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Abstract: [ Objective | Effects of rootstocks on tree growth, yield and fruit quality of citrus trees has been
confirmed, but there is still a lack of systematic research on a wider range.[ Method ] In this study, the effects
of seven rootstocks, namely Ziyangxiang organge, Carrizo trifoliate orange, Goutou orange, Yichang orange,
Indian tangerine, red tangerine and trifoliate orange , on the growth, photosynthetic pigment, total soluble sugar,
starch and leaf mineral nutrition of Newhall navel orange grafted seedlings were compared.[ Result ] The results
showed that the plant height, stem diameter, quantity of spring branches, leaf area, leaf thickness, leaf fresh
weight, leaf dry weight, root length as well as dry and fresh weight of Ziyangxiang orange budlings were
significantly higher than those grafted on other rootstocks. Budlings of trifoliate orange had the highest
photosynthetic pigments content and there was no significant difference among budlings on other rootstocks.
Compared with other seedlings, budlings on Ziyangxiang orange exhibited higher soluble protein content, while
budlings on Carrizo trifoliate orange showed a low level of soluble protein content and there was no significant
differences among budlings on other rootstocks.Besides, the largest amount of total soluble sugar and proline in
leaf was extracted from budlings on Ziyangxiang rootstock and the largest amount of starch content was obtained
on Carrizo trifoliate rootstock.In terms of mineral elements in leaves, the contents of N, P and K in leaves of
Ziyangxiang orange rootstock grafted seedlings were lower, and the contents of medium trace elements were
higher. [ Conclusion | Ziyangxiang orange rootstock has more remarkable advantages than other rootstocks for
Newhall navel orange scion on growth rate, as well as soluble sugars and mineral nutrition of leaves. In
production, it has obvious advantages such as strong tree strength , developed root system, broad grafting affinity
and strong absorption ability of medium trace elements , making it suitable for citrus production in alkaline soil.
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Tab.1 Shoot growth comparison of Newhall navel orange budlings grafted on different rootstocks

o o T42/mm A b0 141 A E O S e VS
fili A Pfi/em . . .
Rootstock Quantity of Fresh weight Shoot dry Dry weight/fresh
Rootstocks Tree height
diameter spring branches of shoot weigh weight
B PH A A ‘
) ) 50.5£11.4"  10.83+0.52" 10.0+3.5° 190.66+48.19° 58.95+1.25° 0.4+0.004*
Ziyangxiangcheng
TR e | | | | 1
o 48.8+10.1" 9.4x1.16" 7.9+2.4% 66.02+12.38" 26.72+2.38 0.4+0.03"
Carrizo citrange
1:@%% | I | b b
38.6+2.9™ 8.0+£1.72" 7.1£2.2™ 61.06+4.63" 24.53+1.75" 0.41+0.01°
Goutou sour orange
él*:é‘: b 1 b b
343x1.1" 6.0+0.92 3.6+1.8" 27.93+2.05" 10.31+0.6° 0.39+0.08"
Red Tangerine
HE
o 28.9+7.8* 7.+1.54" 3.3+1.7" 10.09+1.13" 4.21+1.07° 0.42+0.02"
Ichang papeda
A
24.9+11.7% 6.5+2.08" 4.0+3.9" 50.31+6.61" 19.59+2.64° 0.36+0.02"
Trifoliate orange
EIBE IR A 1 1 . 1 :
18.6+6.0° 5.15+1.51° 2.1+1.5° 32.82+3.61" 13.32+1.54° 0.4+0.13"

Cleopatra orange

KNSV I AN PRI B R 2 22 5K F-, P<0.05 .

Different small letters in the same column mean significant difference , P<0.05.




- 578 - RN AN I 3 %45 &

H1E 2 7R, FORE 7 bl A I v i 1 3R AR I B0, B PH A& B b I v BRI e K, LA
il VECE R FIB Z , £0AE Fe /I 5 G A0, o T 58 PR A ARSI, MOAR B, DR b HL ot T i o 3 48
T EA R T AR AR IR . 2205 28 1 AN TR AR B B M AR T LA A 2 S BTN ]
Tl AT B AR AR R BN TR, T ELAR AR A &K B Y A A P 2e 5 o i T B AR R e AT 4R
MW, B FHA RS AL 7 Rl A o BA W R A3
F2 ARMERAGFEEM TEHERBRILR

Tab.2 Root growth comparison of Newhall navel orange budlings grafted on different rootstocks

Tl A FERK/em R /g R EB T E e R EB A L
Rootstocks Root length Root fresh weight Root dry weight Dry weight/fresh weight
P BHAE Ziyangxiangcheng 53.55+2.9* 84.3+7.79" 42.14+0.16" 0.59+0.01"
R BB Carrizo citrange 30.5+6.93° 35.45+5.88" 12.47+1.46" 0.4620.03"
348 Goutou sour orange 25.53+0.45° 23.58+1.43" 12.36+1.02" 0.46+0.01"
£1%% Red Tangerine 24.1+0.99° 13.51+0.78° 6.32+0.51° 0.37+0.03°
‘B E# Ichang papeda 34.17+0.92" 7.64+2.35° 3.23+0.7° 0.45+0.02"
H Trifoliate orange 32.7+1.27° 23.3+7.22" 10.99+0.28" 0.54+0.05"
ENJE A% Cleopatra orange 41.03+4.31" 21.61+3.83° 8.46+1.63" 0.57+0.02°

RN FEIINECT A AR ING FRERR IR 3% 22 7K, P<0.05 .

