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ABSTRACT 
Although the freefloatin~g aquatic fern Azolla pinnata has been 

grown for centuries in nortiern Vietnam and southeastern China 
as a nitrogen-fixing green manure for rice and as a fodder for 
pigs, little is known of the environmental tolerance of the seven 
known Azolla species. In this study, the relative growth rates 
(RGR) of A. caroliniona, A. filiculoides, A. mexicana, A. micro-
phylla, A. nilotica, A. pinnata var. pinnata, A. pinnaou var. im-
bricata, and A. rubrc were evaluated over a wide range of cli-
matic conditions. The species were grown on nitrogen-free 
nirient solution ,:.der -glass roof at asite where air temper-
atures ranged ftom --7C inthe winter to 38C in the summer, 
T RGR wa:,calculated from increases in dry weight over 26 
grk .h cyves of one week to I lionth. The RGRs of individual 
seieies were most closely related to minimum water temperature 
during spring and fall (R2 0.67 to 0.99); minimum water tern-
petature and daylength for spring plus fall (R2 -0.59 to 6.92); 
und rinimum water temperacure, solar radiation, and relative 
humidityduring summer (R=O.'6 to 0.85). This study suggests 
that tempeiatur2, daylength, solar radiation and relative hu
midity can be used for estimating the RGR of Azoqlu. 

Additional index words: Azolla carolinira, A:ollafiliculoides, 
Azolla mexicana, Azolla microphlla, Azila nilica, Azolla pin. 
nata, A.zoliz rubra, Relative growth rate. Regression. 
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c nitrogen-fixing fern-alga s\inbitsls, AUUli 
.AwiAbat'na, is use( in certain parts Of tie wrorld 

as an aQUatic green manturc Mid f drr (Moore, 1969: 
Lumpkin and Plucknett, 1980, 1982: Li et aI, 1982). 
Two of tre seven known species of .:h/la.. P1in na/a 

var. imhrata and A. ihcuaidh, ar preseity chiIt;-
vated oil Over million ci an2 hi, inV\itnrn acid Chi,, 
Culti'atitn is prinarily limit(d to winter and spring 
because of low productivity during summer and earlv 
autumn . 

S tud ies have bee n carried o ut Otil the effects of Si I-

gle clintatic variables, usually temperature, on the rel-
atie growth rate of Azo/la (Lu et al., 1963: Tran and 
Dao, 1973: Ashto.i, 1977: Peters et al., !980; Talley 
and Rains, 1980: Iataunabe and Berja, 1983), but 

107 

tinteractiv-none of (he siutldis cx:mlied tilt, effects 
oIf 11iore than ()ItRclimatic ariahlc oil the relative 
gr(wth rates (RGR) of all kni 11.z:'ola Species. 

in1gl()wh t hl 'rand glilSshOLISe Studies, Peters 
et t]. (1980) Iiti)id thai the relati eCtolerance of four 

,e)ltIAsto a (onslaiit t(Ivi'erattre of 40'C was A. wx

(llIll >A. /innama >.A. ,a/innma >A. flcldoidh'. 
\laxiI-tur gIowtlh l.tater Ita )ho()11 fLIX deisitV of 
-10() pmoi m1,2 V,'ert-IlsLired at eilthei 25 or 
3'10C In ill. ))h1ttotll SttudIes,, W ,aitallle et (198 
reporitd thaed 30 klux light For 12 h per day,t Ltit 


hat ud 3() k 
iLtIXiLtm growth raMis for . 
nid A. rar,,:n'an(ia occurre'd at 

ttIlI1 )terI tit',). Azolla /,i, ,' 
high 1Veltn).:ratur. 

g 1 I day, 
;nt'\((ml, .. /)i)ui((, 
37/29°C (day/iight 
did iiot sur%ive such 

'I'll- i'lfornlcell(c (of "i ac(ession, is indicated Ib 
its RGR in a partitu~ar etlvir nime'i, is the 

important (:rit * rot (B" the select Ioiof a cul
t_ivar fiI u.se as tgrcr:I tllitntIr. 'hIe RGR is irnpor
taut hcatisc very littk, time is available toi accum"Iulate 

.AZ1/(a l)i(i las inlIIm(M PCCr (r9)ilig s',\steis. Maxi
n1LIt1 RU Rs report'd tor the ki;own species differ 

aim R7R (
(oi1sideratbiy.(i~~i'9), In t revi-'w of thegI(l)I)tere:literature by BeckingA. (-(I-

