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	ABSTRACT

	A trial was conducted to study the physiological responses of baby corn to changes in soil fertility by application of organic and inorganic fertilizers. The research was conducted at the Teaching Farm, Faculty of Agriculture, Hasanuddin University from May to August 2020. The experiment was arranged based on a factorial randomized block design (RBD) with two factors repeated 3 times. The first factor is the dosage of green compost consisted of four levels, namely 0, 3, 4, and 5 tons ha-1. The second factor was the percentage of NPK fertilization from the recommendations consisted of four levels, namely NPK 100%, 75%, 50%, and 25%. The results show that the treatment of 4 ton ha-1 of green compost resulted in the highest absorption rate of CO2 (336.2 µmol CO2 mol-1) and the highest humidity level (68.8%). 100% NPK fertilizer treatment showed the highest CO2 absorption rate (338.1 µmol CO2 mol-1), the highest leaf photosynthesis rate (36.1 µmol CO2m-2s-1). The treatment of 5 tons ha-1 of green compost and 100% NPK fertilizer resulted in the lowest transpiration rate (0.20 L m-2s-1). The treatment of 3 ton ha-1 green compost and 100% NPK fertilizer resulted in earlier flowering age (46.3 days). The treatment of 5 ton ha-1 green compost with 50% NPK fertilizer resulted in the longest ear length with husk (21.72 cm) while treatment of 4 ton ha-1 green compost with 100% NPK fertilization resulted in the longest ear length without husk (10.52 cm).
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1.  Introduction 

Plant growth and production is strongly influenced by the interaction between genetic potential (G) and environmental conditions (E) of the production field. Apart from the G and E components, crop production can also be influenced by the farm management applied by the farmer (M). Thus, the results obtained from a plant cultivation effort are the interactions between the GxExM components. Changes that occur from the interaction of these three components will have implications for plant physiological responses. The response of plants to this aspect is one of the important components in determining the direction of plant growth and development and the final result or production of a plant.

One of the important physiological aspects of plant growth and production is photosynthesis. Apart from sunlight, CO2 and temperature, photosynthesis is also determined by the availability of water, nutrients and minerals in the soil (Musa and Nasaruddin, 2012). By understanding the physiological response to environmental changes that occur as a result of farming management, plant growth and production can be optimized, for example in baby corn or known as baby corn. Baby corn is very popular in Indonesians because it has a fresh aroma, distinctive taste and delicious taste to be used as a culinary ingredient (Lugito, 2013). Besides being consumed as a vegetable, semi corn has medicinal properties, namely treating kidney disease. Baby corn is a form of corn yield as a vegetable that is harvested when it is young and has not yet formed seeds (Yudiwanti, et al., 2007).

Increasing production of baby corn in Indonesia cannot be separated from the excessive use of chemical fertilizers. The use of chemical fertilizers (inorganic) continuously without being balanced with organic fertilizers (compost) will have a bad effect on the soil. The negative effects caused by the intensive use of this type of fertilizer include a decrease in biological fertility as well as physical and chemical conditions of the soil (Dewanto et al., 2013). This can lead to a decrease in soil organic matter content, resulting in decreased land productivity.

Realizing the negative impacts arising from the dependence on the use of chemical fertilizers (inorganic), corn production has gradually begun to be shifted by using an environmentally friendly organic farming concept approach, namely by combining inorganic NPK fertilizers (Urea, SP-36, and KCl) with organic fertilizers. (Cox and Cherney, 2018; Shambhavi et al., 2016). The use of organic fertilizers can increase the efficiency of using inorganic fertilizers because it can increase soil fertility (Widodo and Kusuma, 2018). In the long term, the residue from organic fertilizers is expected to increase soil fertility and reduce the use of inorganic fertilizers (Garfansa et al., 2017).

