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SUSURY

The rescarch contained in this thesis was undertsken to establish
the most satisfactcry method to correct Mn deficiency 4n barley crops /rown
on the VWarooka calcarecus sands, (80 per cent c-co,). located on Scuthern
Yorke Peninsula.

3Seventy six psr cent of added divalent Mn incubated with these
soils vas {mmobilised within 167 hours by chemical and bdblological processes.
In this period 71 per cent of the total fixaticn wos acoomplished by chemical
process s,

In fi0ld experinents conducted over seven years, manganese sulphute
aprlications up to 16 kg Mn/he drilled with the barley seed did no! prevent
Fn deflciency ocourring in orops. However, the spnlications increased crop
prowth (tops end roots), delayed the appearance of plant symptome characteris-
tic of 'n deficiency, increased srzin yield by an average of 51 per cent and
improved grain quality. The optimum aprlication of Mn at seediny for
meximum grain yield was 6 kg Mn/ba (25 kg manganese sulphate/ha).

Increased vegetstive srowth snd srein yield (from 14 to 23 per cent)
and improved crain quality resulted where the fortilizer Mn was incorporated
vith the muperphosphate carrier, {compound fertiliser), compared with
fertiliz{nz with the eomventional mixed fertiliser.

T™he incorparation of elemental S in compound fertilizers increased
vesetative provth and :rain yield by up to 10 per cent, particularly where
S applications wore high (63 = 126 k7 S/ha) and wvhere ¥n snd P fertilimer
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microrganis:zs before they will oxidize divelent ¥n. For maximum
biolo-ical oxidation tr t-ke rl-ce, an ortimum OE/CCZ retio in the soil
is roguired.

(i1} Flant roots cnd microbisl colonies indirectly influeneins
the soil pH and redox notenticl, which affects the cherical solvbility of
801l Mn within the so0il volume surroundin~ them (Hodgzmon 1963 ).

Prevention of microbial oxi:ilctien in ste-ilized snil, and reduction
of microbiel sctivity in ailr dry soil are known to increase vater soluble
and exchanreable !n (Pujinoto and Shermsn 1945, Menn end “uastel 1345,
Timonin 1946, Boken 1952, “ende 1954, Jones 1357a). These increases
are caused by ln oxides beins partially reduced to divalent In, even under
aerobic conditions, which is not blologically re-oxidised due tc the
reiuced microbial activity in the soil,

Rivenbark (1961) suggested thut the chemical oxidation of Mn in
the soils he investi ated, was related ¢0 the oxidation state of the
soil iron, and to a lesser extent aluminiume Soil pH exerted its effect
by regulating the solubility and form of iron and aluminium which suistituted
for Mn in the higher oxides, thereby releasing divalent Mn, He also
proposed that the primary products of Mn oxidation are compounds having the
solubility characteristice of trivalent #n oxides. Boken (1955, 1956a and
b, 196Cb)also showed that the addition of ferrous sulphate with and without
pyrolusite (Mn',) increased plant yield, !Mn uptake and exchanzesble soil
Mn concentrations.

Schollenberger (1928) found that calcite crystals mixed with an
acid sand became covered with a deposit of manganese dioxide. Ghuman

and Whittig (1969) and Ghuman et al. (1968) postulated the formatiom of
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(41) A slow up*ake nhise in which *he equilibriu— ic not
reached even nfter three hours, “his phame is more likely to be associcted
with eites chemi-ally or spatially different fron those retainin:: the
"exchangeable” Mn.  However, the Mn taken up in this phase was not within
the cytoplasm, os the uptake was not influenced by plant metabolic rrocesses
(Pare vad Dainty 1964 ).

Munns et gl. (1963b) proposed the following model to explain
root upteke and transport of Mn to leaves,

substrate roots shoot
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The proposed schesme involved three ¥Yn fractions within the root, a
reploceable fraction ("exchangeable Kn”") smd two non-replaceable
fractions that were not exchangeable with the sudbetrate. The first
non=replaceable fraction was oonsidered "labile” (i.e. Mn could de
tranaferred from this fraction to the shoot). This Im fraction
accumulated more rapidly than the non-lsbile fraction and was concentrated
tovards the extenmitiss of young rcots. MFn translocation ¢ the shocte
vas a function of the nise ond rate of turnover of this fraction

in the roote The non=labile 'n pool was concentrsted in the older rocgions
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TABLL 1
Details of scme investi ations in which in follar sprays have

been used to correct "'n Jdeficienc: in c¢rops.

Fancanese |Margaress Solution
torone S-S e e
coONcC.

(kg/ha) () (1/pa)
Lewis® (1939) Poas 5e6=22.4 | 0.522,0 1122
Steckel (1946) Soyboans 11.2 0.8 1403
Micholas (195%) Date 2.8=14,0 | 0.1=0.5 2805
osaki (1955) Peas, beans 3ok 0.3 1122
Henkens (1958) Ceneral 12=15 1.5 1122
Greenall (1960) at 22.4 0.6 3590
KcLeod (1961) at Se6=22e4 | 3e3=1343 168
Rose and Dermott (1962) ereals, poas L 0.5 1122

Henkens and Jor-man (1965) ;:::1:. beet, 915 }.5=2.5 £00=1000
Blliot (1969) ts, tobacco 39 0.7=241 450

*m applied as manranous chloride.
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soon as the deficiency symptoms appeared. Crop yield end quality was
improved by further foliar sprays, as !'n deficiency symptoms reappeared in
newly formed leaves, following the initial spray application.

Additional yield response %o more than one foliar spray
have been reportod in other crops, (Steckel 1946, Nicholas 1951, Heard smd
Reuter 1965, Cox 1968)s van Alphen (1956) in his review concluded that
repeated dilute Mn sprays resulted in greater plant reasponses than did a
single nore concentrated spray. Several Mn foliar sprays epplied during
the flowering period of pea crops has resulted in negligible loss of pea
quality due to "mersh spot® (Lewis 1939, Rose and Dermott 1962, Henkens
and Jorgman 1965). In contrast, other workers have suggested that a
single Mn spray can counteract Mn deficiency in their situations (McLachlan
1941, 19433 Walsh and Cullinan 1945; Greenall 19503 Hammes and Berger
19603 Mcleod 1961), MHowever, in some of these studies the spray was
applied on only one occasion, and it is possible that plant yields may
have been increased by additional =prays.

The number of sprays required and their timing to effect
maximum correction of Mn deficiency in crops will depend on the amount of
new foliage that develops, the severity of the plant stress, the time the
plant stress appears in relation to plant harvest and finally on the
restoration of more favourable soil conditioms.

