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ABSTRACT
 

Okonkwo, J.C. and Vaiiderlip, R.L., 1985. Effect o; cultural treatment on quality and 
subsequent perfun'mmlce of pearl millet seed. Field CropsRes., 11: 161-170. 

Pearl millet (Pennisetum americanum (L.) Leeke) generally exhibits low seed vigor 
which affects field establishment and grain yield. We studied the effect of tiller removal, 
spikelet removal, nitrogen fertilization, hill planting and head selection on seed quality, 
including density, protein, size, and weight. In subsequent experiments, seed produced 
under each cultural treatment was tested for vigor, field establishment and grain yield. 

Spikelet removal and head selection generally increased seed quality: size, weight and, 
in 1 year, density. Only nitrogen consistently improved seed pictein. Hill planting and 
tiller removal had little effect on seed quality. Greenhouse seedling performance of seeds 
from the treated plants showed few treatment differences, suggesting that small differ
ences in seed quality may not be critical in seedling performance under good growing 
conditions. Spikelet removal and head selection increased field establishment and grain 
yield in most experiments. Influence of seed protein could not be separated from that of 
seed density and seed size in this study. Selection based on seed size may be more bene
ficial than selection based on head size. 

INTRODUCTION 

Pearl millet (Pennisetum americanum (L.) Leeke) is a major food crop in 
the semi-arid regions of Africa and Asia. It is better adapted to the low rain
fall and high temperatures of these regions than most cereals (Brunken et al., 
1977; Rachie, 1966). The relatively high protein content (Burton et al., 
1972) is especially important to the people of the regions who rely on millet 
for food. However, millet characteristically has problems of low seed vigor, 
the result being poor field establishment and low grain yield (Mwageni and 
Vanderlip, 1978). 

Gardner (1980) found that seed density aid seed size of pearl millet 
were closely related to seedling emergence and grain yield. In switch
grass (Panicum virgatum L.), the germination percentage was 77 for 
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TABLE 1
 

Seed production cultural treatments 

Treatment 1980 1981 

Dryland Irrigated Dryland Irrigated 

Senegal bulk Serere 3A Senegal bulk Senegal bulk Serere 3A Senegal bulk Serere 3A 
population population population population 

Control x x x x x X XTillers removed x x x xx x xSpikelet removed x x x 
 x x xNitrogen x X 
x
 

X X x
Hill planting x x X 

x 
x x

x 
- x 

Head selection - - X x x X
 
Plant population 43 000 
 47 800 27 700 48 500 
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large seeds and 22 for small seeds (Kneebone and Cremer, 1955). Although 

Maranville and Clegg (1977) reported higher germination percentage for large 

sorghum (Sorghum bicolor (L.) Moench) seed than small seed, they observed 

that seedling establishment and grain yield were not related to seed size or 

density. Sung and Delouche (1962) reported that high density rice (Oyza 

sativa, L.) seed had higher germination percentage, stouter seedlings, and 

produced more dry matter than low density seed. There is eviden e that seed 

protein influences seedling vigor and grain yield (Evans and Bhatt, 1977). 

Rie. et al. (1970) reported higher grain yield for wheat (1'riticum aestivuin 

L.) grown from hih protein seeds than for that from low protein 
seeds especially on ni fogen deficient soils. 

Objectives of this study were (1) to determine the effect of tiller removal, 
spikelet removal, nitrogen fertilization, hill planting. and head selection on 

toseed quality factors including density, protein, size, and weight: and (2) 

test the seed from each cultural treatment for subsequent seedling establish
ment and grain yield. 

MATERIALS AND METHODS 

Seed productionexperiments 

Seed of Serere 3A (a cultivar) and the Senegal bulk population (developed 

at the Ft. Hays Branch Agricultural Experiment Station) was produced 
under spikelet removal, nitrogen fertilization, hill planting and head selection 
(Table 1) in a randomized complete block design in 1980 and 1981. 

Control plots were planted at the appropriate plant population and no ad
ditional treatments applied. 

Tillers were removed weekly, starting the third week after plants emerged 
and continuing until physiological maturity. 

