANNUAL RYEGRASS andlor Total recommend 150 0 0 0 0 0 0 0 0 
CEREAL GRAIN FOR GRAZING Topdress at green p 50 0 0 0 0 0 0 0 0 

(established previous fall) Topdresslatc Ap - early May 50 0 0 0 0 0 0 0 0 
Topdress late Ma • early June 50 0 0 0 0 0, 0 0 0 

en 
c WARM SEASON 120 60-90 20-60 0 0 90-120 30-90 20-30 ' 0 
'tI 
'tI PERENNIAL GRASSES" 80 60-90 20·60 0 0 9O~120 30-90 20-30 ' 0 
iD 
i (except Eastern Gammagrass 40 0 0 0 0 0 0 0 0 
;:, &. improved Bermudagrau) ... 

Yield goal: 4 tons f A .. 



Table 6 (continued) 
Recommeodcd Nutrients Sued on Soil Tests 

Soil Test Phosphorus Catego!1 Soil Test Potassium Cate~ 
Nitrogen 

ero ; ESTABLlSHED 

Total Amount of Nutrients 
Recommended and Sugges d 
Method of A lication Low Medium Optimum Ex.cessive Low Medium 0Etlmum Excessive 

EASTERN GAMAGRASS aDd 
IMPROVED BERMVDAGRASSES 

Yield goal: 5 tons I A 

Table 6 NOTES: 

IbsNI A 
lao-loW 

50-60 
S~O 
50·60 
50-60 

Ibs P20S I A 
60-90 1~0 0 
60--90 20~0 0 

0 0 0 
0 0 0 
0 0 0 

IbsK20/ A 
0 90-120 30-!Xl 20-30 
0 90-120 3.0-90 20-30 
0 0 0 0 
0 0 0 0 
0 0 0 0 

Where ranges of nutrients are indicated for phosphorus and pota,s,iu p~ise amount of plant nutrient required depends upon the numerical soil test index value for that nutrient. 
Nutrient rec:.olll.lrlen<iations for most forages were developed for bay uction systems. Where nO grazing designation for a crop is given, putured-buod producers may modifY 

0 
0 
0 
0 
0 

the timing and rate of nutrient applications as long I) the total ann application rate does not exceed the tota.l annuaJ ~mmendatioD for each nutrient,. and 2) nutrient application timing 
complies with ''Nutrient Application Guidelines," Section 1-0, of . manual . 

·Nitrogen application is not recommended for alfalfa, alfaJfB-grass, c OVllr, clover-grass, or birdsfoot trefoil production, hovever, use of commercially available fertilizer fonnulations 
may resuh in application of up to SO Ib N I acre wbeo fertilim' fo tiOD and application rate is determined by crop 1'205, 1<20, S, Or ather Dutrient needs. 
Organic waste nitrogen application for maintenance of a.Ifalfa, aJ6l.I -grass, clover, clover-grass. or birdsfoot trefoil is not recommended because it is an·agronomica1ly inefficient use 
of applied nutrie:ots. Organic waste nitrogen may be applied 11) alfal a. a1falfa-gra.ss, cloveI', clover-grass, or birdsfoot lJefoil stands Il3 DtCeSSlll)' for organic wute disposal when nutrient 
efficient alternatives for organic waste disposal are not available, at up to 140 IbIA pl8.llt available N for 4 flJnSI A yield goal . F9f yield goah above 4 torJsI A, in~ organic waste 
plant available N rate )5 Ibi A for each ton of expected yield above tons! A. Apply balf of total rete in early spring (March) and half after first cutting. 

For alfalfa & alfalfa-grass mix ylcld goals above 4 toIlS / A, adjust P 
I) If phospborus soil text index is less than 100, Increase nos s Ib I A for each ton of expected yield above 4 toGS I A-
1) If phosphorus soil test index is greater than 100, no adjustment 

Por alfalfa &; alfa.\fa-grass milt yield goals above 4 tons I A, increase 0 by 70 IblA for each ton of expected yield above 4 toosIA, regardless ofpoblSSium s.oil test index. 

For clover and clovu--grass mixture yield goals above 4 tons I A, adj nos as follows: 
1) If pbosphorus soil test index is less than 100, increase nos by Ibs I A for each ton of expected yield above 4 tons I A. 
2) If phosphorus soil tt51 index is greater than 100, no adjustmeflt ~ necessary. 

Por clover and clo~grass mixture yield goals above 4 tons I A, incr!ase 1<20 by 70 lbs / A for each ton of expected yield above 4 tons I A regardless of potassium soil test index.. 

Nitrogen recommmdations-for orcbutlgrass and reed canarygrus 
expected yield above 4 tons! A. . 

Nitrogen ~rnmendations for peIClIDiai ryegrass, smooth brome 
ton of additional expected yield above ) tons! A. 

e 4 tons! A yield. Por yield above 4 tons! A, increase N application by a total of 50 Ibi A for each ton of adclitional 

and timothy assume 3 tonslA yield Poryield above) tOns/A, increase N applj(;ation by a total of4.5 IbiA for each 

Nitrogen recommendations for tall fescue assume S tonsfA yield. For ield above 5 tonsf A, increase N application by a total of SO IblA fur each too of additi~ expected yield above 
5 tons/A. 

•• The N recommendations for the warm-season perennial gniSStS in luding switchgnlss, illdiangrass, weeping 1ovegr1lSs, bufflliograss, caucasian blucstem, big bluestem, and 
little bluestem assume a 4 wns/A yield. For yield above 4 tonsfA, i crease N application by a total ono IblA for ~ch ton of expected hay yield above 4 tons/A. . 

The N recommendations for C8S12nl gamagrass and improved bermud ses (high yielding warm-season gn.sses), assume S tJJnslA hay yield. Por yield above 5 tonslA.. increase N 
application by a total of 50 IbslA for each ton of additional expe yield llbove 5 tons/A. 

Wben topdressing N. adjust rate as follows: 
I) ifUAN is surface broadcast, increase rate by 15·20 %; 
2) ifUAN is dribbled or streamed, increue rate by 5-10 %; 
3) if granulated urea is broadcast, increase rate by 25%. 
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Table 7. Plant Nutrient Recommendations Bued on S iI Test. and Yield Goals for Sudan Tass Millet and Fora 

Recommended Nutrients Based on Soil Tests 
Total Amount ofNu ·ents Soil Test Phos2oorus Cate82!1 Soil Tcsl Potassium Category 

Recommended and ggested NilrOgen 
Cm Method of A liC8ti n Low Medium ·mum Excessive Low Medium imum Excessive 

lbsN / A lbs n05 / A lbs K20/ A 

SUDAN GRASS, MILLET, and Total recommended 120-150· 8()"160 45-80 20-45 0 80-160 40-80 20-40 0 
FORAGE-TYPE SORGHUMS Broadcast and disk in 70-lO0 80-160 45-80 20-45 0 80-160 40-80 20.-40 0 
(10-15 ton / A yield goal) Topdrcss after fIrSt est 50 0 0 0 0 0 0 0 0 

FORAG~TYPESOYBEAN Broadcast and diske in 20 80-160 45-80 20-45 0 . 80-160 45-80 20-45 0 
(10-15 ton / A y\eld goal) 

SUMMER COVER CROP '" 
WILDLIFE FEED PASTURE 

A.. Sudangrass and forag~ Broadcast before s 50 70-130 4D-70 2Q....40 . 0 ~0-130 40-70 2D-40 0 
type sorghums 

B. Forage-type soybean and millet Broadcast before s 25 70-130 40-70 20-40 0 70-130 40-70 20-40 0 

Where ranges of plant nutrients are indicated fur phosphorus potassium, the precise amount of plant n\ltrient required depends upon the numerical soil test index value for !hat nutrient. 

·Sudangrass, millet, forage-type sorghum: If a Ihlrd harvest is planne:d, apply an additional 30-50 pounds orN after the seoond cuttillg. 



Table 8. PIaBt Nutrleat RecommendatioDi Based on' , 11 Tests for MIl TobactO 

Recommended NotricntB Based on SolI Tests 

Total Amount ofNutrlonts 
R.eoommended and ~'UgJ~~ 
Method of A lioation 

Soil Test Pho!Ehorus Category Soil Test Potassium Category 

Nitrogen 

Ceo Low Medium urn ExceSsive Low Medium . 
um Exoesslve 

IbsNt A IbsP205! A lbs 1<20 I A 

MARYLAND-TYPE . Total 6().9() 120 80 40 40 200 160 120 
TOBACCO Broadcast , 40 120 80 · 40 40 130 100 80 

Sidedress 20~50 O· 0 0 0 70 60 40 

Where rangea of nuri.ent3 are indicated fur phosphorus d potassium, the precise amount of plant nutrient required depends upon the numerical 
soil test index value for that ontrient. 

Potassium fertilizer should be poWsium sulfate (K2S04 . Avoid fertilizers containing Chloride (Cl) 

120 
80 
40 



Table 9. Plaut Nutrient Recommend.dollS Based 011 S U Test. for Cotton' 

Recommended Nutrients Based on Soil Tosts 

Tote1 Amount ofNutri~ 
R.ecommend~ and Sugested 

00 Method of Headon 

conON Total 
Broadcast pro-plant 
Banded with planter 
Sidedress 

50-75 
0 

20-25 
30-50 

Low 

80-120 
50-80 

30-40 
0 

I 
I 

SoU Test Phosphorus Category 

Medium 0 . um Exces&ive 

lbsP20S/ A 

40-80 30-40 0 
10-40 0 0 

30-40 30-40 0 
0 0 0 

SolI Test Potassium Category 

Low Medium Wl'I Exoessi've 

IbsK20 / A 

80-120 4O~80 30-40 0 
S0-80 . 10-40 0 0 
30-40 30-40 30-40 0 

0 0 0 0 

~cre ~ of nurlems are Indi<;atcd for phoapborus' potassi1.nn, the precJsa amOUDt ofplanl nutrient n:qulred depends upon the numericlIJ soil test index 
value for that nutrient. -
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TABLE 10. Plant Micronutrient Recommendations as~ on Soil Tests '_ .' 

Mluonatriellt Crop SOU Test LevelIDm in soil) RecommeDded Nutrients Based on Soil Tests 

BORON (B) FIELD CORN, COTION less than 0.7 ppm B lib I A boron plowed down 
. 

. ALFAl2A less than 0.8 ppm B 3 Ib I A boron topdiessed or. with fertilizer 
0.8 to 1.2 ppm B 2 lb I A boron topdressed or with fertilizer 
greater than 1.2 ppm B lIb I A boron topdressed or with fertilizer 

RED CLOVER, less than 0.8 ppm B 2 lb I A boron topdressed or with fertilizer 
LADINO CLOVER 

ZINC (Zo.) CORN IfpH < 6.8 and 4 Ib I A zinc in band or ' 
P soil test index < 100 and 1~121b I A zinc broadcast 
soil test ~ <: 0.8 ppm Zn 

, If pH > 6.8 or 4 Ib I A. zinc in band or 
P soil test index> 100 and 10-12 [b I A zinc broadcast 
soil test Zn < 1.0 ppm Zn 

MANGANESE CORN, SOYBEAN, less than 10 ppm Mn 6 Ib I A manganese .fu row, or 
(Mn) SMALL GRAINS O.S - 1.0 lb I A manganese, foliar spray 

@ 20 gall A, apply two foliar 
applications, two weeks aptut. 

SULFUR (8) CORN. SOYBEAN, SMALL For sands ,and smdy loam soU: 
GRAIN. ALFALF~ COITON If S04-S < 6 ppm in 0--8 inch 20 lb I A S04-S 

depth, and S04-S < 20 ppm in 
16-24 inch depth 

For all other soils: 
If S04-S < 6 ppm S04-S 20: Ib I A S04-S 

.. , 

COPPER (Co) . AIL CROPS less than 0.3 ppm Cu 21b I A copper If organic matter < 3.8 % 
4 Ib I A copper if organic matter 3.8 - 5.0 % 
SIb I A co~ iforpnic matter S.O - 10 % 
6 Ib / A coPE!: If organic matter> 10 % 



Section I-B2 
Nutrient Recommendations by Crop 

Plant Nutrient Recommendations Based on 
Soil Tests For Vegetable Crop Production 

(U niversity of Maryland Cooperative Extension, 2009) 
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PLANT NUTRIENT RECOMMENDATIONS BASED ON SOIL TESTS FOR VEGETABLE CROP PRODUCTION 
Souru: University of Maryland Coope1'lltJve ExtensIon, November 2009 

RegulMory CItII1Jon: COMAR 15.20.08.05 

Important Notes 

1. For most vegetables grown on light-textured soils, apply the total recommended P20/i and ~O together with 25 to 50 
percent of the recommended nitrogen before planting. The remaining nitrogen can be side dressed with a fertilizer 
containing nitrogen only. SIde dressing or topdressing potash (~O) Is recommended only on extremely light sandy 
soils with very low cation exchange capacities. 

2. lt may be desirable to build up the phosphorus and potassIum levels in very low-fertility loam and silt loam soils 
more rapidly than provided by these recommendations. In such instances, add an additIonal 40 to 5Q pounds of 
P20s and K20, respectively, to the recommendations listed in the table for soils testing low In phosphorus and 
potassium. Apply the additional amounts In broadcast and plow down or broadcast and disk-in application. 

3. ln absence of soil tests. use recommendations listed under medIum phosphorus and medium potassium levels on 
light-textured soils that have been in intensive vegetable production. 

Crop 

ASPARAGUS 

Growing crowns 

New plantln91l 
(Crown & transplant) 

Cuttfna beds 

BEANS 

LIma, .'ngte crop 

Lima, after peas 

Snap, slngle crop 

Snap. after peas 

BEETS 

Nitrogen (H) 
pounds per 

acre 

Recommended Nutrients Baaed on Soil Tesb 
Soli phoaphorua leva I Soli potassium level 

Low Mecilum Optimum .Low Medium Optimum 

pzO. pounds per acra 

Total amount of 
nutrient 

recommended and 
suggested methods 

of application 

Apply 1-2 pounda of boron (8) per acre every 3 years on most loils. See Table 1 for mora speel1ic boron 
recommendatlona. 

50 200 100 50 200 100 50 Total recommended 
50 200 100 50 200 100 50 Broadcaat & disk in 

75-100 200 100 50 200 100 50 Total recommended 
50 200 100 50 200 100 50 Broadcast & plow 

down 
2~0 0 0 0 0 0 0 Sided rass 4 wks after 

planUng 

75-100 200 150 100 300 225 150 Total recommended 
75-100 200 150 100 300 225 150 Broadcast & disk In 

Apply 1-2 pounds of boron (8) per acre every 3 years 01\ I1'IOIIt soils. See Table 1 for more specific bofOll 
reconvnendationa. 

60-80 100 60 20 140 100 60 T ctaI recommended 
3tPro 100 60 20 140 100 SO Br08dC8S1 IClIil< In 

'{)R-
30 SO 30 10 30 15 0 8and-plaee with 

planter 
30-40 0 0 0 ' 0 0 0 Stdedreaa 3-5 wQ 

after emergence 

20 0 0 0 0 0 0 Bend-plaee with 
planter 

40-80 80 60 40 80 60 40 Total recommended 
2~ 40 40 0 40 40 0 Broadcut & disk In 
20-40 40 20 40 40 20 40 Bend plaoe WIth 

planter 

0-20 0 0 0 0 0 0 Sldedrasa at 
pre-bJoom stage 

Apply 1%-3 pounds of boron (8) per acre In mixed feltIIlzer. See Table 1 for more spec:ffic boron 
recommendations. 

75-100 150 100 50 150 100 50 T otaJ recommended 
50 150 100 50 150 100 50 Bmadcaat & disk In 

25-50 0 0 0 0 0 0 Sldedresa -HI weeks 
a1tef plantlng 
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Crop 

BROCCOLI 

BRUSSELS SPROUTS, 
CABBAGE & CAULIFLOWER 

CARROTS 

CELERY 

CUCUMBER 

EGGPLANT 

ENDIVE, ESCAROLE 
& LEAF LETTUCE 

Nitrogen (N) 
pounds per 

acra 

Recommended Nutrients Based on 5011 Teats 

8011 phosphorus level SoH potassium Ie\lel 
Low MedILJITI Optimum Low Medium OptJri1um 

P~I pounds per acre 1<20 pounds per acre 

/­
Total amount of \ 

nutrient 
recommended and 

suggested methods 
of application 

Appty 1 %-3 pounds of boron (B) per acre In mixed fertilizer. See Table 1 'Of mont specific boron 
recommendations. 

150-200 200 100 50 200 100 50 Total recommended 
SO-1OO 150 100 SO 150 100 50 Broadcast & disk in 

50 50 0 0 50 0 0 Sldedress 2-3 weeles 
after planting 

50 0 0 0 0 0 0 Sldedress 4-a weeks 
after planting 

Apply 1%-3 pounds of boron (B) per acre and 0.2 pound molybdenum (Me) as 0.5 poond aodium molybdate per 
acre with broadcast fertilizer. 

100-150 200 100 
50-75 200 100 
25-50 0 0 

o o 

50 
50 
o 

o 

200 
200 
o 

o 

100 
100 
o 

o 

SO 
50 
o 

o 

T etal recommended 
Broadcast & dlak In 
Sldedteaa 2-3 weeks 
after planting 
Sidedreas If needed 
according to weather 

Apply 1-2 pounds of boron (B) per acre with broadcast fertilizer. See Table 1 for more SpecifIC boron 
~a1lons. 

50-80 150 
50 150 

25-30 0 

1.00 
100 
o 

50 
50 
o 

15 
150 
o 

100 
100 
o 

50 
50 
o 

Total recommended 
Broadcast & disk in 
Sldedress If needed 

Apply 1 %-3 pounds of boron (B) per acre with broadcast fertilizer. See Table 1 for more specific boron ( 
recommendations. 

150-175 250 150 100 250 150 100 Total recommended 

50-75 250 150 100 250 150 100 Broadcast & dl&le in 

25-50 0 0 0 0 0 0 Sidedresa 2-3 weeks 
afler planting 

25-50 0 0 0 0 0 0 Sldedress 6-8 weeks 
after ~a ntlnl1 

100-125 150 100 50 200 150 100 Total recommended 
25-50 125 75 25 175 125 75 Broidcss\ & diSk In 

2S 25 25 25 25 25 25 Band-place with 
plantar 

25-50 0 0 0 0 0 0 Sldedresa when 
vines start to run, or 
apply in irrigation 
water 

j 

Apply 1-2 pounds of boTon (B) per acre with broadcast fertilizer. See T,ble 1 roc more specJflc boron 
recommendationa . 

125-150 250 
50-100 250 
25-50 0 

25-50 o 

150 
150 
o 

o 

100 
100 
o 

o 

250 
250 
o 

o 

150 
150 
o 

o 

100 
100 
o 

o 

Total recommended 
Broedcut & clsk in 
Sldedreas ~ weeks 
after planting 
Sidec!ress 6-8 weeks 
after planting 

NOTE: If crop will be mulched with plastic but NOT dripllrickJe fertilized, broadcasl225 pounds of nitrogen (N) per 
acre with recommended P~5 and ~ and dlsle-In or Incolporate prior to laying mulch. See "Eggplant" in nutrient 
recommendailon aection for drJIliricide fertilization at the end of this chapter. 

100-125 
50-75 
25-50 

200 
200 
o 

150 
150 
o 

1-82-2 

100 
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200 
200 
o 
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150 
150 
o 

100 
100 
o 

Total recommended 
BroedC8st & disk In 
Sldedresa 3-5 wee~ 
after planting 



Crop 

GARUC 

Fall-planted 

HORSERADiSH 

Loamy sands & sandy Ioams 

Loami & slit Ioams 

( I..ETT\JCE, ICEBERG (HEAD) 

LEAFY GREENS: COlLARDS, 
KALE, MUSTARD & TURNIP 
GREENS 

LEEK 

MUSKMELON 

OKRA 

Nitrogen (N) 
pounds per 

lien! 

Recommended Nutrients Basad on Soli Tests 
Soli phosphorus level SoU potassium level 

Low Medium Optimum Low Medium Optimum 

PrO. pounds per acre KrO pounds per acre 

Total amount of 
nutrlent 

recommended and 
suggested methods 

of application 

Apply 1-2 pounds of boron (8) per aae with broadcast fertill2e,. See Table 1 fof mote specific boron 
recommendations. 

125 200 100 50 200 100 50 Total~ 

75 200 100 50 200 100 . 50 Broadcasl & disk In 
25 0 0 0 0 0 0 Topdreu when 6 

Inches taM 
25 0 0 0 0 0 0 Topdreu May 1 

Apply 1-2 poundB of boron (8) per acre with broadcast fertilizer. See Table 1 for more specific boron 
recommendalions. 

15()..2oo 200 150 100 200 150 100 Total recommended 
50 200 150 100 200 150 100 Broadcast & d is!< In 

5()..1oo 0 0 0 0 0 0 Sldedress 3-5 weeks 
abrplantlng 

50 0 0 0 0 0 0 Sidedms later In 
88810n If needed 

10()"150 200 150 100 200 150 100 Total recommended 
100 200 150 100 200 150- 100 Broadcast & disk In 
50 0 0 0 0 0 0 SldecIresa ~ weeks 

after planting If 
needed 

60-80 200 150 100 200 150 100 Total recommended 
25--50 200 150 100 200 150 100 Broadcast & disk In 
25-30 0 0 0 0 0 0 Sidedress 3-5 weeks 

after elantin~ 

so-ao 150 100 50 150 100 50 Total recommended 
50 150 100 50 150 100 50 Broadcast & disk In 

25-30 0 0 0 0 0 0 Sldedreaa if needed 

Apply 1-2 pounds of boron (8) per acre with broadcast fertilizer. See Table 1 fO( more specific boron 
I ecommendatJor'B. 

10()..125 200 150 100 200 150 100 Total f8OOITVT\ended 
50-75 200 150 100 200 150 100 Broadcast & disk in 
25-50 0 0 0 0 0 0 Sidedress 3-4 wee«s 

after planting It 
needed 

Apply 1-2 pounds of boron (8) per acre with broadcast fertUlzer. See Table 1 for more specific boron 
recommendetioos. 

75-100 150 100 50 200 150 100 Total recommended 
25-50 125 75 25 175 125 75 Broadcast & disk in 

25 25 25 25 25 25 25 8and-f)lace with 
planter 

25-60 0 0 0 0 0 0 SJdedrest when 
vines lltart to run, or 
apply In irrigation 
water 

NOTE: If crop will be mulched with plastic but NOT dr1pJtr1ckJe fertilized, broadcaat 100-150 pounds of nitrogen (N) 
per acre with recommended PA and Ka and disk-in or Incorporate prior to laying mulch. See 'MuakmelonD 

" 

nutrient recommondaUon eectIon for drlpJtrlc:kle fertilization at the end or this chapter. 

Sama as Eggplant 
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Crop 

ONION 

Bulb 

Green (scallion) 

PARSLEY 

PARSNIP 

PEAS 

PEPPER 

POTATO, SWEET 

POTATO, WHITE 

Sandy loams & loamy sands 

Nitrogen (N) 
pounds per 

acre 

Recommended Nutrients Baaed on Soli Tests 

Soil phosphorus leyel Soli potassium level 

Low Medium Optimum Low Medium Optimum 

p.o, pounds per sent I<:tO pound5 per acre 

Total amount of ( 
nutrient . 

recommended and 
suggested methods 

of application 

Apply 1...2 pounds of boron (8) per acre with broadcast ferlDlzer. See Table 1 for more specific boron 
recommendations. 

75-100 200 100 50 200 100 50 Total recommended 

50-75 200 100 50 200 100 50 Broadcast & disk In 

25-50 0 0 0 0 0 0 Sldedresa 4-5 weeks 
after planti ng 

150-200 200 100 50 200 100 50 Total reconvnended 

~75 200 100 50 200 100 50 Broedcaat & disk In 

50 0 0 0 0 0 0 Sldedreaa 4-5 weeks 
a Iter planting 

50 0 0 0 0 0 0 Sldedreu 3-4 weeks 
before h8 rveat 

150-175 200 150 100 200 150 100 Total recommended 

50-75 200 150 100 200 150 100 Broadcast & disk In 

25-00 0 0 0 0 0 0 Sldedrasa after f1n1t 
cuttlng 

25-50 0 0 0 0 0 0 Sldedresa after each 
additional cutting 

Apply 1-2 pounds of boron (B) per acre With bmadC8~t fertilizer. See Table 1 for more specffic boron 
recommendations. 

50-75 150 100 50 150 100 50 Total recommended 

25--50 150 100 50 150 100 50 Broad cast & dtsl< In 

25-30 0 0 0 0 0 0 Sldedresa 4-5 weeks 
aftef planting 

40-80 120 80 40 120 80 40 Broadcast & dak In 
before seedlr!l 

Apply 1 pound of boron (8) per acre If aoil test boron is low. See Table 1 for more specific boron 
reccmmendetlons. 

100-150 200 150 100 200 150 100 Total recommended 
50 200 150 100 200 150 100 Broadceat & disk In 
50 0 0 0 0 0 0 Sldedress after flnri 

fruit set 
0-50 ·0 0 0 0 0 0 Sldedresa later in 

season If needed 
NOTE: If crop wiQ be mulcl!ed wtth plaatlc but NOT d~JtrlckIe feftHtzed, bmedcss1150 pounds of nitrogen (N) per 
acre with recommended p~ and ~ and disk-In or Incorpol'ate prior to laying mUlch. See ·Pepper" In nutrient 
recommendation sedlon for drle/triclde fer1ir1zation at the end of thle chapter. 

50-75 
25 

25-50 

200 
200 
o 

100 
100 
o 

50 
50 
o 

300 
300 
o 

200 
200 
o 

100 
100 
o 

Total recommended 
Broadcaat & dlak In 
Sldedreas when 
vlnea start 10 run 

Apply 1 poond of boron (8) per acn!lif 8011 teat boron is low. See Table 1 for mora specific boron 
recommendations. 

150 200 
50 200 
100 0 

150 
150 
o 

100 
100 
o 

1-82-4 

300 
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200 
200 
o 

100 
100 
o 

Total recommended 
Broadcast & disk fI 
Sldedresa 4-6 weeJuol 
after pl8ntJng 
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Crop 

POTATO, WHITE, cont'd 
Loams & sill learns 

PUMPtclN & WINTER SQUASH 

RADISH, RUTABAGA & TURNIP 

SPINACH 
Sptlng or fall planting 

Overwlntated crop 

SUMMER SQUASH 

STRAWBERRY 
Annual production &yat8m 

Loamy sends & sandy loeln& 

l_ Loarns & lilt Ioams 

Nitrogen (N) 
pounds per 

acre 

125-150 
50 

75-100 

Reeommended Nutrients Based on Soli Tests 

5011 phocphorus level SoU potassium levol 
Low MedIum Optimum Low Medium Optimum 

p~ pounds per acre ~'pounda per acre 

200 150 100 300 200 100 
100 100 0 200 100 0 
100 50 100 100 100 100 

Total amount of 
nutrient 

recommended and 
auggested methods 

of application 

Total recommended 
Broadcast & disk In 
Band-plec.o wfth 
planter 

NOTE: If 80M tastlevels for p~ i<2O are above optimum (high), an additional 30 pounds Df each nutrient may 
be used to r~ace crop removal. 

50-100 150 100 50 200 150 100 Total recommended 
25-50 150 100 50 200 150 100 Broadcaat & disk In 
25-50 0 0 0 0 0 0 Sided~when 

vines start \0 run 

Apply 1-2 pounda of boron (8) per Bas with broadcast fertWizer, See Table 1 for more specific boron 
recommendations. 

50 150 100 50 150 100 50 Broadcast & disk In 
befofe seedinS 

100-195 200 150 100 200 150 100 T otaJ recommended 
50-75 200 150 100 200 150 100 Broadcast & disk In 
25-040 0 0 0 0 0 0 Sidedreas or 

topdreaa after fnl 
cuttlng 

25-40 0 0 0 0 0 0 Sldedresa or 
topdresa after each 
cutting 

80-1'20 0 0 0 0 0 0 T ota1 recommended 
SO-SO 0 0 0 0 0 0 T opdntss IaIB 

Feb~ 
---36=40 0 13 0 0---0 0 T-opdr8SS1,,-March---

Apply 1-2 pounds of boron (8) pet' acre with broadcast fertlBzer, See Table 1 for more specffic boron 
recommendations. 

75-100 150 100 50 200 150 100 Total recommended 
25-50 150 100 50 200 150 100 Broadcast & disk In 

50 0 0 0 0 0 0 Sldedreu when 

o o o o o o 
vi neB start to run 
Apply through 
in1gatlon 8)l!tern 

Apply 1-2 pounds of boron (B) per acre with broadcast fertilizer. See Table 1 for more specific boron 
recommendations. 

1X)..1;20 165 115 
60-75 165 115 

15-25 0 0 

15-25 0 0 

70-90 150 100 

1-82-5 

65 
65 

0 

0 

50 

165 
165 

0 

0 

150 
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115 
115 

0 

0 

100 

55 
65 

0 

0 

50 

Total recommended 
Disk In before 
bedding 
Inject through dill at 
first &pring fIower1ng 
Inject through ~ at 
fruit enlargement 

Total recommended 
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Crop 

STRAWBERRY, canfd. 

Matted row system, 
new planting 
Sandy toaml, "loamy sanda & 
&anda 

Matted ~ system, 
new plantlllg 
loamI & Bitt toams 

Matted row system, 
established 
Sandy loami, Ioams & silt 
Ioems 

Recommended Nutrients Ba5ed on Soli Tasts Total amount of ,( 
Sail phasphoruslevel SDiI potaUlum level nutJ1ent . 

Nitrogen (N) Low Medium Optimum Low Medium Optimum recommended and 
poonde per 

P,Q, pounds per acra KIO pounds p&f' acra 
suggest&d methods 

sera of appllcatJon 

5~0 150 100 50 150 100 50 0151< In before 
bedding 

20-30 0 0 0 0 0 0 Inject through drip a1 
first &pring flowering 

See ·Strawberry" section a1 the end of this chapter for fertilizer recommendations for planla grown on plastic 
mulch. 

Apply 1-2 poonds of boron (6) per aeta with broadcast fertilizer. See Table 1 for more specifIC boron 
recommendations. 

110-150 165 115 65 

30 165 115 65 

20-30 0 0 0 

20-30 0 0 0 

30-40 0 0 0 

10-20 0 0 0 

90-120 150 100 50 
30 150 100 50 

30-40 0 0 0 

30-00 0 0 0 

50-60 165 115 55 

165 115 

165 115 

0 0 

0 0 

0 0 

0 0 

150 100 
150 100 

0 0 

0 0 

165 115 

65 

65 

0 

0 

0 

0 

50 
50 

0 

0 

65 

Total recommended 
Broadcast & disk In 
deep 
Sidedress 2 weeks 
after planting 
Sldedres& when ram 
runnera slart 
Topdresaln 
m~ugust 
TopcIresa In Februa/y 
or March 

Total recommended 
Broadcast & plow Of 

disk In deep 
Sidedress when fif8~ I 
:un nef8 start 
Topdress in 
mld-Augtlst 

Topdress at 
renovation 

__________________________________ 30 _________ 0 _______ 0 ________ 0 _________ 0 _______ 0 _______ 0 ________ T~opd~~InFebrualY 
Of 8811ynKilrcn 

NOTE: Plantings In clay or clay loam soils should receive lolat nitrogen rates to 25 percen,; and also reduce the 

Loamy sendl & sands 

SWEET CORN 

Fresh Market 

spring application rete to ~ percent. 
60-80 165 115 65 

30 o o o 

165 115 

o o 

65 

o 

Topdreea at 
renovalion 
Topdress In Februa/y 
or earty March 

Apply 1-2 pounds of boron (6) per acre with broadcast fertilizer. See Table 1 for more specific boron 
recommendations. 

125·150 160 
40-60 120 

20 40 

50-75 o 

120 
100 

20 

o 

80 
60 

20 

o 

160 
120 

40 

o 

120 
100 

20 . 

o 

80 
60 

20 

o 

Total recommended 
Broadcast & plow 
down 
Band-place with 
ptanter 
Sidedress when com 
Is 12-18 inches laD 

NOTE: For early plantings when soil temperatures a(8 low, band 20 pounds of PA and 1<2. when soli test levels 
are above optimum (high). On YeIY light sandy solts, stdedreBs 40 pounds of nitrogen per lets when com is S 
inchea tall and anothe14O pounds c:A nitrogen pef acre when com Is 12·18 Inches tall. 
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Crop 

sweeT CORN, cont'd. 

Proeeulng 

TOMATO 
FI"Hh market 

SB/Idy Ioams & loamy aands 

( 

Loams & silt loams 

Nitrogen (N) 
pounds per 

ACre 

Recommended Nutrients Based on Soil TesU 
Soli phosphorus IBYe! Soli potassIum level 

Low Madlum Optimum Low Medium Optimum 

KrO pounds per acre 

Total amount of 
nutrtent 

recommended and 
suggested methods 

of application 

Apply 1-2 pounds of boron (8) per acre wfth broadcast fertilizer. See Table 1 for m0f8 specific boron 
recommendBttona. 

