
1. INTRODUCTICN 

CHAPl'ER IV 

FIELD EXPERTh'IEr:I"TS WITH SULPIDJR 35-LABELLED 
GYPSUM FERTILIZER (SECOND SERIES 1972-74) 

The overall objective of these experiments wa~ to confirm the 
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results obtained in CHAPTER III by repeating the investigations at two 

of the seven soil-pasture systems studied previously. 

Initially it was intended to apply radioactive gypsum at the same 

time (early September) of the year as in CHAPTER III. Delays in trans-

portation of the radioactive gypsum from the U.S.A. prevented fertilizer 

application until the beginning of November. Hence, a direct comparison 

with results from the previous year was not possible. 

At each trial, specific objectives were similar to those listed 

in CHAPI'ER III. However, additional specific objectives were invest-

igated and these include a more detailed study of the effect of fertilizer 

S application on levels of S in plant roots and the influence of using 

a lower rate of radioactive S35-labelled gypsum fertilizer on the fate of 

fertilizer S in soils. 



2 • MATERIALS AND METHODS. 

(1) SITE SELECTION. 

Two of the seven SITES used in CHAPTER III, were selected for 

the experiments described in this CHAPTER (i.e. SITES II and IV). 
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At SITE II (improved Kawai sandy loam) grass grub damage of 

pasture prevented the establishment of an adjacent trial. The trial 

SITE was therefore relocated in an adjoining paddock with a similar 

history to that of SITE II, but without any evidence of grass grub 

infestation. At SITE IV (improved Gorge silt loam), a new trial 

location was established in an adjacent position and this was designated 

SITE VIII, as distinct from SITE IX, on the improved Kowai sandy loam. 

(2) TRIAL DESIGN AND OPERATION (1972). 

The trial design at SITES VIII and IX, included five treatments 

in a randomized complete block layout of four replicates. 

Treatments SO, S1 and S2 corresponded to the following S 

application rates of 0, 22.5 and 45.0 kgS/ha~ Treatments 33 and S4 

were selected to assess the effect of fertilizer S on root S.Ievels. 

Treatment S3 was the control plot and treatment S4, like S3, received 

45.0 kgS/ha. 

Each main plot was 2 m x 2 m containing B subplot (1 m x 1 m) 

located centrally within the mainplot. 
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Trial SITE preparation was identical to that outlined previously 

in CHAPTER III. 

(a) Fertilizer Application. On 31 October 1972, agricultural 

gypsum (non-labe lled) was spread by hand on each of the S1, S2 and S4 

mainplot treatments, with the exception of their respective subplots. 

In the same manner as outlined in CHAPTER III, agricultural gypsum was 

then applied to the subplots of the S4 treatment and to the subplots 

on two replicates of the S1 treatment. 

(i) Application of Radioactive ~ypsum: Radioactive gypsum was 

obtained from T.V.A. (U.S.A.) and applied (1/11/72) to the subplots of 

the two remaining replicates of the S1 treatment and all subplots of 

the S2 treatment. The rate used was similar to that of the non-labelled 

S applied to the remainder of the mainplot. 

The method of fertilizer application was similar to that described 

in CHAPTER III. . 

The amount of radioactivity applied was 5.2 mc/m2 on the S1 

treatment and 10.4 mc on the S2 treatment. The radioactivity of S 

e.pplied was 5120 disintegrations / -minute (d.p.m~lmicrogramme (pg) 

compared with 40,30 d.p.m./pg applied in CHAPTER III. Originally, it was 

planned to apply 15-20 mc/m
2 

on the S2 treatment, but transportation and 

preparation delays resulted in a reduced level of radioactivity at 

application time. 
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(ii) Basal Topdressing: A basal topdressing of calcium mono

phosphate was applied at the rate of 20 kgp/ha to each trial. At SrrE 

VIII, potassium chloride (100 kg/ha) was applied as a basal topdressing 

after every second harvest. 

(b) Herbage Sampling for Yield Determination and Chemical 

Analyses. Only the subplot of each mainplot was harvested for yield 

determinations. Pasture was cut in each subplot with hand clippers and 

subsampled for dissection and d~ matter analyses. The dissected grass 

and clover components of the SO, S1 and S2 treatments were used for 

chemical analyses. After subplot harvesting, the trial SrrE was trimmed 

with a rota~ motor mower, and all clippings were removed and discarded 

from the trial area. 

On D37, D182 and D357 (20/9/73), six root core samples (4.3 cm 

diameter x 20 cm depth) were taken from the subplot of the S3 and S4 

treatments of each trial. One root core of similar dimensions as above 

was also taken from the subplot of the SO and S2 treatment. After 

sampling, cores were divided into a 0-10 cm and 10-20 cm depth. 

After removing the stubble, root extraction procedures were 

similar to that described in CHAPTER III. The 0-10 cm core sample from 

the subplot of the S2 treatment was dissected into grass and clover roots. 

To assess labelled S uptake in the root system of the S2 treatment 

(45.0 kgS/ha as labelled gypsum), the root weights as determined for the 

S4 treatment (45.0 kgS/ha as non-labelled gypsum) were used. 

Sample preparation of both pasture and root plant material for 

chemical analyses was similar to the method outlined in CHAPTER III. 
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(c) Soil Sampling. Soil sampling, carried out at each pasture 

sampling, was confined to the SO and S2 subplots and the two radio-

active subplots of the S1 treatment. 

At each sampling, four soil cores (2.5 cm diameter) were taken 

from each subplot at 10 cm intervals. At D37, D146, D182 and D323 soil 

sampling was carried out to a depth of 100 cm (40 cm deeper than at 

similar SITES in CHAPTER III). Strengthened soil samples were constructed 

for this purpose. At other soil sampling times, soil sampling was 

terminated at 30 cm. The upper 0-10 cm depth was divided into a 0-5 

and 5-10 cm depth. Other soil sampling procedures were similar to that 

described in CHAPTER III. 

(d) Chemical Analyses of Pasture, Roots and Soil Samples. Similar 

chemical analytical procedures were used as in CHAPTER III. An addition-

al chemical measurement,to those listed,was hydriodic acid (HI)-reducible 

S determination on clover and grass root samples from the D182 and D357 

samplings. Essentially, the technique is similar to total S determination 

except that plant material is unignited and introduced directly to the 

digestion flask. This fraction is considered to be mainly free SO -S 
lJ· 

and ester-bound S04-S (Beatson et al., 1968). 

An attempt was made to keep the number of analytical samples to 

a minimum. When soil sampling was done to a depth of 100 cmJonly samples 

from one replicate were analysed for labelled SOLI--S (p. e.) • From these 

results the depth of labelled S penetration was determined. Subsequently, 
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soil samples from the remaining replicates containing labelled 8 were 

analysed. Additionally, soil samples from depths greater than 20 cm 

on the 81 and S2 radioactive subplots were analysed for labelled S04-8 

(p.e.) only. At these depths total labelled S was assumed to be the 

same as labelled S04-8 (p.e.). 

(e) Determination of Soil Physical Properties. Similar measure-

ments were made as in CHAPTER III. Data obtained from textural deter-

minations made in CHAPTER III for SITES II and IV were used respectively 

for SITES IX and VIII. The amount of water percolation was estimated at 

SITES VIII and IX, assuming a rooting zone of 60 cm as in CHAPTER III. 

(3) TRIAL DESIGN AND OPERATION (1973). 

As in the experiments of GRAFTER III, the experiments laid down 

in 1972 and described in this CHAPTER were also extended for another 

year. 

On 21 October 1973, treatments S1 and S2 were retopdressed with 

agricultural gypsum. at the original application r.ates. Each mainpf-ot 

of treatment S1 and S2 was divided in half and one half randomly selected 

for retopdressing. The retopdressed treatments were designated as S1+ arid 

S2+ :in comparison to the non-retopdressed treatments (S1-and S2-). The 

divided subplots were also topdressed separately as described in CHAPTER 

III. Yield measurements of the S3 and S4 treatments were discontinued 

on 24 October 1973. 

Basal topdressing was identical to that used the previous year. 
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(a) Herbage and Soil Sampling (1973-74) • On treatments SO, S1 

and S2, herbage was harvested with hand clippers from the non-retop-

dressed (-) and retopdressed (+) areas of each mainplot subplot. 

Subsamples were also taken for dissection and d~ matter analyses. The 

clover e.nd grass component s of the dissected samples from the SO and S1 

and S2 treatments, both non-retopdressed (-) and topdressed (+), were 

used for chemical analyses. 

(b) Herbage and Soil Cheinical Analyses. Chemical analyses of 

pasture were similar to those used in 1972-73. 

Up to D406 non-labelled and labelled S04-S (p.e.) was determined 

on soil samples from the SO and S2 treatments. Sulphate -S (p.e.) 

determinations on the S1 treatment were terminated at D323. Total 

sulphur (S32 and S35) was determined on soil samples from the S2 treat-

ment up to D406 and ceased on the S1 treatment at D323. 
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.:s. RESULTS AND DISCUSSlOO". 

( 1) PASTURE AND ROOT RESPONSES TO SULPHUR APPLICATION. 

Response patterns for total pasture and clover d~ matter yields 

during 1972-73 and 1973-74 are shown in TABLES 24 and 25. 

D~ matter yields (total pasture and clover) for each treatment 

and each harvest are in APPENDIX XI, TABLES 1 and 2, along with their 

statistical analyses. Second year (1973-74) yield data are presented in 

APPENDIX XII, TABLES 1 and 2, along with their statistical analyses. 

Total yield results for 1973-74 (TABLE 24a) showed that signifi-

cant S responses were measured at only SITE IX (Kowai sandy loam). At 

this SITE, the yield difference for total pasture measured between the 

22.5 kgS/ha treatment and the 45.0 kgS/ha treatment,was not significant. 

On the other hand, total c~over yield data for 1972-73 showed a signifi

cant yield increase between these two S treatments (TABLE 25). 

Sulphur response patterns obtained at SITES VIII and IX are 

similar to those recorded in 1971-72 for their counterpart SITES (i.e. 
I 

SITES IV and II, see TABLES 4 and 5). 

In 1973-74, SITE VIII (Gorge silt loam) remained non-S responsive, 

with SITE IX (Kowai sandy loam) continuing to give a large S response. At 

SITE IX retopdressing of the original S1 (22.5 kgS/ha) and S2 (45.0 kgS/ha) 
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Mean Total Pasture and Clover Dry Matter Yields at SITES VIII and IX 
in 1972-73. Mean Root Dry Matter Yields at SITES VIII and IX at 
Different Sampling Times (1972-73). . 

(a) Mean Total Pasture and Clover Dry Matter Yields (kg,!ha). 

SITE 

Total Number of Harvests 

Treatment SO 
( Control) 

Treatment S1 
(22.5 kgS/ha) 

Treatment S2 
(45.0 kgS/ha) 

~ 

Treatment S3 
( Control) 

Treatment S4 
(45.0 kgS/ha) 

F.· .' .. Calculated 
4,12 

L.S.D. 5% 

L.S.D. 1% 

C.V. % 

F
4

,12 required ** 1% = 5.41 
** 5% = 3.26 

L.S.D. Least Significant Difference 

C.V. Coefficient of Variation 

Pusture Yield Clover Yield 
VIII IX VIII IX 

4 3 4 3 

8740 6124 3305 1926 

9152 7294 3708 2537 

9476 7704 4098 3865 

8707 6421 3712 1857 

9015 7136 3392 2636 

** ** 1.0 11.8 1 .1 9.6 

583 802 

817 1124 

7.1 5.5 16.5 20.3 
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TABLE 24 Continued 

(b) Mean Total Root Dry Matter Yields (kg/ha) in the 0-20 cm Soil Depth. 

SITE VIII IX 
Day Day 

37 182 357 37 182 357 

Treatment S3 
( Control) 3695 2603 3593 5490 5407 6670 

Treatment S4 
(45.0 kgS/ha) 4828 2627 3280 4765 4645 6115 

L.S.D. 5% 367 650 

L.S.D. 1% 515 911 

L.S.D. Least Significant Difference between sampling times. 
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TABLE 25 

Mean Total Pasture and Clover Dry Matter Yields (kgjha) at SITES VIII 
and IX in 1973-74. 

SITE 
Pasture Yield Clover Yield 
. VIII IX VIII IX 

Total Number of Harvests 4 4 4- 4-

+ Treatment SO 
( Control) 8802 7188 2991 2366 

Treatment S1 
( 22.5 kgS/ha) 8678 8518 3176 4298 

Treatment S2 
(4-5.0 kgS/ha) 8936 8813 3248 4003 

++F 
2,6 

calculated 0.2 7.3* 1.0 24.0** 

. L. S.D. 5% 1112 735 

L.S.D. 1% 1686 1113 

C.V. % 8.4 11 .1 12.1 16.9 

+ Mainplot treatments i.e. S2 = 45 kgS/ha in 1972-73 and 45 kgS/ha on 
half the original plot in 1·973-74. 

++ F required ** 1% = 10.92 
2,6 ** 5% = 5.14 

L.S.D. Least Significant Difference 
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treatments gave no additional yield increases for either total pasture 
\ 

or clover yields (TABLE 26). In contrast, its counterpart trial (SITE 

II) when retopdressed in 1972-73 gave a large response to retopdressing 

on both the original 22.5 kgS/ha and 45.0 kgS/ha treatments (TABLE 9). 

In the first series of experiments (1971-73) grass grub infestation 

of SITE II occurred and was considered to contribute to the S retopdress-

ing responses in 1972-73. At SITE IX no grass grub infestation occurred 

in the year of retopdressing and this may have predisposed to the lack 

of S responses by allowing greater root exploitation of the soil. 

Other possible reasons for the diff'erence in second year retop-

dressing results between SITES II and IX are discussed in a later section 

with respect to"residualll fertilizer S recovery. 

Root yields at the three sampling times at each SITE are sho'wn 

in APPENDlX XI, TABLES 3 md 4. At each SITE, statistical analyses 

(split plot in time with time as the subplot treatment) revealed signif

icant differences between times of sampling (TABLE 24b), but not between 

the sulphur treatments. At both SITES, significant dry matter increases 

in root dry matter yield were shovm between the late autumn (D182) and 

late spring (D357) samplings. Additionally, 'at SITE VIII significant 

decreasesin root weight were recorded over the summer-autumn period (D37-

D182). These changes in root weights,between samplings)are consistent 

with the conclusions drawn by Baker and Garwood (1959) who fourid that 

common pasture species increase their root volume from late winter until 

mid summer when there is a steady decline until late winter then the cycle 

is repeated. 



TABLE 26 

Main Effect of Retopdressing on Mean Total Pasture and Total Clover 
Yields (kg/ha) at SITES VIII and IX in 1973-74. 

SITE 
Treatment 

Retopdressed 

Non-~etopdressed 

Total Pasture Total Clover 
VIII IX VIII IX 

8829 

8786 

.8536 

8795 

3367 

3059 

4151 

4150 
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L. S.D. 5% 

L. S.D. 1% 

C.V. % 10.5 8.1 11 .1 6.4 

L.S.D. 
C.v. 

Least Significant Difference 

Coefficient of Variation 

TABLE 27, 

Mean Total Recovery (~ of labelled Sulphur in the Pasture-Soil 
Systems at SITES VIII and rx: by DAY 182. 

(a) 22.5 kgS/ha 

SI'rE SOIL +PASTURE TarAL + + PASTURE TOTAL 
( a) (b) (a + b) ( c) (a + c) 

VIII 
( Gorge) 55.1 ±1.8 32.9 ± 3.2 88.0 ± 9.1 

IX 
(Kowai) +++ 

51.4± 8.3 27.6 ± 0.5 78.9 ± 1.4 

(b) 45.0 kgS/ha 

VIII 
(Gorge) 68.2 ± 4.3 24.3 ± 0.5 92.5 ± 4.2 30.8 ± 1.2 99.0 ±. 4.6 

IX 
(Kowai) 64.0 ± 3.9 22.8±. 1.5 86.9 ± 3.9 30.7.±. 2.4 94.7 ± 5.4 

+ Harvested pasture or "ab ove ground" he rb age 

++ Harvested pasture plus roots and stubble 

+++ Standard error. 
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Of interest is the weight of roots relative to the yield of 

pasture at each SITE. At the S responsive SITE IX, the ratio of 

pasture: root yield on the S3 (control) treatment, approximates 1.2:1.0 

at D182 (Autumn) while at the non-S responsive SITE VIII, on the same 

treatment, a ratio of 3.3:1.0 exists (TABLE 34b). This result confirms, 

in the field, the glasshouse findings of Spencer (1959) who showed that 

under S deficient conditions the root system formed a proportionately 

larger weight of the plant. 

(2) RECOVERY OF LABELLED SULPhUR. 

(a) Total Recovery from the Pasture-Soil System. Total recovery 

of S from S35_labelled gypsum fertilizer was assessed from pasture and 

soil measurements made on the S1 and S2 treatments at D182 (early May). 

Results are presented in TABLE 27. 

Despite yield differences between SITES VIII and IX, total 

recovery (%) is similar and high at both rates of S application. 

When the total recovery mean values for the 45.0 kgS/ha treatment 

(TABLE 27b) are contrasted with those obtained from their counterpart 

SITES in CHAPl'ER III (TABLE 12), higher valu~s are obtained for both the 

SITES measured in this present experiment. 

In CHAPTER III, it was suggested that a portion of the fertilizer 

S applied in SITE II may have moved beyond the maximum depth of soil 

sampling (60 em) by early May. Henc~the higher recovery of fertilizer S 

at SITE IXrin the present investigation,may be a result of fertilizer S 
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remaining entirely within the upper soil layers in early May. (See 

Figures 16b and 26b). However, this explanation for the difference in 

SITE recoveries on the Kowai sandy loam, does not account for the 

difference in fertilizer S recove~ at SITES IV and VIII on the Gorge 

silt loam. At SITE Iv, no fertilizer S had penetrated beyond 60 cm by 

early May. 

