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1.1 it

R T 2015 4F 11 H—2016 4F 9 ATE LR A m W A )2 8 i S0 s FH LU AR RO R S AR X
ISR IG I BT . AR RN 2012 SEFZERIE T RARER P A E L3RR RN B4
Malus hupehensis Rehd.) . #R7 2 MR AWML RS, HIFEHHIZIR 3.5 my %8 3.0 m (3554, 1674
T FAFAIRG 2.0 m 2K 1.4 m. 58 1.2 m. & 2.5 m B, W EEIEEVA () — M BT, A4 N S
VA RK R B EE T, BA AT BEDRGS . RER XA L8+, pH6.9, AHUK 9.8gkg™,
4% 1.26 g kg™, TR 81.20 mg kg, 4ff 1.01g kg, Ak 60.34 mg kg, 4% 12.65 g kg,
R4 116.50 mg kg™.
1.2 IE4LE

2015 ERKZE (11 H 10 D M Bl pPRl P KA — sk, SIRER) « F i 350 < e
Jrigr MRET R LA WAL T, BIZERERRI DU T ) CZRPEREAL) BERT 50 om [ H3gE4k, F
AR GX-390 BV HHL I I L IEEE LIS S8 DUANFL, BFLEAR 15 em. URFE 50 cm; DL
NEAL, 435K K AEAT (Corn stalk, CS) + SHMEL (Fruit tree branches, FTB) . Z4E4% (Biochar,
BC) FIKF#EEAJE (Fermented sawdust of fruit tree branches, FFB) IHAPUNFLA o« EKAEFFAIT S A
BB 55 cm K, TZIEAF 4~5 MR — I B AR RIFLA S, PR TSR,  FORREAT AN SR A i
HYHBTHT 5 em; AR AR BE SRS 40 301l 55 el 4% R 101 LegiR & J5 SE R R I DU AN FL, FLOAE
+; DR AU FLE FHE IR R (CKD) o 45 5 8 — AN fr, EE =K. YR
g FORFEFFOE I KT R S 7E 600°C T PRI AN s A B FA I8 A K S A TR i A 4% 0.5~1
cm HIRTRL, 280 127°C 0.25 MP & 77 FARER RN EM CF 2 AE Y, Effective microorganisms)
K A0 d T . VURRAEWIAFE 73 & B REA IR WK 1.

%= 1 i BN+ RIFR5S &2 pH

Table 1 Nutrient contents and pH of tested organic materials

e Eoe ol il A% AR B A ALK
Total nitrogen Total phosphorus ~ Total potassium Nitrate nitrogen Nitrite nitrogen Ammonium nitrogen Organic carbon pH

Organic materials (gkg?) (gkg?) (kg™ (mg kg™ (mg kg™ (mg kg™) (gkg?)
CS 5.50 2.10 16.50 85.00 1.52 22.00 475.2 6.88
FTB 5.35 1.16 2.76 81.00 1.60 20.00 535.0 7.30
BC 7.90 4.10 11.30 98.00 2.20 30.00 574.8 8.25
FFB 7.40 0.96 2.82 92.00 1.80 26.00 505.0 7.12

7:  CS. FTB. BC fil FFB 43 jllfi5 135 B AL FOKFEFT . SR AW RFNKEER AR, ~IF Note: CS, FTB, BC
and FFB stands for treatment of applying corn stalk, fruit tree branches, biochar and fermented sawdust of fruit tree branches

into vertical holes respectively. The same below

A A3 S S50k TR A LB A 32 285500 B B A, B IR IR e P il A ML 7 7 & 8
FH B r) A3 R 0T R %L A 23 ol Tt N — i B AERL, Hod, CS &L 82 g JR 251 109 g iR — &4,
FTB #%fLJEA 93 g JR&E . 175 g Wik A8 A1 123 g i iREF; BC %fLiEAN 90 g JR&K. 151 g Wik —
SR 119 g BRFREN; FFB &AL 91 g JRZ . 154 g BER AN 124 g BRRAT: CK CHHiR) &AL
Jiti\ 800 g HHLIE CH ML & 450.0 g kgt N+P,05+K,0 48 50.00 g kg™?) . 619 JRZE. 113 ¢
IR AN 22 g BRFER AT . ARG B LN AR, 2. SEAAHR S EE CS B f
4395179 6.00. 5.65. 5.33 f151.39 kg m*®, £ FTB 4bEErh4)5y 6.04. 5.56. 5.16 f1 51.74 kg m*, 7£
BC kb #4354 6.00. 5.05. 5.67 1 51.87 kg m™>, FFB 4bF4) 51y 6.04. 4.99. 5.57 1 51.61 kg m?,
X (CK) 143514 6.06. 5.67. 5.13 #151.81 kg m™,

