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Noertjahyani Prihadi <noertjahyani@yahoo.com> 

To:editor ajard 

Sat, 7 Sept 2019 at 10:34 am 

Dear Editorial AJARD 
 
Thank you for your review, 
Hereby I attached the revision both comments of review report and manuscript. 
I look forward to hearing from you. 
 
Thank you 
 
Best Regards 
 
Noertjahyani 
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editor ajard <ajardeditor@gmail.com> 

To:Noertjahyani Prihadi 
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Dear Noertjahyani 

Please find the attached galley proof of your manuscript “Growth and Yield of Cauliflower 
(Brassica oleracea. L.) As the Effect of Water Supply and the Dosages of Rice Straw 
Mulch”. Read it carefully and inform us if there is any mistake or need of correction 
anywhere. After that it will not be possible to make any change.   
  

Furthermore, our language editor made some changes to improve the language quality of the 
manuscript, so read whole the document carefully. 
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Please provide a statement of contribution (app. 50-70 words) that should mention, why this 
study is important/different and make contribution in existing literature. 

Furthermore, supply the years of following studies, which already have been mark red in the 
galley proof. 

Blaha et al.  

McDowel et al. 

Draper and Smith 

Munchow et al. 

Thomas and Lasminingsih 

Supply the web link of following reference 

Kasiran (2006). Ro drip drip irrigation technology for vegetable crops in lowland dry land.   Science 
and Technology Journal, 8(1), 26-30.  
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Editorial Office 

AJARD  
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editor ajard <ajardeditor@gmail.com> 

To:Noertjahyani Prihadi 

Mon, 9 Sept 2019 at 9:24 pm 

Dear Noertjahyani  
It is pleased to inform you that your manuscript titled “Growth and Yield of Cauliflower 
(Brassica oleracea. L.) As the Effect of Water Supply and the Dosages of Rice Straw 
Mulch" has been accepted for publication in Asian Journal of Agriculture and Rural 
Development, volume 9(2)2019.  
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Moreover, author(s) whose paper is accepted for publication are required to pay a nominal 
publication processing fee of USD 150 for each accepted paper. 
  
Please pay publication fee through bank using following information 
  

Bank Name: STANDARD CHARTERED BANK 
Swift Code: SCBLPKKX 
Branch Code: 149 
Beneficiary Account Name: AESS 
Beneficiary Account No:   01-7206692-01 
IBAN: PK42SCBL0000001720669201 
Address:   Sunset Commercial, DHA, Phase 4, Karachi   
Country: Pakistan         

Payment Reference: Journal title, author name (required) 
  

Please pay publication process fee and send us scan copy of payment proof. So that the 
further process could start 
  
We are waiting for your response. 
   
Yours sincerely 

Associate Editor 

AJARD 

ajardeditor@gmail.com 

www.aessweb.com 

 

Noertjahyani Prihadi <noertjahyani@yahoo.com> 

To:editor ajard 

Tue, 17 Sept 2019 at 12:31 am 

 
Dear Associate Editor AJARD 
 
I send a scanned copy of payment proof.  I am sorry, I sent by Western Union. 
Here I include my photograph. 
  
Best regards 
 
Noertjahyani 
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Noertjahyani Prihadi <noertjahyani@yahoo.com> 

To:editor ajard 

Fri, 20 Sept 2019 at 9:51 pm 

Dear Editor AJARD 
 
I  send you back of our manuscript revised and I have already done a statement contribution to our 
research.  I have rechecked our manuscript in galley proof and have made mark red as a sign correction 
(check booth attached files). 
 
I hope our manuscript can publish soon. 
 
Thank you 
 
Best regards 
 
Noertjahyani 
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editor ajard <ajardeditor@gmail.com> 

To:Noertjahyani Prihadi 

Sat, 5 Oct 2019 at 1:08 am 

Dear Noertjahyani 

It is pleased to inform you that, your article “Growth and Yield of Cauliflower (Brassica 
oleracea. L.) As the Effect of Water Supply and the Dosages of Rice Straw Mulch” has 
been published in Asian Journal of Agriculture and Rural Development, Vol. 9(2)2019 with 
video and HTML version. 
  
Please visit the website (www.aessweb.com) or follow the link below 
http://www.aessweb.com/journals/December2019/5005/4690                                       

Best regards 

Editorial office 

AJARD 
ajardeditor@gmail.com 
www.aessweb.com 

 

Noertjahyani Prihadi <noertjahyani@yahoo.com> 

To:editor ajard 
Wed, 9 Oct 2019 at 10:33 am 

 
Dear Editor AJARD 
 
Thank you for your kindness .. My manuscript has published. 
Maybe, next time I will  send another article to AJARD 
 
Best regards 
Noertjahyani 
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Abstract 

Water is very important for plants, and lack of it will cause growth retardation. The use of 

mulch can reduce the loss of water from the soil due to evaporation. The objective of this 

research was to study the growth and yield as responses to the water supply at several dosages 

of rice straw mulch application.  The research method  used was factorial randomized block 

design with two treatment factors. The water supply and the dosage of rice straw mulch with  

three levels respectively, those are : 100% (field capacity) (FC), 75% FC, and 50% FC; 

without rice straw mulch, 5 t ha-1, and 10 t ha-1 of rice straw mulch.The results showed that 

with no mulching the characteristics of growth, yield and their components decline in water 
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supply 75% and 50% FC, while the use of mulch 5 and 10 tons per ha, a marked decrease only 

occurs in water supply of 50% FC. Each component of the highest yield is achieved by the 

level of water supply field capacity, and this condition indicated that cauliflower’s growth 

requires water available for optimal performance. 

 

Keywords: Growth and yield of cauliflower; rice straw mulch dosage; water supply. 

 

ajardeditor@gmail.com 

www.aessweb.com 

1. Introduction 

 

Cabbage (Brassica oleracea L. Var botrytis sub var. Cauliflora DC) is one of the commercial 

vegetables produced in Indonesia. This plant is a vegetable crop that is belong to the cabbage 

or Brassicaceae.The Ministry of Agriculture of the Republic of Indonesia has developed 

highland vegetable species to be planted in five lowland West Java districts combined with 

other food crops. This is because the lowlands areas in West Java have great potential to be 

developed and planted with vegetables from highlands such as cabbage, cauliflower and 

caysim .  The success of the vegetable cultivation development program in the lowlands can 

be demonstrated by the increasing production of cauliflower from 2010 to 2012, namely 

101,205 tons (2010), 113,491 tons (2011), and 135,837 tons (2012) (Ministry of Agriculture, 

2012). 

Basically, cauliflower is a vegetable originating from the sub-tropical region so that in 

Indonesia it is more suitable to be planted in low-temperature highlands, but in its 

development there are now seeds of cauliflower cultivars that are tolerant of high 

temperatures, one of which is cauliflower F1 cultivar hybrids Orient.Although this 

cauliflowerin view of agribusiness is profitable and lowland cultivars have been available. The 

cultivating vegetables, especially hybrids in the lowlands, has various problems. The four 

problems in the lowlands are limited water resources, soil types and soil fertility, low air 

humidity, high temperatures, and high intensity of pest and plant disease attacks (Kasiran, 

2006). 

Based on the four problems the limited water in vegetable crops, especially cauliflower 

is the main problem. Cauliflower includesinflorescent-producing vegetable crops whose water 

requirements is quite high. Water deficiency is a limiting stressor for plants, decreases enzyme 

activity and reduces growth speed.  

Water shortages are often caused by climatic conditions and weather characteristics. In 

the tropics, especially during the dry season evaporation is so high that there is often a 

problem of water shortages (Blaha et al.,2003 quoted by Koudela et al., 2011). Lack of water 

can cause stress on plants which results in stress on physiological processes and other 

functional activities. The first response to the lack of water is to close the stomata which will 

inhibit photosynthesis so that the flow of carbon dioxide decreases, which triggers respiration 

(Zlatev & Lidon, 2012). In a condition of drought the plant will reduce the use of 

carbohydrates to maintain its metabolic process, this decreases the carbon content so that plant 

growth is hampered and can even cause death (Mc Dowel et al. in Liu et al., 2012) 
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Efforts to reduce water evaporation can be done by using mulch. One of the agricultural 

wastes in lowland rice fields is rice straw.  Besides being able to reduce production costs, the 

use of rice straw as mulch is expected to be able to restore organic matter into the soil.The 

study aims to determine the water requirements and the effect of using mulch on the growth 

and yield of cabbage plants in the lowlands. 

 

 

2. Materials and methods 

 

The experiment was conducted in Puseurjaya Village, East Telukjambe District, Karawang 

Regency, West Java Province, located at an altitude of ± 17 m above sea level. The farmers of 

the district plant vegetables beside rice in their cropping pattern.  The soil used was the order 

Inceptisol with clay texture and pH 4.75. The Experimental design used was  randomized 

block design (RBD) with factorial pattern. The first factor was the supply of water (A) 

consisting of three levels, namely; a1 = 100% (field capacity), a2 = 75% FC, and a3 = 50% FC. 

The second factor was the dosage of rice straw mulch (M) which consists of three levels, 

namely m0 = without mulch, m1 = rice straw mulch 5 t ha-1, and m2 = rice straw mulch 10 t 

ha-1. Each treatment was repeated three times.  

Water supply for the first 7 days was the same for all treatments, namely in conditions of 

field capacity. The treatment of supply water wasapplied every day from the time the plants 

was 8 days old until harvest. The addition of the supply of water lost was calculated by the 

Gravimetric Water Content method. The installation of dried straw mulch which has been cut 

into ± 10 cm was done simultaneously with the start of the application of water treatment, 

which was 8 days after planting. Inorganic fertilizer dosages used the recommendations of 

Maynard and Hocmuth cited by Susila (2006).  

Measurement of growth components included plant height, number of leaves, and stem 

diameter, Leaf Area Index (LAI), and Net Assimilation Rate (NAR) were done at seven daily. 

Observation of yield components included curd diameter of cauliflower, curd height and shoot 

weight, and marketable yield of cauliflower plants. Data from growth response variables using 

regression analysis followed by parallelity and confusion tests (Draper and Smith cited 

Ariyanto et al., (2013). Observational data include plant height, number of leaves, curd 

diameter diameter, curd height,  shoot weight, weight of marketable yield per plant was 

analyzed using variance analysis and continued with Duncan's Multiple Range Test (DMRT) 

at 5% significant level (Steel & Torrie, 1989). 

 

 

3. Results  

 

3.1 Plant Height 

The results of the analysis showed that there was an interaction effect between the supply of 

water and the dosage of straw mulch on plant height at the age of 28 and 35 days only. Table 

1 shows that at the age of 21 days, and 42 days after planting, the highest cauliflower plant 

height was achieved in the supply of water in a field capacity condition (100%). The same 

table also shows that at the age of 21 and 42 days the height of the cauliflower plants that are 

applied mulch is higher than the height of the plants that are not applied mulch. At the age of 

42 days a 10 t ha-1 rice straw mulch can increase plant height compared to no mulch.  

        Table 2 shows that when plants are 28 and 35 days old in sufficient water conditions 

(field capacity). rice straw mulching does not affect plant height. but by water supply 75% and 

50% FC, rice straw mulch can increase plant height. On the other hand. for each dosage of rice 

straw mulch, supply 75% and 50% FC decreases the plant height only if it is not applied 
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mulch. At 35 days old. the dosage of 5 t ha-1 and 10 t ha-1 rice straw mulch the reduction of 

water supply affect plant height.  

 The role of water for plant growth is very important. Growth in plant height is better in 

field capacity, or use of high doses of mulch (10 tons per ha). Mulch reduces 

evapotranspiration, so that the water conditions in the rhizosphere are fulfilled and nutrient 

absorption can take place. This condition is good for growth of plant height. The experiment 

result of Wang & Xing (2016) showed that mulch can reduce N losses, where N is an 

important nutrient for vegetative growth. Another role of mulching maintain sufficient amount 

of soil water content. 

 

3.2 Number of Leaves per Plant and  Stem Diameter 

There is no effect of the interaction between supply water and dosages the mulch of rice straw 

to the number of leaves per plant and stem diameter. The supply of water affects significantly 

the number of leaves per plant at the age of 42 days.  On the field capacity condition, the 

number of leaves was the highest. The dosage of rice straw mulch only affects the number of 

leaves per plant at the age of 42 days. The amount of straw mulch 5 t ha-1and 10 t ha-1gave 

number of leaves more (Table 3). 

The supply of water has an effect on the stem diameter  from the age of 21 DAP to 

harvest. At the aged 28 days to 42 days, supply 50% and 75% water results in a smaller stem 

diameter compared to 100% water supply. Measures of rice straw mulch affect the stem 

diameter from 35 days until harvest. The application of rice straw mulch with a dosage of 5 t 

ha-1 and 10 t ha-1 resulted in a larger diameter of  cauliflower plant stems compared to without 

mulch at the age of 35 days and 42 days after planting (Table 4). 

 

 

3.3 Leaf Area Index (LAI)  

Plant Response measured on Leaf Area Index (LAI) of the cauliflower plants to the supply of 

water at each dosage of rice straw mulch is shown in Fig.1. In conditions without mulch, the 

cauliflower plants are in a different state of field capacity with a growth rate of 75% and 50% 

of water supply, whereas in the supply of 5 tons of mulch per hectare and 10 tons per hectare 

LAI at the water level the field capacity is equal to 75% but faster the LAI growth compared 

to 50% water supply. 

 

3.4 Net Assimilation Rate (NAR) 

In the absence of mulch by supply 100% water (FC) the net assimilation rate is higher than the 

supply of water 75%% and 50% FC.  The optimum NAR reaches at the age of 14-21 days 

after which it decreases at different speeds. In the applicationof 5 t ha-1rice straw mulch,  

plants in the supply of 100% water (FC) have the same pattern with 50%  FC, whereas with 

75% water supply the pattern is different but higher NAR is in field capacity water supply . At 

the dosage of straw mulch 10 t ha-1 of cauliflower plants in the field capacity the pattern is 

different from the supply of 50% FC water but the same as the supply of 75% water, NAR is 

optimal at supply water 50% FC or 75% FC higher than supply water at field capacity (Fig. 2). 

          

3.5 Curd Diameter, Curd Height and Shoot Weight of Cauliflower  

The results of the variance analysis showed that there was no interaction effect between the 

level of water supply and the dosage of mulch on the curd diameter,  the curd height and shoot 

weight of the cauliflowerwith the results of the analysis of main effect shown in Table 5. 

In Table 5 it can be seen that in the water supply of 50% FC and 75% FC the size of the 

diameter , height cauliflower mass and  fresh weight of shoot are smaller than that of the field 
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capacity water supply. While supply rice straw mulch at a rate of 10 t ha-1 can increase the size 

of the diameter and height of cauliflower mass, and also fresh weight of the cauliflower shoot. 

 

3.6 Weight of Marketable Yield per Plant 

Weight of marketable yield is affected by water supply and application of rice straw mulch.  In 

conditions without mulch, watersupply 50% FC and 75% FC even lowering the weight of 

marketable yield per plant. In the delivery of 5 and 10 t-1dosages of rice straw mulch, 75% FC 

of the water supply does not reduce the weight of marketable yield of cauliflower, while the 

water supply of 50% FC reduced the yield of the cauliflowermarketable (Table 6). 

       In the case of field capacity, supply mulch as much as 5 t ha-1 and 10 t ha-1 does not 

significantly improve the yield. At the level of 75% FC of rice straw mulch as much as 5 t ha-1 

and 10 t ha-1 increases the weight of marketable yield, whereas in the water supply of 50%  FC 

only the rice straw mulch is 10 t ha-1 which can increase marketable yield of cauliflower 

weight. 

 

3.7 Weight of edible curd 

 The results of the analysis show that there is an effect of the interaction between the supply of 

water and the dosage of rice straw mulch on the weight of  edible curd per plant. Results of the 

analysis of simple effects presented in Table 7. When there is no mulching,watersupplyof 

50% FC and75% FC may reduce the weight of edible curd per plant. Whereas in the case of 

being applied mulch with a dosage of 5 or 10 t ha-1 the water supply of 75% FC does not 

reduce the weight of the edible curd only water supply 50% FC which reduces the weight of  

edible curd per plant. 

In a field capacity, only 10 t ha-1 of mulch is applied which significantly increases the 

yield. While at the level of water supply of 75% FC of rice straw mulch as much as 5 t ha-1 

and 10 t ha-1 increases the weight of  edible curd per plant. In water supply 50% FC, 

application of  rice straw mulch cannot increase the weight of edible curd. 

 

 

4. Discussion 

 

Cauliflower is one of the plant that require a high amount of water for their survival. Although 

the Orient cultivar is a cauliflower plant that is able to adapt in the lowlands both the rainy and 

dry seasons, but this plant basically requires adequate air humidity and soil moisture. 

Cauliflower plants are usually planted on soil with sufficient irrigation accompanied with 

adequate drainage (Rukmana, 1994). Based on this, the use of rice straw mulch is an 

alternative technology that can be used to reduce evaporation in the cultivation of cauliflower 

in the lowlands so that it can maintain soil moisture. 

The response of cauliflower plants to the supply of water and the dosage of rice straw 

mulch was seen in the high components of plants starting at age 21 DAP, this indicates that up 

to the age of 14 days the supply of 50% water without mulch still meets the water needs of the 

cauliflower plant. At the age of plants 28 and 35 days, there is an interaction effect between 

the supply of water and the dosage of rice straw mulch on the height of cauliflower plants, this 

is due to the period of 21 DAP, 28 DAP, and 28 DAP, and 35 DAP.  At  the highest dosage of 

5 t ha-1 rice straw mulch was obtained by supply 100% water (FC), while at the mulch dosage 

10 t ha-1 the three levels of water supply had almost the same maximum. The lack of water in 

cauliflower plants that were applied new rice straw mulch had an effect on the plant height of 

35 days old because the older the plant the higher the water demand. Organic mulch like rice 

straw mulch can conserve soil moisture. It is vital for vegetative growth.    
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The response of each component of growth to the supply of water varies. On the number 

of leaves the effect of supply water began to appear at the age of 35 days, this caused a 

difference in leaf area index. Generally the leaf area index of cabbage plants on water supply 

is 50% lower than the leaf area index at the two other levels of water supply. 

At the beginning of the growth the net assimilation rate is still low because the plants are 

still small, then increasing, the leaves are functioning in photosynthesis causing an increase in 

the net assimilation rate. Older, many leaves are shaded, so the net assimilation rate decreases 

even though the leaf area index increases, because many leaves are shaded. The leaf aging 

causes low rates of net assimilation due to reduced photosynthetic rates while respiration 

continues (Gardner et al., 1991). Older leaves may burden physiological process of estate 

crops (Subandi et al., 2017) 

The role of groundwater that is beneficial for plants, among others, as fertilizer solvents, 

as soil temperature stabilizers, as solvents and triggers for non-available  nutrient supply 

chemical reactions becomes available, as solvents and carrying nutrient ions from the 

rhizosphere into the roots then to the leaves and as a means of transportation and distribution 

of finished nutrients from leaves to all parts of the plant. Based on this condition, the condition 

of sufficient water will increase the absorption of nutrients by plant (Hanafiah, 2007; Subandi 

et al., 2018)   

More than 50% FC of the water supply is used in the generative phase (age 35 DAP until 

harvest), lack of water in this phase causes a decrease in yield components so that yields are 

low. Rice straw mulch plays a role in reducing evaporation, thereby helping plants absorb 

nutrients which can ultimately increase plant growth and yield.  