35 In comparison with SITES II and IV, a greater amount of S 

radioactivity remained at SITES VIII and IX in early May. Hencetit is 

probable that fertilizer S was detected more· accuratelY in the various 

soil depths of SITES VIII and IX due to the higher readioactivity of the 

gypsum added and subsequent less dilution effect. 

The lower level of radioactivity at D182, may also explain the 

lower total recoveries on the S1 treatment at SITES VIII and IX in 

comparison with those on the S2 treatment (TABLE 27a and b). 

(b) Pasture Recovery of Labelled Sulphyr 1972-73. Percentage 

recovery of labelled S on the S1 and S2 treatments in 1972-73 at SITES 

VIII and IX is shovm in TABLE 28. 

Labelled S recove~ was loVT, but similar at both SITES for the , 
two application rates. A slightly higher recove~ was obtained for the 

pasture on the S1 treatment at both SITES (TABLE 28a). 

In spite of a shorter harvest period in 1972-73, the extent of 

labelled S recovery on the S2 treatment (45.0 kgS/ha) of SITES IX and 
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TABLE 28 

Mean Recovery (%) of Labelled Sulphur in Harvested Pasture at SITES 
VIII and IX in 1972-73 and 1973-74. 

(a) S1 (22.5 kgS/ha) Treatment 

SITE 1972-73 1973-74 + 1973-74++ 
( a) (b) 

.. - .. 
VIII ++r ( Gorge) 32.9 ± 3.2 8.0 ± 0.3 5.1 ±1.1 

IX 
(Kowai) 27.6 ± 0.5 7.6±0.1 7.2 ± 0.6 

(b) S2 (45.0 kgS/ha) Treatment 

VIII 
( Gorge) 

IX 
(Kowai) 

24.3 ±. 0.5 8.3 ± 0.3 

22.8 ± 1.5 8.4 ± 0.2 

+ Non-retopdressed treatment 

++ Retopdressed treatment 

+++ Standard error. 

6.9 ± 0.4 

7.9 ±. 0.4 

1972-74 
(a + b) 

39.9 ± 4.5 

35.1 ±. 0.8 

32.6 ± 0.5 

31.2 ± 1.5 



VIII was similar to labelled S uptake measured on the same treatment 

in their counterpart trials at SITES II and IV (TP~LE 13) in 1971-72. 

As at SITES II and IV in CHAPTER III, labelled S comprised a 

relatively large proportion (Figure 21) of the total S uptake in the 

f'irst year on SITE VIII (37%) and SITE IX (50%). The grass component 
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recovere d a greater proportion of labelled S than the clover component. 

The higher recovery of labelled S by grasses at each SITE was a result 

of both its higher dry matter yield and its overall higher concentration 

of labelled S (Figure 22) at most harvests. The higher content of 

labelled S in grasses is a reflection of its higher total S concentration 

as, during 1972-73, clover specific activities were significantly higher 

than that for grasses (Figure 22). 

The general pattern of labelled S uptake at each SITE is shovm 

in Figure 21 • At both SITES, most of the total labelled S uptake had 

occurred by D76. 

(i) Plant Recovery of Labelled Sulphur in Relation_ to S Uptake 

Zones in the Soil: As indicated earlier, during the first year (up to 

D182) the clover component of pastures had a higher S.A. than the grass 

component, at both SITES. This indicates that the relative amounts of 

S taken up from various soil zones varied between species as specific 

activities of SOLI--S (p.e.) were found to increase with depth (APPENDIX 

XV, TABLES 3 and 4). 

For each SITE, the S.A. for both grass and clovers is plotted 

over time (up to D406) against the S.A. of the soil S04-S (p.e.) found 
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Figure 21 Cumulative Labelled and Non-Labelle d Pasture Sulphur 

Uptake (1972-73) on the S2 (45 0 0 kgS/ha) Treatment 

Subplot at SITES VIII and IX. 

(i) improved 
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in the 0-10 and 0-30 cm depths (Figure 23). Linear reg'ressioI( a11.alyses 

of these data (APPENDIlC XVII, TABLE 3) are shown in TABLE 29. All 

regressions were ve~ highly significa~t. 
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Consideration of data in Figure 23 for the first year (no.~ 182) only, 

shows that at SITE VIII both clover and grass specific activities appear 

to be related more closely to that in the 0-30 cm depth which suggests 

that this is the major uptake zone. 

At SITE IlC the same relationship holds for clover but not for 

grasses. The grass S.A.relates more to that in the SO -S (p.e.) in the 
..' 4 

0-10 cm depth. This suggests that at this SITE the uptake zone of grasses 

and clovers may differ. However at this SITE, Brash (1973) found that 

pasture roots penetrated to 100 cm. It is therefore possib'le that grasses 

may take up S from depths greater than 10 cm. Thus the S.A. of grasses 

during the first year at SITE IX may be an inte grated value over a 

considerable depth. This value may approximate the 0-10 cm S.A. 

These major uptclce zones, as defined by S.A. relationships, are 

confirmed by the results from concurrent field experiments described in 

CHAPTER V. Results from experiments described in CHAPTER V show that where 

soil uptake zones were determined specifically at both SITES VIII and IX, 

the major S uptake zone of pasture plants was confined to the upper 30 cm 

or A horizon at both SITES. 

(ii) Comparison of Actual and "Apparent" Recover:x: Apparent 

recovery of labelled S was calculated for each harvest, and all harvests 

combined, as the difference in pasture S uptake between the S2 and SO 

treatments for each SITE in the first year. Actual labelled S recovery 
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TABLE 29 

Relationship Between the Specific Activity+ (Y) of Sulphur in Grasses 
and Clovers and the Specific Activity(X) of Soil Sulphate Sulphur (p.e.) 
at Selected Soil Depths on SITES VIII and IX (1972-73). 

SITE Pasture Linear Coefficient coefficient Level of 
Soil Specie s Regression of Deter- of Signifi-
Depths Equation min~tion Correlation cance. 
( cm) R r 

VIII 

o - 10 Grasses Y = 722.~. + 0.39 X 0.61 0.78 *** 
o - 30 Grasses Y = 376.2 + 0.71 X 0.59 0.77 *** 
o - 10 Clovers Y 801.9 + 0.50 X 0.77 0.88 *** = 
o - 30 Clovers Y = 237.1 + 0.98 X 0.66 0.82 *** 
IX 

o - 10 -Grasses Y =1169.3 + 0.35 X 0.54 0.74 *** 
o - 30 Grasses Y = 843.0 + 0.43 X 0.69 0.83 *** 

o - 10 Clovers Y = 947 • 1 + 0.67 XX 0.82 0.91 *** 
o - 30 Clovers Y = 495.8 + 0.76 X 0.85 0.92 *** 

-------

*** very highly significant (O.i%) 

+ Specific Activity in disintegrations/minute!ugS. 



was determined from the S2 treatment using the-S35 measurements and 

treatment yield. Results for each method and for the first and 

combined first year harvests are presented in APPENDIX TvII, TABLE 1. 

Mean results for each SITE are shown in TABLE 30. Significant 

differences were measured between the two methods at SITE VIII (Gorge 
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silt loam) for both first harvest data and all harvests combined. These 

results from the first harvest data at this SITE, are similar to those 

determined at the counterpart SITE IV in the previous year (TABLE 18). 

In both years, recovery was less using the" apparent" recovery method. 

The lack of significant differences at SITE IX (Kowai sandy lorun) 

agrees with those obtained at SITE II in 1971-72 (TABLE 18). 

In TABLE 31, the effect of fertilizer S addition on plant uptake of 

non-labelled S ("priming") has been assessed at both SITES VIII and IX for 

first harvest and all harvests combined. A negative "primingll effect at 

SITE VIII on the S2 treatment (TABLE 31) may explain the lower recovery 

calculated by the "apparent" recovery method at this SITE (TABLE30). How-

ever, at SITE IX for the first harvest a similar negative "priming" effect 

(TABLE 31) did not lead to a lower recovery using the "apparent" recovery 

method (TABLE 30). 

When "priming" effects are considered in the soil (TABLE 32) with 

respect to the "priming" effects i~ the plant (TABLE 31), no relationship 

is found. On the other hand if only non-labelled S04-S (p.e.) at the 0-10 

cm depth (Figure 24) is considered, both SITES VIII and IX show large 

positive IIpriming" effects at all samplings in the first year. Therefore 

these re sults show t)1.at a positive "priming" as found in the soil need not 

necessarily lead to a positive "priming" effect in the pasture. A likely 
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!ABLE 30 

Actual and "Apparent" Mean Recovery of Labelled Sulphur by Pasture at 
SITES VIII and IX (1972-73). 

SITE 

. VIII 

IX 

VIII 

IX 

+ /, 2 mgS,m 

(a) First Harvest 

Actual 

485 ± 31 

"Apparent" 

305 ± 49 

392 ± 83 

(b) Combined Harvests 

1094 ± 41 

1026 + 68 

n. s. 

852 ± 29 

921 ± 133 

= not significant 

Level of' 
Significance 
(T-test) 

* 
n. s. 

* 
n. s. 

++ 
Standard error * significant ( 5%) 

TABLE 31 

The Effect of Fertilizer Sulphur Addition on Plant Uptake of' non Labelled 
Sulphur at SITES VIII and IX (1972-73). 

SITE 

. VIII 

IX 

VIII 

IX 

+ ' /2 mgS m 

(a) First Harve st 

Treatment 
So S2 

( Control) ( 45. Ok gS/h a) 

Level of Significance 
( T-test) 

2091 

1028 

627 

458 

(b) Combined Harvests 

1850 

922 

n. s. 

* 
not significant 

significant (5%) 

* 
* 

* 
n. s. 



TABLE 32 

The Effect of Fertilizer Sulphur Addition on Soil Levels of Non
Labelled Sulphate Sulphur (p.e.) at First Sampling on SITES VIII 
and IX. 

SITE Treatment Level of Significance 
SO S2 (T-test) 
(Control) (45.0kgS/ha) 

VIII 10 659+ 10 958 n.s. 

IX 1 .. 275 1 071 n. s. 

+ ! 2 mgS m to 40 em 

n.s. not significant. 

TABLE 33 

Mean Amounts of Labelled Sulphate Sulphur at SITES II and N in the 
Early Spring of 1972-73 and at SITES VIII and IX in the Early Spring 
of 1973-74. 

SOIL 

Kowai Sandy Loam 

SITE II (1972-73) 

SITE IX (1973-74) 

Gorge Silt Loam 

SITE rv (1972-73) 

SITE VIII (1973-74) 

+ 2 
mgS/m 

o - 10 

38+ 

104 

88 

275 

++ .22.5 em at SITES II and IV. 

SOIL DEPTH (em) 

o - 20++ o - 30 o - 60 

56 72 347 

226 356 1406 

287 762 1307 

595 1065 1460 
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Figure 24 Non-Labelled Sulphate Sulphur (poeo) in the 0-10 cm 
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S2. (45.0 kgS/ha) Treatment Subplots at SITES VIII 

and IX (1972-73)0 
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explanation is that plants do not take up S from the same depths where 

soil "priming" 'effects were measured. 

(c)"'ResidualU;Recovery of Labelled Sulphur by Pasture in 1973-74. 

In the absence of retopdressing, the "residual"recovery of fertilizer S 

applied in 1972 was similar at both SITES VIII and IX and comprised 

approximately 30% of that recovered the previous year (TABLE 28). 

A large difference exists when the extent of the"residual"recovery 

at these SITES, is compared with those of their counterpart SITES II and 

IV in 1972-73 (TABLE 13). This difference was about three times as large. 

At SITE IX (Kowai soil), the extent of ~flsidual"recovery of fertilizer S 

was sufficient to prevent a S response occurring. At SITE II, in the previous 

trial, retopdressing responses occurred. Possible reasons for the differ

ences in "re.sidual" effects are. considered. 

The mean amounts of fertilizer S, as S04-S (p.e.), in the soils at 

the commencement of retopdressing in the two years is shown in TABLE 33. 

Clearly, at any of the depths assessed, higher levels of fertilizer Sexist 

in a plant available form at SITES VIII and IX. Hence, the highe~lIresidual" 

recovery at SITES VIII and IX may be the direct result of these differences, 

particularly in the upper 30 em where the major zone of plant S uptake is 

considered to occur. The close relationship (Figure 23) between the S.A. of 

plant S and the S.A. of soil S04-S (p.e.) to'30 em after D323 supports this 

viewpoint. 

Whether the higher"residual" recovery of fertilizer S at SITES VIII 

and IX is due also to greater remobilization of fertilizer S from root and 

stubble reserves cannot be assessed satisfactorily. Root and stubble 

fert~lizer S contents were not assessed beyond late autumn at SITES II and 

IV and were discontinued after the first harvest in the spring of 1973-74 

at SITES VII and IX. No consistent increase is seen in root fertilizer S 



levels (TABLE 34) at SITES VIII and IX, when the mean amounts of 

fertilizer S, prior to winter (D182), are compared with those at a 

similar time (D240) for SITES II and IV (TABLE 17). However, a similar 

comparison for the S in the stubble shoYls that a higher level of fertilizer 

S was measured in the stubble component of pastures at SITES VIII and IX 

(TABLE 17 and TABLE 34). The fertilizer S content of stubble at D357 (late 

spring) sho1l1s a decrease over that at D182, hence suggesting that some 

remobilization of labeililed S may have also contributed to the higher 

'i-esiduai' recovery of fertilizer S in the 1973-74 trials at SITES VIII and 

]X (TABLE 34). 

(ii) The Effect of Retopdressing on Labelled S Uptake: Labelled S 

uptake was calculated for the S2- and S2+ treatment for each harvest in 

1973-74. Results are presented in APPENDIX XIV. Cumula.tive mean recoveries 

are shovm in Figure 25. Mean recoveries for 1973-74 are shown in TABLE 28. 

On both SITES VIII and IX, retopdressing has not significantly 

reduced labelled S uptake. This result is consistent with the effect of 

retopdressing on labelled S uptake obtained for the cOLmterpart SITES II 

and IV in 1972-73. 

(d) Root RecoveEY of Labelled Sulphur (1972-732. By D182 (Autumn), 

labelled S recove~ (actual recovery) by the root system at each SITE, 

comprised a very small proportion of the tot'al fertilizer S applied 

(see TABLE 34a). At SITES VIII and IX, only 2.5% and 4.6% of the 

fertilizer S applied respectively, was measured in the root system. 

Nevertheless, fertilizer S still comprised a significant proportion 

(about 25%) of the total S present in the root systems at each SITE. Over 

half the fertilizer S was in the clover component of the root system by 

D182 (Figure 21). However, at SITE IX, an earlier root sampling at D37, 

showed that the fertilizer S present in clover roots comprised only a 

small proportion of the total fertilizer S content (Figure 21). This 
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TABLE j4-

(a) Mean Amounts of Labelled Sulphur in the Root and Stubble Components 
of Pasture from SITES VIII and IX at Various Sampling Times 
(1972-73). 

DAY ROOTS (0-20 cm) STUBBLE 
SITE VIII SITE IX SITE VIII SITE IX 

37 n.d. 116+ 14-0+ 226 

182 113 206 179 14-9 

357 88 189 60 101 

L.S.D. 1% 124- 123 

L.S.D. 5% 82 81 

F 6calculated \ 
2, 1.4- '·2.1 6.6* 7.3* 

C.V. 1% 30.1 4-0.1 37.4- 30.0 

F 2 ' 6 required ** 1% 10.-9 , 
* 5% 5.1 

(b) Mean Ratio of Labelled Sulphur Recove~ in Pasture and Roots 
at SITES VIII and IX by DAY 182. 

SITE 

VIII (Gorge) 

IX (Kowai) 

+ 2 
mgS/m 

++ Pasture 

1273 + 

1175 

Roots 
(0-:-20 cm) 

113 

206 

Ratio 
(Pasture: Roots) 

11.3:: 1.0 

5.7 : 1.0 

++ 

n.d. 
Cumulative Labelled Sulphur Recove~ by Pasture (includes stubble) 
not determined (sa'llples lost). 
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variation in the amounts of clover root fertilizer S is related more to 

the changes in clover root yield with time rather than changes in 

fertilizer S content (APPENDIX XIII, TABLES 3 and 4). 

Of interest is the relationship between the total S concentrations 

of clover and grass roots (APPENDIX XIII, TABLES 3 and 4), with that 

in the clover and grass component of harvested pasture at similar sampling 

times (APPENDIX XIII, TABLES 1 and 2 for the S2 treatments). In general 

at most sampling times, for both SITES,the total S concentrations of 

harvested clover was similar to clover root S levels. On the other hand, 

the total S concentration in harvested grass was much higher than the S 

concentration in grass roots. This finding for clovers, contrasts with 

the glasshouse results of Nicolson (1970) who found with white clover, 

that the root component had a higher S concentration than the top 

components in the presence of adequate S • 

.An attempt was made to determine "apparentll recovery of fertilizer 

S in 1972-73 using the dry matter yield and S concentration data obtained 

from the S3 (control) and S4 (45.0 kgS/ha) treatments at each SITE 

(APPENDIX XI, TABLES 3 and 4). The result s are presented in APPEr'ifDIX XVII, 

TABLE 1 b. At each samp;Ling,the variability b~tween replica.tes was too 

large to contrast" apparent" with actual recovery. It is therefore 

concluded that to measure fertiliserS recovery in root systems, the use 

of S35_labelled fertiliser is essential as under improved pastQral 

conditions, the variability associated with yield data is large and the 

effect of fertilizer S addition on root levels of fertilizer S is likely 

to be small. 
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In a similar manner to that described in CHAPTER III, the ratio 

of fertilizer S recovered by pasture (includes stubble) to tha.t 

recovered in roots is sho,vn in TABLE 34b at D182 (Autumn). In contrast 

to the previous year's results at SITE IV (TABLE 14) a smaller 

proportion of total herbage (harvested pasture, ~tubble and roots) 

fertilizer S recove~ arises from the root component' at SITE VIII. As 

these SITES were located adjacent to one another, it can be concluded 

that the difference in the time of fertilizer S application has affected 

the contribution of roots to the total fertilizer S recovery by herbage. 