WERJEEE 6 N H (FE 2016 45 H 4 H, #iJa 5 RIWFISE R 20.7°CH FIZE 10 M H (2016 4
9 H 20 H, #iJG 5 KIFRIRN 20.4°C) BUFEIE . BB B FL AR E i 1, HSBH™E
FEFLEE 10 cm Ab4ZEL 0~20 cm JZ L3, SR, 1RET, FENEERE T, HNTA UK SRR+,
R SIS = E T ACUKFE N AR . 9 H 20 H 3B EURE R I e i Fr i 2 A0 B & B R R R R
N & &S L AL A FEHLZE 20 cm AT 40 cm Ak 34K &
1.3 MEFZE

RGN SR A B PR 5 2 BECSCHR[12]: AREX 10 g Bt 4%, BT =AM, N NH, 8
TR, FEAAT LIRS R 28 (EMAE ) ZfE, B T/KWEERG & LIRG . I8, g+ i
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B (NO3-N) &, BRI EANE B TR . FIREFRATIE NOs R B AR T 5 3R Ab 5 (LA
1 kg HETHEEIE 1h AP0 NOs & (mg) R ) o e 1338 Sl Ak 38 B ] NOg 55 F7 7 B 4 NH,"
B30, NOgH:33irh 0.2 mol L™ Bl — S AMVAR . 0.2 mol L™ BEFRE 4RV 0.03 mol L™ fl R 4w
VAV 0.02 mol L™ 37 i BE AR EL 3. 7. 30: 10 il k. ot A Lo ms Ak sm i g . IR R
WJEEE (NR) AIERERIEIEEE (NIR) JETEDA S H3B e a8 R . WlHER. MARE e S ik
USVI9E 47 DR, B BRI 5 & B I B . NaHCOs IR 3R—4H B 3T L (d: M 2 iRk
RIR— KB E s AR 2. 288 KA H,S0,-H,0, 1 J5 7 5 FH LG E & X (K9860,
GrraiEre) « e (UV-5200, E¥EsohT) FKIEEETE (F-300, Bigoohr) s ALk
E BRGNS (Elab-TOC, LR JI5E.

Rt E . ZABSEUE B4 9 MhER & Thaent, ME#EAIEE1C (CIRAS-2, PP Systems,
EED ME; KoFAEAZKE (WUB) B FEEEEE (Pn) BRUSXT M MZERB#RZE (T Hl. i
S AN B P42 5E AL (SPAD-502PLUS, Spectrum, 25D Mg, 385 /K & H 143K 4%
AL (TZS-1K, WHTFEE) I5E .

1.4  HHEAIE
53 ¥R F Excel 2007 F1 DPS 7.05 geit #4417, 2 HEILECRHA Tukey (FEHEE) ¥(a=0.05).
2 45 B

2.1 EHFLEENIIRX TIEHE M — R ER RN

HE LA, CAbE 6 N HIEE 10 N, BEALUEERFEFARBREARE G, TR
IS A5 P 3 S i v s FEAREE 10 AN H I, ROKFE AT - 438 i 4 56k B AR S i A5 B 43 i) 94 7= 52.68%
F1 45.81%, &S A S A5 L 3B A A 5 5 AN SRS A B E 43 ) B2 v 45.55% 1 35.44% . {E 3 B LA
w6 AN HF10 AN HEF, AR B E SR R, T AR A AE AR YR 6 A H IR E R
T ALt S AR AL FE 6 AN H B0 IR A 5 B RN S A A5 B () s e AN B R, 7E AR 3R 10 AN H B Af
BN A o B AN A A 5 FE 3 il B2 =1 18.88% A1 27.06%, 7% .

