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Abstract
Decreased atmospheric sulfate deposition over the past 20 years has led to increased sulfur (S) fertilizers application in winter wheat. Many producers apply S without first soil testing for this essential element. Experiments were conducted at Lahoma, Lake Carl Blackwell, and Perkins, Oklahoma, (2011-2013) to assess the effect of Nitrogen (N) and S applied preplant and foliar on grain yield and grain N of winter wheat. For  2011-2012, Urea Ammonium Nitrate (UAN) 0, 40 and 80 kg ha-1 was applied as preplant ; UAN and urea-triazone (NSURE) at 10 and 20 kg ha-1 as foliar N; and gypsum as foliar S (10 kg ha-1).  In 2013, UAN (40 kg ha-1) was applied preplant. Furthermore, 20 kg N ha-1 was  applied and gypsum at 0, 3 and 6 kg ha-1 as preplant S, and sulfur (MAX-IN-S) at 3 and 6 kg ha-1 as foliar. Sulfur did not increase grain yield/N over sites and/or years. The interaction between foliar S/N and preplant S/N was not significant. Sulfur fertilizer application is less likely to benefit this region unless low levels of soil test S is identified prior to planting. The use of current soil test guides for the state of Oklahoma is encouraged.


Introduction
Adequate and timely fertilization is essential for managing small grain production systems to maximize grain yields. Plants have different nutritional requirements, depending on the growing environment that might be limiting for some nutrients. In addition, the physiological amount required dictates the optimum level. Based on this that specific nutrient availability, some are more frequently required.
Sulfur and N are essential elements for plant growth and development, their assimilation in plants are similar, and both are key components in the structure of the plant enzymes [20]. For total plant N, protein accounts for almost 80 % and chlorophyll generally accounts for less than 10% [4]. Sulfur is a component of methionine and cysteine, two important sulfur-containing amino acids that account for 21 and 27 percent S respectively [5]. Sulfur and N occur in protein and maintain a ratio of 1part S to 15-20 parts of N. As N and S are important constituents of wheat protein, optimum grain yield requires an adequate amount of both nutrients. [25] It is suggested that foliar applied N and S have synergistic effects on increasing their assimilation in grain and can improve bread-baking qualities. Sulfur and N are both mobile in the soil, and highly susceptible to leaching in high rainfall areas.
 Reference [24] suggested that balance between N and S changes and insufficient sulfur leads to poor grain development when the crop needs a large amount of N late in the season. Sulfur deficiency in cereal crops was first reported in Scotland [18]; nonetheless, an essential role was recognized a few decades earlier [5]. Plants experiencing deficiency of N and S develop a similar yellow color, but S deficiency symptoms are visible in the younger leaves, unlike N that shows up in the older, lower leaves. The deficiency of these nutrients reduces the amount of chlorophyll inducing different mechanisms; therefore, it can be difficult to visually differentiate between S and N deficiencies [4]. Reports over the last few decades suggests increasing S deficiency in areas previously sufficient around the world [16]. The possible reasons behind the S deficiency are an increase in use of low S fertilizers, less use of fungicides/pesticides containing S, and reduced industrial sulfur emissions since 1980 [21]. In many areas, the reduced S emissions have directly decreased the atmospheric sulfur dioxide concentrations and thereby decreased input to agricultural crops.
The requirements of S vary for different crops. In a pot, experiment [7] found that cereals like wheat and oats were more sensitive to S deficiency than legumes, and require more S for maximum dry matter production. The demand for S is higher for oilseed rape (Brassica napus L.) as they use S for glucosinolate, an S containing compound that imparts a pungent odor in plants of brassicaceae family [28]. Wheat generally has a low requirement for S, which is roughly 20 kg ha-1 to produce a grain yield of 8 Mg ha-1 [11].  Sufficient S levels helped to realize maximum N response [3].
Reference [27] suggested the S recommendation for Oklahoma winter wheat and other legumes, and it is based on an N: S ratio of 20:1. [19] Suggested that cereal crops require 15-20 kg ha-1 S. The deep sandy soils receiving lower amounts of S via precipitation together with lower S fertilizer applications may require additional S for cereal crops. [6] Studied S content in Oklahoma rainfall for 15 years (1927-1942). The average amount of S was 9.78 kg ha-1. While Oklahoma soils received 22.4 kg S ha-1 through annual precipitation [8], there are locations like Perkins and Carrier that have deep sandy soils that have shown S response [10]. Even though, canola has a higher S requirement than other crops; research in Oklahoma did not show any significant yield differences between the sources and rate of S for two different cultivars (HyClass 154 and DKW 47-15) and over growing seasons [2]. This research included a Perkins site that has a sandy soil texture where leaching can remove mobile nutrients like N and S.
Sulfur nutrition in wheat helps to improve baking quality of wheat flour [23]. It has been established that the disulfide bond of S for wheat proteins are important for determining bread-making properties of wheat flour [20]. Dough extensibility is important for manual shaping of bakery products. Sulfur deficiency can limit dough extensibility and increase toughness [9]. The formation of lower quality proteins in S deficient situations increases the elasticity and decreases the extensibility [26], while severe S deficiency can significantly decrease the loaf volume.
Although the evidence of wheat responses to S exists in previous research in some locations of Oklahoma, current research is not sufficient to show that S application in Oklahoma wheat is required to increase the production and end use quality. However, S application is being promoted among wheat growers without considering soil test S levels. The objective of this study was to evaluate the need for S application for winter wheat in Oklahoma, considering the growing concerns for decreased atmospheric S.