9), max cii RnR Rs (g kg Id were, 
miar, 413:.-t./iculit 239: . wuniraaa, 248: and 

A.\.anna ;ir.lmhnat(a, 334. No dat a onIt growth 
rItcs of A. miuro/I.//l(i, J. ii/oia, and A. rubra were 

literature. A Iso, sttdies found 
here all the spcies wcrT ('011iparedsi ri Li ttaiCUuslv. 

fo-tnd in reb.' no were 

I,
l t. w,. )IW)shilgnm Stmt L nlilc'i
,tipjlrtciin pit b% L SAtD (;Iaints )A-5.t2-G--,Y-lh87-00 and 
, \i) 21 I-d i DI,. \-G(;. ) t t).\ o. i I Agvilt'l \<.All-

,S-I\ I I /-'-* Ilc (.S1l'R(. itt I, A t(d. i .. hiI 2. t 

,1tMi i lhttc U ctnhiC h i ticm l I t' iff.li ilig A ) .)tIh hSt I i l-r1 

,,il lit,ic tiltriblcd I')t SA I) ,, I') ill%nitiiduMil j( 'ing ill 
Rt tcied 9 (Oi. 1981R. 

s tallt il \d, l~illgltl t'l Ii+ 

mii. \V.\WA9916.-i-t20. an Id t'ili. ,,fIt
.V pitflt',,m asl A u l
 

iioi,'sjttaui.i, .
 

,ii Il,,noltilt. I1 96.822.
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The need for information about the adaptability of 
AZol/a species to different environments caused us to 
conduct a stud yof the growth rates of all known species in response to a wide range of climatic c01-
citions (Luimpkin, 1983). Data generated from this
research were ased to develop models for predicting
RGR in response to climate (Splinter, 1974 I Mon- 
teith, 1981). 

MATERIAL AND METHODS 

Plant Material 

E:ight ac(essions of .1:olla, including the seven known 

spteches of tilt genus (l"OwI. and StIIwtit-ilkson, 1978; 
Limpkin and Pit krwtr, 1982), were uscd for the study 
(Table 1).I:lia pln/at lwas rtcpr,'sentefd Iy two of its ret-ognized varietie s. 'lhc : ss,s were obtaited from col-
lectio)Is Of, vegtt;itie iaterial maintained onllN-free :li-
trient solution illIHawaii and Chinl. 

Cultivation Site 

IThe cxperinient wats duited at the"Zhe'jiaug Acadenty 

01 Agritulturil 1201.Scil(rits0f.. fieAcwfeisisif, lianghou,ar(hini
oar'd(II lluia(30.19'plinat N 

120.12 l'). The Aisadc rI,,lltis iiatid (i ll uvial plain at 

hos inl,1rr tl1 
 I lllit-rs. irintenlperallr /esat the 

Acdot is anrdiprxiitely 
 7.i niMtjuly dtileI t ile nndetee 1.of,)urC an _0 O(: ae er 

recorded (thu. 13it,7: of, n. l-0.1)), 

Culture Conditions 

The (perineit (oiisisttd ,f26 growth (,,ces over a I 

year period. Fa(h treatnment (Az/Ia accession) was repli-

cated six filies itt separati' pots and the individual pots were 

arranged in a conplt]'t, randomized design. The pois were

made oIf tglaied (citanit with it %iolune 6,6 (20 (nm
of .
 
d;ati, 21 
 (m high) and were plae(d Uldi-r a glass-roole(istru(JuIC %6111olV1n SidCS. I'hlli'roof kis app)roxinmately 2.5"struciur ith Iall~idcs Ihellitootltl ight ,tnairmli-
2.5 

ii high and allowecd lot io'atiuanbieiit
1)1 ut 	 light atnd air cotici-hot excluded pre-<ip~itat0)1i. 