10 r OCS BFTB BBC OFFB DCKa 0.6 ¢ OCSEFTB BBC OFFB OCK
09 '}‘
0.5
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6~ H Six months 10~ H Ten months 6/ H Six months 10/~ /1 Ten months
Kb RN ] Duration of treatment KL FL 7] Duration of treatment

P 1 B LA B AL B AR X 39 i A iR P A0 s A A it
Fig.1 Effects of organic materials applied into vertical holes on soil nitrification and denitrification intensities
1 ARVNS EREFORA RN A R A B ) 22 3 B 3% CK RoRxf iR 4bH# . F[A Note: Different lowercase letters
mean significant difference between different treatments at the same time; CK stands for the control treatment. The same

below

2.2 EEFLIEEN R IRX LIRTEERL R B AN I AHERE R BEE M4 V32 M

HE 2 /AL, TR fEARR S 6 N Hiks2 10 ™M H, HE LM TR VR AR IR AR S 15 5
EPEE T NR A NIR v, b, S EFLEFORFEFE 6 A H B 1428 NR A1 NiR 35 PEFE =il i 5
K (o33 46.43%. 18.02%) , 1 HE B FLE A B SR A G TE 10 A H B 13 NR A1 NiR 15 P32 =i i
B (il $i 48.00%. 9.30%) . HE B FLAG R FLTE 6 A F B PR3 NiR v, 78 10 A B
P 3 NIR J5PE T B NR 51 .
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06 0OCS OFTB @BC OFFB OCK 250 - mCS @FTB @BC BIFFB OCK
% ab
a
I, b B2
a
C
d : b >
d =
o}
d
01 F
0.0 ﬁ 0.0 [ ]
6™ H Six months 104> H Ten months 6/ A Six months 10/ J Ten months
ULFER A Duration of treatment AbFEI 7] Duration of treatment

Bl 2 T B ALIEA P AL 5 R S A T R I R
Fig.2 Effects of organic materials applied into vertical holes on soil NR and NiR activities

2.3 EEFLIEEHPMRX HIELH AR

mE 3 mIAL, EANIE 6 NHRE, FEEFLEFRREF . R VIR RGBT -
BEASRMEMESRS®, MTESESERERS, REEESHA 144.9%., 28.36%. 71.95%7F
102.1%. 4b#E 10 A, EEFLHEIUAATIE L RTAESE S ERE, mAESE S REER
w, BEEIREE 4 39.18%. 18.23%. 10.38%. 25.65%; I B fLItE FKFEFT . SRR R R B RS
Ja, TEESAGEYEERS, “HHERSESTENIREREE SN 41.41%. 27.44%7F1 21.60%.

1600 OCS ®mFTB ®BC OFFB OCK

1400
1200 F F

8
<

100.0
800

THUAR

Inorganic nitrogen content (mg kg?)

600
400 |
200

bcge¢ad cbcg?

0.0
6/ H Six months 10 H Ten months| 6 F Six months 104 A Ten months| 6> J Six months 10> H Ten months

iz 2554 Ammonium TEAHAS A Nitrite A% Nitrate
AR BRI ] A1 TEH L2 Y Duration of treatment and type of inorganic nitrogen

K 3 M ESLiEA AR T LR S &

Fig.3 Effects of organic materials applied into vertical holes on soil inorganic nitrogen content

2.4 EEFLIEEHYIX TIEE S KENFN

405, EESLBEVY 6 NHE, TR EVRAKEERAKBY R ER TN 20
cm £ 40 cm &b [ H3EAH XS B /K B (SRWC), Forp, FORFEFF A iR 22, 7 A3 1 26.70%.13.90%:;
R A FRA B = T LAY 40 cm 41 SRWC.