One form of organic fertilizer is green compost, the main ingredient of which can be a combination of green waste such as corn stover and livestock manure. The combination of ingredients contained in this compost can increase the production of baby corn plants that have been shown in several studies (Septian et al., 2015; Widodo and Kusuma, 2018). According to Setyorini et al. (2006), compost from plant residues or waste is a soil conditioner containing mineral nutrients essential for plants and can improve soil physical, chemical and biological properties. However, one problem is the use of organic fertilizers in the development of baby corn and sweet corn plants is the low level of availability of N in the soil due to the insufficient N content in organic fertilizers to support plant growth which is known to be quite greedy for this element (Cox and Cherney, 2018). This can be overcome by giving inorganic NPK elements in a balanced dose so that the availability of nutrients in the soil, both inorganic and organic fertilizers, can be sufficient for plant growth and development in addition to reducing the negative impact of using inorganic fertilizers continuously. According to Suriadikarta and Simanungkalit (2006), an integrated nutrient management system by combining organic and inorganic fertilizers is needed to increase land productivity and environmental sustainability. Shambhavi et al. (2004) showed that the use of balanced NPK inorganic fertilizers on maize, both without and with a combination of organic matter in the long term was proven to maintain plant fertility and productivity.

Although many studies that combine organic and inorganic fertilizers have been carried out (Garfansa et al., 2017; Lafina and Napitupulu, 2018; Dewanto et al., 2013), there are not many references that discuss the physiological response of maize plants to the provision of these two types of fertilizers. In fact, the condition of soil fertility, in addition to the status of water availability, is closely related to the ability of plants to carry out important metabolism such as photosynthesis. Research by Zhang et al. (2014) showed that increasing N fertilization increased physiological characters, root biomass, N accumulation, and sweet corn crop yield. However, this effect decreased with increasing levels of N fertilization from 100 kg ha-1 to 400 kg ha-1.

Understanding of the physiological response to the application of a combination of organic and inorganic fertilizers and their effects on maize production is important in determining the appropriate fertilization strategy, especially in increasing the efficiency of absorption of elemental N for baby corn plants (Ciampitti and Vyn, 2012). Based on the description above, a study was carried out to examine the physiological aspects of the growth and production of baby corn plants which were fertilized with a combination of green compost and NPK fertilizer.
2. Materials and Methods

This research was conducted as an experimental study at the Teaching Farm of the Hasanuddin University Faculty of Agriculture, Tamalanrea, Makassar from May to August 2020. The materials used in the study were Bonanza-9 F1 sweet corn seeds, green compost materials consisted of corn stover, cow dung, fine bran, husk charcoal, and sawdust, Urea fertilizer, TSP fertilizer (SP36), KCL fertilizer. The tools used were lawn mowers, four-wheeled tractors, cultivators, hoes, planting stick, buckets, sprayers, meters, scales, plastic ropes, sacks, plastic hoses and stationery. Plant physiological parameters were observed using Licor - 6400XT (LI-COR Biosciences).

A factorial randomized block design (RBD) was employed with two factors repeated 3 times. The first factor was the dosage of the green compost (K) with four levels, namely control or 0 t ha-1 (k0), 3 t ha-1 (k1); 4 t ha-1 (k2), and 5 t ha-1 (k4). The second factor was the percentage of fertilization recommendation dosage for NPK (P) consisted of four levels, namely p1 = 100% NPK (Urea 250 kg, SP-36 150 kg, KCL 75 kg); p2 = 75% NPK (Urea 187.5 kg, SP-36 112.5 kg, KCL 56.25 kg); p3 = 50% NPK (Urea 125 kg, SP-36 75 kg, KCL 37.5 kg), and p4 = 25% NPK (Urea 62.5 kg, SP-36 37.5 kg, KCL 18.75 kg). There were 16 treatment combinations with each consisting of three replications, resulted in 48 experimental units. 

The physiological parameters were observed at the generative phase, using Licor - 6400XT (LI-COR Biosciences), including leaf temperature, CO2 absorption rate, transpiration rate, photosynthesis rate, and humidity levels on the leaves basis. In addition, production component of the baby corn were also measured namely days to flowering, ear length with and without husk. The data obtained were analyzed using analysis of variance with the F test at the 5% confidence level. If the F-value test has a significant effect, the mean value is further tested by the Tukey’s test at the 5% confidence level.
3. Results and Discussion

