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FINAL REPORT ON SRC PROJECT BS14S 

THE EFFECT OF ZINC DEFICIENCY AS A FACTOR 

LIMITING SUGARCANE GROWTH 

SUMMARY 

Results from this project confirm that substantial yield responses to zinc application can 
be expected in deficient soils in North Queensland. Deficiency is commonly associated 
with lime application. 

Three soil and two foliar analytical techniques have been evaluated for detecting zinc 
deficiency. Currently used critical levels for zinc in cane third leaves have been 
confirmed as the most reliable index of deficiency. The carbonic anhydrase assay on 
fresh leaf extracts shows promise for measuring active zinc and providing a rapid and 
reliable foliar index of zinc deficiency. 

Critical levels for soil zinc have been established for the standard DTPA extract and for 
two hydrochloric acid extracts. Both acid extracts are more reliable than the DTPA 
extract. 

A range of cane varieties has been tested for symptom expression and response to zinc 
application in deficient soil. 

The project also addressed other aspects of zinc deficiency including mapping of zinc 
deficient areas in the field, the effect of zinc deficiency on root growth, vesicular-
arbuscular mycorrhizae, foliar symptoms of deficiency, and associated fungal leaf 
spotting. 

A. INTRODUCTION 

Foliage yellowing and subsequent yield depression were first observed in north 
Queensland sugarcane in 1980. Symptoms were most severe in the variety Q113 and 
on lighter textured soil, particularly after liming or earth works. As copper, zinc and 
manganese levels were low in soil and foliage samples, a deficiency of trace elements 
was suspected. Application of these elements to the field failed to conclusively identify 
the cause of the symptoms. 

An omission pot trial (Reghenzani, 1988) demonstrated that zinc deficiency induced by 
the application of lime was the cause of the symptoms. Zinc deficiency has been 
confirmed on a large number of farms in six north Queensland mill areas. 

A preliminary study of foliar and soil samples from adjacent sites growing deficient and 
healthy cane indicated large differences in the reliability of the methods of soil analysis. 
BSES standard DTPA extract for trace elements (Lindsay and Norwell, 1978) and an 
EDTA - ammonium bicarbonate extract used by the South African Sugar Industry were 
ineffective for detecting zinc deficiency in the soils studied. On the other hand, a 
hydrochloric acid extract showed some promise (Reghenzani, 1985). 
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Canegrowers have been kept informed of the progress of the research through articles 
in the BSES Bulletin (Reghenzani, 1984 and 1988). The second article, a pictorial 
feature (Appendix A) was particularly well received by growers in north Queensland. 
The author was advised of many additional sites and growers became well aware of the 
conventional zinc deficiency symptoms as a result of its publication. 

B. MATERIALS AND METHODS 

BA 	Field trial 

A large field of zinc deficient Q113 in the Mulgrave area was selected as a trial site 
in 1985. Lime and magnesium were applied to the fallow field and zinc treatments 
applied prior to planting in 1986. Sufficient N, P and K were applied to meet crop 
requirements. The treatments were as indicated in Table I. 

Table I 

Field trial treatments 

No. Treatment Replication 

1 Untreated 12 
2 Control 8 
3 1.25 kg Zn element/ha 4 
4 2.5 kg Zn element/ha 4 
5 5 kg Zn element/ha 4 
6 10 kg Zn element/ha 4 
7 20 kg Zn element/ha 4 
8 10 kg Zn element/ha plus O.E. 4 
9 No zinc plus O.E. 4 

O.E. = Other elements comprised 10 kg Cu/ha, 10.5 kg Mn/ha, 2.5 kg Fe/ha, 
1.13 kg B/ha, 0.78 kg Mo/ha, 0.15 kg Co/ha. 

Each plot was 15 m by six rows in area. Control and treated plots were located in the 
field areas exhibiting severe zinc deficiency symptoms in the previous crop. Untreated 
plots were located in areas showing reduced symptoms, to examine the relationship 
between zinc levels in the field and symptoms of zinc deficiency. 

The trial was harvested as plant cane, and first and second ratoon, using the sampling 
technique described by Hogarth and Skinner (1967). This involved counting stalks in 
the harvested area (10 m x four rows), with stalk weight estimated from a 60-stalk 
sample. C.C.S was obtained from a six-stalk subsample. 
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Soil samples were collected before and after application of treatments and at two month 
intervals after planting, with foliar samples, for the plant crop. Foliar samples were 
collected during active growth and soil samples were collected after harvest, from each 
plot, for each subsequent crop (See Table II). Methods of soil analysis followed 
Haysom (1982). 

The purpose of the intensive sampling during the plant crop was to establish patterns 
of soil zinc availability throughout the year and relate this to foliar zinc levels and 
symptoms. The relationship between soil test value and final yield would establish a 
critical value for and reliability of the different methods of analysis at the different 
sampling times. 

The following soil extracts for zinc were evaluated: 

1. DTPA buffered 7.3 pH, 2 hr shaking 
2. HC1, 0.1 M, 1 hr shaking 
3. HC1, 0.02 M, 16 hr shaking 

The DTPA extract has been the technique used to estimate iron, zinc and copper in 
soils by BSES and commercial laboratories servicing the sugar industry. Hydrochloric 
acid at various strengths and shaking times has been reported in the literature as being 
suitable for tropical soils (Juang et al, 1978; Kanohior and Sherman, 1967; Soepardi, 
1982). 

Extract two was chosen, because Juang et al (1978) judged it the best for the Hawaiian 
sugarcane soils they studied. The author also considered it the most likely of the two 
HCl extraction methods to be adopted by commercial laboratories, due to the short 
period of shaking. 

BSES uses extract three to estimate calcium, magnesium, potassium and sodium content 
of soils. There would be considerable advantage to the organisation if it were able to 
conduct a determination for zinc on an existing extract, without the expense of an 
additional extraction. 