AbEE 10 A JE, EESLIE 4 B LR B K T FLA 20 cm 4 SRWC TP EHEE 7 40 cm
Ab ) SRWC, LI 20 cm 4k SRWC 1K 22 155 A & 40 cm 4L SRWC H =y 2RI K R FOKFEFT
R AR AR IR ARG B . BT 0L, FORFEFF AT AL SRWC EH SR i 2, e fffLI 20
cm 4L SRWC [EIK T 15.2%, 4L 7 40 cm Abf) SRWC #5 1 7.80% (&1 4) .
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_ :ZZ : OCS BFTB BBC OFFB OCK iab ] .
%70.0 - _-"%Ccd .ﬁ =
E £ o00 ) § B %
\ \
i N

6/ I Six months 10/ JJ Ten months | 6> Six months 104> /] Ten months

#FHb 220 cm 20cm from the ground i Hb %40 cm 40cm from the ground
ALFEI [A]FN47 & Duration of treatment and location
4 FHEFLIEGHAE N FLA 20 cm AT 40 cm HIEHX &K E
Fig.4 Effects of organic materials applied into vertical holes on soil water content at 20 and 40cm in the hole

2.5 EEFLEANINERMZREXNSEMNIFHEKENFTN
M 2 AT AE Y, B ELFLMGE YR E DL 3 @ 7 S s 3 R N I, e,
FORFEFFE AL S IR R OF 17.19%) , H U2 R AURBERANE, e 1B 4>
AR 14.06%. 7.81%, MMAEVIRIUEH M SE % 5.47%. MK SRR Rt EEE
FUIE T KRG, $EmnE o 11.63%, HUGRRMEANEYIR, S mg o508 7.68%. 5.79%.
R 2 BEHILEANYMNERMZER . MEHEEFKERNZNE
Table 2 Effects of organic materials applied into vertical holes on chlorophyll, diameter and length of new shoots of apple

trees
E=pJk7) R FARRS B WL WK
Organic materials Relative chlorophyll content Diameter of new shoots (mm)  Length of new shoots (cm)

Cs 54.53+.27a 7.5040.74a 63.6340.58a
FTB 51.64+1.75a 7.30+1.06ab 61.3842.64b

BC 52.53+1.50a 6.7540.62bc 60.3040.25b

FFB 51.60+.46a 6.9020.39b 57.88+2.52bc

CK 47.87+1.40b 6.4040.54c 57.00%2.89c

VE B0 N T B R e 22 [R5 R [l 7 B R s 22 57 5. 35 (p<<0.05), K [A] Note: Data are means +SD; Different
letters in the same column meant significant difference at 0.05 levels. The same below
2.6 EHFLIEBNMINERM FAESHBF M
& 3 LLE W, HEESGIUFAIE, MR EOtEER B E R MK R SR A

FFEEERIIE s, Ho, FORREFAEM B e e A dR . BIBHCR AR A SRR EEE &R, 2
K 57.32%. 22.22%. 29.12%; WNRAE F i Al R RN 25 TR 15 S R B AR T KRR AT

HORRWBL . R BANEYRAE K PR 3R mlE AR, S0 T FORFEAT AU B SRR
J& Z 18] o
* 3 BEILEAVIMERITEEARE, BEEEKDFABENZIE

Table 3 Effects of organic materials applied into vertical holes on Pn, Tr and WUE of apple leaves

o AR R IR IR R

Oraanic materials Net photosynthetic rate Transpiration rate Water use efficiency
9 (Pn, umol m?s?) (Tr, mmol m?s™) (WUE, pmol mmol™)

Cs 12.9040.55a 5.50=0.11a 2.354).08a

FTB 10.7040.91b 4.9040.06¢ 2.1840.18ab

BC 10.8040.72b 5.2040.12b 2.08+0.12ab

FFB 8.80+40.85bc 4.7040.10cd 1.8740.16b

CK 8.2040.90¢c 4.500.12d 1.8240.16b
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HA— I VE 2 B AR R A A EEIN, M E RFER R 2MNASR, REAERE
To R BB S TR 5 AT ) TRy I S SR A R T, A5 FL S R A MR
HEy G BeF arth AERFHhIX —i@iE, ST oes HIdE koL, (Rt SEYEs), W
FITHEWAER . BEFMHESEAR (K 3) e T IEMEA A E AL SR Re i, fedt+
SBE AT R LU 20, HE5E HIgenp e D, bl e AR U1, RIS R B A IR
X, ARG AE IRETE S5 A0, A8 I R A 0 T v PR 2 e AT S R AL P B v, U AN FR SR 10 N H . R,
T B FLit A DU R A MUE SR = 3 s B O (R, AN PR v T 3 S A R B . FEFFIARIL FHRE
AR IR Sk, HTR IR AE M, B TR N, SRR AL AR R B g
WO Iy, FRFEFPRRELLE . 5 T4, M TIERT o, A8 IR e MR A f T Ak
FEEE, AR TR — SRS 0 R SRS A A i B B 20, AT T 35 S i A 1
KT, LwEAHE S 6 NHIEZ 10 ™A, B Uit BRI & T3 s 7 DI om A/ it
M (EHD .