The supply of straw mulch can maintain soil moisture 50% higher than without mulch. 

With the maintenance of soil moisture it will create a microclimate that is conducive to both 

plant growth and soil organisms. Increased activity of soil organisms will increase soil 

capacity to hold water and nutrient availability for plants. This causes the cauliflower plants 

which receive 100% water accompanied by 10 t ha-1 of rice straw mulch to obtain the highest 

yield(Kumar & Lal, 2012).  Teame et al. (2017) showed that organic mulching had significant 

effect on soil moisture content at any soil depth than with no mulch, and it can maintain of soil 

moisture.   So it could gave better yield  

The inflorescence time of cauliflower plants is influenced with the supply of water and 

the amount of rice straw mulch. Cauliflower buds are formed after plants reach a carbon / 

protein balance. This is related to the ability of plants to assimilate, accumulate food, and the 

allocation or distribution of assimilation results because carbon is mostly derived from the 

mobilization of food reserves and the results of photosynthesis. Applied that water plays a role 

in photosynthesis and the distribution of assimilation results, the higher the availability of 

water, the faster the cauliflower time is reached. Therefore the fastest cauliflower  time in this 

experiment was achieved by cauliflower plants which were treated with a level of 100% water 

(FC) combined with a dosage of rice straw mulch 10 t ha-1. This is in line with the highest 

cauliflower weight without leaves obtained from cauliflower plants with the treatment of the 

level of 100% water applied 10 tha-1 rice straw mulch while the lowest weight is obtained 

from cabbage cauliflower plants with a level of 50% water supply without mulch (Elisa, 2004) 

Each component of the highest yield is achieved by the level of water supply field 

capacity. Growth components and high yield components in conditions of field capacity 

indicated that this growth requires water available for optimal performance.  Availability of 

water is needed to adapt and be used for plant growth, including for increasing leaf area 

(Doorenbos & Kassam, 1979). Short-term water deficits only affect gas exchange capacity and 

photosynthetic efficiency, while in the long run it results in decreased efficiency of dry matter 

formation (Munchow et al., quoted by Agung & Rahayu, 2004). Furthermore, lack of water 

results in reduced photosynthesis because dehydration of protoplasm will reduce 
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photosynthetic capacity (Thomas & Lasminingsih quoted by Agung & Rahayu, 2004). 

Sufficient water will support an increase in leaf area so that it is related to the level of crop 

production (Gardner et al., 1991). The low amount of water will cause limited root 

development, thus disrupting nutrient absorption by plant roots (Santosa quoted Agung & 

Rahayu, 2004). This lack of water will cause nitrogen nutrient uptake to be inefficient and will 

reduce the growth and yield of soybean crops (Agung & Rahayu, 2004). Soil environment 

which is lack of water in the first stages of growth may cause the retarded plantlet (Subandi, et 

al., 2018a) 

 

 

5. Conclusion  

 

Cauliflower plants are plant that require a high amount of water for their survival. Although 

the Orient cultivar is a cauliflower plant that is able to adapt in the lowlands both the rainy and 

dry seasons. Without rice straw mulch plant growth decreased if water supply less than 75% 

FC, but plant growth of cauliflower still good with rice straw mulch 5 or 10 t ha-1 although 

water supply 75% FC.  Cauliflower gave result worst if supply water 50% FC. Each 

component of the highest yield is achieved by the level of water supply at field capacity. 

Growth components and high yield in conditions of field capacity indicated that this growth 

requires water available for optimal performance, and applied of straw mulch 10 t ha-1 can be 

alternative to preserve available water in the soil.  
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Table 1. Cauliflower plant height (cm) at the age of  7, 14, 21, and 42 DAP affected with 

water supply and  rice straw mulch 

Treatment 
Mean of Plant Height (cm) 

7 DAP 14 DAP 21 DAP 42 DAP 

Water Supply (A)                  

a1= 100% (FC) 17.50 a 25.11 a 36.89 b 52.67 c 

a2=75%  FC 17.33 a 24.95 a 35.56 a 49.72 b 

a3=50% FC 17.89 a 25.28 a 34.61 a 44.50 a 

Rice Straw Mulch  (M)                

m0= 0 t ha-1 17.83 a 25.17 a 34.28 a 47.50 a 

m1= 5 t ha-1 17.39 a 25.17 a 36.33 b 49.00 ab 

m2= 10 t ha-1 17.50 a 25.00 a 36.44 b 50.39 b 

Note: The average number of treatments followed by the same letter in the column direction 

is not significantly different according to DMRT at the 5% level. 

 

Table 2. Height of cauliflower plant (cm) at 28 and 35 DAP affected with water supply and 

rice straw mulch 

Plant 

age 

 

Mulch 
Water Supply 

a1 (FC)   a2 (75%FC)   a3 (50% FC)   Mean 

28 DAP m0  (0 t ha-1) 43.33 a 39.17 a 34.00 a 38.83 

  C  B  A   
 m1  (5 t ha-1) 44.17 a 43.83 b 41.33 b 43.11 
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  A  A  A   
 m2  (10 t ha-1) 43.67 a 43.33 b 42.67 b 43.22 

  A  A  A   
 Mean : 43.72   42.11   39.33   41.72 

35 DAP m0  (0 t ha-1) 48.83 a 44.67 a 36.00 a 43.17 

  C  B  A   
 m1  (5 t ha-1) 49.00 a 50.00 b 42.17 b 47.06 

  B  B  A   
 m2  (10 t ha-1) 52.00 a 48.67 b 45.50 b 48.72 

  B  AB  A   
 Mean : 49.94   47.78   41.22   46.31 

Note: The average treatment number is indicated by the same letter in each column   

(lowercase letters) and each line (uppercase) are not significantly different at 

the 5% real level based on Duncan's Multiple Range Test. 

 

 

 

 

Table 3. Number of leaves per cauliflower plant (strands) at 7, 14, 21, 28, 35 and 42 DAP 

affected with water supply and rice straw mulch 

Treatments Number of Leaves per Plant 

  7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       

a1= 100% (FC) 6.11 a 8.59 a 12.33 a 15.56 a 18.67 b 23.44 c 

a2=75% FC 6.00 a 8.48 a 12.12 a 15.22 a 18.00 b 21.67 b 

a3=50% FC 6.11 a 8.44 a 12.00 a 14.56 a 16.56 a 18.89 a 

Mulch (M)             

m0 = 0 t ha-1 6.22 a 8.80 a 12.12 a 14.78 a 17.67 a 20.56 a 

m1 = 5 t ha-1 6.11 a 8.35 a 12.22 a 15.22 a 17.78 a 21.78 b 

m2 = 10 t ha-1 5.89 a 8.36 a 12.11 a 15.33 a 17.78 a 21.67 b 

Notes:The average treatment number is indicated by the same letter in each column   

(lowercase etters) and each line (uppercase) are not significantly different at the 5% 

real level based on Duncan's Multiple Range Test. 

 

Table 4. Stem diameter of cauliflower (mm) age 7, 14, 21, 28, 35 and 42 days as affected with 

water supply and rice straw mulch 

 

Treatments Stem diameter (mm) 

 7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       
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a1= Field Capasity 4.10 a 5.62 a 7.69 b 9.40 c 11.12 c 12.63 c 

a2=75%  FC 3.88 a 5.42 a 7.38 b 8.80 b 10.03 b 11.26 b 

a3=50%  FC 3.93 a 5.24 a 7.01 a 8.22 a 9.00 a 9.68 a 

Rice Straw Mulch(M)             

m0= 0 t ha-1 4.06 a 5.70 a 7.21 a 8.59 a 9.67 a 10.77 a 

m1= 5 t ha-1 4.01 a 5.44 a 7.37 a 8.92 a 10.27 b 11.31 b 

m2= 10 t ha-1 3.84 a 5.14 a 7.50 a 8.91 a 10.22 b 11.49 b 

Note: The average treatment number is indicated by the same letter in each column   

(lowercase letters) and each line (uppercase) are not significantly different at the 5% 

real level based on Duncan's Multiple Range Test. 

 

  

Fig. 1.  Grafts of  Leaf Area Index of cauliflower affected with water supply and rice straw 

mulch 

 

 

Fig. 2. Net Assimilation Rate of cauliflower affected with water supply and rice straw mulch. 
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Table 5.  Curd diameter, curd height and shoot eight of cauliflower affected with water supply 

and rice straw mulch 

Treatment 
Curd Diameter (cm) Curd Height (cm) Shoot Weight per 

Plant (g) 

Water supply :       

a1=100%  (FC) 12.54 c 7.92 c 757.16 c 

a2=  75%  FC 11.16 b 6.96 b 577.71 b 

a3=  50%  FC   7.56 a 5.34 a 361.87 a 

Rice straw mulch:       

m0= 0 t ha-1   9.47 a 6.17 a 550.83 a 

m1= 5  t ha-1   9.78 a 6.57 a 553.99 a 

m2= 10 t ha-1 12.01 b 7.49 b 591.92 b 

Note: The average number of treatments followed by the same letter in the direction of the 

column is not significant according to DMRT at the 5% level 

 

 

Table 6. Weight of marketable yield per plant (g) affected with water supply and rice straw 

mulch. 

Rice Straw 

Mulch 

Water Supply 

a1 (100%)   a2 (75%)   a3 (50%)   Mean 

m0  (0 t ha-1) 257.40 a 179.39 a 94.85 a 177.21 

 C   B   A     

m1  (5 t ha-1) 297.57 ab 222.95 b 112.43 ab 210.98 

 B   B   A     

m2  (10  t ha-1) 319.79 b 278.80 c 140.13 b 246.24 

 B   B   A     

Mean 291.59   227.05   115.80   211.48 

Note : The average number of treatments that are marked with the same letters in each column 

(lowercase letters) and each row (uppercase letters) are not significantly different at the 

5% real level based on Duncan's Multiple Range Test. 

 

Table 7. Weight of cauliflower consumable (g) affected with water supply and rice straw 

mulch 

Rice Straw 

Mulch 

Water Supply  (%) 

a1 (100%=FC) a2 (75% FC) a3 (50% FC) Mean 

m0 (0 tha-1) 184.21 a 118.59 a 58.93 a 120.57 

 
C   B   A     

m1 (5 tha-1) 218.39 a 161.32 b 63.96 a 147.89 

 
B   B   A     

m2 (10 tha-1) 257.57 b 221.07 c 98.34 a 192.33 

 
B   B   A     

Mean 220.06   166.99   73.74   153.60 
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Note:The average number of treatments that are marked with the same letters in each column 

(lowercase letters) and each row (uppercase letters) are not significantly different at the 

5% significant level based on Duncan's Multiple Range Test. 
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Abstract 

Limited available water especially in dry land cause of decreasing productivity of vegetable 

plant.  Cauliflower originates from sub-tropical region which need enough water.  Mulching 

can manage limited water.  An experiment was carried out in the lowlands with the aim of 

knowing the ability to grow and produce cauliflower cultivar hybrids Orient in an environment 

of water availability under optimal conditions accompanied by the use of rice straw mulch. 

The experimental results show that Hybrids Orient of cauliflower is a lowland plant that can 

provide the same yield (marketable curd) even though the water conditions are below the field 

capacity (75% FC). The use of rice straw mulch doses of 5-10 t ha-1 can help maintain water 

availability for plants.  Cultivar hybrids Orient is a cauliflower low land which enough tolerant 

to lack of water.  
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1. Introduction 

 

Cabbage (Brassica oleracea L. Var botrytis sub var. Cauliflora DC) is one of the commercial 

vegetables produced in Indonesia. This plant is a vegetable crop that is belong to the cabbage 

or Brassicaceae.  Ministry of Agriculture of the Republic of Indonesia has developed highland 

vegetable species to be planted in five lowland West Java districts combined with other food 

crops (Ministry of Agriculture, 2012). This is because the lowlands areas in West Java have 

great potential to be developed and planted with vegetables from highlands such as cabbage, 

cauliflower and caysim. The success of the vegetable cultivation development program in the 
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lowlands can be demonstrated by the increasing production of cauliflower from 2010 to 2012, 

namely 101,205 tons (2010), 113,491 tons (2011), and 135,837 tons (2012) (Central Bureau 

Statistics, 2013). 

Basically, cauliflower is a vegetable originating from the sub-tropical region so that in 

Indonesia it is more suitable to be planted in low-temperature highlands, but in its 

development there are now seeds of cauliflower cultivars that are tolerant of high 

temperatures, one of which is cauliflower F1 cultivar hybrids Orient. Although this cauliflower 

in view of agribusiness is profitable and lowland cultivars have been available. The cultivating 

vegetables, especially hybrids in the lowlands, has various problems. The four problems in the 

lowlands are limited water resources, soil types and soil fertility, low air humidity, high 

temperatures, and high intensity of pest and plant disease attacks (Kasiran, 2006). 

Based on the four problems the limited water in vegetable crops, especially cauliflower 

is the main problem. Cauliflower includes inflorescent-producing vegetable crops whose water 

requirements is quite high. Water deficiency is a limiting stressor for plants, decreases enzyme 

activity and reduces growth speed. Water is a major component of photosynthesis. Lack of 

water in plants will cause turgidity of stomata guard cells to decrease, stomata closed, CO2 

absorption is reduced so that the rate of photosynthesis decreases. Water plays a role in the 

translocation of photosynthesis. Lack of water will cause the dissolution of photosynthesis 

results is reduced and translocation to plant parts decreases and plant growth is inhibited. The 

work of enzymes in metabolic processes is influenced by water because water acts as a 

temperature stabilizer in plants. Therefore the availability of water will affect metabolic 

processes in plants and decrease plant growth and productivity (Fitriana, et al., 2009)    

Water shortages are often caused by climatic conditions and weather characteristics. In 

the tropics, especially during the dry season, evaporation is so high that there is often a 

problem of water shortages (Blaha et al. quoted by Koudela et al., 2011). Lack of water can 

cause stress on plants which results in stress on physiological processes and other functional 

activities. The first response to the lack of water is to close the stomata which will inhibit 

photosynthesis so that the flow of carbon dioxide decreases, which triggers respiration (Zlatev 

& Lidon, 2012). In a condition of drought the plant will reduce the use of carbohydrates to 

maintain its metabolic process, this decreases the carbon content so that plant growth is 

hampered and can even cause death (Mc Dowel et al. in Liu et al., 2012) 

Efforts to reduce water evaporation can be done by using mulch. One of the agricultural 

wastes in lowland rice fields is rice straw.  Besides being able to reduce production costs, the 

use of rice straw as mulch is expected to be able to restore organic matter into the soil, 

decrease soil temperature, conservation of soil moisture  and as a source of nutrient.  So it can 

improve growth and yield of vegetable, mainly in lowland.  The study aims to determine the 

water requirements and the effect of using mulch on the growth and yield of cauliflower in the 

lowlands. 

 

 

2. Materials and methods 

 

The experiment was conducted in Puseurjaya Village, East Telukjambe District, Karawang 

Regency, West Java Province, located at an altitude of ± 17 m above sea level. The soil used 

was the order Inceptisol with clay texture and pH 4.75. The Experimental design used was  

randomized block design (RBD) with factorial pattern. The first factor was the supply of water 

(A) consisting of three levels, namely; a1 = 100% (field capacity), a2 = 75% FC, and a3 = 50% 

FC. The second factor was the dosage of rice straw mulch (M) which consists of three levels, 

namely m0 = without mulch, m1 = rice straw mulch 5 t ha-1, and m2 = rice straw mulch 10 t 

ha-1. Each treatment was repeated three times.  
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Water supply for the first 7 days was the same for all treatments, namely in conditions of 

field capacity. The treatment of supply water wasapplied every day from the time the plants 

was 8 days old until harvest. The addition of the supply of water lost was calculated by the 

Gravimetric Water Content method. The installation of dried straw mulch which has been cut 

into ± 10 cm was done simultaneously with the start of the application of water treatment, 

which was 8 days after planting. Inorganic fertilizer dosages used the recommendations of 

Maynard and Hocmuth cited by Susila (2006).  

Measurement of growth components included plant height, number of leaves, and stem 

diameter, Leaf Area Index (LAI), and Net Assimilation Rate (NAR) were done every 7 days. 

Observation of yield components included diameter of cauliflower curd, curd height and shoot 

weight, and marketable yield of cauliflower plants. Data from growth response variables using 

regression analysis followed by parallelity and confusion tests (Draper and Smith cited 

Ariyanto et al., (2013). Observational data include plant height, number of leaves, curd 

diameter diameter, curd height,  shoot weight, weight of marketable yield per plant was 

analyzed using variance analysis and continued with Duncan's Multiple Range Test (DMRT) 

at 5% significant level (Steel & Torrie, 1989). 

 

 

 

3. Result 

 

3.1  Plant Height 

The results of the analysis showed that there was an interaction effect between the supply of 

water and the dosage of straw mulch on plant height at the age of 28 and 35 days only. Table 

1 shows that at the age of 21 days, and 42 days after planting, the highest cauliflower plant 

height was achieved in the supply of water in a field capacity condition (100%). The same 

table also shows that at the age of 21 and 42 days the height of the cauliflower plants that are 

applied mulch is higher than the height of the plants that are not applied mulch. At the age of 

42 days a 10 t ha-1 rice straw mulch can increase plant height compared to no mulch. 

 

Table 1. Cauliflower plant height (cm) at the age of  7, 14, 21, and 42 DAP affected with 

water supply and  rice straw mulch 

Treatment 
Mean of Plant Height (cm) 

7 DAP 14 DAP 21 DAP 42 DAP 

Water Supply (A)                  

a1= 100% (FC) 17.50 a 25.11 a 36.89 b 52.67 c 

a2=75%  FC 17.33 a 24.95 a 35.56 a 49.72 b 

a3=50% FC 17.89 a 25.28 a 34.61 a 44.50 a 

Rice Straw Mulch  (M)               

m0= 0 t ha-1 17.83 a 25.17 a 34.28 a 47.50 a 

m1= 5 t ha-1 17.39 a 25.17 a 36.33 b 49.00 ab 

m2= 10 t ha-1 17.50 a 25.00 a 36.44 b 50.39 b 

Note: The average number of treatments followed by the same letter in the column direction 

is not significantly different according to DMRT at the 5% level. 

 

Table 2. Height of cauliflower plant (cm) at 28 and 35 DAP affected with water supply and 

rice straw mulch 

Plant Mulch Water Supply 
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age a1 (FC) 
 

a2 (75%FC) 
 

a3 (50% FC) 
 

Mean 

28 DAP m0  (0 t ha-1) 43.33 a 39.17 a 34.00 a 38.83 

  C  B  A   
 m1  (5 t ha-1) 44.17 a 43.83 b 41.33 b 43.11 

  A  A  A   
 m2  (10 t ha-1) 43.67 a 43.33 b 42.67 b 43.22 

  A  A  A   
 Mean : 43.72   42.11   39.33   41.72 

35 DAP m0  (0 t ha-1) 48.83 a 44.67 a 36.00 a 43.17 

  C  B  A   
 m1  (5 t ha-1) 49.00 a 50.00 b 42.17 b 47.06 

  B  B  A   
 m2  (10 t ha-1) 52.00 a 48.67 b 45.50 b 48.72 

  B  AB  A   
 Mean : 49.94   47.78   41.22   46.31 

Note: The average treatment number is indicated by the same letter in each column   (lowercase letters) 

and each line (uppercase) are not significantly different at 

the 5% real level based on Duncan's Multiple Range Test.  

