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ABSTRACT

Sweet potato is generally known as drought tolerant crop, however cannot withstand drought during initial planting
and during initial growth stages including development and tuber intitiation and thus there is need to identify
appropriate genotypes adapted to drought conditions. The aim of this study was to evaluate different sweetpotato
genotypes subjected to drought stress to identify the most drought tolerant genotypes and select the best index for
investigating sweetpotato genotypes under stress and non-stress conditions. Twenty four sweetpotato genotypes
were screened for drought tolerance under the screen house. The trial was assessed using a randomised complete
block design with three replicates. The analysis of variance showed significant differences in genotypes under
drought stress condition. Five different drought tolerant indices including mean product, geometric mean product,
stress tolerance index, tolerance and stress susceptibility index were used to identify high yielding genotypes under
both conditions. The stress susceptible index(S3) is considered as suitable indices for sweetpotato where stress is
severe while mean product (MP),geometric mean product (GMP), Stress tolerance index (STI), and Tolerance
(TOL) were considered the potential indices for selecting high yielding sweetpotato genotypes under both conditions
using harvest index yield component. Correlation analysis between harvest index yield under stress and non-stress
condition showed positive correlation amongst GMP, MP and STl and showed that the most appropriate indices to
identify drought tolerant genotypes were GMP, MP and STI1.Principal component analysis through biplot was used
to explain the variation between the harvest index yield component and the drought indices. The genotypes 1,2,3
and 5,were classed as drought tolerant and in group A while genotypes 4,8, and 7 were considered as group B and
can produced high yield only under high soil moisture condition.

Key words. sweetpotato landraces, genotypes, drought stress, tolerance indices, biplot analysis, correlation
analysis, Sress tolerance index, stress susceptibility index

INTRODUCTION

Drought, among other environmental factors, is thest important limiting factor in field crop prodian
contributing to 75% yield looses worldwide (6,14)daespecially in sweetpotato production, it redudaber and
above ground biomass in areas where it is growremunginfed conditions (19). Therefore, breeding doought
tolerance trait is not easily achievable and ha&nlvecognised to be a difficult challenge for bexsdvhile progress
in yield has been much better in favourable envitents (21,2,7). Thus selection of drought tolefaant is an
important strategy in reducing the impact of plaater deficit. Sweetpotato is reported to be a matedgr drought
tolerant crop according (23). However, on the camtrsweetpotato cannot tolerate drought at the timmitial
establishment and during initial growth stagestidiig vine development and storage root initiati®a).

In Papua New Guinea sweetpotato remains the rnstgpte crop as food and animal feed with major petidns
coming from the highlands region [4] apart fromestkuber crops that provides 60-70 % of the lodetadly needs.
Currently, the available genotypes ability to preglisustainable yield under deficit water conditiomot known
with limited information available on their perfoamce and this remains a challenge. Hence, screemng
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identifying improved drought tolerant sweetpotaentptypes is of major importance. Identifying drbugplerant
sweetpotato genotypes will improve profit margim fbe resource poor farmers and will increase gvatato
production in semi-arid regions of the country veheeasonal drought and rainfall are major setbddiexefore, to
identify drought tolerant genotypes under such @@, drought tolerant and selection indices Whiczovide a
measure of drought based on yield loss under stmudition in comparison to non-stress conditioeseremployed
in this study for screening drought tolerant gepety(15,16) such as stress susceptibility indeX) (8®an product
(MP), geometric mean product GMP, stress toleramdex (STI), tolerance,(TOL) which have been widesed in
wheat, mungbean,chickpea and recently in sweetddtd5,11,10,9) for drough tolerance screening wesed.
Among the indices (1,7,3,15,9) used drought tokeradices in wheat, mungbean and orange flesh potsbd
(OFSP) lines and found that MP, GMP and STI wereenadfective in selecting high yielding genotypesier both
stress and non-stress condition and are also haghihelated with each other. According to Fernan@@genotypes
can be divided into four groups, genotypes thatresg uniform superiority in stress and non-stremwitions
(group A), genotypes which perform favourably omynon-stress conditions (group B), genotypes whjiid
relatively higher only in stress conditions (grddpand genotypes which perform poorly in both steelsand non-
stressed make up (group D) by using principal campband biplot analysis to separate the genotgpesrdingly.
In this study harvest index yield component wasduas the major trait to identify drought tolergetforming
genotypes and the best indices for selection ustdess and non-stress condition for sweet potagspiie the above
mentioned studies, information on drought toleeaability of sweetpotato genotypes in Papua Newn&auiis not
known with limited information available causingrejor setback for the number one staple crop.