Materials and Methods

Field trials were established at two locations, Lake Carl Blackwell and Lahoma, in the fall of 2011 and 2012 and Perkins was added in 2013. Perkins is a deep sandy loam soil, low in soil organic matter and prone to leaching of mobile nutrients like S and N (Teller fine sandy loam 1-3 % slope). The Lahoma location is a Grant silt loam with a 1-3% slope, Lake Carl Blackwell (2011-12: Port silt loam; 2013-14: Port Oscar complex, both 0-1 % slope).
For 2011 and 2012, a randomized complete block experimental design with 4 replications and 15 treatments was used. Treatments included urea ammonium nitrate (UAN) 0, 40 and 80 kg N ha-1 applied preplant, 10, and 20 kg N ha-1 applied foliar. Another N source, urea triazone (NSURE) was applied at rates of 10 and 20 kg N ha-1 in a foliar spray. Gypsum was applied foliar, at 6 kg S ha-1. In the fall of 2013, trials were conducted at three locations Perkins, Lahoma and Lake Carl Blackwell, OK. Data analysis for Lake Carl Blackwell and Lahoma in the year 2011 and 2012 was evaluated separately. For the year 2013, the trials were restructured in a randomized complete block with three replications and seven treatments. Urea ammonium nitrate at 0 and 40 kg N ha-1 was used preplant, and 20 kg N ha-1 was foliar applied. Gypsum at 6 kg S ha-1 was used preplant and liquid S (MAX-IN S) at rates of 3 and 6 kg S ha-1 foliar applied. All the foliar material was dissolved in water to make a 1-liter solution, applied at the flag leaf stage, and delivered with a CO2 backpack sprayer. The use of Tee Jet flat fan nozzles and an application pressure of 275.8 kPa yielded fine spray droplets. While diluting gypsum, it was left in water for 24 hours to allow sufficient time to dissolve.

