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| . _ SOJKA ET AL.

Table ,.A...N. Soybean response to irradiation of leveas with red (R} or farred (FR) light.
From Balatti and Montaldi (1986).

' Plant property R FR
Foliar area, m? 0.006572a* 0.006322a
No. nodules : - 7a 27h
Fresh wt. of nodules, g 0.00891a 0.04290b
Dry wt. of nodules, g . 0.00139a 0.00874b
Leaf dry wt., g 0.26640a 0.28090a
Nitrogen, gikg 28.8a 30.0a
Total N, g/plant (0.00767a 0.00842a

* Numbers in the same row followed by the same letter differ at P = 0.05 by the Dun-
can's multiple range test,

et al., 1965; Prasad et al., 1985a, b; Wax and Pendleton, 1968). The yield
benefits of narrow rows can be lost entirely, however, if initial weed control
is unsatisfactory, because of the inability to cultivate (Nave and Cooper, 1974;
Wax et al., 1977). Several new highly effective over-the-top grass and
broadleaf broad-spectrum herbicides are now available and yield loss need
not result from inadequate early weed control. Management requirements,
however, are more demanding when depending on these materials (Gebhardt
and Minor, 1983), and economics may not be as favorable.

The quantity and pathway of radiation intercepted by the plant canopy
are both affected by the canopy geometry (Holmes, 1981). This produces
numerous environmental alterations including temperature distributions
within the soil and canepy, foliar distribution of photosynthetically active
radiation (PAR), and changes in canopy light quality.

Kasperbauer et al. (1984) demonstrated that canopy spectral composi-
tion changed in rows depending on their compass oricntation, varying the
exposure of the growing plant parts to far red light throughout the day and
at extinction in the evening. In addition to the well-known effects of light
spectral quality on flowering and shoot morphology, light-quality effects have
also been demonstrated on nodulation and rooting (Balatti and Montaldi,
1983, 1986; Kasperbauer et al., 1984; Lie, 1969; Malik et al., 1982). Greater
soybean rooting and nodulation (Table 4-2) have been associated with as
little as 5 min of red/far-red exposure at photoperiod extinction (Balatti and
Montaldi, 1983, 1986; Kasperbauer et al., 1984). Top dry weight was unaf-
fected in these studies, and Balatti and Montaldi (1983, 1986) observed no
differences in shoot N concentration or accumulation. Nearly opposite ef-
fects were observed in Lie’s (1969) work with Pisum sativum and Phaseolus
vulgaris which are long-day and day-neutral plants, respectively, whereas soy-
bean is a short-day plant. These experiments suggest that environments that
significantly alter light spectral composition, particularly at daylight extine-
tion, may significantly impact root development and activity, specifically
governed by each species’ phytochrome adaptations. Further research is need-
ed to determine the extent to which on-farm management of row-spacing,
row-orientation, and plant population can beneficially manipulate these
interactions.
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Fig. 4-2. The ¢ffect of row orientation on midday soil temperatures beneath a partially
closed soybean canopy. From Hunt et al. (1985),

An interaction of soybean cultivars to rhizobial inoculants, row orienta-
tion and irrigation was observed by Hunt et al. (1985). They interpreted the
responses as being largely soil temperature (Fig. 4-2) effects on cultivar X
strain interactions. No significant differences in N concentration or accumula-
tion occurred. In 2 of the 3 yr studied, however, irrigated North-South {N-
S) oriented rows outyiclded East-West (E-W) oriented rows across all strains
with no consistent response in the 3rd yr. Mean soil temperatures prior to
canopy closure were 3.2°C higher for E-W oriented rows. Munevar and
Wollum (1981a, b, 1982) had determined in the laboratory that for the strains
later used in Hunt et al’s (1985) field studies that the temperature differences
between row orientations was sufficiently large to cause growth and host
responses of free-living rhizobia of the magnitude and direction observed
by Hunt et al. (1985). These temperature differentials were sufficient to
assume an impact on root metabolism. Higher root-respiration of E-W
oriented rows may have accounted for decreased yields. In addition, there
may have been differences in nutrient availability related to jon activity and
root absorptive capacity. . :

Water Use

Soybean water relations in general have been studied by a large number
of researchers, but few have studied water relations as affected by planting
geometry. Doss and Thurlow (1974) compared soybean performance in wide
and narrow rows with high and low populations under irrigated and non-
irrigated conditions. They found no influence on yield of inter- or intra-row
spacing under irrigated conditions but found higher yields under low popula-
tions in the nonirrigated treatment. In earlier studies, Timmons et al. ( 1967)
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ing, and twin-row planting (Schubert et al., 1983). Mozingo and Coffelt (1984)
reported numerically but not statistically higher yields for twin-row planting
patterns over single rows. Stone et al. (1985} found that stomatal diffusive
resistance was higher in response to greater water stress in narrow-row
peanuts. This suggests that peanut, like soybean, depletes more soil water
in narrow rows,

Planting geometry effects on rice (Oryza sativa L.) vields and cultural
relations were reviewed by Chandler (1969). His summary stated that newer
stiff-strawed, low to medium tillering, shorter varieties performed best with
close spacing at all N levels. The taller leafy tropical varieties would yield
better at somewhat closer spacings if N and light were abundant. Jones and
Snyder (1987a, b) confirmed this, stating that narrow-row spacings increased
grain yields for both tall and semidwarf plants when drill seeded and did
not affect yields of the subsequent ratconed crop.

Halterlein (1983) reviewed results for spacing of edible bean {Phaseolus
vuigaris 1..) and found that nearly all previous studies showed substantial
yield benefit to increased LAI and narrow rows, He cautioned, however, that
adoption of the newer configurations might be difficult due to the need to
accommodate mechanical harvesters designed for wide rows.

Planting geometry of cotton was studied and reviewed briefly by Bilbro
(1981) and Mohamad et al. (1982). Their work and the work they reviewed
indicate that cotton is particularly sensitive to cultural practice interactions
(e.g., irrigation and fertility) with season and choice of plant ideotype in deter-
‘mining the success of denser planting patterns. It appears that shorter
statured, semideterminate, early maturing cultivars are most responsive to
narrow rows and/or high populations.