At D182 and D357 the amount of fertilizer S present in the HI-
, 

reducible fraction of both grass and clover roots was measured (APPENDIX 

XIII, TABLES 3 and 4). At both SITES, on D182, a larger proportion or 

the fertilizer S present in clover roots was HI-reducible, in comparison 

to the prpportion present in grass roots. 

Beatson~al., (1968) considered that the HI-reducible S represents 

free S04-S or ester-bound S in plo!:illt tissue. Hence, upon root decay this 

fraction would represent a readily available source of S to either plants 

or micro-organisms. The results of the above root analyses at SITES VIII 

and IX may explain the increases in both fertilizer S and fertilizer 

I (0 ~ 15 em) between D123-D240. (See S04~S (p.e.) recorded at SITE 

CHAPTER II~'3~ ())( b) Over this period, at SITE I, the decay of root material, 

dominated by clovers with a high proportion of HI-reducible S, may have 

occurred. More detailed root analyses over a wider range of soils and 

at more frequent sampling intervals, than used in the present study, are 

required to substantiate the above viewpoint. 
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(3) MOVEMENT AND DISTRIBUTION OF LABELLED SULPHUR :rn SOILS. 

The amount of total labelled S at each soil sampling and for 

each SITE is shown in .APPENDIX X V , TABLES 1 and 2. Data in Figure 

26 portray the distribution of total labelled S and labelled S04-S 

(p.e.) only for soils sampled to a depth of 100 cm. In Figure 27 the 

mean amount of total labelled S at 0-30 and 30-60 cm depths is presented 

along with rainfall (R.F.) and estimated runoff or leaching water (R.O.) 

for each sampling interval. As in CHAPTER III, rainfall and runoff were 

considered to be similar on Gorge and Kowai soils. , 

Three soil sampling intervals were considered viz. 

Day 0 - D37 (First sampling) 

Day 37 - D182 (Autumn sampling) 

Day 182 - D323 (early Spring sampling). 

(a) Day 0 - D37. 

At both SITES, labelled S had penetrated to the 30-40 cm soil 

depth by D37. Most of the labelled S'was confined to the upper 20 cm. 

On the Gorge silt loam, greater amounts of labelled S existed at 0-10 cm. 

(b) Day 37 - D182. 

No further penetration of labelled S beyond 40 cm had occurred at 

either SITE. Labelled S had become more evenly distributed to a depth of 

30 cm at SITE IX and to a depth of 20 cm at SITE VIII. 
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(a) SI TE VIlT-Gorge (i) 

45'0 kgS/ha 

037 0182 

o 
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Figure 26. Distribution of Total Labelled Sulphur (Sulphate 

Sulphur (poe.) plus Organic Sulphur) on the S2 

(45.0kgS/ha) and S1 (22.5kgS/ha) Treatment 

Subplot at SITES VIII and IX (1972-73). 

(i) improved 
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Figure 26 continued 
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Figure 27 Labelled Sulphur Movement Within the 0-60 cm 

Soil Depth of the S2 (45.0 kgS/ha) Treatment 

Subplot at SITES VIII and IX (1972-73)0 

L.S.D. Least Significant Difference 5% 
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(c) Day 182 - D323. 

Over the winter:cperiod, leaching beyond a depth of 60 cm was 

estimated to have occurred at both SITES. Only at SITE IX (Kowai 

sandy loam) had labelled S penetrated beyond 60 em to a depth of 

90-100 cm. 
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Additionally, at both SITES, labelled S had undergone redistrib-

ution within the upper 60 cm. At SITE VIII there was a significant 

increase of labelled S in the 30-60 cm soil zone (Figure 27a.). At SITE 

IX, besides labelled S moving beyond 60 cm, there was a substantial 

increase of labelled S in the 30-60 cm depth (Figure 27b). Inspection 

of Figure 26 shows this increase to be mainly in the 40-60 em soil zone. 

A difference in t~e time of fertilizer S application makes it 

difficult to compare directly the movement patterns of labelled S at 

SITES VIII and IX with that determined for their counterpart trials at 

SITES IV and II. 

At SITE IX, higher levels of labelled S04-S (p.e.) are present 

(0-60 cm) in the autumn following application of fertilizer in early 

November (1972) compared with an early September (spring) application 

in 1971 at SITE II (TABLE 35). By consideration of the R.O. analyses 

shown in APPENDIX IX (TABLE 4) a similar effect would probably have been 

measured if labelled ~ was applied in early September rather than early 

November at SITE IX. Similarly, if labelled S was applied on the 1st 

November in 1971 instead of the 9th September, then it is likely that 
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TABLE 35 

The Effect of Winter Leaohing or Runoff on Losses of Labelled Sulphate 
Sulphur (p.e.) Beyond the 30 and 60 cm Soil Depth in Two Different Years 
(1972 and 1973) on a Gorge Silt Loam and Kowai Sandy Loam. 

1972 (WINTER) 

Runoff or Depth SITE II (Kowai) SITE IV (Gorge) 
leaching cm 
water S04-S (p.e.) % loss S04-S (p.e.) % loss 

mm (mgS/m2) (mgS/m2) 

D240+ D350++ D240 D350 
(Autumn) ( Spring) (Autumn) (Spring) 

240 o - 30 413 72 83% 933 762 18% 

o - 60 1258 3~7 72% 1223 1307 n. a. 

1973 (WJNTER) 

SITE IX SITE VIII 

D182 D323 D182 D323 
(Autumn) ( Spring) (Autumn) ( Spring) 

1~0 o - 30 2171 356 8~% 179~ 1065 ~1 

o - 60 2600 1406 46% 1839 1593 n.a. 

n.a. = not applicable as labelled S did not penetrate beyond 60 cm 

+ DAY 2~0 equivalent to D182 (Autumn) at SITES VIII and IX 

++ DAY-·.350 equivalent to D323 (early Spring) at SITES VIII and IX. 
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similar amounts of labelled S04-S (p.e.) woula have been present in the 

autumn of 1972 at SITE II as that found in the autumn of 1973 at SITE IX. 

These results show quite conclusively that the time of fertilizer 8 

application on Kowai soils affects the levels of S04-8 (p.e.) present in 

the soil the following year. 

Although the amount of labelled S lost beyond 60 cm over the 

2 
winter period is similar between years (1000 mgS/m ), a difference exists 

in the amount lost expressed as a percentage of that present in the autumn. 

This difference appears to relate with the difference in the amounts of 

leaching water between the twoyear~f(TABLE 35). At SITE II, 240 mm. of 

leaching water was calculated to have moved beyond 60 cm over the winter 

(1972). Assuming that S04-8 (p.e.) is the form of 8 liable to leaching, 

then apprOJ~imately 72% of the labelled S04 -8 (p. e.) prior to winter was 

found to have leached beyond 60 cm (TABLE 35). At 8ITE IX in the 

following winter the amount of leaching water was calculated to be i 40 

mm. However, only 46% of the labelled 8°4-8 (p.e.) available for 

leaching was removed from the upper 60 cm. 

On the Gorge soils the comparison between years for SITE8 rV and 

VIII shows no movement of labelled 8 beyond 60 cm (TABLE 35), suggesting 

that the time o~ fertilizer S application is of less importance on these 

soils. However, as most of the plant 8 uptake originates from the 0-30 cm 

zone the effect of time of application on labelled S losses from this 

soil depth over the winter months is probably of more importance. 

Consideration of data in TABLE 35 shows that greater amounts of labelled 
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S remain as S04-S (p.e.) in the 0-30 cm depth with the later application. 

This situation also exists when the 0-30 cm soil depth is considered, 

at SITE II and IX, in a similar manner. 

Differences between years in the amounts of leaching water over 

the two winter periods do not reflect the pattern of losses from the 

0-30 cm depth of both soils •. At SITES II and IX, on Kowai soils, over 

80,% of the labelled S04-S (p.e.) present in autumn is removed from the 

0-30 cm depth irrespective.Q;£' the amounts of leaching water. At SITE 

VIII with less leaching water, greater proportions of labelled S04-S 

(p.e.) are lost from the 0-30 cm depth in comparison with that measured 

at SITE IV. In this study leaching water was calculated assuming that 

available water is present in the upper 60 cm. Hence, the 0-30 CIJl soil 

depth will be subject to even greater amounts of leaching)particularly 

in early spring. This effect may explain the variable relationship noted 

for losses of labelledS from the 0-30 cm. 

Over each winter period a greater proportion of labelled S04-S (p.e.) 

was removed from the 0-30 cm zone of the Kowai sandy loam compared with 

Gorge silt loam. The reason for this difference was not establiShed. 

On both soils, S retention is considered to be low but on a % basis, a 

slightly higher % retention exists on the Gorge silt loam (APPENDIX II, 

TABLES 2 and 4). Hence. the results suggest that within soils of low S 
/ 

retention, a practical distinction in the ability of soils to hold 

fertilizer derived sulphate ions against leaching losses may exist. This 

aspect requires further investigation. 

When the movement of labelled S is considered at the low S 

application rate (22.5 kgS/ha) on both soils (Figures 26 and 27), the 
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distribution and penetration of labelled 8 are similar proportionally 

to that of the 45.0 kg 8/ha treatment at most sampling times. At D323, 

penetration at the lower rate was not as deep as that on the 45.-0kg8/ha 

treatment of the respective soils. These effects due to fertiliser 

rate are consistent with the conclusions reached by Chao et al., (1962a) 

under laborato~ conditions. 

(4) TRAl"'J8]'ORMATIONS OF LABELLED SULP!IDR IN SOILS. 

Total labelled S and 80
4

-S (p.e.) at each soil sampling for each 

SITE are shown in APPENDIX XV, TABLES 1 -4 • Organic labelled 8, 

representing the difference between the above two forms of' labelled S 

is shown for the 0-5 and 0-20 cm soil depths in APPENDIX XI!, TABLES 5 

and. 6,. 

For each SITE, mean values of labelled orga'1ic S in the 0-5 and 

0-20 cm depth are shown ~n relation to total labelled S over time for 

both the S1 8.t."1.d S2 treat ments (Fi-gure 28). 

By the time of first sampling (D37) on the S2 treatment of both 

SITES only a small amount of total labelled S was converted to organic S. 

Additionally, this labelled organic S comprised only a small proportion 

of the total labelled S present in the 0-20 cm zone. This result is in 

marked contrast to those obtained from their cOQ'1terpart SITES II and IV 

in 1971 (Figure 17). However, this comparison is confounded by differ-

ences in the time of fertiliser 8 applicatiuu and in the time of first 

sampling. 



Figure 28. Incorporation of Labelled Sulphur into Soil Organic 

Sulphur in the S2 (45 0 0 kgS/ha) and S1 (2205 kgS/ha) 

Treatment Subplots at SITES VIII and IX (1972-73)0 

L.S.D. Least Significant Difference 5% 

• • Total Labelled Sulphur (0-15cm) 

-)C~---,)(K--- La.belled Organi c Sulphur (O-15cm) 

- ... ----i.I--- Labelled Organic Sulphur (O-5cm) 

(i) improved 
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Consideration of rainfall data between the two years (APPENDIX 

IX, TABLE 4) shows that rainfall over the growing seasons in 1972-73 

was almost similar to that in the same period in 1971-72. Therefor~ 

both years are v~ry . similar climatically • Hence, the effect of' time of 

application on labelled S incorporation can be assessed,provided allow

ance is made for differences in the time of first sampling. Day 48 

was the first sampling at SITES II aDd rv in the 1971-72 trials. Wben 

the interpolated labelled organic S levels at D48, ih SITES VIII and IX 

(Figure 28), were compared with those in the 1971-72 trials (Figure 17) 

a large difference exists on each soil. It is concluded, therefore, that 

the time of application has influenced the initial extent of labelled S 

incoroporation into the organic S fraction. It was suggested in CHAPTER 

III, that the probable mechanism of early labelled S incorporation was 

directly through microbial incorporation. Hence, this effect of time 

of' application mqy be related to the microbial activity. 

These initial differences between years did not persist at SITE 

VIII (Gorge silt loam), as. by D182 (Figure 28a) the amount of labelled 

S incorporated into the organic fraction was similar to that at SITE III 

(D173) in 1971-72 (Figure 17d). Similarly, by D323 the amount of 

labelled S incorporated into the organic S fraction at SITE IX was 

somewhat similar to that amount at D350 on SITE II in 1971-72. Hence, 

apart from initial differences in the amount of labelled organic S, the 

overall incorporation patten1 of labelled S was similar in the two 

separate investigations. 

When the amounts of labelled organic S on the S1 treatment are 

compared with those on the S2 treatment at both SITES, much higher initial 
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amounts of labelled S, than expected, are incorporated into t~e organic 

fraction of the S1 treatment (Figure 28). At SITE IX by D37, labelled 

S had been incorporated into the 0-10 cm depth (Figure 26) and a 

greater amount of labelled organic S (0-20 cm) was measured on the S1 

treatment compared with the S2 treatment (Figure 28). This difference 

was highly significant (t cal = 9.9, df = 4). The reason for this 

unexpected result between the two treatments may be due to the added 

fertilizer on the S2 treatment releasing greater amounts of non-labelled 

S by "priming", which leads to a more diluted S pool for microbial 

immobilization. However, when non-labelled S04-S (p.e.) levels for the 

S1 and S2 treatments are compared with that of the SO treatment there 

was no measurable evidence of an increased "priming" effect on the S2 

treatment at D37 for the 0-10 cm depth. The "priming" effect may have 

resulted immediately after fertilizer application and hence, earlier 

soil sampling may be necessary to detect this effect. 

As in CHAPTER III, an ·attempt was made to assess whether labelled. 

organic S was mineraliz.ed over the sampling period. In the first year, 

( 1972-73) up to D182 (late autumn), fertilizer S movement was minimal 

beyond a depth of 30 cm at both SITES (Figures 26 and 27). If it is 

assumed that most of the plant uptake is in the 0-30 cm soil zone, het 

mineralization can be calculated. Similarly, whether net mineralization of 

labelled organic S occurred the following spring (1973) can also be 

calculated, if it is assumed that after D323 no fertilizer S moved beyond 

30 cm. Results of these cahmlations for various sampling periods to D406 

at each SITE are shown in APPENDIX XVII, TABLE 2. De spi te an increase in 

replication and higher added radioactivity, considerable variability 

still exists between replicates as was the situation in CHAPTER III. 
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Even consideration of the labelled S in root systems 

(APPENDIX XIII, TABLES 3 and 4) at appropriate sampling intervals does 

not reduce this variability. It is therefore concluded that unle ss a 

great nQmber of replicates are used, assessment of the mineralization 

of labelled S from labelled organic S will be difficult to achieve 

under field conditions. 

(5) THE SIGNIFICANCE OF THE PROCESSES AFFECTI!.':j"G THE FATE OF 

FERTILIZER S ADDED TO SOILS. 

Using similar criteria to that used in CHAPTER III, the relative 

significance of the various processes affecting the fate of fertilizer 

S added toS:I'l'ES VIII and IX is shovm in Figure 29. The major soil 

zone considered is the 0-30 cm depth. 

Plant uptake and immobilization were the major processes depleting 

the pool of labelled S04-S (p.e.) up to D76 at both SITES. Plant uptake 

was more active than immobilization. This difference remains the same 

from D76 to D182 (Autumn). However, the rate of plant uptake of labelled 

S was much slower than that in the initial period (DO - D76). 

Leaching was relatively unimportant over the first year growing sea

sons (up to D182). However, over the winter period, leaching was the 

main depleting process operating, with some immobilization occurring at 

SITE IX. 

In the following spring (Day 323-D406), plant uptake was the main 

operative process at both SITES, with immobilization continuing only 

at SITE rA:. 
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Wnen the relative significance of leaching, plant uptake and 

immobilization was- considered at SITES II and IV (Figure 20) for the 

same seasonal periods as at counterpart SITES IX and VIII, similar 

effects were found. This suggests, therefore, that the relative signifi-

cance of the processes examined are dependent on seasonal factors. 

(6) SULPKUR CYCLING POOLS. 

In the same manner as in CHAPl'ER III, the sulphur cycling pool 

was calculated for SITES VIII and IX. In CHAPTER III, at the counter-

part SITES IV and II, equilibrium S.A. in the herbage was established by 

D240 (early autumn) in 1972 (Figure 8). By early autumn (D182) at 

SITES VIII and IX in 1973, the S.A. of pasture was still declining 

(Figures 22a and c), on the comparable treatment. Equilibrium,however, 

was not reached until D456 at both SITES. The S.A. at D456 was used as 

the equilibrium S.A. for calculating the S cycling pool. 

At SITE VIII (Gorge silt loam) the '~ffective dose rate" for the 

calculation of the cycling pool at D456 to a depth of 60 cm is equiva

lent to the application rate of 45.0 kgS/ha minus fertilizer S removed 

in harvested material up to that time. No fertilizer S had moved beyond 

60 cm at D323 (Figure 26) and between D323 and D456, no leaching was 

" estimated to have occurred beyond this depth. At SITE IX, the effective 

fertilizer dose rate" was corrected for the fertilizer S.( 4.0kgS/ha)leached 

beyond the 60 cm depth by D323. (see Figure 26a). 

The calculated S cycling pool at both SITES is shown in TABLE 36a. 



TABLE 36 

Sulphur Cycling Pools (kgS/ha) at DAY 456 on SITES VIII and IX. 

(a) S2 (45.0 kgS/ha) Treatment. 

SITE 

VIII (Gorge) 

Cycling SPool "c" 
(kgS/ha) 

S.A. Pasture (d.p.m./pgS) 

l'Effective Dose Rate" 
of Fertilizer S (kgS/ha) 

Extent of Dilution 

(b) S1 (22._5kgS/ha) Treatment. 

