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Response of Several Rice Cultivars to Zn' 

P M Giordano and J J Mortvedt2 

ABSTRACT 

Differential response 
 to Zn of several plaiart genotypes

other than rice (Oryza sativa L) has been showt, by others
This study was conducted to compare the response to Zn
of several forcgn and domestic rice cLItivars grovn under
varying fertility ind %satermanagement conditions inco 
greenhouse pot culture

Rvduction in dr) matter yields due to Zn deficiency
in the several rict cultivars suas in the order 'Bluebelle' > 
'Bluebonnet50' > 'Dasn' > 'Nato' > 'Calrose' The 
very early maturing sariety Bluebelli was less tolerantto low kIels of isailable Zn than the later mituring cul
tivars, especially Calrose Differtnces existed among cul
tivars with respect to Zn and P uptake, but could not be 
related to dtgree of Zn responsiseness Adaptation to 
upland soil conditions differed among cultivars although
both grosith and Zn uptake uere alhsas higher underflooded conditions The cultisar 'Sinaloa' from the Do 
minican Republic responded well to upland conditionswhereis Calrose greis poorly 'Juma,' 'Bluebellc,' 'Star
bonnet,' and 'Chontalpa' %ere intermediate 

Addleordsonal index Zn deficiency, Upland soil,
Flooded soil, P avaiabihty 

recent years the differenti,, response of various 
genotypes of coin (Zea mays I ) 'ind navy beans 

(Phascolus vilgeni L) to Zn has been demonstrated 
(3,4. 9, 10) Although workers in Aikansis have ob 
servtl sice 1910 tiat ceitain ciltivais of rice Osyza9a)0 tol celain c t ame sofrice ()ony

reetly L NitisInoblfe tobeeldin e ls
soie t nyrecently liss this ploblem been associitet -it least inpart to Zn dleficmency V'irietl (ifferences in growth
of rice undei modei-'te Zn deficiency conditions have 
been reported in the Philippines (6) 
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'Soil Chemists 

Over 729,000 hectares (1 8 million acres) of rice was 
grown in the United States in 1972 (1, 2) Approxi
mately 50, of this hectarage was planted to longgrain cultivars, 40% to medium grain, and the remainder o shortgrain cultivars Because these broad 

eompasa ater large ner
classifications encompass a rather large number 

o
of 

cultivars, their individual tolerance to conditions oflow Zn supply as well as their response to applied Znis of interest hsstudy was undertaken to determine 

the differential response to Zn of seieral foreign anddomestic rice cultivars An attempt was made to relate certain varietal characteristics and growth param
eters to degree of responsiveness 

MATERIALS AND METHODS 

Experiment I The objective of this experiment was to deter
mine if P nutrition is related to differential response of rice 
culttvars to Zn Nohchucky scl was limed to pH 8 0 with a 2 1
CaCO MgCO mixture at a rate of 25 g/2.5 kg of soil in each 
pot This soil is a typic paleudult with a cation exchange capa
city of 67 meq/100 g,HCI 27% organic matter and 27 ppm of0 1 N extractable Zn Urea and K2SO, iore applied tosupply 450 N and of K potmg of 150 mg per Concentrited 
superphosphate (CSP) rites of 60 andat 600 mg of P per pot 
and finely ground 7nO it 0 5, and 50 mg of 7n per pot (0, 2, 
and 20 ppm) uere mixed uith the soil Six 21 day old seedlings 
each of Nato Dassn Bluebelle Bluebonnet i0 or Calrose per pot uere transplanted to a series of trtaitd pots The rice
Ias subsequently flooded ind harvested (hiring the early headiig stage after 95 da)s of growth Dry matter production ana
uptake of 7n and P uere determined from triplicates of cach 
treatment after harvest 