During 2011 and 2012, composite soil samples from the surface (0-15 cm) were collected using a conventional soil probe. Composite soil samples included 15-20 soil cores from the entire area. For the year 2013, soil samples were taken before planting and after wheat harvest. Before planting, by plot soil samples were collected from the surface (0-15 cm). Post-harvest soil samples were taken by plot at 0-15 cm and 15-45 cm depth. All samples were oven dried at 65˚C, and ground to pass through 2 mm sieve size. Soil samples were analyzed for pH, NO3-N, NH4-N; SO4-S, P, and K. Soil pH was measured using a calomel electrode in 1:1 ratio of soil to water. Nitrate N and ammonium N were measured using 5 gm of soil and 15 ml of 1.0 M KCl (Potassium Chloride), and shaken for 30 minutes. Extracts were run through a Lachat Quickchem 8000 automated flow-injection analyzer. Analysis for SO4-S was accomplished by extracting the associated solution from 10 gm soil and 25 ml of 0.008 M calcium monophosphate, shaken for 30 minutes, and analyzed using an inductively coupled plasma spectrometer.
At maturity, wheat was harvested using a Massey Ferguson 8XP self-propelled combine. Grain subsamples were collected from each plot and moisture was adjusted to 12.5%. Grain samples were oven dried at 75 °C for 2 days and then ground using a Thomas Wiley Laboratory mill (Thomas Scientific, Swedesboro, New Jersey, USA) and rolled to pass a 100μm sieve. Total grain N analysis was determined using a LECO Truspec CN dry combustion analyzer (Leco Corp., St Joseph, Michigan, USA) [15].
Data was analyzed using Statistical Analysis System, PC SAS v. 9.4 (SAS Institute, Inc., Cary, NC). Treatment differences were determined using non-orthogonal-single-degree-of-freedom contrasts and mean separation.

Results and Discussion
Lahoma grain yields ranged from 1752 to 2907 kg ha-1 in 2011, 692 to 1501 kg ha-1 in  2012, and 1709 to 2389 kg ha-1 in 2013 (Tables 2 and 3). Lower grain yields at Lahoma in 2012-13 were due to a dry fall, poor plant stands and higher rainfall from late March to harvest (Figure 2). In addition, late spring freezes in February and March (Table 6) possibly induced extreme stress and poor root system development, which further impaired grain yield. In general, wheat performs well in an optimum temperature range of 17–23°C over the course of an entire growing season, with a minimum and maximum temperature of 0°C and 37°C, respectively and beyond which growth stops [12]. Nonetheless, wheat cultivars differ in terms of temperature resistance over the growing season. 
Average grain yields at LCB ranged from 2025-3202 kg ha-1 and 746-1103 kg ha-1 for 2011 and 2013 respectively (Tables 2 and 3). For 2011, Lake Carl Blackwell had more tillers and better plant stands. Also at this site, adequate and timely rainfall was received from late March to mid- April (Figures 1 and 2). Moisture demands from late March to mid-April can be critical for winter wheat in Oklahoma. In 2013, this location received higher rainfall in July. Due to wet/saturated fields, mechanical harvest was delayed by 15 days compared to the other locations. The lower yield (Table 3) in LCB in 2013 was in part due to the continuous wet period during harvest leading to shattering losses and decreased grain weight.
At the Perkins site, yields ranged between 708 and 1366 kg ha-1 for 2013 (Table 3). Winter wheat performs best with a pH near to 5.5. Yields were lower at Perkins in part due to the lower soil pH (Table 1) in comparison to the other locations [1, 17]. Low soil acidity likely increased the level of aluminum, which affects root growth. Grain N at Lahoma ranged between 1.7-2.0, 1.9-2.3 and 2.0-2.6 percent for the year 2011, 2012 and 2013 respectively (Table 2 and 3). Grain N at LCB ranged from 1.4-1.9 and 2.1-2.4 percent for 2011 and 2013 respectively, while Perkins, 2013 was between 2.0-2.6 percent (Table 3). For all locations, grain N was higher when grain yields were lower.
Single-degree-of-freedom-contrasts for wheat grain yield (preplant N linear) were significant (P > 0.05, P > 0.01) at Lahoma for 2011 and 2012 respectively (Table 4).  Grain N was also significant (P > 0.001) for 2012 (Table 4).  Furthermore, significant linear increases in grain yield were noted for LCB and Perkins in 2013 (Table 5).  This was also recorded for grain N in 2013 (Perkins) and 2011 at LCB (Tables 4 and 5).
Soil test results for the three experimental sites showed sufficient levels of S at all three locations. On average sulfate was 29 and 19 kg S ha-1 in 2011 and 2012.  For LCB in 2012, this was 126 kg S ha-1 (Table 1). Soil pH at both these locations ranged from 5.7 to 7.7 (Table 1). In 2013, average S levels in the 0-15 cm profile ranged between 20 and 36 kg S ha-1.  Soil pH was moderately acidic and ranged from 4.7 to 6.5 (Table 1). In addition, initial soil test values showed adequate nutrient levels for all years and locations (Table 1). The post- harvest surface (0-15) and subsurface (15-45 cm) soil samples taken in 2013 showed a decreased level of S and likely, less was used by the plant (Figure 1).


