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Abstract

The objectives of this study were to evaluate root fresh weight of cassava applied by micro nutrient fertilizer, to compare yield of root storage treated by micro nutrient fertilizer as 0, 20, and 40 kg/ha, to evaluate the activity of gene starch synthase (SS IV) with Real Time PCR.  Treatments were arranged by factorial (3x3) in completely randomized block design with three replications used as block.  The first factor was three different dosages of micro nutrient fertilizer as 0, 20, and 40 kg/ha.  The second factor was harvest time as 7, 8, and 10 months after planting (MAP).  The micro nutrient fertilizer mainly contents of 5,888 ppm Fe and 1,368 ppm Zn. Variables observed in this study were leaf number (LN), leaf fresh weight (LFW), leaf dry weight (LDW), stem fresh weight (SFW), stem dry weight (SDW), fresh root weight (FRW), root dry weight (RDW), skin root fresh weight (SRFW), skin rot dry weight (SRDW), starch content, and the expression of starch synthase gene activity.  Starch synthase IV gene activity was observed from the sample taken at 10 MAP of fresh cassava root by Real Time PCR, respectively.  The result showed that RDW of cassava applied by 20 kg micro nutrient/ha tended to be the same whether harvested 7, 8 or 10 MAP.    Additionally, starch content was increased by high dosages of micro nutrient fertilizer.  The increase in RDW was due to mainly high gene SS IV activity.  The SS IV gene activity caused by 20 kg micro nutrient/ha treatment showed almost as twice as those by 40 kg micro nutrient/ha. 
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Introduction

Cassava (Manihot esculenta, Crantz) is widely distributed in Lampung province 
Indonesia.  It seems that Lampung is the central production of cassava in Indonesia, 
in 2016 the harvest area for planting cassava is around 300 thousand ha 
(BPS, 2017) where the most More than 85% of harvested area of cassava belonged to small holder farmers and the rest belonged to private company (BPS, 2017).   