Aactt ,slslsw'%"' prt'-orditioied b)growing them till-
der tht glass toot ilnN-frti culiturt- soltinl foi 2 nioniths 
before i GR stidies iegal. A sc(t il (ulturt ilf all ac(cs
sion. was ti;rtaiollt't it tilt. l,'Xjrilne't site with sufIicienI 

p)rotetioin to) asill"t ifI 	,lrci'( iiocilliUll wheln climaticcinextremeS eitit'd ils l ii'(ssilm), frltIn a growt h cycle. 
ir'otect iye mn ' astirt's i liudtd ji;irl-ti si i tdntg durin g su1 

mer and heat ing tiring Wi inter pit,%(,il lo,v fan acces-to Ot , 

sion frioni thi' rcscrsceculuit', 


Eahpi Put was inl(ulted wit h 5 g offir'sh .t(,oli,
tirolill i 

equivalent to lt60 g or Ig fa i ovt'r
m 1.6 tlie 3 14 crn 

pot surface. Griiwth (,ycles front io(olatiion Io ftarvest var-

ied from ot11,week dturing smllltr to one Inlith (uring

winter. Ihumse F.-(iodt allowed A,,I/a bionass to approach 

but lo)t ex(ced ole-third of thi. nliaximlum fresh weight
biomnass attained by spt'cies whiki form lelatively thin mats, 
Stice, biotnass at hlarvest dil not exceed 800 g m ' or 8 
Mig ha '. it wits ,issunod that growth of the accessions was 
potentially expirlieritial ;ndl nlot lilited bs- competition.After measuring frifh weight at the end of each growth 
cycle, 5 g wer' used as ioculum for the next growth cycle
to eliminl:e the neetd for pr'-conditioning of inoculum. 
When accessions perished during hot or cold weather, the 
reserve cultures were used as a source of noculnim. Six 
iiter, of fresh nitrogen-free nutrient solution were used at 
the beginning of each cxcle. This nutrient solution con-
tained all essential plalnt nutrients plus molybdenum, cobalt 

Table 1. Sources of Azolla accessions used for the growth study.
etion Collctionsite 

Species 
Variety Lat. 

Azolla 

A. caroliniana 39.47°N 
A. filiculoides 52.30'N 
A. mexicana 38.20'NA. microphylla 0.38°S 

A.rubra 34.00°N 
Rhizosperma 

A. nilotica 13.09'N 
A. pinnatavar. p'nnata 8.00'N 

var. imbricata 30.19'N 

Long. Source 

83.54°W G.A.Peters 

13.30'E LiZ.X. 


121.30W S.N.Talley90.20°W T. A.Lumpkin 

136.00E K. Seto 

32.39°E T. A. Lumpkin 

6.00°W C.VanHove 
120.12'E Li Z.X. 

Cotntre 
Country 

USA 
East Germany
USAGalapagos 

Islands 
Japan 

Sudan 

Ivory Coast 
Chira 

(Becking, 1979), and sodium (Olsen, 1972) for the cyano
bacterium, and %,S mantainted ait a pt I in the range of' 5 
to 6. 
The harvested ..lzo/Ia was placed under shade between 

two thick lasers of blotiiig paper fo approximately I h 
)efore rneasurilig fre:h weight. Relative growth rate (g kg-' 

,dai drN wt.) was calculatedIZR+nRi =(h V, --W I ,)(t -l10) )v the formula: 
where \\, =in~it ial weight. W:,= finatl weight and ntumber 

Of 	 davs of growth (Evans, 1972: Nitchell, 1974t).
Ain tinlJ)('latlui. tdll p'rcelnt rclati'e hunidity were 

lleasiired ;,!;I hvgrotherlnogi-ap)h and pot)'"ltir(s were 	 water tern\'torldell with riaximnin-mlininluim ther

i nltOe'rs. Light iuteni itcs were mneasured with a lux merer and cloud cover was est imated daily at 0900, 1200, and 
1500 hi. I rradia nie was calculated by methods proposed by
Thompson (1976), front clear sky solar radiation for 300N
latitude and the neasured light intensities and estimated 
(loil( cooer. t)aily precipitation data were obtained from 
th Zhjiang Pro%itce Meterological Station at Hangzhou. 

Data Analysis 
Fath grosstl (5(e wis at-ied for ANOV usingall rep~ t !,l'li(alt- Ihivl ,~Sailzd o N V uigalrp
of each slrviving accession. The RGRs of individual 

a( .Sosar!Sgor1 yl" eeused in regression to:i((essiotls acro:,s grloss th cycles wereusdnreesint
I+,vll p predictive lll) de Isfor individual accessions. Cornbined RGRs of all at essiolls within growth cycles were used 
to calulate COrrelatiOn with climatic variables. 

