
1 |  International Journal of Biological Research   Volume 4 / Issue 5 
 

Sharmila. A et.al – 2015                                                                                          ISSN-2321-0524 

Research paper 

AMMONIUM SULPHATE: IS IT A NUTRIENT OR A STRESS FACTOR FOR 

CASTOR 

Sharmila. A* and Nayeem Ullah Khan 

Department of Botany 

 St. Joseph’s College Post Graduate and Research Centre, 46, Langford Road, Bangalore-27. 

 

 

ABSTRACT 

 The thesis deals with controlling growth of castor as a weed in urban vacant site. With reference 

to global scenario not much of work has been done in India on castor as a weed in urban vacant 

sites. The aim of the present thesis is to observe this variation in response to temperature and 

nutritional stress by providing varying amounts of nutrients stress factors from sources like 

ammonium sulphate. The weed was exposed to nutrient stress under which it undergoes cellular 

damage or cell death within a short period of time leading to a catastrophic collapse of cellular 

organization. The effect of different concentration of ammonium sulphate on seedling survival 

was done. The stress was carried out for 3 days on 12-day-old seedlings. There was 

accumulation of pink pigment glycinebetaine, when various concentrations of ammonium 

sulphate were applied as a stress factor. Results revealed that there was a tolerance of (NH4)2SO4 

stress by the seedling up to 500 mM and plants appeared healthier and tolerated (NH4)2SO4 upto 

400 mM. The concentration of 800 mM would kill the castor weed. Thus to calibrate the stress 

level of plants, a graph of ammonium sulphate concentration versus survival was constructed. 

The necrosis and death of plants follows a gradual decline after tolerance level with increasing 

(NH4)2SO4; a similar trend is seen with respect to fresh weight of the plants. Plants are healthier 

probably (NH4)2SO4 provides sulphur and nitrogen as nutrients. The toxic level of (NH4)2SO4 

concentration can be used for controlling castor as a weed. A judicious manipulation of 

(NH4)2SO4 concentration is then needed for managing its nitrogen nutrient status to grow it as a 

commercial crop.  
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1.1 Introduction 

         Castor is an extraordinary plant with very good foliage. The huge leaves are much 

ornamental in a Victorian garden. The plant, to be safe, has to be free from flowers before it 

forms seeds. It is more commonly known as the castor plant or castor bean. This grows well in 

medium-to-sandy texture soils as a shrub 5 m high (Grichar et al., 2012). The plant’s 

photosynthesis is affected by inhibitory effect of low humidity or water stress. Castor is a good 

example of beautiful plant with deadly poison. Ricin was assessed as a member of chemical 

warfare agent (CWA) during World War I according to the Organization for Prohibition of 

Chemical Weapons (OPCW, 1999). It is a proteinaceous toxin, is a small dipeptide molecule of 

65 kDa and consists of two chains of 32 and 32-34 kDa linked to a disulphide bond. In 

mammalian cells, ricin toxicity leads to death by ricin A chain, which inactivates 60 S ribosomal 

subunit disrupting the binding site for elongation factor (EF-2) thereby preventing the formation 

of initiation complex by cleaving a specific adenine residue at 4324 position in 28 S r RNA 

inhibiting protein synthesis (Endo et al., 1987; Endo and Tsurugi, 1988). 

For an excellent crop growth and production plant nutrients are essential. When the plant 

has a lower concentration of essential elements, it produces deficiency symptoms leading to 

death. Sufficient concentration of an essential plant nutrient results in the optimal crop growth; 

but when the nutrient is high in concentration, it competes with other nutrients resulting in the 

shortage of another nutrient; or the concentration of either essential or other elements when 

sufficiently high results in severe toxicity and death. Absorption rates differ at the root level, as a 

result the uptake of cation and anion may not be in equilibrium. Net transport of H
+
 equivalents 

maintains a balance of absorbed ions. The mechanism of uptake of ions is based on 

chemiosmotic concept, active, electrogenic H
+ 

extrusion by the proton pump involving cation 

uptake channels and OH
-
 anion transporters. Therefore, imbalance of ion absorption results in net 

transport of H
+
 equivalents; this is partly because NH4

+
, NO3

-
, SO4

2-
 and H2PO4

- 
do not conserve 

their electric charges when incorporated into organic molecules (Touraine et al., 1988). The 

biochemical pH-stats correspond to transport of H
+
 or OH

-
 equivalent out of the cells and modify 

the proportions of strong and weak organic acids via carboxylation and decarboxylation 

mechanisms (Davies, 1986). In this experiment, NH4
+
 and NO3

-
 are pertinent while H2PO4

- 
is 
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subject matter of discussion. In response to abiotic stress, many plants, bacteria and algae 

accumulate quaternary ammonium compounds (QACs) in high concentration thereby increasing 

the osmotic pressure of the cytoplasm without perturbing metabolism (Rathinasabapathi et al., 

2001). In submerged cultivation, the effect of organic and inorganic nitrogen sources on 

Trichoderma reesei Rut-C30 cellulose production was investigated (Rodriguez-Gomez and 

Hobley, 2013). 