Conclusions
This work evaluated the effects of S and N, both preplant and foliar applied on winter wheat grain yield and grain N content. Comprehensive field results showed that applications of foliar S did not increase grain yield and/or grain N for winter wheat over sites and years. Although Perkins was a deep sandy loam soil, low in soil organic matter, it too did not show a response to applied S. The lack of finding any S response is likely due to the adequate S supply from the soil as indicated by the preplant soil test, and/or greater subsoil S.  Furthermore, the interaction between foliar S, foliar N, preplant S and preplant N was not significant for grain yields and grain N. The application of S fertilizer is not likely to be beneficial in this region unless a low level of soil sulfur is identified through soil testing. Therefore, preplant and post-harvest soil sample analysis is encouraged to further guide famers on decisions of whether or not to apply S.
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Table 1. Soil chemical properties determined from preplant soil samples (0-15 cm) at Lahoma (LAH), OK for 2011, 2012, and 2013, Lake Carl Blackwell (LCB) for 2011 and 2013 and Perkins (PERK) for 2013, OK.
	Location
	NO3-Na
	NH4-Na
	Kb
	Pb
	SO4-Sc
	pHd

	
	kg ha-1
	

	LAH 2011
	15
	24
	467
	26
	29
	5.7

	LAH 2012
	9
	12
	672
	31
	19
	5.7

	LAH 2013
	4
	28
	606
	58
	33
	6

	LCB 2011
	11
	11
	289
	32
	126
	7.7

	LCB 2013
	33
	53
	271
	81
	24
	5.6

	PERK 2013
	7
	31
	305
	138
	35
	5


a 2M KCl extracting solution
b Melich ӀӀӀ
c Inductively Coupled Argon Plasma Spectrophotometer (ICP) 
d 1:1 soil water ratio




Table 2. Average grain yield (GY) and grain nitrogen (GN) by treatment at Lahoma (LAH) for 2011 and 2012, and Lake Carl Blackwell (LCB) for 2011, OK.
	