To allow more space for the developing seeds, spikelets were removed 
from a 1.5 cm-wide area from the top to the base of each millet panicle as it 

emerged from the flag leaf. Spikelets also were removed from the top 6 cm 
of each panicle to identify treated panicles. Plants received this treatment 

weekly until 75% of the plants reached physiological maturity. Only panicles 
that had not exceeded half-bloom were treated. 

Ammonium nitrate was split-applied at the five leaf and boot stages for a 
total of 80 and 120 kg N/ha for the dryland and irrigated experiments, re
spectively. 

Hill-planted plots received eight seeds per hill and seedlings were thinned 
to four after emergence. Plant spacings were four times as wide as in the con
trol plots. Serere 3A did not receive this treatment in 1980. 

Millet heads were selected visually on the basis of seed size during harvest. 
One head with the largest seeds was selected from every five heads in a row. 

Fifty grams of seed from each management treatment were sieved with 
0.32, 0.28, 0.24, 0.22, 0.18 and 0.10 cm sieves, consecutively. Seeds re



TABLE 2
 

Effect of crop cultural treatment on diameter, density, and weight of pearl millet seeds
 
Treatment and year 
 Diameter Weight 

Dryland Irrigated Dryland Irrigated 
Senegal bulk Serere 3A Senegal bulk Density Senegal bulk Serere 3Apopulation (mm) population (g cm 2 ) 

Senegal bulk
population (g1000) population(mm) (mm) (g/1000) (gll000) 

Control 2.03 b* 2.40 2.11 bTillers removed 1.98 b 2.43 
1.23 a 8.4 b* 12.0 b 9.6 b2.20 ab 1.23 aSpikelets removed 8.4 b 12.3 b 10.3 ab2.17 a 2.50 2.27 a 1.22 b 9.2 aNitrogen 12.9 a 10.8 a2.08 ab 2.44 2.06 c 1.23 a 8.5 bHead selection 12.3 b 10.1 bHill planted 2.15 a- -- 2.10 b- 1.23 a 9.2 a -- 9.6 b9.C.V. 3.4 0.6 3.7 

Control 2.34 c 2.40 b 1.20 bTillers removed 10.9 b2.38 b 2.42 b 1.20 bSpikelets removed 11.4 b2.58 a 2.54 a 1.25 aNitrogen 12.8 a2.34 c 2.40 b 1.22 bHill planted 11.3 b2.40 b 2.40 b 1.18 cHead selection 11.1 b2.53 a 2.54 a 1.26 a 13.0 aC.V. 2.09 1.8 5.5*Duncan's multiple range test: means with the same letter within a column are not significantly different. Alpha level 0.05. 
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tained on each sieve were multiplied by the sieve size, summed and divided 

by the seed number in the 50-g seed sample to determine average seed diam

eter. We used the water displacement nethod (Bartee and Krieg, 1974) to 

determine seed density. Seed protein and seed weight also were determined. 

Fieldand greenhouseexperiments 

In 1981/82 we tested the seed, produced in 1980/81 from each cultural 

treatment, for vigor, field establishment and grain yield at Garden City, Man

hattan, and St. John, KS. One hundred seeds were planted per 7.6 m row, 
0.75 m apart in a randomized complete block design with four replications. 
Emergence counts were taken 7 and 21 days after planting. We used the last 
count as a measure of seedling establishment. Vigor index was calculated 
from the procedure reported earlier (Hanurmaiah and Andrew, 1973). To 
determine vigor index, emergence counts were taken daily for 5 days. We 

weighed grain from each plot and adjusted the moisture to 12.5% to deter
mine grain yield. Seedling vigor and establishment were determined under 

greenhouse conditions alsc, Twenty seeds from each treatment were planted 
2 cm deep and 3.6 cm apart in rows 4.2 cm apart in each wooden flat con
taining sandy loam soil. Emergence counts were taken as in the field to 
determine seedling vigor and establishment. The design was split-plot with 

varieties as main plots and treatments as sub-plots. Average air temperature 
was 28°C. 

RESULTS AND DISCUSSION 

Spikelet removal and hill planting increased seed diameter and seed weight 

(Table 2) of Senegal bulk population in the dryland experiment in 1980. 
Seed diameter of Serere 3A was not affected. Spikelet removal impro\ved the 
seed characteristics of both genotypes in irrigated experiments (Table 2). 