RESULTS AND DISCUSSION 

Weather During the Study Period
 
The s t uedcr
 

" sd e xtellde(1 from December 1979 
through N'oveni ber 1980.Jalars' 1980 was the cold
est month with a mcan air tenmperature of' 4.4*C and 
a 	 loW eXItreTle i)l - 7.3°C. The mean July 1980 air 
rm peratol'e fell exactly oil tile 10-year mean of 

27.9°C and hiad a high extreme of' 37.7°C. Water 
tenperatlreS ill the .A zolla root zone followed a sim
ilar pattern (Fig. 1). Mean relative humidity ranged
from 55 to 831; and the site had 207 days with pre
cipitation which totaled 1534 mm during the study 
p'riod. 

RGR Over the 1-Year Study Period 

Relative growth rates of the eight Azolla accessions 
were calculated after each of the 26 growth cycles
during the period December 1979 to November 1980. 
The coefficients of variation for these growth cycles
varied between 4.0 and 20.17c with an average of 
9.27. Only three accessions (A. caroliniana,A. filicu
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loides, A. pinnata var. imbrirata)had sufficientl, wide 
climatic adaptation to survive most of the year- (Fig.
la and lb). The oGher five accessions either did not 
survive the colder months (day 0 to about day 120,
Fig. Ic and I d), or the hotter months (approximately 
day 200 to day 260, Fig. 11) and 1d). The RGR of all 
accessions showed two peaks during the year, once 
in the spring and again in the fall (Fig. 1). For seven
of the eight accessions, these peaks occurred at abot 
day 175 and day 270. 

The RGRs of all accessions were poorly correlated
with any single climatic variable or combination of 
variables over the entire I-year study period. No sini-rcThe
gle climatic factor could acunt for greater than a 
61 7 of' th variation in RGR. Also, no coinbination
of up to three climatic variables and their interactions 
could satisfactorily account for the variability in theRGRs of the eight acecessions over the Il-year study 

heeigtRG~ o' ccssonsovr he1-yarstdyperiod. For the whole year, RGR was most highl)'
correlated with minimum water temperature (r=0.61, 
significant at P=0.0).

Most of the data used ;n the combined analysis for 
the whole year were collected (luring cool t0 coldweaherdurng allwhe wre ~w.prig atd RGsweather during spring and fll when RGRs were low. 
The RGR was positively correlat,d with minimflutfl 
water temperature, 	presumably because growth in-
creased in the spring; as water tcmperatture increasedltoward optimum and decredscd in the fall as wate' 
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tempera tures decreased away fromooptimum. In con
trast to spring and fLll, R(;Rs diring the agricutur
alhy important sum er stalson were high and nega
t ivelh correlated with miimum water temperature
(Fig. I, Table 2). We believe that this negative cor
relation resulted Irm temperatures being cither at 
or above the ptimum fo0r growth dring most iofthe 
summer. 

Because of the p)(o-r (o rrclat liol of'1 :limatic 'arila
bles with RGRs fbr the whole year, the year was di-

Table 2. Coefficients of corretation i between Azolla relative 
growth rates (Y) and mean minimum water temperatures (X).calculations are based meanon the of six replications ofeach accession from each growth cycle (n). 

Year Spring Fall Cool Summer 
Azollaaccession r nt r n r n r r n 
-_________ 

A. caroliniana 0.76 26 0.97 7 0.89 	 6 0.93 13 -0.70 11A. filiculoides 0.57 26 0.95 7 0.96 6 0.66 	 13 -0.81 11 
A. mexicana 0.48 22 0.94 6 0.99 5 0.71 11 -0.57 11 
A. microphylla 0.62 22 0.89 6 0.88 5 0.79 11 -0.20 11A. nilotica 0.17 21 0.83 6 0.82 5 0.49A. pinnatavar.	 11 -0.75 10 

Pinnata 0.58 19 0.83 6 0.96 6 0.72 12 -0.72 7A.pinnatavar.
imbrivata 0.85 26 094 7 0.97 G 0.89 13 -0.22 11 

A. 	rubra 0.52 17 0.97t 6 0.91 5 0.49 111 .
 
------..............
 

r Number of samples. Samples are mean HGRs from individual growth
cycles.

: Observation of 27 June deleted from model. 