Therefore, the aim of this study was to evaluagestiveetpotato genotypes to identify the most drbtajérant lines
lines and select the best index for investigatingetpotato genotypes under stress and non-stradgioas.

MATERIALSAND METHODS

Sweetpotato ger mplasm material used

The germplasm consisted of 102 sweetpotato genstgperced from all National Agricultural Researoktitute
sub-regional research centres under the EU_ARDegrojThe 102 sweetpotato genotypes were evaluated f
phenological traits and yield components were sapdraccording their time of maturity at 70 day®,days and
126 days after planting. About 24 (Table 1) oull®2 were selected based on their ability to prochigk storage
tuber yield at 70 days and 98 days respectivelyHis study. The 24 selected lines were sproutémgusibers in
April 2014 and multiplied together in field to geate more planting materials for the screen hotgke t

Table1l. List of the genotypes used in the study and their codes

Gceode Genotype Gceode Genotype
1 MASUNG 13 K-142
2 SIMAT 14 SI-85
3 AlYIB 174 15 ASPBL 4
4 BSPBL 2 16 B-11
5 SINATO 17 BSPBL 9
6 MIRIAM 18 AlYIB 168
7 NIB 0801-001| 19 ASPBL 5
8 BL 8d 20 5 ML 7e
9 RAB-36 21 NORTHERN STAR
10 BSPBL 8 22 LPO-3
11 BSPBL 4 23 BSPBL 1
12 VSP-3 24 BSPBL 7

ASPBL- Aiyura breeding lines and BSPBL denotes Bubia breeding lines,Al Y1 B-seed 4 needs

Screen house evaluation trial

The experiment was conducted in the screen hotigbeaNational Agriculture Research Instititute (R
Momase regional centre at Bubia located46S ,146°06 E at 20 m a.s.l in the Morobe Province of Papua Ne
Guinea between September and November 2014. Themsaiia used in the experiment was collected from
Department of Agriculture and Livestock (DAL) Eratation and mixed with sand in a 1:1 ratio and ysrited.
The growth medium was then watered for three dayfetd capacity before the 24 sweetpotato genctypere
planted into each allocated treatments. Each iddali genotypes tip cuttings of 10-20 cm colledredn the field
were planted in each individual treatment filleihwsterilized soil weighing about 500 kilogramg)kn an upward
position. The soil was filled into the boxes consted of 240 x120x30cm with black polythene sheemtnimise
the amount of water draining freely at the baseeath small experimental units were separatecdebyite.

The experiment was assessed in randomised compéiek design with three replications under noestrand
stress condition under the screen house. The ipldt®e stress experiment receive water up to 14 dallow all
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plants to grow after which water was withheld tifirvest at 70 days while under non-stress expetimater was
maintained at field capacity for every five dayarefully not to flood the plots until harvest atd@§s after planting
(DAP). The plant spacing was 20cm x 20cm withidl dxetween plants consisting of 6 rows (6 plantsewid2

plants long). The study consisted of two separgpe@ments and plants were evaluated for yielddye®@mponents
and importantly harvest index yield (% HI) componheimhe harvest index was calculated by dividing ftesh

storage root weight over fresh biomass multiplylb9 to convert to percent.

Deter mination of stresstoleranceindex

To determine the appropriate drought tolerancecesliand identify drought tolerant sweetpotato ggres under
stress and non-stress condition and yield potefiis) and (Yp) for the 24 sweetpotato genotypeduatad under
the screen house. The six drought tolerant indene wgathematically calculated based on the harvettxi (HI)
yield component which is defined as the fresh ginaot weight divided by fresh biomass under steesd non-
stress trial under screen house (1,9,8,10,3,18#) similar indices in their various studies in deteing drought
tolerant genotypes. The drought tolerance indexdusere calculated following the method used by

(10,22,12,2,5,8), as follows., Stress Susceptjbilidex (SSI) = (1—YS/Yp)/S| where SI= (1¥9 Yp), Mean
Productivity (MP) ={Yp +Ys) /2 Tolerance(TOL) =(Yp—YSs), Stress Tolerance Index (STI) ¥p (Ys)/(Yp)®

Geometric Mean Productivity (GMP) 5/ ti *Ys )

Where:Yp = Yield of a genotype in normal stress conditi¥ya,= Yield of a genotype in water deficit or stress
condition Yp = Mean yield in normal irrigation conditio’s = Mean yield in water deficit or stress conditidine
biplot analysis using principal component analysis correlation analysis was used to identify stteterant and
high yielding genotypes and their relationship kegwthe two stress conditions (1,2,9,8,10)

Data Analysis

Data was subjected to analysis of variance (ANOVMgihg genstat 14 edition, MS excel and statsgraptoftware
to determine the differences amongst the genotyreb the data variables assessed under the twaediffe
conditions. The mean comparison separation was deimg Duncans multiple range test (DMRT). Bipéotd
principal component analysis was done using thetged4 edition version.