 CONCLUSION

For a wide range of species it appears that a greater yield advantage
may exist for dense, uniformly spaced canopies than for more open canopies,
provided early weed management, water availability, and fertility are ade-
quate. This advantage is more pronounced for plants with indeterminate
growth habits. Manipulation of row-spacing configurations may be the most
practical means of optimizing canopy geometry. Leguminous plants may re-
quire greater than expected mineral nutrient availability to maximize nodula-
tion and N, fixation in these denser, management-intensive cropping systems.
Row spacing and row orientation may affect canopy light quality and soil
temperatures sufficiently to alter rhizobial-host interactions and N, fixation
of leguminous plants. The interaction of planting geometry and the nutrient
relations of the soil-plant system are not well documented. Due to earlier
LAI msm.nmmmom. early season (and often total season) ET are frequently higher
in denser canopies. Wider rows of some crops may have higher ET due to
sensible heat transfer from dry inter-row soil surface, although there are con-
flicting data on this point. Plant physiological indices of water stress fre-
quently indicate greater stress in narrow rows or denser canopies, particularly
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under nonirrigated conditions, probably due to greater carly season water
depletion. Soil-physical and equipment-engineering limitations may impose
the ultimate practical and financial barriers to adoption of high-intensity, -
dense-canopy management systems.

REFERENCES

Aldrich, 8.R., W.D, Scott, and E.R. Leng. 1976. Modern corn production. 2nd ed. A&L
Publ., Champaign, IL.

Alessi, I., and J.F. Power. 1965. Influence of moisture plant population, and nitrogen
on dryland corn in the Northern Plains. Agron. J. 56:611-612. )

--=-, and ———-. 1974, Effects of plant population, row spacing and relative maturity on
dryland corn in the Northern Plains. Agron. J. 66:316-319.
--—-, and -——-. 1982. Effects of plant and row spacing on dryland soybean yield and

water-use efficiency. Agron. J. 74:851-854.

Alexander, M.W. 1970. The relationship of growth habit and row pattern on yield and
Emc_.wﬁumaman of three Virginia peanuts. J. Am. Peanut Res. Educ. Assoc. 2:134
(Abstr.). :

Andrews, R.H., and J.W. Peck. 1971. Influence of cultural practice and field environ-
ment on consistency of corn yields in northern areas. Agron. J. 63:628-633,
Aubertin, G.M., and D.B. Peters. 1961, Net radiation determinations in a corn field. Agron,

J. 53:269-272.

Baker, J.L., T.S. Colvin, S.J. Marley, and D). Dawefbeit. 1985. Improve fertilizer managg-
ment with a point-injector applicator. Paper 85-1516. ASAE, St. Joseph, MI.
Balatti, P.A., and E.R. Montaldi. 1983. Efecio del fotoperiodo sobre la nodulacion ¥
fijacion de nitrogeno en plantas de soja (Gfycine max 1. Merr.). p. 23-29, In Revista
de la Facultad de Agronomia, 3 epoca, Tomo LVII, entrega 1-2. Univ. de La Plata,

Argentina.

----, and ----, 1986. Effects of red and red/far-red lights on nodulation and nitrogen
fixation im soybean {(Glycine max L. Merr.), Plant Soil 92:427-430.

Basnet, B,, E.L. Mader, and C.D. Nickell. 1974. Influence of between and within-row
spacing on agronomic characteristics of irrigated soybeans. Agron. I, 66:6457-639.

Beatty, K.D., I.L. Eldridge, and A.M. Simpson, Jr. 1982, Soybean response to different
planting patterns and dates, Agron. J. 74:859-862.

Beaver, 1.5., and R.R. Johnson. 1981, Response of determinate and indeterminate 50Yy-
beans to varying cultural practices in the Northern U.8.A. Agron. I. 73:833-838.

Bello, A.B., W.A. Ceron-Diaz, C.D. Nickell, E.O. £l Sherif, and L.C. Davis. 1980. In-
fluence of cultivar, between-row spacing, and plant population of fixation. Crop Sci.
20:751-755.

Bennie, A.T.P., W K. Mason, and H.M. Taylor. 1982. Responses of soybeans to two
row spacings and two soil water levels: II1. Concentration, accumulation and transloca-
tion of 12 elements, Field Crops Res. 5:31-43.

Bilbro, J.D. 1981. Spacial responses of contrasting cotton cultivars grown under semiarid
conditions. Agron. J, 73:271-277.

Blad, B.L. 1983, Atmospheric demand for water. p. 1-44. In [.D. Teare and M.M. Peet
(ed.) Crop water relations. John Wiley and Sons, New York.

Blevins, D.G. 1987, Future developments in plant nutrition research. p. 445-458. fn L.L.
Boersma (chmn.) Future developments in soil science research. SSSA, Madison, WI.

Bohm, W, 1977. Development of soybean root systems as affected by plant spacing. Z.
Pflanzenbau 144:103-112.

Bord, 1.1, T.]. Army, and O.R. Lehman. 1964. Row spacing, plant populations, and
meisture supply as factors in dryland grain sorghum production. Agron. J. 56:3-6.

Boquet, D.J., K.L. Koonce, and D.M. Walker. 1982. Selected determinate soybean cultivar
yield responses to row spacings-and planting dates. Agron. J. 74:136-138.



*£6T-06Z: 19 [ "uciFy ~susaned Sunuepd o) adA) uerd ueaq

-A0s jo asuodsay "6961 uOISUYOT ‘[, PUE ‘pIeRg "'y ‘U0RIpUS "M [ U d ‘SAOTH
. ‘186-526°07 "u0idy 'J0§ WY [ "UBIQAOS Y UO sInpou

JO UONEWEO] Y} UO MEAUJRAL) ISZIIA} JO 1933 "8Z6T "Funiym "T'V pue “I°D *ZIH
2 ‘uoiBmyse s ‘uonepunog

DONRAIISUCD YL "YINOS UBIAWY 3 Ul pue| o] uonnadwe) "¢gs] DY ‘AdesH
“18-pLi8 T8 Jnuesd sinuesd o plalk pue $susANNH WO YT U0 SWASAS 3PIdNGIaY

pue *21e1 3uipass ‘Fudeds Mo JO 2UIAN[UY "[86I UBUBRLING T D PUE M ‘19Snel

PI-CI:4] "BUJ UaqAOS "5aYe)S UIANINOS 31 Ut Funuetd Jo sa)el pue [IpIm Moy “L56] ——-~
‘th6 "I VASN

'$27B15 WISYINOS 3y ul sueaqAes Sunue]d Jo awin Juniayye s10108d ‘ps6l "H d ‘Fuey
L25-026:69 f ‘U0sRy ‘sulelg 1B3ID [BLUID) U3 UI WAYTIOS MO1-IpIm JO

uopendsuenodess pue uoHIAPY “[L6] “12upIeD “H'H PUE ‘UL ‘H1 “'['¥ ‘SyueH
IO L MmN ‘SUOS puB ApAN ULO SUONeRI