There was an average of two plants per hill instead of the designed four on 
the dryland experiments because of poor plant establishment, which may 
account for the effect of hill planting on seed diameter and seed weight. 
There were variety X treatment interactions for seed diameter and seed 
weight in 1980 (Table 2), suggesting differences in varietal response to cul
tural treatments. Except where interactions are significant, each table shows 
the average for the varieties and irrigations. Some panicles withered after the 
spikelets were removed in 1980, probably due to the hot and dry summer 
but not in 1981. This might have caused the reduction of seed density in 
1980 (Table 2). 

Spikelet removal and head selection consistently increased seed diameter, 
density and weight in 1981 (Table 2). Tiller removal and hill planting in
creased seed diameter in the dryland experiment in 1981, but not in the irri

gated experiments (Table 2). Spikelet removal and nitrogen increased seed 
protein of Senegal bulk population in both 1980 and 1981 (Table 3). Only 



TABLE 3 

Effect of cultural treatment on seed protein of pearl millet 

6.1 

Treatment %Protein 

1980 1981 

Dryland Irrigated Dryland Irrigated 

Control 
Tillers removed 
Spikelets removed 
Nitrogen 
Hill planted 
Head selection 
C.V. 

Senegal bulk 
population 

10.1 c* 
9.7 c 

10.7 b 
12.6 a 

9.7 c 

Serere 3A 

9.0 c 
10.1 b 

9.8 b 
11.6 a 
-

4.1 

Senegal bulk 
population 

9.8 c 
10.4 b 
10.4 b 
12.7 a 

9.4 c 

Senegal bulk 
population 

12.0 c 
13.2 b 
13.4 b 
16.6 a 
12.8 b 
12.6 b 

Serere 3A 

12.0 b 
13.2 b 
12.8 b 
15.5 a 
12.2 b 
11.9 b 

Senegal bulk 
population 

11.9 c 
13.4 b 
12.9 b 
16.4 a 
11.6 c 
12.3 b 

Serere 3A 

9.9 b 
11.0 b 
10.5 b 
13.8 a 
10.0 b 
10.1 b 

*Duncan's multiple range test: means with the same letter within a column are not significantly different. Alpha level 0.05. 



TABLE 4
 

Effect of cultural treatment on pearl millet seed as indicated by subsequent seedling establishment and grain yield, 1981 (1980 seed)
 

Treatment %Seedling St. John: grain yield (kg/ha) Manhattan: % seedling establishment Vigor Grain 
establish- index yield 
ment Dryland Irrigated Dryland Irrigated (kg/ha) 

Senegal bulk 
population 

Serere 
3A 

Senegal bulk 
population 

Senegal bulk 
population 

Serere 
3A 

Senegal bulk 
population 

Control 37 b* 2210 bc 2114 b 2129 c 52 c 63 52 c 20.6 b 3039 b 
Tillers removed 39 b 2079 c 2535 b 1997 c 57 b 59 56 bc 22.1 a 2956 b 
Spikelets removed 48 a 3354 a 2095 b 3459 a 63 a 61 65 a 23.3 a 3777 a 
Nitrogen 45 ab 2671 b 3039 a 2671 b 61 ab 62 58 b 22.9 a 3126 b 
Hill planted 40 b 2409 bc - 2117 c 52 c - 57 b 20.5 b 3463 ab 
C.V. 12.4 20.0 6.5 19.8 

*Duncan's multiple range test: means with the same letter are not significantly different. Alpha level 0.05. 
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TABLE 5 

Effect of cultural treatment on pearl millet seed as indicated by subsequent seedling establishment and grain yield, 1982 (1980 and 
1981 seed) 

Treatment St. John Manhattan Garden City 

% Seedling Grain yield % Seedling Vigor Grain yield % Seedling Grain yield
establishment (kg/ha) establishment index (kg/ha) establishment (kg/ha) 

Control 54 c* 1742 c 56 bc 14.7 c 3793 34 b 1581 bTillers removed 59 b 1788 c 54 c 15.2 bc 3685 35 b 1695 bSpikelets removed 59 b 1998 b 56 bc 15.9 b 4077 42 a 1907 aNitrogen 63 a 1824 be 58 ab 16.6 a 3964 37 b 1693 bHill planted 52 c 1717 c 56 bc 15.6 b 3943 34 b 1684 bHead selection 62 a 2242 a 59 a 16.9 a 4126 43 a 2119 aC.V. 10.1 17.5 8.5 8.7 13.3 13.6 20.3 