Since the precursors of ammonium sulphate that is, sulphate and ammonia, cause stress 

by increasing the concentration of nutrients in line with other stress factors influencing the plant. 

Ammonium sulphate was one of the first and most widely used nitrogen (N) fertilizer for crop 

production and its high solubility provides versatility for a number of agricultural applications. 

The nutritional requirement of growing plants is supplemented by the addition of ammonium 

sulphate. In flooded soils, in rice production, nitrate-based fertilizers are of little importance due 

to denitrification losses; therefore, ammonium sulphate is used, because the nitrogen fraction is 

present in ammonium form. A solution containing dissolved ammonium sulphate is used to 

improve its effectiveness at weed control. It is intended to extent these studies to control castor 

as a weed. 

 The synthesis, folding of membrane and secreted proteins take place in endoplasmic 

reticulum (Trombetta and Parodi, 2003). The folding process is disturbed with increase in protein 

synthesis resulting in accumulation of misfolded and unfolded proteins, which tend to form 

aggregates on endoplasmic reticulum (Lu and Christopher, 2008). 

Plants including castor weed need 16 essential elements for their growth, productivity 

and completion of life cycle (Hodges, 2010). Among 16 elements, nitrogen is required in a large 

quantity (2-4 % in plants) and hence deficiency of nitrogen is common feature in plants. 

However, application of nitrogen or any other element in excess will be toxic to the plants as 

they limit the uptake of other essential elements leading to plant mortality. Among the nutrients, 

more easily available and cheaper nutrient is nitrogen and the uptake of ammonium sulphate 

would be faster besides providing two nutrients viz., nitrogen and sulphur. With this back 

ground, the following objectives were aimed at to solve the problem of castor weed.   

OBJECTIVES 

1. To identify the concentration of ammonium sulphate to kill the castor weed at germination and 

seedling level. 
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2. To confirm the relevance of ammonium sulphate as a stressful factor through biochemical and 

molecular approach. 

1.2 MATERIALS AND METHODS  

Soil preparation 

 The plastic pots were filled with 400g of red lateritic garden soil and were used for uptake 

studies in powdered-filtered form; all the pots (500 ml capacity) contained equal amounts of 

homogeneous soil. The seeds of castor were washed under running water for 1h, then treated with 

fungicide, bavistin for 4h and allowed to imbibe water overnight. 

                   The seeds were sown in 20 different pots on 2/6/2013 and the plants were grown in 

pots under normal day-and-light conditions. The ten seeds were placed in each pot and allowed to 

germinate.  

Regimen of salt stress 

1. Seeds in petridish culture study: The seeds of castor varieties, wild and hybrid DCH 17 

were used for the experiments, which was conducted in green house. The seeds were 

transferred to the petridish for germination and observed for their growth. After  germination, 

which takes about 4-5 days, 12-day-old seedlings were subjected to salt stress (3-day 

duration) in five different petridishes and 10 ml of salt solution with concentration ranging 

from 100 to 500 mM was added. The experiment represented seed level stress; two such 

stresses were given. 

Ten seeds are placed on a blotting paper in petri dish with 10 ml of distilled water. They are 

allowed for germination for period of 12 days, further morphological changes were observed.  

2. Pot culture study:  The seeds were sown in a pot (500 ml capacity) containing red lateritic soil 

(400g); five such pots were prepared. The plants were maintained by giving 10 ml of distilled 

water daily during the months of June upto July 2013 for 40 days. Forty-day-old plant was used 

for experiment. Ten ml salt solution ranging from 100 to 1000 mM was added to each pot once in 

three days representing a single stress. Five such stresses were given over a period of 15 days 

after which each plant was weighed (fresh weight). 

 

1.3 RESULTS AND DISCUSSION 

Ammonium toxicity in plants plays an important role both in growth and development; it is an 

issue of global ecological and economic importance. Ammonium is a major nitrogen source 
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whose oxidation state eliminates the need for its reduction in plant cell (Britto and Kronzucker, 

2002); ammonium is an intermediate in many metabolic reactions. Some plant varieties are said 

to be sensitive or resistant to ammonium stress. The inorganic form of nitrogen supplied 

influences plant metabolism. In control, 12-day-old seedlings look healthy. There is some 

accumulation of pink pigment glycine betaine.  