300 30o
 

250-'
 

20 I./	 -2O 

150-1 	 \\~ 

0/00 	 1 loo 

50- / ', 

0-	 C) 
° la,w -- ~ . . .	 . . . . . . .. 0 W 

, 60
4 
r 

0 120 	 180 240 300 360 H<-I  . 
- 300 300 

0 i250 

__200 
 201
II
 

150 

100 
 100 

0 , 
 (-,II00
 
0 60 120 180 240 300 360
 

DAY OF YEAR 
Fig. 1. Minimum water temperature (solid line) and relative growth rates of (a) A. caroliniana (short dashes) and A. pinnata var.imbricata (long dashes), (b)A. filiculoides (short dashes) and A. rubra (long dashes), (c)A. microphylla (short dashes) and A. mexican6,(long dashes), and (d) A. nilotica (short dashes) and A. pinnata var. pinnata (long dashes) during the whole year. Lines connect 

averages from each growth period. 
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vided into two periods to evaluate the seasonal ir u-
ence of climatic variables on R(;R. lhese two pr ods 
were detined as a COO 1. perilod of increasing or de-
creasing leme)trattlIre adl increasing or decreasingand l fron 1RegressionR(;R (spring n fall) fr ar h to uneit ani O-
tober to [)ecemirbe and ia sumenlr season of high
temperatures and fitct lnting R(;R from July through 
Sej it e ii)toeFr.A. 

RGR Durin the Cool Period (Spring plus Fall) 

Sl~iilaritieS III IIC r ban RG R and cli-lie C et weeni
mattic variables ft r the spring and tall suggested theo(tssibilitv f colbiting the result Into .1 single data

lh2 )1ata tIt, ns iin tha sTileet (i -e2). ,omininiig the sprig and 
fall data ((()t ]) gencral lv reduced ilh. R valtIes of a 
lit ~Nliiu tenl)ralttre OlIliv towalt'r model relative 

that tibtairif tor tilie same' modl in sprinig and fall.
that o i ht.1 IOm, thesltfilell(" i,usring a d fthiple
Tlhis probflulli N'ls ()c[o.~tnt N trtie 1 a muiltiple____
regression model wherc temperature and daylen gthaCc( tcld f),- thec majcoritNaAzolla of' the variation in RGR,
 
and rcsulted ill rclatielv high R2 values fbr the COOL 

season (fata (able 3). 'he. RGR was pos iv~ely cor-

related wit h dtlvcngith during spring anId fall, a'nd its 

ill(ltt,11tlo ill the ,ntiltile regression :nialvsis ac-

('OIlIlled for variation it R(;R not cxplained b, trn-


pet1attire alo1e. l )avhength apparentl corrected for
tilt" fact that sprir g days of a givetn lengthi are gen-
erallv eofler t ranall ays of fil_ ale ~llgt (Iit(. to0 
ththermal Ithttiflrintg ca pacit\ 01othe earth."l[hc ranking of RGRs for (Oh( tt-lerant accessn ns 

dring the c,-ot1 pet iti was J. /t/a r,,id, . aru/i-

NItu(t >A. poolnPtal \ar. IP/ r)P1(Il/ ..>.I. Pul'(1: all ordrt' 

similar to separate ratrl,'ings in spring and fall. .. z/a 
/tlituhiod, and .-I (ru/tmt lt were ranked first and 
sciMd beC(atISe their )Irdtctltivit\, ill IhOW tetipcra-
tures exceeetd that o)f.1. tIttlPal/l Var. imbrtcatc, andt 
their prodtctivit, over the range (t (')O1. tenper-
tt'r far e('e,+f'e(l, that t( f1 .1 ,, 

RGR During the Summer Season 
Relative growth rates during the surni er+ seasoln 

were itt)t lliearl, related to () l (t- a ctjtIllbiratiol of 
t iioImat ic variables as was I lie case (fit ri ng the cm)of 
ptrittd. Phtts tf I(;Rs for the year (.Fig. I) show that 
Sntu er seast rt G Rs wcr ( harat crii/ed Iv peaks 
andf vallevs that were urtrel td to individual (Iliflticv 

variables. 