1.1 Results
3.1.1. Leaf temperature
Application of green compost and NPK fertilizers had no significant effect on the average leaf temperature the baby corn plants. A temperature range of ± 24 to 25 ºC were observed during the generative phase of the plants. The treatment of 50% recommended dose of NPK without green compost showed the highest leaf temperature of 25.3 ºC, while the lowest (24.8 ºC) was observed in the treatment combination of 0 t ha-1 green compost+100% NPK fertilizer, 0 t ha-1 green compost+75% NPK fertilizer, 4 t ha-1 green compost+25% NPK fertilizer (Fig. 1).
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Figure 1. Average leaf temperature of baby corn in the generative phase (ºC) treated with green compost and NPK fertilizer.
3.1.2. CO2 absorption rate

Absorption rate of the Carbon dioxide gas were significantly affected by the application of the green compost (p=3.41) and highly significantly by NPK fertilizer (p=5.73). No significant interaction was found. Tukey’s test at 5% level show that application of green compost 4 tons ha-1 (k2) produced the highest CO2 absorption rate, namely 336.2 µmol CO2 mol-1 and was significantly different from the control treatment (k0), but not significantly different from the application of other dose of the green compost (3 and 5 ton ha-1 (k1 and k3). The green compost control treatment (k0) resulted in the lowest CO2 absorption rate of 328.6 µmol CO2 mol-1 (Table 1). Full dosage of NPK fertilizer treatment (100% NPK or p1) resulted in the highest CO2 absorption rate (338.1 µmol CO2 mol-1) and was significantly different from other dosages treatment. The application of 25% NPK fertilizer (p4) showed the lowest CO2 absorption rate of 328.0 CO2 mol-1 (Table 1).

Table 1. Average of CO2 absorption rates (µmol CO2 mol-1) of baby corn in the generative phase treated with green compost and recommended NPK fertilizer.

	Green compost (K)
	Recommended NPK Fertilizer (P)
	Average
	Tukey’s 0.05 (k) 

	
	100 % (p1)
	75 %

(p2)
	50 %

(p3)
	25 %

(p4)
	
	

	Control      (k0)
	336.1
	326.8
	328.5
	323.0
	328.6 b
	7.03

	3 ton ha-1   (k1)
	335.8
	329.5
	328.3
	325.9
	329.9 ab
	

	4 ton ha-1   (k2)
	344.7
	337.5
	332.4
	330.4
	336.2 a
	

	5 ton ha-1   (k3)
	336.0
	328.9
	332.8
	332.7
	332.6 ab
	

	Average
	338.1 p
	330.7 q
	330.5 q
	328.0 q
	 
	 

	Tukey’s 0.05 (p) 
	7.03
	 
	 


Numbers followed by the same letter in columns (a, b) and rows (p, q) are not significantly different based on Tukey’s test 5%.

3.1.3. Transpiration rate 

Application of green compost and NPK fertilizer treatments significantly affected the transpiration rate of baby corn plants in the generative phase (p=29.11). Table 2 shows that the highest transpiration rate (1.65 liters m-2 s-1) shown by the use of NPK fertilizer 75% of recommended dosage without green compost. The value was significantly different from other treatments except from the application of 4 ton ha-1 of the green compost combined with NPK fertilizer 50% of recommended dosages. Treatment of 5 ton ha-1 of green compost with 100% NPK fertilizer (k3p1) resulted in the lowest average transpiration rate (0.20 Liters m-2 s-1).

Table 2. Average transpiration rate (liter m-2 s-1) of baby corn plants in generative phase treated with green compost and NPK fertilizer.

	Green compost (K)
	Recommended NPK Fertilizer (P)

	
	100 % (p1)
	75 % (p2)
	50 % (p3)
	25 % (p4)

	Control      (k0)
	0.55 cde
	1.65 a
	0.23 e
	0.85 c

	3 ton ha-1   (k1)
	0.31 d
	0.64 cd
	0.23 e
	0.91 bc

	4 ton ha-1   (k2)
	0.56 cde
	0.43 d
	1.27 ab
	0.52 cde

	5 ton ha-1   (k3)
	0.20 e
	0.52 cde
	0.87 c
	0.27 d

	Tukey’s 0.05 (p x k)
	0.39


Numbers followed by the same letter (a,b,c,d,e) are not significantly different based on Tukey’s test 5%.