 It is well known that fresh cassava root contains starch.  
The optimum starch content of cassava will be achieved at 10 or 12 months after planting (MAP).  However, due to unstable price of fresh cassava root,  farmers and private company harvest cassava at 7-8 MAP. Young cassava root could absolutely reduce both fresh root weight and starch content (Baafi and Safo-Kantanka, 2007, Prammanee et al., 2010;)
, contain low protein (Sagrilo et al., 2003), and also little amylose (Apae-Bah et. al., 2007).  Consequently, the starch content of cassava root harvested at early time 
would be very low, approximately < 18%.   
On the other hand, cassava harvested at late time 
showed bigger granule size than those at early time (Sriroth et al., 1999).  It means that late harvested cassava root would increase starch granule size leading to the higher starch content.  In terms of quality of cassava starch granule, Chatakanonda et al. (2003) reported that the granule quality tended to decrease due to lost packing of amylose and amylopectin
 resulted to industrial quality control problems under increased irrigation treatment.  Moreover in potato, Noda et al. (2004) and Perry (2000) stated that average granule size would decrease when cassava
 was harvested at early time.
The optimum time for harvesting cassava root is around 10 or 12 MAP because root will contain starch in the range of 23-26% or 69-78%
 (based on dry weight of root).  Although cassava root harvested at 7 MAP shows high fresh weight, the starch content was very low resulting  in low price.  Since the price of harvested cassava is based on starch content, the increase in starch yield would dramatically improve the economic social life of farmers.  Cock et.al. (1979) reported that harvested fresh cassava root at 12 MAP would produce yield up to 30 metric ton/ha with optimum population of 20,000 plants/ha and with proper crop maintenance.  Consequently, harvest time of early planting and late planting could influence the weight of cassava storage root yield and starch content.  Agbaje dan Akinlosotu (2004) concluded that cassava storage root yield was 31 ton/ha when harvested at early planting and those was 44 ton/ha when harvested at late planting
.  According to Zhu, 2014, cassava starch has finer surface than potato starch and the more age cassava to be harvested the more granule would clearly distribute.  This means that cassava root yield weight and starch content will increase when cassava is harvested at 10 or 12 MAP.  Kayode (1983) and Apea-Bah et.al. (2011) suggested that the proper time for harvesting cassava would be at 12 MAP because the accumulation of dry matter and starch would be optimum at 12 MAP.  From the previous studies mentioned, it is very clear that harvesting period is the key in attaining enough cassava starch yield.   
Another major constraint in cassava production is that, even though farmers and even private companies frequently apply macro nutrients  N, P, and K,  but rarely apply micro nutrient in the field. Such agronomical practices results in  low soil fertility and finally resulting in low fresh cassava root yield and starch quality.  The effect of various N applications with different harvest dates had been studied by de Oliveira (2017).  They reported that the maximum harvest index (HI) achieved was 75 % at 266 day after emergence (DAE) in plants that received 150 kg/ha N topdressing.  Moreover, Howeler (2001) stated that the application of fertilizer for cassava in Thailand and Vietnam tended to be more P than N and K.  Moreover, he also reported that N was more in leaves and K was more in storage root.  
The information regarding micro nutrient fertilizer for enhancing cassava starch yield is apparently rare.  Moreover, in Indonesia Hadi (2010) gave information that application of micro nutrient 
could increase fresh weight of storage root (yield increment of 0.47 kg) when early harvested at 210 DAP.  This means that low yield of cassava root and starch harvested at early time could be improved by adding micro nutrient fertilizer.  Study on the application of micro nutrient combined with macro nutrient fertilizers to increase cassava starch yield was conducted by Panitnok et al. (2013).  They showed that in Thailand, fresh weight of storage root and starch content would increase up to 30% and 29%, respectively when cassava is applied by Zn.  Additionally, Kumar (2013) explained that the application of micro nutrient in sorghum could certainly increase grain yield and also the Zn and Fe content in grain.  Setiawan et al. (2017) showed their research result that the application of micro nutrient containing 5,888 ppm Fe and 1,368 ppm Zn (20 kg/ha) could increase root fresh weight and starch granule size.  
In addition, Dos Santos et al. (2014) concluded that absorption of micro nutrient would be influenced by cassava age and N content in plant.  However, absorption of Fe showed high concentration in leaf and storage root, as 0.45 and 0.38 kg/ha, respectively in cassava plant without fertilizer application (Howeler, 1981 and Howeler, 2001).  Fageria (2009) reported that absorption of Fe would be high in the condition of low pH.
  Panitnok et.al. (2013) reported that combination of Zn, Mg and S did not show the effect on storage root production 
but would be significant in the production of starch, starch content would be 28.5% 
when applied by Zn,  but 24.9% when applied Mg and S with out any Zn.  You-Zhi et al. (2015) reported that there were four questions from scientist due mainly to limited proof from research result as whether high starch accumulation in storage root related to strong capacity of transport from stem part, whether high starch accumulation in storage root as a result of low efficient of starch degradation, whether simple sugar move via transportation far distance from stem, whether only simple sugar transport correlate with the ability of starch accumulation in part of storage root.  
Guan et al. (2016) informed that one of the main key enzymes for pathway of starch biosynthesis was starch synthase.   
Miao et al. (2014) conducted the study of starch synthase (GSS) gene on banana.  They concluded that activity of GSS would increase gradually as the growth of banana fruit was developing.  It is well known that starch is synthesized through four main fractions namely, ADP-Glc pyrophosphorylase (AGPase), soluble starch synthase (SSs), starch-branching enzyme (SBE), and starch-debranching enzyme (SDBE).  The expression of M. esculenta isoamylase1 gene (Meisa1) was dependent on plant parts and age.  Moreover, Beyene et al. (2010) concluded that Meisa1 showed highest expression at 9 MAP in root parts compared to leaf and stem parts.  Besides, Baguma (2004) informed that the transcriptional activity of sbe in the storage root would increase as the plant aged.  Consequently, duplication and adaptive selection of SSs gene and granule bound starch synthase (GBSS) were indicated in the development of cassava starch (Salehhuzzaman et al., 1993; Yang et al., 2013).  Setiawan et al. (2017) showed that micro nutrient 
application could significantly increase SS IV gene activity?? as many 200 times as control of without micro nutrient application at 190 DAP harvest time.  This means that startch content of early harvested cassava could be improved by micro nutrient application
.
The objectives of this study were to evaluate the effect of micro nutrient application on leaf character, stem growth and root storage of cassava harvested at 7, 8, and 10 months. The effect of micro nutrient application on gene activity of starch synthase IV was also elucidated with Real Time PCR assays.