Cycling SPool "C" 
(kgS/ha) 

S.A. Pasture (d.p.m./pgS) 

" Effective Dose Rate" 
of Fertilizer S (kgS/ha) 

Extent of Dilution 

192 (162/ 

850 

32 

6.0 

165 

450 

14.5 

11.4 

IX (Kawai) 

1148 (97) 
1000 

29 

5.1 

153 

500 

15.0 

10.2 

+ Cycling S pool when fertilizer S beyond 30 em is excluded. 
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These pools can be compared with the S cycling pools obtained in CHAP'fER 

III for the counterpart SITES II and Dr (TABLE 23a) • The size of the 

cycling sulphur pool at SITES II and IX for the same soil are almost 

identical. However, at SITE VIII, the S cycling pool is much lower than 

that measured at SITE Dr. This suggests that at SITE VIII, the size of the 

S cycling pool may vary from year to year. This viewpoint is unaltered, even 

when fertilizer S beyond 30 cm is excluded (TABLE 23a and 36a). A similar 

year to year variation in the size of the S cycling pool was found by Till 

and May (1970a) in their study. This variation, in the present study, may 

be related to an incorrect assessment of the equilibrium S.A. of S in 

pasture. 

In CHAPTER V, it is shown that at SITE IX, pasture uptake of 

labelled S from the 100 cm depth was measured in the Autumn of 1973. Hence, 
II II 

the effective dose rate and thus the size or the S cycling pool may be 

slightly higher than that calculated in TABLE 36a and for SITE II in TABLE 23a 

The calculated S cycling pools at a lower rate (22.5 kgS/ha) I)f 

fertilizer S addition gives similar results (TABLE 36b) to that deter

mined using the higher rate of S application (TABLE 36a) on both SITES. At 

the IOVier rate of fertilizer S application, equilibrium S.A. appeared to have 

been established earlier than that assessed on the S2 treatment (Figure 22). 

The above observed difference in the time to reach equilibrium, due to the 

rate of S applioation, is contra~ to that reported by Till and May (1970b), 

who found that the rate of fertilizer addition did not influence equilibrium 

time. In the study of Till and May (op.cit.) S application rates (130 mgS/ha 

and 7.8 kgS/ha) were much lower than those used in the present study, where 

rates (22.5 kgS/ha and 45.0 kgS/ha) of fertilizer S application were more 

closely related to those used in farming practice. 



4. CONCLUSIONS 

Although the results obtained in the trials at SITES VIII and 

IX could not be c,ompared di'rectly to those obtained at similar SITES 

(IV and II) the previous year, due to differences in the time of 

fertilizer S application, growing conditions at similar seasonal 
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periods were found to be similar. Hence, it is considered that differ

ences between the trials, laid down on the same soil type but in differ

ent years,are largely a result of the difference in time of fertilizer 

S application. 

By applying fertilizer S in early November, rather than in early 

September, greater pasture recovery was obtained in the growing seasons 

of the first year, on both soils. 

Additionally, prior to winter, greater amounts of fertilizer S 

remained in the upper 30 em depth (i.e. the most active zone of plant 

uptake). Over the winter period, differences between years in the 

amount of leaching water (240 nun and 140 mm) confounded the effect of 

time of application on the amounts of labelled S04-S (p.e.) remaining 

prior to next season's growth. Nevertheless, on the Kawai soil, the 

difference in the amount of leaching water between years was in 

direct proportion to the percentage of labelled S removed from the 0-60 

cm zone. Thu~ a greater amount of the initial fertilizer S would be 

carried through to the following yea7 in a plant available form,when 

fertilizer was applied in November as compared to that applied in 

September on Kowai soils. 
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It is sugge sted that this difference in application time may be 

of practical significance on soils with S-responsive pastures. Although 

field evidence is limited, most of the improved pastures, described in 

CHAPTERS III and IV and which showed S responses,.invariably had spring 

harvests which did not show S deficiencies of such a magnitude as in later 

harvests. Hence, a later application of fertilizer S in early November 
/ 

may not be detrimental and maybe more than compensated by the high 

11 residuaf effects the following year, thus reducing the need for re-

application. Retopdressing results from SITES II and XI support tijis 

suggestion. In the trial at SITE IX, the"residual"effects from an 

application of 45.0 kgS/ha in early November on the Kowai sandy loam 

prevented deficiencies of S from occurring over two years. The earlier 

trial (SITE II) under similar soil and pasture conditions showed that 

when fertilizer S was applied in early Septembe~45.0 kgS/ha prevented 

S deficiencies for only one year. 

"" . . . The residual effects due to differences ~n t~me of application 

could also be importa~t when interpreting the results of fertilizer 

trials investigating S responses. The exact time of fertilizer applications 

and subsequent rainfall conditions should always be assessed when consider-

ing "residuallf effects • Similarly, the time' of application of the farmer's 

previous topdressing and the subsequent rainfall occurring should also be 

considered when interpreting the results of fertilizer trials in the 

'first year. 

Differences in application time appeared to influence the time 

at which fertilizer S reached equilibrium in the soil-plant systems 

studied. A later application of fertilizer S increased the time required 
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to reach equilibrium by almost twofold. 

The inclusion of a lower rate of labelled fertilizer S application 

gives results on the fate of fertilizer S more closely akin to those 

likely to happen under normal farming conditions on these soils, as this 

rate was similar to that used by farmers. Despite the fact that at each 

SITE only two replicates of the S1 (22.5 kgS/ha) treatment were studied, 

the results, when compared to the 82 (45 kg/ha) treatment, showed the 

magnitude of the processes measured were in proportion-to the rates used. 

Plant uptake on the 81 treatment was only just over half' that on the S2 

treatment. A similar pattern or8 ~ovement resulted in the soil, with 

slightly less penetration occurring aft-er winter rainfall. However, the 

magnitude of organic immobilization of labelled 8 was higher than 

expected. A major difference between the two rates of application was 

in the time required for the added fertilizer 8 to reach equilibrium in 

the pasture. On the 81 treatment, equilibrium was reached almost 100 

days earlier. It is thus concluded that deductions made in CHAPTER III, 

with respect to the effect of a lower rate on the fate of fertilizer S,. 

were soundly based. 

The application of' a higher amount of radioactivity a.'"ld the 

slower rate of dilution by the pool of soil cycling 8 in these trials 

35 as compared with similar studies in CHA..DTER III, enabled 8 analyses 

of soil samples to be carried out for a longer period. Although soil 

determinations for 835 were terminated at D~o6, they could have been 

continued for one more half life (87 days). Hence, if the radioactivity 

2 
had been applied at the intended level (15 mc/m ), counting of soil 
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fractions containing 835 would have been possible to 600 days. 

A.Yl attempt, by the "apparent" recovery method, to measure the 

effect of fertilizer 8 additions on root 8 levels was unsuccessful. High 

variability was encountered in determining root d~ matter yield and) 

henc~ was the main limiting factor. Under these conditions the use of 

the actual recove~ method was more precise. 



CHAPTER V 

ISOTOPIC STUDIES CN THE UPTAKE OF SULFrlUR 

BY PASTURE PLA~TS 

1. G~~ERAL INTRODUCTION 

In order to assess the significance of the downward movement 
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of fertilizer S in soils, the soil zone from which plants extract their 

S requirements must be known. 

An indirect assessment of this soil zone was obtained at each 

trial in CHAPTERS III and IV by relating the specific activity of plant 

S to that in the soil SO -S (p.e.) fraction. As indicated in CHAPTER 
4 

III, this indirect assessment had several limitations. 

The purpose of the field experiments described in this CHAP~ER 

is to determine, directly, the soil zone from which plant roots extract 

S. To meet this objective, field trials were es·tablished in the spring 

(1972) adjacent to the trials at SITE VIII (Gorge silt loam) and SITE IX 

(Kowai sandy loam) described in CHAPTER IV. 

Using aimilar techniques~ a further series of S uptake trials 

was established at the same locations the following autumn (1973) by the 

author and D. Brash. In comparison to the spring trials, Brash carried 

out a more intensive investigation into the distribution of the S35_ 

labelled pasture within the sampling lmit. Addi tionally, deeper soil 

depths were studied in the autwa~ trials. 
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The results of the spring and autumn trials have been combined 

and submitted for publication as two papers. CHAPTER V in this thesis 

dissertation comprises these papers. 

To maintain continuity within the thesis, tables, figures and 

descriptive material in CHAPTER V are numbered in sequence with those 

of adjacent CHAPTERS. 

Additionally, references listed in each paper are included along 

with other references used in the presentation of the 'thesis. 

APPENDIX XVIII, contains isotope and other data associated with 

the first harvest of the spring (1973) field experiments. 



2. A METHOD FOR THE DIRECT lliTRODUCTION OF S35 

ISOTOPE lliTO THE SOIL PROFILE UNDER FIELD 

CONDITIONS 

by 

K.M. Goh, P.E.H. Gregg*, D.W. Brash+ and T.W. Walker 

Department of Soil Science, Lincoln College, 

Canterbury, NevI Zealand. 

* Formerly New Zealand Ministry of Agriculture and Fisheries, 
Research Division, Christchurch 
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Department of. Soil Science, Massey University, Palmerston 
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, .. ' 'I,. ~' .... 

( 1) lNTRODUCTION • 

The distribution of total and adsorbed sulphate in New Zealand 

soils has been reported and reviewed by several "';'orkers (e. g. Blakemore 

et al., 1968; Metson, 1969). Althou~~ the accumul~tion of adsorbed 

sulphate in the subsoils of New Zealand soil profiles has been reported, 

its agricultural significance is/as yet, not fully evaluated. Further-

mor~, soil tests in New Zealand are usually made on samples from the top 

10-15 cm depth and no information is obtaL~ed concerning the fertility at 

lower depths and its possible contribution to plant nutrition. 

Investigations aimed at assessing the soil depth from which 

plants under field conditions extract their sulphur have been few. For 

example, Bentley ~ ale, (1955), using radiQactive S~5 fOlmd that sulphur 

uptru~e occurred at both the 25 cm and 50 cm soil depths under lucerne. 

Pawluk aDd Bentley (1965) showed that the uptake of S35 by wheat, 

lucerne and barley occurred at all four depths (10, 20, 40 and 60 cm) 

stUdied. 

For a particular isotope to be used ~n upta1ce studies the tracer 

must exist as carrier-free or high specific activity solutions or 

powders, which are not ve~ mobile in the soil but mobile in the plant. 

"sulphur-35 in the sulphate form coul·i be used although its mobility in 

32 the soil is greater than that of P • This mobility could be reduced 

in soils which have a high retentive capacity for adsorbed sulphate. 
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While the trace method is capable of yielding qualitative 

information of root activity,the quantitative interpretation of the 

results is much more difficult. Several complications could arise 

and some of these have been examL~ed by several workers (e.g. Nye and 

Foster, 1960; D'Aoust and Taylor, 1965; Fried and Broeshart, 1967; 

Newbould, 1969; Bassett et al., 1970). One of the major complications 

is the accurate placement of the isotope in the soil profile as its 

introduction may disturb the feeding activity of roots near the point 

of injection." The probe may alter the root activity by soil compaction 

uv by channelling roots to the injection sites. The latter is most 

likely to occur when the isotope is inserted into the soil vertically. 

An additional complication could arise from contamination of the walls 

of the channel during the withdrawal of the injection needle after the 

insertion of the isotope. Furthermore, with pasture studies under field 

conditions/it is extremely difficult to define exactly the sampling area. 

To overcome some of these difficulties the paper describes a method in 

which the S35 isotope is introduced horizontally into the soil profile 

at various" soil "depths under established pasture. L7l order to improve 

the accuracy and to reduce the contamination during placement, the 

technique of Jacobs ~., (1970), which utilizes small volumes of 

carrier-free isotop e placed in gelatine capsules, was used. The extent 

of S35 uptruce from a point application at a given depth was also examined. 
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(2) MATERIALS AND METHODS. 

(a) Soils. The soils used were the Kowai sandy loam, a 

southern recent soi17 and the Gorge silt loam, a moderately to strongly 

leached lowland yellow brown earth soil. Both soils occur in close 

proXimity to where the R9kaia Gorge meets the Canterbury Plains. They 

were derived from grey wacke loess and are sulphur deficient in the 

virgin state (having low atmospheric returns, being 55 km from the coast). 

They are under a similar climatic regime (subhumid, cool temperate 

climate, rainfall 1000-1250 nun per 8..'11lUffi, warm summer, cool winter, 

prevailing north-west wind). 

Both sites were under perennial ryegrass (kolium .:@renne) and 

white clover (Trifolium repens) pasture with a small proportion of we-eds 

(e. g. yarrow - Achillea millefolium) and other grasses (e. g. cocksfoot -

Dactyl=L~_glomerata). The Kowai SITE was on a terrace close to the Rakaia 

River, about 1 km upstream from the Rakaia Gorge bridge (N.Z.M.S. 1 sheet 

S 74, 111603) • The Gorge SITE was on a high fan surface on the Methven

Rskaia Road (N.Z.M.S. 1 Sheet S82, 101549). 

(b) Preparation and Layout of: EX"Qerimentalsites. The chosen sites 

were fenced off and four areas of 1.5 m x 1 m were marked out at each 

trial site with at least 2 m between the corners of each area. This 

distance of 2 m was taken as sufi'iciently far apart to prevent any cross

contamination between each isotope application,as judged from results of 

previous trials by one of us (P.E.H. Gregg) using the same tecllnique. 
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Pits of 1.5 m x 1 m to a depth of 1.2 m were dug in each marked 

out area. The purpose of digging the pits was to allow horizontal 

insertion of sulphur at each depth of application. Horizontal insertion 

minimizes bias in sulphur uptake. 

(c) Sulphur Isotope Application. IsotopeJas carrier-free S35_ 

sulphate in aqueous solution at PH 6~~was purchased from the Radio

chemical Centre, &~ersham, England. In the laboratory at Lincoln College 

this was diluted into thirty-two 5 ml aliquots, each aliquot containing 

1 millicurie of S. 

The trial was laid down on the 14 March 1973. The steps involved 

were: 

(i) 1:E~~m~'"1. of Soil Pits·: At each trial site four pits were 

excavated, representing the four replications in a randomized complete 

block design. The four vertical faces of each pit were used to insert 

the isotope at the four different depths (22, 52, 75 and 100 cm). 

Ra~domization was carried out by randomly associating a particular depth 

of placement with a particular face in a pit (Figure 30). The faces of 

the pit walls were marked out to show the rahdomly chosen depth and 

position at which the isotope was to be placed. A cylindrical steel rod 

(diameter 1.2 cm, length 50 cm) was slowly hammered horizontally into the 

face for a distance of 30 em and withdrawn to create a hole into which 

the isotope could be introduced. Five holes (10cm apart) were made at 

each depth to give as great a spread of isotope as is possible within 

the limits of convenience. Obviously, the optimum would be an even 



Depth 
22, 52, 75 

or 100 em 

Figure 30 0 A Diagrammetric Illlli?tration of the Location of the 

Five Capsules, Containing s35_isotope, Inserted 

into the Pit Wall at the Desired Soil Depth. 
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Sampling Grid for the "Preliminary" Harvest as Viewed. 

from Above the Plot. P-Q and R-S are the Transects 

for Plotting Lateral Spread in Figures 33 and 34. 

(x is the position of the inserted middle capsule. 

The other capsules are represented by x). 
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spread of isotope at each depth to maximize the chance of detecting 

active roots at that particular depth. 

(ii) SUlphur-35 Insertion: The isotope was inserted according to 

the method of Jacobs et al., (1970). A syringe was used to remove 1 ml 

(0.2 millicurie) of the 5 ml aliquot containing aqueous S3~S and this 

was placed into a medical gelatine capsule (diameter 10 mm, length 26 mm). 

The capsule was quickly frozen over d~ ice. 

To place the capsule in the soil at the desired location it was 

first clamped on the end of a hollow pipe (diameter 1.1 cm, length 50 cm). 

This pipe has an outside diameter small enough to be inserted into the 

horizontally-made holes and an inside diameter large enough to allow an 

inner rod (diameter 0.5 cm, length 50 cm) to eject the gelatine capsule 

from the clamp. The capsule was placed at the end of the 30 cm hole, 

ejected from the clamp and the clamp was withdrawn. The hole was then 

back-filled with soil from the same depth. The process was repeated until 

a total of five capsules were placed at each depth. Thus, at each hole, 

a gelatine capsule containing 0.2 millicurie of S35 was placed in a 

uniform, non-contaminating way at the desired location. The capsule 

dissolves in the aqueous solution and soil water after the ambient soil 

temperature had melted the frozen' solution. The relative positions of the 

gelatine capsules, after replacing the excavated soil, were marked .nth 

painted nails on the surface of the turf. The pit walls were lined with 

plastic sheeting prior to soil replacement in order to prevent pasture 

plants from the infilled area gaining access to the S35. 



(iii) Harvesting Herbage: A "Preliminary" harvest was carried 

out on one plot in each trial .site (replicate 1 at depth 22 cm) on 13 

April 1973, one month after the experiment was laid down • 

. 35 
Its purpose was to assess the lateral spread of 8 in pasture and 

to decide on the best method to sample the "Main" harvest so as to 

include as far as possible all the areas where uptake of 835 is likely 

to occur. 

The pasture in an area above the location of the isotope was 

harvested. To allow for lateral root development causing a spread of 

herbage activity an area of 100 cm x 60 cm was harvested. Hand shears 

were used with plastic gloves to prevent possible skin contamination and 

ad o to 0. .&0 835 Th 100 60 d . r :La :Lon :LnJury .I. rom • e cm x cm area was sample uS:Lng a 

grid constructed from iron rod and fencing wire. The grid had ten 
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separate sampling areas and was placed on the turf with its centre (Figure 31) 

directly over the isotope. This area over the isotope will be referred 

to as the "hotspot" (see Figure 32). 

The herbage was cut, bagged and brought back to the laboratory 

for analysis. 