To summarise, manganese fdiar sprays have proved
a useful met:od for correcting Mn deficiency in crops. The Mn is rapidly
absorbed into the leaf and improvements in erop growth and colour can
often be observed within a few days. These improvements may only be

temporary, because of the low mobility of Mn within the plant. In some















II1, THE ENVIRONMENT OF THE REGICHN
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JIGURE 1

The location of field exporiments undertaken between .
1963=1969 on the Yarocka caloarecus sands situated on
Southern Yorke Peninsula, and the annual rzinfall
ischeyts for the region.
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Aboves

Below:

~ypical virgin scrud existin~ on the :rocks

calcareous scils before lund clearin-,

Gently unduluting topogra-hy followins land
clearing.
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Profils of the "arcoka calcareocus sodl (Tl 1.11)
















IV. EXPERINMENTAL METHODS










Expt. Barley . 5541 Ko, | Plot |Sowing | Bervest | Brley Basal fertilizer (kgz/ha)
No. | T°°F | yartety | B¥Pte desien| . k-pu Area | dato date |Seeding
(ha) rate N P Cu
(kc/ba)
13 BeLo3eP: ' " '0ceto11]5 (0,005 | Jun. 11 | Nov. 27
‘4 Factorial Ce2e11 4 009 [ Jun, 10, Hov, 26
1969 | Clipper T 37 28 2
's ReBeDe 00201‘ 2 '“8 June 6 -
16 R.B.D. Ce2e111 4 0,009 | Jun, 11 | Nov. 25
* ReBoD. = randomised block design
** B.1.B. = balanced incomplete block desim
+** B.L.S. = balanced lattice square desipgn
44

B.L.S.P.= balancod lattice mplit plot design

L4 4























































V. RESULTS AND DISCUSSION



A. APPLICATION OF MANGANESE SULPHATE AT SEBEDING









Stage )

1 One shoot (number of leaves can be added) = brairding

2 Beginning of tillering

Tillers formed. leaves often twisted spirally. In some varieties of

winter wheats, plants may be“creeping' or prostrate Tillering
Beginning of the erection of the pseudo-stem, leaf sheaths beginning

to lengthen
5 Pseudo-stem (formed by sheath of leaves) strongly erected
6 - First node of stem visible at base of shoot
7 Second node of stem formed, next-to-last leat just visible
8 Last leaf visible, but still rolled up, ear beginning to swell Stem
S Ligule of last leaf just visible Extension
10 Sheath of last leaf completely grown out, ear swollen but not
yet visible
10.1First ears just visible (awns just showing in barley,ear escaping
through split of sheath in wheat or oats)

10.2 Quarter of heading process completed

10.3 Half of heading process completed

10.4 Three -quarters of heading process completed

10.5 All ears out of sheath

10.5.1  Beginning of flowering (wheat) :

: Flowering
10.5.2 Flowering complete to top of ear ) { Wheat)
10.5.3 Flowering over at base of ear

105.4 Flowering over, kernel watery ripe
1.1 Milky ripe

11.2 Mealy ripe, contents of kernel soft but dry
1. 3 Kernel hard (difficult to divide by ‘thumb-nail)
1. 4 Ripe for cutting. Straw dead

Heading

Ripening



GROWTH STAGES

STEM EXTENSION ———— HEADING —RIPENINGA

IN CEREALS STAGE| STAGE
STAGE 10°5| 1
10.1 towering

STAGE| (see  (Wheat

- 10 | notes)
STAGE . boot 6

9 n

¢ TILLERING » g last leaf
last leaf Just
STAGE  Jjust visible
7 visible
ST:GEseccand '
STAGE | first vinPSS
STAGE l5f Dode * [ \e
STAGE ¢ eal- | visible

stace STME 3 tear. HEnoh

T . % tillers Sheaths erecte

one tlllcrlﬂg formed lengthen

shoot beg!

N—-—‘;&yy ‘

FIGURE 2.











































































B, APPLICATION OF COMPCURD FERTILIZERS
CONTAINING MANGANESE

























































Ce APPLICATION OF ELEMERTAL SULPHOR TO CORRECT
MANGARESE DEFICIENCY
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The resulis presented in Table 31 (Pield "xperiment 11, 1968)
indicate that plent growth and crain yield were significantly increased by
aprlicntions of P, "n end S, to the soil at secding.

The responses to 3§ and to some extent Mn, were greater, vhere only
19 kg P/ha wes applieds The vegetstive growth response to Mn was not
affected by ¢ applicatiom, but grain yield responses to "n wvere evident only
vhere no & or lov S rates had been applied.

Uptake of "n, S and P in the plant tops was increased by the larger
aprlication of P (30 kg P/ha). & applications increased Mn upteke, but hed
- wariable effect on P uptake; the incressed I'm upteke due to S was smalley
at the high rete of P applications Incressing the quantity of fertiliser
"n applied, increased ¥n uptske, particularly =t the low P application,

In e-ome instances, cr pe which received the high ¥n application accumlated
similar amounts of Mn in their tops to crops fertilised with S and the low
eprlication rate of n. & uptake was not affected by & application,

Barley quelity was not influenced by treatment; all samples were

graded 3.

(a) g influ 3
The rate of S oxidation in the Varooks scil, is eomparsble to

the rates reported for other scils, (Table 32), although os shown by some
of these suthors the amount of 5 oxidised depends on the incubation
conditions, (temperature, soil weter content),S particle size, smount of
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TABLE 1

The interaction of P, Hn and 5 on barley grain yield, dry weight and nutrient accumulation

(Field Experiment 11, 1968)

Fertiliger 100 day harvest 156 Day harvest
Grain
P Mn 5 Yield | Dry weight |P uptake { Mn uptake | 5 uptake | Dry weight } P uptake §{ Mn uptake |S uptake
rate rate rate (kg/ha) (g/ha) (g/hm) (g/ha) {kg/ha} {g/ha) (g/ha) (g/ha)
(kg/ha) (kg/hal (kg/ha)f (kg/ha) %10 X1©

0 1591 886 2260 126,6 2710 3130 3250 200,3 4030
1 6 24 1652 836 2250 137.5 2540 3850 4170 245,3 5210
? 63 1667 872 2210 150, 3 2670 3800 5170 258.1 5040
126 1746 990 2630 160,.5 2920 3730 3950 277.8 y720
0 1633 912 2520 187. 4 2650 3580 3740 210.7 4600
1 16 2k 1697 1049 2650 19740 3040 Lo6o k600 310,9 L4830
? 63 1739 1099 2780 210.8 3030 3700 5210 284.4 4930
126 1732 1117 2800 2114 3140 3730 3890 280.9 4860
0 1817 1208 3170 206,8 3550 3950 4290 267.0 5150
39 6 2 1820 1260 3400 203,.8 3490 140 5030 274.7 5290
63 1848 1231 3270 208.2 3300 3960 5850 295.7 5060
0 1866 1306 3290 231.2 3430 4260 5370 320.1 5490
39 16 24 1899 1271 3270 231,2 3420 3970 4820 3074 880
63 1881 1370 3630 243.8 3730 Loho 6310 334,14 5030
126 1879 1259 3370 253,6 3360 4190 5010 345,0 5150
L.S.De P = 0,05 50 182 510 37.7 540 550 1560 64,2 779