1em do1) ('ps) 199d "IN PUe 1AL ('] ¥F 98[-LST "d "UBdg "£86T [V ‘UB[NEH
¥y “ling "mg dxg
DUy ‘yduRIg AN USPIRr) SESUR) TSesue) BIANSoMUInOS ul uonanpold winydios uresd

1291 uonESILI pue *ANua) ‘Fuoeds Jueld moH 64T XSO T L[ PUE " Ay (] ‘SO
"LEC-TESICL [ "uoady

*s(tos uedAr]d 10§ SA3AS uononpold uelqlog *£841 "IOUTY "D H PUER ' “Ipleyqsn
priag tday rmg dxq oudy sesueyry Csuon

-BUIGUIOD [INTM MOT MOLIEY DU IPIMGIN] JO SPIIL ueaqios uo 199)J9 6561 "T'H ‘suerd
‘OER-CCR:F0 [ "WOIBY ("LI3py (* 1) XDt 24104)0) uLsqLOs JO SMSLIADRIRYD IO pUR

p1o1& uo wonemdod pue 9zis Ppaas Jo acusnpju] "gr6] 8501 [V pue “NTVT ‘SHUO
"1£6-926:91 "gsnH ‘unuy Uy dxg 1 msny rueaghos ul uonyaduwod paom

Jo 1apye a3 uo uonendod jueld pue Suneds-mol Jo UMPU AL 9461 T M ‘DO
‘671-18:9 "12G (105 "SUBDQAOS JO UONRULIO] a[npou pue ‘uoHIsodwros

*PJaTA 21 10 S[RIALNY UIRIISS PUE 1711} ‘UOHRNA0OUT JO 133]J2 UL 161 "Y' ‘Saag
PLE-OLGIER T WY 205 IOG [I06 SUQHIANP M0l nof w pyueld 1eagm Jo

PIBIL PUR ‘SUOHET1 I51EM “YIMOID) "GL6T "2U0IS "d [ PUe ‘wepyry "g° W “'T'd ‘uosyaug
"ELP-SEPIOI TuoIEY APV Auanonpoud (10§ 0]

uone[sa ut uoneindod Jued 110D *g¢4 T "UCIPUS] AT PUR ‘Sue "T'V “"H'D ‘uefun(g
‘HOIBUNYSe A

« 1SV JUOD 59y Wnysiog uro) .===< LT dord ur sadfiousd waod Jusiay |

-Jtp 01 paepas st sdhysuone]al YW pue ‘uoIIeIUSNO ‘Ausuap ‘Furoeds 1ue| ‘7L6] ———-

AL ‘UOSIDEIN ‘WSSO Pue ¥EV P4 dom Jo spoadse
[ea130101sAxd (P2} [€ 12 UNSeT “(I°f 4f “SPIRIA 19UBHY 1oy uonemdiuRul RINND ‘6961 -

8-T80¢

T ‘u0iBy ‘prif pue uonemdod uiod uaamiaq digsuoniel2I AL "§561 "D M ‘ueoung
OFI-8tl:LE

RS AMIFY ISUL ISAY [ "IN U1 SUOUE[RI PRIK-ANSUIP Weld ‘1161 VT ‘A2Umo(T
"9TL-TOLITL '$9Y dUdY °f "7 "N CAImqQIslue]) ul sueaqfos Jo pRIA a1y

N0 $IpIqQIeY pue ‘Suiveds-moa ‘avep Junuepd jo ssvanyul sYL "¢96] "L-D ‘L11ayfnog
7907999 [ "uoady "SoTRIIBA URAQAOS OM] JO SIIISIISIIRIRID YIM0IE 01 uon

-egas ut uone[ndod juerd pee ‘PIpim mod ‘BONESLIT LT *MOPINYL T PUR (I g ‘SSo]
Or1-TEL:E 198 ue(d
°f ‘ue) "sueaqios (emenO) uuepuey oy uxold jussisd pue po jusdiad ‘poIL Uo

uzaped Bunued jo $)99]J9 SWOS "£94] “UOSIED ‘g Y PUB ‘Yoowmyg *J ‘S ] ‘UeAouO(]
‘SEP-TTY:6 uuz

JUBY I NSOV SINALNG 10§ pue 1S 10§ uonnadurod JO TONIRIAN] 9561 (N ‘PlRUO
01S-506:€S [ ‘uoI3y “pdy wrod ® Uy uoy

“EIPEI 13U JO UONRQINSIP [eloeds 7961 "MEYS “H'Y PUB ‘0aUdsuI] (] L0 ‘pesunsg
‘092-SLT:86 [ "uoidy “sifes wnaed pue ‘umsseiod

.mnohoﬁ_%ogn pSppe 01 SUe3qA0s JO SaSUsaT UONIEIRPON "996 "854 '[ PUE [ ‘ADOINIP
‘EPZ-0PZ:59 [ ‘uoldy ;e pue ‘vongmdod jued ‘Supeds mor

