
by Nathan H. Peck , Seed and 
Vegetable Sciences, Genera 

Manufacture of fertilizers requires a third of the energy used in 
agriculture. Optimum production from a fertilization system that 
also maintains a natural ecological balance is necessary. Plant 
and soil analyses are useful tools for improving crop fertilization 
systems. During the last decade:soil tests and chemical analysis 
of plant tissues have been used at Geneva to study the 
phosphorus and potassium nutrition of vegetable crops grown for 
processing. The present emphasis, however, is on nitrogen 
nutrition of vegetables. 
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e hcmica l analys is o f' pla nl tis,ucs 
and soil ana lysis are combined 

to as. es~ the nutricn t status llf a crnp 
during thc gwwing '>cason and tu 
measu rc r lant rcspon ~c -; lll soil 
ferti li ty ,tnd f'crt il izi:rs . Chi:mic:al 
analysis of vcgetabk plant part<; 
made a t intc rvah or grnwth . 
lkvc lopmen l. and rnatur.i tion are 
u:..ed to mon itor uptakc nr nutric nt s 
;111d ll) cstahli,h ri: fen.:nct: point'> al 
uptimum gruw th . Both plant analy ~cs 
and so il a nalyses (soil 1csts) are 
essentia l to unders tanding thc 
principies or inorga nic nut rit ion of 
pla nts and fo r dcvc loping fert ilization 
system s. Tests of thc soil in 
producen ,' fi c lu s a re nccc-,sary ru r 
prac t ical appl icat ion of the 
fe rt iliza tio n systems . 

Fcrt ilizat io n of vegc table c rops 
should result in opt imurn produc tion 
and s irn ultaneously irnpro ve the -.oíl',; 
produc tion putcn tia l and rnaintain a 
na tura l ecological bala nce. A total 
fc rt iliza tiu n syste m should be 
dc igned to con trol the nut rit ion ora 
crop fro m pl anting to ha rvcst - of 
vegcta ble!-> grown for proces.;;ing. fo r 
exarnplc. d uring thc ~ct:d ling . 
vcgctativc frame . anu harvc~l stage \. 

Seedling stage. (firsl part oft hc 
grnwing sca,011 ) Seeu lings hav~- ~mall 
rooting ~y~tcms. and becau\c the soil 
Í5 oftc n coltl ami \\'Cl al plant ing 1imc. 
nut rienl '> c1 rt> nol rc;;iui ly ;1vailable and 
the root. lake lhcm up -; kiwly. r\n 
aJcquatc s;upply or halanccd. rcadi ly 
avai lable . nonphytot oxic planl 
nut rienl~ for sccdlings i, nccn~ary to 
pro mote vigorous . unifo rm grov. 1h. 
Sccd lings a re vcry rc:-.po nsivc tll a 
propc r bala nce or nut rii:nt<, but thcy 
(and gcrmin at ing secds;) are aho 



highly sensitive 10 injury from 
improper fertilizalion. This may be 
caused by applying excessive 
amounls of pot ass ium chloride o r 
other fertilizer s with a high salt index 
or of pote ntially injurious materia l s . 
suc h as urea, too close to the seed s. 
Allhough phosphorus promotes 
seedling g rowth , it has be en shown 
thal an extreme ly high concentratio n 
of phosphl)l'US without adequa1e 
po tassium will reduce scedling 
growth and yic lds. espec ia lly of s na p 
bcans . tab le bl.!c ts . and cabbagc . 
Application a t p la nting time of 
fertilizer s tha t cont ain a low 
prnpo11ion o f nitrngen . phosphoru s. 
a nd potass ium is usually essential to 
assure ade quate nutrients in propc r 
balance in the seedling rooting zone . 

Vegetativc framr stage. (middle part 
of the growing season) During th is 
s tage . roo ting syste ms c nlarge a nd 
cxte nd through rhc c nt irc rooring 
soil. Nut ric nt s are ta ke n up ra pid ly 
a nd are needed in large amount s fo r 
dcve lopme nt of the sturdy vegcta tive 
fra mes that ho ld the plants upright 
for effic ie nt mechanical harves ting. 