Experiment 2 This experiment was conducted to determinethe response to 7n of seeral cultivars differing in growth dura
tion (da)s fioni seeding to maturity) Crowley sil i typic albaquilf obtained fnino i ice field in Louisiana ustli a history of
/n deficienc) wis limed to pH 7 5 with CiCO, ind MgCO, and 
fertilizedustlt N i id K is described in Expeiimnt I Coicen
trated superphosphite it a rite of 500 ing of P and ZiO at
rites of 0 25 ind 10 ing (0 1 and 4 ppm) of n uiere mixed 
u, th 25 kg of soil in each pot Seeds of each cultivar (Table 2) 
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itre planted in moist soil prior to flooding i hen the seedlings 
ere 1 to I cnmtall Flooding is continuous until har%est at 

nlaturit) Dr) matter production and uptake of Zn and P 1ueredetermined on triplicite trtatnithns Germination tests 1ere 
inn oilthe setd hartesttd from tach cultia- Tauent) seeds 
compo'ited from ill thrtt replicates iuere pliced oii moist filter 
paper in Petri disht.sAfter 5 dais the percentage germination
1as determined 

Evperitnent 3 Scieral cultiars groun under flooded or up 
land soil conditions uere compared for response to Zn Crouley 
sil uas inmed to pH 7. as in Experiment 2 Concentrited super
phosphate at a rate of 300 nig of P and K.SO, at 200 mg of K 
sere nixed ,ith 2.5 kg of soil in each pot Initiall) urea uas 
added at a rate of 600 mg of N per pot -in additional 200
mg/pot of N as urta solution 'uas applied to the soil surface or 
the fic-'d u-iter at 8 and 10 ueeks after planting ZnO uas 
mixed uith the soil at rates of 0 2a and 10 mg/pot of Zn (0
I and 4 ppm) Seicral of thi test cultiars front Mexico and 
the Dominican Republic are also under inestigation in PuertoRico for adaptation to upland culture Those cultiars shoing
promise in Puerto Rico are Juma Chontalpa Sinaloa and 
Starbonnet The litter is also groun c'stensisely in the south 

central Lnited States under padd) conditions In addition two
domestic ciltisars Bluebelle (Texas) and Calrose (Cilifornia) 
u ere included for comparison Each cultisar (Table a) Isas 
direct seeded and harested approximatel) at panicle utitation 
During the rossth period the soil 1uas inainttined at about 
03 atm nicet) or flooded to a lesel of 3 cm aboe the soil 
surface Dry matter )ields and uptake of 7n In and Fe iseredetermined in triplicate tirtatinents at harvest 

RESULTS AND DISCUSSION 

Experiment I 

Visual symptoms of Zn deficienc) (bronzing) isere 
eiident among all OZn treatments isith the exception 
of Nato and Calrose This condition uas most severe 
at the 6 00-mg P rate Reduction in dry matter yields 
due to Zn deficicncy in the several i ice cultiars xsas 
in the ordet Bluebelle > Bluebonnet 50 > Dawn "> 
Nato > Calrose (Table I) Except for Calrose, yield
decreases iseie signific-intly greiter Nith the high than 

the low rate of P without applied Zn Dry matter 

production was not increased significantly by Zn rates 


Table I Response of seseral rice cultisars to applied P and
Zn, Experiment I 

Zn a t ir Con',c.nrat[on
ulthar applied applied )Ieds P /n 

- Mg/Mi--- g/pni ppm
iltuebeite 60 0 3mb 20 b 

5 43 c 16a 22ab 
50 46cd 16a 40c600 "iA 2 i7 1sa

S 46 d 2 24 
s0 48d 21b 45dBluebonnet 50 60 0 .36b iah ISab 
1 41 i6 a 22bc 

50 42c r6a 34d600 	 0 24a 23c 17a 
5 41e 19b 23c50 40c ,Ob 31d 

Dawn 60 U 46b 16a 17a 
S S3c 16a 27b 

50 Sic ise 42d600 0 36a 22c 16a
5 52e 19b 2s so SiC bc 6c 

%1o 60 01 449g I6a 27 
so 4 ila 1s1d 

6W 0 ,Ji I 7a , J 2,, 

61)Jb 	 1Iias IJc 
. is, I,,,

si 561, iA 12 

Si5 1 ,begetatrse%4 9'', q 
Sals o,toalrld th, ac hItt. A t hitr nt itf I rr t S I I 11 I t rnIed h,theDtucan \ultipt,. "manust I wit,, %cuhtt Aflangerust tmnpart road arv 

