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Cons ide rab le int e r est has de \"Clo ped a m o ng in ves ti gato r s and apple 
g rowers during the last t,\·o decades in the use of o ne o r th e other of 
th e va ri o u s syste m s of sod -cultur e in t he apple o rcha rd. T hi s is par ­
ticularly true in th ose a r eas where the a nnual precipitation provides 
su ffic ient 111 0 is tu re fo I- pro fi tabl e apple g row ing o n th e m o r e favorabl e 
sit es a nd so il s . O hse r vat io n s in th ose a r eas indicated th a t th e more 01-

less uni ve r sa l p ract ice of clea n-cultur e in th e orchard was se riously 
deple tin g th e so il o f fe rtility and o rgani c matter . Wa ter eros ion like ­
wise \\'as beco min g in creas ingl y damag in g o n er od ing s it es. A protec­
t ive so il cove rin g such as sod. therefore, see m ed to offe r th e g r eatest 
po ss ibiliti es to r edu ce th ese und es ir a bl e so il losses to a minimum . How­
eve r, su ffic ient c \' id e nce \\'as not ava il able to ju stif y recom m ending 
~o cl -c u1tur e in 1\ 1 ichi ga n a pple o r ch a rd s, a lth ough preliminary r eports 
favorable to t hi s syste m o f o rchard so il m a nage m ent were com in g from 
o t h e r a ppl e- p rod uc i ng states ha vi ng cl imati c co nditi o n s so m ewhat 
s imil a r to those in 1\1 ichi ga n . 

1-:lo\\'Cye r . the u se of a ny spec ifi c profitable so il cultural practices 
empl oyed in o ne di st ri ct m ay he les s profitable o r u se less in ano t her 
fruit -g ro \\' in g a rea hav in g diff e re n t clim at ic o r so il co nditi o ns. Im ­
portant limiting fa ctors may ex ist in on e t e rrit o r y but not ill a nother. 
The a m o unt a nd di s tributi o n of a nnu a l p rec ipitati o n , type a nd f e rtility 
o f t he so il, a nd o rchard s it e must he co ns ide r ed. Therefor e, it is neces ­
sa ry that eac h loca lit y mu st d ete rmin e a nd employ thos e m e thods of 
g ro \\ ' in g the apple uncl er t heir o \\n co nditi o n s th at wil l giv e t h e great ­
es t ac r e-y ield o f m a rk etable produ cts a t th e lowest poss ibl e acre-cost 
o f procluction a nd s till co nse r ve the so il r eso urces . 

III "ie,,' o f th ose facts, th e r e r em a in , however , two fundamental 
facto r s for t h e success ful gro\\' in g o f the a ppl e that a r e im portant , 
regard less of t h e geog raphi ca l locat io n o f t h e fruit grow ing area_ 
Th ese t\VO facto r s ove r \\' hi ch the g ro w e r has so m e co ntrol, t hro ugh 
the use of good cultura l practi ces, are so il moi s ture and so il fert ility _ 
/\pples cann ot be successfull y grown e ven o n th e best o f sit es a nd so ils. 
if so il m o istur e is a limiting fact o r. L ik:e wi se, the orchard w ill show 
a sm a ller margin of profit- o r eve n a loss-wh er e th e re is a n ab undance 
o f so il m o isture but where the fe rtilit y o f the so il is inadeq uate. There­
fore, it is import a nt th at fruit grow er s pay particular attention to the 
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conse rvation of water a nd to the maintenance, or im provement, of soil 
ierti li ty. 

T he amount of wat er lost hy r unoff on slop ing land is largely in ­
fluenced by t he degree of th e In-face slope, the gro und cover, th e 
\~uantityand intens ity of th e ra in fall, a nd the textu re of the so il. The 
lise of terraces, cover c rops, or sod-culture in orchards, or t he 1ncor­
poration of large q ua ntiti es o f orga ni c matter into t he so il w ill mate ­
rially reduce the a m o un t of water lost by r un off and lik ewise reduce 
:-;oi l e rosion losses. 

However llluch of th e effort expe nded to co nse r\' e raIll water {or 
fu t ure use b~ the trees \\'oul d be ineffect ive if the water reserve region , 
the subsoil, we re so o pe n or po ro us in structure as to permit so il water 
to penetrate freely to a depth heyo n c1 the reach of the tree roots .. The 
=,ubso il must llecessar ilv act as a source of reserve water d Uflng a 
period of dro uth. T he - 111 0st va luab le orchard so il s are those whose 
subso il s are ab le to suppl y ab unda nt mo isture a t such times. The 
t exture should be fin e eno ug h to holc1 la rge quant iti es o [ water, but the 
:-'tructure sho uld be ope n eno \1 g h t o permit tree roo t s to penetrate 
freely. Deep layers o f clays or s ilt s with a co n. ide rable adm ixture 
of sand or g ravel a re a bl e to s upply the needs of t he trees \1nder most 
condition s lik ely to occur in }\1 ichiga n. 

Much of t he Ja nel planted to a ppl e o rcha rds in "Michi gan is mor e 
or less subject to th e loss of water by run off. T he so il manage m ent 
practices ein ployed in m a ny apple o rch a rd s in thi s state have reducec1 
water loss to a m inimum , w hile in ot her o rch ards. ha ndled under a 
different progra m, much r a in water has fo und its way into nearby 
streams. Excep t for seve ra l in t e rmittent seasons of near normal pre­
c ipitation, most parts of }\![ ichi gan uffered from a deficiency of sum ­
mer rainfall du ring the last 10-year per iod cove r ed by this rep<?rt. 
The result ing detr im enta l dro u th effects in the latter orchards d l~ rm~' 
1 hi s period were man i fest in cons iderab le premature leaf-fall, rest rI cted 
tree growth, a nd a la rge r percentage of under~ i zed . fruit at harvest 
time. These seasons of deficient summ er precIp itatIOn have clearly 
indicated certa in o r cha rd pract ices that are particula rl y favorab le for 
<rood tree prod ucti o n unde r adverse so il m oisture condit ions. Likewis e. 
rhey have indicated w hi ch o f the usual o r chard so il management prac­
tices u sed we re m ost va luable in reduc ing so il e ros io n and t he loss of 
so il fertility. Of t he va riou s m et hods tr ied, none has been. so fav<:Hab ly 
received by fruit m e n as ha s the sod-culture sys t em- m. part lcul.ar. 
the sod-m ulch sys tem of so il management. Con sequ e nt~y, It s a~optlOn 
became more w idesp read in th e pr incipal apple- produc1l1g sec tlOns of 
the state. 

PLAN OF EXPERIMENT 

A block of apple trees growing on the Graham Experim ent Station 
grounds near ' Grand H.apid s, p rov ided an excellent o pportu.nity. to c?m­
pare the two most commonly used so il managem ent pract lces.m }\1Ich ­
igan orchp:rds~namely, cultivat ion-covercrop a nd sod -mulch- ll1 ~-egar.d 
to so il mpisHLre, e ros io n, and general tr ee response . The trees 111 thI S 
hlock were planted at a spac ing of 20 x 20 fee t in the spr ing of 1919. 