Conductivity and pH values were recorded for all samples and additional assays were 
carried out on soils collected when obvious symptoms of zinc deficiency and restriction 
of cane growth first became evident (Table II). 

Data collected at harvest included stalk population, can yield, c.c.s and juice purity. 
Sugar yield was calculated from cane yield and c.c.s. Conductivity was measured on 
juice from the 1989 harvest. 

Seventy four varieties were planted in a section of the field to provide low zinc seed 
stock for variety testing in pot trials. The planting material used in the trial came from 
disease free seed stock. 

The effect of zinc treatments on yield was determined by analysis of variance and 
critical levels for zinc established using the Cate Nelson technique (Cate and Nelson, 
1971). The effect of other elements on the relationship between relative yield and 
analytical value for zinc was examined by simple correlations. 
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Table II 

Sampling schedule and chemical assays - Field trial 

Sample 	Months 	Sample 	 Chemical assay 
number 	post plant 	type 

01 	 0 	SP, 0-25 
	

Zn(D), Zn(H1), Zn(H2), pH,SEC 
02 	 0 	SP, 25-50 

	
11 	 II 

03 	 0 	ST, 0-25 
	

It p 

04 	 2 	F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 
S, 0-25 	 Zn(D),Zn(H1),Zn(H2),pH,SEC 

05 	 4 	F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 
S, 0-25 	 Zn(D),Zn(H1),Zn(H2),pH,SEC,Cu, 

Mn,Ca,Fe 
06 	 6 	F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 

S, 0-25 	 Zn(D),Zn(H1),Zn(H2),pH,SEC,Cu, 
Mn,Ca,Fe 

07 	 8 	F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 
S, 0-25 	 Zn(D), Zn(H1),Zn(H2),pH,SEC,Cu, 

Mn,Ca,Fe,Mg,P,S,EA,OC,Na,K 
08 	 10 	F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 

S, 0-25 	 Zn(D),Zn(H1),Zn(H2),pH,SEC,Cu, 
Mn,Ca,Fe,Mg,P,S,EA,A1,0C 

09 	 12 	F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 
S, 0-25 	 Zn(D),Zn(H1),Zn(H2),pH,SEC 

10 	 14 	F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 
S, 0-25 	 Zn(D),Zn(H1),Zn(H2),pH,SEC 

11 
	

SPH, 0-25 	Zn(D),Zn(H1),Zn(H2),pH,SEC 
12 
	

SPH, 25-50 
	

tt 

13 
	

F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 
S1RH, 0-25 	To be analysed 

14 
	

S1RH, 25-50 
	

11 II 	 II  

15 
	

F 	 N,Ca,Mg,P,K,S,Cu,Zn,Fe,Mn 
S2RH, 0-25 	To be analysed 

16 
	

S2RH, 25-50 
	

II 11 	 It 

Key: 	Soil sample = S, 0.25 cm or 25-50 cm 
P = Pre-treatment 
T = After treatment 
PH = After plant harvest 
1RH = After 1R harvest 
2RH = After 2R harvest 
F = Foliar third leaf 



B.2 	Variety testing 

Two trials have been harvested and a third will be completed by the beginning of 1990. 
The varieties used in the trials are listed in Table III. 

Table HI 

Varieties screened in zinc trials 

Trial 	88-2 	 88-3 	 89-5 

Variety 	Q113 	 Q113 	 Q113 
Q117 	 Q115 	 Q122 
Q120 	 Q96 	 Q130 
Q121 	 Q123 	 78N713 
Q124 	 CP44-101 	 Orpheus 
Q138 	 1156-752 	 Pelorus 

Varieties included at least one major cane from each sugarcane district in Queensland 
and all major canes, or potential major canes, in north Queensland. The varieties tested 
comprised over 70 percent of cane delivered to mills in the northern district during 
1988. 

Soil to conduct these and other zinc pot trials was collected from the site of the 
Mulgrave trial. The soil (12.4 t) was dried, sieved and stored in sealed plastic bags. 
Approximately five kilograms of soil were placed in each polythene bag lined pot. 
Basal elements, Mg, Fe, Cu and Mn and Zn treatments (Table IV) were applied to each 
pot in solution and allowed to dry. Calcium carbonate (4 t/ha) was applied and the 
soil thoroughly mixed prior to planting. N-P-K was applied at planting and urea was 
applied at three week intervals during the experiment. All N-P-K reagents were purified 
using dithizone (Hewitt 1952). 

. Table IV 

Zinc treatments for variety pot trials,  

No. kg Zn/ha 

1 
2 0.625 
3 1.25 
4 2.5 
5 5 
6 10 
7 20 
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Planting material from the zinc deficient field site was used as previous work showed 
that seed cane from deficient soil produced clear symptoms of zinc deficiency 
(Reghenzani, 1984). Single eye setts were hot water treated and the cut ends were 
sealed with parafin wax prior to germination in polythene beads in a mist bed. The setts 
were germinated under a 2 x 10' M calcium sulfate spray. 

Six replicates of each treatment were planted. Pots were placed in airconditioned 
benches to control soil temperature. The plants were irrigated with double-deionised 
water, through a polythene dripper system. Plants were grown for at least 12 weeks 
prior to harvest. Samples of fresh third leaf tissue were analysed for carbonic 
anhydrase activity using the method outlined by Gibson and Leece (1981). Leaf 
symptoms, plant height, fresh and dry weight of tops and dry weight of roots were 
recorded. Soil, whole-top and third leaf samples were dried and processed for analysis. 

Samples of fresh root tissue were collected and preserved in FAA for quantification of 
vesicular-arbuscular mycorrhizae (VAM) activity at the University of Queensland using 
techniques developed by Kormanth and McGraw (1982) and Fiske et al (1989). 