Material and Method

This study was conducted on dry land of Central Lampung
, Lampung from March 2016 to February 2017.  The soil type is yellowish red podzolic with the pH around 4.8.  Thailand cassava variety ‘UJ3’ 
was used in the present study. Stems with three to four nodes 
were planted on March 2016 with planting distance of 100 cm x 80 cm.  Fertilizers used in this study were urea, SP36
, and KCl as, 200 kg/ha, 100 kg/ha, and 200 kg/ha, respectively.  These fertilizers were applied at 30 days after planting (DAP), however urea was applied twice, first () 
 at 30 DAP and second () was at 120 DAP. The micro nutrient fertilizer containing 5,888 ppm Fe and 1,368 ppm Zn was applied at 120 DAP together with the application of second urea.
Treatments were arranged by factorial (3x3) in completely randomized block design with three replications that were used as block.  First factor was three levels of micro nutrient fertilizer as 0, 20, and 40 kg/ha.  Second factor was three harvest times as 7, 8, and 10 MAP.  The observed variables in this study were vegetative parts and root parts.  Vegetative parts were leaf number (LN), leaf fresh weight (LFW), leaf dry weight (LDW), leaf greenness 
(LG), stem fresh weight (SFW), stem dry weight (SDW).  The root parts were fresh root weight (FRW), root dry weight (RDW), skin root fresh weight (SRFW), skin rot
 dry weight (SRDW), starch content, and the expression of starch synthase gene activity.   All variables were observed at 7, 8, and 10 MAP.  However, the expression of starch synthase (SS IV) gene activity was observed from the sample taken at 10 MAP of fresh root cassava
. Analysis of variance was  conducted by using Minitab 17
. LSD with 5% level of significant difference was also analyzed.
The content of starch was determined using the combined procedure of AOAC (1965) and Moorthy and Padmaja (2002) based on dry weight.  Approximately 100 g of ground fresh cassava root was dissolved in 50 mL of cold water and allowed to stand for 24 hours.  After separating from water, starch was then heated in oven with temperature of 60oC for 24 hours.  The dried starch sample was then analysed according to the procedure of Moorthy and Padmaja (2002).
Table 1. 
Concentration and purity of total RNA 
from Nano photometer

	No
	Sample
	Concentration of total RNA (ng/µl)
	Purity of total RNA 

(A260/A280)

	1
	U0
	184
	1,415

	2
	U1
	146
	1,377

	3
	U2
	194
	1,644



Note: U0 = Sample of fresh root cassava treated by 0 kg micro nutrient/ha; U1 = Sample of fresh root cassava treated by 20 kg micro nutrient/ha; U2 = Sample of fresh root cassava treated by 40 kg micro nutrient/ha

The activity of gene starch synthase was analyzed according to modification of Livak and Schmittgen (2001).  Fresh storage root of cassava was sampled from 0, 20, and 40 kg micro nutrient fertilizer/ha based on quantity of transcription of gene starch synthase IV by using Real Time PCR.  Approximately 0.1 g of fresh storage root that was sampled from cassava root treated by 0, 20, and 40 kg micro nutrient fertilizer/ha was taken aseptically then put in the solution of 1 ml RNA-later 

in sterile micro tube (DNAse and RNAse free) to protect RNA from nuclease activity during the process of sampling.  The 0.1 g sample of fresh cassava root was taken from destructive sample at 10 MAP.  This sample was kept in cool box during in the field until processed in the laboratory.  The extraction of RNA was conducted by the method of PureZOL RNA isolation reagent from Biorad.  After extracting the total RNA, cDNA library was made following the procedure determined by iScriptTM  cDNA Synthesis Kit from Biorad.  The material volume of iScript reaction mix, iScript reverse transcriptase, and total RNA 
in RNAse-free water are 4, 1, and 15 µl, respectively.  Such cDNA was then checked the quantity of concentration and purity by UV-Vis spectrophotometer/nanophotometer pearl from Implen (Table 1).
The cDNA
 was verified by electrophoresis in 1% agarose gel with TAE 1x.  The agarose gel of 0.4 g was added in 40 ml TAE 1x then heated until in the form of solution and added again by 0.4 µl gelred
 to be cooled.  After that, cDNA was applied to electrophoresis tool
 for 45 minutes with 100 v electric voltage (Fig 1).  Before, each quantity of gene starch synthase type IV was determined by Real Time PCR Rotorgene-Q 5-plex HRM dari QIAGEN, cDNA was optimized by primer already ordered
. 

M = Marker PCR 100 bp (pasang basa/bp ==> base pair).

1 = Primer starch synthase gene of Manihot esculenta => ± 187 bp.

2 = Primer beta tubulin gene of Hevea brasiliensis => ± 215 bp.

3 = Primer gene of 18s Manihot esculenta => ± 219 bp.