.. 

TWENTY YEARS RES Ul 

and cons isted of the Duches 
sap, and Northe rn Spy var 
d iagonal rows 0 f trees i i1 bo 
of 28 x 28 feet for t he reme 
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From the t ime of plant 
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Fig. 1. A Duchess tree sho 
away from the t runk to reduce 
28, 1939.) 
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a nd consisted of the Duchess, Grim es Go lden, Baldwin, Stayman Wine­
sap, and Northe rn Spy variet ies. At the end of the IS -year period, 
d iagonal rows of trees in both plots were r emoved to provide a spacing 
of 28 x 28 feet for the r emaining tr ees. T he so il in both plots is a s il t 
loam of m edium fert ility, with a rather heavy clay s ubsoil. The land 
has a slight s lope which doe s not exceed 5 per cent. 

From th e t im e o f planting, one-half of the tr ee of each var iet y 
we re maintained uncl e I' th e culti vation-covercrop sys t em of so il man­
agement. T hese cu lti vated plot s were thoroughly disked each sp ring, 
fo llowed by dragging at two- wee k inte rval s until abo ut th e middle of 
July, at which t im e the ground was aga in di sk ed and dragged in prep­
;uat ion for seeding th e annual cover crop. The cover crops u sed w e r e 
oa t s, rye, or rye anel vetc h; during the last fiv e years, seedings of 
sudan grass, mill et, o r so rghum w e re made. 

T h e remaining trees were put under a clover sod-straw mulch 
,' ystem in 1920 . Owing to a poor "ca t ch," thi s plot was reseeded to 
clover in the sp rin g of 1921. During the foll o wing thr ee years t he clover 
was cut and removed from the p lot. Following 1924, however, the 
clover was rap idly crowded out by bluegrass, which has since occupied 
the plot area. Th e bluegrass was mowed once or twice annually, raked 
up a nd placed unel e r the tree s as a mulch, until the last three years 
of this exper im ent wh e n the grass wa s left in the swath because of the 
danger of injuring th e trees w ith th e hay rake. Additional mulching 
material, consist ing o f s traw, damaged hay, or weeds, was placed under 
the trees from time to tim e in suffici ent quantities to maintain a moder ­
a te mulch and keep dow n most of th e grass growth under the spread 

Fig. 1. A Duchess tree shortl y after mulching. Note how the straw was kept 
away from th e trunk to r educe danger of mouse injury. ( Photograph taken March 
28, 1939.) 
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of th e tr ce branches. This r eq \lir ed approx im atc ly two ton s per acre 
annually. Wire g ua rd s ,\'e r e placed a rounc1 the tre es to protect th em 
from mouse in jury. 

A nnu a l app li cat io ns of a ni t roge no us fe r t ili zer w e re mad e in equal 
amounts to the tr ees in hoth the culti vat io n- coverc ro p, and th e sod ­
mulch plot s. All ot her pract ices emplo yed, such a s pruning, spraying, 
and fru it thinning were th e sa m e under both sy s tems of so il managc ­
m ent. 

Trunk ci rcumfc r ence m eas urem e nt s were r eco rded annually for 
th e 20-yea r peri od, ,,·hi le t e rmin a l shoot gro wth , fru it y ields and size 
records w er e obta in ed aftc r t he trees cam e into bea rin g. Soil moi s­
ture determinations wc re made dur ing the late su mmer and early fall 
of 1937, in both p lots. Th e acre co st s of so il maintena nce under th c 
two sys t ems of so il management were calculat ed. 

RESULTS 

SOIL MOISTURE AS INFLUENCED BY CULTURAL PRACTICES 

As previously s tat ed. the predominant ly dry summ cr wcather ex ­
per ienced in l'vf ichi gan durin g th e last 10-year period covered by thi s 
r eport ,vas partic ul a rl y fa\'o rabl e for determin ing the m erit s o f th e 
two cultural pract ices in co nse rvin g snow and rain ,vater. The rc sult s 
o f the so il moistu r e dete rminati ons m ad e ar e prese ntcd in Table 1. At 
the bottom of th e t a ble arc shown th e a m ounts of ra infall r eco rded 
d urin g th e same pe ri od by t he Unit ed States Weath e r Bureau Station 
located in G ra nd Hapicl s . The latter r eco rds partially explain the moi s­
ture fluctuat ion s o f the so il fo r thc d iffer ent sampling elat es. 

Th c D uchess anel No rth e rn Spy plots were selected for these de­
t erminat io ns beca use t he form er w'e r e the smalles t tr ees in the proj ect, 
v,hile th e latt e r " 'c r e large r a nd appa r ently hael t he grcatest leaf arca 
o f any of thc trees uncl e r obsc rvati on . Inasmuch as it was beli evcd tha t 
transpirat ion mi g ht be r oug hl y propo r tional to leaf area, the se two 
I'ari e ti es would p robab ly show th e \\icl es t ex tremes in moi sture rc ­
quirements. 

P er iod ica lh, as sho\\' n h\· the dates in the table, h\'e in dividual soil 
borings, each "to a dep th or" 5 feet, '\'e r c m ade in bot h of thc D uchess 
p lots, and lik c\\· ise in thc t\\·o No rth ern Spy plot s. Th e figur es given 
represent the ave rage pe rcentage of so il m oist ure, bas ed on the dry 
,,'c ight o f th e h ve so il sa mpl es, at th e dcpths indi cated. The so il 
JIloi s ture d iffe re nces hetw ee n thc D uchcss an(l North ern Spy plots , under 
thc sam e so il cul tural sys tems, ar e o nly sli g htly in favo r of the former, 
indicat in g that t he large r No rth er n Spy trees requ ired m ore moisture, 
po ss ibl y because of their g r eate r s ize and leaf area. 

The g r eate r so il m o ist ur e in the sod-mulch p lots can partially b e 
a ttribut.ed to the t\\'o so il cover ings-nam ely, sod and mulch. The e 
naturall y slow dow n any m ove mcnt o f surface \Vat e r , thcreby in ­
creas in g t he tim e du r ing \\ 'hi ch th e w a t e r may pe netrate the surface 
so il. Furt he r , t he soil und e r soc! and protective mulches, is much m ore 
porous, wh ich acce lerates the Ill ove m e nt o f rain or snow wat er in to 
the so il. Tn contrast, the clean-culti vated so il offe rs littl e o r no rc ­
s is tance to th e escape o f pr ec ipitation wat er. Its less porous cond ition, 

T\tVENTY YEARS Rl~SU 

Table 1. The Percentage of Soi 
Cultivated and So 

Tre,Lttrlelll Sod C ult. So:1 Cull 

It, 
rL 

(rer l ) 

0 - 1 \) . 0 ;j;j 13 . D 1\ . 