125-175 120 
55-80 80 

20 

50-75 a 

80 
60 

20 

o 

60 
40 

20 

o 

120 
80 

o 

80 
60 

20 

o 

60 
40 

20 

o 

T otsl recommended 
Broadcast before 
plowing 
Band-pl~ 2 Inches 
below and 2 Inches 
10 the side of the 
seed (2x2) 
Sldedress 2 weeks 
after Bmergeflce 

NOTE: FOf' early plantings when soli temperatures are low, band 20 pounds of p~ and K2 when solllea1levels 
are above optimum (high). 

Apply 1 ~3 pounds of boron (B) per acre wtth broadcast fertilizer. See Table 1 for more specffie borco 
recommendations. 

80-90 200 150 100 300 200 100 Total recommended 
40-45 200 150 100 300 200 100 Broadcast & plow 

down 
~ a 0 0 0 0 0 Sidedress when Jim 

fruits let 

5Q-.80 200 150 100 200 150 100 Total recommended 
50 200 150 100 200 150 100 Broadcast & plow 

down 
25-30 0 0 0 0 0 0 Sldedresa when flret 

fruita set, if needed 
____ ____ ______ _ _ N~OC!.T.!:::E_'_': Se=e. "Tomato· in nutrient recommendation section for drlcJtrlckJe fertilization at the end of Ibla~. ___ -" 

C. 

Processing, transplants for 
machIne harvest 
Sandy Ioama & loamy lIanda 

LoBITUI & alII Ioems 

WATERMELON 
Non-Irrigated 

Apply 1-2 pounds of boron (B) per acre with broadcast fertHizer. See Table 1 for more specific boron 
recommendations. 

. 50-75 200 
o 100 

25 
~ 

100 
o 

150 
50 

100 
o 

100 
o 

100 
o 

250 
150 

100 
o 

150 
50 

100 
o 

100 
o 

100 
o 

Total recommended 
Broadcast & plow 
down 
Broadcast & dial< In 
Sided ress at fll1lt 
cultivation 

50 200 150 100 250 150 100 Tola! reeorrrnended 
o 100 100 50 ·150 100 50 Broadcast & plow 

down 
50 100 50 50 100 50 50 Broadcast & dlalc In 

NOTE: Excess nltrogeo hinders concentration 01 fruit maturity for machine hsJVeSl NOTE: See "Tomato" In 
nutrient recommendatlon seetlon for dl1plbickle fertilization at !he end of this chapter. 

80-100 150 100 50 200 150 100 T etal recommended 
50 150 100 50 200 150 100 Broadcast & disk In 

25-50 0 0 0 0 0 a Topdress when Vines 
start to run 
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Crop 

Irrigated 

Nitrogen (N) 
pounds per 

acre 

125-150 
50 

25-50 

Racommended Nutrients Based on Soli Teata 

Soli phosphorus IlWsl Soil potassium level 
Low Medium Optimum Low Medium Optimum 

PtOs pounds per acre 

150 
150 
o 

o 

100 
100 
a 

a 

50 
50 
o 

o 

KtO pounds pM 8Cnt 

200 -
200 
o 

o 

150 
150 
o 

o 

10b 
100 
o 

o 

Total &mount or ( 
nutrient 

recommended and 
suggested methods 

of application 

TOtal recOmmended 
Broadcast & disk In 
Topdreaa wjlen vines 
start 10 run 
Topd~ after fll1It 
harvest 

NOTE: Higher N rates may lead to Increase In hollow heart In seedless watermelon vBriellfls; apply 125 pounds of 
nitrogen (N) pet' acre of seedless watefmelon. S&e "Watermelon' in nutrient recommendation sectioo for 
d ripIIrtdde fertflzation at the end of th Is ella pter. 
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Boron Fertilization on Vegetable Crops 

The most pllldical way 10 apply boron to the soil Is as an additive bought specifically for the crop or field where it is needed and mixed In the 
fertilizer. 00 nol use fertilze( containing more than 0.5 pound of boron (8) per ton of fertWizar for crops not listed below, unless spedficalty 
recommended. To avoid possible boron toxicity damage to crops, apply boron In broadcast fertUiz!w raiher than banded Of slde(lressad. Boron may 
be broadcast preplan! 8& 8 soruble &pnly alone Of wtlh other compatible soluble chemicals. . 

Ta~ 1. Boron Recommendations Based on Soil Testa for Vegetable Crops 

Interpreta&n of bo~ son testa 
Pam Pourxjs Relative 
per million per acl'8 level Crops that. often need additional baron1 

0.0-0.35 O.()..().70 

0.36.0.70 O.71-1 .M> 

>0.70 >1.40 

Medium 

High 

Beets. brocx:oll, Brussels sproU1a, cebbage, cauliflower, calef)', rutabaga, turnip 

Asparagus, carrot, ~plant, hor88f8dlah, leek, muskmelon, oItra, onion, 
pll18rllp,llIdtsh, Bquaah, strawbeny, sweet com and tomato 

Beets, bfocooll, Bruaaela sprouts, cabbage, eaurl1\owef, celery, rutabaga, 
tumlpa 

Aaparagus, carrot, eggplam. horsensdlsh, leek, muskmelon. Oklll, onion, 
paranlp, radish, squash, strawbeny, &Weet com and tomato 

All aops 

Recommended 
pounda boron (8) 
pet' BCIlI! 

3 

2 

1% 

o 
I If boron deficiency is suspeded In vegetable crops not listed above, use soD andlor plant Iissue test results as a basis for treatment 

recommendations. 

2 ApproxJmate converaioo fadore to convert elemen1al boroo (8) to diffelllnt boron sources: 

Boron (8) x 9 • bOfBl( (11.36% B) 
Boron (8) x 7 = fertllzsr bOfB1e granular (14.3% B) 
Boron (8) )( 6.7'" fertJlIzM borate-48 (14.91% B) 
Boron (8»( 5 = Jertlizer borat&-66 (20.2% B) or Solubo,a (20.5% 8) 
Boron (8) x 4. 7 ~ fertlltzer boral&-68 (21.1 % B) 

Example: Using borax, apply 9 x 1.6" 13.6 pounds borax per acre to maet 81.6 pound boren (B) per acre recommendation. 

Nutrient Recommendations for DrlpITrickle Fertilization 

Introduction to Fertig~tIon Eggplant 
TricklEHnigated crops are usually fertilized during Before mulching, adjust sojl pH to around 6.5 and 

the growing phase through the Irrigation system, or then apply enough farm-grade fertilizer to supply 60 
fertigated. When using trickle/drip irrigation in pounds per acre of N, P20S and K20. Then thoroughly 
combination with plastic mUlch, ap~ the incorporate into the soil. If soil tests medium or less in 

---r:ecommer:\ded.+a~~plant-RutMRts-aRd-----~sojl-pgtassium.apply-a-feFtiH2eF-With-a-F8t~2-()~r --

( 

incorporate 5-6 Into the soil before laying the mulch. If 1-1-3 carrying 60 pounds of nitrogen per acre. 
equipment is avallable apply the preplant fertilizer at After mulching and installing the trickle Irrigatlon 
the recommended rates only to the soil area that will system, apply completely soluble fertilizers to 'supply 
be covered by the mUlch. This is more cost-effective 40 pounds (10 to 20 pounds In Pennsylvania) of N, 
than broadcasting fertilizer over the entire field, P20 S and ~O per fertlHzed--mulched acre during each 

All rates of soluble fertilizers delivered through application (a description of a fertllized-mulched acre 
fertigatlon are determined on a 3-foOt-wide surface may be found in the "Irrigationft section of this 
area, even though the crops are grown on 5-foot rows. publication). On solis testing low and low to medium in 
A "fertlized-mulched acre~ Is an acre (43,560 sq. ft.) of boron and that have not received any preplant boron 
soli surface covered by the mUlch. For example, when fertilizer, Include 0.25 pound of actual boron per 
4-foot-wlde plastlc mulch is laid on 5-footrow centers fertflized-mulched acre In each soluble fertilizer 
with 6 inches of each edge burled, 2 feet of the 5-foot application. 
row is uncovered while 3 feet is covered by the mUlch. The first soluble fertirlZer application should be 
This means that only 3/5 or 60% of the field acreage is applied through the trickle irrigation system within 1 
fertigated. All recommendations for fertlgation through week after field transplanting the eggplants. The same 
a trickle/drip system are based on the rate of soluble fertilizer should be applied about every 
fertilized-mulched acre. 3 weeks during the growing season for a total of six to 

seven applications. In Pennsylvania, do not exceed 
120 pounds of nitrogen per acre per season. 
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Muskmelon 

Before mulching, adjust soil pH to around 6.5, 
apply enough farm-grade fertilizer to supply 50 pounds 
per acre of N, P~05 and K20, and thoroughly 
Incorporate into the soil. 

After mulching and installing the trickle irrigation 
system, apply completely soluble fertilizer to supply 50 
pounds (5 to 15 pounds in Pennsylvania) of N, P20s 
and K20 per fertilized-:-mulched acre during each 
application. (A description of a fertilized-mulched acre 
may be found in the ·'rrlgatiQn" section of this 
publJcation.) On soils testing low and low to medium In 
boron and that have not received any preplant boron 
fertilizer, include 0.5 pound of actual boron per 
fertilized-mulched acre in each soluble fertilizer 
application. 

The first soluble fertilizer application should be 
applied through the trickle irrigation system within 1 
week after field transplanting the melons. The same 
rate of soluble fertJlizer should be applied again when 
the first fruit set The third application should be 
applied about 2 weeks before the first harvest 

Heavier late yields have been achieved by 
applying another application at the same rate of 
soluble fertilizer in between the first and second 
soluble fertilizer applications or about 2 weeks after 
the first soluble fertilizer applJcation. In Pennsylvania, 
do not exceed 80 pounds of nitrogen per acre per 
season. 

Pepper 

Before mulching, adjust soil pH to around 6.5 and 
then apply enough farm-grade fertilizer to supply 50 
pounds (40 pouQds in Pennsylvania) per acre of N. 
P20 S, ~nd K20 and then thoroughly Incorporate into 
the SOIL If the soli tests mecHum or less in soil 
potassium, apply a fertilizer with a ratio of 1-1-2 or 
1-1-3 carrying SO pounds of nitrogen per acre. 

After niulching and installing the trickle irrigation 
system, apply completely soluble fertilizers to supply 
30 pounds (15 pounds in Pennsylvania) of N. P20 6, 

and ~O per fertilized-mulched acre during each 
appIJcation. (A description of a fertliized-mulched acre 
may be found In the "Irrigation" section of this 
publication.) In Pennsylvania, do not exceed 80 to 90 
pounds of N per acre per season. On soils testing low 
and low to medium in boron, also include 0.25 pound 
of actual boron per fertilized-mulched acre in each 
soluble fertilizer application. 

The first soluble fertilizer application should be 
applied through the trickle irrigation system within 1 
week after fl8ld transplanting peppers. The same rate 
of soluble fertilizer should be applied about every 3 
weeks during the growing season for a total of 6 
applications through the trickle irrigation system. The 
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soluble fertilizer may be delivered In 12 equally timed 
applications through the growing season, provided the 
soluble nutrients are appHed at half the above 
suggested rates per application so that the total 
seasonal rates of N, P20 6, K20 and B are the same. 
The number of fertilizer applications can be reduced 
for late plantings and in areas where the growing 
season Is short. 

These rates were developed on sandy loam solis 
with a cation exchange capacity (CEC) of 3 to S. If 
your soil has a lower CEC, you may wish to increase 
the total seasonal soluble fertilizer nutrient rates by at 
least one-thlrd. On very coarse, very low CEC solis, 
you may wish to increase the total seasonal soluble 
fertilizer nutrient rates by two-thirds. 

On the heavier textured soils with CEC above 3 to 
5, you may wish to decrease the total seasonal soluble 
fertilizer nutrients by one-half to three-quarters. In very 
heavy soils with high CEC, you may wish to broadcast 
the total seasonal plant nutrient requirements 
(according to soil test) before mulching and installing 
the trickle irrigation system. In this case, only water 
would be applied through the trickle Irrigation. 

Strawberry (annual production system) 
Growing on plasUc mulc;h 

Pre-plant Test the soil to determine speclfic 
nutritional needs. Broadcast and work into beds a 
complete fertilizer containing 60 to 75 pounds of actual 
nitrogen per fertilized-mulched acre. Include P20 S, 

K20 and boron at the rates recommended previously 
in this sectlon. Prepare raised beds (30 to 40 inches 
wide and 6 to 8 inches high) on 5- to 5~oot row 
centers. Beds should be senter-cro.wned and firm. 

Follow the spring fertilizer injection timing and 
rates under the strawberry lIStIng fOr annual product!O'n--­
system. Depending upon soil type, plant vigor and 
plant tissue test results, It may be Justified to inject an 
additional 30-40 pounds nitrogen per 
fertilized-mulched acre. For late summer renovation, 
apply 60 pounds of N, P20 S, and K~O per 
fertilized-mulched acre in earty September. 

Tomato 

Before mulching, adjust soil pH to around 6.5 and 
then apply enough farmiJrade fertilizer to supply 40 
pounds per acre of N, P20 S, and K20, then thoroughly 
incorporate into the soil. If the soil tests medium or 
less In soli pota~ium, apply a fertilizer with a ratio of 
1-1-2 or 1-1-3 containing 40 pounds of nitrogen per 
acre. 

After mulching and installing the trickle Irrigation 
system, apply completely soluble fertirlzer to supply 40 
pounds (In Pennsylvania use 5 to 15 pounds) of N, 
P20 S, and K20 per fertilized-mulched acre during each 
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application. (A description of a fertilized-mulched acre 
may be found In the "Irrigation" section of this 
publication.) On soils testing low and low to medium in 
boron, also include 0.5 pound of actual boron per 
fertillzed-mulched acre In·each of the three or four 
fertilizer applications. 

The first soluble fertilizer application should be 
applied through the trickle irrigation system within 1 
week after field transplanting the tomatoes. The same 
rate of soluble ferblizer should be applied agaiIJ when 
the first fruit reach 1 Inch in diameter and again when 
the fruit begin to tum color and ripen. A fourth 
application of the same rate of soluble fertilizer 2 
weeks after the third application has helped to 
increase yield, but may not be economical. In 
Pennsylvania, do not exceed 90 pounds of nitrogen 
per acre per season. 

Watermelon 

Before mulching, adjust soil pH to around 6.5, 
apply enough farm-grade fertilizer to supply 50 pounds 

per acre of N, P20S, and K20, then thoroughly 
incorporate into the soil. 

After mulching and Installing the trickle irrigation 
system, apply completely soluble fertilizers to supply 
25 pounds (5 to 15 pounds in Pennsylvania) of N, . 

. P20S, and K20 per fertilized-mulched acre during each 
application. On soils testing low and low to medium in 
boron, also. apply 0.25 pound of actual boron per fertil­
ized-mulched acre in each soluble fertilizer application. 

The first soluble fertilizer application should be 
applied through the trickle Irrigation system within 1 
week after field transplanting the watermelons. The 
same rate of soluble fertilizer should be applied 2 
weeks later. The third appncatloo should be made 
when the first fruit set. Make a fourth application 2 
weeks before the first harvest The fifth application 
should be applied right after the first harvest To 
maintain good production late Into the season, apply 
another application three weeks after the fifth 
complete fertilizer application. In Pennsylvania, do not 
exceed 80 pounds of nitrogen per acre per season . 

. , 

1-82-11 
Mafy1and Nutrient Management Manual sUJl9lement e 



Sect-on 1-B3 
(Nutrient Recommendations by Crop 

Plant Nutrient Recommendations Based on 
Soil Tests For Sod Production 

(University of Maryland Cooperative Extension, 1999) 
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PLANT NUTRIENT RECOMMENDATIONS BASED ON 
SOIL TESTS FOR 'SOD PRODUCTION 

Source: UnhersJty of Mtuylimd CoopmtttPe Extm&IDn, Mardi 2003 
Rego..Iatory Citation: COMAR 15.lO.08.05 

NUTRIENT MANAGEMENT GUIDELINES FOR SOD PRODUCI'lON IN 
MARYLAND 

IDtroduetion 

Nutrient management laws passed by the Maryland Legislature in 1998 require 
that. tnrfgrass sod producers in Maryland participate in agriculture nutrient management 
programs. This publication iB intended to serve as a nutrient management guideline for 
the production of sod .in Mmyland in an efficient, timely, and envi.ronmental1 sound 
manner. A nutrient management plan jnoorporatio.g these guidelines must be developed 
by a certified farm operator"or a nutrient lll.BIlapIlent consuhant certified and licensed 
by the Maryland Department of Agriculture. 

Some differeoces exist between the goals and practices of general agriculnhe and 
sod production. The primary goal in most crops is to maximize yield in a manner 1hat 
makes economic sense. The goals in sod production are substmtially diffa:er:xt The 
primary goals in sod production arc twofold; 1) producing turfgras$ of sufficient quality 
~ it is marJcetable, and 2) producing harvestable sod in 1be quickest manner possible. 

Quality sod needs to be ~ relmively lDlifonn, and free of weed, disease, and 
insect pests Sod must a]so he barvestabIe,..Le., it mwt .. ba.snfficiently. ..... Im.u.Jit ..... tb ......... at-uit ...... bo .... Jd ........... s ______ _ 
together when cut, can be rolled, can be transported, and can be unrolled and laid onsite 
without falling apart. A good nupieot maosgement program is a nudor component Of 
producing quality sod that is marketable. 

For economic purposes, sod must also be produced in the most timely manner 
possible. The seasonal window for Reeding cool season turfgrass species in MaJyJand to 
produce ,sod is relatively narrow. Seeding must be done from late summer through early 
fall if sod is to be harvestahle before the prime seeding period is reached again the next 

' year. Failure to produce harvestab1e sod within this timcframe ~ that sod production 
is on a two-year ndher than a oue-year cycle, which has serious economic consequences. 
Again, a good nutricut management program is critical in producing sod in an 
economicaDy timely fashion. 

Water QnaHty 

Properly managed turfgrass has been'shown to be an environmcrrtB.I asset. Water 
runoff is greatly reduced and water infiltration increased compared to most other 
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agriculture systems. Once turfgrass is established, soil loss is negligible. Runoff from 
established torr has ~ favorably to forested land. Also, turfgrass is an organic 
matter producing system. Thus, little nitrogen (N) or phosphorus (P) is lost from turfgrass 
sites if sound nutrient management practices are followed. 

Indeed, onsite monitoring and numerous research studies have sbown1hat nutrient 
loss from turfgrass sites is very small However, research hal aJso shown that certain 
types of improper N applications on specific types of sites can reso1t in excessive 'nitrate 
(N0:i) leaching. This problem is, very specific and has occurred as follows: 

1. Very high rates ofN were applied using soluble NOrN containing fertilizers 
(such as ammonimn nitrate [NlltNO!]). 

2. The fertilizer was applied to dormant turf (such as bermudagrass during the 
winter). 

3. Soils were predominantly sand. and 

4. The sites had high water tables. 

A sound tutfgrass 0Dtriem management plan sha,ll take into consideration this set of 
conditions which em cause a potential problem. 

Soil erosion from established turf is not a problem. However, from the time of soil 
preparation to the time seed has germinated and plants have beoome established, soil erosion 
can occur. Bnhanoing the rapidity of sod establishment, 1herefore, is an impOJ taut factor in 
minimi,:mg potential soil er,osion. A sound nutrient management program is an important 
factor in en.ban.cing fapid establ.lshment and minimizing the potential for soil erosion. 

Nitrogen Applications 

Nitrogen fertility is ofprimmy importance in producing quality sod in an 
economically timely fashion. Nitrogen has a major impact on both root and shoot growth 
rates. The density of sod, the ability to withstand the encroachment ofweeds (thus also 
reducing the need for herbicide appUcation.s), the incidence of some dJseases, the recovery 
from summer stress problems, and the length oftime from seeding to harvestable sod are all 
highJy dependent on, adequate N. 
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Three majQl> factors shall be considered in developing a N application plan: 

SoP,n:a ofN 

1. What types OfN should be applied, 

2. How IIJUC)h N needs to be applied at seeding and during the year fur 
production, and 

3. When should N be applied? 

A wide range ofN-oontBining fcrtilizem are available to the sod producer. These 
fertiIizeIB generaI1y faJl into one of two broad oa1cgories: 1) fertilizers that contain only 
soluble, quickly available N; and 2) feriilizers that caotain some N in a slowly available 
form which Is not immediately available fur plant use. 

Quickly available N-fertilizers contain N~-N or ~-N or both, which is soluble 
and readily available for uptake by turf"gras! plants. Turfgrass uptake may occur within a 
few days·with No,-N fertilizer. Nitropo uptake may begin within 7 - 10 days with NH.-N 
fertilizers. as ~N is converted to NOrN in the soil Nitrogen uptake by turfgrass roots 
is predominately in 1he N~ form. 

IMchiog and runoff pot:zrtial is mnch higher for No,-N. Thus, where conditions 
exist that are conducive to leaching or runoff, fertiliztn that contain significant amotlI11s of 

" N~-N should not be used. These conditioDs include sandy sites (sands and loamy sands) ' 
with high water tables when turf is not actively growing. and sites that are l:Ughly sloped. 
Fertilizers hi:gb in NOrN include NH.N~ potassium nitra1e, and calchun nitrate. 

Slow release fertilizers contain significant amounts ofN that is not immediately 
available for plant uptJtke. Examples of fertilizer sowces that contain various atD011IlU of 
slow release N include: sUlfur coated urea. polymer coated ureas, methylene UJe8S, 

------~ureatOl'DliI==~aeliyaes, moo, l181Uriil 'org&IlJcs, iild-vsnous typeS of sIUd''''''ge.~S''''low::-:::-':-re='-::Ie8SC=--------

fertilizeB. while varying considerably in individual cbaracteristics, typical1y provide more 
even turfgrass response, provide N over a longer period of time, and are less prone to N 
leaching and runoff as compared 10 soluble N fertilizers. The expense of slow release 
fertilizers makes their widespread use m sod production limited. Their use, hOWBVer, should 
be COIl8idered on the aforementioned sites that are prone to leaching or runoff, and when N 
applications need to be made to twfgIBSS that is not in prime growing conditions. 

Total N Reapiremeg1B 

EstablbkmeJrt - Whereas the annual N requirements VSI)' somewhat with 
tnrfgrass speojes, particularlY alter the first year of growth, the N requirements at the time 
of seeding are rather uniform. It is recommended that up to 4S Ibs. of readily available 
(soluble) N per acre be applied prior to liJMl'iing if ferti1izer is broadcast. If fertiIimr is 
incorporated deeper than 2 inches. then up to 90 Ibs. of readily available N per acre may 
be applied and incorporated into the soil. Researcb would indicate, however, that there is 
no great advantage in sod production with the iDcorpcntion ofN deeper than the S1II'fXe 2 
inches of soil. 
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Iffertilizers are applied COD1aining slow release N (water Insoluble N [W1N]). no 
more shall be applied than that which provides the aforementioned rates of readily 
available N. For example, if a slow release fertilizer contains 50% WIN and the 
recommeoded application rate is 45 Ibs. N per acre, then no more than 90 lbs. N per acre 
of this fertilizer shouJd be applied. AlsO, tho slow release N applied to the seedbed shall 
be factored into the first ~s production applications ofN. 

Production - Maintenance fertilizer applications fur growing sod generally begin 
4 - 8 weeks after turfgrass seed has germinated The totB.I annual N requirements for 
growing quality sod in a timely marmer is depeJ:ldeut on many factors, including: turfgmss 
species, length of growing season, soil type, field fertility history. lind the need for 
recowry from stresses caused by UIlDSIl81 weather or pest problems. However, the annual 
N requiremen1s fOr the most common turfgrass species grown for sod in Maryland 
,eneralIy fall into the ranges listed in Table 1. If fert:ill:zer containing slow release N was 
applied to the seedbed at or prior to seeding, the slow release :fraction (WIN) shall be 
included in calculating the total N applied for production of the sod in the:first year. 

Ta ble 1. Nitrogen Recommen~ationS for Sod Production 

Cool SeuoD Grasses 
Kentucky bluegrass 
Turf..type taU fescue 
Fine :fescue 

----------------~C~ma~D 

Timing of N AppHcatiou 

Total Nitrogea ABRuaDy Obi. NIaqe) 

1st year 

130 -200 -
130 -175 
90 -175 

17S _260 

130 -175 
90 -175 

Suhseanea.t Yean 

130 - 175 
90 -175 
45 - 130 

130- 220 

90 -175 
45 -130 

The primary potential for N loss from turfgrass sites is when excessive rates of 
NOrN are applied to turf that is not actively growing. Thus, most of die annual fertl1izer 
requirement should be applied during periods of active shoot Oeafblades, rhizomes, 
stolons) or root growth. 
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The primaJy period for growth ofwarm season grass sPecies (zoysiagrass, 
bermudagrass, bufDlograss) is from mid-spring, after donnancy has broken, through mid­
fall, when the first killing frost is experienced. Thus, N applicatioDs should generally be 
restricted 10 these periods; however, fertilizer that crmtains primarily NRrN can be 
applied up to a month before domlancy is lypically broken in the spring so that N is 
available fur plani uptake at this time. Applications after September 1 are not generally 
IeC()mmended, due to the possible enbaneement ofwiDtcr-JdU particulacly with 
bennudagrass. However. ifbennudagrass has been overseedcd with a cool season species, 
'such as perennial ryegrass, up to 4SIbI. N/aae may be applied after September 1 to . 
enhance its perfom;um.ce. . 

Cool season· grasses haw a much lOnger growth period. They can exhibit growth 
at virtually anytime during the year ifmoisture and ~ conditions are cooducive. 
The priu,le periods for growth are typically from late winter through early SUDlIIlef. and. 
from ~ summer through early winter. Research would indicate that 1/J to 0/4 of the total 
annual N .should be applied during the 1attet period to maximize twfgrass perfonnanee 
and quality. 

Unde: exteoded hot and dry periods during mid-summer, cool season grasses may 
experience a period of dormancy w:rtiI rainfall occurs. If irrigation is available, or if 
rainfall is adequate throughout the summer. little domancy will occur and N uptake will 
continue. . 

During the winter months. although top growth may have virtually ~ root 
growth and N uptake may still occur during the periods when 1he ground is not actually 
frozen, particularly with Kentucky bluegrass .. Research has shown that applications ofN 
during this period can enhance root growth and spring performance ofturi Also. it is 
often difficult to fe:rtilize sod fields in 1ate winter to early spring due to ex.cessive soil 
moi$Jre, and there is po1I:ntia1 for ~gnjfjcant damage to the sod from equipment used for 
fertiIizatioo under those conditions. There.fa little risk of runoff or leaching problems . 

------ Jrom...wiDtel appli.cation-of.Ni£Cemingnidelines..are.folloo..moJe..than-4S-1bs.-N 
pe6 acre shall be applied, fertilizers containing slgn.ificam amounts ofNOrN shall not be 
used, and applications shall nat be made to frozen ground if significant raiDfaI1 is in the 
immediate forecast. 

Pbospbonu and Potassium 

Phosphorus (P) is critical in the establishment oftnrfgrass. Inadequate soil P will 
result In very poor seedling vigor, slow establishment of grass, and a stand with very poor 
density and root growth .. Not ooly will sod be unharvestable, but soil will be inore 
susceptible to erosion. Weed eocroacbment will also be much more severe doe to 1he lack 
of competition from the thin turfgrass stzmd. Thus, it is essential that sufficient P be added 
to the soil at the time ofseeding, ifbarvestable sod is to be obtained.. 
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Potassium (K) is not as critical as N or P during the initial establishment phase of 
sod. However, K plays an importBnt role in mature sod regarding rhizome production and 
tolerB;Dces to heat, drought, and cold. Thus, sufficient K needs to be available for turfgrass 
uSe, to ensure that quality sod will be obtained after summer or winter straues or both. 
Severe deficiencies of K will result in 1hiI4 chlorotic, and unvigorous turf. 

Whereas N application recommendations cannot currently be obtained from. soil 
tests, recommmdations for applioation ofP and K can be obtained from 1hem. Any field 
that is going into sod production for the first time should be samplod. For fields that hav~ 
previously been in production. sampling every 3 years is generally sufficient to manitor 
soil P and K levels. However, it iI advisable to sample soil prior to any new seeding. 
Fields having dHfe:tent soil types. fields with diffCi eDt cropping or msoagerDeot histories, 
or fields having substantially d1.fferent fertility levels, as determined by previous soil tests, 
should be sampled sepiIatcly. Conversely, fields having similar soil types. having similar 
cropping and mJlll8gr:ment htstorles, and baving similar fertility Jevels, as determined by 
past soil tests., may be Jumped together into one sample. 

Current P and K rerommeo.dations based on soil t:est resulm for tile establishment 
and production of sod are listed in Table 2 and Table 3. Maryland regulations require that 
the Phosphorus Site Index (pSI) be determined for aD agrlcultnra1 ~lds whose FIV ~p is 
150 or greater, if a producer intends to apply any P-bearing fmtilizcr m1lterWs. 

Table 1. Pbosphorus Recommeadrioau for Sod Prodaction Based OD SoB Test 
RemlU from Untventty ofMaryJalid. 

Recommended Phosphorus Based on SoU Tests 

SoD Test Phosphorus Category 
Jow medium optimUJIl:-eJ(cessive 

Establlrlhment 
Broadcast 90-175 4S -90 0-90 
or incolJ)Ol1lted up to 2 inches 

Incorporated over a 2 inch depth 130-220 45 -90 0-90 

Production . 90-130 45 -90 0-90 
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Table 3. Potassium Recommendations for Sod ProduCtion BBsed OD Soil Test results from 
University of Maryland. 

Recommepded Potassium Based on SOU Test! 

SOU Test POf!Pbuq Categoa 

low medium o.ptimam =-excessive 

EstabUslunent 
Broadcast 90 -175 45-135 0-90 

or incorporated up to 2 inches 

Incorporated over a 2 inch depth 130-220 45 -135 0-90 

Production '. 90 -175 45-135 0-90 

SoD Reaction 

Maintaining soil pH in an optimum range is impmtsnt for maximizing the efficiency of 
nutrient use, and can be important in reducing weed and disease problems. Turfgras can wi1hst3nd 
a"i'81her broad range of soil pH. but 5.8 to 6.4 is genmJly coosidered idea1. Wide ~ from 
1his range can result in redooed P and micronutrient HYaiJabillty. and can interfele with &oil N 
metabolism and.availability. Depending on torfgrass species, problems in turfmay start to occur at 
soil pH above 7.8 and below SA. Thus, to maximize efficiency of nutrient availability and use, soil 
tests shoukl be ~ as recommended ~Iy for soil P and K to determine soil pH. 

Recommended limestaoe applications to achieve a soil pH of about 6.4 are shown in Table 
4. Ifdiseascs such as: ~ patch ofbentgrasst summer patch ofKentocky b1uegqss, or spring 

. dead spot of bermociagrass are of conc.ern, maintaining lower soil pH (5.4 - 5.7) may be desirable, 
and reduced or no limestone should be applied to achieve this level Also, it is recommended, when 
practical, that limestone be applied approximately 1 month or more.before seeding to minimize 
potential P availability problems and minim~ the potential for volatiIimion loss of applied N. 
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Table 4. Limestone Recommendations for Establishment of Turfgrass (pounds/Acre) 

;" 
J 
\ 

coastal plain . piedmoDt & mODlltaiD 

loamy sandy silt loams and sUt loams and 
so1lpH suds JoSm.s loams silty clay loam. Ioams silty clay loams 

6.4 0 0 0 0 0 0 

6.3 0 0 0 a 1090 1305 
6.2 0 0 1090 1090 1525 2180 
6.1 0 1090 1305 1525 . 1960 2830 

6.0 870 1525 1740 1960 2395 3700 

5.9 1090 1740 2180 2395 2830 4355 
5.8 1305 2180 2395 2830 3485 5010 
5.7 1525 2395 2830 3265 3920 5880 

5.6 1740 2615 3265 3700 4355 6535 
5.5 1960 3050 3700 4140 4790 7185 
5.4 2t80 3265 4140 4355 5445 7840 

" 

5.3 2395 3700 4355 4790 5880 8710 ( 
5.2 2615 3920 457S 5225 6315 8710 

/ 
5.1 2830 4140 SOlO S665 6750 8710 

S.O 3050 4575 5445 6100 7185 8710 
, 

. 
4.9 3265 4790 5880 6315 7625 8710 
4.8 3485 SOlO 6100 6750 8275 8710 ., 

4.7 3700 5445 6535 7185 8710 8710 
4.6 3920 5665 6750 7625 8710 8710 
4.5 4140 6100 7185 8060 8110 8710 

Notes: 
1) These rates are for limestone that is tilled into the soil to a 4 to 6 inch depth. Use maintenance rates ifnot 

tilled in . 

2) Divide the above 'rates by 2 to obtain maintenance limestone recammendations fur turfgrass. 

3) Do not apply more than 2000 pounds per acre for any on maiIJtenance application to turfgrass. 

4) DiviQe 1he listed J1Ite by 43.5 to obtaln rate in pounds per 1000 square feet 

/ 
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NUTRIENT RECOMMENDATIONS FOR 
COMMERCIAL CHRISTMAS TREE PRODUCTION 

Source: University of Maryland Cooperative Extension, September 2001 
Regulatory Citation: COMAR 15.20.08.05 

The nutrient requirements of Christmas trees vary according to .the species. Compared to 
other crops, however. the nutrient requirements for most Christmas tree species are minimal during 
their 8-10 year growth cycle. 