The failure rf rnmple rtgr sioll ariat,, sis to accotnt 
for the variability inl RGR during stirlirner ('['able 4) 
prompted ir anialvsis by nultiple linear regression. 
All possible combinations of ipI)to four independent
variables were evaluated. ,,zzol/a piut Pta var. pin Pta 
and A. rubr-, were- not included in this evaluation be-
cause of'an insufficient nnber of observations. High
R2 valut's were obtained for every accession with the 
tise of a model colitaining rnitmum water temper-
ature, irradiance, and relative humidity (Table 5).
Irradiance was p(,sitively correlated with maximum 
water temperature (0.65) and thus represented it 
through interaction ('[able 4). 

The RGRs measured in summer were highly var-
iable due to the hot and humid conditions which were 
conducive to growth of a1Rhizoctonia sp., a fungal 
pathogen. All eight accessions either died or stopped 

Table 3. Best fit multiple regrestion equations &d coefficients 
of determination for RGR (Y) and environmental parameters
during the COOL season. The model includes mean minimumwater temperature (Xj) and daylength (X:). 

equationsAzolla accessionL n R' and contribution of each variable 

A. caroliniana Y = 97.6 + 10.5X, + (-0.168X,)
13 0.89 = 0.86 + 0.03plicutoides Y = 374 + 11.2X, + (-0.561X.) 

13 0.91 = 0.44 + u.47 
A.mexicana Y = 298 + 19.4X, + (-0.709X,)11 0.88 = 0.56 + 0.32 
A. microphylla Y = 1035 -+ 17.OX, + (-2.88X,)

11 0.77 = 0.63 + 0.14 
A. nilotica Y = 241 + 14.0X, + (-0.465X,)

11 0.59 = 0.24 + 0.35 
A pinnatavar. pinnata Y= 325 + 16.7X, + (-0.661X,)

12 0.79 = 0.52 + 0.27 
A. pinnatavar .mbricata Y = 229 + 15.OX, + j - 0.446X,) 

13 0.92 = 0.79 + 0.13 
A. rubra Y = 259 + 6.89X, + -0.362X,)

11 0.73 = 0.24 + 0.49 

Table 4. Coefficients of correlation r between the RGRs of 
accessions and several climatic variables occurring dur

ing the SUMMER season. N = 11 for all species except 10 for 
A. nilotica 

Minimum Maximum 
water Irradi- Relative water 

Azo//a acccssion temperature ance humidity temperature 

A. caroliniana -070 0.20 -0.27 -0.43 
A. fiticuloides -0.81 0.19 -0.36 -0.46 
A.mexicana -0.58 0.43 -0.40 -0.17 
A. microphylla -0.21 0.34 -0.09 -0.01A. nilotica -0.75 0.26 -0.36 -0.41A.pinnatavar. imbricata -0.23 0.62 -0.46 0.18 

Minirium water
 
temperature - 0.08 0.31 0.79
Irradiance - -0.84 0.65 

Relative humidity - .0.29 

Table 5. A multiple linear regression model for predicting RGR 
(g kg" day') of six Azolla accessions during the SUMMER. 
The mod,' uses the following climatic variables: minimum 
water tpnperature (XJ, irradiance (XI), and relative humidity 
IX,). N = V for all species except 10 forA. nilotica. 

Regression equation

Azolla accessions RI = contribution of each variable
 
A. caroliniana Y = 1-1569 + (-)4.45X, + 1.3IX, + 7.83X,

0.76 = 0.49 + 0.17 + 0.10 

A. filiculoides Y = (-571 + (-)2.37X, + 1.54X, + 7.16X, 
0.80 = 0.65 + 0.07 + 0.08 

A. mexicana Y = (-11002 1 3.72X, + 1.97X, + 9.74X, 
0.82 = 0.33 + 0.23 + 0.?6 

A. microphylla Y = 1-912 + (-)3.05X + 1.40X, + I.OX,
0.72 = 0.04 + 0.13 + 0.55 

A. nilotica Y = 23.9 + (-21.6X, + 0.254X, + 5.17X,
0.85 = 0.56 +0.12 + 0.17 

A. pinntavar. imbricata Y = (-762 + 5.83X, + 1.52X, + 7.13X, 

.66 = 0.05 0.42 + 0.19 

growing frir three days att the end ,f the 20 July 
growth cycle when water temperatures averaged 
36.6'C for the w.'eek with an extreme on I dav of 
39.7*C: low wa:r temperatures averaged 28.1°C. 
The high temlperature effect on the accessions was 
exacerbated by fungal attack. 