‘Aunyew pugAy £q pasuangut se a8ells 10 WO "EL6] "UOSQOT "M [ PUB )" ‘SWUInD

€9 SETHLAWOTD ONILLNYIL

'9ST-€61:2L °f "uolfy ‘susaped Supueid 01
SIZADY Ueaqios po asuodsay "0R6I “BORIPUS “m'[ pue “w3uydQ "§'T “"v'[ ‘eiso)
6ET-LETOL
T "U0a3Y SuIRSAS mOI moliel 0) UB2qL0s Jo Isuadsal PISIA sip uo $10108) Sunnul
PIEA 3O 33012 2Y) JIRNSUOUISP OF $53138 USZ0NINI O 351 "$RE1 "SI3JJor ~1'(] pue ‘-——
"T6-68:69 [ "HOIFY “suOlpuC) )
-paa Japun sajel Junueld pue SMOX MOIIEU 0] SIBAIIND URDGAOS Jo asuodssy *1 /6] -~
E6P-06F:£9 [ "U0IBY *SudtuuobAuS sanompoid £)q3rg ur
PP paas pue Surgpoy uo saagoeid vonanpold weeqLos Jo sousnpu] "[z4] 1Y “Jedoor
-9l
1suLIe,] Jnues 2y, ‘ySnous pood jou mq pood asom spiatA Inuesd mol-dYg (gR61 F (00
: ‘M HEND ‘mg
~dxyy exseiqaN ¥ “g-£ “d sppif aseaiout sSueds molleN ‘061 ‘Iaung ([ pUe ‘-——-
"{9-69:09 "f "HOISY SWAISAS0IS 1110
T BWTDOINW 1} Jo sivadse uo uonendod puw Suaeds yurerd jo souonjjuj 'g96] "——
1T "0 TJuody “say Tpuf
w0 PUGAH ‘nuuy &f zo-ss *d *Suroeds mox pue suopemdod Jueld "996F T A ‘IMAI0D
“CEP-STRIIE T WY D08 IS 10§ stnuead o $MISLIPIOBIBYD 2%El
-dn 131em UO Euobu wordanp pue Jurreds Moy "LL6] "UOMRN [ pUR ‘Sung ‘AT -——-
‘66-96:99 [ "uoidy ‘waydios ur sBupeds mol molied
pUE apia Jo uosiredurod aoueyeq ASIauy “fLe1 ‘msewsuey "1°F pue a g Aoy wyd)
s ‘UOSIpRIY
‘¥S5D PR ySV "pPIL doid 30 spadse endojosdqd ('pa) Te w wusey g
“uafonu o) wonepl ut £13pwoad puels pue A3ooydiow Jueld ‘6861 "If "4y ‘1A[pUEy)
*6E-6€:7L [ 'uoIdy ‘sieo Junds pue 1EayMm
Ioquim QUI sUeaqAos SurddoadIalul Ae(oy "(RE! "UMOIY W'D "uosuyor Y | N1 ‘UryD)
‘gg ‘155 ‘doy wig ~dxg roudy sesueyIy
*sueaqAos Sunuepd Jo so1el PuR SAIRP JUAAIJIIP JO SR 66T TYUUWIS ‘' d pue ‘-
1L g "wg tdxyg oSy SESUBNIY CSUBIAOS 237 [im sa1prys Suneds ‘g9eT -——-
ZIA0] 'Sy wiey Yy "Smol ueagqhos ur sdiys JO S109419 1961 "D ‘SSOUIARD)
VI ‘sswy ‘1SVD "£4] Hoddy "Al[end 1iempunosd pue [RIMNOUEY “CRG] ‘LSVD
‘O19-L09-61
‘15 dor) “wsmdofaaap Izanno ueaqios pedded-a[gnop Ut suonsesuy Surdeds-mol
pue aep Supued X adijouas yo suoiresndwy “gL61 ewId0g " H pue ‘If “J' L ‘IS
"066-186 L [ "U0IRY
*3SE3IDUI PJRIA JO $901N0S :HononpoId U100 BI0SIUUHA] JO 183k A1 2861 9" A ‘TIoMpIe])
‘1z 49y mg dxg SV BIENA SHHOLIEA UBIGAOS OM] UO MmOI JO Hiplm pue
‘Gunjuerd jo 3jea ‘Funuerd jo ep JO 10813 9L "gCA] YNWS (f° ] pue ‘|- I ‘dwen
“1PS-1£5: "5y FSEILL 1103 "uield 215200 WIISEIYINOS "' SY) Ul
TeaqA0s 10] 98eI[1] UOLRAISSUOD) "$RGT "US[IEY “T'( pue ‘eylog gy “'9'd ‘Ppqdwes
“COT1-65T1:82 AVSY "suel], -uled (215802 UIISEIINOS Ay Ul UI0D 0] uonzindy
-0 401 pue Suipnpayas uonedI] "CR4T "HIsquue “Y'[ pue ‘uspxey 1 "y ‘dre)
STl
SPA3MN "BYSEIqaN §5010¢ wnyFIos paiwdiL-uou wol] Pk pasm pue wniydlos uo
aurzele pue ‘Jumeds mox ‘a3e([l} JO DUINLUT “pG§] 425U "W PUE “SHOIM "V D *———
*Z11-601:T1 SPaapy "uaqiwee pue ‘adefn ‘Suweds mol ‘uon
-RBLUT £Q padd)e S SPIALA Ppodm PUR UBIQAOS "$O6T 3IIAIOD “T° M PUE °D’ (3 ‘apIsiLIng
*656-266:09 ‘[ uo1dy ‘wonendod weid pue Supeds mol Aq padaje se
PLIQAY U103 91B] PUE AJTE2 UE JO SJUMINSUCD Jueld ‘4941 "I2Se[g "g Y pue “ 1'H “welig
PIL-L0LCE "U0IBY "d0g iy
f "uI100 Y sjusoiadxs Supeds ‘opgl canderds T o pleyyyg oy vV uelig
OLL-L9L:T9
[ "uosdy ("7 sApw pa7) UI0Y JO S3NRMIEA OM] JO PIRIA wo uonendod jued pue
YIPIM MOT JO UMY 061 “SHARH "Q"( PUB ‘33pa3ng [ p ‘Aneg "WH CH'YH ‘umolg
EPE-GEEITS *f U0y *saoroed RININD JUIISIHP Japun winyF10s uteld Jo ASUFIER
25N 137em pue ‘vonjendsuenodesd SPIMA UIRID "6EET “IPONRS (" M PUR *T g ‘umorg’

"IV 11 ¥Iros . . .79



*TRT-6LZTI9 T "UOITY “WIOD JO PIANL PUBR YIM0IT UO fIPtm mOI puR “uoy

-ejndod jueld *asuodsal N uzamiag sdiysuonedy "6961 "wiesdwey "[q pur "y *Zauny
' pz g ‘WS dxg Iudy Sesueyly sesueyiy

ul 30U PITa Stumuuadxd 5ZIEa) pue [eImnd uo odal Areunuipld “fE61 ‘N UOSPON
POR-108:L1 AVSY ‘Suei] "ssof Sutisaaley pue pRig ueaq

-£05 Uo IpIm so01 pue vonendod jued J0 103117 *pis1 1adoo) T Y PUR Y AL ‘IAEN
"TPI-SEILpL [ "UOIBY Ulens WNIQOZIYr pue Jeanpnd wreyd Aq

pada]je sk saneradiud) 001 Y31y o) sjueld uraqAos Jo ssuadsayf "7gG] ——-- PUR ‘————
"9LT-TLTTY OqOIIN "uonaug “1ddy D 2
3A0QR sainyeladwa) 18 SUTENS wnduodol wniqoziyy 1o YIK0ID Q1861 ———- puE *———-