The programs for optimizing PCR are as below:

1. Pre-denaturation at  95oC for 5 minutes,

2. Denaturation at  95oC for 0.5 minutes,

3. Annealing at 57oC for 0.5 minutes,

4. Extension at  72oC for 0.5 minutes, then step 2, 3, and 4 is repeated as many as  40 x,

5. Post-PCR at  72oC for 5 minutes,

6. Cooling at  20oC for 10 minutes,
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	Fig 1. The result of optimizing PCR in close to 200 bp



The design of primer for gene starch synthase was based on gene starch synthase of type IV with access code of starch synthase KT033500.1 cDNA.  Sequence of starch synthase was chosen from gene sequent of Manihot esculenta starch synthase IV (SSIV) mRNA complete cds.  The reason for this is that the valid sequence is already published 
and also very closed to the taxon of cassava studied.  The Primer is >SSSF 
for TCGACGTGGTTTCTGAGTCA 
and also >SSSR for GAGGTTGTTCAGGAGAGGCT.
For the internal control, design primer was 18s rRNA selected from Manihot esculenta gene for 18S ribosomal RNA, partial sequence with the accession number: AB233568.1.  Again, the reason for this is the valid sequence already published 
and also very closes to the taxon of cassava studied.  Primer is >18sSSF for TGAAAGACGAACAACTGCGAA and the >18sSSR for TTAAGTTTCAGCCTTGCGACC.  Before quantifying by Real Time PCR Rotorgene-Q 5-plex HMR from QIAGEN, cDNA which is already achieved is optimized by PCR (sensoquest sensodirect) with the primer already ordered
.

Table 2. The mixed materials for real time PCR reaction  
	No
	Material
	Volume (µl)

	1
	Rotor-Gene® SYBR® Green Master Mix 1x
	12,5

	2
	Primer 18s rRNA forward 1 µM
	1

	3
	Primer 18s rRNA reverse 1 µM
	1

	4
	Template cDNA 75 ng/µl
	1

	5
	RNAse-Free Water
	9,5

	Volume Total
	25


Quantitative analysis of expression
 using Real Time PCR.  Template cDNA with concentration of 75 ng/µl from each treatment (0, 20, and 40 kg micro nutrient/ha) was used for analysing Real Time PCR by Rotor-Gene® SYBR® Green.  Primer Real time PCR used in this analysis was primer starch synthase and primer 18s rRNA (already designed previously) to be as reported gene.  The mixed materials for analysing Real Time PCR of each template cDNA (U0, U1, U2) and each primer were presented in Table 2.
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	Fig 2. Quantitation data for Cycling A.Green



	No.
	Colour
	Name
	Ct

	1
	[image: image3.bmp]
	ntc
	

	2
	[image: image4.bmp]
	K -
	

	3
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	18s ss U0
	20.84

	4
	[image: image6.bmp]
	18s ss U1
	21.73

	5
	[image: image7.bmp]
	18s ss U2
	21.43

	6
	[image: image8.bmp]
	SS U0
	33.02

	7
	[image: image9.bmp]
	SS U1
	30.28

	8
	[image: image10.bmp]
	SS U2
	30.94


The quantitative analysis of Real Time PCR (qPCR/Real Time PCR) was determined by RotorGene Q 5-plex HRM from Qiagen. The program of Real Time PCR as followed: 

1. Pre – denaturation at temperature of 95oC for 5 minutes,
2. Denaturation at temperature of 95oC for 30 second,
3. Annealing and elongation at temperature of 57oC for 1 minute, while step 2 and 3 was repeated as many as 40 cycles.

The result of qPCR/Real Time PCR (qPCR SS) was directly presented by Rotor-Gene Q Series Software 2.0.2 in the form of graphic as followed, then each quantity of gene starch synthase type IV was calculated (Table 3).

Table 3. The treatment and replicate data where target and reference are amplified in separate wells.
	Micro nutrient (kg/Ha)
	Ct

18s
	Ct SS IV cassava root
	ΔCt SS cassava root
	Normalization (ΔΔCt)
	Regulation of Expression

