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THE INFLUENCE OF ORGANIC FERTILIZATION 
ON THE TRANSPIRATION RATE IN l1ELOPHYTES* 

ABSTRACT: Experiments were carried out to follo~· the effect of organic fertilization on the 
transpiration of six helophyte species: Phragmites australis ( Cav.) Trin. ex Steud., Glyceria aquatica 
(L.) Wahlh., Typha latifolia L., T. angust,folia L., Acorus calamus L. and Schoenoplectus lacustris (L.) 
Palla. Liquid manure was found to have a strong inhibilory effect on the transpiration of helophytes, 
and when used as a I ()()o/o solution it caused plants to wilt within a short Lime. As a result of treatment 
with 25% liquid manure, the helophytes utilized less water to produce their biomass. Following the 
treatment, the water content in the plants varied much les.5 than did the transpiration rate. 
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1. INTRODUCTIO~ 

111 connection with the intensification of agriculture. in the Ma:-;urian Lakeland area the 
amounts of commercial (mir1eral) and organic fertilizers used in cropfields rontinue to increase. 
Nutrients are tran::,ported by precipitation waters into stagnant and ground waters, and become 

' 

,.. Pr d k ' 1 k t ' *Praca '"''Y konana w ramach prohlemu wt;ztowego nr 09 .1., (.. o u .. t)·wnosc e osys emow 
si'odkowodn}·ch "'). 

(41] 
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a 1r1t·11a<·e l<) tl1e nc.tlt1ral er1viro11r11e11L. I JitJttid n1ant1re, 011e of tlic organic fertilizers tIHed, is 
ttl<>rt· cla11gerous l() tl1e walerH tl1an is the 1nt1nici1lal sew,lgc water, l>e<~aust! iL (;arries l,1rger 
amot111ls <>f 1>ollutant~ (l\1 a,~ k o w i cl k 1974) and <~onlains large quantities of rr1i11eral 
:-;11 l>sla11<·es, wl1 icl1 <·.aust~ a et1tr<lJ>l1i<'alion <>f walers. 'I'lie fertilizers fl<>wing into ll<><lies <)f water 
arc i11 Lhe first J>la<~e i11 cc>nlaet with tl1e helopl1ytes, tl1e plant~ of tl1c Jittoral zon~. As 
\realrnc~r,L will1 fertilizers was know11 to affect some of tl1c phy8iological processc~ <>f pla11ts , 
i11<'lu<li11g LJ1<~ir wal<·r regirr1e (G or 8 k i and 11 o ff 19:i:3, 1v1 a m b er - Il y I s k a l 9(J 1 ), 
cx1)t~ri111e11ls ,vere carrie,t out l<> determine the effect of liquid n1anure <>n tl1e tran:;1)1ratio11 
t•r<><·es!--- ir1 Liu· (l<>tr1i11a11t l1clo1>hyte species of the lake littoral. 

'r lit~ i nvcsligalio11~ "'f;re c,1rriccl out at tl1e Wetland Re~earch J 1ahc>rat<>ry, I ristitute <>f 
11:<'<>iog)' , f><>li~l1 A<!a(!einy of Sciences at Mil<.otajki, <lt1ring the growing season of 1972. 'fl1~~y 
('.<>vere<t six ~1cl<>p l1yte species: })lirag,rii I es australis ( (~av .) Trin. ex Steud ., Gl)l'ceria aq uatica ([--'.) 
W,1~1lll., 1~yplia latif'<>lia J,., 1.,. arigustij<Jlia I,., Ac<Jr11s calar11us JJ., an<l Sch.oe,iopl,>ctus. lacustris 
(I,.) l'alla. 'l'l1c study mat eri,tl co11siste<l <)f plants proflu<~ed fron1 the rhiz<>mes of the 
l1<~l<>fll1yte~. RJ1izomes w1tl1 young sl1(>ots " ·ere collet;tecl fro1n tl1c littor,1I Z(>Ites of three 
eutropl1ic lakes: Be.tdany ( Glyceria aquatica ), '_ratty (Typ/1.,1 Latif olu1, l_)hragmiles c,uslralis, 
Acorus <·<ilamus arid 

) 

Schoenoplectus uicitslris), and lnule<: (Typha a11g1tstifolia). 'J1 he rl1jzomes 
were sul>~Ct]Uently l)l,tnlcd 