B.3 	Zinc x lime pot trial 

As it has been determined that zinc deficiency is induced by raised pH, it was decided 
to quantify this relationship. Seopardi (1982) showed that for rice, the critical level of 
soil zinc extracted by 0.05 N HC1 was 1 ppm if the soil pH was less than 6, and 3 
ppm if it was more than 6. 

The method used was similar to that outlined in Section B.2. Zinc deficient Q113 was 
the test plant in a 5 x 9, lime x zinc factorial experiment at the rates listed in Table 
V. 

Table V 

Rates of treatments in the lime x zinc pot trial 

	

Five rates of lime 1 	 0 t lime/ha 

	

2 	 2t 	f 

3' 	 4t 

	

4 	 6t 

	

5 	 8t 

	

Nine rates of zinc 1 	 0 kg Zn/ha 

	

2 	 0.625 " 

	

3 	 1.25 

	

4 	 2.5 

	

5 	 5 

	

6 	 10 

	

7 	 15 	77 

	

8 	 20 

	

9 	 25 
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B.4 	Identification of red spot fungus 

Fungi were first isolated from the red lesions on zinc deficient cane plants in 1985. 
Lesions occurred on Q113 plants when they were inoculated with pure culture of two 
isolates. Additional isolations were made from a range of varieties during the 
glasshouse variety testing program and these isolates were tested for their ability to 
produce lesions on zinc deficient Q113 test plants. 

Samples of dried, pressed leaves showing symptoms, and potato dextrose agar (PDA) 
slopes of pure cultures of isolates which produced symptoms, were forwarded to the 
Pathology Branch, Queensland Department of Primary Industry (QDPI) and 
Commonwealth Mycological Institute (CMI) England, for identification. 

Young zinc deficient Q113 plants were used in pathogenicity tests. Leaves were 
abraded between the thumb and forefinger and spore suspensions were applied to the 
leaf surface by two methods:- 

(a) Spores were suspended in sterile distilled water using a glass rod and applied 
with cotton wool. 

(b) Spores were suspended in sterile distilled water using a homogeniser and applied 
with a mister. 

Plants were covered with plastic bags moistened with sterile distilled water. Covering 
the plants for 48 hours provided a humid environment for development of the fungus. 
Symptoms were evaluated over several weeks. Reisolations were made from test plants 
showing symptoms and pure cultures of these isolates were evaluated in a further 
pathogenicity test. PDA slopes of isolates showing a range of symptom severity were 
submitted to QDPI and CMI. 

B.5 	Aerial detection techniques 

The field trial was photographed from light aircraft using black and white infra-red, 
colour infra-red, and colour slide films. 

As there appeared to be a relationship between soil colour and zinc deficiency 
symptoms, the Hambledon, Mu'grave arid Babinda mill areas were surveyed from colour 
aerial photographs. The occurrence of dark soil types was noted on mill farm maps and 
some of the maps have been digitised using a digitiser pad and the program 
"DesignCAD". Dark soils suspected of being deficient in zinc have been mapped on 
144 canegrowing assignments in the three mill areas. 

Twenty-two paired sites (10 Hambledon, 10 Mulgrave and 2 Babinda) were selected for 
closer inspection from the survey of aerial photographs. Each site was chosen to allow 
comparison between the darker soil type and a contrasting lighter coloured soil within 
the same field. Yield was estimated at each site and soil and foliar samples were 
collected for chemical analysis. Observations were made on stool tipping and zinc 
deficiency symptoms. 
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B.6 	Effect of environmental factors on carbonic anhydrase activity 

The effect of light intensity on enzyme activity was evaluated by analysing one half of 
the leaf blade, after it had been exposed to an extended period of bright sunshine, and 
the other half the following morning, after an extended period of dark. The plants 
used were from a pot trial in which each variety had been treated with 0 or 10 kg 
Zn/ha applied to the soil. 

The effect of temperature on carbonic anhydrase activity was evaluated. Zinc deficient 
Q113 plants in the mist bed unit were used in the experiment, as the plastic canopy 
produced quite a large diurnal range in temperature. Regression techniques were used 
to investigate the relationship between temperature and enzyme activity. 

C. RESULTS AND DISCUSSION 

C.1 	Field trial 

C.1.1 	Harvest data 

Substantial yield responses to zinc application were obtained from the field trial (Tables 
Vi, VII and VIII). Cane response to 10 kg zinc/ha over the three crops came to 86.1 
t/ha (average 28.7 t/ha/an). At a conservative figure of $20/t cane net of harvesting 
costs this additional yield would have been worth $1 722/ha ($574/ha/an). Zinc sulfate 
heptahydrate to supply 10 kg zinc element per hectare costs approximately $53/ha. 
Over ten times this cost has been returned each year subsequent to application. 

A highly significant response of 1.0 unit of c.c.s was obtained in the plant crop. The 
responses of 1.4 and 0.1 units in the subsequent harvests were not significant, probably 
due to extra variance caused by a heavily lodged crop in 1988, and a narrow range in 
c.c.s. levels due to excellent ripening conditions in 1989. 

C.1.2 	Cate-Nelson critical levels for zinc 

Table IX shows the critical levels for zinc, as calculated by the Cate-Nelson method, 
for the three soil extracts and the foliar third leaf analysis, with respect to relative yield. 
Relative yield expresses the yield of each plot as a percentage of the maximum yielding 
plot which is allocated the value 100. The Cate-Nelson method partitions response data 
into two classes, responsive and non-responsive. The optimal partition, representing the 
critical value, is where the calculated r2  value reaches its peak. 