Table 2 shows that when plants are 28 and 35 days old in sufficient water conditions 

(field capacity). rice straw mulching does not affect plant height. but by water supply 75% and 

50% FC, rice straw mulch can increase plant height. On the other hand. for each dosage of rice 

straw mulch, supply 75% and 50% FC decreases the plant height only if it is not applied 

mulch. At 35 days old. the dosage of 5 t ha-1 and 10 t ha-1 rice straw mulch the reduction of 

water supply affect plant height. 

        

3.2  Number of Leaves 

There is no effect of the interaction between supply water and dosages the mulch of rice straw 

to the number of leaves per plant and stem diameter. The supply of water affects significantly 

the number of leaves per plant at the age of 42 days.  On the field capacity of medium, the 

number of leaves was the highest.The dosage of rice straw mulch only affects the number of 

leaves per plant at the age of 42 days. The amount of straw mulch 5 t ha-1and 10 t ha-1gave 

number of leaves more (Table 3). 

 

Table 3. Number of leaves per cauliflower plant (strands) at 7, 14, 21, 28, 35 and 42 DAP 

affected with water supply and rice straw mulch 

Treatments Number of Leaves per Plant 

  7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       

a1= 100% (FC) 6.11 a 8.59 a 12.33 a 15.56 a 18.67 b 23.44 c 

a2=75% FC 6.00 a 8.48 a 12.12 a 15.22 a 18.00 b 21.67 b 

a3=50% FC 6.11 a 8.44 a 12.00 a 14.56 a 16.56 a 18.89 a 

Mulch (M)             

m0 = 0 t ha-1 6.22 a 8.80 a 12.12 a 14.78 a 17.78 a 20.56 a 

m1 = 5 t ha-1 6.11 a 8.35 a 12.22 a 15.22 a 17.67 a 21.78 b 

m2 = 10 t ha-1 5.89 a 8.36 a 12.11 a 15.33 a 17.78 a 21.67 b 
Notes:The average treatment number is indicated by the same letter in each column   (lowercase etters) 

and each line (uppercase) are not significantly different at the 5% real level based on Duncan's 

Multiple Range Test. 
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3.3    Stem Diameter 

The supply of water has an effect on the stem diameter  from the age of 21 DAP to harvest. At 

the aged 28 days to 42 days, supply 50% and 75% water results in a smaller stem diameter 

compared to 100% water supply.Measures of rice straw mulch affect the stem diameter from 

35 days until harvest. The application of rice straw mulch with a dosage of 5 t ha-1 and 10 t ha-

1 resulted in a larger diameter of  cauliflower plant stems compared to without mulch at the 

age of 35 days and 42 days after planting (Table 4). 

 

Table 4. Stem diameter of cauliflower (mm) age 7, 14, 21, 28, 35 and 42 days as affected with 

water supply and rice straw mulch 

Treatments Stem diameter (mm) 

 7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       

a1= Field Capasity 4.10 a 5.62 a 7.69 b 9.40 c 11.12 c 12.63 c 

a2=75%  FC 3.88 a 5.42 a 7.38 b 8.80 b 10.03 b 11.26 b 

a3=50%  FC 3.93 a 5.24 a 7.01 a 8.22 a 9.00 a 9.68 a 

Rice Straw Mulch(M)             

m0= 0 t ha-1 4.06 a 5.70 a 7.21 a 8.59 a 9.67 a 10.77 a 

m1= 5 t ha-1 4.01 a 5.44 a 7.37 a 8.92 a 10.27 b 11.31 b 

m2= 10 t ha-1 3.84 a 5.14 a 7.50 a 8.91 a 10.22 b 11.49 b 
Note: The average treatment number is indicated by the same letter in each column   (lowercase letters) 

and each line (uppercase) are not significantly different at the 5% real level based on Duncan's 

Multiple Range Test. 

 

3.4 Leaf Area Index (LAI)  

Plant response measured on Leaf Area Index (LAI) of the cauliflower plants to the supply of 

water at each dosage of rice straw mulch is shown in Fig.1. In conditions without mulch, the 

cauliflower plants are in a different state of field capacity with a growth rate of 75% and 50% 

of water supply, whereas in the supply of 5 tons of mulch per hectare and 10 tons per hectare 

LAI at the water level the field capacity is equal to 75% but faster the LAI growth compared 

to 50% water supply. 

 

 
Fig. 1. Grafts of  Leaf Area Index of cauliflower affected with water supply and rice        

 straw mulch 
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3.5  Net Assimilation Rate (NAR) 

In the absence of mulch by supply 100% water (FC) the net assimilation rate is higher than the 

supply of water 75%% and 50% FC.  The optimum NAR reaches at the age of 14-21 days 

after which it decreases at different speeds. In the applicationof 5 t ha-1rice straw mulch,  

plants in the supply of 100% water (FC)  have  the same  pattern  with 50%  FC, whereas  with     

 
 

Fig. 2. Net Assimilation Rate of cauliflower affected with water supply and rice straw mulch. 

 

75% water supply the pattern is different but higher NAR is in field capacity water supply . At 

the dosage of straw mulch 10 t ha-1 of cauliflower plants in the field capacity the pattern is 

different from the supply of 50% FC water but the same as the supply of 75% water, NAR is 

optimal at supply water 50% FC or 75% FC higher than supply water at field capacity (Fig. 2). 

       

3.6  Curd Diameter, Curd Height and Shoot Weight of Cauliflower  

The results of the variance analysis showed that there was no interaction effect between the 

level of water supply and the dosage of mulch on the curd diameter,  the curd height and shoot 

weight of the cauliflowerwith the results of the analysis of main effect shown in Table 5. 

In Table 5 it can be seen that in the water supply of 50% FC and 75% FC the size of the 

diameter , height cauliflower mass and  fresh weight of shoot are smaller than that of the field 

capacity water supply. While supply rice straw mulch at a rate of 10 t ha-1 can increase the size 

of the diameter and height of cauliflower mass, and also fresh weight of the cauliflower shoot. 

 

Table 5.  Curd diameter, curd height and shoot weight of cauliflower affected with water 

supply and rice straw mulch 

 

Treatment 
Curd Diameter (cm) Curd Height (cm) Shoot Weight per 

Plant (g) 

Water supply :       

a1=100%  (FC) 12.54 c 7.92 c 757.16 c 

a2=  75%  FC 11.16 b 6.96 b 577.71 b 

a3=  50%  FC   7.56 a 5.34 a 361.87 a 

Rice straw mulch:       

m0= 0 t ha-1   9.47 a 6.17 a 550.83 a 

m1= 5  t ha-1   9.78 a 6.57 a 553.99 a 

m2= 10 t ha-1 12.01 b 7.49 b 591.92 b 

Note: The average number of treatments followed by the same letter in the direction of the 

column is not significant according to DMRT at the 5% level 
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3.7  Weight of Marketable Yield per Plant 

Weight of marketable yield is affected by water supply and application of rice straw mulch.  In 

conditions without mulch, watersupply 50% FC and 75% FC even lowering the weight of 

marketable yield per plant. In the delivery of 5 and 10 t-1dosages of rice straw mulch, 75% FC 

of the water supply does not reduce the weight of marketable yield of cauliflower, while the 

water supply of 50% FC reduced the yield of the cauliflowermarketable (Table 6). 

   

Table 6. Weight of marketable yield per plant (g) affected with water supply and rice straw 

mulch. 

 

Rice Straw 

Mulch 

Water Supply 

a1 (100%)   a2 (75%)   a3 (50%)   Mean 

m0  (0 t ha-1) 257.40 a 179.39 a 94.85 a 177.21 

 C   B   A     

m1  (5 t ha-1) 297.57 ab 222.95 b 112.43 ab 210.98 

 B   B   A     

m2  (10  t ha-1) 319.79 b 278.80 c 140.13 b 246.24 

 B   B   A     

Mean 291.59   227.05   115.80   211.48 
Note : The average number of treatments that are marked with the same letters in each column 

(lowercase letters) and each row (uppercase letters) are not significantly different at the 5% 

real level based on Duncan's Multiple Range Test. 

 

In the case of field capacity, supply mulch as much as 5 t ha-1 and 10 t ha-1 does not 

significantly improve the yield. At the level of 75% FC of rice straw mulch as much as 5 t ha-1 

and 10 t ha-1 increases the weight of marketable yield, whereas in the water supply of 50%  FC 

only the rice straw mulch is 10 t ha-1 which can increase marketable yield of cauliflower 

weight. 

 

3.8 Weight of edible curd 

 The results of the analysis show that there is an effect of the interaction between the supply of 

water and the dosage of rice straw mulch on the weight of  edible curd per plant. Results of the 

analysis of simple effects presented in Table 7. When there is no mulching,watersupplyof 

50% FC and75% FC may reduce the weight of edible curd per plant. Whereas in the case of 

being applied mulch with a dosage of 5 or 10 t ha-1 the water supply of 75% FC does not 

reduce the weight of the edible curd only water supply 50% FC which reduces the weight of  

edible curd per plant. 

In a field capacity, only 10 t ha-1 of mulch is applied which significantly increases the 

yield. While at the level of water supply of 75% FC of rice straw mulch as much as 5 t ha-1 

and 10 t ha-1 increases the weight of  edible curd per plant. In water supply 50% FC, 

application of  rice straw mulch cannot increase the weight of edible curd. 

 

Table 7. Weight of cauliflower consumable (g) affected with water supply and rice straw 

mulch 

Rice Straw 

Mulch 

Water Supply  (%) 

a1 (100%=FC) a2 (75% FC) a3 (50% FC) Mean 

m0 (0 tha-1) 184.21 a 118.59 a 58.93 a 120.57 

 C   B   A     

m1 (5 tha-1) 218.39 a 161.32 b 63.96 a 147.89 
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 B   B   A     

m2 (10 tha-1) 257.57 b 221.07 c 98.34 a 192.33 

 B   B   A     

Mean 220.06   166.99   73.74   153.60 

Note:The average number of treatments that are marked with the same letters in each column 

(lowercase letters) and each row (uppercase letters) are not significantly different at the 

5% significant level based on Duncan's Multiple Range Test. 

 

 

4. Discussion 

 

Cauliflower plants are plant that require a high amount of water for their survival. Although 

the Orient cultivar is a cauliflower plant that is able to adapt in the lowlands both the rainy and 

dry seasons, but this plant basically requires adequate air humidity and soil moisture. 

Cauliflower plants are usually planted on soil with sufficient irrigation accompanied with 

adequate drainage (Rukmana, 1994). Based on this, the use of rice straw mulch is an 

alternative technology that can be used to reduce evaporation in the cultivation of cauliflower 

in the lowlands so that it can maintain soil moisture. 

The response of cauliflower plants to the supply of water and the dosage of rice straw 

mulch was seen in the high components of plants starting at age 21 DAP, this indicates that up 

to the age of 14 days the supply of 50% water without mulch still meets the water needs of the 

cauliflower plant. At the age of plants 28 and 35 days, there is an interaction effect between 

the supply of water and the dosage of rice straw mulch on the height of cauliflower plants, this 

is due to the period of 21 DAP, 28 DAP, and 28 DAP, and 35 DAP.  At  the highest dosage of 

5 t ha-1 rice straw mulch was obtained by supply 100% water (FC), while at the mulch dosage 

10 t ha-1 the three levels of water supply had almost the same maximum. The lack of water in 

cauliflower plants that were applied new rice straw mulch had an effect on the plant height of 

35 days old because the older the plant the higher the water demand. 

The response of each component of growth to the supply of water varies. On the number 

of leaves the effect of supply water began to appear at the age of 35 days, this caused a 

difference in leaf area index. Generally the leaf area index of cabbage plants on water supply 

is 50% lower than the leaf area index at the two other levels of water supply. 

At the beginning of the growth the net assimilation rate is still low because the plants are 

still small, then increasing, the leaves are functioning in photosynthesis causing an increase in 

the net assimilation rate. Older, many leaves are shaded, so the net assimilation rate decreases 

even though the leaf area index increases, because many leaves are shaded. The leaf aging 

causes low rates of net assimilation due to reduced photosynthetic rates while respiration 

continues (Gardner et al., 1991). Older leaves may burden physiological process of estate 

crops (Subandi et al., 2017) 

The role of groundwater that is beneficial for plants, among others, as fertilizer solvents, 

as soil temperature stabilizers, as solvents and triggers for non-available  nutrient supply 

chemical reactions becomes available, as solvents and carrying nutrient ions from the 

rhizosphere into the roots then to the leaves and as a means of transportation and distribution 

of finished nutrients from leaves to all parts of the plant. Based on this condition, the condition 

of sufficient water will increase the absorption of nutrients by plant (Hanafiah, 2007; Subandi 

et al., 2018)   

More than 50% FC of the water supply is used in the generative phase (age 35 DAP until 

harvest), lack of water in this phase causes a decrease in yield components so that yields are 

low.  At seedling black locus, watering 30-40% of field capacity and the longer watering 

interval, the lower photosynthesis and transpiration rate, stomatal conductance and growth of 
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plant (Anggraeni, et al., 2015). Rice straw mulch plays a role in reducing evaporation, thereby 

helping plants absorb nutrients which can ultimately increase plant growth and yield.  

The supply of straw mulch can maintain soil moisture 50% higher than without mulch. 

With the maintenance of soil moisture it will create a microclimate that is conducive to both 

plant growth and soil organisms. Increased activity of soil organisms will increase soil 

capacity to hold water and nutrient availability for plants. This causes the cauliflower plants 

which receive 100% water accompanied by 10 t ha-1 of rice straw mulch to obtain the highest 

yield(Kumar & Lal, 2012). 

The inflorescence time of cauliflower plants is influenced with the supply of water and 

the amount of rice straw mulch. Cauliflower buds are formed after plants reach a carbon / 

protein balance. This is related to the ability of plants to assimilate, accumulate food, and the 

allocation or distribution of assimilation results because carbon is mostly derived from the 

mobilization of food reserves and the results of photosynthesis. Applied that water plays a role 

in photosynthesis and the distribution of assimilation results, the higher the availability of 

water, the faster the cauliflower time is reached. Therefore the fastest cauliflower  time in this 

experiment was achieved by cauliflower plants which were treated with a level of 100% water 

(FC) combined with a dosage of rice straw mulch 10 t ha-1. This is in line with the highest 

cauliflowerweight without leaves obtained from cauliflower plants with the treatment of the 

level of 100% water applied 10 tha-1 rice straw mulch while the lowest weight is obtained 

from cabbage cauliflowerplants with a level of 50% water supply without mulch (Elisa, 2004) 

Each component of the highest yield is achieved by the level of water supply field 

capacity. Growth components and high yield components in conditions of field capacity 

indicated that this growth requires water available for optimal performance.  Availability of 

water is needed to adapt and be used for plant growth, including for increasing leaf area 

(Doorenbos & Kassam, 1979). Short-term water deficits only affect gas exchange capacity and 

photosynthetic efficiency, while in the long run it results in decreased efficiency of dry matter 

formation (Munchow et al., quoted by Agung & Rahayu, 2004). Furthermore, lack of water 

results in reduced photosynthesis because dehydration of protoplasm will reduce 

photosynthetic capacity (Thomas & Lasminingsih quoted by Agung & Rahayu, 2004). 

Sufficient water will support an increase in leaf area so that it is related to the level of crop 

production (Gardner et al., 1991). The low amount of water will cause limited root 

development, thus disrupting nutrient absorption by plant roots (Santosa quoted Agung & 

Rahayu, 2004). This lack of water will cause nitrogen nutrient uptake to be inefficient and will 

reduce the growth and yield of soybean crops (Agung & Rahayu, 2004). Soil environment 

which is lack of water in the first stages of growth may cause the retarded plantlet (Subandi, et 

al., 2018a) 

 

 

5. Conclusion  

 

Cauliflower plants are plant that require a high amount of water for their survival. Although 

the Orient cultivar is a cauliflower plant that is able to adapt in the lowlands both the rainy and 

dry seasons. Without rice straw mulch plant growth decreased if water supply less than 75% 

FC, but plant growth of cauliflower still good with rice straw mulch 5 or 10 t ha-1 although 

water supply 75% FC.  Cauliflower gave result worst if supply water 50% FC. Each 

component of the highest yield is achieved by the level of water supply at field capacity. 

Growth components and high yield in conditions of field capacity indicated that this growth 

requires water available for optimal performance, and applied of straw mulch 5-10 t ha-1 can 

be alternative to preserve available water in the soil.  
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ABSTRACT 

Limited available water, especially in dry land, causes decreasing 

production of vegetable plants. Cauliflower originates from 

subtropical regions which require water. Mulching can manage 

water to a limited extent. An experiment was carried out in the 

lowlands to find out whether cauliflower cultivar Orient hybrid 

could grow in an environment with water available under optimal 

conditions combined with the use of rice straw mulch. The 

experimental results show that the Orient hybrid of cauliflower is a 

lowland plant that can provide the same (marketable curd) yield 

even with the water conditions below the field capacity (75% FC). 

The use of rice straw mulch doses of 5-10 t/ha-1 can help maintain 

water available for plants. The Orient cultivar hybrid is a lowland 

cauliflower sufficiently tolerant to lack of water. 
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1. INTRODUCTION  
 

Cabbage (Brassica oleracea L. Var botrytis sub var. Cauliflora DC) is one of the commercial 

vegetables produced in Indonesia. The plant belongs to the cabbage family of Brassicaceae. 

Ministry of Agriculture of the Republic of Indonesia has developed highland vegetable species to 

be planted in five lowland West Java districts combined with other food crops (Ministry of 

Agriculture, 2012) because the lowlands of West Java have high potential to be developed and 

planted with vegetables from the highlands such as cabbage, cauliflower, and caysim. The success 

of the vegetable cultivation development program in the lowlands can be demonstrated by an 

increasing production of cauliflower from 2010 to 2012, namely 101,205 tons in 2010, 113,491 

tons in 2011, and 135,837 tons in 2012 (Central Bureau Statistics, 2013). 

 

As cauliflower originates from the subtropical region, it is more suitable to be planted in low-

temperature highlands in Indonesia, but there are now seeds of cauliflower cultivars that tolerate 

high temperatures. One of them is cauliflower F1 cultivar Orient hybrid. Although this cauliflower 

is profitable and lowland cultivars have been available, the cultivating vegetables, especially 

hybrids in the lowlands, have various problems. The problems in the lowlands are limited water, 

types and fertility of soil, low air humidity, high temperatures, and frequent attacks by pests and 

diseases (Kasiran, 2006). 

 

Based on the four problems of the limited water in vegetable crops, cauliflower is the main 

problem. Cauliflower includes inflorescent-producing vegetable crops which require a lot of water. 