' 
i11 sandy garden soil in plastic pots, ea<;h 5 l in capacity. Tl1e plar1ting 

was (lc>r1e i11 Ll1c first c_lay~ of .June. Tl1e soil in tl1e pots was watered so that tl1ere was always a 
layer of \\ialer (aho11t l () rrin~) above tl1e surfac~e. After new shoots l1ad c1ppearcd~ the old <)nes, 
i.e., tl1(>se tl1al l1atl been above the substrate st1rface at the Lirne of planting tl1e rl1jzc>mes, were . 
ct1t <)ff. l ◄'or eacl1 of Lhc species u11der observation -4() pots witl1 seedlings were 11re1>ared. The 
soil in tl1e p<)ts containirig the helophytes was treated witl1 liqt1id manure, in w l1ieh tl1e 
followjng amounts of the essential components were contained: 3.(>9 g/l org . N + N-Nl-14 , 

0.025 g/1 t<lL,t] I), and 5.2 g/J total K (M. Planter - unpublished data). The liquid manure was 
used in the following conrentralions: ] 00%), 50% and 25%, unchlorinated ta11 water being usecl 
to obtain the dilution required. During the growing season the fertilizer was applied 9 times at 
the following crates: (l) 21 June, (2) 1 July, (3) 11 July, (4) 21 July, (5) :{l July, 
(6) 1 () August, (7) 20 August, ( 8) ~30 Augt1st, and (9) 9 September, tl1at is, every 10 days the 
plar1l.-; received a new amot1nt of the fert-ilizer. 

Prior to each treatmer1t with the fertilizer (1 I of the liquid manure per pot) the transpiration 
rate and the content of water in the leaves, or shoots (Schoenoplectus lacustris) of the plants 
were measured. Apart frorn this, the leaf biomass produced by the treated ar1d the control 
plar1ts wa~ also detcrrnine<i. 11,or Lhc n1east1rements 3 samples were taken for each species, taking 
into a<~<:<>t1n t all tl1e manure c:oneentratio11s used. r:ar.h sample c~onsisted of ;{ tl1e youngest, fully 
developed leaves, and in tl1e case of '"',choenoplecl its lacustris - :-3 shoots, ran<l<>mly selectecl. 'fhe 
sarnples were lake11 simultaneot18ly for the lrcatecl a.nd tl1e control plants; the same analysis 
1nanner wa:; a11plied. 

Tl1e transpiration rate of tile l1elophytes wa~ deterrnined by tl1e quick-wcighi11g metl1od 

(I v a no v, S i I i n a and C l~ l n i k e r J 950), lising a torsion balance (type W'f, a<~<~uracy to 
J mg), specially adjusted to the weighing of leaveH, and use<l for tl1i8 purpose in previous 
investigations of transpirati(>n (K r o Ii k o w s k a 1972, 1) u r s k a 1974). During tl1e 
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. 
mf~a~l1rcrncnts <>f Lranspiration tJ1e lemperature and relatjvc air humidity were recorded. The 

w,tler C(>n Lerit in tl1e plant rnat(~rial was deler1nined fr<)rn the difference between the fresh and 

<lry weigl1t~, f <>t1r1cl after ,lryi11g the rnatcrial to a con8tanl weiglit al 105°C. 

:1. RJ~SUI/J'S 

I )uri 1ig tl1c r11casurement oi Ll1 e tran~J)irat ior1 of the l1elophytes · the air tern perature varied 

l>cl "''een 2().(> a11cl :~;J.6°C, wl1ile tl1e relative air humidity ranged from 88 to 527<1. The higher 
tl1t~ air tem1>eratt1re was, and t11c lower tl1e relative air l1umidit y, the higher was the transpira­

tion rate in b<>tl1 the control an<l lreated plants (~.,ig. 1 ). 
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}?ig. I. 'fhe effect of ferlilizalion on total transpiration rate of helophytes 
a - control, b - 25% fertilizer, c - 5()o/o fertilizer, d - I00o/o fertilizer 

I )11e Lo tl1e fertilization, the transpiration rate varied, depending on the concentration of the 

fertilizer, Llie number of treatments, arid on the plant species. ien days after the first treatment 

with the fertilizer an increase in the transpiration rate, relative to the control plants, was seen in 

Pliragmites australis, Typha lat if olia, and in Acorus calamus, Phragmites australis plants treated 

with l 00~1,, liquid manure being an exception (Fig. 2). The strongest stimulation of the process 

of transpiration occurred in 1ypha latif olia as a result of treatment with I 00 and 50% liquid 

rnant1re, the transpiration rate being about 100% l1igher than in the controls (Fig. 3). For Typha 
angustif olia, .. 5<:hoenoplectiis lacustris and Glyceria aquatica (the latter except 25% liquid 

rrianure) a l<>wered transpiration rate was recorded after the first treatment with the fertilizer 
( 1•' igs. 4-()). 
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Fig. :2. The effect of fertilization on transpiration rate of Phragmites australis 
a, b, c, d - denotation as in Figure 1 