	LAH 2011
	LCB 2011
	LAH 2012

	Treatments
	GY
	GN
	GY
	GN
	GY
	GN

	
	kgha-1
	mgkg-1
	kgha-1
	mgkg-1
	kgha-1
	mgkg-1

	Check
	1752
	1.7
	2025
	1.4
	692
	1.9

	Preplant40 N 
	1851
	1.8
	2603
	1.5
	1085
	2.0

	Preplant40 N+Foliar10 N (UAN)
	2100
	1.8
	2812
	1.6
	1147
	2.1

	Preplant40 N+Foliar10 N (UAN)+Foliar6 S
	2190
	1.7
	2411
	1.7
	1027
	2.0

	Preplant40 N+Foliar10 N (N-SURE)
	2073
	1.8
	2708
	1.7
	1144
	2.0

	Preplant40 N+Foliar20 N (UAN)
	1926
	1.8
	2851
	1.7
	1005
	2.1

	Preplant40 N+Foliar20 N (UAN)+ Foliar6 S
	2072
	1.8
	2738
	1.8
	1070
	2.2

	Preplant40 N+Foliar20 N (N-SURE)
	2489
	1.8
	2520
	1.7
	1262
	2.1

	Preplant80 N
	2604
	1.9
	2758
	1.8
	1364
	2.1

	Preplant80 N+Foliar10 N (UAN)
	2641
	1.9
	2343
	1.6
	1445
	2.1

	Preplant80 N+Foliar10 N (UAN)+ Foliar6 S
	2907
	1.9
	2588
	1.7
	1501
	2.2

	Preplant80 N+Foliar10 N (N-SURE)
	2638
	1.8
	2236
	1.7
	1416
	2.2

	Preplant80 N+Foliar20 N (UAN)
	2292
	1.9
	3202
	1.7
	1027
	2.3

	Preplant80 N+Foliar20 N (UAN)+Foliar6 S
	2391
	1.9
	2497
	1.9
	1359
	2.3

	Preplant80 N+Foliar20 N (N-SURE)
	2701
	2.0
	2411
	1.7
	1203
	2.2


Preplant40 N= N @40 kgha-1, Preplant80 N=N @80kgha-1, Foliar10 N= N @10kgha-1, Foliar 20 N=N @20kgha-1, and Foliar6 S= S @6kgha-1

Table 3. Average grain yield (GY) and grain nitrogen (GN) for the treatment levels, at Lahoma (LAH), Lake Carl Blackwell (LCB), and Perkins (PERK), for 2013, OK. 
	
	LAH 2013
	LCB 2013
	PERK 2013

	Treatments
	GY
	GN
	GY
	GN
	GY
	GN

	
	kgha-1
	mgkg-1
	kgha-1
	mgkg-1
	kgha-1
	mgkg-1

	Check
	1810
	2.4
	746
	2.1
	708
	2.1

	Preplant40 N
	1709
	2.1
	1008
	2.1
	1080
	2.1

	Preplant40 N+Foliar6 S
	1936
	2.5
	923
	2.3
	1366
	2.0

	Preplant40 N
	2016
	2.0
	1094
	2.2
	1322
	2.0

	Preplant40 N+Preplant6 S+Foliar20 N
	2389
	2.5
	948
	2.2
	1316
	2.6

	Preplant40 N+Foliar20 N+Foliar6 S
	1725
	2.4
	906
	2.4
	1254
	2.1

	Preplant40 N+Preplant6 S+Foliar20 N+Foliar3 S
	1875
	2.6
	1103
	2.3
	1331
	2.1


Preplant40 N = N @40 kgha-1, Preplant6 S= S @6 kgha-1, Foliar20 N= N @20kgha-1, Foliar6 S= S @ S 6 kgha-1, and Foliar3 S= S @3 kgha-1



Table 4. Single-degree-of-freedom-contrasts for grain yield (GY) and grain N (GN) at Lahoma (LAH), OK for 2011 and 2012, and Lake Carl Blackwell (LCB), 2011, OK.
	
