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Abstract
Introduction
Iran is a major center of pear (Pyrus) germplasm diversity, offering strong potential for selecting
drought-tolerant genotypes. This study aimed to assess the effects of drought stress on biomass
accumulation and nutrient uptake in seedlings of different Pyrus species and commercial pear
rootstocks.

Materials and Methods

The collected seeds were sown in trays under greenhouse conditions. After germination, seedlings were
transplanted into the growth bags filled with a suitable medium. After nine months' establishment, the
uniform plants were randomly assigned to two groups: a control group with regular irrigation every 3
days, and a drought-stress group with irrigation withheld for 21 days. At the end of the drought period,
shoots and roots were separated, fresh weights measured, and samples oven-dried at 50°C for two weeks
to determine dry weights. Macronutrients (N, P, K) and micronutrients (Mg, Ca, S) were analyzed in
roots and shoots. The experiment followed a factorial design within a completely randomized design,
involving two irrigation regimes and 14 Pyrus genotypes.

Results and Discussion

Data from the interaction effects of drought stress on root fresh and dry weights revealed that the Q1 and
the Dargazi had the highest root fresh weight, while the Pyrodwarf showed the lowest fresh and dry root
weights. Mean comparisons indicated that in P. nivalis, P. hyrcana, P. syriaca, P. betulifolia, and the
seedling genotypes LGI477 and LGI456 (derived from P. communis), the shoot dry weight under
drought stress was higher than control. These genotypes may possess superior physiological,
biochemical, and molecular adaptation mechanisms to drought. Moreover, P. pashia, P. betulifolia, P.
amygdaliformis, Q1, the promising LGI477 genotype, and the quince rootstock BA29 exhibited higher
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root dry weight under drought stress than control, indicating stronger root growth under drought
condition. In P. nivalis, P. syriaca, Q1, Dargazi, LG1477, and BA29 rootstock, root nitrogen did not
decrease under drought, while in other genotypes, a reduction was observed. However, leaf nitrogen
increased under drought in most genotypes, except for P. pashia, P. hyrcana, P. amygdaliformis, and
BA29 rootstock, where it declined. Drought stress also generally increased root phosphorus content in
most species and rootstocks, except for P. hyrcana, P. calleryana, and LGI477, which did not show
such increases. In contrast, leaf phosphorus responses under drought were variable: increases in P.
amygdaliformis and P. nivalis, decreases in Dargazi, and no significant change in P. hyrcana, P. syriaca,
and LGI456. Root potassium content responded differently across genotypes, decreasing in P. nivalis, P.
betulifolia, hybrid Q1, Dargazi, and Pyrodwarf rootstock, but increasing in others. Leaf potassium levels
showed wide variation, with P. syriaca having the highest and Dargazi and LGI456 having the lowest
values under drought stress. Dargazi showed the highest root magnesium content, while P. nivalis had
the lowest; EMA and BA29 rootstocks showed no significant differences. The quince rootstock EMA
had the highest root sulfur content under drought. Overall, drought stress had less pronounced effects on
magnesium and sulfur than on other nutrients.

Conclusion

The findings of this study reveal clear differences among species and rootstocks in their responses to
drought stress, particularly regarding their capacity to absorb and retain essential mineral nutrients under
water-deficit conditions. Analysis of mean trait values revealed significant variation in how different
genotypes and rootstocks cope with drought. Previous studies have reported that drought conditions
typically reduce the number of lateral roots and overall root volume while promoting deeper vertical root
growth. Furthermore, terminal buds tend to enter a dormancy phase, halting the plant’s longitudinal
growth. As a consequence of drought stress, various growth indices decline, with the severity of
reduction differing among the evaluated genotypes and rootstocks. Besides, according to the results of
this study, rootstocks that demonstrated the highest dry matter accumulation in their roots during
drought, along with relatively sustained growth performance, may serve as promising candidates for
future breeding programs aimed at drought tolerance. Although drought stress generally led to reduced
absorption of most mineral elements in both leaves and roots, the efficiency of nutrient uptake did not
appear to be severely disrupted.

Keywords: Germplasm, Local pear of Iran, Root dry weight, Root to shoot relationship,
Withholding irrigation
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Table 1. List of pear species (Pyrus spp.) studied along with their collection locations.

