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THe 4F7L0T0 OF DLIFFIRE T Luvald of 23X BUPRYGHNT  AuBMENTS UTOHR
THE GROTH AND L3u8D TPROGDUCTION OF LY 1A JaiiN1Ca TRUL.

Introduction

«oysia japonica steud. is & zrass introduced from the (rient whieh

forme a very dense turf desirable for msny uses. It seems tc be particu=
larly well adapted to use on parks, csmeteries, athletic fields, lawns,
and golf course fairways. HNo sericus diseass or insset pests are kncwm
to attack it when it ie grown under field eonditicnse. Inasmach as Le
Japonica grows asctively tarcughout the summsr months and forms an excep-
tionally dense turf, it is able to compete successfully with crabirass
and most of the other commnom turf wesds, In that part of the sastern
inited .tates which has been called the "crabzrass b:1lt" {(a triangular
area which has as its points t. Louis, Philadelphin, and Kichmond, there
is a great need for such a turf grass {17).

There is sno domestic production of seed of «. japonica on a commer-
cial seale. It iz believed that the availability of seed aupplies would
make possible the use of 4. japonica in many more large turf arsas. There
are two chief reasons why the doysia grasses have not been zrown comierciale
1y in ths United .tates. One is that germination normally is low in ane
treated seeds. This difficulty may be eliminaited by the simple operation
of remcving the glume wmhich ccvers the caryopsis (18). Ths cther reaschn
is that seed yislds of common ue japoRica are rather low and anpredictabls.

Trelivinary treatuents of msmall plots of o Jjaponicsa in the field
have indicated that the nuatriticnal stetus ol the grasg mey be one of the
more important factors zoverning seed yield. Yhe apulications of mixed

fortilizers sometimes have affected wved yields adversely. This is



especially true in the case of heavy applications of mitrogen.

It was the purpose of this atudy %o determine the efieats of varicas
levals of six nutrienl elements upon the growth, sesd production, and
turf-forming ability, of the i-5R strain of 4. Jjaponisa. +inhs elemente
whose effeets were studied included nitrogen, phosphorus, potassiam,
ealecium, magnesium, and borcn., The study is based upon the soncept that
sach nutrient elemend, under a given set of environmsntal econditicns, will
produce a maximal =ffect at a gertain critical level of conecentration withe
in the plant tissues. If the concentratiom of the element is beyond that
vcritiaal level, it will produce no greater effect. Joncentrations of any
particular element which are hlzher than optimal actuslly may be harmfal
to the plant, becaase of the fuct that an improper balance may oceur. This
axperisent was designed tc determine the optimal levels of compoentration of
thesoe six elements within the leaf blades of the grass, when grown under

the conditions governing the experiment,
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in account of the climatic and scil conditions of the nat;ve habitat
of Zoysia japoniga appeared in the Bulletin of the United .tates Gol¥
Aosoeistion Creen Jection in 1930 (l).l eed and plants of this griss were
sent to the United itates lepartment of Agriculture by Morse and LDorsett (1)
from Xorea in 1931, Forbes and rFerguson (17) répoxtod on this and earlier
introductions, and on the distribaution and behavior of the Loysis grasces
in the United tates. They also (18) reported the results of germination
tosts as affected by aeeé treatusnt, planting methods, and genetie variabile

ity. Childers (10) has reported that Zoysias matrells Merr. is a shert cay

plant. This fact has been found %o be true also in the casze of 4. Jjapeonica
by the author mnd by Forbes (16)e “he value of L. jnaponica for use in tarf
pas been discussed by Graw and Ferguson (19).

The literature on the subject of mineral nutrition cof nigher plants
hns grown jremendously in recent years. Ooodall and Gregory (20) recently
raviewed the subject very thoroughlye. he volume of the literature is in-
digated by the £ ot that the work by CGoocdall and Gregory (20) is appended
by a bibliography consisting of 37 pages. DBeeson (3) reporting on mineral
é&mpoaitian ot crop plants, cites 607 references. In aduition to these
rather extensive roviews, thers are several excellent r:view papers which
have appeared in the Annusl kHeview of biochemistry (7,9,30,31, and 46).
Eightingale (34) has roviewed the subject of nitrogen nutriticn. licagland
{23) in a series of lasctures nas provided an exsellent insizht into the
probleme inveolved in the mineral autrition of plants.

The work of Hoffer (24, 25) and others has stimulated interest in

the use of tissus analyses as & guide to the nutritional status of plants.



%hile many workers are agreed upon the principle of assessing mineral
natritional status by analyses of plant parts, there appears tc be a Gie
versity of copinion regarding the interprztation ci resualits. Tundegardh
{30) pas stated his views, in part, as follows:

"It nas besn objectsd against ileafl annlysis that the nuirisnts can
vary 8 zyeat deal without s corresponding variation inm yield. A thorough
invessigation shows that this is true only at supra-cptimal percentages.

A distipet limit can be distinguisped, below which growth inevitably de-
grsases. values below this limit are the only ones which have sn interest
from the viewpocint of fertilization.”

Chubb apd  tkinscn (1l1) and itkinson, et ale (2) have reported that
they fcund no satisfactory rslaticonships between tissue tests and crop
yields. Tiscue tests wers of some value in the case of nitrate response.
in the other hand there are reports of dirszet relaticnship betwesn tissue
tests and growth respomnse by Hill and Cannon {22}, Tyner (43), and Yenworithy
and Gilligen (28). There are many modifying factors, however, and the re=
lationships are not simple. Vactors such as time of sampling and s.virone
mental conditions have been shcwn by Cain and Boyanton (8) and by .ayre (37)
tc be important in attempts to correlate growth and yield rz=sponses to
tissue teasts.

The concept of nutrient balance has been the subject of a great deal
of inv:stigation (39, 41). This facet of the mineral nuirition of plante
appears tc be particularly difsigult %0 study because of the many interre=
latiocnships of elements neces:sarily involved. Cuapman (9) has indignted
that the absclute total of a given nutrient is of some value in assessing
the pnalritional status of plants, but thnt the amount cof a :siven nulrient

in rlation %o the levels of other natrients is o better eritericn. Ve



summATizes his views thus: ... it is botb the balance and the tctal which
sount.”

There ars reports of several cases in which the testing of plant parts
hns been usad succesafully in determining the fertilizer meeds of plants.
doynton and Comptom (6), Nigntingale (42, 3%) and scarseth (38) arc among
thoese who have reported the suecessful use of such methods.

Consentrati-ns of mnitrogen, phosphorus, potassium, oaleium, and
mignesium in various grisses have been reported (5,12,13,14,28,95,45).
Fierre and Hobinson (35) repcrt phosphorus coneentraticns ranging from 0,161
to 0,299 percent in the dry matter of Yentueky blusgrass grewn under experi-
mental conditions, 0.126 toc 0.226 percent of phosphorus in the dry matier of
broomssdge, and 0.105 tc 0.263 percent of phosphorus in poverty zrass. They
reported ranszes of caleium from 0,302 t0 0.575 percesnt in fentueky ;laegraas,
0263 to 0.379 percent in broomsedge, and 0.255 to 0,368 pe.dant in poverty
crasss ‘hey stated that the minimal percentage of phosphorus for lentucky
bluerrass 15 U016 and that ihe "cfitioal" is 0,30 percent., 7Table 1 consists
of data taken from a repoxt by Jooper, Hfitehell and Page (1%) in which the
moan concentrations of several mineral slements in gimsses are 1ilsted,

Reid (38) has raported the growth responses of several turfl gzrasses
to variations in conecenirstion of mineral elements in nutrient culture.
ipencer, Jewstt, and Fergus (40) have reported increased yislde of ‘entucky
bluezranas seed resulting from the use of nitrogen in fertilizers and lesser
yield increases resulting from thes use of phosphorus and potassium,

Yraus and Kraybill (27) and Nightingale (U2,33,34) nave discusued the
ralationship of nitrmtes and carbohydrates ressrves as it affscts iruiting.
Chapman (9) has reviewed the wojeot ¢: a.urition in relation to fruitfulness

and fruit guality. He has also (9) rviewed the initerrelaticns of nutrients.



TABLE le

of grasses.

Concentrations of elemsnts in percentage in the dry matter

Grasves : K : Ca ; ¥g ; P ; N
: : ] : :
Xentuoky blusgmss 1.96 0elB O.11 025 1.51
Khode Island hentgriss 1.2 04 Oel1 Cel? 1.32
Canada bluegrass G498 0.20 0a09 0.10 Q.83
~weat vernal grass 1.553 Oe11 0.08 0.18 l.11
Poverty grass 1,20  0.19 0.08 0.10  0.88
Broomsedge 0633 0.16 003 013 O.71
Bermuda greas 0.38 0,37 0.27 C.22 ——
Pallis grass 0.45 032 0.36 0.18 ———
Centipede grass 0658 CG«21 Oe.42 Q.15 ———
Sarpet grass 0.71 0.32 0.21 0.17 ~——

(a2}



saton {15) has repcrted boerom deficiency, toxicity, and accumulation data

for a large number of piants.

R T o S R S PR TR E ey & P A
PR AR BTG

Zoysia jarcniea Was  roam in oa gxeennouge at Halteville, Yarvland, dur-
ing the period from ecember 28, 1348 to Fabxuary 18, 1850, Froa leczubar
26, 1948, uantil ¥ay 1, 1349, the greenhicuse teuperaturcs rnged Trom o8° T,
to 859 F, luring the period from Vay 1, 1948, tc ‘sbruary 18, 1350, ibe
temperaturs ranged from 75% ¥, to 110Y F. The higher teuperatures vers
experienced during the summer monthe, vspecially during Tuly and ‘uguoet,

~tolon tipe frum & single celone ¢f the -52 sbrain o soysia jzponien

were rooted in washed cuartz centd. Lanch gbteolon $ip contsiped trree ncdes,
7ix stolons ware rooted in esch ercck. The glazed croceks wers palnted on
the inside with aspuall varnishe (d=metic oseresnling was nplaced o .er the
drainage boles in the crocks to prevent lealace of th2 assnd.