RESPONSE OF RICE TO ZINC 

gieitei 	 than 5 mg/pot e~en at the high P rate Ap
paiently 60 rag/pot of P uas adequate foi maximum
 

glos, th of lice on this soil tintlel flooded conditions 
J h[is ma, be itti ibuted to greatei solubilit) of native 
P undet ieduced soil conditions created by flooding
(F N Ponnanpei uma, 1955 The chemistry of sub 
meiged soils in relation to the giowh and yield of 
mice Ph T n eion Utierstow ha ew 
lice Ph D Thesis Conell Oncyerslty, hhaca, New 
York) 

Although the Zn concentration in Bluebelle (the
most Zn responsi~e cultiiai) isas higher than that in 

Calrose (the least Zn iesponsie cultiNir), total uptake 
isis not appieciabl) diftetent Dimn, Bluebonnet 50,
and Nato had simtll Zn concentrations %%here Zn
is not applied, but Zn concentrations in Dawn were 

highel t the 50rag Zn tate Maximum dry matter 
production resulted in tissue Zn concentrations be 
tueen 20 and 25 ppm

The highei P applicion rate resulted in increased 
matt e rdtin inotein 

P uptake, but dr) nattey production uas not in 
ci e-tsed In aiddition there i,is no consistent depress
ing effect on Zn uptake it the high P application
rites with these cultias nil)ses of seed of all cul 

tivals for P and Zn el P Zn ratios shoued no relation
 
ship to Zn iesponsireness (data not shown) 

Uptake of Fe and \In isas similar among all culti 
'.ars and was not influenced by rites of applied Zn and 
P (data not shown) There xias no indication that in 
creased Zn concentration in the plants reduced the 
concentration of either Fe or Mn as eported by others 
(10) 

Experiment 2
 
Bronzing occurred without applied Zn on all culti 

vars (xcept Calrose and IR 8 All the cultivars re 
sponded to applied Zn but in varying degrees (Table 
2) With certain cultivars grain yield increases in 
response to applied Zn were proportionately greater 
than straw yield increases (eg, Bluebelle), whereas 
the opposite occurred with other cultivars (e g, 'Ark 
rose' and Bluebonnet 50) The 2 5 mg Zn rate was 
usually sufficient for maximum grain yields, maxi 
mum straw yields were noted at either the 2 5 or 10 mgZn rate with these cultivars
 

gnrl fZ
In general, uptake of Zn hy straw increased withZn rate, whereas Zn accumulation in grain increased 
i,ith Zn rate onl) in tile two most responsive cultivars-Bluebelle and 'No ia 66' The concentration of Zn 
in the harvested grain of ill culti,-is, eien with the0Zn rate, was much tghei than that in the corre 
sponding seed from which the crop was grown No 
source of contamination was found, however, which
could account for this difference 

Concentiation of P wis much greater in grain than 
in straw In neither case did rate of appied Zn affectP uptake Theie uas some variation in P uptake 
among the cultivars, but this ias not related to Znresponsiveness Values foi P Zn ratios were much low 
er in straw and grai, tompared to those in the im 
mature 	plants of Experiment 1 Thus, uptake of Zn 
ib
increased greatly during tile reproductive stage, whereas P apptrently translocated at thit time from the 
, portions of the plant to the grain Ihetrend among most cultiv-irs was for the P Zn ratio 

to decrease in straw and increase in grain with rate of 



222 AGRONOMY JOURNAL, 

Table 2 Yield and concentration of Zn and P by straw and 
grain of several rice cultivars in response to applied Zn, Ex 
perieent 2 

Concentration 

Zn Dry matter 7n P
CulivAr ppled straw grain straw grain straw grain 

mg/pot - g/pot - - ppm- -
Belle Pltna 0 39& 26 a 23a 125b 07 a 30 a

2 5 43 ab 29& 28b 91a 07 a 27a 
100 46b 30& 31b 95a 07*a 27* 

Satr 0 40. 29a 16a 76. 05a 31 a 
2 5 51b 34b 20a 67a 06 a 31ia

10 0 53 b 34b 26 b 66 . 05 L 30 a 
Bluebell. 0 344 8 a 17 a la 	 10 296

2 5 17ab 30b 31b 83 09 a 29a
10 0 42 b 33 b 38 C iO b 06t 28. 