• 

Tl1e :,Cl'<)nd treatment witl1 the fertilizer ( in the second 10-days' period of July) was 
follo~·ed b)1 an increase in tl1e transpiration rate in Pliragmites austral is, Typha angustif olia and 
Schoenoplectus lacustris, treated with the liquid manut-e in all the concentrations used, while 
Glyceria aqu<1lica transpired much less water than did the control plants. After the second 
treatment, the greatest changes in the tran8piration rate were found in Phragmites australis 

treated ¾·ith 25% liquid manure. The transpiration rate \Vas found to be 4001/c higher than in 
the controls (F'ig. 2). 

In the third 10-da)'S · period of Jul)-, the untreated heloph)-tes attained the rnaximum valt1es 
of transpiration for the stud)1 period. Among tl1e treated plants (3rd treatment) it ,~·ab onl)· 
Phragmites australis. treated ¼-·ith 30% liquid manure. and Schoerioplectus lacustris - 25% 
liquid manure~ that sl10¼-·ed a slight!)- l1igher ~ than in tl1e controls, transpiration rate. 
whereas in the remaining heloph)·te species a strong inhibition of transpiration was seen. 
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Fig. 3. The effect of fertilization on transpiration rate of Typha latifolia 
a, b, c, d - denotation as in Figure 1 
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Fig. 5. The effecl of fertilization on transpiration rate of -~choenoplectus lacust.ris 
a, b, c, d - denotation as in Figure 1 

A <'()Illl>lete inhibition of tranRJJiration was folJn<l in Phra{{mif Ps australis, Typha latif olia, 
Schoe11oplectus lncztslris and Glycc>ria aquatica, fc>llowi1ig the 4tl1 treatment witl1 10()1/r, li(]ltid 
rr1an11re. Typh,1 arigustifolia and Acorus calamus ceased to sho""· ]ife functions only after Ll1c Stl1 
an<.1 ()tl1 treatments ~ith the liqltid rr1a11ure at tl1e l1igl1est ,·oncenlration usecl (secc>11d anll tl1irc) 
l ()-days' period of August). ln tl1e <'H8e of treatn1enl ,vitl1 501/c liquid manure a comy>lete 
inhibition of transpiration occurred after tl1e 9tl1 treatn1enl in Pliragmites australis (f1

ig. 2), 
after tl1e 7tl1 treal111enl in Typha latif<Jlia (f'ig. ::3), after tl1e (>th trealt11ent in 1yphn 
anguslij'olu1, Sch<Jf>tiopleclzis wf·ustris and GlycPria aqlialic<1 (11'igs. 4-6), ancl after tl1e fltl1 
lreatrr1enl in 11corus calamu.'i (Fig. 7). 

111 the plants treated ,vith 25¼ liquid rl1anure, transpiration <"<>nLinLte<f 1111til tl1~ t~rminati<>n 
of the cx1>erirner1l at the encl of s~ptcm}Jer, tlle lrar1s1>iralic>11 rat~ <)f Pliraµ11z it es <1 usl rrilis, 
Glyceria a<1uatica ancl /1coriis ral<1mus graclt1[tll)1 de('rcasir1g, as ('(>ltl(>ar<'<l ,villi Litt' <'<)t1trols, 
\\'l1ereas that of .5,.:h<Jf>noplPclus lacustris, frorr1 Ll1r scco11c~ trt\al111e11l <>11, l>ei11g al\vay~ higl1er 
tl1an i r1 tl1e contr<>ls. 
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Fig. 6. Tl1e eff~ct off ertilization on transpiration rate of Gly,·eria aquatica 
a, b, c, d - denotation as in Figure 1 

Measurements of the transpiration rate, a11d the deterrnination of tl1e dry weigl1t of 
helophyte leaves have shown that during the experiment there was a relationship between the 
transpiration rate and the mean per season dry weight of the helophyte leaves on the one hand, 
and the concentration of the fertilizer used, on the other. The greater was tl1e concentration <)f 

the liquid manure, the greater was the decrease in the transpiration rate of the heloph)'tes 
treated, relative to the controls (Fig. 8). For all tl1e helophytes treated with 100% liquid 
manure a lower dry weight of leaves was recorded than for the controls. In the case of plants 
treated with 50% liquid manure the dry weight of the leaves was also smaller than tl1at of the 
controls, except for Glyceria aquatica and Acorus calamus (Fig. 8). The helopl1ytes treated with 
25% liquid manure ,vere the only experimental plants whose dry leaf weigl1t was greater than 
that of the controls. 