Hatrient steek sclutions were Jdluspenssd fiom baretlees apd diluted ta
the desired coneentraticne Wwith distilled watsr. Yutrient scolutions wers
supplied twice & week. Tistilled water wac used t¢ {lush the oricks al
approxiuately weekly intervals. luring eximaely hot wewther, distilled
water wns applied twice o veei,

For gonvenience the study was divided into 8ix siuple randomized blogk ex-
periments. These we.w (esigm.led us bthe nitrosen, phosphorus, pehassium, cnle
cium, magnesium, and boron series, There were seven freaim:nt levels Tor sach
nutrient slemeat. namci btrentaent was replieated foar times. Theralore, in 2azh
of the six experisepis vhers wera 25 crooke. ‘11 oib2r nutrient elsments, ex-
cept the one which %aue belng studied in eagh ense, were twiniasinad 2l = con-
gtant (i.6., trie median)levels 1t was ascamed that the s0al) amounts of sodium
and c¢hloride lons which were used for waintsining an Yionic balance™ in the

nutrient sclutions were withcut effsct.



“able 2 contains a listing of tbﬁ rates at whnich the elementis were
p-lied.

In each of the six experimentgthe cedian ievel of sach of the
nutrient elements was uaintalned conatantly except in the case of the cne
element which w s being studied. ITron was supplied as iron eitrate. Une
milliliter of a 0.5 percent solution was added tc each liter of nutrient
solution. 4inc, manpganese, copper and molybdenum were included in a
micronutrient sclution. ‘ne wmilliliter of this microcnubtrient stock soclution
added to vne liter of the nuirient solution provides 0.5 pepemes of manganese,
0e05 pPepems of zine, 0.0E pe.pems of copper, and 0.08 p.p.mQ of molybdenume.

Treatuents with the nutrient sclutions wer: begun on January 1, 1849.
Lt that time the stolons nhad started te take root and were resdy o begin
growth. Ulippings wers made ab approximaiely monthly intervals beginning
April 1, 1949. +Tbhe gross was c¢lipped each time tc a height of approiimata-
iy cone inch. Urass whieh is being grown for turf would be cut msreﬂeften
than once a month under normal ccnditioms. In this case, towsver, 1t wag
necessary o allow the go-s8 to grow for sabout a meonth in crder that there
would be a large e cugh velume of cliprings tc measure accurstsly s08ll dife
ferences. in weighte ke larger velume of c¢lippin:s sas necessary also in
order that thers woul Dbe sufficient material from the slowest growing pots
for mineral analyses. 7Tarf gualiiiy iz not dependent upon the producticn of
foranze. However, no better wethed has been devised for comparing the viger
and gzeperal well-being of turf plants than the use of clipping-yield data.
Therefcra, these data were used as growth criterias. The clippings were
dried for at least 48 bours at a tempersture of approximately 160° ¥, They

ware then weizhed. Yields are exprossed as cven-dry weightse. The total



TARLE 8e Hates of application of nutrisnt clements in sclution

Lavel - mee-/L - f;%oron
P o5 | omgo, | 1 oa | w PP

1 0.1 0.05 Cel el 0.0 0.1

2 0eB 0.2 0e5 0B 0.2 0.3

3 2.0 1.0 2.0 2.0 1.0 Oe%

4 5.0 2.0 5,0 5.0 2.0 05

5 10.0 5.0 10.0 10.0 5.0 i.0

6 15.0 7.0 18.0 15.0 7.0 2.0

7 20.0 10.0 20.0 20,0 10,0 5.0
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yields from s~ch pot during tne entir: course ¢of the experinment has been
usad ns the srowth yate critericn.

f=rhaps the best measure ol turf guality i: the density of the crown,
“he erown of the plant in this ease is intended ﬁw nean that part of the
leaf blade which remains afier the clippings have been rimoved, togsther
#ith the stolon and rhizome mat and the upper poertion of the root system.
st the end ¢f the experiment, ths tarf (as removed from the pois, washed
free ¢f sand, and oven-dried. .eights of this material were recorded and
1 @y are expressed as "welghts of crownse”

Inasmach as %Z. japonica is a short-day plant, (10, 16) flowers began
to appear in mid-November. Ne further clippings were made after that date.
Plowers conbinued to apmear until after lights were turned on in corder to
prcvide long days. 4dditional light was supplied beginning Tanuary 16,1950,
furing the period from iecember 1, 1949 tc Jawuary 16, 1930, black cloth
coevers hsd been used te provide an 8«hour day and to prevent a distuarbance
in flowering due to incidental lisht. 41 the time seed heads were harvested,
{Tebruary 18, 1u50), they were nct uniformly riure o Thersfore, sgsd e ad
number appears to be a morse satisfnetory way of expressing seed yield than
an 8xpression of seed weishie Although some seed hesds wer: smaller bthan
étners, the smll sezxd heads wers produced only inm the esse of the pots
whieh h2d received smail amounts of nitrogen. Inasmuch as these pots pro-
duced yields {(om 7 se=d nesd number basis) which wer: significantly lower
than pots which had rec=ived higher amounts of nitrcgen, it i: felt that
this aiflference in se=d nead size is not important.

Clippin~s which were narvested on four different dates wers analyzed

ehcmically tc detexmine the concentraticns of nitrogen, phosphorus,
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potassium, caleium, magnesium, snd boren within tkhe leaf tissuss. The
dates of these colippings wers Tuly 285, 1949; ‘ugust 16, 1949; Septembar 14,
1949; and Jetober 25, 1949, he dried l:in. wmatsrial was (yound finely

ern «gh t¢ pass a 40-mesh screen,

The rapld analyticnl methods described by Lindner {22) were used to
deteraine the amcunts ol nitrogen, phesphorus, ealcium, and wagnesium. The
nitrogen, phosphcrds and magnesium tests are colorimetric, while the
caleiu test is turbidimetrice. These welhods make use of a digestion
tecnnique which invelves the ase of sulfuric acid snd 30 pereent nydrozen
peroxides “isher's elecirophotometer wai u: :d to determine the varicus
daegr-es of color and turbidity. lctassiom wae etermined by menns of the
Deokman Flame pectrophcicmetar,. ‘he pm‘uxida-digegstéd waterial uszed in
the other tests was used for the speetrophotometric deteminations.

“he guinalizarin technique degeribed by ‘erzer and "raog (4) was used

for the determinpation ¢f boroune

1/ ’bis instrument was wmade uvailuble for these Geterminations through the
courtesy of e Le we cobt i the .epartsent cf Hortieultare,
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KU AND LU JSICH

Cpemical ~nslyses of Jlippings

Slippings narvested at four different dates were annlyzed chemically
in order to determine the concentraticons in the lesaves of the nutrient
elemantez ctudied. {ﬂee'tﬁbzes 3;4,5, and Ge.)e (ne of the aims of the e2x-
periment was that of determining whether there were appreeinble changes in
the concentrations of the elements ns the expsriment progressed. ome
changes in concentration wers found to occeur, but with a few exceptions the
valuss were found to be relatively constant. Thersfore, for the sake of
elarity and siuplicity, only the velues obbtained from chemienl analyses
of the clippinss harvested cn {ctober 25, 1349 nre referred to in this
disgussion.

ihe data in tavle 6 show that there is a considerable range in the con-
centrations of the elements studiede The data alsc indiecste that variations
in the concentraticn of one element may affect the levels of other 2lements
within the plant. chis cuservsticn is in agresment with many reports in the
liversture. Towever, it is not the rvurpese of tuis study to at.e.pt a corre-
lati.n of the concenirsticn. ¢f varicus nutrient elements. The fa:t that a
geonsiderable range in the amounits of the natrient elements exists within the
leaves, provides n basis four coudyine the r lationship between various levels

of nutrient =2lsments and yilelds of clippin:s, weichts of crowns, and yislds
oL 86e20.

Censral ppearance

Thrcughout the course cof the experiment the plants were cbsarved care-
fully in an effort to discover any deficiency or ftoxicity syuptoms winieh
mizht occur. Leficiency sympitchms were recognizable only in the case cof

nitrczen. Zrass plants which contained very low amounts of nitrogen



R e T o e
ix‘\.z.hwxiﬂ j.

IR D

each case, w.ln the exception o7 the element studied.