RESULTSAND DISCUSSION

Analysis of Variance

Results of the analysis of variance (ANOVA) of hestvindex yield component (% HI) in both conditieiowed
that (Table 1) there was significant differencenmsn the under study sweetpotato genotypes foebaindex (%)
yield component in stress (drought) condition R¢@.05) while it was observed that there was no significar
meaningful difference in non-stress conditions leetwthe under study genotypes showing that themeissence of
genetic variation amongst the sweetpotato genotyiesilar results were reported by (3,7) in tharigus studies
in bread wheat genotypes screening for droughtaotandices respectively.

Mean comparison by Duncan method showed that (TAblender non stress condition the genotypes Ind?4a
produced an average of 206.7, 262.8 and 288.6 (%iklfj respectively. Under drought stress conditigmotypes

7 produced 120(%HI) yield followed by 42, 2, 19 &l Under non-stress condition (Yp) the mean yraliged
from 30.7 to 288.6 % whereas under drought stressyield mean (Ys) ranged from 1.6 to 120.00 (%HI)
yield(Table 1). The average yield reduction dudrmught was 31.5 %. The best yielding genotypegwer, 3, 4,
under non —stress condition in terms of harvedtyielex (% HI) due to high fresh vine weight, fnestorage root
weight, marketable fresh storage weight and toiamhss weight while the lowest was recorded in ggre 24.
The HI was highest in non-stress condition compdoedrought stress condition and this is in agregmeth
observation of (3) in their investigation in scriegnbread wheat genotypes for drought stress dondit

Table 1. Analysisof variance in two stress environments (stress (drought) and non -stress (irrigated)

Source Df M ean squares
Stress (drought]  Non-stress( irrigated)
Replication | 2 7.423 3864
Genotypes | 23 17.72* 1549%
Error 46 4.035 6695
CV % 19.1 9.0
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Table 2. Mean comparison of sweetpotato cultivars by Duncan Method (genstat)

Genotype codg  Stressed condition (drought)  Nasstcondition (irrigated
1 58.2bcde 288.6a
2 70.6bc 262.8a
3 44.8cdef 266.0a
4 90.3ab 206.7a
5 41.8cdefg 187.2a
6 21.2defg 181.2a
7 120.0a 199.1a
8 57.0bcde 162.3a
9 30.5cdefg 182.1a
10 33.0cdefg 167.0a
11 32.4cdefg 153.5a
12 37.6cdefg 138.6a
13 35.7cdefg 123.3a
14 62.6bcd 107.5a
15 51.0bcdef 106.8a
16 1.69 103.4a
17 45.5cdef 101.7a
18 17.6efg 99.7a
19 66.6bc 77.6a
20 46.0cdef 64.0a
21 34.0cdefg 59.0a
22 20.6defg 65.9a
23 32.5cdefg 39.3a
24 12.7fg 30.7a

Note: ASPBL- Aiyura breeding lines and BSPBL denotes Bubia breeding lines, (Geode table 1)

Table 1. Harvest index yield in non stress, stressand drought stressindices

Genotypecode | YP YS SSI MP | TOL | STI | GMP
1 288.6| 58.2| 253 173.4230.4| 0.85| 129.6
2 262.8| 70.6| 232 166.7 192]2 0.94136.2
3 266 448 | 2.63 1554 221p 0.6 | 109.2
4 206.7| 90.3| 1.7 1485 11644 0.94136.6
5 187.2| 418| 246 114% 1454 04 88(5
6 181.2| 21.2| 2.80 101.2 1600 0.19 62/0
7 199.1| 120.0f 1.2 1596 79.1  1.21154.6
8 162.3| 57.0| 2.05 109.7 1058 0.47 962
9 182.1| 305| 2.64 106.3 1516 0.28 74|5
10 167 33.0| 254 100.0 1340 0.28 74}]2
11 153.5| 324 2.5 93.00 1214 0.35 705
12 138.6| 37.6| 231 881 1010 0.26 722
13 123.3| 35.7| 225 79.5 87.4 0.22 66J3
14 107.5| 62.6| 1.32 85.1 44.9 0.34 820
15 106.8 51 1.65 78.9 55.§ 0.28 738
16 103.4 1.6 | 3.120 525 | 101.8| _0.01 12.9
17 101.7| 455| 175 73.4 56.2 0.43 68J0
18 99.7 17.6 | 2.61] 58.7 821 0.9 419
19 77.6 66.6 | _0.45 72.1 11.0| 0.26] 719
20 64.0 46.0 | 0.89 55.0 18.0 | 0.15 54.3
21 59.0 34.0| 1.34 46.5 25.( 0.1 448
22 65.9 20.6 | 2.18 433 453 0.07 36)8
23 39.3 32.5| 0.55 359 6.8 | 0.06| 357
24 30.7 12.7| 186 _21.7) 18.0 | 0.02| 19.7