Nova 66 0 41a 29a 19a 67 a 07 a 29b 
2.5 55 b 36 b 24b 66 a 08 a 28b 

100 56 b 35 b 33 c 100 b 06 a 23a
Calroe 	 0 47a 32*a 19a 56a 10 30 a

2 5 47 a 32a 30 b 66 a 	 13a 31aI0 31ta10 503 32b Sis 10*a 27.tCaloro 	 0 37. 22a 17 60* osa 26.t 

2.5 43 ab 29 b 20ab 57a 07 a 26 atoo 49b 28b 24 b 46 a 08 & 27 a 
DitWO 0 51a 21a 23 a 89. 10a 25a 

2 5 52a 24tb 30b 83a ia 24*a100 53. 26b 35c 77*a t10a 27*a 
Nato 0 ISa 69.41a 21A 08it 37.a 

t215 S4b 20b 32b 54 11a 34A 
Arkrose 0 37 it 25a 23 a 65& 06 a 26ama 

25 67b 26 a 25a 46*a 09. 30.a 

10 0 47b 28a 33b 44*a 08*a 27t 


Starbonnat 0 
 48a 21a 19. 12kb 06& 29b 
2.5 55b 23a 25b 853a 04a 22a 
to00 56b 24*a 30o I04ab 06*a 28 b

Bluebonnet 50 	 0 49a 18 20. 86a 09 a 35 a
25 54 ab 20a 25b 87a 1ie 38*


10 0 51b 20•a 33c 76*a 09a 35a 

In18 0 34a 83.
48A 26.a 10*: 23*

2 5 51* 35 32b 70a 09* 25
100 53a 36a 38c 	 63. 09*a 29. 

,alues followed b) the sameletter .re notdifferent it the 5 letel asdetermined byte Duncan Multiple RangeTest Comparisons mut be made within culilisar o•an 

applied Zn, P Zn ratios soere generally slightly higher 
in grain than in straw 

The growth duration taried uidel) among cultivars
(Table 3) Zinc deficiency apparently resulted in de 

layed heachng, up to 7 da)s with ceitam cultivars 


Belle Patna, Bluebelle, and Daivn), ulhereas applied
Zn had no effect on the miturt date of others (Nova 
66, Calrose, Arkrose, Starbonnet, Bluebonnet 50, and
IR8) Some of the earlier maturing cultiars appear
ed to be less tolerant to los Zn supply than 14rr ma 
turing cultivars, although this relationship did not 
prevail in all cases Workers -it IRRI observed that 
early maturing cultisars xseie perfoiming poorly inthe field (7) This disoider -Isssubsequently diag
nosed as Zn deficiency This might have been due 
to an earlier demind foi Zn befoic root deselopment 
was sufficient to 'ictimuntIte 'idequate amounts of n' 
tive soil Zn Thus eiilly matiluing cult%ats grousn on 
marginall) Zn deficient soil nught exhibit Zn defici 
ency symptoms, ulheieas iatoon ciops might be less 
affected clue 	 to their established root s)stems 

Studies at IRRI indicated that %arletal differences
in susceptibility to Zn deficiency are related to recov 
er) capability during the later giousth stage rathei
than to rate of Zn aibsorption (6) R'ite of recosery
appeared to be contiolled 'it leist in pait b) tilleiing
c"pacity Furtheimoie, ciiticail Zn concentrations did 
nut vary appieci-ibly 'imong the cultlsirs tested, in 

Rate of applied Zn Aslo had a marked effect on the 
germination of seed haisetecl fiom seseiil of these 
cultivars (da'i not shousll) Of the cultisais exhibit 
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Table 3 Days to heading and maturity of seseral rice culd
iars, as affected by applied Zn, Experiment 2 