OTHI-ETT16¢ "o01d
WY “20G °10gG [1I0S “SUB3QA0S JO YIM0IS pue ‘uoleXE URS0JNU ‘UOLIBNPOU U0 UIRIlS
wnIqeziyy pue ainyesadurs; 1001 480y o 131 ‘RIS6T I1 WNjOA “D'Y puR “* “Ieasunjy
*29p-05p:9L [ "wo1dy nuead adfy
BrZIIA JO SN[BA GO $103])2 9jel Buipass pue wiened M0y "pE61 “1LHOD VW' L pue ‘-——-
‘Z99-009:9; ‘[ ‘u0ady ‘Siealnd
inuead adA1-erBiA uo $193139 tadned mol pue Supued moa-ds “PE61 ‘M H ‘0Tuizow
‘€1 lng ‘wi§ -dxg SudY sIoury] "uIod yne siudwuiadxs ppald 0681 ‘HTD ‘MOIION
68 '{ng 'uis tdxyg oy aassauus
‘U202 JO SanaLIea Jo 3unisa; Ayl ui s10308) se L1[1U) (108 PUR pULIS *0i6] "V D ‘SI200W
"6T9-619-PL
ff Cuody CWLSAS IBANND MOI-mOLIBU ‘uoseas 11o4s ® m seonendod jueld o)
asu0dsal J2ANND UONOD "Z8G] "URWIY20J "W'f pue ‘pleyjuaddeg “ ' m g ‘prweyop
‘085-£L46:89 [ 'uoIdy ‘swiayed Sunuerd pangunsp APUOPURI PR MmO [RUOI
-I2AU0D Ul UmOIE SPLIQAY SZ12W JO 3DUBIOLISD "9L6] "MUBaH ‘D1 pue ““f'[ ‘Y20
“SIUY “SS34F ANSIIANUL] A1BIS BMOT YL, ~2nymd pue ymoI3 dox) gL6T T ‘IPUONIW
FOE-$67°61 "TOI03P U8y "wnyFios uress pue synuead U s39932 A1swoad psy Aq
uonanPal uonendsuenjodead “gia] "£0UD MIUD " Ay H PUB *2U0IS "A°[ *'ND “A3[neoW
I ‘er03d ‘YHS
“V(S] ‘UoI8al [eNUa) YLION "WV "§-DN-VAS "IqRd [ouyaa] oudy "Apy uf "6g-1 d
*aje)dn |eIaUIW pUE ‘SUCTIE[D] ID1eMm FJUSMAOPASD ‘YIAciF U0 193)J0 Jsy ] :Ajddns
I2EM JI0S pue Surseds mol ueaqiog Q861 PU0IS "' [ pue “tedsey "0 I, ‘SueA “TH
‘SoyBLY "Y' ‘Funp gk AYSOORY "D ‘FMOY “HH ‘AUUN “dL'V WOIAEL ‘W'H -
6Z7-C1:6 'say sdoxd piard Csnieis 1em Jueid pue “IMoIF 1004
‘OSM INBAY '[[ "S[eAA] Jajem [0S om) pur sFureds moI om) 0] SUBSQAOS o asucdsay
'T86T IOMEL "W'H pue. ‘dedsey ‘5L ‘asmoy “W'H stnug Cd' L'V M'm ‘uosen
‘HO
*s3uridg mof[ax 'qeT ‘say Sunanay g sarey) ‘day niuy '$1001 UBIGAOS UO UOT)
-E[NIpoU Jo uonEemSsy "Z861 Ianeq ‘("M Pue ‘aduad "W ‘MaAleD “H'H “V'S'N ‘YileW
SPE-7P6 19 ' ‘L018y aFens w0 jo platA s uo
uonendod jueid pue ‘Buords mol ‘spr1qiy 1100 J0 135§ 6961 "SUof (I'D pup ‘-——-
HI-Z1:€9 °f "ueaEy “SPRRIA UIOD WO $)03)
-Ja uonigndod pue upeds moy "[16] “Seuor (1D puw “adwe) JH FAIr VT ‘2
‘E6E-06£:69 [ "U0ITY Sieallnd HRaqAOsS 201 JO IdUB
-uisojiad pray) uo nonendod ueid Jo dUIMNFUYL 14T SHIMH “HQ pUR H M URYISINT
‘HOZ-961:01 amesiogdsoyd ‘uapnyequaysouy 3oyl jdydnel, sip pun
suyoqelog Iap wmsyoem sep Iy smesioydsoyd 19p Sumnapag 3 ‘161 "H “3%oapn]
‘1M “UOSIPEI ‘VSS) PUE VSV “PIoIA dond
Jo siadse renFojoisAd {'ps) 16 12 ualsey (T uf ‘zs-L7 d ‘saAe3f YIm susaned
spuels doad jo f3ojoydiow ay) pue ANANOTPOId "6o6 1 "SUIRIIIA “V M PUE S Y ‘SNIOOT
POP-165-0€ 110§ Jueld -siuefd snounmnda £q uoy
-BUWIO] A[NpOU-1001 UG W1} pal-Ie]/pal JO $103130 suayudsoyoyd-uoN "6965 V' 1 ‘r]
98-+Ri7s 'L uosdy siuvucduees s31 pue PRIL UO SMOI UIIIM pUE
23113 siverd uraqios 3o Sureds Jo $1AJJT 0961 HSqQWET "M T PUE *'1 M, ‘UBTUYYT
: “OLY ‘Ting w§ “dxg Sudy
puellIepy ‘sireaq40s Of sajel Suipsas pue sYipim w0y ‘1961 1MIBT T M D PUE “ DY ‘PIYT
"€Z-1TH€ZE "1 uig dxg -oudy sesuey
"uodar ep ppay spios pue sdod)) *gg61 *ALBGIUOIL ‘("D put ‘Ined ‘MY “H'H Spne

9 . SHIMLENOAD ONLINY1d _

. "699-$79:81 Awouoidy "juatsaordun uaoos pue
w03 ('pa) anderdg 'O uy -uonsnpold wion “t761 "ABMURH [ puE ‘g ‘Hosieq
“68Z-87-8p [ "W01dy "SPLGAL U100 SUL JO SJUBIGS [10 pue wioad pue Po1£ U0 sp2AI[
uadonni pue uonemdod Jo asusnpu] *9$61 "ueBun(] "H*'O pue ‘UORPUR "M [ TV ‘Sue]

