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The practice or prunitlg yilles to deYclop a de!o:iired form and to 
inffuC11ce fruitfuln ess is H ve ry old onc, and yet it is doubtful i.E, among 
the necessary operations of grape grow:ing, ther e is one whic.h is perhaps 
founded on more tallacies or Oll whieh so lit tle progres.~ has been made 
during the latit century . \Vi th only minor modifications, suth fis th e 
location of the desired spur or cane, viuifel"1l ·vin es are pruned today 
muell in the same manner as th(,)" were by the Romans. The belief 
thnt was e.'\itablished ~lmong the gr(~pe growers of centuries past, that 
wint t r pnrnjng invigorates the vine, still prevails. 

In 1876 Dr. Gnyot1 noted th e belief of the ville growers of France 
and elsewhere that l ; it is neceSHary to pnme yOUl1g Yine~ in oruer to 
repress the sap and strengthen the l·ootS. I) rrh is belief, however, was 
"ot limi ted to the grower, for in 1899 L. ll. Bailey' stated that 
"pruning inC}'cases vigor. " 

Later" in 1916, he modified this statement, but added that" pruning 
must have something of the effect of manure." In other wOl'ds, a 

• Uca(1 before the American Society for noriielllturai Se i~u('_e nt t he KansRs 
City me~tiugs of t he .AmeriClUl Association for the A~"anceUleut of cienec, 
December, 1925, 

t TIle writer n~isl1es to acknowledge his indebtedne8s to Prof. F. T. Bioletti. 
who planned this invest,igntion tLnd directed the original planUngs of Muscat 
and Monukkn nnd wbo has giveu rull1lY belpful SUgg88ti011& and c.ritieilJUlS a\ 
the work ha!:\ progressed. 

1 GuyOT, Dr. J. Etudes des VignQb1es de France, 2d. ed. S:62L Paris, ] 876. 
~ BAn."EY, L. n. The prmlillg bt.wJr, 2d ea., p. 15. Ths Mnemillan Co., N. Y., 

1899. 
8 BAlLEY, L :. H . The pruning m:l.llu!11, 18th ed., 1). 12, 1916. 
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stimulating or iUYlgorating effect. 1n 1924., Bcc.lr"ick"' recommends 
that·, j he weaker the plant j he more the ,illC shonld be cut," and that 
"th(' f'eveJ'c pr'llrdng of tlJC first h,"o yean; of the yine ls existence is 
a.n example of " prwni.?lg for wood," 1 hat is, of strengthening the "jue. 

On the otlH~r hmlCl, Dr. 0 uyot 5 pointed out fifty years ago that 
"e"Vf'ry cut made ,,·jth j]JC pl'cl(,TISP of strengtheuing the 'vine 
and its roots is contrar_\" 1.0 the ohject in view and that iltbe g'rcnter 
and the more frequent this mutilati(ln the morc depressing on the 
prrsent and future "jlalily o£ t};e ylne. n Foexl> also In 1895 Fotated 
that "the activit~· of vcgetation"in a plant is. aU other conditions 
beiutt tbe same, the g reater, the larger the Dumber of 1ca"cs it carr-ies," 

Tile cause of tlJt:Ofoic incol1si~cncies ~('ell1S to be. a Inck of clear defini­
tjOlJ ,and unifClrm U:ojE.' of terms, f'sppciaJly of the term yjgOl'. This word 
is sOl1)rtirne:-) thl'd fjll(llif(llil'dy in ll1P srnse of "<lrtiyi ty l1 and 
sOID(!tim\'\-' Qll(111fifatil 'I{U ill lhe :-,rll!\(' of H('apacity for a.ction." A 
,roung ,-iue may 1:,11(11" g'1·(·;)t "il!or in the qualitath'{' !-.ense or Hctiy­

it)'. " ano yet .lis yjp-Ol' in the qnan1ji atiYe Sf"ll~e of j'cnpncity for 
action. 1/ i.e. , for growl h and production, may tH.' much I(·s."i than that 
of all (.lId (lnd ,'eltltin,ly ilHictive "inf. Sirnil;Jrly if ,ye Frulle u vine 
sei'£"rc}~-, we J'ecloce the nllmheI' of sbrJots the "ine produces and these 
shoots may be mUff' dgorouf.> than the shoot.s of a lightly pruned v-ine. 
Tbe ,-ine wil.1 appear morc yj~Ol'oUS, but in the quantitative sense, it 
has' 'Jess capacity for action. t, 

In this paper the following defiuitions are ullderstood, 

Yigor.-The quality of m~"dng Etctj"e growth. 

Capacity.-The quantity of action in respect 10 growth and pro­
duction of which lhe ,ille or pa"t (If the vine is capable. 

Mass and vigo)' are thereforc faclors of ,",pacily. 

OB.T.ECTS OF THE lNVESTIGA TION 

The objects of litis investigation are to determine (1) the effect. of 
dormant pruning of the vine on vigor and capacity, (2) the effect of 
crop on "igor aDd capacity, and (a) tIle effect of dormant prnning on 
orop . 