Water deficiency stresses plants, impoverishes them in enzymes, and reduces growth speed. Water 

is a major component of photosynthesis. Lack of water causes turgidity of stomata guard cells to 

decrease, stomata to close, CO2 absorption to reduce, and photosynthesis to decrease. Water plays 

a role in the translocation of photosynthesis. That inhibits plant growth. Water influences the work 

of enzymes in metabolic processes because water acts as a temperature stabilizer in plants. 

Therefore the availability of water will affect metabolic processes in plants and decrease growth 

and productivity (Fitriana et al., 2009).    

 

Water shortages are often caused by climatic conditions and weather characteristics. In the tropics, 

especially during the dry season, evaporation is so high that water shortages are frequent (Blaha et 

al. cited in Koudela et al., 2011). Lack of water can stress plants which results in stress on 

physiological processes and other functionalities. The first response to lack of water is closing the 

stomata which will inhibit photosynthesis so that the flow of carbon dioxide decreases, which 

triggers respiration (Zlatev and Lidon, 2012). In a drought the plant will reduce the use of 

carbohydrates to maintain its metabolic process. This will decrease the carbon content so that plant 

growth is hampered and can even cause death (McDowel et al. cited in Liu et al., 2012). 

 

Efforts to reduce water evaporation can be done by using mulch. One agricultural waste in lowland 

rice fields is rice straw. Besides being able to reduce production costs the use of rice straw as mulch 

is expected to be able to restore organic matter into the soil, decrease soil temperature, conserve 

moisture in the soil, and act as nutrient. Hence it can improve growth and yield of vegetable, 

mainly in the lowlands.  This study aims to determine the water requirements and the effect of 

using mulch on the growth and yield of cauliflower in the lowlands. 

 

2. MATERIALS AND METHODS 
 

The experiment was conducted in the Puseurjaya Village in the East Telukjambe District of the 

Karawang region of the West Java Province located at the altitude of ±17m above sea level. The 

soil used was Inceptisol with a clay texture and the pH of 4.75. The experimental design used was a 

randomized block design (RBD) with a factorial pattern. The first factor was the supply of water 

(A) consisting of three levels; a1 = 100% (field capacity), a2 = 75% FC, and a3 = 50% FC. The 
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second factor was the dosage of rice straw mulch (M) which consists of three levels: m0 = without 

mulch, m1 = rice straw mulch 5 t/ha-1 and m2 = rice straw mulch 10 t/ha-1. Each treatment was 

repeated three times.  

 

Water supply for the first 7 days was the same for all treatments in the conditions of field capacity.  

Water was supplied every day from the time the plants were 8 days old until harvest. The addition 

of the supply of water lost was calculated by the Gravimetric Water Content method. Dried straw 

mulch cut into ± 10cm was introduced simultaneously with the start of the supply of water, 8 days 

after planting. Inorganic fertilizer dosages were used on recommendations of Maynard and 

Hocmuth (Susila, 2006).  

 

Measurement of growth components included plant height, number of leaves, and stem diameter, 

Leaf Area Index (LAI), and Net Assimilation Rate (NAR) were measured every 7 days. 

Observation of yield components included the diameter of the cauliflower curd, curd height, shoot 

weight, and marketable yield of cauliflower plants. Data from growth response variables using 

regression analysis followed by parallelity and confusion tests (Draper and Smith cited in Ariyanto 

et al. (2013). Plant height, the number of leaves, curd diameter, curd height, shoot weight, and the 

weight of marketable yield per plant were analyzed using variance analysis and continued with 

Duncan's Multiple Range Test (DMRT) at 5% significant level (Steel and Torrie, 1989). 

 

3. RESULTS 
 

3.1. Plant height 

The results of the analysis showed that there was an interaction effect between the supply of water 

and the dosage of straw mulch on the plant height at 28 and 35 days only. Table 1 show that at 21 

and 42 days after planting the highest cauliflower plant height was achieved with the supply of 

water in a field capacity condition (100%). The same table shows that at 21 and 42 days the height 

of the cauliflower plants that had mulch is higher than the height of the plants that did not have 

mulch. At 42 days a 10t/ ha-1 rice straw mulch can increase plant height compared to no mulch. 

 

Table 1: Cauliflower plant height (cm) at the age of 7, 14, 21, and 42 DAP affected by water 

supply and rice straw mulch 
 

Treatment 
Mean of Plant Height (cm) 

7 DAP 14 DAP 21 DAP 42 DAP 

Water Supply (A)  

        a1= 100% (FC) 17.50 a 25.11 a 36.89 b 52.67 c 

a2=75%  FC 17.33 a 24.95 a 35.56 a 49.72 b 

a3=50% FC 17.89 a 25.28 a 34.61 a 44.50 a 

Rice Straw Mulch  (M) 

       m0= 0 t ha-1 17.83 a 25.17 a 34.28 a 47.50 a 

m1= 5 t ha-1 17.39 a 25.17 a 36.33 b 49.00 ab 

m2= 10 t ha-1 17.50 a 25.00 a 36.44 b 50.39 b 
 

Note: The average number of treatments followed by the same letter in the column direction is not 

significantly different according to DMRT at the 5% level 
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Table 2: Height of cauliflower plants (cm) at 28 and 35 DAP affected by water supply and 

rice straw mulch 
 

Plant age Mulch 
Water Supply 

a1 (FC) 
 

a2 (75%FC) 
 

a3 (50% FC) 
 

Mean 

28 DAP m0  (0 t ha-1) 43.33 a 39.17 a 34.00 a 38.83 

 
 

C 
 

B 
 

A 
  

 m1  (5 t ha-1) 44.17 a 43.83 b 41.33 b 43.11 

 
 

A 
 

A 
 

A 
  

 m2  (10 t ha-1) 43.67 a 43.33 b 42.67 b 43.22 

 
 

A 
 

A 
 

A 
  

 Mean : 43.72 
 

42.11 
 

39.33 
 

41.72 

35 DAP m0  (0 t ha-1) 48.83 a 44.67 a 36.00 a 43.17 

 
 

C 
 

B 
 

A 
  

 m1  (5 t ha-1) 49.00 a 50.00 b 42.17 b 47.06 

 
 

B 
 

B 
 

A 
  

 m2  (10 t ha-1) 52.00 a 48.67 b 45.50 b 48.72 

 
 

B 
 

AB 
 

A 
  

 Mean : 49.94 
 

47.78 
 

41.22 
 

46.31 
 

Note: The average treatment number is indicated by the same (lowercase) letter in each column and each line 

(uppercase) and they are not significantly different at the 5% real level based on Duncan's Multiple Range Test 

 

Table 2 shows that when plants are 28 and 35 days old in sufficient water conditions (field 

capacity) rice straw mulching does not affect their height. But at the water supply of 75% and 50% 

FC rice straw mulch can increase plant height. On the other hand supply of 75% and 50% FC 

decreases the plant height for each dosage of rice straw mulch only if mulch is not applied. At 35 

days the dosage of 5 t/ha-1 and 10 t/ha-1 of rice straw mulch with the reduction of water supply 

affects plant height. 

        

3.2. Number of leaves 

The interaction between water supply and dosages of rice straw mulch has no effect on the number 

of leaves per plant and stem diameter. The supply of water significantly affects the number of 

leaves per plant at 42 days. The number of leaves was the highest at medium field capacity. The 

dosage of rice straw mulch only affects the number of leaves per plant at 42 days. 5 t/ha-1 and 10/t 

ha-1 of straw mulch yielded a higher number of leaves (Table 3). 

 

Table 3: Number of leaves per cauliflower plant (strands) at 7, 14, 21, 28, 35, and 42 DAP 

affected by water supply and rice straw mulch 
 

Treatments Number of Leaves per Plant 

 7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       

a1= 100% (FC) 6.11 a 8.59 a 12.33 a 15.56 a 18.67 b 23.44 c 

a2=75% FC 6.00 a 8.48 a 12.12 a 15.22 a 18.00 b 21.67 b 

a3=50% FC 6.11 a 8.44 a 12.00 a 14.56 a 16.56 a 18.89 a 

Mulch (M)             

m0 = 0 t ha-1 6.22 a 8.80 a 12.12 a 14.78 a 17.78 a 20.56 a 

m1 = 5 t ha-1 6.11 a 8.35 a 12.22 a 15.22 a 17.67 a 21.78 b 

m2 = 10 t ha-1 5.89 a 8.36 a 12.11 a 15.33 a 17.78 a 21.67 b 
 

Notes: The average treatment number is indicated by the same (lowercase) letter in each column and each line 

(uppercase) is not significantly different at the 5% real level based on Duncan's Multiple Range Test 
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3.3. Stem diameter 

The supply of water has an effect on the stem diameter from the age of 21 DAP to harvest.  From 

28 to 42 days the 50% and 75% water supply results in a shorter stem diameter compared to 100% 

water supply. Measures of rice straw mulch affect the stem diameter from 35 days until harvest. 

The application of 5 t/ha-1 and 10 t/ha-1 of rice straw mulch resulted in a longer diameter of the 

cauliflower plant stems compared to that without mulch at 35 and 42 days after planting (Table 4). 

 

Table 4: Stem diameter of cauliflower (mm) at age 7, 14, 21, 28, 35, and 42 days as affected by 

water supply and rice straw mulch 
 

Treatments Stem diameter (mm) 

 7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       

a1= Field Capacity 4.10 a 5.62 a 7.69 b 9.40 c 11.12 c 12.63 c 

a2=75%  FC 3.88 a 5.42 a 7.38 b 8.80 b 10.03 b 11.26 b 

a3=50%  FC 3.93 a 5.24 a 7.01 a 8.22 a 9.00 a 9.68 a 

Rice Straw Mulch(M)             

m0= 0 t ha-1 4.06 a 5.70 a 7.21 a 8.59 a 9.67 a 10.77 a 

m1= 5 t ha-1 4.01 a 5.44 a 7.37 a 8.92 a 10.27 b 11.31 b 

m2= 10 t ha-1 3.84 a 5.14 a 7.50 a 8.91 a 10.22 b 11.49 b 
 

Note: The average treatment number is indicated by the same (lowercase) letter in each column and each line 

(uppercase) and they are not significantly different at the 5% real level based on Duncan's Multiple Range Test 

 

3.4. Leaf area index (LAI)  

Plant response measured on Leaf Area Index (LAI) of the cauliflower plants to the supply of water 

at each dosage of rice straw mulch is shown in Figure 1. In conditions without mulch, the 

cauliflower plants are in a different state of field capacity with a growth rate of 75% and 50% of 

water supply, whereas in the supply of 5 tons of mulch per hectare and 10 tons per hectare LAI at 

the water level the field capacity is equal to 75% but faster the LAI growth compared to 50% water 

supply. 
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Figure 1: Grafts of Leaf Area Index of cauliflower affected with water supply and rice straw 

mulch 

 

3.5. Net assimilation rate (NAR) 

In the absence of mulch by supply 100% water (FC) the net assimilation rate is higher than the 

supply of water 75%% and 50% FC.  The optimum NAR reaches at the age of 14-21 days after 

which it decreases at different speeds. In the applicationof 5 t ha-1rice straw mulch,  plants in the 

supply of 100% water (FC)  have  the same  pattern  with 50%  FC, whereas  with  

    

 
 

Figure 2: Net Assimilation Rate of cauliflower affected with water supply and rice straw 

mulch 
 

75% water supply the pattern is different but higher NAR is in field capacity water supply . At the 

dosage of straw mulch 10 t ha-1 of cauliflower plants in the field capacity the pattern is different 

from the supply of 50% FC water but the same as the supply of 75% water, NAR is optimal at 

supply water 50% FC or 75% FC higher than supply water at field capacity (Figure 2). 

       

3.6. Curd diameter, curd height and shoot weight of cauliflower  

The results of the variance analysis showed that there was no interaction effect between the level of 

water supply and the dosage of mulch on the curd diameter, the curd height and shoot weight of the 

cauliflower with the results of the analysis of main effect shown in Table 5. 

 

In Table 5 it can be seen that in the water supply of 50% FC and 75% FC the size of the diameter, 

height cauliflower mass and fresh weight of shoot are smaller than that of the field capacity water 
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supply. While supply rice straw mulch at a rate of 10 t ha-1 can increase the size of the diameter and 

height of cauliflower mass, and also fresh weight of the cauliflower shoot. 

 

Table 5: Curd diameter, curd height and shoot weight of cauliflower affected with water 

supply and rice straw mulch 
 

Treatment Curd Diameter (cm) Curd Height (cm) 
Shoot Weight per 

Plant (g) 

Water supply :       

a1=100%  (FC) 12.54 c 7.92 c 757.16 c 

a2=  75%  FC 11.16 b 6.96 b 577.71 b 

a3=  50%  FC 7.56 a 5.34 a 361.87 a 

Rice straw mulch:       

m0= 0 t ha-1 9.47 a 6.17 a 550.83 a 

m1= 5  t ha-1 9.78 a 6.57 a 553.99 a 

m2= 10 t ha-1 12.01 b 7.49 b 591.92 b 
 

Note: The average number of treatments followed by the same letter in the direction of the to DMRT column 

is not significant according at the 5% level 
 

3.7.  Weight of marketable yield per plant 
Weight of marketable yield is affected by water supply and application of rice straw mulch. In 

conditions without mulch, water supply 50% FC and 75% FC even lowering the weight of 

marketable yield per plant. In the delivery of 5 and 10 t-1 dosages of rice straw mulch, 75% FC of 

the water supply does not reduce the weight of marketable yield of cauliflower, while the water 

supply of 50% FC reduced the yield of the cauliflower marketable (Table 6). 

   

Table 6: Weight of marketable yield per plant (g) affected with water supply and rice straw 

mulch 
 

Rice Straw Mulch 
Water Supply 

a1 (100%) 
 

a2 (75%) 
 

a3 (50%) 
 

Mean 

m0  (0 t ha-1) 257.40 a 179.39 a 94.85 a 177.21 

 
C 

 
B 

 
A 

  
m1  (5 t ha-1) 297.57 ab 222.95 b 112.43 ab 210.98 

 
B 

 
B 

 
A 

  
m2  (10  t ha-1) 319.79 b 278.80 c 140.13 b 246.24 

 
B 

 
B 

 
A 

  
Mean 291.59 

 
227.05 

 
115.80 

 
211.48 

 

Note : The average number of treatments that are marked with the same letters in each column (lowercase 

letters) and each row (uppercase letters) are not significantly different at the 5% real level based on Duncan's 

Multiple Range Test 

 

In the case of field capacity, supply mulch as much as 5 t ha-1 and 10 t ha-1 does not significantly 

improve the yield. At the level of 75% FC of rice straw mulch as much as 5 t ha-1 and 10 t ha-1 

increases the weight of marketable yield, whereas in the water supply of 50% FC only the rice 

straw mulch is 10 t ha-1 which can increase marketable yield of cauliflower weight. 

 

3.8 Weight of edible curd 

The results of the analysis show that there is an effect of the interaction between the supply of 

water and the dosage of rice straw mulch on the weight of edible curd per plant. Results of the 

analysis of simple effects presented in Table 7. When there is no mulching, watersupplyof 50% FC 

and75% FC may reduce the weight of edible curd per plant. Whereas in the case of being applied 
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mulch with a dosage of 5 or 10 t ha-1 the water supply of 75% FC does not reduce the weight of the 

edible curd only water supply 50% FC which reduces the weight of edible curd per plant. 

 

In a field capacity, only 10 t ha-1 of mulch is applied which significantly increases the yield. While 

at the level of water supply of 75% FC of rice straw mulch as much as 5 t ha-1 and 10 t ha-1 

increases the weight of  edible curd per plant. In water supply 50% FC, application of  rice straw 

mulch cannot increase the weight of edible curd. 

 

Table 7: Weight of cauliflower consumable (g) affected with water supply and rice straw 

mulch 
 

Rice Straw Mulch 
Water Supply  (%) 

a1 (100%=FC) a2 (75% FC) a3 (50% FC) Mean 

m0 (0 tha-1) 184.21 a 118.59 a 58.93 a 120.57 

 
C 

 
B 

 
A 

  
m1 (5 tha-1) 218.39 a 161.32 b 63.96 a 147.89 

 
B 

 
B 

 
A 

  
m2 (10 tha-1) 257.57 b 221.07 c 98.34 a 192.33 

 
B 

 
B 

 
A 

  
Mean 220.06 

 
166.99 

 
73.74 

 
153.60 

 

Note: The average number of treatments that are marked with the same letters in each column (lowercase 

letters) and each row (uppercase letters) are not significantly different at the 5% significant level based on 

Duncan's Multiple Range Test 
 

4. DISCUSSION 
 

Cauliflower plants require a high amount of water for survival. Although the Orient cultivar can 

adapt to the lowlands in both the rainy and dry seasons, this plant requires adequate air humidity 

and soil moisture. Cauliflower plants are usually planted on soil with sufficient irrigation with 

adequate drainage (Rukmana, 1994). Based on this the use of rice straw mulch is an alternative 

technology that can reduce evaporation and maintain soil moisture. 

 

The response of cauliflower plants to the supply of water and rice straw mulch was seen in the high 

components of plants starting at 21 DAP. This indicates that up to 14 days the supply of 50% water 

without mulch still meets the water needs of the cauliflower plant. At 28 and 35 days the supply of 

water and dosage of rice straw mulch affect the height of the plants due to the period of 21, 28, and 

35 DAP. The highest dosage of 5t/ha-1 of rice straw mulch obtained 100% water (FC), while at 10t/ 

ha-1 of mulch the three levels of water supply had almost the same maximum. Lack of water in 

cauliflower plants that were applied new rice straw mulch had an effect on the plant height at 35 

days because the older the plant, the higher the demand for water. 

 

The response of each component of growth in the supply of water varies. On the number of leaves 

the effect of supplying water began to appear at 35 days. This caused a difference in the leaf area 

index. Generally the leaf area index of cabbage plants on water supply is 50% lower than the leaf 

area index at the two other levels of water supply. 

 

At the beginning of the growth the net assimilation rate is still low because the plants are small. As 

they grow, the leaves function in photosynthesis, causing an increase in the net assimilation rate. 

Many older leaves are shed, so the net assimilation rate decreases even though the leaf area index 

increases, because many leaves are shed. The aging of leaves causes low rates of net assimilation 

due to reduced photosynthetic rates while respiration continues (Gardner et al., 1991). Older leaves 

may burden the physiological process of estate crops (Subandi et al., 2017). 
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Groundwater benefits plants as a fertilizer, soil temperature stabilizer, solvent, and a trigger for 

unavailable nutrient supply chemical reactions becomes available, as solvents carry nutrient ions 

from the rhizosphere into the roots and leaves, and as a means of transportation and distribution of 

nutrients from leaves to all parts of the plant. Sufficient water will increase absorption of nutrients 

(Hanafiah, 2007; Subandi et al., 2018). 

   

More than 50% at FC of the water supply are used in the generative phase (35 DAP until harvest). 

Lack of water in this phase causes a decrease in yield components and low yields. At seedling black 

locus, watering 30-40% of field capacity and longer watering intervals lower photosynthesis and 

transpiration rate, stomatal conductance, and growth of a plant (Anggraeni et al., 2015). Rice straw 

mulch plays a role in reducing evaporation, thereby helping plants absorb nutrients which can 

increase their growth and yield. 