Species/cultivar name Local Fruit uses Collection site Longitude Latitude Altitude
name (m)
P nivalis Wild pear  Unusable Alborz-Kamalshahr 50°51'55.6" 35°51'16.9" 1262
P. pashia Hermeh Fresfl:é(iitrled North Khorasan - Ashkhane 56°48'35.03" 37°25'23.6" 1400
P. hyrcana Hermeh  Fesfaried North Khorasan - Ashkhane ~ 56°48'35.03" 37°2523.6" 1400
P. syriaca Wild pear  Unusable Kurdistan 46°25'38.28"36°12'32.04" 1432
P. betulifolia Wild pear  Unusable Alborz-Kamalshahr 50°51'55.6" 35°51'16.9" 1262
P. calleryana Wild pear ~ Unusable Alborz-Kamalshahr 50°51'55.6" 35°51'16.9" 1262
P. amygdaliformis  Wild pear ~ Unusable Research 'gsat;]tgéleacr’]ggoresm and  gie0gs5.0 35°4427.0" 1275
Q1 (Pyrus spp) Qazvin Unusable Alborz-Kamalshahr 50°51'55.6" 35°51'16.9" 1262
P. communis DareGazi | esi/dried Alborz-Kamalshahr 50°51'55.6" 35°51'16.9" 1262
(Dargazi) fruit
P. communis . Fresh/dried . " oo gu e o
(LGI4T7) Khoj pear fruit Gilan-Lahijan 50°2'0.4" 37°12'8.3 34
P. communis . Fresh/dried : . oo 2" 01910 an
(LGI456) Khoj pear fruit Gilan-Lahijan 50°2'0.4" 37°12'8.3 34

Wlao 590 SGL 9 BAgT (Sl p (i i 9 Ay 0393 (b OIS 53 03l 3590 i (2bowd 9 (0 38 ST 29-T Jouar
Table 2. Physical and chemical properties of the substrate used in pots during the growth period and drought stress for the
studied species and rootstocks

Soil Clay Silt Sand TNV EC pH O.C N P K Zn Mn Fe Cu
texture (%) (%) (%) (%) (@sm’) - (%) (%) (ppm) (ppm) (ppm) (ppm)  (ppm)  (ppm)
Loam 12 42 46 145 13 7.9 2.2 0.22 17 385 1.6 7.6 9.8 11
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Figure 1. Changes in soil water content during drought stress treatment. Bars represent the mean soil water
content at days 1, 7, 14, and 21 of drought stress in pots of fourteen pear rootstocks + standard deviation.

Different letters above the points indicate significant differences between sampling times using the LSD test at
the 5% probability level.
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Table 3. Results of the F-fest and mean comparison for the interaction effects of drought stress, species, and
studied clones on fresh and dry weight of shoots and roots. Data represent the mean of 10 replications.

. Shoot fresh Shoot dry Root fresh Root dry
Treatments Species / Clone weight (g) weight (g) weight () weight ()
P. nivalis 53.00f-i 23.67g 65.37ef 31.69fg
P. pashia 42.00k1 20.67g-1 30.33Im 11.470
P, hyrcana 44.67j-1 21.55gh 70.33¢ 27.62h-j
P, syriaca 26.670p 7.93m 51.97h 28.67g-i
P, betulifolia 58.00e-g 36.67ef 55.53gh 18.10m
P calleryana 63.33¢ 48.00d 117.67a 39.47cd
Control P. amygdaliformis 33.39mn 18.08g-j 63.33ef 19.30Im
Q1 (Pyrus spp) 54.33f-h 39.67ef 109.63b 36.23de
P. communis cv. Dargazi 134.00a 76.24a 114.33ab 59.12a
P. communis cv. LGI477 101.41b 61.33¢ 54.67gh 19.02m
P. communis cv. LGI456 76.63d 42.244d-f 54.37gh 24.25jk
Clone of Pyrodwarf 34.00mn 16.13h-k 35.67i-1 13.410
Clone of EMA 22.73pq 10.04k-m 52.63gh 31.00gh
Clone of BA29 22.96p 13.27j-m 95.67¢ 26.35i-k
P, nivalis 45.92i-1 35.57f 41.671 23.09k
P. pashia 29.09n-p 15.83h-1 32.43kl 11.960
P. hyrcana 38.84Im 22.55gh 29.03Im 11.680
P, syriaca 15.67qr 9.00Im 34.10j-1 14.07n0
P, betulifolia 51.41g-j 38.82ef 39.50i-k 25.11i-k
P. calleryana 55.46f-h 39.67ef 82.33d 35.01ef
Drought stress P. amygdaliformis 24.99p 16.00h-1 49.73h 25.29i-k
Q1 (Pyrus spp) 48.88h-k 37.60ef 78.30d 41.88¢c
P. communis cv. Dargazi 88.40c 70.00ab 65.07ef 47.37b
P. communis cv. LGI477 79.33d 64.97bc 59.27fg 22.71kl
P. communis cv. LGI456 60.08ef 43.18de 39.43i-k 18.77m
Clone of Pyrodwarf 28.00n-p 14.24i-m 23.20m 6.98p
Clone of EMA 15.33r 8.06m 42.33i 17.46mn
Clone of BA29 14.28r 8.14m 39.67ij 24.61jk
F_test sk * sk k3
CV (%) 8.95 14.00 7.25 8.87
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ns, * and **: Non-significant and significant at the 5% and 1% probability levels, respectively
Means followed by the same letters are not significantly different at the 5% probability level, based on the Least
Significant Difference (LSD) test.
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Table 4. Results of the F-test and mean comparison for the interaction effects of drought stress, species, and
studied rootstocks on root and shoot nutrient content. Data represent the mean of 3 replications.