1- 2 11 . 3 S . 2 U . S S . 

2-3 12 . 1\ 
~ --- ----- - ---
:r: 
u 
:::> 

C 

:~-4 

4_ 0) 

---

P 0 f 
ce llt 

11 . 1l 

I 1 .7 7 . :1 
-

I I . 3 7 . 0 

3-l~ . . 
7-8-D. 
I 1-12 . 
17 - 1\l- :!o -2 1 . 

11 . q 

12 . :; 

12 . 7 

S . 

S . 

(i Ii C/' I' .' 
n . 1 

. -1 
10 
2 . ·1 

hro ug ht a bo ut by a lower h 
eq uipm en t , and th e beating 
illg- rains greath retards tl 
.. \1\0, it h ~~s bee;l obse l'\'ed 
<In ea rli e r date a nd to a gr 
covers of sod growth or 
frost ill th e so il of the e ll 
\\'arc l m ovc m e nt o f\\ ater 
rrozen so il in th e sod-lllule 

The fi g ures pr csented i 
was frOl:en o n l\larch 21, l ~ 
di sta nces from the tr ee t 
tI'e es . in the clean-culture 
,\ ddit.ional frost-I in c depth 
a reas selected be ing thc sl 



T\lVENTY Y I~ARS RES U LTS I ~ A MI CH IGAI\ APPLE ORCHARD 7 

Table 1. The Percentage of Soil Moisture in Consecutive Foot Depths in the Clean 
Cultivated and Sod. Plots from Aug. 2 to Oct. 18, 1937. 

Tre,Lt m eli t Sod C ull . 

[I, 
rIJ 

Un' f ) 

0- 1 

1-2 

0 . 0 

L 1.:3 8 . 2 

12 . 1'1 
~ ---------
:I: 
U 
~ 

~ 

:)-4 

4 - :' 

P~r 
cell i 

11 . 8 (j . n 

I 1 . 7 7 . :\ 

Il :3 7 . 0 

I f; lS 

So :1 C ul t. 

4 

Sept elilher 

17 20 

Soil C ult . Soil C ul l. 

Octo her 

]:, I S 

Sad C ul t . Sorl Cl il t 

I :LD S . D 12 . :' 4 . S 12,4 7 . 1 13 ;) S . !) l 4 . 4 13 . 3 

1 2 ~ s~ ~~~ - GS n . 2 >< . 1 l 3 . 2 7 .8 12.7 ! 13(i 

I 2 ~ n () I 2 . :'l 7 . 2 I :, . G 7 . 8 I :3 . :\ 7 . S I 2 . 7 I 1 . 2 

II . q S . 2 11 . .') 7 . I 12 . " 8 . I 12 1 7 . 2 I I . 4 n .7 

G . () I 2 . :'l (j f) I 1 . 8 7 . :, I I I . :'l 8 . 6. 
- ---- ----- -----

G. G 12 . 8 7 :, J 2 . S 7 . 7 12 . :' 11 . 2 

8 . 0 II Ji 12 . :> 

S 4 Il.fl 12 . 7 

AlI ~i l...; t Sep Lp lllher Octoher 

3 -4 . 
7-8-9 . 
ll - 12 . 
17 - I \l -!W -2 I .. . 

( ill c llf' .' ) 
0 . 18 

. 4:, 
1. 0:, 
2 . 4 7 

:, --1 
10 . 
14 - 1,,- I (j - J 7 - I S 
2 '1- 2:> . 
:·lO . 

( ill,.hl' .,) 
0 .0 4 

. 28 

(i nches) 
:> . . . . . . 0 . 3.') 
\) - 10- 1 I - I 2- 1 ~ .. . . . . 44 
L7- I R . . .. . 1 . 24 

bro ug ht abo ut by a lo\Ve r hUlllu s co nt e nt , co m pact in g b y h ea vy orchard 
equipm e nt , a 11d th e beal i11 g down and puddli11 g o f t h e s urface b y dash ­
ing rain s g r eat ly r eta rd s the fr ee pe n e trat io n of s n o \\' a 11d rain ,vater. 
[\I so, it has bee n o h sc r\' e d that th e so il in th e c ultiy atcd plots fr oze at 
(\ n ea rli e r date a ll cl to a g r eate r d e p t h th a n it did und e r th e protect iv e 
cove r s o f sod g r o\\·th o r lllulch. Co n se qu e ntl y . t h e lo nger pe ri od o[ 
fr os t i11 the soi l of the c ul t iyatec1 pl o ts \\ 'Oltlcl ret a rd t h e free down­
ward m ovellle nt of water oyer a lo nge r per io d of time thall t h e les s 
f roz e ll so il in th e sod- mulch p lots . 

Th e fi g ur es pr esen t e d in T a b le .2 s h o \\" the d e p t h to w hi c h the so il 
was fr ozen 0 11 l\ Larc h 2 1, 1939. The d ete rmina t io n s ,\'er e l11acl e at equal 
di stances fr o 111 t h e tr e e trunk o n th e nor th a nd south s id es o[ t h e 
t r ees, in the c lea n - cultur e pl ots a nd und er t h e mulch in th e so c! p lot s . 
i\ clcl itional frost - lin e d e pth s we r e det e rmin e cl und e r the g rass sod, t h e 
a r eas selected h e ill g t h e s li g h t rid ges a ncl cl e pr ess io n s O il th e les s level 
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Table 2. Depth in Inches to Which the Soil was Frozen on March 21, 1939 in Clean ­
cultivated Soil, Under a Straw Mulch, and Under a Bluegrass Sod. 

Location 

C ul t ivated 

Nort h 
Sid e 

f':io u l,1l 
S id e 

Sod -U nd er Mulcb 

Nort h 
S id e 

So u th 
S id e 

Grass Sad 

High 
Spots 

Low 
Spots 

---._------------------ ------------------

Frost depth ... GG 5 . 2 I :~ I 1 . 7 :3 . 4 2 . 0 

Avemge . 
- - -~---I- ---2- .-1----

2 . 7 

soil surface. Adjacent trees, under wh ich a recent mulch to a dept h 
of several inche s was appl ied, showed the so il to be frost -free on the 
same date. 

SOIL EROSION AS INFLUENCED BY CULTURAL PRACTICES 

Emphasis has been placed during recent years on the prevention 
or red uction of soil erosion by var io us so il agenc ies, and it should also 
be g iven se riou s considerat ion by th e frUlt grower. The gradual 
removal of the fertil e surface so il by wind and water from the or ­
cha r d wi ll man ifest it se lf sooner or later in smaller tree yields and 
low e r quality of fruit. Only fertile so il s, w ith an adequate water 
supply, are capable of producing heavy crops of high quality apples 
at a low acre-cos t . 