Nitrogen RecommeJdatiou 

N'Itrogen leads to the development of the rich, greeIl color associated with 8 healthy, 
attractive Christmas tree. Over-application of nitrogen, however, leads to und~le,growth 
characteristics, such as long internodes and an open growth habit. 

Nitrogen requkcments are specie9-dependent If required, nitrogen applications are usually 
limited to the second year in the growth cycle and the spring before harvest. 

Scots pine requires virtually no nitrogen applications. Other pines require nitrogen only the 
spring before harvest, unless they are being produced on sandy, low fertility soils. Spruces and most 
firs typically respond to nitrogen the second year in the growth cycle AND the spring before harvest. 
Fraser fir requires nitrogen annually (Table I). . 

Tabl~ 1. Nutrient recommendations for established Christmas tree species commonly grown 
commerciall land 

SPECIES TIMiNG COMMENTS 

All other pines 1004-0 

1 (J()..O..() 

1 OO-lJ ().{) 

S . rem barresI 10Q.0.{) 

Fraser fir 7S-7S-40 

1000tOO-SO 
All other firs 75-0-0 

100-0-0 
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Do not appiy mdt.u trees are growD 

asaody, 
Iowfatilitysoil. 

A ty at bad break. 
Apply at bud break. 

Apply at bud break. 

Apply at bud break. 

at bud break. 
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Phosphorus aDd Potassium Recommendations 

Pre-establishment phosphorus (P) and potassium (K) applications should be based on the 
amount of available P and K, already in the soil (Table 2). For pine and fir (excluding Fraser fir), 
P and K applications should be limited to pre-estabHshment. More nutrient-demanding species, such 
as spruce and Fraser fir. require additional PorK, or both, dming the production cycle. Both P and 
K-bearing fertilizers should be ~ ifpossible. 

Over-application ofP should be avoided, as it can-lead to the suppression of mycorrhizal 
development. The mycorrhizal relationship enhances the uptake of both water and nutrients. -

Table 1. PhoSphorus (as phosphate, P2 OS) and potassium (as potash, K20) recommendations 
for the estab1i~hment of Christmas trees . - . 

Soil Test Category 
Low Medium Optimum Excessive 

(FIV 0-25) (FIV 26~50) (FJV 51-100) (FIV>100) 

rr20S 60 30 0 0 

KZO 40 20. 0 0 

pH Management 

Most Christmas tree species prefer a pH in the 6.2 to 6.4 range. An exception to this is Scots 
pine. which prefers a pH ofS.5. 

Fertilizer Placement 

For new plantin gs, the recommended quantities of phosphorus-be8ring and potassimn-bearing 
f~ should be banded before planting n~ the location of tree establishment rather than 
broadcast. 

For established trees. fertilizers should be applied within the dripline, avoiding the area 
within 6 inches of the trunk. 

Weed Management 

If fertilizers are used to grow Christmas trees, banded application of herbicides is highly 
recommended .. The use of fertilizers without chemical weed control will result in excessive 
vegetative growth of weeds in close proximity to tree seedlings, often resulting in high losses. 

1-84-2 
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Section I-B5 
Nutrient Recommendations by Crop 

Nutrient Management Recommendations for 
Commercial Cut Flower Production 

(University of Maryland Cooperative Extension, 2009) 
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NUTRIENT RECOMMENDATIONS FOR 
COMMERCIAL CUT FLOWER PRODUcTION 

S911.tU: UnIHniJy of MtuylJuuJ ~ lixtensW1l, NovonAu J009 
~ry CiJtdloR: COMAR l5.20.08..0$ 

This fact sheet was developed tp help guide cut flower growers with fertili.zer recommendations for cut flowers. In Maryland, 
cut flower growers earning $2,500 (gross) or more per year are required to have a nutrient management plan. To develop this 
nutrient management pIan., Cooperative Extension recommendations on ra1eS offertilization for field grown cut flowers shall be 
followed. The information provided here serves as a general guideline for nutrient management in commercial cut flower 
production 

NITROGEN 

Nitrogen applications are needed on an annual basis for production of most cut flower species. The rate of application varies 
with plant species and whether the plants are herbaceous or woody. For cut flower production, plant nitrogen needs are divided 
into three categories: "low," "medium," and high" requirements. Plants started in the faIl and harvested in the spring genentlly 

·have lower nitrogen'requirements that crops harvested in the summer and fall. Table 6 lists common cut flowers growing in 
M81)'land and their nitrogen categories. Woody flowering species for cut flower production, such. as forsythia, pussy willow and 
flowering cherry, need. 2-4 lbsll,OOO sq. ft. of nitrogen for optimum growth. . 

Nitrogen use in the higher ranges to species that flower over an extended period could benefit from split applications, i.e., 
dividing the total recommended amount into two or more applications, over the course of the growing season. This is especially 
important for water soluble' forms of nitrogen, such as urea and ammonium nitrate. Controlled release nitrogen sources mBy be 
applied in full at the beginning oftbe growing season. 

Table 1. Nitrogen Fertilization Rate Recommendations for herbaceous cot flowers 

Nitrogen Category Low Medium High 

Rete (lbs per 1,000 sq ft) 1.0-1.5 1.5-2.0 2.0-3.0 

~over Crops as Nitrogen Sources 
Using leguminous cover crops between rotations of cutflowers can reduce the need for nitrogen supplied by fertilizer, manw-es 

or other sources. For example, DO additional nitrogen application would be needed if a "low" nitrogen-using cut flower crop (see 
Table 1) were planted after a stand of ladino clover (s~ Tabie 2). 

Table 2. Nitrogen Credit from Leguminous Cover Crops 

Perennial Crops 
AJfalfa I 

Lad in 0 clover 
Red clover 
Birdsfoot trefoil 

Winter annual crops 2 

Hairy vetch 
Crimson clover 
Austrian winter peas 

Summer annual crops. 

l,bs..pe.t...1,.O.O:O..sq ft 

2.3-3 .4 
1.4 
0.9 
0.9 

1.7-3.4 
. 1.2-2.3 

1.7-3.4 

Lbi-pu acrl' 

IOO-l50 
60 
40 
40 

75-150 
50-100 
75-100 

Lespedeza 0.5 20 
Soybeans J 0.3-0.9 15-40 

Source: AgrtcWturaJ NutrltmJ. Monagem~"f Progrom. DepartmenJ of Nabuai ~uree ScWrcu aNi LandscDpe Archllubue, UnNuslty of AIary/imd 

I Amou"t of nitrogen credit depends 011 stand: >4 plantslsq. It (good) = 150 Ibs. N; 1.5-4 pIantsIsq. ft.(&.ir) c 125 lbs N; <4 plants/sq. /l(poor) = 100 Jbs N 
., Nitrogen supplied will depend upon planting dale, biomass production, kill dlltll and SlI~Uc:nt tillage. 

Crtdit I Ib N per bushel of soybeans y;eld; a minimum of IS Ills N, up to fl maximllTl\ of 40 (!Is N 
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Other Organic Nutrient Sources 
All sources of nitrogen, pbosphate or powh, including manures, compost, biosolids, food processing waste, used in the .r--

production of cut flowers, must be included in a nutrient management plan. These materials must also be tested for Dutrient ( 
content before they are land applied. Most ~i1 testing labs also offer manure and organic nutrient testing. Results of these tests in 
combination with soil test results will guide the certified plan developer in calculating the amount of materials to apply for 
optimum crop growth. Table 3 shows some average values for commonly used organic nutrient sources. These values may be 
used only for preliminary guide~es and mlly not be substituted for actual test results. 

T.able 3. A,verage nutrient values of manures (as percentage of wet weight) 
M.anure Nttrogen (N) Ammonia (NHJ Phosphate (P105) Potash (K1O) Sulfur (S) 

Poultry 
Broiler 2.88 0.73 3.17 2.05 0.40 
Caged layer 222 0.69 2.91 1.89 0.26 

Dairy 
Solid 0.61 0.12 0.37 0.61 0.08 
Liquid 0.31 0.11 0.17 026 0.03 

Swloe 
Solid l.05 '0.26 1.12 0.64 0.12 
LiqLiid 0.47 0.18 029 0.18 0.04 

Horse 0.51 0.03 0.36 0.42 0.09 
Sowu: AgricuJllLTal Nutrient Manogeml!7l1 Program. Department ofNaJ1IFal RUOUTC$ Scisnus and Landscape Archihclllre 

PHOSPHOROUS AND POTASSIUM 
Application rates for phosphorous and potassium are based on the amount of plant-available nutrients in the soil, as determined 

by soil testing. Traditionally, soil test results reported in pounds of nutrient per acre; however, a number that would be considered 
rugh for one nutrient could be low for another. More recently, University of Maryland developed a I DO-point scale called the 
Field Index Value (FN) in which 1bs per acre of nutrients are categorized into Low, Medium, Optimwn and Excessive ranges. 
Nutrient recommendations for Maryland crops are basel! on maintaining the soil nutrient levels within the FIV range of 50-100. 
The definitions and practical application of these categories are shown in Tables 4 and 5. 

Table 4. ' Field Index Value (FIV) categories and ranges compared to P and K from soil test results . 
FN Category FIV range Phosphorus lbs/acre 
Low - nutrient concentration too low for optimal growth 0-25 0-61 
Medium - nutrient concentration may be too low for optimal 26-50 62-102 
growth 
Optimal - nu1rient concentration at a level that can promote 51-100 103-205 
optimal growth 
Excessive - nutrient concentration at a level above what is > 100 >205 
needed for optimal growth . 
SourC$: AgrlcuJlUl'al NJJlriBn1, Managelllent Program. De[JllrtmenJ of naJJiTa/ RUOllTct Sciences and LaNhcape A rcltit8cblr~ 

Table S. FJV categories and amount ofPbosphorus and Potassium to apply (lhs/I,OOO sq ft) 

Potassium Ibs/acre 
0-84 

85-160 

. 161-320 

>320 

FN Category (range) Phosphorus Potassium 

Low (0-25) 4 
Medium (26-50) 2 
Optimal (51-100) 1 
Excessive (>100) 0 
Source: Agricu/lUl'a/ NulTilUlJ Mll1\(Jge",W Program. Deparlmull of NaJ1IFal RBSOlITt:e Sc~ and Landscape ArcJrJlulJJre 
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SOIT.pH 
Maryland soils are typically acidic (below pH 7) and may require application of a liming material to raise the pH to 6.5, which 

i$ suited to most cut flower species. Table 6 gives guidance for the amount of limestone to apply to raise pH in excessively acidic 
soils. 

Table 6. Limestone (50% oxides) needed to raise soil pH to target ~H 6.5 for cut flowers (lbs per 1,000 sq ft) 
Soil texture Loamy sand Sandy loam Loam Silt loam & Clay loam 

Region All regions Coastal Piedmont & Coastal plaJn Pi.edmont & 
plain mountain mountain 

Soil test pH 
6.3 10 20 25 25 25 40 
6.0 20 40 50 55 50 85 
5.8 30 55 65 80 70 120 
5.5 45 75 85 110 95 '165 
5.3 55 85 ·100 130 Ito 210 
5.0 70 105 120 1665 135 210 
4.8 90 120 135 185 160 210 
4.5 90 140 160 185 160 210 

Source: AgricWluTDJ NuJrienJ MQT/Qg6rnenJ Program. DcpartmenJ ofNaturoJ R.esOIHC4 Sc~N:B3 and Lanthcope ArchilRcfllTt 

GREENHOUSE PRODUCTION OF CUT FLOWER TRANSPLANTS 
The greenhouse shall be 'sited and managed to prevent runoff.from the greenhouse. A greenhouse operation that produces p rants 

for off-farm sale is require to,have a nutrient management plan as specified in Sections U-D and·ll-E of this Marwal. If tile 
greenhouse will be used only' to grow qansplants for use on the same farm, certain records must be maintained with regards to the 
transplant production, including:. . 

• Transplant production season 
• Months of production 

. • Nwnber of greenhouse . 
• Total square foo.tage·ofproduction greenhouses 
• Transplant species grown 
• Substrate compo.nents (and % of.each in the composition) 
• Size of flats or containers 
• Irrigation methods (whether hand watering. suhirrigation, overbead sprinklers; etc.) 
• Fertilizer analysis 
• Total amount fertiJ..izer used per season 
• Injector setting 

Table 7. Nitrogen nse categorization for field grown cut flowers 

Species Nitrogen Category 
4 

Group I: Spring HarVest 

Allium, Flowering onion Low 
COrlSollda. Larkspur Low 
DelphiniUM . ' Law 
Digitalis. foxgloVe . Low 
Iris (peJ'ennial). . Low 

LupiltJl.S. Lupines (perennial) 
Malhiola iJ1canD.. Stocks 

'. 

See Table I for N fertilization rate reco.mmendations. 

Medium 
Low 

1-85-3 

Harvest Freq oepcy or Period 

Once 
Fall planting. spring harvest 
Fall plMting, spring harvest 

Springnarvest;.late.summer & early fall h~esto for some 
new~r -varieties 
Spring harvest over 3-4 weeks 
Once 
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Species 

Group 2: Summer aNi Fall HaTlJest 
Achillea. Yarrow 
Ageratum 
Ammi mo.jWJ . 
Alstroemel'ia 

Aquilegio, .~Iu'!lb!ne 
k~mi.rijJ 
Asclepias 
Baptisia (perermi.al), Blue indigo 
CAlosla, crested, wheat, plume types 
Cenlourea, cornflower 
Calltrtephus chiMnsis. China aster 

Chrysant.lu~ 
COlI7lO.f 

Crocosmla (co""';) 
Dahlia 
Echinacea 
£Chinops 
Eucalyptus 
Aster er;coides 
Chrysanthemum partMlltllm, Feverfew 
Gerbera 
GladiolUf (bulb) 
Gomphrena globosa. Globe amaranth 
Gr~se.s & graw 
Gypsophi[a (perennial), baby's breath 
Hele"ium 
Kniphojia. Red hot poker 
Lavendula, Lavender 
Lilium (bulb), Lily 
Corrvallaria, Lily-of-thc-vaUey 
wfoma grandflorum. Lisianthus 
Monardo.. Bee balm 
Nigella 
Penstemon 
Phlox (perennial) 
Physostegia .virginia/Ul (perennial), Obedient plant 
Poppy 
Queen Anne' s lace 
Rol'lwu:uius 
Rudbecldo 
Salvia 
Scab/osa 
&dum (perennial) 
Anlirrhinwn majus, Snapdragon 
Limon.iwn sinuatum, Statice 
German Stance (perennial) 
Strawflower 
Helionthu.s anUllS, Sunflower 
Dianthus, Sweet William 
Veronica 

.. .. 4 
Nitrogen Category 

Low 
Medium 

Low 
Medium-high 

L9w 
Low 
Low 
Low 

Medium-high 
Low 

Medium-high 
Medium-high 
Low-Medium 

Low 
Medium 
·Low· 

Low 
Low-medium 
Medium-high 

Medium 
Medium-high 

Low 
MediDm 

Low 
Low 
Low 
Low 
Low 
Low 
Low 

Low-medium 
Low-medium 
Low-medium 
Low-medium 
LOw-medium 

Low 
Low-medium 

Low 
Medium-high 
Medium~high 

Medium-high 
Low-mediwn 

Low 

Lo-medium 
Low-medium 
Low-medium 
Low-medium 
Medium-high 
Low-medium 
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Once 
Multiple 
Multiple 
May-lui:/ 
Once 

. Harvest :l<'requenc:y or Period 

. . ! 

Multiple 
·August-September . 

Once 
July-September 
Multiple 
July-September 
Multiple 
July-October 

July-frost 
July-August 

Multiple 
Multiple 
Multiple 
Once 
Once or can repeat 
Late summer-early fall 
Once 

Midsummer 
Summer 
Once 
Early summer 
Harlest over 3-4 weeks 
1-2 months in summer 

3 =-4. weeks m summer 
Harvest over 3-4 weeks 
Once 
Once 

Harvest over 3-6 weeks in summer 
Multiple 

August-early October 

Once 

Multiple 
July-September 

HaIVest over 3-4 weeks 
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Nutrient Management for 
Tree Fruits and Small Fruits 
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NUTRIENT MANAGEMENT FOR TREE FRUITS AND SMALL­
FRUITS 

Source: University of Maryland Cooperative ExtenSion, August 2005 
Regulatory Citation: COMAR ~5.20.08.05 -. ' 

While the intended target of the nutrient management legislation is to protect the 
environment, the goals of nutrient management in fruit crops are to: 1) maximize healthy plant 
growth, productivity, and profitability; and 2) optimize fertilizer usage and minimize fertilizer 
runoff, thus reducing water pollution. 

Orchards and vineyards generally use less fertilizer than row crops for two reasQllS. First, 
high fertility is not required once trees and bUshes begin producing, since excess fertilizer 
stimulates vegetative growth and decreases fruit quality. Secondly, with their deep perennial 
root systems, fruit trees and bushes are capable of absorbing nutrients throughout much of the 
growing season. In addition, fruit plants are efficient in absorbing fertilizers and recycling 
nutrients. ' 

Physiological adaptations such as mycorrhizae and bark: storage proteins allow perennial fruit 
trees to take up and recycle a greater proportion of phosphorus and nitrogen than annual crops.. 
Taken together, these physiological adaptations allow frui,t growers to maintain productive 
plantings while using leSs fertilizer than most, annual crops. 

Nutrient Management Throughout the Life of the Planting 

, Since the various woody perennial fruit crops have many fertility requirements in comm~ 
we hav,e chosen to treat these crops in a similar manner. For the purpose of developing nutrient 
management p~the life of the frUit planting is separated into three IogiCil age categories. 
The age categories in the life of a fruit planting are: 

I. Pre-planting (biorenDvation) year(s); 
ll. Non~bearing year(s);' and 
ill. Bearing~ 

During these three age categories (Figure 1), fertilizer recommendations, fertilizer 
applications, and agricultural practices will be handled diffexent1y. Thus, nutrient management 
planning must also be handled differently_ 
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Figure 1. A typical rotation for peaches and apples. (The life cycles of both trees are similar, 
except that peach is earlier to come into production and earlier to decline.) 

Peach Rotation 

Non-beartng 

BI ol'8l'lOVlltlon 

.1 (1 - 2 ..... ) 1 ~ ! =1 

1 
Planting 

Apple Rotation 

I. Pre-PJanting Year(s) 

1 year 
2yeara 

Non-bearing 

12yeara 

1 
2D yBara 

Prior to planting, phosphorus and potassium recommendations and lime requirements will be 
determioed from soil tests. Adjustment of pH and pIant-s;vailable phosphorus and potassium are 
necessary to optimize the growth of young trees. Optimal pH for fruit crops is as follows: apples 
and other tree fruit, 6.5; raspberry. 6.5; blackberry, 6.2; blueberry, 4.5. 

To avoid nematode problems, fruit p1aritings should. not be set directly into pasture land. 
Thus, prior to pJmting, a two-year rotation with. nematode-supprcssing crops is recommended. 
Consult EB 242, Commercial Small Fruli Production Guide IS section on "Pre·Plant Site 
Biorenovation and Soil Conditioning" for details. 

Whatever crop rotation is selected prior to planting. soil tests are needed to determine 
phosphorus and potassium recommendations, and lime requirements for the rotational crops. 
Nitrogen recommendations are determined by crop type and yield goal. 

After biorenovation and before planting fruit crops, re--sample and re-test soil. Tb.iB is the last 
opportunity to incorporate nutrients and lime. Implementing these nutrient recommendations 
before planting ensures that adequate soil fertility will be present to establish young fruit plants 

. 1-88-2 
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and will contribute much of the nutrients required throughout the life of the planting. Consult 
Table 1 for pre-plant phosphorus and potassium reco.tllll1endations based on soil test. 

Table 1. Phosphorus (as P10S or 0-46-0 fertilizer) and potassium (as ~O or 0-0-60 fertilizer) 
recommendations for establishment of woody perennial fruit crops 

Soil Test Results 

PlOS ~O 

L L 

M M 

0 0 

E E 

L = Low (FlV 0 - 25) . , 
M = Medium (FIV 26 - 50) 
o = Optimum (FfV 51 - 100) 
E = Excessive (FIV > 1 00) 

n. Non.Bearing Year(a) 

Nutrient (Lbs. Per Acre) 
Recommended Fertilizer 

(Lbs. Per Acre) 

P20S · ~O 0-46·0 0·0 - 60 

135·155 195 - 235 305·350 325 - 390 

90- 130 205 215 

15 90 35 150 

O . 0 0 0 

Most fruits are grown with permanent grass sod strips betWeen rows, wi1h grass and Weed 
growth beneath the trees or bushes controlled by herbicide sprays. The permanent sod crop 
(drive middle) and herbicide strip ~ spraying and harvesting easier. They also m;nimiu root 
damage from plant·parasitic nematodes, and tree and fruit damage from nematode-vectored 
viruses and direct insect pests. 

Frui1 growers typically plant into bare ground that is kept weed·free by cultivation during the 
first growing season. This is done became young fruit plants compete poorly with grasses for 
water and nu1rlents. Because it is usually difficult to establish a good sod cover in the spring, 
permanent SOd striPs are otten not estiibliSlied until the faIl 8ftei plBIlfuig. 

Some growers prefer to establish the' permanent sod cover the year prior to planting. 
Subsequently, a strip of sod is killed with herbicides, and trees or bushes are set using a 'oo-till' 
planter. Regardless of when the sod is planted.s nutrient applications ~ the sod cover are only 
required until the sod in the chive middle has become fully established. . 

Repeated studies of plant establishment have shown that hand P1ac:eme&lt of nitrogen fertilizer 
during non-bearing years is the most efficient method' of applying unincorporated fertilizer . 

. Hand placement ofnitrogen ~,a:fter the plants have ~ed in, and in the spring during the 
next two or three years, is the indUstry standard. The goal is to have plants quicldy fill their 
allotted space. and then reduce their growth by re<tirecting photosynthate to the fruit crop. Hand 
placement of fertilizer during the early years maximizes growth while mjnimizing fertilizer 
usage. 

Calcimn nitrate ,has become the material of choice for fertilizing young plants, with the 
exception of blueberries. The benefits of calcium nitrate are two-fold First, nitrate fertilizers 
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are taken up rapidly and stimulate strong early-season growth. Second, calcium deficiency 
problems, such as bitter pit and York spot in apple5, occur widely in fruits and may be 
mppressed by calcium nitrate. Later, dming the bearing years, many apple growers continue to ( -
use calcium nitrate, which helps to minimize:fruit softening and breakdown in storage. 

Blueberries are typically ferti1i:zed using ammonium sulfate, which supplies the nitrogen and 
keeps the pH reduced. 

Consult Table 2 for recommended annual nitrogen application during the non-bearing 
year{s). While some growers use a ble:nd.c:id fertilizer following planting, this is unnecessary if 
plant-available phosphorus and potassium were optimiud prior to planting. 

Table 1. Nitrogen fertilizer recommendations for young non-bearing plantings of woody 
pCrennial fruit crops (hand-p1.aced nitrogen fertilizer per pUmt per year) 

CaJdum Nitrate Ammoni1llD Nitrate AmmoDiBm Sulfate 
(l5.5%N) (33%N) 01% N) 

TreeF'nrlt 

Apple 80z 40z -
Peach and nectarine 1202 602 -
Pear 
Fireblight resistant 80z 402 -
Firebligbt susceptible 40z 20z 

Cherry, apricot and plum 80z 40z -

Small Fruit 

Blac.k:berry 100z 502 -
"Ri .t. ??A\ 07. - -
Raspbeny 30z 150z -

m. Bearing Year(s) 

While soil analyses are valuable in adjusting nutrient recommendations prior to planting, 
Univemty of Maryland fruit special.ists recommend basing nutrient recommendations for bearing 
trees and small fruit croPs on a combination of soil testing and tUne analylts for determining 
fertilizer needs in bearing·perennial fruit crops. Soil test! and tissue analyses every 3 years may 
be sufficient if crop production is adequate, however. ifproduction is poor, annual tests may be 
advisab1e. 

Soil tests during the bearing years provide an important crosscheck of nutrient status. For 
example. if tissue analysis indicates a low level of phosphorus in leaf tissue, while the soil test 
level for phosphorus is optimum or excessive, the low phosphorus level in plant tissue is mOst 
likely d~e to a nutrient absorption problem, such as disease or nematodes, that would not be 
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ameliorated by application of additional phosphorus. In numerous other situations, for example. 
excessive manganese or low. calcium, both soil tests and tissue anaIysis must be viewed together 
to fully understand nutrient status. 

Observations of plant growth characteristics and crop management, such as shoot growth.. 
leaf color, and pnming severity should also be taken into account when developing nutrient 
reCommendations. 

Phosphorus usage by .woody perennial fruit crops should be low once bearing begins. 
Following pre-plant applications, little or no phosphorus may be required. The limited need for 
supplemental phosphorus comes from the development of symbionts in tree roots known as 
mycorrbizae (literally "fungu&-root"). Mycorrbizae aid pelennial plants in dissolving and taking 
up phosphorus, even in soils that have relatively low levels of phosphorus. 

Tissue &zmpling and Analysis 

As previously indicated, in addition to soil sampling and testing, ~ sampling and analysis 
are essential for developing nutrient recommendations in nutrient management plans. Tissue 
samples are typically taken during the summer, when nutrient contents in the leaves are 
relatively stable (fable 3). Soil samples, which may be taken in the fiill, should be taken the 
same year as tissue samples, and sampling sites should be in the same area of the block from 
which the tissue samples were collected. 

At least one sample should be collected from each block. If a block contains a mixture of 
species or cultivars, or both, sample the dominant species and a benchmark cu1tivar. 

Table 3. Sample collection summary 

Crop Time to Sample 
NlIDlber of Samples! 

LOcation on Plant 
Plaatl'art 

Blueberries ISlweekof 40 leaves Cmrent season's growth . J~ _ .... eti -, 
UCLI. y~~ \. tJI O"'~J 

Brambles Aug 111 w Aug 20m 60 leaves Nonwfruiting canes 
(detach petioles) 

Fruit trees August 50 leaves & petioles Select shoots at eye level from 
around outside of tree; select 
shoots that make a vertical angle 
of 45w60 degrees to the ground; 
remove 1-2 leaves :from the mid-
portion of new shoot growth 
(Figure 2). 
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Figure 2 

Figure was taken from 
"Instructions for Taking 
Samples for Plant Analysis" 
(pennsylvania State University) . 

Perhaps the biggest hurdle in the tissue sampling process may be in answering the questio~ 
''What is a blocK?" and ''What should be sampled within a bloclfr A typical block would best 
be determined by "the orchard manager, and should be based on tree species and planting date. In 
Figure 3, two varieties of apples and a row of pears (Field 1) were planted on Murrill gravelly 
loam in 1998, while Fields 2 and 3 were established in 1996 on a Chandler silt loam. and 
Edgemont cbannery loam. respectively. Because each of the fields consists of a distinctly 
different soil, each field should be sampled as a separate block. Within all the blocks, apple is 
the dominant species, Wrthin Field 1 (Block 1), Gala is the variety of greater interest to the 
producer because of its higher economic value and should be the cultivar Sampled. Using the 
same logic, the York variety in Field 2 (Block 2) is of greater interest to the producer so it should 
be the cultivar sampled, Since nitrogen U888e in cheny is similar to apple, the grower would 
probably manage 'the cherries and apples in Block 2 "in a similar fashion. In Field 3 (Block 3), 
Fuji is the only variety in the block, thus it will be the cultivar sampled. 

Figure 3. Example of blocks 
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Defining a block becomes increasingly difficult as orchard size decreases, as smaller 
orchards in Maryland. may include many species. This problem may be further compOlmded in 
small orchards if the grower has difficulty controlling fertility. Orcllards and small fruit 
production areas smaller than five acres, set in similar so~, could probably be handled as one or 
two blocks, focusing on apples ~ peaches. 

All leaves for a sample should be collected from the same cu1tivar. The sampling procedure 
should be as random as possible. It is best NOT to take multiple leaves from the same tree or 
~ but collect from a wide selection of plants throughout the block and cultiVar being 
sampled. 

In apples, widely grown cultivars such as Delicious, York, or Rome are logical choices for 
tissue sampling in a ~ planting. Altematively, sampling high value cultivars such as Gala 
and Jonagold might be needed, especially in direct market openttions. 

Interpreting '&sue Analysis 

Nutrient-sufficiency ranges for common woody perennial fruit crops produced in MarylBnd 
are listed in Table 4. These levels are based OIl a long history of research, conducted to minimize 
fertilizer usage, while optimizing the prodUction of quality fruit Complete information on 
deficient, low; normal, high, and excessive nutrient conCentrations for tree and smaD fruit crops 
is in the Appendices. .. 
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Table 4. Nutrient sufficiency ranges and desired annual shoot growth for woody perennial fruit 
crops used to inte;rpret foliar analyses (dry weight), 

Apple Pear Peach Cherry Brambles Blueberries 

Desired shoot 12 - lSI 
growth 

12 - 18 8 -121 18 - 24 15 - 18 
(iDches per year) 

MacroDlltrleDts 

Nitrogen rA.) *1.80 - 2.80 1.60 ~2.40 2.50 - 3.40 2.30-330 2.00 - 3.00 1.10 - 2.10 

Phospborns (%) 0.18 - 0.30 0.18 - 0.16 O.IS - 0.30 0.23 -038 0.25 - 0.40 0.07 - 0.18 

Potassium ria) 1.20 - 2.00 1.20 - 2.00 2.10 - 3.00 1.00 -1.90 1.50 - 2.50 0.40 - 0.65 

Calcium(%) 1.3"0 - 3.00 1.30 - 3.00 1.90 - 3.50 1.60 - 2.60 0.60 - 2.50 0.30 - 0.80 

Magnesium (%) 0.20 - 0.40 030 - 0.60 0.20-0040 0.49 - 0.65 0.30 - 0.90 0.20 - 0.30 

Su]fur (%) 0.20-0.40 0.17-0.26 0.20 - 0.40 0.15 - 0.50 0.21-0.50 0.12 - 0.20 

Micronatrieuts 

Boron (ppm) 35 - 80 35 - 80 25 - 50 39- 80 30- 50 30- 50 

Copper (ppm) 6-25 6 - 25 6-25 6 -25 7 - 50 s: -15 

Iron (ppm) 40 -100 50- 400 SO -200 SO - 250 50 - 200 70 - 300 

MangaDese (PJ1D?) 22 -140 20-200 19 - 150 18 - ISO 50 - 200 50- sao 
Zinc (ppm) 20- 200 20-200 20 - 200 20 -200 20-50 15 - 30 

II Nitrogen sufficiency nmges vary depending upon apple type and usage 
I Fireblight-resistant varieties " 
2 Ffrebtigfit-susceptible varieties 

Antique peach cultivars such as Belle of Georgia, Elberta, and Raritan Rose will drop green 
fruit cultivars; growers should only apply half the level of Irltrogen recommmded for peaches. 
Typically, the grower would only apply the first split-application to these 'antique' varieties. 

In apples, adequate nitrogen level can be further defined depending on cultivar sampled and 
maturity. Apple varieties can be clivided into three groupings depending on firmness and storage 
ability (fable 5). " 

Tissue nitrogen levels will be reduced in biennial bearing apple trees in their 'off' year or in 
" trees carrying a light crop. " 
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ta~le 5. Recommended levels of nitrogen (%) for apple cu1tivar groups 

Early Bearing MatUre 

Soft apple c:ultivars 

Paulared, McInto~ Empire. 2.0 - 2.4 1.8-2.1 
Oal~ Golden Delicious, 
Jonagolc4 Mutsu 

Fresh market eultivan 

Delicious, Fuji, Braebum 2.2 - io4 2.2 - 2.25, 

Freak DlIll"ket and 
I 

processing c:ultivars 
2.2 - 2.6 2.2 - 204 

York Imperial, Rome 
Beauty, Stayman 

. IV. Sampling and Testing DuJiDg Orchard -RotatiOB 

Sampling and testing are the bases of nUtrient recommendations and vary across the,life of 
the orchard. Consult Table 6 for a SlImmary of sampling smd ~ng requirements for 
biorenovation years and age categories of woody perennial fruit crops. 

Table 6. Soil and tissue testing summary 

Age of Planting SoU Test TisIIneTest 

Biorenovation, Yes No 

Pre-plant Yes No 

Non-bearing No No 

Bearing Yes Yes 
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Issues During Bearing Years in Established Orchards 

Symptoms of Deficient Nitrogen 

Nitrogen deficiency symptoms appear as reduced top growth with short, spindly shoots that 
have pale green to yellow leaves. Generally speaking, symptoms first become evident in older 
leaves at the base of the shoots. In stone fruits. deficient leaves appear reddish and may exhibit a 
'shothole' effect as the condition worsens; Low nitrogen fruits tend to be smaller and mature 
earlier. This is particularly noticeable in stone fruits. Urea sprays can be used to correct early 
season nitrogen deficiency in orchards. If, in the springtime, foliage is light yellow and trees are 
otherwise healthy, the transitional nitrogen deficiency can be corrected by spraying urea at 4 
pounds per 100 gallons 'on a dilute basis after bloom (pfeiffer, et al., 2001). This should be done 
no later than the second cover spray on mature trees. Urea may also be added to cover sprays in' 
young, non-bearing trees at the same rate WJtil July 15th

. 