Root Shoot Root Shoot Root Shoot
Treatments Species / Clone Nitrogen  Nitrogen Phosphorus Phosphorus Potassium Potassium
(percent)  (percent)  (percent) (percent) (percent)  (percent)

P, nivalis 1.28° 2.57°¢ 0.08" 0.08° 0.54 0.38°

P. pashia 1.78° 3.14% 0.09’ 0.15° 0.44° 1.64°

P. hyrcana 2.29° 4.10° 0.24* 0.14% 0.57' 0.82

P, syriaca 1.17" 2.09" 0.14¢ 0.13% 0.51™ 1.76°

P, betulifolia 1.15¢* 217" 0.08* 0.12¢ 0.56' 2.15°

P, calleryana 1.16" 2.17" 0.12! 0.14% 0.47™ 0.95!

Control [ @myedaliformis L.15e* 2.52°" 0.10% 0.09° 0.45° 1.52¢

QI (Pyrus spp) 1.18" 2228 0.08" 0.114 0.524 0.56"

P. communis cv. Dargazi 1.13"* 2.19" 0.12! 0.11 0.53% 1.63¢

P. communis cv. LGI477 1.24™ 2417 0.15 0.12* 0.78¢ 0.59™

P. communis cv. LGI456 114" 2.18M 0.12' 0.11 0.26" 0.62™

Clone of Pyrodwarf 1.13"* 2.14% 0.08" 0.12" 0.74° 0.63™

Clone of EMA 1.12" 1.98 0.13¢ 0.13% 0.327 0.74*

Clone of BA29 1.39° 2.63%" 0.19¢ 0.24° 0.54 1.51°

P, nivalis 220" 4.01° 0.12" 0.90* 0.40° 1.29°

P, pashia 1.53¢ 2.99%¢ 0.22° 0.10™ 0.66¢ 0.85

P. hyrcana 1.96° 3.42° 0.19° 0.14% 1.00° 1.55¢

P, syriaca 1.27°¢ 2.40" 0.15¢ 0.13¢ 0.92° 1.82°

P, betulifolia 0.18" 0.15% 0.80! 0.74™ 0.14% 0.10°

P. calleryana 1.034 239" 0.10/ 0.10™ 0.66¢ 0.66'

Drought P amygdaliformis 1.00' 241" 0.11° 0.90° 0.63¢ 0.93

stress QI (Pyrus spp) 1.24™ 2.86°¢ 0.20° 0.10™ 0.47° 1.02"

P. communis cv. Dargazi 1.17% 2228 0.16° 0.09° 0.49°° 0.83f

P. communis cv. LGI477 1.79° 3.09% 0.14¢ 0.14% 0.79¢ 1.148

P. communis cv. LGI456 1.06" 2.32M 0.12' 0.11 0.50™ 0.83'

Clone of Pyrodwarf 1.06" 243" 0.15°f 0.10™ 0.73" 1.02"

Clone of EMA 1.12" 2.268 0.14¢ 0.15% 0.72" 1.o1*

Clone of BA29 1.21™ 2218 0.18¢ 0.13% 1.02° 0.94'

F—test k3 sk sk k3 sk k3k
CV (%) 5.82 8.63 433 2.96 1.43 2.95
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ns, * and **: Non-significant and significant at the 5% and 1% probability levels, respectively
Means followed by the same letters are not significantly different at the 5% probability level, based on the Least
Significant Difference (LSD) test.