  

The supply of straw mulch can maintain soil moisture 50% higher than without mulch. 

Maintenance of soil moisture will create a microclimate conducive to plant growth and soil 

organisms. Increased activity of soil organisms will increase soil capacity to hold water and 

nutrients to plants. This causes the cauliflower plants which receive 100% water with 10 t/ha-1 of 

rice straw mulch to obtain the highest yield (Kumar and Lal, 2012). 

 

The inflorescence time of cauliflower plants is influenced by the supply of water and the amount of 

rice straw mulch. Cauliflower buds are formed after plants reach a carbon/protein balance. This is 

related to the ability of plants to assimilate, accumulate food, and the allocation or distribution of 

assimilation results because carbon is mostly derived from mobilization of food reserves and the 

result of photosynthesis. Owing to the fact that water plays a role in photosynthesis and the 

distribution of assimilation results, the higher the availability of water, the faster the harvest. 

Therefore the fastest harvest time in this experiment was achieved by cauliflower plants which 

were treated with 100% water (FC) combined with a dosage of 10 t/ha-1 of rice straw mulch. This is 

in line with the heaviest cauliflower weight without leaves obtained from plants with 100% water 

supply plus 10 t/ha-1 of rice straw mulch while the lightest weight is obtained from cabbage 

cauliflower plants with 50% water supply without mulch (Elisa, 2004). 

 

Each component of the highest yield is achieved by the level of water supply field capacity. Growth 

components and high yield components in conditions of field capacity indicated that this growth 

requires water available for optimal performance. Availability of water is needed to adapt and be 

used for plant growth and increasing leaf area (Doorenbos and Kassam, 1979). Water deficits only 

affect gas exchange capacity and photosynthetic efficiency in the short term, while in the long term 

they result in decreased efficiency of dry matter formation (Munchow et al. cited in Agung and 

Rahayu, 2004). Lack of water results in reduced photosynthesis because dehydration of protoplasm 

will reduce photosynthetic capacity (Thomas and Lasminingsih cited in Agung and Rahayu, 2004). 

Sufficient water will support an increase in leaf area related to the level of crop production 

(Gardner et al., 1991). Low amount of water will cause limited root development. That will disrupt 

nutrient absorption. Lack of water will cause nitrogen nutrient uptake to be inefficient and reduce 

the growth and yield of soybean crops (Agung and Rahayu, 2004). Soil environment lacking water 

in the first stages of growth may cause a retarded plantlet (Subandi and Dikayani, 2018).  

 

5. CONCLUSION  
 

Cauliflower plants require high amounts of water. Although the Orient cultivar can adjust to both 

the rainy and dry seasons in the lowlands, plant growth will decrease without rice straw mulch at 

water supply lower than 75% FC, but will be good with 5 or 10 t/ha-1 of rice straw mulch at the 

water supply of 75% FC. The worst result was observed at the water supply of 50% FC. Each 

component of the highest yield is achieved by the level of water supply at field capacity. Growth 

components and high yield in conditions of field capacity indicated that this growth requires water 
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available for optimal performance, and straw mulch applied at 5-10 t/ha-1 can be a means of 

preserving water in the soil.  
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Growth and Yield of Cauliflower (Brassica oleracea. L.) As the Effect of 

Water Supply and the Dosages of Rice Straw Mulch. 

 

 

Abstract 

Limited available water especially in dry land cause of decreasing productivity of vegetable 

plant.  Cauliflower originates from sub-tropical region which need enough water.  Mulching 

can manage limited water.  An experiment was carried out in the lowlands with the aim of 

knowing the ability to grow and produce cauliflower cultivar hybrids Orient in an environment 

of water availability under optimal conditions accompanied by the use of rice straw mulch. 

The experimental results show that Hybrids Orient of cauliflower is a lowland plant that can 

provide the same yield (marketable curd) even though the water conditions are below the field 

capacity (75% FC). The use of rice straw mulch doses of 5-10 t ha-1 can help maintain water 

availability for plants.  Cultivar hybrids Orient is a cauliflower low land which enough tolerant 

to lack of water.  

 

Keywords:  Cauliflower, rice straw mulch, water supply, yield 

 

 

 

1. Introduction 

 

Cabbage (Brassica oleracea L. Var botrytis sub var. Cauliflora DC) is one of the commercial 

vegetables produced in Indonesia. This plant is a vegetable crop that is belong to the cabbage 

or Brassicaceae.  Ministry of Agriculture of the Republic of Indonesia has developed highland 

vegetable species to be planted in five lowland West Java districts combined with other food 

crops (Ministry of Agriculture, 2012). This is because the lowlands areas in West Java have 

great potential to be developed and planted with vegetables from highlands such as cabbage, 

cauliflower and caysim. The success of the vegetable cultivation development program in the 

lowlands can be demonstrated by the increasing production of cauliflower from 2010 to 2012, 

namely 101,205 tons (2010), 113,491 tons (2011), and 135,837 tons (2012) (Central Bureau 

Statistics, 2013). 

Basically, cauliflower is a vegetable originating from the sub-tropical region so that in 

Indonesia it is more suitable to be planted in low-temperature highlands, but in its 

development there are now seeds of cauliflower cultivars that are tolerant of high 

temperatures, one of which is cauliflower F1 cultivar hybrids Orient. Although this cauliflower 

in view of agribusiness is profitable and lowland cultivars have been available. The cultivating 

vegetables, especially hybrids in the lowlands, has various problems. The four problems in the 

lowlands are limited water resources, soil types and soil fertility, low air humidity, high 

temperatures, and high intensity of pest and plant disease attacks (Kasiran, 2006). 

Based on the four problems the limited water in vegetable crops, especially cauliflower 

is the main problem. Cauliflower includes inflorescent-producing vegetable crops whose water 

requirements is quite high. Water deficiency is a limiting stressor for plants, decreases enzyme 

activity and reduces growth speed. Water is a major component of photosynthesis. Lack of 

water in plants will cause turgidity of stomata guard cells to decrease, stomata closed, CO2 

absorption is reduced so that the rate of photosynthesis decreases. Water plays a role in the 

translocation of photosynthesis. Lack of water will cause the dissolution of photosynthesis 

results is reduced and translocation to plant parts decreases and plant growth is inhibited. The 
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work of enzymes in metabolic processes is influenced by water because water acts as a 

temperature stabilizer in plants. Therefore the availability of water will affect metabolic 

processes in plants and decrease plant growth and productivity (Fitriana, et al., 2009)    

Water shortages are often caused by climatic conditions and weather characteristics. In 

the tropics, especially during the dry season, evaporation is so high that there is often a 

problem of water shortages (Blaha et al. quoted by Koudela et al., 2011). Lack of water can 

cause stress on plants which results in stress on physiological processes and other functional 

activities. The first response to the lack of water is to close the stomata which will inhibit 

photosynthesis so that the flow of carbon dioxide decreases, which triggers respiration (Zlatev 

& Lidon, 2012). In a condition of drought the plant will reduce the use of carbohydrates to 

maintain its metabolic process, this decreases the carbon content so that plant growth is 

hampered and can even cause death (Mc Dowel et al. in Liu et al., 2012) 

Efforts to reduce water evaporation can be done by using mulch. One of the agricultural 

wastes in lowland rice fields is rice straw.  Besides being able to reduce production costs, the 

use of rice straw as mulch is expected to be able to restore organic matter into the soil, 

decrease soil temperature, conservation of soil moisture  and as a source of nutrient.  So it can 

improve growth and yield of vegetable, mainly in lowland.  The study aims to determine the 

water requirements and the effect of using mulch on the growth and yield of cauliflower in the 

lowlands. 

 

 

2. Materials and methods 

 

The experiment was conducted in Puseurjaya Village, East Telukjambe District, Karawang 

Regency, West Java Province, located at an altitude of ± 17 m above sea level. The soil used 

was the order Inceptisol with clay texture and pH 4.75. The Experimental design used was  

randomized block design (RBD) with factorial pattern. The first factor was the supply of water 

(A) consisting of three levels, namely; a1 = 100% (field capacity), a2 = 75% FC, and a3 = 50% 

FC. The second factor was the dosage of rice straw mulch (M) which consists of three levels, 

namely m0 = without mulch, m1 = rice straw mulch 5 t ha-1, and m2 = rice straw mulch 10 t 

ha-1. Each treatment was repeated three times.  

Water supply for the first 7 days was the same for all treatments, namely in conditions of 

field capacity. The treatment of supply water wasapplied every day from the time the plants 

was 8 days old until harvest. The addition of the supply of water lost was calculated by the 

Gravimetric Water Content method. The installation of dried straw mulch which has been cut 

into ± 10 cm was done simultaneously with the start of the application of water treatment, 

which was 8 days after planting. Inorganic fertilizer dosages used the recommendations of 

Maynard and Hocmuth cited by Susila (2006).  

Measurement of growth components included plant height, number of leaves, and stem 

diameter, Leaf Area Index (LAI), and Net Assimilation Rate (NAR) were done every 7 days. 

Observation of yield components included diameter of cauliflower curd, curd height and shoot 

weight, and marketable yield of cauliflower plants. Data from growth response variables using 

regression analysis followed by parallelity and confusion tests (Draper and Smith cited 

Ariyanto et al., (2013). Observational data include plant height, number of leaves, curd 

diameter diameter, curd height,  shoot weight, weight of marketable yield per plant was 

analyzed using variance analysis and continued with Duncan's Multiple Range Test (DMRT) 

at 5% significant level (Steel & Torrie, 1989). 
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3. Result 

 

3.1  Plant Height 

The results of the analysis showed that there was an interaction effect between the supply of 

water and the dosage of straw mulch on plant height at the age of 28 and 35 days only. Table 

1 shows that at the age of 21 days, and 42 days after planting, the highest cauliflower plant 

height was achieved in the supply of water in a field capacity condition (100%). The same 

table also shows that at the age of 21 and 42 days the height of the cauliflower plants that are 

applied mulch is higher than the height of the plants that are not applied mulch. At the age of 

42 days a 10 t ha-1 rice straw mulch can increase plant height compared to no mulch. 

 

Table 1. Cauliflower plant height (cm) at the age of  7, 14, 21, and 42 DAP affected with 

water supply and  rice straw mulch 

Treatment 
Mean of Plant Height (cm) 

7 DAP 14 DAP 21 DAP 42 DAP 

Water Supply (A)                  

a1= 100% (FC) 17.50 a 25.11 a 36.89 b 52.67 c 

a2=75%  FC 17.33 a 24.95 a 35.56 a 49.72 b 

a3=50% FC 17.89 a 25.28 a 34.61 a 44.50 a 

Rice Straw Mulch  (M)               

m0= 0 t ha-1 17.83 a 25.17 a 34.28 a 47.50 a 

m1= 5 t ha-1 17.39 a 25.17 a 36.33 b 49.00 ab 

m2= 10 t ha-1 17.50 a 25.00 a 36.44 b 50.39 b 

Note: The average number of treatments followed by the same letter in the column direction 

is not significantly different according to DMRT at the 5% level. 

 

Table 2. Height of cauliflower plant (cm) at 28 and 35 DAP affected with water supply and 

rice straw mulch 

Plant 

age 

Mulch Water Supply 

a1 (FC) 
 

a2 (75%FC) 
 

a3 (50% FC) 
 

Mean 

28 DAP m0  (0 t ha-1) 43.33 a 39.17 a 34.00 a 38.83 

  C  B  A   
 m1  (5 t ha-1) 44.17 a 43.83 b 41.33 b 43.11 

  A  A  A   
 m2  (10 t ha-1) 43.67 a 43.33 b 42.67 b 43.22 

  A  A  A   
 Mean : 43.72   42.11   39.33   41.72 

35 DAP m0  (0 t ha-1) 48.83 a 44.67 a 36.00 a 43.17 

  C  B  A   
 m1  (5 t ha-1) 49.00 a 50.00 b 42.17 b 47.06 

  B  B  A   
 m2  (10 t ha-1) 52.00 a 48.67 b 45.50 b 48.72 

  B  AB  A   
 Mean : 49.94   47.78   41.22   46.31 

Note: The average treatment number is indicated by the same letter in each column   (lowercase letters) 

and each line (uppercase) are not significantly different at 

the 5% real level based on Duncan's Multiple Range Test.  
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Table 2 shows that when plants are 28 and 35 days old in sufficient water conditions 

(field capacity). rice straw mulching does not affect plant height. but by water supply 75% and 

50% FC, rice straw mulch can increase plant height. On the other hand. for each dosage of rice 

straw mulch, supply 75% and 50% FC decreases the plant height only if it is not applied 

mulch. At 35 days old. the dosage of 5 t ha-1 and 10 t ha-1 rice straw mulch the reduction of 

water supply affect plant height. 

        

3.2  Number of Leaves 

There is no effect of the interaction between supply water and dosages the mulch of rice straw 

to the number of leaves per plant and stem diameter. The supply of water affects significantly 

the number of leaves per plant at the age of 42 days.  On the field capacity of medium, the 

number of leaves was the highest.The dosage of rice straw mulch only affects the number of 

leaves per plant at the age of 42 days. The amount of straw mulch 5 t ha-1and 10 t ha-1gave 

number of leaves more (Table 3). 

 

Table 3. Number of leaves per cauliflower plant (strands) at 7, 14, 21, 28, 35 and 42 DAP 

affected with water supply and rice straw mulch 

Treatments Number of Leaves per Plant 

  7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       

a1= 100% (FC) 6.11 a 8.59 a 12.33 a 15.56 a 18.67 b 23.44 c 

a2=75% FC 6.00 a 8.48 a 12.12 a 15.22 a 18.00 b 21.67 b 

a3=50% FC 6.11 a 8.44 a 12.00 a 14.56 a 16.56 a 18.89 a 

Mulch (M)             

m0 = 0 t ha-1 6.22 a 8.80 a 12.12 a 14.78 a 17.78 a 20.56 a 

m1 = 5 t ha-1 6.11 a 8.35 a 12.22 a 15.22 a 17.67 a 21.78 b 

m2 = 10 t ha-1 5.89 a 8.36 a 12.11 a 15.33 a 17.78 a 21.67 b 
Notes:The average treatment number is indicated by the same letter in each column   (lowercase etters) 

and each line (uppercase) are not significantly different at the 5% real level based on Duncan's 

Multiple Range Test. 

 

3.3    Stem Diameter 

The supply of water has an effect on the stem diameter  from the age of 21 DAP to harvest. At 

the aged 28 days to 42 days, supply 50% and 75% water results in a smaller stem diameter 

compared to 100% water supply.Measures of rice straw mulch affect the stem diameter from 

35 days until harvest. The application of rice straw mulch with a dosage of 5 t ha-1 and 10 t ha-

1 resulted in a larger diameter of  cauliflower plant stems compared to without mulch at the 

age of 35 days and 42 days after planting (Table 4). 

 

Table 4. Stem diameter of cauliflower (mm) age 7, 14, 21, 28, 35 and 42 days as affected with 

water supply and rice straw mulch 

Treatments Stem diameter (mm) 

 7 DAP 14 DAP 21 DAP 28 DAP 35 DAP 42 DAP 

Water supply (A)       
a1= Field Capasity 4.10 a 5.62 a 7.69 b 9.40 c 11.12 c 12.63 c 

a2=75%  FC 3.88 a 5.42 a 7.38 b 8.80 b 10.03 b 11.26 b 

a3=50%  FC 3.93 a 5.24 a 7.01 a 8.22 a 9.00 a 9.68 a 

Rice Straw Mulch(M)             

m0= 0 t ha-1 4.06 a 5.70 a 7.21 a 8.59 a 9.67 a 10.77 a 
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m1= 5 t ha-1 4.01 a 5.44 a 7.37 a 8.92 a 10.27 b 11.31 b 

m2= 10 t ha-1 3.84 a 5.14 a 7.50 a 8.91 a 10.22 b 11.49 b 
Note: The average treatment number is indicated by the same letter in each column   (lowercase letters) 

and each line (uppercase) are not significantly different at the 5% real level based on Duncan's 

Multiple Range Test. 

 

3.4 Leaf Area Index (LAI)  

Plant response measured on Leaf Area Index (LAI) of the cauliflower plants to the supply of 

water at each dosage of rice straw mulch is shown in Fig.1. In conditions without mulch, the 

cauliflower plants are in a different state of field capacity with a growth rate of 75% and 50% 

of water supply, whereas in the supply of 5 tons of mulch per hectare and 10 tons per hectare 

LAI at the water level the field capacity is equal to 75% but faster the LAI growth compared 

to 50% water supply. 

 

 
Fig. 1. Grafts of  Leaf Area Index of cauliflower affected with water supply and rice        

 straw mulch 

 

3.5  Net Assimilation Rate (NAR) 

In the absence of mulch by supply 100% water (FC) the net assimilation rate is higher than the 

supply of water 75%% and 50% FC.  The optimum NAR reaches at the age of 14-21 days 

after which it decreases at different speeds. In the applicationof 5 t ha-1rice straw mulch,  

plants in the supply of 100% water (FC)  have  the same  pattern  with 50%  FC, whereas  with     

 
 

Fig. 2. Net Assimilation Rate of cauliflower affected with water supply and rice straw mulch. 
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75% water supply the pattern is different but higher NAR is in field capacity water supply . At 

the dosage of straw mulch 10 t ha-1 of cauliflower plants in the field capacity the pattern is 

different from the supply of 50% FC water but the same as the supply of 75% water, NAR is 

optimal at supply water 50% FC or 75% FC higher than supply water at field capacity (Fig. 2). 

       

3.6  Curd Diameter, Curd Height and Shoot Weight of Cauliflower  

The results of the variance analysis showed that there was no interaction effect between the 

level of water supply and the dosage of mulch on the curd diameter,  the curd height and shoot 

weight of the cauliflowerwith the results of the analysis of main effect shown in Table 5. 

In Table 5 it can be seen that in the water supply of 50% FC and 75% FC the size of the 

diameter , height cauliflower mass and  fresh weight of shoot are smaller than that of the field 

capacity water supply. While supply rice straw mulch at a rate of 10 t ha-1 can increase the size 

of the diameter and height of cauliflower mass, and also fresh weight of the cauliflower shoot. 

 

Table 5.  Curd diameter, curd height and shoot weight of cauliflower affected with water 

supply and rice straw mulch 

 

Treatment 
Curd Diameter (cm) Curd Height (cm) Shoot Weight per 

Plant (g) 

Water supply :       

a1=100%  (FC) 12.54 c 7.92 c 757.16 c 

a2=  75%  FC 11.16 b 6.96 b 577.71 b 

a3=  50%  FC   7.56 a 5.34 a 361.87 a 

Rice straw mulch:       

m0= 0 t ha-1   9.47 a 6.17 a 550.83 a 

m1= 5  t ha-1   9.78 a 6.57 a 553.99 a 

m2= 10 t ha-1 12.01 b 7.49 b 591.92 b 

Note: The average number of treatments followed by the same letter in the direction of the 

column is not significant according to DMRT at the 5% level 

 

3.7  Weight of Marketable Yield per Plant 

Weight of marketable yield is affected by water supply and application of rice straw mulch.  In 

conditions without mulch, watersupply 50% FC and 75% FC even lowering the weight of 

marketable yield per plant. In the delivery of 5 and 10 t-1dosages of rice straw mulch, 75% FC 

of the water supply does not reduce the weight of marketable yield of cauliflower, while the 

water supply of 50% FC reduced the yield of the cauliflowermarketable (Table 6). 