The water content in the leaves of the treated plants differed little from that found for the 
leaves of the control plants. The water contained in the leaves of the treated plants represente<l 
from 91.2 up to 101.5% of the water content in the control plants, thus being subject to less 
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'Fig. 7. The effect of fertilization on transpiration rate of Acorus ca'lamus 
a, b, c, d - denotation as in Figure 1 

marked variations due to fertilization than the transpiration rate. An increase in the content of 
water, as a result of treatment with 100% liquid manure, was found in Phragmites australis and 
Glyceria aquatica, as also in the shoots of Schoenoplectus lac·ustris (Table I). 

~ From the values of the water content in the leaves after each successive treatment with the 
fertilizer, used in three different concentrations, the changes in the water content in the leaves 
of the helophytes studied were calculated. Due to the treatment with 25_% liquid manure, a 
little higher water content in the leaves of the helophytes was found during the period from the 
20th to the 60th day following the first treatment, whereas towards the end of the experiment 
the water content in the leaves was lower than in the control plants. The greatest lowering of 
the water content, relative to the controls, was found in the leaves of plants treated with 100% 
liquid manure, but again it did not exceed 10% (Table II). 
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• 

rfahle I. Water content in leaves of helophyles treated v,ith liquid manure 25o/o (11 ), 
50o/o (B), l00o/o (C) (mean for the growing season) 

Water content ( as per cent of control) 
Plant 

A B c· 

Phragmites austra/is 101.5 97.2 98.5 
Glyceria aquatica 100.8 97.2 98.0 
1'ypha latifolia 97.6 95.3 94.3 
T. angustifolia 99.5 98.3 96.7 
Acorus ca/amus 98.6 97.6 91.2 
Schoenoplectus lacustris* 101.5 100.5 95.2 

*Shoots. 

4 - Eko/. po!., 26, 1 
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Table II. Changes of water content in leaves of helophytes (mean for species 
investigated caused ·by f erti)ization) during the growing season 

A, 8, C - denotation as in Table 1 

Conserutive Water content (as per cent of control) 

Date numl)er of 
treatments ✓4 B C 

l July l 99.6 99.4 99.8 .• 
11 July 2 100.l 99.8 97.9 
2L July 3 101.5 99.1 90.2 
31 July 4 I 01.6 97.3 90.8 
10 Aug. 5 101.3 95.0 97.1 
20 Aug. 6 100.2 95.0 - * 
30 Aug. 7 96.2 93.4 -

9 Sept. 8 99. 11 96.6 -
19 Sept. 9 99.4 - -

·*Wilted plants. ' 

• 

4. DISCUSSION 

As a result of the intensification of agricultural production, the agricultural-food industry 
tises large amounts of water, at the same time producing equally large amounts of effluents 
wl1ich are da11gerous to aquatic ecosystems. 

1'he e>..periments in which helophytes were treated with liquid manure have shown that 
wl1en applied in the form of a l 00% solution, this fertilizer caused disturbances in the life 
pr<>cesses of plants, leading on to the death of the latter. The experiments have shown 
disturbances in the transpiration, which is a very important process in the life of a plant. The 
immediate cause of this was the dying of the underground parts of tl1e helophytes due to the 
decaying of the roots, which made it difficult for tl1e plants to take up water. D z i e z y c 
(1974) found that l1igh concentrations of soil solutions impeded the uptake of water by plants 

and created unfavourable oxygen conditions in the substratum, which finally caused the plants 
to wilt. 

Similar processes were observed by B a s s a l i k (1955) in the case of treatment with 
manure. lle found that fertilizatio11 had a negative effect on the metabolism of the roots, 
reducing their functional capacity, and that as a result of oxygen deficiency the plants 
produced substances which inhibited their growth and life functions, Because of its high 
utilization of oxygen, tl1e liquid manure is a real danger to aquatic organisms when it flows into 
aquatic ecosystems in large amounts, the BOD of liquid manure being 20,000 mg/I O? 
(M a ck o w i a k 197 4). _, 

,!\s ha8 been reported by many authors, the runoff of nutrients from intensely fertilized 
fields is the result of a wrong use of fertilizers, where the objective of fertilization is to treat the 
soil, and not to supply the plants with the nutrients they need (J a a g 1972, Ju n g 1972, 
0 I s o n 1972, W r o b e I 197 4 ). Brought into bodies of water, the substances derived from 

organic and <~on1mercial ( mineral) fertilizers at first get into the zone colonized by the 

l1elophy Les: 
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• 

As has been proved experimentally, diluted liquid manure caused a fall in the transpiration 
rate of the helophytes, relative to the control plants. At the same time fertilizer-treated plants 
showed a higher increase in the biomass of their leaves ( Glyceria aquatica) and shoot~ (Schoeno­
plectus lacustris) during the growing season. This would indicate that when there is a better 
supply of nutrients, these plants economize water, this being evider;iced by the small changes in 
the water content due to fertilization. 