YA

...Cp,aﬁo,us'v,b Ses 25 j1iohes 5 Sls,

(0 Jsd) sl Olas (gyls gme Dsla Coyl95 9,
sbalin EMA LS 4L 5> ) 35 8 o
P. P. syriaca sl S S Jo 3 b
LGI4A77 545 5 P. amygdaliformis betulifolia
Ssli akyy 35S b5 Sas A Ces
EMA 58 4l gdfj R oA NP CYg ey
ot Poobetulifolia gl 5 pedS op rie
Ll e 3 S Bl (St A5 Co ) o e
93 WCls | dfj. :;}f s EMA L5 S
BA29 4| 5 P. pashia Q1 slacss; S J
o St 5 oy 3 5 i O
0 Jsds) Lsls

ol 3l g (5513 po e 5 2l 3 ol LUy
S 3 (S S 15 Lalh s gl
bl o el 5 g 55 Sl 6l S
S D 0kt y3 6 )5 4348 o0 o grs S35
Sogdre slpe Ol s YL ST s
ST 35 o b Wl e ctitn DTS oSl
o5 Je ol LS Ol |y (S A e
oL @55 5 JEl (s 53 b e 2105
CoS 5SS ulg 3 5 ek ol s gl
Maleki Asayesh et ) 5,18 o 5t olg J s
&S Sl osls Olis Ot Sladles slaasl (al., 2023
Jolse & (S Ll s 55 gMe ole 4 o
5 S bt 5 (S5 s S s 0 e
OT pH 5 &S JT esle Ol coslatul 5550wl
2 adsy 2T als ( al b o s .))‘JLSL“.
GLT 3 3 ok b oolen (o8 ole ol
oS 55 (Sladis Jslas pe & i Ll 5o S ke
Wl pde laspaly Ghleang opl gl sl
S5 olFa Gl o polis glaal bl
(T LTS o isy 5,8 5 oSl gla S5
Fb DY e L5 L 53 g B LS
S (Farhadi et al., 2020) S | ¢SCas bl s

G s Gl 5 e S S s
dos /A0 L LGIATT (s oS sl olas S
s Sbal Gm o L Al ST Ol o i
Lyl 5 55 Coylens,m 4l b lide ol 4 (bl anlllas
O Jader) SN (gyls gme Ml Cnlin (5T
Bl s (s 240 wiyy 588 Ol e
Sl b bl 5l wd e daln EMA LSS g,
(B Jsds) csls gyls gne Sl al 5 LS
P. P. betulifolia P. syriaca law & Jlgls
el LGI4TT  Cs$5  »  amygdaliformis
S A Lo a3 8 8 Ol a5 51 6l as
(0 Jgda) sl Olis

blaa 8 28 n 53 &5 e s oS Olje
o bl oS (IS oy Ooline Ses 23
P 555 5 oS ity EMA s
g 3 S Laie 1) 8y o 50 oy i betulifolia
sb e EMA s 8 0l &5l 0l 555 8 5 0l
G5 S ey 5358 5 e Sl ()l e
QL (Pyrus sl i) o5 Jb= s cils Lfi':"
od Ol op S BA29 4L 5 P. pashia spp.)
LOT Ole @yls gne sl 5 Lsls Olis 1y 5 55
0 Jgdr) Sl 5 e

At 5553 o3, dlgls ( (S 5 Ll s o
AzBls |y sy e Ol e o a8 P ivalis §5
51 BA29 5 EMA i3S el « Jl= s
e S Al AL (gl pme Dosle als (e
O o bl o 3 4t 3 58 o i EMA
A5 SIS sk a0 Jsdr) sy Ll S
oS pole plo b S 358 5 s S
s aS sl ol ol Q}A)'T @\:.S 39 s
prelST 5 ety b D39 5 p SOl sme S (S
55 Slsgan mie 5 358 5 O Ll
93 1y ad r_.wlf Ol oo i LGIATT 545

zigpd)uT,L;;\&wu i S dal



va

VEO e ) oyles FA il ( alE Sl

3 S 5 5 A4S g o S 15 L 6L
.(da Silva et al., 2011) s,ls 4T 3 ol 55 hiw
lgs 5 ol b 28 Gl edle e pl
23 Gkl Olsply Olge 4 dalis 5 Jol
(Marschner, 2012) sl 3L 5 98 55 J3) g2
kol Swallso 4 4 o