The concentrition of varivus elesents in elippinss linrvested July 25,
21l elements were suvolied at a constant (median) level in

H H M i sy et H
Ftlenent Treatment : - ; Re€e/ LG, JTY mavter t3Zoron
Varying ; level ; . («)q ; i ; Ca : ig ; Delreille
Hitrogen Ue5ieeaiiln/L 077 1947k 20451 11.85 L6436 60
H 2eU do Vel 20,68 2h e 35 15,00 10469 50
" 5.0 do Ly25 2068 2949 20,08 15.05 110
oo 10.0 do Le55 16,92 2e 51 Ll.25 15,17 110
H 15.0 do L.70 20 2 68 19.23 7 o 50 767 110
Shoschorus 0.05a.e.ﬁ2rUQ/L el Y al30 23,08 13,95 13.16 60
" Uet  do LoGb lied s 23 .8 14 .85 13,32 50
" Lo do 1.10 LG,y 25,08 13,15 10.36 5%
i 2ol do 1,19 22456 23.08 15,65 11.27 75
" 5.0 do e 32,90 19,23 11.%0 15,29 50
" 7.0 do Je99 3760 1795 L0 00 Y20 70
Cn 100 o U7 3760 15438 &2el5 463 60
Fobnesium Uelle€es/L 1,03 184,80 Te 86 13415 G.95 55
" UeH do 1,09 15.98 ‘5.2 11,50 lo.12 60
" 240 do 1.0k 18,61 14,10 10,00 15.13 5
" 5e0 do 1.1t 2h ety 20,51 15,380 15.95 &0
" LUl do Uo7 16,80 AT 17450 be25 50
" 15.0  do 1.01 15.04 32,05 15.00 1C. 26 L5
" IS RS do Ue 96 15.88 28,20 .65 &oi 1. 50
Calcium Usliteesla/f VIS 17.86 1762 5430 17,17 60
r U.5  do Va7 17.86 15.38 625 12,66 80
¥ pa) . o do Je ?}-# -LL} ] ,El‘r 3— 5 . 3&,5 z‘v 04!40 l-j . 5’;’ 90
H 5.0 ao Lol Z2L.62 20.51 15.30 1iLe 55 115
t 1.  do D32 15 ek “Ue 51 5elb 17,83 STy]
i L5.0  do Lel2 L5404 YU 5L 13.75 9,70 100
N RIVIRY do oY 1574 e 5L 13,75 3,06 S0
rernesius LJeUSmee ety b UeYh ZleGi 2051 21 ed5 0,99 80
n Jed do 1,00 1574 S5l 1Z.15 Looiih 89
u 1.9 Gao 1.06 2L.02 “Ue 5L L5.15 Yokl 30
" 2.0 do 1.08 197k 19400 15400 3,13 g5
" 5.0  do Uel 18 .80 23408 35415 18,58 &5
u 7.0 do 1.0 1i5 4830 23408 Z2h e dy0 17,55 75
) 0.0 do G 15496 2ieTY LU.65 14,88 25
Horon Uelipepeitani 3 1.4 21,62 154053 15.00 12.17 a5
o 0.3 do 1oL17 21.6% 15423 wlo 50 L5.46 085
" Uely do La28 22456 23.08 15.65 L5.13 40
i Ue5  do Lel3 23,50 Zhe 30 15,30 13440 80
" PRV do 1,18 Phyebily 25408 15,65 13,16 110
" NS do Lo 1O Pl edidy 23408 L3775 15.%5 160
" 5.0 do 10 L2456 23.08 AT e BV ST NY|
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stion of various elesents in clippings harvested
ALl slenments were suponlied 2
n of the element studied,

o

{median)

: ‘ : Ge@e/LIUse JTY fltber
s lement Freatoent A T *Lioron
varying ; Llevel . . oy ; K ; Ca ; Lg PPeDeiite
Hitrogen UaDile€ el UB/L Ue 't 19.74 20451 16,2 11.04 56
i 2.0 do 1.27 22456 2E D 12450 11459 55
" 5.0 do L.72 hielidy A 15,35 15.05 100
" 10,0 o o lily 27 66 33433 L0.E0 20 4450 40
" l).O do 210 2914 30e77 1060 20 by 8L
“hosphorus  UlO5meeldy! U;_}/LJ L6y G o 40 3077 Li.E5 Geld 60
" U2 do Le59 15,04 3077 14,40 fel5 55
" 1.0 do 1450 20,66 33,33 10.00 8,06 L5
" 2.0 do Le72 23450 33433 15,65 13.05 70
" 5,0 do l1.51 25438 25404 15.65 Y.13 70
" 7.0 do 1.59 37 .60 21,436 154,00 759 70
" 10.0  do 1.63 4130 2he 30 11.25 2,06 55
Fotassium  U.lieeeis/i 159 23450 5¢17 13,15 15.46 55
1" Ueb do 1.77 2y ohdy 150,24 13.15 18434 55
# 20 do Led'Y e e 0 273,08 18,75 14 .0k, 65
" 5.0  do 1.57 2hvodidy 38 o L4 15,65 1h.55 85
o 0.0 do 1.53 2Ubbd LE TR 25400 12466 yie
u 15,0 do 143 21.62 52456 L1.90 13.57 55
" 20,0 do 1.50 LY. 74 52,56 15.065 640G £
calcium Uelined o la/! 1.50 19474 25408 11,90 12,66 30
" Ueb do 1.62 23450 Shoe 36 15,00 11,02 30
n 2.0 do 1.75 23¢5U 25 Gl 13.75 Gell 1C0
" 5.0 do L.67 2l oy 30677 18,75 3ali5 LG5
" 15,0  do L.64 2066 3077 L6.L0 Lo2B 85
" 15.0 do L.64 2124 3077 #e30 Foih &5
1" 2U.l  do 1.62 25465 UG TT 25,55 V) 65
dagnesiun Co05meel/iudl Lok 25458 33033 11.50 Le28 G0
s Do do 1.3k 28420 342733 JRIPPRG) Db i
" *.o do Le5L 23,50 3077 Ll.%0 5484 5C
" 2.0 do Le59 27666 33e33 1.0 7670 95
n 5,0 o Lol 15480 32405 2o 1/..55 65
1 7.3 do L4 14,80 30,77 G ol 11.67 75
" 10,0  do 142 20460 3677 645G 11.59 70
Boron UelDepielie Lol 25438 28 20 Li.25 15436 65
" Ue3 do Le52 25 38 28 ¢ 20 13,75 8406 65
n Geli  do Lot My olidy 30,76 i o4 Beni o0
" U.5 do Lehs5 2&.13 30470 11.25 RO LS 70
" 1.0 do La51 26,13 26 120 1440 te63 90
o 2.0 do le41 25413 285420 LU0 bai1 110
" 5.0 do 1.60 27066 28,20 L1.%0 LUL60 L0

- —.

W
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il 5. 2he concentrrtion of voriosus elements in clippings narvested Seple e
ver li, 194Y9. 11 elements were sugplied a2l a constant (nedian)
level in each case with the excepstion of tihe elesent studied.

A i -

: - . ) Me€efLUUie LTy nmatier -
lement @ Treatient Tt ., 1 ece/ ¢ XY :Boron
“ D iv
varying : level : 2 o : . : Cs . PPepPelle
. . i L} . ie . & - wea gy .

ditrogen  Oe5mlesiilUy/L 1.31 27.66 L7.95 17.95 090 55
" 2.0 do o7 2766 24436 11.90 140 58

------ . i3 &.O dO 1.87 4{).38 ;3?.30?0 1-3.75 3.21 }O
" 0.0 do LG4 3,08 25464 17,15 11.49 70

" 15.0 do 2402 33.84 25,04 15,00 Lb.45 70
Fhosphorus  0.05mae iz i0,/L L.80 o440 £ eh9 25,00 104,69 >0
" J.2 do 1.0l 19,74 £ ey D 30465 115 GO

o i eV ao 1,80 2350 29 oY 31,90 3, 7% 90
" 2ol do L.82 29 .14 27 oG AT I RG] Leodl T

" 5.0 do 1.73 32,90 “h 36 26.55 L o52 20

" 74U do 175 52 o b4 2179 17495 Jey0 70

" 1.0 do Le85 L e 50 19.23 2L oL 70
rotassium  C.liee.i/L 1.74 23,50 5012 TN Re i 6
4 J.5  do L8k 23450 LUed U3.Y5 0 LE 70
i 2.0 do 1.69 25438 21479 #7 o B0 g 80
" 5.0  do 1493 25,38 25420 21,05 11 70
" 1.0 do 1.72 23431 3846 20630 v 58
" 15,0 do 1.69 22,56 L1, 0z Lo b0 &

AR
.
b

D)
OO LD

.

n \;‘:‘C [RSe]

58
55

AR RVER SRS e

L 20,0 do 1.55 SRy 41..02 1605 g, 48
Calcium Ueliie€ s/ is 1.56 25420 25.04 15.00 1o, 55
L U5  do 1478 2Ee20 2546k <ile25 L1127 70

w 2.0 do L.78 20613 2757 26,75  13.32 100

i 5.0 do 1.82 24 olidy 30405 25,00 17427 20

n 10.0  do 1.59 21.62 32,05 27 80 3o 58

" 15.0 do 1e7Y Ly o bidy 32405 20455  11.18 58

" 25400 do Lob2 15,04 32405 26455 Le2E 70
Cmagnesiun UlU5meedis/L 1.7% 2l obidy 30e 77 16,80 2,06 L5
" Ge2 do 2 oUl 3008 3l o 61 7o 50 Uelsl 55

u 1.0 do 1.85 2l olydy 34461 11.90 3.04 70
n 2.0  do 1.59 #5438 35490 25.65 11,67 LE
" 5e0 do 1.58 <l o lidy 475459 VLY, 16,77 L5
" 7.0 do L.62 30408 397 15,30 10.720 33
" 10,0 do 1.62 2leb2 3G .7l He25  13.81 45
ron Ouliepoents 1.72 26,32 30.77 15.00 1l4.31 L&
1 0.3 do 1.62 25 Y16 B —— 10,00 625 L5
" Uels  do 1.69 Ty alily 32405 15,00 15.13 50
" U.% do 1.59 The32 T8 0 20 23.75 15,05 S0
1 1.0 do Lok 29e1h Y8 e0 1720 15.95 Y0
" 2.0 do 1.55 21,62 252U lu.b5 12,06 120
o 5.0 do L.72 28 20 26620 11.90 10,69 140

1
i

e
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TaliLE 6¢ Ths econcentratioun of varicus elewdnts in ellppings marvested (ctober 25,
1949, 511 solements wers supplizd at a constant (msdian) 1ovel in each
case, with the excepticn of ths element studied.