...... 4 HEDRICK, U. P. Mnnual of American grape growing, p. 112. Mnemillnn 00" 
N. Y., 1924, 

f) Op. cit, 3 :620,622. 
ft Pob: , O. 0t:mrs eonrplct d(" \'itic\lUUl"e, 4th l!d., 'P. 370, Monfre-Ilier, 1895. 
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PLAN OF THE PLANTINGS 

The planting comprised three varieties-Muscat, Monukka, and 
Alinante Bouschel. With the Muscat and the 1I10nukka the pruning 
treatments extend along the rows, and these rows are broken up into 
four plots by different <li"tances of planting. In two plots planted 
6 x 12 feet there are seven vines of Monukka and eight vines of Mnscat, 
and in two plots planted 12 x 12 feet there are four vines of each 
variety under each type of prnning. Tills planting plan is shown in 
figuxe 1. The Alicaute Bouschct plantings (12 x 12 feet) are <livided 
into two plots with eight vines under each type of pruning in each 
plot. 

.. .. as 

}~g. 1. Tile pln.nting plan for Monukka lLnd Muscat. 

The vines are planted in a Yolo-Fine-Sandy-Loam soil of unusual 
depth and uniformity. The land was leveled before planting to facili­
tate irrigation. 

DEFINITION OF METHODS OR TYPES OF PRUNING USED 

1. Non-pr,med, no crop. No pruning. All bunches removed 
before blooming. 

lao Non-pruned, part crop. No pruning. All bunches in excesa 
of the number of bunches on the normalLy 1'"'Uned, alL 
crop (2b) vines at the time of thinning removed before 
blooming. 
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Jb. S{m·pnl'}1{'.d~ all crop. No pruning. All bUllc'hes allowed to 
derelop. 

2. XonnaUy lJru!ncd) '110 ('rop. Pruujng as nearly as possible in 
accord with the best accepted commercial practices of 
]1l'Ullmg these yarjetips.~ Ail bunches r emoy('d lJefore 
blooming. 

2b. ]\"onna.lflJ pruned, 011 ero1', Pruned the same as the nonnaUy 
pnmc-d, )10 crop ( ~ ) . AU bunches allmvcd ~ o deyelop. 

3, Srll(J'{ly pruned, no {,1·Op. Pruning simjJar to 1bal' of the nOl'­

Tllaliy pruned "ines. but more seyere; only the base buds 
bC'ing l'p! <linru 011 i Iw !-.pUI·S. JiB huudlt'S re1l1oy('d before 
bloomin:;r. 

3b. S(,I'('1',ly pruned . 077 (,I'Op. Pruned. the sallie as the s('l'ercly­
lU'ull('d, 110 (TOj) { :l) , ,._\ll bUI1<'lw" allow('d to d{'\'(·}OII. 

TIlE EFFEf'T OF PR1:NIl\G OK ·nOOH "-,,u CAPACITY 

Since t hl:' ditf(> T·ent. (q)es of pruning were started at the end of tlle 
first growing season, Ihe ]\'luscar and l\{ol.1uldw yjnes ha\'(~ passed 
through foul' sea.c.;OllS and Ole ..1licanie Bom~;chet lllt'oug-h rn'() seasons 
or gron-O}. ]n order to st.aJ't ,,"hh "jnl's as nearly unlfol'm jn shape as 
possible all plants m're eut buck to two buds at the end of the first 
growing- SN1S011. and all f!l'OWl Ii of the second season was forced into 
one cane which was sell:'cted 10 form 1be permanent irunk of: the vine. 
The yines wl:'re aU tl'Nlteu aljke during'the fil'St and second seasons, 
e..x:c.ept rhHt the ('all(':-' select eel for the tr'unk in tbe ca....,c of the norm,ally 

a.nd sC'l'f'1'cly lJrunf'd 'ducs cl urinf! the sc('onc1 season wel'e pinched 
back after lheir length brd exceeded the desi.rer] lellgtb of trnllk by 
12 to )8 in cbes. Tbe selecled cane in I he case of the n071rp'·lImed vines 
was not pinched. 

A t the present tim o none of t],e Museat, lItonnkka or Alicante 
Bouschet vines have been removed; bence tbe differences in vigor oud 
copacity her e reportod arc of necessity represented by such measure­
ments as can be made on the yine in :;itu. Data have been collected 
on the r elative ci.rcumference increase of individual vines, the time 
of starting, the rate and the total length of cane growth IUld tbe 
number of leaves per vine for five r epresentative yines in eacb Df the 
Muscat and Monul<ka plots. 

~ BJO~J F . T" ani) JA OOB, B, E. Belldt CUlle 8nd c.ordon prun.ing 01 ,ines. 
California Agr, Exp, E\[a. Cire, 271:1-32. 19!H:. 
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Tru'nk increase,-,!'he effect of the different methods of pruning 
on the yearly relati,e itlcrea~e in aud total circmmference of trunk 
are illustrate(] by tabJe 11 which gil;es the figures fOl' the 1\IoDukka, 
The grnphs or figure 3 &how the area of crQ~:::i section oC irnuk at thc 
end of ('clCh ,n:ar fol' I be 1\!Olwkka alld l\rL1~C<'lt." 

":z,'ig, 2, "Mu,Scat VUles showing the diff'el'"cnt types of prwllng. A-Se"erely 
prulled, B-N orum,Ur pruned. C-Nou.pruned. 

l.'he fignres of t.able 1 indicnte the influence of pruning on circum­
ference increase and also show the consistent manDer of t.he response. 
There bas been no ovcrlupping in 'the amount of increase "Ullder the 

.. Although the MOD.ukka bns SllOWU n greater vigor each yea"!' sinee 1922 tban 
the Muscat, t.he r:)tioH of "inerCllse \n e.ireumfereuee for caeh sensou 1.Ind the rlltio of 
,length growth dUTing 1923 h.9."(1 been 1)0 nearJy the snme that lh~ direction of the 
grn-pl\s ou figures 3, :1 and 6 ure not altered by p\(!ttUlg the average for the two 
,·nrieties. . . 
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different treatments in either of the varieties used. (See also table 3 
.for figures on Muscat.) 