The "Main" harvest was carried out by cutting the areas as shown 

in Figure 32 on 30 April 1973. The herbage in all plots was 

harvested by taking three separate samples per plot (namely from areas 

'a', 'b' and 'c', Figure 32). Each herbage sample was cut, bagged and 

brought back to the laboratory for analysis. 



Pit 

Legend .. 

'a' a re a 'b' a"rea 

Pit 

rxx-xl 
~ 
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Figure 32 Sampling Grid for the "Main" Harvest as Viewed from 

above the Plot. 
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" " During this mai.n harvest, 8.'1.other plot in each trial'site was 

again harvested with ten samples per plot (replicate 2, depth 22 cm) 

to further assess thelateraI.spread of S35upta1ce. (See Figure 31). 

(iv) Preparation of Herbage for Chemical Analysis: All herbage 
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o . 
samples were oven-dried at 60 C under forced draught for three dqys. The 

dried samples were then weighed and ground to pass through a 1 mm sieve, 

using a coffee-type grinder. Pre'Cautions against oral inhalation of 

isotope and skin contamination were taken. This involved wearing of a 

face mask and plastic gloves. 910se attention was given to preventing 

contamination between each sample. The "suspected" least active samples 

were ground first, the grinder was completely brushed out and cleaned 

between samples. 

35 (v) Determination of S Isotope and ~~: This was 

carried out according to the procedure of Blair and Crofts (1969). 

A 0.05 g plant sample was oxidized by dry-ashiilg (25:1 NaHC0
3

:AgO) 

at 550
0
C for three hours (Steinbergs et al., 1962). A small modification 

of the procedure was introduced. This involved placing a "guard" layer 

of the oxidizing agent over the herbage-oxidizing agent mixture to 

prevent any possible volatilization losses of sulphur. 

The modified Johnson and Nishita (1952) procedure of Dean (1966) 

was used to collect pla:n.t sulphur (S 32 and S35) in 20 ml of 1 M NaOH. 
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The S35 was determined using liquid scintillation counting. One 

ml of the collecting solution was added to 15 ml of the dioxane-based 

scintillation phosphor. Counting was carried out using the Packard 

Tricard Liquid Scintillation COQ~ter (Model 2002) which had a counting 

efficiency of 45 %. Each sample was counted for 10 minutes -together with 

counting of a background sample from the untreated area. 

The total plant sulphur was measured colormetrically using the 

Dean's colour reagent (Dean, 1966), and the measurement made on a Bausch 

Lomb "Spectronic 29" at 400 m u wavelength. Standard curves were 

prepared from AR grade K2S0
4

• 

(3) RESULTS AND DISCUSSION. - --------. 

(a) Lat~!:~J,;)~istributi2£ of 33~-:,U.E.t~~. Using the sampling areas 

as indicated in Figure 31, distribution of 335 -uptake by pasture plants 

in the "Preliminary" and "Main" harvests was determined for the depth 

of isotppic insertion at 22 cm and are shown in TABLES 37 and 38. Figures 

33 8.'1.d 34 diagrammatically show the lateral spread of 3 35 in pasture in 

relation to the sHe of application. 

The P-Q trrulsect of Figures 33 and 34 shows that the maximum spread 

of uptruce is over a distance of 20 to 25 cm from the site fif isotope 

application with most of the uptake occurring at about 15 cmon either 

side of X, which is the approximate position of the middle capsule. 
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TABLE 37 

Lateral Spread of Sulphur-35 in Pasture at the "Preliminary" Harvest 
(Autumn 1973). 

Sampling Weight of dried S35 uptake 4 
Area+ pasture herbage (d.p.m.x 10 

g per g 
of herbage) 

npreliminary" 
1 3.55 3 Harvest 2 5.98 185 KOWAI Soil 

(13.472) 3 6.56 424 
4 5.96 132 
5 5.65 14 
6 7.44 n 
7 2.18 3 
8 4.67 1 
9 4.28 3 

10 5.03 1 

"Preliminary" 1 5.00 n 
Harvest 2 5.34 27 

GORGE Soil 3 9.26 414 
(13.4.73) 4 10.55 143 

5 9.64 42 
6 11.19 n 
7 3.55 3 
8 5.53 n 
9 3.66 4 

10 4-.00 1 

+ 

n 

sampling areas 1 to 10 as illustrated in Figure 32 

none (counts were the same as backgro~d) 

35 
S upta1ce 4 
(d.p.m.x 10 

per cm2) 

0.01 
1.46 
4.63 
1.31 
0.11 

n 
0.04 
0.01 
0.02 
0.01 

n 
0.20 
6.39 
2.52 
0.58 

n 
0.03 

n 
0.06 
0.01 



TABLE 38 

Lateral. Spread of Sulphur-35 in Pasture at the "Main" Harvest 
(Autumn 1973). 

Sampling Weight of dried 
35 . 35 . 

S -uptake 4- S -uptake4-
area+ pasture herbage (d.p.m.x 10 (d.p.m.x 10 

g per g per cm2) 
of herbage) 

"Main" 1 16.00 6 0.10 
Harvest 2 10.00 198 3.08 
KOWAl 3 9.64- 3J~ 5.57 
Soil 4- 9.37 396 6.19 
(30.4-.73) 5 11.27 27 0.4.4-

6 12.50 n n 
7 5.20 3 0.04 
8 12.21 2 0.01 
9 4-.30 16 0.28 

10 3.50 n n 

"Main" 1 12.4-0 2 0.03 
Harvest 2 13.89 132 2.61 
GORGE 3 11.30 4-35 8.19 
Soil 4- 14-.83 88 2.17 
( 30.4-.73) 5 16.58 5 0.13 

6 26.80 n n 
7 6.57 25 0.54 
8 10.80 5 0.11 
9 6.4-9 67 1.4-7 

10 10.83 4- 0.08 
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+ sampling areas 1 to 10 (Figure 32) within a sampling unit - 100cm x 60 cm 

n none (counts were same as background) 
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Fi;sure 330 Lateral Spread of Sulphur-35 in Pasture in Relation 

to the Site of Application (X) at a Depth of 22 em 

(ll::>reliminary" Harvest). 
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B Gorge Soil 
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Q 
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Fi~lre 34 Lateral Spread of Sulphur-35 in Pasture in 

Relation to the Site of Application (X) at a 

Depth of 22 cm ("Main" Harvest). 
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It is of interest to note that the above result indicates that 

the lateral spread of roots of pasture plants}from the point of applic

ation of the isotope with respect to the depth studied (22 em») is about 

15 cm under field conditions. This observation is similar to those 

reported by other workers studying the root development of ryegrass and 

white clover plants (e.g. Erith, 1924; Weaver, 1926; Jacques, 1941; 1943 

and Kutschera, 1960). It is also supported by the recent results of 

Vallis et al., (1973) in their studies using N15_labelled fertilizers 

applied to the surface of microplots of Australian pastures. These 

workers reported that very little N15 was recovered from pasture plru~ts 

growing further tl;ian 15-30 cm from the area of' application. 

When the two soils are compared, pasture plants in the Kowai 

soil show a greater lateral distribution of roots at 22 em than those 

in the Gorge soil. In addition, pasture roots penetrated to a greater 

depth in the Kowai soil than in the Gorge soil (see TABLE 39). 

Troughton (1957) noted a similar trend of greater horizontal root spread 

of herbage gras~ElS when the vertical root penetration was deeper. 

(b) Lateral Distribution of S35 Uptake with De~. Total uptake 

of S35 -sulphur by pasture plants in the two .soils studied are shown in 

TABLE 39. The contribution of the "hotspot" (, a' area in Figure 32) and 

the remaining outer areas ('b' and '0' in Figure 32) to the total uptake 

f'rom each depth are shown in Figure 35. 

The data show that the lateral spread of S35 uptake varies with 

the soil and the depth of application. Since the uptake pattern of S35 



Soil Depth 

( cm) 

22 
Kowai 

Gorge 

52 
Kowai 

Gorge 

75++ 

Kowai 

100++ 

Kowai 

Mean Pasture Uptake of Sulphur-35 in Relation to the Main Sampling 
Areas Within the. Sampling Unit (Autumn 1973). 

Weight of Pasture Sulphur Content 35 
S -Uptake 4 

Herbage (g) of Pasture Herbage (d.p.m.x 10 
(%) per g of 

+ 
Herbage 

a b c a b c a b c 

10.93 15.53 6.66 0.27 0.23 0.24- 245 98 9 

18.97 20.05 9.48 0.24 0.27 0.29 604 82 34 

12.38 14.44- 6.19 0.26 0.26 0.23 313 137 23 

22.79 - 26.58 11.39 0.28 0.28 0.27 43 3 0 

13.90 16.22 6.95 0.26 0.25 0.21 100 33 16 

14.42 16.80 6.98 0.26 0.26 0.24 111 46 19 

+ Sampling areas a, b, and c are as illustrated in Figure 32 

++ 

Total S35 -U takt++ 
(d.p.m.x 1~) 

a b c 

9241 1521 61 

11459 1639 320 

3872 1984 144-

1017 88 0 

1388 531 113 

1602 758 135 

Radioactive counts of herbage where the isotope was placed below the 52 cm depth ~n the. Gorge soil 
were similar to those of the background and are therefore not shown. 

+++ per sampling- area. 



Depth Total I 

(cm) Uptake 
(d.p.rn.) 

22 0·8x107 

52 6.0x 107 

75 2.0x107 

100 2.5x107 

0·0 

Depth Total 
(em) Uptake 

(d.p.rn.) 

22 13-4x107 

52 1·1 x 10
7 

75 None 

100 None 

0·0 

Legend 

A Kowai Soil 

Relative Distribution 
of Uptake 

0·2 0.4 0·6 

B Gorge Soil 

Relative Distribution 
of Uptake 

0·2 0.4 0·6 

0·8 1·0 

0·8 1-0 

Uptake above points of 35S 
application ('a' areas) 

Remaining uptake ('b' and 
'c' areas) 

Figure 350 Lateral Spread of Sulphur-35 in Pasture at 

Different Depths of Application. (Main Harvest) 0 
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is a reflection of both the root activity and root development the 

results indicate that the distribution of roots is different in the two 

soils studied. To account for the uptake pattern in the Kowai soil, 

roots would be expected to grow laterally and .obliquely until approxi

mately 50 cm depth; then they grow vertically dovm to at least 100 cm. 

This root pattern would explain the distribution of uptake from each 

depth. In the Gorge soil, however, greater 335 uptake occurred in the 

"hotspot" (, a' area) from the deeper depth. This could be due to 

surface roots spreading laterally at shallow depth and deep feeder roots 

penetrating vertically to the subsoiL 

(4) ,SUMMARY. 

A method for the direct introduction of 835 isotope into 

different soil depths under field conditions to study the uptake of 

sul~hur by pasture plants is described. This method was designed to 

minimize bias and contamination during the introduction of the isotope. 

It involved the horizontal introduction of the isotope enclosed in water

soluble capsules. 

Recovery of 835 by the pasture plants indicated that when 835 was 

introduced at a depth of 22 cm the area above ground in which pasture 

plants were labelled extended little more than 15 em from the line of 

placement. This lateral spread of 335 in the pasture plants varied 

according to the soil and the depth of applicati'on. The results may be 

ex plained in terms of the extent and nature of root development in the 

soil profile. 
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(1) INTRODUCTION. 

In soils, sulphate is considered to be the plant available fo~ 

of sulphur. Sulphate ions, adsorbed on soil colloids maintain an 

equilibrium with sulphate in soil solution. 

Sulphate, incomparison with phosphate, is a relatively mobile 

ion in the soil. Therefore, whenever water percolates through the soil, 

sUlphate ions are likely to be removed to a 10Vler depth. 

The extent to which the movement of sulphur through the soil 

profile influences the sUlphur economy of crops and pastures depends on 

their respective zones of active nutrient uptake. This is not necessarily 

the same for all nutrients (Nevlbould,1969). 

Investigations, assessing the soil depth from which plants extract 

sulphur, have been few (see section 2. (1) ). It appears that no 

published uptake experiments, using radioactive S35 isotopes1have been 

conducted on permanent pastures containing ~egrass and white clover. 

Walke r and Gregg (1975) sugge st that the l~ck of an expected re sponse to 

sulphur fertilizers in some New Zealand situations m~ be due to adequate 

S uptake from lower soil horizons. 

In a series of trials in Canterbury, investigating the fate of 

"5 fertilizer gypsum labelled with radioactive S-' , large differences 

occurred in the movement of sulphur through the soil profiles of two 



345 

contrasting soils under similar Tainfall. 

These trials had sho,m that, six weeks after the application of 

radioactive s35_gypsum to the surface, substantial amounts of S35 were 

35 detected in the 45-60 cm depth of a recent soil. By contrast, no S 

was found below 30 cm in a lowland yellow brown earth soil. This 

situation prevailed throughout the spring, summer and autumn of 1971-72. 

To interpret the significance of this movement, an evaluation 

of the depths from which plants utilized sulphur was carried out. 

( 2) EXPERIMENTAL. 

The soils - Kowai sandy loam (southern recent) and Gorge silt 

loam (lowland yellow brown ea;th) were both free-are.ining loessie.l soils, 

differing in their degree of soil development. 

Trials were laid do,m at each site on 10 September 1972. Radio

active carrier-free S35 isotopes were placed at four depths (7.5, 22.5, 

37.5 and 52.5 cm) by the method. as described earlier. The amount of 

isotope used ,was 0.5 millicurie (me) of S35 for the two top depths and 

2 mc for the lower depths. 

Herbage was harvested by placing a sampling unit (100 cm x 60 cm) 

directly over the centre line of the gelatine capsules. The sampling unit 



was separate a. into three sampling areas, with the central area (20 cm 

x 60 cm) designated the "hotspot" area of highest radioactivity. 

Af'ter harvesting, the herbage from the "hotspot" was dissected 

into component pasture species of grasses and clovers. 

In the autumn (1973), two additional trials were laid dovm 

adjacent to the spring trials. Sulphur-35 uptake from 22, 52, 75 and 

100 cm was investigated using four replicates. One millicurie of S35 

was injected at each depth. 

Plant material was analysed for total sulphur (Steinbergs ~t al., 

1964) and an extract (1 ml) used for liquid scintillation counting as 

outlined. by Blair aYJ.d. Crofts (1969). 

(3) RESULTS. 

346 

(a) SEring Tria~. The first harve st was taken 34 days after the 

laying down of the experiment. T.AB!,E 40a shows the mean S35 uptake by 

all herbage within the sampling unit. Data are corrected. for the 

higher amounts of S35 added to the lower horizons. Uptake occurred from 

all four depths on both soils. The greater uptake of S35 at the two top 

- depths of the Gorge soil is a reflection.mainly of the higher plant yield 

at this site. On the other hand, the lower 835 uptake from the 37 and 52 

em depths in the Gorge soil is related to the higher levels of phosphate-

extractable sulphate at these depths, creating a large dilution effect 

(TABLE 43 a). 



TABLE 40 

Mean Pasture Uptake of Sulphur-35 from Different Soil Depths. 

(a) Spring 1972 (Day 34), First Harvest. 

Depth Kowai Gorge 

( cm) 

7.5 
+ 11,743a A++ 20,110a A 

22.5 4,272b .AB 10, 683b B 

37.5 2,033c BC 797c C 

52.5 987d C 193d C 

(b) Autumn 1973 (Day 47), First Harvest. 

+ 

++ 

+++ 

Depth Kowai Gorge 

( cm) 

22 5, 41t"~+ A 6 709a A 

52 3000a .AB 509a A 

75 1,016b B Nil 

100 1,247b B Nil 

disintegrations per minute x 104 

puncan's symbols, letters in common are not significantly 
different {P~0.05denoted by small letters'and P~ 0.01 
by capital letters). -Data were log'-transformed for 
statistical analyses. 

Corrected to the same amount of S35 added (0.5 mc) in the 
Spring Harvest. 
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3r) . 
In comparing the 8 -' uptal{e by white clover and ryegrass herbage 

from "hotspot" areas the data (TABLE 41 a) indicate that both these 

35 species were active in removing 8 from each depth. Ryegrass plants, 

significantly, took up more 835 per g of dry matter at each depth in the 

Kowai soil. This increase was not due entirely to its higher sulphur 

content as a comparison based on the specific activity of plant material 

still showed higher levels in the ryegrass herbage (T.P-BLE 42). 

The relative plant uptake of sulphur from each depth studied, can 

be evaluated by considering the size of the plant available pool of soil 

sulphur (832). in relation to the amount of 835 ado.ed to the soil and that 

taken up by plants (Newbould, 1969). Results,as shovm in TABLE 43 a, 

indicate the size of the plant available pool at each depth as determined 

by using the pho sphate-extractable sulphur value s. I,arge amounts of plant 

available sulphate are p~e.sent in the Gorge subsoil. ,. The percentage 

sulphur retention for each depth is also listed. 

Using the isotope and available sulphate-8 data at each site) the 

mean % relative activity of roots in relation to 832 uptake by plants was 

calculated (TABLE 44a). With respect to the depths studied, approximately 

32 5Q% of the total 8 uptake occurs at 7.5 cm-in both soils, with a greater 

32 relative proportion of 8 uptake from the top depth in the Gorge soil. 

Of some interest is the similar % relative root activities for 8
32

uptake 

at the 7.5 and 22.5 cm depth on the Gorge soil. Root weights from this 

site at a depth of 0-10 cm were on the average eight times that at 10-20 

CID. Assuming this difference exists between the 7.5 and 22.5 cm soil 

depths) then the amount of roots present would appear to be a poor 

indication of their relative root uptake patterns for 832 • 



.TABLE 4-1 

Mean Uptake of Sulphur-35 by Ryegrass and White Clover Plants 
from the "Hotspot" Area. 

(a) Spring 1972 (Day 34-), First Harvest. 