Symptoms of ExcessiYe Nitrogen 

Excessive nitrogen application causes excessive shoot growth, accompanied by dark green 
foliage and delayed leaf abscission in the fall As nitrogen increases above the optimum, fruit 
color is reduced and maturity is delayed. Fruits develop less red color, and the ground color 
remains green rather than turning yellow. In apples and pears, flavor and storage life are 
generally reduced with excess nitrogen. In addition to these direct effects., other physiological 
disorders such as corking and bitter pit can increase, as excessive nitrogen may induce calcium 
deficiency symptoms. 

Tuning and Split-Applications. of Nitrogen Fertill:zer in Pea,ch and Nectarine Orchards 

Among all fruit crops grown in Maryland, the nitrogen requjrement of peach and nectarine 
crops is the greatest To mjnim;ze over-fertilization, it HI common practice for peach and 
nectarine growers 10 make two applications of nitrogen fertilizer a year, each application using 

___ -ch_al~f""'ofihe total mcommended rate 1'he first.appli~e-at-hloom time, mid the 
second after the crop bas been set (30-45 days after bloom). This allows growers to avoid 

. excessive vegetative growth in years when the crop is lost following a late spring freeze. 

Symptoms of Deficient Phosphorus , 

Phosphorus deficiencies'severe enough to produce visual symptoms are rare in fruit 1rees 
(Crassweller and Greene, 1995). When they do occur, symptoms may appear first as limited and 
slender terminal growth with young expanding leaves that are dark green. The young leaves' 
lower sides, especially along the margins and main v~ frequently show purplish discoloration. 
The leaves may have a leathery texture and form abnonnally acute angles with the stem. Leaf 
symptoms are most often seen early in the growing season and diminish later in the season. This 
likely occurs due to cold soils limiting phosphorus uptake, rather than a deficiency per se. When 
soil moisture is low, lower levels of phosphorus may also be found in leaf analyses. 

1-86-10 
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Symptoms of Excessive Phosphorus 

Effects of excessive phosphorus fertili.zation are usually expressed as deficiencies of one or 
. more essential micronutrients, such as ~ copper, iron, and manganese. 

Calcium Deficiency of Apples 

Calcium chloride sprays are often recommended when tissue sample analyses indicate low or 
deficient levels of calcium. Such spray regimes are often not economical for direct market 
growers unless there has been 8. history of bitter pit Calcblm·chloride is difficult to apply, 
corrosive to equipment, and potentially phytotoxic. Applying boron (~ pound SoluborG') per acre 
at petal fall) can increase the fruit "sink-strength" and eDbance calcium uptake by the :fruit 
Processing varieties of apples &'UCh as York. may require calcium chloride sprays for successful 
production if bitter pit or corking has been a problem. Calcium chloride at an annual rate of 15 -
50 pounds of product per acre can be included in cover sprays 1 through 7. 

Estimating Nitrogen Requirements for Establisbed Fruit Plantings iii the 
Absence of a Tissue Analysis 

Some Maryland fruit growers may not have results from tis~ analyses. In these instances, 
nitrogen application rates can be based on leaf color and shoot growth. The information in 
Table 7 is presented as a tempol'lllY aid to nntrieut lDJUlagement plannen writing initial 
plans in the abJence of tissue analyses. It should not be used as a long-term alternative to 
tissue analysis. . 

Table 7. Desired shoot growth and typical nitrogen needed annually in fruit crops 

Tree Fruit Nitrogen (lbsJacre)* 
Desired Shoot Growth 

Cmcbes) 
Apple 35 12 -18 
Peach and nectarine 65 18 -24 
Pear 

Fireblight-resistant 35 12 -18 
Fireblight- 'hIe 20 8 -12 

Cherry, apricot and plum 35 15 -18 

SmaDFruit 
Blackberry 60 -
Raspberry (Spring-bearing) 35 -
Raspberry (Fall-bearing) 50 -
Blueberry . 30" -

• Optimize based on tissue test. 
... N rate could he as high as 60 IbsJacre depending upon age of plants, type ot-mulch, and soil 
type. 

1-86-11 
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Phosphorus Site Index for Tree- Fruits and Small Fruits 

In the event tissue analysis recommeruIs the awlication of phosphorus, and the producer ( ' 
wishes to apply phospborus, consideration must be given to the soil test's fertility index value for 
phosphorus (FIV-P) levels. 

Maryland regulations require that the Phosphorus Site Index (pSI) be determined for all 
agricultural fields whose FIV-P is 150 or greater if a producer intends to"apply any P-bearing 
fertilizer materials. It is unlikely that numy perennial fruit producers will be impacted by the 
PSI requirement during the fruit production years if fertility recommendati~ were followed 
during pre-establishment period. 

The PSI requires that a series of siteJtransport and management/source ~eristics for a 
fiefd be evaluated and that a P loss rating be calculated. 

The site and transport cbaractcri.stics include the following: 

Soil erosion; 
Soil nmofI class; 
Subsurface drainage; 
Leaching potential; 
Distance from the edge of the field to surface water; 
Priority of receiving watershed. -

Soil erosion, which is estimated via the Revised. Universal Soil Loss Equation (RUSLE), and 
distance from the edge of the field to surfitce water are the oilly characteristics over which the 
producer has any control. 

Soil runoff class, subsurface drainage, and leacbing potential are functions of the dOIJrinant 
soil-mapping unit in the field., and priority of receiving watershed is a function of geographical 
location. 

The management and source cbBracteristics include the following: 

" Soil test P; 
P application rate (fertilizers and manure); 
Timing and application method (fert:ili.zers and manure). 

The P loss rating. which is calculated from siteltransport features and management/source 
characteristics, places a field in one of 4 categories (Table 8). 
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, ) Table 8. Interpretation of P loss rating 

PLoss Interpretation of P loss Rating 
Rating 

0-50 • LOW potential for P movement:from this site given current management practices 
and site characteristics. There is a low probability of an adverse impact to sur&ce 
waters from P losses from this site. 

• Nitrogen-based nutrient management planning is satisfactory for this site. 

• SoU P levels and Ploss potImtiaI may increase in the futuie doe to continued 
nitrogen-based nutrient management. 

51 -75 • MEDIUM potential for P movement from this site given current management 
practices and site characteristics. Practices should be implemented to reduce P 
losses by surface runoff, subsurface flow, and erosion. 

• Nitrogen-based nutrient managemeot should be implemented no more than one 
year out of three. 

• Phosphorus-based nutrient management planning should be implemented ~o 
years out of three during which time P _applications should be limited to the 
amount expected to be removed from the field by crop Iwvest or soil test-based P 
application recommendations, whichever is greater. 

I 

) 
76 -100 • mGH potential for P movement from this site given current management 

, practices and site charactuistics. 

• Phosphorus-based nutrient management planning should be used for this site. 
Phosphorus applications should be limited to the amount expected to be removed 
from the field by crop harvest or soil test-based P application recommendations. 

• All practical management prac[ces for reducing P losses by surl'ace runoff, 
subsurface flow, or erosion should be implemented. 

>100 • VERY mGH potential for P movemeDt from this site given current management 
practices and site characteristics. 

• No phosphorus should be applied to this site. 

• Active remediation techniques should be implemented in an effort to reduce the P 
loss potential from this site. 
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The estimation ofPS] is an annual function, calculated any year when P-bearing 
materials may be added to fields with an FIV -P greater than 150. 'However, soil erosion, one of 
the more time-consuming components of the PSI process, is estimated over the entire rotation, 
including pre-establishment, non-bearing, and bearing years. RUSLE integrates the effect of six 
factors in calculating soil erosion losses (A) expressed in tons per acre per year, 8.CCOTding to the 
following equation: 

A=RKLSCP where 

R o:z rainfall factor 
K = soil erodibility factor 
L = slope length 
S = slape steepness 
C = crop rotation and tillage factor 
P = conservation practices factor 

The rainfall factor is available from published data on a county basis. The soil erodibility 
factor is a :function of the dominant soil-mapping unit of a field and is available in soil surveys 
and from other published sources. Slope length and gradient are measured in each field. 
The crop rotation and tillage factor is calculated from published sources based on crop type, 
tillage method, and canopy cover and is calculated as a weighted average over space and time. 
(An example of a calculation for the C factor in a typical orchard is shown in :rable 9. The 

( 
\ 

widths of grassed "drive middles" and herbicide strips were assumed to be similar for this / 
example.) The conservation practices factor (P) can be determined from published sources. 

c .. 
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Table 9. An example of the C factor for a 20-year orchard rotation 

Year Crop Coverage Crop I Condition CFactor 

Yearl Biorenovation Soybeans • conventional tillage .20 

Year 2 Biorenovation Com - conventional tillage .20 

Year 3 Planting 6 ft. whips, clean cultivation until .90 fall when sod is seeded 

Year 4 
Non-bearing year, 50% sod. first year after tillage. .25 & .30, mean = 

medium height no appreciable canopy 28* 

Year 5 
Non-bearing year, 50% sod, second year after .18 & .25, m~'= .22 

medium height tillage, 25% canopy 

) Year 6 Non-bearing year, 50% sod, third year after tillage. .07 & .21, mean = .14 
tall 50% canopy 

, 

YeM7 Bearing, tall 
50010 sod, fourth year after tillage, .07 & .16. mean = .12 

75% canopy 

Year 8-20 Bearing, tall 
50% sod, fifth and following .07 & .13, mean = .10 

years..after...tillage canopy 

20-year .17 
average 

* Sub-factors assume 40% ground cover (W) in herbicide strip Year 4 and after. 
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Prepa red by: 

Christopher Walsh, Professor of Horticulture , 
Patricia Steinhilber. Nutrient Management Program Coordinator 
Department of Natural Resource Sciences and Landscape Architectme 
2102 Plant Sciences Buil4ing 
University of Maryland 
College p~ MD 20742-4452 

1-86-16 
Maryland Nutrient Management Manual Supplement 3 ; " .'" 



NutJ:1ent 

N 

. . 

I 
z 
II 

i -
f ~ 9' ..... 

I 
.....J 

~ 
i 

Level Coneontratlon. 

AtllCultivan 

De~cicnt < 1.6 

App~ndix 1 

Apple (AD¥l·. 

tatton. 

Is ~ .appHcatiOli. rate by SQDIo ~ major raooWliVll pnmlng will be. performod this 
winter, ill" .which case increase appUcation by only 2SK. Values lower than 1.40% may 
indicate .othM problems. Examine the trees closely and retest next year. Shoot growth can 
help. ~ine yotw nittoaen ~ &Iring treeI should have 12 to 18 inches of shoot 
growth per yoW. . Note; Nitrogen lovels. howevar~ can be lower on Ught-cropping trees . 

Soft CUltivan: pauJared McIntosh, Empire, olrum Delicious, Gala, Ionqold, M~ 

Low 1.6 -1.& Nt is 
low. 

Normal 1.8 - 2.1. NItro Ia 
ldeq 

>2.1. 

IDcrease application rate by 25% unless shoot growth was ex.cenlve or if major renovative 
pruning will be performed this wintm. Shoot growth can help determine your oitrogm progrmn. 
Beartna trees ahould have 12 to 18 inches of shoot growth per year. Note: Nitrogen levels, 
however, can be lower on Ugbt-cropping trees. 

Continue peSt ~. If terininal ~ was adequate and fruit color satisfactory. Shoot 
grQwtI} ~ ~Ip debmnine· your pitrogcm propam.. Boarins trees mould bave 12 to 18 inches of 

. .shoOt ~ Per. Y!JfIII. If ~ growth ~ excessive, fiult color inadequate or major 
RIIlovative'~ was ~ the same or areducdOn'in rate ofappUcation of nitrogen is ,in 

. ~ DariDa ~ flIrly-boariQa years,. N.leveJs shDUld nmge. between 2.0 and 2.4. Fnrlt destin~ 
far .. fre:sIi.·~ wiUlhave b.ettej: color ~ ~ If N Iewls are redu~ by 0;2%. Note.: 
Nitroaen level&, ~ever, can.be.lower IUl.ligbt~iDI trees. 

~ rate of app~n,:Unless .shoot growth wai foadequate or renovative pruning was 
p~~ ~ previous winter. On Il18ture tre~· with ~t8 shoot growth and a normal crop, 
eJ.rmiJl!lf:e ,~ appUcatiOIl next.year and fCh)st next growing season. Shoot growth. can help 
dQtermi;qo youe nJirop program. B~ trees should have 12 to'18 Inches of shoo~ growth per 
year. Note; Nftroien ~vels, hoWever, ~ be Imver onliahi-croppfna trees. 



'. 
Nutrient Level' Concentration . Recommendation 

:Fresh Market Cultlvan: Delicious, Fuji. B.,"",!,}, .. rn 

N (cont.) ~ 1.6.-2.2 ' low. lDcrea.se application rate by 25% Unless '!boot growth was excessive or if inajor renoVatiVCl 
pruning will be pertOn:ned this winter. Shoot growth can help determine your nitrogen 
~ B~. trees should'hava, 12 to 18 IDcbas of shoot growth per )'~. Note; Nitrogen 

,- ~ 

( 
. \ , 

Normal 2.2:- 2.25 

>2.25 

. Nitrogen 
adequate. 

Nitrogen s above 
DOImal. . 

lewls, howeVer, cml be lower on ligbt-cropping trees. . 

Contlnue ~ praGti~ if tmmiM.l growth was ~ and· fruit oolor satisfactory.' ~hoot 
growth can belp deImtnIno.your nitrogaa program;. Boaring trees should have 12 to 18 Inches 
of Ihoot growth .~~. If'tenninal growth was ~ve, fruit color ~nate or ~or 
nnovativo .pnmfng ~ ~med, the rame or a rechrotIon In me of appUcation of nitrogen is 
In order. "DmiDg the eirly~ yems, N lewJs should- range between 2.2 and 2.4. Fruit, 
destined for ftesh market will have better color BDd fimmess if N levels lU'C' reduced by 0.2%. 
No~ Nltrogm Iovels. however, can be 1_ on Iigbt-cropping trees. 

. . . 
R.edDce ~. of application unless shoot IVOWth wu hw:iequate or renovative pruning .was 
p~ed the previous winter. On mature trees with adequat8 shoot growth and a DOrmal crop, 
Cl1Jminate nitrogen appHcation next year and retest nm growing season. Shoot growth can help 
~ your nitrQpn prognun. Bearing treoI should haw 12 to 18 inches of shoot growth 
per year, NOte: N"!b:opo levels, however, .can be lower on lighkropping trees , 

Processed and Fresh Market CuJUvan:, Yo. Imperial, ~e. ~~, S1ayman . , '- .. 

Low 1.6 - 2.2 ll>w. ~.applJ~ rate by 25% 1lJl1ess shoot growth was ex.oessive or if major renovative. 
p~;. wiU. b~'p6dimDod "this winter. Shoot growtb: 'cm belp d~e your nitrogen 
prognun. :~ ~-shou1d. have 12 to 18· inch«'l 'Of ahoot growth per year. Note; Nitrogen 
~.hoWever. can be lower on light-aoppJDg trees.. 

Normal 2.2-2.4 Nitrogen 
adequate. 

: ContinUe Past· p'ractices· If tennfnaI growth wu ~. IDd fruit color satisfactory. Shoot 
. grOWtb..cmbelP·detmmine your nitrogen program. Bearing tRes ahould have 12 to 18 inches 
.of shoot growth 'per year. If terminal growth was ~ ftult.color inadequate or major 
renovatiVe pruninJ. wu' perfumed, th~ same or a r$etion. in rate of application of nitrogen is 
In order. During the early-bearing years. N bwels should I'IIDge between 2.2 and 2.6. Fruit 
destined £or fresh mm:kct wUl hll'VD better color snd fumnoss If N levels are reduced by 0.2%. 
Note: NitroeeD lsvels, however, em be lo.wa" on ligbt..aoppiDg trees. 
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Nutrient Level 

N H1gh 

(eont.) 

p Deficient 

Low · 
' . 

I Normal 

I -a, 

f 9' K DefiCient. 
..... . 
1.0 

!. Low . 

( 
Normal 

H1gb 

Ca Defioient 

f 
w 

Conccutratloa 

>2.4 

< O.ll 

0;11- ()..1S 

OJ5-031 

>0.31 

<CJ.70· 

0.70.-1.2 

1.2 ·-2.01 

>2.01 

< '0.31 

. ,,' 
Recommendatioa 

- Reduce rate of applicatiQIl unless shoot JtOWth was inadequate or renovative.pruning was 
_ Pert'otmcd the prcviO.UlI winter. On mature trees with adequate shoot growth and a llOrmal 

. CI'Opi eliminate nitrogen appUcatlon next year and retest next growing season. Shoot growth 
can bclp determine your nitrogen progi'mn. Bearing trees should ~w 12 to 18 Inches of shoot 
groWth per year. Note: Nitrogen levcla, bowevar. can be lower on light-aopping trees. . 

B~ HO Iba. PlO, per acre as BOOI1 as conwnimt Retest next year. In Maryland, the 
· PhOsphorus Site Index must be pClfmmed before addJng any phO$phato--bearing fertllizers 
when so.ll~ FN-P is 150 or greater: 

Broadcast ~2S lbs. PzQ, per IlCNI as soon as convenient. However. unless phospho111S is 
h1coijJOrited if is- unllbly you will see a response. to surtBe»epplied P on trees older than 5 
y~·. In .Maryland, ·the Pliosphorus Site Index must be performed before adding any 
pbosphatD-bem:iD& fertIlizm when soil test PIV·p is ISO or greater. 

No. further application is needed at this time. 

.If Using a. oompletll fertiliar. disooildnuc itB use. Above normal levels of phosphorus can 
· J:Qcreaie. jJtob_ of zinc and.copper deficlaucy. 

· ~~.12S Ibs. ~O per acre ~ soon as convenient ~ next year. 
. ... 

Po is low. '~~' .JmIs: ~ be ():4~ 1owa' than normal durhia"a..drY. sumD:taT or during' years of 
~vy '.orQppfna..~ 100 lbs. ~ por.lI(%C. 8ooDu 'cOOvonient Note that 'if the' 
cuItlvat is YOrk lmp~ no potauitml applicatian: is D~ unless the level Is below 1.0%. 

is , ~o;~illdppllCation i& needed at th1s time. Ifiree dtmstty is ~ than 500 trees per acre. 
potUsimn lMis need to be monitored closely duo to hoavy cropping . 

. if liaing. a comp'leto ,~. dJacoDtinuo its use. BxCe.. potassium will compete with 
ca1aiimiQd:magDoaium fcir uptake by the trees. 

Soil. ~ ~. possible low pH and apply high caIcinm Hmo 88 needed. If pH l.s normal:; apply 
calcium, chloride fo1iarly Ifbi~ pit or corldna bas boea. a problem In processing,apples such 

· u 'York (1'·50 1bs. per IB'O per year In cover 'prays 1 thouah 7). For 'othCll' siruaUons, apply 
Sohib~ at peta1.t;.lI (11b~ per acn). . 
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Nutrient 

Mn 

Fe 

Cu 

~et CotiteDtta.~ 

' Defiolent <5 ' 

Low 5-22 

Nonnal 22 - 141 

High > 141 

DefIcient <25 

Low 2S -40 

Nonnal 40 -101' 

Hlgb 101 -252 

Deficient <4 ' 

Low 4-6 

Normal 6 ~26 

26 '·202 

Mangin lie is verY,' , ,ApplY·O.S to-'l.2 Jbs. per, i~ at actual lDtl1gB»oae u a foliBl' spray during the dormant season' 
-lOw " , ' ; OJ' ~ fuiit is offbut tho loaves Bre stDJ active and groen. ' , 

·:M"r.&.ni_~se is lOw. 'App1y ,~.s to, '1.2 Ibs. per acre of actual mangpwae as a foUilr spray during the dormant season 
" «~ fruit ,is offbut the leaves are stiIJ. aativo and'green, 

M~,!lJIfIIIs 

~~tI. 
~'I' , is , 
aboVen muU. 

Iron is" pry loW. 

li'on is I w. 

Ironia ....... ... 

::::~rw 
very 

low. 

COpper, s aboVe 
normal. 

,Tbfs ttlOit.'UeIy IildJcatea a'low soll plL Soll taJt and apply lime acoordlngly. If phosphorus 
and' potUsium arc low ,BOd manganoae is aboVe normal this usually indicates low soil pH; 
bowover. if they are not below normal it is also ponJble that thc high level may be due to 8 

, spray ,~doe ~fnation. 

, ~MarYl8nd lIOn and climatic conditions. an economic retmn from the application of iron Is 
~~" ' 

UndeJ'Maryiand son imd climBtlc condItioos. an ~nQlri1c.retuni from the appUoation of iron is 
qnlikCly • 

Hip'leVels can also btl the result of spray residue. 

ApplY 0.9 to 1.3 Ibs. per acre of actual copper, during tb6 dormant season or after the fruit Is off 
but the leaves are still active and green. Another m.ethodwould'be to apply a copper sterilant in 
a flrebHgbt comrol program. , 

Apply 0.-9 to 1.3 lba: per aero of actual copper during the dormaot season'or after the fruit is off 
but the lcavea are still active and green;Anotbe:r method would be to apply 8 copper S1erllant in 
8 fireblight control program. 

HIgh levcbJ cim' $0 be the result of spray residue. 
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Nutrient COncentration 

N . Deficient <2.0G 

Low 2.00 ·2.50 

Nohnal 

High >3.41 

p DefIcient <0.10 

Low 0;10 - Q.1S 

:~ 

Ap~nttiiz . 

Peae ·snid·N:~riilEt'(Any) . 

. Jatorplllom · Rocooui!miililftoa 

Nitro~ is vory . . ~ apptkatio~ rile by 50% un1ea ~or nmovatfve pruning will be pe.rfonned this 
low. winter, tn Which.cue lnc:Rsue appllc:atiOll by only 25%. .To minimize ovcr-appUcathm, make 

two applications Uiirig halftbc total recolIBDcmdcd. neat blOom dme and tho second half after 
the Grop hu·been 'set (3~' - 4' dAys i1mr bloom). Valuoa lower than 1.99'Yo may indicate other 
problems. B.~mine the trees closely 'and rctcsIt noxt year. Shoot growth can belp determine , 
your nitropl pCograin.. Bearing trees ahould have 18 10 24 Inches of shoot growth per year. 

Nitro is iow. Incroaso appliCltiQIl rate by 25% unless shoot IfOwth wu ~cesslve or if major renovative 
, ·prui1ing.will .,e' performed this winter. To mfnlmins overwapplicatioo. make two applications 

Wlmg'ba1f die totid recommended I1Itl' lit bloom timc and· the second half a:ftcr the crop has 
. beim .set· (30 • 45 days atlcr bloom). Shoot growth can help ~e your nitrogen program.. 
~ treas sbould have 1'1 to 24 inches of~ growth per year. 

is Combiue past prac:tioos itterminal growth was adequato -and fruit color satisf9ctory, If telminal 
growth wu e.x.cesaivo, hit color ~ or major renovative pruning WBS performed; the 
same1pt a' ~C?I1"1n me of nitrogen is In order. Tb m.inhnize oveNlpplication, make two 
appHcatloos uSing half the Wtal recommeDdcd rsta at bloom time and tho.second half after the 

. . cmp his been I8l (3 [).4S days after boom). Shoot growth can help determine your Ditrogen 
Pro5Iuw: Bearing trees should ~ve 18 to 24lncbes of.hoot growth per year. 

Reduce rate of appUcation unless shoot growth W8B lnildoqu8te. crop was light this year or 
rcno.vativo prunii1g was perfbrm.ed tho previous wiater. Of,l mature trees with adequate shoot 
growtb:andnortnal crop, eliminate nitrogen application next year and. retest next season. Shoot 
groWth am help detmmiDo your nitrogeIi progliQU. Bearing treCIs sb'oufd have 18 to 24 inches 

, o~ sl100t grOwth per year. 

Is very 8r(1IJdcast ISO Ibs. P20 , per aero as soon !IS conVenhrnt. Retest ~ year. Value! thIs low 
.' indicato the pom'bf,Uty of BOvore problems. In Marylarid. tho Phospborus Site indeX must bo 
.. ~d befotiI adding any pb~~ fertili,m-s when soil test FIV-P 18 150 or 
. .. ~;: ' . 

is low ... ~~ :~ 1b8. P20, per acre' as sooo. as ccmvenfeat. ~wover •. unless phosphorus is 
, '~~ed,:it iJ uiilllcc1y you .wnl see Ii rerponse to ~1iOO ~ on trees older than 5 
', ~ ~ MaryIimd,'. die PhOsphtlros: SIte Index. most bo poi funned boforo addina any 
p~g t8rtilJzora when ~U tell FIV-P Is ISO or.greater. 



NutrleDt , ~Gvel, , CODc~t~tJon , Recommendation 

P (cont.) Normal, 0.1S - 0.31' No fot'tJw application is needed at this ~a. 

High > 0.31 [f~ a complete fertilizer, discontinue ita use. ExccssJve levels ofpbosphorus can increase 
problam oCzine and copper deficiency: 

K Deficient < 1 .70 Broadcast 125IM. KaO per acre lIS soon as convemont 

Low 1.70-2.10 " Potassium i ·low. Potassium levels can be 0.4% lower than normal during a drY summer or during years of 
heavy-cropping. Brciadcast 100 Ibs. ~O pm- acre as soon as convenient. 

Nonnal ' 2.10 - 3.01 Potassium No further application Is needed at this timo. 
adoquate. 

High >3:01 ' : POtatsiUin above If ~g a: complete fertiJ.Jzsr, discontbmc itB use. Potassium in excess will compete with 
normal oalckmllllCf lIlB&JlOiiwn fOr uptake by the trees. 

- Ca DotIcient <0.01 Calcium Ls ' Son test fbi' possible low pH and applY high caIoimn Ume'u needed. Calctu:in uptake may also to 'lew. ' be ~ by high:levels of potanium or magnMi1DB. 
Cf' 
~ 0.01 - 1.90 ' 'Calcium 'is SoU ~ ~ possi~Ie.1ow pI{·and apply high calc:ium Iim& as necdod. Calcium uptake may aIso 

be limited by high levels ofpptaBsfum or magnesium. 

NoDDAI 1.90 - 3.51 CalciUm is 
apequate. 

High >3.5~ . CalciUlll" is 
normal 

Mg Deficilmt <0'.03 SoD _ for' possible low pH and· apply magnesium 8cS reconmumded. If soil test does not 
indicate a magnesium recommendation, apply 15 lbs. magnesium!Ulfate (11% Mg) foliarly at 
petal fiJ.1l 

Low 0.03 - 0.30 Son test' for possible low pH and apply magnesium as recommended. If soil test does not 
lnd:i~ Ii. magnosimil recommendation, apply IS lbs:. magnosium rrulfkte (11 % Mg} foUarly at 
petal fall. 

Nonna) ojO·O'.46 Magnes _lflbl1e, is needed based oo.soD test resulf3, apply B high calcium lima. 
adequate. 

mgh > '0.46 ExcesS ll1f\8IlOSium, colnp8teS with calcium and potassium tor uptake by the plants. Therefore, 
llV'old the use of dolomitic lime. 

,----.., 
( . '-~ 

' ,,- ' -
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Nutrient LeVel Concentnltion lDterp retatiOIl " Recommendation 

S Defichmt < 0.10 'Sulfur is very low. 

Low 0.10 - 020 Sulfur f.s low. 

Normal 0.20·0.41 Sulfur II adequate. ' 

High > 0.41 Sulfur ls above If sulfur Is routinoly used in cover sprays, the high levels are probably due to spray residue. 
norma ' 

'Mn Dafioient <,1 Mangl!l tle.se is very Apply D,S to 1.2 Ibs. per acre of actual manganese as foliar 8pJ'S.Y during the dormant season or 
I,ow • . after ~e fruit Is off but the leaves are still activo a¢ green. 

Low 1'-19 
, IUO is low. A:pply:O,.S to 1.21bs. per acre of actual manganese, as foliar spray during the donnant season or ...... 

, ~ the fruit Is offbul the lea~es are still BCdve and gl1!en. 

I Normal 19--: 1'51 se is 
adequa ~ .. 

~ 

f """" High :> IS! ' .1. esefs lbis most .likely ~oates a'iow s~U pH. ~U test and ,apply limo accordingly. If phosphorus 
. , ..... 

abon lOrmal and. potaasium,'lIl'8 low and. ~mganese is above normal,. thbl ' U8U8Oy indicates lCIW soil pH; 

f ' h~.: 'I( tbeX are Qot ))elow nonnal it 1, also possible that tho high level may be due to a 
~ ,",~ co'idaillhiation. . ' 

9 Fe Doficiont <40 Ironia ~low. Under ~ !iOn and climatic tonditions, an economio nrtum from the applicatiQn of iron ... 
f is. unUkBJy., 
D 

I Low 40-50 Ironb ow. Under .MalyJand- soU.and climatic COD~tionsl an eeO~c return from the application of iron 
is, lllllibly. 

Normal. .so -~Ol. Iron,iS J . 

" 

High 20l-2S'l Iron iIllbove ~'i~cmi, also be: the result of sPray residue. 
00rma4. , , 

DeficiCm I APPly 0.9-' to ,1.3.1,1". par acre of actual copper BI fbUar spray during the donnairt season or Cu <4 COP1~very 
low. aftcir tho" 1h1it Js off but the 'l~Ves are iItfll actm aDd J1Wl). 

Low 4."6 C is low. AW,ly ~.9 to, 1.3' lba. ~ aCre of actual copper II foliar BpIlI)' during the dormant season or 
after tho'thdt .. offbut ~ leaves arc, ~18Ctive and greeD. , 

Normal 6-:-26 

f 
IN 
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Nutrjent 

Cu 
(cont.) 

B 

Zn-

. " r-· 
I ' 

\ 

Level 

~ 

Defic~ 

Low 

Normal 

HigIl 

~cient 

Low 

Normal 

High 

CO~il~tioll 

·26 - 2fll . 

<11 

I} -.2-' 

~-Sl 

>51 , BOIlOO i.s:' 
., II!0rmaL 

<6, Zinc~v 

6-:20 

20 -200 

>200 Zlnols ab e 
normal . 

low.-

Rec:ommeuciatiou 

High levels can. alao be the result of spray residue. 

-Mate ~~ .ap,pHcatiomJ of 0.75 lb!. per acre, of actual' boron (3 lb!. per acre of Solubor®, 
20.5% B) ai 8 ·blOom and petal fall spray or • ~ pGst~h.arvest foliar spray of I.S lbs. of 
ac;tnal :. boron. : fO,liar ... i.s are. IflSI' IIbly to ~ to'ideity· &yJIIptvms than are soil 
8'pi'~0IlIl.. Do not 'exceed 1.6 Ibs. per aero per l'1'8I'. Ratest. the block next season. 

Apply. 0.75 lbs. pel: acre. of actual boron (3 lbI. per acre of Solubo~, 20.S% B) as B bloom 'or 
post.:~,foIiar. spray. Folia! sprays m Icsa Ukely to bldui:e toxicity symptoms than are soil 
applli:atieds: Retest the block next season. 

Do.~. apply b~~. Watcb fur toxicity ~ e.g. necrotic lesions on leaves, 
criDk:UDg Of ri:iar&ioa.an4.tfps ofteaves. recfucicd flower bud. fimnatton ~d set, and pit splitting. . . . .' . . . 

. - . 
Apply- 3.2:1bs. pet!ICR' of aotual zinc as a 1bUar Bpl1Iy after harvest whlle the leaves are still . 
~ aDd,ireen Or ,ftl tbe. dormant aoriBon.before ~ bm;IS break. Broadcast soU applications of 
zinc can be: made IU1}'t:Ime at: a rate of 6.4 to' I2..J Ibs. per Rae of actual zine. Oround 
III!Pn~ -ofdnc .ro not normally II etJilctlw, es~faIJy Uader high soD phosphorus levels. 

Apply 3.2.: lbs. per acre of ac:tual zinc as a (ollar spray a:fta' barwst while the leaves are still 
actiw and ~'or in the ~t season before the buds break. Broadcast soU appUcations of 
zinc caD be made ao.ytfme at a rate of 6.4 to 12.B lba. per acre of actual zinc. Ground 
applicatioo& of zinc are not normally as eftectfve., especiB1ly under high soil ~hospborus levels. 

~ lovel8, can also be the result of spray muwo. 
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Nutrient f.:evel.. . . ' Co~~b'atioa' 

N Deficient < l.3S 

Low 1:.3S - 1.60 

I NormiU· 1.60 - 2.41 

I -
{ ~ ~ HJah >: 2.41 

f p Doficlant <O.1S , . ( 

Low 0;£5 - 0.18 

Normal 0.t8 - 0.26 

>0.26 

f ... 
\01 

Jnterpr .. 

Nitrogen . 