Single-degree-of-freedom-contrasts
	LAH 2011
	LCB 2011
	LAH 2012

	
	Pr > F

	
	GY
	GN
	GY
	GN
	GY
	GN

	Preplant linear
	*
	ns
	ns
	*
	**
	***

	Pre-Plant Quadratic
	ns
	ns
	ns
	ns
	ns
	ns

	UAN VS NSURE
	ns
	ns
	ns
	ns
	ns
	ns

	Fol 10 VS 20
	ns
	ns
	ns
	ns
	ns
	***

	(UAN VS NSURE)(Pre 40 VS 80)
	ns
	ns
	ns
	ns
	ns
	ns

	(Pre 40 VS 80)(Fol 10 VS 20)
	ns
	ns
	ns
	ns
	ns
	ns

	(UAN VS NSURE)(Fol 10 VS 20)
	ns
	ns
	ns
	ns
	ns
	ns

	(UAN VS NSURE)(Pre 40 VS 80)(Fol 10 VS 20)
	ns
	ns
	ns
	ns
	ns
	*

	S VS none 
	ns
	ns
	ns
	ns
	ns
	ns

	Fol 10 VS 20
	ns
	ns
	ns
	ns
	ns
	***

	(S VS none)(Pre 40 VS 80)
	ns
	ns
	ns
	ns
	ns
	ns

	(S VS none)(Fol 10 VS 20)
	ns
	ns
	ns
	ns
	ns
	ns

	(Pre 40 VS 80)(Fol 10 VS 20)
	ns
	ns
	ns
	ns
	ns
	ns

	(S VS none)(Pre 40 VS 80)(Fol 10 VS 20)
	ns
	ns
	ns
	ns
	ns
	ns


*, **, *** significant at the level of 0.05, 0.01 and both respectively. ns – not significant
















Table 5. Single degree of freedom contrasts for grain yield (GY) and grain N (GN) for Lahoma (LAH), Lake Carl Blackwell (LCB), and Perkins (PERK), 2013, OK.
	
Single df Contrast
	LAH
	LCB
	PERK

	
	Pr > F

	
	GY
	GN
	GY
	GN
	GY
	GN

	Trt VS Control
	ns
	ns
	**
	ns
	**
	ns

	N only VS other
	ns
	ns
	ns
	ns
	ns
	ns

	Pre N VS Pre & Fol N
	ns
	*
	ns
	ns
	ns
	ns

	S VS none
	ns
	ns
	ns
	ns
	ns
	ns

	Fol S VS Pre S
	ns
	ns
	ns
	ns
	ns
	ns

	Split VS singles
	ns 
	ns
	ns
	ns
	ns
	ns















*, ** significant at the level of 0.05 and 0.01respectively. ns – not significant


 Table 6. Freezing Days in February and March with temperature lower or near to 0°C for wheat growing season, 2012-2013, Lahoma, OK (source:www.mesonet)
	Month
	Day
	°C

	Feb
	21
	-2.0

	Feb
	22
	-7.1

	Feb
	23
	-2.4

	Feb
	25
	0.8

	Feb
	26
	-0.9

	Feb
	27
	-1.8

	Feb
	28
	-1.1

	Mar.
	1
	-1.6

	Mar.
	24
	-0.5

	Mar.
	25
	0.0












Figure 1. Post-harvest soil sulfate-S level (0-15 cm) and (15-45cm) for each treatment for Lahoma (LAH), Lake Carl Blackwell (LCB), and Perkins (PERK), 2013, OK. 




Figure 2: Average monthly air temperature and total monthly rainfall during 2012-2013 winter wheat growing season at Lahoma, Oklahoma. (Source: www.mesonet.org)



Figure 3: Average monthly air temperatures and total monthly rainfall during 2011-2012 winter wheat growing season at Lake Carl Blackwell (LCB) and Lahoma (LAH), Oklahoma (source:www.mesonet.org)




Figure 4: Average monthly air temperature and total monthly rainfall during 2013-2014 winter wheat growing season at Lake Carl Blackwell (LCB), Lahoma (LAH), and Perkins (PERK) OK(source:www.mesonet.org)
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LCB	Rainfall	SEP	OCT	NOV	DEC	JAN	FEB	MAR	APR	MAY	JUNE	62.738	77.21599999999998	59.436000000000007	61.975999999999992	30.987999999999996	66.039999999999978	87.375999999999991	109.72799999999998	14.224	5.8419999999999996	LAH	Rainfall	SEP	OCT	NOV	DEC	JAN	FEB	MAR	APR	MAY	JUNE	30.987999999999996	60.197999999999986	80.518000000000001	64.77	26.416	77.723999999999961	63.245999999999988	154.68600000000001	35.814	8.1280000000000001	LCB	Temperature	SEP	OCT	NOV	DEC	JAN	FEB	MAR	APR	MAY	JUNE	20.63666666666666	15.643548387096777	9.0951851851851835	3.4851254480286737	4.669713261648746	5.7120689655172381	15.227956989247311	17.727777777777774	22.59820788530466	13.261111111111111	LAH	Temperature	SEP	OCT	NOV	DEC	JAN	FEB	MAR	APR	MAY	JUNE	21.215185185185174	15.86146953405018	8.0661111111111143	3.027956989247313	3.9747311827957037	5.1484674329501861	14.125268817204304	16.897037037037038	22.613888888888887	13.211111111111112	MONTH