'16P-68F:L] "g paep "sueaqAes up ssesS-prefureq pue [1e1xoy moqR4 Jo
Jonuod 1oy Jurords Mol PUR UOINTI] [¢ UONIBIN] "4961 YIS MUY pue Yy fsny
_ "E6v-88Y:cp "[ "uoisy "pue
Aynnan) Y8 uo w10 Surpsss Jo swayed pue s31ey 1561 "SAYA “A'S pue M\I mﬁ___EoM
*$-1:Z 12§ dou)y (] sdom vaz) yueld uwios oy go SINTOQeIdW Urelas uo isudy
-UE 3T Jo 1020 2961 "I9S "a Y pue ‘AojIeg ‘g'g ‘UBWSSRH "H'YA "M T “Iedomdiny
. "868-£68'FL [ "u0LT
SMOJ 1S3M-1583 10 INOS-IOU Ul Pajtejd Jeatm 151Um JO SaAES] JO no:ﬁ:o_._mu .Nwm_&unf
"OET9T SM3N JESUM "MUUY "UONBIUILIO JeT 0861 “H'IN ‘Weyyuy
] POE-LSTIGT 100
107 "UOIIAUG BE "ASY "IN DY “INEMPUNOLS 0] 21RANU JO S32INOS “O0RE | .M.Q“.chox
PES-6¥$-19 ueld [0IsAY *poriad sayudsoroyd
3l[1 jo piIa 341 1B 1431 pas-ej/pas Paa1aoal yeiy syuerd weaqkos ug uenewso) a[npou
pue Sutuoniued ey1uisoroyd ‘pesl BYfog "Iy pue Juny 'O 4 “pIA ‘raneqrxdsey
"L96-19€:LL ' "uoITY "ureld [eiseo,
) uf nIod sfe|I UONEAISSTOD UD $399J0 UotiedLn PLIGAH "$861 ‘Bylog _m_m _um%ur}
'£L-89:7 "say toudy iddy g
WISEIYINGT YY) ¥] WIOD U0 §103))s Fuoeds-moy *Lg96[ ‘vuUSiqN7 .m.w vra Maawlb.lr.
. {"e1ep paysiqndur]) ‘siusuodios PIoI4 1109 pue susaned |en
~03ds uo §19a435 UONRNFJUCD PUE LOTRIUBIO MOY ‘#8611 “Ianeqradsey ‘[ pue ‘——-
“0L-$5:91 “[BUY JUR[{ ‘15§ [log ‘Unwo)y “afe[ls uro> pajesii jo _Q:m:c pue pais
U0 §}9}§3 JAZ(11I8) pUe “UONINQUISIP *ANSUSP JURJ $86[ "BUMGNZ *d'[ PUB ‘———- ‘-
“BGE-E6EILL [ UOIBY ‘UIE[J [RISEOD DHUE(V 243 U UIO3 U0 $193]2 Jusw
-a8guew Ia1ea pue ‘vonendod juejd “Suneds MOY CR6T "dwed) YD pue 1 ‘uspey
: "CZT-T12:¢1 [oI03Py "oud
"sd013 JO JUSHUIOIIAUS 1431 pue L2139 JURIPRY i1 UV 0 pue ¢ .F.HM ,zwmsﬂumm
) "89T-19T:TY f "uoIdy Juowiadxs Furseds-19zZILS € UI WI0D Aq
peydn WSLING PUE $3RI PMOID "056] ‘uosning 'q pue ‘pie "y < A'H ‘uepaor
‘6T9-LTH6L [ "U0IBY LI wooIRI JO
$10aU0dwio plats pure pPlatk uo 5129152 Supeds Mol pue ares Jaipaag *q/ 861 - ﬁs.w e
'9T9-£79:6L ‘I "UCIBY 2011 papass-[IIIp Jo sjuauedwos pois
pue pRIf Uo s1oa33e Bueds mod pue 1Rl Buipssg BLYGT “IpAUS ‘H D pue ..m.ﬂ ‘Sau0 r
"6Pp-Lybi6S [ U013y -supaqhos jo Swmrﬁw.mazu
110 pue pRik ue vopendod Jued jo sousnipug - L96] ‘SIEH d°H PUe ‘*I-g ‘uosuyor
"STLOTLILL [ w08y "UoNeSU pue “UOHEIUILIO MOI ‘UTEL]S wnuodof wimqozngy o
asu0dsd1 HLqA0S “$R61 1T WINIOM "D’V PUE ‘AU V"I, ‘eXf0§ 'TY “D°q ‘uny
— ‘uedef A AN eyes) ‘somydskiog ‘1suy ‘udr g -fop
"I98 "S[ENpIAIPUI Juace(pE UIMIAG UTOTIDRINUL 4} JO JUNCIIE Arenpungaid v CA]
"sureyd souyBny 3uouwre uowmadod spadsIdu] *sg61 “BIY "L pue ‘oedoy ‘H *Y ‘lunzoy
“E61-SB1:5E S DI 20USINUL (psonopy pacwiodr) A1018 Sunmour paprd wo
Supoeds-mor (muw aup>0) ueaghos 3o NUSNPY] “L36] “IBALC YT pue ‘TI] _woMaO famoOH
“HI0K M3N '$sald MudpEdY ‘umnsads jydykep ay) pue sjueld ("pa) yuwyg ‘H 4,
"861-Lp1 *d "sardowed Jur[d unpiim YopeIPE] JO uoHNQLISIp [RNdSdS .:w.w_ ~..%Emsm=_o:
"TLOT-0L0T:0L [ "UosBy “supaqios ajewiwiop HI SDTISLINORIBYY JYSIY puw pisiA
uo uonendod yuerd Jo 129319 "8L6T "UOSUYOS Y *(] PUR ‘UOUURLS '1)'[ m_u_u Y .ﬂhmmwcm :
: Gy [ uoud
"PIRIA 1o Fupoeds Jueld 1103 juesipinba 3o 103339 0961 .zﬁwwﬂﬁﬂwsw ..mdahro:
"¢ doi) ‘swesqhos ur sapnis vonnadwiod zos[ ‘UOSUEH ‘("M vﬂmm.mwh_.w%mcf
TSED CIng W -dxg s "
SESURNIV "showiladxa Supeds pue J9Z(nIs) UIo)) ‘[94] .ﬁt%@mﬂ. I .,WEW ..mﬂ\ﬂ Mﬂ_EI

. P8

YR

1V I3 VAI0os



T A SOJKA ET AL.
Olson, T.C. 1971, Yield and water use by different populations of dryland corn, grain
- sorghum, and forage sorghum in the western cornbelt. Agron. J. 63:104-106.