	20 
	21.73
	30.28
	8.55
	-3.63
	12.38

	40 
	21.43
	30.94
	9.51
	-2.67
	6.36

	0 
	20.84
	33.02
	12.18
	0.00
	1.00


Result and Discussion

The observed variables as LN, LFW, LDW, LG, SFW, SDW, RFW, SRFW, and RDW
 showed high variation at different harvest times
.  Moreover, LN, LFW, SFW, SDW, and RFW also expressed significantly different by micro nutrient application except for LDW, LG, FSRW and DRW (Table 3).  
Yet three observed variables displayed high variation at interaction between harvest time and micro nutrient application as LN, LG, and RDW.  It means that both of harvest time and micro nutrient fertilizer synergized to affect LN, LG, and RDW.  In contrast, LG and RDW did not show variation under different micro nutrient fertilizers.  It seems that the application of micro nutrient did not affect LG and RDW although these of two variables were high variation under different harvest times.  Consequently the application of micro nutrient significantly induced leaf, stem, and root fresh weight to be high variation
.
Under harvest time and micro nutrient application
, LN and LG were significantly different led to high root yield as RDW.  This indicates that leaves are the main factors affecting yield of cassava as RDW.  According to Polthanee et al. (2014) the increasing leaf area index (LAI) was concomitant with the increasing dry root yield of Rayong-72 compared to those of Huaybong-80.  One of the ways to increase leaf area index is the condition of reduction leaves 
when the maturity stage is peak.  The leaf reduction was apparently due to decolorized leaves as LG but stem weight increased as the cassava aged.  
The other result showed that LN would closely relate to LDW and led to increase photoassimilate to develop fresh storage root yield (Poltanee et al., 2014; Richardson, 2011).  

Table 3.  
Variable values of mean square of harvest time, block, micro nutrient, and interaction between harvest time and micro nutrient

	Variables
	Mean square

	
	Block
	Harvest time
	Micro nutrient
	Harvest time  x Micro nutrient

	(LN)
	716.16**
	2,275.1**
	1,586.76**
	434.72*

	(LFW)
	3,254.35
	10,622.57**
	32,945.95**
	315.35

	(LDW)
	316.97*
	1,028.22**
	2,927.48
	174.65

	(LG)
	5.81
	248.68**
	10.55
	24.18**

	(SFW)
	33,587.27*
	170,317.2**
	210,798.67**
	19,476.56

	(SDW)
	6,034.59**
	10,683.16**
	25,454.61**
	2,972.91

	(RFW)
	41,064.89
	4,288,460**
	547,209.07*
	71,432.44

	(SRFW)
	3,993.91
	167,659.2**
	6,044,14
	1,562.83

	(RDW)

	4,230.19
	16,926.79*
	13,031.23
	17,888.45**


* and ** showing significant and highly significant, respectively
In this study, two main variables of leaves as LN and LG were higher at 8 MAP than at 10 MAP (Table 4).  It is very clear that LN and LG were decreasing due probably to the plant age. The decrease in LN and LG would induce the yield as RDW to be higher at 10 MAP than when 
treated by 40 kg micro nutrient/ha as 216.5 kg/plant.  Interestingly, RDW reduced at 8 MAP when treated by 40 kg micro nutrient/ha from 210 g/plant to be 101 g/plant.  
This means that application of 40 kg micro nutrient/ha would not affect the cassava yield.
Table 4.  Leave number (LN) and root dry weight (RDW) of cassava at different harvest times and applied by different dosages of micro nutrient fertilizer

	Harvest Time
	Micro nutrient

(kg/ha)
	LN

(no./plant)
	LG
	RDW

(g/plant)

	7 MAP
	0
	36.4a
	44.3b
	85.1a

	
	20
	51.8bc
	47.6d
	155.0a-d

	
	40
	60.9cd
	46.1c
	106.8ab

	8 MAP
	0
	48.1abc
	47.0cd
	143.7abc

	
	20
	56.1c
	47.9d
	210.1cd

	
	40
	72.0d
	48.5d
	101.1ab

	10 MAP
	0
	37.8a
	42.6a
	141.8abc

	
	20
	42.1ab
	43.4ab
	144.1abc

	
	40
	38.0a
	43.8ab
	216.5d


Number in the same column followed by the same letter indicated not significantly different under LSD’s procedure in the level of 5% significant difference
Visual observation 
also showed that the LN increased from 7 MAP to 8 MAP then decreased at 10 MAP.  Begum and Paul (2005) informed that LAI increased from the beginning until reached certain peak and then decreased according to the cassava aged.  In this study LDW drastically dropped from 36.0 g at 7 MAP to 23.5 g at 10 MAP.  Such variable was not followed by SDW because SDW would increase according to the harvest time (Table 5).  The increase in SDW seems to be followed by the increase in RFW and SRFW.
Table 5.  Leaf fresh weight (LFW), leaf dry weight (LDW), stem fresh weight (SFW), stem dry weight (SDW), root fresh weight (RFW), and skin root fresh weight (SRFW) of cassava at different harvest time 