slement :  Treatuent T 'm.e./laag. ory mater : Boron
. . o4 . 3 4 : ‘.
varying ; leval i ; r04 ; - ca - :p.p.m
Eitrcgen UeBtlegs g/ L 1.14 25.1% 26,20 18490 .54 70
" 2.0mee JI0;/L 1.57 24.10 55435 184295 9,05 60
" 5.0 do 1.72 26.79 53.74 17.65 12,83 20
w 10¢O ao 2005 33 75 %5420 17.65 e D 20
" 15.0 do 1.87 e TH 58046 17.00 16.45 20
Fhosphoras Oe05mee .HZEGQ/L 1.54¢ 1.45 3077 17.00 44356 43
i Qo2 do ' Le0B 1L7.86 35430 1700 6e0H 40
» 1.0 do 1.55 2L.53 5D.390 1C 35 11.59 40
" 2.0 do 1.50 24.068 30,77 22,65 19,00 &80
" 5.0 do 1.53 L32,90 88,20 E2.66 12,66 &0
i Teld 4o 1.59 3354 £5.64 17.85 11,67 a0
" 10.0 do 150 37,98 25. 04 17,65 12.42 70
35’“@1;%35581% ‘:}leoﬁoffzu 1.0427 23.12 5- 12 }.7-50 13.98 8{}
& OB A le867 2l.24 1Z.88 20465 20,37 585
# 2,0 do 1.54 26,88 19.23 20.65 B34 883 50
# 5.0 do 1445 26,13 25,54 19,40 24,67 53
w 10,0 do 1.70 20,12 J8.46 23.75 13.79 B0
n 15,0 do 154 23.12 45,59 20,95 13.57 48
" 3060 do 1.61 21.15 43,72 P9 §:) 1l2.68 45
Calcium Colme® e la/L 1.51 52490 19,43 13.15 12,78 70
w CeB @o 1.56 32.71 23408 17.20 Se086 80
" 2.0 do .57 2v.14 25.54 19.40 15446 85
" 5.0 do 1.73 24.44 2737 21,980 Ze 75
" 10,0 do 168 21.062 30,77 23.75 7.63 55
" 13.0 4o 1.74 21,62 30.77 21.90 4, 80 &0
" 20,0 do 1.61 24 .44 B.08 23.75 6429 80
}Ja@w sium Qe 0Sm.e .Eé‘.g/L LeB3 38 .54 3077 1l8.15 1.0% 65
" Ve do l.61 29,61 25420 18.75 1.07 58
" L. do 1.56 26458 80.64 28,00 4,11 58
* 2.0 do L.56 26,382 85420 21.90 10.38 70
i D0 do 1,59 30.08 BB B3 21 .05 15.85 48
" 7.0 do 1.80 B3.50 28,20 20430 1Z.42 40
" 10.0 do l.44 26432 28420 23.75 15.54 45
Boeron Oalﬁopnm' 1.53 85,38 Y T 141 82450 13.85 45
" Oed do 1.56 30,08 28,80 16,40 0.59 53
" Usd do 1.45 31.02 30477 2030 12,83 80
: Ceb éa 1.3 32490 28B4 20 25.00 789 80
" 2.0 do 1.62 25,38 25.64 B2.75 1i.78 130
™ 8.0 do 1.56 25.19 3077 23,75 10.25 180
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produced shertened leaves, snortered inverncdes, made very liuile zrowth,
and presented 1 y=1low, nonvigorous appearance. 'he lower leuves of the
plant becaws dry and sipaw-cclorad.

Ap over-abundance of pitrugen oroduced an sppesiance tual wad also
cuite easy t¢ meenenize. Jhe leves were excepiiouaily lon: and were =
rieh, dark green. OCrowtih was extremely rapid.

foxieity oy ptowms appeared cn the pots of grass wuich ad racoived
high rates ¢ horen. The tips of the le-.ves became dark cvrosmn Tor 2 dis-.
tance of nbout 0.5 %0 one centimeter. The marzgins were usually bdbrown for
a salightly greater dletance than was the center of the lsaf.

Yields of Jlippings

Althe o h yields ¢ c¢lippings are poor indicators of durf quality,
they do Turnish »n basis flor esti ating the vigor and the rats of mrowth
of zranes plants, The efiects of esach ol the various nalyrients on clipping
yields will he discussed separatoly.

Lffects of “itrcgen upch Yields of Clippings

Mitrozen 1s the element which is most iwperiant in the zrowth of
turf grmsaes. even levels of nitrogen in tae nuvrcisrt solution were
st.died. (Vislds are reported for the pots in tials sxperiment in
takle 7. Toe snalyvsis of Varianee may be found in ppendix tsble 1),

The lowest lsvel (0,1 m.e.ﬂQS/LU produced s.ch s siwall ancunt o growth
than an insaflicient cuantity of elinpinss could be chtained at any of
the four clipplng dates for cpemicnl ammlyses.  ocusver ti2 1o nl ¢lipe-
ping wield Tor this level of treatment is reported in table 7. The nigh-
2t 1:vel of treatment (20.0m.e..ﬁ¢3/h) prucussd v very Lush, succulent
growthe Tuz to the wigh level of laal provweticn, with 2 resulting

increase in the e of transpiration, vhe pote r-v..wvino



TABLE 7. 4ffeots of various levels of nitrogen in the nutrient solution upon

elipping yieldas. Yields are expressed im sraws of &ry matter.

Levels of Treatment (ma)
Blooks 9

an 2R ®E PP

OQMQQ./I, :.0.&.80/14 8.0m.e./h iﬁ.cm.a./l. fla‘.om.e./}:a ilﬁ.om-a./};

pe se

1 1.6 4.4 15,7 43.1 49,9 57.6

2 1.4 3.9 25.5 39.4 87.7 54,5

3 2.0 3.4 22.1 39.6 37.1 50.9

4 8 2.5 21.3 42.4 49.4 49,9

Mean L.45 3455 21.15 41.13 48,53 53.2
Le3eDe at 5% lovel z 6.408
LeSeDs at 1% level » 8.778

-
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this level of nitrogen wilted at one time in July, 1949. The

grass in Lhese pots was injured permanently and therefore was
discarded ond eiliminated from the experiment, Figure 1 shows
the relationship betwecn growth as indicated by clipping yields
and the concentration of nitrogen in the grass leazves. ihe
points on this graph represent values obtalned from all the poté
included in the study, regardless of which elesent was varied,
Table 7 shows thot clipping ylelds increascd in direct propor-
tion to increases of amounts of nitrogen in the nubtricnt solu-
tion.

itfects of ihosphorus Upon Yields of Ciippings

Table 8 contains the yilelds of clippings from the phosphorus
series, ‘he analysis of variance for these data is shown in
Appendix table 2, The values for yields resuiting from appli-
cations of the first and third levels of phosphorus (U.o5 and
1.0 mee. of HQ?OA/L, respectively) are shown to be significant-
ly lower than those resulting from treatuent ot higher levels,
The reason for the fact thet the second level (0.2 m.e.HpP0,/L)
produced a yield that is sigiificantly higher than those pro-
duced by the first and third levels, is not apparent.

Figure 2 shows the rélatioﬁship existing between levels of
phosphorus found in the lLeaves and the ylelds of clippings. On
the basis of the relationship shown here, it is doubtful if
phorphorus can be considered to be an important limiting factor

in the production of c¢lippings of Zoysie Japonica.




YIELDS OF CLIPPINGS (GRAMS)
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The relationship between the concentration of nitrogen

(on a dry weight basis) and yields of clippings.
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apen elipping yields, Yields are expresszed in grams of dry matter,

2N

levels ouf Treatment (H&_P?A)

Blocks | . ‘ . - : ;
D oJ05m.e,./i L2m,e, /L D 1.0m.6./7 | Beomen./T [Be.om.e./L " T.om.e./l J0mee /L
1 33.68 43.7 4.2 54:7 4’8.3 4540 44 .4
8 27.0 49.7 25,5 45.6 46,6 40.5 39,9
3 42.0 50,4 48,2 52.8 44,2 48,7 42.4
4 38,2 46,1 .5 42.8 46.8 44,3 46.4
Mean 86,7 48.97 38.88 48,9 48.47 44,1 43.27
L.S.Ds at 5% lavel z 6.48
Le3eDs 8t 1% lovel z 8.87
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YIELDS OF GCLIPPINGS ( GRAMS)

50| '
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CONCENTRATION OF PHOSPHORUS
m.e. PO,/ 100g.

FIGURE 2. The relationship between the concentration of phosphorus

(on a dry weight basis) and yields of clippings.



' fiects of rotassiwn Lpon Yields of Clippings

Yields of clippings from pots in the potas:-ium series are
Ziven in tavle %, The analysis of varinnce for thesc data is
shown in ippendix table 3. ‘The yield resulting from the ap:li-
cation of the third level (2.0m.e.X/L) is significantly higher
at the 5 vercent level for significance than the yield resulting
from the spplication of the fourth level of potassium (5.0 m.e.K/L).
There aie no other significant differences in clippin. yields ob-
tained from the potnssiwa series.

Fi.ure 3 shows the relationship between concentrations of
potassium in the grass clippings and yields of clippings.
Although a wide range of concentruations of potsssium vas found
to exdist in the clippings from this study, there is no apparent
corrclation between potassium concentration and yield of clipe
cings. Under the conditions of this experiment, the lowest lovels
of potassium were not found to be limiting vegctative growllia

Effects of valcium Upon Yields of Clionings.

Yieids of cliippings obtained from pots in the calcium series
are given in table 10. The analysis of variance for L.ese data
is contained in ..ppeandix table 4., The lowest rate or application
of calcium (0.1 m.6.Ca/L) prodiced yields -hat were poorer at the
5 rercent level for significance, tihan t:ose produced by the second
tevel of epplication (V.5 m.e.Ca/lL). There were no other sigpifi-~
cant differences in the ylelds produced by variations of the
calciun levels.

i uie 4 is a ;raph which shows the relationship betwean the
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TAKLE 9. &affects of various levels of potassium in the nutrient solution

upon alipping yielda. Yields are expressed im grams of dry matter.