Depth Kowai Gorge 

( cm) Grass Clover Grass Clover 

+ ++ 
7.5 41+57 A 194-7 B 9967 A 3653 B 

22.5 2200 A 4-85 B 3063 A 1199 A 

37.5 74-8 A 121 B 357 A 177 A 

52.5 204- A 22 B 73 A 53 A 

(b) Autumn 1973 (DBsY 4-7), First Harvest 

22 

52 

75 

100 

+ 

++ 

3550 A 

2650 A 

577 A 

1620 A 

650 B 

214-0 A 

34-0 A 

100 B 

3100 a 

110 a 

disintegrations / -minute x 103/ g of dry matter 

24-00 a 

200 a 

Duncan's symbols (see TABLE 4-0) indicating significance of 
difference between pasture species. 

34-9 



TABLE 42 

Mean Sulphur Specific Activities of Ryegrass and Wnite Clover 
from the "Hotspot" Area. 

Spring 1973 (Day 34), First Harvest. 

Depth 
( cm) 

7.5 

22.5 

37.5 

52.5 

Kowai 

Grass 

+1720 A++ 

875 A 

296 A 

62 A 

Clover 

959 

227 

64 

11 

Gorge 

Grass Clover 

A 3763 A 1563 

B 1093 A 579 

B 121 A 74 

A 24 A 22 

A 

A 

A 

A 

+ Duncan's symbols (See TABLE 40) comparing the significance of 
pasture species differences. 

++ 
disintegrations / minute / p.gS. 

TABLE 4~ 

Sulphur Retention and Mean Levels of Sulphate Sulphur (p.e.) at 
Different Soil Depths (Spring 1972, Autumn 1973). 

(a) Spring 1972 

Depth Kowai Gorge 

350 

( cm) % S.R. SO 4 -S (p. e • ) . % S.R. SO 4-S (p. e. ) 
+ 

7.5 0 5.2 1 7.1 
22.5 2 5.1 24 15.4 

37.5 3 8.4 44 45.8 

52.5 2 8.6 46 35.7 

(b) Autumn 1973 

22 1 5.1 24 20.0 

52 4 8.0 46 50.0 

75 16 10.5 54 36.1 

100 8 7.4 94 22.2 

SR Sulphur Retention 

" 
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TABLE 41t 

Mean Relative Root Activity for Pasture Uptake of Sul phur-32 • 

(a) Spring 1972 (Day 34), First Harvest 

Depth Kowai Gorge 
( cm) (%) (%) 

7.5 56 41 

22.5 20 46 
37.5 16 10 

52.5 8 3 

(b) Autumn 1973 (Day 47), First Harvest 

Depth Kowai Gorge 
( cm) (%) (%) 

22 33 79 

52 38 21 

75 17 0 

100 12 0 
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(b) Autumn Trials. Uptake of sulphur occurs from all four 

depths in the Kowai sandy loam and from the top two depths of the Gorge 

soil (TABLE 40b). Da.ta on the uptake of S35 by the species (TABLE 41b) 

indicate that white clover and ryegrass roots were active at both sites. 

Relative root activities for S3
2 

uptake from each depth are 

presented in TABLE 44b. In the Kowai soil, as much S3
2 

in the plants 

comes from the 22 cm depth as from the 52 cm depth, but in the Gorge 

soil over three times as much is taken up by plants from the 22 cm 

depth. These findings can be compared with the same data from the 

spring trial (TABLE 41a) which showed relatively less uptake from the 

52 cm depth with respect to the 22 cm depth in both soils. 

Soil moisture levels in the topsoils declined over the summer-

autumn months and this may have restricted the uptake of sulphur from 

surface layers and increased uptake from lower depths, 'where higher levels 

of SOlJ.-S (p.e.) exist (lA_I3L.-k43b). 

The reasbri for the plant uptake of S35 in the autumn ceasing at 

52 cm depth in the Gorge soil was investigated to some extent. Visual 

observations and limited root weight sampling showed that root pene-

tration terminated at 60 Cill depth in contrast to the Kowai soil where 

roots penetrated to the 100 cm depth. 

Soil moisture, soil porosity and soil chemical differences may 

be the main factors responsible for the differences in root penetration. 
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(4) DISCUSSION. 

The main objective of these trials was to establish the signifi-

cance of fertilizer sulphur movement in relation to the depth of sulphur 

Qptake by'plants at these sites. It is eviden~, from the results 

obtained, that uptake of S35 from fertilizer gypsum would have occurred 

to at least. 52 cm in both soils during the spring. Therefore, although 

movement occurred to a dept.h of 60 cm in the Kowai soil this S would not 

have been lost to plants provided it remained in the plant available form. 

In fact, it is possible that uptake may have been occurX'ing at depths 

lower than 60 cm as,in the autumn:uptake was recorded dovm to the depth 

of 100 cm. 

Trials, investigating sulphur responses on each soil, were 

conducted concurrently on areas adjacent to t.he uptake trials. Sulpl;ur 

responses occurred at the Kowai site. Thus, although sulphur was being 

utilized from depths of at. least 100 em in the Kowai soil, the magnitude 

of this uptake was insufficient to prevent sulphur deficiencies from 

occurring. On the other hand, the lack of sulphur responses in the 

Gorge soil may be due to uptake from lower depths (i.e. down to 52 cm) 

where levels of sulphate-S were much higher 'than those present in the 

top depth. 

It should not be assumea. that plants will always utilize sulphur 

from lower depths where the concentration of phosphate-extractable 

sulphate is high. As pointed out. by Metson (1969), the factors leading 

to the accumulation of sulphate at depth may predispose towards low root 
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activity (i.e. low pH, low base saturation, high aluminium concentration) 

and thus low sulphur uptake. 

A major problem encountered in both the series of the uptake 

trials conducted in the present study was the high degree of variability 

associated. with S35 uptake data. This has been observed by other workers 

. 32. us~ng P ~sotope (e.g. Burton,1957). At our trial sites this could be 

related to the small sampling areas and a limited number of replicates. 

(5) CONCLUSIOl'!. 

The data obtained in the present study indicates that if sulphur 

in sulphate form, moves beyond approximately 60 cm at the Gorge site it 

is unavailable to plants. In contrast, uptru<e of sulphur occurs to at 

least a depth of 100 cm at the Kowai site. 

The results suggest that toflilly evaluate the supply of soil 

sulphur to plants, consideration should be given to sampling soils to a 

depth where roots are likely to be active in uptake. This is especially 

so when SUlphate levels are low in the top 15 CID, yet no response to· 

sulphur is recorded at trial sites. 

Although the zone of sulphur uptake has been shovm to extend to a 

considerable depth in both sons, it would require more detailed trial 

work to establish the actual contribution of sulphur at various soil 

depths to the total sulphur upt ake by pasture herbage. 
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There is a paucity of New Zealand data on the depths from which 

pasture plants and crops extract their sulphur and other nutrients. 

We have no doubt that more information of this nature would assist in 

the efficient use of our fertilizers. 

( 6) SUMMARY. 

On two contrasting soils - Kowai sandy loam (recent soil group) 

and Gorge silt loam (lowland yellow brovm earth soil group) in inland 

35 Canterbury, New Zealand, plant uptake of S -sulphur placed at various 

soil depths and also the uptake of associated soil sulphur (S3
2

) presen£ 

at the same depths were investigated in improved pastures under field 

c ondi tions. 

Results from the first harvest in s.pring (1972) showed that on 

both soils, white clover and perennial ryegrass plants utilized sulphur 

from all four depths studied (i.e. 7.5, 22.5, 37.5, and 52.5 cm). 

The relative contribution of roots, at each soil depth, to the 

total plant S3
2 

uptake was also assessed. With respect to the four 

depths studied, approximately 50.% of the S3
2 

uptake occurred at the 7.5 

cm depth on both soils. Inclusion of the uptake from the 22.5 c~ depth 

accounted for 76% and 90% of total S32 uptake in the Kawai and Gorge soils 

respectively. 



In the autumn (1973) trial s, ad jacent to the spring trials, 

sulphur uptake (832 and S35) from the 22, 52, 75 and 100 em depths 

was investigated. On the Kowai soil,uptake by both grass and clover 

plants occurred from all four depths whereas on the Gorge soil. uptake 
I 

occurred only in the upper two depths. Possible reasons for this 

difference are discussed. 

A comparison of s pring and autumn uptake from common depths 

(22 and 52 em) indicated that in the autumn greater relative uptake of 

S3
2 

occurred from the 52 em depth. 
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The results :indicate that, despite variability in plant S35uptake 

data, soil- sampling below 7.5 em is necessa.ry at these sites to fully 

characterize the plant available sulphur status of the soil. 



CRAFTER VI 

GROWTH CABJNET EXPERThffiNTS WITH SULPHUR 35-LP..BELLED 

PLANT RESIDUES 

1. INTRODUCTICN. 

As shown in the earlier studies,fertilizer S when applied to 

pastures is readily incorporated into plant material. Hence,) the 

addition of plant residues, both underground (root decay) and on the 

surface, will constitute a potential source for the"residual" supply of 

fertilizer S to plants. In CHAPTER IV, levels of labelled S in roots 

were studied under field conditions. No significant net changes over 

time were found. The high variability in the root labelled S levels, 

prevented adequate precision in the detection of possible changes. 

To obtain some information on the likely amount of fertilizer 

S released from plant residues within the growing seasons of one year 

in the field, several experiments were conducted under controlled 

conditions in a growth cabinet. 

The overall ob jective of these expedment s was to assess the 
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plant availablity of labelled 'fertiliz-er S incorporated. into plant residues. 

This was measured by growing perennial ryegrass (Lolium perenne)plants 

in soils to which the labelled plant residues were added. 

Specific objectives were to assess the relative plant El.vailability 

of labelled Sin: 



(1) Grass and clover roots 

(2) Varying proportions of grass and clover roots 

(3) Grass and clover tops 

(4) Grass roots of varying physical sizes 
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(5) Different amounts of grass roots together with vg,ry,ing application 

rates, of fertilizer S. 



2. MATERIALS AND ME'rn:OD8. 

(1) PREPARATION OF SULPtfJR 35-LABELLED PLAl\fT RESIDUES. 

At SITE IX (see CHAPI'ER LV), S35-labelled gypsum fertilizer was 

surface-applied to a small area (1.5 m x 1 m) on 1 November 1972. The 

application rate (45.0 kg8/ha) was similar to that on the 82 treatment 

at SITE IX. The added radioactivity was 10.4 mc/m
2 

(5120 d.p.m./pgS). 

Pasture from the radioactive area was harvested on 8 December 

1972 and discarded. Pasture harvested on 16 January 1973 (Day 76) was 

fully dissected into its clover and grass components. Each component 

was oven-dried at 60°C and ground in a similar manner to that described 

359 

in CHAPTER III 2. (2),(d). These grass and clover samples are referred 

to in future reading as grass and clover tops. At the same harvest 

(16/1/73) the soil was removed entirely from the radioactive area to a 

depth of to cm. Clover and grass roots were extracted from the 

collected soil in a manner similar to that described in CHAPrER III 2. (2) 

(c) (ii). The separated grass and clover roots were oven-dried at 60°C 

and all clover and the majority of grass roots were ground in a similar 

manner to harvested pasture. 

Ground grass and clover roots and tops were a~alysed for total 

N, C, non-labelled and labelled 8, and non-labelled and labelled HI-

reducible S. Triplicate samples of grass and clover roots and tops were 

used for S analyses but for the other chemical ru~alyses only duplicate 

samples were t~cen. The analytical methods, as outlined in CHAPTERS III 

and I~ were used. The composition of the plant residues, used in the 



present study, are shown in TABLE 45. 

( 2) TRIAL DESIGl'f 

Five separate experiments were conducted simultaneously in the 

growth cabinet. The soils used were collected from some of the SITES 

studied in CHAPTER III. 

(a) EXEeriment I. Three plant residue treatments (nil, clover 

and grass roots) were applied to three soils collected from SITES II, 
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IV a~d V. In addition, two plant residue treatments (nil and grass roots) 

were applied to the soil collected from SITE III. The treatments were a 

factorial plus two additional non-factorial treatments, viz: 3 root 

treatments x 3 soils + 2 (nil and grass roots added to one soil) in a 

completely randomized design wit~1. six replicates givi.~g a total of 66 

po ts. 

(b) Expe~iment II. Two root treatments, consisting of varying 

proportions of grass and clover roots, were applied to two soils from 

SITES rv and V. The root treatments were as fo1lows: 

Treatment I 

Tre atment II 

Ratio (Grass: clover roots) 

2: 1 

1 : 2 

The factorial experiment was arranged as in a co~pletely randomized 

design of five replicates comprising 20 pots. 



TABLE 45 

Composition of Sulphur 35-labelled Plant Residues 

Plant 
Residues 

Grass 
Roots 

Clover 
Roots 

Grass 
Tops 

Clover 
Tops 

N 
% 

1.66 

3.70 

2.71 

3.70 

c 
% 

45.1 

45.0 

48.1 

42.0 

NLS Non-labelled Sulphur 

LS Labelled Sulphur 

cjN 

27.2 

12.2 

17.7 

11.4 

cis N/s 

275 10 

201 17 

84 5 

219 19 

NLS+LS 
)lg/g 

1640 ± 10 

2240 ±. 12 

5700 ± 29 

1920 ± 11 

Total S 
LS 

pg/ g 

480 ± 10 

1000 ± 20 

2670 ±. 25 

1090 ±. 19 

S.A. 
d.p.m!;lgS 

1680 ± 20 

2545 ± 31 

2665 ± 25 

3250 ± 50 

H.I. Reducible Sulphur 
NL8+LS LS S.A. 

)lg/g )lg/g d.p.mlpgS 

160 ± 5 85 ±. 2 3030 ± 21 

240 ± 5 188 ± 5 41+80 ± 30 

2400 ± 20 1290 ±. 8 3060 ± 28 

290 ± 6 252 ±. 5 4960 ± 34 

S.A. specific activity in disintegrations I minute I microgramme of sulphur (d.p.m~gS). 



(c) ExJe~ment III. Two plant residue treatments (clover and 

grass tops) were applied to three soils from SITES II, IV and V. The 

factorial experiment was arranged in a completely randomized design 

with five replicates and comprised 30 pots. 

Cd) Experiment JY. Three different sizes of plant residue 

(grass roots) were the treatments applied to the soil collected from 

SITE IV. These were: 

Treatment (1 ) Grass roots ground to pass 1 mm sieve 

(2) Grass roots cut into 3 mm lengths 

(3 ) Grass roots as extracted from the field (whole). 
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The size of plant residue in treatment (1) was similar to that used in 

.all other experiments. The trial design (three treatments) was replicated 

six times in a completely randomized design of 18 pots •. 

(e) ~perimen~~. Two different amoQnts of grass roots (0.5 g 

and 1.0 g) were' added with varying fertilizer S additions (nil and 45.0 

kgS/ha) ·to soil from. SITE II. In addition, where 1.0 g of roots was 

added)90.0 kgS/ha was also applied. The trial design (2 weights x 2 S 

rates + 1) was replicated 5 times. giving 25' pots. 

(3) PREPARA:TION AND QOND.QQ.'J'. OF EXPERIMENTS. 

At SITES II, III, IV and V, a small quantity (13 kg) of the 

. surface soil (0-10 cm) was excavated, from the non-radioactive area of 

the S3 treatment mainplots prior to retopdressing in 1972 (see CHAPrER III 

2. (2) (b)). The collected soil was air-dried and passed through a 
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2 rom sieve. Plant material> 2 rom was discarded. 

For each experiment the appropriate soils were selected and to 

each pot was added 200 g of soil. Wnere treatments required the 

addition of plant residue, the soil from each pot was placed in an 

"AGEE" jar, plant residue added (1.0 g) and vigorously shaken until 

the plant residue was distributed evenly throughout the soil. At the 

same time, and in a similar mrulller, a basal topdressing of 20 kgp/ha 

(as calcium monophosphate)was also added to all experimental pots. 

After mixing of plant residue, the soil was replaced in the 

plastic pots (8 cm in diameter- at surface). Each pot was filled to 

within 2 cm of the pot surface by tapping firmly. 

Soils, . initially werewatered to field capacity and left for one 

week. 

On 19 February 1973, the soils were placed in the glasshouse and 

12 perennial rye grass (Lolium perenne) seeds were placed 0.5 cm under the 

soil surface. When plants had reached a height of 2 cm, they were 

thinned to 4 plants per pot. All pots were maintained at 60f0 water

holding capacity with distilled water. 

Pots were transferred to the growth cabinet on 13 March 1973. 

Growth cabinet conditions were maintained over the duration of the 

experiments as follows: 



Day length = 8 hours 

Night temperature = 13°C 

Day Temperature = 20
0
C 

Light Intensity = 120 - 170 Lux 

Humidity = ambient. 

(a) Harvesting of Ryegrass. For each e~periment, four harvests 

were taken at similar harvesting times. The first harvest was on 16 

April 1973 and subsequent harvests at more or less regular monthly 

intervals. Generally, harvests were taken when ryegrass plants were 10 

cm in height and were trimmed to the surface of the plastic pot. 

By the end of the second harvest, nitrogen deficiency was evident 

visually on all pots. To alleviate the N deficiency, and the possibility 

of K deficiencies, NH4N03 and KN03 was applied in liquid form in the 

first three days after the second harvest at the rate of 25 kgN/ha and 

50 kgK/ha. A similar N and·K, application was made after the third 

harvest. At the final and fourth -harvest, on all experiments, the remain-

ing stubble was harvested and roots in each pot were extracted by washing 

as described in CHAFTER IIJ;_2.(2)( c) (ii), oven-<iried, weighed and ground 

for chemical analyses as were ryegrass harve'sted at each time of sampling. 

(b) Chemic..§tl An.§lyses of Soil and Plant SamE,les. The soil 

collected from each SITE was analysed for total C, N, S, SOL~-S (p.e.) and 

pH using the techniques described in CH.APTER I1I,2. (2)( d). Results are 

shown in TABLE 46. All analyses were done in duplicate. 