AP ) sk ol glaadlze Lo
@l pll g Ak, olie ole Ol (SES
G adlge 55 oS 3l Ol O Calises clawly
SV Aoy VEIYE 5 YA L (s sa (F2 5 FL)
Mgl (Y K8 S o s |y Lresls JS7 syl
Sliv b w5 S wis Sb el
s G Nl plie jole 5 eSSy 58
ahy) e polis b b5 e Slio sy (S A5 4
(H 5B) ool «(G 5 A) el ol ¢ gl pm plti
3K E) 388 D 5)) Liud «C 5D e
bl Soen S F 5 L) 05y
L o Dlaw (opl oo sl Olis Lol (slaad 56
Slapltl oSas 5 5 05y Jols olS B35 b
2 S Jalge 5155 M N O P) aly ) 5 olsm
b slaaly Lo g 15 4 Cals slaaly el <SS
03375 b e (Koo (K2 25 4 5Vl s
35 Sy o dzbls sy 565 1 53 e 5 lS
e 2T I el oS sl 550
Gl o 3 cpl il G5 Ll s olie el
S 5 5 0js AL (S 4 ple Sbal S
S Slsme S L el en (gl gl 5 4l
Rl 8 amsls s bli,l edlS gle obe
LOT eSS dany 5 by 25 i b
S Wsls i e Sl cnl Dl
(Seren sla S a5 &5 55 Gdan e S
ol @l B Sl Ll e S Ll plis
(Y U8 dsl 105 Lol s 4 ol Jaswi 3 juolie

Lyl b s gl jole Cds 0w L2l LYs
“a (el QLS Aty gy sy Al SGs
s 53 (Yo¥) OlSKes 5 Martins 7 g5k
Clled s g o Sy 53 dT IS &S Lsls olas
bro e jole Ol 5 oodd 5o laaiy,
b2yl 8 rmpas (I35 s baaty ) S5 oy
Lghui\;fb Ay Calitee LgLMiL; ny das olis
R L e i e B L
S8 «(1995) Ferguson «Jls (gl «biyls Sis
e oKl Bl 4 o KT 4l 58
213 0L @ldST 5 5 e8 55 polis 35S Sl 6 S

(S i Lol ,d s 48 dilesls Ol b iyl §
3N Olas JE| Al carge B8 e e el
O35 oo 4 55 5 0dd gl sn Slapldil 4 aly )
—do (Tanguilig et al., 1987) 45" o 39 |,
Gl (S 3 o 035 diles 5 hud
Sze aT 3 5 P ol a5 Ll oo
WSS 5 okl I (oS5 S b sk
53537 5 s 2S5 (63 a5 g cladd s
ST b gl jad chy opl 5l Sland (5 5
P F e e g 65 S 5 0, e
Sl ol Sl s bOldas S JEE 5
.(Marschner, 2012)

o 51 S0 5 58 sutate Sla T3 55 35 el
S ol 0B (s 1 e g T (G5ladled i 58
5 8o Sy (G Silmsen (ol LT
215 Loanl o 5h Lailyd 53 el b LB, ronen
et G S (S S 4 oS el ) ol
Fournier ) <l ey cble {,.J@ 4 awly by,
a8 53 &8, ks Ol 035 YL (et al., 2005
Sl 5 e S GV b (S 5 o el
A5 by B el (3 s 0T 28
AL 5 Bl s OT Okl

2GS Lole S (S Ol 4 s eelS



...@gﬁg,ugyy Ses 25 j1iohes 5 Sls,

I polie (Slgie g oy 3590 PBH 9 BT ( Kis i Jilito O F1 puSlo duslio 9 F 39057 i -0 Jou
AR (0 OIS 1) 5 5T dw 1Sl 0SS .5 g g 4ly

Table 5. Results of the F-test and mean comparison for the interaction effects of drought stress, species, and
studied rootstocks on root and shoot nutrient content. Data represent the mean of three replications.