* (P39. Mn., 8 ) sown at incorrect application rate

126



TARIE 32

Rate of oxmidaticon of Flemerntal : in soils

3 S particls |Incubation |Pereont 5 5
Refarence allded aize ~y.0d oxidetion oxidined
{mg/100g s011) (zn) veeks (/100 8r41)
Joffe and Melean (1922) 100 not r~iver 4.5 30-63 30-63
(8 sodle) l
Budelfrs (1922) 5~ 175 Yot given 12 31=100 3=119
(3 soilm)
Noser mnd Olsen (1953) 200 < 0.15 3 2065 AD-13%
(4 solla)
Pengter (1965) 100 0.84=2,00 20
(1 =m0t1) OuB4u0,42 AD a7 47
Ouk2-0.18 80 :
CuOfB=04125 8 100 100
Li and Coldwell (§956) 50 O 750 16 26 26 13
{1 ootl)
Blomfield (1967) 100 < 0,50 20 24 24
(3 sall)
Swahy smd Yitoline (1968)
(275 soils) aent 1000 Fot ~iven 10 1362 1361
Noderate 413 4=11%
Low 0.5- 4 0.5- 4
Fone O0ad O=D45
This study 200 ostly >0.25 12 56 1"
52 2047 57

*Classifted by suthors, as n-1ils in wvhich elemental < is oxidised to a hish, rcderste ov low de;Tea.

1%



114

S added, cs well as soil propertiess “here optimun conditions were
present, all of the aprlied 5 was oxidiced in rome soils within a few
veeks,

According to the classification scheme of Swaby and Vitolins
(1968), the varooka soil has a moderste cspaeity to oxidise . These
authors susgested that the slow rate of S oxidation measured in many
Australisn alkeline soile (pH > 7.5) vas caused in part by the low pll
requirements for coptimum Thicbacillus Frwth. They further showed that
the primary © oxidisers in many of these soils consisted of a wide range
of heterotrophic orgenisms which produced little sulrluric scid during
oxidations The chemistry of © oxidation by these microorganioms is
unknown. (Swaby (priv. comm.))s Secondary oxidisers cre the sutotrevhs,
Ihiobseillus thioperus =nd To thicoxidans but their presence in the
Yarocka soil was not confirmed due to tho calearcous nature of the soil.

The pH of the Varcoka soils is too high for optimum sutotrophic
S oxidising mieroergenisme growth (as indicated by the leck of response
in S oxidation rate to soil inoceulation with Thiobeeillus), vhich would
linit the rate of elemental 5 oxidation, It may olso be restricted by
a8 low population of primary oxidisers in these soils,

The rate of S oxidation is also determined by S particle eize,
Fox gt al. (1964) and Attoe end Olsen (1966) have shown that © oxidation
in noile is very slow where particle sizes are greater than O,3mm,
About 96 per cent of the elemental S particles (8), and 94 per cent of
the compeund fertiliser gramules, (P, Mn, S) used in Incubstion Experiment
1 had diameters greater than 0,25mm, The rate of oxidation of the S
would therefore be limited by the curface area of the ° exposed in both
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types of fertilizers for microbial oxidation, This would exrlain the lack
of crop response to varintions in S perticle size in § fortified compound
fertilizers (Pleld "xperiment 12) end the greater crop respomse to hich
elemental © appli-ations (Pield Experiments £, 9 and 10)., Attoe and
Olsen (1966) and Indwick et ale. (1968) have also reported that the rate

of clemontal S oxidation in & fortified fertilisers is inversely related

to fertiliszer granule diameter.

Other factors are important in describing the rate of 5 oxidation
nnd ite effect on nutrient eavailability in the varooka seoils In Field
ixperiment 9 (1968) it wes shown that the plant response to S vas obtained
only wvhen the © was incorporated with the superphosphate carrier, ond the
rosults from Incubation Experiment 1 showed that the rate of oxidation of
the ¢ applied in fertilizers containing superphosrhate was increaceds This
i in spite of the smeller surface area of 5 oxposed in these fertilizer
spermles for microbisl oxidation compared with S applied separately but
not blended with & earrier, Broomfield (1967) also showed that the
oxidation of S, particularly in e calcarecus scil was promoted by the
addition of phosphate earriers.

The increased rate of o oxidation in 5 fortified superphosphate
is likely to be associsted with the localised acidity surrounding the
fortilizer sranule, which would favour the oxider's pli requirements for
optimm growth (Starkey 1966, Sweby and Vitolims 1968)s  The setivity
of the oxidisers may sleo be stimulated by the ready oupply of nutrients
contained in the superphosphate (eege Py Zn, Ca) which ave required for
microbial growth (Burns 1967)s However, this is only likely to be
important in very deficient soils.
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The incorporation of Mn had 1it:le effect on the rate of S
oxidation, which confirms previocus studies by Indwick et al. (1968).

(v)

Applying elemental = am a component of compound fertilisers, ensures
thet the ep-lied fertilizer nutrients sre in intimate contact with the esites
of 3 oxidation, The products of ° oxidation are able to influence the
aveilability of both the native ooil and fertilizer mutrients, thereby
affecting an overall improvement in plant mutrition,

3 applications had no ef’ect on the comceniration of extractable
divalent Mn (Table 21), but when added slene, did slightly increase the
concentrotion of easily reducidle coil 'n (Table 22)s The small effect
of S oxidation on soil M availability, ss essessed by empirical chemical
methods contrasts with the large increases in exchangesble scoil 'm measured
in other soils following 5 applicationms, (Tisdale snd Bertremson 1949, Vavra
and Prederick 1952), The effect is probably related to the ino*ability
of the released divalent Mn in the Varodka scilj scil Mn reduced following
S exidation may be rapidly reoxidised by the eoil, however no information
is available on the rete at which "n 1e reoxidiseds. It is also likely
that the quantity and the forme of soil Mn evailable for reduction in
the varocka seils ere too emell or unsuitsble (see footnote )s  Similar
conclupione wore resched by Vavra and Proderick (1952), to explain small

“Footnoter
Ascording to Tisdale and Bertrameon (1949) the reaction involves
the release of six electrons for each 5 atom oxidised, snd the use of two
electrone for each Mn atom reduced. i.es for cach 5 atom oxidiged,
theoretically throe Ma atome can be reduced. Since 600 ppm S were
oxidised after 52 weeks incubetion in the © fertilized soil, theoretically
3100 ppm Mn could de released. However, in Table 22 it is scen that the
varocka soil contained only 20 ppm in an easily reducible form, vhich may
preclude the realisation of the full effect of the S oxidation on Fn
aﬂilability.
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increases in exchangeadble =s0il M, fellowins © oxidation in enother 'm
deficient nmoil,

The extent of the ercp ¥n response to 3 applications on these
soile is likely to be determined by the proximity of the potentially
reducible 'n to the oxidising 5o The plant roots must then rapidly
absorb the released I, before it is reoxidised by the soil,