Soils were sampled in the root zone of the developing plant. Because of the profile of 
the planted row, and the dry conditions restricting root growth for samples four, five 
and six, these samples have been eliminated from the combined analysis for plant cane 
in Table IX. It was felt that soil and foliar analysis for these three samples would not 
relate well to relative cane yield at harvest. Consistent symptoms and treatment effects 
were not observed until sample seven, when the row had been filled in and roots spread 
to the interspace. 
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Table VI 

Rates of zinc field trial, Plant cane harvest, 
J.C. Moller, Behana, Mulgrave, 1987 

Treatment 
kg Zn/ha 

t cane/ha Lab c.c.s. 
-1.5 units 

t/sugar/ah 

20 96.4 15.4 14.8 
10 + OE' 101.1 15.2 15.4 
10 95.6 15.3 14.6 
5 90.3 15.1 13.6 

2.5 89.8 15.1 13.6 
1.25 81.9 15.1 12.4 
0 + OE' 77.6 14.8 11.5 
Untreated 79.4 14.4 11.5 
Control 67.2 14.3 9.6 

lsd 

P < 0.05 16.4 0.8 2.7 
P < 0.01 20.1 1.0 3.6 

Mill yield from field 89.3 14.1 12.6 

'OE = Other elements; 24 kg Cu/ha, 10.5 kg Mn/ha,2.5 kg Fe/ha, 1.13 kg B/ha, 
0.78 kg Mo/ha, 0.15 kg Co/ha. 

Highly significant (P < 0.01) response in cane, c.c.s. and sugar to zinc application. 

Response to 10 kg Zn/ha:- 28.4 t cane, 1.0 unit c.c.s., 4.97 t sugar/ha. 

No significant effect of treatment on stalk population or juice purity. 
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Table VII 

Rates of zinc field trial, 1R harvest, 
J.C. Moller, Behana, Mulgrave, 1988 

Treatment 
kg Zn/ha 

t cane/ha Lab c.c.s. 
-1.5 units 

t sugar/ha 

20 122.8 15.0 18.4 
10 + OE' 118.3 15.0 17.8 
10 120.3 15.4 18.5 
5 117.0 15.2 17.8 
2.5 117.5 14.9 17.5 
1.25 112.1 14.5 16.2 
0 + OE' 112.7 15.0 16.9 
Untreated 105.8 14.8 15.7 
Control 84.8 14.0 12.0 

lsd 

P < 0.05 22.3 n.s. 3.3 
P < 0.01 29.9 n.s. 4.5 

Mill yield from field 106.9 12.7 13.6 

'OE = other elements, as for Table VI 

Highly significant (P < 0.01) response in cane and sugar to zinc application. 

Response to 10 kg Zniha:- 35.5 t cane, 6.5 t sugar/ha. Field was harvested very late 
in the season and the crop was heavily lodged. The c.c.s:, difference of 1.4 units c.c.s. 
between 10 kg zinc treatments and the control was not significant. 

No significant effect of treatment on stalk population or juice purity. 
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Table VIII 

Rates of zinc field trial, 2R harvest, 
J.C. Moller, Behana, Mulgrave, 1989 

Treatment 
kg Znlha 

ticandha Lab c.c.s. 
-1.5 units 

tisugartha 

20 69.3 16.4 11.4 
10 + OE' 77.9 16.1 12.5 
10 75.0 16.5 12.4 
5 71.3 16.4 11.7 
2.5 70.4 16.0 11.2 
1.25 69.0 16.5 11.4 
0 + 0E1  73.3 16.4 12.0 
Untreated 62.8 16.2 10.2 
Control 52.8 16.4 8.7 

lsd 

P < 0.05 13.3 0.4 2.2 
P < 0.01 17.8 0.5 2.9 

Mill yield from field 66.7 14.9 9.0 

10E = Other elements, as for Table VI 

Highly significant  (P < 0.01) response in cane and sugar to zinc application. 

Response to 10 kg Zn/ha:- 22.2 t cane, 3.7 t sugar/ha. 

The season was characterised by high c.c.s. and low yields from the crop. Low yields 
in 1989 from this field were due to late harvest in 1988. Excellent ripening conditions 
gave a narrow range in c.c.s. levels and the difference between the control and 10 kg 
Zn/ha treatment of 0.1 unit was not significant. 

No significant  effect of treatment on stalk population, juice purity or conductivity. 
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Table IX 

Critical values for zinc with respect to relative sugar yield 
established by the Cate-Nelson method 

Crop Sample 
number 

Months 
post 
plant 

V 

Soil extract (0-25 cm) mg/kg 

DTPA 	HCI 0.1 M 	HCI 0.02 M 

r2 	Sig 	V 	r2 	Sig 	V 	r2 	Sig 

Foliar 
3rd leaf mg/kg 

V 	r2 	Sig 

Plant 

03 E 0.3 0.34 	** 	0.6 	0.36 	** 	1.6 0.47 ** B 	B 	B 
04 2 0.1 0.20 	** 	0.5 	0.34 	** 	2.6 0.22 ** 13.5 0.38 	** 
05 4 0.2 0.23 	** 	0.4 	0.22 	** 	1.8 0.42 ** N 	N 	N 
06 6 0.2 0.44 	** 	0.5 	0.29 	** 	1.5 0.21 ** 9.9 	0.38 
07 8 0.3 0.09 	* 	0.5 	0.36 	** 	2.3 0.34 ** 9.5 	0.59 	** 
08 10 0.5 0.17 	4k 	0.7 	0.39 	** 	2.4 0.33 ** 9.6 	0.60 	** 
09 12 0.2 0.42 	** 	0.5 	0.49 	** 	2.0 0.41 ** 9.1 	0.55 	** 
10 14 0.1 0.23 	** 	0.6 	0.47 	** 	1.5 0.40 ** 8.7 	0.55 	** 
11 HP 0.1 0.28 	** 	0.4 	0.49 	** 	0.9 0.39 ** B 	B 	B 

Mean 3,7-11 samples 0.3 0.25 	0.5 	0.43 	- 	1.8 0.39 9.2 	0.54 

Sample 3,7-11 combined 
analysis 0.2 0.11 	** 	0.5 	0.23 	** 	2.1 0.15 ** 9.1 	0.46 	** 