NItrogen 

,~ 

Appe~dix3' 

Pear (Any) 

D R.ecom.m~dBtIon 

. Incieae '!L1ication I1Ite by 50% unlen ~or . nmovative pnming will be perfumed this 
wiDtrJf, in 9li case iDcrease BppUOldon by 0Illy 25%. Valnea lower than 1.34% may indioate 
o~~ · PrO~Iems. .RxiuptnO tho trees .closely and retest next year. Shoot growth can belp 
~ your nitrogen program. Bearing trees should· bavo 12 to 16 inches of shoot growth 
'per~. 

low. ~ application rate by '25% unless shoot growth was excessive or if ~or renovative 
~ ·wUi ~~ . pcd'oImed' tb:is winter • . Shoot gwwth can· helP dOtmntno your nitrogen 
proga:am. Be8rmg t:reea should h8.w 12 to 16 Incbe! ofsboot groWth per year. 

~~te. GoIltiDue p~ practices If tmminal growth was adequat8 and fruIt color satisfactorY. If tmminal 
growth WI5 eDtOe8Bive, ftnit .color lnadeqtJBfc or 1DI\Ior nmowtive pruning wu performed, the 

• 1IIIIl10 or • ieduction in rate of appliCation of nitropn ~ in orda'. Shoot growth can holp 
'dBtennine your nitrogen program. Bearing trees should hive 12 to 16 inclles of shoot growth 
pm'yau-. 

Reduce rate of application unless shoot growth was inadequate, crop WBS light this year or 
renovative' piuning was pedormod the previoua winhIr. Shoot growth C1IIl help determine your 
ni1rogen proaram.. B8arlog trees should have 12 to 16 inches of shoot growth per year. 

JaW[)' BroadC8Sl1S0 Ibs. P~O, per acre as soon IL1 oonvenlm .Rcltest next year. In Maryland, the 
Pbosphprus Site Index must be performed before adding lilly phospbate-bearing fertilizers 
when son t=It FIV-P Is ISO or~. 

Is low. Broadcut 125 lb!. P:tO, per, acre II soon as COQvcnitJDt. However, unless ph08pbD1'U8 Is 
~~ it is 'unlikely you will ~ a response to surfilco-eppUcd P on trees oldor than 5 
ye&n!. In Maryland, the ~OBpborns . Site Index must be performed before adding any 
pbospbat:&-bearing fertilIzer.; when soU test FIV~P Is 150 or greatm". 

is No further appUcation is needed'. thJs· timo. 

PbosphonlS Is above If using a complete fertilimr, discontinoo its use. Bx.cesaive levels of phosphot11S can increase 
noimal. problema oflJnc and copper deficiency. 



Nutrient Level Contel1tratio~ Iltterpretatfo II· . R.,a,mmeudation 

-K Deficient <0.16 P~lmDiS, [mY . ~·125 lbs. ~O per aae as soon as convement Retest next yW". 
low. 

Low 0.16 -0.20 Pota$mlsl ~w. Broadcast 100 Ibs. KzO per acre as soon as convenicot 

NCIlD8.l .0.20 • l.lll . Potusium is · No ~ appUcation Is needed at this tbne. 
~uate. 

High >2.01 P~lumJa. ~ve . If usiDa a ~~1CIto ~. d1scontinuo its 1IIe. Potusimn in excess will compete with 
. nonnal. .. ca1cimn IDl QlIIIPe8bmi for uptake by the treeI. . 

Ca Defioient <0.10 Calcium is ~I.'II if low .. SoU toll: for possiblo low pH apd .apply high ~ lime aa needed. Calcium uptake may also 
be Jhnited ~y high hwels oipotassium or ~ 

Low 0.10-1.30 Calclmn iii.lQ.~Ir. Son toll: for possible low pH lind s:ppiy bfgb calolum ~ as needed. Calcium uptake may also 
be Hmfted by blgb l~Js ·ofpotusium or maanosimn. . . 

Normal 1.30 - 9.01 Ca1clumlsad ~te, -tc High > 9.01. Calcium Is ab ·ve 
0'1 normal. 
~ 
go 

Mg Deficient <0.05 Magnesium is very Soil teat for possibte low pH and IJIply JDagD8Sium as recommended. If soil test does not 
low. indicate a magnesium recommendation. apply IS Ibl. magnesium sulfate (11 % Mg) fbliarly at 

petal filll. 

Low 0.05 - 030 Magnesium. is low. Soil tust for possiblo low pH and apply magnesium 113 recommended. If soil test does not 
Indiclde a magDDSium ~CI1dation. apply IS 1bI: DJ88110sium .sulfato (11% Mg) fowly at 
petal &lL 

Normal 0,30 - 0.61 Magnesium· Is If iime Is needed based on soil" test results, apply a hJgh c:alciwn lime. 
adequate. 

High >0·.61 M;agneslum is lahove ~ m:apesuan ~ with I:8lcium and potaaaimn for uptake by the plants. Therefore, 
~ avoid: 1be 1l!ID of dolomitic lime. 

S Defio1ent <0.09. Sul1brlt~ ~w. 

Low 0.09 ':0.17 SulfUr is low. 

Nomi.I.1 0.17-0.26 Sulfur is ·adeq i8tt,~ .. 

Hl~ > 0-.26 Stlltur is abov 
norinat 

(\ ~ 

\. \ 
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Notrleat Level CoiicentraUoJl .. IDterpre~ rtiOD Recommendation. 

Mn Dcmclent <5 .... .... i9very Apply O.S to 1.2 Ibs. per acre ofactu.al maopnese as a foUar spray dwing the dormant season 
low. or ~ fruit ia of{bul tho leaves 8f8 ~ active and green. 

Low ,~ 20' Mangane& 181ow. Apply O~ ~ l.llba. .pt;' acre of aCtual manpMSe as B follar spray during tho dormant season 
. onfter ~ rs otfbut the leaves are. still. &etM ~ ereen-

Normal 20· ~ 199 is 
adequate. 

HIr.h > 199 .... - IS above Thi.B moat likelY in~aw:s a low soll p~ Soil test and apply llme accordingly. . -. 
normal 

Fe Deficient <40 !ron is vcr: V tow. Under Maryland lIoil ~ climatic conditions, an economic return from the application of iron 
is uiill1cc1y. 

f Low 40 -SO Iron Is 10l\ UndCr Maryland soil and climatic conditio~ an economic ~tum from the application of iron 
is unlikely. 

! NonnaJ 50 ~400 Ironlsllr: -i . 

~ 
HIgh >400, Iron is normal. 

I Cu Deficient . <2 COPP!'C is ery low. Apply 0.9 to l.2lbs. pel acre ofactnal COPF during the dormant scason or after fruit is offbut 
the 1eaYE!8 are Still .active and green. 

! Low 2·6 Copper is Apply 0.9 to 1.2 Ibs. per acre of actual copper during the donnant season or after fruit is otTbut 

i 
ow. 

the-~ are stilJ active and green. 

NOIlIlBl 6.~ '25 

HIgh >25 Cupper is e 
notmal . . 

B Deficient <.s. Soron.is Apply 0.8. to 1.6 ~~ per aere.ofactual boron (4 to 8' Ibs. ofSolubor. 20.5% B) as e foliar spray 
either. cfuI:ing. b~.m or after harvest while the 1eawa are stfll ~ve and' green. Ground 
applicatlcms· of boron. aro not normally lIS effi:cttYe, or 8B caB)' to apply a.s the foliar 
applica11mis. 

LoW 5 ~3S B~1s Apply. 0.8 tQ 1.6 Ibs. per acre of actual boron (4 to 8 lbs. of Sombor. 20.5% B) as B foliar spray 
, e1tbC:r durin&. bloom or aftm' harvest while tho (caws are sdIl active and green. Ground 

f 

BP.Plicatf~ . of boroo arc not normally as effective, or u easy' to apply as the foliar 
applbtions. . 

1 Normal ' 35 -80 

B~Sl-' 
w 



Nutrient Level Co1tt8DtratJon lDterp~UoD RecommeudatJou 

B High >80. Bero,n.1B above Do not apply foliar or iround applications ofboron fertilizers. 
(CODt.) normal. 

Zn Deficient <5 Zinc i3 very low Apply 3.2.1bs. per Ba'C of actual zinc 85 a foliar spray after JwVest while the leaves are adD 
ac:ttn and Po C1C in the dormant season before the buds lnak. Broadcet soil applications of 
zinc can be made anytime as: a nrte of 6.4 to l2.8 Iba.; per ~ of actual zinc. 

Low 5-20 Zinc is lew. Apply 3.21bs. par'acre ofaotuaI zinc as a follar apray.after bamm while the leaves are still 
active. and gnIOIl or in the donoant seaSon before the buds break. Broadcast soil applications of 
nne can be made at a nde of6.4 to 12.81ba. per acre ofactual zinc. 

Nonna! 20-200 ZInc is adequsie 

High >200 Zinc Is above 
normal 
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NutrieDt lAvel 

N Deficient 

Low 

NDIJD8.1 

High 

p Deficient 

Low 

Normal 

ConcentratioD 

<~oo 

2.00-1.30 

2.30-331 

>3.31 

<0.20 

0.20'- 023 

0.23 * 0.38 

N 
. low. 

'.--./ 

Appendix 4 

Cherry (Any) 

R.eto~mendadon . 

Is VfIrJ In~ applkation rat.e by SO% unless lIU\for renovative pnuiing wllJ be perfomed this 
wiIm:Ir, In: whiCh cae ·focrcase applioatian by only 25%. VBlues lower than 1.80% may 
indicate other problems. Examine thC trees ~losely and ret8st next year. Sooot growth, can help 
detmnino. your nitrogen prognun. Bearing trees sh~d have 18 to 24 inches of shoot growth 
per year. 

is low. Increase application rate·by 25% unless shoot growth was e.xcessin or if mEijor renovative 
pruning will:be pCrfom1eci this winter. S.hoot growth cab belp dctennf.ne your ni~gen 
progrmn.. 'Bearing .trees should have 18 to 24 Incbea of shoot growth per :Year. 

~ past pnctices if 'tenninal growth was adequate IUld fruit color satisfiwtotY. If 
~ growth . was eltceafye. fiult color Imldequato or ~or renovative pruning was 
PtnfOl~'the same or a reduction in rate ofapplloatioa ofoitrogen is in order. Shoot growth 
~·bo4» doteonJne. your 'nitrogen progrmn.. Bearing treos should havo 18 to 24 inehes of shoot 

'~.~~: " 

is ~v.,.. -R.C;du~. bf ¥plication' unless- shoot growth was. Jnadoquate, crop was light this year or 
~ }mming:~ perfoimed the pnM"OUB whttw. ·Shoot growth. can help determine your 
Iiltfo&.Cri-'~Kf8IIL' Bc;.mg.tteDS should have Ut to 24 Inches of shoot growth per year. 

~iB 
ftrYJW' 

. ,- . . ' . 
Bi'oadout [SO lbs. p,O$ per' acre as soon· as con:venieIlt. Retest next year. In Maryland, the 
'P.hO~ . S~ IDdoJt m1l8t: be performed before ~ any phoaphate--bearlng fertilizm 

Pho . o~. is 
low. -

when. ac;IU 1eBt.FIV:-P, is 1S0 or greater. ., 

B.~J2S)bs.. P-J), per e:cre as soon as convenient. However, ~less phospborw;; is • 
~It is-uollb1)l you win see a relpOJlJl to ~appUedP Oll'trees older than 5 

. yaats: In MaIylanQ. the Phosphorus-~ Indcsx must be peaRamed before adding any . 
ph~phate-bearing fertilizers when soil ~ FIV *P fa 1 SCT or greater. 

If,WlIDs a ~~etc fmtilizer discootJnue i1s use. Excessive lcvela of'phospboruJ can increase 
p-obl,eum of dnc arid copper deficiency. 



Nutrieat Lavel 

K Deficient 

. Low 

Noimal 

High 

Ca Deficient 
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[ 
Normal 
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Mg 
i 

High 

Deficient 

!: 
to · • " II. Low 

Normal 

High 

S Doficf.ent 

Low 

Normal 

J 
I 

(" . II 
1::1 ,.. 
1,01 \ . 

Coneenntlon 

<0.80 

0;80- L® . 

1.00-1'.91-· . 
) . 

> 1.91. 

<0.30. 

'0.30 -1 .. 60 

1.60 - 9.01 . 

>9.01 

<0.03 

. 0.49'- 0,65 

> 0.65 

<0.10 

0.10 - 0.15 

0.1"·0,j0 

CalcIum Is wry 
low. 

Calc~ is low. 

i9 

is 
at 

R~mmendatfOQ 

Broadc;ast 100 Ibs. KtO per B.CI"e a8 soon as convonieDt. . ", . 

No further app~ is needed at this time. 

If :usD;Ig. a 'C!Omplete ~:discontiI;lue_ it& use.. Potassium in excess will compete with 
~;.~.tn.agDesfiIm for upIake by the trees. 

SoD tett.foC p08Sl'ble low pH and apply bIgh C8~ lfme as Deeded. Calcium.uptake may also 
be If:mited bY high leWis of potassium or magnesium: . 

. Soil f:est.t9t ~le loW pH IiDd apply hIgb.eak:1um ~. II. neo4od. Calcium uptake may also 
be limited br~ ~ ofpo(asBium ~ ~osimn. .. 

Soil' test . ~ possible low pH and apply niagncsimn 118 recommended.. If Boil test does not 
Indicabfa magnesium recommcrufation, apply 15 Ibs. magnesium suIfilte (11 % Mg) follarly at 
peml·fiill. 

SoA tart ~ ~Io low pH and apply magnestum as ·recommended. If soil test does not 
ind1cate. a. m8anesiwn rocomme.ndat;ion, apply 1 S 1b8,.magnosiun:i sul&te (11 % Mg) fuUarly at 
petalfa1l 

If.lfme is needed based 00 soU test results apply a high. ca1cimn lbne. 

axoe",. maanostum oompctce with calcfum and potassium for uptake by the plants. Therefore, 
avoid the use of dolomitic lIme. . 

.) 
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Nutrlont Lvvel ConeeGtnitton 
.. 

S (cont.) ~ >0.50 

Mn Deficient . <s 

Low ~.- 18 

Normal l&~ ISO 

HIgh > ISO 
-

;r 

i Fe Deficient .<40 

I - LOw 4(1'-50 
to 

~ 0\ 

I ~ Ncmnal 50 ~400" tJ,J. 

HIgh >400 
I: • • ! en Deficient <1 

Low 1·6 

Normal 6-2~ 

.High >26 

r. 
r , 
t 
>I 

Interjn tattOD 

SUlfur is ~ noniml. 

M "Is 
very lo~-

MIID.g1!.D.E ~ls 
low. 
,., 

8 is ' 
adoquaJe 
,. ... is .. 
Iboveno ~ 

Iron Is vc itY low. 

lro.Q. is 10 ~: 

Iron Is T . ' 
~ 

. Iron is all ave 
normaL 

Copper b very 
low. 

Copperu low. 

Q)pperll 
arlequate 

. Coppcru above 
DOImal. 

R.ec:ommeadadon 

Appl1 . .0.5 to- l.l·lbs. per acre of acnW manganese as a follar spray during the' dormant season 
or after ~ js otrbut the leaves are still ~ and green. 

,. , 

Apply' OS to 1,2·lbs.. per acre of actual manpnese as a foliar spray during the dormant season 
'or after fruit iii offbut the leaves are still' actiVe and green. , . , . 

:Ib1s-lIlIQ' indl~ a'low soil pH. Soil test. and apply lime accordmgly. If a recent soil test 
indioafes .~Bl pH. the bJgb llWlgaIleaO is probabty tit" result of spray residue 
qoDtatDination. ' 

Under Matyland soil ~ climatic conditiODS, an economic return from the application of iron 
is unlikely. 

Undtlr Marjland soil and climatic cenditions, an economic rctum from the application of iron 
ia~IY. · . . 

Apply 0.9 to 1 j Iba. per ac.re of actusl capper duriDg the dormant season or ·after fiuit is off 
but the I~ves are still active ~ gl"CM. 

Apply.0.9 to 1.3 Ibs. ~ acre of actual copper durlng the dormant soason or after fruit is off 
but the leaves are still active and green. 
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Nutrient 

N <L60 

Low L60 ·1.80 

I 
J ~ ... ttl 

f~ 

Nonna! 

High 

1.80 ~ 2.61 

>2.61 

f • I. -p Deficient <0.07 

Low 0.07 ~ 0.09 

0.09-0.30-

> 0-.30 

' . 

.~ 
".--.-/. 

Ap~:e~~~ .. g ' . 

. P.1~m·(~ny):, 

is low. 

iaabove 

R~m~eDdatloD 

". ~ awHcaJ;it?D ~ by SO% unltJa major nmo~ pruning will be performoo thls 
winter. iJI ·which ·case increase app~ by oaJy 25%. Values. lower than 1.39%, may 
lndi~ other probloms. Examine. tho tRe8 cloeeJy EIIld retest Iioxt year. Shoot growth can 
help dOtmmfno your nltropo prosnm- Bearing tRoa should have 18 to 24 inches of shoot 
growth par year: 

Inoroasc applicatiOlLI1Ite by 2~% WEIll aboot arowth WIS I.U~ or if DU\J or 't'6novative 
~ will be perlbrmcd' this wimer. Shoot growtti em help determine your nitrogen 
~grai;i. ~ nes ~Inlld have 18 to 24 inches of shoot growth per year. 

~thiue:;~. ~ if terminIU JIl'OWth waa adequate and ftult color satisfactory. If 
~,.~, Was tl:lDe8sivc" fruit calor iDadcquate or. major renoVlltive prwiing. wus 
pcmBmed;. the samo or a reduction In nde of application. of ~~ Is in, order. Shoot 
gTowtIi Can' help determine yoar nitrogen proJtam. B~ 1rees should have .. IS to 24 
inches of lIboot srowth per year. 

~ rate of .application tmlcss shoot growth was inadequate, crop was light thls year Dr 

rmQV8dve 'pnining was performed the prmous winter. Shoot growth can belp determine 
~nitrogen progmm Bearing troes should have 18 to 24 inches of shoot growth per year . 

BroadCast ISO lbs. P10, per acre as soon as convenient. Retest next year. Values this low 
Indicate the possibility of severe problems. ID Maryl. the Phosphorus Site Index must be 
perfmmed befOr.e adding any pbospbat:e-bearin& fmtilizen wben soil test FIV-P is 150 or 
gmter .. 

,Phodarus Is low. Broadcut l~ I ba. P.zO, per acre ~ soon IS ooEM:D.Ient. However. unless phosphorus is 
fncOEpatllted it Is unllbly you will sec &.respol1Se to smtBce-applied P 00 tr~-older than 5 
~. In Maryland, the Phosphorus Site Index. mUst be performtld before adding any 
ph~ ~ when soU ~ FlV·P is ISO,or greater. 

, No iUItherr app~n is ~edat ~ time. 

:~:.~ a ~Iote , ~ ~cotttinne its , use. ~ lowls of phosphorus can 
.. fn~·prOb1eDiS'·of:dnc ao4'copper d~cf~. . 



Nuttient .·Level Coillu~tion '.' Intel) r,eta~OD, Recommendation' 

K DeHcient <: 1.05 Potass~ 
low. 

~ isverr ~ 125 I bs. ~O per. acre as soon II couvonicmL Retest next )'eBI'. 

Low 1.95·1.10 Potassiw ~ 'islow. Broadcaat 100 lbJ. KzO per acre as soon u convanieDt 

Normal 1.10·2.91 Potusiw ~ts 'No t\trther application. II needed at thIs time. 
adequmtJ 

High >2.91 P0(as8iw ~ is above . If usma a oamplcte fertilim". disContinue itB USD. PotwiDm in excess will compete with 
normal. Calcium and IIlIIgDeSlum for uptake by the trees. 

cit Deficient <0.10 Calcium ~ YeI)' SoU.fest for possible low pH and apply h.lIh calcium lhue as DOCded. Calcium uptake may 
low. also be limited by high levels ofpotasaium or mqoes1um. 

t Low . 0.10 - 1.00 Calcium is low. SoU test for posalble low pH and apply hJ&h caJcJ:nm lime as needed. Ca1c11IDl upl1lke may 

t also lie limited by hi&h levels ofpotassimo. or maanesium. 
• J Nonnal 1.00·9.01. Calcimn " 
10 

!! 
ad~ I 

t ,... 
t t!t1 High >9;01 Calcium ll.above 
" .. Cf' normaL I w 

0\ 
Mg Deficiept <0.03 M is very SoU 1est for pOssibie low pH mel apply maioeaium as recommended. If soil test does not 

low. Qldica!e,1l i:naaDesium. ~mdation, apply IS Jba. magnostum sulfate (11 % Mg) foUarly 
at~lfalL 

0.03·0'.20 Magmish ;m is low. son· test for possible low pH and apply magntlliom as recommended. If soU test dDe$ not 
~.& ~ recommendatiOD, apply IS lbs. magnesium su11B.te (11 % Mg) foliarly . 
at petal: fiill. 

Normal O.20-0A6 u .. . .. 
is Iflin;le Is ~ bUed on soil test remits apply a high calcium lime. 

,~ 

adequate. 

High > 0.4() Mapsil: ~. Bx~ magnesium competes with calcium and potassium fur uptake by the plants. 
above DOl 'l1iorefbre, avoid 1he ose of dolomitic ~. 

S· DefiCient <0.10· Sulfur is [err low, 

Low O.lQ ~ 0".15 s~1.s rlW. 

Normal 0.105 ·0.50' Sulfur is .. 

~ 
I 
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ND.trlent Level 

S (com.) H1gb 

Mn, Deficient 

Low 

Normal 

HIgh 

f Fe . Deficient 
Q, 

f - Low ... &, 

f , ~ Normal -..l 

! High 

f 
I Cu Deficient 

Low 

Normal 

Iijgb . 

Co neentr:wtlo 0 

>0.$0 

<s 

S - 17 

17 -200 

>200 , 

<40 

4Q-,SO 

50'- 400 

>400 

<1 

f-6 

6, ~26 

>26 

Apply 0.5 to 1.2 ibs; per acre of actual mangaDeae u !ollar SPill)' dtJring the dormant Beason 
or after tho fruit is off'but the leavus are still aqivo and green. 

Apply 0.5 to 1.2 lbs. per acre of actual manganese as foliar spray during the donnant season 
or after the fhLit is off but the leaves are still &ctive and green. 

.lV.uuIWlJ~ is above. J11iB most .Likely indicates a low soil pH. SoD test and apply lime accordingly. 

low . 

Iron is ow. 

c is',very: low. 

. , 

1Jad~ . . 

is above: 

'U.Maryl;anct son and, climatic conditiO[IJ. an ccanonUC! return from the application of 
ironis~ly. ' 

U~ '~lB;nd. son and climatic condidODS, III eeonomic return from tho application of 
Iron: is, riiillkely. . 

APPlY 0.9 to l..llbs. per acre of actual copper. foUar spray during the dormant season or 
~ dio fnlit is off but tM I,avos are stfll bdiva aDd'green. 

,A,pply O .. 9"w 13 lbs. per acre ofactua1 oopper II fuliar spray during the dormant season or 
after ~e: f:iuh is oft' ~ tha leaves. are still active lind green. 
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Nutrient _Level 

B Deflci511t 

Zn 

Low 

Normal 

High 

Deft.clem 

Law 

NcnnaI 

High 

ConcentratioD 

<5 

s-~ 31 ' 

31 - 81 

>81 

·<5 

5 -20 

20.- 200· 

>200 

loterp fetation 

Boron is- my Jow. 

~h; ow. 

Boron is ~Btc, 

Soron'is Dove 
DOIIDIil.. 

~favc rylOw. 

ZInc is 10 IV. 

. .Rec:ommendatioD 

,ApplY 0,8 to Ui 1b8. per acre of actual boron (4 to 8 lbs. per acre of Solubol®, 20.5% B) as 
foUar spray during the dormant ~ or after the fruit Is off but the leaves are still active 
anci green. Ground applicatiocs of boron are not normally as effective or as easy to apply as 
the tOUu applicatioll5. 

,A,pPly. 0.8 to l.~ Ibs. per acre o( actual boron (4 to 8 Ibs. per acre of Solubor«>. 20.S% B) a.s 
fbliar spray du$g tho dormant 90880Il or after the fruit is off but the leaves lire still acUVtI 
aDd ~ ~ applleatiODS of boron arc not uormal1y as effectlve or as easy to apply as 
the.fo1iar app1icatiODS. 

: AM ~.2' 1bI.. pet IJCllI 0( &cIUal ziDp III a foliar SJDY. aftar barvon ~ the Jeaves are still 
.~~~.~ or m tbe domiant season betbre the ~ bre8k. Broadcast soil applications 
oh!blc· CaD be mido anjtfme at a- rate . of. 6.4 to 12;.8 lbs: per acre of actna1 iinc-. Ground 
ap'pU~bns. of zfnc life nOt normally as offQottve, especially UIlder high soil phosphorus · 
levels. 

~wly, 3 .l.b. ,par fIC[e of actual zinc as a follar spray Ilft8r harvest,while the leaves are ,BtlU 
actfv~"and green or in the dormant season bctb{e the buds break Broadcast son appUcations 
of' me em'be mado anytime at a rate of 6.4 to lz.! lba. per acre of actual- zinc, Ground 
applications of zinc are. m* normally as eftective, eapeda11y under high soil phosphorus 
leveb. 

. ~ 
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Natrtent 

N 

p 

K 

i 
I 
'-t 

Level 

Delic:ienl 

Low 

Noimal 

High 

Deficient 

Low 

Normal 

High 

Deficient 

Low 

Coneentntion . 

< 1.65 

1.6~ - 1.70 

1.70·2.10· 

>2.10' 

<0.06 

0.06·0.07 

0.01- 0.1 It 

>0.18-

<0.35 

0.35-0.40 

I') 

Appendix 6 

Blueberry (Any) 

is very low. 

lteeo8lmondatioD 

~crel8e. rate of nitrogen application by 10% for each 0.1 % the sample is below desired 
leveL Ihoil pH Is abovo 5.0, ose ammonium sWfale; if below 5.0, use Urea. Do not use 
anlr;nonfum nitrate or oPloride ~. APPly DO later tImn April 20. 

' lJ low. ' ~~~t8 of.nitrogen appliceli~ bY 100.fur' each 0.1 % the sample is below desired 
. ~l.:.I(ROn··~ m ai)ove S.O. use IrmmOnlurn lIulftste; if below 5.0, use urea. Do not use 
.BIDJP.,onnttn nitrate or cbloridc fm1ilizers. Apply no Ja1er than Aprl120. . . . ': . '. . 

. ' 

is "Bdcquate. N (, Idter8don of pmsent program is 11ec:eI:wy. . . . , . 

is li;bo,", . 

P'hos!:4lorll3 Is wry 
low. 

P/1ll'mhnrus is. low. 

P'otulillum is very 
low. 

Po·fuRtnm" low. 

Reduce 'rate' ofnittopo. applica&n by 10% fir each' 0.1% the sample ~eds des~d 
: ~l; If·aoJI. pH is abhve 5.0, tile IIIIDDODium sulb; ifbclow S.O, Wle urea. Do not we 
aminOnium nitraIe or chlorido fertilizers. . . 

Apply 180 Ibi.. per acre oftrlple ~to (046-0) at any time. Retost next year. In 
MatyIaDd, tho Phosphorus Site rndex DRJSt be parfunned before Bd.dicg any Phosphate­
bearlDg ~ whe'n soil test FIY.p fa 150 or gMt8r. 

. . 
Apply l80 Ibs. per aero of triple SUperph08pbale (0-46-0) at any time. However, unless 
phosphorus. is lDcarporated. it is unIlkely yua will Bee a resp()nae. to surfaclHlpPlied P on 
bushes 'older than 5 yean. In Maryland, the PhoIphoras Site Index must be performed 
beron, adding any phoaphat.bearin.g fertillizrs whOD soll teat FIV·P is 15.0 or greater. 

Omit phosphate from fertilizer prosmn. 

Apply 400 · l~. per acre sulfate of potassium-magnesia or 160 Ibs. per acre potassium. 
rulfBte In fall or early spring. 

Apply 400 lbs. per acre sulfate of potassium-magnesia or 160 lbs. per acre potassium 
suI1Bt8 In fiill or early spring. 
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Nutrient 

K 
(CODt.) 

Ca 

..- Mg tlJ 

~ 

S 

. ~ 

( 

Level 

Normal 

High 

DeficieD1 

Low 

Ncmna.I 

. High 

Deficient 

Low 

NormaJ 

. High 

Deficient 

Low 

Normal 

High 

Gotll:eutriation tlon· Recommendation 

0.40'-·0-.65 .. 
If.petas.sitmitma~um ratio > 4.00, omit potassium "from your fertilization program to IS 

~ the balance between potasSiu:m and- magoesbun In your plants. 

~0.65 " above Omit potassium. from fertilization prognIID. 

<0.25 Refer to Boil test; and apply lime as needed lfaoil pH is below 4.0. Apply 1000 Ibs. per IICre 

ofcalcfum aul1kte In fill or early !pring IfpH Is above 4.0. 

0.25 -0.30. Refw to.soll test aud apply limo as n.eoded ulon pH is below 4.0. Apply ~ooo lb!. per acre 
of~cium sul1\1te in 1iJ1 or earlY, spring ifpH iJ above 4.0. 

. 0.30 - 0.80· CaIcitml. is ad~. . . No Bltand:ion ofpresem IXt!gram is necesury. 

>0.80 Refer to soil test for pH adjustmrm. 

<0.l8 lavery Rcfbr to soJ,I test and apply dolomitio llmustone if pH Is below 4.0. If pH Is above 4.0, 
apply 250 Iba. per 8mJ of magnesium BUlf1du or Ole 400 Ibs. per acre su118te of potassium-
magD6Iia ifpo~ium is ~ low. Apply In fiill or early spring. 

0.18 - 0.20 Magocs um is low. Rotor to son test and apply dolomltic Ilmostone if pH is below 4.0. If pH 19 above 4.0, 
apply 250 lba. per acre of magnesimn sulfate or use 400 lbs.. per acre sulfBte of potasslum- , 
magnesia ifpotaaslum Is also low. Apply in fiill or early spring. 

O.20~030 is "If potudum/mAgDosfum ratio b > 5.00, iDcnIase ~um appUcation to a total of 80 
Ibs.. per acre aclllal magnesium to ~rove the balance between potusium and magnesium. 

>0.30 May indicate hlah Soil pR Refer to" soU test. 

,<0.06 vf1fY low. 

0.06 - 0.12 

0.12'- 0.20 N~ ~ ofpresent program is ilecessary. 

>0.20· 



Nutrient - Level Co~centration 

Deficient <45 

. ~ 

Low' 45 - 50 

Normal SO ;500' . 

High >~OO 

Fe Deficient <65 

Low 65 -70 

Normal 7(t- '300 . 

lngh . >300 

Cu Deficient <4 

Low 4-S 

Normal 5 -IS' 

t 
lot 

R.ec!ommendlitioD, 

M ese is VffTY Apply a foliar spray of 6 lbs. per 100 pi per acre of manganese chelate twice during the 
low. growing 'season. If product label is dfffiIreot from this recommencWion, foUow label 

Mat.pnICS8 is low~. 

sols· 

PFu.-
Iron.' very low. 

Iron' low. 

. recommtmdati0D5. 

Apply. B fOllitt spray of 61bs . . per 160 pi 1* am ofmangenose chelate twice during the 
groWing Be88OD. If product label is ~ from this recommendation. follow label 
~Cndations. . . 
No·a1teratioo ofpresem program is ne"Ol8~ 

Refer tQ soU·test rrir possible.pH adjustmrmt. 

APPly. foUar JPI1lY of6lbs. pc;' 100 III per Ibn ofiroo chelate h;llate swnmcr md again 
after blOom the following year, but cbeck. product label and follow its recommendation. If 
... oa.d1tiQll perslstB. for several OOJlBecutive years md soU pH is within desired range (4.S -
S . .()~ apply 2S Ibs. per acre of Iron cbelUe or 15 Iba. per acre of torrous sulfate to soil in 
early spring. If product label Is dfffenmt ftom this ~ndation. follow label 
recommendation. 

) 

Apply a foliar spray of 6 Ibs. per 100 gal pe~, acre of irOn chelate in late summer and again 
after b1OOn:t the following year, but check Product label and follow its recommendatIon. If 
condition penJsts fur several coosecutlve ye&rli and /loll pH is within. desired range (4.5 -
S.O), apply 25 lbs. per acre of £on theism or IS IPs. per acre of ferrous sulfate to soil in 
early spring. It product label is different from thls- recommendation, follow label 
recOinmcndation. 

Noaltandion of present prognuu is oecesmy. 

is very low. Apply a post-bloom and post-harvest spr1lY of 21bs. per 100 gal per acre of copper chelate. 
Ifproduct.labct Is d1:1ferent from this recommendation, follow label recommendation. 

, -

is low. Apply D. post--bloom and-post-harvest spray of2 Ibl. per 100 gal per acre of copper chelate. 
If product labol t, -different from this reCommendation. follow label recommendation. 

Cm:lDet'is adtIquate. No alteration of pmem program is D.eCeSSat}'. 
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Nutrient 

Cu 
(cont.) 

B 

,.... 
tl; 

Zn t 
tv 

Level .C~n~trati.on 

HIgh > 15 

Deficient <29 

. Low 29-30 

Normal .. 30 - SO 

High >50 ' 

Detlchmt <9 

Low 9'-15 

Normal IS- - ~~ 

High >30 

Interpr tion Recommendation 

No application neoessary. 