Soil tests madc before pla nting 
indicate the am ount of nutrients 
already availa ble in the so il. 
Combining the informa tio n from soil 
tests and plant a nalyses with the 
knowle dge that soil nutrients a re 
released more rapidly as the soil 
warms. thc additio nal a mounts of 
each fertilizer nutrie nt needed for 
op1imum crop response are 
determined . They are adde d at 
diffe rent times. Those used al the 
frame stage. suc h as phosphorus . 
potass ium , a nd sorne of the nit rogen. 
can be applied before pla nting. 
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Cabbage .1·ce1/li11g r e.,ponse to .111perplw splw te ( P ) a 11(/ poi a.1·si11111 el, lori,fr ( K ) 
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Howeve r, it is essential that rnt>s t o f 
the nitrogc n be added during the 
growing season . Fertilizer is o nl y a 
supple ment to the nutrie nts re leascd 
fro m the natural rnincrals in the soil 
and the rcs idue fro rn prev ious 
fertilizers. 

Harvcst stage. (last par! of l he 
growing season) As the vegctable 
crops approach rnaturit y. nutrie nts 
are needed to maintain growth for 
reliablc quality and harvest y ie lJ . By 
gradually removing thc availablc 
nutrients from thc roo ting zone, the 
roots assure a maximum supply o f 
nutrie nts for the p lant s and a 
mínimum s urplus in the so il afte r the 
crop is harvested. Thc unharvcs tcd 
po rtions o f the crops return nutrients 
to the soil . 

Ovcrall fcrtilization systcm. 
Fertilizers should be added to 
supplement soil nutrie nts whcn the 
crop response is apt to be most 
int ense . For cxample. in an 
cxperiment study ing effect:s o f 
nitrogen on table beets. t issue 
analy ses showed that seedlings 
fcrtilized with nilrngen a t o r near 
planting time had a high 
conce ntratio n o f nitrate and 
developed large plants which useJ 
both thc fertilizer anJ soil nit rogc n 
during thc grnwing season. As 
harvest time approac hcd . nitra te 
concentratio n in thc roots declined to 
a low leve!. Further. the roots had a 
low glutamine concentration. a high 
s ugar concentratio n. and yields were 
abunda nt. Since nitrate a nd nitrite in 
food are po tc nt ial health hazards and 
glutamine may cause bittcr tlavor 
in canned beets. their levels sho uld 
be low at harvest time. In this 

experime nt. proper nitroge n 
manage mc nt resultcd in qu;tlit y 
produce. ami th ..: soi l was ncarly 
dcpleted of availablc nit rogc n al 
harvest time. 

A prope rly fcrtilizcd. high- y ic lding 
crop will inc rease the soil pniduct io n 
potential for future years. lnte r­
plantcd crops and cove r crops sown 
after harvcst ma inta in ac tivc ly 
growing roots in thc soil that 
minimize the nutrient loss frnm 
leaching . eros ion. a nd volat ilizat ion. 
and provide organic mattcr that 
improves soil structure . 

Plant a nd soil a na lyses are no t the 
o nly factors in volved in deve loping a 
fcrt iliza tio n system for optimum 
production . T he genet ic yie lJ 
potentia l of thc c rop variet y. soil 
conditio ns. pest control. 
e nvironmenta l facto rs . and o thcr 
cultural practiccs must he adeq uate 
in o rder to obtain a pos it ive res ponse 
to a total íerli lization system. 

Quality. Nutricnh a!Tcc t the y icld 
re liabi lit y and q uality of processing 
vegetables . Thc e ffcc t of nitrogcn on 
table bccts has alrcady bccn 
described . Plw sphoru s promotcs 
uniformit y of pod set uf snap bcans. 
w hercas cxcessive nitroge n causes 
too rnuc h vegctati ve grnwt h and 
uneven pod set. Phosphorus 
prorno tes early harvesl maturity of 
sweet corn and prolo ngs the lc ngth of 
time tha t ke rnc ls maintain an 
acceptablc processing qualit y. 
Excessivc phosphorus wi th 
inadequate potassium may darken the 
tissue in thc petioles o f cabbage 
heads. Potass ium incrc ases cabbage 
yie lds but promo te s bursting of 
thc hcads . 



In summa ry, t issue a na lysis a nd 
soil tes ts are being used in research 
to deve lop ferti lization syste ms that: 
furn ish a bu nda n! nut rie nts for 
development of vigorous seedlings, 
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suppleme nt soil nut rien ts during 
period s of rapid uptake for 
deve lopme nt of the vegeta tive pla nt 
frames, and allow de pi et io n of soil 
nutrients as plants approac h 
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ha rves t t ime. T his a ssu res the mos t 
efficient use of soil and fe rt ilize r 
nutrie nts as we ll a s the prod uct io n of 
re liable yie ld s of qua lity vegetables 
for the processing ma rket. 
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Uptake of phosphorus a11d potassium during the seedli11g , vege ta rive frame, a 11d harvest stages . At han·e.1·1 time, 
the p'lants are á1 rapMly changing stages . 
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