Exposed tree root s a s shown in F ig . 2 result from surface erosion, 
a cond ition that can be found in many cul t ivated commercial apple 
orchard s in Michigan where the cu I t i va tion-covercrop system of so il 
managem ent is fo llowed. S uch so il losses are notable evidence of the 
havoc erosion produces. l-Ieavy soil s of fine texture are less pervious 
to water penetration than are so il s of coarse texture such as sands. 
In addition, these heavy so il s when cultivated year after y ear offer 
greater re s istance to water penetrat ion owing to (a) their lower humu s 
content, (b) the closing of t he so il pores by heavy dash ing ra ins, and 
(c) their compacti ng by heavy cul t ural and spray equi pment. The result 
is that most of the water from such heavy rains flow s down the slopes, 
taking with it va luable hum us . so il particles, and fe r t ili ty. Similarly, 
rains during late w int er o r ea rl y spring, when the unprotected surface 
so il of th e cu lti vated orc hard thaws to a depth of a n inch or more, 
will often remove a large part of the unfro ze n super -sa turated soil, 
a loss which does not occur in the sod-pro t ected orchard. 

T h e protective influence of: ground cover such as mulch es, sod, or 
a heavy cover crop growth, w ill materially reduce the depth of free z­
ing and s urface erosion. Such a ground cover can be rather readily 
produced by the use of h eavy-yielding cover crops in the young apple 
orcha rd under clean cultivation, until t he trees become 10 or 15 years of 
age. Cover crops a s German mill et, sudan grass, a mbe r sorghum, or a 
m ixed seed ing of these, hav e produced heavy protect iv e growth when 
seeded during t he fir st week in July. However, afte r the trees grow 
larger they offer in creased compet it ion to th e cove r crop for mo isture. 

TWENTY YEARS RESU 

F ig. 2. Stayman Win esa p 1 

e ro s ion . S uc h sha llow roo ts ,H I 

lovv w int e r t emp e rature s. 

fertil ity, and sunlight . In 
gradually decreases to the 
c iable amount of organic ' 
the so il. When th is cond it 
m ent practices as covering 
hay, or straw during lat e 
tcction suppli ed by the rE 

e ro sion at a m1l11mum. 

TREE GROWTH AS II' 

T he growth re sponses 
p r ev io usly described, are 1 
average tr unk cir cumfere l 
20 y ears. In addition, aver 
the sam e tree s are given 
la st 11 years of the 20-yea 

At the end of the t entl' 
ference 0 f the trees g rO\) 
larger than the average of 
in colulllil 2. Table 3. !--:10' 
cumference measur ements 
thi s first 10-yea r per iod t 
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F ig . 2. Stay tnan Win esa p t r ee ullcl e r clean c ult iva ti o n showin g e ffect of so il 
e r os io n . Su c h sha ll ow root s ar c m o r e subj ect to in ju ry by c ul tural eq u ipm ent and 
low w int er t em pe r a tur es. 

fert ilit y , a nd sun li g h t . In con seq uence, t h e g rowth of th e cover c rop 
g ra dua lly dec reases t o th e po int .. ""h ere it no longer add s any a pp re­
c iab le a m o ll nt of orga ni c m a tt e r , nor provides adeq ua t e prot ecti o n to 
th e so il. \ ;\The n th is co nd it ion a r ises s ll ch supplem enta ry so il m a nagc­
m ent pract ices as cove rin g th e so il li g ht ly w it h .' t ra ,,'y Ill a nure, pea t , 
hay . 0 1' straw durin g lat e fall , sho ul d be used t o r e info r ce t he pro ­
t ec t ion supplied by t he reduced cov e r cr op, a nd k eep th e loss from 
<.' ro ion a t a 111 1111 l11 U lll. 

TREE GROWTH AS INFLUENCED BY CULTURAL PRACTICES. 

Th e g ro wt h r es po nses of th e tr ee s t o t he b vo cult u ral p ractices. 
pr evio usly desc r ibed, are pr ese nt ed in T a ble 3. T he data prese nt the 
a verage tr u nk c ir cum fer ences o [ the trees a t the ages o [ 10, 15 and 
20 yea rs . In a dd it ion , a ve rage t e rm ina l shoot g rowt h m easurem e nts of 
t he sa m e trees ar e g iven fo r t he year s o f 1928 t o 1938 inclusive, the 
las t 11 years o f th e 20-year per iod. 

A t th e e nd of t he te nth g rowin g season t he a ve rage trunk circum ­
f er ence of t he t r ees g rown in t he cult ivated so il w er e con sidera bly 
la r g er t han th e a ve rage o f t h ose in th e sod. The d iff e r ences a r e shO\\" lB 
in co lu lll n 2. T able 3. lJow eve r , exam ina t io n of t he a nnua l t r unk c il-­
cumfe rence m ea sur em en ts r evea ls th a t d ur ing t h e la st few yea l-s of 
t hi s fi r s t 10-year per iod t he an nu a l trun l--:: c irc um fer ence increase , of 
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TWENTY YEA RS RESl 

th e t r ees in th e sod had 
cul t iva t ed p lo t s . N eve r t h 
in g season t ha t t he sod t : 
var iety wh ich fi rs t Sh Ol\'1 
twelf t h season. By th e el1c 
g ro\Nt h d iffe r e nce s in fa\'o 
inas lll uch a s t h e sod t r ees 
c i rC Ulll f e r ence in c r eases. 
sa m e h o lds tr ue ag:J. in fo r 
t he Baldw in , Stay m a n ' Vir 
p lots, had a g r ea t e r t ota l 1 
in t h e culti vated pl o t s. T l 
t he average t ota l trunk ci 
the yea r s of 1929 to 1938 
manage m en t . 

T he tota l te rm in a l shoe 
years in d icated, a re pr ese n 
c1 ifTere nces for th e ll -yeaJ 
:\l t ho l1 g h t h e di ffe r ences; 
defin ite t ree respo n se in fa' 

TREE YIELD iN RI 

Ind iv idual t r ee y ields \\ 
a ll tre es grO\\' in g 11 nc1 e r be 
obta i ne c1 v\' e r e co nvert ed t 
Table 4 . As in th e case of 
t he trees u n d e r clean cul t i 
first 10-year pe ri od th a n 
[[ owever, by t h e close o f 
all va ri et ies in th e SOd- l1l11 
acre t han for t h e t r ees in 
t h e 20-year pe ri od w hen d 

[)u chess, s howe cl hea vier t 
tr ees . On a pe r cc nl age ba~ 
produced 7.4 pc r ce n t 111 0r 
sam e variety uncl c r cu lt i\'8 

Table 4. Ave rage A cre 
a t 

( 'u ttivated J .'i ,l'E'a r s, 

2 0 .vp;L r s , 

10,l'e<Ll's , 

:-1od 1 :) yea r s" 