   

Table 6. Weight of marketable yield per plant (g) affected with water supply and rice straw 

mulch. 

 

Rice Straw 

Mulch 

Water Supply 

a1 (100%)   a2 (75%)   a3 (50%)   Mean 

m0  (0 t ha-1) 257.40 a 179.39 a 94.85 a 177.21 

 C   B   A     

m1  (5 t ha-1) 297.57 ab 222.95 b 112.43 ab 210.98 

 B   B   A     

m2  (10  t ha-1) 319.79 b 278.80 c 140.13 b 246.24 

 B   B   A     
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Mean 291.59   227.05   115.80   211.48 
Note : The average number of treatments that are marked with the same letters in each column 

(lowercase letters) and each row (uppercase letters) are not significantly different at the 5% 

real level based on Duncan's Multiple Range Test. 

 

In the case of field capacity, supply mulch as much as 5 t ha-1 and 10 t ha-1 does not 

significantly improve the yield. At the level of 75% FC of rice straw mulch as much as 5 t ha-1 

and 10 t ha-1 increases the weight of marketable yield, whereas in the water supply of 50%  FC 

only the rice straw mulch is 10 t ha-1 which can increase marketable yield of cauliflower 

weight. 

 

3.8 Weight of edible curd 

 The results of the analysis show that there is an effect of the interaction between the supply of 

water and the dosage of rice straw mulch on the weight of  edible curd per plant. Results of the 

analysis of simple effects presented in Table 7. When there is no mulching,watersupplyof 

50% FC and75% FC may reduce the weight of edible curd per plant. Whereas in the case of 

being applied mulch with a dosage of 5 or 10 t ha-1 the water supply of 75% FC does not 

reduce the weight of the edible curd only water supply 50% FC which reduces the weight of  

edible curd per plant. 

In a field capacity, only 10 t ha-1 of mulch is applied which significantly increases the 

yield. While at the level of water supply of 75% FC of rice straw mulch as much as 5 t ha-1 

and 10 t ha-1 increases the weight of  edible curd per plant. In water supply 50% FC, 

application of  rice straw mulch cannot increase the weight of edible curd. 

 

Table 7. Weight of cauliflower consumable (g) affected with water supply and rice straw 

mulch 

Rice Straw 

Mulch 

Water Supply  (%) 

a1 (100%=FC) a2 (75% FC) a3 (50% FC) Mean 

m0 (0 tha-1) 184.21 a 118.59 a 58.93 a 120.57 

 C   B   A     

m1 (5 tha-1) 218.39 a 161.32 b 63.96 a 147.89 

 B   B   A     

m2 (10 tha-1) 257.57 b 221.07 c 98.34 a 192.33 

 B   B   A     

Mean 220.06   166.99   73.74   153.60 

Note:The average number of treatments that are marked with the same letters in each column 

(lowercase letters) and each row (uppercase letters) are not significantly different at the 

5% significant level based on Duncan's Multiple Range Test. 

 

 

4. Discussion 

 

Cauliflower plants are plant that require a high amount of water for their survival. Although 

the Orient cultivar is a cauliflower plant that is able to adapt in the lowlands both the rainy and 

dry seasons, but this plant basically requires adequate air humidity and soil moisture. 

Cauliflower plants are usually planted on soil with sufficient irrigation accompanied with 

adequate drainage (Rukmana, 1994). Based on this, the use of rice straw mulch is an 

alternative technology that can be used to reduce evaporation in the cultivation of cauliflower 

in the lowlands so that it can maintain soil moisture. 
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The response of cauliflower plants to the supply of water and the dosage of rice straw 

mulch was seen in the high components of plants starting at age 21 DAP, this indicates that up 

to the age of 14 days the supply of 50% water without mulch still meets the water needs of the 

cauliflower plant. At the age of plants 28 and 35 days, there is an interaction effect between 

the supply of water and the dosage of rice straw mulch on the height of cauliflower plants, this 

is due to the period of 21 DAP, 28 DAP, and 28 DAP, and 35 DAP.  At  the highest dosage of 

5 t ha-1 rice straw mulch was obtained by supply 100% water (FC), while at the mulch dosage 

10 t ha-1 the three levels of water supply had almost the same maximum. The lack of water in 

cauliflower plants that were applied new rice straw mulch had an effect on the plant height of 

35 days old because the older the plant the higher the water demand. 

The response of each component of growth to the supply of water varies. On the number 

of leaves the effect of supply water began to appear at the age of 35 days, this caused a 

difference in leaf area index. Generally the leaf area index of cabbage plants on water supply 

is 50% lower than the leaf area index at the two other levels of water supply. 

At the beginning of the growth the net assimilation rate is still low because the plants are 

still small, then increasing, the leaves are functioning in photosynthesis causing an increase in 

the net assimilation rate. Older, many leaves are shaded, so the net assimilation rate decreases 

even though the leaf area index increases, because many leaves are shaded. The leaf aging 

causes low rates of net assimilation due to reduced photosynthetic rates while respiration 

continues (Gardner et al., 1991). Older leaves may burden physiological process of estate 

crops (Subandi et al., 2017) 

The role of groundwater that is beneficial for plants, among others, as fertilizer solvents, 

as soil temperature stabilizers, as solvents and triggers for non-available  nutrient supply 

chemical reactions becomes available, as solvents and carrying nutrient ions from the 

rhizosphere into the roots then to the leaves and as a means of transportation and distribution 

of finished nutrients from leaves to all parts of the plant. Based on this condition, the condition 

of sufficient water will increase the absorption of nutrients by plant (Hanafiah, 2007; Subandi 

et al., 2018)   

More than 50% FC of the water supply is used in the generative phase (age 35 DAP until 

harvest), lack of water in this phase causes a decrease in yield components so that yields are 

low.  At seedling black locus, watering 30-40% of field capacity and the longer watering 

interval, the lower photosynthesis and transpiration rate, stomatal conductance and growth of 

plant (Anggraeni, et al., 2015). Rice straw mulch plays a role in reducing evaporation, thereby 

helping plants absorb nutrients which can ultimately increase plant growth and yield.  

The supply of straw mulch can maintain soil moisture 50% higher than without mulch. 

With the maintenance of soil moisture it will create a microclimate that is conducive to both 

plant growth and soil organisms. Increased activity of soil organisms will increase soil 

capacity to hold water and nutrient availability for plants. This causes the cauliflower plants 

which receive 100% water accompanied by 10 t ha-1 of rice straw mulch to obtain the highest 

yield(Kumar & Lal, 2012). 

The inflorescence time of cauliflower plants is influenced with the supply of water and 

the amount of rice straw mulch. Cauliflower buds are formed after plants reach a carbon / 

protein balance. This is related to the ability of plants to assimilate, accumulate food, and the 

allocation or distribution of assimilation results because carbon is mostly derived from the 

mobilization of food reserves and the results of photosynthesis. Applied that water plays a role 

in photosynthesis and the distribution of assimilation results, the higher the availability of 

water, the faster the cauliflower time is reached. Therefore the fastest cauliflower  time in this 

experiment was achieved by cauliflower plants which were treated with a level of 100% water 

(FC) combined with a dosage of rice straw mulch 10 t ha-1. This is in line with the highest 

cauliflowerweight without leaves obtained from cauliflower plants with the treatment of the 
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level of 100% water applied 10 tha-1 rice straw mulch while the lowest weight is obtained 

from cabbage cauliflowerplants with a level of 50% water supply without mulch (Elisa, 2004) 

Each component of the highest yield is achieved by the level of water supply field 

capacity. Growth components and high yield components in conditions of field capacity 

indicated that this growth requires water available for optimal performance.  Availability of 

water is needed to adapt and be used for plant growth, including for increasing leaf area 

(Doorenbos & Kassam, 1979). Short-term water deficits only affect gas exchange capacity and 

photosynthetic efficiency, while in the long run it results in decreased efficiency of dry matter 

formation (Munchow et al., quoted by Agung & Rahayu, 2004). Furthermore, lack of water 

results in reduced photosynthesis because dehydration of protoplasm will reduce 

photosynthetic capacity (Thomas & Lasminingsih quoted by Agung & Rahayu, 2004). 

Sufficient water will support an increase in leaf area so that it is related to the level of crop 

production (Gardner et al., 1991). The low amount of water will cause limited root 

development, thus disrupting nutrient absorption by plant roots (Santosa quoted Agung & 

Rahayu, 2004). This lack of water will cause nitrogen nutrient uptake to be inefficient and will 

reduce the growth and yield of soybean crops (Agung & Rahayu, 2004). Soil environment 

which is lack of water in the first stages of growth may cause the retarded plantlet (Subandi, et 

al., 2018a) 

 

 

5. Conclusion  

 

Cauliflower plants are plant that require a high amount of water for their survival. Although 

the Orient cultivar is a cauliflower plant that is able to adapt in the lowlands both the rainy and 

dry seasons. Without rice straw mulch plant growth decreased if water supply less than 75% 

FC, but plant growth of cauliflower still good with rice straw mulch 5 or 10 t ha-1 although 

water supply 75% FC.  Cauliflower gave result worst if supply water 50% FC. Each 

component of the highest yield is achieved by the level of water supply at field capacity. 

Growth components and high yield in conditions of field capacity indicated that this growth 

requires water available for optimal performance, and applied of straw mulch 5-10 t ha-1 can 

be alternative to preserve available water in the soil.  
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1. INTRODUCTION 
 

Cabbage (Brassica oleracea L. Var botrytis sub var. Cauliflora DC) is one of the commercial 

vegetables produced in Indonesia. The plant belongs to the cabbage family of Brassicaceae. 

Ministry of Agriculture of the Republic of Indonesia has developed highland vegetable species to 

be planted in five lowland West Java districts combined with other food crops (Ministry of 

Agriculture, 2012) because the lowlands of West Java have high potential to be developed and 
planted with vegetables from the highlands such as cabbage, cauliflower, and caysim. The success 

of the vegetable cultivation development program in the lowlands can be demonstrated by an 

increasing production of cauliflower from 2010 to 2012, namely 101,205 tons in 2010, 113,491 

tons in 2011, and 135,837 tons in 2012 (Central Bureau Statistics, 2013). 
 

As cauliflower originates from the subtropical region, it is more suitable to be planted in low- 

temperature highlands in Indonesia, but there are now seeds of cauliflower cultivars that tolerate 

high temperatures. One of them is cauliflower F1 cultivar Orient hybrid. Although this cauliflower 

is profitable and lowland cultivars have been available, the cultivating vegetables, especially 

hybrids in the lowlands, have various problems. The problems in the lowlands are limited water, 

types and fertility of soil, low air humidity, high temperatures, and frequent attacks by pests and 

diseases (Kasiran, 2006). 
 

Based on the four problems of the limited water in vegetable crops, cauliflower is the main 

problem. Cauliflower includes inflorescent-producing vegetable crops which require a lot of water. 
Water deficiency stresses plants, impoverishes them in enzymes, and reduces growth speed. Water 

is a major component of photosynthesis. Lack of water causes turgidity of stomata guard cells to 

decrease, stomata to close, CO2 absorption to reduce, and photosynthesis to decrease. Water plays a 

role in the translocation of photosynthesis. That inhibits plant growth. Water influences the work of 

enzymes in metabolic processes because water acts as a temperature stabilizer in plants. Therefore 

the availability of water will affect metabolic processes in plants and decrease growth and 

productivity (Fitriana et al., 2009). 

 

Water shortages are often caused by climatic conditions and weather characteristics. In the tropics, 

especially during the dry season, evaporation is so high that water shortages are frequent (Blaha et 

al., 2003 cited in Koudela et al., 2011). Lack of water can stress plants which results in stress on 

physiological processes and other functionalities. The first response to lack of water is closing the 
stomata which will inhibit photosynthesis so that the flow of carbon dioxide decreases, which 

triggers respiration (Zlatev and Lidon, 2012). In a drought the plant will reduce the use of 

carbohydrates to maintain its metabolic process. This will decrease the carbon content so that plant 

growth is hampered and can even cause death (Mc Dowel et al. cited in Liu et al., 2013). 
 

Efforts to reduce water evaporation can be done by using mulch. One agricultural waste in lowland 

rice fields is rice straw. Besides being able to reduce production costs the use of rice straw as mulch 

is expected to be able to restore organic matter into the soil, decrease soil temperature, conserve 

moisture in the soil, and act as nutrient. Hence it can improve growth and yield of vegetable,  
mainly in the lowlands. This study aims to determine the water requirements and the effect of using 

mulch on the growth and yield of cauliflower in the lowlands. 

 

2. MATERIALS AND METHODS 
 

The experiment was conducted in the Puseurjaya Village in the East Telukjambe District of the 

Karawang region of the West Java Province located at the altitude of ±17m above sea level. The 

soil used was Inceptisol with a clay texture and the pH of 4.75. The experimental design used was a 

randomized block design (RBD) with a factorial pattern. The first factor was the supply of water 

(A) consisting of three levels; a1  = 100% (field capacity), a2  = 75% FC, and a3  = 50% FC. The 
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second factor was the dosage of rice straw mulch (M) which consists of three levels: m0 = without 

mulch, m1 = rice straw mulch 5 t ha-1 and m2 = rice straw mulch 10 t ha-1. Each treatment was 

repeated three times. 

Water supply for the first 7 days was the same for all treatments in the conditions of field capacity. 

Water was supplied every day from the time the plants were 8 days old until harvest. The addition 
of the supply of water lost was calculated by the Gravimetric Water Content method. Dried straw 

mulch cut into ± 10cm was introduced simultaneously with the start of the supply of water, 8 days 

after planting. Inorganic fertilizer dosages were used on recommendations of Maynard and 

Hocmuth (Susila, 2006). 

 

Measurement of growth components included plant height, number of leaves, and stem diameter, 

Leaf Area Index (LAI), and Net Assimilation Rate (NAR) were measured every 7 days. 

Observation of yield components included the diameter of the cauliflower curd, curd height, shoot 

weight, and marketable yield of cauliflower plants. Data from growth response variables using 

regression analysis followed by parallelity and confusion tests (Draper and Smith, 1981 cited in 

Ariyanto et al. (2013). Plant height, the number of leaves, curd diameter, curd height, shoot weight, 

and the weight of marketable yield per plant were analyzed using variance analysis and continued 

with Duncan's Multiple Range Test (DMRT) at 5% significant level (Steel and Torrie, 1989). 

 

3. RESULTS 
 

 Plant height 

The results of the analysis showed that there was an interaction effect between the supply of water 

and the dosage of straw mulch on the plant height at 28 and 35 days only. Table 1 show that at 21 
and 42 days after planting the highest cauliflower plant height was achieved with the supply of 

water in a field capacity condition (100%). The same table shows that at 21 and 42 days the height 

of the cauliflower plants that had mulch is higher than the height of the plants that did not have 

mulch. At 42 days a 10 t ha-1 rice straw mulch can increase plant height compared to no mulch. 
 

Table 1: Cauliflower plant height (cm) at the age of 7, 14, 21, and 42 DAP affected by water 

supply and rice straw mulch 
 

Treatment 
  Mean of Plant Height (cm)  

7 DAP  14 DAP  21 DAP  42 DAP 

Water Supply (A)         

a1= 100% (FC) 17.50 a 25.11 a 36.89 b 52.67 c 
a2=75% FC 17.33 a 24.95 a 35.56 a 49.72 b 
a3=50% FC 17.89 a 25.28 a 34.61 a 44.50 a 
Rice Straw Mulch (M)         

m0= 0 t ha-1 17.83 a 25.17 a 34.28 a 47.50 a 
m1= 5 t ha-1 17.39 a 25.17 a 36.33 b 49.00 ab 
m2= 10 t ha-1 17.50 a 25.00 a 36.44 b 50.39 b 

Note: The average number of treatments followed by the same letter in the column direction is not 
significantly different according to DMRT at the 5% level 
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Table 2: Height of cauliflower plants (cm) at 28 and 35 DAP affected by water supply and  

rice straw mulch 
 

Plant age Mulch 
  Water Supply   

a1 (FC)  a2 (75%FC) a3 (50% FC)  Mean 

28 DAP m0 (0 t ha-1) 43.33 a 39.17 a 34.00 a 38.83 
  C  B  A   

 m1 (5 t ha-1) 44.17 a 43.83 b 41.33 b 43.11 
  A  A  A   

 m2 (10 t ha-1) 43.67 a 43.33 b 42.67 b 43.22 
  A  A  A   

 Mean : 43.72  42.11  39.33  41.72 

35 DAP m0 (0 t ha-1) 48.83 a 44.67 a 36.00 a 43.17 
  C  B  A   

 m1 (5 t ha-1) 49.00 a 50.00 b 42.17 b 47.06 
  B  B  A   

 m2 (10 t ha-1) 52.00 a 48.67 b 45.50 b 48.72 
  B  AB  A   

 Mean : 49.94  47.78  41.22  46.31 

Note: The average treatment number is indicated by the same (lowercase) letter in each column and each line 
(uppercase) and they are not significantly different at the 5% real level based on Duncan's Multiple Range Test 

 

Table 2 shows that when plants are 28 and 35 days old in sufficient water conditions (field 

capacity) rice straw mulching does not affect their height. But at the water supply of 75% and 50% 

FC rice straw mulch can increase plant height. On the other hand supply of 75% and 50% FC 

decreases the plant height for each dosage of rice straw mulch only if mulch is not applied. At 35 

days the dosage of 5 t ha-1 and 10 t ha-1 of rice straw mulch with the reduction of water supply 

affects plant height. 

 

 Number of leaves 

The interaction between water supply and dosages of rice straw mulch has no effect on the number 

of leaves per plant and stem diameter. The supply of water significantly affects the number of 
leaves per plant at 42 days. The number of leaves was the highest at medium field capacity. The 

dosage of rice straw mulch only affects the number of leaves per plant at 42 days. 5 t ha-1 and 10 t 

ha-1 of straw mulch yielded a higher number of leaves (Table 3). 

Table 3: Number of leaves per cauliflower plant (strands) at 7, 14, 21, 28, 35, and 42 DAP 

affected by water supply and rice straw mulch 
 

Treatments     Number of Leaves per Plant    

 7 DAP 14 DAP 21 DAP 28 DAP  35 DAP  42 DAP 

Water supply (A)             

a1= 100% (FC) 6.11 a 8.59 a 12.33 a 15.56 a 18.67 b 23.44 c 
a2=75% FC 6.00 a 8.48 a 12.12 a 15.22 a 18.00 b 21.67 b 
a3=50% FC 6.11 a 8.44 a 12.00 a 14.56 a 16.56 a 18.89 a 

Mulch (M)             

m0 = 0 t ha-1 6.22 a 8.80 a 12.12 a 14.78 a 17.78 a 20.56 a 
m1 = 5 t ha-1 6.11 a 8.35 a 12.22 a 15.22 a 17.67 a 21.78 b 
m2 = 10 t ha-1 5.89 a 8.36 a 12.11 a 15.33 a 17.78 a 21.67 b 

Notes: The average treatment number is indicated by the same (lowercase) letter in each column and each line 
(uppercase) is not significantly different at the 5% real level based on Duncan's Multiple Range Test 
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 Stem diameter 

The supply of water has an effect on the stem diameter from the age of 21 DAP to harvest. From  

28 to 42 days the 50% and 75% water supply results in a shorter stem diameter compared to 100% 

water supply. Measures of rice straw mulch affect the stem diameter from 35 days until harvest. 