Painter, C.G., and R.W. Leamer. 1953. The effect of moisture, spacing, fertility, and
their interretationships on grain sorghum production. Agron, J. 45:261-264.

Parker, M.B., W.H. Marchant, and B.J, Mullinix, Jr. 1981. Date of planting and row-
spacing effects on four soybean cultivars. Agvon. J. 73:759-762.

Pendleton, J.W. 1966, Increasing water use efficiency by crop management. In W.H. Pierre
et al. {ed.) Plant environment and efficient water use. ASA and S8SA, Madison, WI.

———, and D.B. Peters, and J.W. Peek. 1966, Role of reflected light in the corn ecosystem.
Agron. J. 58:73-74, :

Peiers, D.B. 1965. Interrelations of row spacing, cultivations, and herbicides for weed
control in soybeans. Weeds 13:285-289.

———, and L.C. Johnson. 1960. Soil moisture use by soybeans, Agron. J. 52:687-699.

———-, and M..B. Russell. 1959. Relative water losses by evaporation and transpiration in
field corn. Soil Sci. Soc. Am, Proc. 23:170-173.
Peters, E.J., M.R. Gebhardt, and 1.F. Stritzke, 1965. Interrelations of row spacings,
cultivations, and herbicides for weed control in soybeans. Weeds 13:285-289.
Plaut, Z., A. Blum, and I. Arnon. 1969, Effect of soil moisture regime and row spacing
on grain sorghum production. Agron. J. 61:344-347,

Porter, K.B., M.E. Jensen, and W.H. Sletten, 1960. The effect of row spacing, fertilizer
mw:w w“mmwww rate on the vield and water use of irrigated grain sorghum. Agron. J.
u“ . .

56"

r

Poschenrieder, H., K. Sammet, and R. Fischer. 1940, Cnnﬁmznrzumnn uber den Einflusz .

verschiedener Eranhrung mit Kali und Phosphorsaure auf die Aufbildung der
Waurzelknollchen und die Tatigkeit der Knolchenbakterien bei der Sojabohne. Zen-
tralbl. Bakteriol. II 102:388-395, 425-432. :

Power, I.F. (ed.) 1987. The role of legumes in conservation tillage systems. fn Proc. Nat.
Conf., Univ. of Georgia, Athens. 27-29 April. Soil Conserv. Soc. Am., Ankeny, [A.

Prasad, K., R.C. Gautam, and N.K. Mohta. 1985a. Effect of planting patterns and weed
control methods on growth characters, yield and yield attributes of ahar intercropped
with soybean, Indian J. Agron. 30:429-433.

———, ——-, and ~=~~, 1985b. Studies on weed control in arhar and soybean as influenced
by planting pattetns, intercropping and weed control methods. Indian J. Agron.
30:434-439. :

m._.ocmr?m.G&.mnnunuoﬂc:umnmnmoaﬁnﬁw:n2:2.nrm_.mﬂommznismomwﬁam.
J. Am. Soc. Agron. 37:549-554, .

‘Ramseur, B.L., V.L. Quisenberry, §.U. Wallace, and J.H. Palmer. 1984. Yield and yield
components of ‘Braxton’ soybeans as influenced by irrigation and intra-row spac-
ing. Agron. J. 76:442-446,

Reicosky, D.C., T.C. Kaspar, and H.M. Taylor. 1982a. Diurnal relationship between
evapotranspiration and leaf water potential of field-grown soybeans. Agron. J.
74:667-673. . .

-——, H.R. Rowse, W.K. Mason, and H,M. Taylor. 1982b. Effect of irrigation and row
spacing on soybean water use. Agron. J. 74:958-964.

——, D.D, Warnes, and S.D. Evans. 1985. Soybean evapotranspiration, leaf water potential
and foliage temperature as affected by row spacing and irrigation. Field Crops Res.
10:37-48, .

Reynolds, E.B. 1926. The effect of spacing on the yield of cotton. Texas Agric. Exp. Stn.
Bull. 340,

Rhoads, F.M., and R.L. Stanley, Jr. 1978. Effect of population and fertility on nutrient
uptake and yield components of irrigated corn. Soil Crop Sci. Soc. Fla. Proc. 38:78-81.

Rutger,”T.N., and L.V. Crowder. 1967. Effect of high plant density on silage and grain
yields of six corn hybrids. Crop S¢i. 7:182-184,

Ryder, G.I., and J.E. Beuerlein. 1979. Soybean production—a system approach. Crops
Soils 31:9-11.

Safo-Kantanka, 0., and N.C. Lawson. 1980. The effect of different row spacings and
plant arrangements on soybeans. Can. J. Plant Sci. 60.227-231.

PLANTING GEOMETRIES 6

mgﬁiq&n.mmmma, K., and J.N. Black. 1968. The distribution of leaf area and light inten-
sity within .i_._amH crops differing in row direction, row-spacing and rate of sowing;
a contribution to the study of undersowing pasture with cereals. J. Br. Grassl. Soc
23:1-12.° )

Schubert, A.M., C.L. Pohler, and D.H. Smith. 1983. Skip-row peanuts in south central
Texas. Texas Agric. Exp. Stn. Proj. Rep. 4058,

Sentz, J.C. 1965. Effect of row width on corn production. Minn, Farmm Home Sci. 22:3-5.

Shaw, R.H., and C.R. Weber. 1967. Effects of canopy arrangements on light intercep-
tion and yield of soybeans. Agron. J, 59:155-159.

Shelton, A. 1978. In far west Texas spanish peanuts yield 7640 Ibs an acre on skip-row
planting. The Peanut Farmer 14:8-10.

Shibles, R., I.C. >=m_oao=. and A.H. Gibson, 1975. Soybeans, p. 151. f» L.T. Evans
m&mw Omou physiology, some case histories, Cambridge Univ. Press, Cambridge,

ngland.

Shibles, R.M., and C.R. Weber. 1966. Interception of solar radiation and dry matter pro-
duction by various soybean planting patterns. Crop Sci. 6:5-59.

Shubeck, F.E., and H.G. Young. 1970. Equidistant corn planting, Crops Soils 22:12-14.

Smith, F.E. 1952. Soybean yields as affected by row widths. Ark. Farm Res. 1:4.

Sojka, R.E., and M.J. Brown. 1987. Furrow erosion as influenced by furrow spacing
and canopy configuration. p. 247. In Agronomy abstracts. ASA, Madison, WI.