BORR AL LRSS i I A, SR LI E I, (R IR B A R, AR L
A aEaL s HEE A, RE HIEREYINETE, (SR EIEE N R, B 5m I K RIS 7R IT
MR, FERTIE F A s IS, Rl R SR kB P RYRRIEJEEE (NR) AT RY
IR G (NIR) & BALAE i v i B, Yok | HAEm A T = A s e E, HE TR s
AT RS EE. RGE. HFoSEEpmP. LRSI AE IS HIER S AR, B
TR R LS IR EYI RS B . IR TER A R S s — e sem, W E3E R NR AT NIR 7%
PRS2 BRI, IX eI 2 AR 3R A — A E R, FE B & i I AN IR ER A .

135 NH, F1 NO3 REWS W AR 2R B SRR, e A1 [ Al s m A A s A /E F A EL %4k, +
SRS AL 5 SR AL R FEE 2 B0 33 NH, A0 NOs A 5L, 43 B AL DU R LA R S, 135
NH, Al NOs & & 424k, o 36 B FUIE YL B o 48 7 IR EhAR T 5 3% 4k o 76 DUFRp AL BE A,
Jiti N KA FT ) 133 NOSFI NH, & 83 fR ey, XN 24 5 i N T KAEFHAE8E 7 IR R0 )
Nﬁ%%ﬁgﬁ%,E%E%%ﬂﬁﬁﬂ%ﬁﬁi%ﬁﬁ%,ﬁMﬁ%%ﬁ%%HE,%%i%%
LA RES,

RIS OEuE, 790 (GBSl mTDhsifs 138, (Rt HIEE YL, IR 2% 7%
IR, S s PR R, 1 H IR L AT SR R LR, SRmKE . AN RO E Y A
FIPN. ERFLRONE A TR R M, e RIS, HmR R KB, Tk
IR, (RHEIR R R E o AL SRR T AL S MR 4R . FL A SEDRL K 23 fietRm 12,
FORFEFT AN AL 0 il 75 B — I [E],  BRECKCR (B PRHF LB FL B se 38 0, AR T BB MR b U 2%
P, RHEK TR, RE R OC AR, (EHEARM P i AR B2, R Tt S 4R e S
FEER, KOFHASCERMPFHAEKE (R2ME 3D o Mo, VR AREEFAE &80 AR
FtR, BOHERDISE; FRFEFAAEM SRR S0EE, HH oM. RetesSCi#fLoCasi, HE
TR, PRI R S T

ERALiE N DUFH A ML T FLC B A, (3R E 3K B g R, TR T FLIN TR Z
SRWC, {81717 B FLJ i1 2 3 Ah T4 B 1 SRS, IR BE T 52 R T2 s - WUERY, [/,
TIREFLHEN A HLE T Ko 1 HIEER Z %, HEVWIAERLFMEKM, nrdeE sl LG
BIR)ZE SRWC; TAIR)ZE T3R5 A F T ARAE R Ko 75K, Bl 6 & RERTZK 70 1 H 20%R
Ol 2R PR WL, T KFEFEA AL 20 cm A 40 cm 4bff SRWC e B2 (K4 , Wik, &
X B 6 BT8R A K 2 R BCR I $E i i 2