3.1.4. Leaf photosynthesis rate 

Analysis of variance on the leaf photosynthetic rate parameter of baby corn plants applied with various dosages of green compost and NPK fertilizer show that there was a highly significant effect (p=6.54) of the NPK fertilizer treatment, while the green compost treatment and its interaction had no significant effect. Tukey’s test at 5% confidence level reveals that highest leaf photosynthesis rate of 36.1 µmol CO2 m-2 s-1 was shown by the application of full dosage of NPK fertilizer or 100% of recommended NPK dosages. The value was significantly different from the 25% NPK (p4) and 50% NPK (p3) fertilizer treatment, but not significantly different from the 75% NPK fertilizer treatment. Reducing the NPK fertilizer to 25% of recommended dosage resulted in the lowest photosynthetic rate of 32.7 µmol CO2 m-2 s-1(Table 3).

Table 3. Average leaf photosynthesis rate (µmol CO2 m-2 s-1) of baby corn plants in the generative phase treated with green compost and NPK fertilizer.

	Green compost (K)
	Recommended NPK Fertilizer (P)
	Average

	
	100 % (p1)
	75 % (p2)
	50 % (p3)
	25 % (p4)
	

	Control      (k0)
	35.6
	34.4
	33.1
	32.3
	33.9

	3 ton ha-1   (k1)
	35.4
	34.7
	35.4
	33.1
	34.6

	4 ton ha-1   (k2)
	34.2
	34.1
	32.8
	33.2
	33.6

	5 ton ha-1   (k3)
	39.3
	35.4
	33.1
	32.0
	34.9

	Average
	   36.1 p
	     34.6 pq
	   33.6 q
	    32.7 q
	

	Tukey’s 0.05 (p)
	2.24
	 


Numbers followed by the same letter (p, q) are not significantly different based on Tukey’s test 5%.

3.1.5. Air humidity level

Results show that the air humidity level of baby corn leaves in the generative phase was significantly affected (p=5.20) by the green compost treatment but no significant effect of the NPK fertilizer treatment nor the interaction between the two treatments. The highest air humidity level of 68% was found in the   treatment of green compost 4 tons ha-1 that was not significantly different from treatments of 3 and 5 ton ha-1 of green compost based on the Tukey’s test (p≤0.05). Lowest air humidity level was found in the control treatment that was differed from other treatments (Table 4).

Table 4. Average air humidity levels (%) of the baby corn plants in the generative phase treated with green compost and NPK fertilizer.

	Green compost (K)
	Recommended NPK Fertilizer (P)
	Average
	Tukey’s 0.05 (k)

	
	100 % (p1)
	75 % (p2)
	50 % (p3)
	25 % (p4)
	
	

	Control      (k0)
	66.9
	65.7
	64.5
	66.3
	65.8 b
	2.12

	3 ton ha-1   (k1)
	66.6
	67.5
	65.0
	69.5
	67.2 ab
	

	4 ton ha-1   (k2)
	70.7
	68.1
	69.2
	67.4
	68.8 a
	

	5 ton ha-1   (k3)
	69.0
	66.4
	67.8
	68.2
	67.8 ab
	

	Average
	68.3
	66.9
	66.6
	67.8
	 
	 


Numbers followed by the same letter (a, b) are not significantly different based on Tukey’s test 5%.

3.1.6. Effect of green compost and NPK fertilizer on the production of baby corn.
Application of green compost and NPK fertilizer significantly interacted in affecting the production parameters of the baby corn. Table 5 reveals that plants applied with NPK fertilizer 100% recommended dosage resulted in earlier silking either combined with 3 ton ha-1 of green compost or without any addition of green compost. The longest ear length without husk also obtained from the use of 100% NPK fertilizer dosage combined with 4 ton ha-1. For ear length with husk parameter, the longest ear is shown by the application of 50% NPK recommended dosage combined with green compost 5 ton ha-1 although the figure seems not to be significantly differed to other treatment combination except for the use of 25% NPK fertilizer and 5 ton ha-1 green compost. 

Table 5. Average days to silking (DAP), ear length with husk (cm), and ear length without husk (cm) of the baby corn plants treated with green compost and NPK fertilizer.