~-——, C.R. Camp, J.E. Parsons, and D.L. Karlen. 1984a. Measurement variability in soy-
bean water status and soil-nutrient extraction in a row spacing study in the U.5.
southeastern coastal plain. Commun, Soil Sci. Plant. Anal. 15:8111-1134, )

-——-, G.W, Langdale, and D.L. Karlen. 1984b. Vegetative techniques for reducing water
erosion of cropland in the southern United States. Adv. Agron. 37:155-181,

-——, and J.E. Parsons. 1983. Soybean water status and canopy microclimate relation-
ships at four row spacings. Agron, J. 75:961-968.

Stanley, R.L., Jr., and F.M. Rhoads. 1971. Response of corn grown at low soil moisture
tension to row and drill spacings. Fla, Soil Crop Sci. Soc. 31:45-48.

----, and ----. 1974. Response of corn {Zea mays 1..) to population and spacing with
.Eos-_mwoa soil water management. Fla. Seil Crop Sci. Soc. 34:127-130.

Steiner, J.L. 1986, Dryland grain sorghum water use, light interception, and growth
responses to planting geometry. Agron. J. 78:720-726.

-——. 1987. Radiation balance of dryland grain sorghum as affected by planting geometry.
Agron. J. 79:259-265.

Stickler, F.C. 1964. Row width and plant population studies with corn. Agron. J.
56:438-441.

-——, and H.H. _l.m_._n_n. 1960. Effect of row spacing and plant population on performance
of corn, grain sorghum, and forage sorghum. Agron. J. 52:275-277.

Stivers, R.K., Uw Griffith, and E.P. Christmas. 1971. Corn performance in relation
to row spacings, populations, and hybrids on five soils in Indiana. Agron. J.
63:580-582. .

----, and M.L. .m:mnm_.mummu. 1980. Soybean yield compensation with different popula-
tions and missing plant patterns. Agron. J. 72:98-102.

Stone, J.F., P.I. mnnwmo.u. and A.S. Abdul-Jabber. 1985, Stomatal closure behavior in-
duced by row-spacing and evaporative demand in irrigated peanuts. Agron. I.
77:197-202.

Stringfield, G.H. 1962. 045 plant population as related to growth conditions and to
genotype. Proc, Hybrid Corn Ind. Res. Conf. 17:61-68.

Tanner, C.B. 1957. Factors affecting evaporation from plants and soils. J. Soil Water
Conserv. 12:221-227.

-, A_E, Peterson, and J.R. Love. 1960. Radiant energy exchange in a corn field. Agron.
J. 52:373-379. \

Taylor, H.M. 1980. Soybean growth and yield as affected by row spacing and by seasonal
water supply. Agron. J. 72:543-547,



8861

. Y51 USUOISIAL  NOSIPEJ
] ‘EIIWY Jo 121008 RIIE (10§
‘g ey Jo Sapes aduang dosy
g fAwouoldy jo £)31308 UBINAIWY

1§ Jaquiny uonedqng [eads ysy

UOSIIN LIayg
Lonpg Bwdouppy

PSSy ‘g g
VSSS JouyD-ur-so1py

BYAIS "M D
VSSO foryD-ur-to1py

IPYSIBH 'H 'O
VSV fomD-ui-ionpg

Sunsuuel A T
iRl TV
aa018ieH T ‘M
danutio)) 3uzIndio

oreutday f ¥
uosuyof ‘D "y
[BEH TN 39
1ey2-03 “Stg "D'd
1By>-00 ‘9A0IEIRH T "M
IO [DLIOIpT

3A0ISIBH T M
0010

*39(1 ] PUB "AON O 'V _Szm:<EmEo:Em<*o5300@:«2qu< o:Hnwm.w

.muth( ..B b.u_oow 20u31G dO4D) ‘edlIdULY JO £191008 22UNIS [I0S YT JO 9-y
Pue ‘¢-3 *g-§ ‘9-S ‘b-G Suotsiayg Aq paiosuods Ez_man%_. e .tw s3UIpd0Ig

UISONIN PUB JAJeA\ JO 3s()
YUY J0¥ sadaens suiddoa)

EOLIAWY JO SHIEIG PAILUN A U] pAulld

’d

o8
dio {8, ¢ 119l
8181788 619p—S 1€9
57098l

1§ "ou £5FV71S
-sa1ag cA CAUIOUOIRY JO AP1I0G UESLIUWY

‘Al CEARWY JO LRPD0S 3MAAG dozy ‘[ ‘eolBwlY O A130208
aouatag jlos "1 {preuns] weyiay) "1 M 9r018IBH 7] “uadosi
pue sdoly "f CIdem pue sdory -7 -swasks Suiddold [

¥-L60-81168-0 NdS)
satydea3orqiq sapnou]
(15 -ou ‘uapeanqnd [eds ¥Sy) — 1o d

-3A0sFIEH A I0ND3 / L861 '92Q | PUE "ADN 0f 'vD ‘EIEDY
w Awouoldy (o £19120§ UEILRUY ) pue “eaRuly Jo L1R100§
g doy) ‘edlswy Jo A1BI00§ 32UAPG [0S A} JO §-v PUE
‘£ ‘g-§ ‘9-§ ‘-5 suolstad Aq paiasuods wingodwds 2 o S8
-pa2d0ad :uafosnu pue Biem JO IS Jua15 )9 103 sAFenls gwddos)

gye(] voneNqng-ul-guisore1ed ssarduory Jo Lieagry

VS 11LES IMm ‘UOSIDEIN ‘PROY s08ag INOS LLY
-3u] ‘BILRAEY 1O £131305 20UADS 105

JUj ‘eI JO AIS0G UG do1)

-] fAWOUOIEY 0 A0S TeILAUY

-sanp (B30 1Y) JO 3Ted S JUSWLIRAGE 'S'() 3Y) Jo saafopdes

10 SI3NJe AQ patedaad suonnqLiuos 0} sqeandde 10u {suoyme
a1 10/pue (Saysyqnd ay} 1Woaj uojssizad U2 a0nbas mep 241 10
wolstaaud 250 118y, Y1 JO SUODEIWI] 3y} PUOASQ $3sN B PUE Ay

(g55-p6 "1'd) 8161 40

AT LHOMALOD "S'N FHL ¥HANN QaAdISTE SLHON 1TV

3uy ‘BIUAUY J¢ A191D0§ 20UAIDG [1OF
1] ‘ealawy jo A13100§ AT doi)y .
-y ‘AwouoiBy JO A0S uRdaWY ayl £q g8sl @ WELdeD

vosjlaf eoued, udisaq 13400

L . ﬂ