'When treated statisticaUy as, e.g., by Student's Method, tbe oon­
prImed no crop MODukka and Muscat vines show odds of 30.4 :1, 
17.5 :1, and 70.4 :1,21.9:1 rcspectiYely that tbe smaller circumference 
increase of the 1l,onn,(lUy and .severely pr'll.'I).fd 110 crop "ines is a result 
of the pruning. No doubt some of these odds, as sucb, may be con­
sidered as barely signifieant. However, since the indicated response to 
pruning as shown by the circumference increase has in all cases been 
in the same direction it is fair to concIudt: that all of these data may 
be considered as significan1. 

TABLE 1 

THE EJ'l'EC'l' o:r PRU1<.'lNG ON 7He YURLY .LXD TOTAL Crn.OVlfFUENCE INCREASE OF 

Mor.."UKKA. (In centimeters. ) 

Mea~uremeotB 

Circumference at end of 1921· .... 
Circumference increase during 1922 .... . 
Circumference increase during 1923 ... . 
Circumference increase during 1924 . 
Circumference increase during J925 ..... 
Circumference a.t end of 1925 .. 

I Severely prUfI(!d Normally pnlJled NOll·pruned 
No crop No crop No crop 

2.9± . 12 
3.9±.15 
4.7± 16 
3.5± .21 
2.5±.19 

17 .5± .32 

2 . 9::t::.13 
4. 0±.12 
5.6±.09 
3.8±. lZ 
2.8±. 17 

19 . 1± .56 

2.9±.15 
4.2± . 28 
B.3±.17 
50±.26 
3.2±.21 

Z1.6±.38 

• Before the diBeretJ! Iypee bl prunioi .·(,Ttl uftd on allY "iDee 

The rwularitv of the res,nonse to ,nrunicy is further shown in the 
graphs of ngure 3. The aTerage total circumference at tbe end of 
the years 1923, 1924 and 1925 for the se,'eral varieties under test 
which are plotted in ngure 3 show an increase in favor of the ,,011-
pr1L'7I£d vines of 16.3, 16 and 16.6 per cent respectively over that of 
tbe severely pruned, and of 5.7, 8.4 and 12.3 per cent respectively 
over tbat of the norrnally pruned vines. 

Le1i{}th growth.-Tbe effect of method of pruning on the time or 
rate of growth and on the total lengtb growth during an entire season is 
indicated by figure 4. These graphs indicate the average total length 
of growth of both canes and laterals at. fonr periods during the season 
of 1923 for five vines each of Muscat and Monukka. 

The graphs of figure 4 indicate that the method of pruning not onlY 
influences the amount of total length growtb that a vine w;U make 
but that it also modifies both the time of leafing out and the rate of 
growth. The imp .. rtance of this intluence is seen when the amonnt of 
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Fig. 3. The effect of pruning on the increase of area of cross section of trunk. 

80 /Yon ~ ,cruned ' _ ....... 

"' 
}---__ -

.-- .... _ 

/' Normal ly p!'(/neo'/ 

/ V 
/ ... 

./ / , 
/ v ----i / /' 

./ 
, 

Severe; pruned ,-
/ V ,-

L -' 

10 l / ,.-
L v -' 

o _,?- ' 
14 13 I 15 

April MOil June July ,04"9 .5ept. Oct. 
tbtes or the Me<MUf13meN.s 

:Fig. 4. The effect of prultwg on the stArt, ltt.te and length of cane growth. 



Hilgv..rrll(J [Vol. 1, No.?O 

Jength ~rowth found at t be seyer"ll d.,ltes of measurement is taken into 
account. On .l\f8Y 18th the nOIl·pl'u,I/,Ld vines had made 53 per cent 
of t1H.' total seaS(ln IS hmgth growtll, wJllJe the normalfy pruned and 
sct·(wcly pruned yincs bad made onl.r 17.5 und 10.9 per ceut l'cspec· 
tively. Then again, by l\luy 13tll. the non.1)1'lI.:ncd yine:io had made as 
much length gI'O\\-th as thr }lonnall!} lJrun.cd yincs made by July 1st 
and 81 PPl' cent a.s ll1llch length growth as tbe sellel'ely pnt1U!d vines 
rnadt> dnriug tl1e entire seBson. 

!Ytrmbef' of fea1Ie~.-During' th{' s(' a~on of 1!J25 tile JNlYeS 011 nve 
representative )ltl~cat yjne:.; under ('aell of the pruning treatments 
were eouuted on 2\'fay ] 51h. JUlie 2-!tl1 nnd October Iflth. These co-nnts 
1ug-ethC')" with tJle r elatiyf' t0tal weight of lem'es are plotted in figure 5. 

In ,-iew of the imporlance of the tot011.or nrea of a plimt and the 
1 ime durin!! w}1jeh th(· JellYf'S fUllction, thE' di.ff€'l'f'D(·es in ihe nnmber 
of lea\'('!=: per ,-ine and Ibe dai<:' of their appearance as shm,\'n in figure 5 
is (,f ('o115idrl'nble intf'frRt. )-\ s i1J1l~tl'~t{'cl by tIle g'),t1phs, the non· 
prunal ,~illes had pr'odu(>(>d mOl'e l(>a\'e~ at tbe tinl(' of 1 he first count, 
on lHay !;')ih, 1han ibt' nonnlllly or .f<('1_·(r(ly 1)1·U?I.ed yin("s produced 
clu:riug f}JP rntire g-l'ou-ing season. The ra1 e of increase in tbe number 
of INJ\es pel' "inc for the remainder of the season was also greater 
lor the '1lOn.pru 'ncd than for tLe normally or sf'/ 1ert'ly pruned yjnes. 