Ryegrass herbage from each harvest was analysed for labelled and 

non-la.belled S using the analytical methods described in CHAPTER III 2.(2)(ct) 
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TABLE 46 

Chemical Analyses of Soils used in Plant Residue Experiments. 

SITE SOIL N C S N/S cis ciN pH SO -s 
% % % (p~e.) 

}lgS/g 

. II Kowai sandy 0.49 2.70 0.03 165 90 7 6.0 1.4 
loam 
(improved) 

III Kowai sandy 
loam 
( unimproved) 0.34 5.20 0.04 85 130 15 5.5 2.6 

nr Gorge silt 
loam 
( improved) 0.40 4.30 0.04 100 108 11 6.3 5.0 

V Gorge silt 
loam 
( unimproved) 0.48 7.40 0.05 96 148 15 5.? 4.7 



366 

3. RESULTS. 

( 1) U~AKE, BY RYEGRASS PLANTS, OF LABELLED SULPHUR FROM GRASS .AND 

CLOVER ROOT RESIDUES (EXPERIMENT I). 

D~ matter yield, total S, specific activity and labelled S data 

for the first harvest and all harvests combined are shovm in APPENDIX XIX, 

TABLE 1. The mean cumulative total and labelled S uptake by ~egrass 

plant for each treatment ov~r four harvests is shown in TABLE 47. 

On soils from the same SITE (i. e. SITES II, IV and V) significantly 

less labelled S was taken up by ryegrass from the grass root additions 

compared to clover root adclitions. Although the acded clover roots 

contained more labelled S than the added grass roots (TABLE 45), no 

significant difference between the two root forms was evident in total 

S uptake by ~egrass grovm on soil from the same SITE. This suggests, 

therefore, that the rate of breakdown Df clover roots is faster than that 

for grass roots. These rate differences are consistent with the contrast

ing cIN, cis ratios of these two root forms (TABLE 45). 

The mean recove~ of labelled S by ~egrass over 23 weeks, although 

va~ing between root treatments and SITES, were all 10VT ( < 16%) , with 

greater recove~ on each SITE where clover roots were added (TABLE 47). 

These differences in recove~ between treatments persisted from harvest 

to harvest (Figure 36). 

The effect of either grass Or clover root addition on labelled S 

uptake by ryegrass varied from SITE to SITE. For instance, when clover 



TABLE 41 

Total and Labelled Sulphur 35 Uptake by Ryegra.ss from Sulphur 35-
Labelled Grass and Clover Roots Added to Soils (All Harvests 
Combined.) Experiment 1. 

Treatment SITE + Total S Labelled S % Recovery 
p.gS/pot pgS/pot (Labelled S) 

No roots II 1964 n.a. n. a. 

III 2348 n.a. n.a. 

IV 2944 n. a. n.a. 

V 2214 n. a.. n.8... 

Grass roots II 1911 37 7.7 

III 2008 32 6.7 

IV 2567 60 12.5 

V 1930 44 9.2 

Clover root s II 1945 95 9.5 

IV 2697 162 16.2 

V 1926 134 13.4 

L.S.D. 5% 180 6 

L.S.D. 1% 240 9 

c.v. % 9.9 9.6 

n. a. not applicable 
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L.S.D. Least Significant Difference C. V • C oef'ficient of variation 

+ SITE II Kowai sandy loam. (improved) 
SITE III Kowai sandy loam (unimproved) 
SITE IV Gorge silt loam (improved) 
SITE V Gorge silt loam (unimproved). 
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Figure 36 

(a)GRASS ROOTS 

(b)CLOVER ROOTS 

40 80 
DAYS 

120 

orge(u) 

Gorge (i) 

Gorge (u) 

Kawai (i) 

160 

Cumulative Labelled Sulphur Recovery, by Ryegrass, 

from Grass and Clover Roots (containing Labelled 

Sulphur) and added to Various Soils. 

(i) improved (u) unimproved 
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roots were added to soil from SITES II and V, significantly greater 

amounts of labelled S were taken up by 'ryegrass growing on the soil from 

SITE V (TABLE 47). No difference, was found in total S uptake between 

these two soils. TABLE 46 shows that there are differences in many of 

the chemical properties between the soils from these two SITES. It ~s 

possible that in early harvests on the soil from SITE II) the growth of 

ryegrass in comparison to that at the unimproved Gorge soil was limited 

more by a deficiency of soil S (see N/S ratio differences in TABLE 46) 

as occurred under field conditions in 1972-73. 
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(2) UPTAKE BY RYEGRASS PL.ANTS OF LABELLED SULPHUR FROM VARYJNG 

PROPORTIONS OF CLO"V""ER .AND GRASS ROOTS ADDITIONS (EXPERDiJINT II). 

Dl~ matter yield, total S, specific activity and labelled S data 

for the first harvest and all harvests combined are shovm in APPENDIX XIX, 

TABLE 2. The mean cumulative total and labelled S uptake by ryegrass for 

each treatment over four harvests is' shown in TABLE' 48. 

As would be expected from the results of Experiment I, greatest 

uptake an~ recovery of labelled S occurred where the added plant residues 

comprised 66% clover and 33% grass (TABLE 48). 

(3) UPTAKE BY RYEGRASS PI,ANTS OF LABELLED SULPhLJR FROM GRASS .AND 

f!:Q.VER TOE ADDITIONS (EXPERIMENT III). 

Dry matter yield, total S, specific activity and labelled S data 

for the first harvest and all harvests combined are shovm in APPENDIX XIX, 



TABLE 48 

Total and Labelled Sulphur Uptake by Ryegrass from Sulphur 35-
Labelled Grass and Clover Roots added in Combination to Soils. 
(All Harvests Combined). Experiment II. 

Treatment 

2: 1 grass-

2: 1 clover-
grass 

L.S.D. 5% 

L.S.D. 1% 

C.v. % 

+ SITE IV 
SITE V 

Total S Labelled S 
pgS/pot 

IV 2481 

V 2101 

IV 2769 

V 2262 

204 

280 

9.0 

Gorge silt loam (improved) 
Gorge silt loam (unimproved) 

pgS/pot 

96 

87 

139 

121 

10 

14 

9.4 

% Recovery 
(Labelled S) 

14.8 

13.4 

17.0 

14.8 
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L.S.D. Least Significant Difference. C.V. Coefficient of variation. 

TABLE 49 

Total and Labelled Sulphur Uptake by Ryegrass from Sulphur 35-
Labelled Clover Tops Added to Soils (all Harvests Combined). 
Experiment III. 

Treatment SITE+ Total S Labelled S % Recovery 
pgS/pot }lgS/pot (Labelled S) 

Grass tops II 3159 351 13.1 

IV 3963 437 16.4 

V 3872 527 19.7 

Clover tops II 1869 106 9.7 

IV 3130 195 17.9 

V 2096 145 13.3 

L.S.D. 5% 220 21 

L.S.D. t% 297 29 

C. V. % 7.8 7.9 

+ SITE II Kowai sandy loam (improved) L.S.D. Least Significant 
SITE IV Gorge silt loam ~improved) Difference. 
SITE IV Gorge silt loam unimproved) 
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TABLE 3. The mean cumulative total and labelled S uptake by ryegrass 

for each treatment over four harvests is shovm in TABLE 49. 

For each soil greater amounts of labelled S are available to 

ryegrass plants from the addition of grass tops rather than clover tops. 

This plant species difference, between top additions>contrasts with their 

respective root additionslas in Experiment I greater recovery of labelled 

S by ryegrass occurred when clover roots were added. 

Inspection of TABLE 45 shoVTS that grass tops contain a greater 

amount of labelled S than clover tops. Furthermore, the addition of 

grass tops has significantly increased the amount of total S uptake by 

ryegrass plants from each soil (TABLE 49). The increased total S uptake 

by rye grass plants when grass tops are added, in comparison to clover 

tops addition, are not reflected in proportionate increases in labelled 

S uptake. This suggests that grass top decomposition is faster than 

that for clover top decomposition, probably due to cis ratio differences 

(see TABLE 45). 

(4) UPl'.AKE, BY RYE(~RASS. PLANTS OF LABELLED SULPlilJR FROM GRASS 
i 

ROOTS OF DIFFERENT SI ZES (EXPERIMENT ry:). 

Dry matter yield, total S, specific activity and labelled S data 

for the _first harvest and all harvests combined are shown in APPEND IX XIX, 

TABLE 4. The mean cumulative total and labelled S uptake by ryegrass 

for each treatment over four harvests is shown in TABLE 50. 

The addition of roots «1 mm) compe.red to wholeroots has increased, 



TABLE 50 

Total and Labelled Sulphur Uptake by Ryegrass from Sulphur '35-
Labelled Grass Roots(Varying Sizes) Added to Soil from SITE Dr 
(All Harvests Combined). Experiment IV. 

. Treatment SITE+ Total S Labelled S % Recovery 
(pgS/pot) (}lgS/pot) (Labelled S) 

Ground root s 
«1 nun) IV 2781 60 12.5 

Cut roots 
(3 !DID in 
length) IV 2682 61 12.7 

Whole roots IT 2718 47 9.8 

L.S.D. 5% 5 

L.S.D. 1% 7 

c.v. % 6.1 9.6 
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+ SITE IT Gorge silt loam (improved) C.V. Coefficient of variation. 

L.S.D. Least Significant Difference. 

TABLE 51 

Total and Labelled Sulphur Uptake by Ryegrass from Different Amounts 
of Grass Root and Fertilizer S Additions (All Harvests Combined) 
Added to Soil from SITE II. Experiment V. 

------------------------------------------------ --~- ---------
Treatment SITE+ 

0.5 g grass 
roots (nil S) II 

0.5 g grass 
roots (plus 
45 kgS/ha) II 

1.0 g grass 
roots (nil S) II 

1.0 g grass 
roots (plus 
45 kgS/ha) II 

1.0 ggrass 
roots (plus 
90 kgS/ha) II 

L.S.D. 5% 
L. S.D. 1% 
C.V. % 

Total S 
(}lgS/pot) 

1951 

5511 

2231 

6514 

7551 

809 
1103 

18.2 

+ SITE = Kowai sandy loam (improved) 

Labelled S 
(y.gS/pot) 

~9 

20 

32 

43 

33 

5 
7 

17.7 

L.S.D. 

% Recovery 
(Labelled S) 

4.0 

4.2 

6.7 

9.0 

6.9 

Least Significant 
njf'f'erence. 
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significantly, the uptake and recovery of labelled S by r,yegrass. The 

magni tude of this increase was not particularly large (28%). The addition 

of chopped roots (3 mm) gave a similar recovery as ground roots (",1 rom). No 

significant differences were measured in total S uptake between the various 

forms. 

(5) :UPTAKE, BY RYEG~SS PLANT§.z OF }~ELLED SULPHUR FROM DIFFERENT 

AMOUNTS OF GRASS ROOT AND FERTILIZER SULPHUR ADDITIOO'S 

(EXPERJMENT V). 

Dr,y matter yield, total S, specific activity and labelled S data for 

the first harvest and all harvests combined are shown in APPENDIX XIX, TABLE 

5. The mean cumulative total and labelled S uptake by r,yegrass for each 

treatment over four harvests is shovm in TABLE 51. 

In the improved Kowai ssndy loam in the absence and presence of 

fertilizer S, the addition of grass roots at half the amount used in Experi

ments I, II and IV lowered the uptake of labelled S by almost half. 

The effect of fertilizer S additions on labelled S uptake depended on 

both the amount of roots and the amount of fertilizer S added. Where 0.5 g of 

roots was added, the addition of ~5.0 kgS/ha equivalent did not increase 

labelled S uptake but created large increases in total S uptake. However, 

where 1 g of roots was added, the addition of ~5.0 kgS/ha gave significant 

increases in labelled S uptake. The addition of 90.0 kgS/ha with 1 g of roots 

did not significantly increase the uptake of' labelled S over that of the 

treatment where no S was added with 1 g of roots. The effect of fertilizer S 

additions on the amount of ryegr8.ss root production where 1 g of grass roots 

was added, is s.hown in PLATE 5. Hence, the ad.dition of 90 kgS/ha must have 

created a large dilution effect on the alllount of labelled. S available for 

plant uptRke, as the increase in root production would contact a large vol

ume of soil and normally lead to greater uptake of labelled sulphur. 



PLATE 5 

/ 
/ 

I J / 

GRASS ROOTS 
CONTROL 

J 

Soil A 

Perennial Ryegrass (Lolium perenne) Growth Prior to Final 
Harvest on Pots Containing Sulphur 35- Labelled Grass Roots 
on Soil from SITE V (unimproved Gorge silt loam) Experiment 1. 

Sulphur I Nil 45kg/ha 90kg/ha 

PLATE 6 

Soil E 

The Effect of Sulphur Fertilizer Rates on Perennial Ryegrass 
(Lolium 1erenne) Root Growth at Fin~l Harvest on SQil from 
SITE II improved Kowai Sandy Loam). Experiment V. 
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4. DISCUSSION. 

Plant roots are considered to be the major source of plant residue 

additions in the field experiments described in CHAPTERS III and IV. In 

these field experiments all harvested herbage was removed from trial 

SITES. Hence; in the present series. of experiments (CHAPTER VI), the 

results from Experiments I and II (grass and clover root additions) are 

of particular significance. 

It was shown in CHAPTER IV, that at the improved SITES XI (Kowai 

sandy loam) and VIII (Gorge silt loem), the weight of grass roots was 

generally greater than the weight of clover roots at each sampling. The 

2:1 grass~clover root treatment used in Experiment II of this present 

study, is perhaps, then, the closest to the field situation. In this 

experiment, recovery of labelled S from the 2:1 grass-clover treatment 

was 15% after 23 weeks. 

While it is difficult to extrapolate the results of the grov~h 

c~binet experiment to the field situation, it is probable that recovery 

of labelled S froID root decay, within the gro~~ng seasons of one year, 

will be much less in the field than the 15% ,measured in Experiment II. 

For instance, in the field, whole roots rather than ground roots will be 

subject to decay. The results in Experiment IV suggest that labelled S 

recove~ from whole roots will be almost 30% less than labelled S 

recovery from ground roots as used in Experiment II. Furthermore, in 

Experiment II, 1 g of roots (oven-dry) was added to 200 g of soil. This 

represents 7500 kgDN. (roots)/ha. Although this amount of root decay may 



take place over one year, it is unlikely that the effect of adding 

1 g/200 g of soil will be similar to the fluctuating amrunts of root 

material decaying in the field. In fact in Experiment IV, the root 

addition of 0.5 g (instead of 1.0 g) to 200 g of soil halved the total 

amount of labelled S ryegrass uptake. 

Overall, it would appear that under field conditions, less than 

10.% of the labelled S added in decomposing root material would be made 

available to plants wi thin the growing seasons of one year. 

On the other hand, several aspects of the experimental technique 

used in this study, may have predisposed toward the low recovery of 

labelled S from plant residues. In this investigation, the extracted 
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roots were oven-dried prior to addition to the spil from each SITE. Whiting 

and Schoonover ,(1920) have found that dried plant material decomposed 

more slowly than fresh plant material added to the soil. By inference, 

greater recovery of labelled S from plant residues may have occurred if 

fresh plant residue had been added. 

In Experiments I and II, by the second harvest, ryegrass plants 

were becoming yellow in colour on all soils studied. This suggested that 

either N or S deficiencies were occurring. Nitrogen and sulphur concen

trations and N/S ratios for t he four harvest periods are shown in TABLE 

52 for Experiment I. The values presented suggest that N was probably 

limiting plant growth especially in the second harvest. Sulphur deficiency 

was acute during the third and fcurth harvest following the addition of 

N fertilizer. Ryegrass growth at the final harvest is shown (PLATE 6) 

for one of the soils studied. 



Treatment 

Nil roots 

Grass roots 

Clover roots 

TABLE 52 

Nitrogen and Sulphur Contents C%) of Ryegrass, at each Harvest, Gro'WIl on Soils 
From SITES rJ and V. Experiment I. 

SITE Harvest 
1 st 2 nd 3rd 4th 

N S N/S N S N/S N s N/S N S 

rv 2.58+ 0.21 12.3 1.32 0.27 4.9 4.68 0.09 52.0 6.00 0.09 

V 2.73 0.22 12.4 1.44 0.21 6.9 5.07 0.08 63.4 6.37 0.07 

IV 2.21 0.25 8.8 1.94 0.40 4.5 4.11 0.10 1+1 .1 7.18 0.09 

V 2.30 0.22 10.5 . 2.49 0.31 8.0 4.88 0.10 48.8 5.87 0.09 

rv 2.57 0.23 11.2 2.02 0.37 5.5 4.88 0.10 48.8 6.64 0.09 

V 2.44 0.22 11 .1 2.17 0.18 12.1 5.05 0.08 63.1 5.60 0.08 

+ Mean of 6 replicates. 

N/S 

66.7 

91.0 

80.0 

65.2 

73.8 

70.0 
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The extent that these nitrogen and sulphur nutrient deficiencies 

affected the uptake bf labelled 8 is largely unknown. Where N deficiencies 

occurred (second harvest) presumably microbiological activity was also 

restricted and mineralization of labelled 8 from plant roots red.uced. 

Where 8 deficiency occurred (third and fourth harvests) and N was non-

limiting, much of the labelled 8 released from plant residues by microbial 

action may have been immobilized by micro-organisms. Hence,the effects 

of N and 8 deficiency over the duration of the experiments with grass 

and clover root additions would possibly reduce the potential uptake of 

labelled 8 by ryegrass plants. In factJin Experiment V, where fertilizer 

8 was added to soil from 8rrE II, increased labelled 8 uptake was 

measured when 45.0 kg8/ha was added compared to the treatment with nil 8. 

In Experiment V, N would only have been limiting over the second harvest. 

Based on the conclusion that ~1Q% of the labelled fertilizer 8 

present in roots undergoing decomposition is released to plants over one 

year, it can be calculated that this amount would contribute to only a 

very small proportion (1~ of the fertilizer 8 recovered in harvested 

pasture in the first year at 8ITE8 VIII and IX in CHAPTER IV (TABLE 28). 