20 YE' <1 r s, 
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the t r ees in t he sod had nea rly equa lled t hose of the trees in the 
cul t ivated p lots. Neve rth eless, it was not until the e l e ~venth g row­
in g season t hat t he sod trees took t he lead, excep t for th e D uchess 
var iety which flrst showed greate r growth for the sod t rees th e 
twelfth season. By the end o f t he fift eenth year th e previously greater 
growth differe nce s in favor of the culti vated t rees had been reduced, 
inasm uch as the sod trees were now mak::ing the larger a nnua l tr un k 
c ircum f erence in creases. Except for the Grimes Go ld en var iety, the 
same hold s tr ue aga in for t he end of th e 20-year per iod. at which tim e 
the Baldwin, Stayman "\i\1in esap, a nd Nortllern Spy va ri et ies in the sod 
plots, had a greater tota l trunk cir cumference than th e same variet ies 
in the cultivated plot s. T he flgures in colu mns 7, Tabl e 3. r eprese nt 
the average total t runl..:: c ir cumference growth made by a ll trees, for 
the years of 1929 to 1938, inclu sive, under the two method s of soii 
management . 

The total term inal shoot growth made by these sam e trees for the 
years indicatecl, are presented in column s 8 and 9, Tabl e 3. The total 
d ifferences for the ll-year period are shown in colum ll ]0 , Table 3. 
Although the diffe r ences are not great, they neve rth eless indicate a 
defin ite tree respo n se in favor of the sod-m ulch plots. 

TREE YIELD iN RELATiON TO CULTURAL PRACTICES 

Individual t ree y ields w er e recorded during t he 20-year period fo r 
a ll trees grow in g under both systems of so il management. The data 
obta ined were conve r ted to an ac re-y ield ba sis a nd a re presented in 
Table 4. As in the case of th e g reat er trunk circum fe rencc increases, 
the trees uncler clean culti vat ion a lso showed a g reater y ield for the 
first 10-year per iod than th e trees growing in the sod-mulch plot s. 
]-Iowever, by the close of the I S-year period t he total production for 
all var ieties in t he sod -mu lc h plots. except Duchess, \\·as g reater pcr 
acre than for the t rees in th e cul t ivated plots. T hi s was a lso tr ue of 
the 20-year period w hen a ll of the trees grow n in th e soel . including 
Duchess, showed heav ier total prod uct ion of fruit t han t he cult ivated 
trees. On a perce n tage bas is, t he Duchess t rees in t he sod- ll11Il ch plots 
produced 7.4 per cent mor e frui t pe r ac re during t he pcrio<1 than th e 
same variety under cul t ivat ion, t he Gr im es Go ld en 15 per ce n t 111 orc. 

Table 4. Average Acre Yield in Bus h els of the Five Appie V arieties 
at Different Age Period,S. 

10 yea,r s . . 2,,[ 
~~- -

(: ri I IlPS 
(;O Ic\ (" 11 

r;>\>\ 

I \aldw ill 

!J1 

:-;t,L'yl l lall I '\Jo r t ll E'nl 
Will('s;lp :-;P.Y 

4()1 0 
- - ~-

Cultiv<\,ted lfi 'yE"L rs. 1 2 1 ~ 1724 1104 l '. ~ I () 070 
-~~~----- ~--~-

20 'ypa rs . 227 1 42D7 2.')GG :{J():-, Im9 

10 'ye'L rs. 14() 240 I~ fi o 
I-~~~~------ -~~- -----1----1--

:-lod lfi 'ye'Lrs . . 2 1S0 12'.0 

20 ye'L rs . 4044 fll()(; 
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Baldwin 42 per cent, Stayman Winesap 32 pe r cent, and the Northern 
Spy 86 per cent more . T he data g iving total produ ction per acre for 
t he different pe ri ods, incidenta lly sho w wh ich of th ese var ieties may be 
expected to come in to heavy production earlier in l\/[ichigan, on the 
so il type and w ith th e cultu ral practices employed in thi s exper iment. 

INFLUENCE OF CULTURAL PRACTICES ON FRUIT SIZE 

Dur ing the years 1931 to 1938 inclu s ive, fruit size records were 
ob tained in all seasons when suffi ciently large c rops of apples were 
prod uced on each var iety, in both plots, to provide adequate sampl es 
for thi s purpose. D uri ng thi s e ight-year period t he apples of the 
Duchess variety were size graded for four years, Gr im es Golden eight 
years, Baldwin seven years, a nd t he Stayman for fiv e years. Due to 
the ease of bruis in g, the Northern Spy apples were not graded for size 
d ifferences . The thre e diffe r ent s izes into w hich the fru it was graded 
were, 20 inches and larger, 20 to 2X inches, and from 2 ,Y<j to 2 inches. 
The percentages o( fr ui t fa lling below 2 inche s in diam eter were of 
minor s ignificance, and are not incl uded in t he data. L ikewise, the fruit 
s ize records obtain ed on a ll apples ly ing on th e ground at harvest time 
a re exclud ed from th e total percentages tab ulated in Table 5. 

Table 5. Average Percentage of Fruit from the Clean-cultivated and Sod-mulch 
Plots Falling into the Various Sized Groups. 

Grade Sizes Duchess 

Culti v ated 2 )1 -2 l,-~ . :W . ;~ 

2- 2 11 . . 16 . 4 

21 :;; - + kR .'j 

Sod 2 ~{-2 y.; 8.2 

2- 2 11 3 . 2 

G ri mes 
Cold en 

21 .7 1 .';:) l' 

32. I 

Baldwin 

,')1 . 4 

21' . .'; 

:-:itayman 
W iT1f'\sap 

25 . 

41.1 

Average 
for all 

var ietiE';; 

47 I 

__ -- - - - ---1----

46 . I :20 . 1 ],5. D 

- --- - -------- -

1-;:: I 

SD . D ~ 1 . :3 84 . 2 
RO . 