Heading date saturit) data 

In applied mg pot 	 field 
Cultikir 0 2 5 1o 0 to 0 Miaturit, datei 

Belle Patna 7J 70 68 101 104 
Bluebelle 12 77 	 75 107 110Saturn 9 79 1 107 120
No"a 66 79 79 7) 107 120Dawn 93 S686 114 120
Nato 92 89 89 114 120Starbonet 100 100 100 121Bluebonnet 50 It0 I10 itO 135 130140
Arkrosn 99 9999 121 150
Caloro 103.1 100 128 154 
Calros. 96 98 98 128 154
iR 8 120 120 120 149 150+~t~itsfr)m seedingto heading t Da) front needing to matorit I rlaresitbased 
onmaturt) of plants receiig the 10-n g Zn rate) I DI. from seeding to ma 
turit) under field conditiona 

Table 4 Dry 	 matter production and Zn concentration in se%eral rice cultivars grown on moist or flooded soil, as affected 
by rate of applied Zn, Experunent 3 

Flooded tot 

Zn Concentration (oncentration 
Cultitir applied laid P Zn I eld P Inmgpot g pot ppm g pot ppm 

JumaS 0 99a l, i u 34 bot, 6s 

1023 lb6b 39a 20.'b 7 4ah ,iah iit200b 
 36bs 26b 7 8b 2hIt 1)913 	 0 . 36 a 13a 09.a 1b 12*a 
25 10 0 a J* 24hb 0 a 23a 1I'A 

10 5 J66a 20b 39:a A* 15• 
Jumn 1 0 9 5a 3 n 13a 33 6a , b l0i 

2 5 153.b 33 17 •b 0 •b 34 .b 13a 
100 19 5h 37.a 220b 9k1b 32. IS:aChontalpa 16 	 0 33 . .15 6 a 9 a 9 a 36 b 7 a
23 30 6b 32* 21b 8 Jb 24a 12a

10 0 27 0b 32a 28b 8 3 b 19a 12A
 
(.hontalps437 	 0 37.a 213 9* 13a 2* 36b 8a 

2 5 29 7b 35.a 23b 6Oab 3,b 13*1b
to0 23 9b 37a 32C 9 8b 3Ua 1 b 

$ IC 0 I62 * 36. 12• 54. 35b 9 * 
C5 20 	 1 8*a 3b 182 12 8 ab 32M 10 b 

100 24 9b 35a JOb 11 5b 24* 15b 
hinai*8 02 5 13 7 35*I 2 7*b JO.Ia 125 30 37 22 bb 1• 13 7b •10 •0 

to 0 23 6 b 37 a 34 C 13 4 b 28 14b 
Sinaloa 19f. 0 16 8.a 38*a 12.i 6 0. 36 b 10*25 216bab 37. la 12 b "b I 

Ble0ll 10 0 255 7b7 a 3* 33 b J6b 13.I a0 35at 30a I313 4b6a 29. 
2 5u5e0eb 3 a 14 6* 8 b 61ab 

100 17 b 33 20b 7 b 25& 24b
02.lrose235 2112 9b 	 32at 12 bb 32 I b 3 7 a 10 ata 2kb 537* 'lb 12. 

100 2 4b 32 43 c 5 s *at 3b 
btarbonnet 0 7 Ja 32A 9a 16&* 31b 3• 

21 14 9h 31a 14a 6 5b 27b 13b __ _1 100 21 3 c 24 b 8 0 b 2.___ 2__ 
alues followed b) the same letter are not different at the 5, le~el as determined b) 

the DuncanMultliple RangeTest Cot.prisons must . mtadewithin ruitl,arant% 

Ing a %isual maturity response to applied Zn, per
centage germination of onl) Bluebelle seed %as re 
ducet Although Bluebonnet50 and IR8 gase no 
indication of Zn response ustth iegaid to time of head 
ing, mattuit), or groin )ield, the iabilit of the seed 
usas ieduced This suggests that lice grossn especially
for seed purposes should be routinel) fertilized isith 
Zn if a Zn deficiency is suspected 