1R 

11 HP 0.1 0.20 	** 	0.2 	0.44 	** 	0.9 0.41 ** N/A N/A N/A 
13 H1R AA A 	AA 	A 	AA A 9.20.61** 

2R 

13 H1R A A 	A 	A 	A 	A 	A A A N/A N/A N/A 
15 H2R 11.7 0.38 	** 

Key: V 	= 	Critical value 
A 	= Awaiting analysis 
B 	= No sample at this time 
N 	= No peak r2  value 
E 	= Establishment 
HP = Harvest - plant 
H1R = Harvest - 1st ratoon 
H2R = Harvest - 2nd ratoon 
N/A = Not applicable 

ns = Not significant 
* = P < 0.05 
** = P < 0.01 
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The critical and r2  values listed in Table IX show that the foliar third leaf is the most 
reliable method for predicting response to zinc in the field. It appears that critical foliar 
zinc reaches a maximum of 9.9 mg/kg dm at six months and that this value drops to 
8.7 mg/kg dm by 14 months in the plant crop. Critical value was calculated as 9.2 
and 11.7 mg/kg dm for the first and second ratoon crops respectively. The first ratoon 
value corresponds to the calculated value determined for the combined plant crop 
analysis, however the higher value obtained for the second ratoon requires further 
investigation. This high value may be related to the age of the crop or physiological 
factors related to the high c.c.s. obtained in the 1989 harvest. At this stage the current 
critical level of 10 mg/kg dm for third leaf is acceptable. 

Although highly significantly related to relative yield, the values for soil extractable zinc 
explain only a portion of the yield variance. The hydrochloric acid zinc extracts appear 
superior to the DTPA zinc extract and the critical levels indicated by the data are listed 
in Table X. 

Table X 

Critical values for soil zinc, mg,/kg (0-25 cm) 

DTPA HCI 0.1 M HCI 0.02 M 

Current value 0.4 - 0.8 
Suggested new values 

Plant 0.3 0.6 1.6 
Ratoon 0.1 0.2 0.9 

The critical values are based on samples taken early in the growth of the crop. Critical 
value does depend on time of sampling as the peak for all extracts and third leaf assays 
occurs at 10 months after planting. 

C.1.3 	Methods suggested to improve prediction of response curve 

Research is required to improve the accuracy of prediction of yield response to zinc 
application based on soil tests. The data from this experiment need to be re-examined 
and additional response functions evaluated. Other zinc extracts should be reviewed and 
evaluated on the soil samples which were collected in this experiment. 

Table II lists the elements for which analytical data are available. Table XI shows 
those elements which were significantly correlated with sugar yield. Zinc assays 
showed the greatest correlation with sugar yield, with hydrochloric acid zinc giving 
higher correlation coefficients than DTPA zinc. Linear correlation coefficients were 
superior to those calculated by the Cate-Nelson technique. 
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Table XI 

Field trial - Analytical values significantly 
correlated with sugar yield (P < 0.5) 

No sample Positive correlation 	Negative correlation 
(in rank order L to R) 	(in rank order L to R) 

Plant 

01 	P,S1 
02 	P,S2 
03 	E,S1 
04 	2,F 

Si 

pH 

Zn(H1),Zn(H2),Zn(D),P 
Zn,N 
Zn(H2),Zn(H1),Zn(D) 

05 4,F N P 
Si Zn(H2),Fe,Zn(H1),Zn(D) 

06 6,F Zn,N Fe 
Si Zn(D),Zn(H2),Zn(H1),Cu 

07 8,F Zn,N,Fe,Cu K 
S 1 Zn(H2),Zn(H1),Mn pH 

08 10,F Zn,N,Cu,S,Ca,Mn K 
Si Zn(H1),Zn(H2),Zn(D),EA, 

A1,Mn,Cu 
pH,Ca 

09 12,F Zn,N,Cu,Fe,P,S,Ca K 
S 1 Zn(H1),Zn(D),Zn(1-12) 

10 14,F Zn,N,S,P,Cu,Ca K 
S 1 Zn(H2),Zn(H1),Zn(D) - 

11 HP,S1 Zn(H2),Zn(H1),Zn(D) SEC 
12 HP,S2 Zn(H1) 

1R 

11 HP,S1 Zn(H2),Zn(H1),Zn(D) 
13 F N,Zn,S,Fe,P,Ca,Cu,Mg,Mn 

2R 

15 F Mg,Zn 

Key: P 	= Pre-treatment 
E 	= Establishment 
F 	= Foliar, prefix number = Mths after planting 
Si 	= Soil 0-25 cm 
S2 	= Soil 25-50 cm 
Zn(D) = DTPA extract zinc 
Zn(H1) = 0.1M HC1 extract zinc 
Zn(H2) = 0.02M HCI extract zinc 
EA 	= Exchange acidity 
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The fact that other elements correlate with yield indicates the possibility of using an 
index comprising zinc and other chemical values, rather than individual elemental values 
to predict yield response to zinc application. Selected elemental values will be subject 
to multiple regression analysis to determine their combined effect on yield. A pot trial 
to evaluate the effect of pH on critical values for zinc has been completed. Soil and 
foliar samples await chemical analysis before the form of the relationship between pH, 
critical zinc and relative yield can be determined. 

C.1.4 	Changes in zinc levels 

There is available a large amount of DTPA zinc data. BSES may well decide to use 
the 0.02 M HC1 zinc extract, while commercial firms could decide to use the quicker 
0.1 M HC1 zinc extract. BSES officers could be called upon to interpretate the 
meaning of zinc assayed by any of the three methods. 