7 . 8 J 4 5 [3 ,7 

20 2.3 4 . 2 2 . 0 

W ith the exception of Gr im es Go lden, the Stay m an trees in th e 
cu lti vat.ed plots produced th e smallest percentage of fruit exceeding 
20 inches in siz e. wh il e the D uchess and Baldw in va ri et ies had about 
an equal percen t.age falling into thi s s ized group. In the case of 
Grimes Golden, t he former M ich igan A grade s ize req ui rement wa s 
a minimum of 2~ inch es. T he total of the percentages of fruit 
exceeding this minimum size for this variety, eq uals the percent­
age ' of the Duchess and Baldwin meeting the ir r espective A grade 
s ize requ irement. The percentage of fruit from the sod plot.s that 
grades in to these sam e s ize grou ps is much large r than t.he former 
plo t s. On a percentage basis, t he D uchess trees in the sod plots 
y ielded 67 per cent more A grade fruit, the Grim es Golden 48 per cent, 
Baldwin 43 per cent, and the Stayman 224 per cent m ore than trees o( 
the sam e var ietie s grown in the cu lt ivated plots. T he figures on the 
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requir ed for th ese var iet i 
these fi g ures reveals that 
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t hat m et the es tablished ( 
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in the culti va t ed p lots. T hE 
fin is h a nd was mor e att rac 
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The ann ua l . o il mainte 
sta tion g ro und s. ha ndl ed l 

as these apple tre es, alllOl 
cove rcrop area. T hi s in clu 
prev io usly de sc ribed . and tl 
plant ing . The all nua l cost f 
whic h inclu ded the expe ns 
gTass und er t he tr ees. HI 
weeds . or damaged hay \va 
t he trees, in as lllu ch as th e 
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seco nd IO-year pe ri od, al1lc 
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increase in the purchase pr 
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syste m ove r that. of th e cu I 
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extrem e r ight s ide of the tabl e r epresent th e average total percentages 
o f a ll fruit graded for size, that fall into the variou s grade sizes form erl y 
r equi r ed for th ese var iet ies of apples in Michigan. A compari son o f 
these figur es r eveal s that approx im ately 79 per cent more total frui t 
m eet ing the A grade r equir em ents was produced in th e sod plo t s than 
in th e cultivated plots. 

INFLUENCE OF CULTURAL PRACTICES ON FRUIT COLOR 

Although no data w e re obta in ed on th e actual percentages of fruit 
t ha t m et the es tabli shed colo r r equirem ent s for th e several g rades of 
var ie ti es in qu es tion, fr eq uent obs ervation s indicated that the fruit s 
produced in the sod p lot s, except Grim es Golden, had slig htly m ore of 
the ir total area cover ed with a som ewhat brighter r ed color tha n those 
in th e cul t ivat ed plo t s. Th e fruit f r o m th e form er plots a lso had a better 
fi ni s h a nd wa s mor e attrac ti ve in a ppeara nce. 

ACRE-COST OF SOIL MAINTENANCE 

Th e annual so il m a illt e nance cost o f a noth er bl ock of tr ees on th e 
st a t ion ground s. handl ed under th e sam e sy s t em of so il ma nage ment 
as th ese apple tr ees , am ounted to $ ]0.60 pe r a cre fo r th e cultiva ti on­
covercrop area. Th is in clu des th e d isk ing a nd dragg ing o f th e so il, a s 
pr e viously desc ribed. a nd th e cos t o f th e a nnual cove r crop seed a nd it s 
plant ing. Th e a nnual cos t fo r th e sod -mulch a r ea t o ta led $4.50 per acre. 
w hich includ ed th e expense o f m owing, r a kin g a nd spreading o f the 
grass und er th e tr ees . Ilo \,,1ev e r , add iti ona l mat eri a l such as straw, 
vveeds. o r damaged hay wa s add ed fr om t im e to t im e a nd spr ead under 
the tr ees , inas much as th e mate rial grown in th e orcha r d wa s no t suf ­
fici ent t o maintain an ad eq uate J1lulch . Thi s add it ion a l cost , over the 
seco nd 10-y ea r pcriod, amo unt ed to approx imately $5.75 pe r acr e a n ­
nu a lly, and included th c va lu e o f th e mulch mate r ial, it s ha uling a nd 
spreading. Th c total o f th ese two expenditures w as $ 10.25, only sli g htly 
less than th c a nn ual ac r c maint cnance cos t o f th e cu lti vation -coverc rop 
sy s t em. The fig ur es pr cse nted do no t includ e the co s t of th e nit rogen 
fe rtili ze r appli ed an nu a ll y, nor th e cos t of a ppli cati on s ince the trees 
und er both sy s t e m s of so il managem ent r ece ived equ a l amount s. Any 
increa se in th e p urcha se price of mulching mate rial , o r heavier annual 
m ulching o f th e tre es than w as prac ticed in thi s experim en t, would 
a utomatically in cr eas e th c acr e maintenance cost of th e sod-mulch 
sys tcm over th a t o f th e cul t ivat ion -covercrop sys t em. 

GENERAL OBSERVATIONS ON THE TWO SYSTEMS 
OF SOIL MANAGEMENT 

During the p rogr ess o f thi s experim ent several obse r vat ion s, not 
cov er ed by spec ifi c da ta, w er e m ade which provid e som e additi onal 
information on conditi on s that can be expect ed to prevail in apple 
o r chard s growing under th e two syst em s of so il managem ent , under 
conditi o ns s imil a r t o th ose in th is ex perim e nt. 

During th e las t few year s o f thi s experim ent th e lea ves on th e 
t rees ill th e cultivat ed plots w er e som ewhat small e r in s iz('. a nd ha d 
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Fig_ 3_ l;a lcl\\'i1l t r el' II1ld c r cka 1l c ultivatio1l. sho \Vi1lg effect o f so il e ros ioll _ 
S uc h sha ll o \V roots are mo r e su bj ec t to injury by c ultural equipm e1lt a 1ld Jaw 
\V int er t emp era tur es_ 

a s li ghtly yc ll o \\-is h cast . \\-h ilc the lea ves o n th e tree s in the sod - 11lulch 
plots were la rg-e r \\-i t h a clal'kcr green co lo r. It \\-as a lso obse rv e d dur -, 
ing this :; <1111 e per iod . that fo liage injury caused by s pray mate ri aL.;, 
wa s m ore seHT e o n the trees in th e form e r pl o t s . and a consistentl y 
earlier leaf fall \\-as 1110re o r less a n annual occ urr e n ce_ 

The ahi lit\- 0 1 a l111!1 c h t o absorh water and retard its runoff wa s 
<iel11on~; trated- at thi s s tation \\-ith a r e pr ese ntati\'(~ I J - year -old Hald ­
\\-in tr ee kning a limb sp r ead of 2.2 feet. T h e Illulch l~nd er thi s tr ee 
\\-as o nl y Jll o d e rately h eavy. a nd e.\: t e nded to th e o ut e r s pr ead of th e 
h ranches_ (her a pe ri o d o f o n e hour , 700 ga ll o n s o f \\-at e r \\-e re appli ed 
to the mulch hef o re a n y \\-a ter e 11l e r ge d fr o 11l h e n ea th it s o uter e d g e _ 
!n a ddi tion . heca u se appro.\: illl ate ly o n c- h a lf o f th e t o tal a r ea in th e 
sod p lots is cO\Trc(1 hy 11lulchin g mat e ri a l, it is r easo1lahle to assum e 
Lhat a \\-ater ahsorhi n g 11lulch o f this type \\-o uld greatly r ed u ce th e 
amou n t o f po~; ~; i b1c n :n o lT \\-ater. e \"\~ n Irom a n e.\:ce pti o ll a ll y h eav} 
a lld rapid rain fall. Thi s \\-o uld lik ew ise he of co n s id e ra bl e a dditi o n a l 
impo rtan ce in o r c hards g rowing on s lee p s lopes \yh e r e so m e s urface 
\\-aLer lo s s 1l1i g- h t occur o n so il co \-e r cd o nl y hy a sod growth _ S u ch 
pro t e cl i \'C' s () i 1 co H'r i n g- i sa l so \ -c r} \ -a lu a hI e i n l' e du c i n g- so i 1 \\ -ate r 
los:-'('s hy c \apo ra tio n. es pcc ially durin g per io c1 s o f int e n se h eat or 
drying \\inc1s_ 