The results from Incubation Experiment 1 (“able 23) indicated
that greater smounte of Rnﬂcos-lolnbh P were extrocted from soil
fertilized with the (P, 5) fertilizer compaved with the (P, Mn, 5)
fertilizer, The effect of = oxidation inm prolonging the availaebility
of the fertilizer P however was not evalusted in this study. The results
from Field Experiment 9 (Table 30) indicated that crop P uptake vwas
increased by S fortification, particularly where no fertiliser Mn was
eprlied (esge Py S)s Evidence in Table 31 also showed that the crop
response to S occurred only at the low superphosvhete rate of application,
Collectively, the evidence sugrests that the crop response to & is also
in part linked to enhanced P supply to the plant roots, On other soils,
elemental & applications have also boem shown to inercase the availability
of =oil and fertilizer © to plante (Ashby et al. 1966, Hassan and Olzen
1966, end Kacar and Akgul 1967). Ite effect has beon msscciated with
the fall in soil pH, following the oxidation of the S, Tisdale snd
fucker (1969) have aleo sugrested that the sulphate ion itself nay increase
P upteke by plants,

fnother explanation for the S reepomse seeme plausidle, but was
not evaluated in this studys The application of S increeses the quantity
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of fertilimer sown, Ascuming constant rreommle dismeter, the number of
fertilizer gromules sown per unit length of planting distance will
increase, thereby increasing the probability of plant rocts encountering
nmutrient suppliess Tor example, incressing the quentity of fertiliser
sown by 126 kg/ha, incresses the number of gramulee delivered by 52 per
cent compered with the normal application of 236 ke/ha (P, =Cu =i ).
Similarly, by doublins the superphosphate eprlicaticn, the mumber of
granules delivered approximately doublea (e.se P39-m1.m6)’ vhich mey
explain the lack of S response at the high application rate of F in
Field “xperiment 11, 1In this regard, it is interesting to note that
Halsteedgt al. (1968) have suzrested that root intercoption of soil ¥n
may be an important mechaniem in the supply of "n to plants in Mn
deficient soils,

In conclusion, it has been shown that barley crops gzrown on the
Warocka soils respond to elemental o applied in compound fertilizers.
Thie is not e direct plant response to 5, mnd was only evident when P
and Mn supply to plants was sud optimale Applications of S do not
substitute for the use of P end Mn in fertilizers applied at se-ding to
these soiles The crop response to 5 is smeller than those recorded in
other studies in which 5 applications have been used to correct i
deficiency (Tisdale and Bertramscn 1949, Carey and Barber 1952, Ludwick
ot al. 1968)s On the varooks soils it would be more realistic to use
higher aprlication rates of P end/or 'm fertiliser than epplyins 3
fortified compound fertilizers,



Ds APPLICATION OF MANGANESE IN FOLIAR

SPRAYS
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De

Mn deficiency in barley crops sr-wn on the s cils of the Varocka
area was only temporarily corrccted by applying !n fertiliser t: the soil
at seeding, For a more complete correction of the deficiency, Mn foliar
epraye were necessary in addition to the soil applicstion (Table 10).

In most oxperiments, the grain yield responmse per unit of Mn
applied was grester from foliar spreye than from soil applied 'n (Table
33)s This is eseocisted with the high ¥n fixation capacity of the
Varooka soil,.

The success of foliar sprays in correcting 'n defieiency in
crops, appesrs to depend on three factors; the severity of the plant
¥n deficiency, cdequate leaf srea to intercept the spray, and suitable
envirommental conditions to facilitate mbsorptiom of suffieient in
through the leaf cuticle to effect a crop response.

e

During the period of rapid ceresl srowth, (late tillering to
ear emergence), the r-te and smount of top growth was greatly reduced
in m deficient crops (Table © snd Figure 3). The Warooka soils are
unable to supply the emount of In regquired by the crop during this
poriods At this time it is possible that the crop requirement for =
is greatest due to the incroased rate of dry matter production, If
the scil cannot supply the erop requirement, Mn foliar spray applicatioms
at this time should result in rapid rlant growth improvements.

(a) Ziming of the initisl sprav.
The results in Teble 34 (Pield Experiment 3, 1964 ), indicete



TABLE 33
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Grain yield response p-r unit of 'n applied either as foliar sprays or as
n fertilizer at seeding.

oxpt Troatment’’ Total rain yield response
Year ¥o. > =S {n applied Fo Fn pe;l :fdﬂn
an
Soil application foliar srrays (k{}‘/h‘) (1 /¥ )
0 - 0 -
¢} 1 143 322
1 0 2 2486 314
P+ 0Mn - 5436 a7
Pse+ein 1 5.79 137
1963 P+ HMn 2 8.21 123
0 - 0 -
0 1 1443 263
2 0 2 2,86 202
P+Mn - 536 95
P+Mn 1 6eT9 1"
P+Mn 2 B8.21 97
0 2 2,86 52
+ P +Mn - 4.0 ”
1964 | 4 P+ Mn 1 5e43 155
P+Mn X 6486 208
0 - 0 -
{1967 | 8 P+Mn - 4.0 219
P+Mn 2 6486 156
ol

(¢] - 0 -
0 2 J459 12
1968 [ 10 P+ Mn - 16,0 947
P+ Hn 2 19.59 Ge2
0 - o -
0 1 136 95
0 2 272 299
1969 | 13 0 3 3«98 236
P. Hn - 5012 262
Py Fn 2 8.44 216
P n 3 gow 2%
0 - 0 -
16 (py ) - 5eT2 343
(Py M) 2 8.44 276

+
++

Expressed ag grain yield per kg Mn applied.
For detaile, see text.




The effect of soil and folinr applied Hn on dry matter yield and grain yield of barley (Fileld Experiment 3, 1964)

TABLE 34

PLANT bRY ¢5IGHT (kg/ha)
Mn ngplied . " 28 days’ 42 days 54 days 68 days 81 days 112 days Grain
a pray mo Yield
seeding (daya from seeding) . (ke/ha)
(kg Hn/ha) 23 leaves 2 3 4 bos Poor §8-9
_|per plant Others 10-10,2
68, 98 20 by 74 111 193 712 594
0
42, 68, 98 93 176 297 1086 886
68, 98 23 52 85 142 260 908 930
2
b2, 68, 98 112 181 353 1336 1009
No spray 23 56 109 187 293 665 207
4 42 109 182 299 896 Lis
Sk, 98 178 282 995 964
68 301 957 516
b2, €8, 98 96 197 315 1217 970
L.S.D, P = 0.0% b 10 19 28 k9 219 163
Crop symptoms None control g Hn/ha bxg Mn/ha
ghloretic [Kunsprayed) [unsprayed)
slightly slightly
chlorotic chlorotic

+ Harvests, in days after seeding

** Feokes' scale of cereal erop growth stages
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that within 42 daye of seeding although nlamt dry weight was not
sipnificantly affected by 'm ap licetions at seeding, the crop which
roceived no Mn was showing symptoma characteristic of Mn deficiency.
Foliar sprays applied at this etece, resulted in eigificant plent dry
veight inc-eeses, 12 and 26 days later in the crops that received O and
2 kg ¥n/ha at soedings During this peried the la!ter erop (without
spray) showed symptoms of Mn deficiency.