The effect of zinc application on zinc assays involving DTPA, HC1 (0.1 M) and HC1 
(0.02 M) extracts are shown respectively in Figures 1, 2 and 3. This data would be 
very useful in determining the rate of element to apply to reach a predetermined level 
in the soil. The relationship between rate of elemental zinc applied (x kg/ha) and 
change in soil zinc (y mg Zn/kg) is shown in Table XII. 

Table XII 

Relationship between applied zinc and change in soil zinc at establishment. 
x = kg Zn/ha applied, y = change in soil zinc (mg Zn/kg) 

Extract 
	

Formulae 	 r2 

DTPA y = 0.057 x - 0.013 0.709 ** 
HC1 (0.1M) y = 0.147 x + 0.167 0.622 **  
HC1 (0.02M) y = 0.283 x - 0.271 0.794 ** 

** = P < 0.01 

The relationship between rate of elemental zinc applied (x kg/ha) and change in levels 
(y mg Zn/ha), from the treated levels is shown in Table XIII. The rate of decline in 
zinc levels during the plant crop for different rates of application is shown in Figures 
4, 5 and 6 for DTPA, HCl (0.1 M) and HC1 (0.02 M) extracts respectively. 
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Table XIII 

Relationship between applied zinc and change in soil zinc during the plant crop. 
x = kg Zn/ha applied,y = change in soil zinc from treated value (mg Zn/kg) 

Extract Formulae rz  

DTPA y = 0.046x - 0.066 0.639 ** 
HCl (0.1 M) y = 0.106x - 0.237 0.499 **  
HCl (0.02 M) y = 0.205x - 0.333 0.706 ** 

** P < 0.01 

There appears to have been a substantial decline in zinc levels over the plant crop. 
However, this was not associated with a reduction in response to applied zinc, possibly 
due to a reduced requirement in the ratoon crops as indicated by lower critical levels 
outlined in section C.1.2. The applied zinc has not leached into the subsoil as there 
was no detectable increase in zinc in the 25 - 50 cm samples. It will be possible to 
estimate changes in zinc levels using the formulae listed in Tables XII and XIII. The 
calculated value may be compared to critical values reported in section C.1.2. 

C.2 	Variety testing 

The purpose of testing was to determine the appearence of zinc deficiency in a wide 
range of cultivars and to establish if response curves for soil zinc versus top yields 
differed from that determined for the standard variety Q113. 

C.2.1 	Symptoms 

The percent of leaves showing zinc deficiency symptoms is shown in Figures 7 and 8. 
The curves shown in Figures 7 and 8 represent the standard variety, Q113. Note that 
most other varieties do not show as many leaves with symptoms. Plate 1 shows the 
appearance of typical deficiency symptoms in Q113. Note the band of chlorotic tissue 
each side of the mid rib, but not extending to the edge of the blade. 

Q113 was the most susceptible variety tested, based on symptoms or decrease in dry 
weight. As there was a range of symptoms in different varieties they were ranked on 
percent leaves with symptoms (Table XIV). Each ranking point represented a 10 
percent increase in leaves showing symptoms, with Q113 allocated a ranking of 9. 
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Table XIV 

Varieties rated according to strength of expression of 
symptoms of zinc deficiency 

Symptom rating Variety 

9 
5 

Q113 
Q124, Q120, Q123 

4 Q96, Q115, Q121, Q117 
3 Q138 
1 CP44-101, H56-752 

Additional detail of symptom expression is shown in Figures 9 and 10. Less definitive 
symptoms including a mottled appearance with or without green islands, can occur 
(Plate 2), followed by a banded chlorosis (Plate 3). The banded chlorosis symptom 
might easily be mistaken for iron deficiency. All varieties tested except H56-752 
showed typical symptoms (Plate 1) with nil zinc application. 

Plate 4 shows a typical example of varietal differences in the field at Tully. Q113 on 
the left shows typical symptoms and is easily diagnosed as zinc deficient, however the 
Q127 on the right does not show symptoms, but may be suffering yield losses. 
Although plant symptoms will be useful in the field diagnosis of elemental deficiency 
symptoms, varietal differences in symptom expression demonstrate the need for 
calibrated analytical tests for soil and foliage. 

C.2.2 	Effect of zinc deficiency on tops and root growth 

Substantial yield responses in plant tops are obvious from Figures 11 and 12. Note that 
Q138 which has a low symptom rating (Table XIV), shows the biggest response to zinc 
application (Figure 11). Although H56-752 has the lowest symptom rating (Table XIV) 
and shows no typical symptoms (Figure 10), it still shows a substantial response to zinc 
application (Figure 12). Thus response to zinc application may be obtained from cane 
which is not showing deficiency symptoms. 

Results from the variety trials also indicate that symptoms are a guide to deficiency 
in some varieties only. Deficiency symptoms were relieved by zinc application of about 
3 kg Zn/ha but yield response continued to 5-10 kg Zn/ha, (Figures 9 to 12). 

Figures 13 and 14 show that zinc application increased root growth in deficient soils. 
Without an adequate root system stools are easily pulled from the ground by lodging 
or harvesting. Zinc deficiency and associated poor root growth could contribute to stool 
tipping and dirt in the cane supply. Plate 5 illustrates the adverse effect of zinc 
deficiency on the root system of Q113. 
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C.2.3 	Analytical data 

Soil and whole top samples from the variety trials have yet to be analysed. Data for 
the third leaf samples are to hand. The elements determined were as follows:- N, Ca, 
Mg, P, K, S, Cu, Zn, Fe and Mn. 

Zinc was positively correlated (P < 0.01) with dry weight of tops for trial 88-3. 
However, there was no significant correlation between dry weight of tops and Zn in 
trial 88-2. All other elements were strongly negatively correlated with dry weight of 
tops. This negative, correlation may result from an accumulation effect in very zinc 
deficient plants. This will be examined by analysis of whole tops and calculation of 
plant uptake figures. Very high levels of elements in deficient plants have been 
reported as the Piper Stanbjerg effect. Gibson and Leece (1981) have referred to 
problems with conventional analysis as being due to "physiologically inactive" zinc. 