	Harvest Time
	LFW
	LDW
	SFW
	SDW
	RFW
	SRFW

	
	----------------------------- g/plant -----------------------------

	7 MAP
	110.2a
	36.0a
	215.7b
	59.0b
	439.8c
	37.87c

	8 MAP
	 73.6b
	26.4b
	137.7c
	51.5b
	824.7b
	144.7b

	10 MAP
	109.8a
	23.5b
	306.0a
	91.2a
	1,284a
	202.8a


Number in the same column followed by the same letter indicated not significantly different under LSD’s procedure in the level of 5% significant difference
The increase in RFW and SRFW of different harvest time could be explained that there was photoassimilate allocation from leaves part as source to the stem and root parts as sink.  This also means that the optimum harvest time for cassava is 10 MAP.  Additionally, it is true that translocation of photoassimilate produced in leaves would be distributed to the stem and then to the root.  Such condition was supported by the result studied by Sagrilo et al. (2008) who concluded that photoassilimate partition in cassava happened as the age increased, dry weight of leaves would fell down yet weight of stem and root parts would increase. This means that the increased allocation of photoassimilate from shoot to root parts of cassava depended on the age.  Harmens et al. (2000) concluded that leaf dry matter had closely related to photoassimilate.  They explained that there was a clear partition of assimilate between shoot and root parts.  Their result was also concomitant with Begum and Paul research study (2005).  The photoassimilate would be transported from stem to the root part and this system would be controlled by starch synthase of root part (Zhi Li et al., 2016). 
The effect of micro nutrient on LFW, LDW, SFW, SDW, RFW, and SRFW were expressed in Table 6.  Most variables were found significantly different as the application of micro nutrient increased except for SRFW.  It seems that under micro nutrient application, partition of photoassimilate in leaf and stem closely related to that in root yield as mentioned before.   Moreover, the little allocation of photoassimilate was observed to the root skin of cassava.  This means that there is a positive relation between shoot parts (leaves and stem) and root parts due mainly to micro nutrient application excepted for cassava root skin.  The application of 40 kg micro nutrient/ha increased significantly both shoot and root parts.
  In this study, high application of micro nutrient tended to vastly increase fresh storage root yield from 677.6 g/plant (without micro nutrient) to 960.5 g/plant (40 kg micro nutrient/ha).  It seems that micro nutrient fertilizer induces and increases the leaf characters leads to the enhancement of photoassimilate as a source.  The study of D. glomerata under limited supply for N showed that the allocation of source as dry matter to the sink as root yield was favourable (Harmens et al., 2000).  The application of micro nutrient in cassava studied by Setiawan et al. (2017) was able to increase fresh root weight.  The other study was also conducted by Kumar (2013) who reported that the addition of Fe and Zn nutrient to sorghum could enhance the granule size.   
Table 6.  Leaf fresh weight (LFW), leaf dry weight (LDW), stem fresh weight (SFW), stem dry weight (SDW), root fresh weight (RFW), and skin root fresh weight (SRFW) of cassava applied by different dosages of micro nutrient fertilizer

	Micro nutrient

(kg/ha)
	LFW
	LDW
	SFW
	SDW
	RFW
	SRFW

	
	----------------------------- g/plant -----------------------------

	0
	65.8c
	19.6c
	129.7c
	35.3c
	677.6c
	110.1b

	20
	89.4b
	25.5b
	213.0b
	66.1b
	910.6b
	137.0ab

	40
	138a
	40.9a
	316.7a
	100a
	960.5a
	138.1a


Number in the same column followed by the same letter indicated not significantly different under LSD’s procedure in the level of 5% significant difference
  The increase in granule size could associate with the increase in starch content.  The application of 20 and 40 kg micro nutrient/ha could increase starch content approximately 16% and 18%, respectively at 7 MAP (Fig 3).  The pattern of starch content enhancement due to micro nutrient application was the same.  Additionally, without micro nutrient application, based on harvest time, there was a little bit increase in starch content.  This means that starch content could be increased by micro nutrient application.  Setiawan et al. (2017) showed their result that the granule size was increased from 8.36 – 16.5 µm (without micro nutrient) to 20.30 – 26.79 µm (with 40 kg micro nutrient kg/ha) and led to increase in starch content.   
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	Fig 3. The starch content of cassava root storage at different harvest time under various micro nutrient application