The ftingal pathogen, Rhizoctouia sp. has been found 
with Azolla everywhere in the world under hot, hu
mid conditions (Shahjahan et al., 1980; Arunyanart 
et al., 1982: Venkataraman and Kannaiyan, 1984). 
benomyl, PCNB, Ceresan (ethylmercury chloride), 
and Nirit (2,4-dinitrophenyl thiocyanate) can be used 
to control Rhizoctonia (Lumpkin and Plucknett, 1982) 
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but were not used inthis study since they would make 
the cost of Azolla production unprofitable and pose 
a serious environmental thrtat to fish if' e.,ed on a 
large scale. 

After the summer growth :,es, tihe accessions 
were ranked for their potential productivity during 
the summer on the basis of R'7R and their suscep-
tibility to disease and heat -tress. .-1:rda .liu'ophvylla 
and .4.t . onnaa sevad. re, ad the highesandA. innta hihes." mnea nar.imbi,.:/ahadtil ean
iheat ..
 
RGRs and Iiwest standard deviations during the sum-
mer. These two accessions were superio" becaus- they, 
were relatively disease free and tolerated the high 
summer water temperatures. The RGRs of both A. 
mcrophylla and A. pinnata var. i'twhr-i0a1 were poorly 
correlated with mean minimitn, and maximulm1" water 
temperatures (I'abl 4), which may indicate heat tol-
erance. A.olla micropholla was also more resistalt to 
fungal attack. This may accoulnlt for the poor cor-
relation between the RGR cfA. ucophylla and rel-
ative humidit\ (Table 4). The high correlation hc-
tween RGR an', irradliatice for A. /,m nala vat. rmbricala 

"al 4)
(Table 4) may indicate that it ,able to utilize high 
irradiance and/or grow well at high temperature. 
Although A. m1.'Xana had a relatively low icna,RGR, 
correlation coefficients lot srirnmr w(er similar to 
those of' A. mnirophrlla and A. p,mmato var. wm/ricala. 
Its lower mean RGR may be pairtiallv explained by 
its contiluots pIoductiotio" t ws,spor ' hich (''lsuinle 
photosynthatc aind increase iaiteit resl)irtatin.allinc 


The lower producilivitv of A. carIonr.ana, A. /I/t'l-
loiles, and A. ni//01a was aSSuelld to be causled bv thel 

high temperatutes which prevailed during summer. 
This assumption is supported by Ill(high negative 
cc,trelation between thi'i R ,Rs' and water temper-
ature ('able 4). 

CONCLUSIONS 

T he year-iound pot experin i t carried ott at 

Han gzhou was rf stufficient magnitude and scope to: 
i) define a range of RG;Rs for each species accession 
over a wide range of tetnpetratres, ii)show t-at R(;R 
is temperature driven or limited (luring cooler II( Iths 
of the year, and iii) sho,.- that high temperattires atid 
high hamidity inct ease risks associated with tryig to 
grow a crop. Furthermore itis suggested that the
resulting models to predict RGR abroad 

reulinh a ost pR abtroad 
plication due to the wide range of ('limatic coidit ions 
under which the experiment was conducted. 

At any location, RGRs must be determined and 
climatic variables measured belore these models can 
be tested. TIe langzhou data wvas first analyzed us-
ing a rnodel for ..Aflien/aide.s developed by Talley and 
Rains (1980), irivolving the log of' maximum air tem-
perature. The results proved helpful though infet ior 

period models developedto the cool and sum mer 
from data collected at Hangzhou because their model 

was based oil a narrower climatic range.
The applicability of individual models will be de-'Termeda p b seaso ndvlocati o In t ls ll erateo-

termined by season and location. Initemperate lo-
cations, the cool period model will probably he limn-
ited to spring and fall. It may also be appropriate it 
subtropical locations, such a northern Vietnam where 
Azolla is usually grown during a winter cool period 
which is associated with a reversal of daylength. The 
summer model involving temperature, irradiance, and 

GROW Ill RESPONSE OF AZOLL.1 IIl 

relative humidity may be applicable during most of 
the year in troPical locations and c'iring summer in 
temperate and subtropical locations. U'his model may 
be the most important because of the previous un
predictabilit' o Azalla RGR during hot weather. 
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