A& 4 it AR 7 8 A S R ) TIEAN R E IR, RVE R I AR R IR b B
IR R AN E Y, (TR I AT OO s, TREER. AR, NIRRT
K, ANETLERIRE ., R AL X R, 85FLHEA PR /N L 3EE TN, BRAE R
THREEAR, XTRMARRZBAG/N, fetedldt Hgam Sk, (et TR A ot s a1
FEEt KRR, BRI THEREKA TSRS m. BifLEaE U N A FLALEU S FiE AE i
P RPN T2 80, 185 7573808, wWeb 7T TE, mEEERME, JEwEE DX R
N AE R [
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+ 3 TR B AL DU A L AL S A AR A . IR IR . AR SR &
HeE HZEBEER . A KRR BCR BB AE K AN FRE R 5emd,  Hrp SRS AT O 3 5 R B
W3, EIEAPEE 10 AN, i L3RRS 5 RN SRS A 5 43 7 B 52.68% 11 45.81%, I i

FeEHE, BBBHER. KRR 7 5l $EE 57.32%. 22.22%. 29.12%7F1 17.19%.
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Abstract [Objective] Drilling of holes in soil can improve soil aeration, and application of organic material
can increase soil organic matter content. The study was carried out to investigate effects of the two used
simultaneously on soil nitrate metabolism, and leaf photosynthesis, water use efficiency (WUE) and plant
growth of apple trees. In a field experiment of this study, four different kinds of organic materials were applied,
separately, into the vertical holes dug within the root zone of the trees. This study was expected to be able to
provide certain reference for development of new technology for soil management in apple orchards [ Method]
Four-year-old red Fuji apple trees cultivated in the root cellar were used as test material. Holes, 15 c¢m in
diameter and 50 cm in depth were drilled around the trees within their root zones, and then corn stalks (CS), fruit
tree branches (FTB), biochar (BC) and fermented sawdust of fruit tree branches (FFB), which are good in
aeration, were applied, separately, into the holes. Nitrification and denitrification, nitrate reductase (NR) and
nitrite reductase (NiR) activity, and inorganic nitrogen content in the soils of the root zones, net photosynthetic
rate and transpiration rate of leaves, and WUE and growth of the plants were determined, six and ten months
after the experiment started. [Result]1The determination, either six or ten months later, shows that application of
CS or FFB improved soil nitrification and denitrification intensity, the most significantly especially CS, which
did by 52.68% and 45.81%, respectively, 10 months after. BC exhibited similar effects, 6 months after the
application. The determination 10 months after the application shows that all the four kinds of organic materials
increased significantly soil nitrification and denitrification intensity. Both the determinatons show that all the
four kinds of organic materials increased the activity of soil NR and NiR, except FTB, which decreased soil NiR
activity in the first 6th months, and then ,increased soil NiR activity, but reduced NR activity in the 10 months.
CS was the most significant in the effect, raising soil NR and NiR activities by 46.43% and 18.02%, respectively,
in the first six months, while FFB was the most in the 10 month period, raising by 48.00% and 9.30%,
respectively. The application of the organic materials in the experiment, regardless of kind, enhanced soil nitrate
nitrogen content during the whole period as demonstrated by the determinations 6 and 10 months after the
application, while CS, FTB and FFB reduced soil ammonium nitrogen content in the first six months and then
raised the content thereafter. The four treatments also significantly increased relative soil water content in the
0~40 cm soil layer, relative chlorophyll content, and diameter and length of new shoots. Among the four, CS
came on the top in the effect on relative soil water content in the 0~40 cm soil layer, and diameter and length of
new shoots, being 7.80%, 11.63% and 17.19%, respectively, higher than the originals, and followed by FTB,
whereas FTB and BC sat in the bottom in the effect on diameter of new shoots, and FFB did the same in the
effect on length of new shoots. Besides, CS, FTB and BC significantly increased net photosynthetic rate and
transpiration rate of leaves and WUE of trees as demonstrated by the determination 10 months after the treatment,
especially CS which increased the parameters by 57.32%. 22.22% and 29.12%, respectively, and was followed
by BC and FTB. [Conclusion] The practice of applying organic materials into vertical holes around the trees
within their root zones has some positive effects on soil nitrate metabolism, leaf photosynthesis, WUE and plant
growth, and the effects vary with kind of the organic material applied. Among the four applied in the experiment,
corn stalk was the most effective.

Key words Drilling holes in soil; Corn stalk; Apple tree; Nitrate metabolism; Photosynthesis; Water use
efficiency
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