Experiment 3 
All of the cultisars iesponded to applied Zn under

both moist 'ind flooded conditions ailthough Zn cleft 
ciency s)mptoms sseie most pronounced in the moist 
s)stems (Table 4) 1ield increases be)ond the 2 5 
mg Zn iate osele genei-ill) sm'ill -1he cultisiis mostresponsise to Zn %%eL the ChontilpIs Bluebelle, and 
Staibonnet, %sheicIstihe lc-ist lesponsist culticas sere 
the Sinalois -ind Cilioe \Iiitlnum sields %aiied 
among culldiS indli I. it i nioistuie ieginc although 
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Table 5 Relathe response of scicril race cultnars grown on 
moist and flooded soil, Experiment 3 

cul,,ar Ilathe rcsponse 

sona,° sL 0 52 

Iit. 0 51Juna Is 0 47 
lu belle 0 44 

Wit b 0 37 
brat 0 37bonnei 
J i.i 0 3613 
Chontalpa 437 0 30
Chontlps 16 0 V 
Calroe 0 26 

'I 	 nt,,,, ld o2 moist so,
iklithc rimpo..laottm,.. td ontflood d aol 

the Sinaloa cultivais uere superior under moist soil 
conditions When all of the cutars weie Tanked ac 
cording to then naximum )ield undei moist veisus 
flooded soil conditions, the Sinilois uere highest and 
the Chantilpas and Chiost weie lowest (Table 5) 
Although these results suggests thit the Sinaloa culti 
vars are best idapted to upland culture, it is possible 
that cultiv'us ad-ipted to %ariousclimatic and cultural 
environments would iespond differently when grown 
in 	their natural habitat 

Uptake of Zn ()ield X concentiation) incicased 
through the 10rag Zn ipplicition late with ill culti 
vars grousn on flooded soil ilnd in most cultivars grousn 
on moist soil (Tible 4) The Jumis, Starbonnet, and 
Bluebelle hid the lowest uptike from flooded soil 
Wheieas diy matter pioduction was ibout tusice as 
high on flooded is on moist soil, uptake of Zn ranged 
from thiee to ten fold highei under flooded soil con 
ditions This indicites eithei incieased availability 
of Zn or increased plant vigor resulting in more Zn p tiendr [looded conditions
uptake 

In g.neial, concentrition of Zn in the immature 
lice tissue incieised with rate of applied Zn (Table 
4) Except for Stirbonnet -nd Bluebelle, Zn concen 
trations seie consideiably higher in plants of all cul 
tisars groun on flooded thin on moist soil A large
percentage of the plints gioisn on moist soil in the 
absence of ipplied 7n hid Zn concentritions below 
the critical vite of 10 ppm (11) and the Zn concen 
trations of sonc otheis xsere belo 15 ppm, even where--

Zn had been applied In contrast, values of 10 p pm 
or losser i -re noted in plants grosn tiunder flooded 
conditions only in Stirbonnet nd 'Chontmlpa 16 
where Zn was not appled Tis suggests that thedifferenc n grsoth betple paThiss ts foet 
difference in growth beteen plants from flooded
and moist soil systems is pmrtimlly related to Zn avail 
,ability 

Concentiation of P, like Zn, s'as higher in plants 
grown on flooded than moist soil (Table 4) On flood 
ed soil the P concentrations among all plants ranged 
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ftoni 0 32 to 0 39%, wheieas on moist soil the range 
was 0 18 to 0 38% Tile availability of P may have 
been a limiting factor in moist soil, possibly a.count 
ing for the poor growth in nonflooded systems Al 
though there was a wide range in dry matter produc
tion under flooded conditions, P concentration remained relatively constant In contrast, P concentra 
tions in plants grown on moist soil varied inversely 
with dry matter production as a result of dilution 

CONCLUSIONS 

Results from this investigation indicate that rice 
culti'ars differ in degree of response to low Zn sup
ply Furthermore, certain cultivars are better adapted 
to upland conditions thin others on soils where Zn 
is limiting There was no evidence, however, that P 
nutrition is related to vaisetal differences Although
there was some viiition in P Zn ratios in gram and 
straw among viieties this u-is not ielated to a dif 
ferentiil response to Zn Because .ery early maturing 
cultivars may be more sensitive to low Zn supply, the 
rate at which certain cultivirs accumulate Zn could 
be important Short term uptake studies are in prog 
ress to instigate this possibility 
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