*Duncan's multiple range test: means with the same letter are not significantly different. Alpha level 0.05. 
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nitrogen consistently increased seed protein of Serere 3A in 1980 and 1981 

(Table 3). 
Results of the greenhouse experiments showed few treatment differences 

and are not presented. Spikelet removal increased subsequent field establish

ment and grain yield of Senegal bulk population at St. John in 1981 (Table 

4). Head selection, in addition, consistently improved seedling establishment 

and grain yield at St. John and Garden City in 1982 (Table 5). Nitrogen 

treatment increased subsequent grain yield of Serere 3A and Senegal bulk 

population (irrigated) at St. John, but not seedling establishment (Table 4). 

It was difficult in this study to separate the effects of seed protein from 

those of seed density and size. Nitrogen, tiller removal (dryland) and spikelet 

removal increased seedling establishment and seedling vigor of Senegal bulk 
population, but only spikelet removal increased grain yield at Manhattan in 

1981 (Table 4). Growing conditions were especially good at Manhattan in 

1982, but only head selection improved both seedling vigor and establish

ment (Table 5). None of the cultural treatments improved grain yield. 
Our results showed that head selection and spikelet removal could be ef

fective in seed quality improvement. Ease of head selection makes this an at
tractive method. Selection based on seed size rather than head size may sub
stantially increase farmers' benefits from selection management. Effect of 

seed quality on crop performance, as observed under greenhouse conditions 
and in the field in 1982 at Manhattan, may be greater under poor than 

good growing conditions. It was difficult to separate the influence of seed 

protein on subsequent crop performance from that of seed size and seed 

density. 

ACKNOWLEDGEMENT 

Contribution 84-350-J, Agronomy Department, Kansas Agricultural Ex
perimental Station, Manhattan, KS 66506. Cooperative project between con
tract AID/DSAN-G-D149, Agency for International Development, Title XII, 
INTSORMIL, and Kansas State University. 

REFERENCES
 

Bartee, S.N. and Krieg, D.R., 1974. Cotton seed density: Associated physical and chemi
cal properties of 10 cultivars. Agron. J., 66: 433-435. 

Brunken, J.J., DeWet, M.J. and Harlan, J.R., 1977. The morphology and domestication of 
pearl millet. Econ. Bot., 31: 163-174. 

Burton, G.W., Wallace, A.T. and Rachie, K.O., 1972. Chemical composition and nutritive 
value of pearl millet [Pennisetum typhoides (Burm) Stapf and Hubbard] grain. Crop. 
Sci., 12: 187--188. 

Evans, L.E. and Bhatt, G.W., 1977. Influence of seed size, protein content and cultivar on 
early seedling vigor in wheat. Can. J. Plant Sci., 57: 929-935. 

Gardner, J.C., 1980. The effect of seed size and density on field establishment and yield 
of pearl millet. MSc Thesis, Kansas State University, Manhattan, KS. 



170 

Hanumaiah, L. and Andrew, H., 1973. Effect of seed size in cabbage and turnip on performance of seeds, seedlings and plants. Proc. Assoc. Off. Seed Anal., 63: 117-125.Kneebone, W.R. and Cremer, C.L., 1955. The relationship of seed size to seedling vigor in 
some native grass species. Agron. J., 47: 472-477.

Maranville, J.W. and Clegg, M.D., 1977. Influence of seed size and density on germina
tion, seedling emergence and yield of grain sorghum. Agron. J., 59: 329-330.Mwageni, G.J. and Vanderlip, R.L., 1978. Improvement of Pearl Millet, First Annual
Report, Agronomy Department, Kansas State University, Manhattan, KS.Rachie, K.O., 1966. Sorghum and millet hybrids for India. Span, 9(1): 49-53.Ries, S.K., Moreno, 0., Meggit, W.F., Schweizer, C.J. and Ashkar, S.A., 1970. Wheatseed protein: Chemical influence and relationship to subsequent growth and yield in
Michigan and Mexico. Agron. J., 62: 746-748.