A questio[J ,,-hich arises as a rCF:ult of tlIe great differcnces in the 
number of l eayes pel' vint! Obl ~JJled nnder 1 he several treatments is 
that of relatiye area or wcigln of the individual 1em·cs. No leaf area 
mea~nrem('nts how' berll made, but t hl" weight of a conr-;iderable num· 
her of le8YPs taken from simi lar positions on "incs under the different 
treatmt!nt.s were: determined during 1925. The l'elati\'c weight of 
lCllves perhaps gh'€' a bl2u(>r c'ompnril'wn than thf' nnmber_ This.is 
weD shown by the ~rallh~ on fi~\lTe G. The weight and numbel' of the 
leaves of the normally p1'u'nl'd vines was used as a basis for t1lC 

comparison. The difference in weigbt is somow'hat JeS!; than the differ­
ence in number, but the great importance of the jnfiuonce of pruning 
on the production of Jen"". is still e,·ident. 

r OU,1I{J vi1tcs.-Si llce.11 the Muscat, M.onukka and .Alicante Bouschet 
vines were treated alike during U,e first two years in tbe vineyard, tbey 
offered no information as to bow newly established rooted "ines respond 
to pruning. To determi.ne this, four hundred selected ruttings eadl 
of Petite Sirah and Oros Colman w,"c planted in parallel rows in a 
nniform soil. Practically every onp or the cuttings root.ed; hence by 
removinf! ",'cry other rootinf! at tIle end of the first season 8 llUiform 
spacing of ei.ght.'" inelle. by six fert was obtained. The rootings of 
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each variety were then divided into twenty plots of ten yines each, 
The vines Ot one-half of lhe plots were pruned uack to two buds while 
those of tbe otbers were not pruned, Circu_mfel'cnce measurements 
of all the ,dnes and weighing of the pruning~ of the yiues eut back to 
two buds were made at the end or the first Hea~on. At the end or the 
second season all tllC yines WC1'P rCIUoycd and final weighill~s and 
measurements made, Tl1c data collected during: the two !';easous are 
given in table 2. 
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The figmes of table 2 show that the omission of pruning of one 
yea t' old Potitp Sirah and Gl'O~ ( 'obnan vines l'e::.;ultec1 in a l'elath"e 
cirenmie:rence increase of ] 9.0 a.nd 35 per cent respectively greater 
than tbat of "ines prlllled back to two buds. Likewise, the average 
diruueler of the l'00t8 of the no'''pruned "ines was 16 per cent greater 
than those of p,'u,ned vines in l:8S{' of Petite Sira.h and !?2 per cent in 
tltnt of Gros Colman. The Ilumber of roots per "ine was 0111,1' slightly 
influenced by the pruning treatment. 
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The total top growth for the ,wn-pmned vines was 35 per cent 
greater than tbat for the pnwed yines ill ea,. of Petite Sirah and 79 
per cent in that of Gros Colman. There was also an increase in the 
production of reducing substances and starch by the non-pruned vines 
of 56 per cent in Petite Sirab and of 99 per cent in Gros Colman. 

TABLE 2 
THE EFFECT 01' PJitJ:-l)W ON TIlE V1GOH OF YOUNG VINES. 

Oro~ Colman Petife Sirnh 

Pnll,f1d bud: Pruned huck 
to tWIl buds ~(ln~prul\ed to two budt! NQn~pruned 

---------1·---------------
Circumfercl)('e of trunk lIt end of 

first yc:..r" . ... . 4 .2cm. 4.1cm. 3 .8cm. 3 gcm. 
Circumference of trunk at end of 

second year 5 gem. i . 2om. 5 Dcm. 6.4 em. 
Pcr cent Dr increase in circumfer-

ence of trunk 405 75 5 45,0 &1.0 
A veruge number of roots at cnd of 

second yea r ... 108 11.3 100 104 
Average diameter of roots Z- 3 

centimeters (rom basc .... 4.5mm. .5 Smm. 56mm . G 5mm. 
Average weight of top at end Ofl 

first year .. ........ . ... ... . 29 J gr. 272gr. 
Average weight of total t.op 

growth at end of second year . 214.0gr. 434 . 0gr. 269.0 gr. 400.0 gr. 
A verage weight of reducing sub-

::~~ y::~t·ta:~.~ ~t ~~~ ~f l 34 9 gr . 69 .4 gr. 33 .3gr. 52 .0gr. 

TIIE EFFECT OF BEARING ON VIGOR AND CAPACITY 

In the past it has heen the conviction of grape growers that over­
bearing was solely responsible for tbe weakening of bealthy vines. For 
this reason a weak ville has always been severely pruned to revive its 
vigor by diminishing the crop and by the supposed invigoratiIlg inilu· 
ence of the heavy pruning. 

It may be assumed that fruit bearing, at least beyond some limit, is 
weakening. It is therefore interesting to inquire how this weakening 
effect compares wftb that just shown to follow pruning. '1'0 determine 
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this effect measurements have been made of the relative circumference 
increase of vines with and without crop under the different methods 
of pruning. The yearly relative increase in circumference for the 
nor-mally and non.~pr!lned Muscat vines with and without crop is given 
in table 3. 