The fr eclu c n cy \\-i l h \\-hich a dditi o na l mulchin g 111at e ri a l sho uld b e 
applicd o r t h c depth to \\-hi c h th e l1lulch s h o uld h e 1l1aintained, d e pe nd s 
0 11 sen.'ral facto r s . s ll c h a s . a \-a ilahility. kind. a nd cost of th e m ate ri a l 

applied in th e o r c hard _ Tl 
but s ufflci e ntly heavy t o 
s pread of the tr ee branc 
co mpe titi o n of th e g ra ss 
\\-ater by eva po rati o n an( 
low ing a rain Ivhi ch wa 
roots in c ulti vated so il , r 
wet th e heavy Illulch to t 
g r o wing under th ese CO Il( 

but th e h eavie r rains, a ll c 
moist u re for tr ee a nd cro 
i th e refo r e be li eved that 
prohably prefe rab le to les_ 
th e tr ees will be largely 
t h e g r ower has at hi s eli 
is ava il able_ Obse rv a ti o ns 
des irable _ 

C01lllll e r c ial ap ple gro ' 
o f m a intainin g th e ir n e \\­
c rop syste m of so il man a 
tr ees a r e s uffici e ntl y I\-el 
inAu e n ce o f a g ra ss sod_ 
as t o wh e n thi s pe ri od has 
to the sod - mulch sys t e1l1 
yea r s, while ot h e r s seed t 
\-ie \\- o f th e data present( 
I hi s cxper im e nt , it appear ~ 

rig_ -t_ Apple tr ees in sod 
20 tOil S p e r a c r e a few month s 
ta ken \ ,1 arch 28, 1939_) 
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appli cd in th e o rcha rd . Th e ma int cnan ce o f a co mpa ra ti\'c ly li g h t Illulch , 
hut suffl c ientl y hcav y to r e t a rd m ost o f th e grass g rowt h und er th e 
spread of the tr ee bran ches . will be o f mate rial a id in red ucin g th c 
co mpetit io n o f the g ra ss fo r mo ist ure a nd the redu ct io n o f th c loss of 
\\'a t e r by e vapo rati o n a nd run off. Examin at io n of heavy mulch es fol ­
low in g a rain \\hich \\'a s o f suffi cient a mount to pe netr a t c to tree 
roo ts in cultivated so il , r evcaled that in m a ny cases th e rain fa il ed to 
\Vct th e heavy Illulch to th c so il below, T hi s ,,'o ulc1 indi cate that trees 
g ro \\' in g und er th cse co nc1iti ons m ay r ece i\,c but li tt lc benc ht fr o m all 
but th c hcav ier rain s, a nd would be co mpelled t o obta in th e necessa ry 
m o is ture for tree and c rop developm ent fr o m the low er so il layers, It 
is th e r efo r e beli eved that li g ht appli cat ions m o r e fr equ entl y a ppli ed arc 
probably prefe rable t o le ss fr equ cnt hcav y a ppli ca ti o ns , \Vhen to mulch 
thc trees ", ill be largc ly dct e rmin ed by the a lll o unt of ava il able tim e 
t hc g ro wer ha s at hi s di sposa l and th e pe ri od th e Illulching mate rial 
is ava ilabl e, Obse r vat io ns inc1i catc th at fa ll o r wint e r mulchin g is m os t 
des i ra bIe , 

DISCUSSION 

Co mm e rc ia l a pple g r o \\'e r s . a lm os t exclu s ive ly, foll o ,,' th e practice 
o f m a intainin g th e ir ne ,,'ly se t o rcha rd s uncl e r th e culti"at io ll -cover ­
crop sys t cm of so il managc m ent, until such tim e that it a ppea r s thc 
tr ccs are sufflc ic ntly ,,'c ll cs tabli shed t o w ith st a nd th e co m pet iti ve 
influ ence o f a g rass sod, O p ini o ns o f th cse g ro wc r s howcver , differ 
as t o ",hen thi s pe ri od has bcen reached , Som e h cs itate t o cha nge over 
to t he sod - mulch sys t em befo r e th c tr ces r each th e age o f 20 or 25 
yea r s, wh ile ot her s see d th c ir o r cha rd to g ra s a t an ea rli er age. In 
\' ie \V o f th e data prese nt ed o n the g rowth a nd y ic ld of th c tr ees in 
(hi s ex perim ent , it appears e ntir c ly fcas ible th at th c sod can be es t ab -

Fig , -L App le trees in sod w hi c h r ece ived a n add it iona l mulch app rox ima tin g 
20 ton s pe r acre a fe w m o nth s previ ously, T r e s are se t 28 x 28 feet. (P hotograph 
taken :M a r ch 28, 1939,) 
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lished at a m uch ea rl ie r stage than was form erl y tho ught adv isable, 
without apprec iably changin g the rat e of tr ee g rowth a nd fru it pro ­
d uction. It is bel ieved that the value of the somewhat grea t er growth 
and y ields obtain ed in th e yo ung orchard under the clean cultu re 
syst em, by delaying th e cha nge-over to the sod-mulch system, w ill not 
equa l the va lu of th e add it ional so il and fer t ili ty lost durin g th e same 
per iod by e ro io n, par ti cularly on e rosive so ils and st eep slopes. Tree 
grow th can be incr eas ed, in a large m eas ure, by applicat ions of th e 
necessary fert ili ze r e lem ent s, but the cost of replac in g the los t soil 
w ith it s h um u ' and fer tili ty in the orchard, w ill much exceed the val ue 
of any extra fruit produced. The more er os ive the soil type a nd the 
steeper the s lope, the earlier is the date at w hi ch the cul tivat ed o r cha rd 
should be seeded down to gra s. 