Sung, T.Y. and Delouche, J.C., 1962. Relation of specific gravity to vigor and viability
in rice seed. Proc. Assoc. Off. Seed Anal., 52: 162-168. 



GENERAL INFORMATIONJ 

Aims and scope. The jourral publishes research results of international relevance arising from the scientific study of crops 
and farming systems. The subject fields covered include crop agronomy, improvement, physiology, ecology and protection; 
soil and water mar,,gement; and farming systems. Crops dealt with are: cereals, non-cereal carbohydrate crops, pulses, 
sugar crops, oil crops, fibre crops, beverage crops, rubber, tobacco, and forages. Crop storage, transport and utilization, or 
social and economic aspects of crop production are outside the sCOpe of tile journal. 

Publication schedule. Field Crops Research has four issues per vol uie,volem es 10, 11 and 12 appearing in 1985. 

Subscriptions. Subscription price for 1985 is Dfl.636.00 (approx. US $235.50). IrIcluding postage and handling. Seud your 
order to your usual supplieror direct to Elsevier Science Publishers B.V,P.O. Box 211. 1000 AE Amsterdam, TIhe Netherlands. 

Submission of articles. Manuscripts should be submitted Ii trilicate tothe Editonal Secretariat, Field Crops Research, 
P.O. Box 330, 1000 AH Amsterdam. The Netherlands. A detadied gUito for authors Is avaihlab oilreguest. 

Note to Contributors 

Types of papers pehlsled in the ournal 
- papers reportirg results of orig iralresearch - review articles - short commurica tions- (guest) eitorials - hook reviews
news anI announcements. 

A detailed Guide for Authors Is aIitIIle upon re(iliest '1rr( Is also pr nted Iirthe first issue of each volurne. You are kindly 
asked to cOnsult tIlsguide. Please pay special attention to the following notes: 

Language 
The official languaqe of Ilii( liimnal is Ergish. 

Preparationof tire tet 
(a)The marntiscritit should Incluile it thre Irlrlir}niig ini iistrict of riot imore thall200 words. 
(I) 	 It should h)etylrewrIttWI with il~oitle SlICiIg ritd wide Irir~liis. Words to le lrinted in italics should be underlined. 

Thrcietric systerr should lIII used thiiriolhliit. 
page shiUld the the nim (s) tIe author(s) and their(c) 	 The tltle iIIcludi: titlh, of affliatlorl~s). 

Refeercexs 
(i)References if) the text shiti h lie ci tW:i is tIheiiHrie I lle itltillr(s), filloweid fy tll;year of pt licatiorn. 
(I) 	 The relereoce list Shoull he i11illphIeticrl or(er orl'i rl Sheets sepirae niumtire text. 

Tables 
Tables shoul hueconilried on selirate sheets. A title shold be rovidedhi for each tale andel all talles should lie referred to 
fit the text. 

I/lustratiors 
(i)All illistirtrirns sheiuld 1w, riimrieed i:rruise(:utivr+ly ind rhioteul to ili the tlext. 
Ih)DawinIs shoull xI iiminpletrly letteriit, the sili of th+hotterira Irirl ilulironiurte to that of the rfrawinigs, but taking 

lntoccoul the iis.ylle neel fir tw.iuc:tlro Iii ize(liefraly rtlot han 50"'.). The page fornat of the journal should 
le coll"sIdeirdII dih'sitIlirri drawiFirr . 

(:) Phoi r,ihs must lie of T)ed rulirllity. lirlnitih o1 glossy pluier. 
((l)Fil~ure (ripiru ns shoutild hr Stilwih0 oi ,IS liitf Sheert. 

Proofs 
thf'tlithor ti, h or prtslir 

to whom the prools shiiiull he+sent. 
Onrie set ofplois illIIh ieIt t0 l) heicked eris lii the (c;iseof two or nore autfhors please Iricate 

y
Reprrt"xS an ipae chanes 
m : t;hiairle. Fifty I 

ordere on ;i rprlintorder for which uSirIcIlrdel iNlth thi: proofs. 