Boron Apply 1.5 lbs. per 100 pl per aero SoJubore (20.5%~) as a foliar spray In late summer 
and apm daring early bloom. If pr:oduct label is differeat from thJs recommendation. 
follow label recOmmendation. If condition pamsta for several CODBecutivCl yean; and soil 
pH is wfthhi- desired range (4.5 - 5.0), apply 5 Ibs. per BOre Solobor$ to soU surfiI.ce in 
early spring. 

BorOn . low. Apply 1.5 Jbs. per 100 gal per ~ SoIubot® (20.5% B) as a foliar spmy in' hlte summer 
and,·9PIn.durini·early blQOlll. If product label is df1ferent from this recommendation, 
foUCilW lIbol. ~llI!lIwmdation. If condition persists fol'levers) consecutive years and 'oil 
pH is within desired range (4.5 - S.O),. apply 5 lbs. pet IICre Solubo~ to soil. surface in 
early spring. . 

Boron adequate. NO.alteraI!on of preseot program·is DeC88S8lY. 

Boron . above Consult F.xtmt!iQD qricultural science dCIdOl' or BJDBlI ftu1t specialist if over 100 ppm. 
normal 

Apply 21bs. por .100 gal per acre zlno cbelatD post4Jloom, post.harvest and late summer. If 
product label is I'!ifferent from this recommendation, follow label recommendation, If 
eondition persists for several consecutive years and so11 pH Is within desired l1lDgO (4.5 -
5.0),lipplY 10 lbs. per acre zinc sulfide to soil surface in early SIXing. 

Zinc is Apply 21bt. per 100 gal per acre zinc cbellD post-bloom. post-barvest and late summer. If 
product label is diftinnt from tbls recommeodation, follow label recommendation. If 
~ persiBti for several coosecutlve years II¢' soil pH is wi1bin desired rBI1ie (4.5 -
S'.~); applY. 1 0 ~. per acre zinc sul1i1Ul to son surfilce. in. e:arly sprlna. 

. Zin~iB ~ NQ~ ofpreaDUt prograin is nece.rry. 

Zinc is No application nocessary. 
normal. 

. \ 
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Nutrient 

N 

p , 

K 

Defidmt 

Low 

NOIlI18.I 

High 

Deficitml 

Low 

Nonna.l 

High 

DeficiCQt 

Low 

Conceatration 

< 1',80 

1.80·2.00 . 

2,00- 3.00 

>'3.00 

. < 0.23 

0.23' - 0.25 

0.25 -0.40 

>0.40 

< 1.45 

1.45 - 1.50 

Appendix 7 

Brambles (Any) 

RecommendatiOD 

,Increae rate' of Dltrogen applJcation by 10% for each ' 0.1 % the sBIDple Is below desired 
level. Fall ~ typDl s.bould be DellI" tb~ hlgh end. of tho range. The best soun;o of nitrogen is 
ammonium nitrate or calcium nitrato. Apply nftropo prior to Aprll20. 

Inc:re8Je rate of nitrogen application by 10% for l'8Cb 0.1% the sample is below desired 
level. FaU ftuittypos should be near t:M high end of the range. The best source of nitrogen is 
ammonium nitrate or calcium nitram. Apply nitrogen prior to Aprl120. 

No altemtion of pr=sent program is necessmy. 

Redoce rate of nitrogen application by 1 ()oA, fur each 0.1 % dle sample ~cceds d~ired level. 

PhosphOJUS is Vf:CY 
Apply 200 lbi. per amv triple supelPhoaphaD (D-46-0) at any time to soil surfilCe. In 
Maryland. the PhosplioruJ Site Index mast be pafcawed beforo addJng any phosphate­
bemin& ~ when softtBst FIV-P Is lSO or gRI8t8r. low. 

Apply 2.00 Ibi: Per acre triple superphosPhate (0-46-0) at any tim., to loil surfilce. In 
MIryt8nd;, the Pho8ph.orus Site Index IDUJt be perfouood bctbre aClding an)! phosphate­
bearing.~,~ son test FIV-P is 150 or greater. 

, , 

No albntion or~ prosram i~ necessary. 

Apl?,ly~ 50, ~5, 75, 9S or ItO lbs. ~,~a:e K"O for ~n,~ classes clays (including sllty 
meF s8udy clays), clay 108mB (mcludingsandy &md ~ clay lomns), silt loam and loam, 
sandy 10ains and sand&lloamy sanda, respectivell'. If magnesium Is also 'low, su1fi1te of 
pomsiiuxIHnagnetlia may also be used ,at 25 times tiie above rates. Do not uso muriate of 
poblsh. 

POtaBai is low. App1)l50; 55, 15. 9S or IlO lbs. per acre K;zO for soil textural classes clays (including sUty 
aDd unrly claYB), clay loami (lncludinJ sandy and i!lUty clay loams), silt loam and loam, 
sandy Ioams and IJ8JldsIJoamy sanda, respectf~ly. 



NutrIent Level Conc:entratloD RecommendatioD 

K (cont.) No~ 1.50·2.50 No altlnlion of Present program is nec,"S8I)'. 

High >2.50 DisCODtinue use of potassium fertilizer. 

Ca Deficient <0.57 Calcium . very ApplY llme 88 needed ifpH is leas than 6.0. See BOU test recommendation fOr a<ijustment of 
low. son p,1L IfpH £S. &re8rer than 6.0, apply 1000 lbs. per am calchnn sul1i!te. . ., .. 

Low O.~7 -0.60 CalcilDD. . low. . . Apjdy Ibu.e u Reeded ifpH is less dim 6.0. See ROn test recomn1eadation for ad~' of 
soU' pH. If pH ill greater thim 6.0, apply 1000 Ibs. per acre' calcium sul1hto. 
. . . ' . 

Normal 0.60 - 2.50 Calcium No al~on ofprosent pro,gnun is necessary. 
~~ . '. 

-• j 

r High >2,50 CBlciuni . above May ~ a higher than optimal soil pH. 
I< normal. 
~ 
I 

r. ..... Mg Deficient <0.27 Mapsi is very . If plUs. below 6.0, apply dolomitic lhnestoDe acoordiDi to soU test recommeodation. If not, 
i t7;, low. apply 200 Ibs. per acre magoesium sulfate OR IUlfD of po~ium-magnesia to son surfilce 
" • t in '* filll or early &pring. TbrcIe foUar 5pRYS of mlpoamm sulfate at IS lb!. per 100 gal • I ,. per .IICN at leaf 1:IXpBDIi0b, after harvest aod In late summer will temporarily correct the I 

1 deficicDcy • 

· Low 0.27 - 0.30 Magnes is low. If~'1B below. 6.0, apply dolomftia lbnostonc ~cordiDg to son test recommendation. Ifnot, • , 
! awlY 200 IPs. per ~ ~lum aulfiIie OR sulfBte of·potasdum-m.agncsia to 'soil· surfhce 
· hi late fall or early spring. Three· foliar sprays ofmagoeslum su.IfBta at 15 Ibs. per 100 gal 

per a£ir8 'at lea! expamim4 'after harvest and.· In I~ Slunmar will ~ correct the 
defi:ciencr . 

Ncnmal . 0.30·· 0.90 No ~r;l of present progrands necossary. 

Hl~ >0.90 Omit use ofmagnesillm. 

S Defiof.ent <0.11 low. 

Law 0.11- 0.21 Sulfur is1bw. 

Normal O.21~o.si SuIfurls No alteration of present program is necessary. 

High > 0.51 Sulfur is ove 
normal 

.. !~ r ·· r " . 
\.... , 

.... 
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Nutrient 

Mn 

Fe 

Cu 

Level . CoaceQtratlon 

<4~ 

Low 4S. SO 

Normal SO ·200 · 

High ' . >200 

Doftcient <411 

Low 48-:50 

Normal SO'· 200 

High >200 

Doficient <6 

Low 6-7 

Nonnal 7· so 

>50 

is low. 

Is 

low. 

Iroais ow. 

IroniB dequate. 

Iron is 
bormal 

Copper Lsvery 
low. 

Copper is low. 

'Recommendation . 

Apply a spray ofmangan~ sulftlte (2 100. per IOQ gal per acre) or manganese chelate (6 
Ibs. per 100 pi per aciro) after ~ but before September 15. Check soil pH, For fall 
fruiting types, apply fn lune. 

ApplY a spray of ~ganese sulfirte (2 1bs.. per 100 gal per acre) or Ill8088llcse chelate (6 
.lbs.' per 100 gal per iCl'S) after harvest but befin Septamber IS. Check soil pH. For full 
~ typoa. app~ in June. 

No altcnltl.on of pm eat program is ~IU)'. 

M&y indicate a low soil pH or ~ination by timglcide of irrigation water, CODsult soil 
te8trecomm~tD d~e need for J.fme. 

App114J.bs. par,LOO gal per acre fBrrou. sulfate or 8 Ibs. per 100.gal per acre iron cbelato 88 

a .foUJr.pmy between barvest and S~ 15. For &1l ftuitiDg types. apply in June. If 
~tloa pen1stB fur several. oonsecutiw yean and eoU pH is within desired nngc, apply 25 
lb!. ~ icre ~ chelate or 151ba. per acre fmtoua sulJBte to soil in early spring. 

Appl'y 4lbs.. per 100 gal pee &CIe tlm'oUl sul1Bte or SIbs. per 100 gal per acre iron chelate as 
"roUai ~ b:etwUOllIwvert and' September 15. For fttU ftulting typeI, apply in lune. If 
~0It ~ fur several CODSecu1ivo ~ and. soU pH is withm desired rmga. a:pply 25 
lbs. per acre'fron:cbelat8 ~ 1,5 lbs. pel' aero ftmJuI sulfide to soil in early spring. 

No ~teratiOn of~ program is necenary. 

May be toxic Jf levels ~d 250 ppm. ~inatfnD from Ipnlys may give artificially 
biih'readhJp· 
Apply copper chela (4 Ibs. per 100 pI per aao) in Il follar ~ during leaf 8XpBIlSion in 
May. If condition pcnlm for several consocatf:w ~ and soil pH is within desired range, 
apply 20 Ibl. per acre copper suUB~ to soU·1n late fall 

APPly copper chelate (4 lbs. per 100 gal per acre) In a foliar spray dUring leaf expansion in 
May. If concUtion penriib fur several co.uaewt:ive yean and sot). pH is within desired range. 
apply 20 lbs. per acre copper sulfate.to soU in late fall. 

No alteration ofprese:ot program is nccessary. 

May indicate low soil pH or contmninatiOD from sprays. Consult soU test recommandations 
to determlno tho need for lime. 
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Nutrient 

B 

Zn 

,,....1' . 
. I 

\ , 

Level 

Deficient . 

Low 

Normal 

High 

Defiolcmt 

Low 

Nomal 

High 

Coucen~tfon . 

<28 

2&· 3D, , 

30·50 ' 

>50 

< 18 

18 ·20 

20·50 

>50 

Ra:ODlDlmdation 

AppY. SoluboJe to tho soll in early spring lit 4 lba. per acre OR apply a foliar spray of 
Solu~.-(20.S% B) 81 the Rte of 1.5 Ibs. per 100 gal per aa-e in early spring. For summer 
bcann. appb,r apJn ~ Iwvest 

AppJi S9~ to the lOil in oarly spring lit 4 lbs. per acre OR apply a foliar spray of 
8~ (20;'%, B) it the rate. of 1.5 Ibs. per 100 pi per aCre in e8!ly spring. For summer 
~ apply a(a1n afttIr bBrvest. ' , 

N~,~ ofJn5CIU ~aram is necesamy. 

Dhc9JJtinu8 use of boron. May be toxia if leYels cw:eed 100 ppm. 

ztncfa ' Apply 3 Ib8. per 100 gal per acre z::lnc chelate at leaf expaD&lon and after harvest in B foliar 
spray: }tor f8ll ftuit types, apply in May and 8Iliy July. rt condition persists for several 
consecutive. years and so1l pit is withfn de!il'ed'raage, apply 10 lbe. per acre zinc sulfirte to 
the son in filiI. 

Apply 3 Ibs. per 100 pi p« acre ziDc, chelato'at loaf ClXpBDSion and a.ft:er harvest in a foliar 
spray. For 8ill ftuit 'tyPes, apply in May and early July. If condition POl'1im for sevenl 
comecutive years and soil pH is within desired raoge" apply 10 Ibs. per acre zinc sulfate to 
the soU· in tall. 

,Zinc is No alteration of pre&eQt program is lKloessary. 

Zincia1ve May indicate fungicide contamination. Toxicity may occur if lovela eJitceed 300 ppm. 
nOrmal. 

_. {'\ 
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Nutrient Recommendations by Crop 

Nutrient Recommendations For 
Commercial Loblolly Pine Plantations 

(University of Maryland Cooperative Extension, 2006) 
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NUTRffiNTRECOMNmNDATIONSFORCOMNmR~ 
LOBLOLLY PINE PLANTATIONS IN MARYLAND 

Source: University of Maryland Cooperative Extension, February, 2006 
Regulatory Citation: COMAR 15.20.08.05 · 

NUTRIENT RECOMMENDATIONS FOR COMMERCIAL LOBLOLLY PINE 
PLANTATIONS IN MARYLAND. 

Stages of Growth 

Managing the application of nutrients in commercial Loblolly pine plantations depends 
upon the growth stage of the plantation. For example, nutrient application at . 
establishment is dictated by ~il test levels for phosphorus -and potassium, whereas nutrient 
application at mid-rotation thinning depends upon.both soil test levels and, under some 
conditions, one or two indicators of tree nutrient status (i.e., Leaf Area Index (LA!) or 

_ foliar nutrient levels). 

Nutrient Management During EstabHshment 

Nltrogen (N) 
No commercial nitrogen fertilizer is recommended for establishment of Loblolly pine 

plantations. 

PhOsphorous (P) aDd Potassium (K) _ 
Application of phosphorus (P) and potassium (K) to areas of Loblolly pine 

establishment is based on the amount of plant-available P and K. already in the soil, as 
----expt~y ~-~ex-va1ue (FrY). See Table-tl-. ------- -------

-, , 

Table 1. P and K recommendations for the establishment of Loblolly pine plantations 

Rate 

115 115 55 o 
60 60 30 o 

. _ Nutrient Management at Mid-RotatIDn Thinning Using Commereial Fertilizer 

Application of nutrients as commercial fertilizer at mid·rotation thinning considers 
both soil test FIV-P and. under some'conditions, LAI or foliar nutrient levels. No. 
potassium is recommended at mid-rotation thinning. 

'. , 
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When soil test FIV-P is low or medium, follow recommendations in Table 2. ( 

Table 2. N and P recommendation at mid-rotation thinning when soil test FIV-P is low or ( ' 
medium 

IT!Wil tMt FIV-P iI ... apply ••• and apply ••• 

low 125-250 pounds N per acre 115 pounds P20S per acre. 

medium 125-250 pounds N per acre 55-115 pounds P20S per acre. 

When soil test FIV-P is optimum, determine LA! and Consult Table 3 for 
recommendation. 
For information on determining LA!, contact a consulting forester or the Extension & 
Natural Resource Specialist at the University of Maryland Wye Research and. Education 
Center, .or consult Ocular LA] Comparator for Loblolly Pine. See the "References" section 
for ordering information. 

Table 3. Utilizing LAI to determine N and P recommendation when soil test FIV-P Is 
optimum 

H LA! is betweea ••. then ... 

0.65 and 2.0 
Apply 125- 50 pounds N and 5S pounds P10s per 
acre. 

2.01 and 3.0 (optimum range) , Rely on foliar analysis. 

3.01 and 4.5 . Do not fertilize. 
j 

_____ -1WLlh .... e ...... D~and LAI are both optimum, rely on foliar analysis. COll.ect..JOla'-_____ _ 
representative sample' of foliage and obtain a total N and P analysis from an agricultural 
analytical laboratory. Compare the Loblolly pine foliage Nand P levels to those reported 
in Table 4. 

Table 4. Interpretive brl'ormatioD for N ud P concentratioD8 in Loblolly pine foliage 

Nutrient Crltkal Level (0/.) OptimQm Upper Limit e~;.) 

N 1.1-1.2 2.3 

P 0.10-0.12 0.17 

Consult Table 5 to determine the N and P recommendations when soil test P and LAI 
are 'both optimum. 

1-87-2 
Maryland Nutrient Management Manual SUpplement 15 

,.J 



.. 

Table 5. N and P recommendation at mid-rotation thinning when soU test FIV-P and LAI 
are both optimum 

UN ... then. .• 

is less than 1.1 % in the Loblolly pine foliage apply 125 - 250 pounds N per acre. 

is 1.1 % or greater in the Loblolly pine foliage Do not apply anyN. 

IfP ... then ••. 

is less than 0.10% in the Loblolly pine foliage apply 5S pounds P10S per acre. 

is 0.10 % or greater in the Loblolly pine foliage do not apply any P. 

Organic Waste AppticatioDS 

Application rates for organic wastes, such as poultry litter and biosolids, etc., at 
establishment and at mid-rotation thinning depend upon soil test FIV-P and the plant­
available nitrogen (PAN) content of the organic waste. A representative sample of an 
organic waste must be collected and analyzed prior to determjning the appropriate .. 
application rate. See Sampling Manure/or Nutrient Cowent for information on collecting a 
representative sample. Consult Table 7 for organic waste application rates. 

Tabl~ 7. Orgallie waste application rates 

HFIV-P is ••• and growtIt stage Is ••• th.CIl .... 
between 1 and 50 

establishment apply 60 pounds per acre PAN. 
Oowand medium) 
between 1 and 50 

mid-rotation thinning apply 180 pounds per acre PAN. 
rI .1 di .\ 

.!lVYt' G.UI.L .LJ.lIW' LI.L.LJ.l) 

between 5 I and 100 
establishment apply 30 pounds per acre PAN. 

ioptimum) 
between S 1 and 100 

mid-rotation thinning apply 9O.pounds per acre PAN . 
. (optimum) 
greater than 100 establishment or mid-

do not apply organic waste. 
(excessive) rotation thinning 

ND~ent Best Management Practicel (BMPs) for LobioDy Pine PLantatiom 

BMPs should be observed and utilized to protect soil and water quality. 

TimingBMPs 
1. Application of nutrients- to Lo~lo~Y pine plantations should be limited to either the 

spring (March 1-May 15) or fall seasons (August 15 - October 15). 
2. Do not apply nutrients to Loblolly pine plantations from October 15 to February 

28. 

1-87-3 
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3. Nutrient applications to newly established Loblolly pine plantations should be 
avoided in July and August to avoid foliage burning. 

SiteBMPs 
1. Do not apply any nutrient source near watercourses or Stream Management Zones: 

• for sites with a slope between 1 - 5 %, within SO feet of a pond, .stream or other 
water body; . 
• for sites with a slope of more than 5%, within 100 feet ofa pond, stream or other 
water body. . 

2. Do not apply nutrients to a site with standing water at the time of application. 
3. Do not apply nutrients on bedrock outcrops. 
4. Do not apply aD! P-bearing nutrient sources to sites whose soil test FIV-P is greater 
than 100. 

Nutrient Application Frequency BMP . 
Nutrient applications may occur at mid-rotation or as often as every 5-7 years, if 

appropriate, based on soil test and foliar analysis or LAI. 

Organic WB5te BMP 
If an oJ:ganic nutrient source is applied at establishment, it is critical to apply an 

approved herbicide to control unwanted vegetation. 

ReferenceS 

Sampson, D.A, aL. Allen, E.M. Lunk and D.P. Blevins. 1997 Ocular LA! Comparator for 
Loblolly Pines. Version 4.1 . Department of Forestry and Environmental Resources, North 
Carolina State University, Raleigh, NC. 27695-8008. ($15) 

SteIlihilber, P. and J. Salak. Sampling Manure/or NutrientComent. NM-6. University of 
Maryland Cooperative Extension and Department of Natural Resource Sciences and 
Landscape Architecture, College Park, MD 20742. 
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Section I C 
Estimated Mineralization Rates, 

C Nitrogen Credits for Legumes, \ 
and Ammonia Con,servation Factor 

for Organic Nitrogen 
(University of Maryland Cooperative Extension, 2009) 
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ESTIMATED MINERALIZATION RATES, N CREDITS FOR LEGUMES AND 
AMMONIA CONSERVATION FACTORS FOR ORGANIC NITROGEN 

Source: University of Maryland Cooperative Extension Revised November 2009 
Regulatory Chation: COMAR 15.20.08.05 

Estimated nitrogen availability is based on latest data for Mid-Atlantic region, recommended by the University 

of Maryland Cooperative Extension Service and accepted by the Maryland Department of Agriculture. The 

following factors shall be used by all nub"ient management consultants as basis for calculation of available 

nitrogen from different fonns and sources of the organic wastes for the first year and from previous years of 

applications. 

Manure source & type 

Cattle, dairy & beef (buffalo') 

Poultry 
a. Caged layers 
b. All other (emu j) 

Swine (all types) 

Horse (ostrich 1) 

Sheep (goat, alpaca, camel, llama 1) 

Chinchilla 2 

Rabbie 

Vegetable processing effluenr 

Meat processing residuals2 

Aquaculture waste, semi-solid2 

Aquaculture effluenr 

Fish emulsion2 

MANURE MINERALIZATION RATES 
% organic nitrogen mineralized each year 

Year of application 

35 

60 
50 

50 

20 

30 

15 

5 

40 

50 

50 

80 

80 

Com gluten, alfalfa meal, peanut mear 85 

Compost, where C/N<25 2 5 

Feather meal. crab meal2 60 

Fish powder, hydr61yzed2 60 

Seabird guan02 60 

Blood meal2 65 

1" year after 2nd year after 
application appllcatJon 

18 9 
'. 

10 5 
15 8 

15 8 

10 5 

15 5 

7 3 

2 1 

15 8 

10 5 

15 8 

5 0 

5 0 

10 5 

0 0 

10 5 

10 5 

10 5 

10 5 

1. Based on consultation witt-l animal nutritionists; different animal species are grouped when they have diets 
and digestive systems similar to the first species in the group, for which mineralization data are available 

2. Data based on values from the literature or values that specialists with expertise in the area consider to be 
best estimates. 
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SLUDGE MINERALIZATION RATES 
(Current year mineralization rates and previous year Km factors) 

Km factons for sludge apJ)l1ed 
(Lbs N mineralized per ton of s,udge apPlled per % organic N) 

M In8rali~tioFl 
1 yr ago 2yrs 3yrs 4yrs 5 yrs rates for current 

Sludge Type application ago ago ago ago 

Unstabili2ed 0.40 2.40 0.96 0.44 0.24 0.24 

lime-Stabili2ed 0.30 2.10 0.90 0.42 0.32 0.30 
or Aerobically 
Digested 

Anaerobically 0.20 1.60 0.72 0.42· 0.38 0.38 
Digesled 

Composted 0.10 0.90 0.50 0.50 0.48 0.46 

NITROGEN CREDITS FOR LEGUME CROPS 

Crop 

Perennials 
Alfalfa 
Ladino clover 
Red clover 
Birdsfoot trefoil 

Winter Annuals 
Crimson clover 
Hairy vetch 
Austrian winter peas 

Summer Annuals 
Lespedeza 
Soybeans 

a. Credit depends on stand: 
Good (>4 plants per square foot), credit 150 Ibs 
Fair (1.5 to 4 plants Per square fool), credit 125 Ibs 
Poor « 1 .5 P !ants per square foot). credit 100 Ibs. 

Syrs 7yrs 8yrs 
ago ago ag6 

0.24 0.11 0.11 

0.30 0.30 0.30 

0.38 0.36 0.36 

0.46 0.44 0.42 

Lbs. N/Acra 

100 -150a 

60 
40 
40 

50 _100b 

75 -150b 

75 - 150b 

20 
15 - 40c 

(" 
\ 

9yrs 
ago 

0.11 

0.30 

0.17 

0.42 

( 

b. Depends on planting date (and biomass production). kHraatearid subsequemlilrage'. -------------
c. A minimum of 15 Ibs. and may be as much as 1 pound per btlshe/ of soybeans, up to a maximum 40 I/)S. 

Nitrogen Credit Guidelines 

• If an unfertilized cereal grain cover crop was grown during the cool season, do not take a credit for the 
previous year's legume crop or manure application. A cover crop is defined here as an unharvested crop 
grown for soil erosion control, water quality improvemen~ or in the case of legumes, nitrogen fixation. If a 
crop is grazed or harvested for any purpose, it is not Considered a cover crop. 

• Do not take a credit for nitrogen-fertilized vegetable legumes (green beans, peas, etc.). 
• If a warm-season forage legume (like alfalfa) was killed in the fall and a winter annual legume cover crop 

was grown in the cool season (like crimson clover), the credits for the following year are summed for the 2 
crops. 

• When spring seeding alfalfa, do not take a credit for the previous years' legume crop or manure 
application. 

• If recommending organic waste on legume crops to alleviate excess waste issues, do not take credits for 
previous years' legume crop or manure applications. 

• Do not take a credit for previous years' legume crops or manure applications for small grain for grain or 
grazing. 

I-C2 
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AMMONIUM CONSERVATION COEFFICIENTS 

Uqu Id Manures and Organic Residuals «10% dry matter, >90% moisture) 

Tillage practice (see definitions next page)· 
No-till or incorporation 

Time to incorporation Conventional Conservation after 3 d~s 
Inject ( < 1 hour) 1.0 1.0 1.0 
1-24 hours .75 .60 -
2448 hours .55 .50 -
48-72 hours .50 .48 -
No-till (over 72 hrs) - - .45 

Solid Manures and Organic Residuals (>10% dry matter, <90% molsturel 

Tillage practice (see definitions next page)· 
No-till or incorporation 

Time to incorporation Conventional Conservation after 3 days 
<: 1 hr .96 .66 -
1-24 hours .78 .57 -
2448 hours .58 .47 -
48-72 hours .53 .44 
No-till (over 72 hrs) - - .35 

Poultry Litter 

Tillage praCtice (see definitions next page)· 
No-till or incorporation 

Time to incorporation Conventional Conservation after 3 da,ys 
< 1 day .97 .85 
1-2 days .92 .82 
3 days .88 .80 
4 days .84 .78 
5 days .81 .77 
6-7 days .77 .75 
8-14 days .74 .73 
No-till (over 14 days) .72 

"Tillage Deflnltlons for the p!ICpose..of-Autl:ient manageQ:lent.plaM.i~ng9-----------------­

Conventional tillage 
• Any tillage that leaves <:30% residue cover 
• Examples include chisel-disc-chisel or Landsman TM 
• Ammonium conservation maximized 

Conservation tillage 
• Any tillage that leaves between 30 and 70% surface residue 
• Examples include light discing, plug or spike aerators (such as AerwayTM), seed bed conditioners and 

vertical till (such as TurbotillTM) 
• Assumed to be approximately 25-75% as effective as conventional tillage at conserving ammonium-N ; 

mid-range value of 50% used to estimate conservation factor 

No-till 
• Residue cover >70% 
• Ammonium conservation minimized 

I-C3 
Maryland Nutrient Management Manual Supplement 6 



SectioB I D~ 
utrient Application Guidelines 
(Maryland Department of Agriculture, 2004) 



, 
.. j 

\" 

/ 

NUTRIENT APPLICATION GUIDEUNES 

, Source: Maryland Department of Agriculture 2004 
Regulatory Citation COMAfl15.2D.DB.05 

General Guidelines 

1. Nutricot app1icat:ions to a crop shaD be 'made lIS close to plaDt uptake periods as .possible. Certain 

excepticms may be coaaidemd apprapxiD 81 ioUowB: 

a. Use of.natural 0lpDic IOIII"CGI of 1II1frientB may be reoomm~ to meet pbmt nitrogen needs, 

CMIl if1bis l1:II'D1tI initially in OYCr4ppliaJtjcm ofphosphoms, provided the foBowiDg mn and/or 

winter Applicatioo GuideJiDes are met. However, wIHm the FIV is ISO or ~ lDanagemeot of 

phosphorus shaD be CODSistcol with phosphorus site index reqllmmtmt!nmder COMAR 

IS.20.08.0SH. 

b. Rates ofnatural orgmIic sources ofDUtlieuts for lengthy planting eycles, sucla as o:rcl1ard or 

tree establislunent may be fCCl(iI'4li1i01W as a me time initial appIic:atiou, when periodic, 

~ or surface application is DOt feasible. 

2. Applialtion of IIIJtrim:D may vary dqwmding OIl wbat ~ of crop is being grown 2BJd weather 

conditioas; however, appJialtian timing sbaaJd mas;",;ze pbmt ntjtimtjon efficieacy mel minimjre fhe 

potential for DlDricm mowmeot. 

3. Best lDItD88emeot pradic:e& shall be used when nec;cssary to minimize ar CODtrolIlUtrieot 

movcmeat to senUtive an:as Of'to sunoundina watm" boc:ticis .. The fo1IowiDg guidelines sball be fonowed 
to be in.oampliance with COMAK 15.20.08.05H 

Fall Application (September 1 thru November 15) 

Wheit applyina Of' recommending nutrieDts in 1be faIl, the. COIJS1JltaDt BDd operator, or 1he certified 

fimn opemtor, shaD use the following management guidelines. The grrideljnes addIcss chemical fertilizer 
and uatmal orga:uic fertilizer use 1Iep81'IItcly. 

~~ Fertilizer Use 

1. Oanical fertilizer may be ~endcd and applied as a startez~, provided ratrs 8Dd 

subsoqueat appIicatioos are made in acoordance wif.h reCODl IncndatioDs for small grains and mn 
seeded crops orpbmDI tmmd in Section I-B oftbis Manual. 

2. The application ofliming materials without nitrogen may be nx:ommmded in the fiill or 

wimer. 

MuareUJe 

1. Mamrre may be applied as a. startrz fertilizCIr if rms ami timing follow the reo'lIDteDdatiom 
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for fall seeded crops fDund in Section I·B of the MaJyland Nutrient ManaBement Manual. 

(Example: For sma1I gmins, this is a maximmn of 40 pounds of available ~en/acre) 

2. Manure' application above the fiill recommended m1c for faIl seeded crops (greater than 40 

pounds/acre of uiIrogen) is allowed at mn plautiDg (up to the Univenily of MaJyland's recommended 

, l"IIm oftbe &II crops' phosphorus n:moval requir ~) cmly if storI8e is inadequate, and it is 

nwwary to avoid application during tbe winter. PlaotiDg aftbc crop fOr wbidl mdrimJts arc being 

manapl should occur in a time frame that would allOw sigrrifirant plaut growth, in order for the 

plaDta to u1ili7.e my available mtrogm. . 
3. To avoid applic8tion dating the wimer, wheD stonge is iDadeqwIte and ~e is DOt 

starbble (grea:ta-·than 60% moiaturc, soch as dairy shmy). mannre application may be made during 

the mn at 1eve1s up to the Dmd year's waml ICaSOIl crops' pbosphomI remova1 requiiemmtI. 

ApplicatioDs ~ either be made into existing vegetative cover., or a cool season grasS or cmal grain 

sbaIl be pbmted as a oover crop. 

Winter Application of Manure (November 16 thru February 28) 

Mamue may be applied in 1hc wimer aoly ifthc faun opemtian has inadequate stmase, a non­

stadtable Dl1IIIDI'C, aDd DO otba: reaSQD8ble optioo to manage it. Applicatiaa sball be made in accordaDce 

with the indicated Rltrictions. ~ following guidelines sboa1d be.ased as a Umporary measme becaue 

of inadequate storage, All livestock and poultry optiabs are cmcomaged to have adequate mzumre 

stonge to acccll"liliOdate mamne produaion thmogh 1he winter months. when plants are DOt actively 

growing. 

adequare storage is available. manw e application is prohibitM during the winter: 

2. ~ appJi¢i.on AhaIl DOt be made on hard-frozen or sno~ ground. 

3. W"mUIr manwo app1icati0ll shall DOt be made on fields whim predominaut sails are the 

following poorly drained soil types: PoxfSiIHNrth. Pooomoke, Bayboro, Johnstao, aad Plummer. 

4. MaDore applicatioos sbalI not be made 10 1aod with a s10pe 81cater than JOA.. 
5. A serback of at least 100 :£em from all smfiwe waters shaD be majnhrjnc:c\ unless best . 

~ practices providing wata' quality protection equivalent to soch a setback are iD place. 

(SmDce water is-defined as any penmm= or jntermj1tcn'. cuutinuous, physical amdnit fur 

transportiDs water. Shove] ditches and water leads are not iDclnded as smface waters fur pmposes of 

this policy.) 

6. Rates of application &baD. be minimized, aDd available acreage used to the greatest exteut 

practical In no case shall the app1icaticm rate per acre exceed tho crops' pboBphoms removal 

requiremcmts. 

/ 
I 

./ 

7. Applications sbould be made into existing vegetative cover, sucll as cover crops or smaI1 grain . ../ 
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crops whenever possible. Established hay and pasture fields may also be used. Vegetative coveI'sba11 

be maintained 88 such until March 1. 

S. If vegetative cover is not used. 1Il8IWIC applications shaD be made to 1and that has a rrrinitnuID 

of 300-' residue coverage. and is maintainM as such UDti1 after March 1. 