Partially responsible for the lowering of the transpiration rate of the plants may have been 
nitrogen which was found to occur in larger quantities in the f ertil~er-treated plants (M. Planter 
- unpublished data). On the basis of one crop plant species Ma· m be r - R y Is k a (1961) 

• 

found that if the per cent content of nitrogen in their bodies was higher, the plants used less 
water for the production of dry weight. Likewise, G 6 r ski and H o ff (1953) noted that as 
a result of the application of fertilization, in cereals a lowering of the transpiration rate could 
he observed. 

The disturbances of the water content may have resulted from an increased content of 
potassium i~ the fertilizer-treated plants (M. Planter - unpublished data), because, as has been 
found by Stab rows k a (1972), disturbances in the regulation of the turgor are caused by 
an increase in the amount of potassium in the plant. 

As can be seen from the above-presented results of the experiments, when they get into 
bodies of water, nutrients derived from organic fertilizers may cat1se disturbances in the water 
regime of the p1ants of the littoral zone, this being a real danger to these pla11ts, connected with 
the intensificatjon of agriculture in the catchment areas of lakes. 

5. SUMlVIARY 

In the growing season of 1972 experimental studies were carried out to determine the effect of an organic 
fertilizer - liquid manure - on the transpiration of six helophyte species: Phragmites australis, Glyceria 
aquatica, Typha latifolia, T. angustifolia, Acorus calamus and Schoenoplectus lacustris. Treatment with the 
fertilizer was repeated every 10 days, from June to September. Prior to each treatment the transpiration rate 
was measured. The following liquid fertilizer conce~trations were used: 100, 50 and 25o/o; plants watered 
with unchlorinated tap water were used as controls. 

During the transpiration rate measurements tl1e temperature and relative air l1umidity were recorded, and 
samples were collected for the determination of the water content and the biomass of the plant material. 

The results of the experiments indicate that when used in high concentrations, the liquid manure causes 
considerable disturbances in the transpiration process (Figs. 2-7), leading on to the death of the plants. In 
some of the helophytes a diluted solution of the fertilizer caused a more economic utilization of water by the 
plants, that is to say, the plants used smaller amounts of water to produce dry weight than did the untreated 
plants (Fig. 8), changes in the water content of their leaves being insignificant (Tables I, II). 

6. POLISH SUMl\IARY 

W sezonie wegetacyjnym 1972 r. przeprowadzono badania eksperymentalne nad wplywem nawozu 
organ1cznego - gnojowicy - na transpiracjy szesciu gatunkow helofit6w: Phragmites australis, Glyceria 
aquatica, Typha latifolia. T angustifolia, Acorus calamus i Schoenoplectus lacustris. Nawozenie przeprowa­
dzano co 10 dni, w okresie od czerwca do wrzesnia, prowadz~c pomiary intensywnosci transpiracji przed 

kaidym kolejnym nawoieniem. Stosowano 100, 5 0 i 25 % gnojowicy; kontroly sta~owily rosliny podlewane 
wodq \\'Odocic\_gowq niechlorowanq. 

W czasie wy konywania pomiar6w transpiracji rejestrowano temperatur~ i ,..vilgotnosc wzglydnq powietrza 
oraz pobierano material do okreslenia zawartosci wody i biomasy roslin. 
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W \vyniku przepro\vadzonych doswiadczeti stwierdzono, ie gnojovlica stosowana w roztworach o duzych 
st~zeniach powoduje silne zaburzenia w procesie transpiracji (rys. 2-7), w koncowym efekcie powoduj~c 
obumieranie roslin. Rozcienczony naw6z w przypadku niekt6rych helofit6w powodowal bardziej oszczydne 
gospodarowanie wodij przez rosliny, tzn. na wyprodukowanie suchej masy zuiywaly one mniej wody niz 
rosliny nie nawoione (rys. 8), przy czym stwierdzono niewielkie zmiany w zawartosci wody w lisciach roslin 
(tab. I, II). 
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