TABLE 3 
THE EFFECT 0" C&oP PaODUCTlON ON THE. YEARLY AND TO'fJ1L Cm.cUMf'ERE.NCE 

INCREASE OF MUSCAT. (In ceutimeters.) 

Meallurement!!: 

Circumference at end 
of 1921 " ... 

Circumfereuce increase 
duriJlg 1922 ...... . 

Circumference increase 
during 1923 .. 

Circumference increa.se 
du ring 1924 .. 

Circumference increase 
during 1925 ... 

Circumference at end 
()f 1925"" 

Normally prunl!u Non-pruned 

1\0 crop I All crop No crop I ParI trap Allaop 

2.1± . lo 2.0± . 12 2.0±.11 2. 1:1:: , 10 7.2±.12 

4. 1± .2V I 4,2±. 12 4. 7± .23 4.2±. 24 4. 4± . 16 

4 .5± . 18 3.6± . 13 5.1± .13 3.9±.1l 3.2±. 16 

3.3± .22 28± . 13 4.2± .24 3. 1± . lS 1.9±.12 

2.7±. 13 2.1± .17 2.9±.15

j

2.4±.12 2.2±.15 

16. 7±.53 14. 7±.36 I 18.9±.29 15.7±. 36 13.9± .22 

• Before the different tYfJelI of prunlllg "-ere u"'ed on any 1 Well. 

~/~~~~~~h~~~~-~~~~~ ~~ '''~ _ ,~s ~rlIet! 19,!J IJN:S 

Pig. 6. The effect of bearing on the inc.rease of a re&. of cross section of trunk.. 

The average circ:w,ference at the end of each year for all of the 
pruning treatments On the Muscat and Monukka vines wIth and 
without crop are illustrated by the graphs in figure 6. 

The figures of table 3 show a .regular falling elf in the relative 
circumference increase of the vines ,,~th crop as compared with the 
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\;lleS under the same me1bod of pruning without crop. It might also 
be stated ibnt tbe dl1tB indkate a rather direct dropping off in pro~ 
portion to the amount of crop produced where tile prunjng is :identical, 
as under the nou~prul1cd "rines. The depressing effect of bearing on 
circnruirrrncE' increase, howcycr. 11as not been the samf' ,,'1t b the di1~ 
fercnt pruning trcflrmCJlts. This js SbOYHl b;r H comp;'lrison of the 
fif!'ure:;; for the 11Ot'lnally pruned "incs 1.(l1:tlt and wt:t!tQul ('rap and the 
nOJi~pr1l'n('d 1'0'1'(. crop yjDf'S in the nboye fable and more clearly by 
tbe t;rapbs of f4rure () and the fotios shown in table 4, 

TABLE 4-

,]'m; I{ATIOS OF' Cmct;1fFf.RKX CE TX('RF.AS£ Al"D OF CROP Of' THE Sf'l'I'rrllJ Pi"'I.Il!l'd 
AU er(1) A...'m TIlE Norm{lU:v Pruned All Cro)) 1'Q Til£. 

... Yf))kpnUlf(/ Part Crop \'1~ES 

~\'erel _\' l 'rull('ll lO nOIl·Jlrullet.l'~ormall .... pfulled 11'I 1I(l1"J)fUneU 

Ye::r I ' 
CitcumfcrCIICI' ('i""mr"."" I Crap III~re:,~e CroT, 

l\Iu5('fl1 1923 ):1 O. ):3 60 ):\ 07 ] :2 16 
19U 1:I ?? \:4 3S 1:1 [~J J :J 86 
19:?,s \:09.? 1:3 f}O 1:1 16 1:~ , .15 

_,,"verflge 1:1 0, ):3 89 ):1. II 1:~ . 19 

~lonukka )9Z3 1:1 3 1:10 7 1:1 16 1:1 00 
1924 1:1 4 1:63 2 1:1 36 1:2 . 75 
J925 1:0 9 t:59 0 1:1 20 1:095 

.o\,'cral!c . 1:1 2 ) :44 3 1:1 24 1:1 59 

The grapbs of figu!'e 6 show tbat by lbe pnd of the )925 season tbe 
non-pnc1red liU1·f ero1) vines had made almost the same amount of total 
circumference increase as the 'Ilonna.lly pruned no ( '1'OP, and 11.9 per 
cent more hJcrc.se than the normally p,.,med all crop vines, despite the 
fact tbat they bad eaeh year (1923, 1924 aud J925) produced average 
crops of from 40 to 138 per cen.t greater weight than the Jatter. By 
comparjng the 'fIoJl·pt-1/1Jed porf (,J'OP vines with tlle severely pnl-?,ed, 
where there is still a greater difference in the amount of crop produced, 
the figures Rhow a relath'e cil'eumference increase of 3.5 per eellt 
foJ' the "(m~prll~{d pari cro~) over that of the severely pruned 7JO crop 
,-ines and all irHll'eH8l! of 16.7 per cent m'e" that of the severely p"''''''o 
with C1'OP vines, EYen the 1W?I,-pruned all crop vines which have horn4 

fr'om 10.4 10 2(\.7 times mOre crop eacb yellr have made as g,'eat : 
yearly circumference iuerc.a!:lc as the utJercl,y prtl,neci all crop "inN 
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'I'he 1'fltios of taLle 4 appear 10 further emphasize the greater 
capacity or the rnorl-pl'1l'n('d as compared to the pl''l.f,nrcl vines. Despite 
an average yearly production in Muscat of 3.89 and 2.19 times more 
crop r especth-ely than the fset'c"ely and nonnaUy pruned yill eS, the 
nOI1-pr u,ncd pa.ri crop ymes made a greater yearly ayeJ'age circumfer­
ence increase. In .M.onukka the ratio of crop production between the 
non.-prllned pewf crop vines a nd the 11O'J'"'nlO/ly pruned is compa.l·atjve1y 
sma}J (1.59:J ), but it js mnch greater wben the compa.rison is made 
with the severely p1"lJ11.€' cl \'ine~ (44.3:1) , while the ratio for circum­
ferene:.c in cl'rase l~ Rti ll in £3\'01' of tlie non-pruned Ylnes. 