Ievels of Treatment (X)

L T T

Biocks

: : H H : H
:9.131.@./:.;: O.ﬁm.&./L gaqom.e./l. :5-0‘2}..5’/1 :lO.Cim.e./L:lﬁ.Gm.e./L:20.;.11.&,/};

i 44.3 41.8 39.8 42.0 43,1 47.0 43.8

) 41,9 46,2 48.8 42.3 40.3 39.4 46,2

3 46,9 51,1 52.1 43.3 47.5 453.4 47.4

4 49.3 8.3 54,8 40,9 50.1 50,5 39.0

Mean 45.6 44,6 43,4 42,1 45,25 46,3 44.1
LeDele at 5é ilevel - 6.18
LeSebe 8t 1% level = 8,46

-
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m.e. K/100 g.

The relationship betwsen the concentration of potassium

(on a dry weight basis) and yields of clippingse.



TABLE 10.

apon ¢lipping yields. Yislds

Effacts of variocus lewsls of

calcium in the nutrieat sclution

26

are expressed in srams of dry matter.

4

.

Blooks

e on

»
-

Tevels of

Treatmsnt (Ca)

Golﬂ-@-/i :. Onmoﬁu/L f 2.,0m.2 ./Ix

:‘ 5.0@.@./Lf1€3.0m.e./af 18.om.2 ./Li&@.amaﬁ,

1 4341 38.8 5.4 35.7 46,0 43,9 379
2 256 46,5 5349 46,4 48,6 37.4 %661
3 B6,.4 454D 378 49.7 43,5 49.@ 41-3
4 48,1 43,95 43,3 46,6 45.8 43.8 43,0
Yeoan G5B 4585 J2.99 44.6 45,63 4353 41.08

LeGelie Bt 1% lavel = 12.78
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concentrations of calcium within the leaves and the ylelds of
clippings, Jt may be seen from tLhis ;raph Lhat aost of the
concentrations of cnlciwan obtained in this experiment were in
tie sufficiency range. The Lhree vaiues which were selow the
Pzuflficieney"” level sre regarced as in.ufficisent evidence upon
which {0 base an assumption that culeiwm 11ill limit vepgative
growbh of .Loysia al concentrations bolow L7.0 mes.Ca per 100
scrams of dry matter.

LfTects of iiagnesium Upon Yields of Clippin: s

Yields of clippings of plants grown witn varying levels of
magaesiun are given in toole 11, Whe analysis of variance for
tnesce data is given in iAppendix table 5. There is a trend toward
lower clipping ylelds as the level of magnesium in the nutrient
solution wes increased. The fact that yields Irom the pots sup-
plicd with the lowest rate oi magnesium (U.05 mee. ig/l.) were
nigher st the 5 percent level for significance, than yields from
pots suuplied with the fourtn raive of magnesiﬁm‘(2.0 [1e€4 “g/L},
indiecstes that rapgnesium could not we considered to be one of the
factors limiting growir under the conditions of tﬁis experinent.

Figure 5 is 2  raphic presentsvion of the relationships between
tiie levels of magnesium in the lezves and yields of c¢lippings. The
lovwest value for concentration of magnesium in clippings is 1,07
Me€e 25 nmagnesium per 106 grams oi dry matter, “That this level of
nagnesium is sufficient to produce cli pin; yields vhich are among
Lhe hihest in the experiment is evidence that {or leal growth

<oysia nas a very low masgnesium requirement. It may be assumed
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PARLE 1l. Kffects of various levels of meagnesium levelsz in the nutrients sclu-

tion upon clipping yields, Yields are expreseed in grams cf dry matter.

levels of Treatment (Mg)

Blocks " . : :
’O.Qﬁm.e./i iO.&a.a./L :1.@.00./:{; iE.OE.Q./I. : 5.9&.3./1- : 70[053.3,./&210.5““4
1 37 4 S8e2 39«8 32.8 4844 40.8 37.9
2 51.7 3649 S4a2 35.6 3lel S 28.4
3 48,6 5l.5 48.1 LZ0e G 430 43,3 40.4
4 51.0 45,8 45.2 38.5 32.0 G742 37.8

Lelells at Bé level 8.95

-
-

LeSeDs A% 1% level - 12.125
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tat sagnesium would seldom be a factor Limiting veo intive

gyowth under fisld conditions.

s»fvests of Boron Vpon Yields of lipplngs

~Llipping yieids from pouts of ~oysia suprlised With varying
jevels ol boron are shown in tuble 12, b awmlysis of variance
Tur thess datn wmay be found in cppendix table e Therve wars no
wiapidieant dilfereness in yield of olippings narxrvested from pots
receiving varyving levels of boron,

‘we relationship etweesn levels of boron within the Lenves of
seysis and ylelds of alivpinsu s presepnted in figure G« "1 8p=
paars that boron is relatively uanimpoptarnt, within the mpue of
goneentrations found in this experiamsnt, in its effeot upon the
vapetative growith ol wysiae

sSeights o spoWns

The crvwn of & burf grass clant as defined in the foregoling seotion
desoribing mmterinis and wetnods, represents the turf tuat remains
aiter swwing or cilpping. Ths waight'wf the %rwwn is tmmrelore a
good nuagseriesl value (o indionte the denasity of the tuxrfs Density
of durd is one of the most foportant £:otcrs detemining tarf
gquality. aeighis of orvwns iR »miatl n tou varinticns in levels of
tie nutrient elements inciuded in this siwdy are reporded and dise
gussed in the followin. paragraplise

sEfeats of citrogen pon elputs of rovns

The welisnis ol ervwns obbalped from puts regsiving dife
faysut levelis of nitrogen ars reporbed in table 13, vhe

apalysis of variance for tiwse data {a abown in Appendix



TABLE 12. KEffeects of various levels of boron in the nutrient soluticn uponm

clipping yields. Yields are expressed in grams of dry matter,

levels of Treatumsnt (Boron)

Blmks f L) . z 3 . .
: O.sz.p.m.;(). ﬁp.‘p.m. :O.ép.p.m. ‘_O.k‘")p.p.m. f lsO0pepenie ; 2.0pepems :5.0p.p.m.
1 13.1 41.8 34.8 4le.2 3641 45.5 3B.9
2 7.3 40,0 38.1 50,8 31.1 40.4 27.9
3 302 “Bedk 379 378 4G4 455 42,1
4 44.0 12.9 19.7 35.6 36.4 T8 35 o4
Hean 30415 32483 3263 41,03 37.86 41.3 3533

LefieDe ab 5% level = 11,99

Lelelis 8% l;’f? leval = 16443
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Phant 13, tffects of various levels of nitrogen in the nutrient solution up-

on weigzhits of crovuas, ¢ights are expressed in graus of dry matter,

.
»

Levels of Treatment (f»iOB)
Blocks ° - - : " :
(0 lnee./L " Gubu.el/L ; Zooneel/L . 5.0mee./L.10.0m.e./L . 15.0m.6./L

1 27 I 28 29 24 21
2 20 29 36 25 27 24
3 20 30 35 31 26 32
4 23 29 36 31 29 27

Lean 22,5 28 33.75 29 2645 26

L.S.De at 5% level = 5,42

Le3.Ue at 1% level = 7.5



tavle 7. JThe t.ird level of nitrogen (2.0 m.s.ﬂOB/L)
orodaced = turf with a crown neving a significantly
srester velpght than that produced by any othner level of
nitrogen in the study, vith the exception of the fourth
lovel (5.0 m.e.EOB/L). The crowns produced by the fourth
level of nitrogen were not significantly heavier than
crowns produced by the other levels,

These data illustrate the fasct that yields of clippings
ancd density of turf are not necessarily correlated. tlhile
higher levele of nitrogen produced correspondingiy hidgher
yields of clippings, turf density did not follow the same
pattern,

The reintionshi) between weilghits of crowns and concen—
trotions of nitrogen found within the clippings is shown
in fiure 7. ihe points on this graph represant the weights
oi crowns dand concenbrations of nitrogen found in all the
wots in the experiment. Lost of the points therefore re-
present varistions in levels of nutrieut elements other than
nitrogen. This fisure indicutes thap very low levels and
very high levels of nitrogen both produce less desirsble
turf from the standpoint of density than is produced Ly the
applicntion of median levels of nitrogen.

ffTects of I'hosphorus Upon ieights of urowns.

The weights of crowns from pots of turf grown under vary-
ing lovels of phosphorus in the nulrient solution are shown
in table l4. 1he analysis of variance for the data in this

tuble may be found in /ppendix table 8., the weights of
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pon waights of Growns.

sftects of varicus levels of phosphorus con the natrient scluation up-

37

@ights are exp:regsesed in grams of dry nstter.

v
.

Lavals of Treatment (Hgfmi)

Blocks

*0.05mee. /% OvZmee o /L

e e

LeOmegs/L ] 2e0mesa/L} 5.0mee/L] 720m00s/L ) 10.2/T

1 %8 43 37 30 38 31 29
2 44 39 31 29 32 41 44
3 30 33 33 31 34 33 34
4 42 38 33 37 32 23 39
¥ean 3cie D 33.75 5470 3175 34 34.35 3645

TaleTe at l,é lavel

= .27



crowns from pots roceiving Lhe fourtih level of phos-
phorus (Z.Om.e.HZfOA/L), were vigniiicantly lower than
tnose Irom pots receiving the first and second levels
of phosphorus (0.05 and U.< m.e./L, respectively,, were
significantly lower than those from pots receiving the
first znd second levels oI phosphorus {005 and 0.2
Me€./L, respectivelyj. .eighte of crowns from other
pots fell vetween these values and were not significant-
ly different. Inasisuch as the nedian ievel of phosphorus
produced the poorest turf insofar as deus.iy is concerned,
it must be assumed that the phosphorus content of Loysia
is not important in determin.ng turf deasity as iong as the
phosphorus concentration is within the range found in this
experiment. The range of conceatration is irom l.45 to
33.73 mees per Y00 grams of dry weight in cilippings hare-
vested on Yctober 25, 1949.