StackabIe manures that are temporarily stockpHed shall be stored under the 

following guidelines: 

MaDore should be stockp.ilcd outBide and uncovered, " only after aD available storage is ptilized to the 

fullest. GId:eDt; this includes the stcrago of manure on the producing farm if the manure is to be transported 

off-s:ite. 

1. The manure sba1l be piled and peaked at least eight to ten feet high, and in a manner that will 

allow it to shed most of 1he rainD.ll 

2. The stoclqrile shaD be located: 

. a. At least 100 feet from any sur&ce water, drainage ditch, swale or gully; however. if a 

fimctioning filter strip or riparian boffer is in place, the setback may be a nrinjnnlm of 35 feet 

from. any IAlI'fiw:.e water, 

b. At leaat 100 feet from any public mad; 
c. At least. 200 feet from any resideacc or neighboring property; 

d: Above the floodplain of the 25-year,; 24-boor storm; 

e. Outside natum1 drainago ways; aDd 
" " 

-t. At least 150 feet from any wells, or 300 feet from a well when the well is located down 

gradient fiom--:the stmage area: 

1-0-3 
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rltrient Recommendations for Non-Agricultural Land 

Plant Nutrient Recommendations Based on Soil Tests 
For Turf Maintenance 

(University of Maryland Cooperative Extension, 1999) 
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PLANT NUTRIENT RECOMMENDATIONS BASED ON SOIL 
TESTS FOR TURF MAINTENANCE 

Source: UnWenity of MllTjltmd Cooperative Extmsion, March 2003 
RegullltLJry Citatlon: COMAR 15.26.06.04 

INTR.ODUcnON 

Nubient management laws passed by the Maryland Legislature in 1998 require that 
University ofMa:rylarui nutrient management guidelines be foUowed on state property and 
certain commercially managed twfgrass sites. These lBW3 impacting tmfgrass were part of an 
overall effort to regulate the agricultural industry. Major differences exist between the goals and 
practices of general agricu1tme and turfgrass management The following information is 
intended to serve as a nument management guideline for turfgrass sites in an efficient"effective, 
and environmentally sound manner. 

WATER QUALITY 

Properly managed. turfgrass has been shown to be an environmental asset. Turfgrass has 
signijicant cooling effects during the ~er and traps much of the dust'and dirt that is released 
each year into the atmosphere. Turfgrass absorbs carbon dioxide. ozone, sulfur'dioxide, and 
other gases, while releasing oxygen. 

Warer runoff is greatly reduced and water infiltration is increased compared to most other 
agricultme and plant systems. 'Once turfgrass is estab~ soi11oss from eroSion is negligible. 
Runofffrom establishOd turfhas compared favorably to forested land. Also,tllrfgrass is an 
efficient organic matter producing system. Thus. little nitrogen (N) or pbosphoros (P) iII lost 

.--. from turfgrass sites if sound nutrient management practices are followed. 

c) 

Onsite monitoring and nmnerous research studies have shown that nuDitm loss from 
turfgnss sites is very small However, ~ has also shown that certain types of improper N 
applications on specific types of Kites can result in excessive nitrate (N03) leaching. 'ibis 
problem is very specific and has occurred as follows: , 

1. Very high rates ofN were applied using ,soluble N~-N containing fertilizers (such as 
ammonium nitrate ~-N03]); 
2. The fertilizer was applied to dormant turf (such as bermudagrass during the winter); 
3. Soils were predominantly sand; and ' 
4. The sites had high water tables. 

A sound turfgrass nutrient management plan shall take into consideration this set of conditions, 
which can cause a potential problem. 

" 
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NITROGEN 

Proper nitrogen f~on is essential in maintaining quality turf that is resistant to pest 
problems, tolerant of stresses, and able to recover from damage. Current N recommendations are 
based on extensive research and are dependent on a variety of facto~ such as: turfgrass species 
and cultivars, age of turf, soil type, management practices being used (irrigation, clipping 
removal, pest control programs), weather conditions, use of area,.lengtb of growing seaso~ and 
the need for recovery from pest damage, adverse environmental conditions, and traffic. The 
nutrient management speciJilist shall take into accotmt all of these factors .in devising an 
appropriate N fertilization progrmn. The program may vary from year to year as these conditions 
change. 

Three major factors shall be considered in developing a N fertilization pian for turfgrass 
sites: 

1. What types ofl~· should be appli~ . 
2. How muchN·needs to be applied annnsJly, and 
3. When should N be applied. 

Inadequate attention to each of these factors increases the potential for thin turf, which is 
more prone to pest and stress problems and erosion. It also ~es the potential for exposed 
soil, which is more prone to erosion. Also, the potential for leaching and runoff ofN increases if 
guidelines are not followed. . 

Sources ofN 

A wi~ range ofN-containing fertilizers are available to the turfgrass manager. These 
.. fertilizers generidly fall into one of two broad categories: 1) fertilizers that contairi only soluble, 

quickly available N; and 2) fertilizers that contain some N in a slowly available fOInl, which is 
not immediately available for plant use. 

Quic11y availible N-fertiliZetS con'fiill N03-N or NH4~N, or bOth: I liese are soluble and 
readily available for uptake by turfgrass plants. Turfgrass uptake may ocem w.i1hin a few days 
with NDJ-N fertilizer. Nitrogen uptake may begln Within 7-10 days with ~-N fertilizers, as 
NRt-N is converted to N03-N in the soil. Nitrogen uptake by turfgrass roots is predominately in 
the N03 form. 

Leaching ~ runoff potential are much higher for NCh-N. Thus, where conditions exist that 
are conducive to leaching Of'runoff, fertilizers that contain significant amoums ofN~-N should 
not be used. These conditions include sandy sites (sands and loamy sands) with high water 
tables when turf is not actively growing~ and sites that arebigbly sloped. Fertilizers high in NCh­
N include NJ4N~. potassium nitrate, and calcium nitrate. Fertilizers that contain 
predominantly N~-N shall only be used on sites not prone to runoff or leaching, sites where 
very rapid response is essentia4 and on sites where turf is actively growing. 

Soluble N fertilizers that contain ~-N include: urea (NHrCO-NH2). ammoniuin sulfate 
(NRtS04), and ammonium chloride CNH4CI). These fertilizers can produce excellent quality 
turf, without l~ching or runoffproblems. if used properly. Most important is limiting these 
fertilizers to 1.0 lb. Nil 000 rr per application. Higher rates per application can remIt in 
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excessive growth ofturl and can increase the potential for N loss on some sites. 

Slow release fertilizers contain significant amounts ofN that are not immediately available 
for plant uptake. Examples of fertilizer sources that contain various amolIDts of slow release N 
include: sulfur coated urea5. polymer coated ureas, methylene ~ meafommldehydes, ffiDU, 
natural organics, and various types of sludge. The N in all slow release fertilizers used for ' 
turfgrass maintenance is NH.~N based Slow release fertilizers, while varying considerably in 
individual characteristics and release patterns. typically provide more even turfgrass response, 
provide N over a longer period of time, and are less prone to N leaching and runoff: 'as compared 
to soiuble N fertilizers. Their use sholild be considered on the aforementioned sites that are 
prone to leaching or nmoff, and when a N application needs to be made to turfgrass that is not in 
optimum growing conditions. 

Rates of Nitrogen 

When recommending rates efN fertilization, there are two primary issues: 1) how much N 
can be applied in any one application, and 2) how much total N can be applied annually. The 
maximum amount ofN that should be applied in one application is primmily dependent on the 
amount of soluble N in the fertilizer. No more than LO Ib.lOluble Nil 000 ~ should be'made in 
any single application. For a fertilizer that contains 500A, of its N in a soluble form., and 50% in a 
slow release (water insoluble) form, DO more than 2.0 lbs. total N/lOO<>:ftl should thus be applied C.) in any single application (which would result in 1.0 lb. soluble NllOO0tt2 being applied). 

c.~.) 

Some fertilizers contain most of their N in a slow release form.. For these fertilizers, applying 
1.0 lb. soluble' NIl 000 ttl would result in very high total N rates. For example, a natural organic 
fertilizer contains 10% of its N in a soluble fOIIIl and 9()4IAt in slow release form. Applying 1.0 lb. 
soluble N using this ferti.l.izer. would result in a total N rate of 10 lbs. NllOOO ttl, which is well in 
ex~s of recommended annual rates ofN for tYPical tulfgrasses. Thus, for slow release 
fertiliZers with little soluble N, the-nmximunr&momrrap151ied in one applicati=on=<"""Sliiill=t:='H-=no ... tc-;;;:e=xceed=-----
the total annual N requirement of the turf, 

As previously ~ the annual turfgrass requirements for N V8IY considerably. 
depending on a variety of conditions . . Most criti.~ however, is turfgrass species. The annual N 
requirements for maintaining established stands of the most common twfgrass specj.es grown in 
Maryland generally fall within the ranges liBted in Table 1. 
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Table 1. Nitrogen Recommendations for Commercially Maintained Turfgrass Sites 

Total Nitrogen Annually (Ibs. NIl 000 ~) 
Years 1-2 Subsequent Years 

K:oo] Season Grasses 
Jcentucky bluegrass 3.0-4.5 3.0 -4.0 
rrurf-type bill fescue 3.0-4.0 2.0- 3.0 
~inefescue 1.0-3.0 0-2.0 
Perennial Ryegrass 3.0 -4.0 3.0-4.0 

'Warm'Season Grasses 
1D_··"ltu11"AlZ.4iI 3.0 4.0 3.0 4.0 
iloysiawass 1.0 - 3.0 0-2.0 

Numerous factors influence whether moderate adjustments to these rates may be warranted .. 
For example. if clippings are returned to the site when it is mowed, reductions in the annual N . 
rates (as well as P and K) may be possible. Also, iftbe site receives ,little use, and thus, does not 
need higher growth rates to .recover from traffic. lower rates shall be used. Other means of 
possible reductions in total N requirements inclu4e: 'the use of iron, increasing the height of 
mowing. and careful selecti.on of cultivars when seeding, overseedin& or sodding. 

Conversely, several fitctors may warrant moderate increases in annual rates. These include: 

".r _O-

( 
'. 

(' 

heavily used sites that need high recuperative rates, sites that are mowed lower than typically J' 

recommended ~ to use requirements, and sites that have been damaged from adverse 
environmental conditions or pests. Also, on sites where pesticide use is not economically 
feasible or not permitted, somewhat higher N rates can be important in m in;rnjzing many pest 
problems, particularly weods and diseases. , Rates much higher than 1bose recomm~ 

--------Ahewever;-ean ha .... e the epp6site eiJeet;l:----------- ---- -'---- ----- -

Timing of N ApplicatiODB 

The primary potential for N loss from turfgrass sites occurs when excessive rates oiN) 
particularly NO)-N, are applied to tmftbat is not actively gro~. Thus, most of the annual 
fertilizer requirements should be applied during periods of active shoot Qeafblades, rlrizomes, 
stolons) or root growth (Table 2). 
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Table 2. Recommended Periods for N Fertilization of Turf Areas 

Warm Season Grasses 

Cool Season Gruses 

Recommended Periods 

) month before dormancy breaks 
(mid April in centIal MD; later in 
western MD, and earlier on the 
eastern shore) thro~ September 1st 

1 month before top growth starts 
(last March in central MD) through 
early June 

Late August through 6 weeks after 
first killing frost 

Periods to Avoid 

SeptezDber 1 st through ) 
month before dormancy breaks 

During sevcie or prolonged 
drought 

Mid-Jtme through, mid-August 

When turf is dormant due to 
heat, drought, or cold 

The primary period for growth of wann season grass'species (zoysiagrass. beanudagr:ass, and 
buffalograss) is from mid-spring, after dormancy has broken, through mid-fall, when the first 
killing frost is experienced. Thus, N applications to wann season grasses should generally be 
restricted to these periods. However, fertilizer that primarily containB Nl4-N can be applied up 
to a mbnth before dormancy is typically broken ,in the spring. so that N is availshle for plant 
uptake at this time . . Applications after September 1 are generally not recommended, due to the 
possible enhancement ofwinterldll, partico1arly with bermudagrass. However, ifbermudagrass 
has been overseeded with a cool season species, such as perennial ryegrass. up to].O lb. NIl 000 
tY- may be applied after September 1, to enhance its performance. 

Cool season grasses have a IOQger growth period. They cam exhibit growth at virtually any 
time during the year, ifmoisture and te.mperature conditions are conducive. The prime periods 
for growth are typically from late winter through early summer, (llld from late summer through 
early winter. Research would indicate that % to s,4 of the total annnal N should be applied during 
the latter period, to maximize cool season turfgrass performance and quality. 

Under extended bot and dry periods during mid-summer, cool season grasses may experience 
a period of doIlIlBllCY will rainfall occurs. N'rtrogen fertilizer should not be ,applied at this time. 
If irrigation is available, or if rainfall is adequate throughout the sommer, little dormancy will 
occur and N uptake of cool season grasses will continue. Although not generally needed, 
applications of 1f.c to Y:t Ib11000 ft2 can be made to these sites if growth is not adequate to meet the 
demands of the use of the site. 

During the winter months, although top growth may have virtually ceased, root growth and N 
uptake may still occur during the periods when the ground is not actually frozen, partiCularly 
with Kentucky bluegrass. Re~ has shown that applications ofN during this period can 
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e~ce root growth and spring perfonnance aftur!. Also, some sites tend to be excessively wet 
each spring, making fertilization with large equipment difficult Fertilization earlier, when the 
ground is finner, may be the best alternative. 

There is minimal risk: of runoff or leaching problems from wiDtec application ofN if the 
following guidelines are followed: no more than ~l.O lbs. NllOOO tt2 is applied; fertiliurs 
containing significant arhouots ofN~N are not used; and applications are not made to frozen 
ground if significant rainfall is in the immediate forecast. In most situations. however, mid~ 
winter applications are not necessary, and the guidelines listed in Table 2 should be followed. 

·PHOSPHORUS AND POTASSIUM 

Phosphorus (P) is critical in the estabHsbment ofturfgrass. Inadequate soil P wiU result in 
very poor seedling vigor. slow estBblishment of grass, and a stand with very poor density and 
root growth. The soil will thus be much more susceptible to erosion. Weed encroachment will 
also be much more severe due to the lack: of competition from the thin turfgrass stand. Thus, it is 
essential that sufficient P ~ added to the soil at the time of seeding, if soilleve1s are lnadequate. 
Although not as critical as during establishment oftmfgrass, deficiencies in P in mature turf can 
result in poor spring greenup, reduced vigor, reduced density, and reduced drought tolerance. 
Light applications of P are generally sufficient to overcome deficiencies in mature tmf. 

Potassium (K) is not as critical as Nor P daring the initial establishment phase of turf. . 
However, K plays an important role in mature tmf regarding rhizome Production and tolerances 
to heat, drought, and cold. Thus, sufficient K needs to be available for turfgrass, to ensure that 
quality tmf will be obtained during and after summer or winter stresses. Severe deficiencies in K 
will result in thin, chlorotic, and unvigorous turf. 

___ --:----'Wh..... ereas N appfu:ation.recomrns cannot currently be obtained from soil tests, 
recommendations for application ofP and K can be obtained from such tests. A commercial turf 
maintenance company shall test sites within a year oftbe initiation ofmsnagement of the site. 
Until such time as the first soil test U! taken., IlQt more than 1.0 Ib~ P20S and 2.0 Ibs. ~O per 1000 
if shall be applied for maintenance of turf: After the initial soil test, subsequent sampling every 
3 years is generally sufficient to monitor soil P and K levels. 

Sites having different soil types, sites with different use or management histories, and sites 
havjng substantially different fertility levels, as determined by.previous soil ~ should be 
sampled separately. Converse~y, sites having similar ~ types, having similar Use and 
management histories, and having similar fertility levels, as determined by past soil tests, may be 
Jumped together into one sample. For example, a single sample may be sufficient for an athletic 
field complex (or townhouse development, etc.) which has had similar management over a 
period of time and has a relatively l.Uliform soil type. . 

Current P and K recommendations, based on soil test results for the maintenance of turf sites, 
are listed in Table 3. C 

I-E1-6 
Su~euf5 

/ 



r 
i 

( 

.\ 

) 

. Table 3. Phosphorus and Potassju~ Recommendations for Maintenance of Turf Sites 
Based OD Soll Test Results From the University ofMai'yland. 

Soil Test Category 

low medium I optimam--accsslve 
FIV 0-25 FIV26-SO FIV 51+ 

fbs. p~s or K1OllOOO 
Phosphonu 2.0· 1.0 

: 
0 

Potudum 2.0 -4.0 1.0 - 2.0 0-1.0 

. SOn. REACTION 

Maintaining--soil pH witlUn an ~ptimum range is important for maximizing the efficiency of 
nutrient use, and can be important in reducing weed and disease problems. Turfgrass can 
withstand a rather broad range of soil pH, but 5.8 to 6.2 is generally considered ideal. Wide 
deviations from thia range can result in reduced P and micronutrient availability, and can . 
interfere with soil N metabolism and availability. Depending on turfgrass species. problems in . 
turfmay start to occur at soil pH above.7.8 and below S.4. Th~ to rnaxjrnju efficiency-of 
nutrient availability BIld use, soil tests should be taken as recommended previously for soil P and 
K to determlne soil pH. 

Recommended limestone applications, to achieve a soil pH of approximately 6:4 are shown 
in Table 4. If diseases such as take-all patch ofbentgrass, suminer patch ofKennick:y bluegrass, 
or spring dead spot ofbcrmudagrass are of concern, maintaining lower soil pH (5.4 - 5.7) may 
be desirable, and reduced or no limestone should be applied to achieve this level. AISo, it is 
recommended, when practical, that limestone be applied approximately 1 month or more before 
gH:djng to minimize potential P availability problems and the potential for volatiHzation loss of 

---.~edN. 

I-E1-7 



Table 4. Limestone Recommendations for MaintenJlDte of Turfgrass (pounds per Acre) ,! 
I 

Coastal pla.in Piedmont & Mountain 
silt loams and silt 108mB aad 

Boil pH loamy unds sandy loams IOBms silty clay loams Ioams silty clay loams 

6.4 0 0 0 0 0 0 
6.3 0 0 0 0 545 650 
6.2 0 0 S4S 545 760 1090 
6.1 0 545 650 760 980 1415 
6.0 435 760 870 980 1195 1850 
5.9 545 870 1090 1195 1415 2180 
5.8 650 1090 1195 1415 1740 2505 
5.7 760 1195 14]5 1630 1960 2940 
5.6 870 1305 1630 1850 2180 3265 
5.5 980 1525 1850 2070 2395 3590 
5.4 1090 1630 2070 2180 2720 3920 
5.3 1195 1850 2180 2395 2940 4355 
52 1305 1960 2185 2610 3155 4355 
5.1 1415 2070 2505 2830 3375 4355 ( '" 
5.0 1525 2285 2720 3050 3590 4355 

_. 
4.9 1630 . 2395 2940 3155 3810 4355 / 

4.8 · 1740 2505 3050 3375 4135 4355 . 
4.7 1850 2720 3265 3590 4355 4355 
4.6 1960 2830 3375 3810 4355 4355 
4.5 2070 3050 . 3590 4030 4355 4355 .. 1) DiVIde the above rates by 43.5 to obtain the equivalent rates in pounds per 1000 square feet. 

2) Do not apply more than 2,000 pounds per acre for anyone maintenance application to tLIrfgrass. 

c. 
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NUTRIENT MANAGEMENT GUIDELINES FOR 
COMMERCIAL TURFGRASS SEEDING 

Source: Unillerslty of MarylllJr.d Cooperativ~ Extension, August 1005 
112gulatory CIIatlon: COMAR 15.20.06.04 

Nutrient management Jaws passed by the Maryland legislature in 1998 require that certain 
commerclal fertil1zer applicators adhere to University of Maryland Cooperative Extenslon 
guidelines when establishing or malntalnfng turfgrass sites. ThJs pubUcation Is Intended to serve 
as a nutrient management guideUne for the establtahment of turfgrass by seeding. When 
establishing a new sHe by seeding turfgrllSS, proper fertilization at the time of establishment is . 
essential for obtaining a satJsfactory stand of turfgrass for both the short and long-term. 

One of the major concerns regarding the OO.aIth of the Chesapeake Bay is soli erosion and 
the subsequent movement of nitrogen (N) and particularly phosphorus (P) Into the Bay. Thus, 
the rapid establistvnent of turfgrass on disturbed soli is environmentally important and can 
drastlcaUy reduce the movement of soil, and thus nutrients, by erosion ,nto sensitive areas. A 
critical factor in the rapkt estabDshment of turfgl"B88 Is provki1ng adequate Nand P at the time of 
establishment In addtt/on, once turfgrass has been established sUcceBsfulty, soU loss Is 
negligible, water runoff Is greatly reduced, and water InfiHration Is incieased. Runoff from 
established turf has compared favorably to forested land. . 

Key Points 
Adequate nitrogen and phosphorus are criticaJ for rapid turf establishment and prevention of 

sci erosion. Soil tests should be obtained to determine how much P, K and limestone are 
needed. Long term problems, such as weed encroachment, diseases. and drought susceptJbllity 
can be reduced wtth proper seedbed fertiity. 

Phosphorus and Potasalum 'Apprtcatlona 
Phosphorus ls essentlai for the growth -and development of seedling turfgrass. Inadequate P 

in the seedbed will res! lit In poor InjUaf growth and a stand that rapidly..thlns. resuHing in a site 
that Is prone to soil erosion and weed encroachment Research has shown that proYkifng 
adequate P at the time of seeding wiD reduce long-tBrm weed encroachment problems. reduce 
soil erosion, and reduce runoff whOe Increasing water Infiltration. 

Potassium is generally not affical during the establishment phase of twfgrasa unless soU 
levels'are particularly low. However, adequate potaaaium is essential for establ1shed turf In 
improvtng tolerance to envtronmental stresses and wear, and may InCl'88Se the resistance to 

, some disease&. It is recommended that 80U K leveta be adjusted at the time of seeding so that 
no defidenclas cSevefop as the turfgraaa matures. This is pafticular1y advisabfe if fertilizer is 
being Incorporated Into the son during soil preparation so that the entire potential root zone can 
be modified. 

Phosphorus (P) and potassium (K) fartIIizers shall be appned accoidlng to soil test 
recommendations. Recommendations for P and K are outlined In Tables 1 and 2. respectively. 
The amounts recommended are a function of initial sofl test ievH, and whether fertilizin will be 
surface applied or incorporated Into the soil to depths Over 2 inches. Occasionally, job'contracts 
or the time during the year when a site wUl be seeded necessitate immediate seeding before a 
soli test can ~ completed. In such cases, a maximum of 2 poundS per 1000 square feet (90 
pounds per acre) of p~s and ~O may be applied to ensure that P and K deflciencies do not 
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occur, and maximum ground cover is achieved to prevent soil erosion. However, it is strongly 
recommended that all efforts be made to obtain soli test results before seeding operations 
begin. 

Table 1. Phosphorus Recommendations for Turfgrass SeedlngJ Based on Soli Test 
Results 

Soli Test Ph08phorua Category 
Low Medium OptImum'" Excessive 

(FlY 0-25) (FlY 28-50) (FN 61-1(0) (FIV>100) 

pounds P-P,Jacre 

Broadcast or jnCOlporated up to 2 90 -175 45-90 0-90 0 
inches 

Incorporated over a 2 inch depth 130 - 220 45-90 0-90 0 

.. In cool weather, seedbed applications of P may prove benef1clal despite soH test results that 
indicate "optimum" soU phosphorus. 

Table 2. Potassium Recommendations for TUrf9rass Seeding, Based on SoU Test 
Results 

Soli TUt Potass1wn CategOry 
Low MedIum Optimum- Excessive 

(FNO-25) (F1V26-§O> (f1V51-100) (FN>100) 

pounds ~acre 

Broadcast or Incorporated. up to 2 
90 -175 45-90 0-90 0 inches 

mcorporatea over a A! Inco depth 130-220 45-90 0-90 0 

Nitrogen AppUcations 
Nitrogen has a dramatic Impact on root, shoot, rhizome, and stolon growth rates Of turfgrass 

plants. Adequate N Is essential in maJntaining a dense turfgrass stand that minimizes soil 
erosion, increases water imBtratlon, competes agalnst weed encroachment, and recovers from 
physJcal or biological ~age. However. excessive N may reduce disease resistance and 
drought tolerance, and couid pot&ntiaUy leach if the amounts appJied exceed the amount ulJllzed 
by the turtgrasa plant. 

A wide range of N-containlng fertilizers are available. These fertilizers generally fall into one 
of two broad categories; 1) fertruzers that contain only soluble, quJckly available N, and 2) 
fertlrlZers that contain some N In a aJowIy aVallabte form which Is not immediately available for 
plant use. Q~y avaslabfe N-fertUizers conteln NOrN or NH .. N which are soluble and readily 
avajfable for uptake by turfgrass plants: Turfgrass uptake may occur within a few days with NOr 

c 

N fertilizer. Nitrogen uptake may begin within 7 -10 days with NH.-N fertilizers, as NH.-N /s l 
converted to NOrN in the soil. Nitrogen uptake by turfgrass roots is predominately in the NO, 

/ 

fonn. / 
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leaching and runoff potential are much higher for. NOrN. Thus, where conditions exist that 
are conducive to leaching or runoff, fertilizers that contaInsignJflca~· amounts of NO~ shall not 
be used. These conditions indude sandy sites (sands and loamy sands) with high water tables, 
and sites that·are highly sloped. Also, fertilizer Is applied to the seedbed prior to seed 
germination ancUurfgrass growth. Thus, fertilizer containing soluble NKrN is preferable.to NOr 
N. Fertilizers high in.NO~N Include N~NOs. pota~iu_m N~, and calcium N~. 

Slow release fertiUzers contain significant amounts of N that is not immediately av8Jlable for 
plant uptake. Examples of ferHfIze~ sources that contain various-amounts of sJow release N 
include; sulfur coated ureas, polymer coated ureas, methylene ureas, ureaformaldehydes, 
ISobutyUdenedlurea (IBOU), natural organics, and.various.types of sludge. Slow ~ease , 
fertiUzers, whUe vmylng considerably in lndMdual characterfstics, typically provk:.le more even 
turfgrass response, provkle N over a longer period of time, and are less prone to N leachlrig and 
runoff as compared to soluble N fertJtlzers. The expense of slow release fertflIzers makes their 
widespread use- In turfgra$8 estabishment IImHed. Their use, however, should be considered on 
the aforementiOned slte8 that are prone to leachJng or runoff, or when tt ~ anticipated that 
follow-up maintenance applications on the site may be missed. 

Nitrogen recommendations are not obtained from soil tests; however, extensive research . 
has been conducted to determine rates that are adequate for successful turfgrass culture. 
Whereas N rates recommended for maintaining turfgrass vary considerably depending on a 
variety of faders such as turfgrass species, length of growing season, management practices, 
and use, the N rates recommended for estabUshing turfgrass from seed are generally unifoml. It 
is recommended that up to 45 Ibs. of reacfJly available (soluble) N per acre be app{ied prior to 
seeding If fertilizer is broadcast. If fertl1Izer is Incorporated deeper than 2 inches, then up to 90 
lba. rBadlly avana~e N per acre may be apptied and incorporated into the soli. If fertitizers are 
app6ed containing slow release N (water insoluble N LW1N]), no more should be apprled than 
that whktt provides the aforementioned rates of readily available N. For exampje, if a slow 
re}ease fertlJlzer contains 50% WIN and the recommended app8cation rate Is 451bs. NI&ere, 
then no more than 90 Ibs. NJacre of this fertilizer shoukf be appned (this wouk1 provide 45lbs. 
soluble and 451~ slow release N. . 

The slow release N applied to the seedbed should be factored into the first year's 
maintenance appHcatlona of N. MaJntenance apptlcations of N should begin after the new 
turfgrass stand has been mowed at least once. Recommendations for malntenance fertilizatjon 
of turfgrasa can be found In Turfgrass Technical Update #115, "Nutrient Management 
Guidelines for State Property and CommerciaUy Managed Turfgrassll

• In addition, organic matter 
sources such as compost are. occaslonally Incorporated lnto the seedbed to Improve physlcaJ 
characteristics of the soil: These materials contain varying amounts of Nand P. The amount of 
Nand P must be detennined, and the amount of fertltizer applied reduced by the appropriate 
amount' so that neither the raeommended amounts of N and P are not exceeded. 

I 

Soli Reaction 
MaintalnJng soil pH In an optimum range is important for maximizing the efficiency of nutrient 

use, and can be important in reduclng weed and disease pro~ms. Turfgrass can wtthstand a 
rather broad range of soil pH, but 5.8 to S.4 is generally considered ideal. WIde davtatlons from 
this range can result in reduced P and mlaonutrient avallabiflty, and can Interfere with soil N 
metaboRsm and availability. Depending on turfgrass specles, problems In rurf may start to occur 
at son pH above 7.8 and below 5.4 Thus, to maximize efficiency of nutrient availability and use, 
sotl tests' should be taken as recommended previously for soil P and K to determine soU pH. 



Recomm&nded limestone applications to achieve a soil pH of about 8.4 are shown In Table 
3. If diseases such as take-all patch of bentgrass, summer patch of Kentucky bluegmss, or 
spring dead spot of bermudagrass are of concern, maintalnlhg lower soil pH (5.4 - 5.7) may be 
desirable, and reduced or no 6mestone shoutd be appned to achJeve this level. Also, It Is 
recommended, when practical, that limestone be applied approximately one month or more 

. before seeding to minimize potential P avanabUity problems and the po1ential for volatilization 
loss of appned N. . 

These recommendations should result in satisfactory estabHshment In most situations; 
however, there are many factors that could Impact whether modifications of these 
recommendations are Warranted for a specific'slta. 
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Table 3: Umestone EstablIshment Recommendations (Pounds per Acre) 

Coastal Plain Piedmont & Mountain 
silt loam & silt loam & 

pH loamy sand sandy loam loam silty clay loam loam sUty clay loam 
6.4 0 0 0 0 0 0 
6.3 0 0 0 0 1090 1305 
6.2 0 0 1090 1090 1525 2180 
6.1 0 1090 1305 1525 1960 2830 
6.0 870 1525 1740 1960 2395 3700 
5.9 1090 1740 2180 2395 2830 4355 
5.8 1305 2180 2395 .2830 3485 5010 
5.7 1525 2395 2830 3265 3920 5880 
5.6 1740 2615 3265 3700 4355 6535 
5.5 1960 3050 3700 4140 4790 7185 
5.4 2180 3265 4140 4355 5445 " 7840 
5.3 2395 3700 4355 4790 5880 8710 
5.2 2615 3920 4575 5225 6315 8710 
5.1 2830 4140 5010 5665 6750 8710 
5.0 3050 4575 5445 6100 7185 8710 
4.9 3265 4790 5880 6315 7625 8710 
4.8 3485 5010 6100 .6750 8275 8710 
4.7 3700 5445 8535 7185 8710 8710 
4.6 3920 5665 6750 . 7625 8710 8710 
4.5 4140 6100 7185 8060 8710 8710 

1) DIvide the above rates by 43.5 to obtain the equivalent rates in pounds per 1000 square feet. 
2) These rates are for Iimastone that is tIlled Into the soil to a 4 to 6 tnch depth. Use 
malntenancs rates if not tilled In. . 
3) Divide the above rates by 2 to obtain maintenance limestone recommendations for turfgrass. 
4) Do not apply more than 2,000 pounds per acre for anyone maintenance application to 
turfgrass. . . 

Dr. Thoma R.. Tumer, Turfgrass SpecIaRst. 
UniVersity of Maryland Department of Natural Raaource Sclences & Landscape Archlt8cture 
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I IN-rRODUCTION 
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Agricultural operators are required to develop and implement nutrient management plans to prevent and 

minimize the potential of nutrient impacts to waters of the state. Under COMAR ISol0.08.05E the consultant 

uses the fertility index value or FIV to make a detennination of whether the plan sbaJlllSe nitrogen or phosphorus 

as the limiting nutrient. Chapter B in this section, Determining Fertility Index Value (FIJI) from Soil Test 

Resu1t.r, explains how to convert the soil test results from severai soil testing laboratories to the fertility index 

value. 

When the FN is equal to or greater than 150, the consultant shall asseSs the risk ofphospborus movement. 

Chapter C in this section. Phosphorw SIte IndaJor Mary/ond AgrlcIIltural Operations, provides the factors that 

shall be evaluated to determine sito-specific recommendations for phosphorus management as required under 
COMAR lS.20.0S.0SB. 

~ 

Consultants developing plans for container or out-of-ground agricultural operations shall address the risk of 

nutrient movement using the Em1iromnentaJ Risk Afsessmem for Out-of-Ground Production in Chapter D. This 

provides an evaluation tool to determine risk to surface waters "as required under COMAR 15.20.08.06D. If risk 

is determined to be in a medium or hlgb category. management recommendations shall include the use of best 

management practices to reduce this risk uDder COMAR. 15.20.08.018. These practices are listed and explained 

in accordance with what type of management issue they address under Chapter E of this section, Best 
Managemen:t Procticujor Container-Grown Operati011!. A consultant and agricultural operator shall se1ect 

those that are applicable to the site being managed. 
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CONVERTING AMONG SOIL TEST ANALYSES 
FREQUENTLY USED IN MARYLAND 

Source: UnIversity of Maryland Cooperative Extension, August 2006 
, Regulatory Citation: COMAR 15.20.08.05 E 

What Do Soil Tests Measure? 