There is no lru ilrlilts of eid h ,'irt:leljtIlisluI will ho! silio)dllefI free ofcha eo.Adftio al re rlints call le 

All coritnbutonswi//be cuiefully refereed for irufenriofioria/re/eviceand quahty. Submisson of trarticle Isuriderstoodto 
irrp/y t/at tirearricle Is origmnal wid tunpublished annd Is frot ben corrdnsideredfor publicaioll elsewhere. 

FIELD CROPS RESEARCH HAS NO PAGE CHARGES
 
A FREE SAMPLE COPY OF THE JOURNAL IS AVAILABLE ON REQUEST
 



DEVELOPMENTS INCROP SCIENCE
 
Vc/omnie 5 
Plant Tissuu Culture: Theory and Practice 
SANT S,BHOJWANI arid M.K. RAZDAN 
Plant tissue culture has Lecome al invalua-
ble aid in the field of experimental botany
and has many practical applications in agri-
culture and horticulture. Profusely illus-
trated with line drawings an('original photo-
graphs, this book integrates theoretical and 
practical aspects and covers laboratoy 
requirements and media preparation, finda-
mental aspects of cellular totipotency, in 
vitro approaches to plant breeding, raising 
high health plants, micropropagation, Mrid 
techniques of in vitro storage of gernplasm.
1983 viii - 520 pages 
US $ 125.50/Dfl. 295.00 
ISBN 0-444-42164-5 

Volume 4 
The Biology and Control of Wueds in 
Sugarcane 
SHENG Y. PENG 
In sugarcane cultivation, the effective 
chemical control of weeds relies on a 
corinetent krirwledge of the biological 
chara terir.i;s of L;oth crop and weeds and 
(,fthe biological l)heiior na resultin(j from.
the iripact of various h(erbibid(eS 011 different 
types of weeds aid crops Offering a large 
aniount of new infornation on th, stibject, 
this is l'oth a valuable textbook and a 
manual riot only for algionomist, ii (ti(ul, 
but also for weeud coitrol specialists, l)lait 
physiologists aild biocherists, researchers,
cJradtiate studtscP arS intere~stedthe study of w ald(w.)rko!rssids. in 

1983 ca. 250 pages 
US $ 78.75.'DflI. 185.00 
ISBN 0-44442133-5 

Volurine 3 
Wheat Studies 
H, KIHARA 
An authoritative iook by a man whose ca-
reer ii t geneticist has span-as ctive whilt 

ned 60 years and earned him the world-wide 
reputation of 'the wheat man'. Containing a 
wealth of original data on genetic and cyto
genetic findings concerning cultivated 
viheats and their relatives, the book covers 
chromosomal analyses, genorne analyses, 
ancestors of wheat, artificial synthesis of 
wheat, evidence of cytoplasmic inheritance 
and variations of wild species. 
1982 xviii 308 pages 
US ? 68.00/Dfl. 160.00 
ISBN 0-444-90695-8 
(Distrilted in Japan ,.y Kolansha Ltd., 
Tokyo) 

Volume 2 
Application of Mutation Breeding 
Methods in the Improvernint of 
Vegetatively Propagated Crops
C. BROERTJES arid A.M. VAN HARTEN 
"*. a vqluqble and timely addition to 
plant breed i-.gnd of outstanding value 
to breeders of ornamental plants. The 
book's special strength resides in the 
extensive review of literature.. 
International Jouna, for Breeding Research. 
1978 viii 316 pages 
IJS s 76.50/ Dfl. 180.00 
IS3N 0-,04-41618-8 

VOluiiie 1 
Oil Palm Research 
R.HV. CORLEY, J.J. HARDON and .J. 
WOOD editors) 

A book such as Oil Palm Research 
has long been needed and it sets a high 

standard that will be difficult to 
equal. . . must be continually available 
to all involved h oil palm research. It 
will also have value to those scientific
ally involved with other plantation 
crops. "'-The Planter, 
1976 lst repr. 1982 xx + 532 pages 
US $ 117.00/Dfl. 275.00 
ISBN 0-444 41471-1 

.-,, 
i:. 
 P0.Box 211 P.O. Box 1663 

I.,, -,.. ~,J~j 1000 AE Amsterdam Grand Central Slaliorime:" r"he Nelherlands New York, NY 10163 