Different small letters in the same column mean significant difference , P<0.05.
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Tab.3 Growth comparison of leaves of Newhall navel orange budlings grafted on different rootstocks

AR TR em? SRR TR em? MR /mm R THi/g T L

Titi A ity fof ,
Leaf Total plant Leaf Leaf fresh Dry Dry weight/
Rootstocks )
area leaf area thickness weight weight fresh weight
TR ] i
o 17.34+1.81" 36 337.60+9 253.91  0.25+0.02° 0.47+0.07 0.17+£0.02*  0.37+0.02™
Carrizo citrange
VeI R 1 | . 1 1
) ) 16.10£0.25" 133 925.53+21 561.17°  0.26+0.00° 0.43+0.04™  0.16+£0.01"  0.38+0.01"
Ziyangxiangcheng
) Sk A 1 \ a 1 1
15.62+1.80" 56 503.30+5 644.13"  0.25+0.01" 0.44+0.06™ 0.17+0.02"  0.38+0.02"
Goutou sour orange
M , ‘ ; be » ~
15.49+1.86"  40922.67+14 894.36°  0.24+0.03"  0.38+0.06™ 0.13+0.01"  0.35+0.02°
Trifoliate orange
HEE 1 : | e »
14.87+3.12" 12 232.20+265.45° 0.22+0.01° 0.32+0.04™  0.13+0.02"  0.41+0.01"
Ichang papeda
oTf \ , . 1 \
13.93+1.40" 33 094.55+3 299.15™  0.26+0.02" 0.41+0.08™  0.16+0.03"  0.39+0.01"
Red Tangerine
LR

13.28+0.80" 45 807.50+5 153.54™  0.24+0.01" 0.35+0.05° 0.14+0.01"  0.39+0.02"

Cleopatra orange

RNV G AN NG 5B R A B 35 22 5K F, P<0.05.

Different small letters in the same column mean significant difference , P<0.05.
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Tab.4 The content and relative constitution of photosynthetic pigments in leaves of
Newhall navel orange budlings grafted on different rootstocks

4 4 % S
Rootstocks Chorophyll a/b

Chorophyll a Chorophyll b Chorophyll a+b Carotenoid
#H Trifoliate orange 2.28+0.03" 0.70+0.04" 2.94+0.07 3.21+0.12° 0.77+0.01*
R B AAAE Carrizo citrange 2.01+0.21" 0.65+0.06™ 2.66+0.27" 3.11+0.09* 0.70+0.05"
ZI 4% Red Tangerine 1.98+0.15" 0.66+0.03" 2.64+0.17" 3.01+0.13" 0.68+0.05"
H3BE Goutou sour orange 1.97+0.27" 0.62+0.09" 2.59+0.36™ 3.19+0.04" 0.66+0.07"
¢ P K% Ziyangxiangcheng 1.95+0.01* 0.58+0.01" 2.57+0.02* 3.14+0.02° 0.69+0.00"
BB Ichang papeda 1.91+0.04* 0.62+0.01" 2.48+0.04" 3.31+0.09° 0.65+0.01*
ENEERAY Cleopatra orange 1.68+0.19" 0.53+0.04" 2.23+0.23" 3.13+0.12° 0.59+0.04"

F N AT ER /NG - R ik B 52592 B KF, P<0.05.

Different small letters in the same column mean significant difference , P<0.05.
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12 5 AR, ARG AR AL /R S i i R v s A S AP —E RO 22 5 . P EL B BT IR A R A
SRS T o R 2R 1 A Al 2.95,2.94,2.88 mg/g, AR B AU Rl 14 5t A AR 2.74 mlg,
2207 220007, B R B BUERS 5 L B R B A R LIS FIEN EE R RS Bl 2 1) 125 22 S O, HOAR A A I
A 2E AN o A TR & i, ARG i B BB 35t e, O 172,21 mg/g, BURAIR
H 131.62 mglg, Bt W3 1)/ TR RABURERE FIZLAL , 5 HABRG A B9l 0 B VE 22 57
RS ARMAARERGEETHEZEATHREE
Tab.5 Osmotic regulation substances content in leaves of Newhall navel