	Green compost (K)
	Recommended NPK Fertilizer (P)

	
	100 % (p1)
	75 % (p2)
	50 % (p3)
	25 % (p4)

	
	Days to silking (DAP)

	Control      (k0)
	46.3 d
	47.9 abc
	47.2 cd
	49.2 a

	3 ton ha-1   (k1)
	46.3 d
	49.1 ab
	48.8 ab
	48.8 ab

	4 ton ha-1   (k2)
	47.2 cd
	48.1 abc
	47.0 cd
	49.0 ab

	5 ton ha-1   (k3)
	47.9 abc
	47.7 bcd
	47.7 bcd
	48.2 abc

	Tukey’s0.05 (p x k)
	1.54

	
	Ear length with husk (cm)

	Control      (k0)
	19.87 ab
	19.67 ab
	20.11 ab
	21.56 a

	3 ton ha-1   (k1)
	21.42 a
	20.67 ab
	19.83 ab
	19.28 ab

	4 ton ha-1   (k2)
	20.28 ab
	19.83 ab
	20.72 ab
	21.09 ab

	5 ton ha-1   (k3)
	20.20 ab
	20.40 ab
	21.72 a
	18.28 b

	Tukey’s 0.05 (p x k)
	2.93

	
	Ear length without husk (cm)

	Control      (k0)
	9.00 b
	9.72 ab
	10.44 a
	9.83 ab

	3 ton ha-1   (k1)
	9.90 ab
	9.44 ab
	  9.83 ab
	9.56 ab

	4 ton ha-1   (k2)
	 10.52 a
	9.67 ab
	10.06 ab
	 10.51 a

	5 ton ha-1   (k3)
	9.44 ab
	10.06 ab
	  9.83 ab
	9.44 ab

	Tukey’s 0.05 (p x k)
	1.09


Numbers followed by the same letter (a, b) are not significantly different based on Tukey’s test 5%. DAP = Days after planting.

3.2. Discussion

The treatment of green compost and NPK fertilization in the recent study significantly affected some physiological parameters of the baby corn. The results showed that the higher the green compost given to plants, the rate of gas exchange also increased. Organic fertilizers or green compost were able to bind water to be absorbed by plants so that nutrient translocation, especially K+ ion, could take place properly. Water is also able to affect the turgor pressure in the leaves which is associated with the opening and closing of the stomata so that it can increase CO2 absorption. The high amount of CO2 uptake in turn will help plants in the formation of high assimilates so that energy needs in development and production can be available. The results of Arista's research, et al. (2015) show that the addition of nutrients to plants can increase the density of the stomata, which causes the number of stomata to increase, thereby increasing the rate of transpiration and absorption of CO2 for photosynthesis. The nutrient content in the green compost applied contains enough nutrients that can help plants in the formation of chlorophyll and stomata so that it supports the absorption of CO2 from the atmosphere (Table 6).

Table 6. Nutrient composition in green compost.