THE EF}'ECT OF PRL!\J::-:C; O:f CllOP 

The 1fuscat and ~Ionnkka yilleS produced their thil'd fiDel the 
Alicante Bouschct 1'iD~ their first crop of fruit during 1925. III 
r('corclif11! the lllflu(!DCe of prnning 011 prodnction of crop, account 
has been taken of yield, weight of bUllch} length of bunch, number of 
normal hf'rl'ie~ to n bUTlch. per (·t·nl of llorlllid benie:-. to a bllnc.h. and 
the germination of pollen. 

T 'ield.-Rf·cords of crop have b('cn kept for each ·dne. The alt'l'age 
crop per vine for each year i:: ghen ill table 5. 

TABLE ;; 

THE EVP'ECT m' PUCNING O~ Yn:Wl. (Crop in kil(.grnms. ) 

~vl!rch :-i"orlunlly Nall-pruncd I ". '-P'""'" Vn.rip\y Year IlrllneJ pruncd pnrtcrujJ ~lerLlf.l 

- - --
Z\ lollukkn 1923 is 7 5R± 58 805±l.OI i 40± .60 

1924 1~ 2 76± .67 7.58± . 5.1 21 .60± 87 

J925 .27± , 1O 16. iS±1 4 1592± . 52 as.52± .58 

l\Iu8cat... 1923 2.SI± 27 3.51;±.37 7.US± . 41 lS.S4± . 54 

192-1 , G8± 23 3.96±. G4 73C± .32 1572± .65 

Hr25 5. 1S± 56 7.44± .85 JS.W± .84 35 .45± 1.1 

.-\Jic:ante Bou~c1wt.. 192..5 236± , 25 7. 9 ± . 76 1805± .93 2"2 .5 ± . 55 

'I'he influence of pl'unillg on yie1t.l of frui t has been very consistent. 
'rhe only apparent exception is the Monukka ill 192,. wben frost 
injury WBS r esponaibJe for tbe very smail crop on the 1IOnna./l'b ~r'U'r"'d 
vines a.Dd perhaps indirectly responsible for tbe ratber Jarge Yleld ?f 
t hese yines in 1925, whieb is in sharp contrast w.ltb tbe Muscat ill 
the same yom- when tbe tlO ... pr1l."ed pal°l crop vines bore more than 
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twice as much as the. nOr'rnall'Y pruned vines. Although the Monukka 
has ;lOt responded to pruillng so much as the Muscat and Alicante 
Bouschet, the difference in yield in f.vor of the non-pruned vines has 
been considera.ble. In the case of the ]\fuseat tbe ,w, ... pruned pa,·t crop 
and the ,)lo,)1,~pr1',necl all crop vines ha.ve produced approxima.tely two 
and four times respectively more crop each year than the nonnally 
p"",n.d vines. The response of the A.licante Bouschet has heen even 
more pronounced lban that of the Muscat. 

In spite of the greater yield, tlle fruit of the ,wtlrpruncd part crop 
vines for each of the ,'arieties UDder test has shown a slightly higher . 
sugar content (by Balling hydrometer ) tba n tbat. of tbe ,wrmaUy 
pruned 'ines. In case of the non-prl(,1u::d aU crop vines where the 
crops have been Yery heavy I as might be expect.ed, t.he sugar content 
has been ]ower. However, a four-fold lDCl"ease in the crop on these 
vines o't'"er that of the '?wt··m.ally pruned vines ha.~ resulted in a lower 
sugar content of only t.wo to fom degrees Balling. 

We'ight oj b",,"ch.-At harvesting, all the bunches on six of the 
Muscat and eight of the Alican! e Bouschet vines under eacb type of 
pruning were weighed. The average weight of a bunch on the Monukka 
vines was also determined. The figures on weight of b'Ulch are shown 
in table 6. 

'fABLE 6 

THE EnItCT 0" PRjTh'lNG ON THE WElGBT 01' B UNCH.. ( In grams.) 

Severely !'I.'orrntl.lly Non·pruned Non-pl"uDW 
Variety y..,. pruned pruned part crop a!laop 

Monukka .... 1923 640 660 610 490 
1924 Jl3 291 364 1i7 
1925 40 237 398 170 

Muscat. ... J923 203±8.1 213±8. 8 520±JO. 8 J7ii±6 ,Q 
1924 116±5.9 J40±4 .6 523± 9. 3 1711±6.8 
1925 J66±8. 5 143±6.9 554± 7 .9 lS2±8.6 