Root Shoot Root Shoot Root Shoot
Treatments Species / Clone Magnesium  Magnesium Calcium  Calcium Sulfur Sulfur
(percent) (percent)  (percent) (percent) (percent) (percent)

P, nivalis 0.1 0.57° 0.46* 0.62'™ 0.06 0.08"

P, pashia 0.07° 0.16" 0.35™ 0.49° 0.06 0.08"

P. hyrcana 0.14¢% 0.08™ 0.77° 0.51™ 0.14¢ 0.06'

P. syriaca 0.19° 0.14M 0.82° 1.43° 0.12¢ 0.13%¢

P, betulifolia 0.13% 0.137* 0.45* 0.98° 0.08' 0.09™*

P, calleryana 0.11 0.15¢ 0.70°f 1.07 0.08’ 0.12¢F

Control  © amyedaliformis 0.12! 0.05" 0.71° 0.52™° 0.10¢ 0.12°F
Q1 (Pyrus spp) 0.08' 0.26¢ 0.43! 1.26" 0.09" 0.10¢

P. communis cv. Dargazi 0.18° 0.09! 0.74° 0.77" 0.13¢ 0.11°¢

P. communis cv. LG1477 0.09' 0.06™ 0.48 0.66" 0.08' 0.08"

P. communis cv. LGI456 0.1 0.17¢ 0.67¢ 1.18¢ 0.11° 0.09"*

Clone of Pyrodwarf 0.14¢ 0.23° 0.94* 1.74* 0.11" 0.14"°

Clone of EMA 0.06° 0.19" 0.34™ 1.30° 0.06' 0.15®

Clone of BA29 0.18° 0.15¢ 0.94* 0.64" 0.14° 0.12¢f

P, nivalis 0.07™ 0.04" 0.45 0.61%" 0.06 0.11°¢

P, pashia 0.10 0.13% 0.50 0.65" 0.13° 0.07"

P, hyrcana 0.14°% 0.31¢ 0.45 1.02¢f 0.08 0.12%¢

P, syriaca 0.11 0.16% 0.67¢ 1.34% 0.10¢ 0.10¢1

P, betulifolia 0.119 0.59* 0.74¢4 0.92f% 0.10¢ 0.10¢

P, calleryana 0.08' 0.13% 0.71° 1.03¢ 0.09" 0.10¢

Droucht stress - @edaliformis 0.13" 0.09! 0.69" 0.83¢ 0.10¢ 0.112"
g Q1 (Pyrus spp) 0.10 0.08! 0.55! 0.56™ 0.13¢ 0.07¢

P. communis cv. Dargazi 0.20° 0.05" 0.14" 0.52m° 0.17° 0.09"*

P. communis cv. LGI477 0.17¢ 0.20" 0.95° 0.98°" 0.10¢ 0.13%°

P, communis cv. LGI456 0.132 0.05" 0.75% 0.79" 0.09" 0.14*¢

Clone of Pyrodwarf 0.174 0.11* 0.83° 0.71" 0.13¢ 0.08"

Clone of EMA 0.19° 0.27¢ 0.63" 1.83* 0.90° 0.16*

Clone of BA29 0.18° 0.15% 0.66¢ 0.85% 0.15° 0.07¢

F-test w3k *k *3% *% sk [

CV (%) 217 7.70 1.89 6.64 1.76 11.86

S Kl polas . diws Loy ) Jla! c]a.u 03 s gne 5 b Jlez>] cla..:):. Sl sme ls gae b eliasoli i 5 4 F* 5 s e
5 o (LSD) s gine C3estl Jilim 03057 ol e y3 0 Sz el 53 13 sine o5 B8 oS 20 U5 (511

ns, * and **: Non-significant and significant at the 5% and 1% probability levels, respectively
Means followed by the same letters are not significantly different at the 5% probability level, based on the Least
Significant Difference (LSD) test.
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Figure 2. Biplot analysis of the studied species and rootstocks. A: Root calcium, B: Root potassium, C: Root
magnesium, D: Root phosphorus, E: Root sulfur, F: Root nitrogen, G: Leaf calcium, H: Leaf potassium, I: Leaf

magnesium, J: Leaf phosphorus, K: Leaf sulfur, L: Leaf nitrogen, M: Shoot fresh weight, N: Root dry weight,
O: Root fresh weight, P: Shoot dry weight
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Figure 3. Cluster analysis of the studied species and clones: (A) normal irrigation conditions (control), (B)
withholding irrigation conditions (drought stress)
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