Mean 140.6| 444 ] 199 9245 96.26 0.35 75.p2

Data on the selected drought stress indices arsepted in (Table 3).The estimation of stress talaand
identification of drought tolerant crop genotypesséd on single trait is contradictory (8). Using fhernandez
stress index (STI) and other various indices ofudht tolerance to determine the yield potentiabaketpotato
genotypes in stress and normal condition revedlatigenotypes with high STI values have high ydéfterence in
two different environments and thus, represent$ ldgught tolerant genotypes and its high yieldpaiential
(1,20). Genotypes 7,4,2,1 had the highest STI avié® Gates while genotype 16 and 24 had the lowdst(fleable 3)
(a high STI rate for genotype signify its high dgbtiresistant and its yield potential) with simifasults reported on
drought toleranc studies in 30 wheat genotypelsain (20) and high GMP rates for genotypes shovwdigh
drought resistance which is very useful in différ@img group A from other groups (20). Genotypes2® 1 and 3,
displayed the minimum and maximum amount of T@Llhigh TOL rate for genotypes represents suscéptitn
stress), also this index cannot separate groupi@ froup A (Table 3). Our findings are consisteithwhose of
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(2,9,11) in their studies in screening wheat foought tolerance. Genotype 24 had the lowest rakRocompared
to genotype 1 which has the largest rate (seleti@rsgd on this index will result in an increasavarage amount of
yield between the two environments) [16] and canseparate group B from group A genotypes. On therdhand,
gentopye 16 recorded the highest susceptible indeXSI while genotype 19,23 and 20 recorded thee&v&SI
index and were considered the most desirable dtowafgrant genotype (resistarigcause they exhibit smaller
yield reduction under stress condition compareth witn-stressed condition than the mean of allstgpre (7). A
large rate of SSI index indicates the genotype&csptibility to drought and thus not separate grugenotypes
from group C. Similar results were reported bydth)18 orange flesh (OFSP) sweetpotato genotypKsimya and
[13] on screening 84 genotypes for drought tolezancder screen house and field using drought toderandex
(DSI) which is also similar to SSI.

Correlation Analysis

Correlations between the two stressed conditiomd é&nd (Ys) and the five quantitative drought taferindices are
presented in Table 3. The indices were calculaiatbtermine the appropriate drought tolerant irglfoe screening
sweetpotato. The results of the correlation anslgsiowed that there was significant and positiveetation

between STl and GMP, STl and MP (Table 4 and Figyirend are considered suitable drought toleratit@s for

screening drought tolerant genotypes in sweetpoitilar results were reported by (9,8,3,2), irdat wheat
(11,17) on durum wheat, (1) orange flesh sweetpdt@aESP), (15,7,20), in wheat genotypes and (2#)ungbean
on their various study on screening for droughérahce indices found these indices most desirabkelecting
potential genotypes under stress and non-streshtiomn The yield in nhon-stress condition is higlelyrrelated with
indices GMP, MP, STI, and TOL (Table 4 and Figuredth similar results reported by (24) in their nindriate

analysis on wheat. The sweetpotato harvest indgxu(lder stress had positive and significant cotictavith MP,

GMP and STI but was negatively correlated with 8&d TOL index (Table 4 and Figure 1). These resarksin

agreement with findings of (20,10,9,11,1). Thisuiesssuggested that with the positive correlationnd among
STI, GMP , MP and their positive relationship wittarvest index (%) of sweetpotato genotypes, thetiees are
introduced as the best indices for selection i lmoinditions. Our study corresponds with previgugstigation in
wheat and sweetpotato (11, 20,15,1).