Twelve day old seedlings were subjected to different levels of ammonium sulphate (0, 100, 300, 

500, 800 and 1000 mM) for three days. At the end of the stress period, a morphological 

observation namely seedling survival was made. It appears that seedlings were survived and 

sustained the growth. However, at the 500 mM and above concentration showed blackening or 

necrosis of secondary roots (Fig 1.1) and at further higher concentration even primary roots 

found to be necrotic. These results indicate that the concentration more than 500 mM can be used 

to kill the castor weed at seed germination level. 

Various concentrations of ammonium sulphate were applied as stress factor on seed 

germination. The stress was tested on 12-day-old seedlings (Fig. 1.1). 

A. Control: Ten seeds germinated; signs of stress even in control were observed as pink 

pigment due to ethylene or CO2 accumulation, which acts as analog of ethylene.  

B. At 100mM, ammonium sulphate acts as a nutrient, and seedlings appear healthier (pale 

pink). 

C. At 300 mM, seedlings look healthier but cotyledons enlarge as pink leaves.  

D. At 500 mM, death and decay (necrosis) of only secondary roots.  

E. At 800 mM, there is death and decay of both primary and secondary roots, as indicated 

by loss of pink color. 

F. At 1000 mM, there is almost total loss of pink color in primary, secondary roots and in 

the cotyledons too, which have not expanded.  

Stress was first noticed change at 500 mM, (NH4)2SO4. There is tolerance for ammonium 

sulphate stress at germination level upto 400 mM. It means when plants are stressed with some 

other factor like temperature, ammonium sulphate could counteract the stress when used at 

different concentrations (Waraich et al., 2012). It appears that sodium is essential for 

glycinebetaine synthesis (Khodary, 2004). 

Further to suppress the castor weed at seedling level (approximately 40- 45 day old 

plants), 40 day old seedlings were subjected to different concentrations of ammonium sulphate  
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(0, 100, 300, 500, 800 and 1000 mM) for three days in one or two cycles. It was morphologically 

observed that up to 300 mM, the ammonium sulphate appear to act as a nutrient, while 500 mM 

started showing wilting symptoms and clearly wilted at concentration of 800 mM and above 

(Fig. 1.2). These results are further evidence by data on plant survival at the end of stress period 

(Fig. 1.3) wherein no marked differences were observed between one or two cycles of stress. 

Similarly, even between wild type and hybrid, differences did not exists in terms of fresh weight 

after exposure to the ammonium sulphate stress (Table 1.1). These results indicate that 

application of ammonium sulphate at 800 mM for three days consecutively would kill the castor 

weed. 

 

 

               

 

 

                        

 

 

Figure 1.1: Effect of different concentration of ammonium sulphate (0-1000 mM) on 

12-day-old seedlings (first stress of 3-day duration) 
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Figure 1.2: Effect of different concentration ammonium sulphate (mM) on 40-day- plants, 

(three cycles of stress of 5-day duration each) 
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Figure 1.3: Effect of different levels of ammonium sulphate on survival percentage. 

 

Conclusion 

A judicious manipulation of (NH4)2SO4 concentration is needed to control castor as a 

weed and to manage the nitrogen nutrient status of castor as a crop. From this experiment, it 

could be concluded that although nitrogen is major nutrients for plants including castor weed, (1) 

application of ammonium sulphate at concentration of more than 500 mM at seed germination 

level and 800 mM would kill the castor weed. 

1.4 References 

1. Ashraf, M. and Foolad, M. R. (2007). Role of glycine betaine and proline in improving plant 

abiotic stress resistance. Environ. Exp. Bot. 59:206- 21. 

2. Bita, C.E. and Gerats, T. (2013). Plant tolerance to high temperature in a changing 

environment: scientific fundamentals and production of heat stress-tolerant crops 

Frontiers in Plant Sci: 4:273.  

3. Britto, D.T. and Kronzucker, H.J. (2002).  NH4
+ t

oxicity in higher plants: a critical review. J. 

Plant Physiol. 159(6):567-584. 

4. Broquisse, R., Weigel, P., Rhodes, D., Yocum, C.F. and Hanson, A.D. (1989). Evidence for a 

ferredoxin –dependent choline monooxygenase from spinach chloroplast stroma. Plant 

Physiol. 90:322-329. 