The application of 5 t ha-1 and 10 t ha-1 of rice straw mulch resulted in a longer diameter of the 

cauliflower plant stems compared to that without mulch at 35 and 42 days after planting (Table 4). 
 

Table 4: Stem diameter of cauliflower (mm) at age 7, 14, 21, 28, 35, and 42 days as affected by 

water supply and rice straw mulch 
 

Treatments     Stem diameter (mm)     

 7 DAP  14 DAP  21 DAP 28 DAP  35 DAP  42 DAP 

Water supply (A)             

a1= Field Capacity 4.10 a 5.62 a 7.69 b 9.40 c 11.12 c 12.63 c 
a2=75% FC 3.88 a 5.42 a 7.38 b 8.80 b 10.03 b 11.26 b 
a3=50% FC 3.93 a 5.24 a 7.01 a 8.22 a 9.00 a 9.68 a 
Rice Straw Mulch(M)             

m0= 0 t ha-1
 4.06 a 5.70 a 7.21 a 8.59 a 9.67 a 10.77 a 

m1= 5 t ha-1 4.01 a 5.44 a 7.37 a 8.92 a 10.27 b 11.31 b 
m2= 10 t ha-1 3.84 a 5.14 a 7.50 a 8.91 a 10.22 b 11.49 b 

Note: The average treatment number is indicated by the same (lowercase) letter in each column and each line 
(uppercase) and they are not significantly different at the 5% real level based on Duncan's Multiple Range Test 

 

 Leaf area index (LAI) 

Plant response measured on Leaf Area Index (LAI) of the cauliflower plants to the supply of water 

at each dosage of rice straw mulch is shown in Figure 1. In conditions without mulch, the 

cauliflower plants are in a different state of field capacity with a growth rate of 75% and 50% of 

water supply, whereas in the supply of 5 tons of mulch per hectare and 10 tons per hectare LAI at 

the water level the field capacity is equal to 75% but faster the LAI growth compared to 50% water 

supply. 
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Figure 1: Grafts of Leaf Area Index of cauliflower affected with water supply and rice straw 

mulch (it should at the same page) 

 

 Net assimilation rate (NAR) 
In the absence of mulch by supply 100% water (FC) the net assimilation rate is higher than the 
supply of water 75%% and 50% FC. The optimum NAR reaches at the age of 14-21 days after 

which it decreases at different speeds. In the application of 5 t ha-1 rice straw mulch, plants in the 

supply of 100% water (FC) have the same pattern with 50% FC, whereas with 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2: Net Assimilation Rate of cauliflower affected with water supply and rice straw 

mulch 
 

75% water supply the pattern is different but higher NAR is in field capacity water supply. At the 

dosage of straw mulch 10 t ha-1 of cauliflower plants in the field capacity the pattern is different 

from the supply of 50% FC water but the same as the supply of 75% water, NAR is optimal at 

supply water 50% FC or 75% FC higher than supply water at field capacity (Figure 2). 

 

 Curd diameter, curd height and shoot weight of cauliflower 

The results of the variance analysis showed that there was no interaction effect between the level of 

water supply and the dosage of mulch on the curd diameter, the curd height and shoot weight of the 

cauliflower with the results of the analysis of main effect shown in Table 5. 

 

In Table 5 it can be seen that in the water supply of 50% FC and 75% FC the size of the diameter, 
height cauliflower mass and fresh weight of shoot are smaller than that of the field capacity water 
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supply. While supply rice straw mulch at a rate of 10 t ha-1 can increase the size of the diameter and 

height of cauliflower mass, and also fresh weight of the cauliflower shoot. 

 

Table 5: Curd diameter, curd height and shoot weight of cauliflower affected with water 

supply and rice straw mulch 
 

Treatment Curd Diameter (cm) 
 

Curd Height (cm) 
 Shoot Weight per 

Plant (g) 

Water supply :       

a1=100% (FC) 12.54 c 7.92 c 757.16 c 
a2= 75% FC 11.16 b 6.96 b 577.71 b 
a3= 50% FC 7.56 a 5.34 a 361.87 a 
Rice straw mulch:       

m0= 0 t ha-1 9.47 a 6.17 a 550.83 a 
m1= 5 t ha-1 9.78 a 6.57 a 553.99 a 
m2= 10 t ha-1 12.01 b 7.49 b 591.92 b 

Note: The average number of treatments followed by the same letter in the direction of the to DMRT column 
is not significant according at the 5% level 

 

 Weight of marketable yield per plant 

Weight of marketable yield is affected by water supply and application of rice straw mulch. In 

conditions without mulch, water supply 50% FC and 75% FC even lowering the weight of 

marketable yield per plant. In the delivery of 5 and 10 t ha-1 dosages of rice straw mulch, 75% FC of 

the water supply does not reduce the weight of marketable yield of cauliflower, while the water 

supply of 50% FC reduced the yield of the cauliflower marketable (Table 6). 
 

Table 6: Weight of marketable yield per plant (g) affected with water supply and rice straw 

mulch 
 

Rice Straw Mulch 
  Water Supply    

a1 (100%)  a2 (75%)  a3 (50%)  Mean 
m0 (0 t ha-1) 257.40 a 179.39 a 94.85 a 177.21 

 C  B  A   

m1 (5 t ha-1) 297.57 ab 222.95 b 112.43 ab 210.98 
 B  B  A   

m2 (10 t ha-1) 319.79 b 278.80 c 140.13 b 246.24 
 B  B  A   

Mean 291.59  227.05  115.80  211.48 

Note : The average number of treatments that are marked with the same letters in each column (lowercase 
letters) and each row (uppercase letters) are not significantly different at the 5% real level based on Duncan's 
Multiple Range Test 

 

In the case of field capacity, supply mulch as much as 5 t ha-1 and 10 t ha-1 does not significantly 

improve the yield. At the level of 75% FC of rice straw mulch as much as 5 t ha-1 and 10 t ha-1 

increases the weight of marketable yield, whereas in the water supply of 50% FC only the rice 

straw mulch is 10 t ha-1 which can increase marketable yield of cauliflower weight. 

 

3.8 Weight of edible curd 

The results of the analysis show that there is an effect of the interaction between the supply of  

water and the dosage of rice straw mulch on the weight of edible curd per plant. Results of the 

analysis of simple effects presented in Table 7. When there is no mulching, water supply of 50% 
FC and75% FC may reduce the weight of edible curd per plant. Whereas in the case of being 

applied 
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mulch with a dosage of 5 or 10 t ha-1 the water supply of 75% FC does not reduce the weight of the 

edible curd only water supply 50% FC which reduces the weight of edible curd per plant. 
 

In a field capacity, only 10 t ha-1 of mulch is applied which significantly increases the yield. While 

at the level of water supply of 75% FC of rice straw mulch as much as 5 t ha-1 and 10 t ha-1 

increases the weight of edible curd per plant. In water supply 50% FC, application of rice straw 

mulch cannot increase the weight of edible curd. 

 

Table 7: Weight of cauliflower consumable (g) affected with water supply and rice straw 

mulch 
 

Rice Straw Mulch 
  Water Supply (%)   

a1 (100%=FC)  a2 (75% FC) a3 (50% FC)  Mean 

m0 (0 tha-1) 184.21 a 118.59 a 58.93 a 120.57 
 C  B  A   

m1 (5 tha-1) 218.39 a 161.32 b 63.96 a 147.89 
 B  B  A   

m2 (10 tha-1) 257.57 b 221.07 c 98.34 a 192.33 
 B  B  A   

Mean 220.06  166.99  73.74  153.60 

Note: The average number of treatments that are marked with the same letters in each column (lowercase 
letters) and each row (uppercase letters) are not significantly different at the 5% significant level based on 
Duncan's Multiple Range Test 

 

4. DISCUSSION 
 

Cauliflower plants require a high amount of water for survival. Although the Orient cultivar can 

adapt to the lowlands in both the rainy and dry seasons, this plant requires adequate air humidity 

and soil moisture. Cauliflower plants are usually planted on soil with sufficient irrigation with 

adequate drainage (Rukmana, 1994). Based on this the use of rice straw mulch is an alternative 

technology that can reduce evaporation and maintain soil moisture. 
 

The response of cauliflower plants to the supply of water and rice straw mulch was seen in the high 
components of plants starting at 21 DAP. This indicates that up to 14 days the supply of 50% water 

without mulch still meets the water needs of the cauliflower plant. At 28 and 35 days the supply of 
water and dosage of rice straw mulch affect the height of the plants due to the period of 21, 28, and 

35 DAP. The highest dosage of 5 t ha-1 of rice straw mulch obtained 100% water (FC), while at 10 t 

ha-1 of mulch the three levels of water supply had almost the same maximum. Lack of water in 
cauliflower plants that were applied new rice straw mulch had an effect on the plant height at 35 
days because the older the plant, the higher the demand for water. 

 

The response of each component of growth in the supply of water varies. On the number of leaves 

the effect of supplying water began to appear at 35 days. This caused a difference in the leaf area 

index. Generally the leaf area index of cabbage plants on water supply is 50% lower than the leaf 

area index at the two other levels of water supply. 

 

At the beginning of the growth the net assimilation rate is still low because the plants are small. As 

they grow, the leaves function in photosynthesis, causing an increase in the net assimilation rate. 

Many older leaves are shed, so the net assimilation rate decreases even though the leaf area index 

increases, because many leaves are shed. The aging of leaves causes low rates of net assimilation 
due to reduced photosynthetic rates while respiration continues (Gardner et al., 1991). Older leaves 

may burden the physiological process of estate crops (Subandi et al., 2017). 
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Groundwater benefits plants as a fertilizer, soil temperature stabilizer, solvent, and a trigger for 

unavailable nutrient supply chemical reactions becomes available, as solvents carry nutrient ions 

from the rhizosphere into the roots and leaves, and as a means of transportation and distribution of 

nutrients from leaves to all parts of the plant. Sufficient water will increase absorption of nutrients 

(Hanafiah, 2007; Subandi et al., 2018). 

 

More than 50% at FC of the water supply are used in the generative phase (35 DAP until harvest). 

Lack of water in this phase causes a decrease in yield components and low yields. At seedling black 

locus, watering 30-40% of field capacity and longer watering intervals lower photosynthesis and 

transpiration rate, stomatal conductance, and growth of a plant (Anggraeni, et al., 2015). Rice straw 

mulch plays a role in reducing evaporation, thereby helping plants absorb nutrients which can 

increase their growth and yield. 
 

The supply of straw mulch can maintain soil moisture 50% higher than without mulch. 

Maintenance of soil moisture will create a microclimate conducive to plant growth and soil 

organisms. Increased activity of soil organisms will increase soil capacity to hold water and 

nutrients to plants. This causes the cauliflower plants which receive 100% water with 10 t ha-1 of 

rice straw mulch to obtain the highest yield (Kumar and Lal, 2012). 
 

The inflorescence time of cauliflower plants is influenced by the supply of water and the amount of 

rice straw mulch. Cauliflower buds are formed after plants reach a carbon/protein balance. This is 

related to the ability of plants to assimilate, accumulate food, and the allocation or distribution of 
assimilation results because carbon is mostly derived from mobilization of food reserves and the 

result of photosynthesis. Owing to the fact that water plays a role in photosynthesis and the 

distribution of assimilation results, the higher the availability of water, the faster the harvest. 

Therefore the fastest harvest time in this experiment was achieved by cauliflower plants which were 

treated with 100% water (FC) combined with a dosage of 10 t ha-1 of rice straw mulch. This is in 

line with the heaviest cauliflower weight without leaves obtained from plants with 100% water 

supply plus 10 t ha-1 of rice straw mulch while the lightest weight is obtained from cabbage 

cauliflower plants with 50% water supply without mulch (Elisa, 2004). 
 

Each component of the highest yield is achieved by the level of water supply field capacity. Growth 

components and high yield components in conditions of field capacity indicated that this growth 

requires water available for optimal performance. Availability of water is needed to adapt and be 

used for plant growth and increasing leaf area (Doorenbos and Kassam, 1979). Water deficits only 
affect gas exchange capacity and photosynthetic efficiency in the short term, while in the long term 

they result in decreased efficiency of dry matter formation (Munchow et al., 1986 cited in Agung 

and Rahayu, 2004). Lack of water results in reduced photosynthesis because dehydration of 

protoplasm will reduce photosynthetic capacity (Thomas and Lasminingsih, 1994 cited in Agung 

and Rahayu, 2004). Sufficient water will support an increase in leaf area related to the level of crop 

production (Gardner et al., 1991). Low amount of water will cause limited root development. That 

will disrupt nutrient absorption. Lack of water will cause nitrogen nutrient uptake to be inefficient 

and reduce the growth and yield of soybean crops (Agung and Rahayu, 2004). Soil environment 

lacking water in the first stages of growth may cause a retarded plantlet (Subandi and Dikayani, 

2018). 

 

5. CONCLUSION 
 

Cauliflower plants require high amounts of water. Although the Orient cultivar can adjust to both 

the rainy and dry seasons in the lowlands, plant growth will decrease without rice straw mulch at 

water supply lower than 75% FC, but will be good with 5 or 10 t ha-1 of rice straw mulch at the 

water supply of 75% FC. The worst result was observed at the water supply of 50% FC. Each 

component of the highest yield is achieved by the level of water supply at field capacity. Growth 

components and high yield in conditions of field capacity indicated that this growth requires water 
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available for optimal performance, and straw mulch applied at 5-10 t ha-1 can be a means of 

preserving water in the soil. 
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Limited available water, especially in dry land, causes decreasing 

production of vegetable plants. Cauliflower originates from 

subtropical regions which require water. Mulching can manage 

water to a limited extent. An experiment was carried out in the 

lowlands to find out whether cauliflower cultivar Orient hybrid 
could grow in an environment with water available under optimal 

conditions combined with the use of rice straw mulch. The 

experimental results show that the Orient hybrid of cauliflower is a 

lowland plant that can provide the same (marketable curd) yield 

even with the water conditions below the field capacity (75% FC). 

The use of rice straw mulch doses of 5-10 t ha-1 can help maintain 

water available for plants. The Orient cultivar hybrid is a lowland 

cauliflower sufficiently tolerant to lack of water. 
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1. INTRODUCTION 
 

Cabbage (Brassica oleracea L. Var botrytis sub var. Cauliflora DC) is one of the commercial 

vegetables produced in Indonesia. The plant belongs to the cabbage family of Brassicaceae. 

Ministry of Agriculture of the Republic of Indonesia has developed highland vegetable species to 

be planted in five lowland West Java districts combined with other food crops (Ministry of 

Agriculture, 2012) because the lowlands of West Java have high potential to be developed and 
planted with vegetables from the highlands such as cabbage, cauliflower, and caysim. The success 

of the vegetable cultivation development program in the lowlands can be demonstrated by an 

increasing production of cauliflower from 2010 to 2012, namely 101,205 tons in 2010, 113,491 

tons in 2011, and 135,837 tons in 2012 (Central Bureau Statistics, 2013). 
 

As cauliflower originates from the subtropical region, it is more suitable to be planted in low- 

temperature highlands in Indonesia, but there are now seeds of cauliflower cultivars that tolerate 

high temperatures. One of them is cauliflower F1 cultivar Orient hybrid. Although this cauliflower 

is profitable and lowland cultivars have been available, the cultivating vegetables, especially 

hybrids in the lowlands, have various problems. The problems in the lowlands are limited water, 

types and fertility of soil, low air humidity, high temperatures, and frequent attacks by pests and 

diseases (Kasiran, 2006). 
 

Based on the four problems of the limited water in vegetable crops, cauliflower is the main 

problem. Cauliflower includes inflorescent-producing vegetable crops which require a lot of water. 
Water deficiency stresses plants, impoverishes them in enzymes, and reduces growth speed. Water 

is a major component of photosynthesis. Lack of water causes turgidity of stomata guard cells to 

decrease, stomata to close, CO2 absorption to reduce, and photosynthesis to decrease. Water plays a 

role in the translocation of photosynthesis. That inhibits plant growth. Water influences the work of 

enzymes in metabolic processes because water acts as a temperature stabilizer in plants. Therefore 

the availability of water will affect metabolic processes in plants and decrease growth and 

productivity (Fitriana et al., 2009). 

 

Water shortages are often caused by climatic conditions and weather characteristics. In the tropics, 

especially during the dry season, evaporation is so high that water shortages are frequent (Blaha et 

al., 2003 cited in Koudela et al., 2011). Lack of water can stress plants which results in stress on 

physiological processes and other functionalities. The first response to lack of water is closing the 
stomata which will inhibit photosynthesis so that the flow of carbon dioxide decreases, which 

triggers respiration (Zlatev and Lidon, 2012). In a drought the plant will reduce the use of 

carbohydrates to maintain its metabolic process. This will decrease the carbon content so that plant 

growth is hampered and can even cause death (Mc Dowel et al. cited in Liu et al., 2013). 
 

Efforts to reduce water evaporation can be done by using mulch. One agricultural waste in lowland 

rice fields is rice straw. Besides being able to reduce production costs the use of rice straw as mulch 

is expected to be able to restore organic matter into the soil, decrease soil temperature, conserve 

moisture in the soil, and act as nutrient. Hence it can improve growth and yield of vegetable,  
mainly in the lowlands. This study aims to determine the water requirements and the effect of using 

mulch on the growth and yield of cauliflower in the lowlands. 

 

2. MATERIALS AND METHODS 
 

The experiment was conducted in the Puseurjaya Village in the East Telukjambe District of the 

Karawang region of the West Java Province located at the altitude of ±17m above sea level. The 

soil used was Inceptisol with a clay texture and the pH of 4.75. The experimental design used was a 

randomized block design (RBD) with a factorial pattern. The first factor was the supply of water 

(A) consisting of three levels; a1  = 100% (field capacity), a2  = 75% FC, and a3  = 50% FC. The 
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second factor was the dosage of rice straw mulch (M) which consists of three levels: m0 = without 

mulch, m1 = rice straw mulch 5 t ha-1 and m2 = rice straw mulch 10 t ha-1. Each treatment was 

repeated three times. 

Water supply for the first 7 days was the same for all treatments in the conditions of field capacity. 

Water was supplied every day from the time the plants were 8 days old until harvest. The addition 
of the supply of water lost was calculated by the Gravimetric Water Content method. Dried straw 

mulch cut into ± 10cm was introduced simultaneously with the start of the supply of water, 8 days 

after planting. Inorganic fertilizer dosages were used on recommendations of Maynard and 

Hocmuth (Susila, 2006). 