TeMPERATURE (˚C)


Rainfall (MM)




LCB	Rainfall 	OCT	NOV	DEC	JAN	FEB	MAR	APR	JUNE	JULY	1.6960645161290322	0.88900000000000001	0.49161290322580653	8.1935483870967732E-2	0.42635714285714282	1.0159999999999998	1.4393333333333331	0.86032258064516132	8.4581999999999997	LAH	Rainfall 	OCT	NOV	DEC	JAN	FEB	MAR	APR	JUNE	JULY	1.950064516129032	1.1176000000000001	0.49980645161290316	2.458064516129032E-2	0.39007142857142862	0.34412903225806446	0.17780000000000001	1.8271612903225807	5.9943999999999997	PERK	Rainfall 	OCT	NOV	DEC	JAN	FEB	MAR	APR	JUNE	JULY	2.0483870967741926	0.99906666666666677	0.70464516129032251	8.1935483870967732E-2	0.39007142857142862	0.90948387096774197	1.1176000000000001	1.3273548387096772	6.3161333333333314	LCB	Temperature	OCT	NOV	DEC	JAN	FEB	MAR	APR	JUNE	JULY	15.158602150537632	7.5996296296296286	0.45107526881720461	1.4732974910394288	1.4015873015873046	7.3014336917562765	15.373888888888887	21.064874551971329	25.167777777777765	LAH	Temperature	OCT	NOV	DEC	JAN	FEB	MAR	APR	JUNE	JULY	14.888888888888893	6.953518518518516	-0.19283154121864024	0.91326164874552207	0.44365079365079335	6.2711469534050188	14.497037037037034	21.058960573476693	25.014814814814816	PERK	Temperature	OCT	NOV	DEC	JAN	FEB	MAR	APR	JUNE	JULY	15.66559139784947	8.1612962962962925	1.2059139784946242	1.9896057347670235	2.2545634920634918	7.7354838709677454	15.707037037037038	21.27508960573476	25.145925925925933	MoNTH


Temperature (˚c)


Rainfall (MM)




LAH	15-45cm	8	7	7	7	6	8	8	LCB	15-45cm	4	3	3	3	3	3	2	PERK	15-45cm	3	3	3	3	3	3	4	LAH	0-15cm	7	6	8	6	8	8	8	LCB	0-15cm	4	3	5	7	3	3	3	PERK	0-15cm	2	3	3	5	4	3	3	TREATMENTS


SULFATE-S KGH-1




Rainfall	SEP	OCT	NOV	DEC	JAN	FEB	MAR	APR	MAY	JUNE	54.101999999999997	1.778	13.208	6.8579999999999997	9.3980000000000015	90.423999999999992	13.97	82.295999999999992	85.85199999999999	63.5	 Temperature	SEP	OCT	NOV	DEC	JAN	FEB	MAR	APR	MAY	JUNE	22.900555555555556	14.822580645161288	10.422592592592597	3.8302867383512527	2.8906810035842332	3.1561507936507973	7.402329749103945	10.755740740740736	18.511827956989251	24.066944444444442	MONTH


TEMPERATURE (˚C)


RAINFALL (MM)




1