The ercp fertilized with 4 ks Fn/ha at seeding did not respond
in dry weight to the 42 day spray until 112 deys after seeding, end did not
show Mn deficiency symptome until 81 days efter seedings This indicates
that Mn sprays aprlied to erope not showing 'n deficiency sysptome are not
necessarily wasteful if the erop is likely te suffer Mn strese at & later
stage,

The deta also indicate that 'n sprays applied immediately follow-
ing the first appearance of Mn deficiency symptoms, resiore crop grovth
to approximately that measured in non-deficient crops. Flants that suffer
deficiency for protracted periods, and are them spreyed, never complotely
recover their full gzrowth potential. Similar evidence from FPleld Experiment

4 (1965) is given in Appondix 5.
(v) Humber of foliar sprays

The resulte in Table 35, from several field experimenis chow that
grein yiclds were increased by increasing the number of !'n eprays applied to

the erop, This was most obvious where only small quantities of mencanese

sulphate were drilled with the seed.
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The ef'fect of the mumber of Mn foliar sprays, and the guantity
of Mn epplied at seeding on darley grain yield.

: :
¥n applied

Berley grain yield (kg/ha)

e g‘f:’;; 1963 1964 1965
m i Expte 1 | Expts 2 | Bxpte 3 | Expt. 4 | Expt. 5
0 " 392
. ! " 768
2 1614 970 376
3 896
2 628
’ 3 1009
0 207
i 443 %1
¢ 2 528 1041
3 970 1140
(4] 1163 902 1003
6 1 1648 1143 1248
] 2 1726 1188 1363 1573
LeSaD, P = 0,05 327 256 163 168 168

s

+ A1) fertilizers applied as mixed fertilisers.
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7able 30 shows the effect cn grain yicld of increasing the number
of in sprays, applied to crops which received different types of Mn fertilizer

at secding (Pield wxperiment 13, 1952),

2ABIE 36
The effect of number of 'm foliar sprays on barley grain yield

(Pield rxperiment 13, 1969)

Grain Yield (ko/he)
Fertilizer at seeding © Number of Mn oprays
0 1 2 3
(P, Cu) 1351 1480 2164 2292
(Py Cu) + Mn 2309 2898 3116 2937
(P, Cu, Mn) 2847 3144 5178 3374

L.8.D, P= 0,053 359 ke/ha
Pirst spray epplied: 57 days after seeding; Fecke scele = 3
Second spray applied: 84 deys after seeding; Peeke scale =5 to 6
Third spray aprlieds 112 days after seeding; Pecke scale = 10 to 10.4

Vhere no Mn wae applied at secding, one epray, 57 days after seed-
ing, improved crop colour, but did not significantly incrosse grain yield.
The erop had been scutely deficient for at loast twe weeks before the eprey
wae applieds A second spray, applied 27 daye later, produced a large
inerease in grain yield (P < 0,001), dut the yield was inferior to that of
the crops which received !n at seeding and two foliar sprays. A third spray,
28 days after the second epray, did nct incrcase grain yield further,
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The application of 2 single spray, during plent tillerings to crope
that received the mixed fertilizer at se-ding, resulted in a liorge grain
yield incroase (25,5 per cent), although the crop was not showing in
deficioncy symptoms at the time of sprayinges The yield reesponse to such
a epray, 2pplied to the crop fertilized with the compound fertiliszer at
seeding, was not significant, However, three sprays aprlied to this
cerop did produce a yield increase.

The yield response to the foliar applied 'n may have been limited
by the dry seasonal conditions experienced, particularly after the third
spray had boen applied. However, it ies important to note that the responses
to foliar epreys in this experiment were obtained when the applications were
made before or during the period of rapid crop growth, when all treatments
wvere vieibly deficient in Mn, Crain quality wees alsc improved by increasing
the number of sprays applied to the crop which received no 'm fertilizer at
seeding (Appendix 7).

Pigure 9 illuptrates the amount of foliage Mn in unwashed plant
semples collec‘ed in successive harvests following the application of Mn
eprays. (Pield Experiment 3, 1964)s Large increases in the quantity of
"n, either on or in the leavee were observed two weeks after the spreys
had been applicd. Thie increase persisted for at least another two wesks,
although the percentage increase had beon reduced. Similsr increases
(reble 37) in plant 'n content were observed in Field Experiment 8 (1967),
in plants harvested 14 and 32 days after a menganese sulphate spray had
been applied.

The above evidence sugcests that under field conditions following

¢ Mn epray, the Mn in or on the leaf surface persists for at least four
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LIGURE 9
The effect of Mn foliar sprays applied at three stages
during crop development on the smount of Mn within or
on the foliage per unit ground area,

FPicures within histograms are the mean plant Mn concen=-
trations (ppm).
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Plant concentration and the abeslute amount of Mn detected in

unwashed plant tops harvested after a Mn Foliar spray had been
applied 78 daye after seeding (Field ixperiment 8, 1967).

78 days 92 days 110 days
Kaaspled baforol
'n ¥n n Mn o) ¥n
conc, | uptake |conec. Juptake { come, | uptake
(ppm) | (e/ha) |(ppn) |(g/ba) | (ppm) | (g/ha)
No spray’ 16.8 14,7 |12.9 17.3 Be2 18.4
Spray 1545 13.6 | 54,53 3.3 | 18,0 | 37.5
Ltsonl’ Pm 0005 5., 3., 1506 26.0 9-8 31.7

* 12 kg Mn/ha applied st seeding as & mixzed fertiliser
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woeks., The Mn content per unit sround area decresses with time following
the foliar spray, which must represest the remo el of spray residues from
the foliage by subseguent rains or dew.

The evidence presented in Tables 35 and 36 indicate that on these
soils, where the supply of Mn is =0 low, one 'm spray has only a temporary
effect in correcting im deficieney. This has been attributed to the poor
mobility ef foliar applied 'n within the plant (Bukovse and Vittwer 1957,
Single 1958, Vose 1953, Henkens and Jorgman 1965), Repeated Mn foliar
spraye have been suggested to achieve meximal correction of Mn deficioncy
in crope grown on other seile (ven ilphen 1956, Fenkens end Jorgmen 1965).
The evidence from this study on the Warooka scils supporte these previocusly
published conclusions,

On the Varooka scils where no fertiliser 'n is applied at seeding,
Mn deficiency symptome ccour within 40 daye of sowing. At this otage in
erop development, (2 to 3 leavee/plant), crop leaf area per unit ground
aroa vill be low, and foliar sprey interception by the evop must be
correspondingly poor, compered with sprays applied later in erop rrowth,
However, the crops do respond to !m sprays applied during this reriod
(Table 34). Pigure 9 aleo shows that the later Mn spraye are spplied
in plant development, the groater ic the emount of Mn present within
or on the foliage per unit ground area, This can be associated with an
increase in leaf area index with time and hence there is sroater intercep~
tion of the spray by the crop.