 

Measurement of growth components included plant height, number of leaves, and stem diameter, 

Leaf Area Index (LAI), and Net Assimilation Rate (NAR) were measured every 7 days. 

Observation of yield components included the diameter of the cauliflower curd, curd height, shoot 

weight, and marketable yield of cauliflower plants. Data from growth response variables using 

regression analysis followed by parallelity and confusion tests (Draper and Smith, 1981 cited in 

Ariyanto et al. (2013). Plant height, the number of leaves, curd diameter, curd height, shoot weight, 

and the weight of marketable yield per plant were analyzed using variance analysis and continued 

with Duncan's Multiple Range Test (DMRT) at 5% significant level (Steel and Torrie, 1989). 

 

3. RESULTS 
 

 Plant height 

The results of the analysis showed that there was an interaction effect between the supply of water 

and the dosage of straw mulch on the plant height at 28 and 35 days only. Table 1 show that at 21 
and 42 days after planting the highest cauliflower plant height was achieved with the supply of 

water in a field capacity condition (100%). The same table shows that at 21 and 42 days the height 

of the cauliflower plants that had mulch is higher than the height of the plants that did not have 

mulch. At 42 days a 10 t ha-1 rice straw mulch can increase plant height compared to no mulch. 
 

Table 1: Cauliflower plant height (cm) at the age of 7, 14, 21, and 42 DAP affected by water 

supply and rice straw mulch 
 

Treatment 
  Mean of Plant Height (cm)  

7 DAP  14 DAP  21 DAP  42 DAP 

Water Supply (A)         

a1= 100% (FC) 17.50 a 25.11 a 36.89 b 52.67 c 
a2=75% FC 17.33 a 24.95 a 35.56 a 49.72 b 
a3=50% FC 17.89 a 25.28 a 34.61 a 44.50 a 
Rice Straw Mulch (M)         

m0= 0 t ha-1 17.83 a 25.17 a 34.28 a 47.50 a 
m1= 5 t ha-1 17.39 a 25.17 a 36.33 b 49.00 ab 
m2= 10 t ha-1 17.50 a 25.00 a 36.44 b 50.39 b 

Note: The average number of treatments followed by the same letter in the column direction is not 
significantly different according to DMRT at the 5% level 
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Table 2: Height of cauliflower plants (cm) at 28 and 35 DAP affected by water supply and  

rice straw mulch 
 

Plant age Mulch 
  Water Supply   

a1 (FC)  a2 (75%FC) a3 (50% FC)  Mean 

28 DAP m0 (0 t ha-1) 43.33 a 39.17 a 34.00 a 38.83 
  C  B  A   

 m1 (5 t ha-1) 44.17 a 43.83 b 41.33 b 43.11 
  A  A  A   

 m2 (10 t ha-1) 43.67 a 43.33 b 42.67 b 43.22 
  A  A  A   

 Mean : 43.72  42.11  39.33  41.72 

35 DAP m0 (0 t ha-1) 48.83 a 44.67 a 36.00 a 43.17 
  C  B  A   

 m1 (5 t ha-1) 49.00 a 50.00 b 42.17 b 47.06 
  B  B  A   

 m2 (10 t ha-1) 52.00 a 48.67 b 45.50 b 48.72 
  B  AB  A   

 Mean : 49.94  47.78  41.22  46.31 

Note: The average treatment number is indicated by the same (lowercase) letter in each column and each line 
(uppercase) and they are not significantly different at the 5% real level based on Duncan's Multiple Range Test 

 

Table 2 shows that when plants are 28 and 35 days old in sufficient water conditions (field 

capacity) rice straw mulching does not affect their height. But at the water supply of 75% and 50% 

FC rice straw mulch can increase plant height. On the other hand supply of 75% and 50% FC 

decreases the plant height for each dosage of rice straw mulch only if mulch is not applied. At 35 

days the dosage of 5 t ha-1 and 10 t ha-1 of rice straw mulch with the reduction of water supply 

affects plant height. 

 

 Number of leaves 

The interaction between water supply and dosages of rice straw mulch has no effect on the number 

of leaves per plant and stem diameter. The supply of water significantly affects the number of 
leaves per plant at 42 days. The number of leaves was the highest at medium field capacity. The 

dosage of rice straw mulch only affects the number of leaves per plant at 42 days. 5 t ha-1 and 10 t 

ha-1 of straw mulch yielded a higher number of leaves (Table 3). 

Table 3: Number of leaves per cauliflower plant (strands) at 7, 14, 21, 28, 35, and 42 DAP 

affected by water supply and rice straw mulch 
 

Treatments     Number of Leaves per Plant    

 7 DAP 14 DAP 21 DAP 28 DAP  35 DAP  42 DAP 

Water supply (A)             

a1= 100% (FC) 6.11 a 8.59 a 12.33 a 15.56 a 18.67 b 23.44 c 
a2=75% FC 6.00 a 8.48 a 12.12 a 15.22 a 18.00 b 21.67 b 
a3=50% FC 6.11 a 8.44 a 12.00 a 14.56 a 16.56 a 18.89 a 

Mulch (M)             

m0 = 0 t ha-1 6.22 a 8.80 a 12.12 a 14.78 a 17.78 a 20.56 a 
m1 = 5 t ha-1 6.11 a 8.35 a 12.22 a 15.22 a 17.67 a 21.78 b 
m2 = 10 t ha-1 5.89 a 8.36 a 12.11 a 15.33 a 17.78 a 21.67 b 

Notes: The average treatment number is indicated by the same (lowercase) letter in each column and each line 
(uppercase) is not significantly different at the 5% real level based on Duncan's Multiple Range Test 
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 Stem diameter 

The supply of water has an effect on the stem diameter from the age of 21 DAP to harvest. From  

28 to 42 days the 50% and 75% water supply results in a shorter stem diameter compared to 100% 

water supply. Measures of rice straw mulch affect the stem diameter from 35 days until harvest. 

The application of 5 t ha-1 and 10 t ha-1 of rice straw mulch resulted in a longer diameter of the 

cauliflower plant stems compared to that without mulch at 35 and 42 days after planting (Table 4). 
 

Table 4: Stem diameter of cauliflower (mm) at age 7, 14, 21, 28, 35, and 42 days as affected by 

water supply and rice straw mulch 
 

Treatments     Stem diameter (mm)     

 7 DAP  14 DAP  21 DAP 28 DAP  35 DAP  42 DAP 

Water supply (A)             

a1= Field Capacity 4.10 a 5.62 a 7.69 b 9.40 c 11.12 c 12.63 c 
a2=75% FC 3.88 a 5.42 a 7.38 b 8.80 b 10.03 b 11.26 b 
a3=50% FC 3.93 a 5.24 a 7.01 a 8.22 a 9.00 a 9.68 a 
Rice Straw Mulch(M)             

m0= 0 t ha-1
 4.06 a 5.70 a 7.21 a 8.59 a 9.67 a 10.77 a 

m1= 5 t ha-1 4.01 a 5.44 a 7.37 a 8.92 a 10.27 b 11.31 b 
m2= 10 t ha-1 3.84 a 5.14 a 7.50 a 8.91 a 10.22 b 11.49 b 

Note: The average treatment number is indicated by the same (lowercase) letter in each column and each line 
(uppercase) and they are not significantly different at the 5% real level based on Duncan's Multiple Range Test 

 

 Leaf area index (LAI) 

Plant response measured on Leaf Area Index (LAI) of the cauliflower plants to the supply of water 

at each dosage of rice straw mulch is shown in Figure 1. In conditions without mulch, the 

cauliflower plants are in a different state of field capacity with a growth rate of 75% and 50% of 

water supply, whereas in the supply of 5 tons of mulch per hectare and 10 tons per hectare LAI at 

the water level the field capacity is equal to 75% but faster the LAI growth compared to 50% water 

supply. 
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Figure 1: Grafts of Leaf Area Index of cauliflower affected with water supply and rice straw 

mulch (it should at the same page) 

 

 Net assimilation rate (NAR) 
In the absence of mulch by supply 100% water (FC) the net assimilation rate is higher than the 
supply of water 75%% and 50% FC. The optimum NAR reaches at the age of 14-21 days after 

which it decreases at different speeds. In the application of 5 t ha-1 rice straw mulch, plants in the 

supply of 100% water (FC) have the same pattern with 50% FC, whereas with 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2: Net Assimilation Rate of cauliflower affected with water supply and rice straw 

mulch 
 

75% water supply the pattern is different but higher NAR is in field capacity water supply. At the 

dosage of straw mulch 10 t ha-1 of cauliflower plants in the field capacity the pattern is different 

from the supply of 50% FC water but the same as the supply of 75% water, NAR is optimal at 

supply water 50% FC or 75% FC higher than supply water at field capacity (Figure 2). 

 

 Curd diameter, curd height and shoot weight of cauliflower 

The results of the variance analysis showed that there was no interaction effect between the level of 

water supply and the dosage of mulch on the curd diameter, the curd height and shoot weight of the 

cauliflower with the results of the analysis of main effect shown in Table 5. 

 

In Table 5 it can be seen that in the water supply of 50% FC and 75% FC the size of the diameter, 
height cauliflower mass and fresh weight of shoot are smaller than that of the field capacity water 
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supply. While supply rice straw mulch at a rate of 10 t ha-1 can increase the size of the diameter and 

height of cauliflower mass, and also fresh weight of the cauliflower shoot. 

 

Table 5: Curd diameter, curd height and shoot weight of cauliflower affected with water 

supply and rice straw mulch 
 

Treatment Curd Diameter (cm) 
 

Curd Height (cm) 
 Shoot Weight per 

Plant (g) 

Water supply :       

a1=100% (FC) 12.54 c 7.92 c 757.16 c 
a2= 75% FC 11.16 b 6.96 b 577.71 b 
a3= 50% FC 7.56 a 5.34 a 361.87 a 
Rice straw mulch:       

m0= 0 t ha-1 9.47 a 6.17 a 550.83 a 
m1= 5 t ha-1 9.78 a 6.57 a 553.99 a 
m2= 10 t ha-1 12.01 b 7.49 b 591.92 b 

Note: The average number of treatments followed by the same letter in the direction of the to DMRT column 
is not significant according at the 5% level 

 

 Weight of marketable yield per plant 

Weight of marketable yield is affected by water supply and application of rice straw mulch. In 

conditions without mulch, water supply 50% FC and 75% FC even lowering the weight of 

marketable yield per plant. In the delivery of 5 and 10 t ha-1 dosages of rice straw mulch, 75% FC of 

the water supply does not reduce the weight of marketable yield of cauliflower, while the water 

supply of 50% FC reduced the yield of the cauliflower marketable (Table 6). 
 

Table 6: Weight of marketable yield per plant (g) affected with water supply and rice straw 

mulch 
 

Rice Straw Mulch 
  Water Supply    

a1 (100%)  a2 (75%)  a3 (50%)  Mean 
m0 (0 t ha-1) 257.40 a 179.39 a 94.85 a 177.21 

 C  B  A   

m1 (5 t ha-1) 297.57 ab 222.95 b 112.43 ab 210.98 
 B  B  A   

m2 (10 t ha-1) 319.79 b 278.80 c 140.13 b 246.24 
 B  B  A   

Mean 291.59  227.05  115.80  211.48 

Note : The average number of treatments that are marked with the same letters in each column (lowercase 
letters) and each row (uppercase letters) are not significantly different at the 5% real level based on Duncan's 
Multiple Range Test 

 

In the case of field capacity, supply mulch as much as 5 t ha-1 and 10 t ha-1 does not significantly 

improve the yield. At the level of 75% FC of rice straw mulch as much as 5 t ha-1 and 10 t ha-1 

increases the weight of marketable yield, whereas in the water supply of 50% FC only the rice 

straw mulch is 10 t ha-1 which can increase marketable yield of cauliflower weight. 

 

3.8 Weight of edible curd 

The results of the analysis show that there is an effect of the interaction between the supply of  

water and the dosage of rice straw mulch on the weight of edible curd per plant. Results of the 

analysis of simple effects presented in Table 7. When there is no mulching, water supply of 50% 
FC and75% FC may reduce the weight of edible curd per plant. Whereas in the case of being 

applied 
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mulch with a dosage of 5 or 10 t ha-1 the water supply of 75% FC does not reduce the weight of the 

edible curd only water supply 50% FC which reduces the weight of edible curd per plant. 
 

In a field capacity, only 10 t ha-1 of mulch is applied which significantly increases the yield. While 

at the level of water supply of 75% FC of rice straw mulch as much as 5 t ha-1 and 10 t ha-1 

increases the weight of edible curd per plant. In water supply 50% FC, application of rice straw 

mulch cannot increase the weight of edible curd. 

 

Table 7: Weight of cauliflower consumable (g) affected with water supply and rice straw 

mulch 
 

Rice Straw Mulch 
  Water Supply (%)   

a1 (100%=FC)  a2 (75% FC) a3 (50% FC)  Mean 

m0 (0 tha-1) 184.21 a 118.59 a 58.93 a 120.57 
 C  B  A   

m1 (5 tha-1) 218.39 a 161.32 b 63.96 a 147.89 
 B  B  A   

m2 (10 tha-1) 257.57 b 221.07 c 98.34 a 192.33 
 B  B  A   

Mean 220.06  166.99  73.74  153.60 

Note: The average number of treatments that are marked with the same letters in each column (lowercase 
letters) and each row (uppercase letters) are not significantly different at the 5% significant level based on 
Duncan's Multiple Range Test 

 

4. DISCUSSION 
 

Cauliflower plants require a high amount of water for survival. Although the Orient cultivar can 

adapt to the lowlands in both the rainy and dry seasons, this plant requires adequate air humidity 

and soil moisture. Cauliflower plants are usually planted on soil with sufficient irrigation with 

adequate drainage (Rukmana, 1994). Based on this the use of rice straw mulch is an alternative 

technology that can reduce evaporation and maintain soil moisture. 
 

The response of cauliflower plants to the supply of water and rice straw mulch was seen in the high 
components of plants starting at 21 DAP. This indicates that up to 14 days the supply of 50% water 

without mulch still meets the water needs of the cauliflower plant. At 28 and 35 days the supply of 
water and dosage of rice straw mulch affect the height of the plants due to the period of 21, 28, and 

35 DAP. The highest dosage of 5 t ha-1 of rice straw mulch obtained 100% water (FC), while at 10 t 

ha-1 of mulch the three levels of water supply had almost the same maximum. Lack of water in 
cauliflower plants that were applied new rice straw mulch had an effect on the plant height at 35 
days because the older the plant, the higher the demand for water. 

 

The response of each component of growth in the supply of water varies. On the number of leaves 

the effect of supplying water began to appear at 35 days. This caused a difference in the leaf area 

index. Generally the leaf area index of cabbage plants on water supply is 50% lower than the leaf 

area index at the two other levels of water supply. 

 

At the beginning of the growth the net assimilation rate is still low because the plants are small. As 

they grow, the leaves function in photosynthesis, causing an increase in the net assimilation rate. 

Many older leaves are shed, so the net assimilation rate decreases even though the leaf area index 

increases, because many leaves are shed. The aging of leaves causes low rates of net assimilation 
due to reduced photosynthetic rates while respiration continues (Gardner et al., 1991). Older leaves 

may burden the physiological process of estate crops (Subandi et al., 2017). 
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Groundwater benefits plants as a fertilizer, soil temperature stabilizer, solvent, and a trigger for 

unavailable nutrient supply chemical reactions becomes available, as solvents carry nutrient ions 

from the rhizosphere into the roots and leaves, and as a means of transportation and distribution of 

nutrients from leaves to all parts of the plant. Sufficient water will increase absorption of nutrients 

(Hanafiah, 2007; Subandi et al., 2018). 

 

More than 50% at FC of the water supply are used in the generative phase (35 DAP until harvest). 

Lack of water in this phase causes a decrease in yield components and low yields. At seedling black 

locus, watering 30-40% of field capacity and longer watering intervals lower photosynthesis and 

transpiration rate, stomatal conductance, and growth of a plant (Anggraeni, et al., 2015). Rice straw 

mulch plays a role in reducing evaporation, thereby helping plants absorb nutrients which can 

increase their growth and yield. 
 

The supply of straw mulch can maintain soil moisture 50% higher than without mulch. 

Maintenance of soil moisture will create a microclimate conducive to plant growth and soil 

organisms. Increased activity of soil organisms will increase soil capacity to hold water and 

nutrients to plants. This causes the cauliflower plants which receive 100% water with 10 t ha-1 of 

rice straw mulch to obtain the highest yield (Kumar and Lal, 2012). 
 

The inflorescence time of cauliflower plants is influenced by the supply of water and the amount of 

rice straw mulch. Cauliflower buds are formed after plants reach a carbon/protein balance. This is 

related to the ability of plants to assimilate, accumulate food, and the allocation or distribution of 
assimilation results because carbon is mostly derived from mobilization of food reserves and the 

result of photosynthesis. Owing to the fact that water plays a role in photosynthesis and the 

distribution of assimilation results, the higher the availability of water, the faster the harvest. 

Therefore the fastest harvest time in this experiment was achieved by cauliflower plants which were 

treated with 100% water (FC) combined with a dosage of 10 t ha-1 of rice straw mulch. This is in 

line with the heaviest cauliflower weight without leaves obtained from plants with 100% water 

supply plus 10 t ha-1 of rice straw mulch while the lightest weight is obtained from cabbage 

cauliflower plants with 50% water supply without mulch (Elisa, 2004). 
 

Each component of the highest yield is achieved by the level of water supply field capacity. Growth 

components and high yield components in conditions of field capacity indicated that this growth 

requires water available for optimal performance. Availability of water is needed to adapt and be 

used for plant growth and increasing leaf area (Doorenbos and Kassam, 1979). Water deficits only 
affect gas exchange capacity and photosynthetic efficiency in the short term, while in the long term 

they result in decreased efficiency of dry matter formation (Munchow et al., 1986 cited in Agung 

and Rahayu, 2004). Lack of water results in reduced photosynthesis because dehydration of 

protoplasm will reduce photosynthetic capacity (Thomas and Lasminingsih, 1994 cited in Agung 

and Rahayu, 2004). Sufficient water will support an increase in leaf area related to the level of crop 

production (Gardner et al., 1991). Low amount of water will cause limited root development. That 

will disrupt nutrient absorption. Lack of water will cause nitrogen nutrient uptake to be inefficient 

and reduce the growth and yield of soybean crops (Agung and Rahayu, 2004). Soil environment 

lacking water in the first stages of growth may cause a retarded plantlet (Subandi and Dikayani, 

2018). 

 

5. CONCLUSION 
 

Cauliflower plants require high amounts of water. Although the Orient cultivar can adjust to both 

the rainy and dry seasons in the lowlands, plant growth will decrease without rice straw mulch at 

water supply lower than 75% FC, but will be good with 5 or 10 t ha-1 of rice straw mulch at the 

water supply of 75% FC. The worst result was observed at the water supply of 50% FC. Each 

component of the highest yield is achieved by the level of water supply at field capacity. Growth 

components and high yield in conditions of field capacity indicated that this growth requires water 
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available for optimal performance, and straw mulch applied at 5-10 t ha-1 can be a means of 

preserving water in the soil. 
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