This conclusion is based on the assumption that these 8ITE8 would have 

100-150 mg of fertilizer 8/m
2 

in the root system undergoing decomposition 

during the year (see TABLE 34). When the '~esiduai'fertilizer 8 recovery 

at:lthese 8ITE8 is considered for the following year (TABLE 28) and related 

to the probable amount of fertilizer 8 contained in the decomposing root 

mass (TABLE 34) the root contribution to fertilizer 8 recovery by pasture 

would still remain low (3~. This result contrasts with the post.ulation of 

Walker and Adams (1958b) who considered that "residual" fert.ilizer 8 

recovery in their experiment could be accounted for by root decay. 



Similarly, when the 'residual"recovery of fertilizer S in the 

trials of CHAPTER III is considered at SITES II, III, N and V 

(TABLE 13), in relation to the contribution of fertilizer S from root 

decay (TABLE 14) a relatively low ('<:'5%) percentage of recovery is 
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indicated at most SITES. This assumes that the amount of fertilizer S 

in roots at D240 is the same as that at Day 350, the beginning of the 

" "d 1" " d res~ ua· recovery per~o • 

No other studies measuring plant S recovery from S35-labelled 

plant residues have been reported. Howeve~Nelson "(1973) has added 

cotton (0.3% S) and corn (0.1% S) plant residues to soils, with and 

without S, and determined % S recovery from the residue by growing 

turnips and calculating" apparent" S recovery. On two soils, the 

average S recovery was 23% where cctton was added but no recovery where 

com was added to these soils. WJ:-J.ere fertilizer S was added in addition 

to plant residue, the % recovery declined. This decline was attributed 

to N deficiency for both plant growth and microbiological activity. 

The results of Nelson (1973) for the effect of both added fertilizer 

S and plant residue on S recovery contrast with those found in the present 

study for Experiment V where the rates of S used were nil, 45 kg S/ha 

and 90 kgS/ha (~~ABLE 51). However, in this present experiment) N was 

possibly only limiting during the second harvest. 

It is of interest to note that if "apparent" S recovery had been 

calculated in Experiment I of this present study, no recovery of residue 

S would have been measured (TABLE 47) as S uptake by ryegrass was greater 

where residue was not added. 



380 

Several workers (Norman and Werkman, 1943; Wallace and Smith, 

1954; Moore, 1974) he.ve conducted experiments where N 15 -labelled plant 

residues were added to soils and the plant availability of the N15 

measured. All these investigations reported low recove~ of labelled N. 

For instance, Moore (1974), adding N
1

2....l abelled rhodesgrass (Chloris 

gayana cv Commercial) roots to soil, recovered only 3Q% of the added N15 

after 70 weeks when cropping with rhodesgrass. After 23 weeks (a 

duration similar to that used in the present study) only 19% of the 

labelled N15 was recovered in the presence of Nand 16% in the absence 

of N. These low recoveries are similar to the extent of labelled S 

recove~ measured in the present experiments. 

The plant residue used in the present study was labelled unevenly 

with radioactive S3~ both between species and within plant tops and roots 

of the same species (TABLE 45). Hence,the calculated recoveries of 

labelled S from plant residues cannot be used to identify the contribution 

of the different species and components of the same species to the total 

S uptake by ryegrass. Uniform labelling can only be achieved by growing 

plants in a medium where the sole S source, available to the plant, is 

radioactively labelled over the whole gro~~ng period. 

The results of Experiment IV (TABLE 50) showed that grin~ing of 

plant material increased the plant av~ilability of labelled S ccmpared 

with unground material. This result is to be expected on the basis of 

grinding increasing the surface area of plant material and hence, the area 

available for microbial decomposition. However, the available evidence 

from N15 studies is inconsistent with respect to the effect of grinding. 



Stickler and Frederick (1959) found that the release of N from four 

different legumes (tops and roots) was greater than with finely ground 

material. Sims and Frederick (1970) reported that the rate of decompo-

381 

sition of corn stalk pith decreased as particle size increased. Moore 

(1974) found that the effect of grinding was similar to chopped root 

additions when assessing plant availability N15 labelled plant roots. 

The reason for these inconsistencies in particle size effects,may be due 

to the amount and quality of plant residue added in these respective 

studies. 

The fact that no previous studies had been conducted with S35_ 

labelled plant residues made it difficult to estimate the amount of 

radioactivity to be added for each treatment in each experiment. The 

weight (1 g/200 g of soil) of added plant residue used i~ all experiments, 

except Experiment V, was considered to represent the weight of roots 

present in the root system at the time of root sampling. Plant material, 

when added to soils, varied in radioactivity content. At the commencement 

of the experiments, the radioactivity added in plant residue per pot 

(200 g soil) ranged from 1.1 pC S35 for grass roots to 6.1 pc S35 for 

grass tops. In factA the major reason for using grass and clover tops 

was to provide material of very high radioactive content to enable 

satisfacto~ detection of S35 in case the amount of radioactive S35 

in grass roots was too low for detection. The results from Experiment I 

35 showed that when 1 g of S -labelled (1.1 pc) grass roots was added to 

200 g of soil, the 335 could be counted successfully in ~egrass plants 

for up to six months. 
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5. CONCLUSIONS, 

When plant residues containing fertilizer derived S (labelled S) 

are added to soils, under optimal plant residue decomposition and plant 

growth conditions (growth cabinet), recoveries of labelled S by r,yegrass 

varied from 6-16% depending on the soil type, form and type of plant 

residue added. 

Of the growth cabinet experiments conducted, the most realistic to 

the field experiments described in CHAPTERS III and IV were those where 

grass and clover roots were added. It was concluded from the results of 

these experiments that<1q1o of the labelled fertilizer S incorporated 

into plant roots would be made available to living plants within one year. 

This amount represents only a small fraction of the labelled S taken up 

by plants under field conditions over a similar time period. 



CHAPI'ER VII 

GENERAL SUMMARY 

The major objective of the present study was to understand, more 

fully, some of the factors affecting the S requirement of New Zealand 

pastures. 

To achieve this, S35-1abelled gypsum fertilizer was applied, in 

field trials,cc-to several pastures in 'cGanterbury, New Zealand. These 

trials were located on soils representative of major New Zealand soil 

groups (recent, yellow -brown earth and high country yellow brown earth). 

Trial locations were selected to differ principally in the degree of 

pastoral improvement, rainfall and the S retention capacity of their 

associated soils. 

In the first series of seven field experiments, S35_1abelled 

gypsum fertilizer ~ 4-5.0 kgS/ha) was applied in the early spring (1971) 

to four improved and three unimproved pastures. With the exception of 

two improved pastures, all trials exhibited S responses over the duration 

of the experiment (600 days). 

The fate of fertilizer S was followed in both the soil and 

pasture for varying periods of time. Total recoveries of the added 

fertilizer S, in the soil-pasture systems studied, were generally /80%. 

Some major processes affecting the fate of applied fertilizer 

S, were examined. These included the incorporation of fertilizer S into 

soil organic matter, its movement in the soil and its recovery by pasture 



plants. Changes in fertilizer S within the plant-available pool of soil 

S were also studied. 

The effect of pastoral improvement on the fate of fertilizer S was 

studied on soils representing the recent and yellow brown earth soil 

groups. The major processes affecting the fate were pasture uptake and 

incorporation of fertilizer S into the soil organic matter fraction. By 

the end of the first year, the pasture recove~ of fertilizer S was 

almost three times greater on the improved pasture of each soil. However, 

in the following year, greater recovery (almost twofold) was measured on 

the unimproved pasture of each soil. Larger amounts of fertilizer S were 

incorporated into the soil organic matter of the improved pasture on each 

soil. By the end of the first year almost all the fertilizer S in the 

upper 15 cm of soil was in organic combination on both the improved and 

unimproved pasture of each soil. 

The effect of rainfall on the fate of fertilizer S was studied on 

two soils of similar texture and S retention capacity, within the recent 

soil group. One soil received. an annual rainfall of 625 mm in comparison 

to 1000-1200 mID on the other soil. All three of the major processes 

studied were affected by rainfall. Prior t~ winter (D240) markedly 

different distribution patterns of fertilizer S down the profile were 

found. On the lower rainfall soil, most of the fertilizer S was within 

the 0-15 em soil depth, whilst on the higher rainfall soil, fertilizer S 

was evenly distributed throughout a depth of 60 cm. Although rainfall 

differed over the winter period, fertilizer S was lost from both soils 

beyond a depth of 60 cm. By the end of the first year, a greater amount 
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of fertilizer S was recovered by pastures from the higher rainfall 

soils. This uptake pattern was reversed between soils in the following 

year. Although both soils displ~ed initial differences in fertilizer S 

incorporation into the organic fraction, these differences disappeared 

by the end of one year. 

The effect of soil type on the fate of fertilizer S, was shown 

by compa"ring the results from the trials used to assess the effect of 

pastoral improveme~t on the fate of fertilizer S. When soils of 

different Sr etentive capacities, but with similiar pastoral development, 

were compared, the main process affecting the fate of applied S was the 

downward movement of fertilizer S. On the yellow brown earth soil, on 

either the improved or unimproved pasture, fertilizer S did not penetrate 

beyond 60 cm by the end of one year. However, on the recent soil, with 

both improved and unimproved pastures, some fertilizer S was lost from the 

0-60 cm soil zone over the winter period. Up until early winter, both 

soils had markedly different fertilizer S distribution patterns. Most of 

the fertilizer S on the yellow brown earth soil was above 30 cm with 

fertilizer S on the recent soil uniformly distributed to 60 cm, the 

maximum depth of sampling. Since fertilizer S remained in the upper 60 cm, 

even after 250 mm of leaching water was calculated to have resulted over 

the winter period on both the improved and unimproved yellow brown earth 

soil, it was suggested that SG
4

-S (p.e.) levels in the lower depths of 

this soil would increase rapidly with pastoral improvement. In fact, 

comparison of the unimproved and improved soil S04-S (p.e.) levels to 

60 cm on the control treatments, of these trials, showed that substantial 

accumulation of S04-S (p.e.) had resulted on the improved soil. By 

contrast, soil S04-8 (p.e.) ievels differed little between the improved 
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and unimproved pastures on the recent soilo 

A further effect of soil type, due to differences in soil water

holding capacity; was studied when fertilizer S movement on a steepland 

yellow brown earth soil (low waterholding capacity) was compared with that 

on a similarly developed recent soil (high waterholding capacity) 

receiving the same rainfallo A much larger amount of fertilizer S had 

moved beyond 45 cm on the steepland soil, soon after application. 

In order to determine the soil depth from which pasture plants extract 

their S requirements~ the specific activity of harvested pasture was related 

to the specific activity of S04-S (p.e.) in different soil depths. The 

results showed that the depth of the S uptake zone varied between soils o 

Changes in the S specific activity of harvested pasture showed that 

equilibrium with the added fertilizer had been reached by D240 in most 

trials 0 An attempt was made to determine the size of the S cycling pool 

at each trial location by using their respective pasture S specific activity 

equilibrium levels. No relationships could be established between the size 

of the S cycling pool and the S response p~ttern measured at the various 

field experiments. 

The significance of the various processes influencing the rate of 

fertilizer S was determined by considering the effect they had on the 

available pool of fertilizer sulphur (phosph~te-extractable fertilizer S). 

Results showed that even within one trial location, the relative effect of 

one process, with respect to the other prooesses, altered over tiJne. In 

general; leaching (or downward movement) beyond the major plant S uptake 



zone, was of particular significance in only the first two months after 

fertilizer S application at most trials. 

The design of the field experiments enabled both 'actual and 

"apparent" recovery of fertilizer S to be calculated at the various 
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trials. The results showed that with only three replicates greater 

experimental precision could be achieved with the actual recovery method. 

Mean values, from each trial. for each method, showed that for practical 

purposes the "apparent"~!'eeGvery method would suffice especially when 

calculated within six months of fertilizer S application. 

A second series of field experiments were also conducted to 

further study the Bate of S35-labelled gypsum fertilizer (45.0 and 22.5 

kgS/ha) applied at two of the trial locations, used in the first series, 

but in a different year. These trials were located on soils, represent

ative of the recent and yellow brown earth soil groups, containing 

improved pastures. The time of fertilizer S application was two months 

later than that used in the previous series. Hence)the rates and relative 

significance of the various processes studied differed between years. 

Apart from the greater ''residual'' pasture recovery of fertiliser S in the 

seoond year after application, the results from both trials were as 

anticipated from the previous trial results at a similar location. The 

addition of S35-labelled gypsum at a lower rate (22.5kgS/ha compared with 

45.0 kgS/ha) gave slightly greater recovery of fertilizer S. The extent 

and pattern of the downward movement of fertilizer S was little affected 

by fertilizer rate but greater inc"orporation of fertilizer S into soil 

organic matter occurred at the lower rate on the improved recent soil. 
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Adjacent to the second series of field experiments with S35_ 

labelled gypsum fertilizer, two other field experiments were laid down 

in early 'spring' to determine the soil zone from which plants obtain S. 

,A'iechnique was developed to insert carrier-free S35 horizontally into 

the soil profile at four depths (7.5, 22.5, 37.5 and 52.5 cm). The 

results showed that on the sandy loam (recent) and the silt loam (yellow 

brown earth) soils, both grasses and clovers recovered S35 from all 

35 depths. The S uptake data, and an assessment of the size of the plant 

available 8 at each depth, enabled calculation of the relative contrib-

32 32 ution each soil depth made to plant 8 uptake. Most 8 uptake occurred 

in the upper two depths studied. These depths represent the A horizon 

or topsoil of both soils. A trial of similar design in the following 

autumn showed that on the recent soil, plant uptake of 832 occurred to 

a depth of 100 cm but ceased on the yellOW brown earth soil at 60 cm. 

Growth cabinet experiments were initiated in an endeavour to assess 

the significance of root decay on the amount of labelled 8 returned to 

growing plants ·over the growing seasons of' one year. Ryegrass (Lolium ----

perenne) was used to assess the plant availability of the fertilizer S 

incorporated into plant residues (roots and tops). Labelled S recovery 

by ryegrass ranged from 6-16% over a period-of 23 weeks and was dependent· 

on the soil type, degree of pastoral improvement, type and form of plant 

residue added. 

The overall results from the field and_grov~h cabinet experiments 

conducted in this study, indicated that even within one agricultural 

region of New Zealand, the 8 requirements of pastures are likely to be 
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difficult to predict unless detailed information on the processes and 

factors affecting the fate of fertilizer S is, available. 

It was concluded that a knowledge of the soil zone from which 

plants extract their 8 requirements is of special importance in deter-

mining ''besiduat' effects. Insect damage to plant roots may substantially 

affect the soil z one from which plants extract 8.· Rainfall, especially 

in the first few months after topdressing with superphosphate or gypsum 

fertilizer in early spring, should always be assessed in, relation to 

likely leaching losses. Losses of fertilizer 8 from the root uptake zone 

of low 8 retentive soil horizons may occur soon after fertilizer S 

application. Large losses (7~ of fertilizer S were measured, on a 

steepland yellow brown earth soil in this present study, only two months 

after fertilizer 8 application. It is likely that most of this fertilizer 

8 loss occurred v:ia leaching only four weeks after fertilizer 8 application. 

It was also concluded that ~he lack of 8 responses at previous field trials, 

on soils within this steepland soil set, may be due to excessive initial 

leaching of 8cnntained in the gypsum used in these trials. Hence. it , 

would seem imperative that future fertilizer trials in this soil set 

should contain treatments with elemental 8 added. Additionally, when autumn 

spring topdressing is practised by farmers, ·fertilizer containing elemental 

S should be used. 

Relatively small differences in the time of fertilizer 8 applice.tion 

appeared to be of particular importance. The second series of field 

experiments, using 835 -labelled gypsum fertili'zer, gave larger "residual' 

effects than the first series of field experiments. This finding is of 
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particular practical significance as current trends in fertilizer use 

show that there is a swing away from annual topdressing. Thus it was 

concluded that where S is the major nutrient deficiency, topdressing 

pastures one to two months later than normal (early spring) could be 

considered. With the later application the extent of S leaching losses, 

beyond the soil zone where most of the plant S uptake occurred] should be 

reduced,thus giving higher '~esidual"effects. Depending on the rate of 

fertilizer S application, this change in fertilizer use may reduce the 

annual application rates of superphosphate. In some situations superphos-

phate may be omitted for a year or two. It is also possible that the 

variable S responses shown in recent S fertilizer trials in Canterbu~ 

may have been due to differences in fertilizer application time prior 

to the commencement of these trials. 

On the free-draining yellow brown earth soil, S0lr-S (p.e.) was 

found to accumulate with topdressing over the years. This in turn has 

led to a lack of a pasture S response in time. On these soils, and 

provided P status is satisfacto~,the trial results suggested that 

'" superphosphate could be withdravm for at least two years without pasture 

production being unduly affected. Alternatively, the use of either more 

concentrated P fertilizers such as di-ammonium phosphate or other P 

fertilizers of low S content (i.e. calciphos) could be considered without 

predisposing toward S deficiencies. 

The extent of initial fertilizer S incorporation into organic 

matter on unimproved pastures was much lower than on their improved 

counterparts on the same soil. Hence. the potential for leaching losses 
I 



of fertilizer S is higher, initially, on unimproved soils when 

superphosphate is applied in the spring. Elemental S should be 

added to superphosphate fertilizer in order to reduce leaching 

losses in these situations. 

It was also concluded that a knowledge of the size of the S 

cycling poo+ was of limited value in relation to determining the S 

response pattern. It appeared more important to establish the rate 
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at which Swas cycling between the various components of the S cycle. 

This aspect is worthy of more intensive study. On one soil type 

(Gorge silt loam) pastoral improvement increased the size of S cycling 

pool almost twofold. This increase was not accompanied by a change in 

the amount of total soil sulphur within the upper 30 cm. 
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