Berley sown at normal seeding rates (62 kg/ha), approaches
maximum leaf ares from stem extemsion onwards (Puckridge and Donald 1967), and
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improved intereception of the siray by the erop could therefore be expected
during this period, Crope which received betwoen 6 to 16 ke "n/ha st
secding hed characteristic Mn deficiency symptome at or near stem extension.
Thig also coineides with the period of maximum upteke of Mnly the plant
(Pigure 4)s It is therefore logical in this situation to apply sufficient
fertilizer Im at seeding (vis. 6 kg 'n/ha) to ensble the crop to reach stem
extension without suffering Mn deficicney, at which time folisr sprays cen
be applied to coineide with maximum crop demand for Mn and near maximal
spray interception,
mmafmurfm:mmtdnmunthaMsmy
is also influenced by the spray velume used, Other studies (Table 1)
have used higher eolution volumes than those employed in this imvestigntion,
The resulte of Pleld Experiment 14 (1959), shown in Table 38, indicate that
although "n application rate and spray volumes varied together, the grain
yield response to Mn sprays in thie experiment was not influenced by spray
volumes verying from 56 to 225 1/ha, or by Mn concentration, or by application
rates The two epraye in this experiment were not applied early in crop
srowth, at the time where respomses to srray volume ( or leaf interception
of the spray) might be expected.

Durkee (1967) suggested that to maximise the response to foliar
mtriticnal sprays, they should be applied under high humidity conditions,
and to erope not suffering vater stress (stomatal closure), Early morning
sprayings fulfil such conditions. PFurther Mederski end Noff (1958)
reported that the rate of in absorption by soybean lesves from !'m foliar
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The influence of ¥n spray rate, solution concentration end

spray volume on barley grain yield (Pield Experiment 14,

130

1969).
n sprgy treatment
n conc, Mn & od Spray Volume Grain Yield

") I (1/ha) (is/ha

o spray applied - 2965

e

1.8 112 3559

146 13 84 5610

0.9 56 3632

1.8 152 3626

1e2 1e3 112 3509

0.9 76 3570

1.8 225 3677

0.8 13 169 3604

0.9 112 5098

LeSeDyy P = 0.05 101

Sprays applied at Fockes®' scale 3 and 5 to 6
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spraye was very rapid during the first two houre following application.
Moderstely hizh temperatures (21°C), =ni environmental conditions that
prevent drying of the spray deposit, (i.e. hish relstive huridity) favours
a high rsote of Mn absorption into the leaves.

Crop responses t¢ Toliar cprays were ob'sined to early morning
sprays in Pxperiments conducted in 1963, 1964, 1965 =nd 1909, as shown
in Table 33. Appendix 4 lists the envirommentel conditions during and
after the application at some of these sites, =nd it can be scen that
conditions were satisfactory for im foliar asbsorpiiomn.

However, in field Experiment 8 (1967), foliar eprays were usually
ar-lied in the late morning -~ carly afternoon to dry leof surfaces, and
crop responses to the sprays wore not oblained. In Field Experiment 4
(1965), ¥n spreys aprlied later than 99 daye sfter secding aleo did not
respond (Appendix 5)s Perhape this lack of response can lergely be
attributed to the low rainfall und high air temperatures recorded during
this period of srowth {Teble %9).

TABLE 39
Rainfall snd air ftemperatures recorded =t Varcoka township during

the period when Mn sprays were applied in 1965,

0,
Days from na%nfs.ll AMr temperature (' C)
seeding - Mean Fean
Maximum Minirum Extremes
5670 33 16 8 w21
T1=86 20 18 3 623
87=99 7 22 9 6=23
100113 6 24 1 534"
114=127 1 23 " s=28""
128-harvest 15 24 12 433t
o) 34°% recorded 9 days after the 99 day spray
sae 28,C recorded 1 doy after the 113 day spray
337C recorded 4 and 6 days after the 127 day spray.
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Other foctors in the field can also limit the orop response io
foliar sprays. For example it is likely that the drought conditions
experienced in 1967 (Pield fxperiment 8) limited most treatment respomses;
only 14mm of rain fell beiween the time the majority of the spraye were
applied and grain harvest, and during this peried, the erop developed
from stem extersion to maturity, Alsc in Field =xperiment 10, (1958),
slthough sprays were epplied under near ideal conditions, it is probable
that the crop response was limited by nitrogen deficiency caused by avove
avesrege rainfall (April-October rainfall was 53 per cent grester than
aversre), This wes in spite of & bdasal dressing of 42 kz V/ha.

These observations are necegsarily cireumstantial, bdut csre
ineluded since they vartly explain the variation ia crop response to im
foliar applications, observed in this study. They serve itc indicate that
seapenel environmentel conditions and conditions during and after the
foliar applications are important, end are likely to determine the crop
response to foliar sprayse Purther experiments need to be undertaken
to evaluate optimal conditions for rapid Man uptake into foliage and to
determine the factors which limit this process in the ield.

4o QINER CONSIDERATIONS
The need to respray crope with Mn, because of the reappearance
of deficiency symptoms must de evaluated in terms of the Mn requirement
of the crop. (Figures 3 and 4), environmental conditions as they
influence Mn availability and crop grovth, and proximity teo harveet., This
last consideration requires qu-lification., Sprays aprlied late in crop
development by ground operated spray equipment can caunce irrepairable
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demege to the crop (ilolmee and Lang 1963), In this study, such damege
vas observed, but not evaluoted,

In most field experiments, Mn sprays applied late in crop
development, usvally did not significantly affect crain weight (ippendix
7), which was probsbly related to the low rainfall received in the grain
ripening peried. In mere fovourable seasons, grain yield and quality
may be improved by late Ma spray spplications, vhich may offset losses

in grain yield from trasector wheel damage,



VI. GENERAL CONCLUSIONS



V. QENEIAL CONCLUSIONS

Divalent lin concentrations in the wWarocka calcarecus surface seoil
are low (0ed~0s6 ppm)e  Both chemical and biclogical fization of aprlied
manganous sulphote occurs on these s-ils., The fate of the immodbilised Mn
vas not investigsted, but at least some exists in higher valency forms
since the added Mn cen be partially recovered by a mild reducing agent.

The rate of fixation, (341 ppm Fn or 77 per cent of the added n was
immobilised after 167 hours) is similar to the rates measured in other soils
(Mann and Quastel 1946, Uren 1969), but the rate of chemical fixetion on the
Varocks soils in the initial period of seilefertilizer Mn reaction, (247 ppm
Hn, or 55 per cent in 167 hours), is mere rapid tham occurs in other soils
investigated, some of which were calcarecus. (Mann end Quastel 1946, Malder
and Gerretsen 1952, Rivenbark 1961, Uren 1969).