Alicante BOU8chet ... 1923 163±89 263±19 3J6±W.5 

The figures of table 6 indicate a very striking increase in size of 
bunch on the 1l0tlrpruned vines where the crop WIls controlled by thin­
ning. This increase is greatest in the Muscat whe:tc the average weight 
of bunches of the non-pruned part crop vines averaged 224 per cent 
greater than those from tbe 1WJrmally pruned vines. It is of interest 
to note that this increase in weight of buncb in the non-pr1tned pan 
crop MtllICIlt vi"",. was obtained despite the fact that the average crop 
on these vines for the three vears has heen from 85 to 155 ner cent 
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grenter than that of the normally pruned vines. A similar though less 
marked increase in the weight of the bunches of the no'lrpmned pari 
crop vines is sllOwn for the 1I10nukka and the Alicante Bouschet. The 
IDeaD weight of the bunches for all of the crops on the non-pmned 
all crop vines has been greater for each variety than that of the 
bunches of the sev"'ely pruned and almost as great as that of the 
normally pruned vines. There is evidently an inverse relation between 
sizto of crop and size of bunch as shown by comparing the non.pruned 
aU crop vines with the non-pruned. pad crop vines. Yet in spite of 
the fact tl,at the non-pruned all CI'OP Muscat and Monukka vines 
produced more crop each year (410 per cent tor the whole period) 
than the pruned vines, the size of bunch was reduced only 10 per cent. 

Length of b,mch.-The length of lhe individual bunches On six of 
tbe Muscat and eight of the Alicante Bouschct vines in each plot was 
measured. The length taken was from the tip ' of the bunch to tbe 
attachment of the pedlmcle with the cane. The data on length of 
bunch are gi;'en in table 7. 

TABLE 7 

THE ERECT Of' PRV}o,'lNO ON LENGTl{ OF BUNOR. (In centimetel's.) 

S:~~~:r Normally Non-pruned Non-pruned 
Variety Y .. , pruntxl, parlero)1 "liero)1 

----
Muscat .. . 1924 19.3± .05 19. 8±. 04 28. 7± .02 lS.O± .02 

1925 IS.S± .07 18.0±. O2 27. i± 01 17.0± .O2 
Al icllnte Bouschet .. 1925 12.2±.03 13.0±.02 IS.3± 01 

The figures of table 7 show 50 pel" cent greater length of bunch on 
the non· pruned part crop M usest vines than on the normally or 
severel!1 p"'L'nfjd vines. The corresponding difference for the Alicante 
Bonachet was 40 per cent. The hunches of the non-pruned all crop 
Muscat vines were slightly shorter than those of the normally pruned 
,"ines. 

The importance of this incr ease in length of btmch on the non­
pruned part crop vines becomes significant when it is considered that 
the bunch.es of these vines were no more compact than tbe average 
bnnches of the 1l<,"nally prulled vines, altbough they contained more 
and larger berries. 

Number and p.T cent of nOT1nal berries.-It is an observation of 
long standing in all countries whel'e tbe Muscat of Alexand.ria is 
grown that this variety is very subject to coul"r. (shelling) and. 
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""lIcra1lrlagc, the production of sma U s(·edless (shot) berries. Although 
thi., c1t'fect YarleS greatly III dilferel1t sections of the state and in 
different SeltSODS, its economjc importance as a factor in grape pro· 
duction was among the first to l'eceh·c the 8ttcntiol1 of the Experiment 
StAtion. Its Hppear8nce in sel'iolls proportions among the plantings 
or l\fu~cai ill the early days of IZrape p lanting on the Southern l\fesas 
was hroughl to t he attention of Professor Hilgard.G TIe recommended 
the u~e of ff'l'tilizers to nm elJOrate the trouble, but this pI·oyed ine.trec­
tiye, and at pres(:'nt thel'C' arc few 1lnscats grown in these particular 
localities. 

In following up the effect of pruning on the number of normal 
b('J'l'j(,s to n hlll)(·h . ('00n1::; nf thl~ llOrmCil and of the total number of 
berrip;5 w('re made on aU i1J(, bundles of six of the !iuscat "incs under 
(,<:Ieh tJ'{'i.itlllenl. rrht> Cl,'erflge peI'c/>Dhlg(.~ of lJ(H'mal berries to a bllnch 
~'as then calculated fr'nm the number of normal and total berries. The 
COLiuts or normal berries (0 a bUlH:1I aud the per ('ent of norlUul bef'ri~s 
are giY(m in table S. 

Tu£ Et'PECT Of PR.ITN!l'G O~ XC-M.m:·" P~R BUN(,D AND PEn C£';T Of' NORMAL 

ll'nUtiES IX MUSCAT. 

&,·er"\.,, NOflll(llly NOU-jltunl'{l Non-pruned 
!\ormll!l.Jt.rr:wo Year pruned pruned pari crQp uti crop 

':-;ulHher to ,,) buncb .. )924 3Z±1 G 37±1.1 119±2 1 58±1 9 
J925 42±1 8 34±1.4 J40±24 57±2.9 

Per tent of Lotal 1924 -17 as 95 78 
1925 65 69 96 93 

The data indicate an increase of 221 and illl per eent respectively 
for the yea" 1924 aJld 1925 in the number of normal ber";es to • 
bunch on tbe 1!01"pruned part crop vines over that of the 'to"m.ally 
1>nolfd vine!s. T~heRr difference:; aJ'e just us g-reat \\' hen compa risons 
are drawn between the >lOn-pruned part e,'op and the seve"ely 1)1-uned 
"ines. A similar but somewhat less marked increase is shown for the 
n01lepTlIIICd all crop "ines. 