0

20

40

60

80

100

120

control 100 300 500 800 1000

%
 S

u
rv

iv
a

l

Ammonium sulphate (mM)

First stress

Second stress



9 |  International Journal of Biological Research   Volume 4 / Issue 5 
 

5. Bybordi,   A and Tabatabaei, S.J. (2009). Effect of Salinity Stress on Germination and 

Seedling Properties in Canola Cultivars (Brassica napus). Notulae Botanicae Horti 

Agrobotanici Cluj-Napoca. 37(1):71- 7 

6. Chu, T.M., Aspinall, D., and Paleg, L.G., (1974). Stress metabolism. VI. Temperature stress 

and the accumulation of proline in barley and radish. Aust. J. Plant Physiol. 1: 87-89. 

7. Cooper, P. and David Ho, T.H. (1987). Intracellular localization of heat- shock proteins in 

maize. Plant Physiol. 84(4):1197-1203. 

8. Collada, C., Gomez, L., Casado, R. and Aragoncillo, C. (1997). Purification and in vitro 

chaperone activity of a class I small heat-shock protein abundant in recalcitrant chestnut 

seeds. Plant Physiol. 115:71–77. 

9. Davies, D.D. (1986). The fine control of cytosolic pH. Physiol Plant. 67(4): 702-706. 

10. Endo, Y., Mitsui, K., Motizuki, M. and Tsurugi, K. (1987). The mechanism of action of ricin 

and related toxic lectins on eukaryotic ribosomes. The site and the characteristics of the 

modification in 28 S ribosomal RNA caused by the toxins. J. Biol. Chem. 262: 5908-5912. 

11. Endo, Y. and Tsurugi, K. (1988).  The RNA N-glycosidase activity of ricin A-chain. The 

characteristics of the modification of the enzymatic activity of ricin with ribosomes and with 

rRNA. J. Biol. Chem. 263: 8735-8739. 

12. Esra, K., Cemil, İ. and Sulun, U. (2010). Effect of Cold on Protein, Proline, Phenolic 

Compounds and Chlorophyll Content of Two Pepper (Capsicum annuum L.) varieties. G.U. 

J. of Sci. 23(1):1-6.  

13. Grichar, W.J., Dotray, P.A. and Trostle, C.L. (2012). Castor (Ricinus communis L.) tolerance 

to post emergence herbicides and weed control efficacy. Int. J Agron. 2012:1-5. 

14. Hodges, S.C. (2010). Soil Fertility, Oct 10
th

. www.forages.ncsu.edu/ soil-fertility-basics-for-

certificate-crop-advisor.  

15. Huang, A.H.C. and Cavalieri, A.J. (1979). Proline oxidase and water stress induced proline 

accumulation in spinach leaves. Plant Physiol. 63:531-535. 

16. Khodary, S.E.A. (2004). Effect of NaCl salinity on improvement of nitrogen metabolism and 

some ions uptake in lupine plants subjected to gamma irradiation. Int J. Agric Biol. 8530:6-

10. 

http://www.forages.ncsu.edu/


10 |  International Journal of Biological Research   Volume 4 / Issue 5 
 

17. Lu, D.P. and Christopher, D.A. (2008). Endoplasmic reticulum stress activates the expression 

of a sub-group of protein disulfide isomerase genes and AtbZIP60 modulates the response in 

Arabidopsis thaliana. Mol. Genet. Genomics. 280(3):199-210. 

18. Rathinasabapathi, B., Fouad, W.M. and Sigua, C.A. (2001). β-alanine betaine synthesis in the 

Plumbaginaceae. Purification and characterization of a trifunctional, S-Adenosyl-L-

Methionine dependent N-methyl transferase from Limonium latifolium. Plant Physiol. 

126(3):1241-1249.  

19. Rodriguez-Gomez, D. and Hobley, T.J. (2013). Is an organic nitrogen source needed for 

cellulose production by Trichoderma reesei Rut-C30? World J.Microb. Biotechnol. 

29(11):2157-2165. 

20. Szabados, L. and Savoure, A. (2010). Proline: a multifunctional amino acid. Trends in Plant 

Sci. 15:89-97. 

21. Touraine, B., Grignon, N. and Grignon, C. (1988). Charge balance in NO3¯ fed Soybean. 

Plant Physiol. 88(3): 605-612. 

22. Trombetta, E.S. and Parodi, A.J. (2003). Quality control and protein folding in the secretory 

pathway. Annual Rev. Cell. Dev. Biol. 19:649-676. 

23. Waraich, E.A., Ahmad, R., Halim, A. and Aziz, T. (2012). Alleviation of temperature stress 

by nutrient management in crop plants: a review. J. Soil. Sci.  Plant Nutr. 12(2): 221-244. 

 

 

 

 

 

 