Soil sterilisation delays the fixation of applied divalent Mn and
increases the concentration of mative soil ¥m, but the rete of incresse is
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too small (1.40 ppm Mn in 167 hours) for svil sterilisation to be a practical

method for correcting Mn deficiemey in crops grown on these soils.

mmuumdmmuﬁmmumutsxgm
as manganous sulphate in field experimente delayed the initisl sppearance
of i deficiency eymptoms, incroased vegetative growth, root growth, end
grein yield and improved grain quality, However, the aprlications alone
d1d not prevent Mn deficiency ocourring in crops grown on these soils.
Ms‘ﬁm&&rmﬂahﬁahonhmﬂnﬁuﬂapplkd!nmly
results in a temporary correction of in deficiency (Melachlan 1941, Vain
et al. 1943, Barbier ¢t al. 1950, Henkens snd sSmilde 1967).
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Barley grain yields wore increased by 14 to 23 per cent and rain
quality improved by sowing compound fertilisers in which the IMn was incorporated
with the superphosphate carrier compered with the application of comventional
mixed fertilisers. These improvements were attributed to the formation of
fertiliser reaction products during the manufacture of the compound fertilizer
end a delay in the fixation of the apnlied mutrients following their movement
from the fertilizer into en seidified zome surrcunding the granule, cansed by
acidity of the superphosphate, Other studies have also demonstrated that
the application of phosphate carriers increases the availability of ecil end
fertilizer n to plants (Steckel et al. 1943, Lindsay =nd Stephenscn 1959a,b,e,
Bingham and Garber 1960, Pingham 1963, Page et al. 1963, Larsen 1964, Finke
1966, Hossner and Richards 1968), In eddition, the Mn contained in the
compound fertilizer is "protected" from soil fixation processes in the initial
period of dissclution, by its incorporation in fertiliszer gramules of larger
surface area than the Mn contained in the mixed fertiliser,

Elemental 5 fortification of compound fertilizers resulted in small
grain yield increases of up to 10 per cents The crop responses we e only
evident where high spplications of 5 were applied (63«126 kg S/ha) and vhere
!mmdl’npnuentﬁimnm suboptimel for maximum crop yleld. The responses
to © were attributed partly to increased Mn and P availability to plant roots.
The magnitude of the crop responsre to S was smaller than those recorded
in other studies, (7isdale and Dertremmon 1949, Garey snd Barber 1952,
Ludwick gt al. 1968), and would not justify the use of S fortified compound
fertilisers for correcting mutritional disorders on the Varooke scils.

¥n foliar sprays applied to crops grown on these soils, increased
vegetative growth and grain yield and improved grain quality, The spray



136

response was particularly evident vhere the spraye weve applied near to when
Pn deficiency symptoms appeared, vwhich supports the evidence reported by
Henksns end Jorgman (1965)e The srain yield response per kg Ma applied
wvas greater from foliar sprays than from ¥Mn applied to the soil, which
agrees with previously published investigations on other scils (Lewis
1939, Mulder and Cerretsen 1952, Micholas 1951, Nicholss and Fisher 1952,
vittwer et al. 1963, Smilde 1967). The correction of crop Mn deficiency
by a single foliar spray however is only temporary, as symptoms of Fn
defic leney reappear in the crop with subsequent growth, This has been
attridbuted to the poor mobility of foliar aprlied "™n (Bukovac -nd Vitiwer
1957, “ingle 1958, Vose 1963, Henkens and Jorgman 1965),

The practicel conclusions to be drewn from this study, is that
at the present time the best method for correcting Mn deficiency in barley
crops grown on the Yarocks soile is to apply 6 kg Mn/ha as a compound
fertilizer at seedings This application enebles the crop to reach the late
tillering phase before Mn deficiency occurs, At this stege in crop
d-velopment, Mn foliar sprays (0.9 ks /112 1/ha) cen be more efficiently
applied to crops, than at earlier stages of growth, becmuse the crop require-
ment for Mn is high due to greater plant dry matter yroduction and loaf
ares is maximal, for interception of the spray by the crop foliage.
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APPENDIX 1.

Climatic data from Varocka township compiled from Burean of Meteorolosy records.

Months
Climatic Varioble ERNEEETENETE 5% i e T
Hean
Fumber rainy
(1861=1964 ) 3 4 | 4 9 {13 {14 |17 |16 {13 |10 | T | 5
Meen Max. air temp,(°C) |
(Cales 30 yr. average) 28 |29 126 |23 119 {16 {15 (16 |18 |22 |24 |27
Mean Min. eir temp.(°c)
(Cale. 30 yr. average) 15 {16 {14 (14 9 7 7 7 8 9 j12 J14
Mean § relative hume
1d1ty, O s.m. veading |50 |54 |59 |69 |83 |@6 |as |78 |68 |61 |sa |49
(cale. 30 yr. average)

LEl



APPERDIX 2,

Menthly reinfall (mm) recorded at experimental sites, Varocka or Corny Foint, tozether with aversge
monthly rainfall at Warooka (1861 - 1961) and Cormy Point (1888 - 1969).

Year | Recorded Fonths (mm) Yearly
ats 7 7 I A ¥ J 7 A s ) T p | Total

1963 Varooka | 33,5 | 11.2 248 | 5544 | 1077 | 91T [ 11423 | 7241 | 312 [ 2945 248 4e3 | 55645
1964 Warocka Te6 | 30,2 a6 | G0.2 518 | 86,9 | 121.9 | 2040 | 65.3 | T4ed |[65.0 [18.3 | 614.2

1965 i, O | 1e3 | 466 | 1640 | 8942 | 4540 | 57.9 | 65.3 | 27.4 | 646 [19.5 | 6ot |339.3
1966 Sem 203 | 548 | 295 | 6ot | 4249 | 6045 [101.9 | 3844 | 63.0 [25.9 [11.4 ST.7 | 442.0
1967 Site Tel | 86,6 248 Teb 18.0 | 10.7 | 65.8 41.1 | 24,4 135 0.8 66 | 285.,0
1968 Site HeDe § WoDe | 4244 [1T12 990 | 69.6 | T2.1 6Te8 | 4045 3944 [ 2346 Be9

346 Se1 | 38,9 |104.9 93T | 8942 | 5947 TOed | 2649 [49s3 [19.8 [15.0 | 599.2
1969 Site 127 | 742 53 | 391 49.0 | 29.0 |54.6 50.0 | 2842 2¢5 1342 Sel | 34249

Warooka average | 134 | 18.1 | 15,0 | 34.5 5646 | 65.T7 | 664 592 45,0 |64 [22.,8 |1643 [ 449.4

Corny Point 12,3 | 1246 115.0 | 36.3 | 5541 | 67.5 166,35 |58.3 | 41.9 |33.5 |23.4 |17.8 | 446.9