Several di sadvantages are a lso assoc iated 'with t he use o f mulches 
in t he sod orchard. The presence o [ a Jllulch under the tr ees prov id e . ..; 
attract ive w inter quarters for mice fro m urro unding areas, frequ ent ly 

Fig. 5. An app le t r ee protected against 
mou se injury in the sod-mulch plots. 
Cililders and wire mes h extend to a depth 
of 8 inches be low t he so il surface. 

r es ultin g in heavy mo use co ncen­
tr a ti o ns w ith th e con stant danger 
of sub sequ ent g irdlin g o f unpro ­
t ec t ed tr ee trunk s. Protect i ve de­
vices Illu s t he maintain ed aro un d 
th e trunl...::s a nd a n inten s ive po iso n ­
in g progra lll fo ll o wed durin g the 
late fa ll a nd w int e r month s to 
keep rod ents und e r contro l. Pos­
s ibly ow in g t o th e co mparative 
a l se nce of pro t ec tiv e mat er ia l du r ­
ing th e winte r in the culti vated 
plots m o use injury to the trees 
has been less seve re . F u r th er , the 
dan ger 0 f fi r e damage to th e tr ees 
is in creased in th e sod-mulch area 
durin g dry periods. Howeve r , the 
probability of se riou s losses from 
th is source can be r educed by the 
mainte nance of culti vated s trips or 
fir e lines running throug h th e or­
chard at freq uent int e rval s. These 
fir e lin es should be made to cross 
the slopes fo llow ing the con tour 
of th e land, otherwi se th ey may 
lead to se riou s g ull y format ion 
owing to the ir bare and unpro ­
t ected s urface. 

Materials mo t frequently used 
in Michigan for mulching appl e 
tr ees are straw, alfalfa, sudan 
grass, corn stalk s a nd peat. These 
mat erial s, with th e exception of 
alfalfa. have a rather high -ca rbon 

a nd a low-n itrogen content, and con sequ ently decomposition take s place 
at a slower rate in the absence of an add iti o nal nitrogen supply. On 
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the contrary, alfa lfa deco m poses very rapidly because it is higher in 
nitrogen and lower in carbon and q uickly re leases most of the n itrogen 
and other plant nu tr ients stored withi n its struct ure. Apple growers 
who have been apply ing green or part ia ll y dry alfalfa direct from the 
field as an orchard m ulch d ur ing late J u ne or early July, frequently 
complain of the poor co lor of the ir fr ui t in t he fa ll. The additional 
nitrogen made ava il able to th e trees f rom the deco m position of the 
alfalfa mulch, acts as an a dd it ional appli cat ion of a ni trogen fertilizer 
dur ing the summer season, a pract ice wh ich is not generally accepted 
o r recommended as a des ir able procedure by M ichigan apple growers . 

At harvest t im e t he soft spongy co ndit ion of the m ulch acts as a 
c ush ion for the fr ui t that drops from t h e trees, t hu s greatly reduc­
ing bruising, and thereby pe r m itt ing t he salvaging a nd sale of addi ­
tional apples after the ha r vest in g operat ions are completed. This is 
particularly true of McIntos h a nd ot her va ri eti es w hi ch tend to drop 
rather severely du r ing hot or w indy per iods. 

From the forego ing d isc uss ion a nd data it should not be inferred 
t hat t he sod-m ulch system of so il m a nagem ent can be employed in ­
discriminately in a ll M ichi ga n apple o r chards w ith any assurance of 
greatly increased y ields a nd profits. T he type, fert ility, and depth of 
soil, a lso the slope of t he la nd, w ill in d iv idua lly or co llect ively, deter ­
mine whether t hi s m et hod o f ha ndling t he orchard so il may be used 
to advantage in any g iven apple orchard. Orchards planted on the 
lighter types o f sa ndy so il s lack in g in water - ho ld in g capacity, no 
doubt may suffer severely durin g dry seasons from m o istu re deficiency 
aggravated by the dema nds of the grass growth for moisture. In 
contrast, soil s of m edi um t o heavy loam types, unde rl a in by a water­
retaining sub-so il of good depth , are capable of support ing grass growth 
without mater ia lly affec tin g sati s factory tree perform a nce. Where such 
50ils are found, t he data p resented prove t he sod-mulch system to be 
an economical and pro fi tab le method of management . 

SUMMARY 

As observed under t he conditi o ns of th is exper im en t both systems 
o f so il managem ent have t heir merits and fa ult s. T he cult ivation­
covercrop method consis t ently favored t he loss of a large part of the 
water resul t ing from rap idly m elt ing snow a nd das hin g r a ins by sur­
face r unoff, wh il e the very effect ive so il cover in t he sod-m ulch plots 
virt ua lly prevented a ll such wat er loss, per mitt ing th e water to pene ­
trate and be stored in th e so il. So il m o ist u re det e rmin a ti ons made to 
a depth of 5 fee t , fro m A ug us t 2 to Oct ober 18 in 1937, showed that t he 
soil in the sod-mulch p lo t s con ta ined a n average t o ta l of 47 per cent 
more m o isture during thi s per iod th a n t he so il in the culti vat ion-cover­
crop plots. Eros ion of t he so il is likew ise becom ing serious in the 
latter plot s as ev idenced by t he expos ure o f m any t r ee roo t s, and t he 
lighter color of th e surface so il. No eros ion can be det ected 111 the 
sod-mulch plo t s. 

T he cu1tivat ion-covercrop me thod ca n be expect ed t o grow la rger 
and more v igorous apple trees du r ing t he early li fe o f t he orchard. 
During t he first 10-year period the trees under clean cu ltu re had the 
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la rge r t runk cir cu1ll fer ences a nd p r odu ced m o r e fruit per acre, bu t at 
the end of th e 20-year pe ri od th e trees in th e sod-mulch plots showed 
t he la rge r t r ee m eas ur em ents a nd produ ced th e g r ea t e r to t al acre yield . 
T he fr ui t fr om th e la t te r pl o t s had sli g h t ly m or e co lo r of a bri ghter 
shade, a nd g raded o u t app roxim ate ly 79 pe r cent 111 0 r e J\ grade s ize 
t ha n did th e fruit fr o m t he cul t iva t ed pl o t s. 

T he a nnua l ac re m a intena nce cos t s fo r th e t w o system s of soil 
ma nage m en t. as used in thi s experim ent , " 'er e onl y s l~ ght l y less for 
t he sod-mu lc h pl o t s. }--ro \\'eve r , a ny increase in the cos t , or t he a mo unt 
of mulch ma te ri a l a ppli ed per ac r e ove r t ha t he r e di scussecl wo uld eq ual 
o r exceed th e ac r e m a intena nce cost o ( th e culti vati on-covercrop system 
of so il m a nage nl ent . 

T he a dvantages of the cul ti va ti o n-cove rcrop sys t e m a r e not of su f­
fic ient magni t ud e t o wa rr a nt it s furth er u se a ft er t he apple t r ees 
beco m e we ll -establi shed in t hose o rcha rds hav in g co ndi t ion s which 
co mpar e favo r a bl y w ith t hose p revalen t in t hi s experim en t. T he bet ­
te r tr ee perform a nce in t he sod-mulc h plo t s indi ca t e th at t hi s m ethod 
of soil m a nagem ent shoul d a lso p rove th e m o re p ro fi table in m a n} 
ot her s imil a r :Michi gan o rcha rd now be in g g r o \yn under t he clean 
cuI t ur a l sys t em . 