According to Setiawan et al. (2017) high starch content was related to the granule size. They reported that without application of micro nutrient fertilizer (0 kg/ha), diameter range of starch granule was 8,357 
– 16.49 µm. Moreover, the diameter range of application of 40 kg micro nutrient fertilizer/ha was 20.30 – 26.79 µm.  Jane (1994) stated that the size of cassava starch granule was in the range of 5-25 µm.  Additionally, Lindebom et al. (2004) classified starch granule size into three groups, 0.5-5.0 µm categorized as very small size; 5.0-15 µm as small size; 15-36 µm as bimodal size.  Perry (2000) commented on her paper that starch granule size was not influenced by date 
but was affected by fertilizer condition.  On the other hand, Sriroth et al. (1999) explained that starch granule size was mainly influenced by plant age and soil condition.  They stated that starch granule size was progressively altering from very small size to bimodal size at late harvest time.  The other information associated between the increase in starch granule size and amylose content was also explained by Boyer et al. (1976).  They conducted research on corn and concluded that the percentage of amylose increased with increasing the proportion larger granule size due mainly to plant age.  Their result was not similar to Leonel et al. (2005) who were doing result on Pachyrhizus ahipa.  They reported that the increase in starch granule size as plant development age but the percentage of amylose was relatively the same.
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	Fig 7.  The expression of SSIV gene activity on fresh root of cassava under different micro nutrient fertilizers



The expression of starch synthase (SS) gene activity on the storage root of cassava treated by 20 kg micro nutrient/ha at 10 MAP showed as many as 12.4 times that of 0 kg micro nutrient/ha. Interestingly, the expression of SS gene activity on the storage root of cassava treated by 40 kg micro nutrient/ha at 10 MAP showed as many 6.36 times as that of 0 kg micro nutrient/ha (Fig. 7).  It means that the gene activity of SS IV was increasingly induced by 20 kg micro nutrient/ha higher than those by 40 kg micro nutrient/ha. The previous result was reported by Setiawan et al. (2017) who informed that the expression of SS IV gene activity on the fresh storage root of cassava at 6 MAP treated by 20 kg micro nutrient/ha showed as many 200 times as that of 0 kg micro nutrient/ha.  In this study, the same application of 20 kg micro nutrient/ha, the expression of SS IV was 12.4 times compared to without micro nutrient application.  The lower expression of SSIV gene applied by 20 kg micro nutrient because the sample was taken from cassava fresh root storage at 10 MAP. 
 The other result was found in enzyme for starch biosynthesis of AGPase which was proven by Munyikwa et al. (1997) who reported that the higher expression was in young leaves than the old leaves.  Such condition was also proven by Zhi Li et al. (2016) that the activity of starch synthase would be lower according to the development growth stage.  Setiawan et al. (2017) proved that micro nutrient fertilizer application absolutely affected the increase in starch content by increasing SS IV led to high dense of granule starch.  It means that the optimum application of micro nutrient for enhancing the starch content is 20 kg/ha.  Based on this result, it can also be recommended that high quality of cassava starch is able to be enhanced by application of 20 kg micro nutrient/ha.  The other proposed idea that can be shared that application of micro nutrient fertilizer increase the sink strength to pull photoassimilate as a source for the expression of starch in the root part.  The strength flow of photoassimilate transport from source to sink as storage root part could result in heavier fresh storage root due mainly to higher starch content.  
Conclusion
Based on result and discussion, it could be concluded that:
a. The application of micro nutrient fertilizer and harvest time could affect leaf number, leaf greenness, and root dry weight.  At harvested time of 7 and 8 MAP, root dry weight could be increased by 20 kg micro nutrient/ha.
b. Based on harvest time, leaf dry weight decreased but stems dry weight and root weight increased.  Leaf and stem characters, root parts, and starch content would be increased by application of micro nutrient.  
c. The increase in starch content of cassava resulted from the application of 40 kg micro nutrient/ha treatment seems the same for three harvest times.
d. The application of 20 kg micro nutrient/ha can induce the expression of high starch synthase gene (SS IV) as many as 12.4 times and lead to the increase in starch content.  
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�It is better to explain the production quantiy and harvested area of cassava in whole Indonesia first, and then you should explain that Lampung province is centre of cassava production in Indonesia


�Please cite articles or database which explain that Lampung is the main area of cassava production in Indonesia


�As mentioned above, first mention the cultivated area of cassava in whole Indonesia. After that, cite this data and explain that most of the harvested area is in Lampung province


�Please also mention, how the cassava is utilized in Indonesia.