Figure 8 siwws the relstionship vetween phosphorus con-
centration in e¢lirpings and the density of crowns as indi-
cated by thelr dry weight,

i.fiects of rotassium Upon : eigshts of Crowns.,

fable 15 contains the weights ol crowns of plants grown
urti er varying levels of potsssiume ‘The analysis of variance
for tiese data may be found in sppendix table Y. ‘'The seventh
isvel of potassium (20.0 m.e. of 8/L), produced crowns which
were warely significantly heavier {(at the 5 percent level)

than crowns produced by the secund and tidrd levels (J.5 n.ee.

and 2.0 m.e. of &k/L, respectively,. There vwere no other
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TABLE 18 uoffects of various levels of potassiam in the nutrient sclution upe

on weights ol orowns. eights are expressed im grams of dry matter.

evels of Treatment (¥)

H
Blogks ¢
:O.lm.a./L O.i‘"m.e./L 2.0&-3./}; 5.0m.0./L 10.091.0./}., 15.0m.e ./5,; w
1 53 8 32 33 b5 ] 32 37 47
2 33 2 % 33 b4 40 o4 35
3 36 30 30 28 3b 25 54
4 43 28 25 31 38 45 36
Yean 35.5 30.285 30.2% 38 36425 35.25 38.0

LeieDe at 5% level g 7.08

LeSeDe at 1% lovel g 9.69



significant differences in weights of crowns, Chemical
ses of Lhie clispings Giscloses bthal the range of
potasciun 1s from 5.1 to 48,7 a.e.h per 100 crasms of dry
weight in clippincs lharvested on Uctover 25, 194Y. .Luns-
rmuech as these two values are associsted with yisids which

are not sl nificantly different, one must assume tnat

tassiun conceatrations fal .ing within the range found

5

jo
P

in this experiment are not important from the sbandpoint
of turf density.

‘the relationship between crown weights and potassium
concenbration in clippings is presented graphicalliy in
fijure 9.

Pffects of Calcium Upon wel;hts of Crowns.

.

The welilshts of crowns from pots supplied with varying
levels of calciun nre presented in table 16. the accom—
manying analysis of varisnce for these data is shown in
ippendix table 10, There is =z general trend towsard an in-—
erease in the weizhts of crowns ss the caleium supply is
incrzssed. lhe fact th t increasing amounts of calcium

produce a corresponding incresse in density, whereas tiere

41

was no corresponding increase in clipping ylelds, is furiher

evidence that ylelds of clippings are of little value as a
measure of turf quality.

The rela . ionship vetwecn orown weights snd coleliuwa con~
centrstion. in the ciippings>is>shdwn in Tiure 1u,. Thi$
reletionship indicstes thet the higher levels of calcium

are of value in producing dense turf of Joysia japonica.
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T4&Bliz 16 affects of varicus levels of ealcium in the nutrient sclution upon

weighis of cerowns. -@ights are expressed in grams of dry matter.

ievels ¢f Treatment (Ca)
Blogks

¢ Wwe aa S

Go‘lﬁl.&n/i« : 0.%.‘35/14 : 2.Qm-0-/L zgﬁ.Gﬁi.a -/L il0.0m;& Q/L f 15.0mae o/Lj%M#L

1 39 28 27 32 54 46 46
2 39 39 30 49 51 38 ]
3 ag o4 s 38 43 41 33
4 a7 29 3G 41 47 a8 42
Hean 32 32.5 29.75 40 43,75 40.75 45

LeSeDe at 5% level = 8.257

TieGele 8% 1% level = 11.31
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yffects of Lagnesium Upon ieights of Lrowns,

Table 17 shows the effects on weights of crowns of
~oysis plants produced by varyling the levels of magnes-
ium in the nutrient solution. *he analysis of variance
for these data is shown in ippendix table ll. 4As the
magnesium level is increased there is a corresponding in-
crease, with a few minor irregularities, in the weights
of crowns produced. 1t has been previously stated that
magnesium concentration is not important in the production
of clippings. It sust be considered important, however,
in the production of density in tur{.

Figure 11 is & greph which indicates the relatioaship
existing between magnesium concentration in lezves of

Zoysia and weights of crowns.

iffects of soron Upon weights of Crowns.

‘The weights of crowns of coysia plants grown by the use
of nutrient solutions containing various levels of boron
are shown in table 18. JAppendix table 12 contains thne
analysis of variance of these data. The lowest rate of
boron (0.1 p.p.m.) produced crowns which were significantly
heavier (at the 5 percent level) than crowns produced by
the third level oif boron (O.4 p.pem.). However, none of
the other differences are significant. It 1s assumed that
within the range of boron studied in this experiment, it is
relatively unimportant insofar as turf density is concerned.

Figure 12 is a g raphic presentation of the relationship

of boron concentration in the clippings and the veights of

crovns produccde

45
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Tibind 17« Effects of various levels of magnesium upon weights of crowns,

telghts are expressed in grams of dry matter,

-

-
>

Blocks®

Levels of Treatment {(iig)

fi}.‘fjﬁm.a./l, io.}im.e./‘;’,; l.f)m.e./'i;. : Zelmees/L :5.0511.3./1,:7&%6/[‘313%{‘
ol P - [

1 ik 33 39 L0 39 u5 L7
2 36 K0 37 Ly by L5 Al
3 34 40 37 29 34 37 42
a 33 39 31 37 k1 Kl L
lean 36,75 3 36 37.5 39.5 42 L3.5

L.ﬁ-a. af} l% lﬂvel - 5.2'51'\'
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TatlLhk 18, 1 ffects of various levels of boron in the nutrient solution upon

weipghts of crowns. reights are expressed in grams of dry matter,

f Levels of Treatment (iloron)
Blocks’ - - - - - -
:Q.lp.p.m.:u.Bp.p.m.:O.kp.p.m.;0.5.p.p.m.: l.Dp.p.m.:z.Up.p.m.:5.0p.p.m.

1 34 43 33 36 30 32 33

< 32 35 26 31 32 36 <22

3 34 34 30 32 32 26 33

L 40 .o 2L 26 31 31 28
Lean 35 3he5 28.25 31.25 31.25 31.25 29.75

LS., at 5» level = 5.94

L.3.U, at 1% level = 8.14
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FIGUR: 12, The relationship between the concentration of boron

(on a dry weight basis) and weights of crowns.



Yield ui .eacd zsads

Inasmach as this 3tudy'uaa initiated vrimarily for the purpose
of obtaining infomasticn with regard to the nutritionsl reguirements
of soysis fer optimal secd proudueticn, the fcllowing results are cone
sidered tv be relatively more important then those alreacy presented.
@sd hesad preoduction as effucted by the variocus nutrient elements will
be discussed separately for esch element.

sffects of Hitrogen Upocn eed Head Production

The effects of various levels of nitrogen in the nubtrient sclu-
tion upon the producticn of seed heads is slown in table 13,
The coriispopding analysis of variance of these data may be
found in Appendix table 13. The third and fourth lsvels of
nitrogen (2.0 m.e, and 5.0 m.e, of NOz per liter, respectively)
prcduced significantly zreater numbers of ssed heads than did
cther levels of nitrogen used in this experiment. Thers was not
a signifiennt differeunce betweén the numbers of seed heads pro-
duced by the third and Icurth nitrogen levels. These data core
roborate earlier findings (27) wit: rofersnce tc the role of
nitrogen in relaticn to fruitfulnsss in plants,

figure 1% ic¢ 9 graphic present ticn of the relationship be-
tween the concentration of tobal nitrogen in ¢lippings and numbers
of seed heads produced. Figure 14 shows o ropresentative
block of the nitrogen series at the time of fldﬁaring.

It may be comcluded from these &ata that a total nitrogen
content of approximately l.56 percent ¢f the dry weight is optimal
focr seed producticn under the condéitions governing this experi;

ment .



TABLE 19. Hffeats of wvarious levels of nitrogen in the nutrient sclution

upcn the number of sesd heads picduaced,

61

Levels of Treatment (NOg)

Blmka E - > A » . )

: 0.131.0./5; :OOMOGQ/L :2.013.30/L :5.0@.3./{; }10.0!“.-9./1: ; lﬁo@ﬁtﬂ./!;
7. * » »

1 11 7 17 13 1l 2

2 <] 13 31 38 13 2

3 2 17 30 31 1 4

4 9 12 44 60 20 14

lean 8.78 12.29 30,5 368 8475 B.B

LeHelle at 5,‘5’ leval = 10,88

LeiaDe at 1% level = 15.05
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production in “oyaia japcnlca.
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ufiects of irhosphorus Upon sed lead I'roduction

The efieects of various levaels of phosphorus in the nutrient
solution upon producticn of seed neads of Zoysis ars shoewn in
tuable 20, Jhe analysis of variance Tor these data is given in
~ppendix table 1l4. Ths fifth level of phosphorus (5.0 mee.Hp FOy
per liter) prodaced the greatest number cf seed heads. This
value wos signif.cantly greater {at ithe 1 percent level) than
thnt for the first and thnird levels of phosphorus {0.095 m.e. and
1.0 m.e. ¥, i'Gy per liter, mcupectivelyls However, there were
no cthar aignifieant differances,

Piguyre 15 is 2  raph showing ths relationship tetwsen the
conesntration of phosphcrus in the c¢lippings and the number of
saed heads produced. Tirure 16 is n picture of a representative
block in the phosphorus seriecs at the tie of flowering.

The dsta presented would indicate that the concentration
which chsmcterizes "suflficiency’ of phosphorus in clippings
for maxinmum seed pr- duction, is approxisately 25.0 m.e. ?04 per
100 grmms ¢f dry matter. IV is recognized ihat this concentrae
tion dencting "sufficiency” may vary under conéitions other than
those prevailing durinz this experiment,.

sffects of Potmsuliuam on Seed 'ead Trodauaction

The « " agcts ¢ various levels of pehassiam in the nutrient
solubion upcr the numbers of seed heads produced {s shown in
table 23. The analyais of verinnce for these data is presented
in Sppendix tavla 15. Vots of Joysia suppliec with the lowest
lovel of potassium (C.1 nmees 1/0.) produced the greatest numbers

ef se=zd neadse Vhe fact thut this vilus isg signif.enntly greater
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TABLE 2830 ILffacts of various levels of phcsphorus in the nutrient sclution

upon the nuamber of sewd heads produced.