orange budlings grafted on different rootstocks

. LR i -qE ke V] TER O AR R i 22/
Rootstocks (mg-g™) (mg-g) (mg-g™) (pg-g")
Content of soluble protein  Content of starch ~ Content of total soluble sugar Proline
)3k Goutou sour orange 2.62+0.05" 147.82+4.79" 1.24+0.05" 119.21+7.6™
A Trifoliate orange 2.54+0.13" 131.62+10.83¢ 1.08+0.12" 150.11+20.42°
P BHAEH Ziyangxiangcheng 2.94+0.06" 152.9+15.31" 1.49+0.12* 150.11220.42°
21 %% Red Tangerine 2.88+0.23" 155.39+14.27" 1.30.01* 88.12+10.43¢
R B Carrizo citrange 2.2320.11° 172.22+13.73° 1.27+0.13* 144.05+14.81°
‘H E#% Ichang papeda 2.95+0.13" 149.59+6.28™ 1.34£0.24" 125.77+42.61"
ENFERRHE Cleopatra orange 2.74+0.17° 148.47+8.51" 1.19+0.21" 98.48+24.93"

RN ESVECT G A R/ING 51378 1k 8 35 22 57 KF, P<0.05.

Different small letters in the same column mean significant difference , P<0.05.
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W BH A T 1 I T VAR O O 1.49 mefg, B3 T RN EERAL Bl (1.18 mg/g) AR AL
(1.07 mg/g) A H R, HoAbRG AR G R E B S B 2 R 22 S R B 3. LIRg SRR, RIR A
RN AL o5 SR A B v R AR P RO — B R BOR I s W BH A R AN I B R A R A
B, M 150.11 pglg, K HBAEMBBREIR 2, N 144.05 pg/g. LIASTE RGN 88.12 pglg, B35 /N T W AR |
B ARE CE B A S A R I T, S R R G T E E S
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TEREICE T, UG A N SR N 2.79% , 1 BBl A9 FH B R A%, ELAFAE 2
FRS HARG ARG A i N B i e 3 25 5 EDBE R A A Sk R RS I 7 P i R RN 0.16%, 5
B CEE ARG BT I AG I i R i 28 e W O B IR R AL G v i S IR, M 0.12% 5 1
KICE ARG R K & i i oh 1.72% , FUOh EDEETRAS Al 1.69% , 34 38 & T Ay S Pl AR I 42
B R K, P i BB R BRI 1.19% , B ARG AR 0.53% - FR LT UL , ARV 200 fof R I AR B 12 185 N
P KICHE B R, T A R B BB ARGIE T WAEN P K BRI,

M ST R T, AR RS AR AR B R R Ca Mg TR ST A E—EEF . Cafimld
5% BH B R Al I HE 0 Ry i = 38 3.89% , S 3 R T 6 RN A IR B s Mg 7% 15 LA 9 BH A& A L B3 R At il Ak 2 1
(A e e A Sk R G I R IE 0.21% , H B (IR F HoAx 6 MR ARG v i & o FEMT B i T
FITIH , Fe \Mn Zn & S AEAN [RGB H2 d vt v 22 AR, 6 P AR Al % e , R AL AR AG 1) Fe
Mn 5 AR, M S A Al 0 Zn & AR . Z0AS B0 B & it ey, ARG A B AR, FEA RS AR op o Fh k]
W, 5 AR RS R i R e e R S R .
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Tab.6 Nutrient element in leaves of Newhall navel orange budlings grafted on different rootstocks

Bl A Fe/ Mn/ Zn/ Cu/ B/

Rootstocks N/% P/% K/% Ca/%  Mg/% (mg-kg) (mg-kg”) (mg-kg) (mgekg’) (mekg™)
PEPHERS  Ziyangxiangcheng  2.31c  0.12d 1.56b  3.89a 0.25ab  164.61a 30.62b 42.69a 10.0c 138.95b
)3k Goutou sour orange 2.51b  0.16a 1.26c  3.57¢ 0.21d 117.47¢ 23.75d 23.68f 10.13¢ 147.09b
EJEEFRHY Cleopatra orange 2.50b  0.16a 1.69a  3.66b 0.25a 112.4led  34.49a 28.79d 11.54b 140.93b
£1 % Red Tangerine 2.51b  0.15ab  1.60b  3.63b 0.23¢ 144.21b 28.72¢ 3091c 7.82d 159.86a
1 Trifoliate orange 2.79a  0.14bc  1.72a  3.00f 0.23bc  119.83c 30.19b 27.06e 11.59b 127.87¢
‘B Ei 18 Ichang papeda 2.51b  0.13cd  1.19d  3.06e 0.24abc 105.31d 30.86b 35.26b 7.73d 138.84h

+ B A Carrizo citrange 227¢ 0.15a 1.58b 3.37d 0.24bc 66.71e 18.25¢e 35.50b 14.487a 139.42h
TN RGN G ARG FREFIR IR 3 1 2 22 5K F, P<0.05.

Different small letters in the same column mean significant difference , P<0.05.
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