Foliar analysis has been reported as being the most reliable technique for predicting 
response to zinc application (C 1.2), but it failed on one occasion, indicating high 
levels of zinc in very zinc deficient plants in the field. The carbonic anhydrase assay 
being developed is not affected by physiologically inactive zinc. 

C.2.4 	Vesicular-arbuscular mycorrhizae (VAM) 

VAM infection has been found to be beneficial to other crops, increasing a plant's 
access to nutrients. VAM were detected in the cane roots sent to the University of 
Queensland. There was a large range in percent infection (0-54 percent). Zinc 
treatment or varieties did not have a significant effect on percentage infection (Table 
XV). 

Table XV 

The effect of applied zinc on VAM infection 

Percent VAM infection 

0 kg. Zniha 10 kg Zn/ha 	Difference 

Combined analysis of trials 
88-2 & 88-3 	 20 	 17 	 3 (n.s.) 

C.3 	Zinc x lime pot trial 

C.3.1 	Symptoms 

Figures 15 and 16 show that zinc deficiency symptoms were expressed more strongly 
as the rate of lime application increased. The symptoms of mottled and banded 
chlorosis were evident in this trial. 
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C.3.2 	Effect of lime x zinc interaction on tops & root growth 

Figure 17 shows the effect of lime and zinc interactions on dry weight of tops. Soil 
without lime application does not respond to zinc application, however increasing rates 
of lime require higher rates of zinc to reach maximum yield. Figure 18 also shows this 
effect on roots. 

C.3.3 	Analytical values 

All samples from this trial remain to be assayed. The data should determine the 
relationship between pH and critical level for zinc. This will enable a further evaluation 
of the field trial data. 

C.4 	Identification of red spot fungus 

Foliage symptoms can be of major importance in identification of elemental deficiency 
in the field. Red foliage lesions are often associated with severe zinc deficiency in 
Q113. These lesions were observed frequently in pot trials in the glasshouse. Plate 
6 shows the advanced symptoms of the fungus which produces red lesions on zinc 
deficient foliage. Plate 1 shows early stages of infection. Note that the lesions are 
restricted to the chlorotic area of the leaf. 

Identification of the isolates has shown that a range of Curvularia sp. can cause the 
symptoms. The major symptoms were caused by an isolate (Plate 7) identified as 
Curvularia brachyspora by QDPI; and as Cochliobolus eragrostidis (Tsuda and Ueyama) 
Sivan., Curvularia eragrostidis (Henn.) J.A. Meyer being the anamorph, by CMI. 

Although the fungus frequently attacks zinc-deficient susceptible varieties in the 
glasshouse, it does not always occur in the field. Varieties susceptible to the fungus 
are as follows:- Q113, Q124, Q96, Q123 and Q117. 

C.5 	Aerial detection techniques and survey 

C.5.1 	Infra-red aerial photography 

Colour infra-red and colour slide photographs of the field trial site were presented in 
a BSES Bulletin article (Reghenzani, 1988). Black and white infra-red and colour slide 
photographs demonstrated differences between treatments in the field, however the 
colour infra-red photographs showed greater constrasts between zinc deficient and 
healthy sugarcane. The photographs have demonstrated that remote sensing may be 
a possible method for detecting nutritional deficiency and other problems of sugarcane. 

C.5.2 	Aerial survey of Hambledon, Mulgrave and Babinda farms 

Plate 8 shows dark soils in the Mu'grave area commonly associated with zinc 
deficiency. Of the 144 canegrowing assignments which have darker soil types sketched 
onto farm maps, 20 have been digitised to computer images. The technique allows the 
construction of a mosaic of farm maps and extrapolation of soil boundaries across areas 
of cane. The computer aided drafting (CAD) technique also permits the calculation of 
areas and allows the production of maps such as Figure 19. Maps such as these would 
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be an excellent extension tool to identify fields with zinc deficiency and advise 
canegrowers. 

C.5.3 	Validation of aerial survey 

Soil and foliar samples from 22 paired sites remain to be analysed, however estimates 
of yield data are available. There was a highly significant difference between yields 
from different coloured soils in the field (Table XVI). 

Table XVI 

Cane and sugar yields from dark and light soils 

Cane yield t/ha C.C.S. Sugar yield t/ha 

Dark soil 59.68 15.67 9.49 
Contrasting soil 78.50 16.13 12.73 

Significance of contrast P < 0.01 n.s. P < 0.01 

Inspections of symptoms support the proposition that part of this difference is due to 
zinc deficiency, however zinc assays are required to confirm this conclusion. Cane 
grown on the darker soil type had lower yield and less tendency to lodge, however it 
had a poor root system and was easily pulled from the ground. As discussed earlier, 
zinc deficiency restricts root growth and may contribute to the dirt problem in the 
Mulgrave cane supply. 

C.6 	Carbonic anhydrase assay 

Gibson (1970) discussed the use and limitations of carbonic anhydrase as an assay for 
physiologically active zinc in maize. He recommended standardised sampling 
procedures to minimise environmental and plant effects on the assay. A major concern 
reported was the diurnal variation due .to the effect of light intensity (Everson 1971). 

Although the test was relatively rapid to perform, the large number of samples meant 
that analysis was carried out over a few days. Diurnal and daily variations in light 
intensity during that time was a concern. Plate 9 shows carbonic anhydrase assay 
reaction tubes, with the colours of the reaction clearly visible. Colour changes from 
blue through a green/yellow end point to yellow as the reaction between the enzyme 
and carbon dioxide occurs. Enzyme activity is calculated from the time required to 
reach the end point and expressed as enzyme units per gram fresh wt (EU/g fwt). 
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C.6.1 	Effect of light 

The experiment to determine if light had any effect on enzyme activity gave the results 
in Table XVII. 