Levels of Treatment (HEE:"O‘)
Blocks

e #® s» w»

2 : : : H H
GQO&Hn@dﬂJ:o.aﬂ-Q./I‘: loOﬂQﬁ./La 200ch./L: S.0m0 '/LE 7.0m.a./fi,:l€3.0m.a ./L

1 36 54 32 40 87 14 45
2 33 49 32 83 89 70 48
3 45 53 5% 89 6l g0 78
4 47 92 6l 82 91 86 107
Mean 40,25 ez 45 73.5 82 78.25 e

LeS«Des at the 5% level & 21.11

LeSelie &t the 1% level = 28.98
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FIGURE 16«

punCpL

Effects of various levels of phosphorus upon seed head

production in Zoyaia japonica»
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TABLE 2l. HZffeots of various levels of potassium in the mutrient solution

upon the number of sead heads produaged,

Blocks

levels of Trestuent (X)

*r @V ev e

O.lm.e./LiO.Em.e Q/L;aoomoﬂ Q/Lf50%.0./1-3IOQWQQQ/LEIBQQH‘QO o/Lf 20.0mee o/L

1 127 83 114 95 62 87 86

2 95 99 o7 115 48 52 100

8 101 76 78 87 56 57 73

4 96 111 116 92 48 39 58
Mean 104.25  92.26 101 97.25 52,25 58.75 79.25

Le3eDe at the 55 lovel m 22.2

LeieDe 8% the l}% ievel - 3.4
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than values coobained for some of the pots which were supclied
with potassium at nigher levels is not considered to be' cf
great isaportancs. ihe wost important consideration is taat
the lowest level of potassium is o611l within the ram.s of
"suffieiency” for potassium in rslatiom to sged pioduction,.

figure 17 is a graph showing the rslationshlp of potagsium
concentraticvn in oiippings ¥¢ the numbere of seed hsads pro-
duced., Figure 18 is a photosraph of a mepresentative block
from tne potassium series. The photograph was taken when fioware
ing wae at its peake.

The data zained from tuis experi sent indicate twat a cone
contration of potassium in clippinge as low a8 5.12 me.e. of ¥
per 100 graums cf dry aatter (0.2 percent ) was sufficient to
prodace 104 seed heads per pete This producticn wau exceedad
by only four other treatwents in ths entire experimsot,.

affacts cf Jaleium on ead llead lFrodaetion

The effects of various levels of caleium in the nutrient

sclution upon the numbers of seed heads produced is shown in

table 22. Jhe analysis of wvarinnce for these data is shown in
Ainpendix table 16. Table 22 indicates that the yields of seed
heads resulting from varicus levelas of calelum in the nutrisnt
sclutions are charseterized by irregularity. Levels 1, 2, 4,
and 7, produged yvields topabt ary signif. cantly higher Hhan those
produced by levels ., 5, anu 6, hs reason for such irrezulare
ity is notl apparent and it is perhaps nct highly lnmportante It

is imporbant tc note tuat, as wis the ocase with potassiuvm, the
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FIGURE 18.

Effects of various levels of potassium upon seed dead

production in Zoysia japonica*
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TABLE 2. 4ffeets of Varioas levels of ealoiam in Vhe nutrient solation

apolh the number of seed heads produged.

-
*

imvels of Treatment {(Ja)

H
Blocks, Y P i 3 t 3 .
1 00lmea, /1, Outimee /L, Becmen, /1. 4 I,Wuﬂ'mnmo.ﬂ,;ﬁ‘mm/zﬂ 20,0m.9./L
1 110 4 96 b5 i § a5 25 110
3 96 a0 40 108 100 7% 108
3 a9y -] o8 a8s 73 55 99
4 08 128 88 -] 36 ) -3 4
Mean 100,85 96,26 4B 08 8.5 R

108.96

Lefiele aut She 5% lovel u 20.42

LeSsDe @b the 1% level ¢ 27.97



lowest level of ealeium supplied in the nutrient sclution

vas sufficient v¢ produce the maximal yield of seed. Tizure

19 pressnbs graphically the relutionship wiwesn concentraiion
of ealeium in ths clippings nd tae numbers of seed hsads pro-
duged. ~igure 20 is a photograph oi cns bloex of the caleium

saries ot flowering time.

‘he lowest concentrati n o eailciaw found in $hs clippings
narvested cn Louvober 28YH, 1949 was 10.10 m.se of Ua per 100
grams of dry weight. This copcentration of eslciunm prnducéé
a vieid of sesd neads wilch was near bthe maximum for the ex..
periment.

wflects of . agnesium Upon -eed iHead ‘rodugtion

‘he effects of various levels of maguesium in the nutrient
sciution upon the numbers of seed ueads produced is shown in
table 25, he corresponding analiysise of variance for tnege
date may be found in ~ppeudlx table 17. 7“he greatest nu.imor of
seed huads was prcduced by pots of oysia receiving the third
level ¢ magnesium (1,0 mees ig/L)e his value was ciznificazt=
ly greater =at the 1 percent level) than values cbtained feor
levels 3, 6, and 7 (5.0, 7.0, andl0.0 mee. Mg/l respectively)e
#izare 21 1s 2 graphic presentation of dhs relsticnship bhetwsen
ccneentraticn of wacnesiaum in the clippings and ithe number of

seed henas produced. It way be ncted on this graph that the

point charactarizing "sufficiency” of magnesium for seed hesd
production uncer the conditions of this experiment iz spproxi-

mately 10«3 me.e. of magnesiam per 100 vrams of dry matter.
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FIGURE 20.

Effects of various levels of calcium upon seed head production

in Zoysia .japonica.

65



TABLE 283

upon the number of seed heads pxoduced.

wffeots of various levels ol magnesium in the nutrient sclutiom

66

levels of Treatment (Mg)

Blocks

“ e o5

Qo.@&ﬁ.s.;ﬁa 0-&100./1; l-Oﬂc@u/L 2.}0!‘.0-/-{4 5.(@09./1’: ?.am.a./lﬂ 100'3&.“;/14

1 105 95 109 g2 101 83 &0
2 78 72 96 74 45 43 73
3 67 4y 53 54 48 80 51
4 59 40 86 A 40 35 40
9an 77,85 644D 86 66 58.5 50.25 56

Leeliea @t the 1% level = 26.1
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FIGURE 22* Effects of various levels of magnesium upon seed head

production in Zoysia japonica*
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Figare 22 is a photograph showing a typiecal block from
the magnesium series at the time of flowerine.

Lfreets of “crcn on eed Pead Uroduction

Jhe effects ¢f varicus levels ol boron in the anutrisnt
sclution upen the predactlion of sesd heads of Joysia are
shown in table 24. The analysiz of variance for thesse data
is shown in Appendix table 18, “here is an increased prodac—
tion ¢f seed nesds which cocrresponds to the incroases in boron
ceneantration im the nutrient sclution. The zeventh lavel at
which bren wias sapplied (5.0 pe.pe.me)produced a significantly
sreater npumbsr of seedAhnads {at the 5 pareent level) than
did the Tifth level (1.0 DePems}e It is apparent that boron
is quite invpcertant in ssed head producticn in oysia. ‘Veesuse
of the Dact that the highest level ¢. boron produced a sizabvle,
tho .zh not statistically wvignificant, increase over the next
lower level of beren it must be assumed that the point of
"sufliciency” for seed head production has not been meached,
sue highest ecncentrati-n of boron found in the cliprines hare
vested Cctober 25, 1949 uns 160 pPep.me.

flpgure 23 is 8 graph showing the r:lstionship batween borcon
ceneentration in ¢lippingas ﬂnd\the numbsr of sead neads nroduced,
figure 24 15 a photo raph anewin@ a typiceal bleoek from the boron
sezries ot Tlowsring time. he seed heads in this photograna ape
pear to be taller ai the higher boron lavels. Howeaver, they were
not fvund to attain s significantdy greater average haight than

those seed neads produced at lower boron levels.
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TAaBLZ 24, iffeets of various levels of boron in the nutrient sclution upon

tre pumber of sesd heads produced,

levels of Treatment (Boron)

Bloeks

e e e

3 ; § :
0.1p.p.m.:0.ﬁp.p.mo gOQ‘onPomo ;0.59.:).91. :lQQPOEQﬁQ

- oD

2e0PePole : De0OPeDolRe

1 56 81 109 114 58 123 123
2 55 21 82 89 a7 108 96
3 47 79 8% 108 il8 108 141
4 73 115 123 109 140 117 176
Mean 57.75 9X.0 29.76 106 100.75 115.76 134

Leielis at the 5% level = 26.66

Le3eDe at the 1% level s 36.52
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FIGURE 24. Sffects of various levels of boron upon seed dead

production in Zoysia japonica.



- IR td PR . T 3 ". LET AN ';3
SUMELRY AND CONCLUSIURS

The 4-52 strain of Zoysia Jjaponica was grown in the greenhouse at

Beltsville, taryland, and was watered with nutrient solutions containing
seven levels of six nutrient elements., The elements which were'varied
were nitrogen, phosphorus, potassium, calcium, magnesium, =nd boron.

The study was arranged in six simple randomized block experiments; each
experiment contained four replicstions of the seven treatuments. The
effects of various levels of each elcment were studied independently.

The results are reported for total clipping yields, for weights of
crowns, and for nuw.bers of seed heads produced at six lcvels of nitrogen
and at seven levels of phosphorus, potassium, calcium, magnesium, and
boron.

The data indicate that the following conclusions may be drawn from
this experiment:

1. Variastions in nitrogen levels are iuch more important than
variations in the levels of any other element, within the ranges studied
in this experiment, with respect to the production of clipping yields.
Yields increzsed as nitrogen supply increased.