HeDe = not determined.

ag)
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Trace Element content of Varocke eslcareocus s&t;dﬂ."
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Trace Dlement Soil prefile Horizon depth (om)
form :
0=10 10=20 20=30
Ue 2.11 Range 125=151 6E6=30 Al
Mean 1%6 T4 49
Manganese
(ppm)
Uc 1.11 Range 1059=124 63=-581 51=64
Mean 116 T0 60
Ue 2.11 Range 15=18 10=14 10
Hean 17 12 10
Copper
(prm)
Uec 1.11 Range 11=12 9 s 1]
Mean 12 9 10
Ue 2.11 Range 16«23 1218 1713
Tlean 19 14 1245
Zine
(ppm)
Uec 1.11 Range 15«20 12«19 12«13
Hean 17 16 12
Ue 2.11 Range | 0.54=0,66 | 0e44e0,46 | 0,34=0,36
Hean 0.58 0.45 0.35
Iron (%)
Te 1411 Range | 0,40=0,44 | 0,38=0,42 | 0.3%=0,:2
Hean 0042 0.40 0.41

M Samples collected in 1967,



APPENDIX 4

Conditions recorded in the field during spraying operations underteken in the 1965-69 FPield Experiments, and the
9.00a.,m. weather conditions determined at the varocka weather station on the day and the day after the foliar

eprays were applied.

140

T—
Veather recordings Varoocka 9,00am, S8ite rainfall concerning spray Field observations at spraying time
N SPTEY
fh. Date Cloud’] Ri.| RLYY Max Min Rain Spray Weather conditions Plant
| (%) | next Mr| Adr uﬂ In period before and after] Time surface
a? "8‘; Tﬂ' (—) spray Hunidity Cloud Wind | Other
(e)} (e (om) (am)
w Aug, 7 0 ™ 60 14 6 0 2,5 = provious dey 9e15-10.45 | High Overcast Caln Dew vet
Sept. 3 8 841 T5 17 9 0 %8 = over next 3 days Ge45~ 8415 | High Overcast Calm Dew vet
% Oct, 1 o 34 S 22 1 (4] o rain for 27 days 7.00=- 8,30 | Low Cool Moderate | Dew vet
Aug. 15 8 52 35 | 14 6 0 10.4 = over next 6 dm; Ge45= 8,15 | High Overcast Slight Lizht Vet
h 2.0 = provious day drizsle
' | Sept.13 5 T | 64 16 7 (1] 33 « previous day ) |6.45= 7.30 | High S1.0vercast | Slight vet
1.3 = over next 6 days)
ug. 30 0 12} 20 16 6 18 4.1 = 4 days later noen Low Clear Slight Varm Dry
s”t.'g 8 20 51 16 8 1.2 003 - next w HeRe N.R. N.Re N.Re E.Re. K.Re
Sept.29 8 49 | 60 21 9 142 | 0s3 = noxt day g 9.30-11,00 | Hoderate | Clearing Slight |vam Drying
53 = three days later
Sept.15 8 86 72 15 8 0 5.3 = during next 5 days
Sept.27 3 10 0 23 1" 0 1042 = during next 4 daye NOT RECORDED
Oet. 6 8 100 40 16 5 0 7.9 - 8 days later
Oct, 18 6 52 41 19 10 4ol 15 = 2 daye later
Nov, 1 4 64 | 22 18 7 1.3 | ¥Wo rein for 10 days
Aug. 16 8 61 | 87 13 8 2.3 |23.1 = previous dq;
h! 25.4 - next day
Sept.15 5 61 60 14 6 0 No rain for 7 days NOT RECORDED
Sept.28 8 531 5 19 " o 5e3 « during next 2 days
Oet. 12 3 44 36 26 15 0 13 = 5 days later
* °lt.26 6 "2 “ 25 11 0 1.3-5¢m13“1‘
h‘-—' _——

** R.E. = air relative Mamidity.

* Cloud cover as determined by Bureau of Meteorology Handbook.




APPETDIX O
The influence of quantity of Mn applied at seeding, amd subsequent ' foliar sprays on
plant dry weight and grein yield (Field 'xperiment 4, 19°5).

En applied| . R o MEAN PLAFT DRY WEIGPT (kz/ha) Grain

"*m (days aftor seedine} o o7 Tield
days | 56 days | 70 days | 86 days | 99 days | 112 days | 127 days | (kg/ha)

56, 99 66 97 259 613 1128 1992 2537 1148

70 66 100 250 544 1092 2052 2657 961

70, 99 65 103 230 532 1152 1932 2647 1041

70, 99, 127 62 20 253 548 1200 1324 2972 1140

4 70, 112 62 110 236 566 176 2064 2725 1039

8 ™ 100 265 542 1272 2123 2664 1064

86, 112 63 113 230 484 1128 1656 2616 924

86, 127 67 108 248 475 248 1920 1908 1010

99 73 112 229 437 960 1632 2263 808

99, 127 67 110 245 551 596 1680 2089 957

86 74 132 308 128 1548 2100 2820 1248

86, 112 72 116 298 69N 1296 2196 2617 1222

6 86, 127 k5] 128 331 666 1248 2172 2800 1363

99 70 120 294 617 1272 2148 2732 112

99, 127 7 131 316 652 1152 1580 2688 1220

LeSeDe P= 0,05 F.S. 23 44 156 345 576 483 168

*Wt.mdmmm

vl
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APPIDI 6

The effeot of Thicbacillus incculation on the concentration of

Ra??cos-oluble soil P in incubated Varooka Soil (Imeubation

&porilent 1 ).
NallCOy~goluble P (ppe)
mm Inoculation Incubation Time (weeks)
0 2 4 6 12 52
b

ml - 29.3 2604 25,0 20.9 29.7 235
+ NeDs 20,0 20.8 20,7 26,8 2441
S - 28.4 163 213 194 274 25.0
+ RaDe 253 23,8 21.8 31.0 27.0
(n, s) - 28,8 | 2541 | 26,3 | 2041 | 27.3| 3143
+ NeDe 32.8 28.3 21.0 275 27.0
LeSeDs P = 0,05 Se2 246 5.8 103 2.0 2e3

NeDe = not detormined.




APEZIDIX 7

The effect of number of in foliar sprays on 1000 grain

weight (g) and model commercial malting srade (Field

Experiment 13, 1969).

143

Nuther of ¥n apraye

Pertiliser at
seeding Hone One T™wo Three
(py Cu) 38.5 (3) 38,9 (3) 41,9 (®) 414 (1)
(Py Cu) + in 39,2 (%) 42,0 (n) 4149 (®) 41.4 (1)
(Py Cu, Mn) 4046 (m) 42,0 (m) 43.1 (®) 42,6 (®)

Overall
wmndhe, miad 3945 40,5 41.8 4149

LeSeDs

( ) = modal comercial malting srale,.

P = 0,05 ovarallspray effect on gram weight = O.8g.
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