Table XVII 

Effect of light on carbonic anhydrase activity in sugarcane 

Treatment Enzyme activity 
(EU/g f wt) 

Light 	Dark Diff. t df sig 

0 kg/Zn 407.20 	375.07 32.13 1.41 5 n.s. 
10 kg/Zn 2 052.79 	1 913.00 139.73 1.51 5 n.s. 
Combined 1 230.00 	1 144.07 85.93 1.78 11 n.s. 

The difference in enzyme activity between samples collected in the light or dark was 
not significant according to the paired t test. Diurnal and normal variations in light 
intensity during the day probably would not adversely affect the carbonic anhydrase 
assay. 

C.6.2 	Effect of temperature 

Enzyme activity was plotted against temperature in the range 22 to 41°C (Figure 20). 
The 75 EU/g fwt difference over the 19°C temperature range was inconsequential and 
so normal variations in temperature during the day would not adversely affect the 
carbonic anhydrase assay. 

C.63 	Application of carbonic anhydrase assay 

Assay results from the variety and lime pot trials indicate this test is highly sensitive 
for zinc availability. Preliminary observation of the data indicates a critical level of 
about 1000 EU/g fwt. This will be re-examined when soil test data are available. 
Results from a preliminary lime trial and from the field samples (Table XVIII) indicate 
that the carbonic anhydrase assay may be used to detect zinc deficiency. 
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Table XVIII 

Carbonic anhydrase results 

Lime t/ha 	 Carbonic anhydrase activity (EU/g fwt 3rd leaf) 

0 kg Zn/ha 10 kg Zn/ha 

0 1 183 1 524 
2 270 2 059 
4 155 1 205 
6 104 992 

Zinc deficient 	Healthy 

Feluga 	 492 	 2 140 
Silkwood 	 79 	 1 005 

IL CONCLUSIONS AND SUMMARY 

The major objectives of the original project have been achieved. 

Objective 1 	To develop superior soil tests for zinc and determine critical levels for 
zinc in sugarcane soils. 

Status 1 
	

Critical values have been determined. The hydrochloric acid extracts 
for zinc are a substantial improvement over the current DTPA extract. 
Additional work has commenced to improve the accuracy of prediction 
of yield responses. 

Objective 2 	To establish relative susceptibility of varieties to zinc deficiency and 
relate this to the nutritional status of soils and plant samples. 

Status 2 	Relative zinc deficiency symptoms in varieties have been determined. 
Trials have been completed but some samples require analysis. 

Objective 3 	To conduct a soil survey and test extraction methods. 

Status 3 

Benefits 

The soil survey is complete but soil and leaf samples await assay using 
different extracts to verify extent of zinc deficiency. 

Identification of zinc deficiency can return 10 times the cost of 
treatment each year to the grower with a profit of over $500/ha/an on 
zinc deficient soils from north Queensland. The findings of this project 
to date have resulted in a substantial advancement of knowledge of trace 
element nutrition of sugarcane. 
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Problems 	Additional trials had to be conducted at the beginning of the research 
period to overcome the problem of lack of symptom development in 
glasshouse trials. This delayed the project by about four months. 

E. RECOMMENDATIONS 

1. Critical levels for zinc should be adopted as follows: 

1.1 
	

Third leaf samples: 10 mg/kg Zn. 

1.2 
	

Soil Zn levels in mg/kg (0-25 cm) 

DPTA HCl 0.1 M HC1 0.02 M 

Current value 	0.4 	 0.8 
New value 

Plant 	 0.3 	0.6 	 1.6 
Ratoon 	 0.1 	0.2 	 0.9 

2. Ten kg/ha zinc should be applied to zinc deficient soils, as zinc sulphate 
heptahydrate or as the monohydrate in fertiliser mixtures. 

3. Evaluation of the carbonic anhydrase assay should be completed. 

4. Validation of the aerial survey of the Hambledon, Mulgrave and Babinda farms 
should be completed using a selected zinc assay method. 

5. Northern extension officers should advise canegrowers of likely zinc deficient 
soils on their farms. 

6. Investigation of the interaction between zinc and lime applications should be 
completed, and appropriate extension advice prepared. 

7. Complete evaluation of the relationship between soil zinc deficiency and 
associated poor root growth, as factors contributing to dirt in the cane supply. 
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LIME x ZINC POT TRIAL — EFFECT OF TREATMENT 
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Key 

Soil type suspected of being 
deficient in zinc. 

Field under cane, soil not visible. 

Soil types not suspected of being 
deficient in zinc. 

37 

Figure 19 	-A section of the Mulgrave Mill area shoOing soils 
suspected of being-deficient in zinc. 
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Plate 1. Typical Zinc deficiency symptoms 
on Q113. 

Plate 2. Mottling and green Islands 



Plate 3. Banded chlorosis - a less 	 ,Plate 4. A site at Tully showing variety 
definite symptom of zinc 
	

differences. Left - Q113 shows 
deficiency 
	

symptoms. Right Q127 is apparently 
healthy. 



Plate 5. Variety Trial 88-3 showing 
adverse effect of zinc deficiency 
in control soil (0 zinc) above, 
against 10 kg zinc below for Q113. 

Plate 6. Developing red spot symptoms 
caused by a fungus, Curvularia sp. 



Plate 7. The fungus responsible for the 
	

Plate 8. Aerial photograph of Mulgrave farms 
red lesions Curvularia sp. 	 showing dark soil types suspected of 

being prone to zinc deficiency. 
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Plate 9. Carbonic anhydrase assay for active zinc. 
The level of zinc determines the time for 
the colour to change from blue (left) to 
the end point (centre). The tube on the 
right has gone beyond the end point (yellow). 