2e The minimal amounts of potgssium, magnesium, and boron which
were used in this experiment (0.l and 0.05 m.e./L and 0.l p.peii., re-
spectively) were adequate to produce the maximal quantity of e¢lippings.

3. ULalcium and phosphorus appesred to limit the production of clip-
pings only ét relat.vely low concentrations (o.l n.e.Ca/Le and 0.05 m.e.
Hot0y/lie) s

L. {he level of nitrogen is important in determing the density of
Zoysia turf as indicsted by weights of crowns. The iLeaviest crowns pro-

duced in the nitrogzen series corresponded to the clippin:s which contained
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1.57 percent of tot:ul nitrogen (on ¢ dry-weigsht oasis).

5. eights of crowns increased as the ca.cium concentration in the
elippings increased,

6. Th;re vas & -radual increase in weiyhts of crowns as the concen—
tration of marnesium in the clippings increased,

7. The minimal amounts of phosphorus, potassium, and boron which
vere used (0.05 and 0.1 m.e./L., and 0.l p.pem. respectively) under the
conditions of this experiment appear %o be adequate for the production
of turf of maximal density.

8, MNitrogen is highly important in its effect upon the production
of seed heads., The level of nitrogen Ysufficiency" for seed head produc—
tion appears to ve approximatdly 1.56 percent of nitrogen (on a dry weight
bagis). Concentrations beyond approximately 1,75 percent of nitrogen in
the clippings appear to be detrimental to se«d head production.

9« The concentration of phosphorus in the clippings appears to have
a marked influence upon the production of seed heads. The Level of
"sufficiency™ in this experiment was approximetely Z4 ndlliecuivalents
of PO, in 100 grams of dry matter, (.25 perceunt ).

10. The addition of larger increments of potassium than the minimal
level (0.1 mee. of £/L.) in the nutrient solution failed to effect an in-
crease in the yield oi seed heads., Un the contrary, lower seed yields
were zssocinted with concentrations of potsssium a.ove gpproximately 32.0
milliequivalents of X per 100 graus of dry matter, (l.25 percent X).

l1l. The lowest levels of calcium and magnesium in tiis experimesht

were apparently sufficient to produce maximal yleids of seed heads.



12, Boron sppears to be very important in the production of seed
heads. The highest concentration of boron found in this experiment
(160 p.p.m. of boron in dry matter) was associated with the highest
production of seed heads.
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APPHENDIX



Aty PHDIX Thoun

L. Analysis of

variance on efrects of various levels of

nitroegen in the nutricnt gsolution upon clipplng yields,

e -3 : 4 . : Ty : B : -
Yariance . Vegrees of Suins of . Jean . I
- . N « - %
aue Lo . freedom . sguares . Bouare . value
- L] . -

Treataents 5 10,242,18 LewBllLS
. TrToY 15 a3 Lo B0
Total =3 LU, 044,67

;».J
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analysis of variance on effects of various levels of

phosphorus in

the nutrient solution upon clipping yields.

Variance : e rees of Sums of : e an : ¥
dus to g ircedon : squares : square : value

locks

Treat enls

I Yrroy

ey AV

P
o

253097
500468

PUYARME

8he65
G0l Ll

120l

Lolily®

[4 . ’f 3: i

Total

———r

Ly 137 e kids

L}

o



AL U YT BR s
SEciadin Uaaind

(o
[

%e nxlyuis o1 vorisnce on effects of varisus leveis of

potaasivm in the nutrient solution upon elipping yields,

Variance : Jegrees of Sums of : lean 5 F
due to : freedom : SuulTes : s0uare : value
Blocks 3 118,586 39,62 < o0

Trentents

FrIror

[
C
e
~
=
.

=
e8]

15.13
17.30

Lolk

Total

2
-2

521,07




G0V EDIA Veosidl Le Anslysis of variance on efiects of various levels of
calcium in the nutrient solution upon clipping yields
Variance : Degrees of Sums of ; mean : ¥
due to : frecdon : squares : square : value
Blocks 3 273.13 93,04 2436
Treatnents 6 360.18 60,03 L.77
Yrror 18 709,62 3942
Total 27 1,348.93




APrENDIX TABLYE 5. Analysis of variance on the effects of various levels of

magnesium in the nutrient solution upon clipping yields.

.

.e os g0
.

Variance Degrees of : Sums of : irean H F
due to freedonm : squares : squares : value
Blociks 3 lhgolk &9-71 1039
Treat.ents b 1{.660 58 ?7.76 2.1.8
Error i8 GLle24 35.62

Total 27 19256096




inalysis of variance on the effects of various levels of

boron in the nutrient solution upon clipping yields.

Yariance :

lean : F

Degrees of : Sums of :
due to : frecdom : squares : square : value
Blocks 3 119.53 39.84 1,68
Ireatrents 6 453457 75459 1.12
irror 18 1,21k.84 67.32
Total 27 1,784.93
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APPERDIX TABLY 7. Analysis of variance on effects of wvarious lovels of

nitrogen in the nutrient solution upon weights of crowns,

»e

Variance : Degress of : Sums of : ean : F

due to 3 freedom : squares 3 sguares s value
Blocks 3 A 2,13 6.14
Treatments 5 278.9 55.78 L 20%
Lrror 15 196.3 13,08

Total 23 LEL.6




APHENDIX TaSlE 8, Analysis of variance on effects of various levels of

phosphorus in the nutrient solution upon weights of crovns,

Variance : Pbegrees of Suwas of : Hean H F

due to : ireedonm : squares : square :  value
Blocks 3 39.3 13.1 1.58
Treat.ernt 6 185.5 30.91 L.48
rrror 18 373.7 20.76




APERHDIX TABLL

P

89

inalysis of variance on effects of various levels of

potassium in the nutrient solution upon weights of crowns,

Variance : Degrees of : Sunms of : Lean : F
due to : freedon : squares : square :  value
Blocks 3 86.86 Z5e95 1.22
Treatments 6 237.86 39.64 1,68
irror 18 L2514 23,61
Total 27 7459.86




APFENDIL TABLK

20

10. Analysis of variance on effects of various luvels of

calcium in the nutrient solution upon wiehgts of crowns,

) : : :
Variarnce : Degrees of : Sums of : Jiean = : F
due to : freedom 3 Bquares 3 aguare :  value
H : : :
Blocks 3 292.98 97.66 3.16%
Treatiuents 6 1,237.45 206.24 6,677
Error 18 556.27 0.9
Total 27 2,086.70




APFENDLIX TABLE

91

1ll. 4Analysis of variance on effects of various levels of

magnesium in Lhe nutrients solution upon wéights of crowns

0

Variance : deygrees of : Sums of : L€an : F
due to : freedon : sguares : Sguare : value
Blocks 3 12014, LG WOl 2.73
Treatments 6 187.25 3121 2413
ryror 18 263,61 14,64
Total 27 571.00
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APFENDIA TABLY 12, Analysis of variznce on effects of vurious levels of boron

in the nutrient solution upon welghts of crowns.

Variance H Degrees of : Sums of wean : F
due to 1 Freedom H squares square : value
Blocks 3 9L.53 30451 1.9
Treatments o 139.93 2332 1.45
frror 18 289,22 16.06
Total 27 520,68




98

s eialia Taud 136 Anrlsis of variasnce on efifects ol various icvels of
nitrosen in the nutrient solubtlion upon the nuamber of

secd heads produced,

H H H H
Yariance : PDegrees of Guas of : wean : Iy
dus to : irecdon H squares : square : value

HG G 54 70H%

v.
.

o
S
G
o
-

o
l.»)

Jlocks 3

wr

Treatizents Sy l3.TE &8585 173,03

Lrror 15 CTES G ik 52436

« o . i At o e 455




CAFPERDIL TALBLL ide

inalysis of variance on effects of various levels of
phosphorus in the nutrient solution upon the number

of seed hieads produced,

s
@ e

Variance H Degrees of : Sums of : lean ¥
due to 3 frecdom : squares : squares : value
Blocks 3 3,38% 1,129,3 5, Bt
Treatuents 6 6,249 1,041.5 5, 15%%
frror 18 3,639 202.1
Total 27 13,276

94




APPENDIA TABLE 15.

inalysis of varisnce on efiects of various levels of

potassiun in the nutrient solution upon the nwaber
of seed lieads produced.
Variasce Degrees of : Sums of : iean : F
due to : freedom : sguares : squares : value
: : 3 :
Blocks 3 1,311 437 1.95
Treatuent 6 10,455 1,742,5 7 THRE
Lrror 18 4,028 223.7
Total 27 15,794




APPENDIX TABLE 16, Analysis of variance on effects of various levels of

calocium in

the nuirient solution upon the number of

seed neads produced,
Variance : Degrees of : Sums of : Hean : F
due to : freedom : squares d squares : value
Blocks 3 1,998 066 3o 52%
Treatments 6 4,959 826,5 L 37
Lrror 18 3,401 189.0
Total 27 10,258




L

"~

7. inclysis of variance on effeets of various levels of

racnesiwn in the nutrient solution ujon the number

i ¥

of seed .eads produced,

Vayiance 3 begprees of @ Gums of : Lean : F
due to : Irecdon : spuares : sguars : value
: H : 3

o

Yot
&

6,765
3,736

2,968

623,00

.1.61-& . {'))9

134710

3.78%

Total

27

13,491




iosnl lB. Snalysis of variance on the ef.ecis of various levels of
horon in the nutrient solution upon the number of sced

head uraduced,

Varisnce : Uegrees of : Sums of : Liean : ¥
due to : freedon : HUAres : spusres t value
: 3 . ; 3
Blociks > Ly 73 iy 5yl Lo G4
Trentiients & 12,409 24063 b gy 23t

i'rror ig 5,5u3 22

Total 27 22,965