	Parameter
	Value 

	N Total (%)
	1.80

	P (%)
	1.16

	K (K)
	3.43

	C-Organic (%)
	12.22

	CN Ratio 
	12


With the large number of nutrients that can be absorbed by plants, plant growth and development will increase (Sutedjo, 2008). This is supported by the results of Asagaf's research (2017), the higher the NPK Mutiara dose used, the higher the growth of maize plants. Agustina (2004) states that the element Nitrogen (N) is needed for the formation of carbohydrates, proteins, fats and other organic compounds and the N element plays an important role as a constituent of chlorophyll which makes leaves green. The element phosphorus (P) plays an important role in the transfer of energy in plant cells, encourages root development and early fertilization, strengthens the stems so that they do not fall easily, and increases uptake at the beginning of growth and potassium (K) is also very important in plant growth, for example to spur translocation of carbohydrates from leaves to plant organs. 100% NPK fertilizer treatment resulted in the highest absorption rate of CO2, hence the highest rate of leaf photosynthesis in the generative phase. This shows that the availability of nutrients in the soil after NPK fertilizer can meet the growth needs of maize plants. The high amount of CO2 uptake will help plants in the formation of high assimilates so that energy needs and plant development become available. Nasaruddin and Ridwan (2017) state that in order for plants to function efficiently, the gas exchange between the inside and outside of the leaves must be balanced to maximize CO2 absorption in the process of photosynthetic carbon assimilation and to minimize water loss through transpiration. This suggests that the rate of gas exchange is an important factor in influencing crop production under pressure from biotic factors.
On the other hand, the interaction treatment between green compost and NPK fertilizer has a very significant effect on the transpiration rate in the generative phase and shows the lowest transpiration rate results in the treatment of organic compost 5 tons ha-1 and the use of 100% NPK fertilizer. This is because the leaves on maize plants given a high enough compost dose are able to bind water in the available amount so that the transpiration process that occurs in plants runs normally and the water needs of plants in dissolving NPK nutrients in the soil can be available, with the availability of water and nutrients in the soil can increase the efficiency of plants in absorbing nutrients in the soil. This is in accordance with the opinion of Nasaruddin and Musa (2013) which state that the rate of transpiration is very dependent on the availability of water in the soil, because any water lost in the transpiration process must be replaced immediately, which basically comes from the ground.
Observation of the average of the relative air humidity in the generative phase reveals that the use of green compost as treatment increased the relative air humidity in the baby corn. This condition could be attributed the size of the plant canopy that affected by the application of the green compost. Relative air humidity is the ratio between the the amount of water vapor in the air and the maximum amount of water vapor that can be contained in the air at a certain temperature and pressure, if it is related to the environmental conditions of the study and the age of the plant in the generative phase, there will be various relative humidity conditions, according to the local micro-climate conditions. Nevertheless, Haris (1999) stated that the plant crown did not have a significant effect on the microclimate conditions around the plant.

The effect of the treatments used in the recent study on the physiological parameters of the baby corn also confirmed in the production component observation. The interaction treatment between green compost and NPK fertilizer had a very significant effect on flowering age on baby corn plants. The treatment without the use of green compost with 100% NPK fertilizer and 3 ton ha-1 green compost with 100% NPK fertilizer produced the fastest flowering age and was significantly different from treatment. This indicates that the higher the NPK fertilizer dose applied to maize plants can stimulate plant growth and cause the corn plants to flower normally. This happens that the availability of nutrients in the soil can affect the reproductive organs so that plants can accelerate flowering. The results of research by Sitorus and Tyasmoro (2019) state that giving a dose of 200 kg ha-1 of NPK fertilizer and 10 tons ha-1 of cow manure treatment can increase the growth and production of corn plants.

The interaction treatment between green compost and NPK fertilizer had a very significant effect on ear length either with husk or without husk of the baby corn. This results could be related to the function of green compost as a source of organic matter that can improve soil physical and biological properties. Wood (1985) states that soil organic matter can improve soil structure, facilitate aeration and determine soil capacity to hold water and increase soil cat ion exchange capacity. Soil physical and biological properties make it easier for plant roots to absorb nutrients in the soil. In addition, the application of phosphorus and potassium elemental fertilizers contained in compost also plays an important role in the formation of cobs because it is able to supply the availability of nutrients for the fruit formation process. Rahmat and Herdi (2007) stated that the application of P fertilizer produced the highest percentage contribution and could affect corn cobs. According to Kasnari and Supadma (2007), the K element plays an important role in increasing the size such as ear length and seed weight.

4. Conclusion 
The treatment of green compost and NPK fertilizers significantly affected the physiological response of baby corn including the rate of leaf CO2 absorption, transpiration rate, leaf photosynthesis rate, and leaf air humidity in the generative phase. Treatment of 4 ton ha-1 of green compost resulted in the highest absorption rate of CO2 in the generative phase (336.2 µmol CO2 mol-1) and the highest humidity level (68.8%). 100% NPK fertilizer treatment resulted in the highest CO2 absorption rate (338.1 µmol CO2 mol-1), the highest leaf photosynthesis rate (36.1 µmol CO2m-2 s-1) and The treatment of 5 ton ha-1 of green compost with 100% NPK fertilizer resulted in the lowest transpiration rate (0.20 liters m-2 s-1). The treatment of 3 ton ha-1 green compost and 100% NPK fertilizer produced the fastest flowering age (46.3 days). Treatment of 5 ton ha-1 of green compost with 50% NPK fertilizer resulted in longest ear length with husk (21.72 cm) while the treatment of 4 ton ha-1 green compost with 100% NPK fertilizer resulted in the longest ear length without husk (10.52 cm).
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