Is it cultivated for industrial purpose?


Or is it mainly cultivated for fresh roots for domestic consumption?





�Since it's a well known fact, I think, there is no need to write this sentence


�articles cited should be written in alphabetical order


�at how many months after planting?


�compared to which period?





�rather than writing “late” or/and “early time”, please specify the  harvested time in MAP. This will help the readers to compare the data in cited articles and the data obtained in your experiment.


�what do you mean by lost packing?


�do you mean Potato??


�do you mean the stratch content of the tuber harvested at 10 MAP is 23-26% and the one harvested at 12 MAP is 69-78%??





�what do you mean by early planting and late planting?


Its better to mention the period of cultivation in MAP.


�which micro nutrient??


�weight and starch granule size of what??


�in which crop??


�do you mean fresh root weight?


Please use same term.


�28.5% of dry weight


�It is very difficult to understand what the authors are trying to explain.


�which micro nutrient??


�As you mentioned, the effects of micro nutrient application and harvesting time on yiled of cassava is well studied.


So, what is the originality of your research.





To explain the importance of your research please write a few sentences on originality of your research before concluding the introduction part.


�field of which institute?


please also mention latitude and longitude of the field


�mention the reason why this cultivar was used in the present research


�Please mention the planting material used


�is it product name?


if so pleas


�mention quantity of N applied at each time


�specify the method how you measured leaf greenness


�??


�Please mention the reason why SS gene activity at  7 and 8 months were not analyzed


�Please mention the company name and country of the software


�Better please don't use horizontal lines in tables


�RNA of what?


�A260/A280 values usually use to be around 2.0


�


�Please specify the company name and country


�mention the concentration of RNA used


�cDNA of which sample?





�mention the company name and the country produced.


also mention that gelred was used to stain cDNA





�specify the device name


�explain the optimization method in detail


�Please write this part as caption of Figure 1.





�Plese write this in full sentence. 


�What do you mean by this caption?


�cite the published article


�is this primer name?





�mention the 5’ and 3’ end of the primer


�mention the published article


�which primer?


�expression of what??


�the figure is not vissible


�this part should be included in results and discussion


�it is  better to write in full form at the beginning of Results and Discussion, which will help the readers to recall the meaning of wach short forms


�rather than just writing that there was high variation at different haravest times, please write how each trait vaired at each harvesting stage


�is it table 3??


�plesase mention in detail by using the values observed in the present research


�at which harvest time?


and also mention the quantity of micro nutrient


�what do you mean by condition of leaves?


�What do you mean by this sentence?


�it should be Table 4??


�mention each variable in full form or mention it in footnote


�than what?


From this sentence its difficult to understand which variables you are trying to compare. 


�From the table below we cannot say that RDW reduced significantly at 8 MAP when treated by 40 kg micro nutrient


�what do you mean by visual observation.


You should be able to present detailed data.


�in above sentences you mentioned that 40 kg /ha worked negatively.


. Please check the whole results and discussion carefully and explain precisely based on the results mentioned in Tables.


�please check the value


� do you mean harvesting period?


�Figure 7 is not vissible


�The data of gene expression at 7 and 8 MAP should also be included





_1585895382.xls
Chart1

		7 MAP		7 MAP		7 MAP

		8 MAP		8 MAP		8 MAP

		10 MAP		10 MAP		10 MAP



0 kg micro nutrient/ha

20 kg micro nutrient/ha

40 kg micro nutrient/ha

Starch content (%)

19.3

21.9

23

19.3

22

23.1

19.5

22.2

23.5



Sheet1

		No		Kode sample		Pati (%)

		1		M0P1		60.21		19.3				7 MAP		8 MAP		10 MAP

		2		M0P2		60.22		19.3		0 kg micro nutrient/ha		19.3		19.3		19.5

		3		M0P3		60.97		19.5		20 kg micro nutrient/ha		21.9		22		22.2

		4		M1P1		62.69		21.9		40 kg micro nutrient/ha		23		23.1		23.5

		5		M1P2		65.48		22.0

		6		M1P3		67.02		22.2

		7		M2P1		71.79		23.0

		8		M2P2		72.33		23.1

		9		M2P3		73.38		23.5

		10





Sheet1

		



0 kg micro nutrient/ha

20 kg micro nutrient/ha

40 kg micro nutrient/ha

Starch content (%)



Sheet2

		





Sheet3

		