Table4. Multiple variable analysis correlation between five stressindicator s (statgraphics)

YP YS GMP MP SSI STI TOL
0.44* | 0.82** | 0.96** | 0.50** | 0.79** | 0.93*
YS | 0.44* 1 0.86** | 0.66** | -0.44* | 0.86** | 0.09
GMP | 0.82** | 0.86** 1 0.94* 0.00 0.97*| 0.57*

<
o)
-

MP | 0.96* | 0.66** | 0.94* 1 0.28 0.91*| 0.80*
SSi 0.50* | -0.44 0.00 0.28 1 -0.01 0.73*
STI 0.79* | 0.86* | 0.97* | 0.91* | -0.01 1 0.53*

TOL | 0.93* 0.09 0.57*| 0.80**| 0.73** | 0.53* 1
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Figure L.Multiple variable correlation graph based on matrix plot of the drought indices
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Table5. Principal components

Drought indices| Principal component
1 2
YP 0.432 0.211
YS 0.316 -0.501
GMP 0.434 -0.199
MP 0.453 0.026
SSI 0.120 0.658
STI 0.426 -0.212
TOL 0.353 0.433
Eigenvalue 4.1 1.9
Cumulative (%) 69.2 28.3
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Figure 2. Biplot of sweetpotato genotypes and drought tolerant indices based on first and second principal componentsin two drought
stress and non-drought stress conditions (see table 1 for details on genotype code)

Principal component and Biplot analysis

To assess the relationship between sweetpotatotygeso and drought tolerance indices, principal comemt
analysis was utilised (Table 5) that condenseditkendices to only two components. The total atian expressed
between the two components was 97.5%.The first P@Adtor shows 69.2% of variation. This dimension
emphasized the sweetpotato yield (HI%) stress amcha conditions of Yp,Ys, GMP, MP, and STl andhca
distinguish genotypes A from other groups (20). £dering the positive values of principal compongranalysis
(PCA 1) on biplot, selected sweetpotato genotyp#ise high yielding under stress and non-stresali@ns. The
second component shows 28.3% of the variation aaslpestitively correlated with TOL and YS and imsidered
as the susceptible component (Table 5 & Figurendl)rafers mostly to yield (H1%) in normal conditiorherefore,
selection of genotypes that have high PCA1 anddowegative PCA 2 values (Table 5) are suitablesfagss and
non-stress conditions. According to (11,9) obtamilar results in durum wheat and mungbean respelgti
Moreover, this result confirms the investigationdrmand (18) in wheat and (24) in mungbean. Indheent
study, significant positive correlation between SIMP, STI, MP, STI, YS and STI, YP were revealedhe biplot
(Figure 1). The biplot analysis relationship amdrige above indices revealed that the most appmtepdriteria for
selecting genotypes under stress and non-stredditioos are GMP, MP and STI. The result obtaineamf
principal component through biplot analysis progid@luable information in data analysis and corsicuarrelation
analysis. These results are in compatible with fthdings of (7,3,1,9,11). The value of the firstngmonents
identifies the maximum genotype as 1 and minimur@daé-igure 1). Furthermore, genotype 1 displayadimum
yield under normal condition while 23 and 24 hasIgield in both stress and normal condition assalt genotype
1 was placed in group A while 23 and 24 was platedyroup C and D respectively. With regard to the
aforementioned Fernandez classification, genotyp2s3,5,10,9 and 6 are classed as group A geestgpd are
considered drought tolerant and produced good baimdex (%) in both stressed and non-stresseditimmsl The
genotypes that performed well in non-stress camastiare classed as group B and made up of thewfalio
genotypes 7,4 and 8. The group C genotypes aratygees that yield highly in stress conditions aodsisted of
genotypes 16,18,13,12,22 and 24, however, gendtriypgroup A can also move into group C. The figrauping

is group D genotypes and this includes genotyp&45117,19, 20, 21 and 23, produced low yieldgtimee stress or
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normal conditions. Regarding the biplot of figuretlie genotypes 2,1,3 and 5 which located betwkeryield

figure of stress and normal condition and the iesliof MP, GMP, and STI are identified as the musiss tolerant
genotypes and are recommended for low water steggsns while under high soil moisture or non-stresnditions
the genotypes 8,4,and 7 are recommended baseé abdle indices and the biplot (Figure 2).

CONCLUSION

The general finding of this study revealed thatetwetato genotypes 1,2,3 and 5 were identifiedea®iypes with
good harvest index (%) under both stressed andnegsed condition and highly drought tolerant whijenotypes
4,8 and 7 were identified as best genotypes unaeipgB and cannot compared with those in group I Jame
genotypes had higher STI, GMP and MP values suiggesitat they are highly tolerant under both capd.

Correlation analysis revealed that the yield pa&brfYP) and stressed yield (YS) were highly pesitivith stress
tolerance indices STI, MP, and GMP and can be asethe most appropriate indices for selecting oudht

tolerance genotypes. SSl is suggested as a usdfohtor for places where stress is severer.
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