TLe data of table 8 appear to SUbstantiate Professor llilgard ·. 
helief thal the setting of shot berries is the result of an unbaJanced 
nutrition. '''hat be bad hoped to do with mineral fertilizers, bnt 

& RlLGARD, E, . r, Tbe MUlca.t Grape on the Southern MfMtl.I. ,OaJitoTll.Ul Agr. 
Exp. St •. Bull. 17, .l8S" 
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failed, is possibly accomplished b,v an increase jn the carbon assimila­
tion due to the lal'ger leaf area of the ",.O'lb-pl'1l11,cd \'inm:l, This indica­
tion is further substantiated by the fact that the second crop, the 
bloom for WLlich develops in mid-season when the vine. is in lull leaf, 
usually 8ets liarmal berries, howeycl' 111'one the ,"ariet.'" may be to set 
shot berries in the primary crop. 

Oennillatioll of pollcn.-'1'he germillation tests wrrc made in hang­
ing drops and ou sugar agar agar media. rrhe best germination was 
obtained ill ]5 and ~O Pf'L' cnnt sncro:-.e solutions. 'rhe figures of t.able 
9 repl'esent the ayeJ'fig'e of fl number of tests ill both 15 and 20 per ceut 
SUC l'ose at 27 ° to 30'> C. 

TABLE !l 

T[I.fo: EF"F'E('T Of' Pltrz..:u,o os 'I'm: Gt;lDU~ATJON Of' POt.LEX. (To per cent. ) 

I 
Non'Ttll, Xornutlly I XUIl-!)runeU I Non-!Jruued 
!Jrun .. J pruu('d Jlh~1 cn'j) RJ! crop 

-~-lu-sc-.n-t-------I--7 '-R- --8-,-0 - 1--5-4-6--1--42-'-0- -
M(Jnllkk~ ., 17 .3 J7.6. 58 2 47 .6 

The data of table 9 indicate that both se"ere anJ normal pr~ning 
decreased the germinatiYe pO\\'er of pollen of Muscat 81 per cent, and 
that of Monukka 63.5 per cent, if we take the pollcn of the no'I'­
pru.ned all crop vines as a stlllld~J'd. The removal of part of the 
blossom bunches before blooming Oll tile non-pruned part crop vines 
further increased the germinabilit!' of the pollen so that the pollen 
from thes(' yilW gave a germination of 30 per cellt for ~111SC8t and 
:!:2 pel' cent foJ' NJonukka greater than the standard taken, 

SUMMAR ,. A Nl) CONCL lJ lONS 

Dorma.nt pruning reduces capacity.-

1. A depressing ('freet on capac.ity made itself manifest in a smaller 
(' il'clIDlfcrencoe increase. total len~t.h growth and production of leayes 
b~' the prnnf.'d vines Own by the nnpl'l1.lled. 

2. The total top growth of one year old "ine. WllS deoreased by 
Jlruning from 25 to 50 per cent. The percentage of r educing sub­
stances and starch was not altered in the dormant wood of one year old 

"i lles by the omission of pruning. 
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Bearing reduces capacity less than pruning.-

3. The retardation of circumference increase as a result of bearing, 
as shown by the production of three CJ'Ops. was less than that of 
normal or se\'ere pruning. 

4. The data indicate a retardation of circumference increase some­
what in propor6on to the amount of crop where the pruning was the 
same. This retardation in circmnference increase, howevel', 11as not 
been lbe srune ',"ith tlle dillerent pruning treatments. 

Non-pruned vines produce more fruit.-

5. The non-pruned part crop and the non·pruned aJl crop Muscat 
vines have produced from two to four times more crop, respectively, 
than the ,wrmaUy pruned all crop Yines. This dillerence in yield 
with the Monukka has been less marked, while "ith the Alican!e 
Bouschet the dillerence bas been even gr ater than with the Muscat. 

Non-pruned part crop vines produced better fruit.-

6. The non-pr"ned part crop vines produced grapes of normal 
sugar content. The increase in the weight of crop has decreased the 
sugar content of the fruit in the non-pruned aU crop vines. 

7. Despite the great increase ill yield, the weight of bunch from 
the non-pry.ned part crop vines was increased from 16 to 224 per cent 
respectively for Monukka and Muscat over that of the nornta!z.,J and 
severely pruned vines. The weight of the bunch from non-pruned 
all Cl·0p ,;nes has been only sli ghtly ·less than that of the bunches 
from the normally and severely pruned vines. 

B. The bunches from non-pruned part crop Alicante Bouscl!et and 
Muscat vines have averaged 40 to 50 per cent respectively longer than 
those from the normaUy pru1!ed vines. 

9. In Muscat there was an increase of 220 and 310 per cent respec­
tively for the years ] 924 and 1925 in the number of normal berries 
to a bunch on the ..an-pruned part crop vines over that of the 1!or?>laUy 
pruned '~nes. The increase shown is just as great when the compari­
son is made with the severely pr!!ned ,>ines. 

ID. During the same Beasons (1924 and 1925) the n ormal berries 
to a bunch was 6B and 69 per cent on the normally pruned ,"ines and 
9:; and 96 ner cent on the non.-nruMd oort crOf) vines. 
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11. The incl'ease in tJle n umber and per cent of normal berries bas 
been similar witb the non-pntned all crop ,-ines, but t he differences 
have not been so great. 

Pruning decreases germinability of polJen.-

12. If we take t he pollen fr om t.he non-pntned all crop ,"ines as a 
standard, both severe and nO I~llwl pntJl,1·ng decreased the power of 
germination or the pollen of Muscat 81 per cent and that of Monukka 
63 per cent. Non-r>"U/Jl,';ng with thinning of fhe blossom bunches before 
hlo(')ming hAS inc>rt'Hs{'c1 the gfJ"J1li nflhili t~· of the Twlh·n. 
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