Soil testing is a useful tool that can help ensure the efficient use of applied plant nutrients. Soil 
tests provide EL means for assessing the fertility status of a soil, but soil tests do not provide a direct 
measuie of the actual quantity of plant available nutrients in the soil. Instead. soil tests measure the 
quantity of a nutrient elemenHhat is extractable from a soil by a particular chemical extracting sol¢on. 
The, measured quantity of looractable nutrient in a soil is then used to predict 1he crop yield response 
to applica'iion of the nutrient as fertilizer, m.anure, or other amendment. As soil test levels_increase for 
a particular nutrient, the expected crop yield response to additions of that nutrient decreases. 

Why Are There So MaDy Different SoU Testinl Procedures? 

Over the years, many dUferent soil testing procedures and extracting solutions have been 
evaluated in an effort to identify the method that provides the most reliable prediction of crop yield 
response to nutrient application. It has been determined that some soil testing procedures are best suited 
for particular soil types and climatic regions, while other soil testing procedures are better suited for 
different soil types and climates. Also; we have learned that there are often several a1temative soil 

.: , testing methodologies that generate equally useful predictions of expected crop response for a. given 
region. There are several ditTcrent soil testing procedures that work well for Maryland soils. 

J 
/ 

~ , 

Why Are There So Many Different Ways to EDress SoD Test Ren.Jts? 

The actual numerical soil test values are products of laboratory procedures that determine the 
concen1ra1ions of~~IRDtnutrientB in the soil. Thus. soil test values are merelY arbitrary'jndex 
numbers, and not measures of the actual quantity of plant available nutrienu present in a soil. 
Historically in Maryland.. the numerical80il test values were converted to units err "pounds per acrell of 
soil test nutrient expressed as a fertilizer equivalent (e'&-9 p l05, K:zO). However, pounds per acre oftbe 
actual nutrient element (e.g., P, K), concentration of the nutrient element in a given volume of soil (e.g., 
ppm, mgldm3

), or concentration of the nutrient element in a given weight of soil (e.g., ppm) arc all 
equally valid expressions of soil test results. The numerical soil test val~ are determined by the units -
used to express the results. 

An alternative method for expressing the relative level of plant available nutrients measured by 
soil testing uses "fertility index values" or FIV. Soil fertility index values comprise a continuous 
relative scale that is calculated from the concentra.ti.on of extractable nutrients measured in the 
laboratory, where the highest concentmtion within the <4optimnm" range is set equal to a FIV of 100-. 
The numerical value oftbe soil fertility index is not affected by method of soil analysis or the units used 
to express the soil test results. 

11-8-1 
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Different Tests Yield Different Results 

Different soil testing laboratories use different soil testing procedmes. Different soil testing 
procedures generate different analytical results. Different analytical results may or may not yield 
different crop nutrient application recommenclJrtions. Regardless of the soil testing methods utilized, , ( 
the analytical results generated must be correlated to crop yield responses under local growing 
conditions in order to provide reliable nutrient recommendations. 

At one time, soil testing was almost exclusively performed by public (university or state 
agency) laboratories. The Maryland Cooperative Extension Soil Testing Laboratory provided analyses 
offarmers' soils from 1954 to 2003. Today, many private-sector soil testing laboratories are providing 
high-quality soil'testing services for our agricWtum.l OOJDJllunity. In general, the private-sectOr 
laboratories have excellent analytical capabilities and generate reliable analytical results. However, 
direct application of the analytic8I results generated by different soil testing laboratopes to the crop 
nutrient recommendations developed by the Maryland Cooperative Extension has been difficult 
because of the differences in the numerical' values and unitS used in expression of analytical results. 

CopverUg Among Soil Test AnaJy!es 

This pUblication provides simple factors for converting the analytical results generated by 
seven regional soil testing laboratories to the FIV scale used by the Maryland Cooperative Extension 
Soil Testing Laboratory. A list of the seven cooperating regional soil testing laboratories is given in 
Table 1. 

The soil testing conversion factors presented in Table 2 permit the direct cq>plication of the crop 
nutrient recommendations developed in Maryland to soil testing data regardless of bow, where, or by 
whom the soil test was performed. 

The conversion indices were intended to be simple and easy to use. The ~nversions were 
derived from analysis of 665 Maryland agricultural soils by PACh of the cooperating regional soil 
testing laboratories. Conversion of data from the regional soil testing laboratories generates reliable 
approximations'ofMaryland soil test FIVs to which the Maryland plant nu1rient recommendations 
may be applied. 

Origjnally prepared by: 
Frank J. Coale 
Soil FertilitylNutrient Management Specialist 

Revised by: 
Joshua McGrath 
Soil FertilitylNutrient Managem~nt Specialist 
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Table 1. Participating regional soil testing ~ method of soil nutrient extraction used, and 

( ') 
instrumentation used to quantify soU'nutrient concentrations. 

Lab<ntory Address NuIrient Emaction Method IDstnRllcntatim ,.-
(edraI:t soiJtion:soiI) ! 

A&J..,I A&L Eastem AgricUltural P Melilich-3 (20 m1: 1.7 em) ICP 
LabalalUiies K Mebliclr 3 (20 m1: 1.7 an') ICP 
7621 WhitqXDe Rd. Ca MfJWkh.3 (20 ml: 1.7 an') Ia 
Richmond, VA 23237 Mg MdlHch-3 (20 ml: 1.7 aJt) rcp 

pH Wafer (10 ml:8.5 at?) GJa EIoctrode 

AgO Analysis Agri Analysis, Inc. P Mdilic:h-3 (20 m1: 1.7 cut) ICP 
P.O. Bax 413 K M::hlk:b-3 (2(l ml: 1.7 a:ul) ICP 
280 Newport Rd. Ca· Meblich-3 (20 ml:l.7 aul) rcp 
Leola, PA 1]540 Mg ~3 (20 ml:1.7 em') ICP 

rH We (5 mJ;S an') Glass Eledrode 

Brodaide I.abomtorics, lnc. P Meh1kh-3 QO mU.7 cnt) rcp 
308' 12st Main St. K MdllIch-3 (20 ml: 1.7 ~ ICP 
New KnoxviDe, OR 45871 Ca Meblfcb-3 (2.0 ml:1.7 azr) ICP 

Mg Meblicb-3 (20 mI: 1.7 mT) 10' 
pH W*(J m1:7 aD') Glass EIedrode 

PamSDe AgricuIImal Ar:Ialytical Services P Mehlidr3 (25 mI:2.13 cnt) Ie 
University Lab<ntory K Meblirh-3 (2S ml:2.13 em') ICP 

Peon Stale University Ca Meblidr3 (2S ml:2.13 all) ICP 
~..! 

C) university PIIIk, PA 16802 Mg Meh1ich-3 (25 mU 13 eM) lCP 
JiI Wts1I:I (5 ml;5 g) Glass EIedrode 

( Spedrum Spedrum Analytic IDe. P Meblkh-3 (10 mI: 1 aJ!) ICP ., 

ADalydc P.O.Bax639 X. MdlHch-3 (10 mI; 1 au') ICP 
1087 !amisoo. Rd. ca MebJXb..3 (10 ml:1 aD') ICP 
W8!lbingtnn Comt I-k!ase, OH 43160 Mg MebUdl-3 (10 ml:l cor) ICP 

.pH ~(S mI:5 aU) dJa EIec:Crode 

. UnMni1) Univasky ufDebiW8n!i P Mi!III1fdF3 (2S m1:2S em) - IU' 
of~ Soil TcsIing Proanm K Mehlich-3 (25 ml:2.5 asl) JCP 

149 Townsend HaD Ca MdlHch-3 (25 m1:2.S au') ICP 
Univenity ofJldaMre Mg Mt:bBch-3 (2S m1:2.5 an') lCP 
NewU, DE 19717-1303 pH WamrOOm1:10cur) Glass Ekctrode 

UniYemly University ofMaryllmd 11 MebJicb..1 (25 ml-S caf) Cob:imeta' 4200m 
ofMaryIaod Soil TmtiDg l.abur:idlXy K Mr.b1ich-l (25 ml:5 en/) Flame Phi'" Ii'dec 768mn 
(closed HJ. Pattasoo HaIl, room 0225 Ca ~1 (25 mI!5 c:nr) Flame Pidotodfr 623mn 
61301(3) College Park, MD 20742 Mg Mdilic:Ir 1 (25 mI:5 cut) Colcw in eta" 630Dm 

pH Water (20 ml:2O QIil) Glass Electrode 

Wa1I!IS waSm Agricultmal I...atw aablies, Inc. P Meblich-l (20 ml:5 cm1) ICP 
257 Newton Highway K MebJicb.l (20 ml:5 em") lCP 
P.O.Bax382 Ca Meblicb-l (20 ml:S em') lCP 
Camille, GA 31730-0382' Mg Mdilic:b-l (20 m1:5 an') lCP 

pH Wider (20 ml:2O cnr) Glass Electrode 

C. i I The use of Bray PI for P and ammonium acetate for Ca, Mg, and K was discxmt:inued 81 ~ standard extraction Illite in 
9105. 
Z University of Delaware also uses a 10 ml: 1 em' ratio, depending upon the analyses requested. 
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Table 2. Factors for converting from regional soil-testing laboratory report da1a to Maryland Cooperative 
Extension Soil Testing Laboratory's fertility index value (FIV) scale. 

To determine an equivalent Maryland FJV value for each soil-test nutrient, multiply the regional laboratory 
. reported value, expressed in the units shown., by the v.alue in column A and then add the value in column B. 

Soil Test Nutrient 
PhollOlK. U;~ (P) POMClClimn (K) r.Al ... inm (Ca) M.u",~ium lM2l. 

Regional Soil-
Testing Laboratory Units A B A B A B A B 

A&. L (Mehlich 3) ppm 1.09 2 0.65 2 0.13 (-27) 0.76 3 

A&L (BrayP1 & 
ammonimn acetate ppm 1.69 6 0.63 0 0.13 (~18) 0.67 21 
K.~andMg) 

AgriAnalysis 1bsla 0.221 7 0.27 (-2) 0.06 (-21) 0.23 0 

Brookside Ib/a 0.26" 3 036 (-3) 0.07 (-23) 039 12 

Brookside ppm 1.20" 3 0.72 (-3) 0.14 (-22) 0.79 11 

Penn Sbtte ppm 1.11 7 0.60 0 0.12 (-21) 0.76 0 

Spectrum Ibsla 0.75 9 033 (-1) 0.08 (-16) .0.43 8 

Spectrum ppm 1.06 9 0.56 (-1) 0.11 (-16) 0.7S 8 

U.Delaware index l.01 7 1.10 1 LOS (-9) 0.97 10 

Waters Ibsla 1.18 4 0.38 (-1) 0.06 (-12) 0.43 4 

J For AgriAnalysiB, use phosphate (PzOJ. Potash ~O), and Magnesium (MgO) values. 

( 

"For Brookside Laboratories, use Easily Extractable P, Ibla P as P20S' . 
------~~N~~B~~~Eamy~~I~e~P,~p~p~~NO~f~P-.---------------------------------

Exgmple: A soiJ-test report from, A & L Laboratories contains the following data: 

Phosphorus, Bray PI . 
Potassium, K 
Calcium, Ca 
Magnesium, Mg 

29 ppm 
93 ppm 

1210 ppm 
114 ppm 

To determine an equivalent Maryland FIV for each soil-test nutrient 

P, Maryland FIV - (29· 1.69) + 6'" 55 
K. Maryland FIV = (93 • 0.63) + 0 = 59 
Ca, Maryland FTV = (1210 '· 0.13)-18 =- 139 
Mg, Maryland FIV = (114· 0.67) + 21 = 97 
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PHOSPHORUS SITE INDEX FOR MARYLAND 

Source: University of Maryland Cooperative 'Exiensionl September,2000 
Regulatory Citation: COMAR 15.20.0B.05E 

The nutrient management regula.tions identify the Phosphorus Site Index (P-index) as the primary tool 

to be used for evaluating the potential risk for pbosphorus movement from agricultural land to state waters. It 
is used when soil fertility index values are greater than 1 SO to determine the limiting nutrient and identify 

required management as deJineated by COMAR 15.20.08.04B(3). 

Definition 

The Phosphorus Site Index is a tool that can be used to evaluate the potential P soH losses as they 

relate to certain site ~stics and management practices. This tool provides nutrient ~agement 

planners and farmers with 8 method to evaJuate their fields and to make management decisions based on the 

values obtained from the P-index. 

How to Use the P-Index . 

The P-index evaluates potentiaJ P Josses in two steps. Part ~ evaluates potential phosphorus loss due 

to site and transport characteristics, and Part B evaluates potential phospborus lass due to management " 

practices. 

/ Part A: Phosphorus t088 potential due to site and transport charactarfstics 

-Soil Erosion (esti~ tons soil loss /acre/year, usi~g the NRCS Field Office Technical Guide) 

-SoIl test P Fertility Index Value or FIV (using the soil test results) 

-SOU Runoff Class 

-8ubsllriJace DraiDage 

------~~beacldng Potenda:l (using the NItCSn1d-office TechmcaI GUIde) 

-DlstaDce from Edge ofField to S.rface water or DraiJulge (using the map or site measurement in 
feet) 

-Priority of Receiving Water 

Part 8: Phosphorus Loss Potential Due to Management Practlees 

-Soil Test'P- fertility index value conversion (see "Introconverting Among Soil Test Analyses Frequently 

Used in Maryland) 

-p Fertilizer Application Rate (Ibs P20s/acre) 

-p Fertilizer Application Method 

-Organic P Application Rate (lbs P20/ acre) 

-Organic P Source Application Method 

) 
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Maryland Nutrient Management Manual 

PHOSPHORUS SITE INDEX FOR MARYLAND 
~------------------------------------------------------------------~I 

Negligible or 

j: . ,'. ~:. ~ . ...:,,;~:.~. ~. ~:; .;·l ~" ::' . ': :~ 

: ". :':!:~IC p .... " 
App,liC8tiqn . . 

Very Low 
0 

Very Low 
o· 

> 100 feet 

0 

Category 2 

0 

o 

None 
applied 

): :j,,::i::' :/."~~~:;X' .~::: ~". o 

2 X toos soillossl8crelyear 

Low Medium - HIgh Very High 

2 " 4 6 8 

Low Medium HIgh Very High 

""" "4 6 "S" 

Low Medium High 
0 2 4 

< 100 feet AND < 100 feet < 100 feet < 100 feet 
>50 feet vegetated 

AND AND AND 
buffer >25 feet <25 feet < 25 feet. OR vegetated buffer vegetative buffer yegetative buffer 

<100 feet AND 
AND AND AND > 25 feet vegetated <25 ft >25 feet <25ft 

buffer AND additionalnoP additional no P additional no P 
> 2S feet additiooaJ application Zone application zone application zone no P applicatiOrl 

zone 
4 6 8 

2 

Category) CaIegory 3, Category 1 CategOry I. 
'Se~ Priority 

J 1 3 4 

Sum of Site and Transport Characteristics: 
Scaling Factor: x 0.02 

Total Site and Tomsport Value: 

and source characteristics 

0.2 X FlY 

0.6 x (Ibs P20,I aae) 

Injected! Incorporated S1lIface applied 
Banded within March through November Strrfuce applied 
below 5 days of OR December through 

surface at application Incorporated more than 5 days February 
least 2" after application 

J5 30 4S 60 

PAC X (Ibs PlO,' acre) 

Injectedlband ~ Surface applied 
cd within March through November SurflIce applied 

betow 5 dsys of OR December through 
surface 81 application Incorporated more than 5 days February 
least 2" after application 

15 30 45 60 

l 



· Total Management and Source Value:. ___ _ 

PHOSPHORUS INDEX WORKSHEET 

To solve for P loss rating - add all numbers on Part A and all "numbers on Part B. Write these numbers on the 
worksheet Multiply Part A x Part B. This is your final P loss rating. 

Part A: Value: ___ _ 

Part B: Value: ----

Multiply A x B = _____ = _____ P Loss Rating 

LOW potemial for P movement from this site given current ID8Il8FDJCllt practiCes and site 
~~~ ,cbaractmistica. There Is II low probability of an adwrse impact to surfilce waters from P losses from 

this site, Nbrogeri-based nutrient management recommeodations BJ'C approved for this lite. Soil P 

( '~I~~~~~~~l~ev;e~ls~an~d~p~\OS&~p~otenti~~'~al~m~rj~in~cre~as~e~bl~th~e~fu~bJre~~due~t~O:N~-based~~nutri~. ~·:ent~"~m~an~a~gem~~ent.~~;-_1 ) r~ MEDIUM potential for P movement from this site given current management pnctices 8.od she 
characteristics. A nitrogen-bued plan may be implemented no more than one year out oftbree. 

Ila~i~~:~~~t2it~~~ Phosphorus rates during the other two yean shall be limited to the expected amount removed from. 
the field by the crop or plant harvest, or the amount indicated by soil testing in accordance with . 
reGOml11endations descnbed in the Maryland Nuqjem Management Manual. whichever is greater. 

mGH potential for P movement from this site given cmrent and site 
amount removedfrtJm the field by 

the crop 01' plant harvest. or the amomt indicated by soil testing in accordanc.e with 
recommendations described in the MarylaodNtlrient MAMRem,ent Manual. whicheve1' is gre.mer. 
All practical mamgement practices for reducing P losses by surface runoff. subsurface flow, or 
erosion shall be implemented. 

VERY HIGH potential for P movement from this site given current management practi.ces and site 
characteristics. No phosphorus should be applied to this site. All practical management practices 
for reducing P losses by snrface nmoff. subsurf8ce flow, or erosion shall be implemented. 

II-C3 



TABLE 1: THE SURFACE RUNOFF CLASS 

Tabla 1-The Surface Runoff Class site characteristic determined from the relationship oftbe soil permeability 
class and field slope. Adapted from the soil survey manual (1993) Table 3-10. 

Slope (%) 

Concave-

<1 

1-5 

5-10 

10-20 

>20 

N = Negligible 
M=Medium 
VL=Very low 
L::::Low 
H = High 
VH = Very high 

Vary Rapid 

Soil Penneability Class· 

Moderately 
Rapid and 

Rapid 

Moderately 
Slow and 
Moderate 

Slow Very Slow 

* Penneability class of the least permeable layer within the upper 39 inches (one meter) of the soil profile. 
Permeability classes for specific soils can be obtained from 8 publisbed soil surveyor from locaJ USDA-NRCS 
field offices. 

Soil permeability Clas~ u.. inches per hour (inlbr): 
very slow (<0.06 in/hr) slow (0.06 - 0.20 inlhr) 
moderately slow (0.20 - 0.60 inlhr) moderate (0.60 - 2.00 inlhr) 
moderately rapid (2.00 - 6.00 in/hr) 

.. Area from which no or very little water escapes by overland flow. 
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I TABLE 2: SUBSURFACE DRAINAGE POTENTIAL ( )L--______ ~____.I 

\ 

/ "' 

\ 
'--- ./ 
\ 

j 
.... . "'., . ' 

Oepthto 
Seasonal 

High 
Water very 
Table poorty 
(feet) drained 

0-1 

1 - 3 

3-6 

VL=Verylow 
L""Low 
M = Medium 
H-Higb 

H, 

M 

L 

VH Very high 

poorty 
drained 

VH 

M 

L 

VL 

H 

Soil Drainage Class 

somewhat moderately wen- somewhat excessively 
poorly weft drained excasalvely drained 

drained draIned soils dnllned 

VH VH VH VIi 

M M H H .R 

L L M M M 

VL L L L L 
" 

': -
H H H H H 
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TABLE 3: PRIORITY OF RECEIVING WATERS- ( 
MARYLAND STATE WATERSHEDS ( . 

Very Low (0) 
02130101 Atlantic Ocean 
02130607 Christina River 

Low (1) 
02050301 Conewago Creek 
02130402 Little Choptmlk 
02130501 EaBtemBay 
02130504 Kent Narrows 
02130605 Little Elk Creek 
02131106 MickIle P&tuxeot River 
02130104 Sincpuxent Bay 
02130403 Lower ChoptJmk 
02130502 Miles River 
02130~05 Lower Chester River 
02130705 Aberdeen Proving Ground 
02140301 Potomac River FR. County 

Medium (2) 
0212020) Octoraro Creek 
02130106 Chincoteague Bay 
02130204 Diving Creek C 02130206 Tangier Sound 
02130302 MonieBay 
02130306 Mmhyhope Creek 
02130401 Honga River 
02130508 Southeast Creek 
02130601 Lower Elk Rivet 

.02130606 Big BIk Creek . 
02130702 Lower Winters Run 
02130301 gUHpeW~er 

02130804 Little Gunpowder Falls 
02130906 Patapsco River LN 
02131001 Magothy River 
0213l00S West Chesapeake Bay 
02131108 Brighton Dam 
02140105 StClemerrts Bay 
02140108 Ze.kiah Swamp 
02140202 Potomac River MO County 
02140501 Potomac Ri ver W A County 
02140505 Uttle Conococheague 
02140508 Potomac River AL County 
021.41003 Wills Creek 
02120205 Broad Creek 
02130201 Poromoke Sound 
02130205 Nassawango Creek 
02130207 Big Annemessex River 
02130303 Wicomico Creek (. 02130307 Fishing Bay 
02130404 Upper Choptank --- / 

t .. 
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TABLE 3: PRIORITY OF RECEIVING WATERS­
MARYLAND STATE WATERSHEDS 

~~--------------------------------------------------------------~ 

Medium (2) .•. continued 
02130510 
02130602 
02}30609 
02130703 
02130802 
02130805 
02130908 
02131004 
02131107 
02140101 
02140106 
02140201 
02140304 
02140503 
02140506 
02140509 
05020202 

High (4) 

Upper Chester River 
Bohemia River 
FumaceBay 
Atkisson Reservoir 
Lower Gunpowder FaUs 
Loch Raven Reservoir 
S. Bnmch Patspsco 
west River 
Rocky Gorge Dam 
Potomac lOver Lower Tidal 
Wicomico River 
Potomac River Upper Tidal 
Double Pipe Creek: 
Marsh Run 
Licking Creek 
Little TonoloWllY Creek 
Little Youghiogheny River 

02130102 ABsawoman.Bay 
02130105 Newport Bay 
02130208 Manokin River 

"-. 02130304 WIComico River Headwaters 
.J 02130405 Tuckahoe River 

02130507 Co!"Sic.a River 
02130511 Kent 19I:and Bay 
02130610 Sassafras River 
02130701 Bush River 
02130706 Swml Creek 
02130807 Middle River-Browns Creek 

______ ~ro~13~~1----~R~~~ 
02130904 Jones Falls 
02131003 South River 
02131103 Western Branch 
02131105 Little Patuxent River 
02140203 Piscataway Creek 
02140205 Anacostia River 
02140207 Cabin John Creek 
02140305 Catoctin Creek 
05020203 Deep Creek Lake 
02130103 IsJeofWightBay 
02130203 Upper Pocomoke River 
02130301 Lower Wicomico River 
02130308 Transquaking River 
02130506 Langford Creek 
02130509 Middle Chester River 
02130604 Back Creek 
02130611 StiJlpond-Fairlee 

II-C7 

Maryland Nutrient Management Manual 



TABLE 3: PRIORITY OF RECEIVING WATERS­
MARYLAND STATE WATERSHEDS 

High (4) •.• contlnued 
02130704 Bynum Run 
02130803 Bird River 
0213090 1 Back. River 
0213Q9()3 Baltimore Harbor 
02131002 Severn River 
021311 02 PatuxClll River Middle tidal 
02131 104 Patuxent RJver upper 
02140 104 Breton Bay 
02140204 OxOll Creek 
02140206 Rock Creek 
02140208 Seneca Creek 
02140504 Conococheague Creek 

Vary High (8) 
02120201 
02120204 
02130305 . 
02130603 
02130806 
02130907 
02140102 
02140107 
02140110 
02140302 
02140502 
02140510 
02140512 
02141002 
02141005 
05020201 
02 J 20202 
02130202 
02130503-
02130608 
02130905 
02131101 
02140103 
02140109 
02140111 
02140303 
02140507 
02140511 
02141001 
02141004 
02141006 
05020204 

Lower Susquehana River 
Corlowingo Dam Susq.Run 
Nanticoke River 
Upper Elk River 
Prettybo)l Reservoir 
Liberty Reservoir 
Potomac River Middle tidal 
Gilbert Swamp 
Nanjemoy Creek 
Lower Monoc:acy River 
Anrietam Creek: 
Sideling Hill Creek 
Town Creek 
Evitts Creek 
Potomac River Upper N.Br. 
Youghiogheny River 
Deer Creek 
Lower Pocomoke River 
WyeRtver 
Northeast River 
Gwynns Falls 
Patuxent River Lower tidal 
StMID)"s River . 
Port Tobacco River 
Matta womlll\ Creek 
Upper MonocaC)' River 
Tonoloway Creek 
Fifteen Mile Creek 
Potomac River LowerN.Br. 
Georges Creek 
Savage River 
Casselman River 
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ATTACHMENT 1: REVISED UNIVERSAL SOIL LOSS EQUATION (RUSlE) 

Source: USDA Natural Resources Conservation Service, 1995 

The Revised Universal Soil Loss Equ~tion (RUSLE) is a soil erosion-prediction tool that identifies the 

factors that are a part of the interaction of rain and soil. Wbile similar to the Universal Soil Loss Equation 

(USLE), RUSLE adds more specifics to the factors of the equation. These factors are quantified as the 

equation: AlI:I~KLSCP 

A.. the predicted soil loss, is the product of: 

R=rainfall erosivity 

K=soil erodibility 
L=slope length 
S=slope gradient or steepness 

C=eover and management 
P=erosion control practices 

} Rain--related factor 

} SoiJ-related factors 

} Land Management 
} Factors 

Rainfall erosivity factor R represents the driv.ing force for sheet or rill erosion. It takes into consideration total 

rainfall. intensity and seasonal distribution of the rain, R is generally the same in the two equations, however RUSLE 

( computes a correction to R to reflect, for flat land, the effect of raindrop impact on water ponded on the surface. 
J 

Soli erodibility f!lctor K indicates a soil's inherent susceptibility to erosion. Two important soil characteristics 

influencing erodibility are the infiltration capacity of the soil and the soil's structural stabilio/. RUSLE accounts for 

seasonal changes in the soil such as freWng, thawing, soil moisture, and soil consolidation. 

------tT-eopegraphlc-faetor LS I eflects the influence of lerrgtlr1md steepness of slope on sot! erosIOn. RUSLE retiries 
USLE by assigning new equations based on the ratio of rill to interill erosion and accommodates complex slopes . 

. Cover and management factor C is the ratio of soil loss Wlder the conditions in question to that which 

would occur under continuously b~e soil. C uses the subfactors: prior land use. canopY cover, surface cover and 

roughness, and soil ":,!oisture. RUSLB divides each year in the rotation into 15-day intervals, calculating tile soH loss 

ratio for each time period. It also recalculates 8 new soil-loss ratio every time a tillage operation changes one of the 

subfsctors. 

Support practice factor P is the ratio of soil loss with a given support practice (generally a best management 

practice) to the corresponding loss ifthere were no support practices. P factor values are based on hydrologic soil 

groups, slope. row grade, ridge height, and the 10-year single storm erosion index value. RUSLE computes the effect 

of strip cropping based on the transport capacity of flow in dense strips relative to the amount of sediment reaching C ... ) the strip. The P factor for conservation planning considers the amount and location of deposition. 
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Section II-D 
Environmental Riskl Assessment 
for Out-of-Ground Pr'oduction 

(Maryland Department of Agriculture, 2000) 
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ENVIRONMENTAL RISK ASSESSMENT FOR 
OUT -OF-GROUND PRODUCTION 

Source: Maljland Department of Agriculture, 2000 
Regulatory Citation: COMAR15.20.0B.08D 

Environmental Risk Assessment for Out-of-GrOund Production 
Environmental R1sk Assessment for Out-of-Ground )rododion. is a tool used to evaluate practices in order 10 determine 

~ relative risk of 8 nurnery operation to impact watm' quality. 'Ibe risk: asswmtIlt tool was developed to help non­
traditiooal agricultural practices such liS cnnWner DIII'8eIies assess the euviromnmtBl impacts of irrigation and nutrieot runo1f 

The Risk Assessmeut hu 2 parts. Pat I evaluates slDlmwatm" &; nmoff~ The risk ofl"'llDOffin an operatioo is 
determined by evaluating water managanent pnctices. vcpta:tive cover &. ~ or methods to capture the used 
water. Growing areas with contBlmncnt basIns ere evaIusted BepIl11ltely from those without (;OIltai:nment basins. Vegetative 
cover, growing surface, and containmeot of water are also used to determine the risk factor by field or management unit 

P rt I Sto fer dR ffM nt a . rmwa an uno 8ll&Qem8 . 
Zero RIsk Low RIsk MecIlum RI&k H~Rfsk 

Risfc Factor .. 0 RIsfc Factor .. 1 Rhlk Factor - 2 RIIIk Factor • -4 

A. ~ Areas that GrowIng IIN8 '- CotDInment basInII slzed Containment baalna ConIBlnmDllf basins 
DraIn tD ContaInmenI COV8I8d: preclpllatlon to he*! 90% or more of aIzecI to hold 80'% at aIzed ID hold leas than 

BasIns . does not contact nmqf from l'IUDCIrtIum more of ronoft' trom 90% of runofffrom 
~,AND growing daly lniga11on:. AND m IIXIrnu'n d8IIy I1'I8d'num dally Irrigation 
area Is on I'npervIous some recycIng Of water IITIgatiorr .... AND than! Is 
8\8'faaas. AND thafe Is fnIm ba8Ins OR aoma no rBCJCIng ofwater 

total capture and pravtsIon (<MIg. from basins; AN) 
racycIing of water. (1) contalnrr.-d, watIands. thete Is no provIaIon 

eIc.) tor CW8IIow d for the ovar1Iow of 
baaN. contaWnent basins.. 

Growtng Ar88s RIskFactor' 

IDNa. Aaes 01' Squate Feet 0,1.2,01'4 

----

RIsk Factor - 0 RIsk Factor c: 1 Rtek. Factor Ie 2 Risk Factor = 4 

B. Growing Areas that GroWkIg IU'88 covered; Oralnage Is spread out OnIlnage " epraad out DraInage ramaVls 
do not Drain to precIpI!atIon does not to 6heel1ow AND ftowa to sheet flow but lows ch8nnelzed 10 SIIface 

Contalnment 8asin(s) contact substrate; AND through at least 50 feet tIvough less than 50 water. OR IhInage Bawa 
growing area II on 01 vegetation feet of vegetation through no vegetdon 

impervious 8UIfacaa; 
AK) there is total 

cap(ufe and racycIF.g of 
waaer (1) 

Growing Areas RIsk Factonl 

IDNG. A.cI8S or Square Feet 0,1,2,014 

----

Complete Part n for growing areas with Risk Factors of 2 (medimn) or 4 (high). 

11-01 

Maryland Nutrient Management Manual 



ENVIRONMENTAL RISK ASSESSMENT FOR 
OUT -OF-GROUND PRODUCTION 

Source: Maryland Department of Agriculture, 2000 
Regulatory Citation: COMAR 16.20.08.060 

Environmental Risk Assessment for Out-of~Ground Production 
If1he risk factor for Part I is medim:Jl or high. Part n must also be UBed for the growing area. Part n takes into 

account the water application (irrigation) methods for that growing area. Part II has low, medium. or high risk 

determinations depending on the type of irrigation used & sm, and spacing of the containers. 

When a growing area bas a high risk determination. management practices should be changed in order to 

decrease the amount of runoff and improve nutrient numagement 

Part II: Water Application (Irrigation) Methods (2) and (3) 
Complete this section only for growing areas with Risk Factors of2 (medium) or 4 (high) in Part I 

LowRl.k Medium Rlsk High Risk 

MIcroln1gat1on or subin1gation with Overhead irrigation applied to jammed Overhead inigatJon applied to spaced 
less than total capture and recydlng (pot-to-pot) contaInars 1 tD 6 gaIk>n& 5 gallon containers 12880-20360 cc 
-of water regardless of contain size (2492 to 20360 cC container volume) container vobne 

OR OR OR 
Overhead in1gatlon apphd to jammed Overhead In1gatkm appled to spaced Overhead irrigation appDed to 
or ~ contaInens IiiITI8Ier than ~ smaD than 5 gaftons container larger than 5 gaDons 
1 gallon (<2492oc c:ontaInervolume) {<12860 cc conta1ner volume -(>20360 cc container volume) 

- regMiess of spacing. 

Growing Araaa Risk Ae&easment 

10 No. Acres or Square Feet lLow Medium. or Hlahl 

------
--
~-

--

Notes: 
(1) Recycled includes application to agricultural crop(s) other than those which produced the runoff. 

(2) Water application refers to irrigation intended to reach plant roots. It does not include the use.ofwater 

to change environmental conditions around the plant canopy, such as frost protection and cooling. 

I ,; 

. 

( 
,/ 

(3) Container sizes refer to container size categories established by American National Standards ofIndustry 

ANSI Z60.l-l996. 

l 
i ' / 
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